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Rho-kinase has been identified as one of the effectors of the small GTP-binding protein Rho. Accumulating evi-
dence has demonstrated that the Rho/Rho-kinase pathway plays an important role in various cellular functions, not
only in vascular smooth muscle cell (VSMC) contraction but also in VSMC proliferation, cell migration, and gene ex-
pression. Two isoforms of Rho-kinase encoded by two different genes have been identified: ROCK1 and ROCK2. These
isoforms are ubiquitously expressed, but with preferential expression of ROCK2 in the brain and skeletal muscle. The
expression of Rho-kinase itself is mediated by the protein kinase C/NF-xB pathway with an inhibitory and stimulatory
modulation by estrogen and nicotine, respectively. At the cellular level, Rho-kinase mediates VSMC contraction, stimu-
lates VSMC proliferation and migration, and enhances inflammatory cell motility. Rho-kinase also upregulates various
molecules that accelerate inflammation/oxidative stress, thrombus formation, and fibrosis, while it downregulates en-
dothelial nitric oxide synthase and inhibits insulin signaling. Rho-kinase activity regulates major morphogenetic events
during embryonic development through cell migration, differentiation, and axis formation. In animal and clinical stu-
dies, Rho-kinase has been shown to be substantially involved in the pathogenesis of vasospasm, arteriosclerosis, hyper-
tension, pulmonary hypertension, and ischemia/reperfusion injury. Fasudil, a selective Rho-kinase inhibitor developed
in Japan, is effective for the treatment of a wide range of cardiovascular diseases, with reasonable safety. Thus Rho-
kinase is an important therapeutic target in cardiovascular medicine. This review summarizes the recent progress in the
study of Rho-kinase and addresses future perspectives of Rho-kinase inhibitors.
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(CRD) 7% & ¥ pleckstrin-homology (PH) domain
MbHdDENRINTWVWS (Fig. 1). ROCKI &
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(& 92% DRI —MNH 5. Y
ROCK1 KT ROCK2 ZENIZIA<S FEH L TV 5
7Y, ROCK2 IFFFITH & AT S FEH L TW
%.% Rho FF—FORBIT, Y>IPFT> 21
P IL-18 72 EQRIEMERNRIC KO, TOF A1 > F
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THIENPEINTNWS. D ZDMicH, Rho F
F—ViEEZEICHIEI L TS CRuEHIAE) WX
N5Z&ETH Rho FFH—ENEMILT 2T EHH
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Fig. 1. A Schematic Diagram of Rho-kinase Structural Domains
RBD: Rho binding domain, CRD: cysteine-rich domain, PH: pleckstrin-homology.
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7z, MR ® Cat F v RIVISEIEL, Bk & 78l
BICIRE L TFry R OL, Mlasnso
Ca2t MAMBIER Z NS, FHi/hlEEk»5 DK
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Fig. 2. Physiological Function of Rho-kinase
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fid 2. Z0%, HMlaN Cat BENMETTSE,
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H7a1=v bk (MBS) Y kT 5 &ITKD
ZTOEMEEZHET 2. T O/EE, MLCK/MLCPh
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Fig. 3. Contraction Signaling in Vascular Smooth Muscle Cells
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PLC: phospholipase C, IP3: inositol 1,4,5-trisphosphate, SR: sarcoplasmic reticulum, CaM: calmodulin, MLCK: myosin light chain kinase, MLCPh: myosin

light chain phosphatase, MBS: myosin binding subunit.
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fHTHZEHHMENTNDS,
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Fig. 4. Therapeutic Targets of Rho-kinase Inhibitors®
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HICHBEHEKICNFE R INDZEE2HSNITL
2.9 ZDETIVTIE, invivo O 5 B G
Rho ¥ F—VYHEXKTHD E ROFL 77 AP
IV R Y-27632%0 12 K D HEKEFMEICHH SN
(Fig. 5), M E#IRE W/ in vitro TOBFT
& 55 B MR 3 I fE & MLC U > gk ST #E A Rho
F—tHEEICLDHRKGFERICHH IS Z L%
BH S T U 7z, 40 el B IR 4 e 5042 T Rho - —
¥ ® mRNA %5 % Rho ¥+ —tiEMH (MBS U >
feft) 2Tt L, Z OTEMETTEEAY Rho FF—F
EEOARGICXOMFIEIND ZEHBHSNTLE
(Fig. 6).50

KIZ, BDNHOIUTIEEZERE (VDYWL Ry 7
UJE) DRI ® el B R4 #E %> Rho FF —E Dig
HAEMBES L Tniang, Batlik. Ry 7 UER
EMOHEELZL AT > N REHSHE Z T Y HEE)
IRICHC I 2 SR ME 595 &, IUEIEMRTTHE L,
o b EEIc K D EBIREE I N
DR THEBICONWTRELEZEZA, AEFIVICS
WTHFEERIC, HEEIIREEHE AL O Rho - —E &
HIENRED SN, EROFT T 7 ADINITXD
invivo BT 5t0 VA REEBIREMRE &
Winvitro \IZBVT 50 b= 2 FHEMEOEHIRIE I

Nitroglycerin

fg & FIERAL O Rho FF —EiEMENHIHI S N £
7, REDOLNONOHETIX, ALV ARILES
D1FETH AT =)V OGS MmN, 74
IZB W T Rho FF —tF DiF ML Z N L Tl Bk E
MEFARTDHZEBAHLTNS. D ZhH5DHEE
1, R Eh IR A AL O i B SE I 12 B W T Rho F
F—CEENTTHEL TWDH I E, FTOMBEELT
MLCPh {EME I S 1, @ IHE 2 £ U TS Alhe
PEZRBL TG, 845D

bbb, 51, dEEMHEERE-REICBT
LMEt Tz, Tiabb, MU OE BRI
BT, HEEIIRNICEIRK Rho +F —FHESRKT
HDT7AINEREGETZE, TEFIVOY AN
Ik B EhIRAEE, OB AL K O g A3
NTHHEND Z E 2R £, dEREE
TR7EFI Y AR K D EBIRENEED 5
NBEWZHENND 5T, EEIKEICE W LRI
DIFEET® B ABLPEEDEI L TV D IEF D FIET
% (MUNEROE) . 5359 bbb, 25
INMESROEBRZEICBNTH 7 7 2 2L OMEHIE) 3
EMEtLzEZ A, 7EFIVaY CARICK DA
PEAE, IR O AL K O 23 A B IS HIH S
7259 £72, JEEIRNA NS AFRERITECZREKR

Serotonin

Hydroxyfasudil (10ug/kg)
+Serotonin

C Dl

Hydroxyfasudil (30ug/kg)
+Serotonin

Hydroxyfasudil (100ug/kg)
+Serotonin

Fig. 5. Coronary Angiograms 2 Weeks after Chronic Treatment with IL-144)
After intracoronary nitroglycerin (10 ug/kg), mild stenotic lesion was noted at the IL-1-treated site (arrow) (A), where intracoronary serotonin (10 ug/kg)
repeatedly induced coronary hyperconstriction (B). This serotonin-induced coronary hyperconstriction was dose-dependently inhibited by pretreatment with in-

tracoronary hydroxyfasudil (10, 30, and 100 ug/kg) (C—E).
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MBS-P Ce——— | — — A —.
p=001
: Lz i p<001 : n=5~§
. & p=0.05 p<am
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£ m:_III Iil
Control IL-1B
Serotonin (=) (+) (=) (+) (+)
Y-27632 (=) (=) (=) (=) (+)

Fig. 6. Western Blot Analysis for MBS Phosphorylation of Porcine Coronary Artery with or without Serotonin’®
MBS phosphorylation was significantly increased in response to serotonin in IL-14-treated segment compared with control segment. Y-27632 significantly sup-

pressed MBS phosphorylation in response to serotonin in IL-14-treated segment.

D I E PR IR T St U 72 WA M OO 7 Bl ik fi
KHL T T 7 ADIOREBmF L LTS, F
AR SERNRD 5N %0 26 ORERIL, &
M BT 2 i B AR #E O 70 #4112 S Rho 5 —
TNZDORAITESBEAGL TWAH I EERTELED
12, ERA Rho FF —EHFFE DB IRERE O
IR EELRDELVEEZ RTHDTH 5.
5-2. BHRRE(E, BkE  BIRELIZEIRO 3
f& (NI, HEE, A 9 XTT, kxR enE
BN DK TAICIE Z 5 fHRETdH 5. 759 NI
TlE, NEEEAE, RIEMLONENDHEE - &
M, MMP 72 EEASREREFEOFEBRNEC, PRT
VMU S D e - ERE - EAE - TBEZE IR E
WA 5N, FMETIZ vasa vasorum DN, 48 5E
el DVEHE, A 2 el D AR ME SF R I A~ D b Ay
55, NSO E-> T, BlREE(LTOH
BHEETH2ME ) ETY 7, MEOMIHE, I
IR, MEHE, MmMEBEOMISIMEZS. Y b
NbNFINsOFMREHLDO T O LRI XTIZ
Rho FF —ENESEKL TWBH EE X, itz
HRTET

bhbiuk, 7 ORMENR N — 2 GEETIV
BT D AENBEIEE A, dominant-negative Rho
Fr—tagHzsgszEickoiflansz ez

A. Control B. Dominant negative Rho-kinase

—

0.5 mm

Fig. 7. Histology of Porcine Femoral Arteries Transfected
with either AdLacZ (A) or AADNRhoK (B) after Balloon
Injury’?

Note that neointimal formation is suppressed at AADNRhoK site despite
disruption of internal elastic lamina (shown by arrows).

R U7z (Fig. 7). F£7z, 75 EEIRIMEICEEE
LDL & MCP-1 Z[RIFfICIBMHE G592 &, FHEIC
BIFaxr07 7y —Y ONEE R EEADEE &
AENBEIRENEL, 205 O KIGA Rho F
F—tHEETHD 7 7 AP I)IOEBERGIZEDM
HEINDZEEMHRLTND O X527, THHE
RAT > NABEBROBHEEIIH LTS, 77 A2
DEMRE D 5IC X0 2 ORRAIH Sz, 39 &
BIREZE, IL-IBFERETIICTBNTIE, W
S TZ ATBRE N BIIRBE(LIR ISR L TH, 77 A
DIIVBMRGIZ K DIRENIRHM L7z (Fig. 8).60 Z
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Ope. Fasudil (5mg/kg)
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Q ! —O:Control, IL-1p site

1 —@:Fasudil, IL-1f site
. I *P < 0.05 vs. control
i . TP < 0.01 vs. control
1b 11

Fig. 8. Time Course of Coronary Stenosis (Evaluated after Intracoronary Nitroglycerin, 10 ug/kg) "
Coronary stenotic lesions persisted at the IL-18-treated coronary segments in the control group, whereas they were significantly reduced in the fasudil group af-

ter the 8-week treatment with fasudil followed by a 1-week washout period.
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teries.
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Reduced Pulmonary Vascular Resistance”®
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