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Toll Like Receptor 4/ Nuclear Factor- KappaB Pathway Play a Potent Role in the
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[ ABSTRACT] Aim To observe the expression of Toll like receptor 4 (TLR4) and nuclear factorkappaB (NF-KB) in the
model of vascular restenosis established by balloon injury, and the effects of atorvastatin on neoitmal proliferation and expression of
TLR4 and NF-KB. Methods 56 male

Sprague- Dawley rats were randomly divided into 5 groups: atorvastatin treatment 1 week group, balloon injury 1 week group, ator

Atorvastatin;  Inflammation; Nuclear Factor- KappaB

To explore a possible role for TLR4/NF-KB pathway in the developing of restenosis.
vastatin treatment 2 weeks group, balloon injury 2 weeks group, and control group.  Balloon catheter denudation of the endotheli-
um in the common carotid artery of the rat was routinely used as a model of restenosis.  Immunohistochemistry and reverse tran-
scriptiorr polymerase chain reaction ( RT-PCR), Western blot were used to detect the the expression of TLR4 and NF-KB on rat ca-
Results The proliferation of vascular smooth muscle cell (VSMC) existed on the surface of
vascular lumen on 1 week after endothelium denudation. TLR4 (15.6% ) and NF-KB (9. 8% ) were stained on SMC of neointi-
The levels of TLR4 mRNA (0. 39) and protein (26. 18) of carotid arteries were increased compared with those of the control
group.  After 2 weeks, the neointimal were significantly hyperplasia, the lumen were striking stenosis.  Immunostain of TLR4
(37.2%) and NF-KB (23. 2% ) were mostly positive in the neointimal cells.  The level of TLR4 mRNA (0. 49) and protein

Treatment of rats with the atorvastatin caused a significant inhibition of

rotid arteries at different groups.

mal.

(57.12) of carotid arteries were significantly increased.
the expression of TLR4 and NF-XB as well as neointima form ( P< 0. 05) .
by balloon injury, the levels of TLR4 mRNA and protein of carotid arteries were significantly increased and companied with activa-
tion of NF-KB.

Conclusion In the model of vascular restenosis

Treatment of rats with the atorvastatin caused a significant inhibition of the expression of TLR4 and NI-XB as well

as neointima formation.
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TLR4 and NF-XB played an important role for TLR4/NF-KB pathway in the developing of restenosis.
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ZAR(Toll like receptors, TLR) S 7E 973 Ji 8% Al G 9%
RAE R E A Y TLR4/ % T XB (nuclear fac-
torkappa B) {5 51& F1@ M KIIEHNF T 2 KAE R
THIRIL, XL RAE R T2 5 1 151475 RAE SN
LA UL 48 B 234 AR T A v kS E 2
AR, HEN TLR4/ % R 1 KB 15 5 1% S il % ol GE £
B EPEEEEH . AR RIS K
IR — A WA PE R, WS I E N B a7
TLR4/ ¥ 7~ KB K122k, I I RTFE Lt iT 254+ T,
DR AR T RO L ) B2 B T S A 7 JEL %

| RS

L1 ##

2F Forgarty & 14 B Edwards Lifescience /2 8], ##
FRAMRBHENETEIZMBERAETE”, BRE
B 5% K_KZ ( polymerase chain reaction, PCR) ¥ ( Master-
cycle gradient) B /G HL( centrifuge 5804R) \UV-754F 4
KA E T R LW BT R 16 L EP & # 4 Eppendorf /A
B A7, RIUR TIR4 £ RESLAE . R LR ZE T B
3 55 & Pk 4 % B Santa Cruz A 8 7~ 5%, W H B E T
. PARARMFRAAECEEDEHL .2
ANEAHALF HRIAMYBATCHEEN G R
A % B Zymed /2 F 7= &, 16 B 18 72 7 %1, Trizol 2 B
&G B % [ Invitrogen /- 8], 1 # % & A4 B 45 R
(reverse transcription-PCR , RT-PCR) 1% 5l & KBl g
HAZEEZAYIENH.
1.2 SKEz¥YIRSE

B SD A R 56 R, R E 300 £20 g, B1 &
EEMAFAYER TR E. LhewTE R R
1A, BEaHAEAK. IS AMERMBITIEST TR
B(n=7)F1 14 KR4 (n="7), WERHE 7 KE(n=
7)F0 14 RE(n=7) ( FARBERH), DLR T B4 (A
Bl R o ¥ 09 4 & ol Bk e 2t BR) o PR R AR 7T A
FARBIREAI 1 R4 THFLARMIT 2.5 g/ (g
BEBEEE. HTHEMARTE, EHARA
143,87 RAA AT &EARAUFRREM K
RT-PCR .Western blot #7 A& B o
1.3 KEIIKARIRAIRENE

W AR BT A B F, R B F B Bk, T
2 5 %3, Yo 3 Bk & KA, K 2F Fogarty 3K % %
ENLETNANRMBBANETEAk, FEHBNRE &
—REABERTEEES LT AL, 0. 1mL £HEH
AFZBIKE, L E B A4 0 AL A H A B K
EA L RBEIRERBRE, FI el o#HAL.

1.4 REBESFRE

B EE, BB AYT A, 1R E S Pm, HE %
B HE T WE VIMC BT A A EEEE N,
BRALSAEEEEN. HARFEX S, NEA
FEVCL O B PO RE, W oS A (8] A PR, 54
METHEZTENDEET T HE 2 EHREANITE
HLE BT R G, & H#HATEE RS, F RAicEH
WA EAE NEABEURE REORE, 250
BN PREEERER, BALEIR 10 4 &0 47, 3
FHME. W EHNEE SR L Imagepro plus 4. 5
£ 1ME W —F & E Z b (intima-media thickness ra-
tio, IT/MT) « 4 f& —+ & & A tb (intima-media area ra-
tio, IA/MA) & & iz & A ( luminal area, LA) .
1.5 SZALNEERNIMNELRLL FZEF KB F0
Toll #5144 4 HIFRIX

RETR 4 RARFHELEEFE, £ 7
HAFEMEER S F T BRI E 20 min J5, B
HEFR T 4% 2 R FBEFEE, UERAL P
Jk e B # A A, EA 3% H,0, 15 min, M
P A B M A4 e, PBS 3% . JH 0. 01 mol/L
FERZZFTRFEMEEE. By mEsE
10 min. ¥4 H F KB — 30 ( 12 250) 5t TLR4 — #L
(1:100) B & . HAw=40 10 min. A0 FHAR T
A EEATIC B8 U & & 10 mine DAB £ 1 min,
AAEEL30s, WELER K —FREH, #4&
WIH . AR R F, #iv PBS B RELE
Fifk, A S BT, LE THAR 3 ML, itH
SRR e R, TR
1.6 ¥TFEFHEFESEERERNIME Toll
FEZ K 4 mRNA HOZE (L

AT B A2 SR B Bk, — 70 COk F8 R 77
B 4E i & AR A, 38 5 m A\ 1 mLTrizol, A 22 %X
BRAMARXZHA T LM, RIERNA 7, £
s B 1 Hg RNA, # 3R 7 & 3t B 5 #5417 DNA & R K
PCRY #¥. PCREIMA NS AETENTIRAR
NE A K. Bl JF F): TLR4(555 bp) F 5°-CGC TTIT
CAG CIT TGC CIT GCC TTC ATT AG- 3’, RF 5°-TGC
TAC TTC CIT GTG CCC TGT GAG-3", B-actin( 241 bp)
F 5°-AAC CCT AAG GCC AAC CGT GAA AAG-3’, RF
5-TCA TGA GGT AGT CIG TCA G-3" . R JL &% H
94 CTA 1 2 min J&, 94 CH 1 30 s~ 60 TR K 60 s
T 72 CH AR 90 s, 3£ 30 M EIF, 72 °CHZE 10 min.
BUS ML 38 7= 4 T 3 R vE R A e vk, BB AR TR IR A
BT R G #-ATHEHF 2, it H TLR4 mRNA 5 B
actin mRNA H 18 .
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1.7 Western blot ;54N M B 2H 20 ch Toll 51K 4
HIRIE

Y AL JE B A2 R B Bk, - 70 COk AR 7 o
BOR B4 AR A, BUE B, BB — R (400
&) bR R EIEE T H AR(5% B 978 ) +
37°C# 1 2 h. # H J& n TLR4 — #i( 1: 400) 4 CiE
H. SEYREAFICH —HE 4,37 CHE 30 min, 5§
HR LAY B CHNERITIEEE4,37CHE
20 min, DAB B & 3 9, & & Bl 89 4 5 & W BLEE,
IR EH A HENC ELLL I R . ] Western blot
BN 2 AT R, WU M & 4% H B R 25 B (OD) 1B
1.8 GitZEath

BEU x £s 27, AR LEALEE 7 25
H(ANOVA),P< 005 ¥ ZRF B &%,

1. BEKRRIME HE F-EER( x 200)
H,E NHNESRAG 14 KA.

2.2 FHEKXRIEERNEPZETF B EANRIE
T KB IEFE LT 2R CUBRL Mk )17
TGt WA E AL A, R Gth. BEAYA B
RJG 14 KAl W8 2 155 B % ( 23. 2% £0.7%),
mTARE 7 R4(9.8% F0.5%) (P< 0.01). BT
RAMITIRIT 7 KA 14 KA MBI (55N
5.7% 0. 4% M 15. 0% £0. 8% ) W] B T B R 4
(P<0.01,2).
2.3 FHHEKXRIGERES Toll HFK 4 HIRIX
2.3.1 Toll # %4k 48yeizkik ot HE AN 2>
HRIETLR4A( 1. 5% F0.4%) . TLR4 & iy £ B
A I 14 A= P B SP- 3 JUL 400 o ol R 4 i |, 2 R AR
o T2 R 4% €5, B 12 S 455 R 2 o I i) S K T 184
(7 RA5 14 R 58 15. 6% 0. 9% F137. 2% *
2.1%, P< 0.01), B +EAAth VT V6 97 41 TLR4 4L 4 FH
PR(7 RAE 14 KA HIHA 9. 3% F0. 6% Fil 22.

M, TN MR N o BREES /5 5 nT LB B
B0 B 38 A o P R SR P B 20 20 ok It 6 B PN 2
RN 2%, BB RS TE . RIE T RNIE
WA, B AT WL R A RS . RS 14 R
W S AT PEORIE M 1G5, 18 1) A B o BL VSMC
RN, VLB RIS 14 K S R i R () ofn B PR
VIR, 5 N ES AR L, BT FRAR AT A
RJG 7 KBS PN R A H B 236 2E 78 14 KRBT, P9 IR
AT W AR (R P A N T 43 1 A W 8 el A (3R 1 A
1.

® 1. BEXBRILIOREIFEGRIFER

9 A T/MT TA/MA LA (mm?)

FTFEARAMTTIEITY 7 R4L 0.15020.008*  0.108 10.009*  0.428 +0. 0212
P B A5 7 R 4L 0.268 10. 012
B[ FEARABITIATT 14 R4 0. 358 0. 009"

PRS0 14 R4AL

0.202 %0. 016 0. 348 0. 014

0.297 0.010" 0. 304 20. 010

0.890 0. 082¢  0.601 £0.028*  0.212 0. 020*

a N P< 0.01, SESG 7 K41 b oA P< 0.01, 5 N ESG 14 K41,

A Jyxt B, B OSRTHEARATT VR YT 7 R4, C ARSI 7 R4, D AR AMITIEIT 14 K

4% *1.4%) LLAHRNAR AL R % ( P< 0.01, & 3) .

E 2. mE#REF KB REHLLEFELER( x 200) A SN B
AR TIBIY 7 KA, B NABRIRAG 7 KH, ¢ NTIE&RMIT BT
14 K, D A 14 R4 .
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555 bp TLR4
241 bp B -actin
5. X EENEREABERNGR C AR, 1H

& 3. % Toll ¥k 4 REELWEFLER( x 200 A K
B FEARALTT VAT 7 R4, B RWEBIUG 7 R4l C AMFERMIT AT
14 K41, D AW S 14 R4l

2.3.2 @EMRF Toll B4k 489%%  TLR4
I BB I [A) ZE K T 3G o, YR A 14 R4
OD fH(57. 1 £2.2) N 15 7 K4 (26.2 £0.9)
)2 % P< 0.01), HBE & T4 (12.0 0. 5,
P< 0.01) . TFTFEARARITIEIT 14 K41 TLR4(28. 6
0. 9) BEARE T AL H & TR e b yT 697 7 K
(15.610.9), {HITRAL T RIS 5 14 R4L(P<

0.01, & 4) .

110 kn.. 4. 3 2 1 c
96 kDa Q - — yos
4. Western blot 3% &40 28 o Toll 1K 4 IFRIA

C X B, 1 NBTFGAR AR YT VRIT 7 R4, 2 NN ER G 7 R4, 3
NBTFEARAIT BT 14 KA, 4 NN ERG 14 KA.

2.3.3 A% Toll H LR 4mRNA 89T 1k P JEE A5
514 K J&, F L4 & TLR4 mRNA 7K *F (0. 49 0.
02) B xf B ZH (0. 18 0. 01) B E = (P< 0.01), 5
PGS 7 R41(0. 39 0. 01) ML 2 R BEME(P
< 0.01) o MZAFIFEARMIT( 14 REF T RE DA
0.39 £0. 01 1 0. 29 £0. 01) ¥&J7 )5, H mRNA /K-F
HHE F(P<0.01, 8 5).

3 ¥
IR T8N LA P 2 0 B A3 405, o S~ UL 4 e

BTFEARARITYRYT 7 R4, 2 WIS 7 KA, 3 N ITH T
14 RH, 4 HPIESS 14 KA.

HA5E TR S AN A A0 R T R R AR TR 512 I P 3 R
R0 i e A R T AR R AR R B SR i e
ARG 9 RE B R AR R IR B IR 2R, Wfal A 25
) JRE SN, /D ST AL 3 % A0 48 B e AR A
WA R M SR, TLRA J& — Fh 2 K1 4 % R 51 52
R, FERUAARSKH L 8 24 EC B M FF T SR e o R 3 B A
o 540, TEAREE G 1E LT e W20 23853475 1 4T 4
HEEE A MR T E H 60 ( heat shock protein 60,
HSP60) , ¥4 Al 3% TLR4 £iEY, TLR4 % 5 il
— RGBS 5 BT BUS % R T KB, 5
HiB N 2 A R R IE R, SR RIER T
flFeik, AT SE 018 WLZ0 i .. fhyT K25 A
ISR S AR 259, TR ik B A B B0l N B2 0
BE 081 ML /N T T AOIE IR N R
3.1 Toll #54k 4/ #%E F B @K 7EHE7E ME T8
A4mpm Rk

70 R IAE VSMC HAFERZ BBl 1 KB BOE il B,
LR ST UL i 8 7 o 420 ) 0 R 1, TR T 4
M3 R e B IR 72—, (B R L5 Thfg
BUEBAER AT AN T . PRV UL T
Fp LRSI, T kB AL TR b, T KB 15
DA, FERS R NI MAZ, e sh3E s Y . At
B8 &5t S R BILLE S 30 Fok P e A A AR K L 3 A 1t A T
WL 7 KB R IA 1 55, I BE BT R E 4K (7. 14
K) RIEME . Talenti S5 76 30 2 kBRI 5™ 2 455 AL
KERSLIeH RI, SEREY 7% 14 K5 5405 1303 Bk
I3 PN R TR, 55 BEZH LL A, B pSO i p6s /KP4
TR, X R AL R F KB T4 s L AR P R 4
AEmYIMRK. LR RS R L RA TSR, IF
FEOMIESERZ IR F ¥B 5 8 R AR 5 Tk 78 25 D) AR
5K, (ERZ K7 KB 4 80E B R VIAL 5 R R 2
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Toll F£5Z 44 ( TLR4) [ A BLXF 1% — 40Uy >k i 1)
UL, BFIU R B TLR4 = BEAE N 7 40 M L S0 4% 40 il
HH PR RS SOPR 2 Bk . FRATIAE T B A AR Y
HUR I, TLR4 =5 R IR 7E I8 39 28 P9 IS A ~F- 3 L 4H
a5, TLR4 mRNA 18 5 7K 1 B0 I 20 B 2 3
hn, BBERRIE K (7 RAT 14 K) TR IA 5%, Sasu
1 F AR R AR il 6 BR B R0 AR TR A HSP6O i B4
VSMC, &5 R &K I TLR4 /3 pdd/pd2 22 R 7 iE b &
S (ORS¢ S s S S G AR O NN 1| = o
WLEI3EAE o FRATT A S O6IE S 7 8 A5 A 70 g 2 P i
FTLRY #IH T kB RiEM&. BT HEANESS
TR A T R, W B 6 Y 9 L A s T AR 25 2R A
RERERRMEER K. Saskia &7 7 HI7E 85
R E3 SRR R DR /)N BRUORTET 2R A /N BR A 3 ik
PR AU FNZE BALB/C A1 C. C3H-TIr4 BRF B A5 A 5
ket LA, &5 R ILE R IR B 1 E3 S = (L A
/INBRHR AR 2 RO B T K BE BRI 5 B0 ik 2,
MfE C. C3H-TIr4 GREA R, HEA K ERAE .
X—RIESE TLR4 25 T s bk E B 2, FF 7T
REPME T — PN EEMN MG, AT TLRY %K T
KB {5 5@ B 7 B A i FE A AR

KA TS R R Y], TLRA/ % K 1 KB RIAAE ML
AR R P UL B, FEREE B A K (7 KA 14
K) T 2 35 16 38, H mRNA A& [ /K 5 i & B
VSMC HFE A £ IEM K. A, BHEARKE S
TLR4 7 & FIg WLERIEE 2, i A5 L A
JREF AE5E? Okamura 251 038, 15045 41 4VB U
— Moy F A 4R E A T EDA BT DLBUE
TLR4, 4088 7E B ECIR & F 72 42 (1) HSP60 . AT 3%
TLR4. T PR 78 A B 46 3l PR 3R A& 9 52 4 Bl ) 437
155« JHE S B R AE o
3.2 PUFEEMITHIHI B IRE & Toll #3214k 4/#%H
F KB S BEERITRIA

KEIGARTFAUE A RIER NS5 T IE FRE
W HE, Bt AR RT3 i) 98 RE B2, 9800 P L4
JEL 03 B AN B U R PRI T B A8 R AR R ) DG . BITHE
ARAMYT REFD 78 W4 A (9 38 FE 8 2 208 1L Y
B T RE K A /N B Bh B8 I AR T B 3B A I T B
AL B2 . Eschert 4 138 7T 25259 B B W7
/NG B A Ras [17EWEES LN Ras WA TR 2247 34
FVE R BB iS4, JH VSMC & B R A 22
Sy ZAFARNE RCAT 2 40 R AR K TR T B P R I R IE, 4R

AARTT 2 M AE M VOMC SESEEE B . (AN
ARG IR B BT FE A At YT RE A1) B bR SR K I
Jo it ik R TR A% R KB I K B A AL
Al IR TS T, PRI 2 B R R AR Al T e
HIZIE 7 KB )R IE . A S50 45 Bk LB 5 e fth VT
AL BT R D P R A IR e A A% R 7 kB
(e BT, Boekholdr 28" E Xt 48 1f 5 it 5 45 5
ik o4 A% B 4k 141 655 137 B A5 5 P TLR4 2 K 2 &5 1
(Asp299Gly F1 Thr3991le) A FES2 b & 31, A FI AT
F25), Asp299Gly H5s F AR 5 0 LB B0 K
AR ERA(P< 0.05), fEAEH#E W4 b, Y4 R
AR S5 950D oo TP B O R A, TR 3T 3 oh, IX— b
B K K3 . 45 SAE B — J7 16 TLR4 W RE7E
MBI P R A, 5 — AT R4
AR R HIE PR AR SRR B, BT AT
A 33 TLR4 mRNA A& AR IEKF. 28 LA
R, BTFEARARTT R A 0D B A N R 9 T BRI B&
I I A PN SC R BB AR ) R AR, X — I FE T g2 R
i TLR4/ #% R -F KB 38 B 1M s2 B
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