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[ Abstract] Atherosclerosis ( AS) is a chronic disease characterized by lipid deposits in blood vessels. An increasing
number of studies suggest that immune-mediated inflammatory responses play an important role in the pathogenesis of AS.
Toll-like receptor 4 (TLR4) participates in various stages of AS as a member of the natural immune pattern recognition
receptor family, and thus has become an important target for the treatment of AS. This article reviews the progress in
research regarding TLR4 and AS.
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(atherosclerosis, AS) &A=

AS H R IR BILT AT AE , SR T HE L6 3R e g 1
T AS B & S 8, AL 4G 152 A% | RS RS 1A T 15, A
WA R R PR | IR A AR

MLAEFH A2 AS &SR EYAZ L T AR, Ok B 2
MIBRFFE I, 18P R AEAE AS KR ML e 4 5 2
MPEFS T X RAE(S 5 5 KR G e R 1o M e
PERTRBR R . A S V8 Ry ML ST A1 3K 955 I
B ER—IE B2k, T 4E R B 2 i WF 98 HAE AS &0k
RS2 . Toll £ 3Z {A (' Toll-like receptor, TLR),
TLR4 E2R TLR 5 i i — B 3 2 00 T 3 R Mk
77025 AS DA BN Joe RUER 38 B e 24 1
BB B, B EIA RS2 52 AS & Ak & Jie i) o %
ERZ—,

1 TLR4 g9k

1.1 TLR4 SHEHFLEH

TLR & —FP e 2 B =GR 1 32 4 38 1 1R 1] 45
A S5 AH 5 3 145 3L ( pathogen-associated molecule
pattern, PAMP ) 7£ K #R G 58 v J #4559 4
TLR4 25— KW ZAK, 5345 T B 40 iz
(SR 1 1 W R N S ) g T
B2 W fE S 5 o 7, AR SR A,
R HE(LPS) A2 ad PR PEAE 4 (1 4 F, a4 AR A%
W FEMRHE M (oxLDL) 7

TLR4 J&— RIS AR 11, F IS8 | 3% X 55
BRIX =3B i, MU e E R s SR E B r
NN, Z 5 X% PAMP B3R5, 38 ik 15 5 X065 5
HSAYIA, MRS TL-1R S0 5 A 3K
X5 B ) U, R R O Toll/TL-1 32 44 ( Toll/TL-1
receptor, TIR) Z5#y3ak , FH F 354 &4 TIR 45 5AY
e, AT TS S5 S Toll #E 32 K10
Il PAMP £ [ Gages b &2 FEAE T, S0 B 2 R 4 i
FER LR T, % T EA LA NEE AR (major
histocompatibility complex, MHC) —- 2/ F#E447 AU $T
JE TR TR SOIR 20 I 2 10, T 40 M 3R 591 & 85 o7 1
GaE NG, PRI Toll # A2 (A 78 [ 45 6 92 RS o7 1 £
I B v AR A
1.2 TLR4 WAL ESEKSER

TLR4 R BIBCAR & A e A 10T, 52 PR ALtk 17
FERE S, TLRA JEME—n] LUK IS P 2515 5 i
) TLR A2 1A . MyD88 < i 8 {5 = 3 1% 1 MyD88 JF
WA A5 38 Y, 43 B B MyD88 I TRIF 1

et 5 2 IR EE 5 06 T IS5, 200 A ¢
PR R TR FEMTE T.B Wk 4 0y
TN PR R N, BE — 2 R M AR Y TR
ZEL7/
1.2.1  MyD88 i {5 =i i

MyD88 < i B4 A7 5 i % o 78 BT B b A 3 BR
TLR3 DISMITA TLR HY L) (5 55 0l g Bl
FE4r 4k & H 88 ( myeloid differential proteiN-88,
MyD88) J&— Fh 81 H2 25 1, A W5 R Bk 1 45 44 5 N
Ui Al C U, C i A TLR 254938, HAE R 5%
RBOEE S B . N I PR FET S5 M5, S IL-
IR AHCIEL M 4 (IL-1R related kinases-4, IRAK—4) #H
HAEH ,IRAK-4 BifiRfk IRAK-1,IRAK-1 #—2&
T iR TR B8 R F- 32 R AH ¢ B F 6 ((tumor necrosis
factor-associated factor 6, TRAF6) ') | TRAF6 J&—
i E3 12 R IERERE , TRAF-6 5540 E K N1 B ik
W -1( TAK1) A EAEH], TAKT 5 TAK1 455 81
1 A1 2(TABI #1 TAB2) 455 5. LAY TAKI i —
RS NF-«B #0612 B2 59 (IKK o B g)
2z 24 )5 1% A6 85 H R ( mitogen-activated protein
kinase, MAPK) , #E T #I% NF-«B Al AP-1 2,
T I (G s DR - 1E 20 LA, 7 A 4% Tl 240 L AL
LA T, 41 H 4 36 (interleukiN-6, 1L-6) | 41
Z#-1B (interleukiN-18, TL-18) , i 5% 3K 3E [H F-a
(tumor necrosis factor—o, TNF-o) | FRAZ 40 it #a 1k 26
H — 1 ( monocyte chemoattractant proteiN-1, MCP-
1) FgLey
1.2.2  MyD88 AR (51 %

MyD88 ={E A A P 17 5 8 % S N A & A= 1 O —
A5 5 MM, TLR4 @ E 1 TRAM 5
TRIF 454 )5, 1% TRIF, TRIF 5 TRAF3 . TRAF6 LA
FZRAEAE I 1 # 3 (RIPLRIP3) Z5 5 )5,
TRAF3 #1 TRAF6 15 1k, 73 5l 47 fd A [ #4380 3% 1
N TRAF3 5 IKKe 254, T AL LR W1 B 7
3 (interferon regulatory factor3, IRF3), —%I+ 3L &
(interferon, IFN) f=4:2) . TRAF6 1£ RIP1 FVEF R
5 TAK1 454, B40% NF-«B F1 MAPK 755 41 Jifg X 1
i U

2 TLR4/NF-kB ZEZhIKEHELZBHRRER

TLR4 1 h K AR e TLR G — bt B B
I R R W iE BRI AR AS BURAE TP E —E
Hufii . TLR4 7E NFI/INEAY AS G e rp Ay i 3Rk,
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FEERZE AN AN, S5 AS 1
BABEY . BRI A, 5 CSTBL/6 /NEUMIEE,
C3H/He] /INRAE = I [E B AR B v A BT AS (17E
H1, XSEH T C3H/Hel /N BULE TLR4 40 Jifd 5 X A7
FER AR 30 TLR4 JCUIRE, L TLR4 1] G827/
AR N &4 AS B —Fh B 2K E™) Michelsen
28030\ S 0] TLR4 F MyD88 HLpH 3k | i 2 F%
I Apo-e-/—/INER 32 8l ik s A5 B Ak 22 1T B BB i
Jor o f | W 200 LRV P B 0 T A ) 2R R
KAGAE S AL R 7, 4 MCP-1  TL-12 25 ({476 5 7K
S, Edfeldt 25724 ffF 5% & 3, TLR4 76 A AS B9 &%
YA BBk R B e ik i BB PR TLR4 7€
N AS PGS R A 5 EE AR,
2.1 TLR4 FEREMEYFEEHPRIER

AS S TR T | A SR A N B TR g —
PRI A B, I Y R B A PR | BUEE I Y T
A, FEAEFFIN A S HE M A B R MER . BRI
R RERSE AS R AR JERE & foh & T i 48 M R AE
I SRR, FEUMAE N RER

I RE Fh A AP 25 B2 iR AR 1 S PN B A A AE B
= AS RAWMIT G, 35 ELO P26 i Ag H % LDL
HEINE] 1. 81 ~4. 89 mmol/L & SUK A MLE
FAg f A, mAg s LDL #8405 , LDL 45 A Py i
&1 A ox-LDL, oxLDL W] #7& T 40, 433 20 i P
TRIFE R 43T, A5 SR A% A0 R REL I | 5 P9 R 40 4
filh 5 9B B L W 4 27 ox DL 1493805 AT 12 1 1
AR AY TLR4 2635 I, 12 98 5 W 40 it 75 ik g
JO I B A A0 R, 36 K A0 Y AR RO B T IR 7 4%
80,0 AS BEE—Mhrii . Howell %1% AXF TLR4
TEPEF TLR4 SRR A C3H/HeN /)N B W 40 fifg 1 &1
PEFT oxLDL 35 S5, TLR4 I1% 1 14 /1N BRI Wk 40 it 4
AR TR A0 A % BE ) T B L, A, B 5T B A A
T oxLDL 501, JH TLR4 A5 BhiiA AL C3H/
HeN /)N BUE 40 D, 15 5 440 D 1) 96 3% 200 £k %) Eb
I 29% & 2] 13% , I IEABATTIA A TLR4 J& oxLDL
e EL I 20 B 1) 96 TR 40 B 43 Ak BT AL ARG, SR
oxLDL 403 W 40 g 26 187 TLR4 F151 % 1Y 28 i [ i
AIBRUIAIL ] 0 ANTE A SRR i — TR 5 3 D] a4
4k 8 A - 2 ( myeloid differentiation protein 2,
MD2) , IV 20 fifd 5 T 1) — Fh 32 44, 7E oxLDL 37
TLR4 w4545 w2 W VEM, oxLDL 7] H 4% 5 MD2
454,155 L 40 M0 MD2/TLR4 & & W 19 JE i
TLR4/MyD88/NF-kB i 2 e Hk 1fij 5 | 2 TLR4 F43 frk

e ST I I % B0 MD2 B2 S0 T LABEL L AS
(A R MD2 (94 I oxLDL 75 5 4 AE 2
BB T AL A

FARZ A ML AT AR Y I A R i B B B R B Y
EBANML, Xu % HFFER W] TLR4 76 AZEFI/N B
WA IR RS AS R R S R B A0 I Rk
Stoletor % "*" 44T B b ey AH [ B PR 12375 5 1045 B
FERRBIE i, WF Y & 30 B 5 4 % B LDL 75 %2
TLR4 25, 1 WLANMITE AS JE ) & — A~ B B
WREEEREM . Kiyan 25§58 & 3 oxLDL j#
115 TLR4 45 &% 5 F i L4 I8 ( smooth muscle
cell, SMC ) 5Ok 240 Al 5 7% il ¥ I ¥ ( granulocyte
colony stimulating factor, G-CSF) 5k; — 5 W 4ff g 4
7% % ¥ ( granulocyte macrophage colony
stimulating factor, GM-CSF) , #£/~ SMC £ 5 F I 4l
F A9 FEZ AT . Aviram 555 WF5E R I SMC 8 o £
B oxLDL, (i R WA TLR4 _E 3, #05% T iF NF-«B
W, FFREAL TL-18 , TNF-o 55 R 4 40 J H 7, 12 R
[ SMC B AL IR AN , I A5 2 S0 I
2.2 TLR4 ZEFNBKBEERTE AL A EI1E PR

BEE A5 Y & Je , SMC. H i RS T 78 2 N R
TS 5 B PRBEH TR L, 0045 A IR A= 385 SMC
JE NI JRL () B A AN AT R ILTE AS
e BAZ%.0 X SMC (19 TLR4 &35 b i, Xk TLR4 &
ShK R FEBEHE W Pl B PR

Michelsen 25 Ff Apo-E™ /IR 5T F 1
TLR4 K H: MyD88 (195 5 fili 443 3= 5l ok SR 1 i £ i
N, AR T AS YRR, Bjorkbacka 55
FI MyD88 /N BUE B, TLR4 Bl = 55 564k 2 ik 5
Pl A B A O 3 A SR AR T AR AR TR Y- R
T RIRIA
2.3 TLR4 7 AS R E/GHIM1ER

TE AS B9 78 J5 30, 28 P 240 JfL 4 0 1) 28 11 Tl e
PR ST T R L R E R
BAE WA, e R E B - 9 (matrix
metalloproteinase-9, MMP-9) 7£ sl ik ¥ FE BE AT E
RS R R A EH] . oxLDL Jd i TLR4/
NF-«B K #i 1 42 42 98 W 40 g B i 10-8 , TL-1B .
TNF-c, |38 MMP-9, Jils BESe f g 2407

Il AR 5% 22 BH , 20 ILRE ZE (acute myocardial
infarction, AMI) £ 35 A 4 L5 43 B R 1) 15 10 400 i
FRITTbR EL 200 i LU R R A0 29 (stable angina pectoris,
SA) AN &, 4 7 S5 B BE VT 5 B B
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SR G AT O, A2 2E T R TLR4 7E
JREARAT 4 5 Wk 20 6 2 i 1 e bR Bl Jok B e e o 3
ik, KW TLR4 2 58k BEH A B 2 57 . Yu
A5 US)E Ah HC AMIT HR 25 B 2 BTk S S AR AR, 20
BARZ AN, FRE B LR T B A M 1Y) TLR4 5
TaHAF, U] TLR4 7581 30 bk i 1 1 B w5 4
JH F B 22 38 AT B U e R 2l Ik B e O S R R 24 1
FL K &, Montecucco a1 o ApoEf/f N B Pe-
apoA-1 P WF9Y & Bl iz b ifid i TLR4 iR 15 53K
PR LR MMP-9 75 38, B i B AIR, i
T3 0 3l Jik B Bk 1 B 482 1, B80/0N BB B8 T 3R 38
23% ., YEEEE O EA MBS B A (FN-
EDA)YEN TLR4 A PG FCAAR , o] 38006 TLR4 38 5
Doddapattar 250 %t Apo™~ /IN B Y BF 5 45 S K 0
FN-EDA & /A% & i TLR4 381215 5 1) 3l
ks A BEHR AR E
2.4 NF-kB 7£ AS &% iT 2 hE{E R
PRAE I B PH T T 2 — SR S T NF-
kB, NF-kB BN HE—FE AS I+, 25T
AS FE S AR A 2R B AR
NP R 5 B3R B T NF-kB 25 T
AS IRAE L FE . Methe 5512 R B S 5 Bk 25 G 1IE
FUASERE B0 B9 R85 10 40 ) I BR A% 240 M FN
AR NF-xB B0 , 3278 NF-xB A0S 2 S
14 AS HEJR I —FE S ML, Tang 55 H] siRNA
A% Apo-E KO /N TLR4 J& , NF-kB ik Bl 2 9
0, F 3§ IL-18  TNF-a F1 MCP-1 7K - i
FREAK . Wolfrum 25 ] NF-xB I 55 , FEAK T
Apo-E™/INER FE Bl AR 2 Ik ok A Al A s A2 TET AL
TE AS 572 B0 , ox DL 4035 I Bz 4t % 2E &
i I, NF-kB 2 5 005 P R 4 RS B 20 40 etk
BEE IS 40 I8 RL B 49 -1 (vascular cell adhesion
molecules-1, VCAM - 1) . 40 JE (8] & B 43 -1
(intercellular adhesion molecule-1, ICAM-1), N}
21 A BR300 3 5 A A R 4 R R, AR R T
AS 19 k& ) Plotkin 2810 A% Apo-E™~ /N B
FH NF-xB #6515 , 9D 1 R 40 i i T i
RIEA- T VSMC D) E 53 B30 ik o RS A=
S AS KA M8 NS, VSMC H
FEDIR S AR A LR i R, NF-kB F AL 5L p50 .,
p65.p52 .c-rel Al RelB i3 i, Ml B &K 4B T
P, I AR VSMC BUE 5 , B0 IRE 5 VCAM -
1 MCP-1 ik A7, M3 482 4 B 18] 19 32 43, s T

SMC #kZE ik VCAM -1 1 MCP-1, E W2 i f5 48
Wz  HHETE S BKBE Y AE XS Bsh ko A= i
(R B K AE BE LR AF 5 |, NF-xB 3 3005 |, Fasl 36
ik, NF-kB 2 52 i 1= H Fas At & ( Fas ligand,
FasL) (55 845, R Y NF-kB/Fasl, 2 5B A Fa
SEHIHLE

3 TLR4 {EASIBIT AS

AS JEAE R —FpHAth O B PR Y A T
B FNGYT AS BN FRATTE s G By [, TLR4
T AS W& A R EE MR, Rk TLR4 K& H:
TV AT A VAR A IR YT # A, Shen ZE 5T
R, 4T BRI A S 0 AS B G 7 A Hb T B
FERRAMTTIA YT 4119 TLR4/NF-xB #3501 i T+ 55
PEBTHE AT T AT R 238 i 0] TLR4/NF-kB #1276
JT AS. Boekholdt 45 X 47 AR Sl Bk ok A A8 Ak ()55
AW & B TLR4Asp299Gly 22 257k 5 9 0% 1) & E
HK, MRS TTIAYT G, 95 A sl bk 3 i
JEERE R W, BE B /s JF HOBE R kOB Al
TLR4Asp299Gly Jt R 0o i S 4 AU AR TR 4547
AL % AR S S B D AR YT R 3R 2R
%, AR A M BT AT A 2 A
X R IR ME SR B Apo-E™ B Z i /NEL AS VEFH L
B FBATE AR A YT X AS A1 A 98 38 5t 14 i
il NF-xB #755 /) TLR4, X} AS B9k & HA3 — & 1)

=\ [ 51
p= O R
4 itig

TLR4/NF-«B JE&[E 47 He 92 i — 4% 5 2538 %,
I RIE VL TE AS BB & R E A Bk
PEEEMMER . AR, Ok 2 00 53 58 1o ik A
P AR T IESE T TLRA KH R s S0 i%
55 AS KR EIAISAE I BAE AT AS (—AE %
HO, HH T A7 A — 2 0] 8T 2 IR A Y
oxLDL/TLR4 i1 I 3 I 41 g 22 17 1) CD36 53
W A4 0 ) o AR A, 2177 75 1 7 4 i PR 7 %) g 75
RAE SN, (A& I A A BFFEIE S TLRY 5 4 i 7
PR ELHEAE FIBLE] , G R A BF5E R TLR4 £
M0 24t L i o it e IR T st 25 AR b 1 /R K TLR4
SR ZBMES AS S50 A F 1 U 9 & 56 R AT
B, AR RV TLR4Asp299Gly &+
LT T R WIR T R Z, K
TLR4Asp299Gly JER Z 85X AS 19 & A A7 (A9 1
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FH T A BF5E & B Asp299Gly #5417 25 55 1k 5 2 0
JUUASE B0 XS A2 3 I 1, T Lo M JE Gk, DR e 7 e
LW IR FEA M —2 B TLR4 3L 28515 AS
KAERXR, WA RS G5, 8 it
BRI IA AS I AS () & A= B HE AL 8T LA
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