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2-mercaptoethanol
7—amino—actinomycin D

Alexa Fluor 647

o~lactalbumin

Aluminum salt

Allophycocyanin

B-lactoglobulin

Bovine serum albumin

Brilliant Violet

CC chemokine ligand

CC chemokine receptor

Cluster of differentiation

CXC chemokine receptor

Carboxylic

4’ 6-diamidino—2-phenylindole
Dendritic cells

Dermal dendritic cells

Draining lymph nodes
Deoxyribonucleic acid

Diphtheria toxoid

Distilled water

Enzyme-linked immunosorbent assay
Epicutaneous immunotherapy

Fetal bovine serum

Flow cytometry

Fluorescein isothiocyanate
Fluorescein-labeled OVA

Fragments Per Kilobase of exon per Million mapped fragments
Forward scatter
Glyceraldehyde—3—phosphate dehydrogenase
Germinal center

Hemagglutinin

Hematoxylin and eosin
4—(2-hydroxyethyl)—1—piperazineethanesulfonic acid
Hydrophilic gel patch
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Horseradish peroxidase
Intradermal injection
Immunoglobulin delta
Immunoglobulin epsilon
Immunoglobulin gamma
Interleukin

Interleukin—1 receptor
Intramuscular injection
Interferon regulatory factor
Langerhans cells

Magnetic activated cell sorting
Major histocompatibility complex
Microneedle

Milk protein concentrate
Myeloid differentiation primary response 88
Nuclear factor—kappa B
Optional density

Oral food challenge

Oral immunotherapy
Ovalbumin

Ovomucoid
Phosphate—buffered saline
Plasmacytoid dendritic cells
Phycoerythrin

Polyglycolic acid

Peanut agglutinin

Quality of life

Quantitative polymerase chain reaction
Ribonucleic acid

Reverse osmosis

Reverse transcription
Subcutaneous injection
Subcutaneous immunotherapy
self-dissolving Microneedle
Sodium dodecyl sulfate
Sublingual immunotherapy
Side scatter

Stimulator of interferon genes
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Type 1 helper T

Type 2 helper T

Toll-like receptor
Tetramethylbenzidine

Naive T

Tumor necrosis factor a
Thymic stromal lymphopoietin
Wild type



1. ¥R

YT A EIEIT 0T DME—ARAR I T HE THY | EBOIIESCHE LA I T D2 TES
72 EH AL TH D, 1796 - Edward Jenner (ZIV R THID TG CINEY 75 2) DBIFESHUTLARE,
TR IAE T Sy AR AE ) T OTR BRI EHRIC I | Fax DL THMRU 7 F BRI TE
Too LU DBIKIRE L TRRYYEITE AL - FAE LRV IRL TR, VIF U R+ ICHZE TE VRV IR
w EENCRIT DR TIRE L7205 TNVD, SISO EE L2 @ DR L 7 B ITIB N T,
BN DB BN LA - EEAGISEIR IR DIL L B S L7805 TS, 2014 FFEOTRZHMEL ' <2
2015 EDHPHRIFRIHEMRE * D/ T Iy 7 D3FRIRITHT LW BT - R BURYYE O HIER B T =
FEDE IR LT TS | [EIBRAIZR G R AN B DR L 725 T,

FEIE FENZB TV TF A R DORERFEREL 72> TWDRIEEL T, VI F O G HIENRET BN
Lo TWETIZEAMSN TEIZU I F U OREITER A THY | Bk - ok - (R IR L7 IR
(F—= VR TFx—) DBROLNDHZE R AER AR E O Y72 KR BEIEY) OB N N E Th DL
OEMRZRRBER | B ERIECFE 2 LB LT DEINR 2D 55, £ Z THENKE G 7F R
DOEEME R RV ENDHEY 7 F o FIEE LT, FR IR G2 —7 v e LTefR D 77 8455 00 B
FAHEAEL TD,

R &I AE R AN RBRBE D D IR - (RFEL | AR DK SRR MIRFIE, Sk B DR B0 & Aty
HEFHIO LA A R R 5> CD, FIIAMAN DG S, A XT- £, BROKRELS 3 BIHTH
o, BN O A E IR LT A B S FICH FARD IR IR A B TN Ae & o0 A4 B A R AR L A
D HTETHRE LWL T ZAELEL TS, SHIZAEE FOAESTERERLHEHEIZIZ, 0T N
#HfE (Langerhans cells; L.Cs) CELEZRPIRMAN (Dermal dendritic cells; dDCs) &7z 5 f& 1)/ U 7 %
WEEE T DTS 72 S S AR DS FEL TR0 °, FURIE RIS U Cob sk BTk 9~ A (AR i A
HIZB W TR ERE R ZH - TG, FAESTEREEHER T M0 90% LA L2 557 T7F /%A
X, B ORAEBANL CHANIALRTENALI2E DRIEAT 4 =—F =% PEAL, HIRGIEISE D
FEIC Do TND, LINLARBBIERD K TG (Subcutaneous injection; SC) BT Z7F 1%, Zbd

e AN EE A EFAEL RV PRI CHUR DS B SO T8 | B i > T D5 it 42k



T ZENTERY, ETTHMIEE T, ZHOO R S M LV IS LD KR g s AT L% F
MUT B G AN DBRIEIZAE FL 20 VI TF U HURE EE TR LR E L~ LIEE A RER T /S A AL LT
H Ot~ A 7a=—K/L (self-dissolving microneedle; sdMN, Fig. 1A) ® DA AMEAFHML CT& 7z,

sAMN 1, WA CH DI DL - (RE BHE S THY — B L7ca— LR F = — 3R EZ25 ATREMEAS
%, SHOITMHEHIELIFFITHETHLIEND, FERHEIZ T, B TOU I F UM E el 35, £
T8t BRDS B G N DK 5y CrE RIS 27D IEFRRBEFEM OHINRIC D7 520 | F iR LIEICE
F2U 0T KB RIAD D, BEIZERIRIFFEIC W T, ZEffiftk 7L HA (hemagglutinin) HUJA
LT sdMN BUAIDZZ2 ML SC U7 F AATIEHCT 2 A MEZFERIL TvD 77, 22 TEHIL, A sdvN
IR U BB T 7T 2 B E AL OB £ THIL BT 2L, Rtk B2k o3t 328 i - B
AREARILL 72 B 0 BB A = X LDIRIA L | U 7 F LR BB G RO (AN 725
NSRS EIEIRD FIAD BT Y 2\ DR EAT T,

FIYMREICEBNTIE, 2AAT A BRI S 1 (Kyoto, Japan) O ILFENZLD | BKRMES L3yF
(Hydrophilic gel patch; HG, Fig. 1B) ##&%%-BAFL C&7/2 1, HG 1%, 52T 2L EDOHUR
% RENICIEEL . FURR RV 0 IS 275 - HH T 22 L T&E D, ZOREETENL, FEEITNE
BT L IVX — Tk DR R S g5 (Epicutaneous immunotherapy; EPIT) OIS ~ERERLIZ,
INRET LR —FRHRIL A ARE LD & D ek E 2 TN L T, RIZFREAETCT-BAIE,
IRFIEIIMES SN TR, 2O BILBLOZOFEIL, S BICLDT T 747F% v —av /il
DFE A F I 2 TR KRBERAREZ RO LD, BT L ILX — DR O FEAR T e 2 W Ik
S5/ MROJER B S DFRE L | FHEFIEIRIT TP AZ I AR BB AVE Al a FI T HE 57
ETHLN EET LR — R BT DM — DIRIEFIETHD [T LT U fEiilE (BUEIERE) |
DEMT L X —IZ5 L CHREMBAIEASND IR > TEI Y, ZUIT v v s Ui E a0 L3 o0k
WAL T HZET, TLAT NS THIBEIR G E R 2 \TRIRL , S gy (8 R) 23583510
WIETHD, BUTOT VAT @ fRIEIT TR FESTE (Subcutaneous immunotherapy; SCIT) 1240
ITONTWDN, BRSO 2@t A M EET 51300 Tidlel | TGRSR A1 2 e b EBITHER

OB LA R DI EIT0 | BN N EE /2D — AN D D, FTAEE D72 nb oD T )



T4T7F v —ay sl Wolc R SRS R AU LERIELHY | THENME | (2t IR T5, 22
THETERT VAT B GIEELT MAE DT, B &G vTREZRfk N %% kL (Oral immunotherapy;
OIT) "o Tk (Sublingual immunotherapy; SLIT) " 23R ANICIRAALN TE Tz, ZNHDIRHE
1. BB EEFETEDRE —EDENELNDELOD, SCIT EFIRICEERRIRISZ7R0 DI R0
PRI ZEIZNZEL BN Ao T 10 1) IBIZ SLIT IZBIL TER A CTHIRAFIENEHELL, &
TIRREZWI ST 20102 N ZEND AR GO RN FESTHLIRM T L AX —IZBWCHEEIZR 7LV
FUBGIELTE WERO, ZOIORBUREE A CEFIL, SRR REINE RS T O ERT LT
GBI THEWART Vv Va8 TAL, TLAS AEE HG 2TE LT EPIT &2tk

F OB BMEZ B TR DN IR R BRR AFJEI S TIRREL 7,



2. K
£ 1E MNREEEEFRALEERDOFURA DR
F 18 MNHEICKIBERFBEFTEAD_XLDOMEH

TNETIZEEDBIL, sdMN 15 A L7RE D 7 F 5 3 B HUR ORI BFR 722 1Ek D SC D~
F AL L U CHURR R A SE A OFEITEN DI LA MEL T 5, Zhud, REREIChRE
PGB T 7T BIHNC TR ST BRI L (X IR DR OSSR A S M DIl
MR, RENICAAET DML R o Y MR O HEAR B2 7 7 T AN L D3NSR 7e ik g
BTG L TCODDO TRV InEHEZ ST (Fig. 2), BUEITI, BERECFEBL 1 D R D BRI A
(Dendritic cells; DCs) 72y b EFIZREL TS 9% ZH0 DCs 1, KB D 90% &35
F IV AN E O FEIEMEDFELET DV ANIAL T F N EZ Y, Fr/EU s )& (Draining lymph
nodes; DLNs (il 31, MEEY /38, BV RED)) ~oif &I\ T MHC (Major
histocompatibility complex) class Il 24fiBh5y ¥ DI HE EHSE, T MO MEFEEZ LT ZENHES
NWTWD 8, ZZTERIL BT 7T BB OF R - 22 BV DB - B R LA IR 5
AR G T B O i B 33 L OVRI 3K - AR ) &3 & e 10 24 i i s L OV e BESE 40 1 DR E 1S
IO TR | R BT 7 F o 8| oD 52 VAT 582 I 3 2 A IR TR DU EE A (X o T,

[(# ¥ &3]

(BvMn)

C57BL/6 ~7 A (H-2" M, 6 ##in) BLOBALB/c ~vA (H-2% W, 6 #n) 1%, HATZAT/LL —
FR& 4 (Hamamatsu, Japan) LV AL7=, MyD88-KO (Myeloid differentiation primary response 88—
knockout) <7 A (Background; C57BL/6) 134 Y=L ZL3A 4P —E 2k &4 (Kyoto, Japan) 725
B L7z 2 CD90.1 =7 A (B6.PL-Thyla/Cy] @A), CD45.1 =7 A (B6.SJL-Ptprca Pepcb/Boy]J).
OT-1<wA (C57BL/6-Tg(TcraTerb) 1100Mjb/J), OT-II <A (B6. Cg-Tg(TcraTcrb) 425Chn/J), IL-1R

(Interleukin—1 receptor)-KO <A (B6.129S7-111r1"™"™/]). STING (Stimulator of interferon genes) <1774
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(STING®, C57BL/6J-Stingl®/)) 1Z¥ ¥ 27> +ZHRZr)— (Bar Harbor, ME) B ALTZ, IRF
(Interferon regulatory factor) 3-KO =72 (B6;12956-Bcl2112/Irf3<tm1Ttg>/TtgRbre) » 3L IRET-KO
~ A (B6;129P2-Irf7<tm1Ttg>/TtgRbre) ** |ZBEMF/ S A A YY) — 2k Z— (Ibaraki, Japan) 2 BHEALTZ,
ST2-KO 1%, SR ERI KPR FalE EARRIL AN ETAN: 7, ZRHD~T AL, KIRKFK
FREER A TR EEBREMW Rk CHIE LT, ARFZEIL, B O RS LOVE BRICEE T HIEBO AR T A

EIRY L — (AW TEREN) OE B LU 2 U IATV, 2% AV 7T R T TR L 72,

(MN DEH)

sdMN DOESLE, Ovalbumin (OVA, FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan) % PBS
(Phosphate Buffered Saline, pH7.4) I[Z¥AfiEL 72 OVA ¥WiR& ., eERr¥ T =F L7 72 70,000
(Hydroxyethyl starch; HES) % PBS |Z¥f#L 7= HES &K A 1R S (OVAHES = 1:1 w/w) L, ¥AZ/r=—FR
JV (microneedle; MN) Z B JE 3572 DR (O M HER DO M A FF2) ICFRIE LT, 23°CTHICHIEES
W%, arNaAF Uhilg) N A (Chondroitin sulfate; CS) & & Te/KIRIKAE B LIZRY=F LT
21—} (polyethylene terephthalate; PET) —hERED G oH 7z, 35°CTHpITRuBS 7% MN 25 T
PET 3 — BRI B3 B 52 21280, OVA 358 sdMN (B 430 um, #4859 A) Z/ERIL7= (Fig. 1B),
FREAIRR D EIZ T, Alexa Fluor 647 23 OVA (AF647-OVA, Thermo Fisher Scientific, Waltham, MA)
HHUMT Fluorescein 25 OVA (F-OVA, Thermo Fisher Scientific) % 10 pg 7 -2%EH sdMN BIOY
placebo—sdMN (% 430 pm, $H 9 R)ZAFRL -, FERLI MN 137 A= LRI AL, BT 5ET
L10°CLA T ThRAFLT,

BIEEL MN (plastic-MN) OFERUT, SRAMRE LM EZ LRCERROBLC TR L, 77— 2 Thilial
7o TITBYaSE 2%, PET > —MERE0&oE 70, SRAMRIRE I E ICXOBIEZ + 0 IS kS 72 1%
MN Z&te PET 2 —RaRIND0BESE52 81250 plastic-MN Z/ERIL, 7L =7 M8 AFVEIR TR

Ay

(R 5HE)



<A R D EEEXR IV I—THIEL, Epilat (Kracie Holdings, Ltd., Tokyo, Japan) Z%&#iL
7o 5 5312 38 EED IS T Epilat 2L, FTERICBRETE WO LA MR LT, 48 REfHl#21Z, B4R
A (Wild type; WT) ¥ T AZRLNIEIGS F B~ T ADFREE HEE 24 MN % 5 53, o777
r—5—% AT LR AL 7o, sPRRBEE LTIk, BREBW S IC NS (intradermal

injection; ID) &2\ & SC % 50 ul./head CT3EhiL 7=,

(HERERE)

~ 7 AR E R S R 0T 7V r—2—% AT F-OVA 38 sdMN (10 pg/patch) ZBEfTLT=,
BEAF 5 451 EHICKEZEIINL . O.C.T. Compound (Sakura Finetek, Tokyo, Japan) Clifi7-Si7-aHE
MAZ AL, WRIRERITTHRE 7 vy 72 ER LT, 7UA RSk (Leica, Wetzlar, Germany) (Z&V/ES 6 um
WY LT, REY R A se I AR S 721 O.C.T. compound (Sakura Finetek) %z RO (reverse osmosis)
K TERZEL . ProLong® Gold antifade reagent with DAPI (4’,6—diamidino—2-phenylindole, Thermo Fisher
Scientific) & W T DR EAEIT ST,

L (Germinal center; GC) OYefaIZiX, sdMN D\ N SC IZT OVA Z5fEL . 1 %D DLNs
ZAE LTz, XL 72 DLNs 13 4% 3773V L7 L7 ER/PBS ITIRAEL | 4°C T—BEEEL7Z, 10~30%A7 1
— AR NER EHA UK PR 21T > 7= . O.C.T. compound (Sakura Finetek) Ciii7=SL7-a#LIZA
A IR E RIS THRE 7 vy 72 E LT, 74 Aok (Leica) ICEVES 8 um ICHEEILT- KB 2 5¢
IR FLIH 7~ . Super PAP Pen (Daido Sangyo, Saitama, Japan) CYJ &2 A, fEKM— 27 /L2
770 =2V T a3 7R (5% Goat serum, 0.3% Triton, 0.05% proclin, 1xPBS) % & F L.
25°C T 1 A Fa—1a 302012807 mnyx o VIR E T o Tz, TAEL —Z —T7 uyF 7k
2R BIREL . PUEFR /3> ~77— (1% BSA (Bovine serum albumin), 0.3% Triton, 0.05% proclin, 1xPBS)
W2 T i I8 B I A R L 7= Vector Laboratories (Burlingame, CA) @ Fluorescein anti-PNA (Peanut
Agglutinin). Alexa Fluor 594 anti-mouse CD (Cluster of differentiation) 3 antibody (BiolLegend, clone 17A2).
Alexa Fluor 647 anti-mouse IgD (Immunoglobulin delta) antibody (Biol.egend, clone 11-26¢.2a) #Y]H E

23 F L7, 4°C T—MhAr ¥ 2 _X— a7~ . TBST (Tris buffered saline with Tween—20; 20 mM Tris—



HCI, 40 mM NaCl, 0.05% Tween—20, pH 7.4) T143x3 [AI¥EE#EEZ1TV . ProLong® Gold antifade reagent
(Thermo Fisher Scientific) Z VW NTE AL,

WY LT U0 1 eSS (BZ-8000, KEYENCE, Osaka, Japan) (ZJVEIZELT-,

(OVA R {E DR E)

IR JEEFF IR > DRI I ER B L 72 i i 2 02 7 BE (1500 rpm, 15 43, ==3iE) L. [EUXL 7= 1 i o o>
OVA K E Az ELISA (Enzyme—linked immunosorbent assay) (24> CRIE LT, IREET R AFETE
% (pH9.6) 12T 10 pg/mL I[ZFHFEL 7= OVA % 96-well ELISA plate (C96 Maxisorp CERT; Thermo Fisher
Scientific) {Z 50 pL/well T >FFFEL 7=, 4°C T—Mp A FaX—1a 95201280, OVA EFL 7L —h
ZVERILT=, 8%AX LV /PBS iR 200 pl/well THRANL, 37°C T 2 BEfilAL FaX—Ta 35241
FO7 X TR EIT ST, 0.8 AF ALY /TBST Wik AE - CIiiE % 1/2 ke AR L . 50 pl/well 3°
D7y 7 RLER % O ELISA plate (ZHEfEL 72, 25°C T 2 KffilA 2 Fa_X—Ia L7, TBSTIZTH (A
e a1 T -o7-, OVA R 5 IgG (Immunoglobulin gamma) FLiAO#: H 121X, HRP (Horseradish peroxidase)-
conjugated anti-mouse IgG (Southern Biotechnology, Birmingham, AL) Z{#HHL7-, Z® HRP HiikiE 0.8%
A LL7 /TBST (Tl i B (277 L, ELISA plate {2 50 ul/well THRANLTZ, 25°C T 1 B> F =
NR— gLk, TBST 12T 7 | L=, RO KIZTC, 1 [H] well 2% . TMB (Tetramethylbenzidine)
ultra—sensitive substrate (Moss, Inc., Pasadena, MD) % 100 pL/well DU G )ISEIT>T2, 15 47
#% 2N g% 100 pl/well T OWRMTHIETRIGZAE (ESHE, WOLE (R = 450 nm, FlEE = 655
nm) % SpectraMax iD5 A 27u~7'L—R)—%— (Molecular devices, San Jose, CA) THIELT=, 4 lal, W
J&FE (Optimal density; OD, OD450 nm—655 nm) 2% 0.1 LA k@ e KA BRI 38% Reciprocal logs titer &L

THKL,

(MN BERIEBGLICE 1T R EHBBOHR)
~ U ARFET R IC placebo—sdMN % 5 43 fIRE(T. & 5V % PBS %k % SC, ID (2T 50 L. 972

G- Uz, 24 RFREIERIC MN 8BS & 2 WIS L2 B 2 B L. 10% TR L~ U 3R

10



WZIRIE LTz, [EE LTI N T 7 ¢ /@ % fi L, HE (Hematoxylin and eosin) %473 & ONZ
X APYtalTft U7, Pt il L OVREERGIT RLE2 T 77 4 KA T 1 Y % —F (Osaka,

Japan) IZZFEFE LT,

(B2 & R [ o B 14 D B4

~ D ADPREG R REIZ F-OVA 2518 sdMN (10 ug/patch) Z 856+, 251 NNE F-OVA A (10 ug/50
ul/) %z SC HHWIID L7z, &5 E#%, 2, 4, 6. 12, 24, 48, 120 FFER AT ERNLZ In vivo A A—
V74 (Maestro, PerkinElmer, Waltham, MA) THBIZELT-, 7ods, RSB LIFM . 100 msec,

ATV ERE 10 nm (500-700 nm) &L7-.

(RRN T R0 5 RIShHE)

OT-1I = AH K CD4 Btk T M E OT-1 =7 A CDS [ T MilaiX, =7 APl s SO0
DLNs 75 mouse CD4" T Cell Isolation Kit &5V d mouse CD8" T Cell Isolation Kit (Miltenyi Biotec,
Bergisch Gladbach, Germany) %\ T autoMACS (Magnetic activated cell sorting, Miltenyi Biotec) |2k
DHBEL 7=, AR 2 x 107 cells/mL (2 20 uM eFluor 670 in PBS Z#&HEE 10 uM &7 5 XS HRANL .
LT 10 A Fa—a 52 TEEML 7, ZhOoOMiEE C57BL/6 T AIZ 5 x 10°
cells/500 pl FoBEARMNEXG-L, #HIZ OVA £ sdMN (20 ug/patch) ZHEAF, HDHUNE OVA Bk
(20 pg/50 pL) T SC L7z, OVA £/ 6 4 Hi%, ~7 A% DLNs Z B L eFluor 670 0 58 B O

SR | Z A AR D4y Z4sEEiE A FACS Canto 1T (BD, Franklin Lakes, NJ) & CHTLT-,

(FACS fi##T)

~ U ADMgE DLNs Z[EXL ., 1 RPMI-1640 HHIZIREL 72, E' 2ty MCHEMIkA TERE | 2 o2
FTART ZADTa AN 3 %A > TT VO 50T, MilufdEi%z 70 umdD~7 ¢/L4—(Zi8L, 1500 rpm T 5
Sy R DAY BE AT T, BIEE G ERZE1% . RPMI-1640 T FIGE LA S Z 5HRIL 72, 1x107 cells/mL {2

FHEE L7 AR R 12 20 pg/mL @ Rat anti mouse CD16/CD32 blocks—Fc binding (BioLegend, clone:

11



93) ZUNIML 4CT 15 HyfArFa—Tar Uiz, MK~ —V—DOh 7T NEGt vy 77— (2%
FBS (Fetal bovine serum), 0.05%NaN;, 1 X PBS) [Z8&#E L, /K T 30 s3fAFaX—TarLiz, Jefal
TR, 2 D oTBE (400xg, 577, 4 °C) LIcRYet Ny 77— CTREEL7Z, FACS Canto 1T (BD) TH
GAIfaZ ML, FlowJo Y7ty =7 (BD) &ML TT —2 L7,

% DCs V7 By MEELOMMTIZIX. FITC (fluorescein isothiocyanate)-conjugated anti-mouse B220
(BD, clone RA3-6B2). BV (Brilliant Violet) 510—conjugated anti-mouse CD326 (BD, clone G8.8). PE
(Phycoerythrin)-conjugated anti-mouse CD103 (Biol.egend, clone 2E7), PE-Cy (Carboxylic) 7-conjugated
anti-mouse CD205 (BioLegend, clone NLDC-145), APC (Allophycocyanin)-conjugated anti-mouse CD207
(Miltenyi Biotec, clone caa8—-28H10), 7-AAD (7-Amino—Actinomycin D, Beckman Coulter) % FHVyTH:
w2117z,

PURRF R T M o0 53 28 FHICIT, FITC anti-CD45.1 (BioLegend, clone A20), eFluor 450 anti-CD4
(Thermo Fisher Scientific, clone GK1.5), PE-Cy7 anti-CD8a (Thermo Fisher Scientific, clone 53-6.7).
V450 anti-CD90.1 (BD, clone OX-7), Zombie Green (Biol.egend), Zombie Aqua (BioLegend) % FH\>T¥
BEIToT,

PURKF A T Al OTEHE LB L OV5kiZiL, eFluor 450 anti-CD4 (Thermo Fisher Scientific, clone
GK1.5), PerCP-Cy5.5 anti—-CCR7 (BD, clone 4B12), PE-Cy7 anti-CD62L. (Biol.egend, clone MEL-14),
APC anti-CD127 (BioLegend, A7R34). APC-Cy7 anti-CD44 (BioLegend, clone IM7). Zombie Aqua
(BioLegend) % HWNTYeta%t1o77,

72 BINHIETRTO FACS FURITIREMREFHI IR E LT m U722 B CE L=,

(REHRN T M0 EHIES LURME)

OT-Il vV AD Al F5 L O DLNs Z Bl L, mouse CD4" T Cell Isolation Kit (Miltenyi Biotec) % >
T autoMACS  (Miltenyi Biotec) (ZLVHEEL 7=, ZHHDOMfE% C57BL/6 T A2 5 x 10° cells/500 pl
FORFIRANESG L, BHIC OVA 3 sdMN (20 pg/patch) ZEEAF, HHVE OVA %k (20 pg/50

ul/PBS) T SC L7z, OVA ##Z 5 1 % ~ 7 A7)0 DLNs Z[FIX L, FACS IZ&0 & A OT-I1 i o>

12



TEMEAL - 23R BEA FACS I KO FEMTL 7=,

(% DCs YTty FELDZEIL)

%% L7- BALB/c ~ 7 ZA DS ERZ &2 placebo—sdMN, OVA #4# sdMN (20 pg/patch) % 5 4y Ak
. & DWIE OVAIEIR (20 ng/50 pul/PBS) % ID & 5 \WME SCIZ TG L7-, 24 B IC~ T AD
DLNs Z[EY L, 4FE DCs %7 v b DIF(EEIE % FACS (T L7=,

PUSHEHEAMA O AT ICIX, AF647-OVA %51 sdMN (10 pg/patch) % 5 2y WAGST. 3 5T AF647-
OVA ¥&ifk (10 pg/50 ul./PBS) % SC L7z, 452, 6, 12, 24 Fffij#2124~ 7 A D DLNs & #RIKFIC

FY L., &5 DCs 7 v ML= O AF647 4 FACS (2 Tt L7-,

(RNA (Ribonucleic acid) ¥ —4 > X1 & U RT-gPCR (Reverse transcription— Quantitative
polymerase chain reaction))

OVA %538 sdMN (20 pg/patch), placebo—sdMN, plastic-MN (L, 48 FERIRTIZERE LT~ T ADEER R &

H

(AT V=2 —% AT b BTz, BlSHREL T, BB EAIEIC OVA B (20 pg/50
ul/PBS) % ID &2 X SC L7z, #fE 24 W& ICHE AL O B JE 2 [EX L . RNA later (Merck
Darmstadt, Germany) (Z{Z{&L 72, RNA filifH36 JOWERER S R BUMNT (RNA > —7 U R RAT) 1.
KRR F AR e TR G MIEG B 2 — 5 ) AT EIC R FE LT,

FERILE OO J7 [ & MN BEAF 24 BRI O R 8% Bl L, RT-qPCR 21772, [ L7 52 Bk I%. TRIzol®
Reagent (Thermo Fisher Scientific) (ZI2{EL . IREYVF AV —THIE R DA LR AR E FTH# LT,
randV LERIML, &L (17700xg, 10 47, i) L, LEEEILZ, Y73 —/1R0 80%T4 ) —
JVEIRFIL, FFONRL 52 LT RNA Z7LE S RNA #iH 217572, RNA % DNase | CULEEL =%, Super
Script III Reverse Transcriptase & FV 725 5 [ ita 1240 complementary DNA (deoxyribonucleic acid) %
Ak L7z, 2D complementary DNA %7 7L —h&L T, RT-gPCR % TaqMan probe (IRF3, IRF7, MyDS88,
STING, GAPDH (Glyceraldehyde—-3-phosphate dehydrogenase)) % AV NCHEMiL 7=, ATIZNIEM D b

— )L Cdh% GAPDH T7 7L —h® DNA &%V 7 /LB THIIEL , Intact ORI ELY | LLIZHGEDOF
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BB LT,

(#5321

(sdMN ZREfFLI-RBICH 1T HRFEE S S UHEGFHEL)

Al BT 7T S A NPDRR D E B L A XTI R 1T DAPL Yetall DO IFER A fRiEic,
X REEERIT, XTI RE ORI —FNHESN U CTAE T RS 2 FERE I, 45 % DB
WU, ~ D ABRFBI A B AT L7z sdMN 1, BEfF 5 43 THNTERITHEMRL | $Heimii B ES
NI-HUR (F-OVA) %R EN~EEETE (Fig. 3A), SOICEHPURIT, AX- £ A BLOEL 8
IZHRWTBIESNZZED D, sdMN & W53 LCs <2 dDCs 238 E 2 RTE T DR E R 8 I HUR
ZALTERREIR T AR THDLIEDRSIT,

B2 g NI G- ST LR O BIE A R R IR LT L 2 A IRICHURIRIR A TEAT 5 SC X, # 5
BRSO THIR S DE LR EEAMEL, 5 4 Rt 12 ETIZEOE N ERITIH R L 7eoIzx L (Fig. 3B).,
R 8 \ZHUFVAIR A TEANT D ID 24T o128 B 12RO T, SC Sl L CHUR BPE I TR -
6 WFHI % £ CRIZISILZ, sdMN ICXDRR R G- & 7o BOEAERR BRI S . OARD ZERIFLAIT IR S, B
IR o TR 2 IR LT, el 48 BRI ECHOEA RS, P Gk B L Cheh R g N
WRTEICEND Z LML IR ST, ZHUE, sdMN ASEERIUAEICIH0 B2 BN ORREL) 2 K I3 S LA RR
LARNZ R0, sdMN OFEIRIZ L DHEMEDY OVA VEREE DDA BT b L | IEHGEE DK Rz o7enio7zl
EZHD,

sAMN BEAHH4IZ 331 2 2 fE ORI ERIRE &1 T o728 25, SC BEONID 1IZB W T Intact LKL T
BEE R EALITRO BN o7z (Fig. 3C), sdMN BEZISUNTIE, AR R RIS S ErERIAE (- HhEk, U
VAERBIOw/nT =) OREBBIEISI . BIERRIENE I o QWD EHER SN, ZORAEIL,
sdMN % B FFIZ BG4 29 BREO7Z2 RIS PRV 2D | SR E O RITIE R 3Dl RetE s B 2 bz, £
2T OVA % sdMN H25WNE SC IZIV G- LHUE R S B2 GURPE AR HREZ Al L 724 25, sdMN Bl
SC BEL i U GRS TR D 22 PRl A R L7=2EM D (Fig. 4), sdMN (IZEAENT-HURRELE T a7 7 AL

(I, BN TOBURIRE PEF LISV B S LI HURR A OB, sdMN BEFHZ J > TREES
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MBS JAENZ LD PG W AENE DCs OTEMEAL, HURIRVIAZ )= LR OB 53R ST,

(RBRN T Mla0EHEIES LUME)

OVA %)% 755 4 H# O DLNs (235175 OVA FEELHY CDS' T Al (BB OT-1 Mifid) 3L OVA FEEL
) CDA" T il (A OT-1I Mifd) D4R EHE IR L7=22 A, sdMN BRIV T Mifaicis T
Sy EMEEE DN AL, SC HEE R L TH B DL WHERANEEINL 72, 72405 sdMN FEZ, DCs 725 T #fifid
~OFUFHRRN N TTEL THDTEa A BE LT (Fig. 5A), /348 EL 2B A OT-11 MilaoiEHE(bis

SHLIRBEIE, B~ — I — ORBFENTIZ L LB L -, sdMN Z VT OVA 2R G L5E. B
A OT-II #ifdo> CD44 (T s AL~ —7h—) S E (CD44™") DOEIEIL SC FEL L TE,
PURBE R 25272 T Ml EM LR IBIC D2 A R LT (Fig. 5B), IHHEALLIZBE A OT-11 Ml L& i
~—#—IZXY natve T (Ty; CD44"", CD62L") #Ad, effector T (Tuw; CD44™", CD127°, CCR (CC
chemokine receptor) 7°) #lfi, effector memory T (Tpy; CD44"™", CD127', CCR7) fific, 3L TN central
memory T (Tey; CD44"", CD127°, CCRT") MAEIZ/r W L7z, Intact #EIE, BA OT-11 FHIZDIZEALE D Ty
MR D KB AR UT=DITKE L, sdMN FERS KON SC HEVE Ters MR O KIEZ2INAFRD B2 (Fig. 50),
B OT-11 MR 35T 2 Tere MIBAOFIG1Z, SC FELDD sdMN FEZIBWCEK, LSRR Z ST 72 T
B3R LS Tope MIBAANEMELT2ZESABDE 20T, Fiz T MilaY7 &y M RN RLE DT IT

(3508 Ten ML~ EZNRITIBN TS sdMN FERMEAL TV e, LU EDRERID | —REEILEIZB
TIEEEN~OHUREE (sdMN #E) 23 F~OHURE G (SC #E) J0HHURSFHA CD4 B Ty Ml
XN IBAEL  PURARR B CDA Bt Tere ML OB IS L ONEMEAL AR T T2 LD RIS,

(GC DREAL)

sdMN &5 ML SC 12T OVA Z5fEL, 1 HE#IC3105 DLNs @ GC A4 EBaMEEIc TRlIZ L,
DLNs OFMAlE pre-B (IgD) #ifld () BEONT Mifla (R) AWiFEICIW TS, T MfdsEiids &
O B Hifa e 2 e Cdho7=, GC (PNA, #%) 1T sdMN BEIZOABIERSI, REX, FbbITHRL QW

(Fig. 5D), §72% sdMN Z WU 7 F 30k D SC UI7F o Ll LT ARBLFMERUR D 1720
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T PURE DO RUE DD TE O m B R EP AR O PE A 23S CX DA et 2R L TR R A R IO 5
WTEWI I T U B ERIETHEE 2 BT,

(% DCs 4Tty FHELDZELL)

PR BE G- DU N SC 1TSS DCs H 7w b DLNs IZBIDIEEEI A%, MK~ —h — &5
(2 FACS fi##rL7z (Fig. 6A), HEHEU RENIHFAEL TWD YL HiHEME DCs (CD8a” DCs, pDCs
(plasmacytoid dendritic cell), Other CD11c" cells) DFFFEHIL, K GHICB W TEITRO LN
Intact L[FAISEDFEEIE ThoTe, — 7. BKIFHIENE DCs OAFEEIA I Intact & SCIZBWTAFRIFRE T
BHoT=DIZHIL T, placebo—sdMN LT OVA-sdMN (ZF W\ Tk, FRCR B 1EME DCs TihD LCs B
Y CD207 dDCs DOIF(EEI G B L= (Fig. 6B), 2T, FE#EBIC PBS IElZTEATS ID £
ZEkr. B g AENE DCs OWEEREZ R L 72224, placebo-sdMN E[AIA£IC LCs 3L TN CD207 dDCs &
FAEHL A ZITHIINL 72 (Fig. 6C), LA EDFERIY | LCs F8LT CD207 dDCs D A5 DLNs ~DilE
ETTUROLIAA IR ERBIZMN ZHWTERIT 5, HOVITIRIRZFEATH, Lol
P o T ES U2 FTREME DS RO &35 X DTz,

I, BB EL TEz DCs MR G-SNTHURZHRL TODeHiL 7L 25, SC 1Ty o
DCs H7 &y MZBWTHOHURZHIIEL CWODMIIANFEAE RSN /a 7= (Fig. 7), sdMN X ID
TIH#EE 2 B2 TO DCs H 7y MZBW THURIHTEHIRE O3 ZR HL, FEERGEIZ s
b T T 5707 7 AV ER LT, £72, sdMN 1% 1D SHERL THHUFHIE R ICEN ., BN TO
USRI IR B S AR DCs OPUREWIAZRLHUFIHHE 23 TLIHEL DLNs ~O £ Z o7 LHEZEL
720 F72\ sdMN DG I TIEIE LIS LA 2 o 72D oSBT FFENE DCs DSPURZRRFL T2 &
B, PURHHE LR (M DCs 23 ~EiHLEME DCs (ICHURESZ T ATREMESC, Vo VE &l > C
PURDS DLNs ~EFRAT D RIREMED B 2 LT,

(RBRFICE1THBEFRERI
S 24 REHIRIZH1T 2 B NG TR B A B AR I AT L 7L 25, SC BB L TN ID BEIZIR W T
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I% Intact FELFEIEROBIR TR T 0AT 7 AL DRFRO BT (Fig. 8A), OVA-sdMN, placebo—sdMN,
plastic-MN (23 TIE, FEIL BB B Z— % 7R L, OVA-sdMN BEZIW TR 650 OB
FHBUENE K 350 HDOBARF-HEUK F RO BT, ZNHDORERLY | B FRELAL B OZEXIIHL
JR O HEEAT M35 KO RN DB T  MN & B2 R ICHE D W) BRI CH DT LD RIS
iz, SOIZT T T IVIENT OFE R RIEFRAL~O HIMERFE 5], Alarmin 238585k 35/ 2 — @B 21K,
DCs DR, B 5K - IRF OIEMAGIZ T 59 018 s FHIICBE 28 8L LR R0 bz (Fig. 8B, O),
R R BRI 8 5 725U C RT-qPCR Z WU T —Taradoiz, MN Ahff 24 Bef%
(ZFUWN T, FRIZ IRFT OBn RS RN AL E L L L TRY 10 L Tz, Z oMt Alarmin 5858
PRI ICEHEELI41LD MyD88, STING DR IUTLEN RO B, #F K - IRF3 (2B TIZELL R -T2
(Fig. 8D), ZNHDifii Fld RNA 2 — 7 AT Rl —BL TRY, 7 — X DEEWALHTLNTE,
LU EDFERED, MN WD 7T 2B TE, MN BEEHT AP BRRORIIE (R SRR G E) 12
F o TR G DRIEMEY AR A =0 Alarmin D3PEA « 53 WAS AL, ZHUHDR 12 L0 E T - HERE TS
HEL72 LCs B8L N CD207 dDCs 728 D R F AEME DCs 3R 72 HUFURE B S 28 I DR B % 5L

TWbHEEZ BT,

(MN &5 ELEFRIZHF ST HEAFORE)

AT L72 K JE N OB AL T R BLE B OfRITIZ BT AR TR B~ RO S~ -8R 5
K¥ IRF3 &, ERABROLNZEEE N T IRFT, IL-1R, MyD88, STING, ST2 2B\ T, TNFNDEIx
FHRBEHLNIERANNR T2~ T 2% T, MN B2 I8 1T PR EAE TS e 27 L 72, IRF3-
KO <A, IRF7T-KO ¥ A, MyD88-KO <7 A, ST2-KO ¥ AIZ MN ZHW TR &5 L= A BT
(X, WT DAL L CRBROHUAFEAE 7 07 7 A VR R LT, IL-1R-KO <7 AL LN STING® =7 &2
BOTCIHURMORE RO SN (Fig. 9A-F), SC hOFUKPELE T 07 7 ANV EBIZET HL, IRF3-KO
TUABLO ST2-KO w7 RIZBN T, WT LEZFCHUAMA R L2, DFED sdMN H5UE SC 1Tk
THESNDHUAFEAEIZ, IRF3 BLOST2 OF HIT/hSWEHEZRE T, IRFT-KO =7 2B L MyD88~

KO =7 AIZ SC L= A, WT =~ ALl U CHUAME 23R 12 B R L7=, IRF7 DU\ % MyDS8S (280
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T, fEDNC AR GIE BB 535K 1 Ch oM R IS & &R 8 2% b - QD0 Tk
PRODEHEERES N, IL-1R-KO ~ T AIZEWTIE sdMN E[RIERIC SC TRV CHHUAPEENBE L2 &
25, IL-1R ORIV FURIZ KT D~ T ADFUGHENGI 72 o T2 ZENER EE 2 LTz, LA EDZEND

NIZRDEN TS IEFHE N RITIE, G F ISR A Alarmin BSAKET Y 23 hELTSTING
IMERL QLD ATREMEA RSV,

F ARG T~ AT T DRI A OB VA HUE R T M4 ZU8HIC LML
72o IRFT-KO ~D A%, CD8" T MO LU B 227 > 7b DD CD4' T Ml D 4y S8 5T WT ~o
AL TIHBNTAR T L, IRF7T OXIRICED T Ml ~OHUFIRRAENNHET T D2 &ML oT,
T 7205 IRFT ORBUTHRALHIRPUREE AT BEL RN OO | YIS E IR A 31T DHURIEAE - TEE
{EDME N T2 REMEDE 2 BTz, BUE, ZOMOBIRFUE T AZBIT LPURFFRA T fifnon 5y R
LA FE DCs OWFEREIZIB W THIHMIIL TV, MN B HIZEVBIE SN BN T T4 7R 0%
fEICH B2 RN T ORIEEHED TD,

[E%]

BB SNHURICRT A P BB, U7 Fr O E R TIEEDO 15 THS ®, sdMN % [
WIRREED I F D3 GERD SC U7 F 2 LB THUREE AR EREICE N D ER LT, FE 1L T Mo
AV S—REREDNHES L TND T E AR LTz, ABFZEIZISV T, sdMN (28D BN ~DHLF L, SC
EHHZL T T ez 2h R LA TR L L S ARt 52 LBt a7z, F7z sdMN BETIE
TEMEAL L7z CDA' T MAIIAEY —T ML ~D /32N T LTI | IR BRI 31T D905 SO &
DHGENDIRINCER TEDHEZZDND, IHIT sdMN IZL B £ 515, DLNs 125115 GC O #ED
fREELT-, GC (Zid. MMM IUAZ FEA T DI E M MEEL | [F—HUR O FHR AR L CRUED D78
INTIRRARZARIMZHEBR 2% F A5 TS ¥, £72 GC OFERCOMERFIZIE I~/ X—T (Follicular
helper T; Tth) e GCB Ml O EAEHNEIE THLHIEAHBILTND ) RBFZEIZFTIL, Thh
R B MO REETT74+n—F 5208 TET | SBROMFHRE TITHDbDO D, sdMN (28> TRIFIZHT

[R5+ 22LT T MIOTEMALDHUAPEAEICE D ETORIFICEDELCRE N KT HZLAVR
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iz,

T MICHURIREZ1TY DCs 72y hELT SC UIF L TOHUFMERICE 5 LW & 2 HD K E
HAEME DCs 23, RV 7 F 2815 T Ml ~OHURIERICBEG L TWHETRLTZ, sdMN Z v 7oig
FO7F Tl R IZRAET S LCs =2 CD207 dDCs DA DLNs ~DiE A [ ESH T, &
JEETEM DCs 1%, #IZANANG0 BRI 2 TNODT280 | FURTEREEDS B W ENHE SN TR,
DLNs (28T LCs LT CD207 dDCs AHUREFHHEL T2 b, 2o it mmlin s LT
REL TWDATERIED @IV, A1, B E-SIVHUR L E HTEME DCs OBNREA AN 5, SHICHURIR R
M s L THERET % DCs 7y Me[RIET 23K, &l DCs Y7y M IRBYI T VE AT REZe ~ 7 A%
MR CRRZT 7 F 08 T MR~ DRAEICEN D50 2R SR Z AL TOETZLY,

Bz & HAENE DCs OWEAEIX, FEFEIC MN 2220142 LW OB BRI IS f > CREE SN B 2 DT,
— ARG OMIIRSE S AT DL X A=V %S T T RS Alarmin EFEIZAVAEE R K123 H
&5 %, Alarmin ZNEIPET ¥ 230 hE L CHRE I IEBLT 2 B AR S RICE R L TEPE(L - Ak
AEARL, -1 1L-33 Lo Te RIEME A NIA L ZFEATHIENHRESIN TS, sdMN 2 EIZAE R
LI AICBWTh, —RFICEEMEFESINAHZET Alarmin 3L, 2D RIAT— 720 B2 J8 H A
PE DCs OTEVEAL - (AL 2D | &7 5 DLNs ~DilEEATTHEL TWDHEHESR LT, 4 MN & 5.#123
\F 5 52 AR OB AR TR BB A BRI RIT L 72 L 2 A, W o MN 2R W T Toll B2 A (Toll-
like receptor; TLR) oA 75~V —LDKERK 22 737 & . HIFE N DNA £ —7¢ 8 Alarmin Z385%3
DA ORBENEEZ I LFH LT, 37005 MN #512X0 B ER LB S 0207V niht
JFARR OB LPUAPEAREDMRE T G- L TWD A EEMENZ 2 billz, £ T, Bin A~V A% AW T
PUAPE £ 75 RE-CPURAR A0 /0 S A FTM L 7 2 2 A BR IR 10 MyD88, ST2-KO ~ 7 AIZE T Dt
REEAIL WT v U RERRRE Tho7cZ b, BB 2 4 ICRBSETEL T, ZOMOZEK
RTETH =T BB T 2N LT T IVAN BRI S TODEDEHEER ST, FT-ARBFIEICIHBNT,
STING MERLD 7 F AN D5 EHHREIC TGN REVEIZ LB 2 DTz, STING 1%, DNA 2% ¢GAS
(BRfK GMP-AMP B plliE3R) EibG 22810 k> TEMEILT 2, 1EME(LL7 STING 7% TBK1 (TANK-

binding kinase) *DOFHAEM L. FiOEEE K+ IRF3 Z21EMALL 1 Y IEN OREAELZIHES 5, F/-RIEk
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LU T, NF«xB (Nuclear factor-kappa B) {&KAFMI&H DT IRFT ARIFRNZRIEME A NI AL DFEAES L
HZEBRESNTODEN, T OBEITARIZALN TIN5 ¥, A\ RNA > —7 L ADFE R, cGAS D%
Bl EABE e ROHERESN 20, DO 7 I LA sdMN I EDHUARPEAIC F 5L T B AT HENE
bEZLNT, T THAET 2 13, PR EIS AL U THURKF A T M5y 250l £ AT 12 L0
STING DF HZ2AFAEL T\ D,

AWFFETIE MN ZHWfR D 7 F A K0 FEH S5 B 36 KO DLNs (2361 D908 A~ b it
EATHZ LTI B IEISE T H AN =X LD AT 7oA I fF et § 5283 T&Ez, 2Thb
DRIEGEE TELN R REL LT, BUEEE DITE—E VR RLRYA D 2 F L 238 LT sdMN D3
{EAfFZEEHEREL THD, WHO % L& 2R A AR FH ] 0D i #& BRI L = Bk CE D &I L T g, S
DICARFTEa R RS EHIE T, FEDOHURIE RIS KT T 2B Y — 7T 4 71 LD A I PE TR0 R
BRNPESUARPEARIZF 545 Tth #iAE - GCB A0 53 LaE BHRAME I LD IR E AT BV DYILRIRE | &

SIRDAIMIE 2> 7= R ARAGR B2 T 7 D BIFE I D721 TET2ny,
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F2fi BEIIFVRTOANVIDBERELIURSHEHER

W77 T BF O FE LI COMEIL, 77 F v BB L OB EIEE X 228285220
B L, 22 LTS B MR DIRE CTh D, HEHIITNODORIBEA IR 57K EL T, R 7F 85
(RSB A IR SR CE DTV a U MDA EERILTZ, 77T AN ET Y 2 hOPEH I
H<PHEEHRINTEY, BIIE A TIRAIESN TWAY 7T U ORNEIET VaX R L TT A= A
#i (aluminum salt; Alum) 23SV TND 20 Alum 1 X727 F U KRR A072 166 PUIRPEAFEREICR T
H05, MR G ECR A IgE (Immunoglobulin epsilon) HUAREEAR (TLAF—IE) EWVo7-REITER O
FlEELRD P FIKITRE THHZENE sdMN ZiE LR D 7 F I~ O TR TH S, L
7o T, TV a UMt A UT- R D 7 F BRI O BT TR, B 512 Lo TT ¥V a U NEMEZ S 4E
TEDGEME 2T \TRER - FE L DI E D22 R - 0 R EAT & TS PR DR 2 X%
VBN D, T CFA BRE TV a\UMEMPEELTHE B LIZOM, BIRE LESE DA —
ZIZEER TLRs (ST 2DVH R ThD, BUEBIFE P DT V2 bdZ<iE, Z0D TLRs ZFENELTZ A
YROGTTHD B, ZIVETOR e I EIC 5T TLRs ORECT 7T /LR AN i fig B S
NooHY, SHITHR 7RG — 272D KO ~T ADBRGBITHITWDIZe 1 TLR U Ry 1%
TV an L TR AL S 25, T2 TEZIL, IV E LTS 850 5L L 0095 [0 BRI
IS FLIAD | 0% R S BRI 3 I AT EZR T 23 he LT TLRs 12k BUA U RE NI AI ) —=2 T %

L7,

(MHEIUVEE]

(Bh¥n)

CH7BL/6 v~ A (H-2" Mff, 6 ##n) I5ELO BALB/c v & (H-2% M, 6 #Hin) IBSILO~NTL AT R
(HR-1, Background; BALB/c) (X H K= 2T /L3 — RSt LVEEA L ', TLRI-KO (Background;
C57BL/6) 1ZA V= ZNARAF P —E AR SO LTZ ¥, CD90.1 vT A, CD45.1 vV A, OT-I
<A, OT-II DAL, V¥ 7V TRTR —nbiEA LT, ZhbD~T AL, RIRKFO ERE Y

R CEE LIz, AERIL, B OE# B L OEBICB T DIEEDTART A LR 2 —ITHDWTHEERE)
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WIS IO YNIATU, 2% AY 7V T FREERN R CTHEMELT-,

(HG M ESLE KU OVA S8 HG DR

HG OIERIT a2 A AT ¢ SRS L7z, 727 ) L—y/E= e r ) RULESR, e7
Na T NY L HEEA 7 FIART v VR % 100 @ 45 @ 30 @ 0.2 OEBEE LE CHfE =TV
/T MATERL, RV =F LT L7 2 b— MR T A L AIZJE S 200 pm TB L L7, BLY
— k3R 30 4[], 80°C. 15 Zr[MIEHE L CHMIAB 2 8 %RET 25 2 L THG 285 7=,

K= R OVA (<1 EU/mg) 1%, JREZ& 7K (Distilled water; DW) [ZTHERESMF T T 143
pg/mL AZFREIL 72, HG (B 1 ecm M) (270 pl 994 FL, ZV—0 XU FNTHOICHBRIEHZ

&T 10 pug OVA 2881 HG Z2/ERIL 7=,

RBEHE)

~ AR G DBE BRIV —THIEL, EpilatZBAF L7, 5 553112 38 FED R T Epilat 230
L. ERICRBETE VDI AR L, BT 48 KiE#£12. OVA % 10 ug/50 pl/PBS, Y77 U7 ks
Y AR (diphtheria toxoid; DT, —fMHEN BRRBAEDTEIOHEE) % 1 pg/50 pl/PBS,
A/California/7/2009 #RkHRDA 7 VW HA FUR (—KHENEN  BRRIRAED IR TE 2 L0 L)
% 10 ng/50 pL/PBS (CRREE L7 ¥sithiz . BRETTHEEIZ ID HDUME SC Lz, EHIZ OVA (10 pg) & HA
(10 ng) DIRATRIEIHDHNE OVA (10 png) & K3 (20 pg) DIRAIEITE FIAEIZ, 50 uL T OFREIER S
(2 ID HHVNE SC LT,

TV 2N MDATY == 7 EBR TR GIEL L T U ABRFEAT U IZaAAT ¢ BUSER A
DFLIT/ERITEV 2 PGA (Polyglycolic acid)-MN (B2 1 cm, #HE 300 um, #+4& 481 &) &M CTZEH]
LETERL ©, AFET 23k (Table 1) AT N2, 00T OVA (10 png) 2EIE HG % 24 e
4% poke-and—patch {EZF2fiL 72 (Fig. 10A), ARERTHNZT P2 MG BT ERYUEY 7 F
OV T DI THOON QWD BE B BICHRE LT, £72 K3

(ATCGACTCTCGAGCGTTCTC) Darha— L ThdHAZZ 7 )ViZEE (Scramble;
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ATGCACTCTGCAGGCTTCTC) % K3 LRIHEEFEH L=,

(R R 44 0 RIE)

MR EE FH IR 357> SRR 9L R BR U 72 Mg 1305 0 (1500 rpm, 15 4y, ==3E) L. M4 B L7-, M
OVA R BIOFURM OBIE L, ATEIZHEL TfTo72, HA BE O DT FRRABUAMGTOHE X, ELISA 1285
THIE LTz, IR NY MEEHR (pHI.6) 12 TENEIL 1 ug/mL HHW T 10 ug/mL (ZFHFEL 7= HA $5
VW DT % 96-well ELISA plate (Thermo Fisher Scientific) (Z 50 pl/well 3" >#fEL 7=, 4°C T—WoA ¥
2= g P HI LD, B LT L — R 72, 8%AF ALY /PBS A% 200 pl/well THRML .
37°C T2 WA FaX—Tar L, 7ayFX o ZABEE{T 572, 0.8%6AF ALY /TBST Wik 2 TG
% 1/2 385 78R, 50 ul/well 3527 w3 7 WLE 4 O ELISA plate [ZHEFREL 72, 25°C T 2 B[/ %=
N—g LTtk TBST (2T b [BIEH 21T o7, HURFFRT [gG LW gG #7777 A0 HIZIZ, HRP-
conjugated anti-mouse IgG, IgG1, IgG2a, IgG2c (Southern Biotechnology) %1 L 7=, Z¢® HRP Hiikix
0.8%AF ALY /TBST 1 & Clcii 2 FE (2 AR L, 96-well ELISA plate (2 50 plL/well THRINL 7z, 25°C T 1
RFfH) A F 2" —aLic%, TBST ITT 7 EEHL7z, RO KIZT, 1 [ well Z¥EH#% ., TMB ultra-
sensitive substrate (Moss, Inc.) % 100 pL/well T ORI A ILEIT-T2, 156 731 2N Hilig% 100
ul/well TOWRMTHZETHIGEF LSS WIEE (FHEKE = 450 nm, Al E = 655 nm) %
SpectraMax iD5 v A2/ L —kJ—%— (Molecular devices) CTiHlEL7=,

F72 OVA Fr8fY) IgE HURMMOMIEIL, LRRLFMRIC T mydx o F AT o7 0.8%AF LIV
/TBST ¥Rz W TIiEZ 1/2 8@ RL, 50 pl/well 3507 w7 4LEL% D ELISA plate (ZHEFEL
770 4°C T 2 B A ¥ aX—a Uizt TBST 12T 5 [HPEF L7z, 0.8%AF L3V /TBST A A H
T, Biotin Rat anti-mouse IgE §iif&% 0.5 pg/mL I[ZF#EL | 50 pL/well T-OIMLIZ, 4°C T 1 KfEl A%
2= g L% TBST T 5 [HIPEHL, 0.8 AF L3127 /TBST 1A AW Cho g E Ic AR L7-
Streptavidin-HRP % 50 pL/well 2L 7=, 4°C T 30 /3 A > FaX—aLiztk, TBST T 7 AL
770 EHIZ RO KIZTC, 1 [A] well Z1E#% . TMB ultra—sensitive substrate (Moss, Inc.) % 100 uL/well 95

WIS ZAT T2, 15 0% 2N Filk4 100 pL/well T OWIN$ 52 TRIGZF IESE POt (E
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W =450 nm, BIEEFE =655 nm) % SpectraMax iD5 v A 2717 L —kJ)—&— (Molecular devices) Tilll
ELT,

AR (OD450 nm-655 nm) 1%, 0.1 LA E @i KR53 % Reciprocal log, titer SL TR LT,

(REEBIVERY—OER)

< AR RS L H A R &2 R L, 0.5%dispase g ¢ complete RPMI  (cPRMI; 50 pM 2-ME (2-
mercaptoethanol), 10% FBS, 20 mM HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid), 1 mM
sodium pyruvate, 100 unit/mL penicillin, 100 pg/mL streptomycin and 0.25 pg/mlL amphotericin B in RPMI-
1640) (ZiFA 7, 3TCT 1 KA Fa—var Lictk, REBIOEREAE By MITHBELT, £
B2 =i, 0.25%trypsin 5L 0 0.025%DNase Z & €p cPRMIZIRIEL, 37°CT5 3l as—hMg,
70 um D7 4 /LA — T8 LR MR EIR 2 1572, B — M3 1%collagenase, 0.25%trypsin 35 XN

0.025%DNase Z & ¢p cRPMI HTHEETL . 37°C T 30 4y #2212 L B i S ik 2 ERi U7,

(FACS fi##7)

~ T ADfEE DLNs Z[EII L, #7 RPMI-1640 HIZIZIELT, by N CRRIHARE BOBRE, 2 DA
FTART ZADT7a AN 3 %A > TT VO 5T, HifufEE % 70 um O7 /L2 —IZiEL, 1500 rpm T 5
Sy LAY BT o7, HIEE WS . RPMI-1640 CHIEE LA FHHIL 72, 1x107 cells/mL {2
FHEE UM RIS 20 pg/mL @ Rat anti mouse CD16/CD32 blocks—Fc binding (BioLegend, clone:

93) ZWAL 4CT 15 A FaX—hT, MlELHm~—A—DH 7T N E Gt 77— (2%FBS
(Fetal bovine serum), 0.05%NaNs, 1 XPBS) (28 L, K _ET 30 A F=—hL7-, Mg G @i
(. Transcription Factor Buffer Set (BD) ZfML ., & cd 7 mba— W Zht> Tl D Gu - o DR
EAToT, et Lcfiflaz 4°CT 5 4pfH. O L2, EIEERELREE Ay 77— TRIBLT,
FACS Canto Il (BD) THflgzMHL, Flowjo Y7hy=7 (BD) #fHL T —Hf#TL7-,

R & DY a121%, APC anti-MHC class 11 (Biolegend, clone AF6-120.1), 7-ADD (Biol.egend), APC

anti-CD11c (BD, clone N418). PE anti-TLR1 (Novus Biologicals, clone eBio TR23). PE anti-TLR2 (Novus
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Biologicals, clone 6C2). PE anti-TLR3 (Novus Biologicals, clone 40C1285.6). PE anti-TLR4 (Novus
Biologicals, clone 76B357.1), PE anti-TLR5 (Novus Biologicals, clone 85B152.5), PE anti-TLR6 (Novus
Biologicals, clone 418601). PE anti-TLLR7 (Novus Biologicals). PE anti—-TLR8 (Novus Biologicals, clone
44C143), PE anti-TLR9 (Novus Biologicals, clone 26C593.2) % v TYfal iz,

T RIS L OB MR /5 b - 1&MAkIZiL, FITC anti-IgGl (Southern Biotech, polyclone), PE anti-IgD
(Thermo Fisher Scientific, clone 11-26¢. 2a), eFluor 450 anti—-CD4 (Thermo Fisher Scientific, clone GK1.5),
PE anti-CD80 (BD, clone 16-10A1), PE-Cy7 anti-CD95 (BD, clone Jo2). APC anti-CD138 (BD, clone
281-2). APC-Cy7 anti-B220 (BD, clone RA3-6B2), PE-Cy7 anti-CD62L (BioLegend, clone MEL-14),
APC anti-CD127 (BioLegend, clone A7R34), APC anti-CD86 (BiolLegend, clone GL-1), APC-Cy7 anti-
CD44 (Biolegend, clone IM7). Alexa Fluor 647 anti-GL7 (Biolegend, clone GL7). BV421 anti-B220
(BioLegend, clone RA3-6B2). Zombie Green (BioLegend), Zombie Aqua (BioLegend). VioBlue anti-CD38
(Miltenyi Biotec, clone 90.4) % FuNTHefa 7=,

PURREEAY T AIR D53 ZLHEFEIZIZ, FITC anti-CD45.1 (BioLegend, clone A20), eFluor 450 anti-CD4
(Thermo Fisher Scientific, clone GK1.5), PE-Cy7 anti-CD8a (Thermo Fisher Scientific, clone 53-6.7).
V450 anti-CD90.1 (BD, clone OX-7), Zombie Green (BioLegend), Zombie Aqua (BioLegend) % FH\>T¥
w7,

RBINGITT N TREMFHIIDRE L7 )i TR LT,

(T #ifas & U B A e - 7F1E{E)
FR=E 48 REfE 1% O~ AR T H R JE 12 poke—and—patch £ F i L . K3 A\ MX Scramble 27 N L7-,
1 [ 1 EE% ., HOWIE 3 BlseE 2 HM#% 217721 . DLNs AV IMEE R L7z, £FHAkICR

\7% Linage ~—5—=° T #ifl 3 L O B Ml OTEMEAL - /3L D Be 13 FACS Yeta D IH B> TT 272,

MRBRBRICE T MM IAVELE)

Poke-and-patch {23 T K3 25V & Scramble Z0FH L | 3 [F] 6002 2 38 [ 7% |2 g A (eI L 7=, 1x107
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cells/mL (ZFHEEL7- BRI 4 24-well plate D4 well |2 2.5X10° M2 5 X HEFEL 7=, 2
mg/mL ® OVA (<1 EU/mg) ¥&iaAERIL ., 500 pl/well TOEMLT-, % well 28 1 mL 127255912 cRPMI
ZIINL, 3T CA L F o —F—T 48 G E % 158 RIEZE O (400xg, 4°C, 547) Lz, b
RANRUBZ2NIANC E{EO A AL T HETHHRRE (20 °C) Liz, 5738 EiEHR O IL-2, 1.4,
IL-5, IL-9, IL-10, IL-13, IL-17, IFN-y3 X} TNF-aiZ Bio-Plex ¥ A% A B A>T vt A (Bio-Rad

Laboratories, Inc., Hercules, CA) Z AW CHIETTOEBRFIBIZHEHIE LT,

(HAERERE)

OVA BLO K3 D JefEa 8 Bl 95728, OVA BL N AF64T #2535 K3 % FIV T poke—and-patch (2
LB B 5 24T o7, R AN L 72 B 35 OV DLNs (% 4% $778/V A7 L7 BR/PBS IZIRIEL | 4°C
T—WREE L7z, 10~30%A27 1 — AP NA K (&4 LK LB 41T > 72#% . O.C.T. compound (Sakura
Finetek) Tii7zSM 7oL AN, IR ERITTHKE 7 vy 72 F LT, VA Z&Z vk (Leica) 128D
JEX 8 um ([ZFEEILT-, EUI A & 52 I MELS 724, O.C.T. compound (Sakura Finetek) % RO 7K Ckx
ZL. Super PAP Pen (Daido Sangyo) & H\NTHEAKMES— 2 24\ o, —2 A NIZT vy o VIR
(5% Goat serum, 0.3% Triton, 0.05% proclin, 1xPBS) A & FL . 25°C T 1 FffHl A FaX—a795
ZEiZEv Ty SR E To T, T AL — 2 =TT ayX U FiRERSIREL., FUERR Ay 77—
(1% BSA (Bovine serum albumin), 0.3% Triton, 0.05% proclin, 1xPBS) 2 Chxi# e B 2 F R L 7= purified anti-
OVA (abcam, Cambridge, UK) % 4 CT—MeAFa~X—hL7z, TBST THF%, Alexa Fluor 546 anti-
rabbit IgG (Thermo Fischer scientific) % F L. FIE T 2 FFffjA L Fo2X—F 5281280 OVA Ot %
1177, Jetk1Z, DAPI 25 ¢ Prolong Gold iBa5IEFAEE (Thermo Fischer scientific) THE ALz, 46

Qs L7zY) RT3, doObBRMEE (KEYENCE) (2&hBlZLT:,

(nRAFEN T H{EEO S RIETHE)
OT-1l =7 AH 3 CD4" T #ifad A ML OT-1 <=7 2AH 3k CDS8' T #ifaiE. ~7 A AR L O DLNs 9>

H mouse CD4" T Cell Isolation Kit &5V MZ mouse CD8" T Cell Isolation Kit (Miltenyi Biotec) Z AV T
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autoMACS [Z XV HABEL 7=, AHASERIEIE 2 x 107 cells/mL {Z 20 uM eFluor 670 in PBS Z A& 10 uM 72
LITEHIL, T 10 Z3EA L FaX—a 352 THOMER Lz, ZhHOMifinz C57BL/6 v
AT 5 x 10° cells/500 ul. 2R FARN B G- L, ¥ H 12 poke—and—patch (2T OVA 3538 HG 38X OVK3,
HDHNE OVA H1 HG 351U Scramble 2% F 56 5- L7, OVA $05EM 5 4 HZ I~ A05 DLNs % [A]iY

L. eFluor 670 s 58 D H 2 Fa I 45 AN o 45 248854 FACS (TR L 7=,

(B #RA D In vitro 7yt )

WT &5 & TLRI-KO =7 2B MHifigé DLNs 24 L, mouse B Cell Isolation Kit (Miltenyi Biotec) %
fif FHL T auto MACS (Miltenyi Biotec) 128V Bz 747 L7 a Uiz, 15641072 B Hifid% cRPMI
(ZRRIEL | 24-well plate [T 1 X 10°#E 9> well IZREFEL 7=, SHIZ 1 pg d K3 DN Scramble 2457 =

([ZIRINL, 3TCDALFaX—F—THE LTz, 6 etk B MilazmNL | AFEEMHE L~ — I —DFEH
% FACS (ZEOfENTUT=, I L7= FACS BRI, FACS f#rd T Ml L O B Ml b - iGTEIZRE
L,

(ErREHRR
R G- LTz K3 O aMa il 45, MIERLT 70 IR MR G5 1 R %

FEMi LT ARERRITIE 7 mha— i3, ESLR B — BN OBl A=l -> TGRS,

BPILEZ LU FIRT, 1) 20~40 mOEEERZR AT, 2) %4 T 0REEZ BRIV TUKREA
R FEICIDRE P EONTHE, 3) RSN T OB FHIHLZTNLLD, 4) AGRER I 5 E (2
EDONT 82T JERRE DR ENTELE, BRAMEMEITLL TR, 1) BIRHBRBA4AET 180 H
LINIZ K3 O GZZZITT24E, 2) BanREEGLFEICL ST BEIT T 74T7F 0 —2BLIEZEDRHLE,
3) Lol - 78 R - MR - PRI 2R 5« TG - B Mk - TH AL 2R R o DU R RS R CERE R B O BRI D
bOHE, 4) WMEICX TN RV EMEIN TSR OB EOH 23, 5) ARBRBALAHT 4 # H 2L
PIZ, SRR IR ARGRBR R S 1T N | AT T, 6) ARRBREHAGHT 27 A LINICAD 7F | ET

136 A LANICANELD 7 F 2 - bV AR OE G252 T 73, T) ARBRBHAART 3 - A AN S 3~
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a7V AR OR 5252 F 723 F20X 6 » AUNICH o~ a7V BB OREREEZ S T4, 8) R
BRI S S — R — DR A A7 29 5% . F VTR AT 2 247D FTREME 23 80 158 )70 B E AT
EATRIRNE, 9) O, FRERE AT/ /3 1 E R DS AR OB A & U TN S S L 7=,

K3-lodaded sdMN &%\ i placebo~sdMN (XEH DT 7V —&—% T ERasMullE § 125 35 S
1 RS L7z MN XL 0 B B E 21 B BICR 558 2 Bh#EM L7 (Fig. 10B), #ER# 1 sdMN &5
AfRIZ, 28 NAZNY AL BRI, BEORREZ 3T 7o, RISV ikiL, — 72 k4, &
LA, BEOW AN A L FEAE AL U7, R, IR TR, Bd RFTEOG . B RAEIR B &

UM R Al L2 A 3812508k 72 (Table 2),

[#5R]

(ID-SC =&+ 5 & ER RS ROG A E £ FREEETE)

FERZH %95 BCG (Bacille de Calmette et Guérin) 727 F A RESILD ID 1L, SC L0 HLHRF A
SIS EZ RSN E CEDIEPNESN TG 8, ZIUT R NI RIE T D5 2 i o % 528
2B, BENICHRE 5T 558137 V2 U M AE T L PR B OB AN 7 U 3 K
DABEMED B, B 5T A ATHS sdMN 1 ID ERIEICAEE F~OFRT U AN —Z /g 35
7o, TV aU NPT e AT 5721 T SC 1T T/t IS E = R T HZENTEHEE X
b, £Z T BT NMHRTHLD OVARUIZF UHURTHZ DT-HA %z ID HDHU N SC L, 7 ik s R
EBET O TR GBI DT YV a N MO Z T LT,

OVA 72 NI DT 28 5- LIz A PURER 530 OEWIZ I D50 E S A ISEWITRH ST, ID, SC &
HICFIZEOPUREA T a7 7 AV ER U (Fig. 11A, B), —J7, HA HUE% ID §75&, SC LML THEIZ
BRI O ERAZfEGR LT (Fig. 11C), ZNHDOFE RN, OVA X2 DT 728 ORIE O @ g2
PUR% ID LT SC LI TR ZRPURUART A S0 E B I T A TERV 3, HA HURRE T 7 F U Hii
ICEENDTANARRDZ LRI EMGR IR E DI EEN TG ZRHRT V2 v hel T
HERE L S0 IS 2 2 3D Al ek 2 B 2 72, £2C OVA & HA HURDIRATRIRE 1D HDH T SC LizkZ

4. OVA BB/ 1gG BRI BWTH BERZEITRDHLNRWNE OO ID IZBWTHIUREAD FRAH A
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bz (Fig. 11D), SHIZBUBRER N &IZ HA HURRr RAHTAMNIE, HA B G- L[RIERIC SC Lk
LT ID IZBWTHERZENROLILE (Fig. 11E), ¥ERNDIF T2 b LTRSS TS K3
O DL, #DNZ ID IZB W GEORFURED LR EEENT- (Fig. 11F), LLEOFERNE, HA
(B FNDRHED N T V2 R THEREL QD2 e E D@ HLRIZB W I T V2 U MR
HTET SC T PURRF BRI HE N DT &, BB E o7z, LT85T, MN & VR RS-
LBNWTHT Va U M 3228 C BN I A 2 B TE Db O LT,

(MN IZE R RTRERZ 7 2 2/ S b O SEMERTAE)

~ 7 AR JERIRACI1T D TLRs OFRBIAMNTLT-EZ A, FURRILE L CTHERE T2 LCs L1 dDCs

(2B, TLRI 726 TLRY £TOIH MRS (Fig. 12), 77T /P AMIBWTIL TLR3, 7,8, 9 D
R BINBIR ST, BUFITIRIFR DR AZBL BRI AU T ZREHL TS T2 Tzl JRRiEE
PEBR T 20005 A AU T B> CNDT2D | BUFITAFAET HTNHD G  fifans TLR 2L T
RORAZRHNZLHL, BRGEDOFEEMRL TNDHEEZOND, LTzh> T, AEFRE GO
TLR AZH S DVH U RaT P aN MU TRIZD 7F AN #E T 3528 T BT V2 M RDF
HxnsbolTHIN,

T RN ROMFFCEDT V2 hEL T TLR ZHEIZ, poke—and-patch JEIC CAZY—= 7 %K
fiL7z&Z A, TLRY VTR THLH K3 IZBWTO AN A % b it LA 2 RS iz, £ D% K3
OFFRREICISVTIE, Sy 2 [B1H 3 B H & OVA BUBEL LI TR EICE VY OVA FREAY [gG HLikfliz
RUTZ (Fig. 13A), Z#UE C57BL/6 B3XL TN BALB/c ~ 7 AIZBWCRICAHB ThHo72Zinh, vV ADHR
FAZBIFR7R< K3 DMENTZT ¥ aNUNEMA T TELT Va2V N THLZ LD RIN T, DT V2
MIFFHEEIZISN T, OVA BB BHELIZIE R CHURMIZ R U228 D, A G E A EICBWTETY
2N NEMEEFHE LSO ATREME N B 2 bz, $72 1gG 7 77 AZELIZEZ A, OVA BUMEEIZI
T [gGL FURD R H2 (5D TNDZEND Th2 BGREEISEZFHEL TNHDDITHKL, K3 fFHIFETIE Thl

W 1gG 77T A TH% 1gG2ec HHUMNE 1gG2a 23 S, OVA BB IR L THEIZmA -7 (Fig.

13B), D7 2 XU MIERABEICEIL Th. [gG2c DUV MT 1gG2a AN EH-L TWHAEAEL ZRD HILZHn
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K3 Of ABHZE B Clded, OVA BUMBEL LR L TH A BRZEITRO DN/ o72, SHIT OVA FREM)
[gE HUAAMIE, TN TOREIZIUNNT OVA HIFEEZEDORVMETHY | —iitED ERITERD R -T2
(Fig. 13C), IIZAEMBNIZISITD K3 ORIEIRIE AT =X LE G~ 5712, WT Fi2iE K3 DIEHT 2
TLR9 ZR#H L7z TLRI-KO v A% MWV TR IR B2 F ML 7o, WT <D A3 K3 OF EECTHEILZ OVA KF
BAPURPEAEFFEREZ R L7223, TLRI-KO =V AIZB W T K3 IZL DT YV a U NEMIIF v L&,
Scramble Ff & [RIFRE OHUAAN CTdh-7= (Fig. 13D), LA EDOFERA S K3 2 0F AL 7k B2 5-1%, TLR9 41
U CHRBIMAH ST 2042759 thod TLR YW R TIERFEA N Thl BIGEINE 2 c& 52
ERDINETR ST, EHIZ OVA FREEY IgE Hiifix A2 EF U oT228030, K3 OFFRICEVEIK
Ji& (T A=) HBLOV A7 S e/ NRIZIA B, # T 7 F HIA T P 23 U TR S
ThoHrHERINI,

(K3 BFAICkS T #ifaEs LU B #iRaD;FEHEILL L)

poke—and-patch J£I2L0, K3 25U & Scramble &2 OVA L& ISR 5-L, Jfifa s c 31 B4 FE Al
fa 7 2y O A A R L 7o, AR ORENT K3 PFHICEZD RIEIZIEIL TV, Kl NS
VT Scramble BELEEL TH B AL R LIZ (Fig. 14A), £ TR~ —H—%fREIC B Miflay 7
yhELUTIEE MG (CD45R, IgD, CD138") . GCB #ifid (CD45R’, IgG1', GL7°, CD95") XL ULIE B #l
fld (CD45R’, 1gG1%, GL7, CD38") (Il AU m AT LIEZ 5, P O DLNs (28T, B
HRIOY TR 2L —raid K3 GFRICERIF TN, F5C, IR CIEPUARE AR SRR IR b L7z
TEEMaAS (Fig. 14B), DLNs TIIHUFIG M A rfr324€) —B Mila2s A BT KL (Fig. 140), 372
b KGN K3 253224 7T, B flaOiEME LE iz 5| SR | IWE ML AEY —B fifd~&
SHEDMERES I, K3 OFFIC KD M2 TR AR EIC T B L QLD LRSI,

F7- K3 2175 CD4™ T MlaOTEMEAIRIEZ CD44 DFEBUIVIRITL . i~ —F—%48
FEIZ Terry Towy Tou DREL 3 DI EILT, CD44" FEBLEIE X, K3 BEE Scramble FEIZ 3N TELITER
DHHILT | K3 DR HG1X CDA” T MIEOTE AL EE L 22 W2 E B0 72572 (Fig. 14D), 4 CD4'

T MOV 7y MRS LY DLNs OMaEi oo TN | Fri2 g A€ —T #ilde DLNs @
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Tore (3 EITHIIL7. (Fig. 14E, 14F), OVA & K3 OFELEIE 51280 | Tere 22D AEY—T Ml ~&2h 3
WL T D EiT, FHREERF 31T DIl Sl IR A OB E BN CODEEZ X HID,

ISR R G- DRI OVA OFRIZATV, 158 LI h OFREY A A Z2E L7z, 1L-5,
IL-9, IL-13, IL-17, 38X TNF-aDOWELIZFAE DY AIA TR R T Tho7z, IL-4 BLD
IL-10 {23 T, Scramble #EE[RIERICIKAEZ /R LI — 7 C, IFN—yB LN IL-2 1%, K3 OfFHICKVEAE
BITHM2FRDH DAL, Thl HIfE~D L AMEESITWDRTEEME N E 2 bt (Fig. 14G), K3 fFAIZEY
Thl BGPERIAPEDTRO -l D, FURRFRR CDS'T Ml (AL ENE T Mild) OFENEZ-
T RIREMEDYE Y, 22T, K3 fF&ICIT DM =M T MISOREEAL FACS I[CRVFTLIZEZA, K
KA (BUR, HE, &5 515 CTIRESRADMIRMEGE OFEIITESRD 0Tz, L EORERE
V. OVA KA 1gG BT AR A AL FEADFERNE K3 GFICRD, HUs R R 52 102 O H Tl

DHILHT | Thl ORI E AL HE TELIENHBN Lo T,

—REBEHEICEITHBRTIFHEEID K3 DRED)

K3 & Scramble Zfff /L, poke—and-patch {EIZ IR G- LIZER OB A OT-11 Mifldis LU A OT-1
AR D53 ZLEFEZ P T 521280 P rnfiialcls T M ~OHURIERZZFRIZ OV TRl L7z,
BIAlSaE 4 H# D DLNs (28 C, K3 fEAICED OT-1 250N OT-11 MR 7 2486 1% Scramble #fL
H# L ClRI% CTh -7 (Fig. 15A), SHIT K3 FAIREE, #IEl5esE 4 A#I2H17% DLNs 1> T fifafi
HHIIAGRD BRI T2 8GR 5 LT K3 IZXDT Vo U MhRIE, TLRI 258145 DCs 7>
5 T MAAA~OHUFSE RN RITITBEL R2N e R Eniz (Fig. 15B),

—77 B MIROFERS B L OEL, FIEIGRE 4 HEICIBWTELINL TERY, b, FIEE
fb~—H—"TH2D CD69 LILHILSy T CThHD CD86 DFH LH sz (Fig. 16C, D), 372bH
poke—and-patch {£1240 K3 &% F #5954 T, DLNs 10> B AR ANEMAL B L ORERT 22 EHIH)
Erpotz, BAIIIZIZT U R Y — APV T TLRI OF B HS4U, DLNs (23 AL72 K3 %3 DLNs (217
195 B HIRRIZ/EFHL QOB ATREMES /RS LT (Fig. 16A), 2T WT U AH 5T TLRI-KO <7 A7)

5 B Mz EEEL . K3 AUV NT Scramble Z& TeEi CHEZEL 7=, WT =7 A0 B fijicB W Tix
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Scramble IRNMZEZDFEBLL Zeh > TGP~ —— (CD40, CD69, CD80, CD86) A% K3 iMAEIZIUT
DFH EF L7z (Fig. 16B), SHIZZHUE, TLRI-KO <7 AR B Mifaz A L= 54 13 Shzen
ST2ZEMD, K3 13 B MIAIZF BT D TLRY 24T L, EHET V2 U MNEM AR T ZENHLN LR, T
NHORERIT, K3 25 B KN O TLRY IZ/ERLT VoS MNEMEZ R T 522 R TRY, K3 ICX0H
L7z B M-S DA B B ZOIEHEAL - BT L 7= FUR AR A T MRS FE AR 9228 CL Bz

PURFFRAV RSB OFE L B L TOHEHER S,

(HAERELEKITEITS OVA BLU K3 OB

poke—and-patch JEIZL > T G-& 72 OVA & K3 ORTEIL, A5 LIZREE DLNs & f2HE2[E]
T HZETHIEBIZEL 72, HG T3S OVA 13, BT 1 Reffith s L O 3 etk o A& I H\ T
B S L, RETRGE IS fE > TR LY DLNs Tl HEhzn 72 (Fig. 17), —J5 K3 1%, &
JEARARLD — BN R IE LT 2RI FLIZ ISV TRIER ST, K3 TERE & EB I BN A~ EBOMITBAT - KL |
DLNs {ZBWTh#K G- 12 Bl bH Sz, 97255 poke—and-patch {EIZIDRESI G- (BT,
K3 138 CAFAE T D PURSR RN/ Cided . DLNs (CAAET D PRI R s e A S/ E A L

TV aN NEMETFEL CODATREMEDS MW e RSN,

(ErR2HRER

BB IS5 K3 Otz i i35 ~<< | R B A SRR R ek a F2fi L 72, K3-loaded
sdMN 3L placebo-sdMN D #5-(21%, B O T 7V —4—%fi iL7= (Fig. 10B), placebo-sdMN %k
L7 ID-1 BEOID-2 ([ZBW T, #IREEFEDOE H (Day 1) (28OS REARSHBL 7223 21 H#
(ZIZIH R LT (Fig. 18, Day 21), 2 [RIH OBFETIL, B HENIRFTRISABESNT-H OO 1 [ H &
e U CHREE T (Day 22), 21 HIZIZEB W TIIERICHERIENHE LT (Day 42),

—77. K3-loaded sdMN (&, ¥IIEIHEFEDE HITIRIEEHEFLEEARL (Day 1), 21 HRIZEFRILAEZTK
L7z (Day 21), 2 [A] B O#FETIIMIEERLL ik L T #8RE O R SOLE D HBLE S WICZEDFRD b

Rl ID 6, 886 ID 3. [A1%%: ID 4. EAfb: ID 5. Day 22), #:12 1D 5 O#ERE Tix. 21 A3
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2L IR ABIZE S (Day 42), placebo—sdMN 310N K3-loaded sdMN O FEIZISUVNT, /A4
YA MR R RIEVEY A NI A PEA | RS PERIBOSITEERZ L T2 ki o7, BL
FORERDG, A 1%1F K3-loaded sdMN (215 B RIFT RS AT % ~~< K3 O R sdMN Off& -
RISl T 5708 | WD RNEEE 2 BT, K3 R ENDER G LG AICB W TH EERH
TERZ S S 23 ZER<KE N FITHEH CELTENH BN LT,

[F%]

BATOUZF o ORPEITFESFICEAEREPIT O TR, 5 HALIZIG U TH A (intramuscular
injection; IM), SC. ID BUEFHI A FASID, WT DB GIED | FEED 1gG EAEITRBSNL B H MERE
JNEDFENMEN TIY | FEYE DR K L72 D I AR 2 RN HEBR L L R QDI IEL IR L2 IR 528
WTED O, BB F SN REG THHERE GIELLT ID BT O3, ZHUTRIREESH
mm DGR AN G T D7D IR L B Biilia 895, 22C, fli{Eror0HeE/e 1D % FHE
2T 5T XA ALLT SoluviaTM  (BD)*" %2 Immucise (Terumo)*® 2N ETICPIREINTERY, KHEEEE
BT DU 7F O AN ER SITWD, Lol ID 1IEROESF G LRI — B L2 — LN F =
—UPEETHY | EIRBEFED I DAANEY AT PSRRI D, IM R0 SC BUEST & HlR LT, B2 Tk
AWML JOMRE ARG T DU AZ T $ 203 #HOREAY 0.9-1.4 mm THLHIZOEGRFHIIR 22D
T AV ®HD Y, EZTH AT INOOREE — IR TE, R R A TREE 35V 7F Y
FIELT sdMN RAIZBIFE L TR0, BEIZHIERAR - BRRICIB W TLE e - A MEAZFEFIL T0vD 7 A sdMN
RN 2 FE AL DBEFIE DI FH XV I/ TF Ui EER B RIEEZROL ., A2hMEES5Icm EX
B, UIF L ORI IEEIIHRI TEDT YV 2 MEMIE DR R AT,

ARFEERTIL, sdMN ([ZHURES TLR YW Rl G808 | T a AT 2 E RIS 2012
MEE AT | sdMN E[RIERORR R 5 5% A REIZ 9% poke-and-patch £ L 7=, K3 OffH
I, PURRFRAHURPEA 7217 Cre | AT — MO T B AL ~ D /3L FFEICH L TV e, ZAVITHI
FTAITANADFEEGUZ LY | HUR R B PUREE L LR DR ) e B B A HETE VI F VAT
Ta U rEUTERICHEEE 2N, £/ K3 OFHBE TR R [gE FURDN I EEE SR oTe 2l
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K0, DI FUBFERF ORISR EL T IgE HFUARFEINLF WIS P EHREME N L QD i lin
IZBWTHO ORI ITFUMRMGONLEEZOND Vs KREBRICHWHRBLID K3 ok b&, &5
JFEIZRWTUL, FRSR D DRGSO ME S0 )E O FFEIT R 2 D78 o723, Thl BUEAL 72 8 1824
MRROOINT, ZHUTT I F o OHIBT | Th2 BIGEERBTHLT L ILF —IT T D0 EIER 7V 2
YRELTHIEH TELEE 2 BV,

K3 D7 ¥ 2/ M RIE TLR WA T 27280 | BUEITAFAET D LCs £7213 dDCs A3 b (TR
HLTQWAEBZ LN, LinLeish, 1) JURRRRA T MO 28581 Scranble BEL A5 Cdho7-2
&, 2) K3 1% DLNs (#2837 52 8, 3) DLNs 10 B Mila G LB L ORI 3-528, 235
1otz ZIHLDHR)S poke—and-patch % W TR BHR G- LIZ5E | K3 1T ITAHET DHUR IR R
AR 350 Tldred | Vo8 &8> C DLNs ~EBATL B HIARIC R HL L 7= TLRO (ZA/E -2 T fEtk:
W\ ZOWE | K3 IZED B MlAOTE AL SRS 512 LD T MR DIEHAIZ I 58 E B AR 3555 5
S, BT S TRB MR L HURPEA ML~ DL MRES L= D TIX VW ind&E 2 bivd, CpG-ODN
(21X A-type, B-type, C-type 23V, 1EH T 20 MIA-CREASND AN A L I8 IR . A-type |
pDCs [Z/EIL T IFN-a®DEAZAE T P, K3 25 Te B-type (X B MIfIZ/EHL T NF«B > 7 F /L%
ZAEMEAL T D288 IL-6 PEAZREST HZENMIESI TS *, C-type I%, A-type & B-type D
T OREZR R OEFE TS P, LI2i> T, K3 OFERIIIERDIES R G-LIFER TH L3, Vo VEZIT
LT ERED S DLNs ~EZDEMICHESNAHIEIZE T DLNs 10> B fiIZEHEHL T\ AlEE
MmN EBbid,

FRPRFRBR Tl K3-loaded sdMN D LD B RIFTSUGABIERS LT, RRE S 1 3@ I O HR
RT V2N B EDBERESHTRET D720 RFTRGEL TR ISR <7D, SHIZEIRIGIE., %
PEIE DRI TRAL, sdMN IZT7F U HURE K3 2R G HEELIZGA JVROEISOG A BT 5
AIREMEDS DD, LT2iio T, A1 K3 OIS L O RSB i (b 25BN 5, K3 1T D CpG-
ODN ThHDH78 | #RZIERAIT T 2 hEUTHZE - EHET 5 ETHERITHD, SHIZ GMP 71—
RIZHERLL 7= USRS Bl S TIsY | BEIC K3 2Lz~ 20T/ F L ORFR B E S TRY,

SC IZBIF 2 ZEMENTEFA SN TG ™ S % ITRE B R fA 2 ai b L, Eh TORMEERER 528
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(ZED BETHW LY 7F > ORI T, Fox OBFIERRIT, U7 F AR - (RIR T,
AT DI LTI, U7 F o D708 AR N AREL | BEHYEIT DL TR LR D FEH

ICREEBTEDHDLEE 2D,
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FT2E HGZEFALEBETZUILT U REREDEHSRE

%18 EPIT I2X9 % HG DXLt - A3

EHONRAAAT RIS L IERIBAFE L C&72 HG 13, REA 50T 5L B DR % K2 &
WIZT U AN —T&E, FURFF RN E LTS CEDIEF TR S F -AITHS 1 HG 13BIK
PET VIV R Fl A N — AT ISR RS CER S T DR M ED R WA R A L TR
SITHY, JEEHH 200 pm SR TH A0 K EREIZHEE BT AL TE5, 20 HG I2HT
JRIA IR Z RN D& TWIEIET VINERIZIE B DV E T L HG R DI T2, —Hma T OPiiE
AT, HG REICB W TR E ISR S AEE LS (Fig. 1B), Zha BFICA 5720 THBEE
KN -RAEL . FURE FENAERE TSR A TR ESND, £z HG AN T, RIS E OB D 2L
IR FEIZTEH , EZTTHARM TEDEVORELRH RN DD, ZNODRFEZTEDL . ABFFEIZIB
TIXBINTL LT (OVA HDT OVM) HEH HG & W TR 52 ML . )ik 8sh i sia+

HZETEPIT 12595 HG OB L OE MG+ 52 Lz,

[(HHELVHE]
@)

Hartley &/ h (M, 3 HH). BALB/c w72 (H-2% M, 6 H{H), C57BL/6 w7 A (H-2"; i, 6 i
#n) AT AT L — RSV L, KIRRFOEBREMWfai CE L7z, AL, B
FHERBIOVEBICET AEREOTARTA L LR — DWW T EREMW OF B IS JOME 2w U217

U, 2% AV T VT RIBER N TN L T2,

(BIFTV VA L 3EE HG DOFERD)
HG OERUIRTEOMEHS LT EICHEC T,
EINT LV AR HG ([ ZHEE % OVA (Hyglos GmbH, Bernried am Starnberger See, Germany) %

VNME OVM (Sigma—Aldrich, St Louis, MO) 1%, #EE &4 T CIE DW IZIEMEL 14.3 mg/mL J5L O 1.43
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mg/mL (ZFHFE L=, HG (EA£E 1 cm) (2, HUFIRIE A 70 pl 9720 F 9528 T, 1 mg OVA 1 HG B X
1 mg AT 0.1 mg OVM HEHE HG Z/ESLL7=  (Fig. 19), SHIZ placebo-HG 1. HG KA T

DW % 70 pL i FLURRSEHZEIZIOERILTZ,

HURE 55 )

ENEY IO EANKEIZ OVA 3536 HG (1 mg/patch) % 1 B 12 BERIRGATL  fR A 52 K hE LT, =D
o B FE A A H.D T 2 I [ F A0 L, HEATERAL OBE2 21T 72, placebo-HG b [RIERIZ H AT
JEIZAEAFL 8 B o HG M X2 B8 R SOG A B8 LT, E72., BX1A PBS TR L7Z OVA iK% 100
1ng/100 pl/head THFHRRFFIT SC T HHELRRIT T,

~ AR JE R B 5T AL, BEEXR Yy X—THIEL Epilat (Kracie Holdings) Z4&AiL
720 5 5312 38 BED I8 C Epilat ZPEWEL ., FRENFERITTECNDI LA R LIz, BRTEND 48 FRifH

%12, OVM %3 HG (1 mg/patch) &R EIC 24 BEIAEMT L7c, PRRBEE L CIE, BRETS A& 1T

H

PBS CTi#&L 7= OVM &% (100 pg/100 ul) % SC Liz, ZNHO G EEIL 1AM CTA R 4 B
L7,
HG (2 TR T Y 2/ bD ARSI — = 7 EBRIT. C5TBL/6 DML BALB/c ~7 ADBRES

JEIZ OVA (100 pg) &45FET 2,3k (Table 1) OIRGIAKZZE LT HG % 2 BHIR TR 3 BIEAFL

=3
—o

(BB 2T F745% L — K hBR)
HAT FZf& 12 OVA 2 HG H5\ T SC 1L ThiFR 2 H & 5-L7-F/LE v M2, OVA &K% 2 mg/kg

THARN 5% LTz, RREFRIATEVE R B X OEHERIEZI TV, 774 7% o — M E il L 7=,

(OVA HD\ ik OVM 4R FLsAl DR E)
RERFHIZE N b HDOWNI~T AD R ERGD DV IIR & IREE D DI Z AU L . 1500 rmp T 15 23

RIS T LT A28 IniiE 2577, MIEH OVA H5E OVM BB ASH AL ELISA I2X->THIEL
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Too IREETRID NEEMEHR (pH9.6) (27T 10 pg/mL IZFHFEL7Z OVA HDUME OVM (4 i B KA Ay 2
WFZERL fnmagdeE X0k S) % 96-well ELISA plate (Thermo Fisher Scientific) (Z 50 pL/well §->#EFEL
726 4°C T—BiALFa—a 35281280, EMT L — e ERIL T2, 8%AF LV 7 /PBS IRikA
200 pl/well THRIIL, 37°C T 2 BEAL FaX—1a 52T ayd U ZALE A T 572, 0.8%AF L3
JV7 /TBST Wit FIVCIfiLIE & 1/2 B R L, 50 pl/well o7 o L 7ML # 0 ELISA plate (Z#%
FEL7=, 25°C T 2 B A FaX—Tar Ltk TBST 12T 5 [mifa o7, FrEa 1gG ORMHizix,
HRP-conjugated anti-mouse IgG (Southern Biotechnology) Zf# L 7=, Z® HRP Hii&l% 0.8%AF L3I/L7
/TBST \Z Tl (2 AR L . ELISA plate (2 50 pL/well THINL7=, 25°C T 1 BEfA L FaX— g
L7=%%. TBST (2T 7 [E¥EE L 7=, RO /KIZC. 1 8] well Z¥Ei%1% . TMB ultra—sensitive substrate (Moss,
Inc.) % 100 pL/well T OUIMUIE ARG EIT o7, 15 2514 2N FilgZ 100 pl/well TSR M$T52E TR
e S W (FE =450 nm, Bl E =655 nm) % SpectraMax iD5 A7/ L —h)—& —
(Molecular devices) THIELT-,

F72 OVA BL OVM R [gE HFUARMOREIL, FiLeFERICT vy 7B ZIT 57214, 0.8%A
XLV /TBST Wik E WV TIE % 1/2 @A R L, 50 pl/well 327 1y 7 ALEE% ¢ ELISA plate
(REREL 7, 4°C T 2 BFfilA T2 —a Liztk, TBST (27T 5 [EPEH LT, 0.8%AF LILY/TBST #
2% IV C, Biotin Rat anti-mouse IgE $i{&% 0.5 ug/mL (ZFHFEL | 50 pl/well TDUMLIZ, 4°C T 1 I
A Fa_X—a L7t TBST T 5 [BIFEHL, 0.8%AF L3V /TBST iAikZ VT B I AR L
7= Streptavidin—-HRP % 50 pL/well T S¥ML7Z, 4°C T 30 43 A > FaX—a Lzt TBST T 7 [Al¥k
L7z, SHIZ RO KIZT, 18] well ZPE{F+% . TMB ultra—sensitive substrate (Moss, Inc.) % 100 pL/well
T OWRMUR O SEIToT2, 15 0% 2N fiifig%a 100 pl/well T OUIT5ZE CTRIGEEIESE W
B (FWE =450 nm, RIEE =655 nm) % SpectraMax iD5 ~A 271 ~7'L—hkJ)—# — (Molecular devices)
THIELT,

A E] B (OD450 nm—655 nm) 25 0.1 LA _E & KR 38 % Reciprocal logs titer ELTFR L7,
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GURFREE CRBIT DA RIRE)

OVM 3EH HG & D WML SCIZ L W IR A #5H- L7z BALB/c v 7 AZHE W T, Mg 1iEM%IC
DLNs Zfiti L7z, 3 PE®D DLNs Z{R&& L. cRPMI-1640 % VT 5X 10%cells/mL (ZFHHL L7z, Z O
He ¥R 500 pl. & 2 mg/mL (ZF%EE L7z OVM #HZ 500 ul. 2 {RA L. 24-well plate (ZFEFE L7z, 37C
AU FaN—2—T 48 WFffEE &% | 55k RiFZ2m 0B (400xg, 4°C, 5 47) LIz, Ly hNEEHRNK
N EWEDHZEILL ., i AT 5ETHEIEE (-20 °C) Li-, H#% Eitho 1L-2, [L-4, [L-10, 1L-13,
[L-17, IEN-y3 LT TNF-alX Bio—Plex ¥ A A A7 A (Bio-Rad Laboratories) % F\ Tl

TEDFERFMUAENEZAT T,

(OVM 3&3H HG ORHIL EMHERER)

OVM %53 HG (1 mg 31T 0.1 mg/patch) DR HA 4 L/ SR A PEOBERAL TR HOL - B
2O T NRTIF— I ZIC AN TEELEZ (Fig. 19), 4°C THREL. 2. 1 »H.25H.35H.6 7 A,
1 FEZIZHG 22HD OVM B HH B4 HIE L7z, T HRUBRIE, BERARA RIS L7 B2 T ICLC HG % PBS
500 pl/well D A>7=4 2 7R 75 24-well plate (MD24 with LID Low cell binding; Thermo Fisher
Scientific) (Z¥#A X, 1 Kff#], 34°C, 200 rpm TIREHL72HE ., WA RN LT, BIRHP O Z ™7 8l

Coomassie Protein Assay Reagent (Thermo Fisher Scientific) ZfH W CEELT-,

[#E2]
(OVA 3£ HG n& 23 ER)

ELEYNE, REREEILLILTUVAXF —FHERSWERBY ThHD, SETL T 4 HG
DLEREMEERRFET D72 | LB ALV EBR S TR 5- 21T 572, placebo-HG BEAHHEIZ IV TIE,
Fe 514 H £TIC B Lo T2 AMBLET AUERRD Hiv/ad o 7-— 7, OVA 2 HG BEMRE T, FEA DT WIE
IR EEAEE D, MAT 5 A B bIiR 2 ICHESHRITME E2SVEEL 72 (Fig. 20A), L72A3> T, AlEIE/LE
Y MIBIRSIBERIT, #H HG 22 LR RTIZZRL, BUJEIC OVA BRI FRN D5

P YA ANE VT D& TRIEMBBICE o To T REME m W EHEER S U,
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OVA #5- 14 H H OIf{E F R EAIHUAMIL. HG B SC FELHICRIFREE ORF A 1gG Hiik L L¥—
R i LRFEO B (Fig. 20B), RrEHY IgE Hifk (TLAF—FRHUER) 13, B RPTEUG
DEFEEAHWITKL SC BB W THEEZRL, HG BEZEBWTIHEN 2 ERZRLTIEDO A ThoTz, Zh
BOENLEY M OVA WIRA FIRNIETE LT-L 24 WifELH PO EBHRE DMK T U, Bz SC
FEICR\WTIE 4 P 2 PEAS, HG BETIE 3 PEA 2 PEASSE L LIZ2 b, RIS THDHT 7 4T7%
v—vayZIlE ST FE 2 bl (Fig. 20C), ZNHDORE RS, HG 1FEEHET VLS U % B NICIEET
HIEINTELZENHALDERY | T LT A HG % Rl — LB UEE T 5. HOWVIIREEMEFES L
TN B A2 8T SC ERERICT L AVF —BIEICE D ATREMEZ /R L, FURRIELE KOG 55 2 H Fo T

T LA —IRREOEACIZE N A e E R LT,

(OVM ¥ HG DREFHELR)

OVM #E8 HG % F iR B e s BN B MRGIE T D72012, HG BfH A 1 SEIRRICAEIZ L, 4 RIS
LIZBR D MiE o OVM K5 H) 1gG B LN IgE HUAMhOHER 23l L 72, OVM %EHH HG % patch {EIZ&Di#E
Be# 5 L7z BALB/c ¥ D AIZIWTIEL, SC BELFRRRICSRIZE RIEUARAFLIZIIE ' OVA FFERY 1gG HUik
fli2vBlES Tz (Fig. 21A), £/ SC BEIZIRW T, Huf 3 [BIfR1C OVM HFEEHY IgE HUIRiAA S EAF-L

o HG BECBW IR 18G HUAMEO LTI EVECO R R 1gE HUikflio EAZ7RLTZ
(Fig. 21B), IgE & 1gG Hiiifliz LR TR LIZEZA, SC BT 1gE HiiAMi D L as—ilPEic LR Li=oloxt
L. HG BRI H I —E Dtz Rl (Fig. 21C), OVM 35 HG |34 RAYSIE IR B AFFE Al BE THDHELBIT,
SC Ll L THrERRY IgE HUARPEA DRI LA SEZVIZNWZERB B o Tz,

PUR TR 01588 FIETH OV ANIAZRELIZEZA, SC BHZHBW T IL-2 R IL-13, [L-10 &
STBFEANIA L PR ESNT=DIZH LT, HG BHZBW IR HRALL T2/~ L= (Fig. 21D), B L
DFERED ST HEREDMR IV B TR 5517928 T OVM FFERY IgE HLiR=> Th2 B A1
Y DREAZMGITE, BIFUSTHERIAZ 2R TELEZ A B,

(OVM ¥ HG DR H & EHRER)
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OVM (1 mg FLTN0.1 mg/patch) HH HG IZBW T, R 1 7 A FCLEMITRIF TEDHIEIURS
AT, ELAE OVM I EE MR 2 IR T 32 L EH TR~ OVM A5 378 bit7e (Fig. 22),
G I7 R THDTD |+ LI U CHIEEDNTK S R FFL QO ATEEE S F ), ZORBE TR E
THIEILES T, S OVM 37 /L DK 53 2 WU - 22 TE AL UBERURRARN W 35 L7 FTREME DN E 2 6
N5, 72 HG ORERRIERITHH7 VRV BRH U ATREMEL I E TE/2Vy, O FEY OVM 2EHE HG 2RV
T 1 7 AL EOREIRE DEELL, A E oM Ei2id HG JR7 156D\ T HG A 0 fi i
ERBEEZ 2 BT,

(HG (B FTRER T P2 NV DRI —= )

AT E L RARICRR I 57 SAATHD HG IRV ThEl H AR T Y 2\ M A/ —=0 7 LT, OVA

L HG Z W TR B R G- LI2EZ A, OVA KB 1gG FLAPEAIT T N TOT V2 S MEHIEIZBN T
OVA BHELOH @O FUREZRL  RAEE OZATRO 2072 (Fig. 23A), KT, Poly 1:C BE
Imiquimod (ZFVNTIE 1 [EI6E 2 JHFZIZIB W THURMA EA- L, Zabid, ki sy 80/ hEne
D ZIFHNA~DIEZENRERmDN -T2 EBZ DD,

[gG BT 7T AfEHTIZIUNT, OVA BAEET [gG1 HUAD H 3 MR HHENAHDITHRI L K3 123 T R
Lt 1gG2cdh DT 18G2a DEWPUAMIZ RLIZZEM S Thl B IREEFEL CWDHEEZLND
(Fig. 23B), BALB/c ¥V AIZF W TIE, Thl BT 2=/ hEF DTS Poly 1:C X° Imiquimod OFf I
£V 1gG2a PURADIEAENZEO NIz, SHIT 1gC HFURMMEFERIZ [gE HUAMOHIE LT 7oL A,
Pam3CSK4, LTA, Imiquimod {233\ T OVA ¥ 5&HY IgE HLAAMIL, OVA BUMEF & ik L T LR/ 5 A%
RLTZ23, Poly 1: C B XU K3 1 OVA BMEELZED5T (Fig. 23C), ZH DT ¥ 2\ NI HE iR 2h R
R Thl fRIAED A 725 OVA R ShH)72 IgE ARFF T L VX —FOS TS AUV HG FI7 Va3 0h

LLTHETHLHI L RIRS L,

[Z%]

INRE T LV — 3SR E A T OITHIINL TR | SR DIR AR R TBIRIE DRENLIT 2 D

1

!

PR

=]
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THD %, T DL T OWMEDOT VT KNI G UIRZ T LAV T AT R E BT T LT 57
FEPREDSHIEIME T MO FEE L FIHUR DB 72230 . ME— DRI TR/ DD TIZR e
SHhiv, BT L ILX —ICHERIICE ASNDIIT725TET-, SCIT X OIT 728 DT L V7 S i iitis
PRI EMSALTRY M BN R ZERE SN TWD, L L—F T, R MERIRIG O B
DIHIRE T R A S FIEA % T E R R FEPRAHERZ R ARBR R IE W s T B EE LM S
NDREZREITIBNTIEE R TND ¥, BEDGE L AT MM AL EPIT (3, 2009 EEAH#RE
SNIBD BT T VAT B IRIE TS ©, TR — R BICR T Dk U ORE — 1Tk
RNbDD, BIEREIRSDFFEFEI A IR L0 SERF TR D _EF-| B EIZE D — 272 L EPIT

EMECHIMENGEHS NS oH 5 %, F2 BPIT 1398 A2 IR TED LI AU b | TRIERT G0
RAENT-ELTHLREYTLAX —IZBW T, RENCHO DMk 15 R % ATREICT 5 PR L CH RS
LTS, T CTARMFZETIE, JRA BT L. HG ZIGH L, BB ARSI TR T L VT AT 2 U
1B - Mt 2452 FTRES 375 EPIT OAIHZ AT,

A EIH % 23 BPIT \ZIEALE HG 13, WELA A T 2B g2 bRk 35287 R EICRLT3572
T CHEE T LCs X° dDCs ~DOFUFEZEAL W REEL , TUAX —IGAFHE T DA & i NRIZI
DHIEIMTELEB ZOND, T CTENEY M AW R R A To7-L 24, # 3 B R REIC HG & /G
THLELCL S TRIEIEEN RO DIz, ENEYMNIERBRIEZFHELST WEI CTHL720, KIEH
T VLT (B) DIRESNIZZEITRY | S S e A3 G U RIE MDA Ny A % BEAE L T2 T REME
IR,

OB RSB TREB R DURMEEE 3T L V7 DREIEE | ZIUSHIK BT LAV —DIIED 5| &
BTHLHEZEZHLNTND ) AFVATITHAE LD NIRRT G A AN ROEE R HLHH, ©—F
FANEBRLA LTAT 7 7 B2 5 LB O —F Y 7L VX — DI JEDFIS RN 5 L
HINTND P, Fe, WRRZE T M — MR R B DO NIV THEES T LY v OREAEA RS
HERESITND, 2T, BE BRI DEASND IL-33 DL TSLP 23 H S Tng
FflZ TSLP 137 b — MR G R A O ERIZHRIEBIL Tl BB FA7AE T 2 HERKNFLLTER
BITWD, TSLP X707 7 —ET LA R0 a7 R ERE | BRI 72 & 10 L0 & B CREA= &
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A, PURSE M2 I EIL T The RO RIEZFHE T D, SHICHBRIRWZLIZ TSLP 137 7F /%Ah
DT4ZTVFEBIEIR TS LEOHRELSINTND, Fiz 1L-33 &R EEFITL > TR HREAE -
e EA, FURTE AR L Th2 BRGEZ 5| & 2T ZEDRIN TN D, DEVRRBUEIEIX. BE D
AT WEE TIF S ARDOIEMEAL, B HURSE IR OTE AL BRI Z D52 & THRIEL | & D
AT HEREA A A JE DAFAEIN T LV —FEIE DN IEIZ D7D,

ZITYUAFBRIZBWUIAEE DN THEREAMERF T 5720 | BB G- OB HIEC =Y =2

T—a B ASHTIZETA, QIR T VIV KRR IgE HURMMO LR PNEIGR o7z, LLEDZENS, 7

—PER R AE DR L CODEIANIEF ICE OB T L AT —BEOLE | N THRENME TN K
(PR Z R ET DZEN T LT —BULOIIERT N ROYGEIZORMNY G E Il TUIT w7 7747
BV (AxX 7)) LOFRANLEELWE B b, &2 TBUEE R — S bt o ILFEFZEE L T,
FEIEFRINT LA —BEE XU OVM 2IH HG V2 BPIT O " HER 772N ROEAT R 7
B MUSERREE TR T D, KBRS, a7 777 #iEEIFRAL TR, Mo 5
REONTHIEME T MR OFE e SEN TG RN R AT TV D,

ARIEFTIT LT AR GBI OB RIAD 57V 23 FE LT, Poly 1:C 38K K3 % fi,
L7z, 26D Thl BT V2 HGIZHHI T 528 T, 7V AT U BB RIRUS Z EhEEL | K022
RN ERD RN IAD D, S1%IE, T V2N LT LV R HG O - A%
BGRET H72010h  ETITEMT L AF—F 7 VI OVEILZ A7 EPIT ORUEAE - THHEESIZo7203%
VER AT =X AOFEBNCIRDRLAA TN, SHIZT LAVF U HE HG ORUAIZE E % ) S5 HG AL

HAN DL BZHAA, BAFM RGO EPIT FALEIFIEL T HG O _Lii-BFRRISHZ B L2,
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F 28 BEEFITUILX—IZHT S HG ZEFRAL- EPIT OF$EEEM
AFCIVTARLT LA — I ZBINCROTREBE N 2 F HICS< S, 4L E A EICE TN D P A
VINEBET LT ThD, DA NTINEBGLIEZ L T T LT S F T b L= 37

NF— RIS OARMAE R T HZENTER, BT LR —3 LB 0 5% ([SHAERD

i

<, ZOBIENCE B IREAR (HHER) 1B —ARZ VR, AT L AF—BIRO LT A
BECR L RO LU T THY, b R R E T 21N RN BT 2oy AR, B0k DR
(TR Z T % P T LA —BIRZFFOBUT, BRIV AR R RER LM > T0DHEHOD, FEfH
(1)« BRI - B B2 REG HOBLOAETEOE (quality of life; QOL) (K FAFHEM R, £ TAMFZERIC
BT BINT L AT —LFRRIC=—ZAO@WFAT L AF — I 5 1224 TR 2 ) [E 1 22711

X —VRIEEL LT HG 215 LT EPIT OfF AEZ2 i+ 5222 LT,

(M ELVHE]

(w7 R)
FIT VT AU TRISHEDR BN EDR B TS DBA/2 <7 A (H-24 #, 6 iBiif) (L H AT
TN — RSSO L LRSI U7z, ARBRIT, B OE# B LOE BRI T DIEHEO TR T A

EIRY L — (TN TRV OE B JOME 20U ZAT, 2% AV 7T RN T CHEM L 72,

(MPC ¥ HG DfERY)
MPC #38 HG (1 mg/patch) X, EMEI/L 7% 737 (milk protein concentrate; MPC, BE—lAX—7« &
J— iRk E&Ht, Tokyo, Japan) ZE DW ICIAfEL . 14.3 mg/mL ([CFH%EL 7=, HG (E£E 1 cm) (2, MPC &

W& 70 pl 3 of FL=SRIEEET 528 T 1 mg MPC 3£ HG Z1ERIL7= (Fig. 19),

(MPC D5 H51E)
DBA/2 <~ ADRENE R EDEEER Y/ S—THIFEL . Epilat (Kracie Holdings) Z%¥4iL7=, 5%

%12 38 D FHT Epilat ZVEWVIRL ., FRENTERICTETCNDILEMER LI, FREND 48 FFEIZIZ,
44



MPC #£81 HG (1 mg/patch) ZH# G T 24 REEIRLESS L7z (Fig. 24 left, patch 1), F25G12Xk-> T,
BREWELE I T PGA-MN Z FIWTZRIALATERL ©, £ MPC 2£8 HG (1 mg/patch) % 24 Iy
MGfT L7z (Fig. 24 right, poke—and-patch ), > BEEIZIZEEHIC MPC %58 (100 pg/100 pl/PBS) %
SC L7z, 2O BRI 1 BFE TR 4 BIRML RIS~ ADIRE FIRFE D DER M ATV, 1L

TEZ B L7,

(MPC % ZAHLAA DR E)

M35 H MPC R B AHTIREIE BELISA (&> TRIE L=, RN AEREHR (pH9.6) (2T 1 pg/mlL (2
FHEEL 7= MPC % 96-well ELISA plate (Thermo Fisher Scientific) {2 50 plL/well 4 >#EFEL 7=, 4°C T—Hf
AF 2= FHIEIY, BT L — e ERILT, 4% 7 my 72— 2/PBS Eik%A 200 pl/well
TR, 37°C C2HEHA L FaX—a 528 TT ayd o A To72, 0.4%7 0y 72— /TBST
IR AE WIS Z 1/2 BEATR L. 50 ul/well 3557 3% 7 JLER#% 0> ELISA plate [ZHEfEL 72, 25°C
T 2 WA Fa_X—a L7tk TBST 12T 5 EIEEHA1T o7, MPC FFEAY 1gG O HIZIX, HRP-
conjugated anti-mouse IgG (Southern Biotechnology) Z{#HHL7-. Z¢® HRP ikl 0.4%7 oy /o —=
/TBST \Z CHe I (AR L . ELISA plate (2 50 pL/well THSINL7Z, 25°C T 1 BEfA  F a2 —g
L72%. TBST \ZC 7 [EI¥EHL7=, RO /KIZ T, 1 8] well 2444, TMB ultra-sensitive substrate (Moss,
Inc.) % 100 pL/well T OWMUIEAGEAT T2, 156 431 2N WiligZ 100 pl/well TOWM+ 528 TR
JEE RIS WEE (TR = 450 nm, FIJE =655 nm) % SpectraMax iD5 ~AZ/B 7L —h)—% —
(Molecular devices) THIELT=,

F7- MPC ety IgE HUAMEOMIEIX, ERLEFERIZT myFk FHEIT 728, 0.4%7 1y /= — X
/TBST ¥iE2 W TIiEZ 1/2 @i, 50 pl/well 3507 1y 7 4LEL% 0 ELISA plate (ZHEFEL
77. 4°C T 2 B ALFa_X—Ta Uiz, TBST (2T 5 | 7=, 0.4%7 vy /= —A/TBST ¥&ik% H
VT, Biotin Rat anti-mouse IgE (BD) #iiff% 0.5 pg/mL IZFHFEL . 50 uL/well $OUIMLIZ, 4°C T 1 K
A F =g Uizt TBST T 5 [HPeH L., 0.4%7 1y = — 2 /TBST ¥4 IV Tl i i B (2 AR

L7z Streptavidin—HRP (BD) % 50 uL/well T-2¥ILTZ, 4°C T 30 3 A FaX—a L7z, TBST T

45



7 [EIWEE L 72, SHIC RO ZKIZT, 1 [A] well 23444, TMB ultra-sensitive substrate (Moss, Inc.) % 100
ul/well FOWIMUIALUEEIT -T2, 156 731 2N g4 100 pl/well T OWMT DL TRISEHIE LS
HSEE (EHE =450 nm, RAI#E =655nm) % SpectraMax iD5 w4217 L —hk)—4%— (Molecular
devices) THIELT,

A lE] W (OD450 nm—655 nm) 28 0.1 DA E & Wi KA R (%38 % Reciprocal logs titer S TFR LT,

(MPC $£3E HG IZRT 2R L e HERR)
MPC %48 HG (1 mg/patch) OREAFHEIZ 52 /IR S MEOBERIAR TR, I - BHR D72 7 LIT
—hyZ I AN THEE L (Fig. 19), 4°C TIREL. 2B 1 v A 2 vH 3 5H. 6 # A, L4 34,5
T HG 760D MPC B &ARIE LTz, T HEERIE, PBS 25 500 uL/well §°0 Ao7c o "7 RWENE
24-well plate (Thermo Fisher Scientific) (T, BERUMZFIASL72AET A TIZL T HG Z9#0 3, 1 B§fH],
34°C. 200 rpm THRED T HILITIVITo 7=, I MPC #1d, Coomassie Protein Assay Reagent
(Thermo Fisher Scientific) VT /_7ERLIZ, £7o, ERIRE L7z MPC 2448 HG O HiKH D
IXHRFFRE MPC ¥§1R% E4LE 4L DBA/2 <~ ADEHERIZ 100 pg/100 ul/PBS T SC L, MiFH MPC &%

FAYHUAIE A Ll 9528 T MPC O5 % i EZ s L7z,

BRRAIERIRBTFE)
ABGRATZEIE, ESLBe st — Rl Bl AR B 2 OFA KB Z 2 TEMLIZ, IERRESR O
[FEARDIL, D OARANOB RN TE T —ERFERBEEN A | mL RO EEFALT L L

#‘“—'% %‘ 8 Zl (3 fﬁ"’15 E}z@ﬁﬁ) éﬁd‘%kbfx—o zﬁﬁuuﬁuu jb Té@?ﬂﬁﬁ j: 1) ‘fxui%JTnit%

Ll

THEERZ KBS, BRHMEM ORW I T L LF — B 2) BAAMRRICIDEME A E) 2355
3mL L FOEE LU, BRAMEREIL 1) AFEBCRILANET O 3 7 HEICRESEL T0DE, 2)
FLORE N PEFRIEE P IEL TS 6 7 HUNDE | 3) (o ORERIELZIT>TWDHE, 4) LIRE T
BB BRBRERDY, BUEIRETOFE 5) K& 3R, 7 —MERF R 1 HY, BIfEa hr— /LR

Bo#F LU, ZHHOHBRIIZ. 1 mg D MPC 23317~ HG (B 1 cm) %24 XD ABH DGR H LR
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HETO 12 K, fd5 & 12 H BE U7z, BB DR AFHIEE H &L T, IR ATE OFfE 0 A kB ic
BT DIERFIEBIEA R E LTz, BIRT Y M LFHIEE B & LTl AR FLAF R 1gG K0 1G4 HLikfiz
ELISA (Thermo Fisher Scientific) (24, 3L IgE HLif iz A L /%715 (Thermo Fisher Scientific)
(CIVENZNIE LT, 61T, MPC 25 HG BT ERALO ST BUSREFMEDT LV — UG OB 4%

1To7,

[#ER]
(MPC B8R DF#1H)

B2 TN ETICAEMENURE HG (3B D2 & CHURE BIOPLIAPE A 2 F T DM, BEEMEDUR
RBL A Z TR DEIRPURIZ OV TUT, SSZISBEZFHF BTSN EZBLNITL TS %, MPC 138K
R DR 80% NEEVENER IR T HEA L THY, FEV DK 20%IFa-lactalbumin (ALA) <°B-lactoglobulin
(BLG) 2EDFIEERE ThD, SHIZWEA AL, ERRIBAVSEREIE T D720 HG Wik
B B2 B W TR NS R ZDIZSWATREME S E . Bivic, £ZTET 1L MPC RO AR RBA 7
N7 IEEMESAE T T Native-PAGE %1772 (Fig. 25A), F/E?D 10-20 kDa IZFBHHILD 2 DD/
VR kB BAFE Ty B A DT ALA BEOBLG Oy 1B BT 5, HROASURIIAE
AL DFTHIFEEENE Vo B A (33 kDa) BLOB-HE A (29 kDa) D4y - L —FH L TEY,
MPC R HIZIB WD TINO R L THFIEL TOD RTREMEA &V, K9 70 kDa TH NSV ib @5 1
D/SURIE, WO MPC R E HE DO/ T BEIVKENIENDS BB AL > TEREN I E AR T
OHEMEES N, £ZTSDS (A4 REmIEMEA]) 24 MPC I HRIZIRINU AL ZAT 572825,
70 kDa SURMPEEFERITE R LTI=ZEND A BA GG RPN ERIARBEL 7225 2 HiD, 0.8-, 0.45—,
BEW 0.2-um 74V F—Z @i LTI 1% D MPC AR T, /S RO ERIEIIIE L LR D T, 740 H
— SR D MPC IR ORI 1A X134 200 nm THY (Fig. 25B) , HAESIHL T EA IRV ORL
FRL BTz, L EDOFEREY  MPC SRIZE NI BAUIIBAEZAEL TODH DO HLE

ELTHIFEL TOAZEMNS . Wi B> MPC 23 BN CUWA RTBEME R E 2 ST,
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(MPC #&3H HG BEfHIHES S e 850 R0)

MPC $EH HG Z IV B S i BN RAMRRE T 272012, <7 A2 1 AT 4 BIRLATL7ZER oo 1
ERTVLAT R RE) 1gG B LU IgE HURMOHER 27 i L 72, MPC (1 mg/patch) #IH HG % patch {4
(CEVRR B B LT2 DBA/2 =7 A2 TR, ME 7 MPC R 521 1gG 72 b ONT IgE HUAAm I T4 HFRFLLL
FTéhot= (Fig. 26A, B), 2T poke—and-patch #1250 MPC O fEPIE A (RS DL, SC FEL[F
FRIZHIZ I DB ff- Tl g o MPC RREEH) [gG BE N IgE HLiffid LA-23RO b, L EO#RE
REV,MPC 1T intact 72~V AL EEFZELNLKWSDD, FEN~DOEER R 2R ES T REISE
AT DR Z R T I BINE IR o7, SHITHURMED LA 235380 BTz poke—and-patch {535
FOSC IZHBWT, MPC F 21y IgE HUAL 1gG HUAD AR LT-EZA ZOFEIG XM M TIZFZE LD
BOLNT | WL MPC RrigR) 1gG HURMGD L F- ISR 1gE HUAMI EA-L TODIERER
bz (Fig. 26C), LTzA3> T, HG BUANTEE 7L L7 R BRI G IS A A5 B DL LI, B R

IgE HUARPEA DA/ HE N VI WZENIALNE 2o T,

(MPC $£3H HG RUH| D & %2 & 1 3¥Af)

MPC #:385 HG D22 1« B RAFYEZRAET 5728 . MPC 253 HG 2R E L E T L oL
AR EZRIELT-, MPC (1 mg/patch) 353 HG 2 HAE L7228V T MERL 1 AE# TR
100%D MPC #HiRzR L7z (Fig. 27A), FIZRMIRERIZI1TH MPC DS A RAR 9~ ~=< 1 40k
1% MPC (1 mg/patch) #48 HG DA% DBA/2 <7 AT SC L=, MPC ¢ B EIH UM OHER 1%
KRR 7= MPC ¥ EZE(b72<  SfZ RIBUTIS Ui MPC K5 54 1gG PLikMlio - F-2580 bz
(Fig. 27B), LA LEDFRMN D, D7l HG /E L | £ ETT LT L TORIE R HEFF LT F 2

ELTRIFTEDIENILNERST,

(MPC 35 HG %\ 7= EPIT DR R ER KA 22)
BB BEPIT OZ 4 A a3 2720, 8122 @t - EERIFESRFES N2 MPC 3E1H
HG ZHv, BIEAAL T VA — BRI At G U R IRIF 0% FhE U7z, ARERBALAREIC R D EIRD
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[ R B0 Table 3 1R LT,

MPC ZEH# HG BRI FRRECH R L NI O B FERITZBO NI DD, 7 FT74F7F% v —

2y 772 E EIERRIFUS T EBNZ BNV TERD o7z, SHIZ EPIT FEiickY, 8 #ith 4 FllZisnTTriv
X —IERFRBEN LU, 450 3 mL DL AR D BET 2203 al ek /e o7 (Fig. 28),
AL, Zo 7 BTHAEL 3 mL Y T AT —EBECEDLIEA R, N H—DEENLE ORI
OB CEAIIINT/ o722 b RIER QOL SEIZ DR -7-EFB 2 b, EPIT OF SRSz,
ZHHDRBIZIZEBN T, OIT IZBAT Lk R IR R 2 T 72 L 24, 100 mL r<D L2 fRie LA A HE
7oz, SHITmilk, ALA, BLG, 7EBA U REHAY IgE FUIAAMIE EPIT Mtk | #7500 IR Pz~ 3 —
75 (Fig. 29A), ALA, BLG, 1B AR 1gG HUARMM I L O my Z7HiiR L L THERE 5 1G4 HUATiod -
FHEM OB (Fig. 29B, C), L2235 T EPIT 13 OIT 23R #E72 EiE 7 L L — B IR~ AFR Sy &
LTh, IR THY, OIT ~DOBITZ W REICTHFER THHLEE ZDND,

—TRRETIRND 32 3 HITIR W TR 1gE FUAMlICE LV BRSO BT 1 6, BfEo ERITER
DHHAT=HDO MPC 2EIH5 HG ML OFRE 3 i e o7 1 6], BIEOSEEZN RGO -T2
2 FHCRWTARBRE H IEL, milk BELOTEAHERY [gE PR a EFUEF W, &
B IR R [gE BRI OO0l b & R LT, LA EDZED D, EPIT OSEHEIZ & R o B g i
T VT R BHURM O ER 72 ORIFENELDZELHBIER) HG O fE L3528 TE
OFERITIE LN IEFAIRRBITR D ZEDRES T,

ZNBDORBIEERFTE DT — 213, HG %5 A LT BPIT M Ee B 7L LX —RIGEIEL L CIERE
WAL THHIEERBRT 50010, B F ISR NS TR GBI T 57 T —F 28 AT HILE

NTEIUT, AFEOBEICHTNDIRY T A — B2 KIFICIER CED TREMEZ RIB LT,

[%%]

AWFFEICFN T, MPC 3£ HG % Intact 728~V AR LT 6 | SR IR E ITFE SR oTz,
ZiUT MPC DERG THDNBAANTRRRZEERETE T DM E 2720 O BF~0F# A +5
TRV ATREMEDN S 2 DTz, L LR H MPC 2838 HG 1L, S M EHERF L - S S R E N ATHET
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BT ZEMBERRIFTE A EfEL 7oL 2 A TR TOFBRF BT HG BRI ROFEHRZ 2L O
B2 J& R OGS ARBO HTz, T b MM ED T LA U SR EN~LEIEL TR, BEICEAERSIL
TVWLBEIZBWTUIAART SAATHLEB 2 B0, BB Tl BENICEDIBNDT LIV
PEESITODDFEAIZR BIIARA THD A, FERIE I E-> TP o<KDET LT U RRESND LN,
BHMEORINISEHERET . 7T 747F = ayy VRO LEEOT LV X —BH TV ThHiE M
TELLRAMEI DR PR TNDHEB X BND, AMEICEL TE, S RIASAay  NAZ T 4 Th DT DR E D
BSOSO HBLCH B M E R OHRIB OB LB EZ L LTIZA, 8 £ 4 4 DBREICBOTERIERT R
BIEO ERPFEDOI, FHIARIISEEY EPIT 1L, OIT ZFE i CXeWEERY T L LF—EFITB N
T OIT ~OBATES W REICF B CThHHI LD RSN,

S DOBWT VL AX =L gE REMED RIS THY, 7L L7 R B 1gE HURIZ A5 TEET B~ AN

FIZFEBLT 2 FeeRl 2 L CT VAV VAR L EAXI L 728 DAL FEAT 4= —F—% 352 L
THEBZEL N, MEEFFETD " TUAT A RIEDFIE DR D ZENEF I BIL CIEAR72

RIGIAZRER 3 DI NS ARIRILENT LV R B [gE HFURDPEAEDNR 2 [T S 4L, Hfngiike LT
EHT 27 LT R R 18G4 BEOY [gA FURDPEABIMOAETHEIZ D72 N DHEIRLEL TE XL
TWD ™0y ZHIIAER THEDOTRD S 7 IR O R A FUAMI O HER LIEH AL T2
5. HG &Mz EPIT XL 2V - A EO @ Wi iiE ThHEE 2 bivlz, SHITIEFEDD I ELVIFSE
RPN LT LV SRR O AN EIZBIL T, Th1/Th2 AT AORER T Mlatéae 0z (b, il
P T HERRSCHIEE B MR OFE N EE THAHAZ LN Ol TE ™7, EPIT [ZRL THLZNHDR
PSS T A HMEICBIRL TWDEE X DNDZEND, A% IXBURIE - it E
3 2RO FZ [FE L, JBUERAE - it SE 15 C B 2 BT ORI D721 F 7,

AEl FRERPOEMED RO bR T EIR B L OB A ERISIZEY EPIT Z2ikL7z&
FATR LT, TR % Thl BALERARERT V2 U OGN A EhEE 2 g, i TG
ME7eoTo HG \ZH M "I EE7R Th1T 2 23 hEL TR LTZ Poly I:C WM K3 ZiE 4524 T, Th2
BN N - 5095 5 % Thl BUCS T RN T, TLAA R G B OIS R CEAZ L0 bREIBG O HE,
Ze[HIRECED AIREME DN D, B AEBIITIE, RIREIRIFZE TIROI T R A TR R - S LA ZE IS DA L
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T B R PED 0 IR SN E D@ O BRI 7E 2 FE L EPIT OEALPEARZEL | filifE -

24z AN EPIT ORI SEba B faL7zu,
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3. #&R

(1) MN Z & 20 PR 72 BB Ao TR E AEME DCs 23 DLNs ~ElEE L . 2B LR 5 CD4
Bt T a4 K05 IR - 1E AL 32 et EZ R LT,

(2) MN IZEDRERHUFEEICE > T DLNs (23R DFURF AT CD4 [t T Ml A€ —T Hifld~o
SHER GC TERMEESITEY, 2 b — B OMEAAEEE T 52 L CENIURE A ZFHE TED
AlREMEE R LT,

(3) MN (i@ M I RE7R 7 2=/ e LT Thl RS R A s> K3 2 fLHH L K3 285 MN 232 JE I
KLU TR TELIE LN ELT,

(4) HG ZIGRALIZEMT LA —IZx T2 EPIT (X, 7FH747% v —vav a7l BT

VLR — RS D AARTA IR IE OMENLICH B CE DRI ChHZ LA BNE LT,
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4. HE

AR DD | KARTRE) R DM FR G, BHEREA 10 E U2 BT . KBRS R B3 ekt
DT BT ey = N EdR R E &SR, REEdR SCAEHE L Se R MR R R
e A —illil BRI R D B AR L E T,

AN BN T, REE G- T A ADIERIC T 1 /) FEH&EbI0, BRI SEZHVELE L7 4
VRS NUEZFEFEEARD NS FVER A AT RESERASHE wh L sC B 7B NS
M BRI ZIRHN O - L E T, K3-MN O RMEERER7Z2HONT EPIT ORRERIIERIRIF 04 21T 5 1d 7
D7) FEHEEHICEERE S 2 B0 U E SR b = Eimbe BRBE A ERASIEE
AL FRE S AR ICRSBALA L BT ET,

AREELDDHITHTY, BEERTIRE, B S 250 EUTKRIRKFRFRE 50 50 F i AR S0 i
TR AR RS RIS RIEE AT 70 R E A - R A B B 2 7 o= 7 MR TR
BRI RIRR TR PSR A IER A RSB o B 2% I RRER e R AL L B E,

AWFFENAE G ) HB) S 2 THE EL I KRIRR PRSP R T 7 F o 0 E il 7 ey = 7 hod
ERRICEH N L E T, ;B2 MRS R TELRE, FFHZ 52 TTZEY,, BRWRAETEZ /AGTR D

ST F SRR LD DO BT £,
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Fig. 1. Two types of novel transcutaneous immunization devices.

(A) The sdMN is loaded with antigen only at the needle tips. After application to the skin, the needle
dissolves in just 5 minutes by skin moisture. The loaded antigen can be delivered into the skin. (B) The
antigen solution was dropped on the HG and dried for a few hours. The HG formed an antigen-concentrated
layer on its surface. After applying HG to the skin, hydration of the stratum corneum promotes the partition
of antigen. Antigen penetrates the skin with passive diffusion.
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Fig. 2
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Fig. 2. Strategy of transcutaneous immunization using the sdMN.

SC delivers the antigen to the subcutaneous tissue where there are few immune cells. On the other hand,
epicutaneous injection using sdMN can deliver antigens to the skin surface where abundant DCs such as LCs
and dDCs are present. After captured antigens, DCs migrate into DLNs. Migrated DCs present antigens to T
cells, and activate antigen-specific T cells and B cells. Activated T cells and B cells migrate to each tissue
and induce antigen-specific immune responses.
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Fig. 3. Localization of OVA and histological evaluation in the skin with the sdMN.

(A) C57BL/6 mice were immunized with F-OVA (green) at the dorsal skin by the sdAMN (430 um). After
removal of the sdMN, skin samples were collected and frozen with liquid nitrogen. Frozen sections were
photographed using the fluorescence microscope. The nucleus was counterstained using DAPI (blue). White
dotted lines indicate the surfaces of stratum corneum, epidermis, and superficial dermis, respectively, from
top to bottom. (B) F-OVA (10 pg) was administered by sdMN, ID or SC. Images were captured by the CRi
Maestro EX system at the indicated time point after administration. The results are shown as fluorescence
intensity. N=2-3 per group. (C) C57BL/6 mice were applied placebo-sdMN or injected PBS by SC or ID at
dorsal skin. Skins were collected 24 hours after application and were assayed with HE-staining and
photographed by bright microscope. Representative photomicrographs demonstrating with HE-staining in
skin sections (Scale bar; 100 mm in inset). N=2 per group.
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Fig. 4
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Fig. 4. Antibody production inducing ability by OVA-containing sdMN.

C57BL/6 mice were immunized using OVA-containing sdMN twice at 2 weeks interval (@). As a control,
the same dose of OVA solution was injected subcutaneously on the same schedule (O). Serum collected
from these mice were assayed to determine the each OV A-specific IgG titer by ELISA. Data are expressed
as mean £ SEM of results from three mice. *p<0.05 versus SC by Student’s t-test.
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Fig. 5
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Fig. 5. Primary immune response in epicutaneous administration using the sdiMN.
(A) WT mice (CD45.2, CD90.2) were intravenously transferred with eFluor 670-labelled OT-I (CD45.2,
CD90.1) or OT-II cells (CD45.1, CD90.2). The next day, mice were epicutaneously immunized 20 ug OVA
by sdMN or SC. Four days after immunization, the cell division of OT-I or OT-II cells in the DLNs was
analyzed by FACS. (B) Activated OVA-specific CD4* T cell in DLNs were analyzed using CD44 expression.
(C) DLNs cells were stained for Tgee, Tew, OF Ty to investigate the differentiation state of OV A-specific
CD4* T cell. (D) WT mice were epicutaneously immunized 10 ug OVA by sdMN or SC. One week after
immunization, DLNs were collected and GCs were stained by IgD (blue), T cell (red), and PNA (green).
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Fig. 6A
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Fig. 6. Change in the existence ration of various DC subsets.
The collected DLNs were stained with the following antibodies to analyze the DC subpopulation. (A)
CD11c* DC from 7-AAD- cell (Live cell) were divided into CD8o* DC (CD11c* B220- CD8a*; subset 1),
plasmacytoid DC (pDCs; CD11c* B220*; subset 2), Other CD11c* cell (CD11c* B220- CD8a CD205 ;

subset 3), CD207- dDC (CD11c* B220- CD8c~ CD205* CD207- ;

Other CD11c* cells
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subset 4), CD207* dermal DC (dDCs;

CD11c* B220- CD8o CD205* CD207+ CD3267; subset 5), and Langerhans cell (LCs; CD11c* B220- CD8a
CD205* CD207+ CD326*; subset 6). (B) BALB/c mice were applied OVA-containing sdMN or placebo-
sdMN. DLNs were collected 24 hours after immunization and analyze for the presence of the each DC. Data
are expressed as mean + SEM of results from 4-7 mice. (C) Frequency of the each DC subset in DLNs of
BALBJ/c receiving immunization. Data are expressed as mean + SEM of results from 4-7 mice. *; p<0.05

versus Non by Dunnett’s test
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Fig. 7. Change in the existence ration of various DCs subsets that captured antigen.

BALB/c mice were administered with 10 ng AF647-OVA by MN, SC or ID. DLNs were collected at the
indicated time and the number of AF647-OVA positive cells were analyzed. Data are expressed as mean +
SEM of results from 3 mice. *; p<0.05 versus Non by Dunnett’s test.
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Fig. 8
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Fig. 8. Gene expression at OVA-sdMN application site.

C57BL/6 mice were administrated OVA-sdMN (10 ug), placebo-sdMN, or plastic-MN epicutaneously. For
comparison, OVA solution (10 ug) was administrated subcutaneously or intradermally. Each skin 24 hours
after administration was collected and conducted to RNA-sequence analysis. (A) Genes were normalized for
those with an FPKM value of 0.1 or more, and genes whose expression was more than doubled or 1/2 or less
were represented by a heat map. (B) Signal analysis was performed using the genes obtained in the OVA-
sdMN group. (C) In the signal analysis, genes whose expression fluctuations were particularly remarkable
were selected, and the expression level was compared with Intact group. (D) RNA was extracted from the
skin 24 hours after OVA-sdMN application, and complementary DNA synthesis was performed. RT-qgPCR
was performed using the TagMan probe, focusing on genes that were particularly highly expressed by RNA-
sequence.
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Fig. 9
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Fig. 9
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Fig. 9. Identification of factors contributing to sdMN immune induction

(A-F) WT (C57BL/6 or BALBI/c) or each transgenic mice were immunized using OVA-containing sdMN
twice at 2 weeks interval (@, O). The same dose of OVA solution was injected subcutaneously on the same
schedule (m, [J). Serum collected from these mice were assayed to determine the each OVA-specific 1gG
titer by ELISA. Data are expressed as mean = SEM of results from three mice. *p<0.05 versus SC by
Student’s t-test. (G) IRF7-KO mice or littermate (CD45.2, CD90.2) were intravenously transferred with
eFluor 670-labelled OT-1 (CD45.2, CD90.1) or OT-II cells (CD45.1, CD90.2). The next day, mice were
epicutaneously immunized 20 ug OVA by sdMN or SC. Four days after immunization, the cell division of
OT-I or OT-II cells in the DLNs was analyzed by FACS.
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Table 1

Table 1 Types and properties of TLR ligands using transcutaneous administration.

TLR ligand Property MW Dose Target TLR

Pam3CSK4 synthetic triacylated lipopeptide 1500 Da 20 ug TLR1/2

immunostimulatory component

LTA-SA of Gram-positive bacteria 4000 — 8000 Da 100 pg TLR2

Poly I:.C double stranded RNA 1500 — 8000 Da 50 ug TLR3
- 4-amino-1-(2-methylpropyl)-1H-

Imiquimod imidazo [4,5-c] quinoline 240 Da 100 png TLR7

K3 CpG-ODN 6300 Da 20 pg TLR9
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Fig. 10

(A)
PGA-MN TLR ligand OVA-loading HG
Stratum corneum =il = SIEic
Living epidermis e—1=--r=— o
. — —
Dermis
(B)

Fig. 10. Methods for epicutaneous immunization using poke-and-patch.

Puncture holes were made on the hairless back skin of mice using biodegradable polyglycolic acid-
microneedle (PGA-MN). A 5 uL volume of toll-like receptor (TLR) ligand and OV A-loaded hydrophilic gel
patch (HG) were applied to the holes (A). In human subjects, (1) K3-loading self-dissolving microneedle
(sdMN) and placebo-sdMN were fixed to the plastic case that (2) was placed on the skin of the lateral upper
arm, and (3) applied with a handheld spring-type applicator that was (4) attached for an hour (B).
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Table 2 The clinical protocol for assessing the safety of the K3-loading sdMN.

Table 2

Day 0 1 2~7 8~20 21 22 23~28 29~41 42
Vaccination [ [

Medical examination [ [ L [ [
Vital sign measurement [ [ [ [ [
Blood count and biochemistry [ [ [ [ [
Urinalysis [ [ [ [ o
Cytokine production L L [ L o
Diary by subjects o o [ A ([ o [ A A
Confirmation of adverse events by phone o ([

® Required

A When an adverse event occurs
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Fig. 11. Difference in effect of antigen-specific immune responses administrated by ID or SC.

Mice were intradermally or subcutaneously immunized with (A) OVA, (B) HA, (C) DT, (D, E) OVA plus HA
and (F) OVA plus K3. The immunization was conducted three times at two week intervals. Sera collected
after immunization were assayed to determine the antigen-specific 1gG titer by ELISA. Data are expressed as

mean + SEM of results from three mice. (student’s t-test, *P<0.05, **P<0.01)
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Fig. 12
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Fig. 12. Expression analysis of TLRs in skin cells.

Epidermal cells and dermal cells suspensions were analyzed for the expression of TLRs by FACS. For
detection of intracellular TLRs, cell fixation-permeabilization were performed before staining with TLRs.
Open histogram represents isotype control group, and filled histogram represents staining group.
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Fig. 13A
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Fig. 13B
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Fig. 13C, D
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Fig. 13. OVA-specific antibody response using poke-and-patch method with OVA plus TLR ligands.
C57BL/6 mice and BALB/c mice were immunized using poke and patch method three times at two week
intervals with OVA in combination with each TLR ligands. Sera collected after immunization were assayed
to determine the (A) antigen-specific 1gG titer, (B) 1gG subclass titer, and (C) IgE titer by ELISA. (D) WT
mice or TLR9-KO mice were epicutaneously immunized with K3 or Scramble using the poke-and-patch
method. Immunization was performed three times at two week intervals. After 2 weeks of final
immunization, OVA-specific IgG antibody titers were measured by ELISA. Data are expressed as mean +
SEM of result from 3-5 mice. (student’s t-test, *p<0.05, **p<0.01, ***p<0.005, ****p<0.001)
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Fig. 14A-C

[0 scramble

B K3

12 A

(A)

T
o
—

T T T T
[ce)

(,0Tx) SI199 Jo JaquinN

(s0Tx) s|192 ewske|d jo JaquinN

10 A

(40TX*) SI190 g Alowswi Jo JaquinN

14 A

o

I T T T T T T mm\mv
© O T M N +d O .\o%
(0T ) s|192 ewseld jo JqWINN
&
S,
7
I T T T 1 Qma\m,.
< N o 0 [{o] o ,\0
- A}
(,0Tx) S||99 g AlowaW Jo Jaquiny
&,
S,
7
I T T T T T Q«Q@
%
o oo] © <t N o )
- Y
(0Tx) Sl122 @ OO Jo JoquinN
&,
*
|
| — T T T T T1 «m\...o
O W OW < N O 0 O O,
N A A« < A}
(50Tx) |18 SN1Q Jo JequinN

(©)

85



Fig. 14D-G
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Fig. 14. Activation and differentiation of T cells and B cells in combination with K3.

C57BL/6 mice were epicutaneously immunized with K3 or Scramble using the poke-and-patch method. The
immunization was performed three times at two weeks intervals., and (A) the splenocyte were stained with
the linage markers. (B) The splenocyte and (C) DLNs cells were stained for GC B cells, memory B cells and
plasma cell. (D) Activated T cells in the spleen were analyzed using CD44 expression. (E) The splenocyte
and (F) DLNs cells were stained for Tges, Tem, OF Tem- (G) The splenocyte were prepared and cultured with
1 mg OVA for 48 hours. The culture supernatant were collected and cytokine production were evaluated by
Bioplex. Data are expressed as mean +SEM of results from three mice.
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Fig. 15
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Fig. 15. Characteristic of K3 for transcutaneous vaccine formation in the primary immune response.
(A) WT mice (CD45.2, CD90.2) were intravenously transferred with eFluor 670-labelled OT-I (CD45.2,
CD90.1) or OT-II cells (CD45.1, CD90.2). The next day, mice were epicutaneously immunized with K3 or
Scramble using the poke-and-patch method. Four days after immunization, the cell division of OT-1 or OT-
Il cells in the DLNs was analyzed by FACS. (B) C57BL/6 mice were immunized in the same manner as
above. One week after immunization, numerical changes of (B) T cells and (C) B cells in DLNs were
analyzed by FACS. (D) The activation state of B cells was investigated with surface markers.
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Fig. 16
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Fig. 16. The mechanism of K3 epicutaneous administrated.

(A) B cells were analyzed for the expression of TLR9 by FACS. For the detection of intracellular TLRs, cell
fixation-permeabilization was performed before staining with antibodies. (B) B cells were isolated from WT
mice or TLR9-KO mice, and cultured for 6 hours in the presence of K3 or Scramble. The activated state of
the B cells was analyzed with a surface marker.
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Fig. 17

Skin DLNs

24 hour

48 hour

Fig. 17. Localization of AF647-K3 in the skin and DLNs.
HR-1 mice were formed puncture holes at the hair-removed back skin using PGA-MN. 20 ug/5 uL of

AF647-labeled K3 was dropped, and OVA 10 ug-loading HG was attached. The HG-attached skin and DLNs
were collected and frozen with liquid nitrogen. Frozen sections were stained and observed OVA (red), K3

(yellow) and nucleus (blue) by fluorescence microscope.
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Fig. 18
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Fig. 18. Safety evaluation of K3-loading sdMN use in humans

Placebo-sdMN or K3-loaded sdMN were applied to the upper arm of participants twice every three weeks
using an applicator. The day after administration (Day 1, Day 22) and three weeks after the first application
(Day 21, Day 42), local skin reactions at the application site were observed.
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Fig. 19. Preparation of allergen-containing HG.
(1) Allergen solution was added as a drop to a 1-cm diameter HG and (2) allowed to dry for a few hours. (3)

The HG was covered with low protein adsorptive paper, (4) sealed with aluminum laminate, and stored at
4°C,
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Fig. 20A
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Fig. 20B, C
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Fig. 20. Skin local reaction and active anaphylaxis test by applying OVA-containing HG.

(A) OVA-containing HG was applied to the ear of guinea pig daily for 14 days. The application site was
observed on day 1 to day 14. (B) On day 7 and day 14, serum OVA-specific 1gG and IgE were measured by
ELISA. (C) On day 14, the OVA solution was intravenously administered at 2 mg/kg, and changes in rectal
temperature were measured over time.t showed the time point when the guinea pig died.
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Fig. 21A, B, C
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Fig. 21D
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Fig. 21. Ability of OVM-specific immune response using OVM-containing HG.

(A) 1 mg OVM-containing HG was applied on BALB/c mice back skin (®). 100 ug OVM solution was
immunized subcutaneously in BALB/c mice (O). Sera collected were assayed to determine OVM-specific
IgG and (B) IgE titer by ELISA. Data are expressed as mean + SEM of result from three mice. (C)The ratio
of IgE/1gG titer was shown. (D) One week after the final immunization, single-cell suspensions of lymph
node cells were prepared and cultured with (1) or without (®) 1 mg/mL OVM for 24 hours. The culture
supernatant were collected and cytokine production were evaluated by Bioplex. Data are expressed as mean
+SEM of results from three mice. N.D.: not detected.
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Fig. 22
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Fig. 22. Long-term storage stability of OVM patch

1 mg or 0.1 mg OVM-containing HG was stored at 4°C for 1 week, 1 month, 3 months, 6 months. The patch
was performed to a dissolution test and quantitative protein assay using by Bradford methods. The
dissolution rate was calculated assuming that the HG-containing amount was 100%. Data is expressed as
mean £ SEM of results from three patches.
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Fig. 23B

(B)
C57BL/6
_ B gG1

lgG2c
16 —

14 H l

12 —

10 —

g Bl d [ d pE g g
= i = ] = RN B I 4

OVA-specific IgG1/2c antibody titer
(Reciprocal log, titer)

<6 Dt : o : I : I : Dt :
Non Pam3CSK4 LTA Poly I:C  Imiquimod K3
Adjuvant

BALB/c
_ E 1961
lgG2a

'_\
o
|

[N
SN
|

[EnY
o
I

o
|

N
pd il Z

HE EE P~ s s
| | | | |

OVA-specific IgG1/2a antibody titer
(Reciprocal log, titer)
N
|

N
»

Non Pam3CSK4 LTA Poly I:C  Imiquimod K3
Adjuvant

99



Fig. 23C
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Fig. 23. OVA-specific antibody response using OVA plus TLR ligand-containing HG.

C57BL/6 mice and BALB/c mice were immunized three times at two week intervals with OVA in
combination with each TLR ligands epicutaneously. Sera collected on day0, day14, day28 and day42 were
assayed to determine the (A) antigen-specific 1gG titer, (B) 1gG subclass titer, and (C) IgE titer by ELISA.
Data are expressed as mean + SEM of results from three mice. Student’s t-test; *P<0.05, N.D.: not detected.
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Fig. 24
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Fig. 24. Epicutaneous immunization methods of the MPC-containing HG.
MPC-containing HG was applied to intact skin with the hair removed (patch method), or was applied after
puncturing the skin using a PGA-MN (poke-and-patch method).
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Fig. 25
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Fig. 25. Preparation and state of MPC solution.
(A) MPC was dissolved in distilled water and sequentially passed through 0.8-, 0.45-, and 0.2-um filters.
Each MPC solution was analyzed by native PAGE under non-denaturing conditions or by SDS-PAGE after

heat denaturation. M: marker (B) Particle diameter in each MPC solution was measured by dynamic light
scattering.
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Fig. 26
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Fig. 26. MPC-specific antibody inducing effect using the MPC-containing HG.

DBA/2 mice were epicutaneously immunized by application of 1 mg MPC-containing HG (1 mg) to the dorsal skin with the hair
removed using the patch and poke-and-patch methods or were immunized with 100 ug MPC solution delivered subcutaneously. (A)
MPC-specific IgG and (B) IgE titers in serum samples were measured by ELISA. (C) The ratio of IgE/IgG titer was shown. Data
are expressed as mean = SEM of results from three mice.
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Fig. 27
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Fig. 27. Stability of MPC-containing HG over long-term storage.

(A) A dissolution test and protein quantification with the Bradford method was performed for HG containing
1 mg MPC. Dissolution rate was calculated for MPC-loaded in HG as 100%. (B) Solution eluted from the 1
mg MPC-containing HG stored for 1 year was used to subcutaneously immunize DBA/2 mice at 100 pg/100
pl. As a control, DBA/2 mice were similarly immunized with MPC solution prepared at the time of use.
MPC-specific 1gG and IgE titer in serum samples were measured by ELISA. Data are expressed as mean =+
SEM of results from three mice.
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Table 8

Table 1 Demographic and clinical characteristic at the start of the studies.

Participants (n = 8)

Gender (male:female)

Age (years); median (range)

Atopic dermatitis; number (%)

Asthma; number (%)

MILK-specific IgE (UA/mL) ); median (range)
ALA-specific IgE (UA/mL) ; median (range)
BLG-specific IgE (UA/mL) ; median (range)
Casein-specific IgE (UA/mL) ; median (range)

Threshold dose at DBPCFC (mL); median (range)

5:3

6 (3-8)

8 (100)

2 (25)

116.5 (3.88-206)
10.5 (0.1-77.3)
9.3 (0.1-45.2)
124.5 (4.81-227)
0.5 (0.5-1)
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Fig. 28
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Fig. 28. Effect of EPIT using the HG on the dose of milk successfully consumed by patients with severe
milk allergy.

The OFC test was carried out in children suffering milk allergy after they had initiated EPIT. Black symbols
(@, A, H, and @) indicate patients that were able to drink milk without experiencing allergy symptoms and
were able to switch to OIT; white symbols (O, A, [J, and <) indicate patients for whom EPIT terminated;
and v shows the time point at which patients switched to OIT, and the subsequent change in the cumulative
amount is indicated by a dotted line.
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Fig. 29. Allergen-specific immune responses in patients following EPIT using HG.

Blood samples were periodically collected from patients with severe milk allergy after EPIT. Milk-, ALA-,
BLG-, and casein-specific IgE (A), 1gG4 (B), and 1gG (C) levels were measured using ImmunoCAP. Black
symbols (@, A, H, and @) indicate patients who were able to drink milk without experiencing allergy
symptoms and were able to switch to OIT; white symbols (O, A, [, and <) indicate patients for whom
EPIT was terminated; v shows the time point at which patients switched to OIT, and the subsequent change
in the cumulative amount is indicated by a dotted line; and § indicates the time point at which the clinical
research was halted due to the sharp rise in allergen-specific IgE antibody production.
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