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The vascular endothelium responds to shear stress generated by blood flow and changes functions
to regulate blood flow and maintain tissue homeostasis. We examined the effects of laminar shear
stress on gene expression in human retinal microvascular endothelial cells (HRMECSs) and found that
long-term exposure to physiologic shear stress in the retinal arterioles up-regulated vasodilatory and
antithrombotic gene expression in the HRMECs. Furthermore, we studied the effect of low shear
stress especially in retinal venules and capillaries on proinflammatory gene expression in HRMECs,
and showed that relatively low shear stress caused up-regulation of proinflammatory genes in
HRMECs. Our results suggested that decreased shear stress due to vascular hypoperfusion might
change the phenotypic characterization of the retinal vascular endothelium and be associated with
leukocyte-endothelial interactions.

AT ERR
(ERAHAT - 1)
[ERESEE IEESE & @t
SEATIREHA 3, 200, 000 960, 000 4,160, 000

WFFEsy 8« S SR
BHFE O - MIEH : ARSREGRE S - IREMY
F—U—R: o7 AMUA, MBS N R, R8N

1. WFFERRAE 4 IO 5t DIFREAMEIAT 25 ¢, /s PN AR o B
T R 7 A R E C M ERAIRBAZE 21X L & PERER SNTWD, Z OWN A (X1 5E
% MAEAE BRI, A @R O ER WCERT D HENIEHTH LY =T A L
THY ., TOWEREMIA L RIETH, IBFRIED Z (TS BERAL WS, BB
MENLIX BB CTH D, T, Z ORI ER R E FIZERIZZDY 2T A R L RAIZE S X



ncTkvh., Zhzir L miTEie 2z i
Z. AMSRE 2 L SEEBRAZFAHG LTV 5
EEZLBNTWS, ITHFEKLIX, L—F—F
v 77 —IREM T2 AV, FEEEAICHE
A DY =7 A b L A& TERMIC
T2 Hika B L, MESEh RS — i
THI 60 dyne/cm? (NHEHEE) 100 dyne/cm?.,
PLERHARY 30 dyne/cm®) &, MMM AR
ER (15 dyne/cm® FRJE) 7¢ o fias o i &
I bLEWT 2T ANV ARDLNSTND
Z L EADTH BT LT (2006, 10VS), £
T-HANEE T AERT, R OMEEE LA 95 28
PRI B Tl i & i Ui i &
DEBIZHL L, V=27 A L ADIEETH
HZFTVHEMEF LTS Z E BB LM
L Cx72(2010, 10VS), LU, #EIEFEERRE
EIZBWTY =7 A b LA E N
FEREIC E DRRIZE BT 2N ERMH TH -
776

2. WHEOHM

AR TIEME AT ENEEIE =7 A b
L A ZSZ T TW A, 2 E Tl
GE Nl Y R A el ) SR Gl = i1 1) R S I
T ARV ADOEBI-YEFEINTED
T =T AN LV RAARTE Y ARV S
PECHEBREITH 2 LT X VR 7 A k5
RSP IR ZE I DI N D= 72 I NS &
N5z ERMBEIND, WK FMICEGES
NNV ARTEEEZ VT, e Mm%
INLAE NI S = 7 A b L R & BY PRy
WA L, B O REZR L & HERE 2 L &
BREtd 2 2 Lok, IREERIEE OIREZ i
., ZOT., IBRE~OEHZHL %2R
T 5,

3. WFgED ik
(1) Hfaks

ESY A= N AN =R )
(HRMECs) #Z MW\ 7o, BF8HRICIE 15% 7 iR
W3 & & e M199 B A v, 37°C. 5% CO,
TCEE LT, 0%, MIREE 2.0 x 10
[em* THT AR BT Fra—T7 47 &
N=-bo) IR L, confluent 12725 £ T
RO 2, LTOFERICHW:,

2) =T A KL AETF

VR ) SN 3R 5 S 7 AT AR T R A
AREEE A AW (K1), Z OETIL 0.2
em B U CEATITAE T2 2 M D AR D [ & B 4%
WINTERT D F v o N—HEAERIL, 77
UIARICKH A LT, 0.2ecm DT 7 AN
v MEEEA, AN REE SN T T AR E R

BL7-, Fyo—oAO, Hoxzvyay
Fa—T L =T — Fa—TRKT
TEWR L, VY ——OH R E R LT,
BRI EA T, Bitoy =7 &
FUABMERAT D, =T A ML RAIZLLTD
KX CTHE L7z,

O FOEE(y, /) v =60/ (@b)

[@: ¥l (ml/FP) , a-b: T /3—0D

L (em) ]
@ =T ARMLA (7, dyne/cm®) :

c = uw v Lu: ¥tk (poise) ]
BEWR HEEWRITIE M199 K2t & | 5%F % &
kv (4F5 148, 000) % & T M199 Kz Hh (kb
PRI Af%) o 2 FEE A V., RME (1) &
(@ ZZEET, haxRBEEDY =T A
N R EET LT,

AYRERLT

R g

L’awam In—Fx2i-

L AT AR N R

(3) PNEZAmiaTReZ8 b D FFAM

YT ANV AGAMITE, Ty o —Inb A
T ARERY H L, BISLEEMETCH T AR D
EEOGFTOMAEZBIZZ LTz, il X
DM R o Ao 72 R Lo il
£ /EihEN S, aspect ratio ZkdH7-, F
T MR BL A O E B LD T2 N2 AL O Kl
LN D73 angle difference K87~

(4) BB TFRBUAENT (U 7% A 2 RT-PCR)
FHAE 2 [F L. 4> RNA Z-$hH U . FHA#AY DNA
~HHERE (RT) L7z, RT BUGtR. U T VH A
2 PCR ZEE %2 VT, e Ye a3k SYBR
Green |2 & % PCR VL C&K B G -3 Bl EDOMX;
Mo —EdRD, =7 X N AARYF
TN EFR Y ba— v TV L B R
L7z,

(5) HeatromLa
T ANV AAMBEEHN Y b —
NWEEE DORIT, 2 HT (one—way ANOVA)



% . Bonferroni ¥ CLE L AT 7=, fEl&
HBUAT & AT FIEE L LT,

4. BRGERE
(1) =7 A b L AAMIZE D HRMECs DJF

ez b

FRHIREE TIT NI 2 AT CHES
REARICESI L T2, =T A ML AR
FHC XY WNEMIREIE 15 dyne/cm® £ Tlxy
=7 A N RRAFRC BRI ISR L, diRdL
ESATICHL A & 2R LT-, aspect ratio |X 15
dyne/cm® ¥ THANN L, angle difference % 15
dyne/cm> F T L7273, 30 dyne/cm?LL £ T
1% 15 dyne/cn® L RZEHDOELTH 7=, 60
dyne/cm® B TORERIFIZALIL 6 BFERLLET
FELMEOMELERERZROE 2), =
D X ) RIEREIL., AR T ORI EI RN K2
DOIREIZES CTHELL TR Y | I e
WEGAIE Y =7 A L AAMICE Y, XD
RN WERA~ZE(LT 52 R L2

% 24 IRIAR LB

2 : 60 dyne/cm
HRMECs DT REZE L

(S

(2) V=T AP LRIZLDEBLEBTORIE

{k

0725 100 dyne/cm*EFTHOY =T A ML A
% 24 BfATRT Lz, WS —mRILEREK
%3 (eNOS) mRNA FEHLI S =7 A L ADK
X X|TIRFEL TEEIN L. 60 dyne/cm® TIEITfia
faL (Kshn, — Tz REeY -
1(ET-1) m RNA ORI, KW\ =T 2 kb
Z (1.5 dyne/cm?) THEIZHEM L . 30
dyne/cm* L E CHEIWZHA L7z (K 3B), h
o AREY 22U (M) mRNA 3B X 15
dyne/cm® LA E CHBEIZHEM L, 100 dyne/cm?
F CEARANCHM L (K 30), £7-. M@K
MEHNRL LD =7 A b LA, 60 dyne/cm?
Z 07D 48 RFfH A9 5 &, eNOS mRNA, TM
mRNA 13 6 B LARE CHBEICHEM L, 24 FEE
AMCHRKR MR o7z, —J5 ET-1 mRNA (% 6 ¢
M CARE CHBEICHD L, 48 IR CHRAIRTE (0
i) > 10%LLF % Tl L7z,

eNOS mRNA

% of control
Z

0 T T T T T 1

0 20 40 60 80 100120
(dynelem?)

ET-1 mRNA

% of control

100 §

0 20 40 60 80 100120
{dynefcm?)

C
TM mRNA

2500 4
2000 4

1500 4

% of control

1000 4

A00°

1] T T T T T 1
0 20 40 60 80 100120
(dynelem?)
X 3: =7 A kL AL 5 HRMECs D& s+
FEHZA

ARWFFEIZBNT, METEYME CTh 5 — b
ZEH# (NO) OERkEESE eNOS D mRNA DFEHL I
VT ARLADOEME EHIZEEML, fEE
MEIRL XL D=7 A2 RL &2 (60
dyne/cm®) TITITAIFO L 7=, NO W@ Eh AR
OIEFEEIRICEG L CRBY ., ZOENHHE
PEHEN AR ISV TN R, AEBRRIREET
eNOS Z WV LU THIBLL, NO ZPEA L T
WA ZENHERI ST,

F 7298 ) 2R i E IKE E T & B JET-1 D mRNA
. BV =T A LA TIEERICHH S,
MENR I D A= BAIRRE Tl ET-1 13/ MR D
FHEZIMZ BN TWD Z ERHER SN, —
J7 T ET-1 mRNA IRV =7 2 b L A TId3s
WAL TR, Z AT OERRER
BRETY 2T A MLANMET LEZEIC, N
MRS ME 2SS T, BER2Y =T A
VAZMFRFLE Y ET OISO —TH D
EHER = T,

M8 N IR BT 2 TV 1l R
B 2HmMeEmETHY . AHFIEDOREE,
TM mRNA X =7 A b U ADOEEANI LV, B



AN U7z, MBS ERBIRIEE CTH D |
A X % 5% P28 1B & 2 o ECFE I
R BRT S, ZORENS, MRS
NEIEE WY 2T AR LADOE LT M 25
B, 3R ofumet: & & TS aTRE
PESIRIE X Tz,
PLEDOFERN G MEEHEIR L~ LDy =
T AN VAT, MR N R A SRR IS
X, obeEOEEICHES LTS &
Zz b,

(3) HENTIE N = T A b L A TOBIEF3E
B b
FlRk~ B L~ L OEN =T A R LR
FRIC R~ B AT 12 350 A MK Flo L %
AECTHE e IR ORI 57 PN F2 ~ D VR 2 fat L 72,
BAKMIZIZ, 0. 1.5, 15 dyne/cm®®D > = 7 &
kL A ZHRMECSIZETT L. FrICRIEICEHDL S
BAETORBLERE LT,
EhIRREDO dyne/cm’, F721X15 dyne/cm*d
HHmWy =7 A NV A AR LTZRES
L. 1.5 dyne/cm* DKW =7 A ML A %
A LIZBECIX, #5551 (ICAM-1, VCAM-1,
E-selectin) . RIEMY A B A > (IL-6, IL-8,
MCP-1, PDGF7Zg &) <0o%EE R 1 Gk
FROPAI-172 &) OB THRENEM LT, &
DFERMNS, RN = 7 & b L A TS
N R HIBRIC RIE MR EM @ & . EICH kL~
JLTOAIMERDBERE 72 &, RITEREEICE
5 I R E O —[K & 72 o TV D ATREME S R
wahiz,

INBHY =T AL R K D HEEINE N
AR DBEREZE LA . Bl PR Ipi e HEE o s
I REPAZENE 72 L MIBE BR IR R RO SIE
BIZED X HITED LD, 5% Z OFEBRRIL,
IS DOIREED R & IR E OB R ICH R
TEDHAREMENEZ LD,

5. TR ERLE
(WFZEfR R AFZE o003 B ONEHERF 225 12
=Y

UdEssamsc) (G744

(1) Ishibazawa A, Nagaoka T 1%F&H {54
Effects of shear stress on the gene
expressions of endothelial nitric oxide
synthase, endothelin-1, and
thrombomodulin in human retinal
microvascular endothelial cells
Investigative Ophthalmology & Visual
Science &Fid VY 52(11), 8496-8504, 2011,
doi: 10.1167/iovs. 11-7686.

(2) Aoki T, Ishibazawa A 9F&H 134
PGE2-EP2 receptor signaling in endothelium
is activated by hemodynamic stress and
induces cerebral aneurysm through an
amplifying loop via NF-kB. British
Journal of Pharmacology A Fid> V) 163,
1237-1249, 2011, doi:

10. 1111/j. 1476-5381. 2011. 01358. x.

Q) EHEE, ATHEHL 8FH 31k H
116[F] HARBIFZESHRE RBIERIL M
FE DA 72 T RE- BREREAT ~DHkER & = Dl
PLVWARRE HIRSRE AL 117(3),
212- 245, 2013

(4) Sogawa K, Ishibazawa A, 7&H fh 74
Association between diabetic retinopathy
and flow—mediated vasodilation in type 2 DM.
Current Eye Research ##id ¥V 37(5),
446-451, 2012, doi:

10. 3109/02713683. 2012. 654883

(5) Sogawa K, Ishibazawa A, 6% H 5%
Relationship between choroidal thickness
and choroidal circulation in healthy young
subjects. American Journal of
Ophthalmology &Ftd ¥ 153(6), 1129-1132,
2012, doi: 10.1016/j.ajo.2011. 11.005.

(6) Tanano I, Ishibazawa A 4%&H {44
Dilation of porcine retinal arterioles to
cilostazol: roles of eNOS phosphorylation
via cAMP/protein kinase A and
AMP-activated protein kinase and potassium
channels. #&FidH Y 54(2), 1443-144, 2013
doi: 10.1167/iovs. 12-10115

(7) Tanano I, Ishibazawa A, 7%&H fh 6%
Impaired Systemic Vascular Endothelial
Function in Patients with Branch Retinal
Vein Occlusion. Current Eye Research @t
Hv 38(1), 114-118, 2013, doi:

10. 3109/02713683. 2012. 738460.

(%K) G2

(1) Akihiro Ishibazawa, Low Shear Stress
Up—Regulates Pro—Inflammatory
Expression in Human Retinal Microvascular
Endothelial Cells, ARV02012, 2012 405 H
08 H, 7AVNERE- 7w X7 +—h
B =7 =il

Gene



(2) Akihiro Ishibazawa, Role of Shear Stress
On Gene Expression of eNOS, ET-1, and
Thrombomodulin

in Retinal Microvascular Endothelium,
ISER2012, 2012 &£ 07 H 23 H, KA Y « ~L
U

6. MFIERHRE

(1) Fzefdks

FNNE BAGL (ISHIBAZAWA AKIHIRO)
JEJNERRT: « R - 58
MEEHES: 50516705

@) Wt7esrEE 2L

(3) HfEFEE 7oL



