NI 4563% 45 1% S5H~10H, 20144

% =

glnll:

4

HAR0E o A

BH\‘E

TR 27 KA e PR 27 R AF SR BRETI AN I RE DS 27 00 B (R Al A 42)

N SRR

il

FEHEANR L TH1 - 1 (T755-8505)

Key words : H#&5E, Toll-like receptors, Nod-like Receptors, 7 @ — %5, ¥ af F—I A

Mg

H AR G0 300 JE AR D JE R LSRN IS 55 5 %0
WYAT L ThHAH. N4, BRRIERIMERT S X
TO, —HNREEISEREEZEZOohTw. L
A LEBIZIZ ARGEIEEROTEVEL ORI X ) St
REROEEVBESN L Z e 5, HRWERD
REISE M2 HET 5L IhTV5.

HAGERNFIE, WARICEET LIRS TDH S
pathogen-associated molecular patterns (PAMPS)
VI FELTHEERL, RIEEYA AL V2
B B, & TIEEK D& f danger-
associated molecular patterns (DAMPS) ®+& »
F—THBILIWLNIH>TWD, HAGRIER
F IR AR D Toll-like receptor (TLR) &,
M R A dnucleotide-binding oligomerization
domain (NOD) -like receptor (NLR) 25§ 5.

HAGRERORE»HE T ZHEBLE LT, hE
TNOD2DFEREAR T IC & 2 e 7 v —
i, NOD2DOBERETLAEC X 2 4= B 1 PO 3F I I A1
Blawfie i #t (FEMEF VT4 F—3 ) Z2@EL
72, EHIZH UL S ERFERISEEE S Va4 F
— Y 2D, MENRART 7 AW 5%
RANODIDOIEAEICL B L EZWHLNITL 7.
% 7-NOD2IZ X 2 BHR D MIERITALDORFEIZL Y F
HEVE F1 L% O FERE D 722 23 % W RBYE 2 s L 7-.

AR, IL-18 O b Z & 72 & RER G KA >
7IIV—APEHER TS, [ ¥ 7TV —A

FH254E11H 6 H 2B

DIEVAL AR R R BYIRAEAL 72 &, A0 2 v
DE L7BRBORIEE T L2 LW SN R
TWV5.

HARGEER DM SR B LT, AT
BT 7 F v OB PR R EA A EE L
o7z SHICHERBICH LT, HRBIEROWE
BN X 2B REHEOREIHED ST 5.

BR®eZEE

H ARSI R 130 S5 AR D SR L RN IS 3 5 %
WYAT L THA, M), FERMPUREL 21T %
FHERAMER S % T TO, —RFK 2 R S HHE
EEzbN T L LEBICIEHRRERDIG
PALDORELC & 0 B R ORI BIE SN D C
LASERI SN, HARRIER DRI E Ak & H 5
LHRTHDHZLEDVHOLNLLSTWVD,

HAZER 1%, WRCHET 20 THDL YK
RUH¥ v HF4 F(LPS), XTF 7% (PGN)
7z ¥ ®pathogen-associated molecular patterns
(PAMPS) 2V % v FE LTRMLY, SIS A
MAA VEEAT L. RIETRBEARZT TR,
RIER SR I VAT a— Vi L, ARoGiK
F danger-associated molecular patterns
(DAMPS) Dt yH—Th2I LWL, H>
TWn5b?,

H RS0 11 2RSS 8L D Toll-like receptor
(TLR) » &, MINE )RR Dnucleotide-binding
oligomerization domain (NOD) -like receptor
(NLR) 2*58% % (M 1). NLRIE, #ig N2 4 >,



6 IWITERS:  4563%

HEFAAL Y (NOD), VA Y FZ#ldkd 5
Leucine rich repeat (LRR) ® 32D KA L U H 5
MKk shs., g N A4 >~ &L TCaspase
recruiting domain (CARD) %##>ONLRCE,
Pyrin domain % ONLRP2SF/EST 2 (1), &
fi5TIi&, NLREFREIIEDBHEIZOWTHENRD.

EE e

NLRCIEZY 77 FOZRWIRRTIX, HEFX AL ¥
NODZSY #" v FiZik F 2 4 YLRRIZ & » TEIh
TR LS. LRREY SV FE2R#ET 5 &,
NOD F * £ A&, NLRCH L THAET %
Miiz L%, TORR, CARDFTHHEFTH %S
receptor-interacting protein serine-threonine
kinase 2 (RICK) &#HTELMEICRD, S5
WCTFRISTEEAE Y 7 F v dMEzb Y, KREMESYA M A
A YOO HRHDLY (M2).

BE KR

70—-29R

70— Vi SIEME R B S R, TERS
NLF % CoAMLES, Rkl TRt o 3%
s 258 TH B, HARTREEWIES v 87 BHR
PRI OB & & IEAEMMENICH Y, BF
BRI 2HANDETH 5.

NLRCO 1 ONOD2IZ St . 7 1 — > 9§ D
BIZFHEE =B LTz BRI ORI, FoR

LPS YRRFFE 25020y

Endosome

TLR4 TLR2 TLR5 TLR3L—

NLRC TLRY (o CpG DNA
TLR4 ({1110 viral protein

NLRP

1 HRGERNT
JEAS A M O TLR & M Z R FERL ONLRAY ¥ e M5 1 C
H5b. Hie A4 2L LTCARDZ#ONLRCE, Pyrin
domain 2 ONLRPHEIET 5.

%15 (2014)

DREFTIX, 3FHEOBMEFER (L E R
R702W, G908R & —3fi Je /R IHIZ X % frame shiftZ 5
L1009fsInsCiZ frame shift® & IZ#KIEa B ¥ 2381
N, RREEEOERNOD2IZR D) M7 a— Vi
#10% L HHEICHAET 2 B2 ICh -7
O, ZOERBNOD2ZEFOWH, MEANLIEL
727 0—VIRDRRE) A 71, ~NFu¥Ff IT— T
15~ 2 1%, FEWFAL T— b TIERL0R R B I H
45, ZokHcra— ik, HREERTO
REPBEBORIEL T LI EPHLN L7
BNOWETH 5.

ZRIINOD2O BEREAT DM R, S HOBIZ TS
RNIBEREIK T 2R L, JRICAR%EERNOD20D ¥ 4 7
BaeaiEtEezidEL w2z (K3). %4,
NOD2IZ RAFEWES A4 b H 4 Y Z2HETLERBETD
D, zu—URIESENERETH B 720, BIZT
LA X DD ILET A L2 PMIL T/
O, BAGRKRRTHY, HAREDT Fy 7 RE
EhTwab.

BUE, 70— o5k 2 gz e L T
W5, —DIINOD2ORRIKTICL Y, BN
x5 5 I D GIZINE AT L7272 13K L7z
Jeizxt LT, NOD2UIAL O FARGaIE ¥ A 7 A HEH)
L, RIEETA A4 oA ZIRET LT
5. b9 —2i%, NOD20OKEREE LCHEWE T 1
Tz vy DOEAREDND B 72D, NOD2O B
TIEI T4 72y Y Y ORTICE Y, RIETEEHR
BERIET LM TH 5.

Z O 3 DONOD2EIR LRI 7 1 — V72T
THL, Kb, iR, W, 7L F—Llofl
OFBEDMHET A2 EWMEEINTVED,

BlaufEf&RE, HEMDILAM -2 X

EEMRFERREBI VIS F—3 ZDHT,
AERY (4PAT) THRAEL, JFRIM LK%
72825 4 7HAAAEL (i) ¥ 3 iR 208 377,
Bzig g, BAMIENR, 7 FoBRREZRAET L), HF
WYL a4 F— 3 A (early-onset sarcoidosis ;
EOS) &3 TwaY, MO BRKIEIRZ
AL, EHRORENEREEX L & Y4 EBlawiE
BEREIEENR TV, Zh o OBEBITHDIER
BLLToHIhTwa.

Blaufie i O S FHT 2 5, NOD20D 5 H3H &



HRGER (TLR, NLR, 4 v 793V —21) ORGELEE 7

T&72720, BIZFRNTZITo7/28 25, HAEH
WP L-BIEFEREZRD T (K3). M
OFER, BlawiEf#t ¥ £ 7ONOD2IZY) 7Y FD iz
WIREE T B WG L S h 2 RETH Y, VAV F
kT 5 L S HITTEHALA L S E 2B ST L
7= (J2) 0. EOSIZBWT D Al U5 T2 7 AHH
EENT7200, BUETIRFE—oRB L ER I T
W5,

PIVAAF—=D R

P a4 F—3 237 a— U & AR HEEE A
FIEEREETH 5. FRCMiFIEPE ) > o3figk, K
JHoE, T RS & okl O LA
FEIEE S N EHEORFHEERETHD. 7
U— VLR CLAFERRERTHL 25
NLROFRFE L oM@ 2 BE L, BB EZIT-
72, ZORRE, NODUZT IV BERZME) EET
ZMEFIN IS F— Y ATHBIRD 2, B
FO#RE, Fvaf F—y ZRNODZ 7 1 — ¥
ERBRICHRIK T 2R L2, 20720, HAGRIEN
T OREREIC T X 0 STk o P 3F IR Ok 23 F8 e
THRPIILE L ChH D S LML 2.
Faf F—=Y ZDOKEREIZOWTIE, FORTIE
WM AS, AF T Propionibacterium acnes (7
7 AHW) BRBEENRTOS, HEBMDY) ¥ o3fid
SRR R R o728 25, MIRNITEATS Y A

O ligand
|

Step 1 LRR fImIHHJ\

Hy Ry
VIZEER (GArD HeaRD FCNOD>
— M EADRE

step2 (caro Hearo < noo>-{ffiffififO
(caro Hearo K noo>—IIINC

R
Ricko RicK

® JID—UHENER
® BlaufEfRE, EOS DER
= so— momEEsh

NF-kB 1« > TT

X2 HRGERT OGP bR

LRRAY A Y F# k35 &, NOD KA A VYA,
NLRCH L CTEAET L. ZOH%, CARDAEFHRK T
RICK: #EGTEDMEICR D, SSHICTRICHEM LY 7
FUPEDLY, RIELESFA FH A COEAIIDEDD.
sua—ri OR) TREEAGREITTY 7 F Ui sh
%. BlawiEf#EE X O'EOS (%) Tid, NODHIROZER
WCE D EEMEEL, BELREMLEZTI&ERIT.

TOT 7 AWEMELL., $vaf F—Y 2R
NODLIZBp AR & Ik LT, MRNEART 7 2§
RS B IR ATEAHIS0% I T LTz, Lok
BhS, Fragf F—y AD5RERKTE, NODI®
FEREAC T IC X 2N AL T 7 2 WA DIEAR A
THbHILrWHLMILT.

=l 3=ty

HARNERCTHE SN 72NOD2#EETZ IO
THME, YY) o5, SBRIBRRERRE 2 &0
MR B & ORMZ AT L7z, ZofE, 2B X
Ok REVE (LG & OB Z 52D, U ¥ 73 Fi
W& OMBIZAED % - 729, NOD2IZ 4 #liEk-% D
MOG34 2 0l ShTna Z
s, BIETZRNC XD BHERR O 5L D5
), BHEAMBEORIEC O LMoo L 2 B
L7-.

12773 —LA

T, 4 V7957V —nafhohi- AR
FMEHENTWE, 4 V753V —ANFHCARIE
PR BT 2 SR A SNz, H OSBRI
FHRAARI 2 J0E, Bl H APk B C OB
THINEAS I, Fe R Z FARSIEDORE O 3 EBUC
Lo TEFEN, Muckles WellsfiEfieht, FKIiEMEES
H 480 PEPE B (familial cold autoinflammatory
syndrome : FACS), 7 54 754 V) > |33 5 1] 2
JEBETE  (cryopyrin-associated periodic syndrome

YILIAR—V RDEER

NOD2 [ cArD H carD k!‘r

R334W/Q L469F
BlaufE{xE. EOS DL R

K3 27 wu—, BlawifElE, EOS, ¥raf F—¥
A DL TR

HFNaf F—Y ATONODIZRE (k) &, Z7u—HO

NOD2?» 3 fiditfn A% (FR) &, BlawEEls L

EOSTOHOZER (F).



8 INEIEE2:  4563%  #51%5 (2014)

tCAPS) ZEDEITNIDL. ZOHCKIEVERE
DJFEHEIR T & LTNLRP3AS T & & 7z,
NLRP3IEpro-caspase-1 & apoptosis-associated
speek-like protein containing a caspase
recruiting domain (ASC) & & dIZ3HF»5H
WoHAYTITI—NLIFEN L RERAEKRE R
1% L, pro-caspase-12NEMALBNICZIL T 5 (K 4).
A Y773V — L2 EELRBUIM AR~ A
VADEGe, WARES Th MM #EE, 7
ANRZ M EOREHRWH, I tary FU T e
LOMLY FF N &Lk bz5. WG L2
caspase-1iZ, TLR®NLRCIZX > THHH» LOH
&L Cwiproll-18 R pro-IL-18% B Wr LTIk
LRI W 5. T OWEPALIL-1 8 RIL-1813 %
SEVEY A M AL E LTIERIL, BB W &
e L72bA R EOFRIECHG§ 5. FICTH
BEIRIE 12 B W TS TIZXIL-1 receptor antagonist
DRBPETL, SHEMBTEIVI—2D
EAPSAL 75V — A EHEELTT R —
VADEIY, HIRDGELT T M EE IR T
Wb, ZODBKRERE LT, IL-12A KGN
HLTHHTFF Y7 OG5 L5 MBERE OLH
AHEENRTVwEY, Zofl, 7LrX—t0l
MTX, 479V —20WEE L) AW
BTFT747F =7 A i H O
HEINTWEY, XRERHBHYWL VTR, [~
7 93V — A EED EAATHE D BYIREEAL R R
EUOREIRESESRTVE I EH S, MiER
ERMRWI 7% & O AT H R & OB A E S h
TWwa7,

Danger Signal

EEBR 952y —
QLRFO— LS AT — L
REREES DEEIL

ShavFI7DNA

ii LPS Active L1
gg caspase-1 Dr::) ”_ 1€ BIAREE(L
DI E 2

§ ng/gg J, %gﬁﬁr
F—bo7o—

NLRP

ASC 8

pro-caspase-1

GVHD

R4 4 >795<V—L0SHRE
Danger signalliC & ) 3O K 238G L, 4 ¥ 77
V=L ZBKLTILAB EIL18% i MAL L, /iGN
TRDOFIENZD LD 5.

4 /%3178 =% Graft-versus-host disease (GVHD)
FHBMOEHIIRDEETLIH O -2
GVHDT®» %. 2 L PR ThR TV 525,
FREBAMAE R OLTIZ10%E < WCEL, 2%
GVHDAELREN E > Tnh. ZODIH LV
—A—TRATHILICLY, HONLOHEEDR
PEGVHDZ Pl L TR o PRk 2@ L2 ), HiE
EMEL M FF =2 LIy FOMASED
CERETAHIEDPEETHS.

TR OB N —2 b3t S -5 B
GENLTHINIE, LYY FOBEO/SL L
WCTEAEE NS, NOD2OKHEAL I X v {HILAE T
M 285 L 72 RE T Tk, Fr—lRoTHIIE
AL SN B EGVAELS, LYy P o#liikz
#5555 L CHIBEDOGVHDDRIEIZ D L h 5. 71—
W CHE Sz 3FEF ONOD2#E = T Z R ASGVHD
DOFEREFEEMBET L LBWEINh TV, K
DREPIT DN 24T > 724, BEIEIK T 2R3 8 =T
SRIAKRDGEAE L e olz. SO ERAIRICBNY
TRRCK & g U CHAEEGVHD O E A ALV — KT
HOHWEETEDD 5.

SHDEHR

HRES AT LDOSHBORBRELT, 97 F
AR, WEHEOHENC X 2 FBLBIRERHIE >
EENTWVS

77%/L%Lfi HARG0IE R DR ASHEA 72

XY, BFEREOEMNITICEICTRER
ENDOECT 7 F L OBGEN RIS R L. WERT Y
287 b e LTRENED M2 SDNASHDHET S h
TERDE, REATDEo7. ZOREHEELT,
BHRMNE TOTLREBLOMH 2> 5, DNADO L X7
¥ —Td 5 TLRIZ FEHL§ 2 BHIRM N O FE R A3 A 7%
WZEDPH SN E Loz BUETIZS M OBIRA
THRIHTAHTLRIDY H Y RTHARNAZT ¥V an
Y FELTHOZREREORRPHE I TWD
19)

F2TLRADKIE # A L7z T ¥V 2 v bRRICH
LT, LPSO#HGIZEIYD VY FEFT vy vay o
BB, Mo TLR47 T =2 FTH 5
monophosphoryl lipid A (MPL) &> FbhF¥
vIavrERIST, BRISHENhTWwS., HR



HXGER (TLR, NLR, £ ¥ 7=V —24) O EHE 9

REROMHIZL Y, LPSETLRAOKK TH %
Toll/IL-1 receptor domain-containing adaptor
inducing IFN- (TRIF) & myeloid differentiation
factor 88 (MyD&8) DW= L TAL ¥ 75
Y=L EBIEHILT AV R RV VY

g v 722 % 035753, MPLIETRIFORIKIZ L 2
MLZWDT, £ v 757 —2OEELORED
B9, TYRMF IV Ya v s RIESRVIEN
WHHEMIZIhTRSED,

WEERIANC X 2 EHEICOWTIE, BfEnLE A
A 75V — LRI 5 IL- 12 R
HLTHETFHF 2T OHERES, T EUBEIRE R B i
VavxF, ELICHCRERRETHL MR-
TWa,

CDXHIT, RERBLEE D 72D Y
B HRER T OZEE, £33 e 8505
72 OVATEVAL DS L EE e 2 AR R 2 R & LT
TI=ZAMNTYIT=AM2HHTHILICLD,
WESE 7 27 F 2 K BEHBE O LIZo R s &
Zibhb.

51 A XX #

1) Poltorak A, He X, Smirnova I, Liu MY, Van
Huffel C, et al. Defective LPS signaling in
C3H/He] and C57BL/10ScCr mice : mutations
in TIr4 gene. Science 1998 ; 282 (5396) : 2085-
2088.

2) Scheibner KA, Lutz MA, Boodoo S, Fenton
M]J, et al. Hyaluronan fragments act as an
endogenous danger signal by engaging TLR2.
J Immunol 2006 ; 177 (2) :1272-1281.

3) Kirschning CJ, Wesche H, Merrill Ayres T, et al
Human toll-like receptor 2 confers responsiveness
to bacterial lipopolysaccharide. J Exp Med
1998 ; 188 (11) :2091-2097.

4) Inohara N, Koseki T, del Peso L, Hu Y, et al.
Nodl, an Apaf-1-like activator of caspase-9
and nuclear factor-kappaB. J Biol Chem
1999 : 274 (21) : 14560-14567

5) Inohara N, Koseki T, Lin J, del Peso L, et. al.
An induced proximity model for NF-kappa B
activation in the Nodl/RICK and RIP

10)

11)

12)

13)

14)

signaling pathways. J Biol Chem 2000 ; 275
(36) : 27823-27831.

Ogura Y, Bonen DK, Inohara N, et al. A
frameshift mutation in NOD2 associated with
susceptibility to Crohn's disease. Nature
2001 ; 411 (6837) : 603-606.

Kurzawski G, Suchy J, Ktadny ], Grabowska
E, et al. The NOD2 3020insC mutation and
the risk of colorectal cancer. Cancer Res
2004 ; 64 (5) : 1604-1606.

O'Brien LE, Forsman PJ, Wiltse HE. Early
onset sarcoidosis with pulmonary function
abnormalities. Chest 1974 ; 65 (4) : 472-474.
Raphael SA, Blau EB, Zhang WH, Hsu SH.
Analysis of a large kindred with Blau
syndrome for HLA, autoimmunity, and
sarcoidosis. Am J Dis Child 1993 ; 147 (8)
842-848.

Tanabe T, Chamaillard M, Ogura Y, Zhu L, et
al. Regulatory regions and critical residues of
NOD2 involved in muramyl dipeptide
recognition. EMBO J 2004 ; 23 (7) : 1587-
1597.

Kanazawa N, Okafuji I, Kambe N, Nishikomori
R, et al. Early-onset sarcoidosis and CARDI15
mutations with constitutive nuclear factor-
kappaB activation : common genetic etiology
with Blau syndrome. Blood 2005 ; 105 (3)
1195-1197.

Tanabe T, Ishige I, Suzuki Y, Aita Y, et al.
Sarcoidosis and NODI1 variation with impaired
recognition of intracellular Propionibacterium
acnes. Biochim Biophys Acta 2006 ; 1762
(9) :794-801.

Tanabe T, Yamaguchi N, Matsuda K,
Yamazaki K, et al. Association analysis of the
NOD2 gene with susceptibility to graft-
versus-host disease in a Japanese population.
Int J Hematol 2011 ; 93 (6) : 771-778.
Arostegui JI, Aldea A, Modesto C, Rua M]J, et
al. Clinical and genetic heterogeneity among
with recurrent

Spanish patients

autoinflammatory syndromes associated with



10

15)

16)

17)

18)

19)

20)

21)

IEIEEY: 4563% #1795 (2014)

the CIAS1/PYPAF1/NALP3 gene. Arthritis
Rheum 2004 ; 50 (12) : 4045-4050.

Larsen CM, Faulenbach M, Vaag A, Velund
A, et al. Interleukin-1-receptor antagonist in
type 2 diabetes mellitus. N Engl J Med 2007 ;
356 (15) :1517-1526.

Hitomi Y, Ebisawa M, Tomikawa M, Imai T,
et al. Associations of functional NLRP3
polymorphisms with susceptibility to food-
induced anaphylaxis and aspirin-induced
asthma. J Allergy Clin Immunol 2009 ; 124
(4) :779-785.

Vandanmagsar B, Youm YH, Ravussin A,
Galgani JE, et al. The NLRP3 inflammasome
instigates obesity-induced inflammation and
insulin resistance. Nat Med 2011 ; 17 (2)
179-188.

Holler E, Rogler G, Herfarth H, Brenmoehl ],
et al. Both donor and recipient NOD2/CARDI15
mutations associate with transplant-related
mortality and GvHD following allogeneic stem
cell transplantation. Blood 2004 ; 104 (3)
889-894.

Loré K, Betts MR, Brenchley JM, Kuruppu J,
et al. Toll-like receptor ligands modulate
dendritic cells to augment cytomegalovirus-
and HIV-1-specific T cell responses. J
Immunol 2003 ; 171 (8) : 4320-4328.
Freytag LC, Clements JD. Mucosal
adjuvants. Vaccine 2005 ; 23 (15) : 1804-
1813.

Reiff A. The use of anakinra in juvenile
arthritis. Curr Rheumatol Rep 2005 ; 7
(6) :434-440.

Impaired Innate Immune System and
Diseases.

Tsuyoshi TANABE

Department of Public Health (Public Health),
Yamaguchi University Graduate School of Medicine,
1-1-1 Minami Kogushi, Ube, Yamaguchi 755-8505,

Japan

SUMMARY

Fast immune responses are mediated by innate
immune receptors that react against conserved
structures in pathogens, named pathogen-
associated molecular patterns (PAMPs) and
endogenous danger-associated molecular patterns
(DAMPS). PAMPS include lipopolysaccharides,
peptidoglycan, and endogenous DAMPS include
uric acid and cholesterol deposits. Innate immune
system consist of two groups, toll-like receptors
(TLRs) and nucleotide binding oligomerization
domain (NOD) -like receptors (NLR). NLRs
recognize pathogens in the cytosol. We have
previously revealed that multiple genetic variants
of NOD1 and NOD2, components of NLRs, are
associated with susceptibility to several diseases.
Notably, NOD2 loss-of-function and gain-of-
function mutations showed susceptibility to
Crohn’s disease and Blau syndrome (early-onset
sarcoidosis : EOS), respectively. Furthermore, we
have revealed that impaired recognition of
intracellular Propionibacterium acnes resulting
from a polymorphism in the NODI gene is involved
in the increased susceptibility of Sarcoidosis in a
Japanese population. Inflammasome, newly
identified innate immune system, activates IL-13
and causes several lifestyle diseases including
diabetes mellitus and atherosclerosis. Manipulating
the activities of innate immune factors may produce

new therapy for lifestyle diseases.



