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[ ABSTRACT] Aim To investigate the influence of atorvastatin on the expression of toll-like receptor4( TLR4) and
lectin-like oxidized low-density lipoprotein receptor-1( LOX-1) , tumor necrosis factor-a (TNF-a) , intercellular adhension
molecule-1 (ICAM-1) in human umbilical vein endothelial cells (HUVEC) , and to study its possible anti-atherosclerotic
mechanism. Methods HUVEC was cultured in vitro and stimulated with lipopolysaccharide (LPS) for 2 h, then trea-
ted with atorvastatin for 24 h, finally the mRNA expression of TLR4, myeloid differentiation factor 88 ( MyD88) , tumour-
necrosis factor receptor-associated factor 6 ( TRAF-6) ,LOX-1,TNF-a and ICAM-1 was measured with real-time PCR, the
protein expression of TLR4, MyD88, TRAF-6, LOX-1, TNF-a and ICAM-1 was analyzed using Western Blotting method.
Results ILPS enhanced the expression of TLR4,MyD88, TRAF-6,LOX-1,TNF-a and ICAM-1 (P <0.01), atorvastatin
decreased the high expression of TLR4 ,MyD88 ,TRAF-6, LOX-1,TNF-a and ICAM-1 (P <0.01) which were stimulated
by LPS. Conclusion Atorvastatin can block the high expression of TLR4 and its downstream signal transduction path-
way and the high expression of LOX-1,TNF-a and ICAM-1.  Maybe it’ s the mechanism of action of atorvastatin to exert

the function of anti-artherosclerosis.
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W58 22 B, Toll #£3Z 4K 4 (toll-like receptor4,
TLR4 ) TEHT I e 505 | b Jed 1) T2 1l 3 Jok ok e 1t Ak
( atherosclerosis , As) FYTE il A 4 iE P g i 45 5 s P
EEZAEN] . TLR4 2 5098 SO0 RIS P A E 22 4] 1)
— AR A As BT R HEEEEMR . TLR4
i H R USSR 431k R T 88 (myeloid differentiation
factor 88 , MyD88 ) # it 4 Sz AL M PE 15 5 % 3 %
BT AR IAE R -, MR B AAE A - 10 g
RFEHF o (tumor necrosis factor-o, TNF-a ) A2 21 fifd
(5] %6 Bff 43 F 1 (intercellular adhension molecule-1,
ICAM-1) 7 As B9 R AEFIR JE Pl 24 AT, [ i
i Z # (lipopolysaccharide, LPS) 7] 38 1 TLR4/NF-
kB kA b i B R AR A AL RIS IR 2 Ak 1
(lectin-like oxidized low-density lipoprotein receptor-
1,LOX-1) i &3k, 4 41k UK % 5 R 25 11 (oxi-
dized low density lipoprotein, ox-LDL) X PN 57 21 fitd %)
05, TR As A aERE ) DR A S 56 1 FH B
ZoME (LPS) JI NG ek PN B2 M8 (human umbilical
vein endothelial cells, HUVEC) , ¥ 7§ TLR4 X F i
MyD88 i P 5 5 % 3 B, IF 380G i LOX-1
TNF-a }¢ ICAM-1 55 5858 R, FHBTHEARABTT (atorv-
astatin, ATV ) HEAT 10, MRS TLR4 KR (R
Bt 38 s 1 S 0 RIG LOX -1 TNF-0 ¢ ICAM-1 3k
AISZ I ERITBTFEARABTT Biivh As BOALH

1 #R57EE

L1 3R

& 2F i ¥ (fetal bovine serum, FBS) 14 A7 N 19
ZH AW R EE F 4K 0RE M T A # 4
S BOR A IR B DMEM 3 5r R &
A B % % E GIBCO /8 / # ; RNA-OUT % RNA &
BRI & RIPA & & 7 . BCA & & & & 0 T iR
Hl &Ml B AL KR £ 4 EF R B FEAE LIPS b
Sigma /A 8] = i 5 B4 % 9T 46 5% % B LKT Labo-
ratories /A & = i ; M-MLV ## % < B % Promega /A
= b s AT A TLR4 \MyDS88 | i 8 5 30 B F & fhAH %
B F 6 (tumour-necrosis factor receptor-associated fac-
tor 6, TRAF-6) . LOX-1 . ICAM-1 % TNF-a ¥ 7% [% 41
R Fn —$1 & Santa Cruz 2 7] F& .
1.2 ABFERBkAN RAMMIEFRREE

%7 HUVEC #9353 07 3520 BB BT 4 L3
BEJF A 25 ~30 em, B T 0 B 3 % 5 4 L DL PBS
A, R TE T BT 0 A WS I B 5T B — 3 3R B

B KR ST BN R, A 2 R EEN
PBS 7K , ¥ 7k JiF & ik AL 2 JF Rt 4 30 o i
JoF 7 — 3 A b w4 SR AL, N B — s R R A 8 Y AR
JRENTR M 3TCH 0.25% & A B E % % 72,
37°C A A 8 ~ 10 min;  E 4 8% BUH 1Lk I
KMETEE - AEBFBCE N, N2 FTH AR
4 20% FBS B3 Jc ok o # A B AL, — Il
ETHEOE N, 1000 t/min &0 10 min; 7 FiF,
A4 20% FBS ¥R, R EPRAT, #M T 25 em’
B, B 37°C 5%CO, BEA PR K, L
HE6FLEANANKERENEZH A, HERT &
HATHMEMN , FAREKZARARAR,BUHE
3R, Bl PBS Wk 3 K N BT B R AR (1
1) # & & 10 min; # i &0 AVLE F 48 X R £ 40
TAEW ,37°C & 60 min; PBS W ¥ ¥ 10 min; A
N AR HUK,37°C 15 H 30 min; PBS 3% i3 8
15 mln,%ﬂ}’ﬁ/ﬁﬂﬁ}#,ﬁ%%ﬁﬁ%{%?}ﬁ%o i
BERAE2~5 RUf, Fart ke REE R
1.3 HSAERFMm

JH 4 10% P& 4 fu 7 (FBS) 89 DMEM ¥ 3 ik ££
37°C 5% CO, ¥ 345 ¥ 35 % HUVEC 18 h, 1% 41 i &
KabameEEE, 2424 h Uk F F 1, 2 EHHL
N3 A E R A EA A A TR T A
(B LPS ¥ HUVEC 2 h J& , fm X\ [ 48 4% #3797
24 h), ZARHETHFEH#HATTH (1) F @ X
P40 .04 10% FBS #y DMEM 35 3% 7 ; (2) B AL 4 .
4 10% FBS # DMEM # 7% 7 + LPS(1 mg/L);(3)
T 6. £% 9T 41 . 4 10% FBS #y DMEM ¥ %3 + LPS
(1 mg/L) + F4E&R T (10 pmol/L) , 4 F 24 h
FEa .,
1.4 WHEE PCR

Jil RNA-OUT #2 B % RNA, # # 5 5 %ok &
& PCR %l £ mRNA B9k 3k, ¥ 8 &4 % 94°C T
M5 min,94°C & P 1 min,60°C i& X 1 min,72°C &
f# 1 min, 3£ 55 NMEF JE,72°C B H 5 min, DA
GAPDH H W5 M, Sl mAEZ LW ITEARA
a4 M, TLR4 Ez 5 4 % 5'-AGC GCT GCC TAC
ACT AC-3', 5| 41 4 5'-GAT TAT ACC AGC GCG
AC-3', #4187 bp; MyD88 L i3 45 4 5'-ATA
GGC ACC AGC ATG CAC-3', T 5l 41 H 5'-TAG
GGT CCT TAC CAG GTA-3', 4 # K K 181 bp;
TRAF-6 L3 5] 4 % 5'-AGC CAC AAT CCC ATG-3',
T #5141 % 5'-GTC ACG GAA AGG CGC-3', 4 3 F
K 224 bp; LOX-1 k35|45 % 5'-ATC CAT CAT CCC
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TCA A-3', #5141 & 5'-GAA AGA AGC CAG ACA
AA-3' 448 B K 142 bp; TNF-a F B 4 4 5'-CCA
TGT CTT TCT ACC CTA ATC-3', Fi# 5| 4 % 5'-AGC
TGC TCT GTC GGA TG-3',% 3 i K 98 bp;ICAM-1
F B4 K 5-GTA GCA GCC GCA GTC ATA-3', T
W 5141 H 5'-CGG GAT AGG TTC AGG GAG-3' 4 3
B & 151 bp; W% GAPDH i3] 41 % 5'-CTC ATG
ACC ACA GTC CAT GC-3' , T # 5l 4 % 5'-CAC
ATT GGG GGT AGG AAC AC-3', ¥ # K K 201 bp,
A 27 AT,
1.5 Western Blotting 434

Y% HUVEC B N TLA 0y 20 o 200, I & &
B, BCA ERll & aRE, U600 ng & A/ ikl b
+¥,% SDS-PAGE #. ik, %4 & # JE, fm N\ 1:200 B %
HiA TLR4 MyD88 TRAF-6 . LOX-1 TNF-a % ICAM-1
— R B R ,4°C I F 1T, TBST 67 3 0k, B m A\ it
A A B AR T Y F 40 R — HUAR B R (1: 1000) , B R
2h B& FEFLEE RIS
1.6 ZitF4biE

BAE 3 B SPSSIS. 0 Ge it 5 AT 4, SL 30 %
x5 K7, 48] 8 R A $ H & 7 2 247 (one-
way ANOVA),bL P <0.05 # £ %8 5iH#E L,

2 # R

2.1 ABrERBk AR EE

W N RAIRAS R HUVEC S92 Hiis 47
FEHES  IRINBTE L2 MTE , K/ A5 A VLA 5
FHOEHT IR G RE D E Y €, 26 22 040 i Sk 55 VI -7
FHEHUEBAYE (B 1)

1. ABFEikNEARNEE 72 B T A IR Y
IR A B AR (% 40) , A7 SR A JEbK P B 200 I 265 VIR 54 D% 47t
JRGBETERE( % 100) ,

Figure 1. Identification of HUVEC

2.2 PFAI$EMMT3F TLR4 ,MyD88, TRAF-6,LOX-1,
TNF-a 1 ICAM-1 mRNA xR 2200

FHLPS #1924 h J5, BEAI 4] TLR4  MyD88 |
TRAF-6 .LOX-1 ,TNF-a il ICAM-1 mRNA Fik W &
FE (P <0.01), i HBTFE AR AT T Fil 24 h )5,
TLR4 . MyD88 . TRAF-6, LOX-1, TNF-a F1 ICAM-1
mRNA FIkUI R (P <0.01;4% 1),

x 1. FFEMHEALTTE TLR4 ,MyD88 , TRAF-6 ,L.OX-1 ,TNF-o 70
ICAM-1 mRNA RIAMFME (v +5,n=5)

Table 1. Effect of atrovastatin on mRNA expression level of
TLR4 ,MyD88 , TRAF-6 ,LOX-1,TNF-a and ICAM-1

e 25 O IR FRRIZH BTG HAl YT 4
TLR4 1.007 4.23+0.16"  2.46+0.47"
MyD88 1. 002 3.58 £0.72°  2.31 £0.22"
TRAF-6 1. 007 3.64 £0.35"  2.07 £0.51"
LOX-1 1.001 2.93+0.48"  1.59 +0.27"
TNF-a 1. 000 3.35£0.58"  1.97 £0.53"
ICAM-1 1. 006 2.80 £0.54"  1.74+0.33"

a’h P<0.01,5%5 FIXTIRAL S ;b O P <0. 01, SR HER

2.3 PFAFEMKMITRE TLR4  MyD88, TRAF-6,LOX-1,
TNF-a #0 ICAM-1 B RIEHIF NG

FHLPS Hill# 24 h )5, BERIZH TLR4 , MyD8S8 |
TRAF-6 .LOX-1 TNF-o 1 ICAM-1 2K (1263581 & 7+
(P <0.01) 1 HIBTHE AT T 24 h /5, TLR4 |
MyD88 . TRAF-6 .LOX-1 ,TNF-a Fll ICAM-1 #5431k
B SRR (P <0.01;3 2 FIK 2) ,

£ 2. FIEMHKAMTX TLR4 ,MyD88 . TRAF-6 ,LOX-1 ,TNF-o #0
ICAM-1 EBRIEHIFM (x £5,n=5)

Table 2. Effect of atrovastatin on protein expression level of
TLR4 ,MyD88 , TRAF-6 ,LOX-1, TNF-a and ICAM-1

=g 25 X RREE FEAIZH BTG AT T 4
TLR4 0.377 £0.026  0.992 +0.061* 0.584 +0. 020"

MyD88  0.310 £0.008 0.963 +0.036" 0.634 +0.012"
TRAF-6  0.226 £0.004 0.837 +0.054* 0.475 +0.016"
LOX-1  0.259 £0.014 0.726 £0.048" 0.437 £0.072"
TNF-  0.471£0.026 0.971 £0.066* 0.607 +0. 034"
ICAM-1  0.253 £0.027 0.940 +0. 023" 0.415 +0. 008"

ah P<0.01, 5% %R HE b S P <0. 01, SR LA
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Figure 2. Effect of atrovastatin on protein expression level
of TLR4 ,MyDS88, TRAF-6,LOX-1,TNF-a and ICAM-1

3 %W i

As DLIMAS BE P IR BT, 2 A 20 i 5 4 R R AR
WFFE /R G SV BESE T As IR B, TLR4 1
R — T IR IR G S 1) B JIRLA 5 e 5 32 A4 T
2R As HED . PR BRI TR
LA P B 20 B A Rt 25 T TLR4 RIAARAIL, (H £
e 98 DA 1 3L, TLR4 3R35 B2 T i 5 145 AM B AL 2
HEAR AP TLRA S R 8357 P BSE Y A5 1, JH R0
TE TLRA SR A 5 PR R BR /1N BRRE 2R o 1] 4 A1, 36
W TLR4 257 As B PHNBEMIE R . TLR4
FETE MyD88 i M7 = % 3 3 12 i MyD88 E At
MAF 546 S A2 . WAL TLR (9 0 P 4544 38 5
MyD88 F kv A1 B A G AL, 15 AL iy MyD88 n]
V55 IRAK Pt 0 R Ak, 15 T3V L3 N Y TRAF-
6", WEALJ 9 TRAF-6 it TAKI 5 IKK {55 %
K i TkB BERR AL MIFEAR , 208005 NF-xB, G fL)S
f NF-xB HH M e A% BV A A% I, 51 2 12 2% 40 i 1A
TGRSR IR, JR Bl KSR G G AE S A
KIEH e 58 1 RS ARAE SN o dl ot bR E
SR TIBAR, TLRA S e T IOTEAL , 5 AR A
PRI SG s, e R R RAR e SO, 1T MyD88 3
R4 T BAAE Toll #3244 M 53T (toll-like
receptor-associated molecule, TRAM ) } Toll F£3Z {44
KBTI R LT (TIR domain-containing adaptor
inducing IFN-B, TRIF) % £ #0410

F1 200 B 0 PR 200 B 5 00078 PN B A L R B

2 As IR BN IR ST, BALAI M 5 0 N L
YUA G 25 PN R 3R | P S W A SR A T L
S 6 %) S 14 B L R AT L A1 R o 7 SR AR S5 2N BR
A T AR 2> (40 ICAM-1) BE ], ICAM-1
AR S G028 A L T22 908, ol A2 200 Rk L2 400 A 285 R
THE L RIGIER AN LT, SR A 54k B A
Jt, 2238 THOM S A0 BT %% B2 B B 11 (ox-LDL) W37 18
FeAZ A At A BECRR G 25 BRI, T2 B TR 240 Atk i
TR As B RAE o TRRBE 3 1238 R B 52 5 5
K -F NF-xB (385, 11 A 22 W5 0] LL3E 2k oA Bz 20 i
) TLR4 3% NF-xB, L ICAM-1, 25 B 40l 5
8RB — 20 RAE N, TNF-au S2 AR 5 5E S0 Y
YA P, B VR T A N R AR, e S 3
W F ARG, 4R TNF-o X PN Bz 40 A B 5 %)
ST, 3% AT REL R TNF-o {23 As K4 R TR
— AN, T H TNF-o 34038 3 4 2E B B2 7 i 2%
IRORAR I A0 SR A0 bk 20 B A I N
AR BRI ST R, I As AUREAR [FI AT ox-
LDL fE M5 As BT GRS R &R | il Hpr bk z
& LOX-1 454 BRI B g JF v S A W 2= e
W& B ox-LDL £5 LOX-1 4 S48 P Bz 40 it 3% 1k
L PRI PR U K A IR TR W E S B AR s T 4
1k, 1% S A% 5 740 NF-kB (935 4L, 1T 51 & A2
S 7 A B BE 4> F (4 TNF-o [ ICAM-1) () %35 T
B LOXA1 AR Bl nl /R Sk N R B B o, AR ox-
LDL FIA SR AL T 145 BE | i — 20 T BB ) R AE
JLNL B MBEHR A A fasE e

HAGAE As J697 7 T, B LIRE AR b 3, [F A
o — e A A AR L3S P9 K B IR TR B T fa e
LR 258, TR 2592 M IRIRYT I — 225,
0 3 JOEL T U 90 PP I R A BB AR TR R
T T 00 o) DL P %) 5 8, A AT 2 v ) 0 5 B2 g 2
Mo TR AR ARS i BA DR L
AL G IS N B2 TR R T 20 ARG A A S TR
BeZ AMPE RS An At T 28 24 4 B4 I K i
JEH BT RAE FH R 82 )00 145 B HAH S 4 &
FI T, AR BN N A 78 B AR il 4 4 &
Az R AL A W Ok T ) €8, T LI T RE
M7 TR

SEER AR F W, F LPS HIN Bz 40 L fS |, TLR4
FIR B T IEROE T MyDS8 AR {5 5 % =
W K MyD88 il TRAF-6 ikt W& THi, i
it MyD88 i 1 A7 5 e T 3 i A BT | e 2 BT
NF-kB, {H46JE 19 NF-xB #0306 T i R A K+ LOX-
1 TNF-a Sz ICAM-1, T 5|2 As B2 45 B 48 i PR 9
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oo FHBTFEAR AT 5 24 h 5, TLR4 . MyD88 J%
TRAF-6 3 R B 28 1 263k B 8 B, B B BT 4T AR Ath
71X TLR4 K i MyD88 it A 54 -4 i A7 1A
BAIEIVEH . [F I BTFE AR AT+ 1 24 h 5,
LOX-1 TNF-a & ICAM-1 ik B g F &, 5 B B T
AT X LOX-1 [ TNF-o & ICAM-1 £ B & (g4 il 1
H ol E] LOX-1  TNF-a Sz ICAM-1 [ 33k, b
FEAAMTT ATV A AN 5 1A P B 200 B R A B
PN R AN G 5 05, TR BT As AOFEHT . (HBTHEAR,
VT @ PP TLR4 K T i MyD88 K {5 5%
S R R A LOX-1 TNF-a 2 ICAM-1 HIfE
FH B2 B A H] LOX-1  TNF-a B2 ICAM-1 i35,
AR SEIGATY TV A R, RIS AT A2 rh MyD88 JE 4K
R R ERIEH, M E— 058
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