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T AFEE A e AdaA A3 X734 - statin®} Rho-kinase (ROCK) 9#1#] - 7} Rho
3}

GTPases (Rho) €4

243 FAEo] Qlvh AEIA AFA statine FHZ=HES A 5HA
<]

s
Z1 Bt oYzl Rho B43E JAIett ROCKE Rho9 downstream molecule® A4 %

Ao wAw,
A 4YEE

Rho*= actin cytoskeleton assembly & 8 7}« 7]5& 7FKa Qlth, nX=dsle] 3t
M ZA actin cytoskeleton ZATMA FHo| F7lEo] Qal % —ZH«] Ferﬂoﬂ’ﬂ Rho %3
s

=7k} actin cytoskeleton ©]/e] TEAF T I 11X

7% Q897 28614 Rho-ROCK A% ol4e] etk ROCK Al 1
of A Aguol, ANYLF HPRANNE ANE EE vhehic

)

¢

A& fibronectin £HS SHAIZIL o] %J‘itg*é"]% i‘l kel A Rho-ROCK 7 29} ROCK
A

A A o] AlErded a el gk

TAIES] 8% mRNA AL suppression-sub-

A 2 tractive hybridization® 2 A3 A¥}, F¥ W=

TGF-4 %2 PKC Htules A AEY 2o 93

2% A vAE nxEge] giks e By Aolghi ATV, 53 nEEGe] oF sk
st WslE zHste], FUAATHIT) HIdS F actin cytoskeleton ZAdW Aol FHZ7}7F e}
et AwWstE Al=7F Hla Itk Brownlee® 9 3, g2kekAl  carbonyl cyanide m-—chlorophenyl-
AT S WL ssdaE syt FH 71H hydrazoneE Foiste] AT}
oy, ol HEZEgol o)A EXikaF(reactive AEA FuaAdaEs B getin Td o)At
oxygen species, ROS)2 IcpAdel <Jgk 3oz} gt A7 BRuEam vk mxEge] s Eit
At 38 W2 oF polyol, hexosamine, protein M 3Eo| A= F-actin disassembly”} YEl}L o]t
kinase C % advanced glycosylation endproducts HkSo = PKC- ¢ 7 #ase] gty kg At x
AR & AAEI ANA TGF-BE Fostd Fafza ~Ed2dH

olg{gl FiolEo AF AL ddEZHd] st 7} vehdt, 3 Auo] 4ds] Waw FmF 9
7154 ATel oEstAh FHol HuE U& AFEA| A= F-actin filament 313 So] EAF <A
profiling ATolXE LEZT] 23t AAEX W37t o, o) e AFet I actin 2492 Rho
tstg ~Ed 2ol 7]Is T DX e ok it GTPases (Rho) @gellA 2l&e] gt ®ir} 2

& g0l Z71kn gleol, olg eofhnA @tk
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0)e] A& ol A= A5
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Small GTPases?| 72 7l

@ polypeptide® ¥ small GTPases 20-40
Kda®l A&AFo= GTPE 7Hidlske,
GTP-binding proteins (small G proteins) 2% 3t
t}. o]& small GTPasest Ras, Rho, Rab, ATrf,
Ran 5 5&F7F Ith Small GTPases® T4 7]
g MR o, friA xdzE, AEFA F o
% cytoskeletal rearrangement 53 TE o] gt}
Aol A3 AGEA small GTPases® wA=AZ
285t nFAsE GDP A (AEZWel o
i EAhet gAdstd GTP AgdHE (HaEut) F
2 FHE ex A @YY giRE small
GTPases™ C-Zdol isoprenoidE°]l 2%, post-
gd3t# Y. Isopre-

noid< farnesyl® geranylgeranyl®] F+ £F7F 1o,

small

translational modification %] ©]

Rast farnesylation®l] <J3}¢], Rhot™ geranylger-
anylation®ll <9]3te] A stHr) &dsell= guanine
nucleotide exchange factor (GEF)7} 23}, #]
24 GTPased Z43dulz H3A|ZIvh B &ds)
o= GTPase activating protein (GAP)°] Z23}H,
GTP 7Fr#dlE FHHAIA GTPase’t HIE/Adstd
GDP Zdd=z AN w3 GTPase 7153
A= GDP dissociation inhibitor (GDI)7} 12
v o]E9 JedTE Eus] Hi vt (Fig. 1).

Rho GTPases?| &%} 7|5

Rho= 1A ol 209 71417 &efA Slvh Rhoe

[e]
actin cytoskeleton assembly, H&+ F= A E9}

Plasma membrane

M 7 s g

) ],

@ @ Effectors

Fig. 1. Rho GTPase &-93} Abbreviations: GEF,
guanine nucleotide exchange factor;, GAP,
GTPase activating protein, GDI, GDP
dissociation inhibitor;, GDF, GDI dissocia-
tion factor (from ref. 6).
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HEe] H32 (adhesion), MEZE3 ol%F, FAAA
Ah BaEAE 5] o 7hA 715e AT g
Rho+= Rho, Rac, Cdc42 Al 7= 27 v 5 9l
i, A7k Azl 7l dFE vZIth RhoA, B,
C, Racl, 2, 3, Cdc42, RhoD, Rndl, Rnd2, RhoE/
Rnd3, RhoG, TC10 &°] ¥3# St} Actin cyto-
skeleton assembly°l*  Rho:
(stress fiber)9} %2 2t (focal adhesion)” <, Rac
& AE F9 lamellipodia® #4317, Cded2s
microspikes &< filopodiaZ A 3HY Az}
ASEH 9ste] olgld 715& vEhlE Hl Rho
+ lysophosphatidic acid (LPA)S), Racx= PDGFY,
insulin'”, Cdc42+ bradykinin'®, IL-1 5"l ©]s}e]
fEeh QAU Rhow 8571419 425 (GEFs)
I 707449 HEAAE (GAPs)ell oJste] ¥t
9 GDIsE @Al Rho GDla, B, r Al £F7F &
A g o5 A FHAAR 1 70| A

A 4 A BA ek

BN B

1. Actin cytoskeleton

Rho, Rac, Cdc42+% actin cytoskeleton®] organi-

zation (filament bundling)¥} formation (actin

polymerization)S Z#3les Az HAGAE A3

t}. Rhooll 23t organization®] 714 F 7}x]¢] &

®EZ-pl60 Rho kinase (ROCK)®} mDia-< 24
3}sle] actin-myosin filament assembly& |
}. pl60 ROCKE o8] 7H4] 78S 73 glont
myosin light chain (MLC) phosphatase”’} 2532
GIP
,'\"Flho
#"Rho™
S Kinas{g;’
MLC AP | App  GIP
ATP {p \_. é Rho )
ADPJ cat MBS ?— -
P . . .
MLC <active> (P <inactive>
L |
Contraction & Myosin
Actin-Myosin Interaction Phosphatase

Fig. 2. Rho/ROCK?l 2] $F myosin light chain (MLC)
oIZF3lZ 4. Abbreviations : cat, catalytic sub-
unit; MBS, myosin binding subunit (from ref.
15).
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— g 2lget sl A A 25 A

olt} (Fig. 2). 91487t = phosphatase”’} vl &4
stear Qldstd MLC7F S7Fol myosin 119
actin® cross-linking®] Z7Fet}”.

Swiss 3T3 A LPAE #7138l Rho’t €4
3tE 1 PA AF3 actin assembly FRE F5}
AEYAAF7E Y ZAGFF] ZEEn 24
2 F9lele 2EH2AR/7 fibronectin®t 22 Al
%9740l integring Fate] AAE ] Ak’ Vin-
culin, @ -actinin, talin 22 ¥25°] intergrin®
A JAgEol 2Eg2AF9 LA EA (anchor) ®
(Fig. 3). Dominant active ROCK+
Swiss 3T39 MDCK Al¥EdA 2EHAEFE P4
37l 3}al, dominant negative ROCK+ LPA &
Rho™"" (Rho 4@l 93 ~E#2df o
< A,

Aga

FIO oX,

o,

Actin polymerization= Arp2/3 (actin-related
protein 2/3)9} Formin¥ 22 UAIEol] 2jste] o] F
ot} Rac®t Cded2® ©E FEHI9  actin-rich
protrusion (lamellipodia®t filopodia)& A3/ 3HA1 7k
Wiskott-Aldrich syndrome protein (WASP) fam-
ilys &l Arp2/38 HEAeR AHFIT. =
Ract WASP family verprolin homologous pro-
teing, Cdcd2= WASPE Sl #Astsit). For-
min& Rhooll &kl &4d3}5 o] filaments® linear

elongations $r=gcH?
2. EZ =5
H| S A 320 A= Rhool 2J3e] actin assembly

7 ol RO HATAENNE G%o] Aojyir,

GTP

Myosin Rho ?/
R 3 tress fiber
Contraction)

Rho-Kinase Qo

3 S <3
(/Inculer QVmculln} Gincuid
Talln Talln \i'alir; Talir;

Plasma |"199l'ln
membrane

Fig. 3. Rho/ROCK?e| 9]¢t 7273 T4 (from ref
15).
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o] FTF9] agonistEol gJste] T LA LA
Rho #4437} o] FoxIth ¢]& actin® myosin
%5 $3IA717] f18ke] ple0 ROCK7F MLC 214kt
S AFste] o] FoH”. @438% Rho7t ROCK S}
myosin phosphatase®] mysoin binding subunit
(MBS)¢F 2@t A3t ROCKZ7F MBSE 14t
358 myosin phophatase”t AAETHY. ROCK
dominant active® ¥7tstd MLC $14Fshs E3ho]
g d FEol vepdt?. pl60 ROCK A7
(Y27632)= 2% gy AFHANA d4s A3
713 agonistE°l o @3 7#X] HEE F5
AA T, ROCKO 93 FEoag 50
orel Weloz AAE L U,

s

l

I

El
et o

3. MzZwma

Aot AES FFEE tight junctions®t ad-
herens junctionsE 2383t o7 7}4] FEHZ Y=
T Atk 9539 (columnar epithelium)®] 5%
4 (Gunctional complex)olA tight junctions:= 7}
*oDW] AA ko] o] 23 FEAEHAES g
43ttt Rhow A9 AIEZS tight junction®]
@.%Le FAEE Fp
tions* actin filaments7} 33}

cadherin® #-2
[e)

t}. @ -catenin®t B -catenin &+ cadherin ¥ Al

- e (o oX 110*‘
HU

Adherens junc-
A TxER

adhesion moleculesZ ©]Fo4 3l

FAGWO R B -catenine cadherin?} « -catening
Adst= el 98-S gt} Rac®t Cded2el 9354
filopodia®t lamellipodia %+ actin-rich protrusion
A 9] cadherin 23 A#=T adherens junction
assembly 7} Z R},

Rac GEFZ <2zl Tiaml< MDCK AlZel|A
adherens junctions® #BA3 §AFEE Frp?
Tiaml<> E-cadherin®] 2J3}o] fF=Exe AxES} A
EHEE T A ESEES)
merization®] SWE A T, w6 collagendl] -
Ztel MDCK AlEelA Rac &A4s7t =W AlEf2
H7)Hrks AlzolEo] FEHAt. Racol ©l8to]

actin  poly-

[e]

Aze] olg3t faw gol HE the FEL 3
Hi Qe Axe R B4 wEl ZA dges
IR A = o
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4. 7 ™AL

Rac, Cdc42+ c-jun N-terminal kinase®} p38
mitogen-activated protein kinase (MAPK)E A
85t3'% % Rho, Rac, Cdcd2E HAFIAS] serum
responsive factor (SRF)E #=atl® MAPK 7
2 ZA3}E actin cytoskeleton W3kel ##Eo] glo
v, SRF 24 3}+= unpolymerized actin 5= 23
Aoz #Hol gt AFA cytokine A=l <9l
Rho, Rac, Cdc42= NFBE sty o4&
21433 #AE Rho 7155 (5 AR o]9q
% Rho® t& 7l%el Wis Rigo] & LRSI
£} 7.2,

Rho GTPasell E2t& &t

aAAS N ZF ARl 2lFte]  Rho-
ROCK A&7} @45t gdate] w7t zeag®,
RhoA®} ROCKE MLCY <Ql4itstE S8 g4l 2]

[s)
barrier 7)58A< Zsi® H@sZo

T #oj3
th g ST Az FAo] dojues 7 ik
b mdo A Rho-ROCK 4 2Z E3 duo] 49

3. ROCKE Y %%, ROCK-1 (pl60-ROCK,
ROK B)¢F ROCK-2 (ROK )7} low zmdEst &
NRsks, AP, AndY, Avldiels Rho-ROCK
A7 ool AT,

EAME (phagocyte)olAl Racl9 ROS AAdol
H 71HS o] HEAAN XA E EIE S
Al Ee FFIAEE RaclS TddaL ¢
4], NADPH oxidase®] A&l v @z
Al ROS9 F¥ Fdde] #rh Racell skl A4
F+= ROS+ Rho EAHE=E
cular-weight protein tyrosine phosphatase®] <4
2 E3}lo] o2 A lamellipodia”t YERHTF?. &
= Fu s Racl® NOX, NADPHO #

& FEA o] WEFH AT

A
i

A8 Jow-mole-

Statinz} AEE

e 2eHE Akt #AE statin ¥ Fig. 49}
2o ARE Este] YERdTh EaE S x|

lipophilic statin® ¥} RhoA prenylation®] &

J 21241 2] Rho GTPases —

A3, apoptosis?t FEEo] FHASE wWwel A
%27t zH9P?. @A EA A vascular endo-
thelial growth factor (VEGF)+ RhoA<¢} B -inte-
gring &43lsle] 48 collagens F4A17]13, sim-
oA @ FY. Fluvastatin®  puro-
mycin aminonucleoside (PAN)oll <]te] ZAdsld
RhoA¢9} actin cytoskeletal reorganizations ¢} A3t
o gk ROCK A4 fasudili= PANel o]
podocyte 47 @lnE T AAZNEY, Lovastatin
S A FHMTL tissue-type plasminogen
activator (tPA)$} urokinase (uPA) X4 E=7F Z7}
Y3 plasminogen activator inhibitor-1i= #A¥TH
? Lovastatin® actin ~Ed2=A5 84S et
3, o]3s &I+ geranylgeranyl isoprenoid F
2 HEol2th ZAlel Rho ARl C3 exo-
enzymeE T3l lovastating L 2= R
P = ovastatin® MFAZAA proteolytic &
EE T7/MIA Az de] 4% EAAREE
Al gt

FugrSodE  statin?t Rho9te]  AxAdol
A= AT} Lovastating Folstd nx=dol] <93}
o] Z7be TGF-B% "9} fibronectin &0 3|29
. Statin®] &=
ranyl isoprenoid7} #¥ 3 C3 exoenzyme®l <]3s}
o ax=Td 93te] F7HE fibronectin & o] F

vastain®] °|&

f
,
B

]
i

farnesyl RE.UH= geranylge-

Acetyl-CoA

HMG-CoA
l HMG-CoA reductase l—

Mevalonate

l

Isopentanyl-pp

Geranyl-pp
Fanesyl-pp
sauli Geranylgeranyl-pp
qualene
N
l Rho
Cholesterol

Fig. 4. Zd=HE FZ9 statin. Abbreviations :

PP, pyrophosphate.
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o] Rho7} ¥#eJsbH, statin 55] Rhooﬂ ﬂﬁ’} a3z
7b Qroke AL ouan, gy

Z} angiotensin II°l <38 collagen IV 343 411 janus
kinase (JAK)2-signal transducers and activators
of transcription (STAT) A=7} &4ty A&
simvastatin®] A&, olgl@t JAK-STATEA
3toll = Rhooll ol&=e 2 2o

Rho® Alx9]7]4d b ofz} A ZF7]o %= ol
s}, wl g AAEZANA lovastating Foigk Az}
nEEFo] 9F MEF2A o] ¥l Rhoot #HAYE
p21 T9d FHAZEI Aol 0”442 (I ANT

of 3t statin®] 9T ref. 43 Fx).

Rho GTPases®} Al&Et

Streptozotocin  JxF oAl @xz7]ol RhoA
A8}7F #AE I actin cytoskeleton disruption®] 1}
Ehdth (JASN 16:403A, 2005). db/db 351 A+
A Mgz sy Abl Al RhoA, Racl #do] Z7f
w3, AlxzE 23 RhoA, Raclel <718tal GDI-«a
xdo]l dA-sl FAE ) (JASN 16:203A,
2005). BHHAEe nxEF Al 5-10%el 243}
H RhoA7} %753, RhoA dominant negative$}
Rho siRNA xm—t— ax=gel oJste] S7td d@
ZHM A fibronectin X ES7HE I EHAIZITE (JASN,
2006).

GDI-o A¥ %ﬁx}% Ad BHE A7)l A

AFAl A skt T et
SHA YERdTh Ol ?i AF e Agle Eard
o] AMatar AFAE actin cytoskeleton®l 4
o] Jepdti? ~Eg 244 A4 integrinel ¥
st dl, @AM EANAME integrin A8 A=EHA
B8-GDI7} #+-g-o] F7Felal Raclel &4dshdct wh
™ GDI %< integrin A8°] Z¥ =W RhoA7} &4
3}5 3L ¢ -smooth muscle actin assembly”Z} LER}
™ AP EZ7F myofibroblast® # &t} o]ako]
Az Rol FmF e AFFANA GDI-a 9 7150
AstEe] A Z_WL.J 7150l WalAl ¥ i RhoA<]
A7 vEhveE e® FAEXY R o AT
7} = ojo} &ttt
Synaptopodin (synpo)<

AEUZ', ol

e

2

podocyted] EHEH = ac-

L) Podocyte®ll Al synpo gene si-
lencing< ZE# 24 F3do] Wel=a, MEolss
A48 Y SynpoE RhoAdl ™d ubiquitination
< proteasomal degrations A AEH A
2 8§43814°. Podocyted] #38 Rho ATE synpo
g 54 AFHGA AT A7 Ho] Qivh ol Ab

TA 9] podocytedl = Be FH AFHATA F=
o] glom@ Rho7} MERZ HAE dFS F
shobd o we AT ZidiEch

VEGFE ARFAIUS A Zo A RhoAE 2433}t
MLC <14t3tE F3lo] Ait4e s8la 5344
%7k Simvastatin® ©]2]3 VEGF 8%
Agte] AMETEALL AANGT o= VEGFS}
thrombing BT A Zol] Folahd AEFIA ]
S7Feta Y27632¢0 olste] AAHE A 22 A
o]

e e

ol

ﬁ&iﬂ

Rho GTPases® TGF-8

A% A TGF-4 Al gk A4 o8 &
okl A XaE Qo statinel TGF-BE AAst=
2% P e Rhoot #AJATY. Az Fiol e} G
UERARE TGF- 8 RhoA, Rac, cdcd2® WA
g3 gk TGF- B 1l
chymal transdifferentiation (EMT)el+= p38SMAPK7}
#3859 dominant negative Racl™ ol ¢J3te] o]
AAH, Ao AEANA TGE- ol skl EMT7}
e W N-cadherin @°] S7Fstal E-cadherin®]
a2de] Yepdth EMTE #4318 RhoA7l ##o]
2131, RhoA$t ROCK9] dominant negativeE°l <]}
ARG, P gAFolM TGF-p9 dee
ujg- F d#A goernz TGF-B<¢ #HE Rho-
ROCKAZ+ &% A7t sl & Zow 434
=3

9]3k epithelial to mesen-

2

Rhoot #&® A77F AMEA = o} &g
A ol 4F Adge dude] A gt
WAIE 2, podocyte
1, ABAEES To HREFG ARTAN A

L= ho®l T3 71%
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