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[Abstract] Toll-like receptors (TLRs) is a kind of pattern recognition receptor which widely exists on the
cell membrane. It is a natural immune system component which can regulate the inflammatory response of the body
participating in the signal transduction of cells and play an important role in the endogenous immune response. But the
excessive inflammatory reaction initiated by TLRs can make the immune function of the body unbalanced and damage
the function of many organs. The earliest discovered TLR4 is a transmembrane protein, almost express in all kinds of
cell. Lots of study show it is closely related to the occurrence and development of acute pancreatitis (AP). The role and
mechanism of TLR4 in AP will be reviewed in this article.

Mechanism

[Key words] Toll-like receptor 4;  Acute pancreatitis;

Fund program : National Natural Science Foundation of China (81370562, 81500488)

SRR R (AP) J&— Rl FLIXI G | 52 24 2 , T %F
Jili | B A5 ZZ A RSN B A 45, HA BOE R R
IR TCAT a7 TR T AP (9K 15 4 E K 3ok
A& I 0] LS e B RGE RV 2R A E (SIRS), £
A EIRERRARLEAAE(MODS), H: 2461, Toll #5244 (TLRs)
SR VAT NI LS R N e B ORI T AR
PR BAIEAMBAN LB T 13 PR, fEfs5
PEBCAR RIS, TLRs XS HLAAE 23R Rr 54 S i | B i
e KB AP RIVE Y o TLR4 2 Tl FLsh
A PN e B A PRI SR Toll BESZ AR TR , A6 AL BRI T,
TLR4 VE AR IER: T T pe M B2, T A 850 B SR
Ty, AP LR S R RAZS L T 4R RN 4
it SN T, SRR 2 3 ARE R 5, — BB I o T
M S5 TLR4 {55 #1157 TLR4 {5530 % 19
A, Horh, — BT HE5 TLR4 {5 5@ B i 74
AR, (R W T R0 S0, B AR A B
12 000 [ DNAX 3468 11 12(DAP12), - BE40M 2 filh & 524k
(TREM2) % 55— e Ui i TLR4 08 Bk b 5 5 TRz
ZALRER , iz Z AL (A20) FLEA B3 12 K RS
PR RING S5 #9315 28 11 (Triad3A) 7, AR HLIA
Z 31 R, B TLRA FF I 9 98 RE B I 1T R4 2k Ze 45

DN AP SF 2R R VRS . BT TLR4 78 AP K4 K Jie
HR TR (14 S SV PR, A SR S RIRTR YT I M 2. Bk TLR4
FAUZEFHRAE 78 AP rhf i 4 £ (0 S AR R A 250
1 TLR4 M4 R4FE

TLR4 J& F 1 BUES 2 A, phy A X i85 5 X ffd i X
U MIAMX I SZ IREEH ) — B 16 ~ 28 N E & s &R &
P A, FEA R AR R RBL R, (St SRR PR R S AL SR
JEHE SR R RN AN R B SR 4
PR, BRI p 20 R 6 B A L B A 7 A s SR A A 56 2 A
(PAMP) L AR B A 1 247 (A 4 Bt ™= A R 4545 AR 5 43
FREA (DAMP) ' Hor, PAMP Sy AMEE D (4, 23520
R 22 IR = AR R 22 (LPS); DAMP Sy N M LIS,
T AN RS R 1 B1(HMGB1 ), DNA | 4135 3
PR 70 (HSP70) 45112130

TLR4 J& T A Z-1 (IL-1) 2B 505 , Ho X
ZEHN Toll / TL-1 ZAK[RIRIX (TIR) ™, 75323 LPS HI%5
WA e/ X AT TR (ST, S5 AREE B TIR 4545
MR 1, 5 2 45 AR 7F TLRA 589000 — %4k, i 5
B WG S0 0 T, B 2O A SR R T kB (NF-«B)
T8 [ oY A 22 B TR AL T (MAPK) 38 %, 77 A= 40 if 15
T AR TR TR SRR



RS fE T 2 RE S 2018 4F 12 H 45 30 4545 12 1] Chin Crit Care Med, December 2018, Vol.30, No.12

e 1207 -

2 TLR4 MEMERRITHE

1 T TLR4 78 P IR G2 SN, A K 9 e vh & 1
TEAER, FCAEAR Y 19 Az B A L % A7 38 52 3117 4% 1) )
8 ANAGE A 1553 1 1F BRSO IR A P R
TP E A B R R LR B RS

TEALASZ BHIS , TLR4 TF A K& % 5%, A2 i mRNA
R N FAUA R RAE RN . L, mRNA £ 4 5T %)
T IER RSB PT S BRI B SR IR A 1L 2p96
1 PRAT4A PR AL, #6FE b H -2 (MD-2)
X} T TLR4 75 P9 J5 WL IE A A B S AL B At ke 1] 17 S5 Y
YEH, I Ho7E H e B 2 A0 B85 Jinsie T TLR4 X LPS B4
Bk, ZJE, TLRA #5857 NS 253001 emp24 PR
(TMED7) U], I Hot i 2 R AN EEAZ AW I
(COP 1) Byt L, E A% 38 1) i RS ARtk A T e 2 im
T, TMED7 il TLR4 W% 25 5 45 i I8 e 45 44 1 I
R LSS E I (GOLD) A7 ¢ R e 45 )5 T % TLR4 M\
PR JoR 190 308 o g R AR LA T B B AN R 1f . AR AY TLR4
H1 Rab10 RIVE RO S0 R AR . A RTF R,
TELH A2 3 LPS 45 , Rab10 76 5 R K 5 TLR4 454,
AR TLR4 SR B A Fem i = 17,

3 TLR4 7£ AP HiY1EH

Sharif 2 " SER] ZEM AR )7 9% S AP KBS, 58
AETR/INERNT LY, TLR4 S5 PR RS /I BRI V2 A9 Al K- | JE K
JH R | A A (MPO ) KT | AR 6 453 475 SR 3T
YR SIME 0 TLR4 5 AP Bk A R JBA —E KR H5E
WEWT,7E LPS i3 S R HAE 2 PR AR 48 (SAP) Hr, TLR4/NF-kB
T [ AT R TR A, G 92 200 T R R R AT R st 22 17 400 i
P70 Cao 4520 SIE, S )4l T AT AREAR 1 LPS 5 5%
M TLR4 821 DL SO IR BE - o (TNF-« ), IL-18 I
1L-6 Z5 98 PN Tk, dhe st Bt 5 ™ R . Luan 252V 5F
W, 76 AP B R 38 HMGB1 ACE AT L NF-xB 9754k,
T T WS 52 T [L-1B . TNF-a HY/KF, Rl 38 5% AP
SEIEAG T E AL . Chen 252 SEH 78 2 MR E M
Bt SR T i RS 2H b TLR4 19 mRNA FI4E 1 32352
ThEs 5 WP HMGB rh FNHUIA S AT DL 25 FR A% TLR4 K
IL-1B . IL-6. TNF-a SFMAKF s AR Ul
HMGBI A figi@id TLR4 /v 3 15538 5 3 T RAE RN,
DAL X R AR NS B AR 407 5 T I HMGB ZKSF- I AT 3 il £
S IE AT AL Yk G PR TR A XTI BB SN
EEEEER
4 TLR4 7 AP Ry AHL&

TLR4 X} F AP 0 &/ & e E2L/E A, il a7 31 LPS
FITHMGB1 ZEHc A, v LAfE AP MR A IE I & e A SIRS,
H 2 MODS, #F7E W, @bk TLR4 3 N ok (8 H /N
4t RNA JTER TLR4 J5 , /NG P 98 S0 I ks >
— 7T, 24 AP A A P AR Y O Ak T LB
S B S B 405 K AN R B, 1 ELSRE 41 M P9 Y 25 o T
HEAANSME A PR PE B BE TLR4 U S nl e 3l fiE

F, KA TCRE I 9 S 5 53— 7T, BT AP BRI
BRSBTS A B0 B RS, 2F ALV BR,
77 HE I LPS A R S IR PR B A& Bk TLR4 15U, )5 3l NF-xB 3
e, FIRAID T RO TR VN FIFIA . Cao 4512
WERA, 76175 S MR 5, TLR4 3 R R /)N B 87 2 /N B
AN TNF-o | IL-2, IL-10 il IL-4 2558 A i A 235 7K F-
ETWE, SIS R A

T FPELAR, 5 TLRA 856 2 )5 3B s 5 40l
PR IX A1 S, IR MR X AY TIR 25Kk, 78 A 32 2248 55
4 FRFGHEEER 1, 20 00 M BERE 43 A R T 88 (MyD88). TIR AHKE
HE(Mal), B- THFEIFEFME TIR L5 HELE A (TRIF)
FTRIF AH5¢4235 201 (TRAM). 24 4MNEIERLAR LPS 7EAML
WG, B S s s 4% A (LBP) JEE &4, id CD14
B 5E TLR4 5 MD-2 45 &K i TLR4/MD-2 4547, >
J& LPS/LBP B 4% 5 MD-2 Wsi K IELs &, ek TLR4 &2 &
W) — SR AL SRSELL BB 2 SRS B MyD8S 4
P24 MyD88 et Wi 5% Fam i
4.1 MyDSS{K#iPER S A5 5 3 2 TLR4 LN BL S , MyDS8
Hl Mal i TIR 524856, H5F B 225208 1 /& i
PRI R 4 TL-1 S2AAAR S8 (TRAK) R BB UE A0
TEE AU UG S HE R R IEE 50T IRAKS BRFR 1L
1 IRAKI, Z3 165 1Y IRAK T JA MyD88 B i 3 it J5
W, 5 HAT B3 12 REEREGTE . RING S5 43800 iR AL R
TFZ AR T (TRAF6) i #:, TRAF6 517 % E2 454 Tl
A (UBC13, UEVIA) HE MR IE K63 #4%1) TRAF6 Ff:
oA KB F - 1S AL 1 (TAKD) B S E S Wi 2 Bz
Fib. TAK1 JEAE5r 22 TE R IR (MAPKKK)
KRN — 01, B S5 E K I F- B TG ALIBZ G R 1~ 3
(TABI. TAB2, TAB3) 8 # W HIE B AW, W5 1% E &
Y15 TRAF6 254 . SRJG TAKI 16 1L W 45 AN [|) A {5 51 2
B[l NF-xB #0413 i (IKK) & A ¥ -NF-xB 3 % 2L & IKK &
AW -MAPK 3 %, TAKI 77 £4E 5 IKK 5454,
IKK 245 IKK o TIKK B 1 NF-xB 242003 5 2 11 (NMEO )
H, #HEIRE T, NF-xB M H & 1 (IxkBa) 5 NF-«B 4%
A AN TARTE MRS, T IKK 249 7] LA 1L 1B o ,
fdi HZ AL TR, T NF-xB 84325, 40 B R 3]
YAz b, Ja sh A e 7 | Rt S SR AL St TR
TAK1 80T UG MAPK {5530 1, IS 4o i i i 0

Li %00 % B0, fff Fil TLR4 555050 TAK-242 15 5, /)
B N TLR4 ., IxB o, NF-kB p65 ., i B2 1k (1 p38MAPK LA
JTNF-a | IL-1B | 1L-6 7K V-S4 REAIR, 2 B s Hu )i 2o
Ik TLR4 (93235, 0 T MyD8S8 Mk i 42 & £k, R T
NF-xB LA MAPK 3 % 0 98 PE A o0 1) 2635, Il i% T AR AE L
RE50 . Wang 25 BIFSE i BR, fof R T S5 2 D 2 410 o
MyD88 18 B I% Ak, /N AR P TNF-a | IL-1B | IL-6 S5 R PEA
4.2 dE MyD88 R i Pk 4 4% « #£ 2 %] LPS )5, TLR4 5
TRIF. TRAM ¥ % A9 B & W 7F Rablla, ARF6 Fl p120-3% 3



* 1208 -

RS fE T 2 RE S 2018 4F 12 J 45 30 4545 12 1] Chin Crit Care Med, December 2018, Vol.30, No.12

B T8N A EZ MR, 858 TRAF6 F1 TRAF3
WOE R UE(S S . TRAF6 5 RIP-1 45 8K E &
Yy, RS AL TAK, S50 NF-xB 0 FRA9TE AL, TG S 28 M
MBI F IR, 5 TRAF6 A [F, TRAF3 #TG TKK AH 3¢ 4 i
TBK1 il IKKi, i3 #8438 2 fb T P8 R 98 57 8 3 (IRF3),
SRIGHERALY IRF3 AN G B B4, 55 1 ALH4E
2 (IFN-1), L T 10 (IP10) 250 T3k >,
5 INESRE

25 FRTIR, TLRA VE NI AP J15 Y sz 44, HAE
B R38R BC RS P , J s P Rpa& A2 L s A
AR o AN SR B R R R AL S A R, R AE
I AR, D23 % AR B IR IR AN B P AR B G . (U B Se T
TLR4 BB 15 B8 7E SERIF 7T 2 100, AR A SR 7 DL 36 1
FF & HAH R 0 1) 259, W T S5 5T TLR4 (1 26g , DT (5
AR B I TS
SE

[ 1] Maléth J, Balazs A, Pallagi P, et al. Alcohol disrupts levels and
function of the cystic fibrosis transmembrane conductance regulator
to promote development of pancreatitis [J]. Gastroenterology, 2015,
148 (2): 427-439. e16. DOI: 10.1053/].gastro.2014.11.002.

[2] HeX, Jia H, Jing Z, et al. Recognition of pathogen—associated nucleic
acids by endosomal nucleic acid-sensing toll-like receptors [J].
Acta Biochim Biophys Sin (Shanghai), 2013, 45 (4): 241-258. DOI:
10.1093/abbs/gms122.

[3] Stocks CJ, Schembri MA, Sweet MJ, et al. For when bacterial
infections persist: Toll-like receptor—inducible direct antimicrobial
pathways in macrophages [J]. J Leukoc Biol, 2018, 103 (1): 35-51.
DOLI: 10.1002/JLB.4R10917-358R.

[4] Uematsu S, Akira S. Toll-like receptors and type I interferons [J].
J Biol Chem, 2007, 282 (21): 15319-15323. DOI: 10.1074/jbc.
R700009200.

[ 5] Peng Q, Long CL, Malhotra S, et al. A physical interaction between
the adaptor proteins DOK3 and DAPI12 is required to inhibit
lipopolysaccharide signaling in macrophages [J]. Sei Signal, 2013,
6 (289): ra72. DOI: 10.1126/scisignal.2003801.

[ 6] Boone DL, Turer EE, Lee EG, et al. The ubiquitin—modifying enzyme
A20 is required for termination of Toll-like receptor responses [J].
Nat Immunol, 2004, 5 (10): 1052-1060. DOI: 10.1038/ni1110.

[7] Chuang TH, Ulevitch RJ. Triad3A, an E3 ubiquitin—protein ligase
regulating Toll-like receptors [J]. Nat Immunol, 2004, 5 (5): 495-
502. DOI: 10.1038/ni1066.

[ 8] GaoD,Li W. Structures and recognition modes of toll-like receptors [J].
Proteins, 2017, 85 (1): 3-9. DOI: 10.1002/prot.25179.

[9] Muzio M, Fonte E, Caligaris—Cappio F. Toll-like receptors in
chronic lymphocytic leukemia [J]. Mediterr J Hematol Infect Dis,
2012, 4 (1): €2012055. DOI: 10.4084/MJHID.2012.055.

[10] Li G, Wu X, Yang L, et al. TLR4-mediated NF-xB signaling
pathway mediates HMGB1-induced pancreatic injury in mice with
severe acute pancreatitis [J]. Int ] Mol Med, 201, 37 (1): 99-107.
DOI: 10.3892/ijmm.2015.2410.

[11] SREARR , 45252 Toll FESZIA 4 I PRI TITFFEHERR 1)), P
PR, 2012, 32 (9): 849-851. DOT: 10.3969/j.issn.1002-1949.
2012.09.022.

Zhang JQ, Li Y. Research progress on clinical application of Toll—
like receptors 4 [J]. Chin J Crit Care Med, 2012, 32 (9): 849-851.
DOI: 10.3969/j.issn.1002-1949.2012.09.022.

[12] i, £I0 . SITBAIEE Y -1 5 Toll MK 5 A SV EIRIR
PHIEZR ). HIREE, 2013, 42 (33): 4089-4091. DOT: 10.3969/
j.issn.1671-8348.2013.33.046.

Wang J, Wang X. Relationship between HMGB1 and TLRs and
severe acute pancreatitis [J]. Chongqing Med, 2013, 42 (33): 4089—
4091. DOL: 10.3969/j.issn.1671-8348.2013.33.046.

[ 13] Kang R, Lotze MT, Zeh HJ, et al. Cell death and DAMPs in
acute pancreatitis [J]. Mol Med, 2014, 20: 466-477. DOI: 10.2119/
molmed.2014.00117.

[ 14 ] Brodsky I, Medzhitov R. Two modes of ligand recognition by
TLRs [J]. Cell, 2007, 130 (6): 979-981. DOI: 10.1016/j.cell.2007.
09.009.

[ 15] Liaunardy-Jopeace A, Bryant CE, Gay NJ. The COP II adaptor
protein TMED7 is required to initiate and mediate the delivery of

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

TLR4 to the plasma membrane [J]. Sci Signal, 2014, 7 (336): ra70.
DOLI: 10.1126/scisignal.2005275.
Sano H, Peck GR, Blachon S, et al. A potential link between insulin
signaling and GLUT4 translocation: association of Rab10-GTP with
the exocyst subunit Exoc6/6b [J]. Biochem Biophys Res Commun,
2015, 465 (3): 601-605. DOI: 10.1016/j.bbrc.2015.08.069.
Wang D, Lou J, Ouyang C, et al. Ras—related protein Rahl0
facilitates TLR4 signaling by promoting replenishment of TLR4 onto
the plasma membrane [J]. Proc Natl Acad Sci U S A, 2010, 107 (31):
13806—-13811. DOI: 10.1073/pnas.1009428107.
Sharif R, Dawra R, Wasiluk K, et al. Impact of toll-like receptor 4
on the severity of acute pancreatitis and pancreatitis—associated lung
injury in mice [J]. Gut, 2009, 58 (6): 813-819. DOI: 10.1136/gut.
2008.170423.
Cen Y, Liu C, Li X, et al. Artesunate ameliorates severe acute
pancreatitis (SAP) in rats by inhibiting expression of pro—inflammatory
cytokines and Toll-like receptor 4 [J]. Int Immunopharmacol, 2016,
38:252-260. DOL: 10.1016/j.intimp.2016.06.007.
Cao C, Yin C, Shou S, et al. Ulinastatin protects against LPS—
induced acute lung injury by attenuating TLR4/NF—xB pathway
activation and reducing inflammatory mediators [J]. Shock, 2018,
50 (5): 595-605. DOI: 10.1097/SHK.0000000000001104.
Luan ZG, Zhang XJ, Yin XH, et al. Downregulation of HMGB1
protects against the development of acute lung injury after severe
acute pancreatitis [J]. Immunobiology, 2013, 218 (10): 1261-1270.
DOI: 10.1016/j.imbi0.2013.04.013.
Chen X, Zhao HX, Bai C, et al. Blockade of high—-mobility
group box 1 attenuates intestinal mucosal barrier dysfunction in
experimental acute pancreatitis [J]. Sci Rep, 2017, 7 (1): 6799. DOI:
10.1038/s41598-017-07094-y.
Pan LF, Yu L, Wang LM, et al. Augmenter of liver regeneration (ALR)
regulates acute pancreatitis via inhibiting HMGB1/TLR4/NF-xB
signaling pathway [J]. Am J Transl Res, 2018, 10 (2): 402-410.
Ma J, Chadban SJ, Zhao CY, et al. TLR4 activation promotes
podocyte injury and interstitial fibrosis in diabetic nephropathy [J].
PLoS One, 2014, 9 (5): €97985. DOI: 10.1371/journal.pone.0097985.
Lin M, Yiu WH, Wu HJ, et al. Toll-like receptor 4 promotes tubular
inflammation in diabetic nephropathy [J]. ] Am Soc Nephrol, 2012,
23 (1): 86-102. DOI: 10.1681/ASN.2010111210.
Cao C, Chai Y, Shou S, et al. Toll-like receptor 4 deficiency
increases resistance in sepsis—induced immune dysfunction [J].
Int Immunopharmacol, 2018, 54: 169-176. DOI: 10.1016/].intimp.
2017.11.006.
Komatsu H, Shimose A, Shimizu T, et al. Trypsin inhibits lipopoly—
saccharide signaling in macrophages via toll-like receptor 4
accessory molecules [J]. Life Sci, 2012, 91 (3-4): 143-150. DOI:
10.1016/).1£s.2012.06.030.
Okamoto N, Mizote K, Honda H, et al. Funiculosin variants and
phosphorylated derivatives promote innate immune responses via
the Toll-like receptor 4/myeloid differentiation factor-2 complex [J].
J Biol Chem, 2017, 292 (37): 15378-15394. DOI: 10.1074/jbe.
M117.791780.
FETE  BAA, Bz . Toll KESZAK 4 (TLR4) 1Y PN 75 5 M
HRPERLHIBTC U ()], 405 20 TS 2%ak , 2016, 32 (11):
1574-1578.
Zhuang NT, Zhao DJ, Shi LY. Advances in endocytic pathway and
regulation mechanism of Toll-like receptor 4 (TLR4) [J]. Chin ]
Cell Mol Immunol, 2016, 32 (11): 1574-1578.
Satoh T, Akira S. Toll-like receptor signaling and its inducible
proteins [J]. Microbiol Spectr, 2016, 4 (6). DOI: 10.1128/microbiolspec.
MCHD-0040-2016.
Li J, Bao L, Zha D, et al. Oridonin protects against the inflammatory
response in diabetic nephropathy by inhibiting the TLR4/p38—-MAPK
and TLR4/NF—«B signaling pathways [J]. Int Immunopharmacol,
2018, 55: 9-19. DOI: 10.1016/j.intimp.2017.11.040.
Wang B, Wu C. Dietary soy isoflavones alleviate dextran sulfate
sodium-induced inflammation and oxidative stress in mice [J]. Exp
Ther Med, 2017, 14 (1): 276-282. DOI: 10.3892/etm.2017.4469.
Zhou X, Liu Z, Cheng X, et al. Socs and Socs3 degrades Traf6 via
polyubiquitination in LPS—induced acute necrotizing pancreatitis [J].
Cell Death Dis, 2015, 6: €2012. DOI: 10.1038/cddis.2015.342.
Rajaiah R, Perkins DJ, Ireland DD, et al. CD14 dependence of
TLR4 endocytosis and TRIF signaling displays ligand specificity
and is dissociable in endotoxin tolerance [J]. Proc Natl Acad Sci
US A, 2015, 112 (27): 8391-8396. DOI: 10.1073/pnas.1424980112.
Gao W, Xiong Y, Li Q, et al. Inhibition of Toll-like receptor
signaling as a promising therapy for inflammatory diseases: a journey
from molecular to nano therapeutics [J]. Front Physiol, 2017, 8: 508.
DOI: 10.3389/fphys.2017.00508.

(Hichis H 491 - 2018-05-14)



