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1-1 BEMEANELOBDLY

WA OFRIL 17K ICA 7 v X oYL —v = v 7 v 27 (Antony van
Leeuwenhoek, 1632-1723 ) 1 X 5 (1), WAEY L ILEFERRTIER 2 v [/
Y] DEWT, T OBUNEYI R LY 5 “ERIHAEY Y (Micro-
biology) T®H %, WMAW¥ ORI, BEE (fung) . JRAEEY (FHH)
(protozoa) . #HE (bacteria) vV A4 LA (virus) 2EEND, TDIH VA
NAZERL 3F W EYORAREN TH 2 MlaEEE A L, AW Micro-
organism) &IWEEN 5 (1), b P Z2ED-EYE X YT o EY & FEL
bbb TEFELTWS, MEVOH DI P DENICRAT S LIF
[ L, TRNEZREBYEE VI (1), HFRD AL DKL, FeEETIZBA L
TEERERIA CORTEAE DI L, FER FECIHERE TR T T 2055
 50%% 58 5 (2), HTbMIRERRGYIECRAYE THIFEZR £ 234 <, =4 X,
7 VT BLOHEKE o TERPIETIIRAZICE S DARMmEHRE LTS
2)s

29 L7ZRRDIRA & 7 2 UAEMIIMAEY O < —#ThH v, Km0t
PIINICIEECTH Y, HCHRBRDDDHFERET S, HlziE, I—7 1 F—
XELEICH OO N ABESE T O N5, FUEE & AEOBD v 1<, A
Bl 1857 FFic 7 7 v ZDMEEE N A4 + ¥ 2 — ) (Louis Pasteur, 1822-1895
) ICHAIND LY ATICHEMAZEE T 2720 I LS HW LR TW72(3),
EAREZ LT, BB E LCOAME O IZ, RS ABICHE &
N7=PEIERCTCRMBLUART E TV . SH TR b DETRICR P T L D TE X
WIE LT o T B (4,5). E72. MAEMEH WM 2 v o3 2 EFBL Y R
T LIIEECEY T EMIICE W TCEERY — L Th 5, KBE I A CHY)
CBEWTCEA R THIZL SR TERE L LTHLNTWEH6), X7F Lk
XVOZ v A7 BB LGAEICE, ROIEHAINGEETH 5(7,8) D7D,
KIGHE D NFHICHIS R MEN DD L T2 5, X OIGEECTIHILEMEY 2
FOMKL LTHEHINATY 2, KE, HLE. W, DS XU0EZR L,
NEDEDH oW 2 RMICIE, MIEPHEL T2, ZOBITBEIKME, =X
LT l2kg ERTHY, ZNENDEFICENETND AT vV R EHF > TE
HLTW3(9), ZNOMEIL. 7272 2 ICHEELTWB T, MERL
HEWINEREDIFEFE L EHE R 7 v A =27 Z{TWwoD, REL-EHERE
REREHER L T 5(10),

EHYEICHIGT 2 720 NEIZMEY ofEEC AMEC~ T A~D %, $7-
N7 EHMHEEY) O G DA AR ZITE L. Z DG 2 HFE T 5 & & CTRRYYE
ICfif 2 C &7z, BHEEBIWIIAEZ TREDORAICIVELI N TE Y B
DIFRFER % HEBR 9 2 72 0 O G fE b %2 L X 2 T X 72(11), WFLEHD fEs 2
7T LFHARRE L ERRED 2 DL KI5, HARGE Y X T LI3REEIC
T AERPIOIEENH 74 v Cchbh, ~7n 77—yl (DC) %&t



BEMIIC X o THAINZ (1), BRHRES X T LTRGBS T 5 W5
EOHEBRICBID > T B (11), X HITHT L~ T b FHfll I S ZZ B A 1 23T
FINTWDE, BRGIEY 2T L33 & — VB2 A1k (PRRs) #FIHL TZ
DIENZ R L T»5(12,13)s PRRs IZ 7 A L2 H 2 WIFHIE O X 5 7 EYYR
JR AR A TR % OR AT L 72 R SRR B Sy T X 2 — ' (PAMPs) ZiBiid 5 2 & A3
TE BILHPH D72 bR X LT 5 (14), PRRs IC 1E Toll-like receptors
(TLRs) < nucleotide oligomerization domain (NOD) -like receptors (NLRs) 72}
EHFE NS5, DR TDH TLR IZEGED & OfF EFENIC B\ CTREIDHIH S 1
TW3PRRs D7 7 I U —T»H%(16,17), TLR I PAMPs Z 38k L. HIARGIZE
BLOESREEZN L2 REY 7 F A% iEH 3 5018), WAETIE, 120
TLR 77 3V —AEEINT WS, TLRIZ 1 BORNER X v X2 ETH D 3
DDEY 2 —NEER L S, MO NKRIEN AL vidbss X% 1628 D04
v Yy FIUr—1F (LRR) BHICTREREINTHEY, 2N ZND LRR I
“LxxLxLxxN (x : 7 I JlE) "L WHRFEIN-EF—T7%HT 52030 D7 2
TR T LT, MIIEND C R F A A4 VI Toll/IL-1 ZBRF A4 v &
LCHIbNTEY, fvx—ufxy (L) -1 ZEKLDFERY — 2R
(11, 19-21), M IZHIfEEEO YRt DENICT X Y 777 LGHE & 77T LR O 2
DRI T NG, F 72 Mycobacteria 3RV aFRBEFFIC K W~ 7 7 —iC
BOWTEFL T AMENMETH 5(11) (Tablel-1) ., ERTLR DY v
FELT, 77 LBHED=7F ¥ 27U /v (Peptidoglycan, PGN) .
Mycobacteria ® YV KT 7 ¥/~ 7 (Lipoarabinomannan, LAM) . HHE.
Mycobacteria 3 X O Mycoplasma \CHIZRT 2 TN/ P ) TNV Y KT FF
(Lipopeptide) . 7' 7 Lt @ U K% 8 (Lipopolysaccharide, LPS) | #EEJK
5D 7 7YY v (Flagellin) . X UVIEAF AL CpGDNA ICEL T / L
DNA 23AJE TN T 5, 72, PGN I X U LAM IZ TLR2, Lipopeptide I&
TLR2/1 3 X O TLR2/6, LPS ¥ TLR4, Flagellin I3 TLRS, FE X F 11t CpG
DNA If TLRY IC Z N Z NZik X 5(22) (Table1-2) , ZNZND TLRICK S
& I RS DFRFRIZ. ~ 27 v 7 7 — VR EHRIE X 0 S SR T
(TNF) -a, IL-1p. 4 v 2 —=7xzwv v (IFN) -y B X WIL-12 ® X 5 Z RFEM:
YA ML VEAZHFEL, MEROPFRS 27 4L L THRBEL T\ 5(22-24),

1-2 SEEREED T4 Y TR

TLR ®H1 T TLRY OiEHACICEEG 3 5 4 V) TKL#  (oligodeoxynucleotide,

ODN) FFEH I = — 7 CHEMEASRT o | REELIEREM TH ) | IEEDOH
EMFOREL L DI OMENERINT LT THS, ODNITIE,
Rk %23 % CpG ODN & fufgiifil?: % 3 % inhibitory ODN (iODN) 2%
HEST 5,



1-2-1 CpG ODN & iODN

1-1 THIHA L 72 X 9 1c, TLRY 13FE A F 11t CpG DNA ICE L7/ 4 DNA %
ok Ly AT L CRiZieE 28T 5(22), BHEEIYIO DNA & HE L .
HIE D DNA 13472 < &b 20154 LD CpGEF—7%2H L TH Y, PAMPs &
LT TWw3(17), HEHED TLRY (3 F Y —4/F 4V Y — 24T CpG ODN
L EEEA T 5(25), CpGODN iE, (@) NKMifg, ~27 v 77—y B XUDC %
EoPiEE Ml (APCs) DAL, (b) KABF DC @ APCs ~D LD E
L. HA I A v EEETIZIHADC OEE, ) DCO~A 7L —2 a3 vD
B, (d) FEMEMEAEETEAR (MHC) class I, CD40. CD80 ¥ X U*
CD86 & \» o 7z HHil[isr B OGN, (f) Thl o 27583 5 DC D)X
g, zhictEsEs e 7Y v (Ig) EAKOIEE X O IgG ¥ X U IFN-y FE
A DIEHE, (g) Thl W& Z I8t L. FREEEER D 2 I3 EES e #E T~ oMy
WA 0% % B 3 % IFN-y. IEN-a/f. IL-12 5 X O IL-18 FEE D WIEh & v o 7261
PERERE % FHET 4 5 (26-30), CpG ODN K% < Class A, B, C o h, i
FIDE NI XD KA T e BEETE2Z B L T3 31, 2b i3 CpG EF — 7L
BT 2T hmENICE ) XS, B3 MEoMIgIcshE %2 @ ¢
%, FFIZ, Class A CpG ODN (ZJEE ML DC (pDC) 2> 5 @ IFN-0 DR J] 7%
HEA 7223, BAE~DFZE X5, —77. Class B CpG ODN (3 B A IC K5
BXOPUERELED X 5 @) 53R %2>+ %, Class C CpG ODN I Class A
¥ X "B CpG ODN 0%z H#Hnfiz Tk v, Bilfds X O pDC /5 % 5011
WAL E ¥ 5 (32), W 21T, CpG ODN IZERYYE, L, TLA¥XF—FBXO
RIEWEEBOFPiD 2 ITREZHNE LTV a v b e LTHIffETn
% (33),

iODN (X LAHG. Trieu 5 X 0, FCFIRRIRICE S W T Class 1. I, MH X
PCIVD 4 DI N T\ 5(34), Class I iODN 1277 =v (G) #HEL7
ODN T, TLRY FFRWFHEAHITH %(35,36), Class | DG YV v FEF — 73k
BOT 7V 7r—a vichEF, BRI T A TLRY FHEA & L TR HEH
TN T 5(35), Class 1 iODN (37 17 2 THEF|D#EVIEL TH Y. TLRI JEHK
W7 > 7 F ARERIREE (LR T (STAT) 1. 38X 47 F ) v 7o
FHERICTH Y. REICE DB A T&H 5 (37), Class Il iODN I3 4 AFHfE
EEREKT 24 IdG & 4. DNA DHLY iAA%ZFHE T 5, Class IV iODN
ITIERCHIFEE Y IC TLRY 6% % FHEE 3~ 2 K8 PS-ODN TH %5 (38), T bbb,
iODN IZ CpG ODN D FHEAI & L THW SN 3(35,39), L2 LA SITET
. CpGODN DIHEAE LA IFThl, BoffHickh v FhFo v
vay r, HEME. SMEEEEIL, FLEME, ACREERBS X UT P YK
JER 7 L DEIRICN T AREND B T & B I N TH Y (24, 40-45). Fi-7x
T - iBREOY — A E LTHIEHEI N TS,




1-2-2 TP ODN fiff5E D&

2004 FELAFE. Kitazawa b OWIFE 7L — 713, HBEHSLE 7 4 XZAEHD T ) L
feHl 2 & B 7= e IRiEEF #4632 ODN 2R 4 & H L. ODN D E¥ERIC
B ofifEz R L72(3) (Table1-3) . Rt v — 713, TLRY #° DC ¥ &
OB X 5 7l 72 1 e . BEICHEET 2 RTRIEERE CH 5 %
A TR BT 2 EEE EE I b R L s o e 2 RB L. BE LK
MO ARG ICTFAE 3 2 Ml E Hsk © ODN Ic it L CIGE 3 5 8 L FHfH % @22 5
L EIRELTWS46), L2RBFFEZ v— 713 ODN OiEEICEH L 721158 D
1172 5T\ %, Lactobacillus gasseri \CH>Kk3 % ATSACL 3 X U LGAT243 13
CpGEF—7%2FLTELT, 77 /v (A) BLUOFIVY (T) KEA
TW5, TAH ODNICDWT, HEEIRIETEM: & & o B 1 o v CREIC
T 21T o TH D, LCGAT243 ICBEWT AT EF —7 L 6 R—AD L — FHEED
WHEICEETH S 2 L EEE LD TS, [FIRFIC Lactobacillus gasseri OLL2716
DT LERICTIIATEF — 704 FENE L FHALT0254T7)., 2D
X 57 ODN ofi&Eic & H L 2% T, 2015 4. ODN W3¢ % F g X & 2 A
RREN I NI, Pohar HlE., b FEBXUN~7 2D TLRY Z2iEH{b$ 5720 1C
W7 Class B CpG ODN D i/NDFH]E F— 7 %, &L 72 K7 ODN fc%l
LT 5 LI X DIERE L 72(48,49), t I TLRY Z i L3 % i/ND Class B
CpG ODN [F[HIiC 6-10 I TH T 6ND 220D CpG EF — 7 % b, 72 9K
Il T ORITEAM]D CpG EF — 7 ZBLET 5 T & TR X 115 (48), —77.
~ 7 A TLRY % iEMAL 3 2 &/ D Class B CpG ODN (% 5K 2> & 4-6 HFE DL
BIC1 2D CpGEF—72MET 22 & THKENEA9), 5ICHRES v
— 73, TV FY—=LHNTCpGODN 2 fEEins 2 L %MEL. CpGODN O
SIED TLRY ICE D X 9 g% KT T D% FH~7-(50), FEFL LT,

CpG ODN D73 f#W) 13 il ¢ 13 TLRY iG AL ~ D728 723, CpG ODN & fH
AEbETHGS T LT, HEMIC TLRY EHMEEBI 2 2 2 AL~
(50), Chan & DHFFE 7 NV — 7, Class A CpG ODN DOiftEiciz, =v FY — 4
T DNA % 453f#3 % DNase 1 IC X 2 3 HTH B Z LR L T 5(51), C
DX, HEOBIN2 b ODN O Lo FRET % fif % B0 L 72158258
LLMEINT 0D,

iODN ICDWTh, HEICEHH L2MERTHON T 5, 2013 4 Tto b I,
Class 1 iODN T» % H154 & Class I iODN T» % A151 OHEFE =2 75 5
#77- 7% iODN (iSG3) %#F ¥4 v L. CentroidFold ¥ 7 F 7 = 7

(http://rtools.cbre.jp/centroidfold/) % F\»72 iSG3 @ 2 K& FHlic X b 5°-
TTAGGG-3 TR I N B v — T & 3R 3-5 0+ ) = dG $#H257EE
ICRHETH DL Z L ZIHL 2T L T B(38), Ito bIFIAIFFIC, iSG3 I NE T
DIiODN IC o 72T VA X — IR A2 EFET 52 L 222 Z LD TH D (38).




EICHEHT 5 2 & T ODN O e et 2 RE T 2 a2 Rl L Tw
%,

CpG ODN (I Thl il % #FHE B X TR T 284 R RIEISE 2 ERL T 2

(52), Thl MHfEIZ 7 L v ¥ —I0E O FRAED JRIK & 72 2 Th2 M % Hlf# 3 5 (53),
ZD7=¥IT, CpG ODN TIHAE X ME., XUEBBUES KO T7F 74 7% v —
BEDLL DT LAF—REZWET 5 T L PME I NTE 7 (32, 54, 55).
2009 41T Shimosato H 25, FLEEMFLEZR & L CTHID 415 Streptococcus
thermophilus ATCC19258 ¥k LacZ :Bn1 A 2> & 58 )1 e s R = 63 5
CpG ODN (MsST) Z[Al5E L 72(56), % 7z Wang b &, ODN Z#E1IC X Y 41k
W~ RGT27200F% % )T —DFFEZE{T L7, ODN LB ML & DOFEE
° DNA 7 fRERICH N ZHA L THH ., Wang 513 ODN Z Ao v LS 7 KL
FICEVEETZILT, INLDHHETRT 2 DNA F/ 1 7L
(DNanocap) DBFAFICHEINL 72(45), & 512 MsST 5 X OV iSG3 2 E{H L 7=
DNanocap ZfER L. 7 F ¥ —1EKE%R (AD) €7 A~ v 2A~0RAROKS
ABRE G L 72, #55E LT, MsST @ DNanocap Tld AD Ok, & % i
iSG3 @ DNanocap Tl AD DEN R D H L, ROAFM & L Coflifiiz 7
Hi L 72(45), 2010 4E1C Shimosato © i, MsST 2358 /1IC IL-33 #3583 25 2 L %
WEL TV B(57). TDIL33 RZDXARIHEL LY T L ALF—D X
IR T LAF—IRBOEIICETD > T\ 5(58,59), %72 MsST 13 RIEFHE ICEH
32 IFN-y 3583 %, IFN-y 343K Th2 MG E L % #0932 Thi Mifld %
EHL L., TULAX—2WET 22 EBMHEINI YA P AL v TH B,
AD 25T CpG ODN T X 0 FFE & 1 % 8% 7 IFN-y 241X AD 2B 2 3
TEDPMEINTVBE(60), ZTNHLDHIT, MsSTIC X Y #HEfL L 72 AD I3 IL-
33 B L R 7 IFN-y 03B 532 L BEEHINT 545, L L7adb, MsST
DEEICX Y 7L AF—HEL T2 L) AR IZ. CpG ODN DI AT L
NF=REIZESOYPRTH Y. Z OIEHEF DR 2RI IZBETH B
ST\ 7R\,

MsST 28 IL-33 #3583 2 X 510, #i7- R EBEEYE o FE % Frd 0 o
N7z ODN 23R %4 Lt I T %, HlZIX. Tripathi 5l Class A CpG ODN
T IL-22 ZFFE L, BHEL SO AFEREZm L35 2 &T, BIsWicA v X
U Y AHEREL T3 2k TEIRRT 2 1 BERRORBEICEHNT 2 2 & 2
HLTWw5(61), %72 Hong H1d TLRY R~ 7 X% HwC 2 BIFERIKFICH T 5
TLRO D&% E| %t L, TLRO RABIC X W7 va— 2 f v R ) VBB
M2z eBEMNHILEYTHLLTF VA VR VEREEN S W
B AL DIREE T BT T A RA 2 F Vv RBYTE L2 RLT0wS, Th
b OFER, TLRO 13 2 BBEIRFEZHIHT 2 2 L #HHL L T3 (62), 2D X
91T, LA TIE TLRY & k4 7 AR BTEEYE 2 1LcBib 2 R & o B2



BHO 22720, ODN OHF727T7 7V 7 —v a v e LCOfERHfFI T
%,

1-3 o H®N

TLR D X ) 7 RAICEMERGIE S 2T L DfFIFIZ, EXORESL T TR

SH., BHOBEEM BT 2N EEICHKEL T3 EYESTFICE W TH 4
HTH 5, KT ODN 2 NEHSLKE DA EE O Tk XL EEICH W
2720011k, MsSSTO X i [TLaAa¥—%2BE{bxe3] &) ODN DIERI#
Fra s TE s BT oy, 2, AEREHFICED, TL
AE—EFLDOEHIC ODN Z v 3 2 & T, ODN D 7= 7= F| i fE % flli&E ¢
%%, X5HIC, ODN OHHIEKEEE ORI, NHCREF oS L O EE%E

M ET 2720 T, MEYIH L CELL TERREY R T L0 % %
B2+ Z LICHBATX 5, TNO5D=0IC, AIIFETIZ. ODN & 7L L ¥ —

B X OCIIMSE & DB EMEIC O W TS 21T o 720 BARIICIZLAT DL % & 1T
L7z,

1.IFN-y 3 X OV IL-33 2587 1C758E 3% ODN # <, X W BT > 7 4
¥ v—nERTLIET AT ROFEHZR AT,

2.PAF-AH ##E 3 % ODN ##%& L., WIMEE T v~ v i< E 1T 5 BIMEH:
voa v 7 OESEEIE ZRET L 72,



Table 1-1 Component of bacterial cell wall

Cytoplasm
Membrane Cytoplasmic
protein membrane

Gram-positive bacteria Gram-negative bacteria Mycobacteria
. I Peptidoglycan - Mycolic
Lipoteichoic acid Glycolipid acid L[IM
l Peptidoglycan 1

. . -
Lipoprotein .
O

.

.

.

.

Cytoplasm

Membrane
protein

Cytoplasm

Mannophosphoinositide  Galactan

Gram-positive bacteria have a thick layer of PG. Lipoteichoic acids and lipoproteins are
embedded in this cell wall. The cell wall of Gram-negative bacteria is characterized by
the presence of LPS. Mycobacteria have a thick hydrophobic layer containing mycolyl
arabinogalactan and dimycolate, in addition to a lipid bilayer and a PG layer.
Lipoarabinomannan (LAM) is a major cell-wall-associated glycolipid. Lipoproteins are
common structures for various types of bacteria. The table is reffered from Akira et al.

(11).




Table 1-2 A relationship between TLR and PAMPs(22)

Effector
Location of PAMPs recognized Signaling Transcription
TLR Co-receptor (s) cytokine
TLR by TLR adaptor factor (s)
induced
Plasma Hetrodimer of Inflammatory
Triacyl lipopeptides
membrane TLR1/2 forms TIRAP, cytokines
TLR1/2 (Bacteria and NF-kB
(cell a functional MyD88 (TNF-a, IL-6
Mycobacteria)
surface) receptor etc.)
Plasma
Peptidoglycan
membrane
TLR2 (Gram-positive
(cell
bacteria)
surface)
LAM
Inflammatory
(Mycobacteria)
TIRAP, cytokines
hemagglutinin CD36, RP105 NF-kB
MyD88 (TNF-a, IL-6
(Measles virus)
etc.)
phospholipomannan
(Candida)
Glycosylphophatidyl
inositol mucin
(Trypanosoma)
TLR3 Endosome ssRNA virus (WNYV)
Inflammatory
dsRNA virus .
cytokines
. NF-kB,
(Reovirus) TRIF (TNF-0, IL-6
IRF3, 7
RSV etc.), type 1
IFNs
MCMV
Plasma
membrane  LPS (Gram-negative Inflammatory
TLR4 TIRAP,
(cell bacteria) cytokines
MD2, CD14, MyDS88, NF-xB,
surface) (TNF-0, IL-6
LBP, RP105 TRAM and IRF3,7
. etc.), type I
Mannan (Candida) TRIF
IFNs
Glycoinositol



phospholipids
(Trypanosoma)

Envelop proteins

(RSV and MMTYV)
Plasma Inflammatory
membrane  Flagellin (Flagellated cytokines
TLRS MyD88 NF-xB
(cell bacteria) (TNF-a, IL-6
surface) etc.)
Plasma
membrane Diacyl lipopeptides Heterodimer of
TLR6/2 Inflammatory
(cell (Mycoplasma) TLR6/2 or
f TIRAP, cytokines
surface) dectin-1 forms NF-kB
MyD88 (TNF-a, IL-6
LTA (Streptococcus) a functional
etc.)
Zymosan receptor
(Saccharomyces)
Inflammatory
cytokines
ssRNA virus (VSV,
TLR7 Endosome MyD88 NF-xB, IRF7 (TNF-a, IL-6
Influenza virus)
etc.), type I
IFNs
Inflammatory
cytokines
ssRNA from RNA
TLRS Endosome MyD88 NF-xB, IRF7 (TNF-a, IL-6
virus
etc.), type I
IFNs
dsDNA viruses
TLRY Endosome Inflammatory
(HSV, MCMYV)
cytokines
CpG motifs from
MyD88 NF-xB, IRF7 (TNF-a, IL-6
bacteria and viruses
etc.), type I
Hemozoin
IFNs
(Plasmodium)
Plasma Uropathogenic Inflammatory
TLR11 MyD88 NF-xB
membrane bacteria cytokines

10



(cell (TNF-a, IL-6
surface) etc.)
profillin-like
molecule

(Toxoplasma gndii)

LAM, Lipoarabinomannan; WNV, West Nile virus; RSV, Respiratory syncytial virus;
MCMYV, Murine cytomegalovirus; MMTV, Mouse mammary tumor virus; LTA,
Lipoteichoic acid; VSV, Vesicular stomatitis virus; HSV, Herpes simplex virus and
CpG, Cytidine-phosphate-guanosine.

11



Table 1-3 Immune-stimulatory ODN from lactic acid bacteria and Bifidobacterium (3)

Name Origin Sequence 5' - 3' Reference
Lactobacillus Bulgaricus CGGCACGCTCACGATTCT

OLLB7 NIAIB6 TG (63)
Lactobacillus rhamnosus ACTTTCGTTTTCTGCGTC

ID35 GG (ATCC53103) AA (64, 65)
Bifidobacterium longum GCGTCGGTTTCGGTGCTC

BL7 BB536 AC (66-68)
Lactobacillus gasseri TATAATTTTTACCAACTA

AT5ACL JCM1131" GC (69, 70)
Lactobacillus gasseri TTAACAATTTTTACCCAA

LGAT243 OLL2716 GA 47)
Streptococcus thermophilus CAGGACGTTGTATCACT

MsST (ATCC19258) GAA (56, 57)

12
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2-1 X8

TLAF—L3% K DANTIHIERICER I N 2 FrRVEREGUR ~ O @
REEICETH Y, BBUEEFRETH S, TLAF—DHTdH, BYTLALF
—IIHAD2-10%ICEEZ KT L, HENC X VFERINEGTF 74 7F 0 —%
a2 ) VEFEKRED X S hS ¥ cEEREHRMELZER T 5(71,72), BYIMEDT
FI74T7F—lFv—F vy, VAN FH, WEBIVNEOT LA VR ES
B ichbz2PRIC X VFEREIND, TF 74 7F v —ide + oI E 5l

ERZINZEUETEGEO T LA F - (EELR 1 AAENE) <©H 3
(73)e BT LAX—13AEEOE (QOL) IKAFITHEL., REOHALE D
LT, TULTLVAF—IGE ML T 27000 T 74 7% —
Yav ZETADOREIRD LNTWD, ThMifgiX, IL-4, IL-5% X NIL-13
REDTaRIENY A b AA v EEAL, BHlEOBEME~D L & FE T
BZEHhb, TLAX—NIGORIEICEWTEHELKE 2L TWBE EEZ
LNTWVW3E(72) TDXIIT, TNHH A b A4 v, FRCIL-4TOREIC T3
I0EICEWT, Bl 79 224 v F %%, SEMERE e 7Y VE
(IgB) ¥itk%z A3 2 WEMIE~ L L3 5 (72).

IL-333% X BRI 7R IFN-yi3 7 P =K ER (AD) £ET A~V RICEWTT
LAY EZHET 22, Kl 220 CT7 L AF—I0EomEs BT 5 C
EDIR TN T 5 (45, 60, 74), TL-33 (X AETHANE L Th2 i I FE 3 9~ 5 ST2 % 2544
EAEET B(T5,76)s % DT-OST2XIL-33DAEFE G R AL, R e L
TTRIRL7ZTLAF—EORIEEZEL S &EZ LN T WD, IL-331FTh2il
D %% A L Tin vivod X Win vitroD i /5 TIL-4, IL-53% X (RIL-137% £ DTh2
BE Y4 b A4 VEEA LIRS 5(77), % 7-Takakurab i, ADIZY a2 v v
FIFN-yDIEENTEES: Gp) KX VLT 2 2 L ZHE L T 5(60), & HIC
Wang & 3 X U'Shimosato & (%, FLEEH FLEEE Streptococcus themorphilus
ATCC19258Dlac ZELT & Y [FFE L 7258 7] 7 )& 4588 CpG ODN (MsST) 2%
IL-3335 X CNIFN-yPEE Ol /7 #5583 % Z & %in vivod X Win vitroD ] /7 T/ L
72(45,57)e TDOMsSTD~ 7 A~DHEIIIL-33%5 X NIFN-yEEAE DFFEZ /- L T
TULAF—%ET 2 ERREBINTNS(T8),

FZTCARWMZETIE. TF 74 9F v —DETFAY ZARERT 2HWTT Y
2NV FPpFE L TMSSTZER L7z, 7FH 74 7F v =7 0= 7 R 3HIA
DT VATV, FRNTALTIY (OVA) HE0IFE—F v Y EZHNTE L Of
TN —=TI X o TEHENTW35(32,79-81), TF7 4 7% —T V%I
VT B720IlE, TV anNV P ERELETULATY VERTERS (sc.) 50T
ip. THVIELEZESG L, RKEDT LAY v ERE#EIRKS (v) KX vik543
CERBETHB, LEALADBL, ivB X UOROKS (g) IcX3FEEE
EAFRE2E T2 E, 1IEH 72 ) OUBEBARE L. X 5ICEe T VI %
T2l 2 HT 2 -0 ICEYEMEZIT) L@ o Tnwd, 22T
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AFETld. 1IL-333F X OIFN-y Z 5583 5 587 7o S f 53 T MsST Z i.p. v —
FoevRiIcEGTa T, BHANRTF 74 7F v —FT A~y ZAREH
T35 L EHNICHIREZTT> 72,
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2-2 MEE X UHE

2-2-1 [ PR AKEE

ETCOEYERIT. [EMNKRFENWEREFZMEHE] /v, R 0%
2T CHES - IEHEFEOHRFICHE S W AGIRERE NI CHM L 72 KEES
260060) .

2-2-2 A3

KERICIZ e CICHr Y oEWIRY . (BR) FDEMEET3E (Osaka, Japan) D%y
W B IF—HGEEE TV, £/, KiFETIY QKkEHWAE, =V F ¥
> v 7 Y —dD PS & ODN (I Integrated DNA Technologies (Coralville, 1A,
USA) ~EiE L 2. ARMIZE T L 72 CpG ODN 1585 (ODNjsss) + CpG
ODN 1826 (ODNg6) . CpG ODN 2395 (ODNaysos) 35 X U8 MsST o Fid4l i3
Table 2-1 IZ/R L 7z,

223 TFH747Fv—vav 08

4 38l D BALB/c =7 A (A Z) % Japan SLC (Shizuoka, Japan) X 0 &AL
T2o U A%, WA EROEHERE T CHE L, @HFEHE (MF, Oriental
Yeast Co., LTD., Tokyo, Japan) ¥ X OHE/KZ HHBILL 72, w7 xix. 1HEH
D TAE R, FEBICHL 7%,

TF747F—vav2ETAY ZOERIZUTOXL Y IKiTo72, 58
i D~ 7 212 100 pg D EYIPUR (Table 2-2) . 2 mg Aluminum Hydroxide gel

(Alum, Sigma , MO, USA) ¥ X U8 100-500 ug CpG ODN % & & 200 pL
phosphate-buffered saline (PBS) % ip.ic X D &EMFL 7z, 2 0R%, ~v =ik
Img DEYIPUR (Table 2-2) ¥ X U° 1.3 mg Alum % &% 200 uL PBS % ip. 3 %
ZLICXVHFEL, 7F747Fv—%FE L7z, TF74 7F v —fEtkOHE
BT ip.2 5 45 min RO 2 BI% - Bl L. UK 2 RIWLER & L <
Table 2-4 DHLHEITHEV X 2T (ANXS) 27z, M, A7y a—n1%
Fig. 2-1 IZ7" L 7=,

2-2-4 P& O HIE

2-2-3 128 B PURKIEL 45 min 21~ 7 R B SAMERIFIC X ) BRIE X 2, 8
gz L7z, 7Y 20k X7 (CX6, Ricoh, Tokyo, Japan) % T, MfiE®
IRBEZ MR L 72, RIT. SEFI IBA-200 Calibration (MICRO PRECISION
CALIBRATION INC., CA, USA) ZH\Ww T, Mo EE % HE L 72,

225 7u—#A4 FXFY— (FACS)

2-2-5-1 MG o 8
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2-2-41cB T B PEEROHER, > r—L ECMiEZT Y OLL, R
RPMI 1640 F5HIC [ L 72, REEEFK 2 W CRIMBR 2| L. e v X b L
4 F— (pore size: 40 um, 352340, Corning Incorporated, Corning, NY, USA) % F
R AR BRI 2 PR E L 2. 150 N PRI E T O —i % 0.4 %
trypan blue ¥4 (T10282, Life Technologies Corporation, Eugene, OR, USA) & i
F1L . Countess cell counting chamber slides (C10283, Invitrogen Corporation,
Eugene, OR, USA) IZHf Af%. Countess automated cell counter (Invitrogen
Corporation) % Fi\» CAMIBEEE BIE L 72 G IS S 090 13 € 4 RPMI 1640
% FC 2x10°% cells/mL iCFH#L L. 1 mL/well (2x10°cells) T 24well 7L — b

(142475, Nalge Nunc International K. K., Tokyo, Japan) IZ#&fE L 7=,

2-2-5-2 AN G

2-2-5-1 I 517 2 UM O E% . 564 RPMI 1640 K5#1IC, 2 ug/mL £ 4/
~A v v Ary v 2 (Jonomycin Calcium Salt from Streptomyces conglobatus,
19446-71, Nacalai Tesque Inc., Kyoto, Japan) . 10 pg/mL 7L 7 = L2 ¥ A

(BFA: Brefeldin A from Penicillium brefeldianum, B7651, Sigma) . 20 ng/mL /L
A= 12-3 Y X7 —F 13-7T+&7—} (PMA: Phorbol 12-Myristate 13-Acetate,
27547-14, Nacalai Tesque Inc.) & 725 X 9 IR L., 3 LR & L7z, 24well
7L — T 2-5-1) DA % 2x10° cells/500 uL TiE %, WG PE(LEEHLZ 500 pL
M. final ImL & L, 37°C. 5%CO, 5 FT5hr 5585 L 7=, ik,
400xg, 5min &0 EITV, MIEERULL 72, MAEEER (4% PFA) 200 uL %
Mz, X BEL 72, 25°C. 15min TEHE L. MIEEZEE L 72, JUEFHIRR
500 uL Z Mz, 800xg, 5min E.0LZ TV, MfEZEUXL 72, Kic, AAERGERE
(0.5 %Triton-X100, 1 %BSA/PBS) 200 uL #fllz, Xy 74 v 2ZIc X W iR
PP L 72, 4°C. 15 min TUUE L, BUEEZ (T > 72, JUARIRIE 500
uL Z iz . 800xg. 5min & LxfT\>, MfEZ UL 72, HUEAHGE T 100 5
7ifR L 7= PE-labeled anti-mouse IFN-y (505807, Biolegend, CA, USA) & % %
anti-mouse IL-33 (516503 Medical & Biological Laboratories, Tokyo, Japan) T4
20 uL T onice. 60 min Jrffi L 7z, IL-33 OB Tld, & 5 IC PE-labeled
Streptavidin (405203, Biolegend) #tf4 20 uL T onice. 60 min J4ta L 7z, YA
BUE 500 uL Z A0 2. 800xg, 5 min i-LPEidHZ T\, MlEZEUIXL 72, #id%z
PURAIRIE 300 uL 1< & i# L 72 1%, FACS FiF = —7 (BD) (clHIX L. FACS
Calibur (BD) T CHEHT L 72,

2-2-6 ELISA
2-2-6-1 $RIMLF X oI o FH 5

18G {F&f#t (1-4909-01, TERUMO Corporation, Tokyo, Japan) & 10 mL 7 L€
> ) v (SS-10SZ, TERUMO Corporation) # >, 7+ 7 4 7 F v —ifFE~
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v A B DIRERNC X I % 1T 5 720 100~150 uL DI % BE. 77 v 7
4 vFax—=%— (BI-516, i \&t:7 A7 v 7, Fukuoka, Japan) T 24 °C. 30
min & L. Z 0% 4 CHEEC—MEHE L 72, BFH. v 4 7 v i ok

(3500, KUBOTA, Tokyo, Japan) TizE-L4rffEL (4 °C. 3,000xg. 10 min) . Ifil
HEEILL, -80 CTHRAFEL 72,

2-2-6-2 IfiFDRAE v 7Y viEes L IRl 77—+ 1 (MCP-1) @
HIE

MiEH v 7% 100 & X U 100,000 512 AR L. Mouse IgE ELISA
Quantitation Kit (E90-115A, Bethyl Laboratories, Montgomery, TX, USA) . Mouse
IgG,, ELISA Quantitation Kit (E90-107A, Bethyl Laboratories) B X UF Mouse IgG,
ELISA Quantitation Kit (E90-105A, Bethyl Laboratories) % F\T, &7 v 7V
v 1gE. 1gGy B X U 1gG DFEEUENT % 1T o 725 Capture HUA (Affinity purified
Mouse IgE coating antibody, A90-115A; Affinity purified Mouse 1gG,, coating
antibody, A90-107A; Affinity purified Mouse IgG; coating antibody, A90-105A) %

PBS T 1,000 57 L. 96well 7L — b IC 50 pL/well TIE . 4 CiaiE ic —Hf
Bz, BH, v v h—1 (PBS-T+5 %BSA (01859-47, Nacalai Tesque
Inc.) ) % 100 uL/well TIEZX., 30°CT2hr EHE L 72, WL ZIMEY v 7L %
WML, A& v Zx— i REBR OPUR % v 378 (Mouse IgE Calibrator,
RC90-115; Mouse IgG,, Calibrator, RS10-101; Mouse 1gG; Calibrator, RS10-101) %
1/5 BEBERFRIC X O ERR L, 30°CT2hr & L 7z, PBS-THE LI U Q/KTH
well Z i L 721%. HRP 1533%31{& (Goat anti-Mouse IgE-HRP conjugate, A90-
115P; Goat anti-Mouse 1gG,,-HRP conjugate, A90-107P; Goat anti-Mouse [gG;-HRP
conjugate, A90-105P) % 7w v h—2 (781 v Hh—1+5%FCS (Heat inactivated
fetal calf serum, Sigma) ) T 10,000 f&5#A R L. 50 pL/well THEZ . 30°CT 1 hr
FHE L7z, 9 —JEPBS-TH LIV QKT L., FE TMB (05298-80,
Nacalai Tesque) % 100 pL/well THEZ | BEOE L T 24 CTHEBEIE, 1 mol/L it
fi£ (95626-06, Nacalai Tesque) % 100 pL/well THE %, FEOKIGE1ED, <A 7
7 7L —} Y —4%&— (Bio-Rad, CA, USA) T 450 nm DL % HE L 7z,
&Y v 7% 25 fF5ICHR L. Mouse MCPT-1 (mMCP-1) ELISA Ready-
SET-Go! (50-174-16, eBioscience Inc., CA, USA) % Fi\»T, MCP-1 O FIRfiEHT
%1772, Capture JTfA (Anti-Mouse MCPT-1 Purified, E11951-1636) % Coating
Buffer (E10287-1639) T 250 5@ R L. 96well 7'L — b IZ 100 pL/well T#%
X 4 CHEJEIC—BpE 72, FH, PBS-T CT#t# L. Assay Diluent
(ELISA/ELISPOT Diluent, E00009-1637) % 200 uL/well T %, 25°C<T 1 hr #
& L7z, PBS-T T L. ML ZMEY v 72 /ML, A& v 2 — R
BB OPUR £ v ¥ 27’8 (Mouse MCPT-1 Recombinant Protein, E11955-
1635) % 12 BXBEARHUC X W ER L. 24°CT2hr #i& L 72, PBS-T THEiH L 72
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#. Detection §/if& (Anti-Mouse MCPT-1 Biotin, E11953-1636) % Assay Diluent
T 250 5 L. 100 uL/well THEE ., 24 °CT 1 hr §#i& L 7z, PBS-T T
L. Avidin-HRP (E00005-1636) % Assay Diluent T 250 f5# U L. 100 uL/well
THE X, 24°CT 30 min & L 72, FFEE PBS-T THE% L. HE TMB (TMB
Solution, E00007-1639) % 100 pL/well T &, XL T 24 CTHRBEIE, 1
mol/L fiif% % 50 uL/well T E . EAKIGZ LD, 4 7u 7L —F ) —X—
T 450 nm DWSEIE %2 HIE L 72,

2-2-7  fEtlLEE

KRR IZHEEHET Y 7 b v = 7 (ystat2004.xls, Igakutosho Shuppan, Tokyo,
Japan) ZMWCHEML 7z, 2TD T — X IF—JCRE T BT THNTER. ANXS
% PR\ > T Student-Newman-Keuls (SNK) #RE % Flv> THEHT L 7z, ANXS O
B IERAF 2 —7 v F TREZHOTHEITL 72, BEKE o X 0.05 ZFH W7z,
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Table 2-1 CpG ODN sequences used in this study

Name ODN class Sequence 5' - 3' Reference
G*GGGTCAACGTTGAG*G*G*G*

ODN1585 Class A CpG ODN G*G (82)
T*C*C*A*T*G*A*C*G*T*T*C*C

ODN1826 Class BCpG ODN *T*G*A*C*G*T*T (83)
T*C*G*T*C*G*T*T*T*T*C*G*G*

ODN2395 Class C CpG ODN C*G*C*G*C*G*C*C (84)
C*A*G*G*A*C*G*T*T*G*T*A*T

MsST Class B CpG ODN  *C*A*C*T*G*A*A (57)

Asterisks (*): phosphorothioate bond
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Table 2-2 Food antigen used in this study

Food antigen Reference

Buckwheat (BW, Fagopyrum esculentum, lyophilized form, GREER

Laboratories, Lenoir, NC, USA) (85)
a-casein from bovine milk, =70% as-casein (CAS, Sigma) (86)
B-lactoglobulin (BLG, Sigma) (87)

albumin from chicken egg white (Ovalbumin, OVA, grade V; Sigma) -
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Table 2-3  Score of anaphylactic symptom

Score Status

0 No symptom

1 Moving, scratching, rubbing of face and snout.

5 Crouching, open eyes, moving in response to tapping the cage with a glass
rod.

3 Weak cyanosis, no moving in response to tapping the cage with a glass rod.
Movement in response to tapping the body with a glass rod.

4 Severe cyanosis. No movement in response to tapping the body with a glass

rod.
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Acclimatization

-—.I\]

0 7
for 1 week I I | (day)
1 | ,l\
Eet'nsm(z)a;tlon 0 45
ntigen (0.1 mg) L g (min)
Alum (2 mg) } |
ODN (100 or 500 ug) ‘ v
Challenge Collection
Antigen (1 mg) ANXS
Alum (1.3 mg) Movie
Spleen
Serum

Fig. 2-1 Schedule for inducing anaphylactic shock in female BALB/c mice. Five-
week-old mice were initially sensitized with 100 pg antigen and 2.0 mg alum gel as
adjuvant administered intraperitoneally (i.p.). After 2 weeks, mice were i.p. challenged
with 1 mg antigen and 1.3 mg alum gel. The severity of anaphylactic symptoms was
assessed 45 min after the final antigen challenge. The figure is taken from Yamamoto et

al. (84).
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2-3 #ER
2-3-1 MSsST ¢VURDHERIC X 27 F 7 4 7 %> —DFEE

BALB/c, 5:8l#, M~ 21 100 pg @ BW & 2.0 mg ® Alum, 1z T 100 pg
D MsST % &% PBS 200 uL % ip.iC X Y BfE X ¥ 7=, 2 EM#ZIC 1.0 mg ® BW
£ 13mg D Alum Z ipC X VHAL., 7F 74 7F v —DIERZBEL %

(Fig. 2-1) o &KL A5 minRICET BT F 74 7% —> 2 v ZHERE 0-4
MO ANXS TR a7{t L7 (Fig.2-2) . BW BEL [ L €. BW+MsST # D
ANXS i & W mi 2o 72 (BW #f : n=10, average=2.20+0.29 ; BW+MsST #f :
n=10, average=3.00+0.26, p=0.054, Fig. 2-2) , ¥ 72, CAS & % \»|¥ BLG+MsST
HEL LR L T, BWH+MsST BEIZ S\ ANXS 233 5 107248, OVA+MSsST Bk &
" BW+MsST (500 pg) #E & DR TIRFIED 2 a2 7 2355172 (CAS+MsST
¥ n=5, average=1.20+0.73 5 BLG+MsST #f : n=5, average=1.60+0.40 ;
OVA-+MsST #¥ : n=5, average=3.00+0.00 ; BW+MsST (500 pg) #¥ : n=5,
average=3.00+0.32, Fig. 2-2) , BW & ODNI1585 (Class A) . ODNI1826 (Class
B) ¥ X ODN2395 (Class C) TRAEL 7z~ v XA Tld¥. BW+ODNI1585 #if ¥ &
" BWHODNI826 BECO AN T F 7 4 7 F o — @I nz (Fig 2-2)
IO DFERIIBW & 100 ug @ MsST DlAELED ip BN L7257 T F
T4 T7F = ay /7 OFBICHENTHE L EREL T,

2-3-2 BWAHMSST % ip. L7z= 7 R BT 2 PlEER I KT THE

TF747F—FEA5min D~ T A EREHLIE, ZOROMEHICE N
THEAERE L, s~y 2 (NT) . BW 7213 MsST %Il 2 7= BW TIAfE
L7zw v RCHBIT2PIREREZ L 72 NT B XUBW & IR L |
BW+MsST #EiC BT~ 7 2 Mgk o 0k (WE) %iEZL 7= (Fig. 2-3A-
C) o 7. NTBXUBW #& LB L. BW+MsST #EIC 5\ CH & 7 R E =
DMAFE®D b7z (Fig. 2-3D) o

2-3-3 BWAHMSST % ip. L7z~ v RICE T 5~ v A iF IgG,, DiFHE

NT #. BW 3 X O BW+MsST #EIC 3 1F 3 MLiF IgE. 1gGiy 1gGa B & F
MCP-1 FE4: & % ELISA &1 X Y € L7 (Fig. 2-4) . IMik IgE #4AE1Z BW
H L BW+MsST Hf CHEICHR 2 o7 (Fig. 2-4A) . T#LiE MsST O #:5-%% IgE
FEAZIIHFIL 722 & /R LT3, IiE MCP-1 FEA =& & 1gGy FEA = (X BW Bf
& BWHMsST B TR & & LIdilo b Nind > 7- (Fig. 2-4B,D) ., —J
T, 7 1gGn FEA B X BW+MsST #f i B W CHEICHM L 72 (Fig. 2-4C)
INODORERIIMSSTICEETF7 4 7F > —EROE(LIT IgE Tid 7 <,
1gGo ICIKEET 2 2 L BB L TV 5,
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2-3-4 IFN-y'¥ X OV IL-33"#llE 23 BW+MsST #fic B\ CHEsR T 5,

NT #. BW ff¥ X O BW+MsST #f D lEfi&ic 351F % IFN-y 35 X OF IL-33"ffl A
DENE %N L 72 (Fig. 2-5) o IFN-y'5 X OV IL-33"MIAE%0E NT # & [hfc L,
BW+MsST #t CHE I L 72 (Fig. 2-5B, C) . FFic., BW+MsST # 13 BW £
&I L C IEN-y Mg 2 A& L 72 (Fig. 2-5B) » 235 Dt IE MsST
CX2T7F7 4 7F—fEIROFBFEIZIL-33 TldZe IFN-y ICikFT 52 L %
RELTW5,
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Anaphylactic Symptom Score
N

[ _ ] (] ®
1.5 ‘
1 °
0.5
035888 o . ooe ®
Antigen - BW BW BW BW BW BW CAS BLG OVA
ODN - - ODNjss5 ODNygyg ODNyses MsST  MsST  MsST  MsST  MsST
Amount of 0 0 100 100 100 100 500 100 100 100
ODN (ug)

Fig. 2-2 Anaphylaxis scores of mice sensitized with various antigens and
oligodeoxynucleotides (ODNs) and induced to experience anaphylaxis. Anaphylactic
symptom score: 0, no symptoms; 1, moving, scratching, rubbing of face and snout; 2,
crouching, open eyes, moving in response to tapping the cage with a glass rod; 3, weak
cyanosis, no moving or moving in response to tapping the cage with a glass rod; 4,
severe cyanosis, no movement in response to tapping the cage with a glass rod. Data are
shown as the mean + SE for each animal; n = 5-10 mice/group. **P < 0.01 for the
indicated group(s). The figure is taken from Yamamoto et al. (84).
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Fig. 2-3 Effect of MsST on mouse spleen size and weight. Five-week-old mice were
initially sensitized with 100 pg of buckwheat (BW) and 2.0 mg alum gel with or
without 100 pg MsST as adjuvant administered intrapertinoneally (i.p.). After 2 weeks,
mice were i.p. challenged with 1.0 mg of BW and 1.3 mg of alum gel. Forty-five
minutes following the final antigen challenge, mice spleens were collected,
photographed as non-treated (NT) (A), BW (B), BW+MsST group (C), and weighed
(D). Scale bar equals 1 cm. The results represent the mean + SE (n = 3) from three
independent experiments with similar results. **Indicates a statistically significant
difference (P < 0.01). The figure is taken from Yamamoto et al. (84).
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Fig. 2-4 Effect of MsST on serum immunoglobulin E (IgE), IgG,, IgG,, and mast cell
protease-1 (MCP-1) production. Forty-five minutes following the antigen challenge,
serum was collected, and the levels of IgE (A), IgG, (B), IgG,, (C) and MCP-1 (D)
were then measured by ELISA. Data are shown as the mean + SE for each animal; n =3

mice/group. **P < 0.01 for the indicated group(s). The figure is taken from Yamamoto
et al. (84).

28



BW+MsST

IFN-y

1.08

0ss

L)
‘?
=
0.54 2.65
FSC PE
B ** c \
[ 1 I 1
10 - S B 7- s
9 [ ]
2 @ 6 T
g 8 oo %
s 7 5 2
I s
3 8 5 4 —1
3 5] 3
S 44 PR L o
= . @ * °
w34 ° = 2
S 2 ° | ° G B
o\“ . 2 1.
1 v ie L
0 0
NT BW BW+MsST NT BW BW+MsST

Fig. 2-5 Proportions of interferon (IFN)-y" and interleukin (IL)-33" cells in the
spleens. Flow cytometric analysis (A) was performed to determine the proportions of
IFN-y" cells (B) and IL-33" cells (C). Representative fluorescent-activated cell sorter
(FACS) plots gated on IFN-y" cells and IL-33" cells (A). Forty-five minutes following
the antigen challenge, mouse spleens were collected, and splenic cells were isolated and
stained with anti-IFN-y and -IL-33 antibodies. The results are presented as the mean +
SE (n = 3) from three independent experiments with similar results. **P < 0.01, *P <
0.05 for the indicated group(s). n.s., not significant. The figure is taken from Yamamoto
et al. (84).
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2-4 EE

AR TII~T ZDTF 74 7F > —TAEEHT 272010, IL33B XL
IFN-2yELEZFHEET L7V 2" b e L CHABEICHK T 52CpG ODNTH %
MsSTZ i\ 72, DRTO~T 2 Z AWM TIZ, 757 4 7 % ¥ —ICI3IgEK
TFRIRERS & JERTIFRURR RSB 3 2 2 & AR E LT\ 5(88, 89), HiH DREIRT
., 187 LAXF—FeRAIveTurRx 7D, ufatr )y,
MCP-1% EE T 2 A 2 WGP E L L, fiRE LTTF+ 74 7 F v —IcEL
Th2H 4 b4 vEXUPIGEIC X Y ERR XN 5(90,91), BEORITIX, TFH7
47 F v —IIgGEAZ /N L TIHIRERIRC~ 7 v 7 7 =V LI T 5 1/
BIEHEALIA T (PAF) ICX V8 I NS, PAFIINGE, 7F74 7% —F X
U7 7 v — LEBIIRIE(LIE D X 5 R EE 2 SEE RO FIEIC B W CkEl 2 R 7-
THAEBENAE T REA T4 -2 —Th 5, KifFETld. IgEFELE IIMsST
X DI L7223, —H TMCP-1°1gG A B IZE LT, IgGELBREHE
AL 7= (Fig. 2-4) o Kulisb lZ, ¥ —F v VEE= 7 2ICB1F % Class B
CpG ODND#% 5-1IMCP-15 X U'Th2 R ¥ 4 b 71 4 VEAH & v —F v v FER
M1gGrd & NIFN-yEEAMEEZBE L CT F 7 4 7 F > — R Z2IHIF 2 2 & %
W LT3 (32)e AHFFEHER TIIMSSTO KRG IC X D IgG 238 L 72 2 & 13—
BT 325, MCP-1i3iHl I nd, 7F 74 7 F > —fERICB W TIRE 2R
INtz, TNHDIHE~DIEXClass B CpG ODN & 13 E 72 2 MsSTD L4 D 7=
WTH D EELT L, MsSTIZHABEE D7 7 L ICH¥E T 2 1CCpGODNTH b |
IL-33% X CRIFN-y 2 58 7 IC 3538 3 5 (45, 57), Komai-Koma & (3 BART, IL-33132 7
F7 4 7% —0FEE X IO b2 L EMEL TN
(75)o STHARICIFN-y IZTh I LiE AL L 72 F F 2 v % 7 —#lilidic X Y 4
I, w7 v 77— YOEHESLHREEOHERR I E 2 737 (92), —ARAVIC
IFN-y (Z Th IR 2 A3 2 7 L v F — R B oIl % X H5 35 (93). L 2> L7273
SIFN-yIZCD11b 3 X °CD11c flfEIC 1 2 PAFAEK % B35 3~ 5 (94, 95), % 7=
AWFFETlE. BWH+MsSTHRIC B\ TR O AR (FfiE) 23ERE X u7z (Fig.2-
3) o BRI RE DEREICEEE 5 729 MsSTHREE~= 7 R ICH T
Th1BRZEIGE & AfT T o s BARREICE 2 G L2 2 L icBE5 T 5 L7
HIL 7=,

AT, MR- C AR 2 B IR ICBRE L F S =7+ 74 7 %
V=TT AR OPHE I N TN B(96-98), TDET AT A%V
T, Reber Hld¥—F v ViFEET F 7 4 7 F > —CIRAHEREER X v b ITEHIAE
DXV EELRZEEZRZLTCWEZEEZRALTWE099), TFH747Fv—
TEROEER X IgE LR AHAE L o2 IKET 2 EZOLN TS, L
2> L 72235, Starkhammar (., TLRO DY /7~ FTH % CpG ODN D X 9 7x
TLIR 2T 2 Z LIC XV T LA F—ERPENT 2 2 L 2R L. B4 2zl
DHAICBE D B 2 L ZEFA L 72(14), TLRs ® X 5 ic, HARGZE ZiEMALd 2 >
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7 FNHIERRIEDEAIC G T 2l e XA = X L DfFIHIZ, TL A ¥ —%
FAORFE T TR, Bz T ¥ 2ty b BRI IC 5\ CEE 2% E 2
2 T3, Sklit. FLOBEYHIRL OHAADETHRONDE MSSTDT ¥ 2
SV MEEE SR D OB BITET 5 2 L EFEE L2V,
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3-1 ¥E8

HCIMAE (3R GYE~ O A EIGETH Y . BWERES LU0 CKREFT
2aEE»THEETH 5, WIE CIRRBIEIGE B X OIS E 2SR <
D, ZORER, BEELMBEELZLIERIL, REOBALICELZ L LH S
(100), BEEUIHT CHERMF 2,700 TAB Y, 2D 5 B 800 T AHBIT LT
Wb (HREAT A At v 724 v | WINAERZBEOBER) . TLR 5 b,
TLR4 1377 LR ICHk T 5 LPS 235k L. ~ 27 v 77— DC 25
TNF-a, IL-1B. IFN-y 53X OV IL-12 D X 5 B RAEES A A 4 viEA 2 FHE T
5, LLAaRs, @fL A b4 VvEETZERNEZ VPR v ay
7 RWIMFEZEART 5“9 4 P A A VA P —L7%4 U 3(23,24), T4E, BIMGE
DEFMEME LK 7 = — XM B L UM E THEATHIE DR 2 2FHET S
(101,102), 1 2HIZ= Y b 7 v (Eritoran) & W\, F 2 JHEYED Rhodobacter
sphaeroides \CHKT % lipid A DGR T Fr 7 TH Y, MD-2 ICHET 5 LPS %
FRI9 %(101, 103), 2 2 Hix TAK-242 &\ \», TLR4 O K A 4 v ic kT
% CysVIRIL L FRICHBEMERAL, ZORARRE~DOT X7 2 -4 DEE
ZHES 5102, 104), TV b 7 v & TAK-242 ORFETREIL 7 7 LEMEE ICK
RLEECIERBRONTE Y, BEELBUMED EE ClXEFROM LICiEE -
TR\ (101, 102), ZD7-0, BED & AWIMNEIC TR ICHE R IIFEL
THRALFEFLHRAOBAENIRKD ST 5 (105),

RIEWEY A P A v OFED X 5 IckkA2 ZRATFABRIMESS= Y F FFo v
va v ZORIEICED > Tw 3, MUMOGEELET (PAF) 3= v F ¥ v
vay 7 PHIMIED X 5 G RIEOFHFEICE W CHELREH 2R T Y VIRET
H %(106), PAF \ZI/MrEESE CIEMEAL 2 358 U, BRI NS EE R
(disseminated intravascular coagulation, DIC) - BZIfILAE 1C B 53~ 5 (107-109), &
51T PAF X RAEICE W T TNF-a D X 5 B REFHIA T 4 T— X —DEKCHK
HiZ RS 5 (110, 111) Jacob b 1L, PAF D~V A~D# 513 2k OEIE
EHET DL ERNLZ(112), MERT 2NIEMD PAF I3 VIRERECTH S
PAF 7t F Lt Fr J—+ (PAF acetylhydrolase, PAF-AH) I X Y #lffl X T
W5, LPSFFEBIEY 2 v 7 EMHZM| (CLP) =7 A4 Tlk, JaveFr v
PAF-AH (rPAF-AH) X RAEICEZIGIT 5 & & CEFEREZWET 5(113),
PAF-AH ¥ X U rPAF-AH 13 ¥ 72 IUMFESC L IEEF A 2 EF ICB T K7 = —X
DR CEFRELET L2 ERARINTNS(114), ZDT-DIC, PAF-AH i
WMfEP Y F ¥ voay 70RBENDTFLLTELZLNTY S,
ODN: MER =Y FFF v v a vy 7 DBEICOWTIEW L D0
BB b, £3. Riceb ICLPE T /LICClass BCpG ODN% 5 L, IL-17Z 4 L
THAEGEERZWET S L 2HME L TWB(115), Gaod IZCLPE F L ~®DC(Class B
CpG ODNFE 51 X 0 Dt fERE 2 E3 25 2 & #3E L T %(116), Shirota
51ZiODNDO—2TH 5A151%# TV F b Fvvavy 7T~y A5 T
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% L. STAT1H X USTAT4D V v IE(LPLPSIC X U 55 X 1L ZIFN-BIC X 0 i E
{bENBZL 7 FINHAT—FZEHAEL, TV Fr v viay 22432
& xEE LT3 23, [FFFICClass BCpG ODNOHE CTlZ = v F ¥y vy a
vy 7 BT S EEHREL TS24, 2D X HICODNERIMAEL Y F T+
¥FovvavzolEiz, fHALEZETFASLODNDE NI VAL TH B,
L2 L7256, PAF-AHZ{ERMF & L CUfE= Y F ¥ v av 2%
WET Z20DNDOHE (X172 . ODNDPAF-AH%Z iBE T 2 2 & 5 2 13 FEH 1 Bk
FEWLATHD, ZZTRIFETIE. £ TPAF-AH%FHE T 5CpG ODN%Z A
7Y —=v 7L, RiZ, A2V —=v 77X W 5N7CpG ODN%E VT,
PAFB X ULPSZHEG T 5L IC X VB EINMMES Ly FFF o v
vavIETNANRY ANDHELRGEL 72,
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3-2 MEB XUHE

3-2-1 fmERRY &R

ECOEYERIT. [EMRFENWEREFZMEHE] /v, R &2
2T CHES - IBHEOHRFICHE S W AGIRERE M CHEM L 72 (KEES
280029) .

3-2-2 A3
FEERICIE L gl ofEWRY . (B FDEHEE T3 (Osaka, Japan) # oD %f

W 2 IF—HGEEEE VW, £/, KiZeETIY QKkEHWAE, =V F ¥
> v 7 Y —dD PS fi&# ODN (I Integrated DNA Technologies (Coralville, 1A,
USA) » %\~ 3 Gene Design Inc (Osaka, Japan) ~& k%Kit L 7z, PS#Her
ODN | PBS TAME L., /ME02um D~ A4 787 4 A% — (02927601, 7 KX
v T v 7 WEW AL, Tokyo, Japan) TUEE L 7z, ABFFECfEH L 72 CpG
ODN 1585 (CpG-Aisgs) « CpG ODN 1826 (CpG-Bisz) « CpG ODN 2395 (CpG-
2395) « GpC ODN1612 (Ctri;2) ~ GpC ODN1585 (non-CpG-Ajsss) ¥ & O
iODNyy 54 DBECHI] 1Z Table 3-1 IC/R L 7z, Escherichia coli 0127:B8 Hi2K D LPS (%
Sigma-Aldrich (L3129-100MG, St. Louis, MO, USA) X Y A L 7z, Methyl
arachidonyl fluorophosphonate (MAFP) ¥ X UF PAF C-16 (% Cayman Chemical Co.

(70660, Ann Arbor, MI, USA; 60900) X Y HA L 7z, Polyinosinic acid

(Poly(I:C)) % InvivoGen (tlrl-pic, San Diego, CA, USA) X WAL 72, V= v
v’ v b~ 7 A IFN-a (rmIFN-a) | BioLegend (752802, San Diego, CA, USA)
LOEEAL 72,

3-2-3 ®U XA

6 D BALB/c vV &2 (X Z) B XUICR (Swiss albino) ~ 7 & (FX)
I Japan SLC (Shizuoka, Japan) X VHEA L 7z, ~ v &%, WA & =i EHER
Bi N cfE L, #@FEE (MF, Oriental Yeast Co., LTD., Tokyo, Japan) 3 X UV
Kk Z HBEEHRL 72, v v 2id, 1EBEO PREE R, EEICHL 72,

3-2-4  fiifidds X AR

8 Bl D> BALB/c ¥V A X SAMENLFIIC X 0 BRI X &, BlsERH L 72, ~
¥ —L L CHiEE 30 D5 L., 84 RPMI 1640 Fiibic B L 7z, S BHK %
FWCRIMERZAEMm L, e R b L4 F— (pore size: 40 um, 352340, Corning
Incorporated, Corning, NY, USA) # F W TS BEME 2 REL 2, 55
7= B A N R 8 © — 8 % 0.4 % trypan blue AR (T10282, Life Technologies
Corporation, Eugene, OR, USA) & EFIL. Countess cell counting chamber slides

(C10283, Invitrogen Corporation, Eugene, OR, USA) IcH Af%. Countess

automated cell counter (Invitrogen Corporation) % F\ > CAMAEEZ HIE L 72, A
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AT e R P 13 5E 42 RPMIT 1640 % FA VT 1x10°cells/mL I3 L. 1 mL/well

(1x10°cells) T 24well 7L — } (142475, Nalge Nunc International K. K., Tokyo,
Japan) ICIERE L 7z, fii\vCHIBEZ 0.01-10 uM @ CpG ODN, 0.01-10 pg
poly(I:C) & % \*iZ 0.01-1 ng ® rmIFN-a ZZM L. 24 hr 5% L 7= (Fig. 3-1, 3-
2) . Btk Miles X OREE EEZ ML, Real-time & &MY PCR (qgPCR)
¥ X U PAF-AH BRIEWOHEE ICZE N ZENH Tz, 723 uM D CpG-Ajsss T
24 hr $5#%., 10ng/mL @ LPS T6hr#58 L, qPCR & %\ (3 24 hr 585 L,
ELISA OHEIEICZ nZ A7z (Fig. 3-5) o

8 D BALB/c ~ 7 A Z SHMEREFIIC X Y REFL X &, SmL D% PBS A D

18G F &8t (1-4909-01, TERUMO Corporation, Tokyo, Japan) & 5mL 7 /L& >
Y v (SS05SZP, TERUMO Corporation) % W CHEHEN~ 7 v 7 7 — 2 % [H]
INL 7z 1,500 rppm, 5 min @0 L, 564 RPMI 1640 CHEAERRAITR & L 72, PR
MO R &[RRI AR MR 2 IE L 72 584 RPMI 1640 % F T 1x10°
cells/mL ICFHHL L. 1 mL/well (1x10°cells) T 24well 7L — MICIEREL 72, %
WCHIAE A 3 uM D CpG-Ajsss T 24 hr 58 t%, K5k, Milts X oS Lg%
B L, gPCR & X UF PAF-AH FERIEHEOME ICZhZ nH W (Fig. 3-1) &

3-2-5 PAFiFEEIEY 2 v 7 ET L

FERA 7Y 2 — V3 Fig. 3-3A IR L7z, ICR vV ZADAFFEHR~D PAF D
BRI 372, 6 Bt ICR =7 R % PAF BE. CpG-A,sss+PAF B X O CpG-
A1ssstPAF+MAFP # (n=8) ICHf/1F L 72, ICR =7 ZiC 50 ug @ PAF & 0.1 %
De MIET A7 v (013-10501, (BR) FEMEETEE) 2&T 0.5mL D
PBS % ipc X V%5 L, PAFICK 2> a vy 7 %2FEL7-, PAFKSD 1, 38
L U5 day HTIC, 50, 100 & 213 300 ug D CpG-Aysgs % ip.ic & Y 5 L 7=,
MAFP 1% CpG-Ajsss D5 20 min BT 1 mg/kg T ip. &5 L7z, PAF #% 5%, 60
min ¥ CHEFEBIEL 72,

3-2-6 LPSiFEEILy a2 v 7ET L
FBER 7Y 2 — LT Fig. 3-6A 1/~ L7z, 738H#E BALB/c ~ 7 X LPS £,

CpG-Asss+LPS # 5 X U8 CpG-A;ssstLPS+MAFP #f (n=8) IZHED T L 7=,
BALB/c ¥ 7 R 750 g D LPS % ipic X V%5 L, =v FrFvveav s
ZEHE L 72, LPS #%5-d 3 hr BT 300 pg @ CpG-Ajsgs % i.p i L W &5 L 7=

(Fig. 3-6) « MAFP I CpG-Aisss D5 20 min HiIC 5 mg/kg Tip &5 L7z

(Fig.3-7) o LPS#5%#., 3hr Z &2 24 hr T CAEFZBIE L 72, T 2FFIC
A% NTC BT (Tateyama Kagaku Industry Co., Ltd., Toyama, Japan) %
WTHIE L7z, 72, PS5 D 1, 4 BX U 12hr BRICEFIRD 2 W IdOfK X
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hERIMZ ATV 2,000xg, 15 min, 4 “CTEL L, MiEZFHHL 72, AR L 21
6 1 PAF-AH iE MO HEIE IS 72,

3-2-7 DiED H DI D [E] I

PAF #%5-® 10 min %, =7 A ZSAHERAIC X Y L X2, S min ANIC
18G {F 4181 (1-4909-01, TERUMO Corporation, Tokyo, Japan) & 10 mL 7 V& &
Y v (02921861, TERUMO Corporation) % > TLiE2 H [T % 2 i KE
DM % AN L 72, % D%, SEFI IBA-200 Calibration (AS ONE Corporation,
Osaka, Japan) Z M\ C, MRERZHE L7z, HE (ml) 1T~ v AMHKICFR
F7EE (1.035) ZHWCEE Lz, BoETIZREI S WzMEOEIC LD
BIE L7z, MKERDOHER. 2,000xg, 15min, 4 "CTH.L L., Mgz L
720 FABLL 72117 13X PAF-AH iGMEOHEIE IV 72,

3-2-8 BRI A

iR, APl (5P B X O 10 %R v~ ) v RER (068-
01663) ZMHWTEEL 7. 2Dk, &MfkII-~7 74 gL, YR,
IAVVE~NT P XYY (HE) BXWPY) VRV IRAT Vv~~~ X2 ) v
(PTAH) Rtz {T o7z, #Willds X ORE I A AREPTEHT (Oita, Japan) 1
AME L 7z JRBERAHARR IO F S 2 W CEIT L 72, 7 4 770 v O EREHIPH X
A X =7 a7 v x T (Media Cybernetics Inc., Bethesda, MD, USA)%Z FH\\» T
i dT L 72

3-2-9 gPCR

CpG ODN 3 X U LPS CHlli# L 724l 2> & NucleoSpin® RNA (TaKaRa Bio
Inc., Tokyo, Japan) % J\>C total RNA %4584 L 72, PrimeScript® RT Master Mix
(RRO37A, TaKaRa Bio Inc.)% F\> T, 100ng @ total RNA 2> 5 cDNA # &k L.
EASY Dilution (9160, TaKaRa Bio Inc.) %\ CTIRIGIEI & 20 fEAM L 72,
qPCR (% Table 3-2 D3 Y ZEfii L 72, mpP-actin, paf-ah2 35 & Uf tnf-a FFR 77 4
~ — ¥ TaKaRa Bio Inc. & D fE A L 7z,

3-2-10 ELISA
3-2-4 THOLNEE FiEB X 0 3-2-6 TH LN IMFET D TNF-0 B X N IL-6
EFZ I, ELISA ¥ > b (TNF-a: 88-7324-22, eBioscience Inc., San Diego, CA,
USA; IL-6: 88-7064-22, eBioscience Inc.) % F\»THIE L 7=,
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3-2-11 PAF-AH i 0 HIE

3-2-4 THREL NS FE, 3-2-5 B X U83-2-6 TH L N7z IiET PAF-AH i
T4 1% PAF-AH assay kit (760901, Cayman Chemical Co.)(117)% I\ CHIZE L 7z, 10
uL OF v 7 & 10 ul D 5,5'-dithiobis (2-nitrobenzoic acid) % 96well 7'L — b I
WL 72, 200 L DB AW (2-thio-PAF) %A 2 Z &Ik b, KISZFAk
L. 2min Ztic~v4 2771 —}F Y —%— (Bio-Rad, CA, USA) T 450 nm D
W SERE & JIE L 72,

3-2-12  ffeatLE

KRR IZFEEHENT Y 7 v v = 7 (ystat2004.xls, Igakutosho Shuppan, Tokyo,
Japan # % \» (% GraphPad Sofware, Inc., La Jolla, CA, USA) % H\WTHEMEL 7=,
ETODT — X I —TChLE BT CRT . RN, in vitro SR IC BT 5
qPCR fi#tT 35 X O PAF-AH i&tkE. LPSFHFEZ v F ¥ vy a vy 7Bz Ry
T Student-Newman-Keuls (SNK) #7E % F > TN L 72, AEERMENT 12 log-
rank fR7E % F W CTHET L 72, in vitro iBRIC 351 % qPCR f@HTH X O PAF-AH i&
P, LPSFE VY F o vvay 73BT 2 —T Y F TRES LD
Dunnett #87E % FH W CTRET L 720 A E/KYE a 13 0.05 Z w7z,
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Table 3-1 ODN sequences used in this study

Name ODN class Sequence 5' - 3' Reference
CpG-Ajsgs A class CpG ODN  G*GGGTCAACGTTGAG*G*G*G*G*G (82)
non-CpG-A;sgs  GpC ODN G*GGGTCAAGCTTGAG*G*G*G*G*G This study
CpG-Bis26 B class CpG ODN  T*C*C*A*T*G*A*C*G*T*T*C*C*T*G*A*C*G*T*T (83)
CpG-Ca395 C class CpG ODN  T*C*G*T*C*G*T*T*T*T*C*G*G*C*G*C*G*C*G*C*C (84)
Ctrig1n GpC ODN G*C*T*A*G*A*G*C*T*T*A*G*G*C*T (45)
iODNys4 inhibitory ODN C*C*T*C*A*A*G*C*T*T*G*A*G*G*G*G (35)

Asterisks (*): phosphorothioate bond
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Table 3-2 Reaction solution and conditions for real-time quantitative PCR

Component of reaction solution

SYBR Premix Ex Taq I (Tli RNaseH Plus)(RR820, TaKaRa Bio Inc.) 10 uL
Primer mixture (10uM each, TaKaRa Bio Inc.) 1 uL
cDNA solution 9 uL

Condition for reaction

95 °C 10 sec
95 °C 5 sec
60 C 5 sec
45 cycle

Dissociation
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3-3 #ER
3-3-1  CpG-Aisss 13 TLR9 %/ L THR 1 IC PAF-AH #3589 %

4T DCpG ODNAPAF-AH% 8T 2 2% T~ 5 72 ® 1T, in vitroal bk < Rl
HHEIC 351F 2 CpG-A 550 ch -Big26 % £ 'CPG-Cy39s Dpaf-ah2 mRNAFEH 35 X O°
PAF-AHIEME DFFE~ DB 2 i L 7o BRI & & 1CCpG-A 555D A 03t
ODN & L# L Cpaf-ah2 mRNAFI # HEICHE L 72 (p<0.01) (Fig. 3-1A, 3-
2A), CpG-A sgiC X 0 8 X N 3 paf-ah2 mRNAFEE 35 X 'PAF-AHIE 1 (Zi0ODN
D—D2THY, TLRODFFERMT ==& b TH 52HI154 (iIODNys4) IC L W HE
I & 7= (Fig. 3-1B), JEX FAALCpGY X 7 LA F F & &L CpG-A 445l
TLROVEMEAL % A L CEMEEIY O IEIEE % EiL T 5 729 (33, 118), CpGEF —
7 & $572 720 non-CpG-A, 552 FI VT, CpG-A, 5451 I 1F 5 CpGE F — 7 25CpG-

A\ sgsIT K Y FF5E X 5 paf-ah2 mRNAFEBIC 22 % T 3 2> % BRGE L 7z, non-
CpG-A 54513 Ctri610 & FIBR 1T paf-ah2 mRNAFIR % 3538 L 72 2> - 7= (Fig. 3-1C) |
AT, CpG-A 55idCrtygpp & LLEL L T X D 581 2 PAF-AHIE M 2 /8 L 7228, —
75 TiODNy 541 & % P ©non-CpG-A 545 Tl Ctryg)5 & LB L TH E /2 PAF-AHTE
xR herr o7 (Fig3-1D) . BEN~ v 7 7 —Y 2 HWAERICEWT
b Ak DFER A28 L 72 (Fig. 3-1E, F) &

CpG ODN O H1 T b i CpG-AlZIFN-aDFEFTH 5 Z L BH LT 5
(31)o IFN-02paf-ah2 mRNAFIL O FHEICBI 5§ 2 2 %D D % 729, IFN-0D
FHEH|TH 5 Poly(I:C) & rmIFN-aD paf-ah2 mRNAFEIR D 8 ~ D F8 % Ml L
7zo Poly(I:C) & rmIFN-al3paf-ah? mRNAFIR % 538 L 72 2> - 7= (Fig. 3-2B,

C) o, TLBLINLDMERIT. CpG-A 555D A HIFN-aTld 7 { TLRO% 1 L
THIIICPAF-AHZFBE L, 2 0EEII~r7un 77y —VIcHkT 5 2 L 2R
LTw3,

3-3-2  CpG-A;sss|IPAFEEEIEY 2 v I/ b~V A {RiET 5
PAFHI D GII~ Y RICE W TRAZFET L e BAMEINT0 S

(112) & HICPAFIIHUMAESEIR TH 2DICICB G- 3% Z e s I T3

(109, 119)s £ D721, CpG-A s SPAFFHEEILY 2 v 7 b~ v A& {Ri#ES

20089 AL L 72, PAFO#:G1, 33 X U85 dayRiIC50, 1005 % 13300 pg

DCPG-Asgs Zip. i X W #%5-L 7= (Fig. 3-3A) , PAFHECI320 minLANIC 2T D

T U ADPHET ST L T, 300 pgDCpG-A 5 x+PAFRECIZAREICIET

RaWE Lz (p<0.0001) (Fig.3-3B) , —J7C. 503 X U100 pgdCpG-

A gsHPAFHETIIAE TR O SGE 13780 b 7 »» - 7= (Fig. 3-3B) , Xz CpG-

A sgs DR D PAF-AHICIKTFE T 2 00 & 5 D ZREET % 7291, PAF-AHD [HEH

THHLMAFPZ 72, InvitroidBRICE W T, Bk bo v ey Lz

F TREREAR Y AT IS MAFP % BV 2 & & C. PAF-AHD RV ICHE W PAF S Eif
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TR INTWAS(120, 121), ¥ 7zin vivorkiR Tlx. LPSFHEPAF-AHIEME
DMAFPIC X W I d s 2 L hiEIN T 5117, BFFL7Z XL 5 i, CpG-
A 5sstPAF+MAFPEEC IR AEF LR 240 % % b ¢ 7= (Fig.3-3B) , cho
¥ &0 % & CpG-A 545 IZIPAF-AHICIRTE L TPAFFBEZERIE» b~ 2 2 {R# T
52 ENTRBINT,

3-3-3  CpG-AsgstZPAFHE ML EEE % o 3 %

3-32TH® O N BEEM R OIERRF 2 MREE L 72, NTREE B L €, EHE
TR 2SPAFRE CRE® b7 (Fig. 3-4A) , PAFIZI/IMREE #IEET 2 2 &
DPEE TN TV 5(107), £ D7, LD MK EZHIE S 5 2 & CH/MREESE
HEEL 72, PAFEEIC B 2 DR M E IINTH & ik L THEIREA L
(p<0.01) . — 5 TCPG-A 5ss+PAFREIC B 2 DIRO MR E 13 % L 7=
(p<0.01) (Fig.3-4B) , HE® X 'PTAHZ L DFER CTI1Z, NTHEE KL <
PAFH CI3/NERIEIRD S BU/MRICHEIM L7274 7Y v B X U7 4 7V viike
DD bz (Fig. 3-4C,D) , PAFEE & LR L €. CpG-A +PAFHETIZ 7 4
7YV vEXUYT7 4 7Y villeREEICHE D L7z (Fig. 3-4C-E) , & 5 ICPAFHE
L L T, CpG-A,s4s+PAFBECIRIMIEPAF-AHIGE RSB ICHMN L 72
(p<0.01) (Fig.3-4F) , 25 DOFERIZCpG-A 5452 PAF-AHIE M % /1 L TPAF
FHE7 4 7Y VIBRESELZZ EEREBL TV S,

3-3-4  CpG-A,sss i TNF-a % il 3~ %

PAF Zin vitroit g CTNF-a0 i O HIfHIC B W CEBEAKE 2 B2 2 L 2R
INTVB(122), X 2T CpG-A 55l X Y 358 & N7 PAF-AHZSLPSHIEKIC X
DRI NTZRIEIFICE D XD g% KT T Z2HEEL 72, CpG-A sgsld
LPS#%i&mf-a mRNAFEH I L N % v 8 7 B B2 WA L7z (Fig. 3-5A,B)
TN D DFEFRIZCPG-A 53575 EPAF-AHA RIEISE ZHIHI L 5 2 2 & 2 RBE L C
Wb,

3-3-5 CpG-AssslILPSFFEL Y P Fo v ay rhbey A%Ri#ET 2

CpGODN%Z T ¥ F b ¥ vy g v 7k X OMIIAEIC 72 LLRT O fFFE T I,
Class BCpGODNA TV F b ¥ vy av 72T A~y RICET 5 EGFERE R
Y35, HEGEMIMIEICHEEINIHCKREZBHT 2 LRI NTNS

(24,115,123) L2 L7 5, CpGODND LY F b ¥ v a vy 7~ L
RIEARHTH %, AT, invitrod X Win vivoskIC 35T, LPSIZPAFS I E
L UPAFFFERBICEE S T2 2 LR I N T 5(124,125), Z D729, Class A
CpGODNZLPSFHFEL Y Fh ¥ v av /h b~ A2 R#ETINE S 2%
MRRET % 728, LPSHIPA3 hrifiCCpG-A sy Zip. i X O = v Ric# 5 L7 (Fig
3-6A) , LPSHEE LR L T, CpG-A 55s+LPSEE 1324 hr DL R HEICSGE L
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72(p <0.0005) (Fig.3-6B) , M1z T, CpG-A s+ LPSHEIIZ Y N FF v 3

v 7 DEHTH BARMREIE 2 e L 7= (Fig. 3-6C) , L2 L7%&ah 5, CpG-

A 5gstLPSHMAFPHE T3 CpG-A 555 5-1C & 0 2038 L 72 EARRIE 2 B L L 72
(Fig. 3-7B) , 7=, LPSHEE Il LT, CpG-A 5o +LPSHEEIZLPSHIE12 hrik
(CpG-A 555t 5- D15 k) D IMIEPAF-AHIEM: % A Z I L 72(p = 0.0199)
(Fig. 3-6D) , & 5 ICLPSHE L ik L T, CpG-A, sgs+LPSHFIXLPSHIAK12 hrfk D

MEFIL-63% X "TNF-oE 4 %2 A =] L 72 (IL-6: p = 0.0001; TNF-a: p = 0.0001)
(Fig. 3-6E, F) , 12 CpG-A, 545+ LPSHEIC 35 1F 5 MIETNF-ofE L IZLPSTEL b %

HEICHD L 72(CpG-A o+ LPSHEE: 45.4 + 17.6 pg/ml; LPSHE: 190 + 53.6 pg/ ml, p <

0.001), o DFERITCPG-A |5 LPSFFEEL Y F X vvay /b=y

ARRET DL EREL TS,
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Fig. 3-1 Effect of CpG oligodeoxynucleotide (ODN) on platelet-activating factor
acetylhydrolase (PAF-AH) gene and enzymatic activity. Splenocytes or peritoneal
macrophages were incubated with 3 uM CpG ODN, 3 uM CpG ODN 3 hr after
1ODN, 5, treatment, or non-CpG-A 5¢5. After 24 hr CpG ODN stimulation, the cells or
supernatant were collected and used for PAF-AH expression or activity determination
by quantitative PCR or PAF-AH assay Kkit, respectively. Paf-ah2 mRNA expression by
(A) CpG-A | 555, CpG-B 556, and CpG-Coy5; (B) iIODNy,, 5, inhibition; (C) non-CpG-

A 5¢s; and (D) PAF-AH activity in splenocytes. (E) paf~ah2 mRNA expression and (F)
PAF-AH activity in peritoneal macrophages. Data are presented as the mean + SD. **p
< 0.01, significant differences vs. phosphate-buffered saline and/or Ctr ,,,. Values with
different letters (i.e., a, b, ¢, and d) represent significant differences (p < 0.05). The
figure is taken from Yamamoto et al. (100).
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Fig. 3-2 Effect of CpG-Ajsss, CpG-Bisgzs, CpG-Caaos, and interferon (IFN)-a dose on
platelet-activating factor acetylhydrolase (PAF-AH) mRNA expression. Splenocytes
were incubated with 0.01-10 uM CpG oligodeoxynucleotide (ODN), 0.01-10 pg/ml
poly(I:C), or 0.01-1 ng/ml rmIFN-a. After 24 hr CpG ODN stimulation, the cells were
collected and used for PAF-AH expression determination by quantitative PCR. Paf-
ah2 mRNA expression by (A) CpG-Ajsss, -Bisas, and -Ca39s dose, (B) poly(1:C) dose,
and (C) rmIFN-a dose in splenocytes. Data are presented as the mean £+ SD. **p < 0.01,
significant differences compared to phosphate-buffered saline (PBS). The figure is
taken from Yamamoto et al. (100).

45



A

MAFP MAFP MAFP

CPG-f’\‘fag CDG-f‘Nm. CPG-A.,PAF

I T T T T T T 1= shock monitoring
(Days)-7 6 -5 -4 -3 2 -1 0 (60min)

CpG-A.,,,.(3000g)+PAF
B 100 PO 1(300MG)

£ 60 p=0.0088
3
=
g 40
w
20 4 CPG-A, 4, (501g)+PAF CPG-A ,.(300ug)/MAFP+PAF
PAF | CPG-A, .(100ug)+PAF
0 T T T T T 1
0 10 20 30 40 50 60

Time (min) post PAF challenge

Fig. 3-3 Protective effect of CpG-A 545 on platelet-activating factor (PAF)-induced
lethal shock. (A) Experimental schedule to examine the effect of CpG-A 545 on PAF-
induced sudden death. After 1 week of rearing, ICR mice were injected with 50, 100, or
300 pg CpG-A 545 with or without methyl arachidonyl fluorophosphonate (MAFP) (1
mg/kg) 1, 3, and 5 days before receiving 50 ug PAF containing 0.1 % human serum
albumin. (B) Survival was monitored for 60 min. n= 8 mice per group. The figure is
taken from Yamamoto et al. (100).
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Fig. 3-4 Mechanism of platelet-activating factor (PAF)-induced lethal shock
ameliorated by CpG-A,s55. ICR mice were injected with 300 pg CpG-A, 5 for 1, 3, and
5 days before receiving 50 pg PAF containing 0.1 % human serum albumin. Mice were
then euthanized within 10 min after PAF injection. (A) Representative image of the
abdominal cavity of (i) non-treated (NT), (i1) PAF-treated, and (iii) CpG-A, 555 +~ PAF-
treated mice. (B) Heart blood volume. (C) Hematoxylin-eosin staining, which shows
polycythemia and morphological changes in the kidney. (i) NT, (ii) PAF-treated, and
(1i1) CpG-A, 545 + PAF-treated mice. Scale bar = 100 um. (iv) NT, (v) PAF-treated, and
(vi) CpG-A 545 + PAF-treated mice. Scale bar = 20 um. Fibrin thrombus is stained dark
red. (D) Phosphotungstic acid hematoxylin staining, which shows fibrin accumulation
in the kidney. (i) NT, (i1) PAF-treated, and (iii) CpG-A,54; + PAF-treated mice. Scale
bar = 100 pm. (iv) NT, (v) PAF-treated, and (vi) CpG-A 445 + PAF-treated mice. Scale

bar = 20 pum. Fibrin is stained dark blue. FB, fibrin; RBC, red blood cell; RC, renal
corpuscle; RT, renal tubule; VI, interlobar veins. (E) The area of fibrin accumulation
was determined by Image Processing Software, and the results are presented as the
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mean £ SE (n= 9 samples per group). (F) Serum platelet-activating factor
acetylhydrolase (PAF-AH) activity in mice. n= 8 mice per group. Data are presented as
the mean + SE. Values with different letters (i.e., a, b, and c) represent significant
differences (p < 0.05). The figure is taken from Yamamoto et al. (100).
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Fig. 3-5 Suppressive effects of CpG-A, 545 on lipopolysaccharide (LPS)-induced tumor
necrosis factor (TNF)-a production. Splenocytes were first incubated with 3 uM CpG-
A s¢5 and then incubated with LPS (10 ng/ml). After LPS stimulation, the cells or
supernatant was collected and used to evaluate tn/~a mRNA expression or TNF-a
protein level by quantitative PCR or enzyme-linked immunosorbent assay, respectively.
(A) tnf~a mRNA expression and (B) TNF-a protein level in splenocytes. Data are
presented as the mean + SE. Values with different letters (i.e., a, b, and c) represent
significant differences (p < 0.05). The figure is taken from Yamamoto et al. (100).
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Fig. 3-6 Protective effect of CpG-A 545 on lipopolysaccharide (LPS)-induced
endotoxin shock. (A) Experimental schedule to examine the effect of CpG-A 545 on
LPS-induced endotoxin shock. BALB/c mice were intraperitoneally injected with 300
ng CpG-A, g5 3 hr before challenge with 750 pg LPS. (B) Survival and (C) changes in
body temperature were monitored for 24 hr. (D) Kinetics of platelet-activating factor
acetylhydrolase (PAF-AH) activity in serum collected from the tail vein after receiving
300 pg CpG-A 545 and 750 pg LPS. (E) Serum interleukin (IL)-6 and (F) tumor necrosis
factor (TNF)-a levels in mice that received LPS with or without 300 ng CpG-A 545 12

hr after LPS challenge. n= 8 mice per group. Data are presented as the mean + SE. *p <
0.05 and **p < 0.01, significant differences between the LPS and CpG-A 545 + LPS

groups. The figure is taken from Yamamoto et al. (100).
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Fig. 3-7 Effect of a platelet-activating factor acetylhydrolase inhibitor on amelioration
of lipopolysaccharide (LPS)-induced endotoxin shock by CpG-Asss. (A) Experimental
schedule to examine the effect of methyl arachidonyl fluorophosphonate (MAFP) on
LPS-induced endotoxin shock ameliorated by CpG-Asss. BALB/c mice were
intraperitoneally injected with 5 mg/kg MAFP for 20 min before receiving 300 ng CpG-
A\sgs. After 3 hr, the mice were challenged with 750 ug LPS. (B) Changes in body
temperature within 24 hr. n= 8 mice per group. Data are presented as the mean + SE.
The figure is taken from Yamamoto et al. (100).
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20164F., BUMIES X CIIMAES 2 v 7 DEFLA2001E LK, 15530 1€
I, WUMAE X TSI 3 2 16 FAEKISORETA 4T, Ear % B2 3
| . BUAE> 2 v 71k TRUMEDH A TH » . EICIHTEE L7
X ZEEOMEE - Mile - RKHOREEZET2H 0| LERI NIZ(126), A
FETIE, CpG-A s STIRIEIGE B L UDICONE % L CHUMELEY =2 v 7 8
IV v PR vy ay 2 2BNT 252 L 2RBT 2 (Fig 3-3, 3-4, 3-6, 3-7,
3-8) .

AIFFETIE. CpG-A 55 SPAFRBESMEBOL 2 KE L. & DRIRIZPAF-AHD
FHEEHICH 2 MAFPIC X 0 ifl4 5 2 & /R L7 (Fig. 3-3,3-8) o, Chenb i
MAFPIZPAF-AHD 58 /] CA R[S H 72 [HEAICTH 5 L 7R L TWw 5(120), A
T. Wub b £ 72PAF-AHDFFRAYHEA & L CTMAFP%Z M L. MAFP2SLPS#
B RAEE T VICE T 2 IMBEPAF-AHEM ZHE T2 2 L 2R LT3, &5
ICWub 13 2 @ REIZPAFICEES ¢ 3 2 & 250 T L Tw 3 (117), BRI 7Z&
WIMAE D~ 7 ZEF L Tld, BWESBICIIPAFIC X Y #FE X N 7=DICIC X b FEid
I b, DICIHEHM IS X OHHERAR OB R~ 2Ic L VERT 2
(127)o AWFFE TR L 72 Ol BRI & & HE$S X O'PTAHR G D fE R I1x, FRIC
74 7Y VOFIEIC L WYDICORE Z /R L T3 (119) (Fig. 3-4B-D) , CpG-

A ssslIPAFIC X Y BEEIT 2 B L7 4 70 v EEENE L (Fig. 3-4B-

E) . IMiEPAF-AHIEMZ G = I L 72 (Fig. 3-4F) . LARTOWISECli, PAF
TvRxI=R T ORETDICIERBWE T 2 Z LRI NT W 5(109), T72b
HLPAFRHERNIIDICZUET 5 2 & R L T\ 5, PAF-AHIIPAFD 53 f#) <
H Blyso-PAFZED i3 T & ic X Y [HEMICDICZSRE T 2812 H L T
2, D720, THDFERIZCPG-A 555 HPAF-AH% /1 L TPAFZ /0L, ~
7 A E T HPAFFEREMIE L WET L2 2R LTS (Fig. 3-8) o

<~ v 2B 3WRMIEDEERET VIZ, (@ LPSIESH (Z v FhFoviavy
27)%E 7 )b, (b) cecal ligation and puncture (CLP)<°colon ascendens stent peritonitis
(CASP)D X 5 7 NTEHHR#E ) 7 — ot (I EF . (o) AETEME o %
HxFLo3fdEHO 7Y —icnidh v b, LPSHESE T VIR, BUMEIC
BT 2UIADEIRFHE L L 7228 RIEZRILL T 5(128), AL T,
LPSHSTE 7 v % >, Class A CpG-ODNZSLPSIC X WV iFEI N v F P F v
viay 7 kWET LI EERLE (Fig 3-6,3-7) .

Class B CpG ODNIZBAR., CLPEFMICH VT, IL-17%2 N L CEFER 2 W
T3 HEINTWB(15), F72CLPE T L~DClass B CpG ODNF S5-I
L0 DBt REREE 2 1A E 3% 2 L G SN TV 5 (116), & 5 1CClass B CpG
ODN#: G- 13 iF R B 2 R L. M OHR 2 (5 2 © L CHEERLUGE
T3 EDHEINTV5(123), —5 T, tPAF-AHD £ 5 13l B 0 PERR % #50
L. BALCEEMEZ~ 7077 =V ERT RN BT 2 2 L3R
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INTV3(113), AWFFETH72CpG-A 5451371 ICPAF-AHZ 585 2 729,
CLPH X U'CASPIC B W TFAEE I N 2 RS L TH A TH 5 alReMED &
2, D7D, INHLETFA2Y A% HWT, PAF-AHZ 5 3587 % Class A
CpG-ODNIC X 2 Kk 4 70 BRUIME DI FE 03 5% O ETH 5,

LPS. TNF-a. IL-1, —@##{t%3% (NO) . PAF. Braun’s lipoprotein (BLP)3¥ X
U* high-mobility group box 1 protein (HMGB-1) @ X 9 Zafk4 7 4$AEBS# K- 23
B IAE ~ & 38 < RE Z RS 5 (129, 130), $T TNF Jiikld LPS F5EHKIEY a v
70 b HBIKGEIIC~ Y A2 RET 2 2 L BME I NTVE(13]), ZDT=0,
TNF-a Ol BUMAE X CBIMAEYE > 2 v 7 01 ik iEEgE b 5, Nz
T, Ay b= VBETEERTF FEX O TERET T oAy 7 7 — il
fERY)_TFF I RIZEARDT =R 1 LPS #E TNF-a Z#IHI L, =¥ F
FEY VY ay 2 ATEREWET B EBHME TN T W 5(132, 133), AW
BRI INOOMEEFFL T\W3b, & 5IT Escherichia coli DERIED K457 C
H Y RAEK T TdH % BLP I LPS D X 9 I TLR2 %/ L CHNEHRIE % FI 3
%, T@BLPICX>TH PAF AKIFFFEE TN 5(129), T D728 IT CpG-A 555
IZLPS B X U'BLP OMj/7IC X VEFE I N2 NERIEIC D ARA D Lz,

~27 877 —YIZPAF-AH Z 503 5 Z L BHIH N T W 5 72912(134, 135),
Az clx, BN~ 27 v 77— 5 X CBEIEMEZ v € CpG-A s 10 X 1
FHE XN D PAF-AH #HEE L 72 (Fig. 3-1D,F) o X L2\ 20 Diff3E 7/ v —
71 CpG-A sgs DHEIIIC X W FFE X5 LPS DS e PiRAERNHF & L THID
N5 TLR4/9 7 v X b L 7 v A% L T 524, 136, 137), BLERZFE N Z &I,
AWFFE Tl CpG-A 555 DRILEAIMES SO v FrFv vy avy 72T
B 5 B H D TNF-a FEEICEWT PAF-AH # A REICHNT 2 2 L 2R L T»
%, MA T, PAF-AH OHEAL PAF SFEAMRILE T VICE O CTEEER L
3B BHLPICTL 72, ABEREFIXRIZETI NG > T B 7= I BUMAE T >
sy 715 ) 27 BIERICE V. ¥ -BUEIZ—EREST 3 & AFEROHK N
EETH 5, CpG-A s lZBUMAED FF72 1 T L. RIEIGE DRI E W T
HIARF T 2 MR YT CTH 5, AWK TR, MIMES XY FFFo
Yy av 7B 5 PAF & Z OREE O BEEMEZMGE L. CpG-A s & HT7- 7%
B MAE D TF - By — e LCiRtd 200 Tdh 3,
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Fig. 3-8 Overview of sepsis prevention by CpG-A 545 priming. Leukocytes including
macrophages, monocytes, eosinophils, neutrophils, and basophils produce platelet-
activating factor (PAF), which plays a significant role in the pathogenesis of endotoxin
shock and sepsis in response to invading pathogens. PAF is degraded into lyso-PAF by
platelet-activating factor acetylhydrolase (PAF-AH), resulting in the deactivation of
PAF. CpG-A 545 induces PAF-AH from splenocytes, especially macrophages, via a
TLR9-dependent pathway. Although CpG-A, s 1s a strong inducer of interferon (IFN)-
a, CpG-A,5s-induced IFN-a does not affect PAF-AH. CpG-A, 54 inhibits PAF-induced
blood clotting via induction of PAF-AH, and this effect is inhibited by a PAF-AH-speci
c inhibitor, methyl arachidonyl fluorophosphonate (MAFP). The figure is taken from
Yamamoto et al. (100).
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MBI RN LHZICFEE S NS THS S ODN Ihl % —ERET 3 LH)
»%, Pohar HII I NFTIKMEIN TS b b LN~ 2FER Class B
CpG ODN Dtk X Y % b 3% 2 & T, ZNZ N OFSE TLRY Dif
AL IC 3B\ T E 7 Class B CpG ODN D i/NECH! % [FIGE L 72(48, 49), AL D
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eo XS, IREEHED 5 WITENT % CpG ODN OEhEIZ4T L b 44
IN5 Class ICHKFT 2D Tld7 . HHIFFRAICHEEL T3 b Dbz
bb, TD7=®, Pohar LB To7-HifiZIGH L. BT IR I N
ODN [t % HiKd 3 2 & C. ZNFETD Class & 1ZEBR B H 7= 20 A ERR T
5 LBBBEAARTHDEEFEZ D, RKFICOWTIE, SH%OFEL LRI
BHE L7,

4-3 R¥E

ODN-TLRO #RE DGR X, MUEVI Y- DI\ T <, HEEOHIHE ZE L T
N KRG OMEFICHTEINT 5, L L7255, ODN I3EE & ZBids i k17
L7228 L. £7- 1 HJEO ODN 25JEH I S ML B 7 0IE IR & 1T R
BERIET DS, ZOEMIPRIERERFETCHL, 2D72H, ODN
RSP RE~ICH T 37291, ODN IC X 3B OUE & B o il 2 &
W L. HEMHM A 2EAENL Z EREETHL, DL aiyRoH T,
AFFRTIEINT T WNTTLAF—2WKET S, H 50 IFIINEZ BT
5 LGS XN TE 7~ ODN O 7= = FIFlifEZ R 3 Ic 2 - 72, BRI
WU TomY Th 5,

1. Streptococcus thermophilus ATCC19258 @ lac Z iBIn T ICHK 3 % MsST % 7
YanNvbeLTHwRZ LT, BHNLDOBNICTF 74 7F 0 —%E
LT sET A~ ZAOEHRICEK LTz, 72, KET A~ 1T IgE ICHEK
THICT F 74 7F > —%ERTZZLE2RL, BB TLAX—FHIED
TERBEF 2 Gl 2y — A & LTIREL 72 (5 (84)),

2. Class ACpG ODN 235 /] IC PAF-AH #3583 25 Z L 2 F R L7z, £7z. Class
A CpG ODN (% PAF-AH OiEMHAL /A L CHBUMGEMEY 2 v 7 2T 5 2 &
oL, BIED PR - 88y —n & LTIREL 7= (BE=%(100)),

WA, “FIHEZE L W) SERL-bOAERICEEL22H 5, Tk AR
MICERT 2HEREZE T LL 3258, /20 FClmEtRMCEEEER R
BB ORI Y ICABICEMLZZ & I3HLBZMET S22 THAB 5, ODN
X ZOFREFICKE S EMT 282 oMo T3 Xz %, BY
TEICEWTIHSEICEE L7235 & LT, FRIIC ODN ZHM & L 72 HEREEER
Bl A NG Z L IRIEFICEEDIEL V., SEOWRICEHE VT, ODN 25 \HH
CREOHFEE M ET 20D HERY VLD L EHo T,
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