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Mechanisms of the mucosal adjuvant activity of the cationic liposomes

and their application to a nasal pneumococcal vaccine
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EMEICHKELLBEREZ TN, BEEICLLIKRBOBBIINELZES, £
O FE LT HE LR B% B (World Health Organization; WHO) D R & 12 K 4 & | 2015 4F
DFEKRNZ B W TREGIEDNF 2K 17% )2 Hd D YV, TN L EEIEIC XD TH
B, KRS LTHIMERICH L, 2oHFmRELT, Fe—"fkicksde b -
B OB, SO AN BB D # Tk o AT, B I T K D BVET I AR~
Dt FPORBAEM . BIOERBILEZRER L T OXRBELE) 2 & OEENER N 2T
bivd 12, Mz T, BMYEDOHE I X AREMBIRIEDO R E, =4 XEFE OHEN
FIFEAMEEOEM2 EOERWER EHDL TV EEZXHL TS ¥,
T Y E ORI M T T2 e R A AT DR LD R B 0 K G
it 7 IR MG OB R DN LZ EF TV 5D,

INHLOHRITHEY 7Fonbh AP TCRACHIERNTOATND, VY
FURANEEROEHDO 1 L&, 1718 ED T R —F - Yz F—I1Lb
KRG 7 F o L 1885 4E DA « NAY —LICKDERIFEUV I F o 20bED &
T25Y9 ABETICE OBEREIEICHT DY 7 F U RNl I, BYETRHICE
REBERERZLTCEES), V72 F 03, O BEKZOLOH D0 X5 L
FWHREBEER AR WA T 2T @ R~ U ETRIEN LT EEE VTR
Wik 7 F o, BLXOO® WEAEBETIERLS ., WRERREAFMH LS 7
2=y NI F DO IDIHEEIND 8(Table 1), AV 7 F & 5 W IX RGN
U FURIREREOLDODOEMAEVLEL T 520 BIEMLRE DR ERES N
F oy 0, Leno TEFE, BREMoMEEHRT X, 7 2=y U
JFUDOMERBERILELEINLTWVD,

Table 1. Classification of vaccines

1) Live vaccine 2) Inactivated vaccine 3) Subunit vaccine
Calmette-guerin bacillus Diphtheria-tetanus-pertussis-polio Hepatitis B vaccine
(BCG) vaccine vaccine Pneumococcal vaccine
Measles-rubella (MR) Influenza virus vaccine Meningococcal vaccine
vaccine Pneumococcal vaccine Haemophilus influenzae type b vaccine
Measles vaccine Poliovirus vaccine
Rubella vaccine Hepatitis A vaccine
Varicella vaccine Diphtheria-tetanus vaccine

Mumps vaccine
Rotavirus vaccine
Yellow fever vaccine

RYPIE PSS B2 PP CTEX - U2 F 0 ThAN WMo U 75 o 8AICIX
BB RMEERNFEET S, BHEOIFELETOU 7 F o Th 5 HEHA (5 AT
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MEIZE TENEYO T 7 F o3, 2% ENS i 78 8 ) o bt i R B 7e 74
EINEZFET DT L TR WEMAED DOIEN» L OPEER & 7 El o
Ml ZrfEEL LTWD W, LnLAans, REY 7 F i3 OREMAEY
DIFARE o D WIT MG Td D A5 w T O FUR R AR FERE NI
D REREMDORAEZRE, DEVIEEZOLOEMZ D &V D BATORHE
PTG TERY, WXL BAFEOY 7 F TR % O AR L
PHFETERWVWE VW) BERBXREENEL TWDH W,

ZOXEIBRBERND CHEEIC W THUR R R 7 R E IR K & 55 8 AT RE Ao R
T FUPNREROBERIETRIEE LTHALER I TS, EY 7 F T, &
M, &, BILM, & FTELITARR A2 R2REEZHWTREKENIZY 7 F &
FEMTAVATATHY 2FHIZ T TRIHBERIZCENTHLREINEZHE
ARERHMAEZALTWD, Mo THEY 7 F X, ERMOU 7 F &L,
KR 2 N L CIREEDN LT 52 < OFBERICR L TR ENHHETE D
U Fh, RO F UL EFRR) ARSI AERIFRENEGIETH D
W, EMTRSELEFEDP AR TH DL, S LI, EREEDL DRV EFEHE
2B b Al LAY Z U 12)(Table 2),

Table 2. Comparison of conventional vaccine with mucosal vaccine.

Conventional vaccine Mucosal vaccine

In terms Merit Induced systemic immunity Induced systemic immunity and mucosal immunity
of effect Y Induced mucosal immunity in out of injection site

Demerit unable to induce mucosal immunity Insufficient effect when administered only antigen

In terms of Merit Non invasiveness

Many empirical data

practical use Conveniently administration
Demerit Discarded medical waste The presence of physical barrier
The need for technique (mucus and glycocalyx)
Stability

(degradation by digestive enzyme)

REEREAR X MBS K NY U Rfit Wwo Tt a2 g mE s O MMl R o2 =
— I BRMEEZHA TS, PTHEREMRMEE L L T, IgA (Immunoglobulin A)
G EMBOFEENFT oN D, 2 OMEMEKICESTICHELET D IgABERE
MlnrbEESRTE Z &K LXZEER IgA 1, EEMRICEBIL T 5 poly
immunoglobulin & FMHRIC LV EE~mE I, oW IgA s, Z ok
IgA TR (HIRKR S 2 WIEHmRREITH ST 2 2 & THREEIZ 30 TG
Fets 2 L3 5 (Figure 1), b IR AH Rk C 1300 IR 60 552 0 28 2 il & 5 W IR RS BT
DY Da=— 7Y NN EL TR, KRB EY N R
(mucosa-associated lymphoid tissue; MALT) & M iX4L 5, MALT & L Tix., BEH
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MU > X #k (gut-associated lymphoid tissue; GALT) <o & e B U > /X #%
(nasopharynx-associated Iymphoid tissue; NALT) 2 EnE b TWngd M, ZTihb
MALT ERMREICIZEREICTFEET 20 FOBAZHE S M MRS TFEE L., KK
FEEBEANC AT 2R M ~PUR 22 T 2 & CHIRAF R0 RIS E DN
HIXNnb, ZZTlE, VF /A . interleukin (IL)-4 < transforming growth
factor (TGF)-B72 L IC LV IgABMH Bl ~D 7 ZJAZA AL v FRFEHEINDL, Z
D 1gA Bt B MR 1%, K BB A0 2 U0 BR e R AR K (common mucosal immune system;
CMIS)IZ X v BB Y //\’E"ﬁ%% LIMEAEBRICBITZ R T2 O EE B~

DA SN D MIRE A JE I Lth%@Bﬁw VL5 R0 IL-6 72 U2 K D IgA
e M~ b U, BRI mEIC IgA ZEAT D ), Zh b ORI MHEIC
IV BlxEREREGE TV 7 F L Tho THbR2HF ORI ER ICHIEFFRENREISE %

HHTE D,
555 555
O

Poly immunoglobulin receptor Epithelial cell

Polymeric IgA

IgA™B cell
gA plasm cell

Figure 1. Induction of IgA antibody on mucosa.

ERDOESICWEREDT 7 F o EANEMRRDEZWVREY 7 F 2 Th D0,
RICH S TV b0iFAb 2w, BARERIZENWTIE, B 2 U AV RTKT D
BROEDV 7 F L OALBHEAINERICHI LTS 9, BRlck X7z Xk Hic, &
DI FNFESTEHRIFEREO LD ZHERR D ET D50  ZEEICHRRBESN
DL, o TR EOHIRE R W7 a2=y NUKEDY 7 5 2 OB %N 25
ThHHI>N, BRISHIZIEIRLEIZE TRV, ZTOERKRE LT, MEmIZHEWT
PIFICK T 28RN AEISELZRONOLRICHFEST LI HEWICZLNI &
ﬂé%%méoﬁﬁ@iﬁ%%éhtb_ﬁ%@%%ﬁﬁ_kg_%ﬁénéﬁ
BN, REERICIDABEMNICREICE ZHELE WY 1D, o T, MET
VJNVF%mwfﬁﬁﬁﬁ%ﬁém¢é\%L<@ﬁﬁ%%ﬁﬁ%%@ﬁ%$
FICIEZETLOALERND D,

_hif“QIW%_%b\f\*ﬁﬂﬁﬁaﬁ%%ﬁﬁéjﬂi?ﬁmi‘%ﬁé’wlﬁﬁ%ézhf
W5, BHREEFEOEMALLZF M LMK T ¥ 28 F TiX. cholera toxin X
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Escherichia coli (E. coli) heat-labile toxin 28 &% v | 58 /7 (Z kR oa % 2 IG5 2% 2
ERmbER TG 1820, L IImEABHROERTH DO, £ O @M% E
WT H7ODOEREKPHAFE N TS 1819, F72, RV ARAEZHKRT
& % toll-like receptors (TLRs)U # & R&Z ¥ T a2 N FELTIEHLE S D
{Z CpG oligodeoxynucleotides (CpG ODN). polyinosinic-polycytidylic acid sodium
salt (poly(1:C)). flagellin 72 &3 #t&E S LT 5 2422 — 5 o RSB RHIR A A ~ o
MREZZFAHLEEEY 72 F 0 v A7 AT UBEREREE T ~R AT 5
AW 0728 T2HFERBELINLTWS, #il 21X, Clostridium perfringens
enterotoxin Z L & DA EEAE L L CRBE Y, BEERET LI LITLY,
ME BRI ~O P EEZEZ N LR SEEHFEARRE SN TN D
23)(Table 3), L22L7en b, 2L liEHEOFE®RITILIC, WEAB KOS 1 %2 F|
HLTWLIREED BIKICHZE X -BICHRERED 2 WIXEIEH % oM E» B
SNTWD, 2OXHSRE RN, 7=y MUKD 7 F o OB FEITEHL W
DBRBRTHD, o T, BEDORINRKEY 7 F v 27 LAORFEIE. /&
L IE T B8 2 WIZTREOBLA N LIS = — XD E W,

Table 3. Various mucosal adjuvant

Composition Target Immuno-enhancement
TLR ligands muramyl dipeptide TLR2 Thl cells, Th2 cells
polyinosinic-polycytidylic acid sodium salt TLR3 Thl cells
(poly(I:C))
monophosphoryl lipid A TLR4 Thl cells, CTLs
Flagellin TLRS Th1 cells, CTLs
CpG TLR9 Thl cells, CTLs
Enterotoxins cholera toxin Gangliosides Th2 cells, Th17 cells, CTLs
E. coliheat-labile toxin Gangliosides Th1 cells, Th2 cells, Th17 cells,
CTLs
Delivery ova I?J]%{ed C—ten.nmal fragment gf Dendritic cells enhanced cellular uptake
system Clostridium perfringens enterotoxin

INOLORMBEOMPEDOT O YHEETETHEERB KK EE TRV T 2=
MR D 7 F ORELZBELMMEZITToT& e, Z2OHFD12L LT, UK
V—AICHERALEY T a=y NUKEY 7 F o ORBEEDTND, VR Y — 4
T AKREASMENE S IEMENKS . E25KE 2 W7 F R EOae S
FEIVRY —LAREICEMT D Z L THRIEIREOHIE A S e kk~ 2R ML
MT L EDRRG THLLIRREDODHEDRZHDH, ZOBBETHLIEDOIEEMIEE T
;) % 1,2-dioleoyl-3-trimethylammonium-propane (DOTAP) L
3B-[N-(N',N'-dimethylaminoethane)-carbamoyl] (DC-chol)?> & ik S 5 IE&E fif U
" Y — A (DOTAP/DC-chol U AR Y — 2 )RR EEGHORET P2 & LT
ERHT 22 RAVWEL#HELTCEL, BIL, EEMIANY =25 ET7 ALHJRAT
HDHINA T VT 2 2 (ovalbumin; OVAYE L b IR &R G T2 LI L RiEE &
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CE2HOMEICE N THEMREO R OELEZELZFERRERTHLLZ 2P L NI
LC&E, ZOMBEY 7 F AT AF, U A in vivo IZBWTHBHE R RIEH
LZWIEHERERD R EOFESEERI VR EZEELHRKIND I L 2R LT
W % 2425)(Figure 2),

LA LBnb IEEMYRNY —LDOFT DT 2 =8 MM OFEMILEME
B L OEBICARERE Y 7 F 0 v A7 AN EREEEZAE T 50O 0

TIEHRMEATHL, LR > T, EBMIRY —LOFTLOMBET V2 ME
MEORBEHEZ AT 52 & TOIHREER D ZH TR0 &L 2% O
TbholtV Ta=y FIKIED 7 F 0 2 X5 A DY IE ~ O K IS~ O E H»
HITDHEBRLND,

FZTCAMETIE.EEMIFY —LORGEEICLDIMELS X2 GED
ﬁﬁ(ﬁft’rﬂﬂ%@@r%%ﬁhb B R0 O IE Ak 35 L OB R 43 7 @ B R 7 B o~

KIENROME N D DG 2 T o7z, 62, EEBM YR Y — L5 & ik
U&%VVX%A@@%f«@ﬁmé%%%@’#5_&%9%&Lto

A EFwmCT, F—F TEEMY R Y — A@ﬁ?é*ﬁﬂ%?/:/\/ RGN
JOEFERBREME S FORBRS, B TIEEMY RV — LI #Jﬁi’zﬁn‘\ﬂiﬂ@/\
DR EZENROME R R BLXOFE =8 TTEE MY RNV — A%ﬂ%b\tfx%*ﬁﬂﬁ
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Figure 2. Intranasal immunization with DOTAP cationic liposomes combined with
DC-Cholesterol induces potent antigen-specific mucosal and systemic immune

responses.
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ABC; ATP-binding cassette

BSA; Bovine serum albumin

CLRs; C-type lectin receptors

CMIS; Common mucosal immune system

CpG-ODN; CpG oligodeoxynucleotide

DAMPs; Damage-associated molecular patterns
DC-cholesterol; 38-[N-(N',N'-dimethylaminoethane)-carbamoyl]
DOTAP; 1,2-dioleoyl-3-trimethylammonium-propane
E.coli; Escherichia coli

ELISA; Enzyme-linked immunosorbent assay

FITC; Fluorescein isothiocyanate

GALT,; Gut-associated lymphoid tissue

dsDNA; Double-stranded DNA

IFN; Interferon

Irf3; Interferon response factor 3

IgA; Immunoglobulin A

1gG; Immunoglobulin G

IL-4; Interleukin-4

IL-6; Interleukin-6

IL-17A; Interleukin-17A

MALT; Mucosa-associated lymphoid tissue

MMP; Matrix metalloproteinase

NALT; Nasal-associated lymphoid tissue

NLRs; Nucleotide-binding domain leucine-rich repeat protein
OVA; Ovalbumin

PBS; Phosphate-buffered saline

poly (I: C); Polyinosinic-polycytidylic acid sodium salt
PRRs; Pattern recognition receptor

PspA; Pneumococcal surface antigen A

RLRs; Retinoic acid-inducible gene I like Receptor
Tfth ; T follicular helper

TLRs; Toll-like receptor

WHO; World Health Organization
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1-1) EBEY
- SPF i 4 BALB/c ¥~ 7 A X, HASLC LV HEEALFEBRICHEHL =,

1-2) i fE
- DC2.4 1L, ERFHEFRNLOHEALEBRIZHEHAL -,

1-3) 3
1-3-1) Hiik
- Goat anti-mouse IgG(H+L), human ads-HRP (Southern Biotech)
- Goat anti-mouse IgG1, human ads-HRP (Southern Biotech)
- Goat anti-mouse 1gG2a, human ads-HRP (Southern Biotech)
- Goat anti-mouse IgA-HRP (Southern Biotech)
+ Anti-CD11c antibody (BD Biosciences)

1-3-2) 45 fl ol 3¢

- DOTAP (Avanti Polar Lipids)

- DC-Cholesterol (Avanti Polar Lipids)

+ Sodium nitroprusside (Sigma-Aldrich)

- 7 uuafb s (WAKO)

- D-PBS (-) (WAKO)

AR T AT I K= R FF v (WAKO)

- DNase I (Roche)

+ TMB microwell peroxidase substrate (KPL Inc.)

- AR (REREK)

AR X ZFLL(0) YALEHXUE S F L — kb (Tween 20) (WAKO)
-+ 10X Red blood cell lysis buffer (BioLegend)

- ES K (REREK)

« 7-AAD viability staining solution (Biolegend)

« Fc block reagent (anti-mouse CD16/CD32) (TONBO)
- AW TR K (Merck)

s NI b= (HAEHETXE)



YT A (U R)

-7 b7y =B AR (WAKO)
T UFREE L (HRAT )

- ik MU ¥ A (WAKO)

<A U U A (B E AL )

- UV T KFEA Y UL (WAKO)

- VU EAKFEF MU U A (VETEC)

- REAKFE T MU U A (WAKO)

- R MU T A (WAKO)

+ Albumin from bovine serum, cohn fraction V, pH 7.0 (BSA) (WAKO)
- U U (WAKO)

+ Chlorpromazine (Sigma-Aldrich)

- S =A7 A (WAKO)

+ Methyl- B-cyclodextrin (Sigma-Aldrich)
- Amiloride (Cayman Chemical Company)
+ Cytochalasin D (Sigma-Aldrich )

- FITC-1 (DOJINDO)

+ Alexa fluor 488-OVA (Life Technologies)
+ HW55 7 7 & (TOSOH)

- K DMSO (WAKO)

1-3-3) = DO fh
* Nunc™ cell-culture treated multidishes (Thermo scientific)
96X EIAZL—h n—7x= U7 FJE HEHEHA (Greiner bio-one)

+ Clear flat-bottom immuno nonsterile 96-Well Plates (Thermo scientific)



2) FEBITIE
2-1 F—FEDOERGIE

2-1-1) #& 5 5 mg/mL OVA A b v 7 &K O i %

OVA (Sigma-Aldrich)%z #f & L, D-PBS (-) (WAKO) LIz L. 4°C T W&
L7z, D%, 022 um > Y > 7 ¢ )% — (Membrane Solutions) T~ 4 /L & —
PE L. ff H AT E T-20°C THRE L7,

2-1-2) EEMY ARY — 2B X DIl EMERMNY KN Y — LFHEHIE

DOTAP (Avanti Polar Lipids)% 10 mg/ml, DC-cholesterol (Avanti Polar Lipids) %
5mMI&ﬁéi57DD$wAT%ﬁL\bﬁ@XF/?@M&LKO
DOTAP:DC-cholesterol ® molarratio 78 1:1 &£ 7225 X 5 IR U2 BRE TNV
k@\INﬁV*?“%mWT%ﬁfﬁéﬁUDﬁ»A%WE%fL\TV&*
5 — T 60 4y LA b 82 M & lipid film % fEpK L 7=, Lipid film |2 D-PBS (-) (WAKO)
Mz 545 vortex L7=, £®O#%. 0.1 um, 0.2 um 7 1 /L ¥ — (ADVANTEC)#%
10MEEL, B L7, TD%, 045um 7 4 L% — (IWAKD)THE L 72 Rk % 1E
B Y R Y =ik e L, 7Zod, Dil /YR Y — 2%, RAIEEIZx L molar
ratio 28 0.1% & 72 %5 X 95 DIl WK Z M 2 FARICER L 72U & Y — & % Dil &5 1=
ma Y AR Y = E LERICHERL .,

2-1-3) “HERAMEBERIAT NI VUKo ERE

WA T FI V(R b—A®AARETE)E 375ml, I ¥y T 6 (25
SHTH ] O Nz aml, a7 V77 ) —b (RbLVT 57— )b
®-Meiji Seika 7 7 L ~)Z 5ml, ABAEAK(HAEKF Y 4AHEAEK KELER
W RBERIETENVEZ 37.25mE2 27 V— 0 ROFHNTEA LEEBIKZ = IS 0
CLTHERBRICHERLE, BT F XA — (T v F XU HAS %I%W
o6ml EAHAEEKIVAIAM 27 ) -0 RUOFHNTIRALEZEBREZ AT b
FEprd & UERBRICEA L,

2-1-4) £ ¥k KON 3FE 30 5 ik

YU AEVTFAT—FAACTRER L, ORI XY Mg & B L 7, [
L7-Ifi %z . =R T 304y, /K LT 604&E%. 30009, 10 4.0 L., Lk % [
L, myESHr7rre Lz,



2-1-5) 5 JPE G Vi R BT A i e OF i 3% ik

YURAEYVZF LT —FT I TEHZL, WMEBEL THEZORLL, SEHLY
26G & # (TERUMO)Z 2 if 72 1 mL EHFE AN O PBS250 pl 23 L, = » X v
WCEIN U7, BN L7233 4 3000 g, 10 2y 0 U, EiS 2 BN L, e e v ik
L,

2-1-6) Jifi fe e v 9K [E] U 78 e OF A 1%

YURAEVZFAL =T A TREEL, EEAUML, [LEZRH I E2%,
RBIZUID AR Z AT, iz 1000ul HF v 7o L 200l HHF v 7 %%
FELIEEAN Yy X =2 VIALIZHAL, ImPBSTL0EESNy T 7L, =
v A EIR L7, [ L 72K 2 3000 g, 10 4y iEaLe L. By & EIIR L., i b
iR e L,

2-1-7) [l Ve iR (B I E K OVl H& 1%

NUREVZF LT =TI TERL, BIZ 200 pl HF v 72 #5F L e
v A —Zf AL, PBS100 pl T10mEXy T 47 Loy X ZEmLE, &
Nz 2 [\ L7z, BEIEKE % 14000 rpm, 54y, 4°C TiEl L. b5 Z EIY
L., BwREKRE L,

2-1-8) ELISA YEIZ X 2 HuJi Fr 1) 19G, 1gA PE A @l /&

Sodium bicarbonate buffer (pH 9.5) TZ 4 25 pug/ml &R L 7= OVA %
ELISAH 7L — FD%& well iIZ50pul 2%, 4°C T LHufiE L, Pz 7 L —
MZEMI L7, & well 2 PBST T 3 FHI¥EH L., MR oOIFAEZRE%R. 1%
BSA-PBST 200 pul T 37°CICC 1B E7m vy X7 L, % well &# PBST T
3EIVE 4. 1% BSA-PBST TEPEA IR L 72 VG F 7 13 RE BEUE K 2 50 pl N .,
4°C T 1 MefigiE L., BURBRNLPEEZ 7L — MCEE LZHIR & KRS,
% well 2 PBST T 4 FPE# % . 1% BSA-PBST T 4000 % #7 fR L 7= goat anti-mouse
IgG, human ads-HRP, & L < i% goat anti-mouse 1gG1l, human ads-HRP, & L < %
goat anti-mouse 1gG2a, human ads-HRP, & L < {% goat anti-mouse IgA, human
ads-HRP ® W4 7122 % 50 pul "> 01 %2 .37°C T 1 B[ it & ¥ 72, % well & PBST
TH5EPEEEZ. TMBRIE 250 ul Mz, 10 MK SE2%,. 1INV CEBER
50 ul oMMz S & IR L. 450 nm B X O 650 nm O WG A E LT,

2-1-9) EEM VR Y — OB Gk

10



BALB/c~ 7T XA 1EH 7=V 200 ul © =FHIE G M2 EEAREG L, F&IZ
% 5 ul (200 nmol) F°>, & 10 ul (400 nmol) O IEEM VKR Y — L F /= bnr
— /L &L LTD-PBS(-) #f&EFELH L, TOHEBKICH HIZOE 1.5ul (1.25 pg) T
S, G 3ul(25ug) POVAEZREREG L, EKTH., A7 I VU HEHEK
200l FOERERNKE S LT,

2-1-10) S5 Al 5 AE A% o> [m]Y

~ U A &SEMENLF TR & L. NALT & OY nasal Passage % 5 ml ® PBS 28 A - /=
60 mm dish (Thermo)IZERE L 7=, 7 I A v v 2 THEBL 15ml F = — 72 [A X
L7, B PBS5mI CTdishZ#%E L, KR FIETT 2a— 7B L, SFERS
PEAR R IA R & L CHERICH W,

2-1-11) flow cytometry Ze FH U T R R R TR R TR o> B B I E

15 ml F = — 7 B U 7o G P8 R SR % ¥ 1 A 4°C, 1500 g C 5 47 M i /0 70 B 1% .
FiE#®E TR, ¥ v 27 L, ACK lysing buffer 2 1 ml il . 72 B #% (Z PBS % Il
z 1=, 4°C,1500g C 5= L%, EEEsHE L, Yy B 7L, 10ml @
PBS # il 2. 4°C, 1500 g CT5 LBtz LiEAH TR, vy B 7 L,
500 ul ® PBS THIEE L72OL, T A Ay yaZflVWTREKEZ = v X2
B L7z, 7-AAD % 5 ul Il 2. 5 771 (2 FACS canto Il (BD Biosciences)% H \» T
B MR A& I E LT

2-1-12) Hoechst 33258 # H\ 7= % / & DNA O & & £

15ml = —74Z 1 ug/ml & 7225 & 5 1 mg/ml hoechst, 10 Xtris-EDTA-natrium
buffer., % FAEMFHHAKE ANz, ZOEKEZ 1 well H7=0 200 pl @I L 7=,
AH o — RELTHEDEESS DNA % 20 ng, 50 ng, 100 ng, 200 ng, 500 ng, 1000
ng&72en X H5WMUTK,2-2-5)0 FETHEIULL 72 & PEVEE KR 2 1 well H72 0 10 pl
WU 7z, #YX L 1FFMIIEE%K. 460 nmICB T D2W N EEZ~A 7 a7 L — KD
— X —THEL., ¥/ LADNADEEZIT> T,

2-1-13) BEICB T 547 7 - DNA O

BALB/c ¥~ D A 1Lk 7= v 200l & =FER G AZERENELE LT, F&I1C

& 5 pul (200 nmol) 9°->, & 10 ul (400 nmol) D IEEM VKR Y — AL F/-ixa v bnr
— /L& LT D-PBS(-) ##E&KE L, TOBEBICHBIZO X 1.5 pl (1.25 pg) 7
O, F3ul (25ug) D OVA ZRRERE Lz, 5K TH, A7 FI VU
200 pl FoERENE G L-, 0,3,6,9,16 HfZIC~v Yy 22V oF Lo —F )L
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WCCEAL, WEL THZOR L, [EHHB XY 266G HEH# (TERUMO)Z D i
7 lmLEHBEANO PBS250ul 23 L, = v X ZmX L7z, B L 7ZE R %
30009, 1030 L, E{EABEIN L, SFPEHREHEE L, 15ml F = — 712 1 ug/ml
L 725 X 5 1 mg/ml hoechst, 10Xtris-EDTA-natrium buffer, 7> 7AW ¥ H K %
ANz, ZoEEE 1 well 720 200l mM L7z, AZ X —RELTHED
2 5 DNA % 20 ng, 50 ng, 100 ng, 200 ng, 500 ng, 1000 ng £ 725 X 5w L 7=,

2-2-5)D ik TRHEIN L7 @itz 1 well 729 10 pl Ik L 7=, X L 18
MiIRZ %, 460 nmiIZB T HWMNEELE~ A /e L — ) =X —TCHlEL, 7/
L DNA O E & A AT 2 T2,

2-1-14) NucleoSpin Tissue = H 272 %7 / & DNA ¥

BALB/c ~ 7 X (6 Mfm, M) 2 ZHEMH CTREZ L, ML 25 mg = v X
NAZ i HE U 7=, [EI U L 7= i 2 HE T L 7= #% . 180 pl buffer T1 % A4 vortex L 7=,
WIZ 25 pl proteinase K 2R L 72, BRICHOMEINDET (BLET —WEHE)
56°C CTA > FaxX— Lk, D%, ER T 10 45H A F=2— L., RNase
Z20ul iz, 5 Mk L=, &= Dk, vortex L, 200 pl buffer B3 % il . vortex
L7, RIZ,70°C TLO A > FaX—FL7DObH, vortex L7z, 210 pl ethanol
Mz, vortex L, Yo7 vponogrtarvrsyaryFa—T7%HEBEL. B
AT, 11000g Tl HMELLEZOL, Z7ae—ZA b —¢t & bilFa—7 %K
T, BT HLWTF o2—7\ZHEY FFHiF, 500 ul buffer BW 2 7 7 A2 ATz,
110009 T LA REL LD E BT A%E4 L, 78— 2 —%#T . 600 ul buffer
B5 %17 LI ALz, 11000g Tl aoM@ELLizob, B 758840, 70—
J—Z T, 11000 g ClHoMELLLE, BT LTy 2R fHF, 100 pl
ERHAET 7SI LE0b HETL A EAEL.11000g T 14RO L7,
WHENT-Wik %7 7 - DNAKRE & L, EBRICHER L7,

2-1-15) % 7 2 DNA % 5 & 5 K O rik pE /&

BALB/c v~ 7 A2 —JLiZ%f L, 200 pl ® = FEE A MEEZ BEENE G L, i
S %75/ A DNA% 5ul (25ng £7/1%25ng £71% 250ng) 3o, &t 10 ul (5 ng
F£7-1L50ng £721%500ng) £7/-iF=2 br— Xt LT D-PBS(-) ZfEFES L
oo TOHEBZICHEZIZSE 1.5ul (1.25 ug) T2, & 3 ul (2.5 ug) ® OVA % % &
BhH L, BHEKTH, A7 IV U#HELY 2000 FoEARE L, 2
%, day 0, day 7, day 14 T{r\, day21il, ~ VA2 YV F Lz —T VICTE
LU, DEEMLICEY MEEEN Lz, B L7ZMiE%2, =i T 304, KET
60 4y #friE % . 3000 g, 10 3. L, BEWEZEEURL, MG 7 re Lz, £72.
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KB LY 266G LSS (TERUMO)Z - iF 72 1 mL ES N @ PBS 250 pl % it
L, =y X UCE L7z, B L 2% %2 30009, 10 3.0 L, EiEA B L
BEEHRE L, £, @2 L, [ELZRMHB S 2%, KOBEICH VA A
EANT, W 1000l HF v 70 Erb 200l HF v 72 EEFELEZEy X
—ZYVIARICHEAL, ImMPBSTI0OFEXRy T s> 27 L, =y XZREL
7o [N L7 # % 3000 g, 10O L., EiEEZBEI L, MBREHRKRSE Lz,
Flo, YUREZVZF L =TT TEFKL, BIZ 200 pl HF >y 72 E L
By Z—%# AL PBS100 ul TL0EE Ny F 47 Lxy X ZE|IL 7,
& 2mY KL, BN %Z 14000 rpm, 54y, 4°C T=EL L. Lg%
WL, BUERE Lic, B L 72 Mg & ORI BE K $ o 196G Hiik Kk Y 1gA i
RO PN 2 B H L7z,

2-1-16) DNase | AL FEOFHEF DO EEM Y KN Y — A L OVAREER HIZEBIT 5
MG 91 D 19G HUAAKR PE AL K OV 48 RG B UE v i T O 1gA HLiR pE /R

2-1-9)D FIETIEEMIANY —LxfkamEs L, 2% day 0, day 7, day 14
TITW, day2l I~V 2R &2 VT F L —FT VI CEZL., DI MIC XY Mm%
[E L7z, BN L 72 ik 2. =R T 3043, K T 60 4y &L . 30009, 10 47 i=
DL, B EERL, MEFr e Lz, £, [EWHEID 266G 7E & &
(TERUMO)Z 2 i 72 I mLIEHHEHN O PBS 250 pl Z i L, = v X2 mIN L 7=,
YL L 7238 % 3000 g, 10 sy s L., By &AL L, SBERERE Lz, 72,
AL, [RExRbSE-%, [EICYVIAREZ AT, %I 1000 ul
MF 7O LENE 200l HF v 72EBFLIZENy X =2 D IARITH AL, 1
mIPBS T10EE Xy 7 7 L, =y XU CEI L 72, B L 72 ##K %2 3000 g,
10 gL, EWEEEIRL, MiREHFKRE L, £, YURXRE YV F LT —
T TERL, BlZ200uHFy 75285 LTy Z—%5i AL, PBS 100
pl C10RIERy T 47 Loy RXRAZEINR LA, 20 E 2B L7z, [\IY
VR % 14000 rpm, 54y, 4°C T/l L., EiEZEIUL, BHEER E Lz, BIY
L 72 M 38 B OV B B8 i 019G FL iR K O IgA HLik o Hiiis i 2 B H L 7=,

2-1-17) A B EMRE
YUK PE £ O fF B #2113 the Kruskal-Wallis with Dunn’s post-hoc test % fl \» THE

L7z, ZEMNa. dsDNA PEE O F E Z 1L pair t-test # 1 W THE L 7=,

2-22 EDFERFIE
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2-2-1) FITC-OVA O ¥

pH 9 I B L 7= EE /N v 7 7 — 1T 50 mg/ml TR & 7= OVA (sigma) & 4 /K
DMSO (Z 5 mg/ml T fif X 7= FITC-1 (DOJINDO)% 10:1 725 K 9 ICIRA L.
4°C ’C*Hﬁaa%%' L7z, D%, HW55 &7 7 & (TOSOH)Z W TH A4 X7 n~
N7T 7 40— TCRMEAD OVA & FITC A OVA & B R L 7=,

2-2-2) 7a—H A b A MU —%FW7 invitro 12381 5 HUFE EY A &

DC2.4 #iJill &2 5x 104 cells/ml T 24 well plate (Z#EE L, 1 H., E&EAMY KV
— A 20 nmol/mlismL7zo b 1471 I1C FITC-OVA 50 pg/ml THII L, 37°C,
CO, 5% T 1K AN SE T, D% . 100 pg/ml heparin in PBS 500 pl T 2
[ L72%. 0.1 mM EDTA in PBS # 1 oM E & &, Miluz > 7kl
L7, £O%. RPMI 1640 1ml iz, M A EIUL L 72, B L 72 Mifd % 4°C T,
1500 rpm, 5 ZpfElE.O L, RIEAWMV BRE . ¥ v B2 7% FE 100 pg/ml heparin
in PBS 500 pl il 2. 4°C . 1500 rpm. 5 & f@ D Lz, Zha 2 BY KL
PBS 500 pl |2 FF % ¥ L .FACS canto Il (BD Biosciences)|Z T Y58 & %2 & L 7=,

2-2-3) HESPEMBEICIDZEBEMY AN Y — A LEHRFEDORE

DC2.4 #fifld 2 4104 cells/ml C 24 well plate N ® PLL = — N 7 X7 L — K |k
WML, 1 B, CTEBMY A Y —2 20 nmol/ml IRiML7=D b, 1 5K
FITC-OVA 50 ug/ml T#M L, 37°C, CO5% T 1K AEH S ¥ 7=, D%,
100 pg/mL heparin in PBS 500 pul C 2 FI¥E#H L7 . 4% PFA 1ml il 2. 4°C T 1
REMEEE L7-, . 100 pg/ml heparininPBS T2 B ¥EHE L. AT A4 RH T RI|Z
1 ng/ml DAPI containing 90% glycerol in PBS T2 4@ L., by 7V a— kN THEHE
L, EESL—¥ K (FV1000D; Olympus) THELZ L 7=,

2-2-4) PHEAIZ H W72 B Y JA B R O R E

DC2.4 Ml Z 5x 104 cells/mL T 24 wellplate IC#fE L., 1 H#&%., 7 72U 4
Y R A4 b= ADOMHEA L L TZ vbr o~ (Sigma-Aldrich) %z 50
UM, I R_F Y U R EHE= S Ry A b= XAEFER L L THF =X7F7 A (WAKO)
Z20nM, JEEZ 7 b fEE = YA =T ZABHFHELTAFAL-B-v 7 1
7 % A LU »(Sigma-Aldrich)% 31.25uM, ¥~ 7 v &/ 4 h— AAEH & L T
7 I v 7 A R(Cayman Chemical Company)% 50 uM, 7 7 I H A  — 2 X [H5E #l
ELTH A~ T D(Sigma-Aldrich)% 2.5 uM Z ¥ L 30 47.37° C.CO25%
TAvFaX—hL7L, 2OHK, EEMIY ARV —2L 20nmol/mlixmML7zobH 1
53112 FITC-OVA 50 pg/ml TYRAI L, 37°C. CO, 5% C 1 BEfAH E{FfH & 7=,
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T, MEOFEZEIESE D720 4°C T 1 RERAKICIERSEE, T0®%,
100 pg/ml heparin in PBS 500 pl T 2 [ ¥E# L 721% . 0.1 mM EDTA in PBS % 1 4
MG SH, Mz 7 vtk d Lz, 0%, RPMI 1640 1ml il x . Hifg %
[ U7z, [ L 72 #i# 2 1500 rpm, 4°C, 5y @D L., EEZIRVERE, ¥ v
vy 7%, P 100 ug/ml heparin in PBS 500 pl il 2. 4°C . 1500 rpm., 5 %y [
mLOL7E, ZHae 2E#YiK L, PBS 500 pl I %% L. FACS canto Il (BD)IZ
THAHGCHEZHE L=,

2-2-5) 7a—H% A4 N AR —ZFZHWEEEMYFAY —HEHIROGFERIIC X
% HUR B D GA x5 58 40 B oo ZE 4k

DC2.4 fi g &2 5Xx 104 cells/mL T 24 well plate [Z#FfE L. 1 H#& ., IEEH YU KV
— L& OVA FEHHFETSEMHEELTIEREMIY A Y —2L% 20 nmol/ml TR L |
37°C. CO, 5% C AMRFRIMAEN S, B#i#H L T, 5 FITC-OVA 50 pg/ml ©
WML 37°C, CO5% T A4KEMMEAMEH YL, £, EEMY AKY —L4 & OVA
HHFEHETFTRMEE L TPBS ZIRM L 37°C, CO25% T 4 B MR A /EH & &, B H A
L T L EEMYAY—2L 20nmol/ml THRMLZDODL 155 #12 FITC-OVA 50
ug/mL THM L, 37°C, CO, 5% T 4 KM AEH s ¥ 7=, D%, 100 pg/mL
heparin in PBS 500 pl T 2 A #:9% L 72 % .0.1 mM EDTA in PBS % 1 /5 [l S Jis & &,
Mz 7 vk é Lz, 0%, RPMI1640 1ml il x . MM A2 B L=, [
IV L 7= #ifid &2 4°C T, 1500 rpm, S5y L, EEZWMOGRE, ¥ vy 7k,
F¥ £ 100 pg/mL heparin in PBS 500 pl il X, 4°C <©. 1500 rpm, 5 4y &0 L 72,
Ak 2D L, PBS 500 pl iC %% L, FACS canto Il (BD Biosciences)iZ
THEMEEZPE L, EWMVIAHLEEZ OVA HMBE CE - -2 R H L. 7FM
L7,

2-2-6) HENBEBELZFAVWEZEEMNY KN Y — AL HFEOFEERIIC K D HRE
DA F 8 BRh B o B AL

DC2.4 i fid &2 410 cells/ml T 24 well plate WD PLL 2 — F H F A7 L — |k |k
WCHEFE L., 1 H#%, EBEMY RN Y —2 & OVA ELFEFEMELE LTEEMRY K
Y — A% 20 nmol/ml THRM L, 37°C, CO25% T 4 WM E/EH &, B
L T2 5 FITC-OVA 50 pg/ml TH A L 37°C. CO25% T 4 B EMEM S /-,
o EEMYRY - OVASLFEE F&RMEE LTPBS Z## ML 37°C, CO2 5%
TAMRBIMAEAER S, AL T bIEEMY AR Y —2 20 nmol/ml TR
L7zd b, 14%IC FITC-OVA 50 pg/mL THRM L. 37°C. CO, 5% T 4 W[+ A
ER &8 7=, £D#%. 100 ug/mL heparin in PBS 500 pul T 2 [\ ¥ L 7= % . 4% PFA
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Iml %z, 4°C C 1 W[ [E & L 7=, % . 100 pg/ml heparin in PBS T 2 [H ¥ L |
A Z A KA Z A2 1ug/ml DAPI containing 90% glycerol in PBS TH; &# 4«fa L, b
vy 7 a—hFTHEEL, HESL - —BFHME (FV1000D; Olympus) TH £ L 7=,

2-2-7) AE %A

FEE M FTIX. one-way ANOVA with Bonferroni’s post-hoc test Z v, #ll ig PN EX
DA FIZBE T D ML, unpaired t-test with Welch’s correction # W\ TH & %= %
BE L,

2-3 5 =m0 ERFIE
2-3-1) % Y 55 B

JREEIZ, PSpA 773U —1D 7 L —FR1, 2% %8B L7 A6l x A7
SON K HEHHERE 2 H W  PBS THAVR L 72, PBSHE  PspA Bl # (PspA 5 ug/ mouse) |
EE A U AR Y — 4 (400 nmol/ mouse) D #% & ¢ 5- % day 0, day 7, day 14 TA7\ . day
2112 5.0 x 105 CFU/ mouse T EXUEERE S, vV XA OAFFR L 14 HHBLE L
7

2-3-2) MMk B R el

~ AN MEEZRHE L. 5ml @ RPMI 1640 ® A - 7= 60 mm dish N T & 7
LARAy varzHWTUY 7BV LE, ZO%BIIOARAT U VAR Yy Vak
BWLT, 15mFa—7ZB Lz, FFE. 60 mm dish (Z RPMI 1640 # 5 ml /il 2
I Ry T4 T L AT ULV ARAy 2 ZHVWCHELE 1I5mMI F 2 —T7 2B
L7z, 1500 rpm, 4°C TS5 oL, EEEHET, ¥y 7 L, RlLEk%E
Wi & 5 7=% ., ACK lysing buffer 2 1 ml iz . 1% 12 9 ml ® RPMI 1640 %
& 7o, wIiZ, 1500 rpm, 4°C T54MEL L., REEZET, 2y 7 L, 10
ml @ RPMI 1640 % il 2 7=, #F . 1500 rpm, 4°C T5 4 MEL L., EiEE2# T,
2y B 7 L, 5 ml®d RPMI 1640 % Al x Al ful R ¥ K 2 . MALNEAM B B R & L 5B
BRITHEH L7z,

2-3-3) ELISAWEZ# H W= A M b A v &

96 /X EIA 7L — K IZ sodium bicarbonate buffer (pH 9.5) T 200 {52 A R L 7= %%
Y+ A B A O capture antibody % 25 ul ¥ ol %, 4°C CT—MeH@E L7=, PBST
TA4FEEE L%, 10% FCSin PBS #Z 150 pl Il 2, | T LW A > F = X —
FML7, D%, PBST T 4 H ¥ L, 10% FCS in PBS T4 R L 7= Ml k%5 48 L%
EEYV A NI AZ X — RS TR 250l T 0%, 4°C T—MERE L 72,
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PBST T 4 [HIBE# L 721212, 200 fi5IZ 47 B L 7= 4+ detection antibody % 25 upl 375
TL— MZMA, IR T 1R IS & ¥ 72, PBST T 4 [ #% L., 10% FCS in PBS
T 1000 fF 2 AR L 7= avidin-HRP % 25 ul ¥ 2oz, BE T30 oS-, £
D, PBST THEIPEH L. TMBIAEW %2 50 pl 92001 % . #E YR 8E T 20-30 45 [H
KIGEH,IN VrBoibzltdiz, 7L —hU —X—%HW\T 450 nm & 570
nmoWNELEZREL, E&LTT,

2-3-4) IEEM U AY — 2L PspAFRHRER 52X 5 IL-4, IL-17A, IL-6,
INF-y® pE

BALB/c ~ 7 A —JLi{Z%f L, 200 pl ® ZFERA MEZ ERENE LG Lz, &I
DXIEEMY A Y — A% 5ul (200 nmol) o, aJr 10 pl (400 nmol) £ 7 iF = b
n—/Let L TD-PBS (-) ZREHRE L, TOEZKICHEIZOE 1.5 ul (2.5 pg)
o, G 3ul(5pug) O PspAEREFRLG L, BEKTH, A7 FI VUi
200 pl FoMEENE S L=, 2 i  day 0, day 7, day 14 T17 V>, day 21 (2 2-3-2)
D J5 ik & > TR i 2 B I L 7o, AT AR 2 10% FCS in RPMI 1640 T 4.4
X 108 cells /ml (2 FH %L L 48 well plate (2 450 pl THERE L 7=, 20 0 #%1Z. PspA % 0
ug/ml, 0.5 pg/ml, 1 ug/ml, 10 pg/ml & 7225 £ 5 50 ul THwM L=, £D%, 37°C,
CO,5% T 72 Wff 553 L . 1500 rpm,4°C T 54y M 0 L2 Mi M BiE 2 [ L 7=,
B L 7= #0 i B 3s &2 2-3-3)D 515 T IL-4, IL-17A. IL-6. INF-yZ & & L /=,

2-3-5) EEM U AR Y — A& PspAJFHMRER G IZX 2 MEF 196G FLiE L O
5 R B VR R 1gA PR E A=

BALB/c v 7 A —JLiZxt L, 200 pl ® = FERAMEZ BEENRE L, &
DEEBMY A Y — %5 ul (200 nmol) F° >, F 10 pl (400 nmol) 7= kK
n—/)Lt L TD-PBS (-) 2f&FKE LKL, TOBEKICHEIZSE 1.5 ul (2.5 pg)
FTo, F3ul(Bug) ODPspAERERLE L, BEKTH, A7 I VUK
Z 200 ul FOERENEE L, ZTi% . day 0, day 7, day 14 TA7\>, day 21 {Z
YURAEVEZF LT =T TREAEL, DIEERIMIC XY MK & EI L 72, B L
- 2. IR T 304y, K ET 604y ERE % . 30009, 10 4yiE L L. b % Y
L. iES 7 e Lz, £ [EH LY 266G HH & (TERUMO)%Z S iF 7= 1 mL
HEHFENO PBS250pl 2t L, = v X2 |@IX L=, B L 7=k % 3000 g.
10 spm L, BWEZEML, SEERSBKRSE L, £72, EHA UL, [EZL
R S E7®% KEICTVIAREZ AT, Jebmic 1000 pl v 7o £ b 200 pl
AF v 72EE LTy X =500 AR :Tﬁ]\b\ 1mIPBS T10 [~y T
47 L, =y ZER LT, B L 72K %Z 3000 g, 10 L, EiE%E
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B L, MilRsEdikR s Lic, £, ~VAEZ TV F L —FT VI TREHEL, EIZ
200 Wl HF v 7 24EFE LRy Z—%FF AL, PBS100 ul TL10EE~ > 7
YLy XRAZEINR L, ThE 2E#ED R L, BIERK % 14000 rpm, 5
7. 4°C T L, BiFEZEINL., BEEE#H & L, B L 72 fyF & OVRG I G 4
P D 1gG Pk & OV IgA HLiR o ikl 2 B H L 7=,

2-3-6) CD11c* R M 12 354F 2 BB U K Y — A0 BE D PspA @ B D 5A
BALB/c ~ 7 A —JLiZxf L, 200 pl © =FEiR & MBEZ2 EENES Lz, h &l
DXIEEM Y AR Y — A% 5ul (200 nmol) § o, & 10 pl (400 nmol) E7=iL= > |
n—/)Lt L TD-PBS (-) #2R&aHKE LKL, TOBERKICHEIZOE 3.2 ul (25 pg)
fo\%&4mﬁow)®PmA%ﬁ%&5bko&5%?% AT R VU
L3z 200wl ©FoPEARE LS Lz, 526 6 FFR#ZIC, SEMEMBEZ PBS O A
27260 mmdish/H T, ATV LV AAyvarHWTYrIZrenrd Lz, 20O
BN Z ., A e Ay yar@l, 15m Fo2—7~EBE L7, 1500 rpm, 4°
CTSs5/oMmbL, EiEERER., ¥y BV 7 L, £ I ~. ACK lysing buffer

Zlmlmz., 15%. 9 ml® PBS %/lx7, 1500 rpm, 4°C T 54y L L
FEEZRE®R. Y v E 7 L72,500ul @ 2% FBS and 0.09% azide in PBS %DDZ
15mlF=2—7~BE L7/, 1500 rpm, 4°C TH oL L, EiEERER, ¥
v B 7 L7, 100 ul @ 2% FBS and 0.09% azide in PBS T % # L . anti-mouse
CD16/CD32 z 1 ul iz, 4°C T30 RIS ¥ 72, D%, 50ul 22, £
L 72 APC-anti-mouse CD11c & % X APC armenian Hamster 1gG % 1 ul il 2
7o, 4°C T30 XIS HE 72k, 1500 g, 4°C T30 =EL L, RiGEZBRELY ¥
v 7 LT, 2% FBS and 024424.09% azide in PBS % 500 pl il 2. 1500 g, 4°C T
30 ELL, ElEERELYyE 7 Lic, T E 3 FEIME YR L 7= B R iR
% FACS canto Il (BD)%Z HH W CTHIE L 7=,

2-3-7) W at LB

~ U AL, t-test with Welch's correction, and Mantel-Cox test # v, #
A b h A PEAE R OPURPE AL O Biif T ik, Kruskal-Wallis with Dunn’s post-hoc test
Z AW T, PspA DY AZ 1L, studentttest THEEZZHEL -,

2-4) RWFIEIT K D ESE O ESF ~ D XS

ARIFFRIC BT 28 ERICE L TEREER KR FZEY ERGHZE B SO ER
#§$+%3‘ SFL, BIMEREZESICHGE L, P14-31, P15-80, P16-09, P17-26 o 7&
REZTEARBEZT LB, ANV UXFESICESE . BN EHEORKMEZ > TE
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WL, 7RI, EELEBFILTOEZERES 2 EF L. #DS25-3R8 @ 7%
RBESTERRBEZTEZHE, "NV UFESICESE, BIWEEORKMM LR > TH
L7,
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FH—E LEEMUIENY—LOFTHHET V23 MEMIZE T 5 FEE B E M
2 o 5

1) FFim

URY =L E2T7 Va2 FOBFIZ.HUROBBEA & 2 I3/ g~ D %)
R EXELOCRYVIALZFET LW L  AERELLLZFETLIHRT L VD
DOWFENH L EEZ LR TV D,

AT IEEM Y ARY —2F, K- REDEICHEL TWD 72O MEMEZ R
LEWEBLHRENRD D,

MlaAEEINLL EEEINTTMEL»DBRH SN D5 FICEERESS /N
— > (Damage-associated molecular patterns (DAMPs) & MR X0 5 & OB H 5,
DAMPs |%. # 7 & DNA X IFN-y72 E O M N R A N A > 78 8T, Ml
S~ & 7= DAMPs 23 o8 ¥ — o 3Rk % ¥ {K (Pattern recognition receptors
(PRRE)ICHE AT D Z & CHRAENEMHIL IR Z LR ML T WD,

N0l EEMVAY -2 RICEEOREELZH 2, BEINE
A2 D DAMPs At S L7/ R B R EDOEMLZFEL, 7 ¥ 232 M3
RE2LTELLTWVWDEDOTIEHWMNEMRIAE N T,

FIT . AETHEH,. EBEMIARNY —L22RBRETHZ LTI &N TH

WNFEEINTWLEONEZKIE L DAMPs O —FfTHh 54 /7 - DNA BN IEEfRFY
R =L DT P aXy MEHIZHEEL TWDEOMNICOWT RS Z21T - 7=,
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2) SRR R

B EBMYR Y —LICEBT VN MR

#—IH MiE ISR D 196 UM EE A K OV KB TR R 12 B 1 5 IgA HUIR EE 4

EBWMYRY =L EETAHBEELTOVAZRERE LEZEAOMBETICE
T 519G PR & £ G IR Rk BT U R IS 38 1 D IgA BUIRPE A 2 RGE L 7=, & O J .
Mg K O S PP RIS W T, OVA B 5 REIC <, OVA L EEM Y K Y —
LAOFRBEICB W TEWHIIREADNER TE 72, Mz T, Mk sim., Bkiiric
BWTH OVALIEEMY AY —20FHEEICE VT OVA BB G ICHE X &0
PURBEEAENFE IND Z & NS L 7o 7= (Figure 3),

Pavand

B EEMUYURNY—LREKEIZLDST 7 A DNA OFE

B RIENICRIT LM OIS

BALB/c ¥~V AIZIEEM U R Y —LDORAEKGEZIT WV EEN O M LI DN T
ML ZITo7, TORKE, 6 B %ZICEB VT PBS &GRS, EEMY KV —
LB FEILABICEICHEM (K 2.3%)T 5 2 &N B0 L 72 o 7= (Figure 4),

BOH O BPENICBIT 5SS 7 - DNA O H

BALB/c ¥V AIZIEEBMY RY —LxRa&kbE L, ZO0RORENIZE T LS
J A DNADORHIZOWTKRIELTZ, TOME, PBSELREICK N, EEM YU K
Vo AEBEBETIEIMENR S ADNARHZEN T 2FELHNE R -T2, F
oy 7 LAoIE, 3 KRN D 16 KEOMTHELIZ LD LN ER ST
(Figure 5),

B, B _HOMREPOIEERMY A Y — A2 L0 SN ED 7o M R E
ZRlEEZL, ¥/ ADNAZRHIEDLZ LM REBINT,
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55 _Fi 7/ b DNA R & 5 O HURPE &

|1

BT I 1gG PUR BE AR & OVAS RS B VR I P IgA B IR E R

BALB/c ¥~ 7 X257 /7 & DNA Zz R A B EZOFUREAIZ OV THRIEL -, £
DFEFR 7 7 2 DNA OF R IC 5 T OVA Bl 5 1 e _FTik il o L7 2338
BT, 7 ADNAOHEMEWLH Lcdikiio ER IR Tz, 7/
LADNAWZELDT Va2 M2 RIL, 5ng & DT 728 T OVA ¥ R Frik it o 7%
A HE T & o 7= (Figure 6),

FEUE FEBMUYBRY—20OT7 V2N NhRIZBIT A5 7 A DNA ORS

%% —IH  DNase | AL 2R {f J BF O 35 o 19G P A PE A& Jo OF 45 b I e ¥ i 19 A B4R
PE &

BALB/c ¥~ 7 AICIEEM YU KN Y — LA K OET VHE OVA % & 5% o ik
PEAICOWTHRAE L2, TR, DNase | i+ 52 & T, EEMY K Y —
Ll OVA PFHEE D Mg 196 X OB IR BEH K T IgA WAV T2 2 L 2B 6k
L 7z (Figure 7),
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Figure 3. Induction of OVA-specific serum IgG and mucosal IgA responses in BALB/c
mice immunized intranasally with OVA and cationic liposomes.

BALB/c mice were immunized intranasally with PBS, OVA (2.5 ug/mouse) alone, or
OVA (2.5 pg/mouse) plus cationic liposomes (400 nmol/mouse) on days 0, 7 and 14.
Serum, nasal washes, BALF and vaginal washes were collected on day 21. The
anti-OVA 1gG levels in serum and anti-OVA IgA level in nasal washes were detected
by ELISA assay. Significance was evaluated by the Kruskal-Wallis with Dunn’s
post-hoc test.:*P<0.05
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Figure 4. Induction of cell death in BALB/c mice administered intranasally with
cationic liposomes after 6 hr.

BALB/c mice were administered intranasally with PBS or cationic liposome (400
nmol). After 6 hr, nasal tissues were collected, stained by 7-AAD. Death cell were

counted by flow cytometry. *p<0.05
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Figure 5. Time dependent change in leakage of genomic DNA after intranasal cationic
liposomes.

BALB/c mice were administered intranasally with PBS or cationic liposomes (400
nmol). After 0 hrs, 3 hrs, 6 hrs, 9hrs or 16 hrs, nasal washes were collected and

measurements of genomic DNA by hoeschst 33258. *p<0.005
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Figure 6. Induction of OVA-specific serum 1gG and mucosal IgA responses in BALB/c
mice immunized intranasally with OVA and genomic DNA (gDNA).

Mice were immunized intranasally with PBS, OVA (2.5 pg/mouse) alone, or OVA (2.5
png/mouse) plus gDNA (5 ng/mouse) on days 0, 7 and 14. Serum, nasal washes, BALF
and vaginal washes were collected on day 21. The anti-OVA IgG levels, the anti-OVA
IgG1 levels and the anti-OVA IgG2a in serum and anti-OVA IgA level in nasal washes,
BALF and vaginal washes were detected by ELISA assay. Significance was evaluated

by the Kruskal-Wallis with Dunn’s post-hoc test.:*P<0.05
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Figure 7. Induction of OVA-specific serum IgG and nasal tissue IgA responses in
BALB/c mice immunized intranasally with OVA and cationic liposome with DNase I.
BALB/c mice were immunized intranasally with PBS, OVA (2.5 pg/mouse) alone, or
OVA (2.5 pg/mouse) plus cationic liposomes (400 nmol/mouse) on days 0, 7 and 14.
After 3 hour and 18hour mice were administered intranasally with DNase | or HBSS
(+). Serum, nasal washes, BALF and vaginal washes were collected on day 21. The
anti-OVA IgG levels, the anti-OVA IgG1 levels and the anti-OVA 1gG2a in serum and
anti-OVA IgA level in nasal washes, BALF and vaginal washes were detected by
ELISA assay.
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ARETIH GEFNRBENDEEBMY A —LARFEOT Vo MER O
Frfif B & iR A 7z,

BT, TETAPKEELTOVAZHW, EEBEMIBNY —LARREOIT V=
NY MHIBRIZOWTHER L, TR ETOMIEELEREKIC, EEMY K Y — AL
OVA Ot EKEGEICE W T, OVA R RN LRPUKEALAD EF PR Sz,
ZC, BEHMAMEITERDIMEOEIZE W TEH OVA R 72 1IgA LKk EA O |
AMNIEBMY KRNV —LE OVA O HBRHE G W TR® b L (Figure 3),
BB L X R DAL T O IgA PUK DO PEE 1T KGR E O DO — > TH D
JREEIREREEZN L TiITb B2 b5, &PETIE, PR OB D A AL
T“%é%ﬁ%%ﬂ%ﬁ%k IgA LK % PEA 3 25 580 T & 5 AT 2 B 2 O 5 P \Z 7 1E
T4, OO, FEMAMCHESEREZ TR o 2R Y MEix, N1 =Lk
RFHIZ BN T gAML Z Al L, SREMAE A~ R — I T I E R adBT A
YTV U ERB LM EELL, SR ETHBE~E ARSI T T D,

BRIV R =L 2T VaXr PELTHWESAIZEBW TH R IRRERK L
NTHZENARTHDIERINTZZE T REENKS ESNHER2RERS
ZHWALZ ET, BB T 2EELZSIET T BRELEICY LTS A9
REERLERY D DARENRBE I N,

BT, EEMU AR Y- LAREERLEIZEIVS 7 ADNARFEHEINLD DN
WZOWTHRHNLE, 7VanxYy VIR ERTEEETH D 400 nmol TIEEM Y
RNY —LERaEKG53T 5L 6 FFM & ICITED 7 a e 21558 S b (Figure 4),
Flo, EEMYARNY —LE5E% IRMEND 16 REZIZNHIT TS 7 A DNA D
WHNED bz (Figureb), ZHOLDHMEMNS, EBMY KN Y =LK &g
WIS b MREENFE I, ZOES /7 2 DNA 2 H S ZIF H
LT AT ERRBEINT,

B TIE, EBMYRY L E2RERETDHES 7 A DNARKHEL TS5
ZEMNL, ZTORHBLTERESY )V ADNANRT Vanrny MEHEZFE > TWVWLDOT
TR EfREL, /2 ADNADT ¥V a XNy MEHIZOWTEM LA, 7/ &
DNA # R & 59 2 & MmigH 19G HUIR PE A& J OV AL IR ARk b 1gA FUREE A &
IZ OVA Bl 581l X T EH LTz (Figure6), 2N HLOMAEMNL, 7/ A
DNAZX 7 Vanv baiRzazie, Z2< T N7 5ng T+ 2iutikiELE %
TEDLHZENRHBEMNERST,

B CTIX, EEMY R Y —AICEDT Va2 MERNBY 7 A DNAICLDY
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SlEEILTHWDIONENIZOWVWTREMM L7, EEMY KN Y — AL OVA &t &
B 5L 7% . DNase | JLBE 21T 5 & I {E H 19G HLik K OV M IR AR #%& 12 35 1T 5 IgA
Uik o pE A& B DN L Tz (Figure 7).

KETHONT-MANL EBEBMI R Y — 2 2REFKGTHLEMBERICBWNT
BEOMBEENS SR S, ZO/ES /7 5 DNA 23 g oh o & e NI
L. ZD7 7 ADNAICKVEHRRENFEINRT Vanr IR E2RLTWVD
Z & BRI X LT (Figure 8),

77 ADNART VanNy PHRICHFEELTWDL TV a Ny MYEICIE, KEg
k7 =vatlie v Alum A FEET S 28, Alum O %5 E b FEARIZfE £ M
MWH D7 ) A DNADKIH ZERE L . Th2 In& 2584 585 & L C.interferon
response factor 3(Irf3)ICIKF LR A2 EL 2 &b, EEMIY AR Y — LT L
2T DISELRBEOREEZN L TCVDLIOTIERNEEZX LR,

L2rL7eh 5, DNase | Bl 7217 TIXERICIEBMWM Y AY — LI X7V an
Y MIEMERE R T H Z LT o Tz (Figure 7)), EEMYUY B Y —AITXLDHT Va2
N M REROBFIE, 7 ADNAKR IV FHEIND 2T Tlde < o F 2B
HELTWasEtEZL R, 22 C, RKETIEH, EEMY AN Y —LOHJFELD A A
~DEBIZOW T BRI L,
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DICHBESEDLICE., BRI A~OHRIE DO RN 2B ERNLETH D,
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ODHRVVAHRZRET IZHEGREEAOT )R FICL-sTHATH D,

OVt RN HRICEYIAEFNADIREBICIETZ Y R A b= R EAF
PO EIFEKFEEORED ZOBRFELET D, = R A b — ¥ 2K AFME ORI
ELTEL DR TFOMVALICEHERNRESNTWDZ FRAY UAfEHRT R
A h—= A, WIZHIRTTNREEGELEIRF Y K FEE R A h— &
JI7AV L THAIRNF Y U TCHERWEEIZ 7 hZ2 N LIERETHLIIEE T 7 b

NIEMERERNSH S, —F T, 2 P A F—v ARKIZIT, v~/ /¥ A F
— VA BERSTORYAARIZEAEGE LTS 773 A4 b=V A2ARBDL, EORK
a2 LT 2R A A ihfmé@#i@ﬁ Lo THIp 5 T 5 2830,

ZTIZTARETIZ BIRMBICBIT2EBMY KNY — A1 X2 HFEEYIA LA
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2) FE R A R

Varan Pars

fi  Invitro (23 F 5 BHR A B~ © HL D A A 58 2h B

H—IH DC2AMMICBITDIEBMY KNV —LDEM

BRI O IibMla ThH 5 DC2.4 MifldicB T HIEEM Y K Y — LD @M% i
fliL7z, ZDOfEFE. 200 nmol/ml LL DR EIZIH VT 60%LL O Ml fu 173 & 7
S 72, 100 nmol/ml L F CTH & 72 mMENR W &I 6 2 & 72 - 7= (Figure 9),

% IH DC2.4 MBI D FITC-OVA @ EL Y A 2~

DC2.4 Ml Z W T, IEEM U AR Y — K IRMEEO HIE N~ O 5L o B Y A A
DWTHEBMBF L, ZORE., SURBEMBEETORY A Kﬁbf\mﬁﬁ)f
Y — APEHBETIX, FITC-OVA O HLY A Z 0% 1.78 52 H# 0 L 7= (Figure 10a), *
o, HESEBEERA O CHEARCHMLUZ, ZO/RKBER, EEBMY K Y — L0
2B W T, FUROEY A A M 5 L7z (Figure 10b),

% —IA FITC-OVA @ 4°C & 37CIZ BT 5 H VA

T RY—AHEFELRMETHD ACITHT 2P DB A H AT D W T HB R F
Lz, TD%, #fa4aEIL L., flow cytometry THIF D HL D JA 212> W TEEAT L
loo TORER, ACHKMET TIE, FURDOE Y AL D 37TCHRME FITH T 48%ICH

BEICIK T L 7= (Figure 11a), H/E SBAME CRIARICFEM T 2 &, 4CIZB W TR
ODH?(D A Z DMK R L 7= (Figure 11b),

FIIH IEEM Y R Y — 5O Y AL

BEoEMNLTZ Y RY —ARERFETHD ACTHFEOM YV IALNBHEEIND
e MNERSoT, EZTCLHEREHNTEEM U AN Y — LD IA B
BOREEZRRTL, ZO/RR, ZJerra~yr AFNV-B-v 7875 FA LY
PROY A ST D HESFETTRYVIAAEANKT L, o FAICEW
TIHBVARICEREB I o, Lo T, 772V UNHEHEZ LV R A b= R
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FOBEZ 7 " AEMHZ R AL F—V AR T7 7T A4 b=V 22N LTE
B Y AR Y —LNITWRVIAENTWD Z & 6 & 72 5 72 (Figure 12),

¥ HIH FITC-OVA OBV A 7 #% 1%

DC2.4 #2317 % FITC-OVA DMV IAARBOREE A AT, ZORER, 7
a7 UAESRETICEBWTE T LA MORESRMA TR IARICEE
X2 hotz, ToT HIBEIZZ 2 VA fEHZ Y R A P —2 2 EF2 AL TERDY
AENTWD Z &6 E 7 o 7= (Figure 13),

HONTH EEBEMY AN Y — AP FITC-OVA BV A & B

EBMUARY —LEMICEE S FITC-OVA B Y AR O E 2R ATz, = O
B, 7ol 7o<wP 0 ERAFIP- 70T 2N VHESLMETICB W TH
JEDOIVIABPL T Lz, Ko T, IEEM YA Y — LW FUEORY A
REIX. 7 7RV UNTEEZ R A = AR WNEET 7 M0 féi/%%%
= Z2ZNLTWDHZENH 6 E -7 (Figure 14),

WAL EEAY R Y — AL FITC-OVA {#f I o B v A Z ik fE

EBEMIYAY =D X0MRENEEES N/ REIEORVIALZNEF LT
WDLDONn, EEBMYRNY —LEFRERNPEAS LIEER, MEAN~DEY AL EF
L‘flﬂé@i)“ﬁ:fﬁ%blkﬁ‘éf:&)i‘ﬂaﬁbf: ZORER, EEM YR Y — AL FUR
Rl 2N L7235 G128 W CTHUE O BLY A A X P B BE 12 b~ T 1.56 %1
Lol w L, IEGE‘I)$V—A&#Jﬁ?7ﬁilﬂﬁélﬁﬁ'§‘é%é\ﬁbi\ﬁ)ﬁ?%
MEE I J:I:J\T?LJ?ODHE(U AF DN 353 fFI2 N L 7= (Figure 15), % 7=, S BEMK
ECHRMRICTMT 2 &, LEEBELXMHICEBNTOVADOIYALZNEIML | HLR
EEBMIARNY —LBRERELTHDLZ ERHLMNE RS T,

3) BE

BHlicBW T, EEBMY KR Y —LI0F invitro I B W THIE O B Y A 22 1 %)
Rz Lz (Figure10), £/, H =, F-HICE W TEEMIY R Y —LITLD
ETAHRE OVA LK T OMBELALZFET L7 V2"V M RER L, AE
BB EIVBALNE RS EEBMY AR —LOHERY AR EZDREIZLD
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BURA R NICHURE M L 72/ R, Bk lRRm~oERER"PFEEIND, £
W, AR —=THI E Wo oo EMa~DFRER BRI N, FH— =
F—HTREINTEZEBMIFY —AICLXD2T7VanNvr s kezdbz6 L TWD

LRI T,

B OoEIIBWT, EBMIURNY =L, 77 AV UNEMEZ R A F—v X
EIEE 7 7 M EMEZY R A4 F—2 X% L CTHLY A F L (Figure 12), F 72,
IFEIZZ 92D N EHEZ L FY A P— A2 N LTHRYVIAEND ZENRHAL
&7 o - (Figure 13), EEBM U RN Y — LA LESHAOHRFEORY ARIT, 7
FAY RN TENE T R A P =V R EBET 7 M EME= Y R A P =0 R %

ML TEMYIAEN CTWiz(Figure14), 7. LESEBKEOKE RO EEM Y KN
/*—A&?ﬁﬁi@é%ﬁ)—ﬁzb“(b\f:_}:(Figure15)73) BRI IEER U R Y —
LAERIBRETHDZ TR N EEZ R A FP—VAKONEET 7 NI EM
TR A =T RAENLTRYVIAENTND ERBINT,

EEBMIRY —L2OWMVALIZ. 7T AV U NEMHEZ Y R A4 F—32 2 K5
B7 7 M EMEZ Y R A b= RICXVEYIAEH TS (Figure 12)28, Z D

EE 7 7 M EEZ Y RV A b= 2 F, EBWmY KRN Y —20MHKIEEIC DC-
ALV AT R —ARNGFEETLIED AL AT a—LRNEELTWLIEET 7 &
LTRYAEFNRLTWDLI D EZEZDOND, £, EBWMIKNY =BT T RY v

féi/bﬁ4h~vx%ﬂg77% FMEME T R A4 FP—3v 22 L TH]

AFEFNTEZERELTEEBEMIRN Y =20V A4 ZOBREZSND, S EHWN
f:E%ﬁ)ﬂ?/~AVi\ 150 nm gi 2 DKL TH > 7=, 50-80 nm O ¥ 14 X% H Y
A RFY N ENET S R A =Y RAICH LTI T AV UNEET R
A4 R =T 2ADOEAE TIE 100-150 nm QR+ A2 RV AT Z EDRMLNATWVWDH 2D
INLORBENL TRV AENTZERIT, i A X2k dEBbND 3,

LESABEBEORKRICB W T EEM A Y — AT LI FET D2
EMNIRE T (Figure 12), PR EGFEE FICB W THEER & WE & ICHR O F1E
%&ﬁ%ﬂhfwko:@ﬁli\ﬂ@%%ﬁ_ﬁETémm_iDUﬁV—A
N L, KV A AR KREL R o iR, MBARY ALZBEDNKET L
TOMBE 2 FETLI—-REZELOND, £, EEMI A Y — LD
AR E LT, 773V A4 b= Z2O0BERBEDONT-OITK L, IEEM Y R
V—AFHREORFEI Y AARKEEZFHMT 2L, 77 A% A4 F— 2D 5 X
WCERDPoT, ZOBERGEERFICHFIMET HMIE & EEMY RN Y — L0 EHE L
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VAENLTCEEBMIFY — LR —HWVAENT LD EZZIOLND,

34



ARBEIZBW T BRMIEICE T 2EBRY A Y — 2SS HLHE O BY A A
REZRPAS N ol F—F, F_HBIZIVIEEMIKRNY —LITLD TV
2NV NI ROBREFNREF LR EEZEICB T 2EFERHALNE RS, 2 2
T . RETIH.,. FEMUIRN Y —L20F07 V20 MR OIS HIC 2 Tk Ek
WIRIEE T VA2 AW THRE L7,

35



NS
150

(%)
o
(@]

50

Cell viability (%

Q

O
f»Q

Concentrations of the liposomes (nmol/mL)

IR RS
Figure 9. Cytotoxicity of the cationic liposomes on DC2.4 cells.

DC2.4 cells were cultured for 48 h in the presence or absence of various
concentrations of the cationic liposome. The cell viabilities were then assessed by the
MTT assay. The cell viability (%) was calculated on the basis of the ratio to the
untreated group. The values are expressed as the mean £ SD of triplicate cultures from
three independent experiments. Significance was evaluated by a one-way ANOVA

with Boferroni’s post-hoc test: *p < 0.05, N.S.: not significant.
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Figure 10. Antigen uptake by DC2.4 cells following co-culture with the cationic
liposomes.

(a) DC2.4 cells were treated with vehicle (black), FITC-OVA (50 pg/mL) (orange), or
FITC-OVA (50 pg/mL) in combination with cationic liposomes (20 nmol/mL) (blue)
for 1 h. FITC-OVA uptake was then analyzed using flow cytometry as mean
fluorescence intensities of the cells. The values are expressed as the mean = SEM of
duplicate cultures from three independent experiments. Significance was evaluated by
an unpaired t -test with Welch’s correction: *p < 0.05, and (b). Images from confocal
microscopy showing FITC-OVA uptake. FITC-OVA = green; DAPI = blue.
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Figure 11. Effect of temperature on enhanced uptake of FITC-OVA by the cationic
liposomes.

DC2.4 cells were treated with vehicle (black) or FITC-OVA (50 pupg/mL) in
combination with cationic liposomes (20 nmol/mL) for 1 h at 4°C (orange) or 37°C
(blue). (a) FITC-OVA uptake was then analyzed using flow cytometry as mean
fluorescence intensities of the cells. The values are expressed as the mean + SEM of
duplicate cultures from three independent experiments. Significance was evaluated by
an unpaired t -test with Welch’s correction: *p < 0.05; (b) Confocal microscopy
images for FITC-OVA uptake at different temperatures. FITC-OVA = green; DAPI =

blue.
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Figure 12. Mechanisms of uptake of cationic liposome by DC2.4 cells.

DC2.4 cells were pre-treated with various chemical inhibitors for endocytic pathways
for 30 min at 37°C, and then treated with vehicle (black) or the cationic liposomes (20
nmol/mL) for 1 h at 37°C. The uptake of cationic liposome was further analyzed using
flow cytometry as mean fluorescence intensities of the cells. The values are expressed
as the mean + SEM of duplicate cultures from three independent experiments.

Significance was evaluated by an unpaired t -test with Welch’s correction: *p < 0.05.
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Figure 13. Mechanisms of uptake of FITC-OVA by DC2.4 cells.

DC2.4 cells were pre-treated with various chemical inhibitors for endocytic pathways
for 30 min at 37°C, and then treated with vehicle or FITC-OVA (50 ug/mL) for 1 h at
37°C. FITC-OVA uptake was further analyzed using flow cytometry as mean
fluorescence intensities of the cells. The values are expressed as the mean + SEM of
duplicate cultures from three independent experiments. Significance was evaluated by

an unpaired t-test with Welch’s correction: *p < 0.05, N.S.: not significant.
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Figure 14. Effect of various chemical inhibitors of endocytic pathways on
enhancement

FITC-OVA uptake by the cationic liposomes. DC2.4 cells were pre-treated with
various chemical inhibitors of endocytic pathways for 30 min at 37°C, and then treated
with vehicle (black), FITC-OVA (50 pg/mL) (orange), or FITC-OVA (50 pg/mL) in
combination with cationic liposomes (20 nmol/mL) (blue) for 1 h at 37°C. FITC-OVA
uptake was further analyzed using flow cytometry as mean fluorescence intensities of
the cells. The values are expressed as the mean £ SEM of duplicate cultures from three
independent experiments. Significance was evaluated by an unpaired t-test with

Welch’s correction: *p <0.05, N.S.: not significant.
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Figure 15. Coexistence of FITC-OVA and the cationic liposomes is crucial for
enhanced uptake of FITC-OVA.
(a) For co-culture experiment, DC2.4 cells were treated with vehicle (black),
FITC-OVA (50 pg/mL) (orange), and FITC-OVA (50 pg/mL) in combination with
cationic liposomes (20 nmol/mL) (blue) for 1 h at 37°C. For wash-out experiment,
DC2.4 cells were treated with cationic liposomes (20 nmol/mL) for 4 h at 37°C. After
washing the liposomes out, DC2.4 cells were incubated with FITC-OVA (50 pg/mL)
for 1 h at 37°C (green). FITC-OVA uptake and the cationic liposome uptake was then
analyzed using flow cytometry as mean fluorescence intensities of the cells. The
values are expressed as the mean £ SEM of duplicate cultures from three independent
experiments. Significance was evaluated by an unpaired t-test with Welch’s
correction: *p < 0.05, (b) confocal microscopy images for wash-out and co-culture
experiments. FITC-OVA = green; Dil-liposome = red; DAPI = blue; co-localization of
FITC-OVA and Dil-liposome = yellow.
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90 EEM YR Y — 5L PspA DFHREE G X D IMIET 1gG fuilk & V4 K
3 ¥ R 1g A PR PE A=

EBEMYRNY =L ZHWVWTETAHFILICHT D 196G KT IgA HLIKEAIZ D0
TH# %17 > 72, BALB/c ¥ 7 A |Z PspA (5 pg)& EEM U AR Y — A (400 nmol)
Zday 0, 7, 14 Iz TR &afE L, day 2112, 1% & OV & e R &2 [ L L
72 & EE B > PspA B B A HLIA &2 ELISA 1 CTHIE L. endpoint 2 T HL KM
EEHLE, ZOME, EEWMY R Y —AFHBICBTEWIREEENRD L
U7z (Figure 18),

%= H PspA O KL~ D BV A

% —TE Invivo (23T D FITC-PspA @ #HiR i~ D B v A

44



CD1lc MM B iZ 3817 5 FITC-PspA @ B Y iA 7 % flow cytometry & I\ T FEAf
L7, ZOfEF . PspA HALEE T FITC-PspA Btk o fi i A5 0.945% T & - 7= 1% .
EBEMY KR Y— L& PspA FHRETIX 3.365% & A7 & 12 EH L CTuw iz (Figure 19),

3) &%

AREIZBWT, EBMIYRNY —LEPspAZAT I Z LK VERET LA~
DISHNPARERTH L Z LR RN,

BlcBWT, MREKREBRREETAVICEBWTHo 2B R 2L -,
BB WTIE . Thi YA N AOA ORI LT Th2 A N A L OFE S R
SEDHZEDRHLMNER ST, EEBMYKRY —A L PspA@ﬁ%*&%—i Wk gHE
EN7IL-4 X, ThO Mm% Th2 M~ b2 FE T 29 A4 b AL THY .
IgA PEA R S, 72, ERE~LV S—THi (T follicular helper cell ; Tfh
M) ekt Ty 22—y LTHLS, TOMELLT B MDY 7 X
AL v F, g B Mila~Dnfk, WEMBE~OSbZzHEET L2 Mo T
WDHHA R A L THD, E20IL-1TAE . T4 — 7 THBA IL-6, TGF-B. IL-23
EWo A NI A Rl A& T 72 Thl? %H]H’U#Erﬁééﬂé 371.38)  Z DRER.
matrix metalloproteinase (MMP)<CHT [ X 7 F K 0 3¢ Bl 3940 % 3538 Ll [ Jgk Y [ i
%EE@%%@LQELTw5#4Fﬁ%/&bf%ﬂ%hfwé IL-6 1%,
RIEHEYT A MBI A THO IL-1TADFEAICE G325 Thi7 Mild ~o ok % 7 4
LTWLDZERHLNATWD, IFNyb RIEEY A R A THY, oY A
AR ERY ThOMEAZ Thi Mg~ gk z2FET 5,

F ThIMEH 2 VX Th2 M0 E6H 5 BB TH DO NI L > TREIRE
NERR 5T 5, MER IgGHFLEDOY 727 7 2 ThH 5 1gGLl, 1gG2a L. PspA H
MEBEICHANEBMY A Y —AFHBICBWTHEBEICHREEEN EF LTS, Z
NG Zo0W 77 T AONT AKX Thl @IS D Th2 5% ik & o &4k
MHWTE D, 1gGL KN 1gG2a &£ bt K& EH L TWaD 7, EEMY K Y
— AW LTV anN NHRIE, PIEREAEN LEIRETH D Th2 REISE D
&ﬁ%#%7wTﬁ%@@@méﬁéﬂuﬁfmﬁ%% BCTXHEEZLN
6bmr(ﬂl@m%@m%@’ﬁ%ﬁ%4Fﬁ4/F$%‘%#é_k#%\

RERE E Vo TLEYEICK L THIR T VanNr b Thd, EHIT, Thl7
@%ﬁﬁméﬁé_&ﬁ%nﬁﬁﬂﬁﬁ@&;ﬁﬁév?%/mﬁ%ﬁﬁéﬁé
EEZBID M,

45



100

. PspA + liposomes _
S
Q
E p=0.0091
S 50F p=0.0001
c
=
n NS
Vehicle -
DD 7 14

Days after intranasal challenge

Figure 16. Pneumococcal vaccine by PspA and cationic liposomes.

Mice were divided into three groups for nasal immunization, and immunized with
vehicle, PspA (5 pg/mouse), or cationic liposomes (40 nmol/mouse) followed by PspA
(5 pg/mouse) at a volume of 6.5 pl/nostril once a week, for three consecutive weeks.
One week after the last immunization, the mice were subjected to respiratory
challenge with 5.0 x 108 CFU of S. pneumoniae. The survival of mice was monitored
for 14 days after the infection.
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Figure 17. Induction of IL-4, INF-y, IL-17A and IL-6 in BALB/c mice immunized

intranasally with PspA and cationic liposomes.

BALB/c mice were immunized intranasally with PBS, PspA (5 pg/mouse) alone, or

OVA (2.5 pg/mouse) plus cationic liposomes (400 nmol/mouse) on days 0, 7 and 14.

Spleen cells were collected on day 21 by mice. Spleen cells were stimulated PspA (0,

0.5, 1, 10 pg/ml). After 72 hrs, supernatant were collected and detected by ELISA

assay.

**%1<0.002, **p<0.01, *p<0.02
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Figure 18. Induction of OVA-specific serum IgG, serum IgG1, serum IgG2a and nasal
IgA, BALF IgA and vaginal IgA responses in BALB/c mice immunized intranasally
with PspA and cationic liposomes.

BALB/c mice were immunized intranasally with PBS, PspA (5 ug/mouse) alone, or
PspA (5 ug/mouse) plus cationic liposomes (400 nmol/mouse) on days 0, 7 and 14.
Serum, nasal washes, BALF and vaginal washes were collected on day 21. The
anti-OVA 1gG levels in serum and anti-OVA IgA level in nasal washes, BALF and
vaginal wash were detected by ELISA assay.

***n<0.002
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Figure 19. Antigen uptake by CD11lc* DCs in NALTs following intranasal
administration of FITC-PspA plus the cationic liposomes.

BALB/c female mice were intranasally administered FITC-PspA (50 ug/mouse) alone,
or FITC-PspA (50 pg/mouse) plus cationic liposomes. NALTs were collected 6 hrs
after administration. The NALT cells obtained were stained with anti-mouse CD11c
mAb. FITC-PspA uptake by DCs (based on CD1llc* gating) was analyzed by flow
cytometry. *p<0.005
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