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[ Abstract ] Toll-like receptors( TLRs) ,a receptor family that express on the cell membrane, relates to the immune system that recog-
nizes microorganisms and plays a highly important role in the activation of the innate and acquired immune system. As the first discovered
TLRs, TLR4 participate in pro-inflammatory response, promote the immune cells maturity and regulate the immune response. A growing body
of research suggests that TLR4 is an important medium of the innate immune is involved in the occurrence and development of cardiovascular
disease. This article reviews the current research on the relationship between TLR4 and cardiovascular disease.

[ Key words ] Toll-like receptors ; Toll-like receptor 4 ; Cardiovascular disease

EE B R WA (1990—) , FE LA+, F 2N FEIKIBFEREILIISE . Email ; wuyaxi015@ 163. com
BEEE W #E, Email;doctorlixia@ aliyun. com



DR FE R 2016 4F 1 HEE 37 BH 1 Adv Cardiovasc Dis, January 2016, Vol. 37, No. 1 + 59 .

PEAERE U LB RS Ja Bl A S {11 = 2
Pggs 2 — , FL R R SO AU R IR W T a3
TR 22 (A ST 3R I, SRRE SR 7O I 5 9 1Y) R 2B
KRR B . Wi Toll #5214 ( Toll-like recep-
tors, TLRs ) REAE 1F 20 Jfd X 7 19 & 1l 5 L, 51 & R e
J2% o Toll #2244 (TLR4) J& TLRs F 19— bt
HAEH B 224 (lipopolysaccharide , LPS ) J 475 B &
iE VAR S i 8] T EEAEH . TLR4 76358500
MR & AE R ik B b R B A AR T Ll 1 2 i
A SE HA
1 TLRs Xk

TLRs f&—2895 I 7 F iR B 3Z 1k, e T 1996 41
WG SRR G & B B R B, FR R dToll, FE 4,
TEANKPE /A 11 F TLRs g & B, 5o A TLRs
K, Il 45k TLR1 ~10 1477
1.1 TLRs & .5 H R EERE

TLRs Sy | B AR 3244, HAH 1o = AN X,
Sy X A X L R IX , MIAMX S5 R 19 ~
25 A8 A2 SR 1Y 5 ¥ 91 (leucine-rich repeat
LRR) XLXXLXLXX (X AARATAT 2 W2, L Ky e &R )
A, B LRR 5 24 ~29 DMEEMR, H B ITE-H-a
U O 2548, Y B — A~ S B Y i 4 4, LA R TR
ARG T 5 M X 5 A -1 (interleukin-1
IL-1) ZAARRL, 8FR 2 2 Toll/TL-1 [F]3AZ A X ( Toll/
IL-1 receptor homologous region, TIR) , Z >}y 200 & %t
BRI, & 3 AORSF &L TE R 5 i S bl 3] d 2R
IS,

TLRs 534 143 T2 B ELAT 40 i 20 A5 5 S,
TLR1 ik #3542 e 40 s TLR2 (4 .5 1) 43 A WU
% BT R NK 4 LASM S e 400 ; TLR3 XA 55 40 A
TN . Wi T4 &, TLR1 .2 4 5.6 )43
i F-40 2 1E , i TLR3 7.8 .9 WA F2uap

TLRs P AR $E FH AR AT 43 - S5 B A4 i P i
PEBCHA o AN B A Sfe I8 B U A B, T
DA YA A 118 A U0 ) 2 A = A0 L, S WL AR I ) 8 4
YU R
1.2 TLRs {E 5% SE%K

TLRs {RUNEC AR S5, v] 38 i — 2R 50 1) 85 A5 55 1%
S %3k 2 LN I Sk gy F——REAE 3 AL IR 88
(MyD88) MyD88 4% 3k F 4 [4 (Mal ) \ TLRs A 5C 1) T

P ZIHALIH 7 (TRIF) F1 TLRs A1 G 94> F. TLRs {55
AL ARG ST AL MyD88 , u] 73y MyD88 i
PEANIAE MyD88 4 1 B i 5 514 S a2 . Horh,
TLR1.2.6.7 #1 9 4 T 0 {5 516 @B N AT # , 1M
TLR3 /315 5 1% T i 42 H A7 4 MyD88 i 1 i
% TLR4 NP4
2 TLR4

TLR4 2 A& B 55— TLRs" A 5 LPS
IO A B A2 AR, DR AR S S R A B i i) — A B
NIRSE T RAEIL A B e O I IR £
KRR ARG T BOR B 1 SGTE
2.1 TLR4 W55# 53 FNELIR

Y24 TLRs Z0 B — B, TLR4 L [R]AF 432 = A
#45  MaAM X ER 24 A4~ LRR 4%, RE A RF 5150005 R AH
54y T #5 # ( pathogen-associated molecular patterns,
PAMPs) s Jg A X A7 7E — Bt e 1 AR SF IX, B8 TIR X,
5 IL-1 A2 AR M A XA TR 33— R B S X
& TLR4 5 R AF 5 15 43 1 AR AR TR SC S B A0,
TEAR 5 e S g k4% T HEAE

TLRA |2 0341 T4 Je 5 AN SC A 24 2 4, 4n
SRS WA A 200 B S A0 K L 2 S, LA
HAZAMEI AL Z . Ah 15045 5 AR N HAl 2
VAN, Qi ERY Kupffer 401020 T ALAR 40,
iR AT Rt At A R R IR 4t 5

TLR4 455 A BCAMHE A U0 S IR BT AR A 5
PERCHA, TLR4 (Y FEZAMEERCIA S LPS, H 5 LPS 45
HEASG S, PiFEkE S CD14 M EAEH, i CD14 K¢
LPS 1254 € 75 th TLR4 FIBERE 76 8 -2 #4180
ZREAY Y . R, LPS SEERE ML 12 4
)5, TLRA 4fi4h LRR 4r % T TLR4 B3R &, f— 2
%5 TLR4 (9[5S ) k—a B Rk TLR4 1%
oAl T AN AME I BR LPS S SM R AR ST,
TLR4 34 n] U5 2R N JRVERCAAS, Qi B SR (LT 4R
FIFE MATTEAE
2.2 TLR4 55 %#S

TLR4 U BCHAR S , 7T LU R MyD88 AR E {5
o SE B F MyD88 AR e il %, A A A
F--kB(nuclear factor-kappaB, NF-«kB) i%H4b 1204 40 fitd
T4
2.2.1 MyD88 it 5544 i



<60 - DM ERFIERE 2016 4F 1 A% 37 B 1 81 Adv Cardiovasc Dis, January 2016, Vol. 37 ,No. 1

T AR 538 i, MyD88 i 2| SC A HT, H: C 3
A —> TIR 2548, 1 N 3 BA —A 5 I R AE 5
Z A& (tumor necrosis factor receptor, TNFR) fifd P [X AH &
YBET -5 R (DD) 1, MyD88 4351l 1 TIR 44445}
5 TLR4 DD %5 #3855 TL-1 32 {4 AH ¢ ¥ il (IL-1R-
associated kinases, IRAKs) % 4 G BE, k1 2 4, TLR4
55 MyDS88 J5, Pi i ik DD 45 F 58RI TIR 7 i ] 351
TRIK, W IEETA, MyD88 By Tl RE & i % TLR4 K H:
Tt 50 F &N . LR MyD88 A b
IRAKsR2 1L , #F— 25 30E TNFR A5G 6 (TNF re-
ceptor-associated factor 6, TRAF6) . 71k J5 i) TRAF6
W A A K -8 T AL B (TGF-B activated
kinase, TAK1) 5 I-kB /i ( I-xB kinase, IKK) &5 2%
I, i NF-kB p94M#135 19 (inhibitor of NF-kB,1-xB)
FRAL T B3t , iE— 2D A0 5 S PR NF-wB iE 58 2 21 i %
A, 5 RS AR E AH G PR N b 9 SR BB I -0 B2 TL-1.6
8 12 (s
2.2.2 MyD88 AR A5 5 i 38

TLR4 0% /) MyD88 | 4§ i M 15 5 38 I 9 7k
TRIF A4 (5 58 o A TR] F MyD88 i
53 %, TLR4 Jf ik TRIF AH G423k o0+ i 47 (W) 440
2% TRIF, J53& @ 5 TNFR #H5¢H T 3 (TNF receptor-as-
sociated factor 3, TRAF3) 1% THLE WA KT 3 M#E
R A [R5 S A% S o, WO 5 i TR R T B 3
GRS T 1 AT R AR IA, SEm el & A TR 1Y
BEPFIK 725 —J7 T, TRIF 254 TRAF6 552 K+ H.
YEFZE 1 1 (receptor-interacting protein-1, RIP1) | i —
AU TAKL il ik 5 MyD88 (i i 72 58 Bl i A2 ¥k
1% NF-wB F122 24 5006 A0 8 O {5 = i i, e 2 [l A
AR A6 8 P 200 [ PR 1 107 2 RURR, B e e S i
3 TLR4 53hBKRHEREWL

SRR AL — 2 SRE PR , BT IV b
VR I 285 FE R 2 10 Il A8 N IR AT e, BN
YR AT A7 , WA — R A 0 SR SCINE , DT T 585 e B
B, PEEHIREIL "™ o G S I 2 B R BRE B R 1k
FEHLH . Bk 2 B IR IE B, TLR4 75 30 Jik ok A
BEAE PSR e R PR S 1) — D EH B B 2 5 Kb,
TLR4 3@ 2130 NF-«B 15 53 i SO R, {2
HE T RIE RN, e A P BB AT E . AZEB K
SRR AR AL BRE B 32 1 v 3 38 TLR1TLR2 | TLR4 K3

T 1 NF-«kB, TLRs &3k 7K B3 i | 2 40 e v 0 i e
SOE GRS I (3G ) o AF Michelsen 25720 BF 5
KRBT TLRs 1) MyD88 (i V(55 1 # 7F 3l ik ok A 5
P IE il A rh v 1 E A A, AR MyD88 ERIKI (1)
BIRHEH E(apolipoprotein E, apok) flk /N, RUEH
TS Ve UL T st L G o A8 P BRE AR AR 4 /0N L R o
S ib , [FIEE A TS P AR B Y
TR . BRitbZAh AATIEUER] T @ik TLR4
FEP IS, apoE /N BUA Y SESRER | B B IR 5 1% £ LA S
BEH i 5 240 e Y 92 TE L [ A 2D . Chavez-Sanchez
A1 e B AT 2 AR B R B L 4
AR LR A ) 3% — ik & rf, TLR4 il CD36 K48 T 5%
SEVEF A B T U0 RN S, Cole 251 YE Sl A5 0
WEoE g B B2 A8 4 0 A% 25 B2 i 2 AR S R OE
TLR4 {55 @A N IR PE R, J& — o 2035 550, T
fdt A PR R 4 PR 43 000 BE B e, 6 177 40 3 3 Jok
SSRERE AL , 0 A 28 B K B . Lu 251 BR 5 3 o ik
TLR4 $5HUA BRI LLAF I LPS /EH] T4 IRIA apoE Bkt
Bea/INERFNAEARE BRI apoE Bl FE/INERL, & B TLR4 4547051
A LU AR BRI apoE BRFE /DN BRIl 8 0 K sl Jikoks A
R A 2 ) Bsf AT AR AR B IR apoEs e /) BRIl Vi
I [ B = H IR KF o 7E Yonekawa 252 B fiff 5%
R, TLRA FERZEBEH b i) & & 32 i T A0 A i, 7 5L
TESARZ AR I ) R A 3 T S BAE M . Katsargy-
ris 252 g IR T AT 2B AR 25 0 14 s R Y
(R ETL B0 Uk o83 F B B AT A I, R A Ml 245 R R Y
TLR4 {335 7K1 B i vy T M 2 A8 35, 3k i 45 o ok A
BEPLARRE P AT BE S TLR4 SRIBSAHC ML, 16, X2
HBULEH T TLRs AN AT LR 5% 20 ik okl o B AL B B
JR IR T HLA AT DO HAG RS R R 7 AR
4 TLR4 55MmME

AT RN, e I S — IR S0 PR R , T
TLR4 75 LR B & A R Rt B W A48 T 2 0 &
B2 B - e 2 - (R 2R A S I
FE Y ML v e 2 2R D, i 4 5k & 1T (an-
giotensin, Ang [1 ) J& F 2 /E K+, Ang Il A< 5 AL
MR RAE A BT, 1B WA S — RN AR R AR 12
LRI & R T 45 R B Ang T ROAE 4 1R )X
MWAE A id o TLR4 , 28y AT1/ERK1/2/TLR4/1P-10/
PKC/NF-kB {5558 f{ A G4, Eissler 25 g5y 22 3%



DR FE R 2016 4F 1 HEE 37 BH 1 Adv Cardiovasc Dis, January 2016, Vol. 37, No. 1

- 61 -

K WKY KB, FH NG-fil§ 3-8 i A 2 R iR 75 5
PR IR , % BRI S5 i WKY K B I 26 41
Hif) TLR4 250 8 FH 5, [FRE, 76 Bomfim 25
FORIFSE Fb TR, FH 55 [ 4 785 /K ((Wistar ) K BURT A &
P MLE R B (SHR) #E47%F L, % B, SHR K UG If
JETF R S SR AE B W 1) 7= A SR R 3 5 TLR4 A7 56, #ip i
TLR4 J& , W AF — & B B b BRI I, 6 2 9% E 21 o
FASCAE RIS e LR B Al I R
A1 JE ER DK I P B AZ 41 i RN rR R 40 i TLR4 3634 7t
1o, UGAHED , 76 Ang 1L A4 IR ff TLR4 =355, AT LA
TR R 2 L 75 W 3 T vl P 0 40 L 1 £, 2 3
Von LR S B o o L 00 R 5 4 S 3 ) e 1ML R
H TLR4 PHME R & 2 & TIEH AR, DL EARRB T
TLRA 5755 IR 09 %2 A 6
5 RE

25 L iR TLR4 AF Ry — A B0y R PEZ K, Bk
22 O IEAE e G 50 I A5 00 1) K 2 R R S DT AR
Koo Bt XF TLR4 WFFE AR A, A O I A5 5 95 1)
Bl IZWT R TT ARG R FDRE A R A R A s,
JES AT LA R LA B 05 8 B R T A (B AR I R
I — 2 RS o

[ & % 2 #k ]

[1] Badr K, Wainwright CL. Inflammation in the cardiovascular system : here, there
and everywhere[ J]. Curr Opin Pharmacol ,2004,4(2) :107-109.

[2] Akira S, Uematsu S, Takeuchi O. Pathogen recognition and innate immunity
[J]. Cell, 2006,124(4) :783-801.

[3] LinY, Verma A, Hodgkinson CP. Toll-like receptors and human disease:les-
sons from single nucleotide polymorphisms[ J]. Curr Genomics,2012,13(8) :
633-645.

[4] Wang Y, Ge P, Zhu Y. TLR2 and TLR4 in the brain injury caused by cerebral
ischemia and reperfusion[ J]. Mediators Inflamm,2013,2013;124614.

[5] Akira S, Takeda K. Toll-like receptor signalling[ J]. Nat Rev Immunol 2004 ,
4(7) :499-511.

[6] Muzio M, Bosisio D, Polentarutti N, et al. Differential expression and regula-
tion of toll-like receptors (TLR) in human leukocytes: selective expression of
TLR3 in dendritic cells[ J]. J Immunol ,2000,164(11) :5998-6004.

[7] Cole JE, Georgiou E, Monaco C. The expression and functions of toll-like re-
ceptors in atherosclerosis[ J]. Mediators Inflamm,2010,2010:393946.

[8] Yamamoto M, Akira S. Mechanisms of innate immune responses mediated by
Toll-like receptors[ J]. Clin Appl Immunol Rev,2005,5(3) :167-183.

[9] Park BS, Lee J. Recognition of lipopolysaccharide pattern by TLR4 complexes

[J]. Exp Mol Med, 2013,45:e66. doi: 10.1038/emm.2013.97.

RS, AR, Bl TLR4 5 544 0 5 AR 28 [T ). R4 AT fh g

#5,2012,(4) ;271-275.

[10

[11] Palsson-McDermott EM, ONeill LA. Signal transduction by the lipopolysaccha-
ride receptor, Toll-like receptor<4[J]. Immunology, 2004,113(2) :153-162.

[12] Lucas K, Maes M. Role of the Toll like receptor( TLR) radical cycle in chronic
inflammation ; possible treatments targeting the TLR4 pathway[ J]. Mol Neurobi-
ol, 2013 ,48(1) :190-204.

[13] Liu N, Montgomery RR, Barthold SW, et al. Myeloid differentiation antigen 88
deficiency impairs pathogen clearance but does not alter inflammation in Borrelia
burgdorferi-infected mice[ J]. Infect Immun,2004,72(6) :3195-3203.

[14] Downes CE, Crack PJ. Neural injury following stroke ; are Toll-like receptors the
link between the immune system and the CNS? [J]. Br J Pharmacol ,2010,160
(8):1872-1888.

[15] Wang Y, Lin S, Yang Q. Toll-like receptors in cerebral ischemic inflammatory
injury[ J]. J Neuroinflammation,2011,8(134) :554-561.

[16] Hoebe K, Du X, Georgel P, et al. Identification of Lps2 as a key transducer of
MyD88-independent TIR signalling[ J]. Nature,2003,424(6950) :743-748.

[17] Wu D, Lee YG, Liu H, et al. Identification of TLR downstream pathways in
stroke patients[ J]. Clin Biochem,2013,46(12) :1058-1064.

[18] Tuttolomondo A, di Raimondo D, Pecoraro R, et al. Atherosclerosis as an in-
flammatory disease[ J]. Curr Pharm Des,2012,18(28) :4266-4288.

[19

Chang ZL. Important aspects of Toll-like receptors, ligands and their signaling
pathways[ J]. Inflamm Res,2010,59(10) :791-808.

[20] Michelsen KS, Wong MH, Shah PK, et al. Lack of Toll-like receptor 4 or mye-

loid differentiation factor 88 reduces atherosclerosis and alters plaque phenotype
in mice deficient in apolipoprotein E[ J]. Proc Natl Acad Sci USA,2004,101
(29) :10679-10684.

[21] Chavez-Sanchez L., Garza-Reyes MG, Espinosa-Luna JE, et al. The role of
TLR2, TLR4 and CD36 in macrophage activation and foam cell formation in re-
sponse to oxL.LDL in humans[ J]. Hum Immunol,2014,75(4) :322-329.

[22] Cole JE, Mitra AT, Monaco C. Treating atherosclerosis: the potential of Toll-
like receptors as therapeutic targets[ J]. Expert Rev Cardiovasc Ther,2010,8
(11) :1619-1635.

[23] LuZ, Zhang X, Li Y, et al. TLR4 antagonist reduces early-stage atherosclero-
sis in diabetic apolipoprotein E-deficient mice [ J]. J Endocrinol, 2013, 216
(1):61-71.

[24] Yonekawa K, Neidhart M, Altwegg LA, et al. Myeloid related proteins activate
Toll-like receptor 4 in human acute coronary syndromes[J]. Atherosclerosis,
2011,218(2) :486-492.

[25] Katsargyris A, Klonaris C, Tsiodras S, et al. Statin treatment is associated with
reduced toll-like receptor 4 immunohistochemical expression on carotid athero-
sclerotic plaques:a novel effect of statins[ J]. Vascular,2011,19(6) :320-326.

[26] Eissler R, Schmaderer C, Rusai K, et al. Hypertension augments cardiac Toll-
like receptor 4 expression and activity[ J ]. Hypertens Res,2011,34(5) :551-
558.

[27] Ji Y, Liu J, Wang Z, et al. Angiotensin Il induces inflammatory response
partly via toll-like receptor 4-dependent signaling pathway in vascular smooth
muscle cells[ J]. Cell Physiol Biochem,2009,23(4-6) :265-276.

[28] Bomfim GF, Dos Santos RA, Oliveira MA, et al. Toll-like receptor 4 contrib-

utes to blood pressure regulation and vascular contraction in spontaneously hy-

pertensive rats[ J ]. Clin Sci (Lond) ,2012,122(11) :535-543.

FASC,XIAE BRI, AF. IR R TLRA RN IR C Ak P A6 R A

JHLT] . IR B s 4=k ,2013,13(11) :500-505.

[30] BRA, AL, Sk, w5 i 5 AR Il Toll FEZ2 444 T ANMITE T bk 2 40
HHRHURA HYFRIK Blm R L T]. S BEA72R0K, 2014, 30 (22) : 3601-
3603.

3
o

WA B #:2015-07-08 15 = B £7.:2015-10-27



