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B IR HE 3 X OB IRAEAL D0 FHEEICB 1T 5
Rho-kinase O 1% &

™%

3 U &I

MEDTFEWFEOMES L, e DOMaHkRE
filfEc B K5 F = GEE (Rho, Ras, Rab,
Sarl/Arf, Ran family 7z &) OBEZEMEZH L AL
72V, Rho family |21, Rho (isoforms A-E, G) -
Rac (isoforms 1,2) - Cdc42 - TC10 7z &, A7 <
EBI0D X Y N=DFIET B T EVH bR TW
%12, RhoA - RhoB - RhoC (L F Rho & ##§
%) OWEEFN XA VIERLET I 7 BEHIZH L
B L -MRaME 24 L C\w5?. Rho (3%
RO Ca & WE 5 Z EMONTEH
D, IFTUERAT 7 I —EOME %N L TR
ThrEEZLENTWLY, Lo L, RhodD Fift
DHPLPIERIZE I L TE, REAHTH o 7.

19904E (LD IE, HAD 2 oD T )Vv—TL v
HAR=WVDTNV—T%%, 4 {MILL T, Rho DfE
B o—o%[F%E L, = 1% Rho-kinase? /ROK o ¥/
ROCK2Y & %54 L 7. ROK g% /ROCK1 & Rho-
kinase D7 A4V 74+ — AL Th A (AFTIE, Rho-
kinase/ROK « /ROCK2 & ROK B/ROCKI % Rho-
kinase & # ¥4 5). % D, Rho-kinase |2 2.
TWLOPDEAN R0 DIERE LTHE SN
2. 2B OHZIE, protein kinase N (PKN) -
rhophilin - rhotekin - citron - pl40mDia - citron
kinase 72 A& E 507 (M1). LA L, Rho-
kinase B4+ Rho DFERY & H DR ENT L 720 5 2
TlE v, & 512, Rho-kinase O T Fi DR & H
LT, 34K AT 7 ¥ — D myosin-bin-
ding subunit (MBS) - ERM (ezrin, radixin, moesin) -

T KRR EE B R A FE B SRR N L

H)q*

adducin - intermediate filament (vimentin) - Na*™-H*-
exchanger - LIM-kinase 7 & 75% B[] E S 722,

ZDf%, Rhokinase I+ K774 —¥D
MBS # A LC I 4 ¥ VRO VB % A+
LT ELHLMICENEY, 2 Rho DIERY L
L T @ Rho-kinase D3¢ f,LL3K, Rho/Rho-kinase #%

FORENZOWT, FICERFHEIN TS < OHF%
Pirbiz, ARTIE, OMEWR, HFIEEIRE

fi & BIRTEAL D 4 T4 12 B 1) % Rho-kinase @
BENZDOW TR T 5.

Rho-kinase % D5 LG

Rho-kinase O B 2% 2 Mgt ¥ 2 720121%, £
RIS 2 kR RET A LERH 5.
Z D 72812 dominant-negative Rho-kinase % j#{x+
AT A ) L AR 7 Rho-kinase [ 2 38 7%
Bgs s 7z, M 212" T & 912, Rhokinase 1IN
KilcFF—¥ F AL %, CEEFIZPH FX A
YEAHL, FORIZ coiled-coil FAAL 2 HLT
V2 4. Rho-kinase ® Rho #& & &0 47 13 coiled-coil F
A A D CEKUIZIE LY, GTP & Rho (2§54
ﬁ' % Z &2 X ) Rho-kinase {F1EASTLHES 5. H

L, Fr—YiEmEadRESE LR
c* iDT T A PTHRF—EEREERLD
D%, #MFLPITIE dominant-negative Rho-kinase &
LT3 THhaY. LidoT, AZLRIZE
) Rho fEAIEMEEZRESENPOPH KA A V%K
45 CE¥7 T 7 A b+ [RBPH(TT)] 1%, Rho-
kinase |2 xf 9 % 4% % ) 7 dominant-negative Rho-
kinase & L T < ([ 2)?. Rho-kinase fHE%E &
L Tl fasudil'® £ Y-27632W 3 5. 2 b6 D
#|1%, ATP #EPulHE % 4 L T Rho-kinase i £ %
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Agonists (Ang I, 5-HT, Thrombin, ET-1, NE, PDGF, ATP/ADP, Uro I, etc.)

Receptor

* G213
B
DG/PKC \\:
Rhophillin PKN citron p140mDia

Rhotekin

o \&

citron-kinase

ITVIyosin phosphatase |

ERM family (ezrin, radixin, moesin)

Adducin

v v

( Contraction
Stress fiber formation
Focal adhesion

Smooth muscle cells

Migration Endothelial cell
Cellular responses | Cytokinesis |nr;|a$m:alt%ryec;|s

Hypertrophy Fibroblasts

Gene expression etc.

(T PAI-1, T MCP-1, etc.)
| eNOS, etc.

DIMERDEEIC (T 5 Rho/Rho-kinase B NEEM
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Rho/Rho-kinase #5113, % < DEE 2 MEFBIEDEOMBA Y 7T MEEICEE 2 EHERTL TS, Zofi
|%, angiotensin II (Ang II) - serotonin, thrombin - endothelin-1 (ET-1) - norepinephrine (NE) - platelet-derived growth factor
(PDGF), adenosine triphosphate (ATP)/adenosine diphosphate (ADP)$ £ UHila#t X 7 L 4 F K - urotensin II (Uro 1) 73 &%
#F 5. Rhokinaseld, EMEHOWIELHM T LI LICX Y, MEFEHOIHESLBIRBLOKIK ICHE L BES L
T 5. DG, diacylglycerol; PKC, protein kinase C. ZE#, FEW] ST A48 ; B, F725EH S Tu 2wk,

MES 512, Fr, EFESIE, fasudil ARECIRIL
HIARE S L CTAERK S 1L 4 hydroxyfasudil 25 & 1
BE4RAY 72 Rho-kinase [HEEH AT 452 L& F
WL 7219, Hydroxyfasudil 3 X UFY-27632 D Ki fii
(M) 13, Rho-kinase {Z4f L 0. 178 & 0. 14,
protein kinase C |Zxf L C183B L U726, I 4 ¥ Vi
¥ > —+¥ (MLCK) (23 L T140B £ I8 >250T
& B 1L13)

HBEAS JFIVEEICH T B Rho-kinase
BHROEEMY

Rho-kinase %%, % < OIMEIFEIYE DML >~
T IVREICERE 2 ZE 2RI LT05E I LD,
REDZ S OFRICE VL IZENT. T4b
%, angiotensin I1'~1® . serotonin'” - thrombin!8- 19
- endothelin-12-2V | norepinephrine®? - platelet-deri-
ved growth factor®® - #ifa4} X 7 L A+ F ¥ -« uro-
tensinlI®® % X O HIML A ¥ 7 F V%% 1< Rho-kina-
se FEELHE TR LTVWE(HL). flxid,

Rho-kinase (&, 7 v b KB H e 5 22 10 05 7
#8123\ T, angiotensinll 3§ % 14 ¢ monocyte
chemoattractant protein-1 (MCP-1)19 %> plasminogen
activator inhibitor-116 (DS I DR [ HE 2 R E %
Ri-LTwab, thikd 5 X912, Rhokinase D
mRNA FE 3 KBRS LR AL T,

BT AT che MOTHIELTEBY, 1M
HEONMEEDOTEICES L Twa. b MEBRE
Sk $52 32 11 45 S 15 #5WHK C 13, Rho-kinase D333,
angiotensinll % interleukin-1 3 7 & @ JHE MR # 1
EDITEL, A PO K ) IR ICHRE S
NT\ 5%, Rho-kinase DFEHIZ 1%, PKC %> NF-
kB ENT DY T FIVRERBES L Twb®),

i, FE O, KEEFRICLHHET NO A RiEE
# (eNOS) ? 55 B F | Rho-kinase DFEH, - 1%
DOWMAEI S L TH Y, hydroxyfasudil 5% L %
ZHICHESEDLIEERB LY, BERKT
LS WS R TW S HMG - B LR HEHR (R
yF ) A, 5 7% R OFHEZETHY), L
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Catalytic (kinase)
domain

Coiled-coil domain

Rho-kinase 1[:::;v’>~l’i’i

CAT e
ACAT (TT)

RB

RB/PH (TT)

K2 Rho-kinase NDHFHE L ZTNERG

Rho-kinase I3 K& 32D K AL Yo li->THED,

) VELEBERTE R - R XA g,

PH domain
i i

Rho-binding domain
1388

941 1075

1388

Rho # & #AL(RB) 1%

coiled-coil F X 4 > ® CKuglZ{7i# 4 5. Rho-kinase ® C FKifi % & i (PH % 7213 PH & coiled-coil F x4 ¥) I&
dominant-active Rho-kinase & 72 V), BEEEMEZ K AEERFF—¥ R AL %R CEWi 7 7 27 A~ b dominant-
negative Rho-kinase & L Cf#j <. 4|2, RB/PH(TT) |%, Rho-kinase % $F52AY9|ZHH]9 % dominant-negative Rho-kinase

ELTHL.

7255 5 TER 419 7 Rho-kinase O [l & | 720§
TENTEDL,

T ED AR A

REEIAR B 1L, BEPLIEZIT T % L, ho
¥ A T DFE R LHABZE, ZEIRFE 7 L2 iR <
B LTwa I embhTna!?, Zosik
45 D 43 F- K% 12 Rho-kinase 75 < [ 5 L Tw
HIENHL DI o7z, FEWE, FEHOORENE
BRI 2 12 B B8 E 7L (74)%
[ZB W T, fasudil®® %> hydroxyfasudil’® o5& &I 4
W5 O E T ZEWHICHHT 5. 7,
fasudil/hydroxyfasudil |~ & % Rho-kinase @ #J i (=
L0, EEMHEHRATITE L7234 2 VD) »
At (—) YEsIbd — U V1L D) #IH & h
721830 X5z, EEEEKEERAL Tl Rho-kinase D%
BRomEsiELTBY, I+ kAT 7 —
Y2 ZOMBS ) YIRALT 5 2 L2 X b #il
L, #RMIZIATVEHO) YBRILE TTES &
EEHEEERELTWA I L 2L ML 7D
(K3). £/, FKOEFEI L FBIIRELIE 1

BOWTHMHNTWE Z & D7, Fasudil D
U0 B ML{E A 1, endothelin-1 35 58 1% L5 18
I 70 (74 F)D R R— > v FHFERBEO
CBIME TV (£ ) Ch RSN,
BRICBWTh, BR8P ERZ BT S
TR F O3 ) yEF M % fasudil O B IR
WEGAHEW IS5 &£ 2505, b MIBUT
5 56 8 i O 4 ¥ #% 15 | Rho-kinase 2% < B 5- L
TWA I EDRBENDLY, T/, NS
JiE D K 12 b Rho-kinase A5 5- L T\ A 1] fg i
RRTAEREELY, BOEENTEBIN-LE
FVERRIME 2 3t R & L2 BRIRIBERICB VT, fa-
sudil DFE G-I CEREZE L, »2orE
AL EHFHERINLD . ZDBBRICBW
T, fasudil IZEBEM T A bR - UFE %
BEMEP L LT b L &L, YUk
ERZER L. F/2, 2OERE, MEINTH
DEFMIIZERDS Loz, IRHDORRIL, %
R @ ' B R UX & % Rho-kinase [HZE 3 ASHIH] L
TW2 A REME 2 7RIE$ %% (K 4 ). Rho-kinase [
EEDRNEERER LHEZEIC BT 2RI
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ca2+
Gz Gq
— 1 R ::I [:
Receptor OB OC, eceptor | 1 T
L-type
Ca channel

06 [Fio GEF v
24
Phorbol ester —@»@ C?
) CaM

® v
ey —»
Fasudil/

Hydroxyfasudil —1_@, ;
Rho-kinase
Y-27€:‘032-——"C;)> 5
MLCPh MBs M130 — MBS M130 } —y—»

(Inactive !orm) (Active form)
—= CPl1 17 MLCPh inhibitor

TENIREFED 2 F B

e D7 T=A b ORFLIC & 1) Rho/Rho-kinase #EF (FiEMAL SN, I+ ¥ AR 775 —EHH (MBS D) »
1txN3%) 2BLTIAY VEEOY YEEAEL, MEFEHOENESE LS. 2RI LT, HEAEF#E
AL 5 0 Ca i D BI 513/ & V. Rho/Rho-kinase #£H 12 BT, A4 OBFICEMPFEL) . Thbb,
Rho/Rho-kinase M5B D TuiE, Rho-kinase{fith DT, I AT AR 7 7 & —EEROWHIZ EH4EL, Thb 0%k
BB TIF Y VD) YBILDITTEIC D% DS

PLC, phospholipase C; DG, diacylglycerol; PKC, protein kinase C; GEF, guanosine nucleotide exchange factor; GTP, guanosine
triphosphate; IP;, inositol-1,4,5-triphosphate; CaM, calmodulin; MLC, myosin light chain; MBS, myosin binding subunit;
MLCK, myosin light chain kinase; Cat, catalytic unit; M20, 20kDa subunit; CPI-17, C-kinase-potentiated inhibitory protein of
myosin phosphatase. +, HI¥ ; -, #Pll. FEAR, FEAH S AUZoAER S B, F2REB S LTV e Wi,

VSMC hypercontraction Arteriosclerotic diseases
Cerebral vasospasm [ Angina
Coronary vasospasm Myocardial infarction
Hypertension Restenosis
Raynaud disease Hypertensive vascular disease
Pho ase hito Stroke

Heart failure

Cardiac allograft vasculopathy
Vein graft disease

. Arteriosclerosis obliterans

Other SMC disorders Others
[ Bronchial asthma ] Osteoporosis
Glaucoma Erectile dysfunction
Cancers
AIDS

4. Rho-kinase BAEZE DR \EEFRIG O TEEM:

Rho-kinase FESEIE, METHEGHOBINFEIREE CA U 28 EE (NOESTE, TEHIRSHE, SILEE) DGR
[IEBA B 22BN TH B, Rho-kinase FLESK IS, BIRTLIERBEM BoOE, OMIEZE, =I0EMELER, BaEh,
DAL, BIEUBIIREES L) OWBRICERTH S Z LI &N S, F7-, Rhokinase FHEH X, DT
moBIGEERE (REXWR, MAELZY) QAR THEUEELSH L. 512, REOHRICLIS L, B
BIE - $hiEAL - BHIEE - AIDS OREBICENTHATREMEIRINTVEY, ThODRIE, 4% 5IRET
LUENHD.
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DWTHE, AROBERETH 5.
BAREE{L

Rho-kinase 1%, L% -1 /5 0 U1 172620 75 1
TWERL, 77 F BB OHBES S i
DEAE - WA, M0, BiET-RES 1D
% &, BRTEOFIE - #REICEST5LE2DH
N5%  OAINIMEREICIRCBESG LTWA. 85612,
Rho-kinase (3 Ifil & P Bz % e & & 1M & @ 1% % T
DT LX) BRI % e S ¢ 51842,
L 72%%- T, Rho-kinase DZ&H3L - iHMED TLHE IS B
PRAEAL DFEA: - #ERIZDO %A, Rho-kinase D
IR o BRE BRI O (8 2 )+ 5 2 & A5
fFehs(X4).

75 KBRBIR I BV T, Nh— Y BEROINE
R DI, dominant-negative Rho-kinase 04
R TOBEAETF-E AN X 0 ZFH PR & e,
7, FREOHERED, T v PEEIIR SV — U E
EFNIZBWT, Y-27632 W/ HEIZL T
LIRS NUS LhL, 20T & LT, Rho-
kinase [ & U IS S0 7 O BEFE S HIH S L B
CEMERLZOD, MEFFHOT R — AH
TLHET B ENTEHEONIE, REO—HERT
W\, MCP-1 & ;1L LDL % {8412 7 % @ Eh ik
55 L, NERE & EEEINE ) £ 7)) v
7R e T AR ESER S NEY, 2o
EFVIZBWT, fasudil DB G1Z, M55
WWEDE x FWHIHH L, Z2oFo—ok L
TIMEBENICBIT A~ 207 7 — Y DilEEHED
M LTWaIENELZLNEY, 75 EBIRE
ALEFIVIZBT BIGELE) £F) ¥ 730, T 72,
WEIRA >~ — XYY a VREOBREDOELE LB
FECTh A4, BBRZEW S L2, hydroxyfasudil®®
D £ {5 5% AR T D dominant-negative Rho-
kinase*” DAL T-E AL, 7 ¥ FEIIR OURETE )
EF) ¥ 7 OFEW B E AR L2 2 0Bk,
Rho-kinase DFE[RTd 5 ERM (ezrin, radixin and
moesin) %> adducin DR FEHFIH] 2> TH D,
IS DGFDUGELEY £ v 7 D4R
M5 LT a etk 27RIE S 7z, Rho-kinase
(&, Al A U A BIRAE L O 5 TR 1S b
HLTwWaA ML H A, FE, v7 ADORFER
R A U 5 BIIRTE LR A DS AL, fasudil D
RIS & 0 FWCHH] S 70,

Z DD D IMERPRIRESR BN DOKRED
BEIZH(F B Rho-kinase DR E]

Rho-kinase (&, B IR 84 L B IR AEAL LAAF I D,

I B X a0 O b, B IE SESL Y - AR
WA - PAZEVEBIIREEALAE 7 & O I E R O
BHRIZOELSES L TWATRENYH S (M4).
7, LDMERDAL T, T oI
(REX WA - N, BHRE - shiErs -
EMNES 7 & ORREEIC S G- L T 2 i REMEA R
HahTws (M4). FEMIRTEORHD 22
E iz,

T & O

3R L7z % 912, Rho-kinase (&, SEE)IRE HiE <
BRI LR EZ I L & L% { OTEBREFR A
DOEKICELS S LT AW H 5. 72,
0l R A < i 1L A 25 H AR N 12 W R iy 5
F%# 2 5L, Rhokinase 5, HA ADBRML
TR B DS FHEEIC B W T % ) B2 % % 5
2L TCw A EMEL2HAH. L7z > T, Rho-ki-
nase [HEH DS, 41, KA ORI EEBDORE
LT ENE Z LS ifF s N 5.

Bl 3

Rho-kinase (2§ % —# O ZEREN) - FRRAOITSE
N PAAAVAVARVAL (IS 7 V¢ R d EA DL SR NP K|
KEFERFREF AT RN B F OB E B#E K
WG L g 3. £/, LEEE O ERE
KEFRFBEES AR A R 1 #2223 e 0 B
HEAZFEZ ISR L BT 4. KR TikR7z—
HOWZEIE, SCHFFAE FHEE (Nos. 08557050,
09281225,09470169,10177223,10357006,12032215,
12470158, 12877114, 13307024, 13557068) @ ##i B
ZiFT T 72,

X 73

1) Takai Y, Sasaki T, Matozaki T : Small GTP-binding
proteins. Physiol Rev 81 : 153-208, 2001

2 ) Fukata Y, Amano M, Kaibuchi K : Rho-Rho-kinase
pathway in smooth muscle contraction and cytoskeletal
reorganization of non-muscle cells. Trends Pharmacol
Sci 22 :32-39, 2001

3) Matsui T, Amano M, Yamamoto T, et al : Rho-associated
kinase, a novel serine threonine kinase, as a putative target
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