Osaka University Knowledg

Title RFIRF v ) 7 —IC & ZHERE T OFRBIREHIE & 4
R 0 F > shROERE L

Author(s) |BE, #f

Citation |KFRKZ, 2001, HEHX

Version Type|VoR

URL https://doi.org/10.11501/3184258

rights

Note

Osaka University Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

Osaka University




RFRF+ U7 —ICKSMIRE TOHRRBRESE &
HRD & F R 0OEPAFFH

2001 &
BE B



HFREX v U7 —IC & HHEIRE TOHu R B E Gl &
HIRT O F 3 R 0= BT

2001 £
BIE #



AP
AdMMS
BALT
BSS
ccD
CIITA
CMIS
CTL
DDS
ELISA
ELISPOT
FITC
GALT
GAPDH
HBSS
HEL
HRP
IL
IFN-y
Ig

LPS
MHC
NALT
OVA
PBS
PE
RNA
RT-PCR
TMBZ
UEA-1
cDNA

Alkaline Phosphatase

Adhesive Micromatrix System
Bronchus-Associated Lymphoreticular Tissue
Balanced Salt Solution

Charge-Coupled Device

Class Il Transactivator

Common Mucosal Immune System
Cytotoxic T Lymphocyte

Drug Delivery System

Enzyme-Linked Immunosorbent Assay
Enzyme-Linked Immunospot

Fluorescein Isothiocyanate

Gut-Associated Lymphoreticular Tissue
Glyceraldehyde-3-Phosphate Dehydrogenase
Hank’s Balanced Salt Solution

Hen Egg Lysozyme

Horseradish Peroxidase

Interleukin

Interferon-y

Immunoglobulin

Lipopolysaccharide

Major Histocompatibility Complex
Nasopharyngeal-Associated Lymphoreticular Tissue
Egg White Ovalbumin

Phosphate Buffered Saline

Phycoerythrin

Ribonucleic Acid

Reverse Transcription Polymerase Chain Reaction
3, 3, 5, 5'-Tetramethylbenzidine

Ulex Europaeus Agglutinin-1

Complementary Deoxyribonucleic Acid



- FREEIIFUOFYUT—ELTOERE) RV —LOWHEETHE 4

E— BEReYRY—LICKSRERB~DOHERXECET B 6
BIE BRSURY-—LNLRERONMFERRIZEZSEE 12
EZH BERMEURY-LISIYZFESNINERENRECEDOFME 20
SEImET /ME 29

FIE RUHABTA DR Tz 7—ICLHHLEREFSICEITSH/81

IILIRD&E ‘ 31
F—8 EBENREFEICEZ S5/ ITILBRREBOEE 32
EEH MEOREEILIZ & D REGEHE 37
EZE /ME 40

E5=E FRBEIDIIFoX 1) T7—& LTO Adhesive Micromatrix System

(AAMMS) (DERET & 1 aESTE 42

FE—ET AdMMS DEE! & B 414 ETE 43
ETE AIMMS [ &k A HFEBRMHAEEZEDE 47
E=E /ME 48
W¥E 50
] 52
BitE 53

SE X 54



20 HATICHREL-EEEIHADOR—F LRALEHEL .21 HILED A -IRE.
L£ERDERIIETETELL>TWVD, COR—FLRAELLEHERTH., E
k. B, ERLEEORTRAEICTOATLS, ChEEBRKRESISEST
BEAEICOVTHEKT, BALYRICHEVWRRALEEZHEABHLTET
W3, CORBEROFRIBREELZHANBETCEBTEIL22H5(1-3), &
£ 20 EFREZEERYE>THTH, HIVEESE (AIDS) OEFMRFITAES o1
DEWHD., F%, LS. MRGERHETEREEADN TV EEENBUH
RPTHRITLIED =, WHO L BEEHFHRMERTHS LV S BLEBBOTIC.
1997 &IZ “Emerging Infectious Diseases : Global Alert. Global Response” &
BT IXEEZHRL. TORTADS LEQOFRBREZ “DOTEELTL
Hhhot=h. HAWNIH L BB SN E-BEET. BMIC. ELEERMIC
PNEHEELRBEELIBLE. T L THBEREES "BNORFETI TIZL
SHEIREEALAVEEETREINEL LTOWEREEDNS L, BUR
TFLIBOBEHAEMLEZID” LEELTATNIIHT SRS EERET
HDHEELHT-, £ 2000 FiIziThOnHEY S v MIBVLTHRFEDRE
NEEEETHDIEEESh, BEEICHT IBERESEE o= LIFEIEIC
Hi=5 LU

—75. 20 HEEBEITONTELBEREL OBV ERB LN THD LHEVE
VEBEEFEOBEETH > -EVWHTHIAETEHLGL, RZVYVOERIC
BERTIHNESOREVEORRITRELE. HICHEEREEDBRICES
MEBRZIRHLIE-@), DOTEBESS S EIFEAEDRHRPEENDLEL &
HEEECHBVTIEHB L. BHERLETHHAZEHERZE LR, REBEN
KEMABENRE L0 LEEREIEFLCEE Lz, —FA. V4L AEREE
IZHLTH/ A5 F—EHBEEFRAWN AV ILI YRR, SEEHER
EEH 2 BLTOT7—LHEER 1 B2EASHEESHGFRARE (Hghly
Active Anti-Retroviral Therapy : HAART) [2&k 3 T4 XAELE LS L DAEREN
BAFENTLAG). LMALESL IALIEETHLEE. ThHLERERON



- HERZBLEDOTHY ., BREZOLDOZEH S EETELRL, F-mtE
BROHBRCREWARICESLRIVNGENH LB EOBBERI/MESITE Y.,
BRFDEWARICE L SER - PHEOREISBEL SN TS, 7).
COESILERDLE, MEVELGEDRIIBATWDIFVIZHT 5E
RESATELSTEB). AN L SIZTHF 2 L3 1786 £EIZ Jenner A James
Phipps [CEEZHBITLEONEILEYTHY. Thhid 100 £f-o1- 1885 &
[Z Pasteur "EXFTIIVFUZBFEL “TO0F2” EVWSEHNERIND &
TG otz SHIT 100 FLUELSEREICEVTIERAS DT I F UMK
ShEREShTWS, BE. BRIEASNTWEITIFUERDTHB ER
VAEDIFODROKELZRE. TOETIXIFICKIREEZTHS,
—7A. BRDEKRRNZHBLTHLE, HAREBLTVLEIDIEREEL S UIC
FEIRER. HILE. BRBEVSHEETH D, FICHERIIERS. 8.
|5, ERBEVDSIEROHERIVELGEEY - £EBETEEN L THEERKDE
AEVSBRICBRINA TS, ChoDREEISH LEKRTIEETICHREL
EDYBHN)T—IZMA, HERERTLEFIENIBEELGRESRAT L
ZRADCETE—ROBHBEBERBEL TS, 10) . BEEICHTETIF
CHAREBEBR LR, BAFF CTHAREBERICHARENREGEEFEL &
DEVSIBZREFLHTEIING S T-3DTHA5, LMLEGHAL LdoiEst
[CEBBITDIIVFUTEE—ROBHEN)T7T—CHIBERBEI X T AIC
NERENRELEEFETHILETERL, ZI°RO. BEKELL-
EHEBEZEZNLEREFE. I45bb “BEDIFY” OREN/BRELLE->TKL
%, Figure 1 [SRT & 312, BET I FURBREOT I FUITHRELDEEE
BLTWAH(11,12), GATHIREIREIHEEZN LARET S LT, RES
UDOHEREDAHE LT EZROMEED. SoHICEHEFIIHFETIREMRBIZER
FERRMRECENFTETEDS. TLHLLERRNICHERAEIRTLELS
REELRTLIZE B ZBEAOHHRBIBETELL032LTHSS,
CORUREBETIFUOELTOHET IV FUOOMBFLEEMTIIDL S ICHEE
D WHO £E® “The Children’s Vaccine Initiative” [ZEET & LN (TR
TOESICKETIFUoADL, BO, BRIIRKRESNIEET I Fo~OBIT



AR EINTS(13) COLSITHHSATVIMIET I FUOTHLIAE
BiIzH > TIEBLLEENRE T LA TS, ZTOENTHERESIDEM
BEOEFRARY AANEDES ERFEOLBETHD. BE. MavEELL-
= ERBEIARDOSRALTL ERGEPEERRNICRYRAELZNE S5
BEOYYY—LBEEICEZAELOMENFRBEBEZHEATLS-H(14). It
BLEMTHRELTHELAEETHRSATLE S, FHLEEABTH SN
BIzBWTIE, PEEZRORESFHERIERCEVOE >N (ERELER
BLTCIZHBEINTLES, BIOEEDEGFEMN. 2 0 ITFORRIC
HOER - BREEADOHEI YTy LI IFUORTIFEIIFUGE
BBIZTFUORFSHTOBREICELTIX(15, 16). BEFHBETEMIER
HICEZSNGHAEEREGS B, TITRE. BRNEHRERFEMNRE
WEE2FETH-HITHEZENORBEHRBANEET SR, THHLLHERD
5 F Iz #$1+ 3 Drug Delivery System (DDS) DA S AT SH(17,
18).

FCTEZEFEREVRY—L, RUABKRTA I BRI 27—, Adhesive
Micromatrix System (AdMMS) & V5 3 EBEORLGHHMFIRFv U T —ZAL
FEIED 7 FUICE1+ 5 DDS HMiOF LWEAAE. BOTRITChoMFI LD
HEGICST2REOBHERELE VI FUONROEREFTFML . RIEKRITET
5DDS #FAL-HMED Y FUOOMEEMEICOVWTHES L, ZZIcBEHmXEL
TEEDERETH S,

#0O-ga HEREDFE
RE BEREE S X T L
HEL: o©© —» - VA (R, RE)
Zett o 0° RIS (AL S—THE,
RS THERS)
75 F R (NT\LT. GALT etc..))
HfF SRR - THERARGE: (~JLs ST,
-TAX RS S TER)
. ;Mz ” (Rl A8 1) o)
CATTINI N o
. :1:5 o HIERBEATALE
&E 2BRBEVATALIZES
25548 X DL

Figure 1 Application of mucosal immune system for the prevention of infectious diseases
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$—F FRRETIFUECUT—LLTOBRAYKY—LO
4 R A

SE. [REXLEVSERERSI VILIUFEEILHETEIEL DI )L
ADBRAMF LG >TIND(19), BIRD & 51, EEKIET Zh SHEEEIZH LisE
RECATLEVWITWNDZAF S UV BHHEEEEBET S L CREE
MNEEHBLTWNB(9, 10), HE, HILERBEEY D/ (Gut-Associated
Lymphoreticular Tissue : GALT) ITHLRBIFEAIL BB KR T H - 1= 2 IHEER &
1) 27 \#8# (Nasopharyngeal-Associated Lymphoreticular Tissue : NALT) 4%
EXEEE Y o/ #E#: (Bronchus-Associated Lymphoreticular Tissue : BALT) [Z
BT A5HRAREMICES L., TOREZEMEBE L TOBENELMELD
2o, ShoDY U/EEALESEICEIT279 FURBOEEENES -
LTEEEIND &S24 > TE(20-22),

DRAGREZFEEZTOLHICE. BITKkYE FTHEMNERRICEY O F
NETNIEGESHOA, B, MEEVLHHRABEIARNSBALTL S
RERGCEMZERANICRYRAELGVESAZICERAHBREBEHA TSI
. RZEMTES LTCHELAELTHREINATLES., ThHEDRM
EHEBRENRETCEEZ2FETI-OICEFEAL0HREEE < CYIRT. 7
% NALT ®°BALT & L > - BIEBGLICEE T 5 DDS EfiARE L L ->TL %,
DFEY NALT O BALT ITHEET B ) /BB~ E VIR R%:ZE L5 5 DDS Hiif
AEETENE, MERICBTIREETFHEEELEZBRED I F O OTEEN
FRELIENDERBDND,

NETEERIYRY—LIZEVZA MV ADEREREFSE LEERS
1) 7R —Ls (Fusogenic Liposome) DRAFIZ#i > TE 1= (Figure 2), 3 TIZ
BREURY—LBEUEFLAIMILADEZELEZFA L-HREE L ORAI
&Y. HBIZIEFEEEZ5Z 4L, invitro S WIZ in vivo IZB WL TEEF®
BEEELVOURY—LNHYEDNELCBATESLEHRELTLS



(23-25), E-EMAEVRY—LEANS I LT, A LIRFEIEHHERO M
BEDCEASN, MHC class | 2 FZNM L THRRRSINSZ &L SoIchiE
HAERESURY—LEIFHICKYRET S LEHFREEMABICHRERRENR
ARELEDHT TGS T #AE (Cytotoxic T Lymphocyte : CTL) #EEET
252LETRL. ERAYRY—LNREBRABEZENELETIF oYY
T—ELTEWVBEZALTVWS I EZHRELTLVH(26,27), —7A. EREY
RY—LOEEICAVWTWVWDEYZ A DM ILARERERBEHEICRRET S04
IWRATHDIENB(28,29), EERNIZTEVNTEUFAM VM ILR LREHRDEEZ
TTEROLNBIERMEYRY—LLELHETICERST S EHMRMICREL.
FOREHYEZHBERBICEZTELLHFIND, THEDLLEREURY—LA
TLBREEVATLEZNELEZITIFUOXVYI)T—ELTOAE LT HIE
RREVATLEEHELEIIVFUOFYUT—ELTHEVEEZELTYL
HEHFEIND,

Conventional  Fusogenic  Sendai
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Figure 2 Novel hybrid delivery system, fusogenic liposome, for the induction of mucosal and systemic
immune responses

EHICEUFADANREELELDIAMILARIKY 2/ Bk ERMRRIZ* L
HA A VOEEFEOCMRRRICEDLDAINFORREEEITIZTEDN D
WE7oanNY FEEEZEBELTVWSI EAILENTLNS(27,30-33). Z< DT
FAILNADERER AT HERE ) RY—LICLRKOFENHFSL
Do



ZTCARETIK. BEREURY—LICK22BEB~OREZE. 254
DAIWNAEEMEICLDZT DN\ R, BEREVRY—LICKYFESL
BPREGELEVS IDOHERANL, BREJRY—LOREIVFUoXY T
— & L TCOBREF@ZIT > 1=,

F—H BERMEYRY—LICLS2REE~OMEEECET SR
SPEIZIE NALT EFEEN 2 SR TRIEICE > TRIRICOUSFERKDY /8
OB IS (Figure 3 : Arrows) , £ CIZIEXBHAMREOC T, BMEE VT
REESHENAFELTEY. 0 EDOY U/ & LTHEEL TV 5(21, 22,
34), NALT IZHFEET S BHIBIEIZDEEAEN QA FIRMRETHY . 75X
HEEHIMALIEO NG, RATIZEFEEHFE (Nasal Passage) (Figure
3:Arrow heads) TlE. 75 XATHIBENSHEELTH Y. TDIFLEAEILIGA
#EELTULA(21, 22, 35, 36), & ZIZI&X Common Mucosal Immune System
(CMIS) EMHEN A RBEREBRBRNMPIL LT 2REFTERBIFET S, T4
HHE NALT EREEFEE CMIS 4 L-REFEMARE L RERDBBOBER
2HBESh, TNENRRICETIEELRREMBBE LTHEL TV (21,
22),

Nasal Passage

Nasopharyngeal-Associated
Lymphoreticular Tissue (NALT)

Figure 3 Histological analysis of nasal lymphoid tissue

FOTARFIZBOTIIHEAESE TR NS ET—H—ICHL\. FACS &4
LUICHEERL—Y—BEHMERICLY. EHFABEME )RV —LORBREHRER
[ZH(T5H NALT L EEBEER TOMBREREIC OV TRITZITo 1=,



[Z=EE#H]

BALB/c 7™ R (tftE.7-10 BED) (X B A F v —JLX Y 73— (Yokohama, Japan)
FUBALE-LDEERRICHL-, E2F 1 IM4ILR (Z strain) [FHBEEAL
& (KIRKEWEYMRHAER) MronE5SnfzHDOZEA-, MODEK #ifa(X
Dr. D. Kaiserlian (Institute Pasteur de Lyon) &Y #HEL T = =,
Fluorescein lIsothiocyanate (FITC) #Z#E T+ X + 3 >~ (Mw 40,000) &
Phycoerythrin (PE) #Z#ft Mac-1 fifklZZh £ Sigma (St Louis. MO) &
CALTAG (Burlingame, CA) @3 O #FRAL V=, B—4 = UiF# M MRFEML
4 F > (Ulex Europaeus Agglutinin-1.UEA-1) [& Vector Laboratory (Burlingame.
CA) &KYBA LT, BlockAce [FKBAHZE (Osaka, Japan) D+ D ZERERI
#tL71=, 78— —JLIE Amersham Pharmacia Biotech (Piscataway. NJ) & U
BAL. 10 f£2E® Hank's Balanced Salt Soluton (HBSS) (Gibco.
Gaithersburg. MD) & 9:1 TRA L1 D% 100%/3—a3—JL & L TRERICH
Lt BRELSF Y. 2+ RT7F O UBRIIBXMEIE (Tokyo. Japan) £ YR
ALT. FOMDEDITIILHE (Osaka, Japan) O, & LLIEENIZE
T5LDZEAL=,

(=B ]

FITC BT ¥R S UHAEME YRV —LORAR

1) RV —LlE Bangham SDHEE—EHEL TERL =37, WELIF
VIOLATFA—L: DFRI7PFOUBEEILT 451 TRAELEEE (7.5
mg) EEEAFLUESTIFAI—TIOREEE (56:44) 1 ml [TEHL.
A—4Y—INRL—2—IcTHEEEFBR S BTz, AKHEE LTHTCEET
A+ (50mgiml) 2200 Wiz, RLTFYIRSFHY—ICTSERIKRY
—LEERLE, URY—LARKEEBRAZERICT 4 AEBEREEZHRYET S
ETC—HEYRY—LESBE, RUA—ERR—F&ET 1 )LE— (0.4 pm) ZH
Ly, Extruder [2& Y YRY —LBFEEF A X =% 204 (20,000 rpm, 4°C.
30 4) £S5 ETYRY—LZERNRLEZ, INoDYRY—LEEMRBY
THIETYMILARNA ZBHAELIzEAAM D4 LREREL, 37CIZT2



FEIRET S LIZK YRGS B, RIGRERTY T aEEEAR (50.
30, 12%) LICEREL. &02E (24,000 rpm, 4°C. 2 BRE) 95 < & ChlERb
BURY—LOBEHET o1 12%& 0%DRBIEET IERSYRY—LE
El4% L. Balanced Salt Solution (BSS) IZTi##% (20,000 rpm, 4°C. 30 7E)
Lf-#&. BSSICEBEL-1OEEME)RY—LELTHWE,

SRS b OBk, EEMEROEIR(38, 39)

REIESEEYORLYOEZEYRL., FEEIO U /88 (NALT) hB R
FULRAY DA ZRAVEMICT 3 ETERBKRES-, OEZREL-E
BEMEIL, ANX—FLEZAVEREERB, SEKREEINL fz, EIRLF-E
BIkEN—O— LEEQER (25. 40%) OLIZERL. &DHEME (2,000 rpm.
20°C. 20 ') Z#1To1=. 25% & 40%DEICHFET SHlaEEIR L. EEEk
& LTHW:,

EmE& )Ry —LAHYOREEREZOBETME

Phosphate Buffered Saline (PBS) IZ&fE L1z FITCEZ#TXA S >. YR
V—LH LLFERSYRY—LIZHALEFITCEZEETF X 5> (5 mg/ml)
EYORAZERNIT10p | #B5 L1, 1 BEE. NALT B 5 VICR&ERER M5 £
Rike., EskEERL. £#BTO FITC Tk 5# % FACScan Flow
Cytometer (Becton Dickinson., Mansfield, Mass) #BAWEIE L 1=, E£I= Mac-1
W4 4EAA I PE 25 L <3t Mac-1 A £ FLEIRE L 1=,

JERE U ARY —L4IZ & 5 MODE-K #ifa~ DO i[5 %= 514H

5 x 10* cells ® MODE-K #ifaZ F v /A\—R 54 FIZEBL—BiEEL =,
IFELBZBMYBR-%.100 pg/ml ITHET S FITCEETF R SV EMA.
37°CT 1 HEIH#EEL-, 2% FCSEH PBS T3 E%k%E L1-2. HESAL—F
—BEMEE (Bio-rad. Hercules, CA) TEHEL -,



REABFREICE D MBROEE

FITCEHTFR FSUBAERMGURY—LZES L 1KERICOZZE
IRLT=o 4%/8SHRIVLLTIILTE FTEE (4°C. 4 B L1z, Mili Q T 2
f&EZ&HR L 1= BiockAce TIR Y X2 ¥ (FR. 1 FHE) Lz, COEMZE 20 pg/ml
2725 & S512PBS THERL-0—4 = UiZHE UEA-1 TEE (FR. 2K L
f-#%. PBS TS LEESL—YV—BEMBTHEL-.

(BREBLUBE]

BERAYRY—LOBEIIVIFUOXYUT—E LTOREZITET 5012,
FITC B TF¥ A S UEHALEERGYRY—LZERL, BERELR
DEEEE FACS I TEMT L=, Figure 4 [SRENB &S ITERMES Y RY—L
ZRAWTFITCEETIA NS VERSLEBETRINALTZLVICREEFRED
+ R, Mac-1 BBt ORISR LVE A RERR S i- (Figure 4 :red line) . &
FoADOENBREFIL FO—LETHIBEEOURY—LERAVEHEY
FITC BHTHRX S VEMBESHICHARFEIIBEVEDOTH- e, B
MEURY —LITEEABAOEBEVVREEZEREEBE LTSI EATSN
FRO&LSICERGYRY—LEE AL I/ LVAORBEHEEMAL., Mg
[CEEHEES. MATHENTES, T FM VM ILREERE, KERE
FRMARBAIIERET EZIVMNIIWARATHE D, HELRABIZHLTEEWNE
& MEEREELTWDEHBEIND, CNOERIET H-DICFITCEHT
FR FSUHABEREYRY—LEHKIEL KR THS MODE-KfIlGICERAS

éht(me5®°—iiFWC%%?#XF%D%&MEﬁF@é(ﬁ%M
BREShT., BEOVRY—LERAVEETEIY FYA F—2XENLTHR
YURAEN-EBDNEIETORAEPERSINEDATH>1- (Figures 5A and
B)o L DDIERIX Figure 4 2R LTz invivo TOREREHEBLIZEDTHSLH L
EZoh, EREYRY—LOBEEENS VRFEEEECRBRLTVS
Mntf,



S TNALTO EE#MBERIZ(EIM (microfold) #iRE & FEIEH Z455kIC L L=
RMNFET %, Figure BICMMIRBAD EFEMERB L o CITHEMER LTz, MM
FREET S LRBIREERTHEMEERE. HRGRENEV I EAHML N
TW3, FLEERATERY, Y MRIZKEE L-REIZE-TBY.,. F2I2E
ROAJ7—UPHRERGEORRIR TS DARAERLTLS
(40-42), 92 HEMMRIINALTOHMFRZ R~ RMICHRZZT SEESF
FLTWALEZEADONTHY., HBEVIFUICET2EELENBROVED
THd. ZTRIZERME )RV —LOMBEADREEZEZDVNTHEFTET-
T=o

MERIEH LG LI F UOCHBRAICFEET 2L FUOBERER SIcHY
B5LtT48—& LTHEES Bglycoconjugate 2B L THEY . ThFNMBEBED <
—h—ELTHERINTILNSAES, 44), KB TIIREABINATINSBUEA1%E
AUMBRERE L, BEEYRY—LZAVFTCERTFR 5 EEE
BELETIOAMNSLNALTZEU L, O—4 = E2#HUEA-1Twhole mount
Liz& 23, FBEEXGHEOMMMICFITCIEE TR FSVIZL 2BEELN
BHESINAMBEBICRBEEZESIATWS I EATENE (Figure 7)., E-REE
FEBEOMBERE IS EHAOMBRBICBET 2BE0 L REBIZELH
FEZEINTNWBSIENTREEINT-,

-10-



(A) Epithelial cells (B) Mac-1* cells

S (NALT) 85 (NALT)

24 Figure 4 In vivo antigen distribution following
%8. L nasal immunization with fusogenic liposomes.
= \ 2w . .
So‘ﬁ & One hour after nasal administration with

N I o "

0“1‘ i FITC-fusogenic liposomes (red),

i, fﬂa» - &l . oo, FITC-liposomes (green), FITC-alone (blue) or

100 10! 102 103 104 100 10! 107100 o none (black), epithelial cells (A) and Mac-1"
Forasceal Inlensity RESSeATTaay cels (B) of nasopharyngeal-associated
(C) Epithelial cells (D) Wao-1" oolls lymphoreticular tissue (NALT) and epithelial

o, (Nasal passage) o (Nasal passage) "

b3 ) cells (C) and Mac-1" cells (D) of nasal passage
m% S were isolated. Fluorescent intensity was
2] @2 .

S8 S8 detected using a FACScan flow cytometer.
8] 3g

o L o

S W, o \

o <Y i " _,A: — o e i R VR

100 10" 102 103 10* 100 10' 102 10® 10¢
Fluorescent intensity Fluorescent intensity
A) FITC-alone (B) FITC-liposome

Figure 5 Analysis of antigen uptake by epithelial
cells in vitro. MODE-K cells were cultured with
FITC-alone (A), FITC-liposomes (B) or FITC-
fusogenic liposomes (C). After 1 hr, cells were
washed and observed by confocal microscopy.
The same sample was observed by
transmission microscopy (D).

FITC fusogenlc Ilposome ) Transmission

Characteristics

- Exist at epithelial cell layer of Peyer’s
patches and NALT

+ High endocytosis/phagocytosis activity

+ Lack of apical brush border microvilli
and mucus layer

- Specific glycosylation pattern (stained
with some kinds of lectin)

+ Lack of disassimilative enzymes

Figure 6 Characterlstlcs and scanning electron microphotograph of M cell

(A) Rhodamine (B) Rhodamine UEA-1
UEA-1 + FITC-fusogenic liposome

Figure 7 Whole mount staining of
nasopharyngeal-associated lymphoreticular
tissue  (NALT) from mice nasally
administered with FITC-fusogenic liposomes
using rhodamine-labeled UEA-1. Findings
from three independent experiments were
similar.

iy



UEDHEREYIERE )RV —LIENALT [CHFEET S MERADE L RESE
FERZALTVWAHAIEATRENT, FLABOLSITMBROTEICEYS O
77 =TIl G ERFRTEENSHFEEL TSI LMD, Figure 4
[ZERE S iz NALT O Mac-1 B~ DOHRFEXZELX O Ml Z i+ LR
EENVEODXERRTHATRMELNER S A -, —F . BEEHEED Mac-1
Bt~ ORFZEZRIIVEETO LI AHLHTIHRAWLD, MEITEL
THRKITDBEEREBRhORFRTHERNAERNICEFET SREZNYRAAT
W ENHESTNTIVNS(45), Jii. ZDMYAABBOVEDICTRE—
ALELEHBEZNLELONH S EHBESNAE6). REICEL TIXRESE
THEFLGCSEROMRERN LTINS,

EIE BEmESURY—LALRMABORERRICEZS8E

HIEICE T, EREE Y R Y — AXREEBO L RSG5 U Mac-1 B
. NALT OMBIRICEVVIETHRZZETESI L E#R Lz, LA LERIC
REFESNIEOICEFBEICHRENNZEZEZIN ST TELEL. MHC HFEAL
THERREINIBELH D, TITHHICSVTIIEREGYRY—AIZKY
BAShE=HRED MHC 3 F 20T AHRBRRRICOVWTHEE L=,

EHICHBDESITZ DV IR EHRAGHEIBIZH LT D2 MEEE
HI B ENMONTINS(27, 30-33), HICEUHFA VML RERBVALR

(IRTE2HYIAM4IILR) T#H% Human Parainfluenza Virus (#5055 = K #RAA1Z %t

L. MHC VSR NI 3 FDRBRERET S ENHMESNTIS(30). —OHE
FRICNATZTIVIANNABIZBT D FA DM ILARABLLEEVEL4 94
WABRERD ZEZ LSBT HIERMEV RV —LILAKOT D2\ FEEEE
LTS EHFHSEDEDTHD, T TEREICSWL TR ERDOHRERFRIZM
Z. BUOFADANRIZKBERBEADT D a8 MEE, $I2 MHC 45
ANDFORBBRIZDOVNTEDA DX LOBTEEORET LT,
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[EER## )
C3H 79X (Mt 7-10 BE) (FBEARF v —IJLXY) /3— (Yokohama, Japan)
FUBALEHDEZEERICH L, CTLL-2 8. 3A9 fl3@47)XZhThER
Flz sk (KIRKEESRE/NA T AT 1 HI)ILtE>2%—),Dr. P. Allen (Washington
university) & Y #t5 L TL zfZL =z, Hen Egg Lysozyme (HEL). Interferon-y
(IFN-y) [Z%HhFh Appligene. Gibco (Gaithersburg. MD) D D% RERIC
{# L 7=, Cell Dissociation Solution & =7 FYBIBET7I T I (Egg White
Ovalbumin, OVA) (& Sigma (St Louis. MO) @ £ ® %. Fix and Permeabilization
Kit I3 CALTAG (Burlingame. CA) M4 M % L1=, Hi CD16/32 Hifk. FITC
1B AN Hitk. PE 28 1-ABi{KIE Pharmingen (San Diego. CA) &K UBEA
L = . *H-Thymidine (3.00 TBg/mmol) [& Amersham Pharmacia Biotech
(Piscataway. NJ) D EDZEHEMA L 1=, F7= Trizol. Moloney Murine Leukemia
Virus Reverse Transcriptase & Gibco (Gaitherburg. MD). ddGTP. ddATP._
ddTTP. ddCTP 8 & UK #E 7S5 A4 ¥ —I[& Amersham Pharmacia Biotech
(Piscataway. NJ). Tag Polymerase Gold, Oligo dT Primer [& Perkin Elmer
(Norwalk, CO) &Y EFNFhEA Lz, ThLUNEHIHICEL-LDEERAL
f=o

[EE&HIE]
BSS Hf AERE ) RY—L, HEL HAIERS )RV — L. OVA HAERE ) R
Y —LDHEB
BSS # AERE Y RY—L, HEL HAERME U RY—L, OVA HAERE
Ry — LI Z N EhAskiEIZ BSS. HEL (20 mg/ml). OVA (100 mg/ml) %
LMEBIL =, ZOMOAEITHEFOFEICEL T,

EREEE< s 07 7—o08I

EEEESET NI 7—CIEC3HR O RDFA S ) aL— MEMFRZHME
POEEMBAMEE AN, T4bb 3%F45YaL— g 2m) ZEE
N5 L. 4 BRICHEESEMEBEEIRL-, fohi-#i@z FCSa—FrLf
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TSRAFYIT4yLalTBREL, 37°C. 5% CO &M T T 1 BRIHEE L =14,
FiEEMEER{ET, BERRETIDIF—U B

HEL $#R285RIE RO SHE

HEL #EMRFERROFME Kaiserlian 5D AXIZ#ELC TITo1-(48), F4
JUaL— FEEREREREYIOTI7—C1 LT IFNyTHIAIE (100
units/ml, 3 BfE) L= MODE-K #ifax <1 k<4 > C (50 ug/ml) T 37°C.
45 SREME Lz, ChoDHMEE%E 96 7T L— =5 x 10* cells/well TIEFEL
37CT2RMEREL-%. SEBEICHY L= HEL HABRBA Y RY —LZEM
A& 51T 5 BEREIEHEE L=, DMEM T 3 E¥%i% L1-1%. HEL $8 4 3A90 #lfa (5
x 10* celisiwell) Z{BHE L 1=, 24 B, BHEELFEERL., IL-2 BEKREMIC
HRAIETES 5 CTLL-2 #AEEZMZ (5 x 10° cellsiwell) . 24 BERSIIEE L=, #HRS
[E14% 8 BFRARTIZ 1 pCi O *H-Thymidine Z#MM L. EYR L =D RS T4 % 3
BT 5 & THIRETEZEE L 1=,

FACS Ik S LRMRRMD MHC 2S5 X | 2 FD BT

MODE-K #if2#% 2.5 x 10° cellsiwell T 1258 F L— MZIEEL . 5 BRIEET
5 &ETTL—MIEESER. FESMBZMYRBRL:=%. Y2 7LEM
Z HIEE L1-, 48 BEf#£. Cell Dissociation Solution Z AL CHRAEEULL . b
CD16/32 Hitk (1 pg/ml) TARE L% (FB. 15 K1) . PE £E# L =$i I-A®
METEBLE, MBEAOCERE FITC 28K A HE&Z B L Fix and
Permeabilization Kit ® 7’0 k 3 —JLIZHELMT o 1=,

Reverse Transcription Polymerase Chain Reaction (RT-PCR)

LREERZRDAET MODEK il Z&EY L TILEH£ER LI, 48 B
&IZ RNA ZEAICHELEIR L 72(39), BER L7z RNA &Y cDNA #&R L. 40
YA ONLD PCR (94°C 14y, 55°C 19, 72°C 1 5) %4721z, 2-25% F7H
A—XSNVERAVE PCREMZERXKB Lz, TFPHLIOTA FTEE
LNV FEBELE, FREETSM4 I—EUTISRIEIZAL -,

-14-



GAPDH : Sense. CGGAGTCAACGGATTTGGTCGTAT
Antisense. AGCCTCCATGGTGGTGAAGAC,
Class Il Transactivator (CIITA) :
Sense, CAAGTCCCTGAAGGATGTGGA
Antisense, ACGTCCATCACCCGGAGGGA,
I-A* o Chain : Sense. TCCAGGCCTCCTAATACA
Antisense. AAGAGATTGTGAGGATCCAG

(BRLELSUITEE]

REBRENLREGENEEINSOHICE. BICHESEARRNIZRYAE
NEEFTEAEL, v7a77—U08 KRG EOoRFIRTHEERICRYAE
n7otyioiEnzB MHCHFEN L THRERTEADBENH D HA
[ELURT. RS U AR Y — Al & YBA SN THEA MHC class | 3 F A L TH
BERREINBIEEFRELTLEH26). MHC 75X Il f#FE#H LIRERT
[CDOVWTHEHBHLTOLEL, SHICHERICFET S LEMRBIEITIAT 7—
SORHRMERaL & LR, BEOMBICIEKBEIATULELMHC 752 T4
FEHBL, HERRTED I ENHRESN T H(A9-51), TELTHARE T
HEL #EFILHEE LT, HELIMHC S SR I EEARZREBLIL2 2ELET S
NA T F—7 (3A9) ZAL. JEREE Y RY—LIZK YBAShIHED MHC
952 N HFENLERTRERE LIz, TOHER. BERSURY—LAICKYER
ASNFHELIZTZO77—SOMHC 95 RA N SFENLTHRERRSND
ZENFEENE (Figure 8), S HICEBRENC &IZ. ChoDRFERTRIE<Y
A7 7—CDAHELTHIELEMBTHS MODE-KilATHIERES T, T
NLDRGIFHEL DKHYIZ OVA ZHA LIIERE ) RV —LOBSS £#
ALEERSURY—LTEBEDONEM 2 DD, ERERY—LIC
& % 3A9 MHRADFERERNAFHETIIEW S AR SN LEDHERK Y.
EREURY—LICKYEELEEMmE Mac1 BitHilgITEEShREREK
MHC class | 3 FD#HEHF MHC ¥ S5 X I HF &/ L THRERERRTSIh S AT6EE
NREEINT,
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£ 50000 (A) 20000 B
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£ 30000 |

3 10000 |

5 20000 |

% 10000 | 5000 4

3) 10010 1 0.1 0 OVA 10010 1010 OVA
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Figure 8 Fusogenic liposomes induced MHC class |I-mediated antigen presentation of HEL. Macrophages
(A) or IFN-y pretreated MODE-K cells (B) were cultured with fusogenic liposomes containing HEL (closed
column) or OVA (100 pg/ml, hatched column) for 5 hr, then antigen presentation was analyzed. Values are
expressed as means * SD of triplicate cultures.

STHEZNLBEETIVANNLADEMNMIE, BELE- EREBORERT
ICEHLERSF (MHC V5 R 1 5F. MHC 2 S X Il #F. ICAM-1, B7 »F 4 &)
DREEHHET 2L DONEET 5(30-32), FIcEUFLIMNVRERALIS S
7994 IWAFHZBT % Human Parainfluenza Virus (3518 £ R #FaD MHC 4
FORBZEERT A ENDBEB0). LA DA IILRADEEES EH OEMRS )
RY—LLHRAKRICHELERBRICHTE2711 0 FEEEAEL TS EH#A
Ehd, T TRIZMODE-KMilBLE LU AL IILAE L IZEREYRY —
LEHXBELEBOMHC VSR I BFOHRRICOVTRI LI, TOHER. ©
EADANAPERE ) RY—LEEE Lz MODE-K A CIIRBE TIXIFE L
AWEBHENTGEWL MHC 73R 1| B FOHEBIMERL TWS I ENER SN

(Figure 9), LN oDHRIIFED ) RY—LZAWN-BSIZEHES L
Bhot=C e, URY—LBBREBETELEL VT4 I LABXOYE
MAERMAO MHC 7 SR N B FOHRBREZEEL TSI ENRES AT,

A)

B) ©

N

100 10t 102 10°  10¢  10° 10"  10°  10°  40¢ 100  10° 102 4G°  1Q*
Membrane I-A* molecule Membrane I-A* molecule Membrane I-A* molecule

Counts

0 20 40 60 80 100
Counts

9 2‘0 4.0 6‘0 80 100
Counts

0 20 40 80 80 100

Figure 9 Fusogenic liposomes activated expression of MHC class 1l molecules on epithelial cells. MODE-K
cells were cultured with medium (plain line), conventional liposomes (A, bold line), fusogenic liposomes (B,
bold line) or Sendai virus (C, bold line). Cells were stained with anti-l-A* antibody 48 hr later. Expression
was determined using a FACScan flow cytometer. Data are representative of three separate experiments.
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CO&LSICHIELRMEDO MHC 75X | 2 FDRBREZEET 501 ILAL
ADHFELTIFNyAEIGN TS, IFNyIE EERMEED IFNyL £ T2 —IC
#&4& L. Jak/STAT-1 7 L. Class |l Transactivator (CIITA) #FDHREFE
T5, COCITANMHC VSR | R FDEEZEHILTSHI LT, IFNwlEL
FEHRAD MHC 7 SR | 3 FOHIREEET 5(52, 53), T TRICEUFAD
ANRIZE D ERMIDOMHC I SR N D FOFHRBREEA DX LEHEHTHE
BT, o FM4 4 ILRE LLIFIERE ) RY — L THREL - MODE-K #fal<
BFBCIHTAEMHC 7SR I 53FD RNA LRIILTHOHFBEIZDLT RT-PCR &
FRWTHRH Lz, TO#ERE. IFN.yTURIE L - MODE-K #IfBICE W TIEIIEF
TOHRE EFE. CITAORBFE L MHC 7 5 X | R FORIREENEBREIN
= (Figure 10), LWL S E UV F A DA L ADERE ) RY —LTRIF L1
MODE-K #ilTIZC oL FDFEIIEH oz o= (Figure 10), ULE
DEREYVEUFA DM ILRIEIFNyIZ & 2 RF[ER L (FEL SR T MHC 2
SRANDFORBEEERL TS Z EARSNTAIRD Human Parainfluenza
Virus ZEUN=FEISSLT S, CITA” 4B, STAT-1” #HT MHC 25 Il
DFORLENERSN, IFNyEERGLIBRBIESELTWS I ENTREEINT
WBZEMDBO), NS ETIYDIASINNRABIZIEIRFEOBREENLIZ-MHC V5 X
| FOXBRBEAKRBENGFEIT A LMERNINL, LALGEA S Human
Parainfluenza Virus IZ2DWTHEFMBA DX LICDOVWTEHEALMNEELEST
BT, ToHITEALRBREANLETH D,

Figure 10 mRNA expression of CIITA and I-A
in MODE-K cells. MODE-K cells were
cultured with none (lane 1), conventional
liposomes (lane 2), Sendai virus (lane 3),
fusogenic liposomes (lane 4) or IFN-y (lane 5)
for 48 hr. Cells were harvested and RNA was
prepared. RT-PCR analysis was performed
using primers for GAPDH, CIITA, I-A¥ o chain.
Data are representative of three independent
experiments.

GAPDH

CIITA

[-Ak o

17-



ST MODE-K #iia(ZHlEREICIEIMHC VSR NI BFZEIFEAERHFE L TL
LA, HRERICEEBELANLTHRELTLS (Figure 1), €2 TRICE Y
BAL9LILADREEIZE Y MIEADO MHC ¥ S X | S FHMEBREICEET S
EVWSREREZET. DM ILVATRIBZMA-ZOMEBA MHC ¥ SR Il B FDF
BWIZDODWTHRHTAZET . EVFALIVAMILRIZKDS MHC VSR Il 3 FDHIR
HERICET S0 EANXLDORERAEZRAT-. TOER. IFNTRET S
CETHIRREDMHC ¥ 5 X | 5 FOHFKIEAEE L TLYSH MODE-K #ifa TIX.
HEROMHC VSR I 9FH HIFEE L TS Z LA FEE Stz (Figure 12),
ZhlE Figure 10 IZREND L SIZUFNyIE MHC ¥ SR Il 3 FEEELALLH
LEBRELLBREHASNZ, —A. EVFS VM ILADERE ) RY —
LTRIEEMASZ LT HMBEREOMHC VSR I D FOHRBEMN/ERLTLNDS
MR TIX, MBRARO MHC 75 X Il A FIF#EA LTL= (Figure 12),

;E_’ Figure 11 Membrane and intracellular

expression of MHC class [l molecules on
- MODE-K cells. Membrane and intracellular 1-A®
=3 o molecules were stained with PE- and

FITC-labeled anti-l-A* antibody, respectively.
Data is a representative of three separate
experiments.

102

Membrane |-Ak

101

100

100 101 102 10® 104
Intracellular I-Ak
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A)

=3 =3 o
= ® T - ®© .
o IFN-y Fusogenic liposome Sendai virus
«© (=3 od
© ©
23 2 2
[ [=4 =4
3o 3 9 3 9
o g o o
S 1 &1
okl , - o) \ATL LV . ol .
10° 10 103 10* 1 10! 102 103 104 100 10! 102 10% 104
Membrane I-Ak molecule Membrane I-Ak molecule Membrane I-Ak molecule
) . "
=4 o . 1 N P
° IFN-y| i Fusogenicliposome| Sendai virus
« o i o7
n O [ e} ®» 0
£© £ ~] g 1
3 3 3
o o o &
8 04 0]
[=) ol - . o] e :
1 1 0t 100 10° 102 102 104 100 101 102 108 104
Intracellular I-Ak molecule Intracellular I-A¥ molecute Intraceliular 1-Ak molecuie

Figure 12 FACS analysis of intracellular I-A expression in membrane l-A* positive MODE-K cells. Cells
were cultured with IFN-y (left), fusogenic liposomes (middle) or Sendai virus (right) for 48 hr. Membrane
i-AX molecules on MODE-K cells were stained with PE-labeled specific antibody (A). Following fixation with
paraformaldehyde, intracellular I-AX molecules were stained with FITC-labeled anti-l-A“ antibody.
Intracellular expression of I-A¥ molecules in membrane |-A* positive cells (gated cells in figure 12A) were
determined using a FACScan flow cytometer (B). (Shadow, control: Plain line, spontaneous expression:
Bold line, sample treatment). ’

ChODERELY., 251 IMILAETHRREDO MHC V35X | 370
B L-0E, #IERO MHC 7 S R | f#FHAEREREICEEH LT
HoH LI, BEKENC EICRABGRREERBRAOHRARETIHRE
Ehtf-, THHERAGERMABTEBERECMHC 7SR I HFEHBRLEL
A%, Lipopolysaccharide (LPS) X EDFIEA MY . AR OEKMRIZER
42 LMBEREICMHC ¥ SR I PFERBET 5L 5(215(54, 55). ZDREIC
WERBRERETIEERFIEIMHCY S RAUNRFITHELTWES YTy
FMEDSETH (56, 57), EE. RBERMIATIZA LAY T Y MENSBE
T, VYY—LICEEShSBINTLES, LHAL LPS ZEDORBMINH
5. AN T MEDORBRIZBCHT T S ODIMHMETHL VA2 F
Y CHAFLTRER. hTF T SHAEHRILIREELEY., 120N T2 MED
NRIZTEET 2HEREE KA 4 oSS, MHC 7 5 X | F(ElaRE
CE#EEhd & 5124556, 57), LERMABICEITIE—HEE{RERRODEFEE
FHTHIN., Y91 ILABIORERFORELEH. VM IILRIZK B LK

-19-



DOMHC 952 I HFORBEBA D= X LEBBT B ElE. 91 LREDE
BOALSTHREEBEIIFLT 2R FOBERICOLERELOLHESH
%, |

EZH BERSUVRV—ACIYUEEShINFRBRNRELEOFME

ATEIE TICIERMA RV —LRRREY /3 80 L R Mac-1 B,
NALT O M fifgICE VI RTHREZXETES LR EINT-, SHICEESH
ERRELEBECII077—2OOMHC 2 F N LTRRSADI L. LD
VICIERES YRy —LIIHEERMBICH L7/ FEEEBELTWS S
ENTRRESNEZ, ChODBREIEREYRY—LOBETIF o XYY T7—
ELTORVHREEZTRETHLDOTHSEEALND, TITARHICEVTIE
OVA ZETIHRICAL., ERMEIVRY—LEZAV:-BELAETEESIATL
HRFRFRMBELEITDOVTAILA-T HREEE. RAEELE. CTL FEL
3 3EEDHAN KR EIT o,

[S=ER# %]

C57BL/6 ¥ R (i, 7—10 BE) FBERFryr—IL XY N—KUBALT,
EL4 (XL KRFMEEFEMTTAT & U #E48 L TULVI= 72U 2, EGT (& American Type
Culture Collection (ATCC)& YEBEAL =3 DEERRICH L=, aS5S—45 24T
IV [ Sigma (St Louis. MO) M £ M Z{&E /A L 7=, Biotin F#ifii <~ X 1gG. 1gG1.
IlgG2a. IgG2b. IgG3. IgA. Alkaline Phosphatase (AP) {E5#i~ ™2 R IgG. IgA.
IgM tfk(% Southern Biotechnology Associate (Birmingham. AL). Biotin {25
<X IgM® Hifkik Pharmingen (San Diego, CA). Horseradish Peroxidase

(HRP) #E#EHX FL T FF7E P I Gibco (Gaithersburg, MD) &Y FhFh
BA L, 3,3, 5, 5-Tetramethylbenzidine (TMBZ) (% Moss Inc. (Pasadena.
CA) ®H D%, Na”'CrO, (155 TBg/mg) IXE—1L% (Tokyo. Japan) D%
DZEEERICH L, ZOMOLDIIATEIZE L=,
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(B8 %]
OVA DREBRKE
TYRADBEREFZOVAEE LTS5 mg/ml IZHHELF=&H > FILE 10 u
BETHLETITo2z, COREXO0. 7. 14HEIZTo T,

&) D\ EED S O BELERE I

£ 1) L GERD S OEZIREIIRERAEDO—BRBRICIT o .NALT 5 U
CEEEARE, S DEZROEIRIEAEFTOFEICE L TITo-, BEY /6,
IRREIEY /NG, BREREAEASEMUVE LR, T/ Ay aZRAN B
HMAIZT % 2 L CEHBKRER-, MNEEBRBEROBEKERIE., N1 ILRER
% L=/MEEY YBALV=#.0.5 mM EDTA2% FCS &% RPMI 1640 i T 37°C.,
15 43, 2% FCS &4 RPMI 1640 t&#heh T 37°C, 15 /. 1 mM EDTA A Y
PBS (EDTA - 2NA 1.86 g/1000 ml) thTE:R, 20 . IERLEZREREZ
L, §oh-BREZaS5—45 08 (1.5 mg/ml, 37°C, BEEFHETTA
FEfE) 942 & CHEBIRERUL -,

OVA 21 CD4 Gt HaETE & it 0 AlE
CD4 BHMAITHT IR CD4 HIKEET IRy T4 v E—XE MACS
(Magnetic-Activated Cell Sorter) 715 L. (Miltenyi Biotec, Sunnyvale, CA) %
FWLTITo 1=, EURL7= CD4 IBiE#AE (2 x 10° cells/ml) &. 1 mg/mi @ OVA
% IEHREBAT (3000 rad. 26 43f) L=-FEHRT Y ADEME (2 x 10° cells/ml)
FET T 96 BRAMEE L=, RGSLE 8 BERIATIC 1 pCi @ H-Thymidine £/
HEtEEERAE L. BLTOXKIZHE L T Stimulation Index & L TRR L 1=,

Stimulation Index = (cpm in the presence of OVA/ cpm in the absence of OVA)

YA bhA UEEDBRE

EFEDAET OVA ERIEEET- CD4 [FiEMilanEE LELXBIRL =, Y
TILbDY A b HA EIX Amersham Pharmacia Biotech (Piscataway. NJ)
DY A FH4 2 ELISA v FERULEIE LT,
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miE. BEEESE. EFEREHOEIR

RIERED 1 BEZIC. YU TLEERLE, MEERE& YRR L LK
% 3,000 rpm. 20°C. 15 HEHEDT 5 & TRz, SRR SRIIREFESI LS
TORADRELYEREARIT200 D PBS £2HKd &L THEONE RS KEEER
[CRAW=, EFE#mEYIE 100 mg/ml 2425 & 512 PBS £ X. 4°CT 30 4[5
B Lz, BohBERKR%E 14,000 rpm, 4°C, 15 HRED L. EEEERL
EFEHEME L TRV,

Enzyme-Linked Immunosorbent Assay (ELISA) %% FHL\f= OVA BEMIKE
EQHEE

OVA (10 pg/ml. in 50 mM Bicarbonate Buffer) 100 pl % ELISA L — t
(NUNC)IZINZ . 4°CT—MIRIET 5 = & CEIMAIE L=, EIfRILEZRE L=,
Milli Q T 2 f£#H R L 1= Block Ace (250 pliwel) TRy F o5 L= (FE., 1
B¥fE) . 0.05% Triton X-100 4 PBS T4 Ek$%. EBEICHA LYV
#MZ.4CT—HRBEBLz. I bDTL— k% 0.05% Triton X-100 &8 PBS
T4 [E%%L7I-#&. 1/4000 [ZFH]R L =% Biotin BEMAEEMAZECRIGS &
f=. 6 Bk, TL—F&%EL 1/2000 (ZHFRLE= HRP EHBA FLTF7E
CUERETL—HMImA., TSICEET1BERG ST, 0.05% Triton X-100
EEPBST4E%kELI-E, 100 W D TMBZ #MAZ HRP & RIS €=, 15 %
#%. 50 O HCI ZMARKZEIESD., BILEE 450 nm, BliEE 690 nm (21T
BPWMMAEERE LIz AMEIIERET VALY LRAEN 01 LLEBVRKF
FUZZE % Reciprocal Log, Titer TER L=, BHY T, HEOFRIE Mili Q
T 10 fEF ] L /= Block Ace TITo71=,

Enzyme-Linked Immunospot (ELISPOT) %(Z &k % OVA BEMRAEEL MO
HE

96 "= FO+E)LO—RFL— k% OVA (1 mg/mlin PBS) Ta—5 4 >4 L
1= (4°C. —Bf)., 10% FCS &8 RPMI 1640 igthTcJnv x> 4 L1f=# (37°C.
5 ). FREICHARLUEZEEMA., 37°CT 5—6 BEEE LK, 0.05%
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Triton X-100 &% PBS Tk L=#%. 11000 [CFRL=BEAP EH RV X
g A EMZ . 4CT—REG S €z, Chio®DFL— % PBS THk#E L&,
AP & E% (5% Nitroblue Tetrazolium in 70% Dimethylformamide; 66 pl/ 5%
5-Bromo-4-Chloro-3-Indolylphosphate-p-Toluidine Salt in 100%  Dimethyl-
formamide; 33 pl/Alkaline Phosphate Buffer 10 ml) 100 pl /0 X 25T 30 7
REsE3IETRRY b2HRBEIE, ®iF. BEER. ARy MIZEEE
iR TRIE L=,

OVA 28 CTL SFE DL

£HRETHADOIERE. FEY >/ HE. BREEY DB & YRIRL BBk 4
x 10° cells/ml) % 30 pg/ml DT A T4 > C T30 PENET S & THIE
%1k 1- EGT7 #ia (4 x 10° cells/ml) & 5 BREAFHEE L. Effector filfas LT
AUz, ERHEREIZE Na®'Cro4 TS R L4k (0.56 MBa/10° cells, 37°C. 1 B%
fl) L7-EL4 #ifa& EG7 #BaZ AL, 96 R T L— kT 10° cellsiwell DBET
BE LT, ChoiZ0MRRIC Effector MIRBZMA ., 4 BFREIEEL. EFITEREL
1= 5Cr OMEHEREBIE L, 4H CTLERREUTISRIRICHNESE L
% Lysis =100 x {(Effector #H8I= & % *'Crits®) — (BHRA°'CriitE)] /

[(BKRYCrEs®) — (B 'CriigE))

RT-PCR IZ & % Perforin @ I8 5Tl

RNA f1H %2 5 TNZ cDNA DA R IERTEH O A XIC# L TiT o f=, Perforin ® 7
5’(7—,(1131?0)@?5‘]0)‘50)2%[,‘(58)\ 3094 7 )LD PCR (94°C 1 4. 55°C
149, 72°C 159) #4T-o1t= '

Perforin: Sense. GGAATTCAGATCGGAGGATTTTAAA
Antisense. GACTACTGTGCCTGCAGCATC
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[BRLSVITEE]
ERRERERANTIEMAERLET IHRRERELMBESHE T M
(Cytotoxic T Lymphocyte; CTL) Z#F &3 5Bl REICHESINS, LW\Th
DA TOREFEIZEVTHHFERTHBICK 2HRFARTE FAICE =KW
THEZ S CDABEANILA—T HifIZ & SIMBRBHSDLEL LB HIHICE T,
CD4 [GHEA LT Bl THRLET2—UH U FERZMHC 2SR 1T 4
FENLERBERRVERS R —LICKYEBAShERETEZS2&%
BELE, TCTETHEBRENAIILA—T HBEOFEICODLTHE L,
Figure 13 [STREN B K512, ERMEYRV—LERAVTRELEIDRANLE
b Tz CD4 [G1%#ia TIX OVA IkFRILIBIEA R Stz (Figure 13), F£f-C
NoDEHEGEXNALT, BEEEB L W - BE5HEOAL LT, TEHY 2/
Ei. IR, BREEY R EEWh o250 VANBTRO b Nz, — A, O
YhFO—IETHSOVAERMBEHOEED Y RY—LEAVWTRELEHT
Eh I ERREEFHEESE LMRBREINEN o1z, CAIKEIEHETISRL
EmME)RY—LOFVREXERE, Ao UVICEREBICHTET7TO /80
FEEICKDBDTHDIEEZ NI,

(C) MLN

*

(E) NP

-

ONDADO®O

20
16
12

8

4
0.

Figure 13 Nasally administered OVA-fusogenic liposomes induced antigen-specific CD4" T cells from
spleen, cervical lymph node (CLN), nasopharyngeal-associated lymphoreticular tissue (NALT), nasal
passage (NP) and mesenteric lymph node (MLN) were isolated and cultured with 1 mg/ml of OVA.
Proliferative responses were determined by 3H-thymidine uptake {(open column, OVA-aione; hatched
column, OVA-liposomes; closed column, OVA-fusogenic liposomes). Error bars indicate means + SE for
four mice analyzed separately in triplicate assays. *, p<0.01 versus OVA-liposomes.

1

(A) Spleen 1

(B) CLN (D)NALT

ON PO OO

ONDPO ®O

ONDAODO®O

Stimulation index
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STAINR-T HREZZFOYA bhaA VEENRZ—DIZKY 1 BAJLAS-T
i L 2 BIANLA-T HIBICHEIND(59-61), —R&IZ 1 BAJILA-T flifan
HE4A SIS IFNyIE CTL, NK#lfa% CHEEREOFEES. IL4. 5. 6 4 &
D284 bhAUIEBABONME. BEFRL. KEREREOFEZ{RET
5. T BhEALA—THEISEESNI-YA b HA VRE—VEBRT S
ET.ALNR—THEOZA T, EHITEEFALALA-THETHEESL S
Rtk iE,. KBEMREICOVWTHRIT S ENTE S, TITRICEREGY R
V—LEREIIF XY YT—ELTHWSIETHEEINTL BAILI—
THEO/IREZ—VIZDWTHAS A TOT 7ML EHEEICHRF LIz, TOHE
B ERaSYRY—LERAVTRELEYIRTE 1B 28 G844 TOHA
FhA UEELSHETG. 2EEOMEBLETRDONT- (Figure 14), S HITSRE
M THD NALT LEERBRFRREICELNTIE. B4 2 8YA bAMVOEEN
BEIhi-, ¥4bH5 NALT Tl IL4 OFVWEELNRBO LN, ChoDH A
M4 UIENALT ICEET 2 BHARICEHE, R/EI/O T D OpEh Sofi~D
HSRARA YFIZEL CEMD . NALT DEEFEMAB S LTOHEMERL TL
5LEZ%(62-64), —FH. BEORERMMERB L LTHONTVWSIREERRRE
BEDAILAA—T fEias 5 (& IgA EEMEE TS XTHlaNEBRASELHDIC
B< IL-5 D IL-6 DBWELEFZEHNEDO o 1-(62-64), cno 2FBYA FhaY
[z, BEEFECELESINZ18Y A FHA4 2 (IFN-y) (& IgA OEERE
RO BERET 5T £ D 5(65). REMBTEESNIYA Fh 4 DITHEE
ETOBREHFEPOMICEHOTULSHEHEN IgA OELEZRESETLS
TSN,
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Figure 14 Nasally administered OVA-fusogenic liposomes induced antigen-specific Th1/Th2 cytokine
production. Seven days after final nasal immunization, CD4" T cells from spleen, cervical lymph node
(CLN), nasopharyngeal-associated lymphoreticular tissue (NALT), nasal passage (NP) and mesenteric
lymph node (MLN) were isolated and cultured with 1 mg/ml of OVA. Th1- and Th2-type cytokine production
was measured by ELISA (open column, OVA-alone; hatched column, OVA-liposomes; closed column,
OVA-fusogenic liposomes). Error bars indicate means + SE for four mice analyzed separately in triplicate
assays. * and **, p<0.01 and p<0.05, respectively (versus OVA-liposomes).

ZTRICHIEREICSITS OVA HEMRAKAELELL5RAEDEETHDS
MFFO OVA FEMRFEEICOVTHEH Lz, TORR. BREFRDICD

vhO—)LELY HELOVA BEM IgA OFENZEH ST (Figure 15), &
HITERBOMIET CTHHIEMBICH OVALRER IgA A EH S h = (Figure 15),
CNOHEETORFEEICNA., MFPITIES <O OVA FREM IgG AEH S
= (Figure 15), S5IZFOMBR IgGH T I SRITODNWTHREIIT S L, 2 &
AT HREEEEROD IgG1 ITIAE 1 BAJL/AA—T #HEFERD IgG2a NDFEE
LB oM (Figure 15), EDHY A AL TR T 74 ILDFER (Figure 14)
FRETBERE Loz, FRIND ELISADT—22XHT5L51C. 8
BFE. NEEBERB. BEFRICTEATHh OVA HEM IgA. IgG EA AL
ELISPOT ZIc &k U &ht- (Figure 16), UEDHER LY. BEREg IRy —
LZRAVEREORRAEICKY . $ETLEESEOMBLAICHEFRORKE
BEELNFBEINS LRSI,
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5 12 (A) Serum 16 (B Serum Figure 15 OVA-specific antibody responses
3‘1; 14 after nasal immunization with OVA-fusogenic
g 10 12 liposomes. Serum IgG, IgA and IgM responses
El 1014 (A), serum 1IgG subclass responses (B), IgG,
° 8 IgA and IgM responses in nasal wash (C) and in
'§' 8 fecal extract (D) were determined by ELISA
@ 6 IgG 1gA IgM 6 G162aG2663 (open_ column, OVA-alone; hatched colump,
OVA-liposomes; closed column, OVA-fusogenic
_8 (C) Nasal wash (D) Fecal extract liposomes). Findings are expressed as means *
2 * . SE of four mice analyzed separately in triplicate
E’:’l 6 3 assays. *, p<0.05 versus OVA-liposomes.
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Figure 16 Antigen-specific antibody forming cells (AFCs) in spleen (A), nasal passage (B) and intestinal-
famina propria (C) were determined by ELISPOT assay (open column, OVA-alone; hatched column,

OVA-liposomes; closed column, OVA-fusogenic liposomes). Findings are expressed as means + SE of

four mice analyzed separately in triplicate assays. *, p<0.01 versus OVA-liposomes.

STOANABEEZENE LEDOFURREEZZE LR, LR0HEE
HETBTRALTLDVMLADHREMEFET HERHD VM IILAITIEMIET
=M, HERICEELTUSISMLRICH LTEIBRIEHETEEL, TO
OREICMA. DL AREMEEHRT SEREGEEME T Mla (CTL) DF
BREBEELS>TLBH66). MLk S ITERE)RY—LICKYEAShE
PEIEMHC class | 7 FEEMBERRENCTLOVA L FERYRTHE, &
SICERDESICERMEYRY—LERAVNRRAEICLY CTL OFEEZHE
FTH1EANLR-THELFETCELS2 M5 (Figure 14). BERE Y RV —L
TREEEDHELT CTLELFETEIRETIF XYY T—E LTHR
SNd, ZITRIZERMEYRY—LZALT OVA £2RELT-IRD OVA K&
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B CTL DFBIZOVWTHEM LTz, TOHEE. ERMEUYRY—LEZAVTREL
=X DR, SEERY 2/ &, BREE) D /\EIZE LT OVA HEM CTL OF
BARDH LNz (Figure 17), F-INETOREREEHKR. IV FO—ILETH
5 OVAERBER EEDQYRY-—LERAVTRELLF#TEIEC CTLEXR
BHohigMot= (Figure 17), SLICERMEURY—LZRAVNTRELZTD
AQEEEFEN OB OLN-EZIKBIZIL CTL OMBEEELFOUVEDTH
% Perforin DEEEIEEMNROH o, BREICEVWTLREREN CTLAFE L
TWB I EMRE It (Figure 18),
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Figure 17 Nasal immunization with OVA-fusogenic
liposomes induced OVA-specific CTL responses.
Seven days after the final nasal immunization,

mononuclear cells from the spleen, cervical lymph
node and mesenteric lymph node of mice nasally
immunized with OVA-alone (A), OVA-liposomes (B) or
OVA-fusogenic liposomes (C) were isolated and CTL
activity against EG7 (closed symbols) or EL4 (open
symbols) were measured by *'Cr-release assay. Each
analysis was performed at least three times.

Figure 18 Nasal immunization with OVA-fusogenic
liposomes induced nasal CTL responses. Seven days after
the final nasal immunization, messenger RNA were
isolated from the nasal passage of mice nasally immunized
with OVA-alone (1), OVA-liposomes (2) or OVA-fusogenic
liposomes (3) and perforin expression was determined by
RT-PCR. Each analysis was performed at least three
times.
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FEmE /ME
AECBVTEELERES Y KRY—LOBEIIF XY YT—ELTOE
iEZERLF, BRSUYRY—LIEIBEHETHI L FA VM ILAOHBIRE D
MEREETRIET S LT, BB U EBICEVVSIECTHELZELTLE
(Figure 4), MBSV RY—LIEZTIFoFx v )T7—E LTESHRENT
Y, BEELSLEDZLL DI N—THEeEHEEFZENELEIIFUOFY
T—ELTHMHELTSIZ LEREL TLSH(67-70), YKRY—LDOESED
HFELTOERRERBET LI GHRELLINTLSGS, 28EREE
BE LE79 FUBEOBAE LR, TREENRA LT LEEDTREH
21=(71,72)0 ChIXZFHFICEIREEEIFRELGY., BEKREIRIZUKRY—L
DEFEAANORY AHTEFKBICE>THEINTW NS THSEBROND,
T4 5 Figure 4 [TRENB K SIC. BEOoMEZN L TEKRRNIZEATLHIEL
SEMHZRBLEVEERDRY —LATRERAOHKRBEOEZEEZZITTL
EF570. MEZHEMTRELESEERURNILOBRYAALINRESEMN ST,
ZhizHl., BERSYRY—LIEIEED)RY—LIZHREVVRFEEXEREZE
LTUL = (Figure 4), ChIZERESURY —LHNEFAICERYAAZTRES L
7. BoAHBEICHET I CHEBHICMEZETELEOTHLHLEED
hd, URY—LUSMIEF A NLITLD 3 v EEDRFREFY Y T7—ZAL
ERETIFUOOBRREIITHORATNSEH(T3, 74). TDEFELEALERFIRY—LE
B, EENICRYAFADENICHBRESIATLES O, TREHRAFELN
BT ERFPB/LISCL, SSICERSYRY—LZERERICHTEI7 SN
viEREAELTHY., BLVEEEREbDE. BEDIFUXVYIT—L
LTOBWEREZRELTVWELEZLONS, ERICEREYRY—LZESR
JOFoFxF)FT—ELTERT S L. BIFBYSVWREFERERL, ¥
EEORLTEI - EEAEEEE > T B HERRN IgA OEEICNA, 0F
RIZEHREREY 1gG OFELBHOLN., BEREURYV—LEZAVRREZMNL
TRETIIECHET L EBRAICHABENRAKREENFETELLNR
St t= (Figures 15 and 16), & SITHAEEICMA . V4 LR RE M Z HEBR
THLTEELGREFR->TLS CTLOZEELFED 5z (Figures 17 and 18),
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CHIFLIET, EEOARE L& ITEREVRY—LEZRAVSZ LT, R
PHREDRICEASKhRESERREE LTREHE SO R, MHC class | B F &4
LE-RERRRBfTON--HTHS EHBISN 5(26), LLE, KRRITIEFE
RY—LEGBVVREZERZHT RGN - HlEREFERNOERETIF Y
FrUF—ELTEEDHIMRLEZD,

—7. chokBtRE., MRERRFEELTSAIILA-T HEICONTE
HTBENBANNLNA—THE, 2BAJLAS-THE. TEAL TOANIL—T H1
NFEE I TULVz (Figures 13 and 14), $FICREICELVTIE NALT TIgA ~®D
D SRRAL yFIZEL IL4 OEE, REEEBTISATHIE~OERAZET S
IL-5, IL-6 DEELFESH 5., Common Mucosal Immune System (CMIS)Z 1 L
REFENMRBI > TSI ENRE ST (Figure 14), — A, ik, IL-5 %
IL-15 [T &k 45 CMIS M B OREFERBIBFEET S EABMES N TLVS(75,
76)o $¥IZ IL-15 IXBREEDRE L JFLIZKY LEHERMSEESINE I ED
(77 JERMEYRY—LHIRE LR ERHEENS S IL-15AEESH CMIS
BUYBOFERELAV-TEENAEZOND, COXSCEREIRY—L
Lk PREFERBICBL TS OTEENZ>TLEIN., BELHALRE
EFTHNECAHLBEBELHIERFLE->TELT. TOREBESEOMEFREL L
THEKENWLEDTHS, WTHICTELSEEFORLEZEMRE Y RY—LOTF
B, BRICALIEHDSROEIOLIEBEFRESELILDOTHS EHHET
%,

-30-



FTF-E RYABTAIOR T T7—I&BELELERESEIZHIT
BN TILIRDZEE

81 E [T $ Ly T & Nasopharyngeal-Associated Lymphoreticular Tissue
(NALT) ZHihETHREY U\ EBZEEME LERED I FUREICONT
mARf=, —A. HIEEIZIX Gut-Associated Lymphoreticular Tissue (GALT) & M
EndRERY FT—UDNFEL. HBLEECBRBALTELRERIIHT SRS
BRI Z1T > TLVB(78, 79). $HFITT O R/NZEIC 10 BRIERET S /0T
HB/XM TILRIE GALT [ZE T2 REFEOEDOMMBME LTHRELTWLD
(Figure 19A), Z CIZ(FEKME. <o/ 0T 7—Y Lo =mFERRHAR (A0
Z. THE. BfilatHFAEL. LRERBICEXE—ETH- M#latFEL
T 3(80), CDHIHFMEA L. /31 TILIRITZRED NALT ITHET SN EOR
BEFEHBLEAONTHEY. BODIFUBTHEELEMBARELTER
SNTLVS(64, 81), BE., /31 TILIRDEBITHELRFHELARL ERE S,
NLDVTFILNERELENAA ZILBRRIETIDAMEESND KX IICE LT
E1-(82-85), MM/ TILRREIVAETRHAVWEEHEMIL., BRIREDH
RIZ&2BOKEFEICITNAS TIRFEKFHUEBRNEFET S ENHALNE
> TZE1=(86),

(A) Normal mouse (B) Peyer's patch-null mouse

Figure 19 Lack of Peyer’s patches by administration pregnant mouse with anti-IL-7 receptor a antibody
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—AH. BFRFYVT7—THEIRVIABEIA /DR T 7—&. ZOELE
HEERBIEEISROD I FUOANDIGAZED. L{EYFY)T7—ELTE
RAEINTWB@B791), £FRRIABITA VAR Iz 7—XZDRFY 1 X &
YU, BOBREZOBEHNEILTIZLIHMOENT D, HICHFES um DR
BT/ 0OR Tz 7—IENA TURIZCESKBYRAEND 2O, REZFENR
BREWNEEZDBNTIND(92,93), LMLENRLKRYABIAI ORIz T7—%
BOERFRI VYV T—ICKSBELELEREZEIZODVTNASILLBRRETVR
EFRVERFEELGIATORWN O, XRIZE TS/ TILIRIEKREMY
REFERBOFEEICOVTIEIFHEATH S,

FITAHREICBLTEHETELFAH OVA ZETIRBRICAL., RUEBE<A
ARz 7—IT&BBILEREZTEIISVT/AS TLRNME>TWHERBNIZD
WT/RS TIBEREBIDREZANRI L=,

E— HERENGESEICEZ /1 ITIIRRIBOEE

KEIZBWTIE, RUBABT/ 9 OXR Tz 7—Ic&bHEERESZEICHIT
B4 ILEOEENNZDODVTHRHEEEEAILNA—T HBPEOFTELNSBAND
B L=,

[EEEHH]
BLIL-7 LE T —ofBIREE/NA T F—=T (ATR34) (IFIE—5%4E (F
BAZESE) L YRELTWEEN:, ZOBORELMBEETITELELS
DzEERAL,

[=E&HE]
A TIIVRRIBT ) A DS
A TILRRIBT I RIE Yoshida & DAHEICHIMER LT-(94), TG bHE
% 14.5 HE @ BALB/c T UV RICH IL-7 Lt T4 — oA E#IRAE 5 UK
TlIZZNEN 1 mg 5Lz, ChoDUBEINZIIVANEENTELFT
7 A& Figure 19B [ZTRT & S [2/34 TILRAIRIEL TULV =,
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OVA #HARYEABETA IR T 27— DR
OVA HARYZEIA I/ 0OX 7z 7—DEHIE Okada DAHEITHLN.

w/o/w solvent evaporation ;&I T/E® L 1=(90), 100 mg/ml D;RE T PBS [Zi&
fi2 L1= OVA #< 4 U ORE P F 4 ¥ — (Microtec Niti-on. Chiba. Japan) %
LY, 200 mg/ml (in 998 XA42Y) ORY)EETEIEL (2,500 rpm, 5%
Bl SO Wo ITILYIVERBED 0.25%EZLTIILI—ILBFRICTETL.
B (2,000 rpm. 2Bf) A2 ETwWow A TILIRILSavEBREED
22990 A3 0EBELZ, oz OVAHARYEABEIA /ORI T7—
MEINLNM)I—F—C&YRFEHNEuM DEDZEYRL = (Figure 20),

PLA (200 mg/ml)
in CH,CI,

; W/O Emulsion

OVA (100 mg/mi)f

0.25% Poly Vinyl

v W/O/W Emulsion

43 2ok x50 D

“——» Microsphere

Evaporation

Figure 20 Preparation procedure and photograph of poly-lactic microsphere containing OVA

OVA#HARYIABIA /7 OR 7z 7—2RAL-RELERE

—BRBEBSBIEEYIRE LIS TIBRREI VR EHEEHT TH
BEL7z, OVAEL L T100 ug [CHEZT S OVA HARYEEYA /BRI T
—4H L<IEPBSICAfELT- OVA 2+ =3B L VIR5%.. ALz, ZORE
21 BEEICE=EITo 1=,
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ELISA J&IZ & % OVA #EMIAKMED AT
AIEICELTITo =,

&) 2R DO ERIRE IR
HEICELCTIT o=,

ELISPOT %I &k % OVA BRI ESE MR ORE
MEELELCTHF =

OVA # 21y CD4 [ MAaIETE R & 0 RIE

MEDOHEE—BRELITof=.THbHB 1x10° cells/ml ) CD4 it #ERa &
1 x 10° cells/ml D5 B R Z ML Z OVA (1 mg/ml) OFFEET T 96 Hil
EELz, TOMSATEICELCT,

(HBRBLUER]
AEICBVWTEBFRFXY VT —CHIR)ABETA /DX T 7—%AL.
HILEREFERICBT 5/ 1 TALEORBN-DOVT, NAILEREIIXE
EELLRE Lo /30 TILIRIZREE 14 BES D, L7 LETE2—%2NL1E=DY
FIVIZHBEY YR MO UITED T FILEE. VCAM-1 #IR4HRE. ICAM-1
MWL EDER. VoRBOKR—I VIR EERTREENS, 1T
WERICEDSIRES T FARFE/ VI TORLERORB T TIZER S,
REZOMEFICKEY /A TLIREEDO S FEBHIAE SN TLS(82-85),
FVTFNCEALEIAFIIRT AHERARERERICERET S LTSI
LWHRERERETED I LEMESN T S(86, 94), ZDHZEZRANRSEY
FRBTEHLT. "M ILBROAERBES I IVREEET DL LN TE,
HIEBEREICET NS TIROBREERFAT O ENTREE Loz FIRE
[CEVTIXREE 145 BIZH IL-7 LE T2 —ofiikEZ B E5TE52 TR/ I
BRERBIEGEZIDRIZ, RAILRIZHELCRYRAEND L TRESE
THEEZODNTVDHFEN 8 um ORYIABTA /ORI 7—ZRAVE
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EL. TOROREGEEBHTILET. HFRF YU 7Tk 28HLE
REZEBICBET 54 ILROBENDVTHE L, RUABT/I0RD
I7—ZAL. RAITILBRRIEIIRIZOVA ZRBILEREL-LI A, HE
HoWZmBEFD OVA BEMRAEENEETVRICRELELGEICHREL
<EFBLTUL= (Figure 21), S oIT/MEEFERE. BEICHFEET S OVAREYN
MAEAER%E ELISPOT A TRIELE A NS TIVERETOXTIEOVA
HAIRA IR T 7—TCHFEINS OVABENRAELEMIKROR IR
Sh., ELISA DR E—HTHER L/ = (Figure22), ULEDER K YHELE
ENLERUABTA/70R 7z 7—I2&5HER. £25ETONMKELZE
[ZHRAIUVBRAERLGFRBZEH>TLWES I ENRENT,

—7. PBS [CHERLE-BRIRED OVA Z#RHEIEERELI-EZ A, ELISA,
ELISPOT O#ER &£/ TILIRDBEIZ K 5 ETBHR SN h o 1= (Figures
21 and 22),

(A) Serum IgG

20 OVA-PBS OVA-MS
.18} L Figure 21 OVA-specific antibody production in--
'216- I serum and fecal extract induced by intestinal
§14- immunization with OVA-PBS or OVA-MS. Normal
§12- mice (closed column) or Peyer's patch-null mice
510} - (open column) were intestinally immunized with
&o’ 8r * OVA-PBS (left) or OVA-MS (right) at days O, 21

6 and 42. Seven days after the final immunization,
) Fega:l/ll_\g_éBS OVA-MS serum (A) and fecal extract (B) were collected for

8 the ELISA analysis of anti-OVA specific IgG and
g 6l T | IgA productions, respectively. The error bars
g indicate the mean + SE for four mice analyzed
= 4f separately in triplicate assays. *, p<0.05
g 5l . (compared with normal mice), **, reciprocal logz
3 titer < 6.
, —
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Figure 22 OVA-specific antibody forming cells
(AFCs) in normal (closed column) and Peyer's
patch-nuli mice (open column) following intestinal
immunization of OVA-PBS and OVA-MS. Mice
were intestinally immunized with OVA-PBS or
OVA-MS at days 0, 21 and 42. Seven days after
the final immunization, mononuclear cells were
isolated from spleen (A) -and intestinal lamina
propria (B) of normal (closed column) and Peyer’s
patch-null (opened column) mice, and evaluated
for OVA-specific 1gG, IgM and IgA AFCs by
ELISPOT assay. These presented values are
representative of three separate experiments. *, p
<0.01 (compared with normal mice)

—A. RO ES ICHEFELEDZEIZIEIANLA—T HROHEBNBEL L -
TL %o FITRITAIL/S—T #HIRED OVA RFHBTELEIZ DOV TRE L,
ZTOHRR. MAELEORBRLERAKR. RUABTAI/OX Tz 7—Z2RAVTRE
LTz TILIRREB T AOERA S CIZBEREIEY /A \gidh 5 EIXL 1= CD4 5
a0 OVA IRFMIERERZ(XE L < BF L Tl (Figure 23), LA LLAH
5. BRIRED OVA THRELEBEIE. /A TIRDBEERICKIFEIEDS
hd, OVAREHNEBEREZZFEAEELLEMN 5Tz (Figure 23),
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OVA-PBS OVA-MS
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Figure 23 Proliferative responses of OVA-specific
CD4" T cells in mesenteric lymph node and
spleen of normal and Peyer's patch-null mice
following intestinal immunization of OVA-PBS or
OVA-MS. CD4" T cells were purified from
mesenteric lymph node (A) and spleen (B) of
normal mice (closed column) or Peyer’s patch-null
mice (open column) after last intestinal
immunization and cultured with OVA (1 mg/ml) in
the presence of irradiated syngenic spleen cells
for 96 hr. During the last 8 hr of incubation, 1.0
puCi of *H-thymidine was added. The results are
expressed as the means = SE from four mice
per group and from a total of three experiments. *,
p<0.01 (compared with normal mice)



UEDHREY., HFREOHFREDHE /M TULRKFHERTRESE
ENBZDIZHL. BRREDEEE N1 TLIRFEKENRBLEET LI LN
RENtz, COBBRREBOMRIZE 2REFEDERITEL T Yamamoto (&,
NS ZNURICMZBREIEY REEZRBLTWNS INF/YUREFES VaF T
JYITFTYRIORERAVL. BREEREY UAGHIFEMBE LTHRELTVLSH
Btk £ #E L TLV5(86), & 1= MacPherson 5D I —F(X/MNEEERBIZEE
AR REERYAA. BREEY OAHGICRhRZERLTWS I EZE
|{E L TULBH(95), RERJIL—T &Y. BFEBICHEET SEHIAERORYAH
BEOVEDITTRI—YALELEMBABEL TR EREES I
(46), EF-HMETHRA-&L 512, LRI HFRETRERSE LTEBSELSEE
HIZOWTHZHBEINTILNSDE9, 50), “hi LE#MAE. #HRiEE. T, B
ML EOMBEEA Y SRy FD—JICBATIREEBRELZELOITIL—T
TRETTHY. ChoOHREZBELCHEEI I FOZ2EDREREDHL L
BEHSRETEIILDOLHFESN S,

FEH MEOBEEIZKSRESCEHE :

HISIZB0T, RYABIA I ORIz 7—2RVWTRELEZGRE/N( T
IVRIRFERIZREFTESINDSO0II L. BRIREBOIGEIE/ A TILIRFEERFR
EREBEENL. REZFESIKDLIENREINT, —A. FIETHHER-KSIC
ANINR—THBIEZFDOY A b HA VEENF—DITEY 1BIANLA—THifaL 2
BALAR—-THBIZCHE SN . BLIDBZOERORELEEZFEL TSI EMH
BNTLVS, ESTHECEVTIE, HEOEE HFK - BRK) [Tk~
IWR—T HEZEE/ 2 —2OFERIZOVWTHRE L=,

[EER##]
BISETCIZECE-IOEFFERL -,
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(=ER5 %]
YA b hA VEEDRE
HIETD OVA #E#) CD4 Gt igERICOMERBR TRONEELE%
AL, BIRICELTYA bHA VEEZRELE,

ELISA i%[Z & % OVA HEMHEEDRIE
MEICELTITo -,

[ERS L UER]

AETEHREOKE (BRKAFIR) [TEEAUA-T @lilaD/N7 20X (1
B2 ®) FIZCOWTHENFTE1T o1z, OVAZRELI-TO XD, BHEIEY
2 REi D CD4 Bt EEINL . OVA THRIB L IBOY A bhA UEEIC
DNTHRE L& S5, BEIKD OVA TRE LSS CIHEH. BRIEY »<
it 2BALNR—THREANMNEESIND IL4 FRHESATA, 1 EALN-T
MR, SELESIND IFNyIEREH TN >z (Figure 24), —A. RUEE<
A9 ORTzF7—CEETIRICRELEHAICE. IL4 [TMA. IFNyOELE
LROLN A B 2BOTHLA TO THENFEINLTNS I LAREEI T

(Figure 24), F1=5%0 OVA RFHIETELZEDHER (Figure 23) #RML. R
JEBITA /BRI 7—2AVTRELEZIAAMIILBRREIVANLHFELN
f- CD4 GRS T 1 B, 2BWWTHhOYA FhA D DOELELBDHoNGH
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(A) Mesenteric lymph node (IFN-y) (B) Mesenteric lymph node (IL-4)
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Figure 24 Analysis of Th1 (IFN-y)- and Th2 (IL-4)-type cytokine productions by CD4" T cells in mesenteric
lymph node and spleen of intestinally immunized normal (closed column) and Peyer's patch-null mice
(open column) with OVA-PBS or OVA-MS. CD4" T cells from mesenteric lymph node (A and B) and spleen
(C and D) of intestinally immunized mice were stimulated in vitro with OVA. Culture supernatants were
harvested for the analysis of secreted Th1- and Th2-type cytokines using the respective cytokine-specific
ELISA. The results are expressed as the means * SE from four mice per group and from a total of three
experiments. *, p<0.01 (compared with normal mice).

1150 OVA BEM IgG DY T 5 SRITDNTRE L& 05, BEKO
OVA THRE L1=IEIZIX.2 B THIREER0 1961 ABEMNICHES AT,
RULBYA ORI T F—EANEBAICIE 961 (TMA. 1 2 T EKEen
D 1gG2a E EDEELED S N= (Figure 25),

. 14 (A) OVA-PBS 14 (B) OVA-MS
S 121 121
Qo
w 10 101
o -
(@] *
g 8 8- *
o *k
& 6_ *¥% kk 6- *
G1 G2aG2b G3 G1 G2a G2b G3

Figure 25 Serum 1gG subclass responses to OVA in mice intestinally immunized with OVA-PBS or
OVA-MS. Normal mice (closed column) or Peyer's patch-null mice (open column) were intestinally
immunized with OVA-PBS (A) and OVA-MS (B). Serum samples were collected at day 49 and examined
for OVA-specific serum IgG subclass responses by ELISA. The error bars indicate the mean = SE for
four mice analyzed separately in triplicate assays. *, p<0.05 (compared with normal mice), **, reciprocal
log2 titer < 6.
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ChoDHEBRIHREOHENRERLZZ LT, FORICHEEINTL ZRER
ENELTIEERETELEDTH D, &L, XA TURICEFTERASA L
L TA—OFRBETHESIND 2 BEOBRBREANGEFEL. FLLVRELEZH
LTSI EAERE SN TLVA(96-100), V& D& CCR7 Bitn#HkMiET
HY. COBKBRORBRTEZ T T 1 BT HREEET
+&512%45, £5—74% CCRE/CCR? TSN RHAMIATHY . 2 B T #HR8
BEEZFETHEINTIVA(98, 100), SoIZThoOERBIRICEZHED
BYAHSHRBERBEOCNAITITORREGEIKETEIENTEIATNS
(99) CNDLDMENLHRTEHE, RUABETA /ORI T—IT&Y/(T
IARIZTEZ S - OVA (IBFMNAREN LR T 5 2 & T, CCRY Gtk {KiHka
& CCRG/CCR7 B D#HRMRICERYAEL. TOHKR. 1B -2BHL24(4TD
ANLR—T BRENFEESIN-LBADND, —H. HIEBEEREICIL CCRS5 Bit
DOERMENEET D ENRESATIVS(101), BEHEM D, 2D CCR5 5
HOBKHERIEZED & SLEALNR—T HIRSEEZFET IMEFHATHLSMN. &
NoDHELSEAZEEO/-HBREMSLHERNT I L. MROBERIZEYRY
RAFNAHRAEIRESN-HBR. RELRELNELLL-AEENEZ LGNS,

E=H /ME

MNBERMETRLUEERGEICHR, HEREOEREDOLGNMTIHRES LB
TINTWVWIREBTHD, BHI/A TURIS/NSICHNETCEETES Y V/\#E
BThHY. TORECALTEIZL DHRENH D64, 81), —AH. HFRF¥)
T—THAIRVABIA VORI 7—IEL OSSN TELEYF v )
F—ThY. BEICBVLTERBICEREASATLSEHD1 H5H(87-91), R
JEEBIA /BRI 7—EBATIFUoOFvYTFT—ELTOERBEC ., #
FHA XOEBRHEREEESERLIOREZL DRI GEIhTHSA, £0
WTFhORHTE/NS TILRARY AABUTHEE VS ONEXRBEETH -
1=(102, 103), 2 CARFICEVWTIEZDOEAP S EHIT T~ /A1 TILIR
BRICHELGS T FLERRBICEHET S ETRAIURERIESETY
AZAW, RUIABTA ORIz 7—IC& 5B HILEREFTEITE T H/34
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INBRDOEREIIODVWTHEEFZT oz, TORR. NATILERRETIRIZEL
TIFRUABIA 7R 7z 7—IC&UYFEShINERENRELENE L
KBTI ENREIN, RAIZLBENRYEABYA /O T 7—ORYA
AEMLETE D TWB E VWS RERDEZZIFT SHER /1= (Figures 21-23), —
A.PBSIZBRMBIELIKETOVAZRE LEGEICE/ M TILRRIEDEEE
SN ot=, ThiiBX(Z Yamamoto 5HRE L-ER L RFEOERTHY.
N INLVREERFEHNREFTERROBFEETET S5EDTHS(86), AIRD L 5
ICHAECNALDEEREBIIRERICEATHEY . B-1 HIBOESELEEHZ DR
PRIEINTWS, FRNAMILRRETVRAZAVZEAKEERICDONT
DOEMLEATEY ., REFELREBESEVSHART ARIEHA/NMHEIZENT
EDESICHEASNATWIDOIALNELGEDIVEDDFELINMY LTEEME LA
B Sho/f ITUREFDLE LBELLEREFTEOBEBRHEBAIHELLD D
FUBBORRICOENDEEZON. SRETETORERIMAFEIND,
—F. BELIIMEROEE (FFRK - BER) [TEXYVFESINATLSEAILA
—T A ENEILT B EERLT- (Figures 24 and 25), RIED & 52784
INURICEDEL EL 2BEOHMKARENEET A ES/HALI LG >TE Y,
Zh S DOERMEREORE S AHERI S 5(96, 98, 100), HFICCOFEHFDV LD
CIEMEEREORESAREBINTWVNS I END99). RUERBIA /DX T7T
—EANBZE T TARICETERFUEARRENALRL, 18, 280
B2 A TOANINR—THENFEINF:-LEASND  EF-NMERENLET S
S ET RO T 077 —CITB UL TIEMHC 45 X | HFI2 & AHHIE
TDHFEBHT, MHC class | B FICKAHRERTLEHEIND Z &H 5(104,
105), EIZHR L= 1 BANAR—-THEBOZELHhHtE. RUIABIT/I/ DX T
F—TIECTLZLFETEHLEEADND, BE,. RURAEITAIRARXT7x7
—ZRAUWEROREICLS CTLOZFELHESATEY ., Bk#EREELDR
ELEHTOZTERFORBANFLNDH(106), LWThiIZTE &, SEEFEFENRL
ERUABIA I AR T T 7 -2k BRBEREOHMITHED 7 F o OMED
AELYT. REHGEECROAEESLGEHILEREHEBENLEZCDE
BAEICICHATREEA DN, SEETETOREI RGNS,

-41-



FZE FHRMBMETDPI9F X v 1) 7—& L TO Adhesive
Micromatrix System (AdMMS)M £% 51 & # e ST

BETHRARz &K SITMBIE GALT EVWSREVATLEBESTHZ LT,
L. BRHIEVSTAHENLBERELTL ZRERIIHT HHHBBEZEEL
TW3, i GALT DRATLZFEZEMNE LERBODIVFUIZEWVLTH T DDS
EiOIGHA I TS,

Adhesive Micromatrix System (AAMMS) (. #EMBEEESFEI Y YD
ARFIZEFSEEHFLWIA TOROFF YV F7—ELTEFESATLS
(107-109), FEEN D HEEMABHESAFERET MU vy REFIFHMSNTL
F=M(45), ChLIEFETRAICOA—T AT TERAZL T8, BE5&
FCIa—F 4 VI LEESFREAIN T LEORBNGHMREIFESATOE
Motz, SHITH L. AAMMS [FHRFATICER LI-HEMEES S FAKIHE
NEBL., BEMNICHFREAICEHELEZBEEZ L H5-HIC. HEMEENRE
RS h 3 (Figure 26) (107), $ TIZCAAMMS [FER Y EREFBEME LT
MEYMERECCHAINTEY., BOEYFT U7 LTEN-HEEZAL
TV ENBEENTIND(109), D AIMMS %£#E0745F A DDS &L
TIHEBT52ET, THbE AAUMS IT&EYMERMICHEREZERET S L TR
EFEREICEN-REXF v U7 ATLNERTES LTSNS, £XT
REIZBEWTIE. ETILRETHS OVA ZEH L= AdUMS DR ZEHA. £
DEFFE L REFERIC OV TR ZT o=,

Normal Micromatrix

=P No Persistency

Conventional Adhesive Micromatrix (Coating-Type)

= Short-Time Persistency

Novel Adhesive Micromatrix (AdMMS)

= Long-Time Persistency
£ : Mucoadhesive Polymer (Carboxy Vinyl Polymer)

Figure 26 Characteristics of Adhesive Micromatrix System (AdMMS)
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FE—E AIMMS O1ES & REI4F 4 ET
—RIZT MY RMFIETOBEESOREEEL EICE Y HAFELE
bd 5 EAMBNTND(M10-112), TS TABIZBVTIE. EFLRETH
50VAZ#1%E8 L. BREXRFEM TH S Hydrogenate Caster Oil & #hfEFE
ESFTH S Carboxy Vinyl Polymer DESLE DR 5 3FEHD AAMMS %#1E
L (Table 1). TN ENORFFEICONTERE L,

[SEER# L]
BEXTICELELDZAW-,

[RE&A L]
OVA &8 AdMMS D1EH
OVA &4 AIMMS D¥EELIE Akiyama 5O AT & Y S L1=(107). THb
L &FEHE (Table 1) TiR& L71= OVA & Carboxy Vinyl Polymer %. IBIC &
U B4 = & 7= Hydrogenated Castor Oil # T8 - B& L1z, ChoBEYZEN
2,500 rpm CEIEEL TWLWATZILE = LIRICSETT 52 & T OVA &F ADMMS
EH L=,

% (wiw) MS-10 MS-8 MS-6
Carboxy Vinyl
Polymer 10 8 6
Hydrogenated
Caster Oil 89 91 93
Ovalbumin 1 1 1

Table 1 Composition of mucoadhesive polymer-dispersed microspheres containing OVA

OVA B HitEER

0.01% Tween-20 ZE L BARRBHE 2/& (0.05M ) VEKF2H UV A,
0.024M 515 kU™ L pH 6.8) 40 ml thi= 100 mg @ OVA &4 AIMMS %5
BLTf-, COBEKE 37°C. #5100 rpm TiE#H L. BEMICEFEZERL=,
=iDMRE (12,000 rpm, 4°C, 10 2218 [Tk Y ADMMS DIREZEY BRUL=1R.
LFDHD OVA EZH OVA HifK (mouse. rabbit H3E ; KIRKEXEREZEHE
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MEFIZSEFHFTHER) ZFALV Sandwich ELISA A THRIE L=,

In vitro THORE 15T
52D OVA THHESRBEHETICIHEITS ADMMS O HFIKkRE%E CCD
(charge-coupled device) 7 * 5 (Fuiji film, Tokyo. Japan) # AWLVTEE L=,

OVA &4 AAMMS /Mg R8I

—iRie B S /- BALB/c ¥ R (lfff. 8 :&8&R) (210 mg ® AJMMS ZHIE
OFEIZELCLTH B L VEE LTz, 8EM#E. FIVXALY/PMEZEEHIR,
Z(23HBILE=LOERB L. NERIZEBELTLS AIMMS O %EIIL—ARIZ
& HBRBTHE L=,

In vivo IZ$ 1% OVA &8 AMMMS DR 5E 14 EFT
L0 OVA &F AAMMS O/NMNZRHE A< S LT AIMMS F8I5E L1,
INBPREAERIZETE L TLV- AAMMS #[EIR L. CCD h A STEERLT-,

[(BRS&LUER]

ARHFHITBVTIE. AJMMS DOEBRBHARELIZE S RAFHEEILEEITT S
B THRETHS OVA OEFE® 1%ICEEL. MEABEESSFTHS
Carboxy Vinyl Polymer DE|& % ZE % f= 3 F&ED AAMMS Z#{E8 L 1= (Table 1),
EAIMMS DBEXRERAFE2RPICHETHBHEZEHF 1= & Z 5. Carboxy Vinyl
Polymer DEEEIZIKF L BHABRE S i- (Figure 27), 3 %4 H Carboxy
Vinyl Polymer % 10% &89 % ADMMS (MS-10) TIZIE# 0/ TIELALELZTD
OVA ASEH EhF=-MIZxt L. Carboxy Vinyl Polymer Z#hFh 6%, 8%=HT
% AAMMS (MS-6, MS-8) TIIMBEDOEFMNLAKEMNRESIN, 15 BREITIE
E2TH OVANBHINT= (Figure 27), - DIFEOHFIKEEZ CCD h A S
THET 5 & MS-10 TIHER 1 BRI TEIZLTORFHEE L TUL (Figure
28), —7. MS-6 > MS-8 [iR# 12 AR THERELGHFREBZRIFL T
Z&hH 5 (Figure 28). Figure 27 [SSRLU-AHEZRELTWS—RHE L TH
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FOREMNEZ DN, BKEEHFTH S Carboxy Vinyl Polymer [L4EELBF
[Z1& Hydrogenated Castor Oil ™ 5745 b v ARITHEALIzKREEE G- T
WBA, KICEMTIEEBALREICRE L-REBLELDS, CORE, WEHTS
Polymer M EA\E % % & . Hydrogenated Castor Oil IZk 57 b v o XEEM
BREEL. FIFREZERALEBLECHELEEAONS, LEOBRELY. XRIC
B TIL Polymer DEFEN 8% & 10%DHEICRELRHFKEZRTHHR—F
—S4 UAFET D LR SN,

120

Figure 27 Release profiles of OVA from MS

with various ratios of carboxy vinyl polymer.

100 Carboxy vinyl polymer contents (%); 10%

(MS-10, closed circles), 8% (MS-8, open
circles), 6% (MS-6, triangles).

(0]
o

% Released OVA
D (@)]
o o

N
o

o

0 5 1b 15
Time after stirring (hr)

(A) MS-10 (B) MS-8 (C) MS-6

Figure 28 In vitro stability determined from scanned morphology of MS. One (A: MS-10) or eight (B: MS-6
and C: MS-8) hr after stirring, MS were collected and observed using a CCD camera.

XIZ%& OVA &F AAMMS (MS-6. MS-8. MS-10) Z/MNaERIZkE LT-fFD
FEMCOVTRE Lz, MERICERE LT 8 BRERIC/MGEZEIL 3 H5EIL
2. BEMLICEFLTOARFHREZRE L, TORBEER. MS-10 ORI
ING L ER7E 5 NI HhRAERIC 5 E L T LM (Figure 29), LMW LGEA L EDHIFZ

INB L YEURL., CCD A A5 TEHET 5 & invitro TORE ERE. TDO KRS
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(X EA1E L T L 7= (Figure 30) ., — A . in vitro TIXRI# DB H % = L (Figure 27) .
in vivo THHLEMETE LI-HFIREZEFL TLV- MS-8 & MS-6 TIX (Figure
28). MS-8 M KERHAV/INB TERIZ, MS-6 [EHffER & FEICHEHRT DICEREL
TL =z (Figure 29), £=-CDE. WIThDMFZHEELEEEH. BE. XiE
TIRRBIFRIEFLAEHERE SnGEHAN o= (data not shown),

Figure 29 Percentage of MS remaining
in the small intestine 8 hr after
injection into the duodenum. Upper
segment of small intestine (closed
columns), Middle segment of small
intestine (open columns), Lower
segment of small intestine (hatched
columns).

Remaining %

Figure 30 /n vivo stability of MS. Eight hr after direct administration of MS into the duodenum, MS were
obtained from the middle of small intestine and observed using a CCD camera.

ULD#ERZFLDHDHE, MS-10 FREMICZLAREERT CICHRERLIFEE
AEETDH OVA ZBHT %, MS-6 [FHIFOREMRIEE . MEZEENICK
HT BANEHFEEAPPZ L, —H MS-8 DAL MEE MS-6 &£IFIXRHET.
mEMEEMS6 FYBNRTLWSENSEHAIFEZAL TV,
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E_H AAMMS 2 & SRR MKEEF B OTE
HIEICEVTHROBHE., MaRTOFEE L V- -HAGEDRELS 3
FEED AAMMS ZER L=, FEIZEWTIXCIOEE AAMMS 27O XIZHRE
L. ZORORAELEZRET S LT, BOTIFo L LTHREBEL AADMMS
HRZEZRET S &I TFORAFE L REFERDERICTOVDTENT L.

[RER#144]
AEIETICELE-LDZEERL .

(RE&77E]
®=

b

BTERISR L1=32 5435 £ ALV OVA 2 & LT 100 pg ® AJMMS %5 L 1=,
CcHREZ1AMBZICEF2ETo 1=,

—

miE., EEHHROEIX
ﬁﬁﬁ':éﬁ D-t'??o T:o

ELISA ;%IZ & % OVA HFEMIRAEEDBIE
BIEICELTITo =

(245 GIZEE)

RIEAIS B TR SN BAISEO RS 5% OVA 25 AdMMS £ AL ELEN
[SREL. MBS S RICEEHD OVA BEMFHELEET 5o LT, B
Bt & REBEROEBEICOLTRI L, ZOER, & AJMMS [FLFh
4 OVA BEMAKELEZBETESHC L SRESNT (Figure 31), £-20
FEROSIIIOVWTHET A EME. EFEFEH MS-8>MS-6>MS-10 DIET
Ho71- (Figure 31), ChIFFIH TCRLI-IMRARDBRHEE MNERNTOHREED /N
S M. MS8 ARLBR TN =0 EAS i, THbb MS-10 (X1
59 CIZHIE L. OVA ZEOMITHH Li-#8, OVA DEMGEERLE HE Y
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EbhoBVWREFERETH--EBbhD, —A. MS-6 1 MS-8 [Z/NEATH
BEEEBBICh-YEH LA, MS-6 & OVA NEL2ITHE ShSETICEER
ALHMEINTLEN.FEENELIMS-8 DIFSHAKREDHEEHATE L
RN,

14 (A) Serum 1gG 3 (B) Fecal IgA

*%

« 7

=X
N
N

S

5]

g 10] .

©

S 8 N

2

8 6]

x -
*k%k ”
Alone MS-6 MS-8 MS-10 0 Alone MS-6 MS-8 MS-10

Figure 31 Analysis of antigen-specific antibody responses induced by intestinal administration with MS.
Anti-OVA IgG responses in serum (A) and IgA responses in fecal extracts (B). Mice were immunized twice
with MS by direct administration into the duodenum on day 0 and 7. Seven days after the final
immunization, serum and fecal extracts were collected and anti-OVA antibody responses were measured
using ELISA. Results are shown as means + SE for four mice per group. * P<0.05 versus MS-6, ** P<0.05
versus MS-10, *** reciprocal logz titer<4.

EZE ME

AEIZEWTIE ADMMS OO Fo ¥+ ) 7—& L TODERET & #aEETM
1To1z. AAUMS [EROBETHERBANBREICHEFELTLES O
(107). SEIEHELEICEEEZES LN, SE. BRICAT 58 (CXEEHED
TEIICAELREDEILLEATIRABELE>TL S, LML AIMMS [FE£D
BRESNETEAERANERTHLH I P, BOXEYF YU T7—ELTT
TICERRR FSA 7ILDBEES>TWLS I EHHY(108). ERERSHAANGE YL
BRTHDIEERAL D, FRSEIFMELLTOVA L WS ZUNIEEZRNTL
5H. AdUMS [EZDERFREE, HFROMEZZOFEFFEFIESHILLE
RMIZIEARETH D, THEHBHETRLAERUEABIA VORI 71 E
58 L1z AdUMS L ERLATEETH Y . ADMMS iR EEF LR FLE<
AVBRTIT—ERHESEDIEVNI S HICREFERICEBN-F:HNAT )
v FREOHBEF v 7—SATLLNHAETEDS LD LEHFIN D,
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E-ARBRFATIHEEDHIZ4 5Ly Carboxy Vinyl Polymer Z35Eft BT 5
F& LTHAUL=, BE. Carboxy Vinyl Polymer & FEEEE 2 FOREMA B
HREBPICFET SO TILBLEOERNEEERLGERALGERAICK >THRE
ENTWEEEZONTEBYBRAELFDAND=XALIZOVNTIEEL ODHEEIC
KYBBABRTHSH(113, 114), RO-THEXTOE ARV BEVLHIEMNELES
PFEEDESILEDLBEDOIENTEEL, . FHRELFFLED. HED
IFoFxX)T—ICAVWS LTREGEIFARESN. AIMMS IZEBERAIN S
CEEHBFELELY,

FHREHIREOFTHEOHFEEL V- HAR DBV LY RETERE
AELRTEHIELEETRLE, BA RECHBEEHEI FHELS LBHEZEOHR
FIFERNELRT S b, SEOBRREARRZAVEERICEVLTE., £
BOESFICHLEMFERANMDETHIERDODNS, FLSEITNMEEE 1%
EEELTVLAN., RAEREEZRELTEOICBIRREREREGELESETEM
SE/INEVS CEHEFENICIEELRFBERE L >TC S, SHITH
EEICETHHFOFBEITHLENDRHED T EEFAOEFIZE>THEKX
ELEAENS, SEEFEFEORLEERIE AAMMS ITRL LN SBORE
FITBNWTH, I UT—ICHAV-RFAORKE., SSICEFEREFHCRERE
BEERRUDEFEZERE L-LTHRZBEORS T OLENHS L ETRET
BEDTHD. CNIFVWEFFTULICEBELGRHAFS LT L VICERISLETH
BTEZRRLTVSELDTH SN, SEFENTL- AJMMS DEIRESFIE S
REFEROEBEFMEA—DOIEEICHENIEENTH D,
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PN
ey

21 R 2R, BY¥ - EREIXREFES LEAREBREOHEILSNATINVG
WREARZECHEELTWS, BHATHLREEFTEIASAFEIRBELTE
REDVEDTHAHN., SAICBVTHREICIE-THELT . MATEHEHR
B FREBRLFESEBELE>TWS, —AH. CC10EHFYITETIAFEY
PHERORBOESICED, BRELOEVOLHICERNEA-RERE
DBENDFA TS v I BBENALIEGY, BRPEFREZEZEASLTEE
BEUBELEHDIESITHE>TER, BHTHLERKD “WEHHN” ZREAELTL
PHEEINERERATLEZEASZLETHRMSEBAL TS SREKICH
THEEEE LTHEL TV, COMBEREATLERENELEDIF
Y BEDOFY FBRITOEHICLKIBEERICHEARSDFSRZRALTLS
CEMLEBREFICHTIRMRBEOIFURBEKLLTERSATLS

(Figure 1) L LEASEHICKIBRELIIELY., MEZEMTRELE:
e, BEAICHEASA TV 2HRBEOLHEDFREAERERRICEY A
FhZETHLTELGL, SR, UL TEIIRSAELELFESAG T
Enn, LEEMBESEZBRT IEM. THahLLMET Y FUIZET 5 DDS Hiif
DRENPDBELEINTILV =,
WX T, COLSBHEAMLEME)RY—L, RUYABTA/7O0XD
T 7—. Adhesive Micromatrix System (AdMMS) &ULv5 3 BEOMFIRF v Y
7—%AL., BEECHTINEDRSHEAEFTEROEEZTML . MR
745 F 125115 DDS DFREIC OV TRET Lz, ZORR. FHFRFv Y
7—F#RAWS I L THERICSITHNETE. HCRYAARFESEELED
BOREGENFEINEZLERLE, THIESER. BETIFUICETS
HFREHEZEZD5AT, BEELEHICLEZLOLEFTINS, F-EREY
RY—LAS AAMMS BFREET IV F o X v U 7—E LTHRIIHRET S &
ZRUVEL. ZTOTEECOVTERLIz, SERKETOVA VWS ETILHE
FRVV-HFBETMLNMIS A TET . EROREARREZ AV =&
ETS52&IETEGN Oz, LALBASHREINSITOVWTEERFAPTHY.
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Sk, BRERRE BRCAZEBAL-AEERNRONDI O LHFT 5,

—7A. ENABTHIHBEREC OV TERBREHAL,IE>THELT . ]
HEHEASTEORANEATLS, HITHEREDRBELTASNATNS
HEREFELNEREESLEVSHRT IRECEOFEHERFICONT
FFELETORBAEIRAINTELT. BERBPIOLENEZTL—IAN—H
BFEINTWD, TOE. SERIEFEEDTR LT DDS Hiff # AL =7 T0—F &R
FREEREEHETELILLDOIRAEZEL TSI &M D, HIEREOHKERE
MEWSERFHORRICIFETEHLOLEDNS,

WFNITE &K FEXTRUELHAREIEED Y FUI2H1+ 5 DDS HifTOF A
HMEEERZRLEBREERS, LHALEALSEIEZ <D DDS HifiD 55,
ZO—BERFLIEISTEGL, SERLAEBRZL LIS HICRBEREL
HMEIDIFOXvUTFT—VRTLELTELIZVRTALATYTLTIN EES
2. HFLOEBRICESIKFRF v U T —DORMDPDEICLE DI EBDN S, FIC
RZFFHICE TS LFNGRTEEVEIBRLISIEFRETENE., £<H
LWOWare T MIESKHHLETIO—FHRRIBETEEHLEAOND, §1&.
DTEYE. SHERPFELGERLGIBENRRT S LEICTTENTNOEFH
BhE LR DDS KffisBFEIhD I & T, DDS BiffZRAW-#ETIF oD
FARNSHICESTHIEEHFLRL. '
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3 aff

CERAYRY—AEAVDT ETREEY L/ SERISEET 5 MR SR L
AR, Mac-1 IBtHERAE S CHBRE S N3 EOHBE NI, T
RS U Y — LSS IO MHC 2 5 R | 3R ORBERHRT 5 &
WST Uy MERERELTEY. TORRITEBROBEEBEEL
SEBTLICLYBBENDZ EATHENT, &5 ICHEMAYKY— LIS
&£ YBASNIHARET Y 077 — 55 BT E RO MHC 25 2
I AFEN LTRRRTS NS S ERS L,

.1 OWEEERBL, BEREURV—LZAVTERRET S L THIRERR
ERBG L VICEFRAFABICHREREREOREEE E~NLA-T HlAEE.
HREENE THEBEAFEESNS ZLEAREN, BRIEYRY —LAEBL

BIVFUOXYIT—ERYRDIENERE S,

. RUABTA AR Tz 7—2AVEEEMN G, NS ZUVBRANEIZE TS
HFRABEF Y7 —OMYRAABHE LG YRESFSEICHEL TSI L
NEIE STz, E-HEOHE GFK - FRK) CKYRYAARENE
HY. ZOEROREGENELT S EMNRSNT,

. Adhesive Micromatrix System (AAMMS) HMEREIEEHETIFoF v 1)
T—ERYBRENTEINT, £z AAMMS H 5 ORFEDBHE, /MG
[CHBITOHFOFBELE V> -HEABRENZOROEEREFISEEEZSZ
BrERLE,

ULt $IETYFUIcEI1T5 DDS HifOFRAREZRTL. #IEEICE TS

REBRELEZTORDABENENEEICHARLTNEIZLERL
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T

FHERZBICHEY ., KIETBYLLTEE, CHEREBLILLLIC. B
TICHT BES. HHE KB EINE LERH., ARASASEESHE
RS ESREALCROEURRLIBEERLET,

EFEHRICHTZBEOTUESRATTSY, RIECBELS CHEEHY
# LERIRASMEDBEREFLE BEHEAEICEBOELET,

FHRERITTHCHEY. BRABEMOT CHEVEEEELEXRK
S EMHERETREN SE—EEECOL YMALELEFET, ek
CHEEBYE LERRASMEMERETNE EHESEE, WAEXESE
(B. BAKEEEH) . EEREE, AHEE HAARSEE E. Bk
BEXSH) ERCHET IRRREMEMEREFRELESBTOELESIC
B#Enr-LET,

AREEZTTBICH-YRELCHE. CHREEBYE LEARKEAS
BRESHRRBKIE IIBELE. AE—BEE. ARASAZEELHE
REBIE EEERELCECMALELLETFET,

EEHEOLSL EFOBHN S SIEE < £ SV E L KIRKE K SRR
RHHFE SEBIEE. BUEESESEERRST kOBZEE, BRXE
KPEPEHBF EBEEXRZ%kE. Yale University HIIIEEXRE. ~—1) o fHi—
A UFLNA LEREH SEREEECERVNELET,

& 5(Z Adhesive Micromatrix System ZHAWV-HAEICENWTTIREBRBYEL
FETYTUFERASE MNIRBEEALCICREESTE HUETFEE,
KEES L CRBN LET,

ZLTAREEFSCHEY ELTEF LT hEREEL, BESTEL,
BlEEL. BEERSE FUETELEELHET BRRAEREEE
SHEMEFEABORRL S KIZHEEMISL E LTMY S X RAISES
W=LEY,

FRESHORKVENEBY £ L BREMERS. BATSRS, Ba4
LEFESR, BY—R%2 IHERTERXSHCEHHOLET,

BAICEICHE LXX TN EREICEREOELET,
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