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Fasudil Inhibiting High Glucose Induced Monocyte-Endothelial Cells Adhesion

Through Rho/ROCK Pathway

LI Qi, LI Hai-Ling, PENG Wen-Hui, and XU Ya-Wei

( Department of Cardiology, the Tenth People’ s Hospital, School of Medicine, Tongji University, Shanghai 200072, China)
[ KEY WORDS] High Glucose; Fasudil; Rho-ROCK Pathway; Human Umbilical Vein Endothelial Cells;  Cell
Adhesion Molecules

[ ABSTRACT ] Aim To investigate whether Rho kinase inhibitor fasudil inhibits high glucose (HG)-induced cell adhe-
sion to human umbilical vein endothelial cells (HUVEC) and search for its underlying mechanisms. Methods The adhe-
sion of monocytes to HUVEC was determined using fluorescence-labeled monocytes.  The mRNA and protein levels of vascular
cell adhesion molecule-1 (VCAM-1) and monocyte chemotactic protein 1(MCP-1) were measured using real-time polymerase
chain reaction (RT-PCR) and Western blot. ~ The amounts of RhoA, ROCKI, p-MYPT and MYPT were determined using West-
ern blot analysis. Results Fasudil significantly suppressed HG-induced adhesion of THP-1 to HUVEC in a dose manner:
namely by about 33.4% in the presence of low dose (10™° mmol/L) and by 42.8% in high dose (10> mmol/L) at 24 hours
(both P <0.05) ; the same for 12 h.  Fasudil significantly suppressed the HG-induced increase of mRNA and protein expression
of VCAM-1 and MCP-1 in dose and time manner. ~HG markedly increased ratio of p-MYPT/MYPT, while fasudil inhibited HG-
induced activation of Rho/ROCK pathway. Conclusion  The adhesion of monocytes to HUVEC and the expression of
VCAM-1and MCP-1 induced by high glucose could be inhibited by fasudil ,the same to activation of Rho/ROCK pathway. It sug-

gests that fasudil may represent a new treatment for diabetic vascular injury.
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5 T LAY A4 ) A 4 A2 s kol e i A ik AR v 1
FEIRAT X R 2 A PR 0 A% 2
R 1(MCP-1) B i 45 4m i 6 Bt o 1
(VCAM-1) #4512 | F i BF 58 & B RhoA/ROCK 3
%S B PR I A8 I R E A OG . SEIUER 7E 1 R
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P8 3h Ik 7 Sk D E R RS 4ROk, RhoA/ROCK
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JeAiT A, LT AL S B RSB | AR S
FIVER . BEAEWTFE W] ROCK 1 i 577) 76 A4 i
KNG MR R RTHE T, 70 ROCK, 376 Py Jig Y
— S ACE G (eNOS) , FEAR LA A AE , AT & #E 5T
SR REREALAE T . B AT, N ET R FE AR
SE LSO BB R A R E e W
I, AR HF 5% 40038 1 A A 40 A S 56 1R 5T 24 0 B
RhoA/ROCK 38 [ 38 38 411 1l /5 5175 5 1 BRL A 200 i
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1 #REE

1.1 #HaEsR

B A EE K N B 48 B (HUVEC) [ Clonetics Cell
Discovery Systems ( BioWhittaker, Inc) ] # # 7 &
10% # K J& i 4 7% By 3% /R JURH L B Eagle 35 97 2E
(DMEM) (Gibco, NY, USA) ¥, % # 37°C & # 4
#5%C0O, 41 T #,0.025% & 484 L, %
K EHEM T EAZ 100 mm 4 %3 5 1 ( Nunc, Roskil-
de, Denmark) #, A ¥ 4% % f 2 (THP-1) ( Ameri-
can Type Culture Collection) # #¥ 7 7 A1 2 mmol/L 7
A BB % 10% fif 4 L B RPMI 1640 3 % 2E
(Gibco, NY, USA) ®, 4 R 5% 50 F7 A 40 o 39 4 #
K3 ~8 KM, HIHRET AN 0% fk & B, FH
TR, A A P 4 vk B9 RPMI 1640 35 3% 4t 4k 42 5%
F24 h, EAREREF AT GO BB HEHATHU
Lg, Hp, -4 EE (HG,20 mmol/L) = & #
(20 mmol/L) fim ik &7 Hu /R [ 1] B, K3 20 B 25 A
ARAE, AN 2 mL:30 mg E AT R (E G EF
H20040356) , 2 % A W F A & AT %] (107
mmol/L) F 4 B #1(0 h.3 h .6 h 12 h .24 h 48
h), 7 — AU T AT OS5 mmol/L # %

BE1E 28 B 3t BB ;@A N 20 mmol/L # % B ;@ A
33 mmol/L B & ¥ (F #) ; @A N\ 33 mmol/L # %
B R % 47 3047 (10 ~° mmol/L) ;34 A\ 33 mmol/L %
B R4 R (107° mmol/L); @® Ar A\ 5.5
mmol/LE & # X 14.5 mmol/L H BB, fr A 4 1
B RNA E 8 | EE Rl E,

1.2 HiZHAE5 X R 40 R b BH A

6 ) B B 2 LB PRS2 36 07 =1 ¥ HUVEC #n
THP-1 M7 6 FLAR F, A & 48 2 1 fm ok 41 3 /R o
AT 12 h 324 h, 48 )5 A 10 mg/L By R-(2 L5 )-
5,6-% 7% . & (BCECF/AM, Sigma Chemical Co, St
Louis,MO) A 10 pumol/L £ % & £ 37°C .RPMI 1640
B F P ARIE THP-1 48 8 1 h, 471289 THP-1 28 j
BB Z o 3V (PBS) B Z R E B & 4% 1
x10° /L (200 wL) Az X HUVEC 7 FLA H# ,37°C 1%
B 1h, BETRE,REERRK, A PBS BH k&R
FIJK B EM =K, £RRFEH 8 28, THP-1 40/
5 HUVEC = |a] %6 [y # 3¢ %% ot B 7% %2 (Leica DMIRB,
Leica, Germany) 4l , % oF & & 4 7| £ 485 nm #¢
535 nm FE KB T &, F5 040 0 0y 2B A0 A5
KokmEMNL, FILFREZANEFHTNE, FBF
HE#ATRIT, ABELREIEL =K,

1.3 RNA 2R RT-PCR

% RAN 341# fl RNeasy Plant Mini Kit ( Qiagen,
Hilden , Germany ) #2 B, 3 # 5% 34 {# Jf Prime Script
RT ik 7| & ( Takara Biotechnology, Tokyo, Japan) ,
RT-PCR M| & 7 ABI 7900HT ( Applied Biosysterms,
Foster City, CA, USA) E 5 i, mRNA & ik &K F A
SYBR Premix Ex TaqTM ( Takara Biotechnology , Toky-
o,Japan) £ i 2 R &R, A B2 95C #
M1 min, 40 NEIR, & A5 IR 15 95°C5 5.60°C
30 s, Bl 477 A VCAM-1 Lt 5'-CCC TTG ACC
GGC TGG AGA TT-3', T i# 5'-TGG GGG CAA CAT
TGA CAT AAA GTG-3'; MCP-1 Lt i 5'-CCC CAG
TCA CCT GCT GTT AT-3', T i# 5'-CCA CAA TGG
TCT TGA AGA TCA C-3';GAPDH % 5'-ACG GAT
TTG GTC GTA TTG GG-3', T i# 5'-TGA TTT TGG
AGGGAT CTC GC-3', A VCAM-1 #1 MCP-1 # mR-
NA % KF UL GAPDH % &0 &,

1.4 ZFEHIREUKE Western blot 7%

AR H R B E A B30 VCAM-1 #2340 MCP-1 47t
&35 ) Santa Cruz Biotechnology (Santa Cruz, CA) ¥
¥, HB A3 & & 4% ROCK-1 .4 RhoA 47 p-MYPT
KA MYPT 41k A Cell Signaling Technology ( Dan-
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vers , Massachusetts, USA) 1§ 3% 4% bt 8] 37 & 04 T
W )a, 3 L& RIPA R AR Z i, vk L g &
10 min J5, -80°C 2%, BCA & A ZE, UEH
LB Actin LN S, AT K (40 ng E B) A
8% SDS-Z& T M Bt fiz & I %, ik o ¥, % £ £ PVDF,
5% i flg 4 # # Al 1 h (p-MYPT 1% H 5% BSA .
TBST), #HFHEREHE—TE4CARET,
E—EFRBE —4 1 h, TBST % fE,ECL £
tB® ER, KA AR,
1.5 Sit=ZEFHiE

it A 48 2 A SPSS 13.0 ( SPSS Inc, Chica-
go,lllinois ,USA) A, # 4 & B4 x5 R T,
T 4L R % 4 FE AR SR Bl b R R AR 3B T 2 4
M, % E 4 14 H 8 # | Bonferroni % & L 8 &
B, L P <0.05 K £ 37K G FE L,

2 # R

2.1 GEEFH/RIIEISEN S0 B A%- P K 40 R R

FHEBET75 24 h i HUVEC 5 THP-1 ZhFfFBH
E XTI o 20 mmol/ L % 24 4 45 558 26 K 2. 2
% ,33 mmol/L H A MG R B 3. 1 f%(P <0.01, &
1),12 h HIRATWER R FAE AR (R 1) . SEbEd
AHLE, [0 A 32 &7 b 2R F s 5 T 5009 HUVEC 5
THP-1 ZH 2 R, Forb (v B VL &7 bR (10 °°
mmol/L) T 24 h FhFHL 24 33. 4% | v Wk BE 1L &7
/R (1077 mmol/L) T 24 h Zh kit 2> 2 42. 8%
(P<0.01,&1),12 h AR (F2 1) .
2.2 EREFHRXSEF SR ERK N K HEME
VCAM-1 K MCP-1 mRNA %7K 892500

R A5 R R B, 5 0 BE A L, (20
mmol/L FI 33 mmol/L) T il 24 h J§ HUVEC Jid 4
VCAM-1 2 MCP-1 mRNA ZiA7KF- B 1 34 57, ALl
VR B H R B JC A B 25 5 [RIEHIA (E b A 1k 5
IR PR A I, bk B VA AT M /R 24 (107
mmol/L) VCAM-1 & ik ¥ fik 63.6% , MCP-1 ¥ ik
63. 9% ARV B VLT bR 41 (10 ™° mmol/L) VCAM-1 &
IR 32. 7% MCP-1 J8ff% 45. 2% |, v 4T R 4H.
THIVE R B kAT /R G I S (R 2)

IR S I 245 5 % PR, 20 mmol/L #2548 T 15 HU-
VEC 0 ~48 h, H: VCAM-1 J2 MCP-1 mRNA Fik/KF-
SRR SEMERG K IRTE 12 h AR i BE)S BT
Ffa$i T B B 78 i B (20 mmol/L) BY3EAN _E A
AT 2R (10 mmol/L) , HUVEC i N VCAM-1 &
MCP-1 mRNA Fik/KF-H A (& 3) .

B 1. FEFHRINESEN SHRZABS AN EH
REFhPFE (24 h) A SHy%HERZH B 4 20 mmol/L #iZGHEAL, C Jy 33
mmol/L #5240 , D 24 33 mmol/L 25 #5 + 10 =% mmol/L &7 Hi /K
2 ,E 7 33 mmol/L #4GHE + 10 ~° mmol/L L &F M /K4, F N 5.5
mmol/L # M + 14. 5 mmol/L H#&HE4 ,

Figure 1. Fasudil inhibiting monocyte-endothelial cells ad-

hesion induced by high glucose

R 1. EEFFHIRESETBARE R EIX B2 5 AR ERK
PA) Bz 280 B 36 B B 2 i)
Table 1. Effect of fasudil and high glucose for 12h or 24 h

on monocyte-endothelial cells adhesion

T sk 12 h 24 h

X 20 1.00 £0. 13 1.00 0. 20
20 mmol/L Hj G HE4 2.23 £0.90° 2.27 +0.95°
33 mmol/L #j 4 HE4 3.18 +1.56° 3.00 =1.03"
33 mmol/L 2k + b b
10 mmol/L. 147 ML/ 41 2.43+1.01°> 2.00+0.56
33 mmol/L % + b b
105 mmol/L, 147 ML/ 41 2.15+0.74" 1.72+0.57
5.5 mmol/L 05k + 1.080.23  1.09 +0.28

14.5 mmol/L H &4

a J P <0.01, 5% IBLH ;b S P < 0.01,5 33 mmol/L #iZ5HE4H L,

2.3 FEFHIRX EHEF S BN B ER K N K 4
VCAM-1 B MCP-1 EHFRIEKFEHIF M

AT M RN = B 519 HUVEC J2 VCAM-
1 \MCP-1 1R IEKF, a5 mRNA FEAHLL,
I a5 Rk B, SBEVE A 24 h J5 VCAM-]
J MCP-1 25 [k 1G & , [R]Isfin A 32 &7 1l 21 DU o0 4]
THEABFE; MM A TR (14.5 mmol/L) 4
HUVEC Jfip§ VCAM-1 MCP-1 & [ Z kKT
A (E 4)  BEoR m BT 31 VCAM-1 MCP-1 25
TR IS @B BRI, LR ]k
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PR, BB (20 mmol/L) T 1 HUVEC 0 ~ 48 h, H  mmol/L) YAl I fin A ¥E4F #1 /8 (10 > mmol/L) ,
VCAM-1 f& MCP-1 [ ZFRIAKE4r 57 24 h Fl1 6 h HUVEC iy VCAM-1 % MCP-1 & 13235 7K 01 i
RE g, Bl IS LR R R B E (20 EI(ELS)

a
84
4_
< 6 a b <
T T
S S
T4 c T2
= o
S o g
>
0- 0-
1 2 3 4 5 6 1 3 4 5 6

E 2. RARAFIEFIEREEFH/RIT VCAM-1 F1 MCP-1mRNA FRiX 7K F R M 1 A% B, 2 9 20 mmol/L i A HE 4,3 H 33
mmol/L Fi 4520 ,4 2 33 mmol/L FATHH + 10 ¢ mmol/L ¥ EFHI/RA,5 4y 33 mmol/L FiZ ¥ + 10 = mmol/L &7 HI/RA ,6 4 5.5 mmol/L i
b +14.5 mmol/L HEEEEA, a N P<0.01, 55 B ;b I P <0.05,¢ A P <0.01,5 33 mmol/L FA ML LA,

Figure 2. Effect of different concentrations of high glucose and fasudil on mRNA expression of VCAM-1 and MCP-1
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3. BHEREEFHM/R T HRARE R E X VCAM-1 #1 MCP-1mRNA RiZKERIZID(n=3)  aHP<0.05,bHP<0.01,50h Lk
Bese P <0.05,d 4 P <0.01, Sifigh g,

Figure 3. Effect of high glucose and fasudil for different time on mRNA expression of VCAM-1and MCP-1

Oh 3h 6h 12h 24h 48h

2.4 REFHL/RIBEIEIMH Rho/ROCK BEEB D E4#E  HUVEC 2 N p-MYPT/MYPT L {E A9 38 Jin, 2 /R
I+ 50 4% - P K7 20 B 6 B Rho/ROCK il Bl (&l 6) . teoh, FATid & 3
Western blot 73 H7 & 3, # 4 (20 mmol/L) 2% =M I HUVEC 4 Rho A \ROCK-1 # 1Yk
B HUVEC BP9 p-MYPT/MYPT B LU(E, MAEF L 7KSF, &P HBR (10 > mmol/L 1 10 ~° mmol/L) W 7]
JR(107° mmol/L) Y fI 5 (20 mmol/L) 5 S 1Y DIRER S B FhEZm (K 4 FES)

i
e
MCP-1 =
=
1 2 3 4 5 6

4. AEFIESHEREETH/RIT VCAM-1 MCP-1 . ROCK-1 1 Rho A EAREKTFHIZIM 1 K% RL,2 420 mmol/L HiAIH)
20,3 J9 33 mmol/L F4GHEZH 4 7 33 mmol/L FZHE + 10 % mmol/L ¥4F HI/K4H,5 A 33 mmol/L Hj 458 + 10 =5 mmol/L BT HI/R4H,6 H 5.5
mmol/ L AAHE +14. 5 mmol/L HEEME, a l P <0.05,b N P <0.01, 5% I [ ;¢ o4 P <0.05,d 24 P <0. 01,15 33 mmol/L Hi#HH4H Lz,
Figure 4. Effect of different concentrations of high glucose and fasudil on protein expression of VCAM-1, MCP-1, ROCK-1
and Rho A
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B 5. B¥ER LS M/R FRARREX VCAM-1 MCP-1 , ROCK-1 1 Rho A EERIEKFEHWZIT(n=3)

P<0.01,50 h lt#;c I P<0.05,d 5 P<0.01, 5 @4 b,

Oh 3h 6h 12h 24h 48h

aH P<0.05,bN

Figure 5. Effect of high glucose and fasudil for different time on protein expression of VCAM-1, MCP-1, ROCK-1 and Rho A
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4_
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I - - -HG-+fasudil
M
= 5 a
o SS
> a *%———i\
= b
a
04

oOh 15min 30min 1h  3h  6h
6. EEFHI RIS BHEE SH AR ERBK A K 4B A Rho/
ROCK EEEMIM (n=3)  a N P<0.01,50h ;b H P
<0.01, Sl b,
Figure 6. Effect of fasudil on high-glucose-induced Rho/
ROCK Pathway in HUVEC

3 4t i

REAEB ST s, BRA% - PN 2 40 AR A B AR A 3
FEAR T FR 76 AF O 3 Jik ok FE A 1k rpof B 2
WE R FB A N 2 D RE B i 5L 2 BRI R 1 3k
FIN B AN AR B0 ASHIFGE % PR, b T HY
HUVEC 1Pl VCAM-1 MCP-1 %1k BA 5 3 25 | 7o do
T E B /N GTP i RhoA MUHLTE , 5 JCHibFFT

WAL R—5 (A — A, TR AT A B Rho 34
Pt A1 1) 590 30k A bR 2 A R R B S 2 Y THP-1 5
HUVEC %5 Fft, JH %F VCAM-1, MCP-1. RhoA &
ROCKI ik /KA il 52700 i WS ) A OGPk, a2t
WF7E 25 AR /R | A7 M JR X 55 MUWHHZS S 10 048 P9 B2
SAEITFE T BER AR E

Sk R — 8RR R, I RAE
S IR I SR A MR B N B B S B el
Wi, b CHC IRy N i gl R 1 T 5
PAAZ AN B AR AR ROCK 38 % B §iIE 52 1
) P 5 JOREPE S B EE AL 1) ROCK 3 J¢ ) 3k
T AT AEE 1 TT A T kB IS AL T 7k L 4 8 g A
PRI S KoK RERE fL & ST TR R R R A
JIR 25 4 32 R 1 20 ks A s A/ s BB AR (R Ry v
B, K P0 6 ROCK AT & 35 396 5 568 bR oy Jik of e s
b, 1 568 4R 3h ik it 45 58 25 06 sl T Bk Ab,
ROCK 3 384 & BLH5 B A5 T REAH G 1) 22 Fh 32 [
Fik, i MCP-11" 4i ] Fh BT 120 AR R
PIEIEIF] 12 A A AT 45, AT MR X
EHEA S VCAM-1 . MCP-1 35 K i i ik S 1)
Rho/ROCK 3 fi (1) 34 176 357 362 100 48 46 P, s A1 ] 4 )
TRET MR B0 = WE S S AP B AN A B
Rho-ROCK i B A 5C, (H A4 R4 h 14
SN SR E5 5 SEPR I I EA PR, R —25, 38471
e RSN S50 (AL IR RS, Hedohi
PRI R 4575 722 FB TR TR BT HUR T TR 5 12K s V-
CAM-1 MCP-1 B7KFAR4L , i — 20 PP vk &7 Hb /R 7F
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