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AHR Airway hyperresponsiveness

BSM Bronchial smooth muscle

CCh Carbachol

CPI-17 17 kDa PKC-potentiated inhibitory protein of protein phosphatase I
ET-1 Endothelin-1

ETAR Endothelin A receptor

ETBR Endothelin B receptor

GDP Guanosin 5’-diphosphatase

GEFs Guanine nucleotide exchange factors
GPCR G protein coupled receptor

GTPase Guanosine 5’-triphosphatese

MLB Mg** lysis/wash buffer

MLC Myosin light chain

MLCK Myosin light chain kinase

MLCP Myosin light chain phosphatase
PDBu Phorbol 12,13-dibutyrate

PKC Protein kinase C

PTD Protein transduction domain

VSCC Voltage dependent calcium channels



i

R SR, i~ ORIRHIR A 5 KOEPAZE, RRPEABN % 1 © KB RIER

L OBRBERI AL IE A~ DFTEIC L - TH & Z S D KGERMIE (AHR) 12
B SN 2 HEMEOMEERBO—>TH D (1), MEOIERE LTk, &
B, MoOEBRESHISRENH Y | K FE TR BBHBEICRAET D (2.
R TH 2 {5 3500 FADRBELTVWAEARTHY L OETHIERNE T

IS DADBHETHELE LTS, I, BEEITH 2L T ORBLK
ThHDd (3).

Wi S OFER DT TH, AHR [FFHCEHBERIFEDO —DTH D | KB T8 5 I
IS EOHIR & ER SN TN D (4-6) B AR C b BRI 2 R 7 e SO ek
SPEOHRIT, R L THEZ OB RUENEO SEH R RAEZE b= H 7, HE
SR B, SGERIED L bu—/L K& ZIEER b ONT RS SUHE RS % 4
P52 LIC K DRGERAELMNT 2L THDH, DF 0., KEIOVIRMOIHEX
JEF XY AHR OF AT 5 2 L IEKE XM EDRFEICB W TEHETH D
(7-10)o

S OB ONE RO, 22 myosin light chain (MLC) @ U U Egfbiz k- TH
fisnhTnsd, S5, MLC OV VEMEIZZNE TOMZEIZ LY | MlWE Ca™ 7
JELRT7 47 A hD Ca® &M (Ca™ sensitization) (2 &> THRfi St Cnbd Z
ENB BT TN D, Ca DOIREITIKFT DR KIT. ZAERRIMEIC L D%H
{RVEEE Ca** F % 1/ (receptor-operated Ca®* channel; ROC) BN AKAFIE Ca?*
F ¥ %L (voltage-dependent Ca** channel; VDCC) DiEMEALZ A L Ml N ~D Ca**
MAMEE S I, Ca®™ ORE LANIEEZESND, 20 Ca DALY

calmodulin (CAM) 1 3470 4 5570 Ca¥ BNELSE%ZIERE L. MLC Kinase



(MLCK) Z{EMEt L MLC 2V UEfb3 5 Z &12& V., actin & myosin 250 A1E
MZEgIEE I L, FEHOIMKICE BTEHTEBZZ 6N TNDS (11),

—J5., Ca™ sensitization fFEEIL—7E7R Ca™ REICHWTHIHERILAE EE Z S
L. T Ok & LT RhoA/Rho kinase #%# & PKC/CPI-17 #&#&D _ > ST
W5, ZHHORKIE MLC phosphatase (MLCP) {&M: 2 M+ 25 Z Ltk » T
MLC % U Uit s¥ %, G # 7 BaiEtib &% GTPy S GEAMEME GTP 7
F v ) 1% MLCP {&MEEZHET HD T, G ¥ /37 ElX Ca™ sensitization (2P 5-
TLHLZLENTFRISN TS (12,13),

Rho GTPase superfamily X, G # > /X7’ @ Ras family (ZB§5-7 % 22 @ family
THERL 41, Rho superfamily OHT%, Cded42, Racl 35K TN RhoA [FFFIZRIR
B ERIE B LR b L ABRMEOTE R e &I E A A B T 2B o Ml R
BIE L TWAZ ERNMBNTWVWD (14), 2 H D GTPase (L "ON” JREETH 5
GTP DIRRE L “OFF” JRRETH D GDP DIRREZMVIKL TEBY, ZdD “ON” &
“OFF” OIREIL, 77 = X7 VAT RHAKF (GEFs), GTPase {EMEL S >3
BBIOIT =07 VAT FREEFAEFER 72 EIC X vl S T g (15),

AHR 22\ Tix, BALB/c %~ 7 AIZ obalbumin (OVA) HiJFIZ TEER LY
KEBRATF ¥ L Pl KUBERIER X OKGERBMEDNBE SN DT VY %
ERLL ., fH L7-RESRIC BV T GPCR 7 I =& MRS 318 5 UG
SO AERICTUET D Z L 2SR/ v — 73R LT 5 (16), £72, ZOET
VENTIE, high K+ Bioiah 36 V8 SE SO ITE (bR R b nens &b, o
DT I = A NFHEFRBIAELOG O TLHEIZIL Ca2t sensitization W< B 59252 & %
ALTND (A7), EHIT, 2018 FlTiX, ¥ =iz H - KOERBIEE T LB

DR ZUE S OHFRIZ Racl 2G4 5 Z & b@iEsn s (18),



LIbED Z Linh | KA SR BOS 6 & OV SO0 B IR L b 5 it
Tl 72 U SOEIE G SO OTRIZ Racl MBI T2 FEEMERE 2 b D03, [E

OB HNKE SR O HETR & Racl O BIFRMEIZ DWW TIEEEM 72887 2380 & M2 72 -

&

TWRYY, £ ZTAMETIEL, Racl FAFHK TH 2 EHT1864 LT NSC23766
EHWT, 8% 7 v hB LU~ U 2AOKE SR 2 IUES R Racl 73B
I 05t 21T o7c, £0%K%, ~ U AT This BIRRE 245 L 7 PR A I8 KOE I ik
PEETNVEMZER L, ZOFT7 VEMICIS T 2 KA SO A IUHE RO IZ 381 D
Racl [HEZIE. Racl BIHERKFHELZ(LI LY Racl EMA L ZMmE L7z, L
DL XY, AHR WO 72 508 SOV B SOG DR & Racl O BIfRME % B

SN D Z & TH R TURESLIRREZ T —BRE L TE LTHIEZIT - T2,



REB X OFE

ARG ST LA T Ol ds L OVER T iE 2 W THFE 2 21T L7,

Ty PRIV R
Wistar RAHEMZ ~ R XN BALB/e SRlEME~ D 203, HREBREY I OEAL
72 2 TOFEERL, BERRFZEFYIZBRIGEHIIESOXITo70, 2 TOEERITEIKE

REEWFEREZBZOAGBEO G & BEBIEIZANY 326 L7z,

- EFRIEBBMEET L~ U 2 DOIER

Chiba 5 O#E (16, 19) IZEWVEMZ1ER LT-, 7 Hlid BALB/c RN~
ANCHEFRFE .1 PEH72 0D 8 ug OVA & 2 mg Imject Alum DIEA#KR %A 0.1 mL JEHE
WG LEIEZ L7z, €D 5 Bk, RRRO T EZ W CEINEEEZ1T > 72, #lH
BEAEDNDS 12, 16 BLW 20 HEWZ, 77 AF v 7 O (130x 200 x 100 mm) O H
(CRAEZ N Lo~ » R & SRR, MR N OdRRE T ANz, RWT, 5 mg/mL OVA
20mL ZHRERM LTct%, 77 U AVERIPRES v 83— (EA 70 mm, 140 mm) HIZ
AT ultrasonic nebulizer ZfHWVTI X MRITL, 15 2. 77 AF v 7O
BEVAS, = U RECHREZRASED Z &% 2 [TV, & S BAER &
FH 7= (Chal. BF), F/=., a2 bo— Bt E LT, REED HIEIC CTRERIELR g
LI DR D I TH 5 saline DA% [KAEW A L 7= sensitized control (S.C.) #f

W, KT ¥ L UKRT O 24 FRRBICER T T,

- KR o 5

Wistar RHEMT » FB LY BALB/lc R~ 2 2mEA Y 707 VAT



CHREL . B RENRD HIEMESE S, B L. MEEHE T2 O il E T L7,

Z DO, EBHIT 95% 0,-5% CO, %i@K L7- Krebs-Henselet 1% (FLAZ: NaCl 118 mM,
KCI 4.7 mM, CaCl, 2.5 mM, MgCl, 1.2 mM, KH,PO, 1.2 mM, NaHCOj; 25 mM, glucouse
10 mM) ISR ZIR L, fafikz TEICHBEL . AFEREZLY V7R (IR 3

mm) % {ER L7,

« KB IR R U B O I 8

WHLEZEEREXZY V7% 95% 0,-5% CO, Til%, L 7= Krebs-Henselet 1A%
(37°C) ™ A-~7= organ bath PNIZ resting tension 1 g ([ZTRERIEL . 15 702 3 [BI¥E
HraATo TEAZLZEL ST, 10 uM CCh #5217 2 O f5 KIS IS % H
L Lic, TOHRBO 15 @I 3 B¥EFE1To TEREZZELIE-%,
EHT1864 (3, 10 uM), NSC23766 (1, 10, 100 uM), vehicle CT& 5 saline % 20 43 i
RLE L, CCh @ BFE# - (final conc. 3 x 107,10 3 x 10%,107,3x 107, 10°,3 x 107,
10-°,3x 107, 10" M), ET-1 BfE# 5 (final conc. 3 x 107, 10%,3 x 10°®, 107, 3 x 107,
10° M), 0.3 uM calyculin-A £ 5-, K"BfE# 5 (10, 30, 60 mM), NaF 5 (7 v b;
10 mM. ~ 7 A; 30 mM). Phorbol 12,13-dibutyrate (PDBu) #5- (60 mM K+ #5-
#1Z 1 uM PDBu #5 L., &5 3 uM GF109203X #5) B LT 1 uM S
protein transduction domain (PTD) Racl (Q61L) #45-%17-72, 1 uM CCh % 15 Z34L
& L. EHT1864 BfE& 5 (1,3, 10,30 uM) B XL 1 uM & PTD-Racl (B4R
L TI7N) fLE#% CCh BB 5- 21772 > 7. T v MZBWTIL vehicle £ CCh
fLi&E D Emax, Normal ¥ 7 A® CCh 2fE# 53 LT PDBu #513% 10 uM CCh
P % K #5103 vehicle B 60 mM K" 5%, NaF #5.1% vehicle BE®D 30

mM NaF # 5% 100% & L CHEHL7-, S.C. 8L Chal. =7 A DULHE il



mN F7201% g THL L, Z2BUHE /11X FD transducer (TB-612T; H AL T.3£)
BIXOOTHEDHAT 7 (HANREITZE, AP-621G) IZ TERMENZHIE L.

PowerLab 4/30 (ADINSTRUMENTS) % HWit#k L7-, 72¥. fH L7 PTD-Racl
(Q61L), PTD-Racl (BF/E7Y) ¥ LY PTD-Racl (T17N) X, v~V F 22—k v VERK

PRI AR I B e bRtk S T,

« Total % > /)7 B O

AR L7 HEIC KD, EEREXEZRMM Lz, 26 0fik4a 37°C. 95% 0,-5%
CO, Tk =¥ 7 Krebs-Henselet ¥&#ZH 15 472 3 [A] wash L., k%&b
S, ZOMARIC 100 uM NSC23766, 10 uM EHT1864, 10 uM Y-27632 B L
vehicle (DMSO # X OF saline) & 20 5 fAALE L7, 1 uM CCh B XY ET-1 (7 >~
;0.1 uM, ¥ 7 Z; 1uM) % 15 FERAEZIT 72, VT, IRKRERIC TR E
&1k & TCA/acetone (10% trichloroacetic acid and 10 mM DTT) (Z{& (7. -80°CIZ TH&
L7z, 728, CCh BL T ET-1 WEEZAITOTITHRIRZERIS TR 221k S FER
DTFNEEAT > 7= #E% vehicle B L& L7z, D% TCA % 1 [FIHIX 800 uL. 2 [F1H
LAREIE 500 uL @ acetone T 5 [FIVEWVVE L., MfkA RS E7-, T2 T-PER
(Thermo Fisher Scientific) 200 uL % 1 X CTHE VA Xk, =058 (9000 g, 5 min)
EATo T2, RIS, X o3 BIREZHE L, MEFROIEM Z1T > 72, 1.5 mL RNase free
F=2—71C 1,0.5,0.25,0.125, 0.125/2, 0.125/4, 0.125/8 mg/mL @ BSA % T-PER T
AR L7 BSA WIREAERL LT2, 96 v~ 7 a0 /L7 L— MIKRED BSA &
YNV Sul §o7 774 L. £ ZIT 1x Advanced Protein Assay Reagent
(Cytoskeleton) % 150 uL fl%x. W (560 nm) % HIE L7z, BEMN»S, o7

NDZ NI EREZER L, % XV ERE% 0.5ug/ul (2 T-PER THR LT,



Z T 5 x Sample Buffer (0.125 M pH 6.8 Tris HCI, 10% SDS, 20% Glycerol, 0.04%
BPB, 10% 2-mercaptoetahnol) % 1x (Z725 X D272, 5 /ofAH L, EBRIZ

R+ 5T -80°C IZTIRIEL T,

* Pull down assay

Racl Activation Assay Kit (Merck Millipore) % T {EFMEA! Racl (GTP-Racl) ®
Z oy Bt Uiz, Total & /37 Bl & [AIER D FHNE CTRUE S 2 IR =
R THMFIEE TEATIR o T, D%, Mk ZRIREZR T Tl L., kit )8 1x
Mg®" Lysis/Wash Buffer (MLB; 125 mM pH 7.5 HEPES, 750 mM NaCl, 5% Igepal
CA-630, 50 mM MgCls, 5 mM EDTA and 10% glycerol) %Mz AT F A R%&4T
7o T, iy (14,000 g, 4°C, 10 min) Z17V, RGO —#% total Racl A
7 E LT, sample buffer 1z, 5 &ML, -80°CIZ THRIF LTz, 7KV D
EiEIZ, fE® PAK p21-binding domain (PDB) Agarose beads %#BR % N % .
4°C T 24 FEfA > F 2 _— b L7z, w0508 (14,000 g, 10 sec) L7-t%.1x MLB
12T 3 [FI¥eid L, sample buffer #/1x.5 43 # L. -80°CIZ T Racl pull down
sample & L CHRTEL Tz, TP, SDS-PAGE BXWv =A% 7 m vy MEEZHW

THEMT LT,

Uz REVTay b

27 EY 7 X ePAGEL 2 T XKk #) % sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) {EIZ1EVMT > 72 (18), Blotting
BEZAT SR, AL PVDF B2 (RPN2020F; GE healthcare) % methanol (2T 1

43T U BLKALER U 7= %% | blotting buffer (2T 1 B§fiE L TH <, HiV T, Trans-Blot”



SD Cell (Bio-Rad) ZH\\WTH W% /37 E D PVDF E~DHRE (50 V, 220 mA/90
x 83 mm, 15 W, 30 min) Z1T>72, &KIT, —RHUED 5 WOIF ZREUR D IERFERAVRE &
#FHET 2 HM T, PVDF A7 5 % blocking buffer (2T, E& LN 1 K
A Fa_X—hL, £ FaX—METH, —&KHuL% blocking buffer (ATTO)
(27T 1000 f5FE 7% 5000 EAML, R TBA o Fax—a2iTo7z, —RH
&K & L TIlX. p-MLC antibody & L T Anti-Myosin Light Chain antibody,
phosphor-specific (Serl9; Merck), MLC antibody & L T MRCL3/MRLC2/MYL9
(FL-172; Santa Cruz Biotechnology), Phospho-MYPT1 (Thr696) antibody (Cell Signaling
Technology). Phospho-MYPT1 (Thr853) antibody (Cell Signaling Technology), MYPTI
antibody (Cell Signaling Technology). Anti-Racl antibody produced in Rabbit (Sigma
Aldrich), Anti-Trio-C-terminal region, Rabbit-Poly (Bentyl Laboratories), Anti Tiaml
(Bentyl Laboratories), anti-Chrm3 (Santa Cruz Biotechnology). anti-endothelin A receptor
(ETAR; Santa Cruz Biotechnology). anti-endothelin B receptor (ETBR; Santa Cruz
Biotechnology) ¥ & T anti-GAPDH Monoclonal Antibody (Cell Signaling Technology)
ERWZ, A Fa_X— R ETHR, A7 72O wash (5% x2,10 43 x3) &7\,
FNENO—RPURIZFF A 72 WPk & LT, anti-rabbit IgG, HRP-linked antibody
(Cell Signaling Technology) % blocking buffer {ZT 5000 fE&AMR L. A > F=2X— |k
AToTl, AU Fa—METHR, R EFRRDOITIEIZT wash 217o72, LA LD
PR TR, BRE T2 "7 HE2 T 572012 PVDF A 77 v %
ImmunoStar” Basic (FIYEHIHR) Z VTR S, WEMRITIEE (ImageQuant LAS
500, 70— NV TA THA T U RAT Y ) a—AY v X)) [TTHRI LT, £Dk,
FENRY REAX Yy =l Tarba—F—|ZMYiAH, T AU — (Atto

Densitograph Software for Macintosh ver. 4.0; Atto) & 1T\ &% DX L 737 B DX

10



RUEEEZFEH L,

- RNA H#iHd

KB MR A 1.5 mL RNase free 7= — 7 (Z[EIX L, 200 uL @ TRI Reagent % JI
ZTCHREYFA X LT, £D%., TRI Reagent (Sigma Aldrich) #2872 1mL (2725
E21Thzx 23 G HEREB LI OENFEZHWGHEBZER ST & L b, 7/ A
DNA ZfEE L. Z OWEIKIZ chloroform 200 uL %2 C X< vortex L. 15 45
FRTA v FaX—=Fa{Tolc, £O%, =O5HE (18,800 g, 4°C, 15 min) 4T\,
3BTV D I R LT, 20926 EEOA% 1.5 mL RNase free 7=
— 7243 EL L, 2-propanol 500 uL &A1z TXE< vortex L7=%%., -20C T 30 77LLE
WHEI LTz, =Dk, @O0 (18,800 g, 4°C, 15 min) #1T- 72, 146N 7- B & RE
L. TEEEZ 75% ethanol 500 uL %12 Tk < vortex L. 1L (18,800 g, 4°C,
15 min) Z{TWEAGILEY (RNA pellet) O ARG, EEEZRELE, SN
T2 L) % JE\EZ U 7= 1% . DEPC-treated water (Z¥Afi# S+, total RNA V27L& Lz,
B 572 7L NANODROP Lite (Thermo Fisher Scientific) % VT EEHIE
Z4TV ., RNA B 1 pug/ul £721% 0.5 ug/ul (2 DEPC-treated water CTAR L., 3

BRCET 5 £ T -80°C ICTIRIEL T,

* quantitative RT-PCR

RNase free 8 1# T = — 7125 572 RNA (0.5 ug). BLRZDOLEMN 6 uL 1272
% & 912 ReverTra Ace® qPCR RT Master Mix with gDNA Remover (Toyobo) @ kit
IZEHEEND H,O0 #MMxiEA L7, T4 % PCR thermal cycler (Thermo Fisher

Scientific) {2 > k L. pre-incubation (65°C, 5 min) #17->7=, TD¥%, F=2—7%

11



B HLKEIZT 5 FfEEA U F2X— |k L7, Z#UZ 4x DN Master Mix (2 uL)
Z N Z. PCR thermal cycler (2> b L. gDNA FRZEXE 37C, 5min) 217572,

D%, Fa—T7H2RYHBLUKEIZTS DREAFa2X—FL7E, &5IT 5xRT
Master Mix II (2 uL) Z/Z. PCR thermal cycler {2t~ K L. RT s (37°C 15
min, 50°C 5 min, 98°C 5 min, 4°C, o) Z#{772->7-, E L72 ¢cDNA {Z 90 uL @
DEPC-treated water Z/1x., 10 &R Z1TV, EHT 5 F T -30C I TRF LT,
96 well 7L — FZ HWT RT &G TH B2 cDNA solution 2 uL DEPC-treated
water 1 uL. F-primer (10 uM) 72 & ONZ R-primer (10 uM) % Z 3141 1 ul. 2x Fast
SYBR Green (Thermo Fisher Scientific) 5 uL Z /1 2.7z, StepOnePlus (Thermo Fisher
Scientific) (Z 96-well plate #t& > k L. Pre-incubation (95°C, 20 sec) {Z T hot start
polymerase DIEMALEZ1T>72%%. 40 cycle PCR )i (1 cycle: 95°C 3 sec, 60°C, 30
sec) 1TV, HFEEMA TR EL TE LT, 728 real-time PCR primer & L C Table
1 BEO Table 2 IORL7EZLDOEMER L, £7o. T — XTI 27797 BT

7,

- T — A fEAT
T HITEEE £ FERERRE (S.E) TE L7z, HEHFHIMEIX. unpaired
Student’s t-test. one-way analysis of variance (ANOVA). two-way ANOVA 725

NZ Bonferroni @ post hoe test % HV 7=,

12



FB—FE Ty MREXIXFEEGIMEXSICEIT S Racl O#&E

RUE SO AIEEIC MLC @V VEBEIC X - THEi ST 0, Ca2t {KIFy72
MLCK # i L 72 & Ca? HEKFA 2 MLCP Z A L 7Zik# (Ca*
sensitization) ® O DB NI 5 NI I TW D (12, 13), RhoA X
RhoGTPase superfamily ®—-> T&E SCOEIRHIHER G D Ca?t sensitization |2
5422 EBlES TS (20),

RhoA Li#t® RhoGTPase superfamily T %5 Racl I3 RhoA & b~ TYiE

BSOS B 542 Z E N SN SNl E 1T 723, Racl GEFs HrA9TH.

Y

T

HTH D NSC23766 73 phenylephrine %%~ 7 AREBRF LY CCh #FHFME
b AR B 2 il 32 2 e A bh T g (21, & 512, 2015 I
NSC23766 5 L Racl FHEHR THSH EHTI1864 7% Ca2t sensitization %4 L
7= phenylephrine #%%& 7 H ¥ KERBYIRIGHE S 2 #0952 L AR s duiz (22), L
PLRND, KIED MLC U UEEEGE X OSEE I IHE RS2 1T %5 Racl @
BEREIZOWTIIH O MNITR > TWD Z 3Dy, 22T, AWFIETIE. 7 v FK
BB WT Racl 28 MLC @ U U g{bds K OB IGHE RS B 59~ 2 0 & 1

L7,

13



B EBRER

CCh #% 7 v MNUEICEEMINMESGIEL, Racl FAEHRTH S EHTI1864 I XL
' Racl GEFs FRAHEITH S NSC23766 DORIALEIC L v i <7z (Fig.
1A-E), LU 56, B|ALUE CTH D naive B & IABLALERE (vehicle #) TIXIM
BT E A B R D o 1=, F72. 1 uM CCh IR 2 x4 % EHT1864
DBAEZ L 2 RGO RERE Lo & 2 A IRERLTH 72U SR O3] A3
BTz (Fig. 1F), S 512, K& SOEIET O58 )1 72 WA FH 2 £F>  endothelin-1

(ET-1) {2 KX DUUHERUSIZx 32 Racl PHEIRODR LG L7z, ET-1 FIEXE X

“

T AR SO X Racl BHEZRTH H NSC23766 35 LY EHTI864 ALiEIZ L VA
Bl EnT,

WIZ, ZHd Racl PHFEHKA MLC OV VLIS OELESI R LTWD
MERRET L72,CCh B8 XY ET-1 AEIZL VRO BTz MLC OV CEREEIRE DT
#E1X, Racl FHEIK THDH NSC23766 5 LN EHTI864 ALEIZ &V Ml =4v7- (Fig.
2A-D), & 512, pull down assay % V> Racl {EMALIZOWT BRI & TR o7 &
Z A, CCh WEIZ XV AE7: Racl 1EMEALILHE (GTP-Racl DOFEIG O 28338
bz, @ Racl {EMLDOITTHEIL Racl PAEIK TH 5 NSC23766 ¥ L O
EHT1864 ALiEIZ X 0 #iiil Siu7223, RhoA ##KIZEI 575 Rho kinase [HEZHKTH
% Y-27632 ALE TIIENH S /2o 72 (Fig. 2E and F),

i\ T, Racl DSRE SOFBAIMERGIZB VT Ca®' RIFMERRIE & Ca™" JRIRAF
PEREHE (Ca® sensitization) O &5 HICBIH T 20 & e L7z, Calyculin-A (3387772
BB CBALILEER 2 S D . MLCP OFEM 244 % 2 & TEREHOIL
S Zslaf Tz enmonTnd, 0 calyculin-A 7% 3 IUHE SO 1%

NSC23766 35 L T8 EHT1864 HLEI|Z L 0 8B A Z T ehhoT-, & 612, Ca¥™ {KIFEME

14



MLCK &% L7 UHs s Td 5 high K& Bl MRiah 30 BSOS I DWW T b Bt
BT 072 2 A, high K AR R U SOIRARIHESOG & NSC23766 5 LT
EHT1864 WLiE|Z X 5582} 727> 7= (Fig. 3E-H),

Ca”" sensitization FEEKIZ DUV TIL RhoA #E & CPI-17 #&EED 2235 HAL TV
D72, ZOZODNUHEREEEIC Racl 23BAG T 20MRFT 5 Z LI L7z, NaF 3=
IR G XU\ EHE2IEMAL L, RhoA R OIEME(LZ 1 L C MLCP &M 4 #1i4
52 LI X D INMEROS Z Bl & 23 (23-26), BLMRZEWZ L2, NaF SR &E F

BASIHEROSIE. EHT1864 3 XY Y-27632 ALiEZ L v Hifl K nu7-25 . NSC23766

-

=

B TR RUSIC B GIT A b o Tz, & 512, EHT1864 B LT Y-27632 @
BT, ZTNFROFMEGREE R LT, & 5725 NaF #RIGHE S O]
HIRITH SN h- T2 (Fig. 4A-D), %= Z T, Racl PRI RhoA IS4
% A REME S RIE S 7D T, Racl 78 RhoA/MLCP #ICIEM T 50 % & b
L7z, MLCP &Gtz LT, MLCP %7 2=y s Th 5 MYPTL O
Thr696 & Thr853 2->DH A FA% Rhokinase 125> TVU Uk & v, IR
MBIZEZ END T ERRESINTNDD 27, ZNHOMREY A MoV Uil
BORZxE9 % Racl PLFHROZFE A L7- (Fig. 5A and B), Th696 Ti, CCh
FIZ L0 U U b SOS D BT AN B 72> 72, —7J7, Rho kinase DFFEA)H
A R TH% Thr853 TiL, CCh FIZ LV HEZR Y VELEISDTLHENR H b Tz,
X, 2oV VLR O TLIHEIL NSC23766 3 XY EHT1864 ALiEIZ L - TH
# &7~ (Fig. 5A and C),

% ZC.PKC/CPI-17 #¥& %I L2 IUERGIZ k3% Racl FHEFOZRICHOW
THRFET L7, KUESCEBAIC PKC 1GHE(LIETH S PDBu A ALE L7z & 2 AULHE

B E I 2> 7278 (Fig. 6A), high K+ ALE##IZ PDBu #4LE+ 5 L RE X
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R DU SIS 2 BTz, T ONERIGIE PKC FREFHETH 5 GF109293X
WEIZ X D IR & N7z, ZoZ EnDh, ZOIERIEE PKC 2/ LC05H 2 &R
rEnTz (Fig. 6B), L2 L., high K+ 3 X0 PDBu @3 UHE OGS NSCC23766
B LU EHT1864 MLE|Z L » TEbIZA D> Tz (Fig. 6B-E),

W% Racl TEMEE RN KUE SOV IGHE BOGIZAE 3 2 22 & Bk % 72 protein
transduction domain (PTD)-Racl % W\ THE 217722 -7, BIRENZ L2, 18
FHEMELERIATH S PTD-Racl (Q61L) $E5-1T X - TEE T8 Al IUHE SOt
MelEEZ I (Fig. 7A), Z OUUHERGIEL, NSC23766 WLE TIXZE kA 7o
7275, EHT1864 DOMLEIZ X v il & 7= (Fig. 7A and B), 4% PTD-Racl ¥
L% dominant negative %A TdH %5 PTD-Racl (T17N) ZMLE L7 & 2 A—
ATANEALIE R BN oTe M, £ 20 CCh RFELE % i+ & B AER
PTD-Racl L& TlE CCh #FHRIUHES I DR Z BTz, £ 72, PTD-Racl T17N

HLiE 1L CCh 538U S O 237 & 7= (Fig. 7C-F),
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Fig. 1. Effects of Racl inhibitors on receptor agonist-induced contraction in rat bronchial smooth muscle. (A—C)
Typical trace of carbachol (CCh)-induced force development with naive/vehicle (A), 10 ptM EHT1864 (EHT, B) or 100
M NSC23766 (NSC, C). (A) shows naive responses followed by those in the presence of vehicle. W represents the
wash-out. Bronchial tissue was treated with Racl inhibitors for 20 min before the first application of cumulative
CCh. The CCh concentrations are expressed as —logM. (D, E) CCh concentration—contraction curves in the presence
of EHT (D) and NSC (E). Before treatment of Racl inhibitor or vehicle, an accumulative CCh-induced contraction
(naive) was observed. The contractions are represented as percentages of the first cycles of Emax of CCh-induced
contraction of naive. (F) Effect of cumulative additional applications of EHT on 1 uM CCh- induced bronchial smooth
muscle contraction. **P < 0.01, ***P < 0.001 vs. vehicle. (G) Effects of EHT and NSC on endothelin-1 (ET-1)
concentration-contraction curves. The contractions are represented as percentages of the first cycles of Emax of CCh-
induced contraction (Naive). Values are means + S.E.M. from 4 to 6 independent experiments from 4 to 6 animals.
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Fig. 2. Effects of Racl inhibitors on receptor agonist-induced phosphorylation of myosin light chain (MLC) and Racl
activity in rat bronchial smooth muscle. (A-B) Western blot analysis of MLC and phospho-MLC with EHT1864
(EHT) treatment. Lanes represent rest (but treatment with vehicle; lane 1) and 15 min after 1 pM CCh with 10 uM
EHT (lane 3) or without EHT (lane 2). Values are means + S.E.M. from four independent experiments. **P < 0.01 vs.
rest (lane 1), #P < 0.05 vs. CCh stimulation (Iane 2). (C-D) Western blot analysis of MLC and phospho-MLC with
NS(C23766 (NSC). Lanes represent rest (lane 4), without NSC (lane 5), 15min after 1pM CCh with 10pM (lane 6) or
100pM NSC (Iane 7) and 20 min after 0.1 pM ET-1 with 100 pM NSC (lane 9) or without ET-1 (lane 8). Values are
means + . from 4 in- dependent experiments from 4 animals. **P < 0.01 vs. rest (lane 4), #P < 0.05 vs. CCh
stimulation (lane 5), $$P < 0.01 vs. ET-1 stimulation (lane 8). (E-F) Effects of Racl inhibitors on CCh-induced
augmentation of Racl activity (GTP-Racl). Lanes represent rest (lane 10), without inhibitors (lane 11) 15 min after 1
pM CCh with 10pM EHT (lane 12) and 15min after 1uM CCh with 100 uM NSC (lane 13). The levels of GTP-Racl
are expressed as density ratios of the GTP-form signals to the corresponding total protein signals, and the data are
summarized as percentages of the rest data. Values are means+S.E.M. from 3 independent experiments from 3
animals. *P < 0.05, **P < 0.01 vs. rest (lane 10); ##P < 0.01 vs. CCh stimulation (lane 11).

18



>
w

10 min .

Contraction
(% CCh-induced Emax of Naive)
100%
Contraction
(% CCh-induced Emax of Naive)
100%

—2 A

0.3 uM caly-A 0.3 uM caly-A

o
O

_ 10 min % 75
® —_— 3
2 R 100 uM NSC 2
c 2 Y/ 1 z
o 2 €%
B E | 2% 50;
E ; °° gw h— —
€8 53
T | ¢
o B c35
o i ot 25
L N/ 8
A 2

! .
0.3 uM caly-A Vehicle 10 4M EHT 100 uM NSC

m

1 min

Vehicle 1min

Y/ - 1

10 uM EHT
y/. 2

Contraction
(% CCh-induced Emax of Naive)
100%
Contraction
(% CCh-induced Emax of Naive)

r——7 a r—K

A A ¢ A A 60
10 30 10 30

(@)
I

0 i . 40 ]
E 100 uM NSC 1 min % -5 Vehicle
s 1 cZ go] +10uMENHT
B E IR 23 100 uM NSC
& U °° "6“5 n
=3 |e © J
€512 53 20
o 2 [=-1
O = Q32
5 O3 10
o 0
2 0
60 30 60

10 30

K* conc. (mM)

Fig. 3. Effects of Racl inhibitors on high K+ depolarization- and calyculin-A-induced contractions in rat bronchial
smooth muscle. (A—C) Typical traces of calyculin A-induced contractions in the presence of 10 M EHT1864 (EHT),
100 pM NSC23766 (NSC) or vehicle. (D) Before treatment with Racl inhibitors or vehicle, an accumulative CCh-
induced contraction (naive) was observed. The calyculin A-induced contractions are represented as percentages of
the first cycles of Emax of CCh-induced contraction of naive. (E-G) Typical traces of high K* depolarization-induced
contractions in the presence of 10 pM EHT, 100 uM NSC or vehicle. K* concentrations are expressed in mM. (H)
High K+*-induced contractions are represented as percentages of the first cycles of Emax of CCh-induced contraction
(naive). Values are means with S.E.M. from 4 to 6 independent experiments.
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Fig. 4. Effects of Rac1 inhibitors on NaF-induced contractions in rat bronchial smooth muscle. (A-C) Typical traces
of NaF-induced contractions in the presence of 10 pM EHT1864 (EHT), 100 ptM NSC23766 (NSC) or vehicle. (D)
Statistical representation. Before treatment with Racl inhibitors or vehicle, an accumulative CCh-induced
contraction (naive) was observed. The contractions are represented as percentages of the first cycles of Emax of CCh-
induced contraction of naive. Values are means + S.E.M. from 4 to 5 independent experiments from 4 to 5 animals.
#*kP < (0.001 vs. vehicle.
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Fig. 5. Effects of Racl inhibitors on carbachol (CCh)-induced phosphorylation of MYPT Western blot analysis of
MYPT and phospho-MYPT at Thr696 and 853 with EHT1864 (EHT) and NSC23766 (NSC) treatments. Lanes
represent rest (lane 1), without inhibitors (lane 2) 15 min after 1 pM CCh with 10 pM EHT (lane 3) and 15 min after
1 uM CCh with 100 M NSC (lane 4).. Values are means + S.E.M. from 3 independent experiments from 3 animals.
##P < 0.01 vs. rest (lane 1), ##P < 0.01 vs. CCh stimulation (lane 2).

21



>
w

Vehicle

] T
c: 10 min c: 10 min
gu.l o g“‘ =3
£ I8 R
c 3 € 3
o 2 Q 2
gl n gi' |/
¢ 1uM PDBu 1 = 60 mM Ky 1
1 uM PDBuUI 1
3uMGF ——
CE_ 10 uM EHT D _ 100 uM NSC
. P '
9: . € %
R 10 min 2% |e 10 min
- =) N 1)
252 £t |2
S f s2 |”
O £ £
g M Szl
60 mM K+ 1 <60 mM K+ 1
1 uM PDBu [ 1 1 uM PDBu [ 1

—_—
3 uM GF 3uMGF ———

125, L1 Vehicle
B 10 uMEHT

1001 5 100 um NSC
751

501

mE (ImE

60 mM K* +1 uM PDBu +3 uM GF

Contraction

(% Naive CCh-induced Emax)

Fig. 6. Effects of Racl inhibitors on phorbol 12,13-dibutyrate (PDBu) with high K* depolarization-induced
contractions in rat bronchial smooth muscle. (A) Typical trace of application of PDBu alone in bronchial smooth
muscle. (B-D) Typical traces of high K*/PDBu-induced contractions in the presence of 10 pM EHT1864 (EHT), 100
pM NSC23766 (NSC) or vehicle. 3 pM GF109203X, a PKC inhibitor, was applied after attainment of a plateau
response to high K*/PDBu. (E) Before treatment with Racl inhibitors or vehicle, an accumulative CCh-induced
contraction (naive) was observed. Contractions are represented as percentages of the first cycles of Emax of CCh-
induced contraction of naive. Values are means+S.E.M. from 4 to 5 independent experiments from 4 to 5 animals.
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Fig. 7. Effects of applications of PTD-Racl products in bronchial smooth muscle. (A, B) Typical traces of force
development with 1 pM constitutively-active form of PTD-Racl (Q61L). The contraction is inhibited by additional
application of EHT. (C—F) Typical traces of CCh-induced force development with vehicle (C), 1 uM wild-type PTD-
Racl (D) or 1 pM dominant-negative form of PTD-Racl (T17N, E). W represents the wash-out. CCh concentrations
are expressed as —logM. (F) Before treatment with PTD-Rac1 or vehicle, an accumulative CCh-induced contraction
(naive) was observed. Contractions are represented as percentages of the first cycles of Emax of CCh-induced
contraction of naive. Values are means+S.E.M. from 4 independent experiments from 4 animals.

##P < (.01, **+P < 0.001 vs. vehicle.

23



=fi EBE

KETIE, 7 v PRELFBHICBWT Racl BNEMET T=2% M2 L5 MLC
DV AL Z IS DUHESOS Z i L TV 52y, & HIZ Racl HHERZENLDL
DU RN A 5 2 5 &0 & et Lo, Racl PREHIL GPCR 7F=X |
To5 CCh BXLW ET-1 FRIGESICZAEICIHI L7z, =612, Racl [HFH
Tz b GPCR 72F=2 hMZk?sd MLC U VBMLEISEMH LIz, YLDz & X
D, Racl I¥ MLC VU »E{LGZ I L CRE IR S ZRE LT\ b =
EMWRIE S NIz, RIS, 20 Racl 2403 HUNHER RS MLCK #%# & MLCP #%
BOELLIZL > TH &R INTWDEME L7z, Calyculin-A | MLCP @
FRAZRPAEFEIKE LT TS (12), £7-, high K+ Bl ik w0 KOs, &
BAEME A V7 A F % %L (VDCC) BRI X v fIfENIC Ca2t NAT 5, A
L7- Ca2 |3 CAM &#A LT MLCK ZiEMAL & TUUHE R R & 5] & 2 9
(12), High K* #FFIHREE L O calyculin-A FHFEULAMER G T Racl PRLERKIC &
S THBEEZ T o122 &5, Racl 1 MLCK BB LOT 7 F-I4v v
O AEAERIZEE S L2 AT REME DS RIR S 7z,

i\ T, Racl #% MLCP #R¥KICEE G592 % Mt L7z, MLCP #&#1% RhoA #%
# & PKC/CPI-17 #RE D DN BN TWDH T, ZNZDRREKIZ Racl 23R
592235 L7z, NaF 1% RhoA TEMAtZ /i LC MLCP &2 Ml L CULHEK
JnE gl &R 2, BREW Z LI, NaF #%IUHE G 1T Rho kinase FHEIRTH
% Y-27632 B L Racl PFAEHK THSH EHT1864 |2 LV Miffil 417223, Racl
GEFs fRRMAFK TH S NSC23766 Tixhiil Inier -7, NaF X =&k G
2R EIEMALER 2 ®H D . 512, RhoA Z{EMHILTHZ & bMEIN TS

723 (28). Racl D Eiiicdh 5 GEFs #FHE LT NaF ZFRIGHE K 2 21t
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Dieho7oZ 5, Racl & RhoA & [AIERIZ NaF (2 K- TiEMAL L7z rlgEMEDS
EZbN5, 72, EHT1864 3L Y-27632 DOIHMENZ LN 0 EMEL S &
He~T NaF #FFIGHBOG 2 RIFREE L 297, Racl &ML Y-27632 (2L -
THHIN AN o722 &b MLCP # B O UHE s 128 T Racl 23
RhoA ##ED LIRICALE T 572 L 72 < &b Racl 07 %KD —75 RhoA
BEICEEL Wb ZEenExbNS (Fig.8), &5, MLCP ¥ 7 a=y L&
LT MYPT1 3% 9. MLCP #EVEMI#ERIC Thr696 5 LY Thr853 2>
A DOV UVBEREETH DL Z ERHREINTVD (29, RhoA &KX, Z D
MYPT1 @ Thr853 % U M Eefb L IHESIG 251 & 2T 2 E BB LT > T
% (27), £Z T, CCh (2L % Thr696 LT Thr853 DV (LIS DEA(RIC
DWTHFL7zE Z A, Thr853 1T CCh AEIZ LV U U ELIS S TLHE L7223,

Thr696 TiXZ b /2nr>7=, Thr696 DV AL LN e o7= 2 E1d 2
WETOMG L FEEOFER L7257 (22), CCh (X Y T L7 Thr853 DU g
LI E1E NSC23766 £ EHT1864 ALiE (2 &L v fifl & iz Z LB L CCh
12X % Racl {EMEDITTHED Rho kinase FHEIHK TH D Y-27632 |2 L - TE%
ZFRinotz, 2O Z Eh 5, Racl 1 RhoA/Rho kinase/MLCP % % 5 i L T
WD ATREMEDR B 2 BV D, ZOAREMEZFE T 572 9121%, Racl FAEIKICL -
T RhoA/Rho kinase {EMEDIGI SN2, S 6RHMEBLETH S,

t 9 —JF D MLCP #&# T %5 PKC/CPI-17 fIZ Racl MBI5HT 5 00M2O0
THRet Lz, M FEfHICHBW T, Racl HEIX PKC iEERS LY CPI-17 @V
VLSS E T D E OWERH D (22), AFFETIZT v PRE RIS
WT, PKC 1&MH(LIETH D PDBu FHRIGHEGIE EHT1864 AL{EIZ & > Tl

Shiahrole, Lii> T, Racl Z 9 LRSI ME IR & <8 SCERT Tl
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75 2 WU SR C & B ATREME AN R STz,

%12, Racl 1&MENKUE SCOVARIME OS5 2 5. 2 2 0 et LTz, TAT
B R ERHIRNICBIT CE e LG L2 B protein transduction
domain-Racl (PTD-Racl) %M L7z, fEEHNGHE(LIKTH 5 PTD-Racl (Q61L)

EIOFRMICIE LT 2A, IHEROSA S I Z Shv, 2 OUUHE S A
EHT1864 AUEIZ LV Il &7z Z &2 6 1GM L Racl IXEHAICRE SRR
IUHE ST HHREN H D Z LB B h bk 7e o7, F7o. PTD-Racl (Q61L) #FHFUN
i S 23 NSC23766 L& IZ L » TELD AN >ERE L TiX
NSC23766 % Racl GEFs [AEMNR A RT 720, T CITiEMHE(L Sz Racl 12k
B UGS IZ B L e hr o 72 2 ENB X B LD, CCh #FF MG SR xE LTl
PTD-Racl {EMIREEDOMRGT H1To 72, B4R PTD-Racl L& L CCh #FHFEINAMEK
JEDTLHE, dominant negative %K TH 5 PTD-Racl (T17N) 4LElx CCh #%
WHE SR OIS I B AT Z LD | R ORGSO IS Racl OFEMEIRRED
BG4 % mlREME DS R STz,
UEDZ LG KETIE, 7 v FRESCERHIGHERS IV T Racl 23 Ca?t
sensitization #AEICEH 5925 Z LB LW Racl 1EMIRIESIGHE S I 28 % X

LTCWAAHEM A2 B 5 2MZ LT,
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Fig. 8. Simplified schematic illustration of the role of Racl in regulating agonist-, such as carbachol (CCh) and
endothelin-1 (ET-1), induced bronchial smooth muscle contraction.
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FBE BBEREXFRGHEMICEIT S Racl BRI X OTEEITTE

KB R, RIERAZE, ROERIER L OVRIEBENE (AHR) 245 L+ 55K ~E
Thod (1), KEINEZG S ZF5XERIES AHR (3RO EEL EMHET 5
ZEMNRENTWS (30), L7285 T, AHR FIE D SLREN 22 e 2 72 < R 5
Z X, [RESREOFTZ B AL T 5 ECIHERICAEHTH D,

Rho GTPase superfamily (IAERQE#, AHAQED) S O~ 22 AP SN IC R G- %
ZEBRBABMNITRoTND (31, 32), ZDOHTH RhoA 1XZDIEHIF LRI ETh
% Rho kinase & & 2 FEIEFIMESED Ca2t sensitization [ZBI5-9 2% Z &2
HOMNZENTWD (12, 200, —FH T, TRETIZIEEAEHEN -7 Racl
[ZOWTIE, FH—EIZBWT, 7 v MRESCERBINHESUG D Ca2t sensitization
(2 Racl 2BHET 2 REMEZ B M LT,

Z Z°C. AWFFETIL, Racl FAEH, TH S EHTI864 ZHNHZ LIZLW~T R

B SO SO C 31T % Racl OFFNIZME Lz, S 5T, P E0E A

A

BrEE T VI A ERL L. AHR WO S8 SR I SOG O RIZE 1T % Racl
DEFNZDOWTHREFTT 5 & & HIZ AHR 7 VEMORE SCEEIIZEIT 5 Racl

BRI L 2 Rt LTz,
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M ERER

CCh #HF~ v AKE OIS, 7 v MR SRR & FIFRIC Racl
PRERTH 2 EHT1864 ([ L vifil sz (Fig. 94), ~ U AKE SR HICIH N
TH. Racl #4r L72 CCh #FRUIHESGA Cat AR MEIGHEEE TldZe < Ca2t
HARAEMESOGHEFT (sensitization) (ZBI5-3 2 &0 0 572912, high K+ B4y

WA RPN X 9% Racl FLENRZ MG Lo & 25, high Kt il /5 BRI B 1

S

I

EHT1864 |2 % 0 M8 %2} 727 (Fig. 9B), KIC. ~ & 2128 TH CCh il
Iz &> T Racl BNEMH LN D 02% pull down assay {EICTHEILIZE Z A,
CCh HIIZ & > T Racl OiEMEL, T 720bBIEMHM Racl ThH2H GTP-Racl @

BIENEIL ., FOEMILET- Racl 1% EHT1864 (X v iEMA b #nl & 7=

S

I

(Fig. 10A), #i\ T, Racl #1322 MLC OV U BbICEE4 52 20 %
Bt L7z, CCh 52X v ML= MLC @V ki EHT1864 MLEIZ LV #)
#l &7z (Fig. 10B and C),

FEICBWT, 7 v MRESCFIEMDGERISIZ Racl 203 A8 CaZt
sensitization (ZEH 5 Z EN/RL T4, Ca2t sensitization (£ PKC/CPI-17 &
RhoA D — oMb TWA729 (26, 33), Racl 20T 5N nbD~
T AR SO ARG SOG I B -3 2 A& fEt L7z, PKC/CPI-17 #&E&ICIB\V\ T,
INE T~ U ARE IFBHICB VT, PKC {EE(LETH D PDBu HME 5T
IXIAESOR 2 B & Z ST, high Kt ALE%IC PDBu %592 & IUHERE A
BlERZENDIZENRTRENTVDHE®D (34, AEERTIEL high K+ ALER%IC
PDBu ##45 L7-, £OEE, high K+ X PDBu #FRIGHENK)IG X, EHT1864
IC XV EBEEZ T ot (Fig. 11A), —FH . =8 G # /37 E 72 5N RhoA

s L L. Ca?t sensitization ZiEM b5 2 LT MLC @V U fba it X
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H5ZENHE B85 SNTWD NaF #F3UHEGIE, EHT1864 ALEIZ L A&
Wi &7z (Fig. 11B),

KIZ AHR & Racl OPBERA 6 20MTT 2 7 DITHURTE I KB BBk £ 7 /L8l
¥ (AHR v~ v R) ZHWTEREZITo7, HURT v L Pt (Chal) 13 BAED A
%1772 (S.C.) HEL H#k LT CCh #FHFRULHESOS OHIRA K b7z (Fig. 12A),

Z®» AHR vV ADXEXFEMITIHIT D CCh # I8 UL Mg b s o 4 38 1%
EHT1864 A& k> T S.C. BELFEU LU E Tl &7z (Fig. 12A), &I
AHR ~ 7 2 5& B/ HBICBIT 5D Racl OFEBE(LIZHOWTHET L2 (Table 1),
Chal. #£i% S.C. #HLHI L TEETBIOF U7 EHLVUIBWTE BICAR
7% Racl OFRBHEMMN A LT (Fig. 12B-D),

MLCP OfF#EIEMHIL, 7 2=y s Th D MYPT1 @ Thr696 I L Thr853
D 2 ODOWA MRY UBMESNDZ EIZLVEFETS (29, LEEn-T, Zih
DIAFEYA FD U Ut Zz Racl MHET 0%t L7z, Chal. FEOKE SOEE
BT S.C. #EL il LT, Rho kinase #5991 b (36) TH % Thr853
® CCh 2LV U UBbDTUEN R BITZA, Thr696 TILU VLD ERIZA 5
hpinotz, &512, Thr8s3 TH LM 7= CCh (k5 U U EMbdilL, Chal. &
& S.C. HEWThicBWTH EHT1864 AEIZ LV U U b RS 23 il S 4viz
(Fig. 13A-C), MLC ® U »BEZE{LIZ OV TS AHR ~ 7 2 DK SRk Tt
L7z& Z A, MYPT1 @ Thr853 ®V k& FFEIZ, Chal. #ElZWT S.C. #f
LH# LT CCh AEICL W AEAR MLC UV EMEITHER A L, STHE LY ViR

LEOGIE EHT1864 ALiElZ X v il S+u7= (Fig. 13A and D),
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Table 1. Primer sequences for RT-PCR used in the present study.

) . . Primers Product size
Assession No. Direction
Deoxyribonucleotide sequences (base pairs)
forward CCTCGTCCCGTAGACAAAATG
GAPDH NM_008084.2 100 bp
reverse TCTCCACTTTGCCACTGCAA
forward AGTTGCGTTGTGCTGAGAACA
Racl NM_009007.2 80 bp
reverse CTCCAGAAGCTGCGGTCTTC
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Fig. 9. Effect of EHT1864, a Racl inhibitor, on carbachol (CCh) and high K* depolarization-induced contractions in
bronchial smooth muscles (BSMs) of the mouse.The CCh concentrations are expressed as —logM. CCh (A) and high
K+ (B) responsiveness in the absence or presence of EHT1864. The strength of the contractions is expressed as
percentages in response to 10 pM CCh. All values are depicted as mean + S.E.M. of 6 independent experiments,
respectively. *P < 0.05 and ***P < 0.001 vs. vehicle.
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Fig. 10. Effects of EHT1864 on CCh-induced Racl activation (GTP-Racl) and myosin light chain (MLC)
phosphorylation. The active form of Racl, GTP-bound Racl, in murine BSM was measured by a Racl pull-down
assay (A). Photographs show typical results of Western blot analysis of MLC and phospho-MLC with EHT1864 (B).
The data are summarized in panels (C). Values are depicted as mean + S.E.M. of 5 independent experiments,
respectively. *P < 0.05 vs. vehicle; #P < 0.05 vs. CCh stimulation.

33



>
W

NaF
150
5
< =
2 [ Vehicle g
8 €
g £ Il 10 UM EHT1864 .5 2_ 1001
S o 100 —_ BE2
TR o
g % I'H
€5 s0 ER -
02 5
o3 4
B3 0 0
+ .
60 mM K 60 mM K+ Vehicle 10 pM
+1 M PDBu EHT1864

Fig. 11. Effect of EHT1864 on PKC activation and NaF-induced contraction in the BSM of the mouse. Force
development was not induced by the application of PDBu alone in murine BSM (data not shown). Nevertheless,
PDBu-induced contraction induced force with high K*-depolarizing stimulation. High K+- and high K+ + PDBu-
induced contraction in the presence of EHT1864 or vehicle (A). Effects of EHT1864 on NaF-induced contractions in
BSM of mouse. NaF-induced contraction in the presence of 10 EHT1864 uM (B) Values are depicted as mean +
S.E.M. of 5 independent experiments, respectively. **P < 0.01 vs. vehicle.
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Fig. 12. Effect of EHT1864 on CCh-induced contractions in the BSM of repeated antigen-challenged mice (A). The
contractions are represented in mN of tension. Values are depicted as mean + S.E.M. of 5 independent experiments,
respectively. ***P < 0.001 vs. S.C. vehicle; #P < 0.05 and ### P < 0.001 vs. Chal. vehicle. Changes in mRNA (B) and
protein (D) levels of Racl in the BSM of repeated antigen-challenged mice (Chal.) and S.C. mice. Typical photograph
of the protein expression of Racl (C). Values are depicted as mean + S.E.M. of 4 independent experiments,
respectively. *P < 0.05 and **P < 0.01 vs. S.C.
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Fig. 13. Effect of EHT1864 on CCh-induced phosphorylation of myosin phosphatase targeting protein (MYPT) and
MLC on repeated antigen-challenged mice. Typical photograph of the phosphorylation of MYPT at Thr853, Thr696,
MLC and GAPDH in the BSM of repeated antigen-challenged (Chal.) and S.C. mice (A). These data are summarized
in B-C. Values are depicted as mean + S.E.M. of 5 independent experiments, respectively. *P < 0.05 vs. S.C., #P<0.05

and ##P<0.01 vs. EHT + CCh.
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B BE

CCh #F¥s~ U AKE SCEEANAE R EHT1864 (Z X W Il Sz Z &b,
Racl Z I 7 2 #RE& 1L~ 7 A K8 SO OIESOGIZ BV T H G325 Z & AVR
e S uiz, —J7C, high K+ otk g iiifg i EHT1864 (& 0 B4 )72
Motz 6T, PKC {EMHAGIZ X 2UGHEROGIC S EHT1864 235284 5- 2 727~ o
722 &2°5, Racl X Ca2/CaM/MLCK #%# 3 & 8 PKC/CPI-17/MLCP #%#%iC
G L7anZ Epmme s (Fig. 14),

AHR ~ U ZADKESCFRHIZEHB VTR L7z CCh UM T EHT1864
WX vfl sz, £72. Racl OEEFBLIORE 7 EHEBIL, AHR vV AKX
BRI B W TR AL, Racl X7 FKBEIRCHE —FZIZB W T
MLCP #%i#& 2 AiEMAL T 5 Z &2 K o TR RS 218 LT\ D Z &3
HENTWD (22), 7 X KERERICB VT, Racl PHEIC XL > T PKC 0V g
{LIZESE L7z CPI-17 OIEMERIIHI S D Z E R HE SN TN D (22), L LR
5. AREBRTIL, PKC JEMAIC X 2 &KE OB AIGHES S 1L EHT1864 128 - T
Ml S niehoie, ZORBIEL. T v N OKE IR RHIUHE OGS ORGSR & FEETH
72, 7725, Shibata © (22) 2MEET 5 Racl %09 2 IUHER K L& g
i & KE SR TR D LD Z L2 IR O/ &7 >72, RhoA RIEKIC
5452 Nmon TS NaF @FZEIGHER)IGIE, EHT1864 (2K > THIfl S 4L
7=o AHFZETIE, Chal. BEZH VT CCh ALEIC X Y Rho kinase fE4A hTh
% MYPT1 @® Thr853 VU VLA Lt L, Z O LY U ELRSIT,
EHT1864 &I X VS niz, ZHHOREIT. F—ETHENLT v b &k
IZ~ 7 AKAE IR RS 2B VT B Racl 244 574 RhoA/Rho

kinase RO —EBICEH T D52 LA /RIEL TW5D,
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ZNETIZ, GPCR 7 I=2* #h% D Ca?t sensitization (2 X 2 &G I
PURFRSE BT T VBBV TR TTET 2 Z E BB B NITR> T D,
TV ORE IREIZH VT, RhoA B X CPI-17 O X 2R 7 ERBLOHEMN
NB I, SR L LT Ca? sensitization BEEOITTHENA LN D, HEOE FB X
O~ U7 ADRE B MALIC interleukin-13 (IL-13), IL-17 £ X O tumor
necrosis factor-a (TNF-«) © X9 Wi Bl BE L2 A MU A 2408 LE R
L7z& Z A RhoA ORBUEMMNSIZR I Snd Z énmbhTing (20), LavL
Racl DOFIBUZDOWTIIAAG] &4 & 720 BHEIGMEZ I & 23 2EH 67k -
TWRWED, SORLMEDPLEL SIND,

E MBI~ T 20KEEEHMEICBWV T, CCh filf%i X > T Racl &M
ftahsZ EnHESN TS (18, CCh (2 X5 Racl DiFMALIE
phospholipase (PLC) B2 %4 L THEIEWN Ca2t fREKIC & - CUUHERUG & 51 &
B2, ZoWEE, MEENO Cazr OFFHE. KOE IR HIEOUHE S GK L O
AHR OTLEICB T D ARMIEDE 2 ThHh D Racl 0T DR OEE R E L —2
T5, LOLARRL, FolEHD AHR &5 /VORAE ZE8 15 I RS B\ T
CaZt (RAFMEINMERONTIZE(L LN 2 EL TS (20), B MZBWTH IR
B DORIGIRIHILD DITENTIEARW2Y, RhoA B X CPI-17 7217 T/ < Racl
DI BRDMIEEATO Z N, 7T LT —MRE B DIERIZB W TH A Trlg
MERH 5,

L7eD o TAREDRIEN S Racl 13~ U AKE RIS B G- L T
W5 ZEEMBNZL, AHR ~ U ADRE SCERHIHERSIZ VT Racl &4

T OREBEDTUHE L TV D AfREMEZ B 5 28T LT,
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Fig. 14. Simplified schematic illustration of the upregulated Racl signaling pathway in carbachol-induced BSM
contraction of repeated antigen-challenged mice. These pathways are discussed in the Discussion section.
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BEE BEBEEOREXEEMHGEMICEBIT S Racl 2413 35 carbachol
5 28 IDUHE B s O 58

FE—H WS

FRER IO EICBW T, Racl 2VRE SCEIRABINAES G Ca® sensitization
B E LTS Z EEZH LML, AHR ~ 7 ARE T8 1 WU SOG O BE 58
Racl 23592 REMEZA 6Lz, £ ZTAETIE, AHR ¥ VA THLINLD
CCh FHRRE RIS O L Racl 20T 2 RKEOBEEICONTE 6
ATy N K Rl i

Racl & Rho GTPase superfamily ®>—->T& Y | superfamily |3 GEFs %4 L Ti&
PEAIRD GTP & RNIEMERD GDP OIRAEZATE Kk L TV %, Racl 1EMEAKIZ, BR~
72 GEFs (CX > TRi SN TV D2, AEBRTIE Racl OREHZ GEF ThH D
Trio 33X O Tiaml |23 H L7z (37-40), Trio 33X O Tiaml (% Racl FFHY72
GEFs & LTHBNTWD A, [UESCHFBHIHER)S I L O AHR (ZB5-3 % 208
DT o TR,

% Z CARETIX, Racl GEFs THh 25 Trio 8L Tiaml #HFET S
NSC23766 (41) ¥ LT Racl PAFEITH 2L EHT1864 (42) % A\ T AHR WD
IEROSIC Racl 20T HREABEE LT\ b2 Rat Lz, £72. AHR FfOX
BRI D Racl 20T R OFHE(LIZOWTHMFT L7z, CCh LA
ANV T EF 3 ) % RFR 3 (Chrm3) OARITHER L CRE SO b I
JEEFEL TS Z 5 (43, 44), AHR FrOKE O FiEfGICHEIT S Chrm3 @

FBHEIZOWT b Ba 2 T o7,
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—Hi EBRER

AHR E£7 /0~ A &ERL, Q& SCERHIGHESUSIZH T S Racl BHLEZE
(NSC23766 3 L8 EHT1864) O A MG L7z, CCh #5758 SOFIR IR
2BV T, Chal. BT S.C. B & bl U CHBEARNGNESUS OB N A bz, 2
DT L7 IUER ST, Racl PAEHK O NSC23766 1L EHT1864 Wi 4LiZ &
> THUUHERIS O A R 5 7- (Fig. 15A), —75. high K+ B4k F U 5

(ZBW T, Chal. # & S.C. HEOMIZAE LA 2 < NSC23766 &8 EHT1864
LE FIZBW T L BN ey~ 7= (Fig. 15A),

ZZ T, AHR ~ U ADORE I FBHINAERISIZE T % Racl #4107 D8RO

KB L CCh OZFEAERTHS Chrm3 OB FRELLICOVTHRRT L
(Table 2), Chal. #£iZH\ T, Racl LT Racl ##EH) GEFs T2 Trio &
L Tiaml OBETHH EAENA LNz (Fig. 156B-D), —%. Chrm3 128\ T
T\ B TRBALIIT A B2 -7z (Fig. 15E), S 52, & U X7 HRBEIC
WTHRRF L7 & 2 A BB FFRBZ L & [FERIZ, Chal. BEOXE STV T,
Racl, Trio 3L Tiaml O ¥ 37 BREGUHENH B, Chrm3 DX /37 'H
#HBlIX Chal. BEE S.C. BECE{LN 72572 (Fig. 16A-E),

Kz, AHR w7 A® CCh HIZ X% Racl IHMHEOELIZONT LG LT,
S.C. BHlzB\W\WT CCh LiE %179 & Racl IEMEDTLEN A H vz, Chal. #ElZ
CCh WExFT-o7=L 2 A, S.C. #£® CCh ML L L CTX 572% Racl {EHED
JLENRA BT, 2D E H7e% Racl iHMOTLHEIL, NSC23766 3 L8 EHT1864

X W AEICHH iz (Fig. 16F and G),
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Table 2. Primer sequences for RT-PCR used in the present study.

. . . Primers Product size
Assession No. Direction ] .
Deoxyribonucleotide sequences (base pairs)
forward CCTCGTCCCGTAGACAAAATG
GAPDH NM._008084.2 100 bp
reverse TCTCCACTTTGCCACTGCAA
forward AGTTGCGTTGTGCTGAGAACA
Racl NM._009007.2 80 bp
reverse CTCCAGAAGCTGCGGTCTTC
forward CGGGATGCCATCGATATCAT
Trio XM_006520050.1 83 bp
reverse TCCTCCGTATCGAAGTCATTCA
forward CAAGGTCGCCAGTCACATCA
Tiam1 NM_009384.3 90 bp
reverse TCTCCCGTCTGCTCAGCAAT
forward CCTCGCCTTTGTTTCCCAAC
Chrm3 NM_ 033269 129 bp
reverse TTGAGGAGAAATTCCCAGAGGT
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Fig. 15. Effects of NSC23766 and EHT1864 on carbachol (CCh) and high K depolarization-Induced contractions in
the bronchial smooth muscles (BSMs) of sensitized-control (S.C.) and OA-challenged (Chal.) mice. The 10 yM CCh
and 60 mM high K* responsiveness in the absence or presence of 100 pM NSC23766 and 10 yM EHT1864 (A). Each
column represents the mean = S.E.M. of 4-8 independent experiments. *P < 0.05 and **P < 0.01 vs. CCh only (S.C.).
##P < 0.01 and ###P < 0.001 vs. CCh only (Chal.). Gene expression changes of Trio, Tiam1, Racl, and Chrm3 in
BSMs of S.C. and Chal. mice (B-E). Each column represents the mean + S.E.M. from four experiments. *P < 0.05 vs.
S.C.
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Fig. 16. Protein levels of Tiam1, Trio, Racl, and Chrm3 and CCh-Induced Racl activation in BSMs of S.C. and Chal.
mice. Representative photographs showing bands for Tiam1, Trio, Racl, Chrm3, and Gapdh (A). Levels of Tiam1,
Trio, Racl, and Chrm3 expressed as the ratios of the intensities of Tiam1, Trio, Racl, and Chrm3 to GAPDH protein
bands (B-E). Each column represents the mean = S.E.M. from four experiments. *P < 0.05 and ***P < 0.001 vs. S.C.
The active form of Racl, GTP-bound Racl, in BSMs of mice was measured using Rac1 pull-down assay (F and G).
Representative photographs showing bands for pull-down Rac1-GTP (upper) and Gapdh in total protein (lower).
Each column represents the mean + S.E.M. of 3—4 independent experiments. *P < 0.05: Vehicle (S.C.) vs. CCh (S.C.).
###P < 0.001: Vehicle (Chal.) vs. CCh (Chal.). $$P < 0.01: CCh (S.C.) vs. CCh (Chal.), 1P < 0.001; CCh (Chal.) vs.
NSC + CCh (Chal.) or EHT + CCh (Chal.).
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BH B

P

HEICBW T, AHR =7 X(2BWT CCh FHFEE IR IUH RO 13 R
FOGMEHR L, 10 uM CCh TRAKIGHBIE R SNDZ L E2HLNC L, £
ZCAETIE, Chal. LW S.C. ¥ 7 R{ZHKITS, 10 uM CCh FHIRKE I TE
RGBS 23 Racl PHESE (NSC23766 35 L8 EHT1864) I[Z#EE =T 5k
Mt L7z, NSC23766 1%, Racl #7%2# GEFs T& % Trio 3 LT Tiaml %4t
L7- Racl iEMEZFLEST 525, 100 uM TITHMOKER G X o X7 ETH D
Cdc42 X° Rho IZIFEE H 2 W2 ERfE SN TS A1), —7F, EHT1864
IZ. Racl 2/ 2REDO Nzl 4228, 50 uM & W I REZ VW TH
GTPase |ZEA KT SN Z ENHRE I TS (42), Chal. #iX S.C. HEL L
LT, 10 uM CCh #5555 SR FHUAE B i O TRAS A HAVTZ, 2 DULHE S
DOEEFRIL, 100 uM NSC23766 3L 10 uM EHT1864 |2k » Tl &=, —
77, 60 mM high K+ stk s i o, Chal i B8 KO S.C. #EORIZZL
1%72< . NSC23766 ¥ 1L EHT1864 ALiE FIZBWTHELN -7z (Fig. TA),
D OFEFRITE L RIRORERIC R o7z, F BT, AHR v~ 7 ADIL
Mg OGNS TRIC Racl HEHIMMNEET 52 /RS TWD, EiRL7c K9
NSC23766 % Racl %%y GEFs THh 5 Trio B LV Tiaml ZHET L &
(Z& > T Racl #EEEELIGIT D, 2AD ) METEF A=) 2R 3
(Chrm3) (XA AV T =R MC X 2 558 VI8 A DU SOG & FISFHE LT
HZEBHEEINTND (48, 44), L= ->T, AHR ~ 7 AKE kI BIT 5
Racl, Trio, Tiaml LT Chrm3 DOBIEFIHHEIZ OV TRE Lz, BB
WZ L2, Chal. BEE S.C. BEIZHWT Chrm3 DS FRIULELITH B2

~7273, Racl, Trio 8L Tiaml #EizFFHHIX Chal. FHIEBWTHE BN
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itz (Fig. 15B-E), & 512, Racl. Trio, Tiaml B X Chrm3 O % 37
HRBEICOVT O Lz L 24, Chal. BfiE S.C. Bf L el L ClEfs 351
BAIZIZ 2 R B L-ULZB W T H, Racl, Trio 3L Tiaml OFBLEM
RWHBNT- (Fig. 16A-E), O£V, AHR ~ 7 RITET 55 -G R o
HRIL, SRERORBIMNTIE7e <, Racl 20T 2R EOTLHEIZ L > T EE D
STV D AJREMEDN R STz,

% Z T, AHR ~ 7 ZDOXE k2B T, CCh 12X D Racl {EMEDZELIC
DWVWTHF L7z, S.C. BL W Chal. ¥~ AIZEWT, CCh X Racl #IHMEALL,
Z® CCh 2L % Racl OiFMALIX, NSC23766 5L 1N EHT1864 DORiIALEIZ L
S THIRl SNz, &5i2, Chal. B3 S.C. BEL LT CCh AEICLY &7
% Racl {EMHEDOTCHENR R BIL, 2D S b7 % Racl iHMEDOITHE S NSC23766 I k&
" EHT1864 (2 X vl & 7= (Fig. 16Fand G), L2>L7228 5. Racl GEFs T
H%5 Trio BELO Tiaml 75 CCh ITX > TED X D ITIEMALN G Z D
mE. SORDLMEDLETH D,

REDOHERI S, AHR ~ 7 A0 CCh #FXERE SOT-IB M IUHE SR OETRIZ I,
SZHEBTH S Chrm3 FHEZ(L7 LIC, Racl OFBUIHMZZT Th< | Trio B X

O Tiaml FEHIEMZ S L7z Racl {EMETHES HETH L rlREM A 5282 LT,
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FBHNE BEBBEREOCKEXFEEBGMHEABZICBIT S Racl 20T 5
endothelin-1 35 %% [ HE 5 s D HE 58

—i S

T KEY Y (BT 1E4%), MEZRDIHESELXT7F R LRIz
(45), ZNLIK ET 122\ T < OB 728 S, BUE TR B IGFEIER 721 T
< in vitro \ZEW TR ZRKE SNHEE- 3 8 2 Z & b LT R > T D (46,
47), ET 1Z50ETBGZINfE S5 3 DOWNIEMTF Kb s, 3 o0
TAYT7+—24 (ET-1,2and 3) @95 ET-1 RxbifFLsiicnsd, £z, ET-1
13.Gq & v EHERZREKTHSD ETAR B X ETBR #iFM(bT 5 2 L1
V., FomBEOKE LIRS EZR SR T Z L AMEESNA TS (36), S
51, ET-1 12 FBRIGHERGICIB VT Ca2t (RIFMEIGERFE 7217 T2 < Ca2t I
RAFRGHERE P IR 595 2 & b LT > T D (18, 48),

INFETITBRRTEZ L 51T AHR [ IXE M EICB W THERFEEDO—DT
%, AHR ¥ 7 Z2ZHWT, Racl ORI LOVEHTENBZ D fiRE L
T high K* Bioieh SRS D2 L2 LIZ, CCh #EFEILMERS DRI B
5, DF V., Ca? sensitization 2HETDHZLEWLNILTND, IHIT, 4
I N—T TIEL AR Y UZFREKT T =2 hTlid7e\ ET-1 I2L->T AHR ~
U A DKE SRR S DR G Ef Z S D 2 L 2 (49, 50) LT
573, AHR ~ 7 20D ET-1 #HIRE SOERFHIGHER S ORI Racl 23535
DI B DT T2 o TR,

Z ZCARETIL, AHR vV ARESCERFICK T 5 ET-1 FFRIMER G L O

MLC OV b eDOTLiEEIZ %9 % Racl [HEIKTH 2D NSC23766 ORI R
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BifLiz, &5z, ET-1 45 Racl IEMERIERZML S5 ISV T HRE 24T

7‘7
—o
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B EBRER

AHR €7V~ 7 2 2AF L ET-1 FRRE SCERHIGHERSICI 1T % Racl FA.
FHITHDH NSC23766 OB AZ MG LTz, ET-1 FFFRE OB IHE R 2 3
W, Chal. i S.C. L bl U CTH EARIUHESOG O IRA A DTz, Z OH5
L 7=k siE. NSC23766 12 k- Tl &7z (Fig. 17A),

e T, AHR ~ U ZOKESHEMICE TS Racl BELW ET-1 &K THD
ETAR B LT ETBR O Z o7 BHRBEIC OV THFT L7z, Chal. BEIZEW T,
Racl %8l L& 23 Z 507 (Fig. 17B and E), —7. ETAR X ETBR 2B\
TIEH R ERBECNH N2 - 1= (Fig. 17B-D),

w2, AHR ~ v 20D ET-1 #FFKE SCEHRHINMEOSICB TS MLC U vk
B3 LY NSC23766 DRI DWW TG L7z, S.C. BERE SGHMkICI W T,
ET-1 &EIZ LV AEZ MLC U UfbitEnA bilz, S 512 Chal. FEZRIT S
ET-1 &&ElE S.C. #iiZkiT 5 ET-1 LELHEL TE 67405 MLC U U E{LIT
HERA BT, S.C. BB XV Chal. B H12, ET-1 (Xt L7z MLC OV
YRkl NSC23766 12 X v il &7z (Fig. 18A and B),

%I, AHR ~ U 2AOXESHHRRICHT 2 ET-1 12Xk % Racl {EMEALDOZEIC
DWW CHFTL72, Pull down assay (2 X - CTEMER Racl (GTP-Racl) % /3¢
T2 HERRT 572912 GAPDH O X U X7 E3BlERFI LIz 2 A, S.C. BB XD
Chal. #t L b2, K& MO total ATl GAPDH OFEHLNA S L7223, pull
down assay #7727z 7 CidBig s o -7 (Fig. 19A), % Z T Racl
DOIEMHACIZ O TG LIz & 2 A S.C. BEIZBW T, ET-1 AEIZ XY Racl {HMH
JLENRHZ B, & HIZ Chal. #I2B1F 5 ET-1 4ETIE S.C. BEICE TS5 ET-1

LE C iR L CE 5725 Racl IEMILER A HILT-, S.C. BB LY Chal. #E & b
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(2. ET-1 (2L vt L7 Racl #iEMEIE NSC23766 (2 X v #iil &= (Fig. 19B

and C),
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Fig. 17. Effect of 100 pM of the Racl inhibitor NSC23766 on ET-1-induced BSM contractions in S.C. and Chal.
mice (A). Each point represents the mean + SEM of 4 independent experiments. *P < 0.05 and ** P < 0.01 vs.
S.C vehicle; ## P < 0.01 and ### P < 0.001 vs. Chal. vehicle. Representative photograph of protein expression of
ETAR, ETBR, Racl, and the internal control GAPDH (B). Each column represents the mean + SEM of 5
independent experiments (C-E). **P < 0.01 vs. S.C..
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Fig. 18. ET-1-induced MLC phosphorylation in the BSMs of S.C. and Chal. mice. Representative photographs of
immunoblot analysis of total-MLC and p-MLC in BSM following vehicle, 1 uM ET-1, and 100 pM NSC23766 + 1
pM ET-1 treatment (A). The data are summarized in panel (B). Values are expressed as mean + SEM of 4
independent experiments. ** P < 0.01 and *** P < 0.001 vs. ET-1 stimulation in S.C.; ### P < 0.001 vs. ET-1

stimulation in Chal.
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Fig. 19. ET-1-induced Racl activation in BSMs of S.C. and Chal. mice. Representative photographs showing
bands for GAPDH in total protein and pull-down samples following vehicle, 1 tM ET-1, and 100 pM NSC23766
+ 1 uM ET'1 treatment (A). Representative photographs showing bands for pull-down Racl-GTP (upper) and
GAPDH in total protein (lower) (B). These data are summarized in panel (C). Each column represents the
mean + SEM of 4 independent experiments. *#* P < 0.001 vs. ET-1 stimulation in S.C.; ### P < 0.001 vs. ET-1
stimulation in Chal.
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B BE

AHR ~ 7 22T ET-1 #F25E SCHRIIIUNELS O A B R 7 D,
Hiom U 72 I BOGI1E Racl FLEHTH 5 NSC23766 12 LV #1f S iz (Fig.
17A), F=FEIZHB VT AHR ~ 7 ZOR[E IR TIZ CCh D= A (Chrm3) @
FEZEAL/2 LIT, Racl Z U /"7 BEREHANTTET L LE2WHNICLTND, €2
T, ET-1 ZHEKZ T ERBIOEICOVWTHRE L7ZE 24, S.C. BERBLW
Chal. BHCIWTH 28 HEROE(IEA SN o7, ZOZ Lhb, AHR ~
7A@ ET-1 FFFRE SOEE IS OHFRIT, CCh 1T K 2 58 SOFIR i IE
BOROHTR & FRRRIC, ET-1 SZFEEOREBZE TR < Racl /7 2f& O Ltk
DBEE-T 5 AREMEAVRIE S 4T,

Iz, ET-1 FRKE RG2S MLC OV Ut a5 &L Z 3 &
FfL7c& 2 A Chal. #iCkiT 25 ET-1 &@ElL S.C. #ElCkBIF 5 ET-1 ALE & Hlk
LT&b725 MLC V vEbitER A bilz, S.C. #fE LT Chal. #E& bIZ,
ET-1 2L vt L7z MLC ® U »E{kiZ NSC23766 (2 L v Ml =iz (Fig.
18Aand B), 2N HDZ &b, AHR v 7 RIZKIT 5 ET-1 #F5KUE SR AN
HESOS DRI, Racl #Jr L7z MLC @V UBERISDOTLH#EIZ XV 5 El Z &
TWD AIREMEDS R S Tz,

%12, pull down assay Z T ET-1 &2 L5 Racl iEMIREEDZ{LIZS
WTHF L7z, Total #£TiE GAPDH DO¥EIAA L2, Pull down assay %
Tl o TeBETIINTEE 2 b r— v ThHh D GAPDH ORINBEIN2ho T,
LorL7ed3 5, Pull down BEIZHWT GTP-Racl ORBLNHRTE/-, D&
IZ2& Y pull down assay (ZX 0 iEMHRA Racl (GTP-Racl) OAZ B CE=2 &

DR ETz, Chal. BEIZEBWT ET-1 AEIZE Y S.C. #ED ET-1 i & i LT
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X 5725 Racl OIEMETLENRASIL, Z OIEMETTEITX NSC23766 ORIALEIZ X -
THHI SNz, ZDZ b, AHR ~ 7 2ADORE X1 ROG O TLHE#IC Racl
TEMETCHEA B 5 LW D ATREME S R Sz, & 61, b O Jti#lL Chrm3 %
RIS 2 Z LlZ Lo TG Z 5 & 23 CCh MEDAZ1T T <, ET =&
ERgd 22 & TS Z sl & 23 ET-1 AEICE->THelEEZ iz
Z&n CCh BRI TR <EkA2 27 I=Z MT X > T Ca?* sensitization %
L7z AHR DA LN AR R CTE i EORE & —ET 5 (49), Ll
RS, v TR TR 7y NRUSIF R EORR 8D AHR 7 LVEY

IZBWT Racl 20T HRRENEG L CWANESLRIMMNORMNS D, £7-.
I, F=HIc L5 AHR 7B LU0 M OKE S FHIEHAIZEWT Racl
WG 52 EnmE SNz (18), 2F 0 KEBRTHEH L7z OVA HURO AR D
T =HURIZEB W T H XUEREEDO LIS Racl LG T2 ZERB6NE RS
TWA 7=, OVA FREATIEZR L mERICA S5 AHR 22 Racl 2/
LR L CWD AREMED B 2 b b,

ARETIZ, AHR ~ 7 2 DOKE SR B IESOS O¥ERIE, ET-1 I2X->Th bz
b, 2o ET-1 2 X 2UUHERG O 5RIE MLC Y o E{biidds L O Racl 1%

PECEZ T LTSI SnD Z & 2R LT,
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ERIFTZLICE ST, AEDGGIITIRN D7D B ORI 21T O BRD iR b B
IRIRRED —DOThH %D, —J7. Racl TS F&E G # o "7EHLLTHMbI, THE,
IR SOGIZE 592 2 E RN SO TS Z L b RBFE CIERE
i EZF1F %5 AHR (28175 Racl OFGEZHLNITLHZ L2 HRE L THISE
21T o7,

—ETIE, 7 v PRESCEEBINMESONT Racl 235 L TV 2 it 21772
o7k Z A, Racl 23 H#REKIE Ca2t (KFHIRIRICIZBED 5312, Ca2t FEK
TFHy 7 BOGHEF (Ca2t sensitization) /LT MLC % VU gk L, IUHER G % 7R
HiT D LERE LY, S5HI2, Racl OFEMRIREEDSIHE LGS BB Y & KT
T EREE LT,

BETIE, EE~ U ZAORE IR HINAMERISIZE N TS, 7y MRUESOEE
il & [AARIC Ca2t sensitization Z/LC MLC % U VWb L. WUfEAO& 2 fET3
5T L aRE LT, BT, PR E AEWA S EHURFE R XOE BT T Vi) &
ERLL | KUE SO IR RS DRSS Z S b Z L 2R L7z, 2 AHR
VU ADREIZBWT Racl PHEIH R L 2GRS 2 MHil 35 Z &, Racl

DBILF IR I OF N7 EOREBDPENT 25 Z 2P LI LT,

FH=ETIE, AHR ~ U AKESHMICI T D Racl 2407 2 #EEEEEEA 1 D %
BREbF LY CCh (2X % Racl IHMEIREEDOZEILICOWTHET L7, AHR <7 X

a

B BRI BT high K+ UGS DA 72 LIZ, CCh #B I8 IGHE S i A3 HE 5

A

L7-Z & 26 AHR 1% Ca2t sensitization (ZEH 54 A A[REMEN RIS, £7-.
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AHR ~ 7 AZE HRRIZH T, CCh OZFREROBIB TR LY R B OB
Z{b72 LIZ, Racl BL O Racl 2K GEF Th5H Trio BEL O Tiaml OEfx
FRIOF N VERBTERRA LT, S5 CCh IZX Y Racl TEMEDLHED
Hoiie, ThHDZ el AHR v 7 AD CCh #h% K8 IOV-E i e S his 0D
BAERIE, ZARORIIZE LR LIZ, Racl &9 5 FRHE O BSE R+ O3 BN E X
O Racl {EMHEDTLEIC L > THIEH I SND T E 2R L TV,

FNFETIX, CCh &i3f7e2 Gq # U N\ IVEHBUSERKT A=A FTHD
ET-1 Z/H\ T, AHR & Racl OBRMEICOWTHKREF L7, AHR ~ 7 2DXE
SRR T ET-1 1% CCh & [AARICIGHE R I DFEIRS T & A1, B3R L 72 e
BiE Racl PREIE CUUELOS MR A BTz, 7. ET ZRBRORBZE T
ZHF I MLC U bR KO Racl i&MELEN S NZZ L2025, AHR 1%
CCh 7217 CTha<fkx 727 A=A MZ L% Racl 0T HREOTLENEEGT 5]
REMEDV R ST,

UbDZ & X0, mEOEZELQINETH S AHR IE Ca2* sensitization @ Racl
AT OBKENTLEL Tl Z SN b At m S, LrL7eh b, Racl
FHEZEIT RhoA #E&D MYPT1 OV (LA GIZE L 5272720, AHR 1T
I7% Racl #0158 L RhoA REEOBFESL, & > AHR 12815 Racl @
BRI OfFIA 72 EFEREIZILFE CTh D, AFZERERIZ. AHR & Racl 2407 5%
PG LTWLZ e oML, Z2LT, 26725 AHR & Racl #9195
R DOBIMREZ B H2NMZT 2 2 & TRE M B OF I/ iGHFIED ¥ — 7y NI/ %A

REMED N D Z & e LT\ D,
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