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[REIE] AHF, TR REIHLB2 ALAKEERES, FRART, AKFSKANL@E
[# ZFE] B HRITARARFEREONALE A Lm0 E RREHILEE 2 R L0 H ok T HEH-ITH
FHER. FE RAEFAHSELXH L& ANAIKEBERBE G, AR A K @0k 575 3K A K R4 3~
6RATHEE., pATANBA KR KREALEREERE A (LKRESHNA 20.40 & 80 mg/L) A Bl K & 4
FEARAE T 40( 1.5 4= 10 bmol/L) « 7R B B 1] 2840 mg/L R AAMKF B A5 & @ F2 5 Umol/ L FT H 4% A48 7T £ H1 41 % 6.12 ﬁo
24 h) BiRA R (5 Bmol/ L FT 4K AL T+ 40 mg/L AMAKE ENE & G R# 24 h) . RIMILE RNA A& G, # 3
KRABFER AN o E R REHNLIE2mRNA 692X, LRGP EER N ERREBNB2RONLZE., R
ANAREEREQEN R ARME T AT R RKEHLE20RNA A& AR, 5Z a3 Babi,
R KRR T R F G S %R LB 2 mRNA 69 & K5 FIFEIK A 73% 51% 42 33% , & & 49 & 3K 4K
#1 81% 50% B 32% , RE K B A LA £ F A B F(P< 0.01); ALK EEIEE QA 6124224 h it 14
A F B K E A ALEE 2 mRNA 53 R4 5 5 AR VA 66% 55% F= 50% , & & & & ik 53t R b B K 63% .
53% % 49% (P< 0.01) o 7B T H AR T 2 3 55 R B o ] 28 o % R 3R F 45 4L B 2 mRNA A= & G 8 R ik 5 2f
BaHRE EZFALATFEL, MieRE TR ANRBRKEERE O oE BIKEHELE 2 mRNA & G &6
T, mRNA 23X 3EAh 1.634%, ZFaOREEMA 1.60 44 (P<0.01), Zit ANALRKEEKRE G ZANE/0H
AR T A B 5K F S LEE 2 mRNA Ao & @ 69 &k, FT4e R AR T AR A ) X AR 4E R .
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Effects of Oxidized Low Density Lipoprotein and Atorvastatin on Angiotensin- Converting

Enzyme-2 in Human Umbilical Vein Endothelial Cells
ZHOU Peng', LI Zhr Liang', XU Churr Sheng”, YAN QuarrNeng', CHEN Werr Zhong', and FAN Zhr Wen'
(1. Department f Cardiology, 2. Department o Emergency, Zhyjiang Hospital, Southern Medical University, Guangzhou 510282, Guangdong,
China)
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Vein Endothelial Cells
[ ABSTRACT] Aim To investigate the effects of oxidized low density lipoprotein ( ox-LDL) and atorvastatin on gene and
protein expression of angiotensirr converting enzyme 2 ( ACE-2) in human umbilical vein endothelial cells (HUVEC) . Meth
ods HUVEC cultured with equal serunrfree medium were used as control.  Different concentration groups of ox-LDL and atorv-
astatin: HUVEC were treated with ox-LLDL (20, 40 and 80 mg/L)) and atorvastatin (1, 5 and 10 Pmol/L) for 24 h, respectively.
In a time control experiment, HUVEC were treated with ox LDL at final concentration of 40 mg/L and atorvastatin of 5 Pmol/L.
for 6, 12 and 24 h, respectively. HUVEC were preincubated with atorvastatin (5 Pmol/L) for 1 h and then cocultured with ox
LDL(40 mg/L) for 24 h.  Changes in both gene and protein expression of ACF-2 were determined by reverse transcriptiorr poly-
merase chain reaction (RT-PCR) and Western blot analysis technique, respectively. Results Ox-LDL induced a concentra-
tion and time dependent decrease in gene and protein expression of ACE-2.  When compared with that of control group, ACE-2
mRNA expression decreased to 73% , 51% , 33% and protein expression decreased to 81% , 50% and 32% , respectively, after
treated with different concentrations of oxx LDL ( P< 0.01). When treated with ox-LDL for 6, 12 and 24 h at concentration of 40
mg/L ox LDL, ACE-2 mRNA expression in HUVEC decreased to 66% , 55% and 50% when compared with that of control group
(P< 0.01), and protein expression decreased to 63% , 53% and 49% ( P< 0.01), respectively. Gene expression and pro-
tein expression of ACE-2 in groups treated with atorvastatin alone showed no significant difference when compared with that of con-
trol groups ( P> 0.05). Pretreatment of HUVEC with simvastatin (5 Hmol/L) for 1 h could obviously inhibited 40 mg/L. ox
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LDI-induced gene and protein dowrr regulated expression of ACE-2 in HUVEC, which differed significantly from group without

atorvastatin pretreated (P < 0. 01) .

Conclusions Ox DL can dowrr regulate gene expression and protein expression of

ACE-2 in HUVEC in both concentration and time dependent manners, while atorvastatin may play a role in inhibiting the dowrr

regulation effects of oxLDL to ACE-2 gene and protein expression.

B2 —Ifl & K 7K = 5 4 (renimr angiotensin sys-
tem, RAS) 5 JE AU 25 8L 75 ) ik 58 A 844 ( atheroscle
rosis, As) JE i H A B2, FH W RAS W@ i $i s I
FE BT DU A AN SR A LIS 7 A R OK AT As A
M. % % K K # 4k B8 2 ( angiotensin converting
enzyme, ACE-2) 7K fift IfiL & % 5K 3 @) angiotensin &)
Ang @) AN E BIKR(1-7), KIE S5 ACE MBI
PERT . A0 58 R FY 30 % 3% 3R & g % JR S ( reverse
transcription- polymerase chain reaction, RT-PCR) J% %
BIE v W 52 S A BRI % B2 T B 1 ((oxidized low density
lipoprotein, ox-LDL) A B &A1 VT %F 355 77 f N S # fik
P B 2 Ffd (human vascular endothelial cells, HUVEC)
ACE-2 FIE RGN, FHT8 PRI HALH] o

1 #RAEE

L1 FEMR

HUVEC 41 i # 1 E Cascade Biologics /A &, 1L ¥
A ACE2 £ R &R B % E Sanata Cruz 2 ],
RILLFELZmERAGELE L2 EMBE AL
8], N 40 & K S Ao 47 ((endothelial cell growth sup-
plement, ECGS) 1 & % [E Sigma /> 8, M199 # # £ 1
B % [E Gibco A ], fit 4 i1 7 ( fetal bovine serum,
FBS) 14 & AN M 2 & &, PR T i a2
H IR/ E# . RT-PCR XA & W T Tiangen 4
BAE MR F . CO, 3554 4 5% [E Thermo Forma /2 &]
7= &, PCR {UF 8, 5% X 7 42 [E] Biometra /A ] = o
1.2 SHBEREEREANGE

EHAFE MK ETEHEBESEL(10C50
kr/min /% 5 h) 2B KX E fE & & (low density li-
poprotein, LDL) , % B\ LDL /5 & T 4 # & K # & AT 24
h(4°C, & 6 h #3¥ 1 %), LDL E T4 50 Hmol/L. Cu-
SO, Z i+, 37 CIEH 24 h, #v EDTA £ .F &1L K
BI,4CHEAM 6 hx 6K, LA KR E Cu™ A EDTA.
# & H o LDL & 4 o/L 37 FE 4% % X B ok, 7 /T B g
B )5 MR T A £ DU IE A NAR B, Bradford ¥ ¥ 4T &
HEE.
1.3 e TRRNEE

Rl 5% AT B K25 60. 47 mg, AT 1 mL 55 CH
KZ B, ;e A 0.1 mol/L NaOH 1. 5 mL, # & 15
min, M HC1 3 pH7. 2, /i PBS £ XA 5 mL, 1 VE 5

A%, - 10 ChRF, BHFERE AN 10 mmol/L.
1.4 ANFFERBkAE AR ERMER

HT 4 MRk B A G B R T M199 3 5k A (pH
7.4, % 10% FBS.50 ng/L. ECGS.5 ku/L f % .100 ku/L
FHEFM100mg/L #F %), & 37C.5%CO, 74
HE R, BARBE — K, 2~ 3 KBS E R
0.25% fk & G T H A ER, B3~ 6 REAE
B3 A 2 B B R . 3% 2.0 % 106 A48 FiL/ FLEY 48 B
EHMT 6 IR, e 10%FBS B M199 3 # £ & F
37°C.5%CO, M4 ¥ THE*, FHUVEC £ KET
CARAWRAR, % UL mEERERE R 24 h, 24
N E W E ox-LDL B [ 6 & 49T 3%
1.5 SCIEs4

FEMNBEHN T MEEREER FRKE o
LDL 41 % 4 3% & 2040 #2 80 mg/L ox-LDL 5 HUVEC
WEE 24 hy TR E M ERMIT A LKE 1.5 4
10 Umol/L [ £ % .77 5 HUVEC #& & 24 h; & & |
W K 5 Pmol/L fT#E AT 5 HUVEC & 1 h &
A\ 40 mg/L ox-LDL % & 24 h; A~ [ & 8] 4 % 40 mg/
L oxLDL 2 5 Hmol/L. 7 £ % 7T &5 HUVEC & & 6.
12 % 24h. &4¥H% 6 MEF.
1.6 HERFRRAEERFENMNE ZKRELE
2 mRNA RYFRIE

BRI RNA, - 10CRRFE A Fr® RNA |
K EAE Aso/Asso 7= 1. 8~ 2.0, 45 JE i& A41F RT-PCR &
o ¥ RNA i % F 4 R B cDNA R #H AT
. ACE-2 t %3l % 5-CAT TGG AGC AAG TGT
TGG ATC TG-3', T # 3| # 5-GAG CTA ATG CAT
GCC ATT CTC A- 3, H &y =49 4 A B 108 bp,
% GAPDH _t# 3| #7 5-AGA AGG CI'G GGG CIC ATT
TG-3', T# 34 5-AGG GGC CAT CCA CAG TCT TC-
3, EH =y B A 258 bp. PCR R B4 3
% 95 CHA M 2 min, 94 CHE M 30 s 55.5 Ci# Kk 30
s T2°CHAH 45 s, 163 34 0%, & J5 M T min. B 12
UL 338 =91 T 1. 5% 37 Be BE B Fx o ok, Al AR T
o EEIMELE, NELRLEME, 5B
& & IAH GAPDH #H T LU 1B 1F 4 ¥ & 4547 .
1.7 GBENEGMME ZKREHE 2 EAM
Fik

RIPA(E R R MmN B £ G RBR) REBARER
& @, Bradford M E R EGRE, 2% G- T0CRE.
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% 8% 4 P F 5% W4 FR, B 50 Mg B & & B
FaSsmnFEOREME, FHEEIBRKR0V, K%
X 100 V B3, K Bt[E 3 h £4, % £ PVDF i+, A
S5%RLRE il E@ T A L h, R 5w A\ # 10250 F
BH—H(LERAACE2 $4), 4 CEEFRR, A
0. 1% =t i 20 ¥ Tris 2% 9 & ¥k 3 K, m A\ 3% 1: 500 Fi
B HFR T AN TR F 6), TE
¥F lh RMALFH#TREL . RAE#HEES
MABEM, &LRHAZ BT FZEINFLEK.
1.8 SBitFELE

BB D« b R, AL IE B R B A
ok, FEHAK AL RETAEZF LR ERF
FEDHT. K SPSS 11. 5 Gt 54 B 4T 4 it 4
M, P< 0.05 H ZR7FRITFE X

2 &R

2.1 ABrEsBkAR B EE R AMEN

R E B T, HUVEC N EA K, ERIE
A TURHESIE R 2 A g icHES . (R T St
G %8 9 6 G L BH 1 R N 100% , I BH BT 1% 7% 19 41 i
N HUVEC. H HUVEC f£i% %7 96% LA L.
2.2 ARERESHRREERESMMAIEMKMEIT
3 [ X 3k =45 L EG 2 mRNA FIE A RILHIS2N

FRURAF, 85 7£ 1) HUVEC B f5 ACE-2 mRNA
AEAMEIE. £ ocLDL )5, ACE-2 mRNA A
HEMRIERD, 2R ERBIE XRAS S IKE
P FEA% A VT 4 ACE-2 mRNA FIEE A RIEE R KA
BEM. BENBAS 40 mgL oxLDL 4 H 5
ACE-2 mRNA [FJZRIEIEINA 1. 63 £, & HFREE M
160 f5(P< 0.01; £ 1 F11- 1) .

GAPDH

120kDa

ACE-2

. FERESCEEEZEEREQMMAEEMEITNNE
ZOKRFWES 2 mRNA FIEAFRIEAEMM M Jy Marker, 1
JuxtHE 4L, 2 9 20 mg/L ox LDL 41, 3 4 40 mg/L oxLDL 41, 4 4 80
mg/L oxLDL 41, 54 1 Mmol/L BTFEARARIT, 6 29 5 Bmol/L Bl #Ef% Al
VT, 74 10 Mmol/L BUHLARARYT 41, 8 Jii &I .

x1 FERESEHEREEEEEMAELMTMER

SKEELLES 2 mRNA FIEBRIEHIFN (n= 6)

9 4l mRNA EgE|
X HRAL 0. 697 0. 087 0. 646 0. 096
ox LDL 4
20 mg/L 0. 506 £0. 079™ 0. 525 £0. 085®
40 mg/LL 0. 355 £0. 057* 0. 324 0. 046®
80 mg/LL 0. 232 £0. 045® 0. 209 0. 055
Rl FE AR AR VT 41
1 Bmol/L, 0.737 £0. 071 0. 659 0. 081
5 Umol/L 0. 784 0. 087 0.710 0. 059
10 Hmol/LL 0. 779 £0. 079 0. 706 0. 083
R G 0. 578 10. 082° 0. 518 +0. 080°

a Ny P< 0.01, SXIBAIEE: b A P< 0.01, ANFEIREAELE;
N P< 0.01, 540 mg/l EAREHEEIREAALLE.

2.3 SHEREERESZEAMAEKMETIERATRRE
AFE) 3T M E oK REELEE 2 mRNA FIEBERIEFM

2 ox- LDL Il J5, ACE-2 mRNA F1E [ 1) £ ik
Wb, SR AR . AN [R) BT A BTG AR At VT 40
ACE-2 mRNA FIEE A RIEERFEA R EM(FK?2

A 2)

* 2. FEVREEEEAMMFEL AT /ERA AR R E x

B XK EEIEE 2 mBNA BB RIZHEMNE (n= 6)

9 4l mRNA EgE|
X REZH 0. 697 £0. 079 0. 646 0. 096
ox LDL 4
6h 0. 461 0. 050° 0. 407 0. 061°
12h 0. 382 0. 060 0. 342 0. 072*
2 h 0. 345 0. 062° 0. 316 0. 059°
Rl FE AR AR VT 41
6h 0.703 £0. 072 0. 631 £0. 070
12h 0.724 £0. 081 0. 681 0. 097
24 h 0. 765 £0. 068 0. 684 0. 081

aj P< 0.01, 5xFHEALLLEL

3 ¥ig

M4 S5k FK AL 2( ACE-2) 7E 1L P9 Bz 48 il
RRRIE, HATHE B — B L & 5k 4 5 AN O I
ARGV T, 25 & ME As U 1258 R LA
T2 BB AR R 2 R SR B R AR R R RE
Zulli 2 @3 g AT AR S, 1E As RN
5 4 < UL L i 2 P S P R 400 i v 35 T
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M
300bp

250bp GAPDH

100bp e e I ACE-2

GAPDH

120kDa

ACE-2

2. S EMRZEREE B FFEK LT E R A R BB X
ERIKRLILES 2 mBNA MEBRIENEIT M A Marker,
1 XTI, 2 9 oxLDL #1136 h, 3 4 ox LDL #1134 12 h, 4 4 ox-LDL
FIBL 24 h, 5 ABTHRARARTT RSB 6 h, 6 NFTICARAMITHRIFL 120, 74
B AR Ath 77 0% 24 b

Rl Ang (22 #3244 K2 ACE-2 & AR IE, AN Ang
2 RZhk K ACE-2 3 5 As RAERBIEFEAI As
EH .

AU FE IG5 H (ox LDL) 5 RAS f7E% 1)
BRR, SLFAME# As RAERMKE. A RKI ox
LDL 7] 18 ACE 3[R J Ang (O B4 2 AR FE K K IE,
1458 Ang @Y N . AHF AT K I, ox-LDL
LR R I AR M A ACER2 %98 T, HER A
B FE Yok X6 SR Ang v Ang CRFRAEIE As 25T
B, B R Y MU Ang(1-7) D, T
B e 4, @I T s i X — AU R R R As
KA. IEERTIREY, Ang OLWEENTRLAE
AR AT i LDL B8 55 5 9 R 40 i L B W 41
Fit AP UL 40 ff 0k LOX-1, 9 i ox-LDL Y 4%
BT EIR, Ang ORI TR ACE-2 A" . AT
AN ox LDLACE-2.Ang G35 [A] 44 It 52 1), i 26 g
FRUTHR

TR 2P IR 2 b AN 58 A 4 T L B B
JH1, Goode 2™ %of I A [ i ¥ 77 BOBIF 0 W ) 47 [B]
JEiE 14 73 B B v L G 5 100 T ] R KPR B 2
E =N NN NI Y N L NS MBS
7M. Mo E S KRB IT SR AT LR D ox
LDL $§ 5 5248 LOX-1 RIE K EPT As 1EF . [FIIAih
TTRZ4Wpik 83t T Ang @1 BL5Z2 4K mRNA Rik K&
AR, B 55 Ang IR o AT 4E
SRR, FFTFEAR AT AL 3 HUVEC J5, FFEfkfth
VTREE Z 4] ox LDL X ACE-2 mRNA & & [ £i&
0 R8O, AT A ACE-2 /KA Ang ivAT Ang (O}

o, A LA 4 I 08 ) I R ik R KR =
FAREHUAR A &7 I YR Ang( 1-7) K35 I PR 2 A
BT FEA% A 7T B ) 6t HUVEC ACE-2 1A To 54,
e R TT A B e, ORI IOE K R
FEYLEAR P 32 40 W b A0 1) IR T3] 25 ot 22 v 1 PR
R 32 F G IR G A I8 R BT R AR A G, HAL
il v T 1 — 2R

A 5T R BB FE AR At VT 38 3 #0111 ox-LDL 1
ACE-2 ik K% O ME RERPIEH, XM AEH
T F F AR RS, AT 2 259 B AR I PR O I 5
REFIRGE T X — AT RE EREALE. B ATk T
ACE-2 MBI 50 i Ak T A2 B B, 3 — DR =y 7
MU A2 2E Ty R DA anfe] 4 250 R 45 B R I8, A 8h
FHRATE AT RS T f# RAS, 750 I8 0% 11
IR B EER X,

[ &3 3R]
[1] Schmieder RE, Hilgers KF, Schlaich MP, Schmidt BM.  Renir angiotensin sys-
Lancet, 2007, 369 (9568) : 1 208-219.

—

tem and cardiovascular risk | J] .

[2] Thomas MC, Tikellis C. ~ ACE-2: an ACE up the Sleeve [J|?  Current Enz-
yme Inhibition, 2005, 1 (1): 51-63.
[3]  Zulli A, Louise M, Burrell, Robert E, Widdop, Black MJ, et al.  Immunolo-

calization of ACE-2 and AT2 receptors in rabbit atherosclerotic plaques [J]. J
Histochem Cytochem, 2006, 54 (2): 147-150.

[4] LiD, Saldeen T, Romeo F, Mehta JL.  Oxidized LDL upregulates angiotensin
®type 1 receplor expression in cultured human coronary artery endothelial cells:

the potential role of transcription factor NF-kappaB [ J]. Circulation, 2000,
102 (16): 1 970-976.

[5] LiD, Singh RM, LiuL, ChenH, Singh BM, Kazzaz N, Mehta JL, et al. Ox-
idized-LDL through LOX-1 increases the expression of angiotensin converting enz
yme in human coronary artery endothelial cells [J].  Cardiovasc Res, 2003, 57
(1): 238243,

[6] Bk %, kg, Houth, P M ETkE O ERELIAR(THP-1 40
i) BEEE R M EMACE LR R AR RIE [ ]]. PEREA R
e, 2003, 19 (2): 230-234.

[7] Limor R, Kaplan M, Sawamura T, Sharon O, Keidar S, Weisinger G, et al.
Angiotensin Il increases the expression of lectinr like oxidized low-density lipopro-
tein receptor 1 in human vascular smooth muscle cells via a lipoxveenase deperr
dent pathway [J]. J o Hypertension, 2005, 18 (3): 299-307.

[8] CGallagher PE, Chappell MC, Ferrario CM, Tallant EA.  Distinct roles for ANG
®and ANG-(1-7) in the regulation of angiotensirrconverling enzyme 2 in ral as-
trocytes [J].  Am J Physiol Cell Physiol, 2006, 290 (2): C420-C426.

[9] Goode GK, Miller JP, Heagerty AM.  Hyperlipidaemia, hypertension, and coro-
nary heart disease [J].  Lancer, 1995, 345 (8946): 362-364.

[10] ASCHE, B/ANB, BRI, SpAAbyT s e RURE E IR R A% 0

NG R =R Ak e A = Bl N o eN I P o
E o pk a2 &, 2006, 14 (4): 309-312.

[ 11]  Ichiki T, Takeda K, Tokunou T, lino N, Egashira K, Shimokawa H, et al.
Downregulation of angiotensin () type 1 receptor by hydrophobic 3-hydroxy-3
methy‘ Iglutaryl coenzyme A reductase inhibitors in vascular smooth muscle cells
[J1.  Arterioscler Thromb Vasc Biol, 2001, 21 (12): 1 896-901.

(UESCHmiE L)





