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Abstract : Angiotensin II (AII) plays an important role in various cardiovascular diseases
associated with vascular smooth muscle cell (VSMC) growth and migration. In our previous
study, we investigated the effect of olmesartan, an angiotensin II receptor blocker, on AII-
induced Src tyrosine kinase, extracellular signal-regulated kinases 1/2 (ERK1/2) and c-Jun
N-terminal kinase (JNK) activation and rat aortic smooth muscle cell (RASMC) migration.
We found that olmesartan inhibited All-induced ERK1/2 and JNK activation at lower
concentrations. On the other hand, PP2, a Src tyrosine kinase inhibitor, also inhibited AII-
induced ERK1/2 and JNK activation, but its effect on ERK1/2 was less pronounced than
that of olmesartan. However, both olmesartan and PP2 potently inhibited All-induced
RASMC migration. In the present study, we investigated the involvement of Src on AIl-
induced migration of RASMC using Src siRNA for gene silencing. Src siRNA was successfully
introduced into RASMC using transfection procedures. We found that the inhibitory effect
of Src siRNA on All-induced JNK activation was more potent than on ERK1/2 activation in
RASMC. In addition, Src siRNA effectively inhibited All-induced RASMC migration to an
extent similar to PP2. From these findings, it was inferred that direct inhibition of Src may be
an effective option for VSMC growth and migration. Pharmacological or genetic inhibition of Src
may be a strategy that can be used in addition to renin-angiotensin blockade for cardiovascular
diseases involving AIl such as hypertension and atherosclerosis.
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Fig. 1. Comparison of the inhibitory effects of olmesartan (Olm) and PP2 on angiotensin II (AII) -induced extracellular signal-
regulated kinases (ERK1/2) and c-Jun N-terminal kinase (JNK) activations in rat aortic smooth muscle cells (RASMCs).
After culturing in serum-free medium for 48 h, the cells were not pretreated, or pretreated with 10 nM olmesartan
for 5 min or 10 u M PP2 for 1 h. Then, the cells were stimulated with 10 nM of AII or left unstimulated for 5 min.
The activities of ERK1/2 (A) and JNK (B) were measured as described under Materials and Methods. Densitometric
analysis of each value was normalized by arbitrarily setting the densitometric value of control cells (Cont.) to 1.0. The
asterisks represent values that were significantly different from the values of Ang II stimulation in normal RASMC (* P
< 0.01). Each value represents a mean * SD. (n = 3). (Modified from Ref. 19)
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extracellular signal-regulated kinase 1/2 (ERK1/2)?,
c-Jun N-terminal kinase (JNK) @ @ if#{b1d A T
PHET B VSMC D ™ 128 > THEICEETH
BT LAWMEINT WS, VSMC DBF 7 i & 131
HRED )T VTR ENBEORRE, FEOEER
FHRTLH. INOIHREBIRTEL~LEE, Zhi25]
S LMERBROBREE % 5. VSMC O HJE i
FEICHELZONEREOHFBERICBITS2 AT
BENE, TS0 T FVEEREOHALE BA L
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ATN: ATI DFEEMTHEETLEIT VI T V¥
v Z AR B #E (Angiotensin Receptor Blockers,
ARB) &, BMEEFEEL LTHEIR TS, KBEEER
IRAERA T, ARB B ARRR LA OESR, HERE
HEBEDORZ DIMERLBOEIEN Y A2 2 TiT 5%
EBHHIEIRENTWE P zhwz, AT:
ZAKEEW T 53T L o T ARB 13 VSMC D15l
REEICL o THIERIINLME) ETY 7R
OB IS A2 MRS H D, 0 ARB O%E
THMERLED A XY MIFBIEYED 726 8hTwb
LEZHNA. DEIICHEL1E, ARBO—DOTH A+

VAFNVE Y (RNH-6270) 2%, RET v bRBHIRFE
B (Rat Aortic Smooth Muscle Cell, RASMC)
2B 5 A THIEIC X 5 ERKL/2 & JNK OJE AL
CWEREHET AL ZAVELLY., 20K, +
WA NVE YO MAP ¥+ —EHEHRITB D OD
(Fig. 1), MB#EAEERNRITE ) BVIRETHES
o (Fig. 2) ZORRICTEELSA SNz FRFAKIC,
Src FHZESE PP2 ® MAP ¥ — PHESRITEE TR
Wb OOMEEERER RTINS BB SN
(Fig. 1 RU3). ZZ CARBIZETIE, A TH¥MIZL2
RASMC Mg B R & MIRatEE 2B % Src T
Oy yFF—PoREOWTHL2IZTSHNT,
Src FEZE PP2 121 2 C Src siRNA 2 \WwT, AT
FROZ & 5 MAP & F — BE LI 2 EA R &
MR T A AR A RET L7z,
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Fig. 2. Inhibitory effect of olmesartan on angiotensin II (AII) -induced rat aortic smooth muscle cell (RASMC) migration. Cells
were not pretreated or were pretreated with olmesartan (Olm) for 5 min. Then, the cells were stimulated with 100 nM
of AII or left unstimulated, wounded using a yellow pipette tip, and cultured for 24 h. After these cells were stained and
photographed, the cells between the 2 rims were counted under 5 different microscope fields. Values were normalized
by arbitrarily setting the counts of control cells to 1.0. The asterisks represent values that were significantly different
from the values of AII stimulation in normal RASMC (* P < 005, ** P < 0.01). Each value represents a mean = S.D. (n

= 3). (Modified from Ref. 19)
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Inc.,Osaka) ; PP2 (Calbiochem, San Diego, CA,
USA) ; phospho-ERK1/2 $T & & phospho-JNK #T &
(Cell Signaling Technology, Danver, MA, USA) ; Src
Pifk (Upstate Technology, Lake Placid, NY, USA) ;
Src @ non-silencing siRNA (B-Bridge International,
Inc., Cupertino, CA, USA) ; Src @ Stealth select
RNA interference (siRNA), Lipofectamine
RNAIMAX, Src ®FEHALEL%Z M3 % $i SrclpY418]
U > ER AL EB AL 2 B9 B 13 Invitrogen (Carlsbad,
CA, USA) AL ZoMmo£R RO
MEEEND LR TL Z L AL
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By DL I3 US National Institutes of Health (NTH
publication No. 85-23, revised 1985) 72» & iR S 7z
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CETE, ZREVEMNKRZOBYERKAEALZES
12X VAR RS L TITo 72, MM Sprague-Dawley
2Ty POREKEMREZ LI L, EH I penicillin
(100 U/ml) & streptomycin (100 x g/ml) % & »

W 5%

Dulbecco’'s Modified Eagle Medium (DMEM) (Z{#®
B L7z A & iR Sk S B BRRIC, K
BRADEAL, $iMaske L CHERILZES
PICHEL Z L THEMBEED kv #FEIN
KERAH 3 mm WHFIZE D, 300 35 mm#EaE
I (Falcon, Becton Dickinson, CA, USA) XN JEE
FTICEE Lz 10% O ¥ I & penicillin /
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©, BERMEEBEELZWE D IR, IR
7. RERMFEEICERELTL A VSMC %7 ~ 10 HE
BEL, BELAKBRTZRELHWEY 2y b
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% 35 mm OREEMIZa Y 7VLy ML, EREO
P TV VRIS X D EIL, T-75 79 A3 (Iwaki,
Osaka) 2B L CH2E L7 (passage 1). Mg &
assay & Bk < EBCIE, M oM ARSI (passage
25) % serum-free DMEM |2 & % 48 BF [ OR5 10
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Fig. 3. Inhibitory effect of olmesartan (Olm) and PP2 on angiotensin II (AII) -induced rat aortic smooth muscle cell (RASMC)
migration. Cells were not pretreated, or were pretreated with 100 ux M olmesartan for 5 min or 1 x M PP2 for 1
h. Then, the cells were stimulated with 100 nM of AIl or left unstimulated, wounded using.a yellow pipette tip, and
cultured for 24 h. After the cells were stained and photographed, the cells between the 2 rims were counted under 5
different microscope fields. Values were normalized by arbitrarily setting the counts of control cells (Cont.) to 1.0. The
asterisks represent values that were significantly different from the values of AII stimulation in normal RASMC (* P <
0.01). Each value represents a mean = SD. (n = 3). (Modified from Ref. 19)
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T0% BB LS Icffa2imL -2 Mo
HEFERIL 02% trypan blue DHEBRIC I W BB LZD
FERIT 98% Bl LT o7,

siRNA

FIVAT 2V aVRERTOTE P A -V
€5 THro7:. RASMC R RE I % 6-well 7 L —
MR L7z, 24 Ktk Opt-MEM (2 L 7= Src
@ RNAi duplex & Lipofectamine RNAIMAX % {&#l
L, 10~20 =R CTHE L7z,

Z Ot @ BE %1 @ mammalian gene % ¥ — % v b
& L & \w Src @ non-silencing siRNA % negative
control & L 72, % ® 1%, Src ® RNAi duplex-
Lipofectamine RNAIMAX &4 % % well ICHML,
48 e 2R U -2 I EBRICER L7

JIAZ>T7OvV N

HZ % sodium orthovanadate (1 mM) % & ook
% phosphate-buffered sailine (PBS) T ##& L 7.
20 mM Tris-HCI (pH 7.4), 150 mM NaCl, 1 mM
ethylenediaminetetraacetic acid (EDTA), 1 mM
ethyleneglycotetraacetic acid (EGTA), 1 % Triton
X-100, 25 mM sodium pyrophosphate, 1 mM f
-glycerophosphate, 1 mM sodium orthovanadate, 1
u g/ml leupeptin if 12 1 mM phenylmethylsulfonyl
fluoride % & &ML AR 2 M RN L, 4CITT
30~60 G HIMEH S &7, 2Dk, AR ICH YT
B WL & 4T o 7242105804 BE (16000 X g, 4T)
L, kiEDEBEE % protein assay bicinchoninate
kit (Nacalai Tesque, Kyoto) % Fiv»CHlE L7, #
Fa T ¥ {b¥ % sodium dodecyl sulfate (SDS) — K1)
TIZUNMTIRSVERRBL, TOBRAEZEHRD
J 1 2 25 T polyvinylidene fluoride (PVDF)
membranes (Bio-Rad, CA, USA) [ZiEB &7z, £
@ PVDF membrane % 5% A ¥ A I V7 E&EF01 %
Tris-buffered saline Tween-20 (TBS-T) T7 1 v ¥
V7L, LkPiAk, 2 %Ptk (horseradish peroxidase-
conjugated) & JEIZ KIS &8 72, W4 % enhanced
chemiluminescence (Amersham, Buckinnghamshire,
UK) 2 VW TRNMEETT7 4 VAICENGL, NIH
image 12X 2EEHEIC L VBRI L 2.

Wound healing assay

M o 2R ET B 72912, wound healing
assay & 1T - 72. Mk % serum-free DMEM T 24 i
MR L7288, S&MBICE LT MAP F - — YHEHE,
Src HERTOMAE LTV, SHEFVAY VS
VICKBMEET 57 0%, MRS A T2
THERIL, Sy S THRENOETICHRROGZ D
FC 24 BB AR L 72, KEH, Diff-Quick (Sysmex,
Kobe) THEZITV, HEUFEEEZRE L. 1R
IO & 5HEFHRE L, EEL T MOV ES
ZOEE L7z,

et R LIE

FBxiE 3 ATV, % means = SD. (IEHEFZE)
TR L7z, 2-Way analysis of variance (ANOVA) T
BEFHDRECEN W E2REL, FHOEEEZ
Fisher’s post-hoc test ##£9 modified t-test THIE L
72, p <005 ZHEHICEBETH S LHELZ.

& ES

A. RASMC IC & 173 A T #3#ic & % ERK1/2,
JNK KU Src iE& L DB RERIE & REMKTFED

A THI#IC & 5 MAP ¥+ — € R 08 Sre D EHAL
BRI T 5201, REHIEHICH B RASMCIZ A
DA %EMA 72, A TH#C X % ERKL/2, JNK K&
O Src DIEHALOWEIEZM B R O HEOEH TR/ &
BYThHb. RASMC I2B1F 5 ERK1/2 KU JNK i
A TR 2 5 DicEBEIL S, 558ICE—2
BRO N RIS A THRICBIT 5 Src OFE ML
F2ABIZE—2 MR, FORESEHN2HETH-
72. JNK KU Src DEHALIZ Y — 27 &3 2 7215 120,
BITER U7zA%, ERKL/2 OWE AL 60 25 BiFefe L7z,
%IZRASMC @ A 12 & % ERK1/2, JNK J Uf Src
B OREREE 2 RET L7z, RASMCIZBITS
ERK1/2 BOPJNK i3 A T D ERAERIERIL S 1,
A TEES100 nM TlRAKE L2 o7z, —F, Srcid A
I O ERFEMITEE LS, A THES 10 nM T
V=2 20272 SR D OFRIT, DRTICHE Lzka
DR LRKTHY, UTOERTIE, RASMC
OWHEEBREZRNTA TEE® 10 nM ICEZE L TE
BRETv, A THIEIC L 5 MAP $ - — ¥ oOEHEL R
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U Src DFEBALICOWTIR ST R29DA V¥ a
N—v g VIEETHRETAZ LITLZ.

B. RASMCs Ic &7 % Src siRNA @ transfection
I2&% Src silencing OEHE{L

Y2 RASMCs 2 81F 5 Src siRNA O E AR E %
WErd 5 72 ®, Src silencing @ 7z ® ® Src siRNA
DB #AL % 1T - 72 (Fig. 4). % Src siRNA 2T
Src knockdown D2 EE ¥, M SreHkic k57 =
AF YT Hy MIXoTITV, scramble siRNA (25
pmol, B-Bridge)
knockdown D%, Src siRNA B4 HiNX-¥ 513
EEFAL, 25 pmol TIZITE — 27 @ 80 % 123 L 72 (Fig.
4). Src siRNA B0 FF X D MlBER T L
OWHEEMEZER L, RERICBITSEH Src siRNA
% 25 pmol IZHE L, DLTDEERTIE 25 pmol @
Src siRNA ZFiwab Z &2 L7z,

% mnegative control & L 7z. Src

B 5%

C. RASMC lc&1153 A IHRIBIC KD ERK1/2 RV
INK DEHEALIZHE B Src siRNA OFEEH R
DigEt

AT1 ZFFE A IPFETHHMBAY T F Vo

HTHY, 2OV 7 FVEEZRFFREFOY v FF—

YDV EDTHD Src MAP ) —E~LEESH

%. Srcix A ToFE T 5 ERKL/2 % JNK DOE AL

WEELRZEHEZREZLTBY, VSMCO#EEDEE

HWRFOEDTHAH. PRNCELIZ, T2V

FolSreFuy vy F—FPHEETHLPP20D A

IR X 5 ERK1/2 K O° INK S RICx 3 2 HE

A BRET L. 20R AV ATy ¥ (10

nM) & RASMC 281 % A THI#IC X % ERK1/2

LINK OFEELE EE S 3PDICHELZZD DD,

PP2 i A THI#IC & 5 ERK1/2 WEHALICHR§ % [HE

BRITE <, INK FHEALD ERITIMHE L 2 ho 7

(Fig. 1). Z ® ERK1/2 & JNK 0 E®RALICH T 5

Src DS OREZW ST 5728, Src siRNA 12

L BREHEEZTo ML W CRBOEREZIT-
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Fig. 4. Effect of siRNA for Src on Src expression in cultured rat aortic smooth muscle cells (RASMCs). Cells were transfected
with the indicated amount of Src siRNA or negative control (NC) siRNA for 48h. After culturing in serum-free medium
for 24 h, cells were harvested and assayed. Src expression was measured as described under Materials and Methods.
Densitometric analysis of each value was normalized by arbitrarily setting the densitometric value of control cells to 1.0.
Each value represents a mean = SD (n = 3). The asterisks represent values that were significantly different from the

values of the control in normal RASMC (* 7 < 0.01).
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BRIC Src SiRNA @ ERK1/2 &AL § % BHER) R
EHRRERETH Y, INKIEMELD ELIi3Ml s i
Mol TN DOEBRERS?S, RASMCIZBIF2 A
DRI & 5 ERK1/2 DIEEALICBIT 5 Src D5
DOFREIZFE <, INK OFEHRALIC L Y BEICHE S LT
WhHZEDPTRBEE NI,

D. AR I K% RASMC i £ IC%f §° % Src
siRNA DREEZIR
DUBTIcE 413, A DRI X 5 RASMC D12
MY BANRXFNY Y ORAERROBRBERIFYE 2 R
L (Fig. 2), €O%RE SrcFuy v FF—¥H
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EITHHPP2OENERBHRE L2, i+
VF VXA TICX 5 RASMC D EEICHIEE R
BELAb0o (Fig. 2), PP2 IZHERKEVIRETA
IR & 5 RASMC #E2 % I CHE L7z (Fig.
3). TNLHOfERE, PP2OFEE TIZ A\ MAP ¥
F—VPHERE Fig. 1) LORMELZEERT 2729,
PP2 Db 1) 12 Src siRNA 2 iV CRBRD EBRZ 1T -
7o, ZORE, PP2 RV EBE R L FREIC Src
SIRNA 1& A THIEIC & 5 RASMC 7€ %2 3 ICfHE
L7z (Fig. 6). SNHOEBERIE, A TRBICK
% RASMC D i## 123 LT, ERK1/2% JNK 0 H#
WZ%MHEL D D Src 2T A2 EBEHEOHTH L DR

10

Q 10
SrosiRNA

&E

0 10
SrosiRNA

Fig. 5. Effect of Src siRNA on angiotensin II (AII) -induced extracellular signal-regulated kinases (ERK1/2) and c-Jun
N-terminal kinase (JNK) activations in rat aortic smooth muscle cells (RASMCs). Cells were transfected with 25 pmol
of Src siRNA or the same amount of negative control siRNA for 48h. After culturing in serum-free medium for 24h,
transfected cells were treated with Al or left untreated, for 5 min. ERK1/2 (A) and JNK (B) activities were measured
as described under Materials and Methods. Densitometric analysis of each value was normalized by arbitrarily setting
the densitometric value of control cells to 1.0. Each value represents a mean + SD (n = 3). The asterisks represent
values that were significantly different from the values of the control in normal RASMCs (* P < 0.01).
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REBHRICBWT HAFATHNBEICES
RASMC o ilEERHBAY 7 F VEOEICH T 5
Src siRNA OFRICOVWTHRE L7z, &4 DHIZED
FLMAEILToORBY THS. 3, RASMCIZB
T Src siRNA 25 pmol "C 80% (2% 9 % Src & H
BHBOMBAIIEEEN, Src EEZTF D silencing 12
SIRNA 3B R TH 5 Z & BHER S N7ze Src siRNA
I RASMC 128175 A THI#IC X 5 ERK1/2 &AL
AR ICHE L, INK OFEE{LOEE X ERK1/2
DOHEEXVEETH o7 KIZ, SrcsiRNAICX 3
A THIEIC & 5 RASMC 0 i#EE O HE DR E 1 Src
FHEREDPP2 L RMBEIZHITH Y, SrcBIZFOD
silencing 78 RASMC O #EEHEICHREZRT Z &A%
ORI o7,

ERK1IZ2 L INKOHEMHLETATNBEIZ X 3
RASMC O#EEIZBWT, BEEABHALZRLL T
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D, MREKCEbLIFOY Y FF—ED) VBR(LR
BAEREAEOBRICEST 5 ?. VSMC l2BWT,
ATHBEIC L > THBE SN EETHEAETE LM
FaB OB AT AN X - TEA ST,
cSrc ZUBEETHIENHESLTVE P, MAT,
Src ®J ¥ #ALid ERK1/2 & JNK OE AL 2 & T
25 A THIBIC X % VSMC OEEICHLERTRTH
BELWMEENTHE Y, LETofk4 OHEICE W
T, Src B3 @ PP2 48 ERK1/2 1§ AL % 2 B iC
WHL, INKEEIOBEE T ERK1/2 OHEE X D i
J1C, PP2 OEMBICEN A b, KRR THA
X, PP2 b Y IZ Src siRNA % F v CRBOKRE
24TV, %13 Src FHZEIF, A THIBIC X % ERKL/2
TEHALL D b INK OFEMALE BHEICHET 5 2 &8
AaN7z (Fig 5). ZOEBMEE, Srcd8 %<
LM A TR X 2 ERK1/2 & INK O
LD ERICHEET A L2 RLTWS. $72, Src
SIRNA 12 & 5 Src BE% 13, A DIHI¥IC X % ERKL/2
EWALL D & INK O b2 BEZFICHH L2 &
5, A THEIC X % Src @Y ¥ #ALiX ERK1/2 DI

=g
= ™

0o 10
Src siRNA

Fig. 6. Inhibitory effect of Src siRNA on angiotensin II (AII) -induced rat aortic smooth muscle cell (RASMC) migration. Cells
were transfected with 25 pmol of Src siRNA or the same amount of negative control siRNA for 48 h. After culturing in
serum-free medium for 24 h, transfected cells were stimulated with 100 nM of AII or left unstimulated. Then, the cells
were wounded using a yellow pipette tip, and cultured for 24 h. After the cells were stained and photographed, the cells
between the 2 rims were counted under 5 different microscope fields. Values were normalized by arbitrarily setting
the counts of control cells to 1.0. The asterisks represent values that were significantly different from the values of AIT
stimulation in normal RASMC (** P < 0.01). Each value represents a mean * SD. (n = 3).
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ML L Y b INK OFEHEALIC & VRS FE T2 2 &8
HHLZ SRS 0RKERIE, VSMCIZBWTATIE
X % ERK1/2 DIEHALIE EIC o-Sre (kT 5 2 &
W URTOHE L B oTw5. BHERTIE, Z0F
BEHATADOEREL Y. LALEDRS, b0
EEHERD 513, RASMCIZBIF 5 A THIEICL 5
ERK1/2 DIEHALERA—E Src 2 L7zd D TH B
OO, FRUSNORBEOFELEDOTERES RBRL T
5.
ZLOMERBRI 7T v VF T VvV VERESE
(Angioten Converting Enzyme, ACE) [ & 3 &
ARB 2B IMEBE OLME A XY b DY R 7 EHD
TRHEHELTWE T, chb0MAZECTHE
ARB & ACE FHZE# 12, A IOFHET MR OUEE
LHETE & B L 22 HIRBIRIEA LT R & #0372 & & A
WHTED, ZOWRIE, FVAFIVE VABEEIC
A THIBIZ & 5 RASMC iR HE L2 W) K4
DUR ORI L o ThZRHENL Y, L LZ O,
FWAYIVE D MAP FF—EHERRITE D D
® (Fig. 1), MREEEERRIE & ) m W BRE THER
SN (Fig. 2) € OFIRNCTBED A bz, FFIIC,
Src BHESE PP2 & MAP 7 — ¥HER R IZTE T4
Wb OOl ERERSRIEHEC L SBR SN
(Fig. 1 RU'3). #ZTH~iE, PP2 Db Y I Src
sIRNA ZHwC A TH#IC X 5 RASMC D E
MEEZRE L2, DETokx OBE (Fig 3) &E
12, Src siRNA & A THIEIC & 5 RASMC ik % 5
FZHELZ (Fig. 6). o OREEERE, Srcld
MO ICBVTREN R ERTFTH S L) LEio
MRFEORERE—H LTS " Y, Src siRNA i3 A
IR0 & 5 ERK1/2 o iE MBI 0 L Tl %
RAERN R %R U724 (Fig. 5), Src siRNA it A T
IC & B RASMC o ICx L Tidigh 2 HER R
ZxL7: (Fig. 6). LA L7%25, Src siRNA IZ&
3 RASMC #EDHES R EEETIE R, AL
B X 5 RASMC oBEEICBWT, Src ®U VB
DA ORI > 7 F MBI 2B 5 LT 5 T RETE
ERBLTWS, Z0OLE, FTUAFVT VHFATH
iz & 5 RASMC 0% 100 u M 2B 2 5 BikE
THELZEWI R, A TH¥MIC X% ERKL/2,
INK O{EHEALIC S 2 HEORE R E —B LA (Fig.
1, ROU2). LALaH5, EBTHW/Z Wound

healing assay ® & ) ZFEOHAICIE, A T ORI
12 & o THIFYEE R AR AR K 72 EHIRREE LA O 2 %
SANCHRETHURESDS. COWREEE, o
No0ALDNFFET LA LHREAET L2012
BOT7T 7O —FBPUETHE L ERBLTWS.
DEZTrnbl, 1 DERFEOKED S Src
D) VBALE AN LM Y 7T VR R O iR
A THR#IZ X % RASMC OEEICHERTRTH 5
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