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Figure 201 Stress fiber formation by shear stress in cultured endothe-
lial cells. Upper panel: F-action stained with rhodamin phalloidin.
Left, static control. Right, Sheared ECs, 6 hour exposure. Lower
panel: Time course of stress fiber formation by shear stress.
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Table 100 Gene and protein expression in endothelial cells by shear stress

000000/mRNA goooo goooooooo

ICAM-1 mRNA 10 8h gogoo

ICAM-10 0 10 48h gogoo

MCP-1 mRNA 150 4h0 0O gogo

GRO mRNA 10 8h gogo

GRO OO 4h gooo

t-PA mRNA 50 24h gooooooo

t-PAO O 10001 24h gooooooo

TFO OO 40 8h gooooogo

TF mRNADO O 10 2h gooooooo

thrombomodulinO O 36h oooooooo

PDGF A mRNA 10 4h gooo

PDGF B mRNA 30 24h gogoo

bFGF mRNA 30mO 9h gogoo

TGF 8 mRNA 2012h gogoo

Active TGF g0 O 24h gogo

HB-EGF mRNA 30mO 5h oooo

NO 30m0O 24h 0000000MCP-1 p-selectin,
VCAM-1O0 0000

cNOS mRNA 30 24h NOoO OoOoQd

cNOosO O 30 24h NoOoQod

CNP mRNA 3012h gooooooo

cyclooxygenase 2 mRNA 30m0O 24h oooooooo

PGI0 O 2m0 5m0 24h gooooooo

L-PGDS mRNA 6h gooooooo

PGD:20 O 18h gooooooo

PGJRO O 18h gooooo

Reactive oxygen species 15mO 6 h oooo

manganese SOD mRNA 10 6h gooo

Cu/Zn SOD mRNA 2[28h gogoo

Cu/znsODO O 240 48h gogoo

IL-10 0 48h gooooo

IL-60 O 241 48h gooooo

collagen, type IVO O 15m0 72h gopoooooo

collagen mMRNA O O 1012h goood

MMP-2 mRNALO O 1h0 gooooogoo

GAGsO O 24h goooo

7HEO O 4 80 72h gooooo

Z0-1 mRNA 30m0d 12h gooooo

Z0-100 48h oooooo

a-catenin(] O 72h gooooo

connexin 45 gap[] 0 mRNA 5h goooog

connexin 45 0 O 5h0030h0 00 gooooo

b-actin mMRNA 10 6h oooo

LDLO O O mRNADO O 10 4h gogo

HPGT mRNA pGODOODOODODO

GM-CSFsmRNAO OO OO 20 24h gogo
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Table 200 Shear stress signals

ooooooogg oooo goooooo

Ca2+00 0 sec] 1m PDGF-B mRNAO O
PGIl.0 O

K+channels[d O 10sec cNOS mRNADO O
TGF-B10 0O

OoOpHOO 2030m

1Ps0 O 15secl] 6 m 00 O alignmentC O O

PLC c-fos mRNAO O

DAG PGI.0 O

MAP kinase[d O O 20 10m

p2lrast O O 105m TREO O O MCP-10 0O

ERKO O OO 5m0O 30m

ERK kinase 0 O O 10mQ 30m

INKO O M ec-jund 000 50 30m

P13-kinase) O O lh goooooo

AktO OO 30md 3h oooooooo

GoOO PDGF-B mRNADO O

Giaws0O OO 72h eNOSO O O ONOO O PG00 O

cPLA200 O 3000 60m

PKC 30m c-fos mMRNAO O
HB-EGF mRNAO O
tPAmMRNAO O

PKC-g, PKC-C 10m MAPO O OO

PKCO OO PDGF-B mRNADO O
endothelin mMRNAC O
endothelin-l mRNAO O O O
cNOS mRNADO O
cNosO oo

cAMPO O O PDGF-B mRNADO O

c-fos MRNA 30mO 1h gooao

c-jun mRNA 30mO 4h oooo

HSP270 0 O 30mO 20h tPA mRNAO O

MAP kinaseJ [ 2030m

BMKID ERK5TI 0O O 100 60m goooooo

SREBP1O 0O ODOOOOO 10 2h oooooooo

—2.50 —2.9kb promoter 18h endothelin-ImRNAO O 0O O

NFkBO O 10 2h PDGF-B promoter

AP-10 0 10 2h

ACE promoter0 0 0O O 20 8h ACE mRNAO O

SSRE 4h PDGF-B mRNADO O

TRE 8h MCP-1 mRNA O O

Spl 8h TFmRNACO O

Sp10 00 30md 1h

Egr-l0 000 15m0 7h

Egr-1/promoter [ 4h TF mRNAO O

Smad6 mRNA 24h TGFRU OO ODOO

Smad7 mRNA 24h oooooooogd

PAF receptor transcript-20 O

PAFOOOOO
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Figure 30 Mechanisms of growth inhibition of cultuired endothelial cells by laminar unidirectional shear stress. DNA synthesis of
cultured human umbilical vein (HUVECS) and bovine aortic (BAECs) endothelial cells were suppressed by shear stress (Upper left
panel). This suppression was caused by a induction of p21 expression by shear stress in cells (upper right panel), which suppress the
cdk 2 and cdk 4 activities (lower panel) and the subsequent pRb phosphorylation in the G1 to S transition.
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Figure 40 Inhibition of endothelial cell apoptosis by shear stress. Laminar shear stress induced human inhibi-
tor of apoptosis protein-2 (HIAP-2) in both in vitro (upper left panel) and in vivo (lower panel. A: sense
control. B, C: mRNA expression in bovine and human aortas, respectively. C: HIAP-2 protein expression in
human aorta). Inhibition of HIAP-2 activity by transfection of Smac, a caspase inhibitor by binding IAPs (A
and B in upper right panel), blocked the shear stress-induced caspase inhibition (C in upper right panel).
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Table 30 Gene and protein expression in endothelial cells by stretch

0000000/mRNA ooo gooo goood
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OO00000mRNAOO

gooooo
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p380 00O 50180 10m ooooooo
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c-fos mMRNADO O 200 100 30m

Egr-1 mRNAC O 200 100 30m
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oooooooooo 200 48h
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P38 MAP kinase(D O O
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Endothelial Cells Reacting to the Blood Flow.
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Endothelial biomechanical properties play a critical role in the development of important physiological and patho-
logical cardiovascular events including atherosclerosis, aneurysm and vasculitis. The purpose of this study was to de-
scribe endothelial functions regulated by the mechanical forces for which the flow of blood is responsible. Endothelium
on vessel wall is exposed to three significant physiological forces created by the flow of blood. These are fluid shear
stress which change its mean level and direction by the flow pulsatility and special flow pattern such as the flow turbu-
lence at the bifurcations and stenoses; stretching and flexion of cells due to pulsatile flow and elasticity of vascular wall;
and cell compression due to transmural pressure. The focus of the study was the morphological changes related to the
endothelial cell functions, and protein and gene expressions related to the various impotant cell biological properties
including cell growth and apoptosis, caused by the mainly shear stress and mechanical stretch.

(J. Jpn. Coall. Angiol., 2003; 43: 733-743)
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