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Effect of Telmisartan on the Expression of VCAM-1 NF-kB and the Adhesion In-

duced by Homocysteine in Human Umbilical Vein Endothelial Cells
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[ ABSTRACT | Aim To investigate the effect of telmisartan on the expression of vascular cell adhesion molecule-1
(VCAM-1), Nuclear factor-kB( NF-kB) induced by homocysteine ( Hey) in human umbilical vein endothelial cells ( HU-
VEC) and the adhesion to monocytes. Methods Collagenase was used to isolate the endothelial cell from human um-
bilical vein. RT-PCR was used to examine the expression of VCAM-1 mRNA. Western blot was used to detect expres-
sion of VCAM-1 and NF-kBp65 protein. ROSE BENGAL staining technique was used to detect Mononuclear cells-endo-
thelial cell adhesion function. Results The expression of VCAM-1 mRNA, VCAM-1 protein, NF-kB p65 protein and
the adhesion function to monocytes were induced by Hey in HUVEC comparaed with the control group (P <0.01). By
comparion with the Hey group, telmisartan (1000 nmol/L) obviously decreased the expression of VCAM-1 mRNA, VCAM-
1 protein,NF-kB p65 protein and the level of endothelial cells adhesion to monocytes induced by Hey in HUVEC (P <
0.01). NF-kB inhibitor remarkably antagonized the expression of NF-kB p65 protein, VCAM-1 mRNA and VCAM-1
protein induced by Hey in HUVEC, and the adhesion function between mononuclear cells and endothelial cells was also de-
creased( P <0.01). Conclusion Telmisartan decreased the higher expression of VCAM-1 mRNA, protein and the
level of endothelial adhesion with monocytes induced by Hey in HUVEC.  The mechanism may be through inhibiting the

activation of nuclear factor-kB to control inflammation and endothelial injury.

[WF=HHEA] 2011-10-10

[E£WEB] maEARHETREETHE] (2007)3129]

[MEF/N] FORZ LB A B9 07 7 R 3 bk BRI L A A S5 IR PR , E-mail 2 maozhihuang@ 163. com, #IR/EH TR
AT FAT BN, A -EoT A S RIS ) R sh K AR Ak Y SE R S5 15 K, E-mail 7 xshanghua@ medmail. com. en,,



CN 43-1262/R W E kAT D48 2012 4E5 20 B4

8 1 679

AR, A S5k 2R 1T Z AR (ARB) K
I T S kokRERE AL (As) BYIm RIA YT, Hoilm R AE ]
BRAR SR A I3 VR F A1, B 10T 55 28 WA ZE 0 i 56 P s
NP PN R T RE AR E BERR T T Bk ARB 28 4T
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Yy RiETESR HA FE ML, 5 AT, R SEM R H
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PR RE PR R I PR R BEELSEVE L B
UL, M AR 53T 1 (VCAM-1) &5 shsh ik
BEAb P30 R R s 7 A 5 B A% A fL R RS NS B 1Y
KA IRD RAE RN F A% N T kB (NF-kB) &
P RIE P F VCAM-1 A& L& 1 (MCP-
1) S L SR SCHE R 1 2 — , BRI TIE SE 2 21
NF-xkB (305 B asam el ] 804 e 20 R ( Hey) J&
O AE I RAE M EE G R, RN, As i
H LT Hey ACSEIA &5 TIEH A, H 5016 ™ &
PR IEA G AT SOUE i SR K VM HE X Hey
PRI B K B 20 i (HUVEC) 3Kk VCAM-1 |
NF-kB Bz HAZ AN AN P 1 200 i 8 B K 7 i 52 i, oy
BKRVPIPL As F 2T Hey IH & As 193G T $243E
—E RS

I ARSI

L1 REHRE

SEmPTRIE RE TRES A4 RER KB
REMAFWERE —ERERFRER”THE
P50 TR e LR (249 B R R ), M199 £ 5
W ACHRE 2 h RHATLEEFR,
1.2 iRk

Hey 7 i . ROSE BNGGAL #% ¥ PDTC T #
(NF-«B #1471 ) ( Sigma 2 8] ) ; £k K 70 38 24 4 |t
( Boehringer Ingelheim /A 8] ) ; M199 3% J= #  Trizol i
F \iﬁﬂlﬁ*%(lnvitrogen a1 AR R B R 2R v
J# % A B ( Gibco /2 7 ) ; RT-PCR i 7 & , PCRmix ,
PCRMark ( Fermentas /2 7] ) ; 5| 41 & f (£ 18 & &
MBEARA AT ) ;B A 4 F E(Milipore /A7 )
Western blot B 35 b, 2 & iR 7| | AR 1T & 1 4 B A
T F F R [gG, HL B-actin, NF-kB — 3t ( Santa
Cruz 22 7 ) ; VCAM-1 — 40 (Abcam A 8] ) ; 2 € #
WA AT 4

1.3 AFEBANEAEMBNEFRSEE

TW AR T, B B 7 43 | FE 7= 5 F 4 69 BG LB
# 15 ~20 cm, JHl PBS s Jh 3k i E o4 7k 5, DL 0. 1%
ty T A i R EE 37°C 94 Ak 20 min J5 U H LR, 1
kr/min &3 10 min, 3 _E3&, A NA 15% f 4 o iE By
M199 58435, BN 5% CO, 3745 W ¥ 37°CH 7%,
24 h JE IR, FE 4818 A K 3K 4 LR 80% ~90% , A
0.25% EamHEMEER, EBAERHMATAES
MWDA , HFEEKRESRFWNE 2 ~3 RAMA T
B, RAMEFFRIEEBAFE L AR AFTAVTE
FHh kAN R ARIATEE,
1.4 a4

W2~3 RAWEMT 6 FLIFRN, 408 H
80% ~90% , 3 FI 4k AL 35 2= 2508 & 24 h (#4875 1L
L T O At B4 TR & ;@Hey 4;
A EIME B B9 Hey (10 7° mol/L ~10 7> mol/L) & 4 4
HEREER 24 h;@HCy +RXEA ] RREAER R E
By K 70 2E.(10,100 & 1000 nmol/L) 45 5 40 i 5 3 1
h, T &N 10~ mol/L Hey (ARAEQ) L 5 45 F 2k Bl
IR 5 43 F 24 h; @Hey + K )3 + PDTC
#41; 107 mol/LPDTC(NF-«B #1#| #|) 5 20 o f# 1 h
J& 7m 10 ™* mol/1. Hey 72 1000 nmol/ L& K 70 38 (AR 4
QLB ERERRERE)BSHMEHFF 24 h, L
BWEL 3R, FREAL3 A,
1.5 FHERREEEHEREZKN VCAM-1 mRNA
Ri&

Yo 3R &40 40 i, 4% Trizol K7 &34 9 4 #2 B
% RNA, EU&-Z1 408 RNA 1 pg 3K 71 &9 0 1 4%
A K cDNA, BB 3 4 7= 4 1 wl #547 PCR ¥ 3,
VCAM-1 L ji# 5'-TTCCTAGCGTGTTACCCCCTTGACC-
3", T 5-CAGAAAGAGGCTGTAGCTCCCCGT-3',
B B2 390 bp,95%C & 74 30 s, 55°C 3R ok 30 s,72°C 7E fi
30 5,33 ME 3 ; GAPDH _E Ji# 5'-ACCACAGTCCATGC-
CATCAC- 3', T J## 5'-TCCACCACCTGTTGCCTGTA-3',
73} B 454 bp ,94°C % M 30 5,60°C 3B K 30 s,72°C HE
430 5,30 NMEIF, bk RN JE,BS L KR 4k
ATER e MR e I L ok, UVP i B i 2 Sk B, I
440 H #y 2 % GAPDH ZE [ 89 OD {&, LA # 19 b
HEREELENRAE,
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IsG37CHE 1 h, K X7 ECL &% & K5, F %R
E A BT sk B TR R,
1.7 ROSE BENGAL i 40l S8 4% 4 - 1 &
R FH ThAE

¥ HUVEC £ R & F 96 FLE HF WK (1 x 10°
AN FERER, LR AHRATHY TR (12
FL/ 4y, #4524 h, HUVEC # Az A HL-60 %
H(3 x10° AN/L) 100 wl, & X\ 37°C 5% CO, ¥ %
HiFHE AL FPBS ik ERF M4l Bl E L MEN
2 AN 0.25% 241,100 wL/ 7L, % 3814 A 10 min,
YR B R, i PBS-Z B (1:1)200 pl/3l, £ 8
YER 1 h &, B4R 570 nm JIl OD 14, F OD {2 A /h
EREWETY,
1.8 Sit=HiE

THEH Uy £5 7, KA SPSS 13.0 R &4
I, Z 410 AR R B E & 7 A, T L ERCR A
ISD #%, P<0.05 AN ZRARITFENL,

2 # R

2.1 Hey 3AREZHAE VCAM-1 mRNA FRiXHIS 0T

107 ~ 10 * mol/L Hey {2 # HUVEC VCAM-1
mRNA ik, 525 (X A M 22 A G245 X
(P<0.01;1 gk 1),

M

500bp
400bp
300bp
200bp

Bl 1. Hey ¥t HUVEC VCAM-1 mRNA FREBIZME M 2 Mark-
er,1 JZS X IRZH ,2 24 Hey 10 7 mol/L 41,3 Jy Hey 10 > mol/L #H ,4 Ny
Hey 10~ mol/L 41,5 24 Hey 10~ mol/L 41,

Figure 1. Effect of homocysteine on VCAM-1 mRNA ex-
pression in HUVEC

% 1. Hey 3t HUVEC VCAM-1 mRNA FiEBIESME (x +5)
Table 1. Effect of homocysteine on mRNA expression in HU-
VEC

| VCAM-1 mRNA
25 [H X R A 0. 172 £0. 064
Hey 107 mol/L 4] 0.176 £0. 037
Hey 10 7° mol/L 4] 0.781 £0.17°
Hey 10 ™ mol/L 1 1.152 £0. 13*

Hey 10 ™ mol/L 4 0.527 +0. 182"

a A P<0.01, 572 [AXHRA K,

2.2 BHXIBEIX Hey FSH A KA VCAM-1
mRNA FiEHI NG

5 Hey ZHAH L, Bk VD3 (100 F1 1000 nmol/L)
B SRR AR T P B2 40 VCAM-1 mRNA Y35 (P <
0.05;F 2 f1g2),

M 1 2 3 4 5

500bp

400bp
300bp
200bp

2. EXiEX Hey % S8 HUVEC VCAM-1 mRNA &Ri&
B 22 M M N Marker, 1 925 A BR2H,2 2 Hey 10 mol/L,3
9 Hey 10 ~* mol/L + TIM 10 nmol/L 4,4 A Hey 10 ~* mol/L + TIM
100 nmol/L #H,5 4 Hey 10 =* mol/L + TIM 1000 nmol/L £,
Figure 2. Effect of telmisartan on VCAM-1 mRNA expres-
sion induced by homocysteine in HUVEC

F 2. BXKWIB Hey 55 58 HUVEC VCAM-1 mRNA RiEH
= (x+5,n=9)

Table 2. Effect of telmisartan on mRNA expression induced
by homocysteine in HUVEC

gy 4 VCAM-1 mRNA
Z5 X HZH 0. 166 =0. 047
Hey 10 ~* mol/L 4 0.939 +0. 18*
Hey 10 ™ mol/L + TIM 10 nmol/L 41 0.726 0. 121*
Hey 10 ™ mol/L + TIM 100 nmol/L £ 0.516 £0. 129®
Hey 10 ~* mol/L + TIM 1000 nmol/1, £H 0.234 +0. 109"

a N P<0.01, 52 [AXHRA LI, b R P <0.01,5 Hey 10 ~* mol/L
A,

2.3 EHXIIE_PDTC X Hey FFHI A K 4R
VCAM-1 mRNA RiZREIN

5 Hey 4AH I, K Vb A PDTC T 7 W 1
fik Hey 5 VCAM-1 mRNA 33k (P <0.01),1fi
Ja T HZmERTEEM(P>0.05; K3 fiFE3),

3. Bk PDTC ¥t Hey #5 5 HUVEC VCAM-1 mR-
NA RIZBIEME (¥ +5,n=9)

Table 3. Effect of telmisartan and PDTC on VCAM-1 mR-
NA expression induced by homocysteine in HUVEC

W VCAM-1 mRNA
75 J T REZH 0.097 £0.018
Hey 10 ~* mol/L 21 0.785 +0.11°

Hey 10 ~* mol/L + TIM 1000 nmol/1, £
Hey 10 ~* mol/L + TIM 1000 nmol/L
+PDTC 10 = mol/L 4

0.295 +0. 098

0.201 +0. 094

a i P<0.01, 5% XA L4, b P <0.01, 5 Hey 10 * mol/L
H I,
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M 1 2 3 4

509%bp GAPDH
400bp VCAM—1
300bp

B 3. #k 718 PDTC ¥t Hey 5 VCAM-1 mRNA RiZHIH
i M 4 Marker, 1 2475 [ % B2 ,2 24 Hey 10 ~* mol/L 4,3
Hey 10 * mol/L + TIM 1000 nmol/T. 41,4 >~ Hey 10 =* mol/L + TIM
1000 nmol/L + PDTC 10 => mol/L £,

Figure 3. Effect of telmisartan and PDTC on VCAM-1 mR-
NA expression induced by homocysteine in HUVEC

2.4 EEXiIE _PDTC X Hey S HI M K 4 fa
VCAM-1 EBRIERZ M

Eos X B4 HE AL, 10 ™ mol/L Hey HH & 48 i
THWEAME VCAM-1 EEHERIL (P <0.01), 5
Hey 40H0 F, K VB 3H AT PDTC T 15 %5 B S A% T
Hey 55 09 N B2 40 il VCAM-1 A £ IK (P <
0.01),MMif5 = FHZ M b2 5 T E (P >0.05;
K4 fiEa),

VCAM-1

1 2 3 4

4. FHAKiP1B PDTC X Hey IS A B4R VCAM-1 EH
E3ey: oA 1 Jy%s I IRZ,2 S Hey 10 * mol/L 41,3 K Hey
10 =* mol/L + TIM 1000 nmol/L 41,4 & Hey 10 ~* mol/L + TIM 1000
nmol/L + PDTC 10 > mol/T. 41,

Figure 4. Effect of telmisartan and PDTC on VCAM-1 pro-

tein expression induced by homocysteine in HUVEC

R 4. BHKIE PDTC 3¢ Hey FSRIMN KA VCAM-1 EH
RIZBEM (x £5,n=9)
Table 4. Effect of telmisartan and PDTC on VCAM-1 pro-

tein expression induced by homocysteine in HUVEC

A VCAM-1 &
Y =popiiEE 0. 085 0. 022

0.781 £0. 115"
0.186 +0. 076"

Hey 10 ™* mol/L 44
Hey 107 mol/L + TIM 1000 nmol/L £
Hey 107 mol/L TIM 1000 nmol/L +

275 £0. 12
PDTC 10 ~* mol/L 41 0.275 £0

ah P<0.01, 55 (X415 b 1 P <0.01,5 Hey 10 ™ mol/L
A,

2.5 EXKE PDTC 3t Hey S8 A B4R NF-
kB p65 EHRIERIF M

Hos XTI A EE, 10 7 mol/L Hey B i 484 in
TN B4 NF-kB p65 & HFRIE(P <0.01), 5
Hey ZHAH IE, 3 K VD4 PDTC 1 F 45 B S A T
Hey 5510 N [ 40l NF-kB p65 25 F1 i %35 (P <
0.01) , 5K U4 L #, PDTC 41X Hey 5 51
N R 2L NF-kB p65 2 I REAIRVE A Gt 2 X
(P<0.05;85 f15k5)

B —actin

1 2 3 4

& 5. EkibiE PDTC XF Hey #5519 K K 48 A NF-«B p65 &
BRIEH G 1 Rz FUX R, 2 24 Hey 10 ~* mol/L 4,3 4
Hey 10 * mol/T. + TIM 1000 nmol/L £ ,4 >4 Hey 10 ~* mol/L + TIM
1000 nmol/L + PDTC 10 > mol/L 4,

Figure 5. Effect of telmisartan and PDTC on NF-«kB p65

expression induced by homocysteine in HUVEC

5. BHXKIIE PDTC 3t Hey SR A B4 NF-xB p65 &
BRIZEBIFM(x £5,n=9)

Table 5. Effect of telmisartan and PDTC on NF-kB p65 ex-
pression induced by homocysteine in HUVEC

gy H

25 H X RZH

Hey 10 ™% mol/L 4

NF-kB p65 % ']

0.103 +0. 017
0. 187 £0. 044*

Hey 10 ™ mol/L + TIM 1000 nmol/L 4  0.089 +0. 012"

Hey 107 mol/L + TIM 1000 nmol/L +

. 045 0. 007*
PDTC 10 ~° mol/L 41 0045 £0.00

ahN P<0.01, 52 [XHR4L LI, b 1 P <0.01,5 Hey 10 ~* mol/L
A,

2.6 EKiB PDTC X Hey FEMA K MAMmS S
%40 R R BT 7k B9 R0

e BB T, 2 AT R4 2 /D5 HL-60 4
i 55 PN B 200 L 285 BT, 52 HICIR 23 A7 5 Hey 2H ] IR
HL-60 4l 5 A Kz 4 A 6 R SR 4R | BT e s B oK b
A5 Hey 21 Hb % 25 B 20 B A e B 82 0k 2D ; PDTC
ZH%8 Hey ZH 0 BA s/ | (Hs /DA B2 R e Kk v 40
H(FE6 MES6),
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6. BIEERIETYWRERIIE PDTC X Hey 551 M 52 40 85 52 4% 40 REL 66 P 7K 12 B 22 i

e BN RGNy 25 A IR

Hey 10 ~* mol/L £ \Hey 10 ~* mol/L + TIM 1000 nmol/L #H il Hey 10 ~* mol/L + TIM 1000 nmol/L + PDTC 10 ~° mol/L 41,

Figure 6. Observing the effects of telmisartan and PDTC on the adhesion between endothelial cells and monocytes induced by

homocysteine under inverted microscope

3 6. ROSE BENGAL k40 P K2 240 i 5 B2 1% 40 R O b
BRI (v +5,n=12)
Table 6. ROSE BENGAL staining method was used to

measure adhesion between endothelial cells and monocytes

| oD fi
Y ERoyi e 0.244 £0.092

Hey 107 mol/L 4]
Hey 10 ™ mol/L + TIM 1000 nmol/L #1

Hey 10 ™* mol/L + TIM 1000 nmol/L +
PDTC 10 ~° mol/L 41

0.573 £0. 075"
0.296 £0. 111"

0.339 £0. 022"

a i P<0.01, 5[ X BAE,b N P<0.01,5 Hey 10 *mol/L
HHE,

3 %W i

Hey ZEZARRIGH A=Y, 15K Hey /K
FEZ 5T As BIRIRHLE], Bk RO i 4559
(kST AR R 1) RIS R BE Hey S B
PRHE T IRAME FE B HUVEC VCAM-1 mRNA %3k,
WIENNT PN B 20 MR A% 20 8 R B /K-, VEAM-
JETPERREE A Z AL 2 22—, As 31 AR 4l B 20
JHL I PN B R R , S S U S E ERAL A e RS AN T
R B W 0 L P O B A S 0 TR 20 A, 7 As
B JAE SN AR P B AR, Koga 25
F Hey (0 ~100 mol/L) &b B A 3= 3 ik P9 Kz 4t i
(HAEC)20 h J5 B 2 Hi$2 % 7 VCAM-1 [R5 K
FEHEINT HAEC U937 4 BERTK T, BG4
R Hey AbHE HAEC J5 i VCAM-1 A3 357K P-4 Jin
TSR LIRS R Hey l it i
HEPYEZ AL VCAM-1 433K K34 P iz 4 e 5 B
AMEARFFERS ST As BT U,

PEAERE BRI B N O IR I AE As B0
MG ARTGYT , BB R B b OR3P N S5 Ak
BT Y E AR RS T R T
THCRE 048 P9 S AN TE S T RE NI FLB) As FLCy

AR IRCR . ARWFFE B oK Vb 30 n] B Al
i Hey i 519 HUVEC VCAM-1 £k KT, x5
Cianchetti 257 HFFT L5 ARST A0 LR IIE R YD
TH ] o AR N B 4 VCAM-1 (73635 3k i3 Hey
JIT S PN B A M R M R BB As BIPER .

HR AR WL B K VP IRAEID ] Hey 75
YN B AR VCAM-1 3K 1 [7] st B 8 b 40 ] 1
N 2 41 NF-kB (335, NF-kB D[R] PR a8 — %
RETE R AEAE T3, LA p50/p65 SR — BAKR A
WL, b pes S A C R SRS, J& NF-«B
X B PR A 22 2 Sr VR T VR T DGR . A5 ik
$% NF-kB p65 W FHEAE A HIHE P 02 2185 K v 35 A
NF-«B FHWT] PDTC 48] @0 H] T NF-xB p65 4
F26E, XS AT 5T 45 BT AR 7T 30 1 10 1 e
WAL LR W5 NN B2 4ii L NF-kB S0 R
PEAARIE -2 35, 2 17400 1 i 45 P B A8 P I Iz A W)
A8 Nakano 2510 (UBF 5 46 H 2K V0 30 AT BE# i
] NF-wB A5 S il 2O0E B F Rk, A0
FERIPKUDIH A ST 6] NF-«B {55 @7k 1Pk
PE ST e IR A 75 5 Carluccio 457 HiF 97 45 1
4R, Hey It NF-xB /- F 0% A 515 % HU-
VEC ) VCAM-1 =4, LRI BRI T e 2
WP T ONF-«B A O Sk B0 [R) 2 2 e 2 R
(Hey) BSR40 VCAM-1 35, R TR TR
PN IVER

B2 B VD AT A ] NF-«B 3 1 2 1 4
il SR A S N PN B 45300 & A BT As A ELAARBIL IR
T itE— LR AT ST, A B2 FLAE 5 [ 78 > Jok 20 1t iF
IR As HIIRYT R Z A IER
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