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Toll-like receptors are type—1 transmembrane receptors involved in microbial recognition.
TLR4 has been shown to function as the lipopolysaccharide signaling receptor, while TLR2
recognizes peptidoglycans from Gram-positive bacteria, and lipoproteins. TLR9 1is
involved in the recognition of bacterial DNA (CpG DNA). Although various microbial cell
wall components are recognized by different receptors, all of these responses are abrogated
in MyD88-deficient cells. These results show that different TLRs recognize different
microbial cell wall components, and that MyD88 is an essential signaling molecule shared
among interleukin—1 receptor/Toll family members. However, in LPS signaling MyD88-
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independent pathway is present in addition to MyD88-dependent pathway.
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(Toll 773V =) IZ&oTh &N, FNIZFI&EHL
NF- « B OFEMAL, Z L TREMICTEE R TF FE
MERHRTF FOFEFZNENF RSN, MEY
WZxF U CRRGE B AL S % o TEFLEIIC BT Toll
ODHFENHELPER Y, BREFEAOMAENREROL
HADVBIETHBEL THWBE I EFREDELNIIRD
2D0HBHY,

I. IL-1/Toll-like receptor superfamily

Tollid, LY avyauNTOWRREIZBNT
EREERICEDIZRhL LTru—= v 7 ani,
Tollidva vy ayNTEOFBEEICH- /87—
BB EE R ZEZE U TW5A Y, 1996 412 Toll 795
DB 2T TR, BREEICERD TERE2KRE %
BILTWwWBZ e Hoffmann D7 V— T2 Lo TH
XoPIZENLY, YayYa NS IMER OB %
T HEPFHRTF FEEAET LI LI o THLT 5,
INLDHBEARTF FiE, YawPavnNTo fat
body (WFLETIIFFRICHYTS) ko THEEEN
hemolymph (IflY) ¥ /%) [Z3WENE, FHERTFF
&, TERT 2 HRIC & o TR E Pl 75 F (cecro-
pin, attacin, defensin, diptericin, drosocin 7% &)
EHEB7F F (drosomycin) IZbiF6h59,
DI L, PFLEERTF F drosomycin DF#EIZ Toll
MoDY T FIVHEE T B, Toll L HEEDH 5 18-
Wheeler &FEh B L7 — i3, FLllEXRTF FO
BEEICES TS, SOEHIZ, YavyaunNTomE
Wioxhd b GBI, Ba5 Toll 773V —% AL
TRELIMERTF FEEETLIEICLoTRENT
Wb,

IL-11%, REEYA PHA4 e LTRERSICEE
REERLL, TOZERIERET T A —I8—
77 IV)—EL, Mfasieis, BREEEE, MRNE
BWhbhb, ZIHE, IL-1 ¥ 7 FMUnEREFEHE
hEShERoTETWS (Fig. 1)9, IL-1R B4
iz, VH Y FiEAREE 3D IL-1RI L ¥ 7 FIViRiE
R IL-1RACP 225 % %, IL-1 DRI TT ¥ 7
% — MyD88 /- L TIRAK (IL-1 receptor-asso-
ciated kinase) D IL-1R#EAKIZEEL, V) v BRiL%E
ZF5hH, FDH, TRAF6 P IRAK IHET 5 L
TRAF6 2EMH L &, TRAF6 2513, 2 DO
¥ ) NF-«B & MAP 7 —EOEHEAE~DRERH 5
3%, fERE T, WABWIIBWTIEIL-1R 2% Toll
CHNS T DEREENTWE, LH-L, IL-1R &
Toll i¥, Y7 FNVMEERBKIZHLOTHEHUL TS D
OO, IL-1R D/ v 2 7% b= 2T M S o
T HEAMORT AR S d, LB TG RE

W OM BB 85

IKK
complex

—> Degradation
kB
NF-«B

NF-«B
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Fig.1 Toll-like receptor/IL-1R family :
structure and signaling.

The cytoplasmic portions of IL-1R and
TLR family members are highly homolo-
gous. In contrast, the extracellular por-
tions are different ; those of IL-1R family
are composed of three Ig-like domains
whereas those of TLRs composed of
leucine-rich-repeat. Binding of the ligand
recruits IRAK to the receptor via an
adaptor MyD88. IRAK then becomes
autophosphorylated, disassociates from
the receptor complex, and interacts with
TRAF6. TRAF6 finally activates NF-«B.
TRAF6 also activates MAP kinases in-
cluding ERKs, JNK, and p38.

DEAGEOFLERTIDEEZENTW, ZD X
I BRBEHPT, 199742 Janeway DTNV — T, ¥ 3
vy ayNLIO) Toll Dk bAET—2 (human Toll ;
TLR4) ODFEX#HE L7120, 20, DNAX O Bazan
DY )V—Ti%, Toll-like receptor #°& F Tid 5§ 2
ETHZEZHELLD, bhbhd, Hzi2 TLR6
#ru—=y L7z, BE, TLR773IV—RAN—
&, 100 TLR A Y )N—#EEsnTnwb, & b TLR
773 —DEAYN=DZDOY T FVEEZIL-1 ¥
T FIAGERBOZ I R—2 Y PEFIHL TV, B
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ETIE, IL-1R & Toll oMM (Toll/IL-1R
(TIR) FAA Y e&ffiFons) tHRENHS L&
7% —#% IL-1/Toll-like receptor A—/¥—7 7 3
Y= BB LTERLIICE > TETWS, 2O IL-1/
Toll-like receptor A—7’¥—7 7 IV —i&, #lifaslH
BOEWIII->TIL-1R 2RELTHrREITTY) ¥
MEErd2bDE, Toll xRFELTIRAT Y -y
F-JE—=F (LRR) #BEEZLD2IDICKELZHE
1% (Fig. 1), LRR X, BEOMEIC T ¥ b
SATE24—287 I JBREALAN D b K L i T,
a-Y—MEB-Y—MNOBYBLEER LY, &K
LTREBELZ2 LTS, IL-1IRED X yN—E L
Ti&, IL-1RI BSHZ IL-1RACP, IL-1Rrp (IL-18
R), IL-1RAcPL (IL-18RAcP), T1/ST2, IL-1
RrP2, IL-1RAPL, SIGIRR #"FEL T3, —f,
Toll D A v N—iZ, Toll DAz awPa o N T
1%, 18-Wheeler, Mst-Prox, Tehao, Tollo, M.
Wi, Toll-like receptor 1-9 DBSHHN TV 5,

I. Toll-like receptor 4 & LPS ¥ ¥ FILmE

IYRFFFI Y (UK - RYFoHI4F;LPS) I,
77 AEHEME OBARES T, v70 77— Y% EOHM
BOAZVER U CREEMY A b A~ - SEMEABEES T
(NO % &) DEAZFET L, BL4ED LPS IRER
ZRIESECEBIZE o THEANH P, £ROLPS 1}
BELMEAER, SRERAE, ¥ avrkEORER
FlERI LEMME %5, LPS Ofife Lo ZE K12

IIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIII
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NF-« B activation
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LT, wzu7yy—7 - BEROMUBETH 5 CDI4
DBREEPLHSN TS, LPS ikiMiE+F o LPS#H ¥
vk g (LBP) LHEAEKEREL, ZOHREHKD
CD4 LA L THilgs»ESiba s, L2LBDPH
CD4 1%, BE@E N AL Vi3-S dryav
KAT7FINVA I b= (GPI) 7Tvh—=Iil&oT
EWELTWS, ZOXHI BRI ENS LPS DY 7 F ViR
EICEDLE D) 1 DOZEEROFEEITRE SN TN,

FEEE, CDI4AKIE~Y AL LPS AT 5 KIS I ET
T550D LPSIZRIGY %, &i¥T, TLR4 2%, LPS &
IS~ ™ X C3H/Hed (1281 5 LPS BISEMED F K
BIEFTHY, C38H/Hed ¥ A Tix TLR4 OHfaE
WRA A VIZHERDPHET S 2 EAREShA9~D,
—J, bhbiix, TLR4 /v 277 by A% EH
L7zA%, Zo=v Ay LPSIEBESETH-720, &
DEHIZTLRA DS LPS ¥ 7 F WV REICHHAD HTF T
HLZEDNDELNE R, L L%DS, TLR4D
AT, LPS ¥ 7 FMEEiciz+4T%<, MD-2®
HHDPBLETH D EHHELIER>TNS (Fig. 2).

M. IL-1R 773 YU—=8LVLPS ¥ TFHIREIC
H11% MyD88 DEE|

bhvbhid, MyD88 @ in vivo TOHREZF~ 572
BHMyD88 /v 77 b= ARER L1, MyD8S
Ty R AR, AVFEVOERNCEVET R,
EEICEFL, ARLERFEIRO LNk o7, 7,
MyD88./ v 7 7% b= A TD IL-1 DFEF % A& L

IRAK
TRAF6

NF-« B activation

Fig.2 In vivo cell activation and production of inflammatory mediators by LPS.

LPS liberated from the outer membrane of Gram-negative bacteria forms a
complex with LBP, an acute phase protein produced from the liver. LBP acts
catalytically to facilitate the binding of LPS to CD14, which is expressed on the
cell surface of macrophages and neutrophils. Following the binding of LPS to
CD14, the cells are activated via TLR4, and produce a variety of inflammatory

mediators.
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7o IL-113, MRHERE ORI % A S 545, MyD88
J v 7Ty b=y AR R IL-1 120k 58
FERUSRR SN drotz, 72, IL-18EKO 2L
EHOIRA S OFERL MiE TNF, IL-6 O#ind 3R
BDONEHoT, ZOEIIIMyD8/ v 2Ty b
ATIRIL-1Zx 9 5 JR253890 51 d, MyD88 s IL-
1Y 7 FMBEEIZBWCHHEDGFTHH I LA L
720 612, MyD88 /v 7 7w bx o XA Tid, IL-18
12 & % NK {HFHE0H, IFNy © NK Mg, T2 5
DA, Thl MESMEOFEDO VTR FEEINT
W7z, IL-1R #/M" L C NF- £ B, ¢c—Jun N-terminal
kinase (JNK) 28EMHALE N B4, MyD88 / v o 7
Y h Yy ATIEIL-18HIC & 5 T b D4 FoiFEd:
LI RBD LA o7z, TDEHIZ, MyD88»SIL-18
VT FIMREICBVTUEDOEE R LTWBE I LA
HEOLDNEL R o7,

bhbhid, MyD88 /v 779 b<xI A% HWT
LPS ¥ 7 FIUEEIZ BT 5 MyD88 D& &I % <7213,
MyD88/ v 77w b= R IZEERED LPS % HiEA
WS L, EEREEZY— L1z, BERE<Y AT
EAEEBIH 4 HUPIZFELE L2025 LT MyD88 ./ v
77U b RAXEFEFE LR, 512 MyD88 . v ¥
Ty by AHKkOTrOT 7 —T, Bk, R
FMIBOTRTLPSIIKELAWI L2, &
DI k%, MyD88 25 LPS IEEMICUED T T TH S
ZEERLTWS, Pl é»s, LPSOYFF v
13 LPS/LBP #i&thkd~su 77— LD CDI4 & #
HL70b, TLR4 ZHEEDSH MyD88 %/ L THiIM
WiZfzEEhsbn L Bbhb, MyD88/ v 7 7 b
~ 7 AHKOMAEIX, LPSUA DL OBAKRESTIZH
BUSEY, MyD88I%, MAMRMICHEDHRE %137
THTFTHEIENDHELMLERO>TVDE W,

V. MyD88 &7zt & FEiRTFMERRRE

MyD88 ./ v 7 7 b= ATk LPS (28§ 5 Kt
BrRElBoohkwv, LALRES, Bk LI
IL-1 7P VcBb s &I Y R—% v b OFEHIL%
FARTHB L, IL-1, IL-18D Y 7 F VEEDHE &
By, BERLFAEED NF-«B® MAP ¥+ — ¥
HOWEMLIRDONIZ, LaL, 206 OEEIZE
EREIRTENRTW:, 202, IL-1R 77 3
V=% NI BV T FMEEORE L IERLY, LPS ¥
7 F MEEIZIE MyD8SRFENE & JHKAF M DRE B0 FE
LTHEY, MyD8SKAEMDRER A LPS (2 & 2 M
SORIEWS A M I A Y OFEEF|ZRIT2DI1213
HTHDHIEERL TS, TLRA/ v 7T b=
ATiE, LPSIZ& % NF- « B MAP ¥+ —EHD

WO OET6E %85

EHHEALD E o 72 B 5T, MyD8SIRKAF R X
TLR4 1K T %, TLR4 OMIBENESIC AL R %
b2 C3H/HeH v AHEND~/0 77 -V Tb I o
72 NF-« B ® MAP ¥+ —EHEOHEH LIRS h
3, MyD8SIEKAF MM & TLR4 DM E N %
BEELTY T UMMEHINSE Z LARB I, &
512, TRAF6 /v 7 7Y h< I ATdH MyD88 / v
T M REFEMRICEAER L FBEED NF- «B %
MAP ¥+ —EHOEHIROLN, LrdbE6D
EEACIXFER L HRTERTW 2, 25Dz &g,
TLR 4 OMBIPIEED 5 MyD88-IRAK-TRAF6 % 4
EHWTNF-£B % MAP ¥ F— BB OEMEILEF] &
BITREIFEETHILZEMITRBLTNSE, Z08K
BOWRIZOWTEBBED L ZARHETH 525, &k,
C ORI OIS L TWB Z LB L
72o EEEMIFLA S GM-CSF CTH:# L CREMIRM M
AW L7z0b, LPSHIME B %) & REuBHIN
&, IL-12, TNF 2 0% A A4 23w she
D2 CD40, CD83 & DfifaRE~— 7 — % %HRT 5
I YEAT S, BREPVI LI, MyD88 / v
T N AH BB L 2 RPEIK R 12 LPS 12X
LTHA bh A vOEEIFILLZVA, CD40, CD83 %
EOMBER~Y— A —%RBTH LI TR VEHRT S
CEHAHBALAY, Tz kid, MyD8SIEMKAEMERE
BABBERN R EE 2 I 2L TwBZE, YA ML D
BEAEIZIE My D8BIRFE MR A EATH B Z L &R L T
Wb, Gk, MyDS88 KM & IREROREDE =
HELPIZTHZ LIE, NF-« B MAP ¥+ —¥#
DORFALZITOTET A VAL v DOFWMEZTEY vy b
T MNT2HOIRANTTFV=0RO»LTHEMEZ
DTW5B,

V. TLR2 & 75 LERMEHE

bhvbiuk, TLR2 /v 277 b=y A %ERL,
TLR2/ 9279 < AETLRA v 2T b=
A DM x5 RS E R L2 19,
TLR2 X, LPSZ&K L LTLPS ¥ 7 F VizEICH
DB EARBENT WA, TLR2 /v 27 b
YA, TYRMRY YUY ay 2Rt BIREEORE
BARALNT, TLR2 /v 2777 by AHKND< s O
77U LPSIZHLTIEELXVOYA b AA VD
BEEFBDON, v AZBWTTLR21E, LPS ¥ 7
FVGRCEERREE R LT nI EFHE LR
Eolze LAL, 75 ABEMMEMREICN T 5 KIS
BIXTLRA Vv 77 MO AREED LLIIRED
BETFHRHLDIZRLTTLR2/ v Z2 77 bv o AT
ZHICBEMETLTE Y, TLR2 A7 J ABEMHM
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Pathogen recognition by Toll-like receptor family

Mycoplasma
LBP LPS Lipoprotein Peptidoglycan Bacterial DNA(CpG DNA)
3 Ao

& ©Flagellin
M = M

TLR4 TLR6

Other
TLR?

TLRY TLRS
TLR2 TLR2

Induction of immune response genes

Fig.3 Activation of different Toll-like receptors by different bacterial cell wall
components.

TLR4 has been shown to function as the transmembrane component of the LPS
receptor and also recognize lipoteichoic acid from Gram-positive bacteria, while
TLR2 recognizes peptidoglycans from Gram-positive bacteria, lipoproteins, and
yeast. Mycoplasmal lipopeptide is recognized by TLR2/TLR6 heterodimer. TLR5
recognizes Flagellin. TLR9 recognizes bacterial DNA (CpG DNA).

MyD88 is an essential signaling molecule shared among Toll-like receptor fam-
ily members.

Unlike IL-1R- and TLR2-mediated signalings, TLR4-mediated signaling con-
tains MyD88-dependent and -independent pathways, each of which finally
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activates NF-«B and AP-1.

HHFER S OB b o TWAZ LWL, 7
5 LB MBS S D) B TLR2 / v 2 7Y bM<
v AHRDOT IO T 7=V, RTFFT) A IEo
RIS Lotz —F, TLRA/ v 277 b=
AHRDOT O T 7=V, XTF T A VIZEEIC
RisL72o TLR21E, _FFFrUH UMD, %
D) REH, BEBHEOY A T 2 IHT 5 KSICL
HTHDHILLHELNER>TWA DY (Fig. 3),
TLR2 O%4iE, o TLR L 382, B—0
TLR T3, MAEWHEBRES 2B#HTERVEH T
H2H0N, FiE, TLR2 & TLR6 AANTF T 1 < —
ERETAHIEICEY, v 27T AVHED) KREH
AT B IENHBELLED, RTFFFTVA VD
TLR2 & TLR6 LS TLR &AFO¥ 43—l &>
THRBEINBLEEZONTWS,

VI. CpG DNA & TLR9

CpG DNA i Eiifux BRIET2 2 LA bh
TWh, FEXAFIMEENSCpGEF — 71, HiE DNA
WZE LR LHAEY O DNA LR ZOHEIX T4

Vo ELHIHET AHATOMABYICBVTIEY Y
UHAFNMEENRT WS Z LAS v, X FVfLE N
CpG ®F— 7 3Efiie 2 BIEL L av e, 20720,
fEED DNA LIi3E% ) Ml DNA IE, HEICE-T
PHBENBERICIFIESRBI ENSLZ LIZR S, CpG
DNA OmgEiEErE, 1980 41812 Tokunaga 5 12
X5, BCG 2 & 2HUEREMAZ D DNA 5B I FF1E
THEV)HMRC L o TRMICHESNAD, 20k,
A DNA PERTED L H12% Y, CpG EF— 71
B L T Krieg 1%, Pur-Pur-CpG - Pyr-Pyr
(DNA »—X%HE%Y), Tokunaga Hi, CpG E¥l% &
/%) Y FO— ARFIOEERZHHME L2, CpG
DNA X, ZL DT Y any DR TE Y bITEIER
7% Thl S ZHFET L L2, TOBRKIG
APPSR w5, B, i, TLLVF—, BRISER
MHE L TCOBRKRBEFETL TS, LELRDDH,
Z DR IR E TRATH 72, CpG DNA D
FIERRIEE L, MBRAICERY AT LESLSDH S
Z &, DNA OHIFEHNELY Ay 7 T v AR D
LY RHA F—2RI2E BT E, CpG DNA B
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ICNF-xB & MAP ¥+ —E&iEMILE L 2L, 7
oo ¥ R Bafilomycin ADL ) BRIV FY—24D
ML B % E T 2 EWTid CpG DNA OF s
WEL, CpG ¥ ZFNicid, =Y FY—2a~OH YA
ALTEHUBREOEAENLETHLILBHELN o
Tz, BRIRES L rREREEESZVOT, &
AL DPDREN R ZHEEOFESRLEIN, WDDD
TNV —THHREAN CpG ZBEARORIER BT %o Tz,

bhbhid, SXIZMyD8 /v 777 k= X%k
WL, Z0I2—¥ > vy AT, IL-1R, [L-18R
T ARG T% <, TLR 2{EMH L &€ 5 LPS
ZIIL® LT DL OMBARMBBSICS KUS LRV (%
FEWY A M4 VEEELEW) ZEERWZL, MyD
887%, TMAMRMICUHD Y VI VREFFTH D
EEHELPIZLZW, ZOFRIE, MyD88/ v 7
TR ADRKIE L 2V EREREWE X, IL-1R/
TLR 773V —AUN—=IZEoTY T FUIBIER BN
TWAM R F I R LTW5S, 2072 MyD88 /v
77w by ARET Yy O T 7 — VI KOk
DRIEBREWE ML, 1 DI 1 v DEERIGEIC
A7) == T B ol A, X771 7 DNA
(JEAxF V1L CpG DNA) X, BaERoO~v s a77 -
BHSED TNF-a R ELELLA, MyD88/ v 27 7
Py 2HE~vI70 77 =T 06, Fo7< TNF-
a DEEDPBOONR P00, 2O LI, NXZ7TFUT
DNA (GExF W1k CpG DNA) o#8#ix, TLR 7 7
IV—=RAUYN—ZEBIENTEBRENLD, Ll
BH, SEThbbATTIERL Tz TLRZ,
TLR4 /v 777 b= RAXIEHIZ TNF-a O R4 HS
BoOLNIZZ EH, S, TLR2, TLR4 U4td TLR #*
BET2dneEz N, bhibhil, T—FX—2
E2H100 LD TLR OFELHERELTBY, FEI
ENHKAIIN=D ) v 7T b ARERL TV,
ZDH) LOFH TLRIA/NZ 71) 7 DNA (EXF v
1t CpG DNA) IZSUS LW LA L7229, JE %
F ML CpG DNA WX, wr7u77—7, B, #Hk
MBICER LT, ZRENEEEY A M A v, MK
G, PREERIBEEIRTAS, TLR9 /v 277 bvw v X
HROMBBTIEIINS DOFIENRE 072 BO SN Do
720 €512, CpG DNA & D-galactosamine % JEHE
P55 &, BERI< Y 20X, 10 B A £6)
BT L7245, TLRO /v 77w bxT R, §XTHE
HTaLLBICMBHOLEY A 7 4~ OELEDHEM
bROONL ol ZOZ ENSH, TLRI X, in
vitro BX W in vivo £ b2, X7 571 7 DNA (JEX
F VL CpG DNA) DFEFIZLEDHFTHH I LD
HH L,

O OBETOE B85

bW

WABW T avPayNT TolDRET - TH
% TLR OHFEENIOTEICH E SR> Th D, =
CHAETIHALEI IC B VT H TLR 25 alak & &g
B IED S TFTH DB b E Shtirolz, HIE,
FoAa7uda s MRELHR, e bETTRIIBWT
TLR 77 3V = AYN—=pHMLo2H5B, $TIZYV 3
TV ayNLITIRET ) ABHELN LR oTWEBD,
8ODToll 77 IV —AUN—AREENRTVE, b
b, BRINIT—IR—ZAEREL T bB&L
PRI RZBVWTI2OTLR 773X =X U N—%[
ELTWE, SHROBEERRPVEIIINSD A Y )N—7F
ENENED L) REEE R LTWEREN) LT
Hbo B, € MIBITD TLR OFHEIFANSN, &
X UN—=DUE B BN -V RIR L TW5B Z LD
BEENTWE Y, ZO@VDS, b MIBIT3, &5
EDOMBERLERAREDBRGEMAUTRELFZRI T
EEBRDHBDL LA, 70, BT A4
DEPEDOE VA TLR DI 2 —F—Ya VIERT S
TEEED DS, EBE, e rOHERE2L—Ta vIZR
5N5 TLR4 OMFENEBD I 27— 3 Y S LPS
T2 EEEHEERTI LI RES LD,
TLR OERPEEOMA: Y BH R RFRBOFER & 72 -
TWBIEIDHBEDTIIRWES I H,
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