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[ Abstract |

Toll-like receptors (TLRs) play a pivotal role in innate and adaptive immune responses. They

recognise pathogens through signaling pathways. Accumulating evidence suggests TLRs are important in autoimmune

disorders(SLE,RA). A greater understanding of the processes by which TLRs regulate adaptive immunity may yield

new approaches to the treatment and prevention of autoimmune disorders.

Autoimmune disorders;
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TOLL FE3Z 44 (toll-like receptors, TLRs) Y %& 3 K BIF 58 K
RGIE LT —AFE W, BT B R AE S WAL
KA P RIR S FARAF P S R I A 2, IEAERTSRY
K TLRs 75 [ B SR 3R G0 M 21 BE IR JE (systemic lupus
erythmatosus , SLE ) 2 XU & 17 & ( theumatoid arthritis, RA)
RIRPLER EEAE ] AHEHEWT, — BIR AR HZ K1Y
FEH L, M5 TLRs 0915 5% 5 SLE Fl RA ZMIRICHK,
TCBE 2 X BN IR T AR RAR K By, A S0t TOLL #
ZARMET R B 5 A B e IR DG R EEIR T
1 TLRs f&4y

RARGRER AL A B LI, H B iRIE TLRs 1 & 3A
WFFEIEAE , e ik & 9L TLRs 75 RAR g b R IEHZEAEM ., B
PUR FARTERG ISR ) b e BE DR 51 10 45 #) e —g JEURH O
B4 F 151 2 ( pathogen associated molecular patterns, PAMP) |
PAMP G55 2% Foft 240 P 200 BE 8 o 4 H 82 08 LA K i 22 2 ik
Wi MEEERSE . BLELIESE TLRs SR 0 il A 0 B 23 ) 46 e A5
KT, BRI A TR BN KR G F3d iy 1 S g —
HE BT E B A A R 4 SR A O R o 15 S A St
HRBEE R
1.1 TLRs &R HZEH SFE  TLRs #2H) 75 R MR &
B RN R MR BB Z KM R I , Hoffman il
[ E7E 1996 AEUERA TOLL 78 5 1 "R AT W% B B B A v 1
SyEAER) L Janeway T URAE 1 U K B SR B TR R AN 3
TOLL % 1, Bz fir 44 TOLL 3244, M J5 & 1 & B N ZERF5RE
HUR SRS S B2 TT B 1 20T, 24 7EANKE R 11
(TLR1-11) ,WFLBI A 13 B, TLRs Oy T RURS B H 5, I
EANX A 24 ~29 & & IR 10 T & 731 (leucine-rich
repeat, LRR) , L2544 UL T 270 2 5 PAMP 7, &
503 F AR EAE T UK X5 TL-1 32 ARG 1 5 3% X
REMRIJR  iZ X FR A TOLL/IL-1 224K [E]¥8 X TLR, i1 200 4~ LA
R EEERRRFEAN, BAE FURE S R AR, C
Ui 7 9 BAT R REESE S RE D . RN TOLL 5 IL-1R A 1R
FAHERIE (AP AS 32 IR A L A1 X S5 H EA A 6, B R IL-1R
AFELE Tg FEEEAEURAIE T TLR WELAT 52 202 1 & & )7 4 45
i, TLR4 7255 — /> 9 % E 19 N 28 TLRs, i cDNA 42 K
381bp, Zwith 879 A& Fla ks , KN ZE N T 9932-33 XN, Jig
ZHS R RAE SN E 2B TLR4 A5,

Toll-like receptors

1.2 TLRs BYPECIR RAHZI50AG  TLRs AR50 Z B PAMP (40
TLR2 H58 G* 89 Bk 38 ; TLR4 1K B % £ 4% ; TLR3 i1 5195
FEWEE RNA) o 7F CD14 AYYERIT TLR4 A 3RIBTEMZE A |
RN SRANMG | R R AN R T L, TR 2 B T AR
Z% 1 TLR2 5 TLR1 F1 TLR6 £ Wi AR TN LE 5 BE40
JEL S A0 L NK A0 1 300 2 S RF T R R 2 0 L I R B,
TLR3 EZFIAER S0 AT NK 40 | IR0 20k 15
il B =AY dsRNA, B2 5 — 4 8 PR B 32 1K
B RN 2 9 B AR TLR3 AE DU B 1 8 2%
PR F2ZEAE ] SR G SRR FH A A R B 5 AN LA T
TSN T L BT BE S TLRS FRIATE SR AN I
F RN A B ¥ B & 1, TLR7 \TLR8 ' TLRO 1H 51| 21 B FH v 5
iR (845 —42 12 TLRO, & W] Rk 78 IS I AN M REAR 28 40 i
( plasmacytoid dendritic cell, PDC) F1 NK Zfi il 5] DNA
B CpG #E %, 76 B 2& TLR11 R 9 L K ¥£ % 11, TLR1,
TLR2 [ TLR4 23K 76 M 2L 1 1 TLR3 \TLR7 . TLR9 I 7E g 4
X,
2 TLRs 55 S5EE

IAEFEDFSE TLRs At R 05 5 7% 5 2 BB R K A9 i
A TLRs S5 555 S I i 3 807 s R T 135 Ak bl
PR M fe N A B F 3Rk, Bk —1 TLRs UG A
ME S5 S, B 3L TLRs 2051 E4 S vk (L S g, X
A S 2 R B EKEE TLRs M P8 K AR S A3k 8 R 303
Mo
2.1 TLR2/4 {555 30 MyDS8 Ik #i @4 WK 1 R,
B TLR3 #}HAh TLR 7] 38 2 B84 434k [+ 88 (myeloid differ-
entiation protein 88, MyD88) ™% NF-kB AUk, 124 E &
54 L N 15 4% 4 T (adapter molecules X FR#LHE H ),
MyD88 25— M R B He S B 1, AR A2 3k 2 1 4 il
S (1) Mal , FR R A& TIR G588 1933k 22 1 (TIR domain-
containing adaptor protein, TIRAP) ; 7E TLR2 1 TLR4 11 T ¥if
HERMEHEAS 5 HAL TLRs KI5 5@ #, (2) TRIF (B
¥ TIR Z5H30AT i % IPN-B #9456 8 1) thFk TICAM-1, £
TLR3 1 TLR4 % T % & /E F, TRIF i 3 TLRs 5] 42 1
IFNo JFNB % [H 1935 S, (3 ) TRAM ( TRIF related adaptor
molecule, TRIF A ¢ A5 #43 F) (U TICAM-2) . (4) SARM
(Sterile a and armadillo motifs, #8711 TIR &5k HELEF) |



- 1020 -

Chinese Journal of New Clinical Medicine, October 2010, Volume 3, Number 10

TLRs X SRR 193k B A ML ER ERE S5 20, 5
Hh MyD88 43 4 1 P 1> 45 1 B, — 2 B PR O BB T 45 44 1)
(death domain,DD) , 7 A FET-ZE M 1) 70+, I B A T2
ST ME S8 A 5 TLRs 43 i P9 B AR [
) TIR S5H938k, & T HR 28 1L-1 S2 AR 45 & i (1L-1 receptor-
associated kinases, IRAKs) ZiE B 5, E & B 4 4~ IRAKs: I-
RAK-1 JRAK-2 IRAK-4FI IRAK-M , F: IRAK-47E MyD88 &
RS P EOCHE, TLRs SRR ZS & BT 21k,
15 MyD88 5 H. 454, 4R J5 1t B MyD88 i DD 3 5 IRAKs
RIS E | Ja & 0t — BRIk TRAF6 (tumor necrosis fac-
tor receptor associated factor 6, I8 IR 38 K + 37 (i 45 & A F
6) , SR G — PR A TAKL ( TAK; TGF-B-activated kinasel )
) MAPKKK, TAKT FKYK G MKK3 3% MKK6 , #2445 84k
M p38 Al INK BOTEAL , iX— 251 898 5 I BRI
F NF-xB 2 [H A £ ik, X NF-«B 3 5 A9 76 1kt 2 5 o
TAKI $W4THY . NF-«B 096 fb 7E 48 i S g v ke 5 224 T, 7T
WS RIER M E RSB, EHEHHLT NF-«B 5 A0
A IkBa 25 G E— R BA M. TAKL Al#0E NIK (NF-
kB inducing kinase) , J5# #f— 3% & — 1 IKKa  IKKB F
TKK-y( .0 NEMO,NF-kB essential modulator) 21 i%, IKK & &
o ELA i ALV G P A TKKR AT B PR 1k 1kBa, §5X
LeBo H9Z RALIE A, AT A B T %5 5 22 25 6 19 NF-«B 1940
HIVER, UiFEs iy NF-kB FE07 HE A AR | shaei st s 1
FEIEFL S5 RAE R A T4 TNF-o IL-1 1.6, T1.-8
ST RS G GBI T AT A S 2 A (R el R
AR PEPR LA, A 8 | A P EAR X2 T1-
RAP X4 MAL ( MyD88-adapter-like, MyD88 4% 3 F£ & 1) B
JE RN 7S 78 TLR2 F1 TLR4 %% 3 50)%  , TIRAP
BREAR) /N BB R MyD88 Bl g /N BAH L B4, MyD88/
TIRAP BUSREA /1N B4 BRI G 1 /N BROT 1A ks FLBR R 1
FEE PR, FE W TIRAP 7E MyD88 {38 i 2 A1 TLR2/4 155
i) MyD88 T Jii# 38 #% 3 [7] & #5245 F i, Tl TIRAP AR 75 2
TLR7/9 WiE S5 S, F4NEHIRAK-47E TLR F1 TCR {55
SRR NF-kB W67 1Y, X R 76 K AR e Mgk
P e (AR 2 UK 7 W2 i R 2 400 70 B
JARJA BT AE 40 B v | 43 BT IRAK-4 85 [ 119 /) BRL3E 7R IRAK-4 X
REFTIR G PE N A 0 5 TR, R 354 TLRs | IL-
1 ZARF IL-18 ZIRE R A5 . FERAM, 5k B IRAK-4 5P
/N AN A RE = A R A I R XA Z R ECAAR QN LPS £
RWUH R 2 B MIAFRR (polyl. C) A AR H B4k CpG 711 5%
BN &A% 2 ( CpG-containing oligonucleotides, CpGODNs )
AI WL IRAK-4%] 175 T SRR G e N 24 A 22 X, il
#F5¥ TLR7 .TLR8 FI( &) TLR9 & MIRAK-4%} I % IFN fy7~
AFEXEE, RELEREPEAUE TIR A RESH TN
SERETRARA 17 FLAE KR o8 I 25 R R iR EEAE Y Ka-
gan SFUERA TIRAP I MyD88 75 5 1) T il B =5 44 34 & AT %)
TLR4 (W54 W ML, & B0 TIRAP &7 B 0% B LB 45 &
X, BLIX AT TIRAP $RZLEI40AE , 28 )5 TIRAP & IEThHE{E

fifi MyD88 i 251G LAY TLR4 LIS S5 S5 T | X Be 25
SCHENRBENUEE A S0k B A SR R N R sh— R R
& S0

TLR7
TLR9

TLR1 TLR2 TLR4 MD-2 TLR3

or
TLR6

MyD88  MyD88 TRIF  TRIF,
MyD88 TIRAP/Mal
IRAK@ /
TRAF6
IKKe/IKKi
NEMO/IKK: - TBK%
(3
IKKS ,{T/J
NF-xB!
NF-xB* - @ rr3

(earhy. mﬁi_: (lagFiﬁgiyl%'/RFb
Inflammatory cytokines [1Fnp |

1 : 5] B Takeda K, Akira S. /Semin Immunol,2004,16(1) :3 -9.
B 1 TLR2/4 55 % S 1y MyD88 & #ii% 4%

2.2 AEfKig MyD88 i@ B8 1E TLR3/4 {555 S fEMA K
% TLRs # 0] i 20 MyD88 il i N 5§ — R 5 8 = i, {H 2
TLR 3 7] DL3E i — 26 E MyD88 18 415 5 A [m] 1 56 (5 e ik
TLR3 #1 TLR4 #] i TRIF 45 MyD88 JEAK #i i 42 19 5 5 5%
3,155 IFN-B F IFN 355 2 [ K35 T A BE NF-«B W91 T
1k, Hh TLR4 i i TRAM [] TRIF A, ifi TLR3 T B 3238
it TRIF #1475 5%4 5, TRIF G86%5@ 10 5 MyD88 AH{Bl 19/
F51E NF-«B MRG0 (H =2 R Y 2E s e
TN T IRF-3,

2.3 MyDS88 H#Hiil B 7 TLRY {5 5% F01EH  TLRO 155
HSANATHSREAMEFEEFSES [ BT Ea
% IFN-a F IFN-B {774, L HEBEWEEINNGESHSES
SLE Wy &A BB, BT KX S0 ZRAR A MyD8S , R4
TRIF %t TLR4 /50 IFN-B Rk B X EE A [ BTHE
FEEMFHEFIFAEE W HE 0 T2+ IKKe Fl TBK1 X
TLR7/9 A5 1T 8 TFN JE R (9 7= A4 SR A TR 4 2, MyD88
B R 515 S 550 NF-«B Fl IRF-7 i 453842, J5 # 78
pDC 3] 5 NF-«B T BEAERPEFER - 3R3K 1 IRF-7 )&
B I ATIRE R Z 0T BT 5 73 RS
T B TR AR R, 2 45 T S % B N, 2 N /INE
X MyD88 2 fil IRF-7 Hk-& 76— 19, IRF-7 W] B #H5
MyD88 %, TRAF6 JE K 4> TR GW5I& [ BT E =4,
BB A S S 5 A2 R B Ol IRF-7 ™ 8t
FARTHIES TLR7/9 #l# PDC =4 1 BT EHITE S, HIb
IRAK-1 454 IRF7 280G 1ES T R THERERE, [
IRF-7 HBRBEREL, IRAK-1 IS R IR 2 5 3501 BB 1 2 4
W=tk . =T & MyD88 IRAK-1 HI IRF-7 B4 & Wy te: nfi]
FE( NF-«B 5 IRF-7 [ AL RIHLE HAiAwE " .

2.4 FERZEXFE 24 PAMP fil & TLRs 3 8180155
AT LG 5 0 IF HAE— 2455 43 F4b 4n TAKL \TBK1
M IKKe FHEX YL, REES DT ( overlapped molecules ) i
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g B 4 2 S, HL R BB R B R T 5 I P S A A
82 AR A SR INTE NF-kB 5 103 H6 18] 77 75 28 Ui
W52 %8 TRIF F1 TRAF6 Al E./EH , {5 6 B 8275 16 NF-«B,
SRIMAE TRAF6 SREA Y B W 40 TLR3 5 55 S HAZ AT
s, R E fER N TRIF 5 TRAF6 #1356, {H TRAF6 Jf
AN TLR3/TRIF 45 NF-kB %1k, 4% TRAF6 1 MyD88
A0 NF-kB G ALREZE/EH, KILIAT] LIEN A TLR
AT NF-«B LR fE R AL 2 22 15 5 56 = . 534k TLR
— B YUNRAE Y Y )G R Sk B A USRI 85 515 5
TLR #E5PHEIE R R, %A UEM Y 3L B 1 TIRAP/Mal
18 1 45 A W R IR WLEE B3R ( phosphatidylinositol 4 ,5-bisphos-
phate, PTP2 ) £ o 31| J5 5 L 3 Fh 45 & 33 5 MyDS88 | TLR4, 1
FUALE TLR {5538 B BRSO 2 (45 28 SRS
3 TLRs 7 SLE Sh#{EH
TLRs £ RR iR mEAEH, e g R M55 5

AT AE PR I 2B R AT SN, LA RS R R A W 1 4R
7., Mm% B RIEm KA s ZAL, SLE & —
R RBUE T WRFR A B Ao it a5, = 2R A
BPUAR, nTOS AMA VTR FE L LU 3 B B0 . HoR TLRs 78
SLE 1% % 5 AL 88 v i 8 BEAE T, (E 49 —$& 1Y J2 TLR7 AN
TLRY, BATTE NLAE I P BOR SRR LT | Bt ol MUE RNA BX
R H 4L CpG-DNA, T 5 SLE & 4E it B2 i & TLR7 A1
TLRY, JUHJE TLRY ‘B 5 4¢3 PE3E 3 CpG-ODN ¥ 197
S 56 P ] I OR X 4 41 i DNA F 2L 34 DNA, I
fbJG TLRO 25 MyD88 5| A2 Y NF-kB Zj o i) id P 3 %, 2
UERH TLRO RBIANE Y CpG 3%, GTCGTT #1 GACGTT 435
BRI TLRO AR AR . fERAE S A A
4IPS CpG-DNA FIFEL AT i S HUREE DNA Pk =4 | (B HiRiE
F£ TLRO HRFARIIRIE B HURRE = E BUREED LA, 15510 1R
MEZEAE SR ) CpG-DNA A% SIRJE Bl d 37 B3 &R, M
HLfA: %) DNA AR B T RES SR8 K0 . 1T PN R P 2 4 S
B PEUCH R AR 15 I 2 R 3, T R A LR o R I B
BAEZREZVIEPE EBV JERYLTE SLE % 38 i SR AR
IG5 TLRO T4k Al e fe Ay i BB TS 4, £ 2R
RTEFL Y DNA A S #1985 R BUALS & 1 F11E £ dsDNA R
JER A YT SLE & AT R B L4 . W 54076 DNA #H %
BT R Al AR A1 A 7L 30 DNA IR & S e 30 3, xd
WESDIL—BE R B &3 CpG-DNA 7 3%
75 B 4MMEA PDC, ZE W] TLRO AJ A8 75 AR A4 55 BELAL ) b &
FWEH], SEBR_L /N BB B , 243 fil & CpGDNA 1
B PE R A RE RPN B AN RE = AR K E LR, Ok A /N
B 5 RN B A2 BCR ARSI 2 A W3R 4 166G,
RJG WAL E A AE AR IX AT CpG-DNA /il TLR, 2K J= 5 36
FUHE TS B RPN R
3.1 TLRO (HEhWfisl 5 SLE W BRI R DR ot ik

728 TLRO MyBRAVIRAE RS 5 B & RNtk B 40 ihfk, 2
éééﬁﬂﬁﬁﬁl&o ﬁf’ﬁ Christensen /—‘%\:F'”J FH Mrl/lpr 5&7@*%
RUIEWI L TLRO Ht= Ht DNA ik it B A HE B B4Rt
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PUASRIE /N R B FE . BRI AT BT DNA Uik, AR RETR
K7 BRI A 2 A o S5 3 Wu 1 Peng! ™! A ] 4 Mrl/1pr 6750
X TLRO @iBR A/ N AT 4238, 1B TLRY £ A & s kA4
A SRR . T MRL/Ipr /NEUZE TLRO SRBG RN 23k
R A R M4 B A T LT DNA BoiAKSE £ i, K Lar-
tigue Z1° ZIFEBRZ TLRO UL, B6lpr &/ fIE A BE™
AP/ IMARBUIAR T 7= Az Fofh [ B R R OR AR XA
 TLRO BhFASHETR R 1 & AP, fJ5 Ehlers 55 14 H
FerRIIB R A6 5 45 45 050 B . TLRO Bk [ 1 /D BRI A e fd
TgG2a Fll TgG2b FHEYE B B Pk & A= 55725, BRI B /NBR B %
TE 56R/3H9 $it DNATg #58) i Al 4 7 , X MRL/1pr /> BRA
BN A 25 S 3 ad K A [l S ok SE B . TRk ok A
Mrl/B6/129 /INERIRZ4 1Y 15 5L T 77 AR AR AR &2 4% . 1 B
Christensen' ) 25 S27E B = TLRY [B152 /) MRL/ Ipr /B AP 3L
FERSHNE 57— WA TIERAE TLR7 BRFE A MRL Tpr /)
R 50 DNA HUAR YR 2, 34 TLR7 MY S 2k,
Berland %1% & I EA 2 X RNABCR #8140 3£ [H (1 TLR7
B /N R 3z SRS B IR I A . R 2 B0 5 TR B
TLRO R A TR B ] S 80RE Sk [ B PR A e 2s | X
FHRIS AL RE T bR AR 155 Bk o 9 SR BB I, 28 5 1 2401
DU TLRO S LT 38 eSS s X Foig B S 1 . % JE S R Ge vk
i 32 AR TLRO ZE AL R4 PR Y — A G &R, ]
AEE T SRV EAG A DNA RS B M0 sl R Rl
K, XTIt TLRO 76 AR A % 9 HLER AY 1 F B -F 4 1% T 7
.
3.2 TLRO G5 SLE ZAERRR RS RN L
$§ TLRs A /-5 SLE fEHAE X — Wt , (2R 5T TLRO
B /N B BB A 2SI . AFSEIIESE T TLRO fBI-F- 420
% B 4MA REAE IR DNA Jriiie sE AR, SRR A0 45
RIARE , ARFE AR, RO TLRY P-4
BiF4E+F B 400X DNA AT 52 DL AR /N BURSE , 7T 76 H:
AR BL TLRO WS40 i 20 Bk 1 Br ik i =2k | R il g
WA &2, TLRO v A% 28 40 i % £k 1) 4 b 1 1F — 254G
W, R TLRY 15516 SLE % (4 1 75 52 i 155 2 B
HAF 556 oRIEH
4 RE

T T4k TLRs Gl 7 iz o i, &l i iR 50 9
JEAg A A RS 5 5 55 R AR 2 R 3 R 5% S
T SSRGS . EA S SR eZEirS Y
SRR A B (SLE RA) R4z, B IR BUAH A 28 78 3L ik
FARFIE BRI i - T — AN A W, RN AMNIF oY
TESE P2 TLRT i TLRY HIM5 5% F4E SLE (& A4 hil 2 %
WEEEH , HAEDFSEIE R A B 528 1 & 0 P A 1
22 ) U BARAS 1 4, — %8 TLRs R R M0 B B A Wy e Ak
WA EAATEWE R TLRs 193840 1% 538 B ; Hk, 4~ 31 TLRs
BRI A2 ] S BSOS [ A 35 PR 2 3 R 4R 58 g 25 1 A 1 T
B¢J5 , TLRs BT A0 AH AR A5 1 0928 R R R G e A ML Ik R e
RCHUEST (HEFELE 4 4UZ JUHE: RA (SLE A If B e



Unfal i
E‘J?%/\,*Hfﬁ

- 1022 -

Chinese Journal of New Clinical Medicine, October 2010, Volume 3, Number 10

3 PR R LR AL B AR, BB TS
ST B

S Sk

Takeda K, Kaisho T, Akira S, et al. Toll-like receptors[ J].
Rev Immunol, 2003, 21335 -376.

Annu

Lemaitre B, Nicolas E, Michaut L, et al. The dorsoventral regulatory
gene cassette spatzle/Toll/cactus controls the potent antifungal re-
sponse in Drosophila adults[ J]. Cell, 1996, 86(6) :973 —983.
Schroder M, Bowie AG. TLR3 in antiviral immunity: key player or
bystander? [J]. Trends Immunol, 2005, 26(9) :462 —468.

Kawai T, Akira S. TLR signaling[ J]. Cell Death Differ, 2006, 13
(5):816 -825.
Doyle SL, O’ Neill LA. Toll-like receptors: from the discovery of NF-

kappaB to new insights into transcriptional regulations in innate immu-
nity[ J]. Biochem Pharmacol, 2006, 72(9) :1102 —1113.
Akira S, Uematsu S, Takeuchi O, et al. Pathogen recognition and in-
nate immunity[ J]. Cell 2006, 124(4) .783 - 801.
Suzuki N, Suzuki S, Yeh WC, et al. IRAK-4 as the central TIR sig-
naling mediator in innate immunity[ J]. Trends Immunol, 2002, 23
(10) :503 -506.
Horng T, Barton GM, Flavell RA, et al. The adaptor molecule TI-
RAP provides signalling specificity for Toll-like receptors| J |. Nature,
2002, 420(6913) :329 —333.
Suzuki N, Saito T. IRAK-4—a shared NF-kappaB activator in innate
and acquired immunity[ J]. Trends Immunol, 2006, 27(12) ;566 —
572.
Kagan JC, Medzhitov R. Phosphoinositide-mediated adaptor recruit-
ment controls Toll-like receptor signaling[ J]. Cell, 2006, 125(5) :

943 - 955.

Couillault C, Pujol N, Reboul J, et al. TLR-independent control of

innate immunity in Caenorhabditis elegans by the TIR domain adaptor
protein TIR-1, an ortholog of human SARM[]].
2004, 5(5) ;488 —494.

Zhong B, Tien P, Shu HB,

Nat Immunol,
et al. Innate immune responses:
crosstalk of signaling and regulation of gene transcription[ J]. Virolo-
gy, 2006, 352(1) ;14 -21.

Fitzgerald KA, Chen ZJ. Sorting out Toll signals[ J]. Cell, 2006,

14

15

16

17

18

19

20

21

22

23

24

25

(A5 B H 2010 -04 - 15[ AX %5 HER

125(5) :834 -836.

Lee MS, Kim YJ. Signaling pathways downstream of pattern-recogni-
tion receptors and their cross talk[ J]. Annu Rev Biochem, 2007,
76 .447 - 480.

Stacey KJ, Young GR, Clark F, et al. The molecular basis for the
lack of immunostimulatory activity of vertebrate DNA[ J]. J Immu-
nol ,2003,170(7) ;3614 —3620.

Krieg AM. A role for Toll in autoimmunity[ J ].
3(5).:423 -424.

Christensen SR, Kashgarian M, Alexopoulou L, et al. Toll-like re-

Nat Immunol ,2002 ,

ceptor 9 controls anti-DNA autoantibody production in murine lupus
[J]. T Exp Med, 2005, 202(2) :321 -331.

Wu X, Peng SL. Toll-like receptor 9 signaling protects against mu-
rine lupus[ J]. Arthritis Rheum,2006, 54 (1) ;336 —342.

Lartigue A, Courville P, Auquit I, et al. Role of TLR9 in anti-nu-
cleosome and anti-DNA antibody production in lpr mutation-induced
murine lupus[ J].J Immunol 2006, 177(2) ;1349 - 1354.

Yu P, Wellmann U, Kunder S, et al. Toll-like receptor 9-independ-
ent aggravation of glomerulonephritis in a novel model of SLE[J].
Int Immunol, 2006, 18(8) :1211 —1219.

Ehlers M, Fukuyama H, McGaha TL, et al. TLR9/MyD88 signaling
is required for class switching to pathogenic IgG2a and 2b autoanti-
bodies in SLE[ J]. J Exp Med, 2006, 203(3) :553 - 561.
Christensen SR, Shupe J, Nickerson K, et al. Toll-like receptor 7
and TLRY dictate autoantibody specificity and have opposing inflam-
matory and regulatory roles in a murine model of lupu[ J]. Immuni-
ty, 2006, 25(3) .417 - 428.

Berland R, Fernandez L., Kari E, et al. Toll-like receptor 7-depend-
ent loss of B cell tolerance in pathogenic autoantibody knockin mice
[J]. Immunity, 2006, 25(3) :429 —440.

Visentini M, Conti V, Cagliuso M, et al. Regression of systemic lu-
pus erythematosus after development of an acquired toll-like receptor
signaling defect and antibody deficiency[ J]. Arthritis Rheum,2009,
60 (9):2767 -2771.

Uccellini MB, Avalos AM, Marshak-Rothstein A, et al. Toll-like re-
ceptor-dependent immune complex activation of B cells and dendritic

cells. Methods Mol Biol[ J].2009,517:363 —380.
g 4R ]

Ao BERATTLARIE 1« 47 W LGS 56—
140 ; John Quincy Public 5~ Public JQ

SENMPREEZNZFRTE

B FIRIE SO 51 RIBESCCHk Y LU BIAR i (B A DR 3 SE NI 2 55 5, L2 RGBT
I SR I R AL A e B %J\i@ﬁﬁﬁjf VR A7 TR 1A 2 a3 A (3 ik Ry —
FHRRG A E KL

IS UECE S




