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Diabetic retinopathy (DR) is the common ocular complication of diabetes mellitus, Early non-proliferative
stages of DR are characterized by retinal microvascular damage that leads to vascular hyperpermeability. While
visual acuity is rarely affected in this early stage, progression of the disease can result in severe vision loss. New
approaches to amelioration and treatment of DR, especially in the earlier stages, are needed. The small GTP-
binding protein Rho and its targel protein Rho-kinase (ROCK) are implicated in important physiological roles, such
as cell adhesion and migration. The present study investigated involvement of the ROCK pathway in diabetic
microvasculopathy and therapeutic potential of fasudil, a selective ROCK inhibitor. Significant Rho/ROCK activation
was observed in retinal microvasculature of diabetic rats. Retinal microvascular damage secondary to increased
leukocyte adhesion contributes substantially to DR in its early stages. Fasudil effectively suppressed ROCK activity
| in diabetic rat retinas. Moreover, it protected the vascular endothelium by inhibiting leukocyte adhesion and
i reducing leukocyte-induced endothelial injury in diabetic rat retinas. Fasudil treatment almost completely reversed
| the decreased endothelial nitric oxide synthase (eNOS) activity in diabetic rat retinas. In co-culture assay between

*Ryoichi Arita | LM KZKEEESH AL TE
CHURIEESR L) AR — © T812-8582 MMM R B M 3-1-1 LA I B RS TIIE BIRE 3 5

AAfEEmEIkESiE Vol 17, 2012 3



Ligand.

DR leukocytes and microvascular endothelial cells, we investigated fasudil's the protective mechanisims against
endothelial damage using L-NAME, an inhibitor of nitric oxide (NQ) synthase. Furthermore, the protective effect
of fasudil on microvascular endothelial cells was significantly blocked by NO synthase inhibition with L-NAME,
without apparent effect on leukocyte adhesion, in vitro. These findings suggest that fasudil has direct endothelial
protective potential through induction of physiological levels of NO, synthesized by eNOS. The Rho/ROCK
pathway plays a critical role in diabetic retinal microvasculopathy, and ROCK inhibition may become a new
strategy in the amelioration and treatment of DR, especially in its early stages.
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Sample:

fasudil (pM):

EH
0

ER
5

ER
20

ML WG AERLE
0 5 20

7 BEEThEOESSFHRTE MR RESEAD fasudil OEFIFHE
IEFHER A (AR 38 5 UEBE B (ML) 5 BEE L 0Pk FER O CD11a (A), CD11b (C), CDI8 (E) t#HE 70 —H4
FA MY —TH (BB w2740 T3y a—n). CD1la(B), CD11b (D), CDI18 (F) ®EHHEIHE (*p<0.05,

NS.: HEELL,

#n=20 M : =T PATA V¥ Far bu—)N) CDIIb/CDIS HMAWRERTAEL T G

Fasudil (0, 5, 20 M) T 1 FER, R{ALE Lok seimohmS AE M & 1mM Calcein-AM THEGEE L 7287 P2k (2X10° cells/m/,
500l per well) E@ILEEFE (37T 1 IR #BoEEDMEROMAEN 2 (Scale bar=100um). H:1/MH7- 0 45 4-D0HEM
BT AR ECE FHE LR (Fp<0.01, NS, HEELR L, % n=15). WPUEFOITRERIZAE o iElERICITE

LTHEY,

5G), MRMBIZ LT v 78 N5HMEE LA EITHL
Tz (K 5H, I).

3. HRFRMHEENDE T 2ARBEENOE

2 &2 ROCK B3 fasudil OMBBLILE Nz M 15 &
ANOEHIZOWTHE L7, 2003 12 Joussen HIZ X
o> THEERDOHEMBEED X = X 22 IMIkE O
Fasl, & izl Fas & @ Fas/Fas Ligand (FasL) %

FOHAFMT fasudil ZMATE{ 2 & TiBEEET IS S R

(JcHk 20, 105 X b EciR)

%41 L7 death signal DES-AVRIBEE N2, Sl Hw
FAEIRARE TOVEN & D M L7z 4P koD FasL M %
7a—HA AT, EEHMEKIC L S EEmES
E#T75 v by PCRILA-E 2 A, BEIRFEFPRER
Tk FasL BHADLHE L Twizds, FOIEIZ fasudil

WKLo TwEEZTTAI Lidhd o7z (H6A, B).
77, BERRHA TRED 7 MBI AT P B2 45 1 fasudil 2k -

TOMmEREA TSR LIRS LTEB Y, HlEkss:
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EW AL Sample:

sFasR (pg/ml):

E%
0 1

E® IE# mﬂ!ih! iﬁﬂ&ﬁ

10 1

s
10

8 MBELTPERO FasL SRR & EEITFPRICE 3 ARBREEAD Fas/Tasl. #ROBEE

TEESEA (&) B X UEEYE RS O 2 5B L BRER O FasL BBl 70—4H4 A MY
B : FasL ¥ EMAE (Fp<0.05, % n=17).
ATALTE L7 B

BATAVEL T FO— ).
1 Fas 2484k (sFasR : 0, 1, 10 pg/mi} T 1 B,

— TEHT (HE =
MBIERE O AT RER T FasL S8BT, C Wi
T iFEk (5 10° cells/mi) & Hoechst 33342 (1 mM)

TR L A B IS P R I (HMVEC) & o dL¥538 (37T LIF) %@ TUNEL B IIMVEC (B6) OfR&EM 2 (Scale

bar=100um).
n=15).

AR I = gL,

& Z MM ISR LT Ec S IR
AREIGITIPH E Tz (R6C, D). I fasudil
PHIZHEEME~ODMRES S S50 TR
<, BFMLEREER %24 L= NG 5 105 L Ty 2
REEALELTWAZLIZLIALDOTHA LHESN
7z, eNOS 225 M S5 — b e 2 E SRR =
MTHEF—VAERAEAET DI MM TH DY,
fasudil PHERMTE P L T 72 eNOS iF % 121272
ICAESETWAEZ EdD, 2O fasudil (2L HNER
EOAH A L2 eNOS OIS E 2 5.

V ROCKHEREARFREA HZX L

Fasudil OAERBGEMAMEBEICBITAREA D=
ARIZoWTIRFEZ ol s Ty, 2Tl
12
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D:1AHLYRAD 45O ET S TUNEL Bz stil LFS{k (**p<0.01, NS.: HFEELRL, &
B O IF R ER TR BEICETRCH T 2 B St onik R, FofE

ik sFasR #IMLTHEL 2Ltk h iR

(OCHk 20, B6 & 0 i)

TBLhE B sk & BE s N Al & oIt E R % v
THFEHNEMEOHEEA 22 WL TEELD
ROCK HEEDOREMRICOVTHE ZMA 2.
M PSRRI R i v b fio I PO R IR (Cambrex,
East Rutherford, NJ) # vy, BBk AN K2 mELE
THEMERSORBR Y HECLEIC X L REE LA EE
PHTL 2RMRAEEEB LU ERRERS T4 7D
FKIFM A5 two-step gradient technique {2 THi L7z,
IR S CD1 La W IE R A & MR T H =
#i37% {, CD11b/CD18 ZBAMBAER TILEL Tw
7z (B TA~F). MEMNEE oL cREELT AL L
HEERE O R BRI T L OB REATHE BIZ T L“Cio
Y, FoEE W fasudil #MATB {2 & TRERFENE
CHESNZ (W76 H). —%#, EFREAOKPIR

iz,



vehicle ﬁﬁﬂj vehicle FEIREE + fasudil SpM FRBAE + fasudil 20uM

(ccll) 40
B .

30

25
20 -

15

TUNELBHEMaLE /mm 2

10
&n

0
Sample: \'eh:cle JJ:'E‘ .d:ﬁ" J.. 'ﬁ WW‘E mﬁh‘- AR
Tasudil {pM): 20

vehicle sFasL sFasL + fasudil sFasL + fasudil
L-NAME

(eelljys

30

TUNELB RS /mm 2
wn b

u P
sFasl.
fasudil:
L-NAME:

B 9 Fasudil Q#FPEEFME S LU FasL fFHAREEICH T 2R#EEH &£ L-NAME O2E
AR L T WIFR Ik (5 10% cells/md) & fasudil (0, 5, 20 M) THIELE (1 FEM) #12, Hoechst 33342 (1mM) fEgh L 724
FERUME N M (HMVEC) & @#353 (37T 1 KR #o TUNEL Bt HMVEC () oft&EMN 2 E (Scale bar=100um).
B:lRdi-0EL L 4>O8EICHI1TSH TUNEL F%IHI"H‘H.IJ(&:'T;HIJ’ L¥E#HE (¥p<001, NS FEELL, £n=15). T
HTHEFEEAE R L TR L 2MENEMAROE S TS T 55, 2OMERE fasudil 12X » TRESRAIZHE S
iz, € L-NAME (0, 1mM), fasudil (0, 20 M) CTHILE (1 R L, FaefohmiT ML (IMVEC) % Wi FasL Tl
B oI5 E (Scale bar=100gm). TUNEL B4 HMVEC (Af). D: 1A ORES 4 HEIZHT 5 TUNEL B &
B FHN LA (Mp<0.0l, NS - HEELL, & n=4). sFasL IZPEMIREELFHFET LD, FOMEMIL fasudil 12 X - THE

ah, TOEEHREG - BESEGUHEETETH S L-NAMEIZ L - THE L. (k20 M7 &0 i)
i fasudil ZMA T EDEFRICELZ RO LD 72 D B IC A Sz (0 8C, D). MERERE O

AEFERE & e L CTHBRE R O M BRI FasL 884350 HillEkE vz 2 of5ERRCB VTS, HFrihikidg
ELTHY, BREETVEN S RBRICARMRIE L GFERALTHELES LIROREEEA = XA
TEWEERAAFE LT (H8A, B). MEANEED Fas/FasL #B S TH L Z LA MERETE . 2612
IR THENICL2NEEE2A D L, WBEHETROLF T fasudil iZ X o T H FMLEREAS 1 X 5 PR EE A RER
ﬂi'CWF"ﬁ‘Hin M1 AEEEOER D, FOBEE FHEIZHES N (9A, B). TiEH Fasl TH M
WY, Fas 4 4F (sFasR) iR LTH 2 ik A Z R T % & THEEESE LA, fasudil
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Number of adherent neutrophils /mm?*

Sample: - I@_ E# ER EBSE e iﬁﬁé
Fasudil: ) {0 | ) (+) i+
L-NAME: ) | R =) L] 6]

{cell}

30

25 NS NS ‘k* **
20
15
|
mn
5
0

Sample: .I!:ﬁ' .LT:"" IEﬁ' mﬁii ﬁﬁﬁl‘. FEREE
fasudil: (+) (+} ) )

Number of TUNEL paositive cells /mm?

L-NAME: () (] +) (] ) +)

10 Fasudil ®fFhEESTIH & L OARFREERA O L-NAME OE
L-NAME (0.1mM}, fasudil (0, 204M) TRALE (1EHD L. MR (HMVEC) &1k (X 10°cells/ml) & oydlkigg
B7C 1HHE) BIZ L ALV RL22 420 BT 5 (A) AT PEkds X 0 (B) TUNEL Btd HMVEC & 23HI LEBLL
7z (Pp<001, NS, fFEESZ L, % n=10). MEFEHTIOE L T2 R Eo R MlE~0 S fasudil THEELLZLO

@, L-NAME 2k 558 %22 hdoi

HZOWEME FasL 2 X A2 REEBEZIMNT 22 L H
&, fasudil X Fas/FasL #8 %  L - EEE*
BETLERAEATL2LE£26N07: (W9C, D). €0
fEHIE—E LB RS RRERIEETH L L-NAME 12 &
STHEKETAI ER6 (MOC, D), WEMBIZEWT
— b RBEOEERTTESE S Z LD fasudil PR
EBIEHOA = AL THEEEZ LR L-NAME H
HOFEFE - HEE~NDF @Lﬂwfﬁt_h
L-NAME i fasudil {2 & 5 [ kB HERER I

R 2 (MI10A), fasudil oW BV % i
REEHIEAMERSNE (F10B). b0k
5 in vivo 128 T fasudil 2358 PR B EEH %208
L7285, 2t fasudil AR P ER D BT~ o2
ErxHELZEAD TR, PEMIBIZEIT S eNOS
ENLBLSREMERET S Z L2 L o TR
ML zEAELZELTY, TR ZNEEEA L=
ALEHETL_EONEFH LD EEZ BRI

B bV
HAE, BRERESREENO—SE Ll TED, &
DPRDOEHHETH ) EHERDET & & 7T H R
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-%5, fasudil i & PRI TINRIZI S 12 L-NAME (2 X D FEIZHEX L=

(3 20, {8 X b igik)

TS DR L GRS & S Tw A, Mg L
Wi ABEEESNS EHAOREORE T L TLHHE
EAEHEETH D, BIEFRHEHDZHERT 57200 TR
SEFE R A 5 OF I EAMLE TH 5. PRI
12, FERREH OB SRR EIC RS T TEIEF
AWHETELTWED, IThLo0—HEOHEICLDY
ROCK B A5 e B ~ AT 2 E 5 £ TOMRE W
WEHRICIHES LTwaZ el okt ioi
ROCK # #1212 ROCK]1 E ROCKZD 22D 7T 4 v
T —=ADFIEL, fasudiliZZOWMGDRT 427+ —
AEMHETS. FETA Y7+ —LP0BIRE 2 oM
FELERENDDOH LD, ELLAEMI RSN
DWTIERERYTH B, Fasudil iR ICERERH
BERTWEERWA, b MIBTA2EMNSREEIZHE
LTHRZEREINTE ST, HPERT~D fasudil %
SURBELTHHEEICRAT 24688 H5H. 72, ROCK
BRIMEESEERICEEREEEZR-LTEY, W
FRISH T 21272 ) R IEE~ORS I TH 5.
BRI T v MBI HBEELORBEL Y P ERE L
REtEAD D, HBARCE S LT S 52 A
PLETH A,



Fasudil D&EEIZOWTOEF L O TIE, 46 H
Va7z fasudil R (HRPISHFCIRE 30 uM) TiX ROCK {2
IR SRR T BETHYY, THFR~D
fasudil fif TS (RARFSIRE 30M) B XU
Z v FIR~® fasudil H B 6 FEEE S (1000M) T, 3
PG lIR & Hoi LT & 20 7 B AU A SR A0 R 11 <= A IS
DO, JOEMIERM LR &Nl b5 2218

Rho/ROCK i&#E1biE ICAM-1 JEBITHESR MLC U »
BEfL & A L7350 T OB RETTHE I X » TH kO miF
HREME~ OS2 RET 27, SSICHRMEICE-T
ROCK IEHIZER T &, WRREEHRZET
eNOS & Aiffb L T HMEREA &4 L 72 Pl &1
AT ABEA S S AL F S, BRI R I A i
EEEOREBICESTAIE2HELMIZLA ROCK
B, FALLISLC S M A LY % VEGF (vascu-
lar endothelial growth factor) {2 & 2 M HFAE & &
@, HIMERES A ORUNIE R OREICEHS LTy
B EHbhoTwA, ROCK %S fasudil i ROCK
M LTEVEIEEZE LTSN, ZholRLWREME
T X = TR PR IR /s A I 2 V239 2 T Rl )
DFr T2 IR L T B R ARRR S LB,
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