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FF A 4R

TLRs 5 RLRs TS8R S
RMES#HSEEFETIG

K OB O W A HORK
(RRUA2E H ARt 2 2B, IO 430072)

HE

Toll # % 4Kk (Toll-like receptors, TLRs)#= RIG-I # % 4k (RIG-I like receptors, RLRs) %

18 £ IR 5 7k A6 AT & BAE X % 4K (pattern recognition receptors, PRRs). #T# & 4% T ek
5y, B A AL TR, At A8 i RE) 1§42 2 4 6 R FAZ R, SHB S B EMNFELEG, HE—
ZIMES BB, FI R IR FREARE E@RRATH 4. RN, B85 AT
TLRs #= RLRs /~§ 6913 51838, MM tRiE(Z 54 F6948E, AL E LR R E LR AMHE.
Besh, R R FA B A G LM EG RIELMEY, FLBT TLRs A2 RLRs /56913 5@ 3%, A
mikif 8 2t HRA HER., AL E S8 TLRs e RLRs 9 [ B FHA AW FTHF AL

AT, - ERABRETETHFHRAT.
Kiin

WIRENRTE E, EHBRRE SRR /=4
— LRy, AU SR AE K 5 B (pathogen as-
sociated molecular patterns, PAMPs), iX%% PAMPs 1]
5 78 3 41 B i #5E 30 R 51 5244 (pathogen-recognition
receptors, PRRs) IR, &k —RFIHIE SRR .
TRBRER AT = A 1 51 v 8] =49 S B 4 5 iy B
i 75 = PRRs BTIRHIH PAMPs. 2441k, &
25 T D775 PAMPs, G350 RNA (double-
stranded RNA, dsRNA). 5' =B #%5% RNA (5' triph-
osphate single-stranded RNA, 5' pppssRNA). FEFZE
R 2'- i EALREDE - BER - SERRA%H DNA (CpG-
DNA) X 8% 2 A (envelope glycoproteins) M, 15
F MR GR A 2R EEAFE DY Toll FEZ1k
(Toll-like receptors, TLRs). RIG-I #¥5Z{&(RIG-I like
receptors, RLRs)H1 NOD £ 5% {&(NOD-like receptors,
NLRs), BA K £ & HLE) DNA 524k DAI (DNA-depen-
dent activator of interfereon-regulatory factors, DAI)
[8#% %y ZBP1 (Z-DNA binding protein 1)1 & {4 32/8
= [K-F 2 (absent in melanoma 2, AIM2)., H
TLRs 1 RLRs B M & % KRR Z A KK,
R IR W E PAMPs f)EZEZ K. TLRs f1RLRs
S5HEKGEZ)E, MBERENE, NTTHEERFRK
AT RAERER, MERFE SRR, T

Toll F£324%; RIG-1 #£%4k; RNA Wi #; /5 57 F; AR

RIFI &K (type I interferons, type I IFNs). {& & AE4H
MiHl F(proinflammatory cytokines). #{LHEF
(chemokines) ¥ — RFIPUREFR FHIF~4. HH, I
RT3 K 5 40 B IR T8 1) 32 /& (IFN receptor, IFNR)
e, BME—RIERKRE, B3 Mx. ISGs.
PKR %%, XEREYILFEEH, MERERNE
i, 5 p G M R T, FRAR AR Y IE N
%, BAERBEMREE. HNM, 18 E4MA T
B 13 B R e R, SRE T — R B SRR SR R Y
TLRs 5 RLRs M FMESHF. WBHHLH T &
FRALHI RN TLRs 5 RLRs {5 518 B, Mk rs
EXHM G R. ASCENE fidi8 TLRs 5 RLRs
SHR BRI EEN FHRIRERRAEESES
AR T HLE] o

1 TLRs 5 RLRs IG5 1hiE

1.1 TLRs B%&#51h8E

1.1.1 TLRs #9%#  TLRs &ML mF,
SERAR T AR R B2 k. B Toll R R
W R AR R I 2. FRBF R R
Toll ZERMBHIRRBIENEFIE T EEAH AL,
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B, AR/ AR A 5 R S 2 Toll N REE B,
FEMIEL Toll BEZAK K. BRT AL, E42%%T
Z/b 13 F TLRs, 2.+ TLR1~TLRY £ A% 5Z RT3t
A, TLR10 ¥ REEAKHH AL, 1 TLR11~TLR13
RN BBTRARN,

TLRs BT 1 BRI E N, S, BEX

AR AR, MUK 19~25 MBI E S
% PR /) 8 8 ¥ (leucine-rich repeat, LRR)JE F 152
RERGEMIR, FR W DR A RS, £
Figh&HHMN PAMPs 347, BB E & HER
HIX IR, — AN A B IESS I E T TLRs 43 FHITE
MM EAr; BRX A A E -1 4 (interleukin-1
receptor, IL-1R)Z ik FI AR X A = B [FIVR P, /D TIR
(TolVIL-1R)&5 1435, ST S ML & A TIR S5 HA)
BLEAS FHEERM, BIETWHESRBRNY,
LRR B K2R TIRAIA R A4, T TIR
SHIBAEARFFH TLRs 2 [WRRF, FAFRF TLRs
Z N FAELEE 5 E .
1.1.2 TLRs*t#% #4975  TLRs A[4E4 A E
PLEIR R4y A B AR iR, BIAL T 40 Mo iR T 1)
TLR1. TLR2. TLR4. TLR5. TLR6 I TLR11
DA R AL M 9 B AH 43 (R P9 4. S B A B P T
JES)A) TLR3. TLR7/8 1 TLRY B1, T &AL HI%F S
K B & EHEIX A, S8R 6 PAMPs tAH RN A7
HER. HRBERER TLRs 3B 1R 5157 R B
#. H# TLR2 5 TLR1 5% TLR6 FE k7 IE — A%,
43 SR B 40 T B SR A = B AR AR — BR R AR AL
TLR4R7 % 2% FCBA 14 i I E 2 ¥ (lipopolysaccharide,
LPS) K F L # {1 TLRS R4 B O HEE Rk
4y; TLR11 iRBI—EREMBEC. T TLR3. TLR7/8.
TLROU = EiR B E i Wk A 7 1 F TE R e o 2
HAKREZRRS . FXCHFETRAEIURES
bR EEE/E K TLR3. TLR7/8 & TLRO(MIE
1 FioR) .

TLR3 X5 X 4% RNA 7R & ZE F 4 RNA, i
% 3195 B (reovirus), iR F] 4% RNA R EH & Hl+
(8] 7=4) dsRNA, 417 JE F % B (west nile virus,
WNV). FIR & B 44%% B (respiratory syncytial virus,
RSV)FIB ALK R EE. Ak, dsRNA HIE B )
polyl:C AT #% TLR3 FTiRAI". BiEHIAR 8w,
F#k RNA(short interfering RNA, siRNA) #] LA —F
FFI KB 75 R A TLR3 FH ¥ IFN-y Al IL-12
HIFEAES, 4RTA, T TLR3 MR ERIRS, 1AL

$Ul. Bltn, X Tir37- NERBISIE A TLR3 BT
IRA) /N B E 41 0 %% F (mouse cytomegalovirus,
MCMV). 7K#I1E O % 5% B (vesicular stomatitis virus,
VSV). ¥k B2 40 a1 ik 4% D\ i FE ¢ 9% 3 (lymphocy tic
choriomeningitis virus, LCMV) & FPIR IR 35 2 E A 7
fE, EZEEHFRER TLR3 X BRI 8 A7
Je BB RS, AntR TR RS L R B T R
H R AER S,

A IS FER SR 40 B (plasmacytoid dentric cells,
pDCs)* K& ik TLR7/8 1 TLRY, 384 pDCs #
AR BN EFEZE RN ZH. #BERET,
EMEEEMTHEN, E22WEEREE, TS
WM 9 UNCI3B1 HHEERA, HEBERA
PRRE DR FIAE R PAMPs 19, BHARFRIA N
TLR7/8 iR 5| — R 5 DK MAERRATAE ), AnDKIE 5L R-
837 (imiquimod). HiiHE 5L 4F R-848 (resiquimod) A &
55,204 41 M loxoribine, X4 Y B iR F T
FRg BRI O T R — R M SR X

Table 1 Detection of pathogens by TLRs and RLRs

PRRs Pathogens References
TLR3 Reovirus [7]
Encephalomyocarditis virus (EMCV) [7]
West nile virus (WNV) [71
Respiratory syncytial virus (RSV) [7]
Short interfering RNA (siRNA) [5]
Polyl:C [71
TLR7/8 Imiquimod (R-837) [11]
Resiquimod (R-838) [11]
Loxoribine [11]
Human immunodeficiency virus (HIV) [12]
vesicular stomatitis virus (VSV) [12]
Influenza A virus (IAV) [12]
TLRY CpG-DNA motif [13]
mouse cytomegalovirus (MCMYV) [14]
herpes simplex virus (HSV) [14]
RIG-I Influenza A virus (IAV) [15,16]
Vesicular stomatitis virus(VSV) [15,16]
Newcastle disease virus(NDV) [15,16]
Sendai virus (SeV) [15,16]
Japanese encephalitis virus (JEV) [15,16]
Hepatitis C virus (HCV) [15,16]
West Nile virus (WNV) [15,16]
Reovirus [15,16]
Polyl:C (=1 kb) [17]
Respiratory syncytial virus (RSV) [17]
MDAS Encephalomyocarditis virus (EMCV) [15,16]
Theiler’s encephalomyelitis virus [15,16]
Mengo virus [15,16]
Polyl:C (=2 kb) [17]




5K J8%: TLRs 5 RLRs /3 A TN 3 RN AR 5 9 R LR WAL 455

R G FINFIE, B2 R B 45 H TLR7/8 WMIEC/ATT BE R

ssRNA, JLH 2 E & LIErS F1JRFEIE ) ssSRNA B E &
PRUERE 1) ssSRNA . Bl 5 FIRFR R IR TLRS F1/
KL TLR7 (TLR8 7E/N B P T Ih ) AT IR 5 RNA R 5
] ssRNA, £955 A\ 2 5 % 5 F49% 8 (human immuno-
deficiency virus, HIV). 7K@ 0 4 5% 5F0 B B ek
R, SBIFN-o 240, AN, 452 K siRNA
A4 TLR7/8 FTiR%A. 1 TLR7/8 FriR5IHI ssRNA B&
THRBTRENZBRTFY, EZEREHREN.
MIRAEHMG ssSRNA FHEL, #1516 ssSRNA Hll ¥ pDCs =
A 40 B R F BE /b0,

TLROFZRFIA o ) H WA r—— KB
FALH) CpG-DNA 191, # TLR9 iR 5] CpG-DNA #]
PLor AP A/D BUFIB/K 4. A/D £ CpG-DNA 7]
7E pDCs F P 4 o 45 BE, DTG 3R 8 40 P 7= AE K & )
I &FHE. T B/K % CpG-DNA HB Rk T
By kAR, BRI RS BUD B TR T B4, B
BRIBUR 2 AE4 B R FRIA M BE 138 T A/D & CpG-
DNA, F¥ 07 DA7E 18 #4% SR 40 il (convential dentric
cells, cDCs)# R ¥4 i f=4 /> & IFN-B B3, fhéh,
— 57 CpG-DNA i DNA 7% 3t 7] # TLR9 FTiR 5,
/MR E R EE . 1 B B AlR 2 9% B (herpes simplex
virus I, HSV-I). HSV-II %% B (adenovirus) 14,
B AT, AR FIN & S 2 TLRO B EE AR 44,
BASEBR AN 2 REBEERGTT UL S
W& TLRY 7181 . JEH AR, TLRI (RAIEibF
TLRDEFZRENEIMTEEERAGGEEN
TLRY KIAT#R. £K TLRO THEM L& &K, BEjE it
ANEURBRIFERL P HEOBERER 441470 (aa
441~470)Z [A1EAT DI, V085 ) TLRO A\ L
fheh . RESKHIMINTEM TLRY B 8845 & B,
BEREREEARHKTTHESES. XTHBE
TLRY B 1EiR 5 B B % F R —Fr R Eg 1201,

1.2 RLRs &) 4

1.2.1 RLRs##%#  RLRs B T&% DExD/H %
I8 ) RNA R i8S 5 E(RNA helicase family). B
HWELEEH=AER, M ERE FE R (retinoic
acid-induced gene I, RIG-I). BEEEoLHRE
A 5 (melanoma differentiation associated gene 5,
MDAS5)FLGP2 (laboratory of genetics and physiology
2). 2004 %, Yoneyama 02U % I RIG-I 1 —FiK
NIRBIZIK, it & dsRNA HEGE TS 5 &5
R, S I RTIRERNRE. fEJE MDAS f1LGP2

W RS . LR R, RIG-1 B8R 5' I
L 3w H BBERRILF) dsRNA, tHEEIRAI 5 =
BERR ssSRNA. H 1 925 MEERRIRIEEL K, aa 1~242
S BN BRI A48 B 45 #4358 (caspase activation and
recruitment domain, CARD), 35 ] (L8155 ; aa
243~734 4 RIG-IFIDEAD &, H H aa 270 45 & ATP
RIS 5, aa 272~734 K f# el 45 M) (helicase
domain). RIG-I ] ATP i&¥: AT §E5 RIG-T #iE A #4)
ZRBRAF X, EEREEENLS RIGIHFES IR T
MERIEHITHREM ML), aa 735~925 4 RIG-1 )
RNA % & 25 #3185 (RNA-binding domain)F131 ] 25 15,
(repressor domain, RD), H:H aa 792~925 X ##74 C
K 347 45 ¥ 38(C-terminal domain, CTD), £ RNA iR
Al B A SIS TR,

BEE &P AL L RAIE YR (AR R DA R BIARIG-1 C
i AR 25 F IR T, Yoneyama &SP H T RIG-1 /)
BOEVLRIREL: 755 BORA T, RIG-T LA
fE1E, CARD. ATPase 1 RNA f# el 45 14 = C
ik RD B, A TAREERE . WERETE
F 5774 PAMPs, RIG-I ] CTD iR H 44K
PAMPs (¥ WL F 30), ISR K424, #58 H ATPase 45
¥iE.. ATPase &4 & KM ATP, 13 RIG-I
A% 8 RNA 188 77 in5&, M1 RIG-1 /) CARD %
1k, 5T & CARD SR E AAH EAE A 3 M T 15
5.

5 RIG-12412{, MDAS [¥) N 3 5 5% B> CARD,
t ¥4 DExD/H f# ieBg 4514, C Rim A RD. AWM
AIAA, MDAS %% RD, BEAH C i3 ARMEH
BRI R TIRENRES, 2 HAINIE, MDAS iR
H% 8 RNA 5BURRPHICAE R, FEMESEW
FHIBEBIERE. A, X Rig-I7- F1 MdaS~ #1/N B
WFAE B RIG-1 71 MDAS 4251 S AR KRB &
BRIESHSR, 7R MDAS 5 RIG-1 fZE R A HIR
BHHEE.

RLRs KIKHME =R £ LGP2. 8 N 5
RNA f#BeR§ 45 H38f C 55/ RNA 456 413, B
F CARD. f#4MsE3 R, LGP2 Rl RIG-1 Al
MDAS5 /- FH I BT ERRIE. BXF Lgp2~- /PR,
HIAF L3R B LGP2 MRk 78/ BXt EMCV 5%, T
XFVSV B8, X % LGP2 X EMCV R VSV
MRS FHEEERRBIERAR, HBHIE,
MDAS RIS T EMCV iR NESHS,
RIG-1 MRHH N B VSV BERNESHS, XH
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LGP2 VAWM AR 877 K 7 #1185 RIG-1 M
MDAS W)iE M. &L, Karl-Peter Hopfner B 57/NE
fENTH LGP2 MBI 4B A EH, /BT
LGP2 *f RIG-1 & MDAS5 (¥ 1%, Bl dsRNA 454
ZLGP2KICH4i N DExH A&, Ml 35 304 T dsRNA
K3 RIG-T 1)30E . T FIBY, BhRESE 4 LGP2 H]
Bl 5 MDAS 3£ [EiR 5 dsRNA PA 38 MDAS /- 1015
SR04,
1.2.2 RLRs*t#%F4932%  AXTF TLRs, RLRs
SEALT RS, DRI IR A MK H 5 B PAMPs ) B 5%
. 2006 £, Kato USRI S5 A RIF L, Rig-I7-
N SR R BT 4E 40 BiL(Rig-17~ MEFs) 4 BT 5 % 8
(newcastle disease virus, NDV). 14 7% 2 (sendai
virus, SeV). VSV. HRIFRIR LK H A< & 5%
#¥(Japanese encephalitis virus, JEV)B4L J5 7= 4 (K IFN-
B F1 IL-6 & 2 AE Rl F K K FEAK, 8, Mda5~- MEFs
PoX R B YE =M IFN-B FRZ B EW.
Mda5~- MEFs #/)» RNA J% 8 & KR & W EMCV.. i
#BE 4 J% B (Theiler’s encephalomyelitis virus). [
R BE(Mengo virus) R 5 JLEATETINE, 1 Rig-
I7- MEFs #iX 8 R e T EREIFRZ K
BB . MINHh, Rig-I7- LA K Mda5~- /N4 BIxE
VSV HIEMCV 5%, X & RIG- I MDAS HE A [F]
KR B IR BITE s, Ah, polyl:C 1 A] # RIG-I &
MDAS5 FriR %), H b RIG-T R 5485 ) polyL:C (=1
kb), T MDAS iRBIFEXT K polyl:C (=2 kb) 1,
2 —3, RIG-1 5 MDAS xR & iR A SR B4
) dsRNA KK A 5% RIG-1 R %] RNA KERE &
A 1.2~1.4 kb)) RNA J% 5, 11 MDAS iR RNA K
B K (>3.4 kb)) RNA . ST F—asR#
RIG-1 f1 MDAS iRBIFR ER 3L, HEHIERER~=4E
) dsRNA ¥ T B —7F RLRs R3], 140 RIG-1 1
MDAS 5t F X% RNA 5 F——RSV HIIR AR T3
EFE 4 dsRNA FBEKE,

WEHRARNR, RREBRRE TR S4
2'.5' A E R IR EE(2',5" linked oligoadenylate, 2-
5A), 2-5A RE#IE RNase L, NTIBI VIR JEBEE 8
) RNA. RLRs it iR 51X LBy U] ~= 4 8o, 855
—RINEFTRBRDY, [ I B TFHRERRE®,
FKFLGP2ELR IR, H LRI LGP2 7] 5 dsRNA
HEE, FAXMEAETKBT 5' =R, H
X TLGP2 A IR FIWRLL5% 8 R IE DR B AR E B+
REMMIIEE, A F#H—PHARIE.

1.3 TLRs 5 RLRs 7£ 4[5 28 8Y 4 ffa oh A9 Th €

TLRs 1 RLRs HEARIKRIETEE . TLRs f
RKiLERES. HPTLR3 TERXETE. BiE
ZM LMK, RMALKMERKRRAK. BB RN
M, RBP4 cDCs %08, TLR7/8 Fik T
DCs. B4iffl. BEAM. BARRMGHELAHMNK cell)
AT 4083, AJF TLRY X7E B 401 ffaf1 DCs RIL, K
JETLRO7EB 41ffl. AR MEEARFHER
%04, 5 TLRs A A, RLRs LR TR B R i, &
R4 K 2 HA R4 M IR ERE, a0
FERE. BHE%. EREMTIRERRET, RLRs #
RiESHHE EROS,

R/ R SER0IF BA IX FF PRRs ThEE R K& 1%
th EHHEr R . Myd88~-Trif- /N TLRs /¢
SRS H SHIEN, FH NDV RIBIX Rk iE K
MEFs, IFN-B AT £ % FZHF IP-10. RANTES.
IL-6 KIREKF5EERAM Y, TH NDV (B{ VSV.
SeV)#I ¥ Rig-I"- MEFs, iR JLEALIZE, X
B RIG-1 TidE TLRs FENF T k%540 i i MEFs
B S TMENEMERRERERED. B
SEIFE A cDCs # IFN-a. IFNB H= 4t B i
RIG-1##. K2, pDCs ¥ IFN-o 1 IFN-f f#)7=4
M=% K TLRs /%, 3F H TLR7 M TLRY k%<4
fER 2, .

BE#R TLRs 5 RLRs K ZhRE RE A Mue et 4
FENUAARSZ B8 N R B BHEX L4l R i 4 £
BE? Akira ZNESE, /N RAES SR Y (systemic
infection)§ ¥ /5, pDCs = TR TR E E4 M,
EWEAM. cDCs LM B TIMENRIL. £/
YL (local infection) 8 J&, A7 T REYLERAL A B W
4 A1 cDCs &8t RLRs N FHE SER =LK E
HIETHE, BRABERBLETARRE. MERT
E W40 fuF1 cDCs ik TP K 52 P alw 8 B J= B iRk e
RERA S R BH%, pDCs FFERRh B
IRTHMBEREAM, XMREFEHTLRs M|
XEHRAS RBZRRBREF KB T A RER
FI40 A, 'R BE A F K PRRs A5 5@ 8B4
IRTIHE, HENERNE KR ER,

2 TLRs5 RLRsM&HIESH#S

2.1 TLRs 5RLRs TS THBEH — #RE
F NF-xB #1IRF3/7 B9#;E

2.1.1 ##FXE-F NF-«B 6§ gEM4E I3
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YI NF-xB KIEEABIE LA A RelA (XFRA
p65)~ RelB. c-Rel. NF-xB1 (p50 & H ik p105)
A NF-xB2 (p52 R HET{4 p100). EMHEE—A
w1 BEOR 5T B Rel YR 451435 (Rel homology domain,
RHD), & #8175 DNA &4&. A B
&5 IxB (inhibit kxB)YE A% &% AL, A, RHD
BB ENE S F¥)(nuclear localization signal,
NLS), 27546 NF-xB 3# A\ 40 f i B b FE 12, 7
A&, NF-xB 5 IkB 1454, UAIEEHERE
ETHKRFES. IxB XKIKEERLHE IkBoa. IkBp.
IkBy. IxBe. Bcl-3. p105. p100 A R RiBEH
Catus &. EMI#HEE LB-EMRFH ankyrin EE
FF5, X730 5 NF-xB ) RHD #1454, ##&k NF-
kB MBS S F5, FIEFEAZEO,

240 M2 B A (S 5 RIBRET, IkB 2 E B2 32/
36 Ak L IF IR G L T SOBERRAL, fF IkBAEE3 2 &
HEHES SCF-B-TrCP £ &R R & - EAE
&7 MEfE . NF-xB b EIBOB I R A, B3
EERPER . XMKBT IxB FART) NF-xB Bi5
77 WA NF-xB EiEH AL iR R (classical
pathway) BU; (&b 41, NF-xB i 7] LU IS JE 2 s
#2(non-classical pathway)¥ig. & EBIRZER, p100

- 5RelB4&, R NF-xB IETEH R, 24 i bs

Xt p100 FHATBEBRILIEAM /S, p100 % E3 72 RIE BB IR
RS R OB R pS52, S&BHE—REM
RelB —#2 /¥ B NF-xB FiE T A BN 52:RelB H A
XFHKRE T p100 FEAR T BTE NF-xB KRR N
NF-xB ¥iEIEL #8120, 7€ TLRs/RLRs {5 518
P&, NF-xB FEf il 4 R B HB0IE

IxB 1 p100 HIBERR LB T LI I IxB
W& R & 1A(IxB kinase, IKK). XANMNE&4AHERH
WESIE RO ML T2 IKK o, IKKB DR B 6
A MRS I3 NEMO (NF-xB essential modulator)
(XA IKKY) AR H+ IKKB & IKK E&EFH)
FEEMTE, FLHENFBEERETRETE
YEH; IKK ot IEENIK (NF-xB-inducing kinase, NIK)
Xf p100 HIBERRAL, MITTS 5 9E4 S B 03, NEMO 78
NF-xB #i& 12 225 5 50K IKK 4 YK a4k
WHE iE SEBBRLR, ME IKKo KB IE
ZRESERPUAFEDLY,
212 HEXE-TIRFY/7 ¢#EN4BE  THE
VA% &7 (interforn regulatory factor, IRF)R&—/N
W R EFRIK, Bl S aEm s

IRFs A& 9/, Bl IRF1~IRF9 5%, IRFs i N ¥ 4 {757
I DNA &KX, I 5% THERIESFEEJFN-
stimulated genes, ISGs) /& 3 F X HFAZERIBUR M. TT
4(IFN stimulated response element, ISRE)45 & Bk IRF1
F1IRF2 4, HAth IRFs C ¥ #8H IRF #H2% X i (IRF
association domain, IAD), /15 IRFs 5 [5] 5% ik HoAth 5
REHAFERE FAHEIEM, LR REERSFE R
17_';[36] o

7E IRFs §, IRF3/7 #iA A 7E TLRs/RLRs F-F /)
1R THRERENSEDREXBIERAGELTIO).
IRF3LAEVE M 40 M S A R I, 72 LI R
SRIBCT, IRF3 76 _EirERGHE R T SORBE T C i
RECSHBL. B, IRF3HNLERANAER
396~405 O R A BERRAL, fFH 53R AMP N & o445
& & H(cyclic-AMP responsive element (CREB) -bind-
ing protein, CBPI#HE /£, CBP H8{Ri IRF3 (4K
PR 385 fr k22 H R 286 fi K AEBERRAL, 173 IRF3 &A%
TR GAEBIER . 5 IRF3 N[, IRF7 (XA
B 4L f1 DCs 4Rk, e M4 M+, IRF7 £
B IFNs HiE S T4 RACY, F, IRF7 J& T IFNs
BN ERBS T, 25 THREBRKMIBETIREE
¥ IFN-o 1 IFN-B) =40, [RIFEHL, by it
IRF7 (225 B8 477 KL 479 A7 K A BERRAL T BIE 1O,

TANK %54 M5 1 [TRAF family member-associ-
ated NF-xB activator (TANK) -binding kinase 1, TBK1]
1 IKKe 2 BRI IRF3/7 F) EEWEF. TBK1 XFRH
NAK BY, TNFR #H 3% E T 2 #5388 (TNFR-associated
factor 2-associated kinase, T2K), IKKe X 74 IKKi;
TBK1 1 IKKe B ERTF5| LFH 64% WMEVEYE, 7F
W IRF3/7 R R AT 2RI ThEE . (EARRP
72 TBK1 #FF4EMERIA T & Fh 40 i, 40 MEFs, 1l IKKe
FERET THK. 5N L4 AR IE K B
A, TEHARRTIM M RF7Ew LPS. TNF 53
LEEMRE T A FRIEX“, Thkl~-MEFs 7E TLR3/4
BCAARI 85 IRF3 BE. 1R TIME K ISGs HI7s
HERZ B EME], £ TBK1 £ IRF3 i5{b15 518
2% B EE; oA X, Tkke~~ MEFs 7E_E iR Rl
J&, IRF3 I#0E . 1B TFIME K ISGs =4 KTE 5
BF A RIAHA; SR, Tkl Tkke”- MEFs & I BT E&
EEBESRIEXMNER L dsRNA RIEERAFRE.
X8 TBK1 & TLRs/RLRs 4 5 IRF3 #i% & IFNs
NE KRS F, T IKKe 7E— KR KA b 5H
DIRETLR 4, Hi@H&, pDCs F, IRF7 FIBEER1L
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WiE@S ML T TBKVIKKe FI& AT, X¥ET
XHERER,

BERRAL AT IRF3/7 LA FIYR B IR —RIETE RN,
44T IFN 5UISGs 33 FX K ISRE L, 5% FR ¥
NF-xB. & H 1 (activator protein 1, AP1)—#2i%
FIMTRRGFEERANERE. BEBINA, IRF3
FEREMIRFNEES S TREREEHIR T
EHZRIL, T IRF7 W FZR/E T REBR LG IET
ME A RIE L,

2.2 TLRs TRHESHS

5k g &2 )5, TLRs 7R LT R RIE R 7

B R, AW KERR, NTTHEF % LE
HaF. BAr%e ff TLRs T & TIR £
K18k 83 4> F: MyD88 (myeloid differentiation fac-
tor-88). TRIF (TIR domain-containing adaptor induc-
ing IFN-B) / TICAM-1 (TIR domain-containing adaptor
Molecule 1), Mal (MyD88 adaptor-like protein) /
TIRAP (TIR domain-containing adaptor protein).
TRAM (TRIF-related adaptor molecules) / TICAM-2
(TIR domain-containing adaptor molucule 2). SARM
(sterile a and heat-armadillo motifs). AN TLRs F
AARSMEFRMELESR TERES. HT5R
FRBIHSSH TLRs (TLR3. TLR7/8. TLR9), R
# TLR3 /+ F K2 TRIF KBRS SE#E, T TLR7/8.
TLRO 5 ()2 MyD88 #K it 245 S ® 2%, T 1470
LAt 4.
22.1 TLR3A-F#1E54F  TLR3 BHE——A
A& #: TRIF T A4 % MyD88 [ T %[5 S )
TLR. TLR3 {5 5@ & HE[R A5 NF-xB. IRF3 Al
AP-1, N\ 3 I BT AR 2AE 40 ML R 7 i 7= A
(B 1 FR).

MRER, EFHERET, TLR3 5 CD14 B
FRIR AR, IXF 45 polyl:C 5 TLR3 455 i
THea, LT RAE R c-Sre BREREBHR TS
TLR3 A EVE Rl 3H{2 i dsRNA /-5 TLR3 f1f5 54
Jws1, TLR3 iR% polyl:C J&, KEENE T H TIR £&#
383 TRIF. TRIF Eid3 N 3% 5 gt E ¥ 3
A48 5% F T 6 (tumor necrosis factor receptor associ-
ated factor, TRAF6)HH E{E1“S, TRAF6 J—Fi&
H I ¥5 438 (ring finger domian)f¥] E3 72 RIE RS,
A] LA 572 & 45 48§13 (ubiquitin-conjugaton enzyme 13,
Ubc13). UevlA (Ubiquitin-conjugating enzyme E2
variant 1 isoform A)fH E{EF, —i2 1k TRAF6 B £

MNEMO K% 63 fiBiEBR(K63) EZNEREE
ft. TRAF6 T K63- EEMEREZ KR ESD
TGF-B % ¥ A5 (TGF-B-activated kinase 1, TAK 1)
TAK1 &% H 1/2/3 (TAK1-binding protein 1/2/3,
TAB123)H R 6. XNE & 4HEENL
THALXARAKNESRE. H—, TAKI 3% IKK ¥
B E &1k, Dl — P 80E NF-xB. =, TAK1 @it
BERRIL MAP BB BEE (MAPKK s) F FI B AN it
MKK3 1 MKKG6 it — > B R 1k MAPK, MAPK Ffi
JE BB AL B # R K F AP-1; AR NF-xB 1 AP-1
KRR WRZAEAEE FRr=4E. BT H#H5 TRAFS,
TRIF 1, FlE S #3355 35 RIP1 #05 TAK], Mﬁ'ﬁa’r
SRUM T HEMS

BIEJLEHE R, TRIF KN %K THE
TRAF6 4h, 1L TRAF3 #1 NAK M558 H 1 [NF-xB
activating kinase (NAK)-associated protein 1, NAP1] 4#F
R, {85 TBK1/IKKe, M — 51 IRF3 BB 1L
AN, R, BEREMLUUEE -3 8 (phosphatidylinositol-
3 kinase, PIBK)FNEL T U7 () 3588 AKe % T IRF3 78 70
ERAEEH.

BTN IFREREESES, TLRINBHNE

SHEBEEMMATMIEIFHAX. 5 TRIFE4
] RIP1 B T /% NF-xB KIS 4h, 0T LUREZET:
SE 2 18] B RIVR 45 & #8554 L B 5 FADD (Fas-as-
sociated protein with death domain), FADD & i1 3t
T W 45 #3(death effector domain, DED)3E %k
& FRE AES procaspase-8, M1 32 procaspase-8 i
B ¥E R s A R A T,
222 TLR7/8 #2 TLRO A~¥¢41554F  TLR7/8
1 TLRY 7£ pDCs F K ERIX, Hilid MyD88 #iE
IRFs. AP-1. NF-xB & xHF, UFEERKENI
B EMLEAREFE 1 Fin). 5HAmH
MK RARE, pDCs F I R FIM BN AT EKBT
MyD88 T3k TRIF, H IRF7 i3k IRF3 ZE B K
BEEIR.

£ pDCs 1, ssRNA (#1 TLR7/8 iR3l)BE CpG-
DNA (1 TLRY iRANRIE T, 4 TLRs i#id MyD88
H—PHE IL-1 ZEAHXHEE 4 (IL-1R-associated
kinase, IRAK4) & TRAF6. TRAF6 ifitiZ ELEIE
TAK1 3 — 8% NF-xB f1 AP-1; [FiY, 7EIRAK4 T,
TRAF3 5 IRAK1. IKKo Pl KB H7E H(osteopontin,
OPN)JERE &4, BERRALIFBUE IRFT 391, FHRF
2NN, PI3K 285 T pDCs F IRF7 RIBE X 1 &Y
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B 7E dsRNA HIFIB T, 1 BT R K =4 52 FH 6,
B J& &I FADD F1RIP1 7] 5 VISA #HE/EA, 3 Hid
RIAH) FADD M1 RIP1 7] DL 704 803 NF-xB i3k
IRF3 FI¥E5 R, MTIERH FADD 1 RIP1 7] L% #E4E
% 5% dsRNA 55 ) NF-xB FIB0GE TR hos, #—
B FRIEA S —MEF R T EHWENEA TRADD
(TNFR-associated death-containg protein)A] 5 FADD.
RIP1. TANK. TRAF3 fHEfEH, N5 NF-«xB
FIRF3 (LT 30) B, B TRADD ] 5 FADD/
RIP1 —i& & NF-xB, 35 TRAF3/TANK —2¥i%
IRF3, {H[F AR & B FADD 1 RIP1 i Fth 2 5
T IRF3 KJ#3%, K24 FADD #1 RIP1 ] siRNA 3851
4T RIG-1 /15 ISRE &M, S FXPIfp LK
“ZRKZER, ATRERE N TRADD. FADD. RIP1 H
FWOE NF-xB, A& — & B 5 F 2 RSB0
IRF3, R EHFEITIR#— PR . BT TRADD/
RIP1, FADD & A8 i #8 35 caspase 8 11 caspase 10, 1§
EATRAEBI VI BEE, ATt — P 80E NF-xB ©4,
Ak, W RFFIAK RIG-TH VISA 0] 51 %5 #E NF-
kB JEZ #ig R R B ¥ES NIK AHEAEH, AT
7~ RLRs 10 Al T JE 4 U2 BE NF-xB 169, {2 244
BT A B 52

2.3.2 RLRs/~3# IRFs #93% & T NF-xB 4},
IRF3/7 A #% RLRs /3 #1558 B Frigad, XM E
Fl £ % TBK1/IKKe fift & . TRAF3 #iA 35
TBK1/IKKe £ VISA, VISA ESHEREESH
(proline-rich repeat) &% TRAF %5 & 45 #J(TRAF-in-
teraction motif, TIM), 7] 5 TRAF3 [] TRAF £ B
BAHEAER, BETHES S F09. ok, TANK.
NAP1. SINTBAD (similar to NAP1 TBK1 adaptor)
7] 5 VISA. TRAF3 M1 TBK1/IKKe &4, (B EA 1R
DIRETUAR, ERTEA R4 b KIEARFRIThRE, &
wEHE—BHRN,

BIERMNERRT 55— 2 RIG-1 HEFH
IRF3BERIFT B L E A, #ROUMITA (mediator of IRF3
activation), B BI—DHRPAERIR, FHHA
STING (stimulator of interferon genes). MITA H 379
MEERARK. CImBANNEREHE, HPE=
A~ TM # MITA # € T8PAE -, MITA I N i 5
VISA i) C InfF7ERFSEMIAH EL/E A, 3 DU SR
77 38 % TBK1 £ VISA \T¥E IRF3. ik, WIE
MITA KRR AF% 5% T T IRF3 F¥E & IFNB1 Al
HARAKS T IRF3 I F I ER MR ZEWE . F

B, BARITRIE MITA HAREEUE NF-xB, {H MITA
FI R R 15 NF-xB FIBUE 55, 68 MITA 5 7] gei#
TREMSFRIREIVGIS S T NF-xB KBS H
FHMIBF R MITA EEA T A EM L, 377 U
RIG-I. VISA 1 TBK1 B /EH, #0E IFN-B. IRF3
I NF-xB @1, #t— P RRAERIFRIBUS, MITA
FEEHNAMZSRAARFR, XFFRSHIEER
RAE KA B3 12 T HelE RNFS (72 RPEMEAHC ¥
WF )60,

3 TLRs 5RLRs{5S#EEAIBEHH

TLRs/RLRs 7ERFIAH. PAMPs J5, FI#EE 5%
RAREDMEF & I ETIMERNE, 51K THFRIE
RN R BURBERN, A6 B R AR o o i B A
4. {HJ TLRs/RLRs {5 Sl L EEEHR &5
W & G R AE M RIERR S EER. L
2k T B GIXFE T B B 05, REUE PR i
FSEBETIORT . b, —BRBATAHSE
17, thiE i & F 5 8% 815 TLRs/RLRs 15 Sl 2, DL
HkE EN LIRS R/ G FTERIINBILFAET
TLRs/RLRsf5 538 % (15 W15 SRRE, 355 2561
(k2. £3 FiR).

3.1 EE4BEX TLRs 5 RLRs {5 Si#KAYIAE
HL )

3.1.1 Rw—— BB ESST KER
S0 FHIFMER GURTE SN EEIREK . X
FefRVEF EEE ST BUEARER. EEUTE
=REAB-—Z RBIGEBE (ubiquitin-activated
enzyme, E1). ¥Z &4 &8 (ubiquitin-conjugating
enzyme, E2)F17Z FiE#E§ (ubiquitin ligase, E3)3L [/
. HY B3 RREZRE RS RYSEREERENE
BT, TESTERETARTFHBER, HT5
EEAME NSRRI ERE. K K48 EEMN
BREU—BNSEORRKEKRB T EOBE AR
fi#. K63 EEMZ ZRU—REIREAKBEZING
BARERIPHATUO, T RIS A — 24
FRBESH THRMIES.

Nrdpl B —MEIEH RIK B3 & REREE, ©
"5 MyD88 4 &, H X E AT K48 &2 RALTEH
REAR, MM F1A#E MyD88 fK#if) IRAK1. TAKI.
IKK-B 1 MAPK HIBiE. HBHZ, HiLrATX TBK1
BEAT K63 12 F AL LU 3% TRIF 48 TBK 1 1 IRF3 ()
BIETY; MR F1E 5 SHHIE F (suppressor of
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Table 2 Cellular regulators of TLRS/RLRs signaling

Regulators Type of negative regulation Target(s) Proposed mechanisms References

Nrdpl Inhibition of steady-state and MyD88, TBK1 Proteosomal degradation of MyD88, [71]

activated state (TLRs) activation of TBK1

SOCS-1 Negative feedback (TLRs) Mal, IRAK1 Proteosomal degradation of phosphorylated Mal [72]

Trim30a Negative feedback (TLRs) TAB2, TAB3 Lysosome-related degradation of TAB2 and TAB3 [73]

RNF5 Negative feedback (RLRs) MITA Proteosomal degradation of MITA [69]

Ro52/TRIM21 Negative feedback (TLRs/RLRs) IRF3 Proteosomal degradation of IRF3 [74]

RNF125 Negative feedback (RLRs) RIG-LMDAS,VISA  Proteosomal degradation of targets [75]

Triad3A Inhibition of steady-state TLR4, TLR9 Proteosomal degradation of certain TLRs [76]

(TLRs)

A20 Negative feedback (TLRs/RLRs) RIP1, TRAF6, TRIF Ubiquitination or deubiquitination of targets [77,78]

RBCK1 Negative feedback (TLRs/RLRs) TAB2/3, IRF3 Proteosomal degradation of targets {79,801

DUBA Negative feedback (TLRs/RLRs) TRAF3 Deubiquitination of TRAF3 [81]

CYLD Inhibition of steady-state and RIG-I, NEMO Deubiquitination of targets [82,83]

activated state (TLRs/RLRs)

LGP2 Negative feedback (RLRs) RIG-I, MDAS, VISA Sequestration of RNA ligands from RIG-I or directly [15]
inhibit the self-dimerization of activated RIG-I,
competition with IKKe for VISA

DAK Inhibition of steady-state (RLRs) MDAS Sequestration of MDAS [84]

NLRX1 Inhibition of steady-state (RLRs) VISA Competition with RLRs for VISA [85,86]

SARM Negative feedback (TLRs) TRIF Sequestration of TRIF [87]

ISG56 Negative feedback (RLRs) MITA Sequestration of MITA [88]

MyD88s Negative feedback (TLRs) IRAK1 Sequestration of IRAK1 [89]

RIG-I-SV Negative feedback (RLRs) RIG-I Sequestration of TBK1 [90]

RP105 Inhibition of steady-state (TLRs) TLR4 Sequestration of TLR4-MD2 from binding ligand  [91]

Atg5-Atgl2  Inhibition of steady-state (RLRs) RIG-I, MDAS, VISA Sequestration the interaction between RLRs and [92]
VISA

gCIqR Negative feedback (RLRs) VISA Sequestration of VISA [93]

SIKE Inhibition of steady-state TBK1, IKKe Sequestration of targets [94]

(TLRs/RLRs)

IRAK-M Negative feedback (TLRs) IRAKI1 Inhibit the dissociation of IRAK1 from MyD88 [95]

IRF4 Negative feedback (TLRs) IRFS Competition with IRF5 for MyD88 [35]

SHP-2 Negative feedback (TLRs) TBK1 Sequestration of TBK1 [96]

Pinl Negative feedback (TLRs/RLRs) IRF3 Phosphorylation-dependent isomerization [97]1

ISG15 Negative feedback (RLRs) RIG-1 Inhibition of RIG-I [98]

TRAF1 Negative feedback (TLRs) TRIF Cleavage of TRIF [99]

NOD2 Not determined (TLRs) NF-xB Suppresses NF-xB [100]

TRAILR Inhibition of steady-state and NF-xB Stablization of IxB [101]

activated state (TLRs/RLRs)

cytokine signling 1, SOCS-1)7] 54 TLR2/4 18 55 F15%
4k Mal HIEAEF, S8 Mal KAELRZ R IFHIE
fi#, T34 Mal HEH ) NF-xB A%, B RBRRIR R
FE4H Bl Bl T P2 4202, Trim300 (tripartite-motif protein
300) B — N EHHIEE BN B3 2 RiEERE, K
I T NF-xB FIB0E, TRIM30o KIS RE ] &
HTAB2FITAB3 Y1 F&A#, M0 B TLRs 853 FRINE-
«B IS, (BFFER R T X TAB2/3 (I PEfE - JRdE T
EAMAKERRE, TSR AR AT,
RNF5 2 — BN TR PR I B3 2 R
By, RERIEUE, HATE C MBS MITA
M C Imis R SE M ELVEF, FRAE 1L MITA150 7581

R R AEKABEE T FAH TP, BHILIPHIRLRS
NFHMESHEF. AR, RTXLER, BAEHF
fEVFZ HAMK E3 2 R IEEB W Ro52/TRIM21 .
RNF125, triad3A (triad domain-containing protein 3).
A20. RBCK1 (RBCC protein interacting with PKC1)
%0480 (11 7E TLRs/RLRs 15 538 B A F L B
REEEIRE.

312 FR—_—iATESSTHBN BS54
TR K63 Z RALEBAFE A BUE, LUER
BESHERK. RZ, ZHBRUEEZRULELREL
AESS5ESERNARAT. EFER, EREABN
FAERILHZ R EN.
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Table 3 Viral inhibitors of TLRs/RLRs signaling

" References

Virus Inhibitors Target(s)

Encephalomyocarditis virus VPg Viral RNA {1 02,103]
Influenza A virus (IAV) NS1 RIG-T (03]
Poliovirus Virus protease MDAS [104]
Rotavirus NSP3 Viral RNA [105]
Reovirus : 83 Viral RNA [106]
Vaccinia virus E3L Viral RNA [107]
Hepatitis C virus NS3/4A VISA, TRIF [108, 109]
Hepatitis A virus® : 3ABC VISA [110]
Human immunodeficiency virus Vpr, Vif IRF3 [111]
Pestivirus . Npro IRF3 [111]
GBV-B NS3/4A VISA [112]
Rotavirus NSP1 IRF3 [113]
herpesvirus ' RTA IRF7 [111]
foot-and-mouth disease virus (FMDV) Ler NF-xB [111]
SARS-covirus PLpro IRF3 [114]
Vaccinia virus AS52R IRAK2, TRAF6 [115]
Vaccinia virus A46R MyD88, TRIF, Mal, TRAM [116]
Hepatitis C virus NS5SA MyD88 [117]
Ebola virus VP35 RIG-I [111]
Vaccinia virus NI1L TBK1 [118]
Hepatitis C virus NS3 TBK1 [119]
Vaccinia virus K1L NF-xB [111]
Rabiesvirus P TBK1 [120]

% ZEFA (deubiquitinating enzyme A, DUBA)
R—NEH OUT Sl 2z RIES, nEREMMN
F%#% TRAF3 LRI K63 EEAZ R, MNMmE
TRAF3 \N&H TBK1 KI5 SR &4 LME T XK,
DUBA KJid#iE A #1%] RLRs M S TR B HR
1%, #HIx, DUBA FRi& T #H # R B, CYLD
(cylindromatosis)j& T2 R R EABFKEER, i
ZBREATHI K63 EBMT B, 2K RIG1H)
K63 iZ #4k, f# RIG-I NGEFE 5 VISA; 2 NEMO i
R FW, €M TAKI/TAB2Z/TAB3 B &)+ g5 H
XK, ¥R TRAF2/6/7 FIK R %02 1128,
313 Re=Z— Mo THGHIER 5
SFRIMMAELEARGESHINR. MA LAY
43 FF] LLE I &R LI BE WX A AR ELVE R, AT S0
F5HEKE. WEEERETEES S FERERL
EHAF TH RS, EEREEN SEMEST3E
SHEEREEAY.

ECRE], A —FLUME S AT A EE R
RLRs, LGP2 58 EAFEFF A [B] FI 4L 53 BV 7 RIG-T A1
MDAS fIZhEE. BbAh, LGP2 i C 3% RD A Hig 5
RIG-I M B AR, I R4, T RIG-1 1) — R4
IWAXTHIREBIEEXESE, R, RIG-1EAS
VISAHHEAER, F#$ %I VISA 5 TBK1/IKKe A

HAER, Mi#l%l RLRs NS HESH# R, 8K
fii 1% B (dihydroxyacetone kinase, DAK) R 5 MDAS Tfj
A5 RIG-I HEAEH, 8 BRET, DAK ¥ MDAS
FERUE R, B 1k MDAS FIRFEEB0E, T W BRI T,
DAK 5 MDAS ## 8, MIfif#f MDAS 5 VISA 454,

BRI, DAK Hil# MDAS S/ IRF3 fIB0E, A
BE NF-«B H3035E9; NLRX1 & NLR iR 5, HE
P FERIAARSME, 3181 NBD 4 #4385 VISAf{ICARD
MEAEH, B4 % RIG-1 5 VISA HI454, N
] RLRs /51 IFN-B fI7F=4. {H IFN-B 1% SR
AEfFH mRNA RiX/KFF &, B~ NLRX1 7E40 fast
TR, TR SRR 5371855, SARM
7 TLR3 #1 TLR4 {5 S @ & o) S = H, 7 TLR3
B¢ TLR4 BCAARIRIB T, SARM %Kik L, 3F5 TRIF
MHEAER, NSRRI H TRIF T i R B F80E
R BRI FRIAET; IFN %% %K 56 (IFN-stimulated gene
56, ISG56) 7] 7E IFNs F1Z Mum RIS T 74, It 5
MITA #4454, i %5 ISGS56 AT ML &R BTN FH
IRF3. NF-xB 1 IFN-B )3, SR FFH RNAi Tif
MYEISGS56 RIXT | EEAH R BIBRYL, FE41H ez LUl
IO R A, 1SG56 7] LA IR MITA F1 VISA/TBK1 2 ]
RAMEER, AT RE SR REIIgRE, o, E&F
— L84t DAL LA SEIRXT TLRs/RLRs 15 5
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MEREE, W MyD88s. RIG-I-SV (RIG-I splice
variant). PR105. Atg5-Atgl2. gClgR (receptor for
globular head domain of complement Clq). SIKE
(suppressor of IKKe). IRAK-M. IRF4. SHP-2 (SH2-
containing protein tyrosine phosphatase 2)®-11,
3.14 HpbRe  BRT ER=ME LR, THF
%2457 F AR A SERG R SURETh R, Wik = B+
¥J%§ Pinl (prolylisomerase 1)A] LLiRF 22 & B8 339 BEFR
1 IRF3, H5HAEAER, 71 IRF3 MR BRI
FFh B3 2 EIEEEEATIAR MM, AN, EHVF
Z S FEE & FYLHS 5 TLR FRLR /5 538
)7, I ISG15. TRAF1. NOD2. TIRAILR
(TNF-related apoptosis-inducing ligand receptor)3°8-101],
3t [F]4:%F TLRs/RLRs N2 HIE SH RIS,

3.2 #HEAY TLRs/RLRs {5 Si@ A EIEHH]
32.1 #RTLRS/RLRs#iR%  fH/PRNARER
%3 EMCV ) vRNA 5—H/NEH VPg (virus
proteins) L&A, MITHERL T 5' BERREE, (2 bk
T RIG-THJiR Rl uoz103; B RY 378 R 35 P I AR S M B
NS1 A—HumsR e, 7T 5 RIG-THEMEH,
il RIG-1 /-5 ) IFN-B F¥iE00, B ¥R 2% 3
(poliovirus) A DA it 3 PF 40 4w A5 ) 5 7o 2 1 g A
caspase F 2 I BEAAMK I 1) 77 UK AR MDAS AT
16 ERHBI R G, b, 55 % B (vaccinia virus)
ISP IR 07 7t AR ABLiR) 7 N T8 E S i R HIR
%U[105~107] o

322 M@mXaiE545F HCVHEEBKESR
NS3/4A (nonstructural protein 3/4A) B F £ & IR E H ¥
iEME, AEIEKAR VISA C s i g5 s m) —BUF 51,
fiff VISA INREFESR 4 bR AR FER AL, HETTfF IKKe A
RERUIRE E VISA, MM IFN-B ) FRik10s100,
NS3/4AZ4LL, B &Y AT 4 75 B (hepatitis A virus, HAV)H]
W HAT5 3ABC thAE/K# VISA, ¥ VISA i) CARD 1
91 TR AL SRR B B R 5 4R 43 FF , BELIT IFN-B 3%
AWM HIV RS54 8 A Vpr Al Vif 7] 512 IRF3 /K
FTHEAMAREENY, b, #RFEF (rotavirus)
JAZW#E. GBV-B. OB (foot-and-mouth
disease virus)ZHiw 3t LKA B 86 £ 32 TLRs/
RLRs 15 53 g~ '

323 AFEFTTFHEN ERTEIWEFR
2B LR A ME R IR 7 BE (severe acute respiratory
syndrome-corvirus, SARS-Cov) "] EAgwfig A JN K F B

# 5 [ B (papain-like protease, PLpro), X FHE§AE E 4
5IRF3 M BER, (BXFEF FHAE A XT IRF3 IKAE,
TEMAN T BEBREREEII I B 5% 4, PLpro 4K AR
IRF3 M0, B IEE S I R L. A
AN PLpro 5 IRF3 458 REF%K TBK1/IKKe %f
IRF3 HBMR L1114,
3.2.4 [AB1Z 54T 18 6948 Z4E A I5 FE % B YR
T A46R. AS52R A—RKEFH TIR FMBHEA
. HH A46R B TIR £MB58LEA
MyD88. TRIF. Mal. TRAM H#& &, Mk
TLRs XX 5 H 148 3%, FAWE 55 S, T AS2R 7]
5 IRAK2 #1 TRAF6 B¥#:4 &, 3k IRAK2/Mal &
TRAF/TAB1{5 S8 &4, Ni##HlEFETLRIZEN )
ZF TLRs Fi /-3 [ NF-xB HJBE1519); Abe Fk
IR HCV HIEZ#IH B NS5A T3 T aa 237~276 HIT
P E MU ¥R 72 X (interferon sensitivity determiming
region, ISDR)5 MyD88 fHE.{EF, F# ] MyD88 Xt
IRAK1 KB 3, M| MEFs # TLRs Bt {4 S 1
RAEARETFHR=4E. o, BRIERHF(Ebola
virus), MPIRGIUR . 9 FF B84 AT LA AR L il4
#i TLRs/RLRs {5 5 pgu11118.119,

© B8R, BT BAEJLRRLE, 2R B b AL
HALRISRBS MRE B B KBRS, W: ERFEE. &
HRE S, SR S LR T NS 5
BRGEHIB A, R R ERIGT M EEE .

4 NEERE

104587, AMITAHRE IR &ME S IR TR EME
PAE 40 Fi IR F 7= A 0 40 B AR D 2 LR L — B BT
&n. BFE, KEXT PRRs N FHPUREFZBRIRFIK 4
FHLH R THES B4R T NAIL. TLRs/
RLRs £ 4 W L 2 1R 7)57% 2 RNA i) PRRs, Hip
EHDFEHCELLRER. E, BEPHS—
2R 5% 3 DNA ) PRRs ——DAI/ZBP1 Fil AIM2
HRMARUEAK R 4R, TLRs 5 RLRs #E %
FPANFEAE VS5 R AR UL ) 8. 21 TLRs/RLRs 3@ B
RETH LR RIKIF 5 F? TLRS/RLRs /M- FH)
TE 5 DNA Z &/ 5 HE B XA EE B ARNS T3
H(crosstalk) ? I B G HIR F B B B OR BB A
[F 7 &5 PR EE B BN B, FFanfT
#—HiEFENY R ? EERRNEAN, HEXE
A AR — — R R
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Mechanisms and Regulations of TLRs- and

RLRs-mediated Cellular Antiviral Signaling

Yu Zhang, Bo Zhong, Yan Yang, Hong-Bing Shu*
(College of Life Sciences, Wuhan University, Wuhan 430072, China)

Abstract

Toll-like receptors (TLRs) and RIG-I like receptors (RLRs) are two classes of pattern recogni-

tion receptors (PRRs) in host cells. TLRs are located at the membrane system of cells, while the RLRs are cytoplas-

mic viral sensors. Upon reognition of the PAMPs generated by viruses during their invasion and replication, TLRs

and RLRs recruit various of adaptors and activate a series of signaling cascades, leading to induction of type I

interferons (IFNs) and proinflammatory cytokines. Meanwhile, host cells also adopt a number of strategies to

regulate TLRs-/RLRs-mediated signaling to prevent harmful excessive immune responses. In addition, many viruses

also regulate TLRs- and/or RLRs-mediated signaling through their structural or non-structural proteins, thereby

escaping the recognition and clearance by the host. In this review, we focus on the mechanisms and regulation of

TLRs- and RLRs-mediated signaling, as well as a brief introduction of virus-mediated regulation of TLRs- and

RLRs-mediated signaling.
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