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WE. BB R sl %3 A ER K A B2 202 (human umbilical vein endothelial cells, HUVECs) 43 ET-1
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T B5iE V7 uEEIRE T OMAE ] T HUVECs AER8 S 3 I i RE A BE IR I (AL AT RE L, o i 3h
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Abstract; Objective To study the effects of abnormal blood flow on the secretion of ET-1/NO and the expression
of the mRNA and the protein of ET-1, eNOS, VCAM-1, ICAM-1 and MCP-1 in human umbilical vein endothelial
cells (HUVECs) , so as to explore the mechanism of atherosclerosis (AS) caused by abnormal hemodynamics.
Methods The HUVECs were divided into stress group, wall pressure group and normal group according to the
different stress. The HUVECs were cultured under the corresponding stress for 24 hours and then collected. The
secretion levels of NO and ET-1 were detected by enzyme method and radioimmunoassay method. The mRNA
expression levels of eNOS and ET-1 were detected by qPCR. The expression levels of the mRNA and the protein
of VCAM-1, ICAM-1, MCP-1 were detected by gPCR and Western blot. Results Compared with normal group,
the secretion level and the mRNA expression level of ET-1 in wall pressure group increased significantly ( P<
0.01), and the secretion level of NO and the mRNA expression level of eNOS in stress group also increased sig-
nificantly ( P<0.01), The expressions level of the mRNA and the protein of VCAM-1, ICAM-1 and MCP-1 obvi-
ously increased in stress group and wall pressure group ( P<0.01). Conclusions Stress or wall pressure acting
on HUVECs alone could lead to its dysfunction of the secretion and the expression of gene and protein. The
mechanism of AS caused by abnormal blood flow was related to these dysfunction of HUVEC.

Key words: wall shear stress; circumferential strain; wall pressure; human umbilical vein endothelial cells
(HUVECs) ; atherosclerosis ( AS)
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31 Ik KL 18 4L ( atherosclerosis, AS) 42 & 4 TF
Kb gl Jik i 2l Dk BE 5 5 S B R IS R . AS 4
B E B B AR, B R A 7 sl al
it L 08 RS v B bk 43 SN AR i A AR AR R Y O
o3t A B s il LA 0 PN BE AR b 2 T AS AT
JZHRA Y LS N K2 41 Y ( vascular endothelial cell,
VEC) 3 5 ML sh J1 A/ (AS 4 R AL VEC [
SRR < 557 48 AS UF KAz Y I
T Bh IR a5, SR AR X AS NG & A (B AR S IR
WAL WIS SRR R . TEARNAE
T VEC (977 3 B4 1l 8 PN AR R 777 AR 1Y
BET R 7, 1% 1 3 BAE R T VEC B i i o il
VEC ;=4 i) BE T Y1 /7 (wall shear stress, WSS) ,
ZER T 5 VEC BEUIZT5 1w A 6] 5 LA K 75 1l
GE 45 iz s o B TP X VEC 2 57 77 A2 1k N )
( circumferential strain, CS) 2 JZIIER S
VEC JEYIZ 7 o A1 TR . FEABESE P 420 VEC I
PILT7 ey W g e SCOR g 8 3 BT VEC fii
MVER ) O BETRN I 07 . AS 4 K &R VEC 3%
SN AN ) FEE R 15 AS ORI R A AR A H
B B AR A N R IR, BE TR g /05 W g
4 I i, BE T s T R (RIS SC T 5 9 09 AN P A )
1M AS ANEF R ERAL VEC 32 3 (1 1 7 FEE T = 77 0]
S [7] Fof 18 DR g [ R 9 /0 (B AS SC T i 3] 1) )
L E S VEC 32 21 (9 137 77 FBE T [ 77 [] i 4%
K ZEEF RN VEC 32 3 1Y 1 g F1RE T e ) [8) i
@i

FE] A A S IR Bl 52 AS LT Yl 2
P AEAR DI S AT 80 AS Dy A 56 T MR g
FIVRETET g P 5 T 436 2% I RIF T S 10 3 ) 3
AS AL AYHRIE o A SCHR W T A N ) BOBE T TR ) Y
FMVE R, ANBE K K2 48 I ( human umbilical
vein endothelial cells, HUVECs) 43— %tk & ( ni-
tric oxide, NO) Fll N JZ 2 -1 (endothelin-1, ET-1) 7K
AR Ak N R AR — 4 AL A A T (endothelial NO
synthase, eNOS) Fll ET-1 £ ik /K 19284k 5 DL &
Y5 AS 5 AR AH 5 B9 AR AE R, T i A8 A i 2 B O3
F-1 ( vascular
VCAM-1) HHMu[a] %5 FF 53 T-1 (intercellular adhesion
molecule-1, ICAM-1) FIHAAZ 4 il it 1625 -1 ( mono-
cyte chemotactic protein-1, MCP-1) mRNA Fl1# 5%

cellular  adhesion  molecule-1,

KA AR, G5 RERW VEC Z5H I RE IE A
F T3 >4 56 JEE 1) 1V 7 FVEE I I ) 9 F A AR T, VEC
JIr 32 J50 3 RBE T s 3 AP J2 T 2L VEC JE S (454
INBER TR AR Bl N 3R, AR SO FE 4 5 1 B 5
WML SN JITE AS B A A= K S i e vh B A T LA
Jenl BERAE IR 4R BEsc ks

1 #REIE

1.1 ##E

1.1.1 wmhesk  ABFFRDKIN 400 22 ECV-304( |
{ETTHE /NG L Y/ /NIEI DN

.12 &XANAANE HEM 1640 Hi553E( L
T S A BRA R BG4 103 (T3 b 2 A Rk
HABRAE]), IR i Bl | TR AR 1 e (v 42 297K
TR IR F)  ET-1 ik & ( L EmA
YIRH A RRA D) 8 KRR (b R e
PHEABRAF) o NO & ( IR A YA R A
A]) ,PCR 51 (ZH LiBAY TRERBEARA IR A A S
) , Trizol & A)j 5 N BE  JC/K L BE 55 —%E cDNA
A ORI & qPCR HGR& (RiEFEAEY TRARA
#),VCAM-1 MCP-1 1 ICAM-1 —#{ ( Abcam A #] ,
o), 7270 & PCR ¥ ¥4 (_ LA AR A
BRED) o AHMIZE G RIS e R 40 (T SR ARAL
HEHEARARD) . RGO S T
FhF %) 40 L AR D8 T, R T T 2
VEC it i 3 DA 7= A BE T Fe 77, R FH R AR T2
A A B T % B VEC 2 3k i A
WD-HA413BEERE LIRS 53T RGE (A S—UE8 ) .
1.1.3 HUVECs # & 53% % & 7 HUVECs %
ECV-304,7E 5% CO, .37 C 3248 1% 3% 2 Ak
BJa, VL 1x10° A~/ ml %5 B E2 Pl 4 25 6 17 g 3
TSI ZR G0 3 5 40 0 O RE A K Rl & 80% B
TR A0 M 2 4E 0 71, B HUVECGs #2732 1 1]
TIANIRL 3 S T 2H (525 H ) BE I e ) 40 (S5 )
FIER AL (IR | AF4H 12 FL, X JT41HUVECs
Jiti N 2 Pa VIR 31 15% R AR 5K N 7 3 % B I e g 41
HUVECsJifiin 12 kPa H i J7 5 %5 1E % 41 HUVECs Jjis
2 Pa VIR J1,15% N A8 3 [ J) A2 kPa Fe R /)
(P58 AS NIFR RO VEC FF 32 M MR 30 S ) .
3R AVEH IR Se/EHI T 35 5% 24 h, W AR 20
28
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1.2 XWAH%E

1.2.1 HUVECs #m e 5% HUVECs 4%/
IRBEFE LR FE 24 h 5, R S A5 WS 4 A Y JE
SREREN,

1.2.2 NO #F= ET-1 02 FHAH ER i 5 il vk 0 o2
NO 19 & i, ¥ JR UL B AT 40 . U S 98
Mgkl 8 ET-1 B95 2, 3% ET-1 3305 & e vl il ik
(g il

1.2.3 gPCR # | eNOS. ET-1, VCAM-1. ICAM-1
F= MCP-1 mRNA #94&3% BT HlS 40, % 5 RNA
PRI 45 ] Trizol £ B, #F 47 396 % 5% B g AR A
cDNA , FiiEf72¢ 62 5 PCR [V, PCR ¥ 1S40,
96 C AP 8 min;96 °C,15 ;58 °C,20 ;72 C,
15 s(28 MMEH) , 72 CHEMH 5 min, £l PCR /=4
Fafi Hh 28, eNOS ., ET-1, VCAM-1, ICAM-1, MCP-1
519 NS R B-actin 5|9 Primer 5. 0 %11,
GERULFE 1, AR 270 P L G R X Rk
(i

%1 eNOS.ET-1,VCAM-1, ICAM-1,MCP-1 % J £ B8 B-actin £

E S35 L8 PCR 3|41/ 71
Tab.1 Real-time qPCR primer sequences for the gene of eNOS,
ET-1, VCAM-1, ICAM-1, MCP-1 and B-actin

¥
HH S1¥)¥ 5 o/ bp
ET-1 FU551%  5-GATTATTTGCTCATGATTT-3’ 500
T84 5'-TCACCAATGTGCTCGGTTG-3'
eNOS LiF5I#  5'-TAGCCAAAGTCACCATCGT-3’ 400
514 5'-GAGCCATACAGGATTGTCG-3'
LS4 5'-CTCCGTCTCATTGACTTGC-3' 521
VCAM-1 __
TH5I4 5'-GAACAGGTCATGGTCACAG-3'
ICAM-1 E##51%  5'-CCGGAGGTGTATGAACTG-3' 476
TSI 5'-TCCATGGTGATCTCTCCTC-3'

MCP-1 L¥#514) 5'-TTAACGCCCCCACTCACCTGCTG-3" 500
FEB14 5'-GCTTCTTTGGGACACCTGCTGC-3'

B-actin LI#54 5-TGACGTGGACATCCGCAAAG-3’ 223
TSI 5'-CTGGAAGGTGGACAGCGAGG-3'

1 B#HET&H HUVECs F75 (%200 £F)
Fig.1 Morphology of the HUVECs under microscope

1.2.4 gyt HERTHFEK
HUVECsZH g S8 1, keI B $ 28 ik 3 e, Bt
AR AR AT HL K (12% SR VO M I R B I ) A B i
JEWE R BN W F . H 5% i
eV M B R E R E 1 h, 20 9 A VCAM-1,
MCP-1 Il ICAM-1 —$T (F B 2iE Jik ), =k
HE 1.5 h, EY¥EE N HRP ZHi (B E 1
3000)F\REFL.5h, WAL= EZEH, E R,
X B BEs Wi E R, H GIS 1 000 43 B # 44
D2 V] 7 g A R S 2T B 0 T RN O %
i, Fitfr it a5,
1.3 Sit=FaE

K H SPSS 22. 0 BTG . FEF AR
A0 2 5 SR DA SA B b o 22 R, ZAIFEAS LR, IR
MIEZS SR, J5 26550, SR 7 25007, dE— 2B AE W
Wi L3R Wilcoxon K86, P<0.05 #REFHS
RES-9'8

2 #R

2.1 ETESHEKRER

AR TSR AT UL, IE R 41 HUVECs "5 % HE
SIEAIE , HAK 3 510 71 77 17— 2, PN B2 4 i i
BOE R, KNS AR WG RE R AR
I 740 FVRETH R )7 2009 HUVECs £ 2 % 44548
SN AT HEFIAS KN ZE5L, N B 40 M R
K R R 8 (LA 1) .
2.2 RBREIMFE3HHX HUVECs 4ih ET-1 1 NO

0EA

SIER AL, B 1240 NO 43 i 7K SF- B 2 T
1 (P<0.01), 1M ET-1 A8 fL AN B 8, BE T & )4l
ET-1 /K2 2 T8 (P<0.01) , 11 NO 246 A B g

(W#2),
2.3 eNOS.ET-1, VCAM-1, ICAM-1 # MCP-1
mRNA Ri&

qPCR 459 R, 5 1E % AR Ho s, BE T TR S 40
ET-1 ) mRNA ik B F W& (P<0.01), W J1 4
i\ 3 “3,':1?’"3' G AT

T - X
e e # PN s w VL A ey
T 41_. B, N

X ’
B G s N
. [ TR, e e P
' ; T e

(a) Normal group, (b) Wall pressure group, (c) Stress group
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*R2 BEMKRZHHT HUVECs 4iih ET-1 1 NO 4R

% 3 ET-1, eNOS, VCAM-1, ICAM-1 #1 MCP-1 mRNA % i%

Tab.2  Results of ET-1 and NO secreted by HUVECs under (n=12)
abnormal blood flow Tab.3 mRNA expression of ET-1, eNOS, VCAM-1,ICAM-1 and
24151 ET-1/(ng-L™") NO/( pmol-L™") MCP-1
EH A 21.05x1.09 52.06+8. 03 415 ET-1 eNOS VCAM-1 ICAM-1 MCP-1
I 4 19.36+3. 49 82.91+8.90" EHH 1.05£0.24  0.78£0.20  1.03£0.04 1.06£0.04 1.05£0.06
BETH 140 56.12+9. 13 48.37+7. 87

1 HIEHE 4 A *P<0. 01

eNOS 1) mRNA F ik W FHH & (P <0.01),
VCAM-1, ICAM-1 1 MCP-1 1) mRNA ik i 3 14
= (P<0.01) , iL5& 3 K 2,
2.4 VCAM-1, ICAM-1 #1 MCP-1 EH &KX

A AR g% B A A I 45 R B, 5 0E AL A L

JiJJH 1.1740.31  1.34+0.13% 2.62+0.47* 2.83+0.35* 2.76+0.26*

BEIfE 2.16£0.23* 0.61£0.11  2.91+0.31* 2.720.37* 2.85£0.28*
hid
T 5IEH 4 P<0. 01

B0 1 40 AN BE T R f1 4 VCAM-1, ICAM-1 Al
MCP-1 AWM FEIL D FWE (P<0.01), L% 4
K 3,

M 1

(b) eNOS (c) MCP-1
2000

1000

750

476 bp 500
223bp 250
100

(d) ICAM-1

Bl 2 mRNA FRIKEKGER (-5 A, 2-BEM R 4H , 3-1EH4H)
Fig.2 Electrophoresis results of mRNA expression (a) ET-1, (b) eNOS, (c¢) MCP-1, (d) ICAM-1, (e) VCAM-I

() VCAM-1

#4 VCAM-1,ICAM-1 71 MCP-1 EARELER (n=12) s S A
Tab.4 Protein expression of VCAM-1, ICAM-1 and MCP-1 3 iFREHit

4151 VEAM-L/ ICAM-L/ Mep-17 AS UK T A EATRRIR B R R Bl K, AS B K

GAPDH GAPDH GAPDH N . N
EH 4l 0.27+0. 06 0.21:0.05 0.240. 04 ?B{‘\LEJEH: @g %ﬁ%mjf AS ki‘y’i}?ﬂﬁqjm‘l
o7 714 0.62+0. 11" 0.56+0.14"  0.76x0.12" WA EHF e R ER AR AS UK

BERIR A4l 0.700.13° 0.64x0.15°  0.66x0.11° BB B AL BN 7 2 4 s (AN W) 3 I A8 1) 23 0 ) ot

B EZ AEHT VEC ML &S, A5
s, Wi, 2 — 5 85— 1 XF VEC Y FE AR
BORIERT A T IRCR AT 25 A, X Fh R SE PR

. 5IEH 41 P<0. 01

i 2 3

AV | ——— FIEARTIAT, ASCEAE T VEC B 24 J14% 1 1)
MCT- | c—— V5 Ty YA 2 A 7 B TR 7 P2, B AT LB A
GAPDI | FIT VEC BRI S 89 224> T3 43 A o7 3 FVEE T Hs

TIPS T) B g [r) 8 Ak, SEB0 2 AL 46 1 )
ZHRNEETR R 140, R AS & &0 VEC T 32 [ IfiL
Tl 1 IR A X AL, 2R AS AN & &R VEC
FRZ WML 2 1, DAIE & 2 % B 9% 5 8 I 30

B3 VCAM-1,ICAM-1F1 MCP-1 EHRIZER
(L-IEH A, 2-BEM 120, 3-I J14)
Fig.3 Protein expression of VCAM-1, CAM-1 and
MCP-1
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55 VEC 0 FEHAE A RIAN LR, #1557
B I3 20 1 5 e s A5 2L A% . A SCMHUVECs
A FEREMBE A FRIE 3 DT IS S5 M sh 1
POE:NESE AT
3.1 MAEEENE VEC EXE

VEC &4 0 - 1 A48 BE PN 2 18 1) — )2 1 2 52
Ji bz, e AT LA A 3 R L A R (A 65 T LR
JORIEE AR ) B E RO a4 £ Al
A O ML A7 7 DR i i R A
5 WRE A AE B AR N R, SR R
ARG 3l VEC 845722 B, R/ N34 AN 3, HE 51
L, B2 A AR, K DEE %
VARSI R ) 2H FEE T D 4 A HUVECs 24 K
TEOLARTR], (HSCHER] 8-9] v R & T Y10 Iy, I Ay
RG] T BOR e BRI VEC Jir
S S L B B A IEAR I ) — A
PRI 2R SR AR SN 7 2 v ) — A RR IR AR O, 78 31X R R IR
0L A5 2 0 SE R 4590 5 SCik [ 8-9 ] A, TRl
ASCRX S5 2R ikt A 24 Ty SR 1R
AT VEC B, ERg5edid 1, 5iEH 4L, b
FIA B R A S S0, A KGR R,
PEI N 3 FIRE TR ) AN 1) SR IR Bl ) 2R
#H HUVECs JEARM BN FERRZ —,
3.2 MA EEENS ET-1.NO

ET-1 1 NO 235142 VEC A 80 F1 43 WA 1 — % 5
B PI RS 0 RET IS TR R, ET-1
H1NO J#E 25 H B9 A P2 DR 5 10048 By s AR
ik AERF R s ik kDI RE . DFSEIER  ET-1 .NO
YRR TR AS WEES KR A%
ET-1 NO 5 AS W)X &, HETH9E L EGEW), H ik
L TER 2 B O Gl [R), B4R SCHE 3 AN F5 A
eNOS J2AE K NO (PRl , A SCEE R R, 50 1M
W JIEH THUVECs B ET-1,eNOS ) mRNA
FEIRYE (BETE I S 4H ET-1 mRNA ik i TH5,
I J141 eNOS ) mRNA ik B F T+ &) , #1550
ET-1 NO Zr b H)Re &L, H AT REM 15 5 1% S AL
JE M S AVER T VEC AR R A9 RE i g Az
J1Z A% 8 A5 T4 S, BETH H J7ff ET-1 mRNA
FeIh Tt TRETH R ) FEAN M NO 4305 5 1 7 feff
eNOS mRNA ik ThE, NO 43 & | i b ) AR

SRR ET-1 20, WfE VEC N5 S BE I & 7 AR

FIHE 510 6 T RE S Ik ST P 2k, AE AS B KA
VEC W3z 55 i sh S Ve, 18 71 FeE T R ) RS-
i R LR —Fh O E n ARRE T R T 5
PO S EZ AL S 1555 3%, ET-1 mRNA 2353
5, SFECET-1 20 W30, I 8 A0 46 2500 o5 1 345
N 5 B, Ry )R AZ 3R A5 5 10 {5 5, eNOS
mRNA FIkI458 , T80 NO 438, 1 & &F 5K 250
diEE, TAE AS AU & HR A7, VEC B AZ 1E & I3
SRR, BETH 82 d 4L S A5 5 RN, 1 sz
PAL RS —FER  ET-1 1 NO 4377 A 114 1 45
ROIA A A R R R B, el DL, R
MBS $ 3 VEC 43 ET-1/NO 2k #7 & H 5 AS

HIHLE 2 —
3. MA.BEW®EEANE VCAM-1, ICAM-1 #0
MCP-1 &i%

ICAM-1,VCAM-1 J& TR R & A K i
BB, FEERIAT VEC 3R, S A0 VEC b
it BF5EHH , ICAM-1 VCAM-1 7F AS J5782H 41
BERARIR WAEIE W 8k VEC L ARFL™
VCAM-1 1 ICAM-1 id %A 5 AS KE L%
FHIE, MCP-1 J2& F A PN 22 B 40 i 53 1 19 i Ak 1]+
FE ) — L, AT R R - W A SR 4R T VEC
ST SN, T2 LA A A= I el R e afn 45
MRS MCP-1 /E A — 1~ EEAE AS &
5T AS RIS RAE S ad B [FIEE AS S 41
Airh MCP-1 WYKL K5 AS 1 4 0 9 48 12 1F AH
S P, VCAM-1 . ICAM-1 Al MCP-1 5 AS %
YIASG, H S R B2 B3 3 A [A], BloA SCa %
X 3 ADSEAE RIS

AL SR AE N ) 4 EE R A,
HUVECsHJ VCAM-1 ICAM-1 Fil MCP-1 mRNA Fl4E
HFRIAZKT- 4t 2548 0, 5 IE W UM L, Wi 2=
SE . HIE,FE AS AR, VEC 32 2 1E# Il
Wsh AT, VEC A K Gk SRk F- 3k VCAM-1 |
ICAM-1 Fll MCP-1, & A3 X &£ K+, (1 240 il A 4%
b B AR RER AN I RE G I I
W%, VEC K45 1IE ¥ A B fE , W4T AS I8 1 i 7E
AS B R HR A, VEC 52 3 54 i 3h S 4, 51
VEC K3t # 35 VCAM-1 ICAM-1 F11 MCP-1, X 26X
TR HE A ) AS GF &AL Rk R A 1 )
SN IR S AETE i, VEC 8] B8, 2 i i o
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B, TUR T sh ks | e 30 AS, BRI, S8 1l it
Bl B VEC /9 VCAM-1, ICAM-1 il MCP-1
) mRNA FlfE Rk, #Emife i AS kA,

ZE LR, S i 8 1 i at BESY I VEC (1)
EAEMINBERL TR AS B &4, Ik, AS 4 &3
DS I BN 12 AS KAEIIR SR &K, S i
i B T B HAAE IR 402 VEC,

SR
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