DB E B (R3),

TBK1 Kifiw 7 20k s L<C, TNFY 7 FLDR
BB N5, i kb, IKKBRIE<T A, NF-
KBDY 72129 rD15THLERIARE TR EH
B, TBKI1HfhRE~ 7 2%, FFHHRIIEOWE 2 7 %
PV AR Lo CHRESILE 5B, 2% D, TBKI
1, EARGIERIEIC BT, B0l S ER
FRCMIERTI R ) VLR CH L LEAOND
BIED & 25, TLROZNH L L BEREDFEIZE L
C, TBK1 GBS Law v Cwsy, sz
DRI B 3 LL37 A & TBKI OBfR%
BT BT &L, SRR RO EFRF IR T
24, DNAY 75 VBFEZ I3 L9 & LRI A
FTh, BELFEETH S,

HR B A% ER D BR BRI FB

BE TRV BRI HEE L v 2 1ES, st
W3 4R, BAD AL A —h— & LTIER
EHATH B, EEIC, Affymetrix® Genome-Wide
Human SNP Array 6.0 2 HwT, FLOSAACKRERRZ
MIEADNABZFM L Tw23 9 T TR I2E50D
7xa—7y ThkIn, B - REOe—A—-L L
THEISED ST B,

MWESLDNAW, 727 F v ~DISH, 7Y a8y b
~DIEHLBEATH DL, ZORDPTHLDNAT 75~
W, ¥ ICHES DNA OFFRIGH EE 2 oh s, M
Nt DNA B0, B AR GIETGEE(LRE, B 2 22
RESEFED X 7 = A LB, $XTDNAY 7 F
VHIFHGEICERE T 5. DNAY 75D L v
s, » L O OWIMEREEE 1/ 2 MR %
DT3B, DNAT 7 F VBFICHEILD 20T T 3
MREA L LT, H O e RO FRE Y R
7 ofiz, 77 LD pDNAW O ADE S ST
W3, SROIORIMBHIICL-T, ¥/ ANEAZ
Nz DNARZIS®, —itEo B AR GG T
ETBPpDNARY ¥ —FAFIC O35 Z L 2T 5,

7 ANy M IIEWTIE, CpGEF—T7 2ED
AU 2 DNA, ZAMRNAZ EDBH T o, fliFL
b, TLR 2/ L 72 FRSEEIEILE A LT, HURRRR
B 73 A E R MRS 2 B ci s Cw 3, R
HEICBOT, TIRFREZNDTH20D0H D,

JeBRIES Vol. 30

No. 20 (#471) 2012

HOREE, Zho EiEsH S L bR NS,
HRAAMZIROIZ & A £, EEORIEGE TR ICE
HLTw3, IO eds, MIBAZEIETE MR
Lo THELR—MSET 505 NETsHEA DAMPs &
LTo7 7 — MR, TREMAEY O BRI B EART]
RCHb., Bz 3L, MIEAMEEBO L AL E2—5E
B BTGNS, RAEHEIER CEETH B LEZ
5415, ARTIRFHNCHYD LW ko0, 7Y v
Bz &0 EeY EIRBEOBR, 2 L OfESCBIE
Rz EDRIEEBRIEICE 2 £ T, KBONRH R
R E B> T0REDIE ) EThivy, A,
NI G R O GRS & SIEISETFE A = X L OIRT
i, RAEMEEEE, 1BHESUEIC X A IR IRIE O R
BRI OENTH D, SHROI SR DMBHTICLY,
FIESHZIR I R 12 2 h b B IR O BIHIAIE SN 7
WHAER L 720,

EEhbic

Mlas L, HLrobhbhi&0ENDED
[ DIt L, LR R EESICHFS L Cnik
EEZ NG, L LEds, ESONTEDE, &
BEEOFEIC LD, MIRSHLIE & SRR B O BIfR A
o ERD, ZNETICEERHE I THLAnL
DHOEEEFR R E OBFIERAOR D LR > T0 3,
E e, BRAA A —h— & UCOMIRIMZB ORI,
77 F 7Y a8y FREANOIGHR E, BRIGH D
D ST %, HMINIIMERE O RO IR X
DEMAREOBEOR Y, WERHL»ER-> TR
Wb BH Y, S b HIIESHEEETTI N R 1 F
BLTw W) FTbiy, Mlasziic
Ho C BISERFE DS L 0, HEAIEIEE R O RTEE
BE¥E, BIERMSIMO T 79 VBRFsIcoRMIB T LR K
WIZHIRF L Tl E R,

ik

1) Mittra, L et al. : J. Biosci., 37 1 301-312, 2012

2) Kosaka, N. ct al. : J. Biol. Chem., 285 : 17442-17452,
2010

3) Scholer, N. et al. : Genome Med., 3 : 72, 2011

4) Remijsen, Q. et al. : Cell Death Differ., 18 : 581-588,
2011

5) Steinberg, B. E. & Grinstein, S. : Sci. STKE, 2007 :
pell, 2007

215 (3373)

i&)%‘&}ﬁﬁ-ﬁ‘dﬂlm




6)
7)
8)
9)
10)
11)

12)
13)

14)
15)

16)

17)

Marichal, T. et al. : Nat. Med., 17 : 996-1002, 2011
Pozzi, C. et al. : PLoS Pathog., 8 : e1002626, 2012
Napirei, M. et al. : Nat. Genet., 25 : 177-181, 2000
Yasutomo, K. et al. : Nat. Genet., 28 : 313-314, 2001
Kawane, K. et al. : Nature, 443 : 998-1002, 2006
Morita, M. et al. : Mol. Cell. Biol., 24 : 6719-6727,
2004

Walker, M. J. et al. : Nat. Med., 13 : 981-985, 2007
Saitoh, T. etal.: Cell Host Microbe, 12 : 109-116,
2012

Lande, R. et al. : Sci. Transl, Med., 3 : 73ral9, 2011
Gartler, S. M. : Nature, 184 (Supp! 19) : 1505-1506,
1959

Lovgren, T. et al. : Arthritis Rheum., 50 : 1861-1872,
2004

Ganguly, D. etal. : J. Exp. Med., 206 : 1983-1994,
2009

18) Ishii, K. J. et al. : Nature, 451 : 725-729, 2008
19) Shaw, J. A. et al. : Genome Res., 22 : 220-231, 2012

<EWEETOT1—IL>
WA E RO R AR E R SR RO R B
#B, AV T AN TREDY LAY, KREBT

%, DNA 9 29 Uf5se, 4 — 1+ 7 72— LMl

PREESRE O AR oM 41T - Tnnde, B2dE, mTOR
HERE I B 5 4 B (L& OB B B ORI iR L
Ttz BE, B @EEOL L, 7Y a3y oA
FFE & A AR O TR I e g L T n % . A
i, ASMEATEREINAVWERZSB X3, BERT Y
FUTLany FOKETH B

216 (3374) FEERPEZE Vol. 30 No. 20 (7)) 2012




AT TIHBRRBET Y 230 MIDWTHEDHAR %
WS 4. BN TCORBIRES LT 7 F » OET IR
DIEYD, UrF oY AETTHET V2N
I DOWT, HEeB X OEDEOFE ML E IR 5.

(1) BRRE
BRI, R
HTRMIH LE— @ < BERBETRCH D,
SEY OB ERREER O A L o TTHTH 5,
SRODIEMI L, DA ) 7 (E PR R 2 &

BAT 2WEE - 77 F D
<

=
B
MUALIC & B YRR A OWIRG 2 BEIE), SIFREk - ~
7u7?~>ht®aﬁmh$NKBwﬂawmi%)
M, GME, SEET, A4 bA AR EORERT
WK o TR S L5, BARIENRE S R 2 S0# 5 5
ST, S EEERBRBETEEFMSN TS
Y, REEE - AR G R HEE AL S 7 & D IR S
B &, WA OSFEE CHEARES T8y —
(Pathogen-Associated Molecular Patterns : PAMPs)”
& l,f?ﬂ%&?é (Pattern Recognition Receptor : PRR).
SR RS, BTN - ISR ER %
E%E:#:kui@,QEE%&EWmWU%wmﬁ

TEO X DIRE VIR $MM_LT§%¢é:k,5i
U C G 128« OPUE A RBI L CRMT 20 &

H, PRRIZEEFERFEI ZY, 70 F 2 FERMEIZ
A mROLBWIR S /- WEICKRESILAZ L, B
LAY FEBEREIZE VD OO, EBBBEOHEE
IR S 5 & R TR LRRRMTH B LELLNT
VB, BARRIESEMERE N L CIEEILS Ml s £
EERTA PHACRTENA P EGWLT, HEIRE
FAY 7 A R EREE & BRE Y 2 720 T (L IS S %

®CHET S,

Q) EARERILLIEGREROFE
FBEAEZCLT 7 F CPEIIGENII A2 720h, &
ML & OB O PURTRR IR X o TSN 8
~BT$/ME&E@$§WN7%FtLT,I%ﬁﬁ
FBAPUR & & G ICTHIAL 2 v LB LR & L TRz
S5 (signal-1). LA LPUEARTF 2T TEAT
5C, HURSRTRATE O B R R T H A~ ORI (signal-
0) BLOY 3Bk~ DM EIRIEL (signal-2) 75 & o
T T3 2B REHEENR L s (B1),
¥ 72Toll-Like Receptor (TLR), RIG-I-Like Receptor
(RLR). Nod-Like Receptor (NLR), C-type Lectin-like
Receptor (CLR), AIMZ2-Like Receptor (ALR) " & H
REIEZHFMRIZ L o T, FEINL2HEBEIEOTPRA
BT A %cﬂi@,ﬁﬁ%ﬁﬂﬁfﬁéﬁﬁm
AASTLR% 4 L THEMEIL S B &, SRR S ieae ¥

<rm

PHARM TECH JAPAN @ V0l.28 No.10(2012) 45(1993)




e e
7YY rEREAROFRM | BRARED SEETR

BREES T LDEE

R+a4
signal-1  ——————3 THIEEREL 0
signal-2

) [FE

signal-1 signal-2

MHC

GCDB0/86

FRERTRER
(B

WEOTOey T

R

e S e e e e W M e e e e e e e e e Ak e A N e e ey

PAMPs ignal-3
+4% signal
DAMPS > signall — GRESERER - TR
signal-0 signal-2  HAEDYA I TT7 14 5—A0ME
signal-3
1PN, 1L12
IL-1 8, PEG2

IL-6, IL-23% &

BARAREY TFNHYOES

£

Thi(FN-y % &)
Th2(IL-4, IL-5, IL-13% &)
Th7(L-17% &)
CTLUS--74 Uk &)

signal-1c - D signal-2

kRO
i

LAs, RLAs, NLRs, CLRs

/‘\

PAMPs DAMPs  Adjuvants
B Lipopeptides HMGB1 alum
ATP MFS9
RNA HSP MPL
R Flagellin Poly I: C
DNA Cpg
TDM

1 BRREY JHILCLSERREREY

LA b A A OFRIEDKE BRI, MERETHR
L CThIMRER S A FEL, MilatteEtfET 2,
& A SO TLRABUABIRANAL 2 133 L < ThlfAg o5
Tba sy 257, FAREREOMHACY 7 A 124
5 "TUATVLE T —oa " FEIIATHETR S AL, HOR
R CANE S EETMIa A HE S LY, 2R R
FEHNB X L CTLRNE D & 5 M %R+ o hico

W F 7ol Ty e,

Q) EERESR

ERRIEE, BRICBAT ARG - T F o hED
PR AT v SERRPB Y 2 NSRRI HE T B B
BCd D, PUEERRMZLE & - Tkt > o3BkizIg
AREN, BRI THRSERS L widRE 7T 7
VB IOTMAZER CINL ZMELRBRT L, £ 2
Tk, W OBREL - pRAKIEE - ) VHRE - ERE - 5 Loy
B e EEFR T NS, ABO CTHARIZIX P S Rk S LD
(Fris g ) o PUBSSEMIZ Z S OMIEATE LS
Hlru—rigllgE L, R OB @ <. F o
TR S PLERSEN 2 ) /SR — SRk s SR A
foo & L -CRMERAETT L, Kl LR - LB EMIZEBA
L72B L i RIR EE I & 6 A, LB R D s o —

9LZ, AEREEEE £ Y &R IEE L 2 41T (secondary
expansion), IR E ELICHERT S .

DA (I AR (2 5l U BT R SRR R B AR
T 5o EMBITIHREARIEG O O BRI v L) o3
BWCIHRET 9%, —EOJEEMBE BRI L2
I CHELL RS LR T A LT S 3, L
7o BN O —ER LR IEAND & A o TR ) REIMAE
F4 b, PukidmziiiL, BUOBATFHZWL
A L IR 2%, Zox =X alk, OF
FOWEHEEMVIZHES L, BREETRE TS, @I
ADHBEABBIIZFEE L, MlE~DOEA B L OIHIE %
32, @A 7V 77 T4 =3 R e iFHwLT 5,
OWMFEREHEILT S, RETH D, Hitken L ODE
ACOFEGIZEN BBETHY, & sEHE LTHM®
SNAME NS,

CD8MTHIfI G =7 = 7 ¥ —fllffa & & v, WY
S= 74 J X RRT 5 VA LD £ e LR
(A b A A ) IS, PR ER RSN T PR 5,
CD8B5 1 THIU BB HE R 0 0 B KB FRIk L, ¢
DE D TEREM S L CHRANTEMER TS,
72, CDARPETHAR im e {L L CCDSIH PR THIAL 7 vs L
Bl % Thld A v i3 Thatd 4 KO REIIEYAL$ 2

46(1994) | PHARM TECH JAPAN @ Vo!.28 No.10(2012)




LERE (eg | FUEMD)
“secondary expansion”

0 10 30 07 30 g
1 t

77 R T~ARE =T IF R

L0 UIRRE MR WV UREERERE

Bz 777 EEZVUREFEERICEEINIRELEY

7. ERYHREE R
T35

FLIESOEMIE, PIERRETZ 7 22 ¥ —flEE LT

FEEIL Lo TR 2w LBHIIB 5 b, -E2EH{LL
2D THL, P INAT— LT o F—RAE
s SR S AIRBDMN & L BT, B BIFTIR R
T TTICTRIERIRMIL & R B L ) AT 5 b — BT
&5 E, REREBEMIZSE O OEMLMRETH S
5Ly,

B & & 03 ClE— DO PLIE & b D9 AT B AN
Aoz, Ml £ 7225 o T AR RIRRAS I L
IS LHERT Lo /o, MEEPURIZRIG L O 5 RlER M
e (BMRAZ - TAORE) 25T H &b L C o — g
SEL, WisET R B, F O, RIERRMRIC X A
signal-0 B £ Usignal-2 134 ECH ), FLEPRR S
B2V CRUE RN ERLE s /tw, Jok X
DY O AL — FIEEGEER XD L Bl LR
(Secondary Expansion). F /2-F D HO RIS D WG
FRAED, WIENBFERE LT 2 BRI RS LR
L ThHH(E2).

al 0 < RUAB SR & 720 o C R R4

(4) Toll-Like Receptor

19964F, 1) v /SEkA b /o PERRIERO L g Y
Va NI B W T Toll & ITHEN 5 ZEES B & 452

WRERR L, Bl E M BBIC L o THAR N T T PO

R, HERHRT S D LAt 2% WIFLIEID B
VT LTl HIFA § % 2 EHDEEIR SN, Toll-
Like Receptor & & -JiF B 417z,

TLR7 7 39 — (& 1 BIEE @RS % b DERKT
v NTWETLR L ~13F CTI3fEH b | 21’%5@5’1-@5%&1 o
422y F)E— MLRR) % b 5PAMPs% P8k ¥ 4
ANJa AU IL- | AR O EEL & AR 2 b o
Toll/TLIRAH R B (TIR) % & HiHa R T &7 v (R#ER

B EHEALT 5. TLRI~OEWEFNOECTLHEESN
T 5,

TLREBHKME - v~ 27 07 7 — U RMFF ke K OR
FARE IS L T b, JALE o BRI Sl
DFEEILIZTLRE /- LB Y, STLRIZEFNLENEF
EAY4 ) H Y FAEE S 4L, 8ERAGMILN S 7
EAMBT B, AR H NI EISHESH RO
W v, PEME ) A BiZidfeki s 7 Jbdanger signal
ENEI % 16 F SR OFEANE18 EM R kD 5275
%o

TLREAIRBII BT ARERLY T FIZLh 2007
W= RSN D, 1 2GR EER VT T 5 TLRL
2,4, 5, 6T, ZASEBEmOIIE, MR EE L
E DM FNENER AT A, b D L g
ROE sy BV —AICHEATATLRI, 7, 9T, Thbid
Ml & BT 5. TLRATARMRNAS, TLR7IZ R
FHRNA%, TLRMUE Y A L R4l ORI S 1 A
5AL L CpGEF — 7 & G JE A F M {LDNA (Fak) % 52
I B (R )

MALFEMTLRONFEME Y A > & LTik, FEM
B - BEMMAL SR At MY vy Ay o
R m oy oy o8y E - High-Mobility Group
Box~1 (IIMGBL) % £70°% 2", F 7214l M TLRO A
L) 75> B, SBAERR s s L o Do R v v

VDI EMRH B, FEHRAS, SRR EC RN
AL S AL MR LR DA N S v s &, EH
REETCERMBENOMBESHHREIIL > THREN L7720,
TLR3, 7, 9OFMMEA T ¥/ — 412 F1ET 5 B
BITLRIZ G 225k &A1 E%ﬁ%ﬁ%%%@t&w%
LA LEEOSRES B COERAIIBY Tk, B O
PHDNAF M, LL37HMGBL: O #E&HE A+ 5
T S LT, BEESIR L RAMBEAIZECD SAF L CTLR
WSS 700, HURERBOBMEIZHES LD
LML EZ 5D

o

PHARM TCCH JAPAN @ Vol.28 No.10(2012) §47(1995)




7YY MNERMROHEH - EARED SEHTH
1

TLRUBG L REPY a8 b

g o
R

Pam3
(MALP2HI &

FAL/IL T

YERTFE | LEERE
e poly (1:€ e
FYRNA ¥fipoly R | I R
775 LBEE gl CTHBN D
MEREE ) RS E};éﬁ’g?fi” HPVT 25 %, =
| pibE FNTI L
o , s o
MEOWERS 1 s5vayy DA A
’ iR
MEOMREE
DFYNYHE
AT d
Wy A VAL
— g 7¥ M
AZERNA W ikzrny |EPVISFY
$EAF AL K#CpG-ODN HBV? R0
| CoG DNA (B EARERD NIy Sl

NMTUF272 280 FDIRE
SN REARREIZBRE LWL H T,

NE LIRS
IHENIRET B AR ORBEICH L0 LOEEL T

BT, MR BOBYed D WITEELS FHTCE 2,
FREO X DI, Vo ARG UEE L 7O Bz
D7 B MBI T A REII S s, T2 T
R vio L RERAREHMNILLZbOTH L, FIE
WERDImnT I T UHEE SO0 UM L CIEE
RO E LG - PURESFE L CB I, BEED
& AIRBAEDEAN LB, FBEAUS R0 E R IS
B, WEAREBER L, B3I L v,

T RPUROEIEIC L - TS kT 2 F LR
BT 7 F 2 Licahin, BEEHEOBEEIZL-T
AiEbet T - @FWHET 2 F >, R 7Yy b7
IFV, RN Ty VU F Y, EETHRL S
YNy sF Y, DNADZF Y EREsD (F2).
T 7 F 2 XN SREALT 7 F DI S IR R PEIEEY
<, WAL 292 CHREDEHA - KIEHAE» LT
Y b — THEIA LS - BT T SR DTS
FLHD, FTNEHIIZODT V2N kB RFIA R
R TAZ Yy NI FUOELATRNE NS,

LR - Bk
EEENOEM D HBRSNTED, FNIED LT
TP oy POBEBEWIEHEE > TWi. FF VA FA20
HRMIEICARR TR SN L &1L, M3 gy
DT F VRSB LN oI, VI UHRER
W9 B (adjuvare[L]) b0 & LT & F S Lminyss
RALNIT ENT Vo ORI TH L, FETIE
Bl Z A EHBEA TN DT o F r DREEICBWT,
20114F 9 J o it 5 4R # # # (World Health Organiza-
tion : WIIO) 512 X 5520000 7713 = 27 b O#52/31
FUanmy b EEATVLY, BT F 7 Vo
MRS NR WD, RNELERT T 2 S ET
I AEEMES N, FOMOAT T v bR LT
Ty N7 TR, BRTFMHIRZ T2 F 0, GSK
D ASO3, Montanidett ®MFSQ7% 7 <N b
R, AX) ¥, 75V i EERBRERTOT VN
YREEMLIZLDEALNDS,

7 DERIZBNT,

@7 o pOTEE e

TV oy M TV =y a8, HALRL T A b
Ay, WRFRENEEN, WHE L COWERIZZHKT
H5H(FE3)e NI THWREHSNCELT TV )
ET7 NI =y A OREBLT VR =7 5D B WV IEEEE 7
NI ZHA) T orzhs, HEOT V187 MO

48(1996) | PHARM TECH JAPAN @ Vol.28 No.10(2012)




®2 UIUFCOEE

E%ﬁ%ﬁ@iﬁ&m

TFVEECTIAI PN YA NEEd A

WY TFRO7 V250 M, BREHR STV A,

REFITT, SEFST LT Va7 bBREBRENT
Who

TV a8y b OBREICIITUER®R L, EHMRL S D
Bo T T VEBEPERICES ENThLEERELSL L
CEETHFE COBRBREIL

OB % EEARH P SREL CRCEZDF ZTOWTE
., R OPUREER % TR 3 % depotEh R,
OPUFHRRMEIZ L B, JUESY 2097 DHLD AH TS

1to

PRI L 5, EER 23/l

@FT BRI % B R R

LB PURE v/8s b & HITAENRKNTIES B, O,
@EIFIZT 7T Uikl VI o TEMERIIHE S >3
7 ELT LIE—IZES#ED T, RS TOL )2
PUBRRAIE 2 A B ML L T, @—~@oiieE £/
THFREFET, TATHIZY2EOLIIZELO
S EEZ HENTHED, EFEOQOBREL DI LY
bW, BEOBREE LTV a Ny bbb b,

Q) BRREZEHREEMLT 272 2/ b
BREZERD S £ SEMEYRIDEIC X > T

LS h, ZOZ XD BNESREDTEICERY

LI ENMBEENI, TORRET T 7 F U BSICKET
Bz, BARBESERLERLS 2MEST Vo

PHARM TECH IAPAN @ Vol.28 No.10(2012) [49(1997)




FIany H’aﬁ%ﬁﬁnwﬁﬁﬂﬁ BAREN SEETH

MBI E L THREREENIZ(E D). 20D TERSHE
MEATHEDH, TLRAD ) 7 FTHLH B EHY) ~
JEE OMPLE, TLROD Y > K TH H 5 E MG
CpG-Oligodeoxynucleotide (CpG-ODN) T#H %
Monophosphoryl Lipid A (MPL) &, Lipopolysaccharide
(LPS) & 4 EW AT ER S /2 TLRAD ) 72 BT
H Y, BREIUFS# AV A HBV) 7 7 F » (FENDrix*),
L b T ==Y f )R (HPV) 7 7 F > (Cervarix®) &
LCRIREH SN LED, v T T T F 2 aEITIV
BRIV i R N TH S L7,
HDIRRRAIR ST B0 BBHEDIEFD T 7 F 2 R %
e 2 2 L idH L LTS LDPSED L o
77 AR EMROL S F 2 ThHY), T F

T aoN ML

TV asNy bl UTHRT A 2idd E D LI AN

FED7, LPSE- SRS 5 2 L CHEE RO
L DOHNMPLTH B MPLE 7 2 F VAL TH 2
IR, FESNLSHEMAL0R VL2051
B3 ThlFIo Giss 5 % 56
Ragweed & WA SEIIE T 7 F 13 2 D o oA
ML, MPLATERMUE & &b i8S L., 7L u¥F—
FIEMRI TR ATh2I CliZ <, ThlTfREmg s A&
RCHERT HZ LI L o THEMEFEE FH 2w LIGES
Ho LEMICHE LT, BIZEHPVT 7 F 2B W T,
MPL%Z & F v 7 F il f2fg PR & &
BRTOGIBOLG. B - HEEE 2 SO BIl i ARIE
JAASE WSS, O L DEETALNEA, iRl
A CA ARG ANTH L L ENET,
CpG-ODNIE ALY A S AL 722080 2 KAt 0 Bvs
DNAT, ¥ b2 rO®RIZZT = B BILES -CG-3
(721 3Cp-C)DTF — 7 & &y, TLRIDY > KT

B BET#T s F v - =50 700 Fr 2FEER
SRS GIESEHNS T P a Ny b E LTINS AL, WRERHTYT
PIThHITC WD, M TIREMEY L B ) AF ks
NCVRVDNASRBEEIZFED 541, TLRUEZ H v
7:DNAZPAMPE L CR#T 5. C-GEF -7 5 F
EE M AGA F A B N THEERE S ASTLRO % il i
T4 EL TSNS, CpG-ODNWEERA B £ OVF 4512
Lo TDRI(ATIE H ), KR (B2 Hv9), ClD
SRS, ENTFNDORBEASNDEENEL D, W
TEMREMRBE TCTIICHNE N T VB L DEKMTH 5,
CpG-ODNAZ 7 7 F L CAwL 2 2ok d, 35
RN DIEMAY LF S L1135, ThIRORIENE &5

B4 5, Pollinex“Quattro

B

L%

W2, FeAVEICE LT, CpG-ODNE & F vy 7
F s, PO CEIRBETE R OB SUS AT L ) 4SS,
oL YEETHONSIED, BEHEROSHIZBT
HEMFHEMEHEBEILALNRLD, WAL L BETIE R,
BEMGEIFCH L EENDLY, L@ THRED LB,
Bl V000 4 0+ 5 [l MGk m o s s vt w b, &
JrinvivodIR & L CiE, @fEr ) 7w F—7 A (SLE)
DEEI BV CIETLRI® 38T L2 BilAg i+ % =
ET U BRI B BT (ANCA) B MmAS KB
O ENY In AR IRICKWCpCE WML THEZET L &,
ANCAFEA DS s LA Z &Y 6 b LarL, &
FEFRCPCHE MY 7 F  DERRERIIBWTIEH
T REE 2 B L BRI CENTH ), T F
Pl OEBEMBEGESILTVWAY,

(@) 7 23> s OFHEE

7Y a8 b AT A HeffectivenessiZ oL, T
FTT A= LAEIEIEM -~ EaNTEER
UUF ARSI 25 2 BEE L CERREHE NS
RO S, BAMTHE S E I L3l A LR
o 7. F oS Meficacyll oW T h, H LTV N
PRI ENL T 7 F v P RANEE - W ERE
DHEPFEEI L > CERL LRI BOERT 2L, H—H
R MERECH - T, WHIZIET 2 F LR TE I
B - HEVEPBELE N TRINENE L) TH L, Bl
WL BRI ERBSEASIT O TV BRTSSY 9 1 7
77 F I IEGSKEL DASOL & vy, MPL.QS21LE £ OF
VR — L EMAEDEIEG T Y Ny NSRS
T BAS, RTSSEPUBE L7277 F 2 iiBwTid, 4
TR DR 7/1n/%*km¢%+ﬁﬁ@m%m$@
Thh, BMMIEL T 2 F D7 3 280 FASEIR X
L7z,

Lanl, 73 a2y bDSRRBRET 7 5 2 /ST TH <
S O e | A &%H%&Lt‘&f
B LDE T AERICHER AL DH L
T a8y MR L RS ERIES & LT oS T
<, EEEREAE R AR A O BEENEFEERRERRICES L
RERKTERET S OD, TEOER Ov- bed
LTHET e R o0dh b, €DZHIIE,

CEIF L LT g e - ATRIPEO IR E &4z,
%ﬂuﬂ&ﬁb@é??;ﬁyhﬁﬂmowfﬁﬁﬁ
P HAE MR L FHH TH Lo

Yo% MR L ARSI BOM B 3 5

Af‘

50(1998) | PHARM TECH JAPAN @ Vol.28 No.10(2012)




(European Medicines Agency : EMA) @ & 0% #2i15 T
HBN, T FELTOREM - ARED KFEIEEZ
b, TrFrELTORMBICIAT Y a5 FEHCD
WO MR E IR T L L VI UHIE LS T
Bo DOEDEPIET 7 F > D/I2HDHA NI 4 2T
i, THR7 Y23y b ERBEOMAESDEIT & ) B
FUGIC 2% A U B REED H 5 720, MBEOHFHEDF
I HEY, HRT Va2 N EHEOBAEEA
PRRHCOFBMTMLLE] T2, KEEREERR
(U.S. Department of Health and Human Services,
Food and Drug Administration : FDA) & 7 ¥ 2N
METUBEOMAGLE T DORERE L TRBIND
DIFTHLDE, 7V FERITETHSREEED
LBNGWESS ] EF 2D, 7Y aNy P EMOBER
Bz HERESNET L35, WHOP L LETHL & F
Do

BB OFEE A5 L (F’4), TV 230 MHMRTE
& IRRHERE LTk, BERIICB 5RFE
TR A feffl L -z e, «aHurdalL Cars
NTCW2e T2, 7Y PEMIZL2HEAMES LV

T LN E R E GO REEEL S CTER SN,

x4 TN MBETIAARNTA

BEAMEE L CHEBEHEEIZI DWW, LETHLETHS
LD, ERENGZVWLD, BIUMLTAETHS LT
VR PR i LY (W N

B, 7T CREAOEYMEDRTHMEILT 7 F xR
FRACMT A REL BT 2 " s AN R v —
J1—" (Correlates of Protection : CoP) ZSHv: 5415 4%,
TV anNy PORIRITEDIZHENDE T Z T DCoP
A, TVanNybEREEVWTZF L OCoPIIRTE
NEEHD LN TWLEPTEFHE S, TV 2D
b DDOFEEEOFHEFREFE L v, BEITE, B8
HPNVNTIRA TN FI I F ks s 7N
T FYT ELTT Y aNy FRREFHEY L T EIR
RENLDS®, TrFrBLOT VN FOEHENE
ERDEETNT I F U ERAVERHBFEICITEAT D S
LHicBbhb,

REREPIEOBIRIZ DV TUE, RS+ 4 b
A 27 EEPREI IS CIREN B E RS T V2N
MOV I IZEBRN LI TH 5 55 (WHO, EMA),
WHE 2L EOBHIECORBPFHZEE N L (EMA).
o T WIFoHH L ¥ MRV EREINBIR S L
EMENDDL Lt v, 72771, BALBcT v A28

PHARM TECH JAPAN @ Voi.28 No.10(2012) | 51(1999)




7Yy FHERAROHEN | SARELSBETR
BRI T Vo y MEREROBEMBREO XS Z, &
YRR R RIS A S B 7, BRI RS ET 5,
JEREHR IR I BT A5 EIZ DWW, REMEESL &
U Bl 7 D BEE OB CHEEEEE I 5T
BRARFEIN B A 5T A BRI 2 REZ L kAT
BEARERLIDLEODLTLHDEMA). ZEFH DL,
IR L CHRR R R XL 0 b & R T Em R
BERET B 2 L, WRERTER R RUE IR T LR
W WEITERCY, B84 E£FH52 8¢ @
WD NS VIERRRABR CHE TE A L) 0k b0 b L
vk LC, EMLENsBErEn™, Ll 72
& Z MR R OBITERFE SIS IEOIRE A RIS T
HoTh, EREESGOIFBARSIR CILENrEE L

RO THEE S

MEhbl &bdHb/lz0,
MRSl 4 THLETH Do

B ARSBIE R A B 7 Y 2Ny o0 S BERIFEEIS
MO HEITC T L ODETLRY A K, G ThH T
TUIHRY, HPV'YZ 7 F ¥ 12 Bl v 5 41 2MPL & CpG-
ODNTd %75, oy BERIEZEEKD ) H > Fizon
THRBIWIZIHEIYThRCn b, 779 245 “BHOE
B O =N ) 00 s B, TV 2Ny b OFEE
ICDOWTOMRBEEME L, 77T 2 EDERRHAASG
HEBHRT LI EPREZPRTH I B7Z5 9,

FRETIR, HARRERTRECERLT A7 Y s
bR, SRERE S T S U R S INCT YV aN s b
DFID E 2 I CEARY R FI AL B L 720 AR
B8 2 RSSO ~Bh b e LG TCH B,

BEEH

1) FH4 G 0 Drug Delivery System, 27(1), 19-27. 2012

2) Akira S, Takeda K, Kaisho T : Nat. Immunol., 5, 987-995,
2004

3) Agrawal S, Agrawal A, Doughty B, et al. © J fmmunol.,
171, 4984-4989, 2003

4) Le Bon A, Etchart N, Rossmann C, et al. © Nat. Innnunol., 4,
1009-1015, 2003

5 OERE, DU o ol 2 R - BLEETE, LR
Ridthede, WL ppd79-202, 2012

6) Lemaitre 13, Nicolas E, Michaur L. et al @ Cell, 86, 973-
983, 1996

7) Medzhitov R, Preston-Hurlburt P, Janeway CA Jr, © Nature,
388, 394-7, 1997

8) Akira S, Uematsu S, Takeuchi O.: Cell, 124, 783-801,
2006

9) Kawai T, Akira S : Nat. Immunol, 11,

373-384, 2010

=

10

11

=

123

13

ool

14

15

16)

17)

18]

19)
20

Barton GM. Kagan JC, Medzhitov R : New. fhmmunol.. 7.
49-56, 2006

Lande R, Cregorio |, Facchinetti V. et al.: Nawre, 449,
a64-569, 2007

Urbonaviciate V., Furnrolr BG, Meister S, et al @ J. Exp.
Med., 205, 3007-3018. 2008

WHO, Iniuative for Vaccine Rescarch (TVR) http. www.
who.int /vaccine_researchsdiseases/influenza  flu_rrials_
tables. en/’

Eisenbarth SC, Colegio OR, O'Connor W, et al. :
453, 1122-6, 2008

Descamps D, Hardt K, Spiessens B, et al. @ Hum. Faccin., 5,
332-40. 2009

Bode C, Zhao G, Steinhagen F. et al © Expert. Rew Vacein.,
10, 499-511, 2011

Papadimitraki ED, Chouaki C, Koutala E, et al. © drthritis.
Rheum., 54, 3601-3611, 2006.

Hurtado PR, Jeffs L. Nitschke ], et al @ 8MC Immunol, 9 :
34, 2008

DeFrancesco L. @ Nat. Biotech, 26 ' 434, 2008

Dynavax Technologies Co. Press release, 20th July 2011,
hitp://investors.dynavax.com releasedetail.
cim?ReleaselD=592848

Nuture,

b Casares S, Brumeanu TI), Richie TL.: Faccine, 28, 4830~

94, 2010

} European Medicines Agency, commitiee for medical

produces for hman use, guideline on adjuvants in vaceines
. EMEASCHMP VEG/L3TIG 2004, 2005
i Bt e ek

A4E e
SR 4 KT A Lo T L R ROS2T |,

) Guidance for Industry or the evaluation of combination

vaccines for preventable diseases: production, testing and
clinical studies, 1997

World Health Organization : WHO guidelines on nonclinical
evaluation of vaccines. 2003

Stewart-Tull DES., Gregoriades G. ed ! Immunological
Adjuvants and Vaccines, Plenum Press, New York, USA,
pp.213-26, 1989

) Goldenthal KL, Cavagnare JA, Alving CR. et al. { ADIS. Res.

Hum. Retiov,, 9, S47-S51, 1993

Lindblad E.B.: Vaccine Adjuvants and Delivery Systems,
Singh M. ed..Vaccine adjuvant and delivery system,
Hoboken, NJ, USA, john Wiley & Sons Tnc.. ppd21-444,
2007

52(2000) | PHARM TLCH JAPAN ® Vol.28 No.10(2012)




BEVHN(B) 4 VI v Y—EiREEA v 7}1/:./*6"\03%?\.1

EREZEDZ1T7O—-T

BAREX 71:7('1-\&*']%‘6'6

V9FY

~ bF%

Innate Immune receptors and vaccine adjuvant

MATATEGE NESR LRI 7 YV anNy PRV V7

KIRAFRESF Ty T4 TRy Yy =02 F 4

INEIUEET]  Kowji Kobiyama

BROLATERIEANE SRR 7 Y2y VAR T B Y 2 7 b Y — 5~

A3 &  KenIshii

KAk SREETT YT THER Y =7 7 F %885

Key words

Ja)\v b, BRRE

hhbhNnEIhETIC, BBAMIIDOF T
N MNEREINDRERERERANTE L, 72/
NMIERRBICEEER LT DI ETIIF VOMRE
EOAEMEEELTEY, T/ MNILIZITMER
HEEREBLEERFRETILSRETHD, BHRAE
MACRBEESICMAT D2/ CORENRAS
NTHY, WDOHDTI /N MEEBIZD o F 8
Bl& L THRERTEREINTINS, —AT, HIVPOHER,
VOUTREINTEMBENLE T F SN FEZEL,
BEFRDF VERICBNTTZ D 2/ FOFMITE

THRZERNZ

BERRThHY, SEIERVIOFET AN DR
AEDLETHERARMTHONTIND,
BUEWVEBRERBILL>TT V1N FEDEAS
hEEZETDORESTIEIATRENEZ SN, IR
FTICHMBHTRENIIFUICELTEERELGD L
EEBAZOND, LALENS, WERET
<EIhTHY,
BEBIIEDTLBEAD, COBHTIE, BRAZHEES
ET N NEME

SRIIFREPH

S WAV N bl
SEOEFRMATNIERIC

D \t%ﬁtﬁﬁTéO

BHIENTE L, HARGBIEILE IR
Bt RIZEE S D AR
FIETH Y, Rl SHHET CLL
WIS Tn5E, —HT HEERED

BEAS R CoGFH WO HRH L

[FU®IC

BEE, TANARNIFYTRE
DHBEEIT T RESEEZHELTE
b, K& BEIRGIE & BB,

54(410) THE LUNG perspectives  Vol.20 No.4

TWAHEETHY), 77 FrHE5C
Lo TEMICHESND 2 LS
A RIFISETH Do 1990/ 10
Toll 4 E%’Wi‘(’l‘oﬂ like receptor ; TLR)
DFER 2 BRI EE I BARNEF 5D




& [

TR

T A Y INZ o —@ @R Y IV FANDRZ 4

HLR, VT MEERMSH S L S
N, SFFEREFEITIHL P L
DoDbb, FORMPTY, BIHRE
DFETARBBEOFEIRA LT
T, DoORETHLIEFRE
n, SBOUsFURRBICBTBERE
RERO1OTHB, T2, FEsh
T O AT RIETEEFEINL

ZELBRELFBERD 1D TH o7,
FA =TT AR SR PUED A
BRE L-BNOE, PUBIR LRI
HCH Y A E R, BLERACC TN
Didfrbns bon, FUEKEMH
PP R IR E S P It

Krizh, —FT, BHRUESTFL
(7N 2)5 A5 L THBRRIED
BFE SN, FURFERYTRERED
FE, S OIIRELEORRASNED
Mo TnLl,, 2OV TN LTS
FU2AHERUTERT 2 2 LAE
FEOFHRICEIEETHL (1), Ih

DL, ThETICBRED W
WEARICH LTI, T oF BB OA

f@@%@&a.?yaﬂy%@mm
PNETHLIEFRBLTVE, Z
O BRRIZISE OFEILA L O E
RRBEFBEMRTH S, INETFTIEL
DHARRECHFRIRESINTBD,

W ORD TN = TIRT HE T
%o TLRs, RIGI #5724 [retinoic acid
inducible gene-I(RIGI)-like receptors :
RLRs], NOD #%%4#nucleotide-bind-
ing oligomerization domain (NOD)-like
receptors : NLRs], CH VL 7 F V%%
1K (C-type lectin receptors ; CLRs) 72 &
THaY ChOZRIKDIFT Y FD
ELHFT VN MEREG LTV

EEZONTEY, BERKRIZIT 72
WRMEFEA TR TS, 7
Vasnv MEAE LT, 20090
TYEROBE YA VATH B h3Y
D=7 LR THT7FTH

EEEE
(L FFN1DOH)

HERT
(90 1)

HEBSF
i (T FN2)

PG FINA

o

Thi, Th2, Thi7 B

RIEMY A R A
TE IFN

| BReE }

[ %%%%i]

IFN-y, iL-2
-4, & &

HES RS IFEE

MHC © E¥MEEEEERETHES

R1. &EIEDY T IVRERK

TIIE LUNG perspectives

Vol.20 No.4 55(411)




R®1. VAN bOBEEEERL
58 VZEVAPAN R
HER KEB{ET V3 = 4, TgE EAEFENR Y, & o237 PUH LRy ZBR L, RBICH
YUBT VI LY JEERIT 5. 19205 ICEBE N,
G CTB, KBH SRR TOFEREHGTAILICE Y [gABALHEE, BIRABRTHE
HAREREASE &, BRAREARE TR,
O/W MF59 BTN E CHBICHUY A Ehe T <, R RELHEE, 17
renYay VIV rF T VanNy PEUTERE L Th S,
AS03 20084 TN TR ENIZHNID A WA T 7 F DT V257 by
Provax CTL ZFHEEMEA V. BAER S,
W/0 Montanide ISA 51/ I 25 LF 4 Lk KA, ANBRKEFMBEPRORRTF RO IFrO7 T2
IvNPary FEYHBRREEEN b o BRIRMIAE % H (b,
Bio polymer  Advax/biopolymer HBYV D ZFY, AVINVEZUHFTZF D7 Va0 e LTHE
H,
Lk} QS2 BT QUAHRY R v CTLEFET LI ENTEL, BEHN
(FR=) JEH,
ISCOM/ lBHE+HFR=vro3Itn HFEAONm T O T, CTLERET LI LD TE L, BIERET,
Lipid A ASOA/MPL + 7V 3 =7 AIf MlaE IR % ¥, MPL & 73 = v AKoRA#, HBV, 417
NI 7F DTV a2y b L THINTHA,
RC-529/ MPL 741 & AR ETHIE, BV 2 F D7 P2y Ve LTTAEYF
T,
AS02/ A7 7 L ¥+ Q821+ MPL(W/0) MPL & QS2LEDEEH VT T IZF DT VanNy e lLT
BAFE
ASOL/ U ARV — 2+ QS2+ MPL RGYTFTIIF oy OT I a8y e LTRSS,
$EWS 75V TLRSD U # > ¥, flavESfE © %, BAHET,
Y3 dsRNA TLR3OV A Vo IFNGFEREE LTRBETEINTVwE, 7V 23>
b U CHBYERE L FE, BAERIET.
CpG ODN B ICA A B JE X F ML CpG ODN, M5 % 5538, CpG 2006
e PREELCRT, fUREL LTCOEDEFFELR TV, CpG
79091 HBV, 4 Y 7V V¥ 7+ v a7 Y any b &L CHEET,
et NEV ALY NADIREDORY) < —o KIEUT A b4 VEEERFEL, 7TV
Wb ELTHYS I & CHRBMERER HFE, 50~200nm O 52
BT Vany MEREELTYS,
TREE A HBOREME L1 R ILASEEFFHE, 7Vay e LTH
WA T & TR IS %
B-InHY  SPG YVT 4 e LTHREREREEE LT ST v 2S5, #
P2 & RAEVES A b4 Y EARHE, CoG L EERERT 2
ZhIZEY, HBCPGT YV asy M ELTSATRE, %72, DDS &
LThIHENR TV A,
A M4 IL-12. GM-CSF L1213 IE % 558 L, 1gG2% oG % 38T 5,
HFF DOTAP, DDA DNA U7 5 OREEPHEDOHEUE L AS S5, MIEMEEE
. BABFED,
Y ARF7FEF N .CARD-PTD PIDAIMLTCwADZ &L, MBI AT he4<, i

Pk T i,

CTB:IVZHEERBY T2y b, DDS: FI vy FUNY—Y A5 A, GM-CSF : HR B~ 0 77— Yooz —HEHKET

56(412)

THE LUNG perspectives

Vol.20 No.4




g

LA Z R 2 ik PO — A
WV AFRRLF T 7 F YIS ASOA(E /&
ZE) ) Ey FA (monophosphoryl
lipid A i MPL) £ KERILT VI =7 A)
WF Vo b LTHEMINTE
Y, BRTHRTENFHEIN T 5,
ASMD B 5 Cdr B MPL X TLR4® 1)
HrreLTmehTsy, mEk
REREETFE TS LT Y an
v ONERR A SEHE Y BT, 20074
BIABETHED, AS3(AZ 7L v+
Tween80 + ¥ % 3 ¥ E)¥ % MF59(A
27 L v + Tween80+Span85) ¥ & vi»
FoT Panmy WA TN T s

F%ﬂhd4V?»L?ﬁw%%ﬁﬁf&7w;yﬁm®wﬁg3

CDLEIZ, W OPDOFHRT ¥ an
VIPBRTHEHEINTE TS, B
ELE L DT Y2y MEMWE O
WBRIPIT bR T D (FE 1), wIZ,
RS bR TWA TV a
Ny MERMEICOWT, HAES
BkE L BITHHT B,

BARESZEEL
FIal MMER2)

1. TLR
TLRIG N F TIZI3MME, v+ T
FIOME s RE S G EhTE D,

NI, B WER Y RRET 5.
TLRIZEISEM <5 2 BHRHIE
w7y —Y, Bl Lo REL
THEY, MEURDSIRE:, 2ok
WETERTHI L THRGE Y R L
WAL, YA b A R
ﬁ‘%@k@%%éﬁhﬁ% 0 A
AR ZRRT A PR
B, ZHZEDERL ﬁfﬁﬁi&%aﬁaﬁsﬁ“
LIENTELY,

TLR1, TLR2, TLR4, TLRS, TLR6!Z
%%ﬁm%ﬁtfﬁbTuwiuvm
TLRYZ T v FV— ABIZBHEL Tn
bo FNFNBMRTEDL YTV NPE

FUDTV28v b LCET SNz, WMEARD S SE 2l R & oTBYH, TNl FEELRER
F2. BREESEFRET7T V2N MEE
HRREERE VAVETARAY DEIME S A e (W S R T
TLR
TLR2/1 Pam3CSKA NRITFA v ik, Thl
TLR2/6 MALP-2 yRSaFA v PiAk, Thl
TLR3 Poly (T : C) dsRNA P&, Thi, CD8 T i, 1% IFN
TLR4 MPL LPS Pidk, Thi
TLRS 75V 73V v HifE, Thi, Th2
TLR7/8 437V F0) v ssRNA, 40K RNA 73 w2  ¥ifk Thl, CD8 T #ife, 1% IFN
TLRY CpG ODN JE X F NAL CpC B F— 7 Fifk, Thl, CD8 T #ife, IH! IFN
RLR
RIG- %48 dsRNA, 5-pppRNA 4784 dsRNA, 5-pppRNA I8 IEN
MDAS Poly(1: C) £ dsRNA s, Thi, CDS T A, 1 EIEN
NLR
NODI FK156, FK565 NRTFRT Gy Hiik, Th2
NOD2 FETOL U IT V2N ] LT INIRTFF Pk, Th2
NLRP3? T T A TNMI oY A ik, The, TgR
CLR
Dectin-1 VT T B-TNH Y Fifk, Thl, Th17, CD8 T #lfg
Dectin-2 a-vvry a-Trry Thl7
Mincle TDM a-vV) =R Hi4E, Thl, Thl7?
DNA £ v 4 — dsDNA dsDNA ik, Thl, CD8 T Mg, I8 IFN

THE LUNG perspectives

Vol.20 No.4 57(413)




AN RGN E OFEIRIL - T
Ao

TLR2IZ TLR1® TLR6 & ~F a1 ¥ A
=% L, 77 LBHEMAEOME
BT CH LTS V7Y h 2R
TagsAy, VRS A4 ol L& R
T 5, FEBEIZ, macrophage-activating
lipopeptide-2 (MALP-2) {2 TLR2 & TLRG
OATFEFTA T LoTElish, ¥
ToBR) BRTF VCH S Pam3CSK4
IETLR2E TLRIOAT O ¥ 4 = —{C
Lo TR S B UEIR A 2 AL
Th, CHOIET Va2 b LTH
LTEBRWME\EINTEY, ThiMOR
WA FET AL EAPLPE SN
T3,

TLR3W, 7 A VARG TR
BNz AN AHED R RNA #F8
WA & THARRBILE TIGET
bo FOMERL LT, ThlBLEIGE
THBETHIENTEL DI,
TANWRABRIED T 7 F e EWHHE
ThbeEILRTWVE, —TT,
Polyd : C) 2 RLR T& 5 melanoma dif-
[erentiation-associated gene 5(MDASB)
DIH L FTHDZEPRESN, T
VanNy MIREADELSEIRETH o
720 20084F1C, MDASDT 575 — 4
FTHBHIPS], FIETLRIODT ¥
T4 TCh A TRIFRKEY Y X %
FIaT 7 ¥ a8y MYROBREI T b
Nize RELLT, PolyI:O)lX 5
T YAy FREIPSIRIET Y X
TR LTHB Y, —FHCTRIF K3
T A TERICEP AL 2o
f2o ZOIERG, Ply(:CYOT V=
N PEIRIE TLR3I T Ze < MDAB
DEGHFRENT EATRBENIZY,

TLR4E T KXY » #F 1 F{lipo-

polysaccharide ; LPS) #8452 &
THRBIEISE X HELT 50 LPSIE
FTVany P LTHHHATES S
P, ORABFEICED E MRS T S
TLIFEDOTHETH B, LPSH S
FEEEBRVAMPLIZT VoY b iE
HEHFLZN S P TORSHE LR
sh, BETZF DTN bE
LTH BT ENTWBY, S8, tho
BEIE T 7 F o ChInH I TwZ
EEZ LS,
TLROGHEOME (75 V21 V)
T A 2 L CTHARREISE RN
td 5, 75V ) IZEIC Thl#
RIBIRBEDOAEHFET 20O TIER L
Th2BSES B2 bFET H 2 LT
ED7, TV PELTHHEH
ThbHELL LN TR,
TLR7/81%77 A v R B ED—ABH RNA
2, ARESFTHELIFVER Y
v EREMT 5, TLRY/8EY # Y
Fi#TE, WM IBS -7
v (interferon : IFN) A * & T 5,
E MIBWTTLR7E TLRIZEH L
THLHEs R - CTBY, WA
THTT=A M HW 5 & THIG
fa Bl 2 G b5 2 LA CE,
AR & ThIBIRIEIRE, MiathE
T 0 (cytotoxic T lymphoeyte : CTL)
BUG, $HUEARRGPEEL 2 FET S
ZEDVTERY, AV TINZ YT
FENEED TLR7Y 7Y Fi'E
FNTWEA, FiLA 7 ¥
T2 F Y ORTRHEIT B

TLRID Y # ¥ ¥ ChhCpGH ) T
FA XY X7 AT F(oligodeoxynu-
cleotide : ODN)IZEHOETHHRS
EIEMEALRRIC L b, HBTRPT L
F-RLi2E0 28I TERELD

58(414) THE LUNG perspectives Vol.20 No.4

BEVBEBESRTE Y, B D IERG
AABETTEESED N TWDEY,
—HT, TrFrOTTany el
THCpG ODNIZHRENEATE Y,
TrFUHEEEDICRETLI LK
Lo, WP ThIBGERS &g
TAHIEDVEZT T AR i
EMTHLLE Lo T W5, 72, B
BFR T A N7 F 0% CRIF4
TANATTFUE L TN vF
YANATEF U ST T F
YODTVany b E LTS HARE
REDEATWA,

2. NLR

NLR ZHMB BT 5 HikSaiE
TERELTHSNRTEY, 20084EiC
7 9 HAWNLRP3IZ X » CEHB I,
EE-S REINE AL I GV = I S S
(interleukin ; IL)-1 B EAE] A 54 5
ZEDPWELPE oz HIEIL, 7T
ML BTV 2Ny baEIE NLRP3S
LORARTIERBZCKELCWDL L
&2 NP, L LEMS, F0
HBOWFIC L >, NLRPSD T T AT
Vany PHRAOHEETET 5
ARG TH IR, Zhoo
BEPS, WELTI207 Vansy
PIRICEARERAESE BRI Tn
Tro B, TFADT V2 v MRS
LU THERBENWZ EFI SN E RS
f2o 121, 7ITLOT Va3V M)
RICHBEAFA =5 —ThHA 7
A% 25 v ¥ v (prostaglandin  PG)E2
PG LTVWEZETHEY, Z0f
#HTE, TILILo T 7077~
Vb4 VT IV — hIFEERIC
PGE2DSHFE SN D &, PGR2EA B
FEXRBETTATRET I L0 L BHUEN




&%

VEHRL(B) A Y I N F—EiEEA ¥ IV DRz 4

BEyRE S 171 ¥ (immunoglobulin
IDEELAOFTENET LTSI

MRENT, INSOFRICEY, 7
FADT YV aNy PR (IgE A
WX PGE2OEANEETHY, ThF
THMEshiz v ISP vEEE d 8%
LRHENLTHL I EIRIBIS R
7o ) LoDETIE, 7T AEK
545 LIk ) MilAAHE S
EHNAE D S e S e 2 DNA #°
FSADT Vany MIRICETETH
LI LB E B NAT, EBIC,
T T ARG TS D LT
W REROVERE L, B L hEe’
T I Ao CHllaste e L, Mk
W LHERTH S DNARREEZ AE
T B S OB S N REE T
L DNAD, TILODT7T V280
PR A ICEETH S Z LR
ENf, TNFTICHLDNART Va
Ny MR EFET L LS
TWizds, 75 A7 Va2Ny hORE
DIGETH L [gEEEF LHFET L
ENBE L E SN DNAICE B H
RSBIEIS RV I, U LR
T 5 TBKL &85 /T2 IFN i
+(IFN regulatory factor ; IRF) 34
HCTHL, CNOOBEBTOXETY
ATIET 5 2125 5 [gE AN HE S
N7zl kb, TTAOT V2
N REPRIZIGHT O DNA 5 E
SLTwAIERBEN, LML
G, TILOT Y a2y MR
BWELERHZENELESRTY
B, HTEHHENRTWE 7 V230 b
DYERF R, AIVEH OB, &
el TV anNy PORRBICLDRMY
BERELBRECH b,

3. CLR
INFTIELOCLRYHMES I
THY, FORGEIINRESPREY
IR, AR FEMETL, HEARORM
EZIEII b o TwBE™, ok
O CLR R BRI 5 % s
A ETHRBBRIOEZGELL, #
BREOFEIZSHES LD L
HESNTNE, FOPTIELDIC
[{ % & #L72 D % Dectin-1 (CLEC7a) ¢
hb, Dectinlid=w s a7y —V4 E
O FICEELTE Y, HEOM
TBER S CH B BTN I v EBHRT S
L THRNECE AT ET 2, %
7z, Dectinliz & 5 H PR REIS K358
BrErFETLZ LHFTE, Thl
Thi7THEREIREL CTLN R b iEE
T 57, ThI7TRIG G2 1 B R ey
BMCBEETHLIEOMEINTS
D, Dectin-liZ & 5 BARBIBILE N E
BaEsldHoTnibELLNEY,
macrophage-inducible C-type lectin
(Mincle) b ER ORHRICES L TR Y,
QXY RAERRA L LDPWES
N, — T, BEREECLHEY
LTwa Z e sh, #MEHE
BEDIREARE S TdH A P LT =AY
<4 3 b=} (trehalose dimycolate ;
TDM) Z dlikd A2 & ohe &h
727, TDMiEs%& 7 v b7 da
N> b (complete Freund’s adjuvant ;
CFAYDT Va2 MRS E LTH
MehTdy, EEE, FHEEOa Y
iR SV N B A ARl N ¢ A
ZETHGT Y2y MEME (Th1758
REISBOFE) R LEY. Thb
DFERPE, Mincle 7 —4"v b L
27V aNy VRASHE T 7 5 RS
e o THERETHH I EHRBEN,

THE LUNG perspectives

AVITWIVYOIIFY

BAE, AT NVZ Y77 F 024
BEET 2V, NELENTT 25
v, BYR—=KY MTIF D IHIE
PHFIET 5, BEEATHER ST
BAYINI YT TS Ea VR~
AV b rFrchh, WREDT
Vany bREHELTOT VN
FOEATHWRV, ZOF Vasiyp
EEATOWRWT 7 F R ERLR
12, BAROHLBEAIBTE &
OFREFBONRL SO0, BEREOR
WHEAE R RE AR T LT B EA
G ETIERAE LN D, EOR
WP T VI EPRENTET
Wk, —HT, BT rFrERELE
WTTEF ATENEEOT VR
MELTo AV RHEDO—RYERNA
PEENTV S, RIEDDLILLILOM
TIZED, Ihof TV TS
FUREETNTHWE TV 23 MEIR
DIEHEEYR R > TWA T EERL
720 DR P T 7 F 2Lk oT
FE SN HRENE (R RE,
Rakseaz) i, TR AR AR (plas-
macytoid dendritic cell ; pDC) £ 7213
TLRTE RIBERE L I L TREITHE
LW/, —FT, &Y VAR
Bl X o TRHE S N B 0EIGFICE
TLR7TIEHES L Twinwa L8 5
Lo, INLEOEENS, ZhE
THLNE ENTWhholad v T
LTS OEAEEPHL L
HhDOoBHb, LirLids, &NT
Ty F AN AR TIEE ORI
PREL2E, ARAZALVELRS
ntwb, $7:, BEERESLTYS
aVER—FR Y NI 2FET TV an

Vol.20 No.4  59(415)




60(416) THE LUNG perspectives

YEFEFTRT VI ErS, ANE
LERT 7 7 F v OBREH~OE &
bdhs, REMOENLDLTIF IO
S TE AT OB, IloRReL
TV anNy FOREREN, BEICHhOR

RIZT 7 F R BET 7023
%tf:@’)V(‘( éo

INFE TS { O BKRBIEZHARM
FEsh, TnooOBERTibh
T & 720 EBRC, BARBENIORRE
W T 2 F R T VN hotEH
BRI L ) 20h b, ThE
FEFS, 7YV 287 hOEEERLRE
hT&l, ThETETILT Van
YEBERTH o, SRIIET S
F U LT Y a8y F OBRAAT
bR THAI. FOBIL, T+,
VAVERAR R NN (30 F 5 15 RS/
Lo TnE I EFREEDE DS I
BIEETH D, BAE, NELERT
TrFUhGAYR-F NI T F

EFRENFRZTFLTVD, TH 0o

ERE,SS, BED S VEBISE
A7V any bOEERILNSI ET
v, SHLLLMEFORRLLD
W, RN TL Y EER T IF Y, T
VanNy s EsnA L ENHT
5o

X ®

1) Takeuchi O, Akira S Pattern rec-
ognition receptors and inflammation.
Cell 2010 140 : 805-20.

2) Esposito S, Birlutiu V, Jarcuska P, et
al ¢ Immunogenicity and safety of
human papillomavirus-16/18 AS04-
adjuvanted vaccine administered

3

~

4)

3)

9)

Vol.20 No.4

according to an alternative dosing
schedule compared with the standard
dosing schedule in healthy women
aged 15 to 25 years ! resulis from a
randomized study. Pediatr Infect Dis
J 2011 : 30 : e49-55.

Gargon N, Chomez P, Van Mechelen
M : GlaxoSmithKline Adjuvant Sys-
tems in vaceines ; concepts, achieve-
ments and perspectives. Expert Rev
Vaccines 2007 7 6 : 723-39.
Overgaard J, Gonzalez Gonzalez D,
flulshof MC, et al : Hyperthermia as
an adjuvant to radiation therapy of
recurrent or metastatic malignant
melanoma. A multicentre random-
ized trial by the European Society for
Hyperthermic Oncology. 1996, Int J
Hyperthermia 2009 ; 25 @ 323-34.
Kawai T, Akira S The role of pat-
tern-recognition receptors in innate
immunity : update on Tolllike recep-
tors. Nat Immunol 2010 : 11 : 373-84.
Patel M, Xu D, Kewin P, et al : TLR2
agonist ameliorates established aller-
gic airway inflammation by promot-
ing Thl response and not via regula-
tory T cells. J Immunol 2005 5 174 ¢
7558-63.
Borsutzky
PD, et al:
macrophage-activating lipopeptide-2

S, Kretschmer K, Becker
The mucosal adjuvant

directly stimulates B lymphocytes
via the TLR2 without the nced of ac-
cessory cells. J Tmmunol 2005 ; 174 ¢
6308-13.

Kumar H, Koyama S, Ishii KJ, et al :
Cutting cdge :
1- and TRIF-dependent pathways in
poly IC-enhanced antibody produc-
tion and cytotoxic T cell responses. J
Immunol 2008 ; 180 : 683-7.
Applequist SE, Rollman E, Ware-
ing MD, et al : Activation of innate
immunity, inflammmation, and poten-
tiation of DNA vaccination through
mammalian expression of the TLR5

cooperation of IPS-

10)

1)

12)

14)

15)

16)

17

agonist flagellin. J Immunol 2005 .
175 © 388291,

Honko AN, Sriranganathan N, Lees
CJ, et al
adjuvant for immunization against
lethal respiratory challenge with Yer-
sinia pestis, Infect Immun 2006 : 74 :
1113-20.

Mizel SB, Bates JT ! Flagellin as an
adjuvant : cellular mechanisms and
potential, J Immunol 2010 185 :
5677-82.

Wille-Reece U, Flynn BJ, Loré K, et
al ! HIV Gag protein conjugated to
a Toll-like receptor 7/8 agonist im-
proves the magnitude and quality of
Thl and CD8+ T cell responses in
nonhuman primates. Proc Natl Acad
Sci U S A 2005 5 102 : 151904
Klinman DM, Currie D, Gursel I, et
al @ Use of CpG oligodeoxynucleo-
tides as immune adjuvants. Immunol
Rev 2004 ; 199 © 201-16.

Cooper CL, Davis L, Morris ML, et
al * CPG 7909, an immunostimulatory

 Flagellin is an effective

TLRY agonist oligodeoxynucleotide,
as adjuvant to Engerix-B HBV vac-
cine in healthy adults : a double-blind
phase I/1 study. ] Clin Immunol
2004 : 24 : 693-70L.

Qiu @, Wang RY, Jiao X, et al @ In-
duction of multispecific Th-1 type im-
mune response against HCV in mice
by protein immunization using CpG
and Montanide ISA 720 as adjuvants.
Vaccine 2008 & 26 : 5527-34.

Cooper CL, Davis HL, Morris ML, et
al  Safety and immunogenicity of
CPG 7909 injection as an adjuvant
to Fluarix influenza vaccine, Vaccine
2004 22 : 3136-43.

Ellis RD, Martin LB, Shaffer D, et al
Phase 1 trial of the Plasmodium fal-
ciparum blood stage vaccine MSPL
(42)-C1/Alhydrogel with and without
CPG 7909 in malaria naive adults.
PloS One 2010 5 5 © 8787,




L

VHitl (5 4 VIV Y F—FREEAS VIV FADiEZ 4

18)

19)

20)

21)

22)

Eisenbarth SC, Colegio OR, O'Connor
W, et al : Crucial role for the Nalp3
inflammasome in the immunostimu-
latory properties of aluminium adju-
vants, Nature 2008 ; 453 : 1122-6.
Iornung V, Bauernfeind F, Halle A,
et al : Silica crystals and aluminum
salts activate the NALP3 inflamma-
some through phagosomal destabili-
zation. Nat ITmmunol 2008 ; 9 : 847-56.
Franchi L, Nafez G ! The Nirp3 in-
flammasome is critical for aluminium
hydroxide-mediated IL-l1beta sccre-
tion but dispensable for adjuvant
activity. Eur J Immunol 2008 38 :
2085-9.

Kool M, Pétrilli V, De Smedt T, et
al : Cutting edge ; alum adjuvant
stimulates inflammatory dendritic
cells through activation of the NALP3
inflammasome. ] Tmmunol 2008 5 181 :
37559.

Kuroda E, Ishit XJ, Uemalsu S, et al ©
Silica crystals and aluminum salts reg-
ulate the production of prostaglandin
in macrophages via NALP3 inflamma-
some-independent mechanisms. Im-

23)

24)

25)

2

26)

27)

28)

munity 2011 ; 34 : 514-26,

Marichal T, Ohata K, Bedoret D, et
al ! DNA released from dying host
cells mediates aluminum adjuvant ac-
tivity. Nat Med 2011 : 17 © 996-1002.
Kerrigan AM, Brown GD @ Syk-
coupled C-type lectins in immunity.
Trends Immunol 2011 ; 32 @ 151-6.
Kerrigan AM, Brown GD : Syk-coupled
C-type lectin receptors that mediate
cellular activation via single tyrosine
based activation motifs. Irnmunol Rev
2010 ; 234 © 33552,

Conti HR, Gaffen SL : Host responses
to Candida albicans ; Th17 cells and
mucosal candidiasis. Microbes Infect
2010 ;12 : 518-27.

Yamasaki S, Matsumoto M, Takeuchi
O, et al : C-type lectin Mincle is an
activating receptor for pathogenic
fungus, Malassezia. Proc Natl Acad
Sci U S A 2009 ; 106 @ 1897902,
Ishikawa E, Ishikawa T, Morita YS,
et al © Direct recognition of the my-
cobacterial glycolipid, trehalose dimy-
colate, by C-type lectin Mincle. | Exp
Med 2009 ; 206 @ 2879-88.

THE LUNG perspectives

29)

30)

©PRR214E

Schoenen H, Bodendorfer B, Hitchens
K, et al : Cutting edge ; Mincle is es-
sential for recognition and adjuvantic-
ity of the mycobacterial cord flactor
and its synthetic analog trehalose-
dibehenate. ] Immunol 2010 ; 184 :

2756-60.

Koyama S, Aoshi T, Tanimoto T, et
al : Plasmacytoid dendritic cells delin-
eate immunogenicity of influenza vac-
cine subtypes. Sci Transl Med 2010 ;

2t 25rad.

E /MBI ;
BRI RS A BRI T

oA LR IS T (i
+) :

R, BTN T V208 b

Fruvzs b TaVar b
LAl

L EYE R

Vol.20 No.4  61(417)




fromtiers In

CELLULAR AND INFECTION MICROBIOLOGY

REVIEW ARTICLE
published: 08 January 2013
doi: 10.3389/fcimb.2012.00168

Recognition of damage-associated molecular patterns
related to nucleic acids during inflammation and

vaccination

Nao Jounai'?, Kouji Kobiyama'?, Fumihiko Takeshita'? and Ken J. Ishii’?*

" Laboratory of Adjuvant Innovation, National Institute of Biomedical Innovation, Osaka, Japan
2 Laboratory of Vaccine Science, WPl Immunology Frontier Research Center, Osaka University, Osaka, Japan

Edited by:
Nelson Gekara, Umea University,
Sweden

Reviewed by:

Dario S. Zamboni, Universidade de
S&o Paulo, Brazil

Willem Van Eden, Utrecht
University, Netherlands

Yan Shi, University of Calgary,
Canada

*Correspondence:

Ken J. Ishii, Laboratory of Adjuvant
Innovation, National Institute

of Biomedical Innovation,

7-6-8 Saito-Asagi, Ibaraki,

Osaka 567-0085, Japan.

e-mail: kenishii@biken.osaka-u.ac.jo

All mammalian cells are equipped with large numbers of sensors for protection
from various sorts of invaders, who, in turn, are equipped with molecules containing
pathogen-associated molecular patterns (PAMPs). Once these sensors recognize non-self
antigens containing PAMPs, various physiological responses including inflammation are
induced to eliminate the pathogens. However, the host sometimes suffers from chronic
infection or continuous injuries, resulting in production of self-molecules containing
damage-associated molecular patterns (DAMPs). DAMPs are also responsible for the
elimination of pathogens, but promiscuous recognition of DAMPs through sensors against
PAMPs has been reported. Accumulation of DAMPs leads to massive inflammation and
continuous production of DAMPs; that is, a vicious circle leading to the development of
autoimmune disease. From a vaccinological point of view, the accurate recognition of both
PAMPs and DAMPs is important for vaccine immunogenicity, because vaccine adjuvants
are composed of several PAMPs and/or DAMPs, which are also associated with severe
adverse events after vaccination. Here, we review as the roles of PAMPs and DAMPs upon
infection with pathogens or inflammation, and the sensors responsible for recognizing
them, as well as their relationship with the development of autoimmune disease or the
immunogenicity of vaccines.

Keywords: PAMPs {pathogen-associated molecular patterns), DAMPs (d

ociated molecular patterns),

nucleic acids, metabolites, innate immunity, DNA sensors, uric acid, vaccine adjuvant

INTRODUCTION

Host cells are equipped with numerous types of receptors to
discriminate self from non-self. When cells are attacked by infec-
tious pathogens, host cellular receptors such as Toll-like receptors
(TLRs), nucleotide oligomerization domain (NOD)-like recep-
tors (NLRs), retinoic acid-inducible gene-I (RIG-I)-like receptors
(RLRs), C-type lectin receptors, and other non-classified recep-
tors recognize pathogen-associated molecular patterns (PAMPs),
small molecular motifs conserved amongst microbes. Through
the recognition of PAMP molecules, innate immune responses
are induced, and inflammatory cytokines are produced that aid
in the elimination of the pathogens. However, in some circum-
stances host inflammatory responses can cause host cell death
leading to tissue injury, and the release of host cellular com-
ponents to the extracellular environment. These cellular com-
ponents could be considered “messengers” for danger; they are
also known as “damage-associated molecular patterns” (DAMPs).
DAMPs include lipids, sugars, metabolites, and nucleic acids
such as RNA and DNA species. DAMPs are important for the
elimination of pathogens, but are also implicated in the devel-
opment of autoimmune disease and chronic inflammatory dis-
ease, and are used as adjuvants for vaccines. Interestingly, high
numbers of PAMP receptors also recognize endogenous DAMPs
and can augment inflammatory responses against pathogens,

whereas continuous inflammatory responses owing to impaired
regulation of inflammatory signaling results in chronic inflamma-
tory disease or autoimmune disease. Therefore, “bipolar sensors”
for both PAMPs and DAMPs appear to be the mostly responsi-
ble for dysregulated inflammation. Here, we describe the various
types of DAMPs and their receptors, with a special focus on
nucleic acids as DAMPs.

LIPID-RELATED DAMPs

LIPOPOLYSACCHARIDE (LPS)

A representative lipid for the induction of inflammatory
responses is LPS, a PAMP present in gram-negative bacte-
ria. Upon recognition by TLR4, LPS promotes the production
of various inflammatory cytokines following bacterial infection
(Table 1). However, Shi et al. reported that, TLR4 also rec-
ognizes endogenous fatty acids and can activate inflammatory
responses in adipocytes and macrophages (Shi et al., 2006).
In addition, TLR4-deficient mice developed reduced inflamma-
tory cytokine production in response to a high fat diet (Shi
et al., 2006). Previous studies have revealed that saturated fatty
acids are released from hypertrophied adipocytes in the pres-
ence of macrophages, and that released fatty acids are sensed by
macrophages in a TLR4-dependent manner, following excessive
production of inflammatory cytokines such as tumor necrosis
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Table 1| Association of PAMP or DAMP sensors with autoimmune diseases.

Receptor PAMP DAMP Autoimmune disease
TLR1/TLR2 Lipopeptide Serum amyloid A protein Atherosclerosis, rheumatoid arthritis, Crohn's disease
TLR4 LPS Fatty acid Obesity
Hyaluronic acid Rheumatoid arthritis, sarcoidosis, systemic sclerosis,
pancreatic cancer
NLRP3 Uric acid Uric acid Hyperuricemia, gout
ATP Unknown
RIG-I, MDAS5, TLR7/8 Virus RNA Immunocomplex of snRNPs SLE
TLR9 Bacterial DNA Self-DNA-containing immune SLE
complexes, histone
RAGE —-/? HMGB1 SLE
DAI, IF116, AIM2, H2B, Bacterial DNA, Virus DNA Self-DNA? SLE?

RNA pol ill

factor (TNF)-a (Suganami et al., 2007). Because the production
of pro-inflammatory or inflammatory cytokines is dysregulated
in obese adipose tissues, obesity can be thought of as a chronic
inflammatory disease caused by fatty acids acting as DAMP
molecules (Berg and Scherer, 2005).

SERUM AMYLOID A PROTEIN (SAA)

Some lipoproteins can also act as DAMP molecules. In 1982,
Hoffman and Benditt revealed that the treatment of mice with
LPS of Salmonella typhosa increased SAA levels (Hoffman and
Benditt, 1982). According to several studies, SAA functions in
cholesterol transport as well as in the production of proinflam-
matory cytokines, suggesting that SAA is a DAMP molecule
that responds to bacterial endotoxins (Banka et al., 1995; He
et al., 2003). In support of this, increased levels of SAA may
be closely related to various diseases such as atherosclerosis,
rheumatoid arthritis, and Crohn’s disease (Chambers et al., 1983,
1987; Malle and De Beer, 1996). SAA binds to two recep-
tors, TLR4 and TLR2, which also recognize bacterial PAMP
molecules such as triacyl lipopeptides (in cooperation with
TLR1), diacyl lipopeptides or lipoteichoic acids (together with
TLR6) (Schwandner et al.,, 1999; Takeuchi et al., 2001, 2002;
Cheng et al., 2008; Hiratsuka et al., 2008) (Table 1). Recently,
Loser et al. showed direct evidence for the local production
of the SAA molecules myeloid-related protein-8 (Mrp8) and
Mrpl4, which induced autoreactive CD8' T cells and sys-
temic autoimmunity through TLR4 signaling in mice (Loser
et al., 2010). Taken together, these findings suggest that TLR4
may be a key receptor in the discrimination of lipid PAMPs
from lipid DAMPs molecules, because promiscuous recogni-
tion of lipids via TLR4 unfortunately causes inflammatory dis-
ease. Although a consensus recognition structure for TLR4 has
not yet been identified, antagonists of TLR4 signaling by lipid-
DAMPs might be candidate drugs for the treatment of chronic
inflammatory disease.

SUGAR-RELATED DAMPs

Hyaluronic acid (HA) is a non-sulfated linear polysaccharide,
and a major component of the extracellular matrix. Weigel et al.
revealed that HA is induced and degraded during inflammatory
responses and that it functions in immune cell activation or new
blood vessel formation (Weigel et al., 1986). Interestingly, small
molecular weight HA (sHA), produced by the degradation of
HA during inflammation, can induce the maturation of den-
dritic cells (DCs) for pathogen elimination (Termeer et al., 2002).
Bone marrow-derived DCs from mice expressing non-functional
TLR4 could not be activated by sHA, while DCs from TLR2-
deficient mice retained the ability for sHA-mediated activation.
This suggests that sHA can act as a DAMP molecule signaling
through TLR4 to induce DC maturation upon pathogen infection
(Termeer et al., 2002). Consistent with this, excessive sHA levels
appeared to be closely associated with inflammatory autoimmune
diseases such as rheumatoid arthritis, sarcoidosis, systemic sclero-
sis, and pancreatic cancer (Hallgren et al., 1985; Witter et al., 1987;
Sugahara et al., 2006; Yoshizaki et al., 2008) (Table 1).

METABOLITE-RELATED DAMPs

URIC ACID

Uric acid is a metabolite of purine nucleotides and free bases in
humans and other primates, and it functions as an antioxidant
to protect erythrocyte membranes from lipid oxidation (Kellogg
and Fridovich, 1977). However, it was previously shown that sol-
uble uric acid-induced inflammatory cytokines such as monocyte
chemoattractant protein-1 in rat vascular smooth muscle cells
(Kanellis et al., 2003). Shi et al. also reported that uric acid is
produced in ultraviolet-irradiated BALB/c 3T3 cells, and activates
DCs (Shi et al,, 2003). In addition, high levels of uric acid in the
blood are associated with the development of hyperuricemia and
gout (Johnson et al., 2005), suggesting that it acts as a DAMP dur-
ing cell injury and can induce inflammatory responses that are
related to autoinflammatory diseases such as gout (Table 1).
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