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Toll Like Receptor family and each Ligands
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Immunodeficiencies and allergies
—From the view point of structure biology in innate immunity—

Naomi Kondo, Hidenori Ohnishi, Zenichiro Kato, Eiko Matsui, Takeshi Kimura,
Tetsuji Tokumi, Hideyuki Morita, Hideo Kaneko, Takahide Teramoto, MD,Ph.D
Department of Pediatrics, Graduate School of Medicine, Gifu University
Abstract
Japanese Society of Pediatric Allergy and Clinical Immunology covers immune diseases as well as allergic
disorders. From this view point, here we discuss both immunodeficiencies and allergic disorders, especially,

based on moleculer genetics and structure biology in innate immunity.

Key words : Immunodeficiencies, Allergy, Innate immunity
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D EIE

—Toll BB EES JFVEERBRREE, §IIC MyD88 RIBEDCEHMFEHRERH T—

e BB A2k 5 B IR 4 R BT FE RN R R R 4

R TR KW FH O &7 EHE O MEE-R G EE
Key words: herpes simplex virus encephalitis —— innate immunity —— MyD88 —— primary
immunodeficiency —— Toll-like receptor
. BETHLD, TLUX—  QEHEROHEDHE
EUsIc =T *~

BRGIEE I, EREKCHDoTEY, &
RS WERBHOREORRTH L. H
RGN T 5 BRI, WENEEEEE b
O LEHE a7 r—TYkEORMI, P
NS F RRIRR Y vy E, EibERE b O
ENAL VHREBRGINE . BEBTERESY
XB L CTRi#d % Toll A4 (TLR) ¥ 7N
BERODTBOFMIMH S B LIS, B
R DR IHET C BRUERBER SR OFIEN
ST ENTE 7, ERREESEA HREL
BEREREAFBELAREORERAELRLE
(PID) DA IZBWThH, 2004 £ X b BRGEIESR
OREEIC X B RBERSEOEMNET O, BiEd
SERICEUE S TV A. PID BN Wik

ZBWT, ThoDRBEENT LLEBEZEICH
AT 5. FZTHEDRLEHEO-BE LB L),
FREE&D 2007 ERROBRBEROEEF DO

(Table 1)? & L THE S h 2 BH 2, MyD88

KIBFE (Table 1)*%E L &35 TLR ¥ 7 F v

EERBEOBREICRE I LELLNLRERE

FEDREDRE (Table2)*Z M Tiwd 5.

1. {THENEERRTERETLERE
(anhidrotic ectodermal dysplasia with immu-
nodeficiency)

E#E - BE  BETUNREEERASRETS S
5B (EDA-ID) RS EEERASERSE L U 5K
M2 RS RERSEERTH L. X Rt
BEER % & 5 XL-EDA-ID & it EitEE
% & 5 AD-EDA-ID 16 T\w 5.

FI2EM K (conflict of interest) \ZHT 2HR  FELBUABRLOMEABT I DWW THE L OFERREFLETA.
PRIMARY IMMUNODEFICIENCY DISEASES CAUSED BY DEFECTS IN INNATE IMMUNITY: UPDATE
Tetsuji Tokumi, Hidenori Ohnishi, Hideo Kaneko, Zenichiro Kato and Naomi Kondo

Department of Pediatrics, School of Medicine, Gifu University

Abbreviations: AD-EDA-ID “autosomal dominant form of anhidrotic ectodermal dysplasia with immunodeficiency”, CD

“cluster of differentiation”, CRP “C-reactive protein”,
G-CSF “ granulocyte colony-stimulating factor ",

ciency ", EV “epidermodysplasia verruciformis” ,

EDA-ID “anhidrotic ectodermal dysplasia with immunodefi-

GM-CSF

“granulocyte-macrophage colony-stimulating factor”, HPV “human papillomavirus”, HSE “herpes simplex virus en-

cephalitis”, HSV “herpes simplex virus”, IFN “interferon”,

{kB “inhibitor of kB”, IKK “IxB kinase”, IL “interleukin”,

IP “incontinentia pigmenti”, IRAK “IL-1 receptor associated kinase”, LPS “lipopolysaccharide”., Mal “MyD88 adaptor
like”, MyD88 “myeloid differentiation factor 88", NEMO “NF-xB essential modulator”, NF-xB “nuclear factor xB",

PAMP “pathogen-associated molecular pattern”, PID “primary immunodeficiency”, PRR “pattern-recognition recep-
tors’, SNP “single nucleotide polymorphism”, TIR “Toll/interleukin-1 receptor”, TIRAP “TIR domain-containing adap-
tor protein”, TLR “Toll-like receptor”, TNF “tumor necrosis factor”, XL-EDA-ID “X-linked recessive anhidrotic ectoder-

mal dysplasia with immunodeficiency”

ERER B RFRZREZZMARDRBEESE (T501-1194 HEEHWE 1% 1)

E-mail: tetsuji@gifu-u.ac.jp
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Table 1 Defects in innate immunity (adapted from reference 2)

Disease Gene defects/presumed pathogenesis Associated features

XL-EDA-1ID Mutations of NEMO (IKBKG), a modu- Anhidrotic ectodermal dysplasia + spe-

lator of NF-xB activation

cific antibody deficiency (lack of anti-
body response to polysaccharides),
various infections (mycobacteria and
pyogens)

AD-EDA-ID Gain-of-function mutation of IKBA, re- Anhidrotic ectodermal dysplasia + T-
sulting in impaired activation of NF-xB cell defect + various infections

IRAKA4 deficiency Mutations of IRAK4, a component of Bacterial infections (pyogens)

TLR-signaling pathway

WHIM (warts, Gain-of-function mutations of CXCR4, Hypogammaglobulinemia, reduced B-

hypo-gammaglobu- the receptor for CXCL12
linemia, infection,

and myelokathexis)

syndrome

Epidermodysplasia Mutations of Everl, Ever2
verruciformis

Herpes simplex Mutations of LINC93B1
encephalitis

Herpes simplex Mutations of TLR3
encephalitis

MyD88 deficiency Mutations of MYD88

cell number, severe reduction of neutro-
phil count, warts/human papillomavirus
infection

Human papillomavirus (group B1) infec-
tions and cancer of the skin

Herpes simplex virus 1 encephalitis and
meningitis

Herpes simplex virus 1 encephalitis and
meningitis

Bacterial infections (pyogens)

Table 2 Association between innate immune gene polymorphisms and susceptibility
to infectious diseases (adapted from reference 4)

Polymorphisms

Effect of polymorphism on susceptibility

to infectious diseases

TLR4 896A/G (D299G), Increased in susceptibility to brucellosis®®,
1196C/T (T3991) RSV*®, severe malaria®®, rickettsiosis®,
Decreased in susceptibility to legionellosis®

TLR2 2258G/ A (R753Q) Increased in susceptibility to tuberculosis®”,
Decreased in susceptibility to Lyme disease®®,
Mal/TIRAP 539C/T (S180L) Decreased in susceptibility to invasive pneu-

mococcal disease®, malaria®®, tuberculosis®®.

%A : EDA-ID it «B R T (NF«B) {HMELD

WTHUS. NFxB idfi4+ ofifgic BT
BUTFTNVROTHICEREL, BERFLLTEH
<. Fig1iZ, TIRBXUA ¥y ¥ —uAf ¥ 1
84K (IL-1IR) & NFxB &M b+ 5 7+
BEEZRY. FHRBT CNFxBIZ«BEERT
(IkB) & &6 LAEERCHIRENICHET 5.

BB RN OB Ficdh 5 TLR, IL-IR & &

PODYTF VLY IkB ) E{LEEE IKK)#
EHPEELsINL e, kB %Y VEB{LT 5. IkB
WILIZAEFRF bsh, o5tV —ATH
Bansd &, NFxBIENICBITTEL L)k
0, RIEWETA M4 VEASHE LA OBETRE
515 0,

¥L4E, XL-EDA-ID ® KR #EEF & LT IKBKG/
NEMO®%%, AD-EDAID DR HBIEF & LT
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Fig. 1. Signaling pathways of IL-1 and TLRs.
The principal molecules participating in IL-1R, TLR4 and TLR3 signaling
pathways are presented. The association of some of them with defects in in-
nate immunity defined at the International Union of Immunological Societies
Primary Immunodeficiency Diseases Classification Committee 2007 is indi-
cated (adding ‘mutation’).

IKBA" 5l %E E 7z, IKBKG/NEMO &, IKK #i
& % % B W T 5 NF-«B essential modulator
(NEMO, Fig.1) #x v a— FL, IKBA 3 IkB
BT 5 kBax =y a— F3 % (Fig. 1).
IKBKG/NEMO &, X Y+ fh@iaFREMiE (IP)
DFEHRBIZEFTLH 5. NEMO DEEEENSERITK
BLZ2E, BIRTIEBEBEE 2D, LRI
IP AS5EHET 5 ¥

XL-EDA-ID C & IKBKG/NEMO #&15 ¥ D #EHk
MgRERIZL Y, ¥/ AD-EDA-ID Tl IKBA
BEFOREESHEZRICIY, SHEMikTo
NF-«xB OEHALARE S, TLR 24 L7 BARRE

BIREOKT, IL-1REE#HERT (TNF) o
EORIEWH A4 S I A AHT SIS TS X
hwrnayy—ViEibokdE, CD40 ¥ 7+
EEREICLLBMROY S AAL v FBE B
% & < ectodysplasin ¥ 7 F IVREFIT X AR
ERRAE L EEEEREET S

FE I hETIL57 %X % EDA-ID D E )
PHEENTWS Y. AD-EDAID DWW Tid 4
RAES5MOAVHE STV B 9 XL.EDAID
DOREFV R EDEERRBTAII—-AED
HEhdH oW
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22 HARSEIE R DREET X B BSEMRIE R L DR T OBy IA)

OX EHJ|AETHNEEER T LR ERSE R

(XL-EDA-ID, NEMO R# %)

BARER S KSUAHHE | HMERERBEARSER
BT CIIIEMA RIS, B TES, B
Bk, BFETICL) 280 %2B 35, %1%
BARUAD BRI ETH, FEED R~
7 b7 HIMRIE . BHEOE D O R
T, #§1Z Streptococcus pneumoniae %2 Staphylococcus
aureus I X % b DL, HENEEOE VDL O
\OEE DU IRIED D 0, ERRER YA b
ARV ANVARRTEE/LLZEOHBEL D
5. BRI S EBCAESLEY], MR
F e EOFERDVPE O P& B 2 &0,

IKBKG/NEMO DAty 7a RV DER% HD
FATTE, REAKLY v BEZEHT 5 0.

BRE Ky VIEERRT 525, —EIC
= [gM MAE % 3200 % 0. fiRERB % &R H v
BT 4 FOUEC T 2 BEEDBE TR A SIS
B T MBERICRE XD T, pokeweed mito-
gen ® phytohemagglutinin (2% 3 % BG4 1 I1F
HTHDH W

W B FETICCEEIT 5. NEMO % 8
JHEEZ7UO—HA bRX Y —THRHT B HFEHNE
HBINTn5E®,

BE Ry us) VIECHT S a7y
YREG EFHNTRARIRS B Tbha, ThET
K1 OEmEHEMRBHEEDFA»HRE EhTw
2519-
QOERBHAENERTHINEELERERERS

fEMRE (AD-EDA-ID)

BEERAEIR 1 XL-EDA-ID & 131338 TH 5.

BRE: ChITR3IMOBETFREIHEIRT
WEY, BBEERTECTRESRE D, B IgM i,
W IgA MifE, THRBERELLELE1LE5.

ZH BRI TEN T 5.

B BRI T T g W,

2. 412—-0O14%> 123 %EEXF—¥4
(IRAK4) RIBEE
(interleukin-1 receptor associated kinase
deficiency)

EH Bl FReahSnEEERE LS. [

FAWIZBI1T 5 TLR B X OV IL-IR ¥ 7 F VB &L
MOREICEbLEEY v - ALty B LR
#ETH5IRAKA DERIZE 5.

WHE : TLR & %\ id IL-IR 25§81 X v &4
fbdhat, 7875 —5FThbHEHSMLETF
88(MyD88) 2#54&§ 5. & 5z, IRAK4, IRAK1
BFEEI N, IRAK4 T IRAKL #Y YE{EL, UL
BTHROXF—¥H A — FOfff & TNFxB O
EWLCES (Fig. 1).

IRAK4 BIZTFORFICELY, TLRBIUILIR
DY TFNMGEREIFR Y, HRDESEET
RIS T AREHEERBIC N 5 B e % R T

TR 2003 FICHBE IR TUERD, $TI228
TR BEFHPME SN TS 2,

BRRIER S LUAHHE : AT b I v aE
R BB IRYE 28 ) BT, 2D% {1k s,
preumoniae (2 X 5 b DTHY, L HEHEIIEL S
DS aureus LB DB L. 75 ABEEEICE
LEEBRELETLHILORICH DY, FEMRK
PuiE, ERBEYE, V1V ARBENERE/LT 2
HINCH 5 & ORBFIZ W2,

BRE - RN LRET R CHO MR ERT
DDEBRVY, ERRIETHLICHEHL ST,
R DAKIER CRP OBEE, SR hs ik
HWEKETHZ L DHENH B, VRY £ ol
(TLR2ZUYFV F), VRRIH¥ v &S5 4 FPS,
TLR4 U 77> F)RBICH U<, EM ko %
EHEY 4 b A A4 ¥ (TNF-o, IL-6) DAL T %32
&)25 m{

2 BEFETICTENT A, LPS HEE O
K MEBIRD TNFo AR T2, 7u—44
FPAMY—THETAHAZ ) —= v FEFEES
ncTwng

BIE 0T OWMFEEB X UHAERIO
FRBGAITOND. T2, WAKED 75 8
HHITHLNTVE 2, FRILVEOHED D
6 26). X
Tk :8ME TOREEIIH 0% LHESH
TWaHY, 8EBXL LHEERRPEIRIZLEAL
BIBshid s 2,
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3. WHIM SE{RE
(warts, hypogammaglobulinemia, infection,
and myelokathexis syndrome)

% - BS WHIM SR, & hs¥e—v
A4V ARG X B, Ky 0 7Y VIE, &
%, myelokathexis GRA I CIXEF HERTA & 780
A, BT EMBRRRMRAEREET 5
KB 2RL, BRaABEEEEBRE L HER
BThHb.

"E 003 FHERETFELTTIENA Y
53734k 4 (CXCR4) .=~ 33— K3 % CXCR4 %°[H
EENL?, CXCRABTrEAA Y LTSI T
H, ) osER, BRECRHIILICRER T 5. CXCR4
Bk LIclb LY I IVRIEET S S
V2T, CERMMOMBMNEROXREIZLY
I FMEREORMBEETERLLRY, RBICX5
CXCR4 OFSHEDTLENE LB, TR, Fil
IFFRER DR~ OBELIGT O, B TORN
RIERIRETVLLELLNTND®

EE . ChFTCCBoEASREINRTY
55

BRERER S LUSHHE : e PO —< T AWV
Z (HPV) BE3elc & 2O RH» 6 0L HA
AoND. EHICE VEEEROBERRRL TH
5. RUHRED» OMidk, HRE RERLC
BUELUBET A2, HBMHBFEEREARZ E
%. HPV DA 4 v 2 BB oxb§ 5 fiEnkid—
BLizLorfEZLhboRv. £ Y NE
%21) VoSEMRBAEN LD B P,

BE Kyruo7) VE FICIgGB LT
IgA DET2ED B, T/, BB 2oL
R ERIRA (1000/l BUTF),  SFHhERbgRE GisERE,
Rk, BB EE, UV BREL, FHET
ROWEEE HOBIE, SREREE, Th
&R )Y), B8 myeloid : erythroid oo B %
ERALND P,

B BIZTHTCTRNT 5.

Al usY rETREERREORRAE
BOSRLZIENTESL. Bk o=——H#HEA
F (G-CSF) R Uk sk~ 07 7 —YVau =—H
BT (GM-CSF) it & b (U h R R 256

na. EEICHLTLV—F—FABTbhTy
%%,
4. EERRRRERBIE

(epidermodysplasia verruciformis)

E% - B ERRERFEREE EV) 3
B Aok 0 HE LB oRBELBASE LS TN
hBEREEETH L. BROASEREEE
&5,

FHE : 2002 4 I HAERET & LC, EVERY/
TMC6 3 & UF EVER2/TMCS H"RIE s hiz™. i
(LRI R 1o B T BB 22 Tk <, IL-
lo, TNF, BAOr s 4 vo%A4 M hA4 &0
WY % P, EVER BIEFE, Aaftilifao/MNafEi
FuETAEERM Y N By a—-FLTH
h, YZFMERICEbABEETALEEALON
Twbd, BMEAHTHL ™.

EEERAEIR & & S HHE  HPV B o) BE
DERHHSND. EV OFEE TR BE
THHY, FEL L DICEBBREDY AL NE
F 5T <. 10~40 BOMIC B2 BHE AT
Z} 31)'

W BB THRITIC TS 5.

BE I OER.

5. UNC93B RiBRES B\ \id TLR3 RigE(CEHA
T HBPINAIL AR R
(herpes simplex encephalitis due to UNC93B
deficiency or Toll-like receptor 3 deficiency)

TH - BE o B~V Rk (HSE) &, B
AN RAY A VA (HSV) X hELEMEY
A WVAMBETH B, IE, BIEEICEL LR
BWRBEAEREE LTHRLALNRERRZ LS
UNC93B RIBfER L VE R fEEREEE
¥ % TLR3 RIFFEICEE T % HSE OFEDFH L
PcEN P,

#5 & : 2006 4F 12 UNC93B /x 48 i 4% HSE O #
ZHRRE . LCRAICHEZE 7z ®. 72, TLR3
RIBFEIC DOV TIZ, 2006 4E12 A4 ¥ 7 )V L YRRAE
LMETZHREFRELLTHESAY, 35612
2007 4E\2 HSE DBIZWHRE TH 5 = & 25 S
hiz®.

UNC93B i 12 HIEERE Y 37 BT, /DR

NII-Electronic Library Servic



The Japanese Society of Allergology

24 HARREROREIC X 2 BN RERSEORIL OB

HIEIZRH L T35 (Fig. 1). UNC93B 3858 %

DAY FEEMT S TLRE (TLR3, 7. 9) O
EREAMICKAT 5. UNCI3B KIBAE D BE O
Faix, TLR3I ~ORIEIH L CRISE3, IFN-o,
IFN-B, IFN-A ZEATE RN D

TLR3E 7 4 VW ADAKERNA » Hik+ 2
(Fig. 1). TLR3 &K OB IRM R R LRz M 721y
THL, PHEHREROBBMBTHRIAL T b,
PR AR SR DS PERIIC X B RREey £ OV A SHRY
BIBEDETIX, X VEEDY AV AHEM LM
FEEIFE, HSV OB x BELT Hd0LE 2
b b, 2008 4E121%, UNCO3B1 o#kid, TLRY,
TLRY #/NEAERP S VY — ANRETH I LI
HHIEFPSPITENR®, TLR7, TLRY X
TLR3 L FARICEE LT A4 VAHROBEZ
BTBHLETY—THB. 2O LH S, UNCISB
KIBBEIZBIT A0, TLRI Y 4V AHRE
SGFOHEETAHIIV IV —AEH(REREWD
12, TLRIKEHER2ZFIEBI T LARBEIh
5.

E¥ CHSERXFEBICAOZD B A»L50 A
K 1IADEETRIEL, Z0H by 1/31 20 ik
i, R 50U L TH B P, TLR3 KIBED
A\ 2 UNC93B RIBIEBF A5 HSE 2 HAET 5 &
BREIXASHTSH 5.

BEERRIEIR & S UAHHE « BE, W, il
VD EBBEEOM, WA & o BB BRER,
A, BER EBELASLRETHL Vo
WHEREET S ™.

UNC93B & #8 % - TLR3 X 185 B & 1&, HSV
VYA OREARIC L 2BREICBALRLTVWDIFTIX
72\, HSV BHAIZOWTIE HSE ICER LR w
ZEATRENT VS,

BRI 0% BERRE CIX BB ERE AL O MK B
m Uz EOLR, ER#HEOBLZEDS.
B TR AEAIES RN 2 IETERE L RO 5.
SRR TR IR IE < I BHPE % RS 5 1R A5
ZHRORBEEICALNS Z EHFEW.

B2 W HSE O Z W X P+ © HSVDNA %
PCRIETHRIT 5 ®,

TLR3 KIBSE - UNCI3B RIBFEIZ DWW C Ik #ifm

FEATICCEWT 5.

7afE | HSE O, FoBEMERS O—RRc
Mz, 7¥2REAMREFFErFEL24TH @
T AH, BEBEFRESLERMEHT 5.

F#% HSER7 > Z7uvbnick 2mEcREA
BRETORTRIZ15% & o7-hs, EFTET
LHBERELRT I ENBEND, 4T rae
WIZEBEEEZITZA TP o RBEICERTS
ZeAHBLEOMEDDH LD, FHMEIAWETD
% ®, UNC93B K#HfER TLR3 RIBJE & HHRFE -
FETR - BB & DREIZ O W TSR ORED
V= Fa (W
6. TOMDTLR  JFIEEROREICHSF

HMRARRERDIE

BT AEBBHO Y b, BHMCRLE
BT 5D EAREERTH D, TLRIRES
NBNy — VHBRZEAE (PRR) 241k Ry
OFEKERY, BREROETEHET AE&EHEHE
I. ZL OMEWIT, FREBCHEBINSEBRR
ERBICL D, B o B0 ) blcmEh,
HREha, BEERZOBRMOBEE % 228 L7
R, EISRERESER L, &5 ISR
EAROBREM TS, TLR t .0 & AHIED
BIETHLMIIRZ LIE, HAGRIBEREDSI
X& L A HMEZAMEIT, BERNIOHEAE R
FTHENWHIZELTHEY, LA oT, HREE
BREEDL LA TFOREE, FeEoBmEECHT
HRBIDETBML, REBEPMETTL5E,
BRELTEOHRBEEROBEESFTERTL RS
REZ/ED Y. Rl TLRIRIE & HSE OB
HATRY L 9IS, WEAOREEI & B8R
HREHA, BREROBEIC X > TR
BYIEICBB LIS 2 BRESMOBES LI
Y5, UTI, ShEcicdEshTtns TLR
TFNY T D1 EBELR (SNP) RERIC X
LERERIBS L RBOMBEIIOWTHHT 5.
@ MyD88 &i8fE (MyD88 deficiency)

% - B 2 MyD88 (X TLR3 U\ #+ @ TLR %
DY T FMEERBICBWTHUHEDT ¥ T 5 —5
Fe Ll (Fig. 1). B, ¥FETiE MyD88
@ Toll/Interleukin 1 receptor (TIR) F X4 v ®
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SRR Y E 2K L (PDB code : 2z5v), € D1F
Wb & ITHEEWEN Y s R o
TWh, 2008 E I ERERSERERRZ LS
MyD88 /& 4B #i 4% Science ik IC T & S h 72 2.
MyD88 i+ IRAK4 @ ¥ 7" F v Ll b IRAK4
OHTY YEBERUIRAKL Y Y BRILEZFET
%. MyD88 RifjiE X IRAK4 RIBAEIZHEM T 5 K
REEET 5.

A MyD88IINFK M D death ¥ A 4 ~(DD) &
CHEIPDTIR FAAL Y XSS, #HiEsh
72 9EBD D B 4 FEFNZIE ES2del (52 FEH O 7 v
¥ 3 UEERILR ) DERD, 3EMIC R196C (196
FEHOTNF VP VATF A VICER)OEERY,
R196C Z & % & © 14E #13 R196C & LI3P (93
HFHOUA PR TRY VICER) OEREANT
Tz -T2 ¥ E52 & L93iX DD Wi H 55%
#T, R196 i TIR HORETH 5. E52del BT
LO3P BRIE, ¥ ¥ /37 OREWND L VIXEEMY,
XHICIXIRAK 7 73 Y — 2O DD HMEEH
DORWEGIZE 5T 5 Z & T MyD88 DB TICH
BLTwart#EZ2bh5A. RICERIE, ¥ 8
7 ORERITIIBEINENDY, TEKLOTR
MIMEERI RIS T 5. R196 1%, TIR F X1 Y
TEAWICBRE STV AEY) Box2 (BB WV —
TIWNAFFEL, B4 DHEITH R196 ITERZEA
L7V aryCFrry Ny U0 B, TS5
FHOMEEHERIETA2ZEPREINTED
(Grscixhemh), MEAEYEERIC R196 5234 TLR
VTP MEEICBWTEELRRHE I DI LNE
5.

BEERAELR : BT b2 LY, BEERSCEE
MBERYE 2R BT, KERE LTI, IRAK4
KRABHEF BRIC S. preumoniae X S. aureus 3%\,
FHEECOHL P LRREEHRRESATEDS
T, AL NART T/ 94 VAICRBRLE
XDOHEEREAE L EbL oo HESH
Tw5 Y,

BE  ERFABLEETH, CRP BB
O L9\, YV SBROS Ty MIEET
H5Y

S BIZTETICTRNT 5.

BECSTAAIBLURZ VY YOFHES M
fThhTwsd?,

FE RESNLIEROS B, 3AVLRERR
BCRIYEICE DT LTS, BT 16 D
ST, MAEFOTFHERSMTDORTEY, 10
FEPFEEZBIHECBBL TV RN,
@TLR4

TLR4 X 75 AEHB O LPS 2 U f 4 DR IE
REESS T /8% — v (PAMPs) # i3 5. TLR4
®»SNP D3 b, D299G 29 FEHDT A/8F F ¥
BRIENRT ) VI ER) & T399I (399 FH DA
VAo VvRBESA VO, Y UICER) TV TR
B OMESHE SR TS, b SNP
TNt T REYeE P, RS 7 4 VARRS D, BERET
SYT 9 )y FTIEREHE P L CTRALR
FLL, LYFRASRBREVICBRBLIZCLCT A,
@ TLR2

TLR2IZ TLR1 B WIE TLR6 & A7 T ¥ A
< —%BKRLT, £LLTrI2BUREOREKE
BRSTHAHLURY 7 THEEMAINS.
TLR2 @ SNP & LT, R753Q (753 FHD T W F
SVRENIVY I VICER) BB EHK I
BELLTRD, FALWPICRELICCLR
5EOHEND 5.
® Mal/TIRAP

TLR2BLUTLRADT ¥ 7% —5F & LTH
{ Mal (MyD 88-adaptorlike, TIRAP : TIR-
domain-containing adaptor protein & b ¥ 1
%) ®SI80L (180 FBHD LY Y Huf ¥ VILE
B) #2~7FuThboBe, MARERE <7
7RG, RHRERICBBRLICC RS LoWER
&) % 49).

BbHUIC

TLR OFRUME, BREEIC X 2 HEARER
el s TEl ThiciskiEe
ENTWihiholk, %L ORERSEDKRKE
BELPEEYDOOH BN, SHIBEEDHRER
W3 LCOARBBRMZRTERS, $FETEP
B ODohhh o7 fEwp, ERIVIBEO-ORMAT
BT 5 BBtk 2 RSN W THREBDR
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WHRERBEVEEWAIHID 5. HiGREORS
D7D, FHZBARREROYZF VA b
T — 0 DN, FNETNOBBERTFOBEE, &
NRIMNBEEREF LNV OSSR, mutation
HBHVIISNP OFEIZ LB % U7 BB R
B E Vo 2 TFEWFENLBRD S 5 25K
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