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2019 £, PEIOHEZEDNSTRITHAE D LB IO I )L ARREE (COVID-19) (&,
2022 £ 11 AIRTEBRIEERZIRDVEITTULD. RITHMSH 3ET. HRPTHE IO
FOAILACTER Uz BELL 6 BARB. FEELT 600 AL LCERY,. 2R TRHRIYAE
DEBB LS HEMRACANVESE R T & LD, UL, T7 AP —DEFILFHICES
MRNA DOF > % (FUsh & UTAE R IR D OF > DIMRRBFRCE R (C LD, BEBEOMIE
EAMERIC D L.

DOF I 1798 FICTRD—R - S 2F—IFEERV. RRECHITIZIIF>
EHFEUZONAEDTH D, /(OFTI VORISR U TCVWERREZ R TEZ0®.
DOF>OWETHD % TNEZHIC. WEAZFESHEUIREDIF A, RILIUSR
ETHRBCAIB UTEAREE D OF ONBAICIATREIND Z ECRD Tz, FICAREIEDOF
>(d B UL REAER U R ERHF D OF A0, BIRIGODERRE &/ D58
B EEDOBRWZRT Uy NDOOF > HRMER I DMERBERD NSRRI YT 1=
v NDOF> ., HIEMOSRENE LU MEYA ROOFURE, ZIKITEO> TS %,
—AT. AUy RDOF2 AT 1Ty NDOOFUREF. Z2ENEVVRE. MR
EEEEREMEVE DT, RRERHHICHEBIRIAZ D (GFEE TS RVEDEFET Do

— g (CHUR (&, BRIk~ O0 0 7 — 2 EOFURIERHER(CER DIAFEN 2. B fHk
T HRICKDEESREZFHEIT D, R REROTTHEENARE. FURERMNEC
BN, RN (ESREEFELED *°, TIT. RELZEDESEEN(C, BHREEE
SEMEUBRREEHER (F2 2/ B iMEREINTLS 3, 721/ > M. toll-like
receptor (TLR) ¥ nod-like receptor (NLR) 7R EDBERZEDEMHCICETE ST DEDI,
5B T DTURDFRIE (depot FIR) (CK> T, R IOT 7 — 2 EDHIR
RRMRAEHE T 3EDONSS % REHE LT, BITODIFUICHERTNTLDK
BALT7IL S =D LX0, BCK TAGRSNIE B BT XD OF > (CERENS CpG BN ST S
nz’"’,

E5IC, 722/ boBICE., BHARADTIRXENRZREIT DZET, TIF>
$RZE LT EIHIEEEER SN TS, —IRNIC. BRABNMEDPRTF RFURZIRE L
TE UZJEANDBITHENZ LW &S, BHRHRRICHZRMN (CHIRZXET D 2 &R
HEINTWND, 2D, MURZEBHRHAL(CEIERN (GRE LS NURERET v U 7ORR
BN SEDHSN TN, FBEEEFT U7 E U T, MR FORARENABESNTS D,
DOFNRDIFE(CKD . FURENC 72 2/\> hEDHIRICEN D EEEMEH D Ml T
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Fr U7 ELUTIE BBEZERENSRDURY — AW, &R Y- S2DMAITFH
FASNTED. FURZRT T D E T BHAHRRICHERN (CHIRZXREL., DUF 23R
HIEREIRE TH B T ENREINTND 012, —5 T FEDREIRIMEL VHRIFHZ)
C &, RETENEMCIRDREDFETCELCTND, £z, BIRHRICSHEIRT EE
BECH T INAETHR SR, MREZHEIAIROREZET 3sEREN TN 2,
UNU. TtiRZz AWEHIEXREDRBED—DIC. MiABAROIEENZEI TSNS, HIZE.
E MEFUAREEZED trastuzumab Z31%5 UTZBR(C. trastuzumab (CX 3 DHAENFE S
N3z ENmETNTNS ',

LEEDHEXEF v UV DORIERZEFZRT AL A FOTRICRD2FrrU7ELT
RIFRISGEBHEFE D> TVD RITIF REDFENNENS ENS, RTF RICHT T DL
ERFESNIC L L FUKRE(FRRD . FURFENRIUADOH ZFERRDITERF I 7 &
EZBND. HIZE Gou 5. HHAMARICHIR T D Clec9a FEN(CHEE T DRTF RD
RAFICKRIILTHED. BELERTF REFFERTF ROBMERZIY IR (CIKRET D&
T. FURKFEMNR CD8" T Ml & 2RI (CHEHR D L BRL TS P, —AT. BHFED
RIF R(E FUAE LR U TEN D FICH 3 DS IR TR < . 21RO T (FHR(IC KR
(FR0. ULIeA'> T ERLICEITTEE SRBINRTF RORENMNE TR TULND,

T THAE BEMED O F > ORiE b Z RALERIC. ARS8 0 (SRS B RE /R AR AR
TFROBEZRSZDX T, FUFRREF v U7 E U TOBERMZHMI Uz, TOFER. 1§
IRHBRRIC IR (CHURZXERIAEIR Dpl RITF ROBUEICKINL. HEE Dpl ZREd
BDTET. BNEDUOFUNREEEZST CENEREINIZ. F£/e. Dpl RIFRO®RE
FEANZZXLDFICKD. SEBOTOFURRICEITDINEEES I DICEDZIZH.
BEmXEUTEREDTRETH D,
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DFRRTF REZHRAEL TS %%
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[SERRHR & 5iX]
atlEE

RIZYU-ZA LT "RA 2 VBRIE B T1)LAMIAMEEREH (Tokyo. Japan)
K ODEEA U, Human Fms-related tyrosine kinase 3 ligand (& Miltenyi Biotech

(Bergisch Gladbach. Germany) KD A UJz, BL21 Competent E. coli (& New
England Biolabs (Ipswich MA. USA) K DEEA L7z, LB Agar. Lennox (& Nacalai Tesque

(Kyoto. Japan) KODEEA L=, Recombinant mouse neuropilin-1 (NRP-1) protein.
Anti-NRP-1 7/RUZ—0O—7F)LHtdk. Normal Goat immunoglobulin G (IgG) Control #i4&
(& R&D Systems (Minneapolis. MN. USA) &K DEEA L7z, Liberase TL. DNasel (& Roche

(Basel. Switzerland) KDEEA LTz, pET11a R4 —. Dimethyl sulfoxide. T7 Tail
Fiber €./~ 0O—7)L¥i4K. Horseradish peroxidase goat anti-mouse IgG. neutravidin

(NA) (& Merck Millipore (Darmstadt. Germany) K DEEA L7z, Biotin £ anti-mouse
IgG2a (clone: RMG2a-62). Mouse IgG1 isotype control #ii4& (clone: MOPC-21).
anti-CD16/CD32 #if& (clone: 93). PerCP/Cy5.5 anti-CD11c ¥k (clone: N418).
APC/Cy7 anti-CD11c #14k (clone: N418). BV421 anti-I-A/I-E #14X (clone:
M5/114.15.2).BV421 anti-NRP-1 #i{& (clone: 3E12).BV785 anti-CD11b #i{k (clone:
M1/70).PE/Cy7 anti-C45R/B220 #14k (clone: RA3-6B2).APC anti-PDCA1 #i4k (clone:
927). Alexa Fluor 700 anti-CD19 #u4& (clone: 6D5) PE-Streptavidin, 7-AAD Viability
Staining Solution (& Biolegend (San Diego. CA. USA) KDEEA LTz, Fixable Viability
Dye eFluor™ 780. biotin 1t Y-ae €./~ 0—7)L¥ifk(d eBioscience (San Diego. CA.
USA) KDEEAUTZ. aluminium hydroxide gel (alum) (& Invivogen (San Diego. CA.
USA) KDEBA U, CpG #&B% (5'-atcgactctcgagegttcte-3') (& GeneDesign (Osaka.
Japan) KDEEA Uz, Anti-nucleolin £/ Z0—7F LA (clone: MS-3) (& Santa Cruz
Biotechnology (Santa Cruz. CA. USA) KDEBA Uz, MRXTLAYU LT T I —
TdhD AS1411 (5'-tttggtggtggtggttgtggtggtggtgg-3'). biotin 16 AS1411. AS1411 D
> bO—JLEETH D CRO (5'-tttectectectecttetectectectect-3') . biotin 16 CRO (&
Hokkaido System Science (Hokkaido. Japan) T&RKUTIBEL\fz, J7—>S54J350
(&. Dr. Erkki Ruoslati (Sanford Burnham Prebys Medical Discovery Institute. La Jolla.
CA. USA) &XDba5UTIALZ,

6~7 EiindD C57BL6/I WX (M) (. BARIRXTILS— (Shizuoka. Japan) &D
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BALURZ. NOXREBRET 12 BT EORUT, SHIDOYA DILTEHEBE U, £ TOEE
BR(Z. ARBRRFHMEYRIAFTIFROEMIRER R TITL ). RBRARFEMWIREARTE (CECTZ,

NI FR
N R EAF AT F RERXTS LtkAEHE (Tokyo. Japan) KDBAULRZ. BAL
JeRTF ROBEHI(E Table 1 (C5E#k LTz,

Table 1. List of purchased peptide sequences.

Name Modification Linker Peptide
Biotin-Dp1 Biotin - Dpl (VSYKAIR)
Biotin-Dp2 Biotin - Dp2 (GGSKPVR)
Biotin-Dp3 Biotin - Dp3 (ASARGPR)
Biotin-Dp4 Biotin - Dp4 (IGSRPIR)
Biotin-Dp5 Biotin - Dp5 (VSSRPAR)
Biotin-Dp6 Biotin - Dp6 (GSAKMSR)
Biotin-Dp7 Biotin - Dp7 (PVGRSVR)
Biotin-Dp8 Biotin - Dp8 (NGVKQAR)
Biotin-Dp9 Biotin - Dp9 (GLGKGLR)
Biotin-Dp10 |Biotin - Dp10 (GDSRNAR)
Biotin-Dp11 |Biotin - Dp11l (MRVKEMR)
Biotin-Dp12 |Biotin - Dp12 (SPDRLPR)
Biotin-Dp13  |Biotin - Dp13 (GTSHRLR)

The sequence of the acquired dendritic cell-targeting peptide fused with biotin is shown.

RS

YA ) \BERE EL4 fifed KUOBMEEERRD B16-F10 #f2(%. American Type
Culture Collection (ATCC) KDHEA Uz, EL4 HIRBHS LT B16-F10 HARRDIEE(C (.
10% FBS. 1% RS U -ZX ML T hYA S akEED DMEM 18tz Ao, 37°C. 5%
CO, &M FTIEE L=, DC2.4 #lA2(X Dr. KL Rock (Department of Pathology. University
of Massachusetts Medical School. Worcester. MA. USA) &KD4535 U TIELz, DC2.4
HHRBODIBEE(C(E. 10% FBS. 1% RZZU-X ML T RRAS2IBER. 1% IERET
a7, 10 mM HEPES. 2-mercaptoethanol ZZ¢ RPMI1640 itz LY. 37°C. 5%
CO, T THEEELZ. CAL-1 #f2(E Dr. Takahiro Maeda (Nagasaki University.
Nagasaki, Japan) KOS5 U TIELE, CAL-1 fIREDIZE(C(E. 10% FBS, 1% K=
U>-ZARLT BRAZBER, 1% ERY7 = JBE®. 10 MM HEPES, 1 mM EJLE
S NUDLNBERZEE RPMI1640 15t AL, 37°C. 5% CO, &4 FTEEL.



B iR ENA#RDSEE

R IORXDERIDABEES KUIEE%E 0.5% FBS. 1% RZZU-X LT IIAS A
Bz 2T RPMI1640 BHE(CEINL. mEmzEPRUIZ. €D#&. S5mL=U> = (Terumo
Corporation. Tokyo. Japan) & 25 G $F5t&t (Terumo Corporation) ZAU\. 0.5% FBS.
1% RZSUZ-Z LT MAS 2ERESE RPMIL640 1Btz FIICENZEN. 5 mL
9D, 5t 2 ERERECHRL. SRRz, BURUCEiERE E R D TS > v
—ZRAWTIDELEE. 70 um LA KL —7F— (Corning Inc.. NY. USA) (CHERZR
BRI CETHREYZRDRSE. 50 mLiEKLE (Corning Inc.) (CEIURULZ. 600 X g.
4°C, 5=, EB%ZIET. ACK lysis buffer (0.1 mM EDTA-2Na —/Kk#0%). 10 mM
KHCOs. 150 mM NH.Cl /&f##/K) Z 5 mLiAL. BRIC 5 DFHEUBMSEZ. €D
#. 10% FBS. 1% RZZU>-XA LT M1 BEREED RPMI1640 iFith7E 5 mL
M ETBAMREZIES. 600 X g, 4°C. 53R LUE, EEZERDBRVZE. 10%
FBS. 1% RZZU>-ZA LT MA S ViERZEST RPMIL640 15ithE 10 mL I, #H
faz%EUTz. 6 well plate (Corning Inc.) (CHHR@&RZ 5 mLHIX/=#. human Fms-
related tyrosine kinase 3 ligand Z#&EE 100 ng/mL (/@D KD (THRML. 7 BRE.
37°C. 5% CO, &4 T TiEEL.

7= 9—FIVvD

KRE BL21 % LB 15#h T 37°C. 200 r/min TIREBE U, KIBEEERD ODegoo
% microplate reader (Power Wave HT. BioTek. Winooski. VT. USA) THIFEL. 1.0
ERDIERRTIREZZ LD, KETHAL, 1BIEZIESHIZ, LBIFHTI 7 —BRZRRK
M5 10 B DEPERIRUTZ. HmIRULIZT 7 — AW 20 pL (C ODgoo 1Y 1.0 &R D12 KB
BL21 #RAR (U, ABBEREEE) Z 200 ul JBf0L. 50°CIZE (TSRO THBLVZ LB
Agar Z 5 mL #&p0#. 100 mm non-treated dish (AGC TECHNO GLASS CO.. LTD..
Shizuoka. Japan) (CIBEL. 37°C T2 BRBFELZ. TDE. J7 —JICLDKBEEA
ROT S —08%BEL. plaque forming unit (pfu) Z&H U7,

27—>0Ho/ 00—t

ODgoo 1Y 1.0 £/ D TZRIZERZ LB 51T 5 f&HFIR L. 15 mLiZLE (Corning Inc.)
(C2mMLBEUTzZ, A4 5F—F v ICAWNZTIL— M5, MGKRTE—DT S — 0%
B L. 15 mLEKLE(C AN, 37°C. 200 r/min T 90 &&EL. BRSEZ. €D, 8000
X g. 4°C. 10 3=00L. BBZEIRL. BOO—->TJ7 —2ZES LTz,
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J 7 —IREEREC X DERHRENERT F ROBEE

D7 -S43S0, EL4 #ilRd KT B16-F10 #HfER ZNTN 2 W/ V% AT LZILIR
Bl PBS AT, 25°C T 1 K. BOMNCIRZLASTOVF> T Uk, iilvC, JOvF
SOURED7—254405 )& 1x10°8 EL4 #ifR&BAIL. 25°C T 1 B, BN CiRE
L7z. 600 x g. 59E Mg, BEZEERL. JOvF>22J U 1x10°B16-F10 flE &SR
FIL. E5(C25°C T 1 K. BOMNIRELZ, 600 x g. 50, EEZEIRU.
NeA>TYy NRDO7—2E U, Fie, —8D > 7w MRD 7 —2%ZBAVWT, &I
MWIAI—FTv oL, WILIET7—>& (pfu (in)) ZBHUTZ. HLWT, BEEERE
EAMERE (bone marrow-derived dendritic cell. BAF BMDC) (&, &L THS 7 BE
(CEBZREIL. PBS & 2 mLAIMULD TILZERERUIZ. TDE. 2 W/NVHBRAFLAZILIR
MIPBS %Z& 5 mLANMUL, 4°C T 1 FEFFE I DL T, BMDCZIJOvF 2T Ulz, 1K
%, BMDC JOvF>IR=ZERE, ©2ICA>Tv NI 77— 500 pl & 2 w/v%
AFAZILOFDIPBS % 500 uL 0L, 4°C T 1 BREEFE I D& T. J7—=& BMDC
ATt 1 BiEg. J7—R%ZRE. PBS Z 3 mL AU CTIRE| 9 DiFREZ
10 @& DR LTz, #E%4%. 1 v/v% Nonidet P-40 i1 PBS % 500 L RpiiL. ERvS
1 >2OICEKD. TJ7—>% 50 mLEEE(ICEUR Uz, 20%. 10 BRENILT Y OR =T
L\, HifRZEARR L. LB ISihZE 5 mLARI Lz, BE. 10 BERILTY O L, SnN&ET7D
Ny N RO 7—>EUT, PO RTY NI 72D T 7 =915 —(d. LRICHEWS
AF—FTwvoL. BHAERICEES LD 7—>2 (pfu (out)) ZEBHUZ. BDD7D
NTw N7 —BRIC. ODgoo M 1.0 &7 D e ARBBEIR 2 mL & LB 1Btz 16 mL ik
pIL. 37°C. 200 r/min T 90 f#REUBELIZ#. 8000 x g. 4°C. 10 &=OL. £
BEERLOUR U, BRI 7 —2(F. BE EL4 #ii3ICiNX. EERDREESSIC 2 ERD
RUTZ.

BMDC (Ex39 3 T 7 —>0 00— > OfE& Ml

FEUEMAMRE, BEU TV AT JAZET 50 mLELECERE. >v—L
(CPBS%Z 5 mLIIXTCEYRLZ, &5(C. 0.5 mM EDTA-PBS & 5 mLARMIL. 5 9.
37°C TEFEULZ#E. 10% FBS. 1% RZZU-XA ML T MRAS BB/, 1% IEET
= BAMR. 10 mM HEPES. 2-mercaptoethanol Z=% RPMI1640 15tth% 5 mL 11X T
EXRyFa>00U. #EEUHRZERN UEUR Uz, EURUZHERZE 600 x g. 4°C. 553
= U, 1x10° cells/well &£723 K> 96 well U-bottomed culture plate (Nunc, Roskilde,
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Denmark) (CIEERELE. #ULVT. 600 x g. 4°C. 500U, EBFEWSIE. 10 w/v%
AFALAZIVIHNM PBS ZOT)LITHINML. BEB#&. 4°C. 60 HFFELIOVF> I UL,
BERF(C. 400 pL DT 7 —7ER(C 100 pl D 10 w/v% RFAZILIHN PBS ZEHIX.
4°C, 40 PEEL. JOvF>J Uz, TOvF2 T UM 600 x g, 4°C. 5=
DU, BEZEER. JOvF>2 00T 7—>201)UIC 200 b immMU. ERY S >
Jt. 4°C. 60 DEFEL. MRRCHE T EIZ. €D, 1% bovine serum albumin (BSA)
/PBS TH#HEIFZ 3 [B{TL). anti-CD16/CD32 HIAZIZREE 3 ug/mL £123KD 1%
BSA/PBS TiAZ L. 40 uL/well THRMU. 4°C. 30 DEFHEL Tz, HL\T. T7 Tail Fiber €
JO0O—F IR EIGERE 0.1 ug/mL (C123 LS 1% BSA/PBS THE L. 40 ul/well T
RHI0U. 4°C. 30 DEFELTZ. TD#E. 1% BSA/PBS T 1 EF L. Biotin 1t anti-mouse
IgG2a Z 1% BSA/PBS T 1 ug/mL 72D K DHEE L. 40 ul/well THRINL. 4°C. 20 7>
BREUC. 20 D18, 1% BSA/PBS ([CLDiHEIEZ 1 [O1TL). APC/Cy7 anti-CD11c #t
HEERE 10 ug/mL. BV785 anti-CD11b HAEIEE 2 ug/mL. PE/Cy7 anti-
C45R/B220 iAZIZEE 2.5 ng/mL. PE-Streptavidin Z#&EE 0.25 pg/mL &3 K
S 1% BSA/PBS TiHZEL. 40 uL/well THRMU. BEARHT T 4°C. 20 DFHELC. €
M. 1% BSA/PBS T 2 [Ei5Ei# L. 7-AAD Viability Staining Solution %z 1 v/v% TRl
L7z 1% BSA/PBS 7% 100 uL/well TH&MN. #& L JO—Y - b X—%4— (NovoCyte Flow
Cytometer. ACEA Biosciences. San Diego. CA. USA) ZERWTET LIz,

BMDC [C3xTF DD F ROBES T

J7—SO0-> ORETHE S EROFIET, MiBEEIRL. 1x10° cells/well &723
&5 96 well U-bottomed culture plate (C&EfELTZ. 600 x g. 4°C. 53=0LL. £F
Z FEE1. anti-CD16/CD32 HifAZ#&IEE 10 ng/mL 723 KD 1% BSA/PBS THRZEEL.
50 ul/well TRINUTZ. 4°C. 20 ERELZ4&. 600 x g. 4°C. 530U, EBEZFHEE
U7z. RIC. dimethyl sulfoxide (DMSO) T 10 mg/mL (SBEUIEEAF ALRTF R
% 50 pg/mL &£13 &S 1% BSA/PBS THEL. 100 pl/well THEIML. 4°C. 30 9%
B UTz.30 1. 1% BSA/PBS T 2 [Ali%/F L. APC anti-PDCA1 A= #&EE 0.6 ug/mL.
APC/Cy7 anti-CD11c #ifAZ#&EE 10 ug/mL. BV785 anti-CD11b iAZIZIEE 8
ug/mL, PE-Streptavidin Z#2E 0.25 ng/mL &/33d KD 1% BSA/PBS THEEL. 50
ul/well TEHIMUTZ. EHEMHT T 4°C. 30 DEHEL &, 1% BSA/PBS T 2 [BI%F L.
7-AAD Viability Staining Solution Z 1 v/v% Tl L7z 1% BSA/PBS % 100 uL/well T
Wl AL IO—YA X5 —ZRAWNTHEITL.
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EAF ABHAHIRREERT F RRIS NA DIFR

NA (1 mg/mL ERRBDKSKITBEHRL. NAKBRICH LT, 1 mg/mL Ex2BEKS 10
w/v% DMSO (CiEfE LTz EATF ACEHRMIRAREUE T F Rz 166 uL iUz (BILLE
T NA: EAF ACEHRHRAZREARTF RAY 1: 100 EIRD KSR . BfM%. =R T 1
BFfEEFE LT, €MD&, PBS Z 350 uL /il L. Amicon Ultracentrifugal filters (cut-off.
10 kDa. Merk Millipore) (C#BIL. 8000 x g. 4°C. 8 /M=l UTz, =&, JO—X
JL—%HET, 350 ul O PBS &ML, ERw T+ >4, 8000 x g. 4°C. 8 HEiL
Jzo PBS [CKDEHEZZS(C5ERRDIRLIZ#E. 8000 x g. 4°C. 8 =L, = 100
ul TEMRUfz. RTF REKEEHD NA [CDWT(E. 10 v/v% DMSO KERZAWNT. |
RICERFER. RIS BIREZITV. RIQR= 100 pL TEURUTZ,

EAFACERTF REIE NA OIS

0. 10 HEIC, ¥DXIC. BHAMERENIERTF REtE NA FIZEKRIEE NA Z 5
ug/mouse TEIMIGS, F/z(d alum (250 pg/mouse) B KLU CpG #%EE (10 ung/mouse)
EHIE5 U, 5aRlE. £ERIEK (Otsuka Pharmaceuticals Factory. Inc..
Tokushima. Japan) THZEL. BREE TFXKD. 50 ul/mouse TYA T 05 —%ZFL)
THFRS5 Uz, 17 HECREXIDEMU. miEFN AFENFAEMZ enzyme-linked
immunosorbent assay (ELISA) (CKDFHELTZ,

ELISA

NA ZH)LR+*— /v J7— (0.1 M Sodium Carbonate. 0.1 M Sodium Hydrogen
Carbonate 7K/&#&) T 1 ug/mL (CFHFRLU. 96 well half area microplate (Corning Inc.)
(SARIL. 4CT—MERE UBHMEME Uiz, BI#BIE LIz L — & PBST (0.05% Tween 20
RIN PBS) THiFE. 4% JOwoI—X (DS Pharma Biomedical. Osaka. Japan) %
WAL, 2 RRI=ERCTEEL. JOv+>2J UM, RIC. TL— & PBST THSEE. 1%
JOvOI—-XTHRRUZMES> T)L2TOvF>2TUETL— MMIRMU. 2 RE=ER
TEBL. 2FM%E. JL—hEPBST TR L. 1 % JOVOI—XT 5000 Z5FR
U7z horseradish-peroxidaze goat anti-mouse IgG =&ML, 1 BEIZERTFRE L.
7L — % PBST TiHi#&. #X2E 0.8 mM O tetramethyl benzidine Z W THREZE.
2N H,S0,4 [CKDRERIGEELEE. microplate reader ZHUVT ODauso-s70 ZEIE UTE,
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ERHMRRERDT F ROZ=1—0OEVU >-1 (NRP-1) EHEBNADOBES T

White OptiPlate-96 (Perkin-Elmer. Norwalk. CT. USA) (CHJLRR— K\ T7—
T 10 ug/mL [CFEIRUT= NRP-1 % 50 ul/well THRINL. 4°C T—HigsE LEARIL LTz,
PBST TFL — NE#E. 1% BSA/PBS % 200 ul/well TRIL. =BT 1 B5REE L
JOvF>TUJz, RIC. PBST TTL— baEHE. EAFACBHAERAZERERTF R
BHSERE 10 pg/mL (LB KS 1% BSA/PBS THEL. 50 ul/well TRIMLEE, =8
T 2 B5fEgRE Uz HtL VT PE-Streptavidin Z#2E 10 ug/mL (C/2D KD 1% BSA/PBS
THHEEL. 50 pl/well THRIMUZE. BEAZRAHTTEE. 1 KREFFELIZ. PBST TTL—
NESEFE. 1% BSA/PBS %Z& 100 ul/well TZ&HINL. multi-plate reader (DS Pharma
Biomedical) ZFRWTELEZRIE LTz,

BRHRRERNERT F ROBESIAETM

EELU TS DC2.4 #ifd. CAL-1 #Hfg. BMDC Z[EIYX L. 96 well U-bottomed culture
plate [T 1 x 10° cells/well (LB LD (CEE 100 pl/well THEELIZ. 600 x g. 4°C,
5mE0ME. BBEIET. #EE 18 ng/mL anti-NRP1 #if&dr 50\ (& 18 ng/mL isotype
#k. 10 uM AS1411, 10 pM CRO. 25 pg/mL MS-3#ifk. 25 ug/mL isotype Hitk&
12D KX DTEEUTZ 1% BSA/PBS Z 18 ul/well THRIMU. BYEEMAT T, 4°C. 30 DEHE
U7z. LT, #IRE 10, 50 330)\(& 250 pg/mL EAFALEHRMRREERT F k&
RBEDIC 2 pl/well THRIMULERY T4 > UTe, 4°C. 30 3E#ELZ#&. 600 X g.
4°C, 5 DEM&. EEZIET. PE-Streptavidin Z#EE 0.25 ug/mL ER23B3EKLS 1%
BSA/PBS TiZ L. 50 uL/well THMUTZ, EARMHET T, 4°C. 30 DFFE L. 600
X g. 4°C. 5= UL. EBZREELUZ. #iULVT. 1% BSA/PBS T 2 LIiELIEE. 7-
AAD Viability Staining Solution Z 1 v/v% THnl U7z 1% BSA/PBS %Z 100 ulL/well T
Wil BEL JO—9+a bX—5—ZHWTHETLIZ,

NRP-1 DOFH il

DC2.4 #lf2% 1 x 10° cells/well (Z723LS(C 96 well U-bottomed culture plate (C
EELZ, 600 x g. 4°C. 5D TiEME. EBZREELCR. anti-CD16/CD32 HiAZ#&
YERE 1 ug/mL. BV421-anti-NRP1 FAEISERE 1 ug/mL £123 &S 1% BSA/PBS TH
2, 50 ul/well TRIIUTE, BEAEZEHT T, 4°C. 30 HEHBELIZH. 600 x g. 4°C. 5
PDTELLU. EBEZEREEUZ. UV T. 1% BSA/PBS T 2 [AI%F U=, 7-AAD Viability
Staining Solution & 1 v/v% THRMMUTZ 1% BSA/PBS % 100 uL/well TR, BHEL D
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O—YA A= —ZHNTHEITUI.

SsiRNA ZHU\/z NRP-1 D/ VI

EELUTULSD DC2.4 #fg#=EI L. 96 well U-bottomed culture plate (C 4x 10*
cells/well [C722 &S (28 200 pl/well THEEL=, 12 BR#%. 5% 150 ul EUR L.
ZCZIC 50 uL @ small interfering RNA (siRNA) i&& (Lipofectamine 3000 i#ZE . 10
uM NRP-1 siRNA (5'-ctgctacttcacagtatggta-3')) ZRNIL. 37°CT 2 HE/RHE LT,
2 B#&. 600 x g. 4°C. 5= L. LBEZREE®R. 1% BSA/PBS T 1 @%FLIT. Hl)
T. EAFACEHRMRARENERTF RZHEE 10 ng/mL 723K S 1% BSA/PBS THl
L. 50 pL/well THHOUL. 4°C. 20 DEFELC, TD#E&. 600 x g. 4°C. 50U
LE&EEZE%. 1% BSA/PBS T 1 [E5% UTz. %5l VT, PE-StreptAvidin Z#£EE 8 ng/mL.
Fixable Viability Dye eFluor™ 780 % 0.1 v/V% &7 KD 1% BSA/PBS THEL. 50
ul/well THRIMU. EFEHFT T, 4°C. 30 DEFELZ. TDE. 600 x g. 4°C. 571
U, EBZEREERE. 1% BSA/PBS T 2 Bli%%UTIz. BE. 600 x g. 4°C. 5 70&=0LU
EEZEREEUZZ. 1% BSA/PBS & 100 uL/well THRAMU. JO—YA bX—5—ZHL)\
TR UTZ,

NA E—XI(C & SififaREEREDRE

1 ug D NA E—X (ZEE)||¥5H##%. Tokyo. Japan) & 50 ug OEAF>AL Dpl Fiz(d 1
ug D NA E—X& 50 ug DEAF AL Dp5 Z#ZNEN 1.5 mLF1—THICHIZ. B
L2h'5 4°C T 1 KRGS @2 2 & T RIF RE2E-X(CREaS BTz, #il\T. BMDC
ZEUR L. 10 mM HEPES-NaOH (pH7.9). 10 mM KCl. 0.1 mM EDTA. 1 mM DTT.
1% Nonidet P-40 &SR 2 & T, ffREERSZia b Bz, 2D, 20400 x g.
4°C, 5 =l L. BEZEBULIZ, RIC. Dpl E—X%H30\E Dp5 E—XZmafb Uiz
MRRAEERBE (SR, B UANS 4°C, 2 BEIRIESETz. €D#%. 0.1 M Glycine-HCI

(pH 2.5) ZMZX D ET, RIFREFEIDEAEZBH UL, BT, BHLEY
> )L T sodium dodecyl sulfate - polyacrylamide gel electrophoresis (SDS-PAGE)
ZITWDRELER, LT A2 TREUTZ, 8D/ > RHIBREIN DS T & =R UIc&.
Dpl E—XMSBH LB > TILTOHRREND/\> RZ2I0H L. 7= Bich=E
SRHTERUIZ, BED(E. WMEYIRAFATRRERZE (CAFE U,

EIXROMRRE LICHTDIRILAY > OFRTHR
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BELU TS DC2.4 ffifa. CAL-1 #f2. BMDC Z[EUX L. 96 well U-bottomed culture
plate (C 1 x 10° cells/well &723KL>5. £2 100 pl/well THEELZ. #LT. 600 x
g. 4°C. 5= lM&. EBZHEEL. EAF AL AS1411 Z#EE 0.1 uM HBDWE. E
FAF AL CRO Z#ZEE 0.1 uM E712B3 KD 1% BSA/PBS THRZEEL. 20 ul/well THRMU
7zo 4°C. 30 DEFELHE. 600 x g. 4C. 5RO L. EBFEREZELU. LT, 1%
BSA/PBS T T/L% 1 [@%E L. PE-StreptAvidin ZHGEE 8 ng/mL &23L> 1%
BSA/PBS TiAZ L. 50 uL/well THRIMUTE, EHNEHAHT T, 4°C. 30 DERHELIZE. 1%
BSA/PBS T 2 [EliE&UTc. M. 7-AAD Viability Staining Solution % 1 v/v% &l
U7z 1% BSA/PBS %Z& 100 pl/well THRM. BEBLIJO—Y A hXA—5F—ZHU\TETL
7Zo

Rt R

Prism software (GraphPad Software. San Diego. CA. USA) ZRU\ TRt Z1T
Oft. S TFFIIEERERETERL. BEEIRTE (L Student’s t-test & Tukey's test
AW, FEtENBEZEE. P < 0.05DBEEERTHDEUN.
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[SERRHESR)
ERRHREREYERD F ROES

KETIE T7 —KRERTEZAVT, BHRMABLERN (CHEE T RTF R (BHAHRE
BREMYERTF R) ZRRBUC. AEZBRCTHW I 725473 U 77 BENSRRD
BT F Rz T 7 —ZREEEREO C Rinfll(CirUiz T7 J7—Z2RANTED.
207 (§9 12 8) BEDS I LRTF RERRELUTND. £ BHIRHAROMHHEET S
D7 —>BUSI DIz, TJ7—25A475UEYDRY ) BEEK EL4 #iled KUB M
FBEERRD B16-F10 fift LIS, INSHRECHRELIRWT 7 —2ZEIRLTZ, R
(C. BMDC ([CRMUL. #EEUEI7—>ZBINT D2 ET. SHRHRERN (CHEE T DD
7 —ZORUSZEMH T, HWT. T 7 —2ZAGE(ICRRASE TEIRSE. BU. EL4 e
BXU B16-F10 ffa LRSS BTz, CO—EDIRE (J\>Z>) & 3 EEDIRLIZE.
BHAMRLEIRN (SRS T2 T 7 —HEM CETCLWBIMTHI Lz (Fig. 1). AR
murzdr—>& (pfu (in)) (CX935. EHAMRICHESLIZD7—>& (pfu (out)) @
ZE&ZOUNRE U TR Lz, 20fER. 1 BED/(>Z>JDEUE AT, 3BIEHD
I\ Z2 P DEUERFR 6.9 BFETLER U, BRI (CHESRIEER D 7 —hVEE
=NfzEEX SN (Table 2), EZTRIC, EIRLET 7 —2278Eo0O0—->1L. BMDC
ANOfEENZ, JO—YA bA—S—ZAWCHELZ. 8. BEoO—-AbLcI7—>
MR DRTF ROEFION., HBHAMRICESEZRUIZEDOBE LUREEZRSIAH
DIEEDZELTD Table (CE &8z (Table 3a. b). TDFER. FHAMHARICK LU THEESHE
ZRUTcDE,. BoOO—-2A4ULi2 49 00—->Fm 40 O0—->THD., EKODoO—>(&
fEateasaN oz (Fig. 2a. b). FLEKENC &S, SHKMERICHESEZRUIED
O—>0W., 16 ZJO0—>CHENTE. CKRIHAD 4 fiz& 7 7l R/K-X-X-REF—T (R:
TILFZ KUY X ROV Z V) ZIRRU TV ENBESMERDTZ (Table
3a). TITRIC, RIK-X-X-REF—TZHF I DIRTF RHOEHAMIR(CHES I dhFHTE I3
=&, R/K-X-X-R EF—TZFIDIRTFRESHAITEIRL, RTIFRODEAF A&
A ZIEFEKR LIz, TUT, ENSDRTF K% BMDC (AR T#. PE(EEIR ~LT
R7ES>ZANSZ LT, RIF ROEKHEAOES = HEiLz. &z, Dpl3 (&,
R/K-X-X-R EF—TZBLTLWRRWEDD. 4 fI(TIEEM = JBEZB LTS ENS,
R/K-X-X-R EF—T EFHBBUUTVWBIRTFRELVTEIRUZ. TDRER. RTIFRICTD
T &ICKD T, Dpl (dendritic cell-targeting peptide 1) ¥° Dp2 /& EDEIEAD/NRT F
RO, #HAMRECIES R RI CENBESHERDTZ (Fig. 20).
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1. phage library

5. Amplification of
phage with E. coli

2. Recovery of
unbound phage

Dendritic cells

3. Phage added to
dendritic cells

Figure 1. Schematic diagram of panning method.

4. Recovery of
bound phage

! &
——

Maonaocloning

Table 2. Identification of dendritic cell-targeting peptides by phage display system.

recovery rate

panning pfu (in) pfu (out) (pfu (out) / pfu (in))
1st 3.6x10° 9.5x10¢ 2.6x103
2nd 2.3x10° 1.1x107 4.8x103
3rd 3.3x10° 6.0 x 107 1.8% 102

The number of phage clones recovered from mouse-derived BMDCs (out) relative to the total

number of added phage (in) at each selection round.
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Table 3. Peptide sequences.

(a) (b)

Name | sequence | 1|2 |3|4|5|6|7 |8 Name sequence 112 (34,567
Dp1 VSYKAR |[V|S|Y K|A|I |R Dp41 HGAGDNF HIG|A|G|D|N|F
Dp2 GGSKPVR |G|G|S|K|P|V|R Dp42 QKRAALA Q| K|RIAJA| LA
Dp3 | ASARGPR |A|S|A|R|G|P|R Dp43 GHGVVHL G|H|G|V|V|H]|L
Dp4 IGSRPIR | | G|S|R|P|I|R Dp44 SGGLATL S|G|G|L|A|T|L
Dp5 | VSSRPAR |V |S|S|R|P|A|R Dp45 GISKLDT G|l |[S|K|L[D]|T
Dp6 GSAKMSR |G|S|A/K|M|S|R Dp46 QSSGRKG Q|S|S|G|IRIK|G
Dp7 | PVGRSVR |P | V|G|R|S|V]|R Dp47 ESRGRDI E|S|R|G|R|D]I
Dp8 | NGVKQAR IN|G|V|K|Q|A|R Dp48 VRVRGSS VIRIV|IR|G|S|S
Dp9 | GLGKGLR |G|L|G|K|G|L|R Dp49 GRAVTRS G|R|A|V|T|R|S
Dp10 | GDSRNAR |G| D|[S|R|N|A|R

Dp11 | MRVKEMR M|/R|[V|K|/E|M|R

Dp12 | SPDRLPR |S|P|D|/R|L|P|R

Dp13 | GTSHRLR |G| T|S|H|R|L|R

Dp14 | VRKVAVR |[VIR|IK|V]/A|VI|R

Dp15 | SGRAEHR |S |G|R|/A|E|[H|R

Dp16 | RDMPVR |R|D|M|P|V|R

Dp17 | ASAKGR |A[S|A|K|G|R

Dp18 | ESHRLVR |E|S|H/R|L|V|R

Dp19 KLA K|LIA

Dp20 | RISAREPR |R| I |[S|A|/R|E|P|R

Dp21 FLEED FIL|E|E|D

Dp22 | AMGKVAR |A|M|G|K|V|A|R

Dp23 | RSQVSVR |R|S|Q|V|S|V|R

Dp24 | RMLGTS |R|M|L|G|T|S

Dp25 GRSVR G|R|S|V]|R

Dp26 | GMPAKRE |G | M|P|A|K|RJ|E

Dp27 | GNRLGMD |G |N|R|L|G|M|D

Dp28 | NRTSQAR |[N/R|T|S|Q|A|R

Dp29 | WKGRER |V |K|G|R|E|R

Dp30 | SARALVR |S|A|R|A|L|V|R

Dp31 DVWPKKLR |[D|V|P K|K|L|R

Dp32 VRLPR VIRILIP|R

Dp33 | AVRMPLR |A|V|R|M|P|L|R

Dp34 LNRVR LINJR|V|R

Dp35 RAQR RIA|Q|R

Dp36 | RMQRGER |[R|M|Q | R|G|E|R

Dp37 | RHQVGNR |[RIH|Q | V|G |N|R

Dp38 ERLRAR |E|/R|L|R|A|R

Dp39 | GGKVAR |G |G|K|[V|A|R

Dp40 | RGTSPSR |[R|G|T|S|P|S|R

(a, b) Peptide sequences displayed by selected phage clones (a) with or (b) without binding
capacity to BMDCs. Amino acids in boldface type represent those that follow the R/K-X-X-R
motif.
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Figure 2. Evaluation of BMDC-binding capacity of phage clones and dendritic cell-
targeting peptides. (a, b) The binding of each phage clones from the third round of selection
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to BMDCs was evaluated using flow cytometry. (a) The phage clones bound to BMDCs. (b)
The phage clones did not bind to BMDCs. (c) The binding of each biotin-labelled dendritic
cell-targeting peptide to BMDCs was detected by fluorescent-labelled streptavidin using flow
cytometry.

NA ZRBVEENAMRIRERIER T F OB ATl

RIS, B UTEEHAHBRERRERT F ROFIREEF v U7 E L COBRAMZHET 2
7z, NA ZETIVRELTRWT, DOFMREHMILTZ. FI. NA LEAFAE
EIRTF RZEFBESEZ NA-RTF RESHZER U, NA (F. EAF> CESTIRER
H. EAFAEMARTF RERET D LT, BHRMRRENIERT F ROFES U2 NA Zf8
BRI D ENHEERD, D NA-RTF REESHK%ZE C57BL/6] YD X(C 0. 10 HEIC
KRTFO0F> %, 17 BECIRZEYRL, MmiIEHRO NA K= IgG iz s il Lz, &
2722/ bELTE IRITODOF D THHEASN TS alum KT TLRO DUS
> REULTHIEND CpG RBEZAZ. TDFER. NA & Dpl DA (NA-Dpl) =7
OF> UTzimA. Dpl S OBHAHREMERTF R R U T, NA 15219 IgG HuAk(
NERICERITDZCEMNASHERDTE (Fig. 3a). F/z. NA BIRTIE. NARFENL IgG
FUAEEAE (FEROSIVIM D EAY NA-Dpl (F. 7722/ hZALVE< &6 NA Z alum
© CpG &L K5 UTtIHE CRFRED IgG MAEL ZHETRE THD T ENHESHE
1227z (Fig. 3b). ULTZA'D> T Dpl (& FURXREFV U7 ELTERTHZENRES
nrz.
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(a) | Plasma dilution: @ 800; M 4,000; A 20,000 |

4 , 151
o ¥ b * =) | ? a)
o) * o 0; o 104 0
24 . 1
= u 7 .
14 y [ ] %‘ % . 0.5+ 2
Gt “ .
0-! 0-4 0.0
Cont. Dp1 Dp2 Dp3 Dp4 Dp5 Cont. Dp1 Dp& Dp7 Dp8 Cont. Dp1 Dp9 Dp10Dp11Dp12 Dp13
N.S
Aok ok N.S
1.0+ -
.
0.8+ Plasma dilution
= ® 300
o 0.6 MW 4,000
o A 20,000
0.4 . ]
S A
0.0- L
Cont. CpG alum NA
-Dp1
NA

Figure 3. Induction of vaccine effects by dendritic cell-targeting peptides. (a, b) Mice
were immunized with (a) 5 pug neutravidin (NA) and 5 ug dendritic cell-targeting peptides
complex, and (b) 5 ug NA alone, 5 ug NA plus 10 ug CpG ODN, 5 ug NA plus 250 ug alum,
or 5 ug NA and Dp1 (NA-Dp1) complex. As control, mice were treated with PBS. Level of NA-
specific IgG in plasma was evaluated 7 days after the second immunization using ELISA.
We used 800- (e), 4,000- (m), and 20,000- (A ) fold—diluted plasma samples. (a) n = 4-5; (b)
n = 5. (a, b) Data are means + SD. **p < 0.01, ***p < 0.001, ****p < 0.0001 as indicated by
Tukey’s test. N.S.: not significant. Significant differences were analyzed only in the 800-fold-
diluted plasma samples.
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ERHBRNERT F ROBIRERRADESICHITD=—1—0EVY >-1 DF 5

EHAMRRARAYE R T F ROHPTE Dpl MENTZDOF R ERLUIZZS ENS, Dpl AR
TF ROEED FOEFRZRK >z, Dpl Z(FUsH E UTEHAMBER EAR T F RDO—3B(E.
C 3RIBIC R/K-X-X-R EF—TEABL TS (Table 3a). KEF—T(FTNETIC, MR
EmAD—1—0OE'JU>-1 (NRP-1) [CHATBITENBESNTND 22, ZTTEY.
#a2 NRP-1 ZZEREBZMALT. Dpl 72 & R/K-X-X-R EF— T HB I DEHAMIBIEN{LRT
F ROFEEMZFTHMALIZ. TDFER. R/K-X-X-R EF — I ZHFDOE TORMAHAZEN R
TFRMNNRP-1 (CFEETDZEMNASHERDE (Fig. 4a). RIC. BEHAMBAREIERT
F ROEHAIIRADIEEN NRP-1 IKFH THDIWEFHIm LTz, 7885, NRP-1 [CFEET D
EMFRE SN TS, R/K-X-X-R EF—T%ZHF I D RPARPAR RITF RZERTFT T2
RO—JLEUTRWE. £, HUNRP-1 HFAEFE T T, BHAMRIER( LR T F ROEHAH
fEAOEAMETMELE, ZOMEE. Dp2. Dp4. Dp5 &SEU RPARPAR RTF ROfHA
HRRADFEE(E. HLNRP-1 FUADFE F CHESNDDIC LT, Dpl OEHARHIEADES
Ald. #1NRP-1 FUAFE F CHEE{LFRDH SN oIz (Fig. 4b). FZT. NRP-1 (X
93 siRNA ZFHWT. #HAMIAE LD NRP-1 OFRIRZR T /2D, BHRHRAZERERT
F ROEHAMHRADEE M Z A Uz, 128, NRP-1 (CX1 9D siRNA ZFWDZ&T. i
RHREZRE _ED NRP-1 MFIR(E. SiRNA RMEDEMAMR U T, 8XT 70%1EE
(IR TI B EERRL TS (Fig. 4¢). TDFER. NRP-1 DRBEEE T IEZT LT,
Dp1l MU OEHAMRARSE R T F R(d. #EHAHRADESMET I 2D(ICx LT, Dpl @
SRR DIEE M (CE(LIEERD SNz (Fig. 4d). LA > T, Dpl (& NRP-1 (C
FEETIEE THDIBDD. NRP-1 BDOEREZT U TR (CHES I D8N REN
1=
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Figure 4. Evaluation of NPR-1-dependent binding of Dp1. (a) The binding of 10 ug/mL
biotin-labelled dendritic cell-targeting peptides to NRP-1 protein was detected using
fluorescent-labelled streptavidin. (b) The binding of each 250 ug/mL biotin-labelled dendritic
cell-targeting peptides and RPARPAR peptide to DC2.4 cells in the presence of 18 ug/mL
anti-NRP-1 polyclonal antibody or 18 ug/mL isotype control antibody was detected using flow
cytometry using fluorescent-labelled streptavidin. (c) The expression of NRP-1in DC2.4 cells
was suppressed by siRNA against NRP-1. (d) The binding of 10 pg/mL biotin-labelled
dendritic cell-targeting peptides and RPARPAR peptide to wild-type DC2.4 cells or DC2.4
cells treated with siRNA against NRP-1 was detected using flow cytometry using fluorescent-
labelled streptavidin. (a, b, ¢, d) n = 4. Data are means £ SD. **P < 0.01, **P < 0.001, ****pP
< 0.0001 as indicated by (b, ¢, d) Student’s t-test. N.S.: not significant.
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Dp1 DR FDIRE

Dp1 H' NRP-1 JHKAFH)(CHMAMIRE (CHEE I BAIEEEN RSNz /zsb. Dpl WEET S
MR REELEZER U, Dpl /(3 Dp5 #E—X(CHESSE. BMDC OEESD &S
Sz, DB RITF RICHEEUIEEBREZBH U, SDS-PAGE (CTE#T Uz (Fig. 5a).
ZORER. DI\ RIMEESN. Dpl BAE—XHSBEHUEY Y TILTOHRES
N3/\> REEHEELZ. ZNSD/N REYIDH L. 7 B2 EEDH TR L
Jz. TOFER. Dpl #EA L —XTOHRRENTE 87 kDa D/ RAY, XL > (NCL)
BEHBEAESN. NCL (F. HoDHlaxA. HEBERNCFEIDIERETHD.
URY — AR E LS LTS 22, iz, iMAMIRRE, —SB0HIRE T, MBS
BEAABTRTETHRRAICE/ELTVR I EMHRESNTNS 2,

Dpl DERMEIAADRSICHITBIRIL AV >DFS

REHAMIRRRE IC6 NCL AR L CTL\B NI T B726b. NCL (CH U TRV B SR
M%#ET S DNA 7 ITHIY—T¥h3 AS1411 &£, AS1411 OI> hO—ILEETH S CRO
ERVE %, TV IEAMIK DC2.4 #if2d 3L \E BMDC ([CEATF S AS1411
HBNEEAF AEH CRO BRI URIG S B2, PEEMHA N T RPES>ZRANT,
AS1411 OREHAMRBADEES M ZME L. TDRE. DC2.4 #if2. BMDC DWLTNICH
WTHE. CRORINBEELEE LT, AS1411 SRIIBF CREAMIRRA DA ERICER LS
ENS. BHAMIRERE L(C. NCLABEL TV T ENBESHERD (Fig. Sby o).

RIS, AS1411 ZFVEERERERERICKD. Dpl OREHAMIIADIESH NCL {RIFHIN
LTz, ZODFEER. Dp2 1° Dp4 F/z(3 Dp5 OREHRMIBADIEA (. AS1411 =R
U TEZ(LIEERHSNIRN— T, Dpl ORHAMIZADIES (L. CRO HRINBE & LEE LT,
AS1411 DIFNEE T, BRCEKTI BT ENESH DT (Fig. 5d). =5IC. NCL I
EETBE/UO—F)Ltk (MS-3) ZAT. DC2.4 g TEEDEEREIT/A> 7= (Fig.
5e). ZDFER. Dp5 OEHAMRBADIES(E. isotype Fifkds KU MS-3 sk z RN T
B, Z{LEFRHSNM D, —T Dpl OEHAHIREADIES (L. isotype HFAILRNNEE
EHEEUT, MS-3 HiRIIEBF CERICIK T Uiz, &£z, E M DEMZBIEL. & MR
Rtk TH 3 CAL-1 i AV TREKRICARST Uiz, TDHRER. Dpl ORMAMREADIEE (.
CRO RINBF & LEE LT, AS1411 DIRIBFCTHERICE T U (Fig. 5. =5(CMS-3
HZRWBEATE. Dpl D CAL-1 MIREADIEE (L. isotype FAILRINEE & LHE LT, MS-
3 FUADILRINEE T, BRECIKT I3 ENESHERDE (Fig. 59). MU EDERNS.
in vitro [ICHBULVT. Dpl H¥ NCL &N U CTHMAMIIRICHEES T 3T ENBASH R Tz,
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Dp1 OEHRMRBADES(CHITBI 7 =S ) BOEENM
Dpl DEFIDOA. EDT =/ EANEHAMRADHEE (CHES U TV EFHET 5728,

VSYKAIR 5733 Dpl DEcsIE—DF DA (7S Z2) [CBHMUERTF RZE/R L. &
NSRRI F RoEkHlig oSz H iUz (Fig. 5h), TDRER. VSYKAIR D 1 fii&
2 fii7z A (CEH#LTZ ASYKAIR S KT VAYKAIR OEHRHREADIEEH(E. VSYKAIR &Ltb
BUT. BRICERIDTENESHMERDE. —F5 T VSYKAIR D 315 7 17 =
JBEE A [CBHUIZRTF ROBETIE, VSYKAIR SR U T BHAHIIEA DS AR
TIdTEMNTRDHSNIZ. LIz > T, Dpl OBHAHIRADIEE(C(E. 3 5 7 f1d7”
= JBMNES I D ENRENZ, Kl T Dpl DECHIDA. EDT = _JBEH NCL A\
BICHESUTVWINTHIEIT D728, AS1411 ZRWLT, BHAMIRRADIGRSEERRZITD
Jzo TOFER. VSYKAIR &S KT ASYKAIR OEHAHIRIADIES(E. AS1411 DOHRINT.
BRICETIDIZENBESMNE/RD Tz (Fig. 51). U EDIERMNS. Dpl D NCL ADIES
(C(F. 1AIDT7 = JENES T D EHRESNTZ.
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Figure 5. NCL as the cell receptor to Dp1 peptide. (a) The membrane fraction of BMDCs
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was incubated with Dp5-conjugated beads or Dpl-conjugated beads. The bead-bound
proteins were eluted using an acid solution and the eluted solution was analyzed using
Lumitein staining gel after SDS-PAGE. The arrow indicates the band of nucleolin. (b, c) The
expression of nucleolin on (b) DC2.4 cells or (c) BMDCs under 4 °C conditions was evaluated
by flow cytometry using 0.1 uM fluorescent-labelled AS1411 or CRO. (d) The binding of 10
ng/mL biotin-labelled Dp1, Dp2, Dp4, or Dp5 to DC2.4 cells in the presence of 10 uM AS1411
or CRO was detected using flow cytometry using fluorescent-labelled streptavidin. (e) Flow
cytometry was used to detect the binding of 10 ug/mL biotin-labelled Dpl or Dp5 to DC2.4
cells in the presence of 50 ug/mL MS-3 or isotype control antibody using fluorescent-labelled
streptavidin. (f) The binding of 50 ug/mL biotin-labelled Dpl1 to human CAL-1 cells in the
presence of 10 uM AS1411 or CRO was evaluated using flow cytometry using fluorescent-
labelled streptavidin. (g) The binding of 50 pg/mL biotin-labelled Dp1 to human CAL-1 cells
in the presence of 50 ug/mL MS-3 or isotype control antibody was detected using flow
cytometry using fluorescent-labelled streptavidin. (h) The binding of 10 ug/mL biotin-labelled
VSYKAIR, ASYKAIR, VAYKAIR, VSAKAIR, VSYAAIR, VSYKAAR or VSYKAIA to DC2.4
cells was detected using flow cytometry using fluorescent-labelled streptavidin. (i) The
binding of 10 pug/mL biotin-labelled VSYKAIR, ASYKAIR or VAYKAIR to DC2.4 cells in the
presence of 10 uM AS1411 or CRO was detected using flow cytometry using fluorescent-
labelled streptavidin. (b, ¢) n =5; (d, g, h, i) n =4, (e, f) n = 3. Data are means + SD. *P <
0.05, *P < 0.01, **P < 0.001, ***P < 0.0001 as indicated by (e, f, g, h) Student’s t-test and
(b, c, d, i) Tukey’s test. N.S.: not significant.
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(EF]

AIRFT(E, T 7 —SREIRTAC KD T, BRI (OEIRN [CHE SRS A RRAZEAY
{ERTF ROBEZHHz. TDIRER., 40 VO—>60. BHAMRICIES T 2RTF Rz
FKIRT BT 7 —SOEBICHKIILE (Fig. 2a). LML, J7—00— > T(HEHAMEREA
DFEEHEERUTWZEDD, RIF ROIREET(E Dpl ¥ Dp2 12 &, —&#DRTF RUH
mamEaL TN (Fig. 20). CNiE. &IJ7—H 415 BORTF RZEFRA(C
RERUTVBDCH U, BHAMIEADES T Z U T BERCAVWE EATF ASHRTF R
(IEHEBATH DD, EEH (avidity) DBVICEELTWDEEZSNS Y.

B8 UT=EHRMREAZN bR T F ROPTE 16 FEDRTF RICBVWT. RIFRD CXK
B R/K-X-X-R EF—TJHEBL TS T ENHASHER DT (Table 3a). 7z, BlkdDiE
D, TOEF—IEETBIRTF REGHMIRERAEHDE®D NRP-1 [CHRAT I EHNHSNT
L\B 2224, NRP-1 (&, #ZHRCMEALM. MELEMHMEE. DML S CRRL
TWREEBBERSE CHD. BHAMRNC IO 7 —JRREDRBEHBECHERIRL TLD
8, DED. R/IK-X-X-R EF— TG T DEHRMIUZHULAR T F R(E2 T, #HAMIEERE(C
FIRT B NRP-1 (CHEAT BEEEMENS B,

NA & R/K-X-X-R EF—TJ%=HB I DEHRMISMENERTF REOMEEREDHTE.
NA-Dp1 &6 NA BRI GREILEEHFELTLE (Fig. 3a). —5T. Dp2 i Dp4.
Dp5 € Dpl &EFEREDEHAMBEADEES M ZRUTLBICERENST, Dpl (FEFUR
BHENGIMAELEDFE(FRDH S/ o7z (Fig. 2c. Fig. 3a). BHAMRAOREES LR
ETHBDIC. 2. NA-Dp2 1> NA-Dp5 (&, NA-Dpl [FELRESEZFELHELIN D
Dh\, FEMICDNTIERETHD. LML, TNETORET(E. [EFEMIZCSITS NRP-
1 (& —EBotEA#AE (plasmacytoid dendritic cell. LUF pDC 72 &), o077 -1
EDFREMREAICERRUTVNR T ENMBESNTNIEDD, TDAEDE T HIf2T
HOD. BRI OOD 7 — S EORRIRRMIC (EHEDRE L TR &N
5NTWLB 27, FEfz. NRP-1 DFRNR/ESN TS pDC (&, BHAHIRED—DTIZHSD
BED®D. cDC KDEBHURIRREFZ LWL EMS. MUERENRIUREENDFTS(F R
WZ ERMBESNS 223, DFED. NRP-1{KFMI(CHE T S, Dpl LM OREHAHIIZZL
RIF RTd FERRMAR CHERN [CHRERETEREHC, DIFHNRER
BHRQRWNEEZSND, —HT. Dpl (& MMOBHAHIAZNERTF RzfE UTItiBse
KDB. DUFUMREERER D EMNS. Dpl (&, NRP-1 ADAKRFHEFIEK <. NRP-1
DSMNZERIDEN D FAFET DT ET. ABRIRRHEIRCHEN CHAREXET DN
P EEZ BN,
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Dp1 (&, fABRE®D NRR-1 7213 T/ < NCL [CERET BT &SN (Fig. 4a.
Fig. 5a). NCL (&. B/IMADFEIMERETRD— DO THD. RNA. DNA. BLUMIDEH
BEAEBERATRTENMBNTNDS °, Ffz. NCL (I-MRECOHBET BRETT
12<, —EPDIEFEHTHHRERAICERAT T EMREINTS >°, {faRmED
NCL (& S =Z=>-1 0 L-ZL U F > FHlRESIER T 72 & DREE DOFEE R D EDiEE.,
fpEiEE . AmikOEX, ME. NEFECHIDIBEABEMEFERITITENS 2, HA
fIRERE L TE. NCLAZ<HIB LTI T ENMSNTNS %, =5(C. RN A
RMED NCL (&, FHfifaDiBliEZ (et 3 DATHHERUBIER FORE/RE U COEEZR > TH
D, NCL &S UZATHpRiEiER FHEARICERDIATND T ENRESNTS B, =
7z« NCL @ C KRIF(CHET IRHENT>HIT A MELTHIBND HB-19 RTF R,
D AABRBZRMED NCL (CHEE UBDIAFEND C & T [EEMRROEETv-mEHREZHHE T
TERBHESNTND P, AR THEALR AS1411 B, A ABIZHAMIRISKET D
TebDH —4F 1 1Bk E LTRLSNTWSZ EhS 26, #IFRRED NCL [CRE U
ME (FHIREAR(SRDONCEDIAFND C EMNFEREND. CNETHOHRET. NCL (FEHA
MY I0T 7 —SESORRIRTHRICERIRT DT ENESHERO>THD ». K
MFEMERTES. BHAMIRREC NCL AMRIBLTWB T E&RUZ. EZ. in vitro (LB
T. Dpl A EHAHRBRE LD NCL 2N LU THRAET ST &SN E U (Fig. 5b-g). U
7=h¥> T Dp1 (&, #HREZZRED NCL =17 U CRMAMIIRICHES 92 2 & T\ AR ZRN
[CHMFEZXEL TR EEZISND, 5. & MaMAHREMRZ AL VZA&51 T, Dpl (C
Lo THIlREREADRROESZ{BETEZC &S (Fig. 5f. g). Dpl (k& MTEISHA
TERINFREF U T THDEFEIND. —AT. BIEFTIC NCL Z4ZH &5 DR
EDOF>F v UTEHRRESINTH ST, DUF>F—4Y b&ELTD NCL DHEERZRS
ATPDIREETHD. AR THLVZ AS1411 (F. HMABEREE U CRRRRERGEMS
NEEENH BT ENS . NCL ADHERER. BANICEIERICERRENEEZISN
5. 51, Dpl NEDKSIC NCL (CHEEL TV, #EHAMIiERED NCL (FEDKD
REAGEHEEERLTVIONRE, BICARBAL TV RENH D, £z, NCL ADfE
BI(C(Z. Dpl DEFIDA. 1 DT = /BN EETH BT ENRBSNIZEDD (Fig. Sh.
). 72 NCL ADERUNEZS SN TVBINIRBATS D, SEELRZMANULETH
BEEZBND.
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SBH Dpl RITFRZRAWEZDIF R

RPE (FHFRDERDHF TE LAIICAIEL TH D, R PHKEI KRR ED T TUBRHRE
fE(&. Z<DEE D> CLDRIRICHD. BRICEVWTEMK(E, StnBEOEERETIRA
D—DTHH., BEMEHEDIRKICENT, MXZFHITDEEEBEZELTLD. v
R DIERRIFER(C (AR L IR DA ILANH DN, P TEIMAIKE (Streptococcus
pneumoniae) (F. PEHSEENREEVVI S LABEOIERE T, 90 BN _FDOMmERNE
EIBTENINO>TNS M, Fel AMEICRRUEELY D & BHIRARIMEZ S|
SERIIT I END DI, FEIE I ZC(E RIKE D OF > OFHEENHEREEINT
B ¥4,

IRITOMRIKE D OF > (&, BREKEORERU DY DS RZEWCDOF>THD.
BEID LT RIRICH I DHUAMEN LR U FRIKEDORRES LUEE L EH S Z &N
HKD 4, BE (CEREINS 23 MMXIRERRARU Y HS5+4 RDUF (G, 5E
EDTFEHEEMERSNTE D, CO 23 BEDMBELZMHHT DT & T, FREKERSYIE
D) 6 El~7 &< T EMNEED ESNTUND, FADRICEREIND 13 MAfxEkE
RERVGYHSA RITOFUE. FrUVERECHIBBEUERS IFTUTER

(CRM197) &fEETED T ET AWMERICHVWTEREBICEZFELRDITRNRENT
L\é 46,47o

UM UIESE. IRITOTOF > THIIER TU VRO IMER DR R ERER S AE DI NN RS
ENTVD. NE BITORERU B Y DS ROOF2DREFAZRLTH D, £7ToMm
BRI Y DREREDOIMAIRE D UF > ORFEMFEESN TS . FRKEICHITS
RIFME & BEhE 9 SR RmE. fHFEME R (C (&, choline-binding protein A. pneumococcal
surface adhesin A. phosphorylcholine 7 &hVds 2 H8 4952, T % pneumococcal surface
protein A (PspA) (&, £ COIMBEL DI REKERE(CTFEIT DEEHEBE L THSNTED.
PspA RENTIAZFET D2 ENERNE. ETOMRKEZRBHEILERD EEZSNT
(/\5 53-55c

T CHE—HEITHYISU/Z Dpl & PspA ZRES UCERBZIFRL. YOX(CRETDZ
&ET. PspA REMQRBILEZFE T D ENHRDIMEET LTz, FIZEIFIC, FiREkE
NDRBEFHHNRICDWVWTCEHT T D & T Dpl OITIFAEFREF U7 ELTDE
FAMZIRIE LTz, =5(C, Dpl MEREKE D OF > LN BISAT D 2 EA RS M T
IBH. ZDJRMJIIATILT = (ovalbumin, BIF. OVA) @ MHC S X 11 TE h—
THEERDODRTF R (OTID) ZD00F > HUREVTHWSZET, Dpl dFvU7ELTD
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[SERRHR & 5iX]
atlEE

pET28 X% —(% Merck Millipore X DEEA L7z.cOmplete® mini EDTA-free protease
inhibitor (& Roche (Basel. Switzerland) £KDEEA LT, 2 x sample buffer. isopropyl-
B-D-thiogalactopyranoside (IPTG) (& Nacalai Tesque K DA L7=. Horseradish

peroxidase goat anti-mouse IgG1l. IgG2c (& SouthernBiotech (Birmingham. AL.
USA) KDEEA LTz, PE/Cy7 anti-CD86 #i{k (clone: PO3) (& Biolegend KDEEA LTz,
AddaVax (& Invivogen KDBEA U7z, Limulus Color KY Test (3E L T )L AFNYEFEERR
AR DIEA L. OVA with low endotoxin content (FEX T /L AFINMEKRAS
HEODBA U NOXDREEERICHERE Uz, Grade V OVA (& Sigma-Aldrich (St. Louis.
MO. USA) KDEEAL. MIEF(CHIFD OVA RFENFUNMEDRIE (CER U,

SREREN
6~7 Biind> C57BL/6] (ftE). BALB/c (%) (d. BARTIRATILE—LDEBALE.
CNBNYIRADEETEL. H—HOREMR ETTECECT,

tHAH A BB DIFR

XOLAYU> DT = ALY (286-707) (&, GenBank accession number: X07699.1
[CHELTWVD, Fle. XTLAUZ D RNA #5583 (RRM) D 4 DD RAAZTHD
RRM1 (309-385). RRM2 (395-468). RRM3 (487-561). RRM4 (569-644) % _1—
9D cDNA DECHIZ RIZEFEIRDOIZH (CHRELL TS, WU2 PRERODIEHEZ PspA
D7 = RS (32-414) (&, GenBank accession number: AF071814 (CEHEL TWL)
3. PspA-Dp1. PspA-Dp1x2. PspA-Dp1x3 (EENEH. PspA d C Kimfill(C Dpl Z 1 D.
2 DHBDNIE 3 DRE LTS, E/e. PspA-Dplx3 1> bO—JLEHEE LT, PspA-
Dp2x3. PspA-Dp3x3 &R L. N5 PspA @ C KinflllCENEN Dp2. Dp3 %= 3 D
& L TUL\D.PspA & ENZNOEHRIRARIER T F RO G4S U > H— (GGGGS)
TEEUE. FRUEMSEAREDRS)(E Table 4 (CER&HUE. £9'. PspARIRTS =
REANIERKRICEDIER U, #UVT. NERIGIC, His #20%B9 3 PspA BHE®D cDNA
& pET28 ROFT—([THAUTZ. RIChSZRTA—A—23>23F3fzH(C BL21 (DE3)
Competent E. coli Z PspA FBIR TS X REH(C, KET 30 PFHEL. 42°C. 457/
E— b3y OURE KET S PEEELZ. TD%&. BL21 #lifa% LB L — MNMIBEL.
37°C. 1 HEEE Uz, 1 B#. RS0 —%ZTUE cDODE, 30 ug/mL HF<
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122730 LBIEH 1 mL O (CMGRkZELIE#&. 37°C. 200 r/min TiRZEL. 1 B
BIEEUL. B8R BBE 8% &RBLS(CTUtO—-)L=ZX. -80°C TREL.
X PspA EEEBEZ IR T IABRZIER Uz, fFR LTz PspA FIROABEZ TURE TD
D&, 30 pg/mL AFYAS>ZEL LB [ 3 mL OFICTUERZE=RL. 37°C. 200
r/min THREL. 1 BEIEE Uz, 1 B, 30 yg/mL B3> %258 LB 15 500 mL
DFRANFIAEE U RKBEZIX. ODgoo M 0.5 (CEITDET. 37°C. 200 r/min THRE
LTz, D&, IPTG ZH&IRE 0.5 mM ERDBKRDITRIML. 37°C. 4 KRIBEEI D&
T. PspA EHEOFRRZFELIZ, IBER. IHEKR 500 mLZ 50 mL F1—T(CHFL.
8000 x g. 4°C. 10 /=LULT. EBFZEMDERE. RLw bZEIRUZ. RLwW BMME,
cOmplete® mini EDTA-free protease inhibitor Z1% 7= binding buffer 10 mL (20 mM
Tris-HCI [pH 7.0]. 500 mM NaCl. 20 mM imidazole) T#&&EL. BERERESFHAY
— (Tomy International. Tokyo. Japan) ZFAWTC. KIBRZEMHUIZ. TDE&. BRL
=8B R 50 mLELE (C93EL. 7500 x g. 60 9= ULT. EBEEIRUEZ. EUXL
feE&(E 0.45 um T JLF— (Merk Millipore) ZRAUT. ffEkASEEDBRVE. ©
M#%. Ni-Sepharose HisTrap FF column (GE Healthcare. Diegem. Belgium) ZHED
{131z AKTA explorer chromatography system (GE Healthcare) ZFBHW\WTHE Uz,
F9", [EIRULzLE% His Trap FF column (TR L. His 0 S & BRIEBEREB X HS A
(CIRESHEz., €D, elution buffer (20 mM Tris-HCI [pH 7.0]. 500 mM NaCl. 500
mM imidazole) TEH U, =5(C, EURLZHBH#EX PspA (& Amicon Ultracentrifugal
filters ZMUVT 500 uL (TEFEL. F)LIEBIS AT D Superose 6 Increase 10/300
GL column (GE Healthcare) (C#tU7z. A high-molecular-weight standard kit (Bio-
Rad. Hercules. CA. USA) ZAHWLT. BRNOERBEDTZ EEESNDEDZ 2GR
Ufz. BYR U TziBi R EEEER(E. EndoTrap® HD column (LIONEX. Braunschweig.
Germany) ZFHWT. IT> RS> ZEDBRE. Amicon Ultracentrifugal filters ZF
WLWTH) 500 pL (CEMBUIZ. MR UCEBIERABESRICEFENDI I R UEE
Limulus Color KY Test ZAWTRIEL (< 0.05 EU/pg). ZEEEE(E. a Pierce BCA
protein assay kit (Thermo Fisher Scientific. Hampton. NH. USA) ZBW\TAIE LTz,
T5(C, RRXEAE 1 ug 7 5% 2-mercaptoethanol 253 2 x sample buffer SES
LT, 95°C T 5 EWUE L /=&, 10% Mini-PROTEAN TEX Precast Protein Gel (Nacalai
Tesque) (TikEILTZ,
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Table 4. Sequence list of fusion proteins produced.

Name Protein antigen Linker Peptide

PspA PspA - -

PspA-Dpl PspA GGGGS |Dpl (VSYKAIR)

PspA-Dp1x2 PspA GGGGS |Dplx2 (VSYKAIRVSYKAIR)

PspA-Dplxs PspA GGGGS |Dplxs (VSYKAIRVSYKAIRVSYKAIR)
PspA-Dp2x3 PspA GGGGS |Dp2x3 (GGSKPVRGGSKPVRGGSKPVR)
PspA-Dp3x3 PspA GGGGS |Dp3x3 (ASARGPRASARGPRASARGPR)

The sequence of the acquired dendritic cell-targeting peptide fused to the protein antigen is
shown.

RITFR

OTII(ISQAVHAAHAEINEAGR) . OTII-Dp1x3. OTII-Dp2x3, OTII-Dp3x3. OTII-Dp4x3.
OTII-Dp5x3. TAMRA-Dp1x3. TAMRA-Dp2x3. Ea. Ea-Dplx3. Ea-Dp2x3 (RS R
ISLEDBALUR, Fzo OTII $KXU Ea & TN ENOEHKIREIERTF RO (&
G5 U>H— (GGGGG) TE#EfELTz. BAURLARTF RDELHI(E Table 5 (CEcak LTz,

Table 5. List of purchased peptide sequences.

Name Peptide antigen Linker Peptide

Dplxs - - Dplxs (VSYKAIRVSYKAIRVSYKAIR)
Dp5x3 - Dp5x3 (VSSRPARVSSRPARVSSRPAR)
oTll OoTIl - -

OTII-Dp1x3 oTIl GGGGG |Dplxs (VSYKAIRVSYKAIRVSYKAIR)
OTII-Dp2x3 oTIl GGGGG |Dp2x3 (GGSKPVRGGSKPVRGGSKPVR)
OTII-Dp3x3 oTIl GGGGG |Dp3x3 (ASARGPRASARGPRASARGPR)
OTII-Dp4x3 oTIl GGGGG |Dp4xs (IGSRPIRIGSRPIRIGSRPIR)
OTII-Dp5x3 oTIl GGGGG |Dp5x3 (VSSRPARVSSRPARVSSRPAR)
Ea Ea - -

Eoa-Dplxs Ea GGGGG |Dplxs (VSYKAIRVSYKAIRVSYKAIR)
Eo-Dp2x3 Ea GGGGG |Dp2x3 (GGSKPVRGGSKPVRGGSKPVR)
Name Modification Linker Peptide

TAMRA-Dp1xs TAMRA - Dp1x3 (VSYKAIRVSYKAIRVSYKAIR)
TAMRA-Dp2x3 TAMRA - Dp2x3 (GGSKPVRGGSKPVRGGSKPVR)

The sequence of the acquired dendritic cell-targeting peptide fused with peptide antigen is
shown.

HAHMAERE. RIDFROES

0.10 HE& 3L \Z 0. 21 HE(Z. C57BL/6] Y™RIC. PspA. PspA-Dp1. PspA-Dplx2.
PspA-Dp1x3. PspA-Dp2x3 & /z(d PspA-Dp3x3 Z 1 ng/mouse TS5 L7z, OVA (&. 10
ug/mouse Ti&5 U7z, OTII. OTII-Dplx3, OTII-Dp2x3. OTII-Dp3x3. OTII-Dp4x3.
OTII-Dp5x3 (& 1.1 nmol/mouse TS5 U7z, alum (& 50 KT 250 pg/mouse. CpG
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BE&(E 10 KT 50 pg/mouse THUR EH(TIRS Uz, Dplxd BKU Dp5x3 (& 100
ug/mouse THIRG5 Uz, 1&55tRHd PBS THREL. BREK TLD. 50 ul/mouse T
NATTOF7—Z2RANTES Uz, 0. 10 HEES UZBS(E 17 HE. 0. 21 HE(C#
S5UHE(E 28 HECIRELDEMU., MEEPHRERSFRNTUAMEZ ELISA (CXDFHMEL
Jzo ZFJz. PspA-Dplx3 WREANIGHUAMECS X DRc&% Ml 9 SFR(C(E. 0. 21 HEIC
PspA-Dpl1x3 Z#%5 Uz, 28. 56. 84. 112, 140. 168 HEICEREXD#HMmMUL. MmiE
ROFURFENFAMEZ ELISA (CKDEFHEILTZ, F/z. in vivo ([CH1FD NCL DEFS5%=T
fli g DAREFCHULTI(E. -1. 0.1 D 3 HREL. 5 nmol/mouse AS1411 F/=(d 5 nmol/mouse
CRO ZEREILDIZE5 LIz, #L\T. 0 HAIC 1 png/mouse PspA-Dp1x3 ZERERL D%
50U, 20 HE(CIM&RZEURT D T MEEFOFURISENTUAREEZ ELISA (CX DR
Uiz,

BEHRMRREER D F ROBES

EELU TS DC2.4 #g#=EIR L. 96 well U-bottomed culture plate (C 1 x 10°
cells/well (C12DKD(CE= 100 pl/well THERELTZ. 600 x g. 4°C. 5= M&. B
ZIET. #BE 10 pg/mL EAF AL Dpl BEULKFEAF AL Dplx3 ExBDLDIT 2
uL/well THRIMUERYF 1 >0 Uz, 4°C. 30 DEFE L. 600 x g. 4°C. 5=l
#%. LBZIET. PE-Streptavidin Z#EE 0.25 ug/mL &723 K5 1% BSA/PBS Tl
L. 50 pul/well THRIMUTZ. EHEHFT T, 4°C. 30 2FFE L. 600 x g. 4°C. 54
BOL. BEEREEUE,. $U0T. 1% BSA/PBS T 2 @& U7z, 7-AAD Viability
Staining Solution Z 1 v/v% RN UTZ 1% BSA/PBS % 100 uL/well TR, BEL D
O—Y+1 bXA—5F—ZHNTHETLI,

BMDC D:%5E
F—HEOEREMR ETTECE T,

BMDC D%z

FELUZ BMDC ZEIUR L. 10% FBS. 1% R U-ZA LT "RASVBRZESD
RPMI 1640 15t T8#%% L 727, 96 well U-bottomed culture plate (C 1 x 10° cells/well
(C12B & S(T 50 ul/well THEREL /=, $UL\ T, OTIL. OTII-Dplx3, OTII-Dp2x3 EHERE
11.3 nM. CpG #&BE=EI&EE 10 pg/mL EIRDBKDIC10% FBS, 1% RZ>U>-X KL
TRASBEREST RPMI 1640 B THARE L. T TILIC 50 pl/well 11X, £22%
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100 pL/well EUTz. D&, 37°C. 5% CO, &4 T T 24 BFaig&E Uz, 1B&E%. 600 x
g. 4°C. 5 3=0LU. IBELBEZEINUZ. IBEEERD IL-6 BKUIL-12 p40 %# ELISA
([CXD>THEU.

ELISA

PspA ZH)LiR%— )W T 7 —T 1 ug/mL (LB XS (CHIRU =%, 96 well half area
microplate (CAMIL. 4°C T—HREFE UEIHBIE LTz, &z, OVA F/z(& Dplx3 (F/)LRFR
— ~\wJ7—7T 10 pg/mL (CHIR Uz, 96 well half area microplate (AL, 4°C
T—HREHE LB E UTz. UIBEDRIEGE—EDRECE Uz, EFFROYA b1 (&
ELISA MAX™ Standard Set Mouse interleukin-6 (IL-6) (BioLegend) &KU ELISA
MAX™ Standard Set Mouse IL-12 p40 (BioLegend) ZRUL\, IO 1 77)LICHED
TRIEUTZ. F9'. Capture Hiifd%z 0.1 M DJLRKZR— N\ I 7 —T#&FRU. 50 uL/well
T 96 well half ELISA plate (CARIIUTZ#. 4°C T—BEREUEMR{E Uz, BHEELIZD
L — % PBST THo##&. 4% JOvIIT—XRZEHRML. 1 BEERTEHEL. JOvF>
JUTz. RIS, TL—b%& PBST THF#, 10 % JOVITI—XTHRELLET>TILK
URBG > —R% 50 pl/well THRIMUL. =EET2EERIGESEZ. 2 KEE. JL—hz
PBST Ti#&%# L. Detection #ifd%E 10% JOVOII—XTHIRLT. 50 ul/well TEHI
L. ZRT 1 BRERIGZ BTz, UL\ T, PBST TH#E. Avidin-HRP & 10 % JOvOT
—XTHRLT. 50 ul/well THIML. =RET 30 RIS Ez. L — % PBST T
R, $EE 0.8 mM O tetramethyl benzidine ZEHWTHRESIE. 2N H,S04(C LD
FRERISZELE?. microplate reader Z AU T ODysos70 ZERIE LTz,

FE2IRE (WU2 %) A Y IDER

WU2 o) t0O0—)LA bw2(E Dr. Yukihro Akeda KD 5L TULWEZLE, WU2 =
50 mL#BEEICANTZ 40 mLTHY X5« 2/ (30 g/L Bacto Todd Hewitt Broth (BD.
Sunnyvale, CA. USA). 5 g/L Bacto Yeast Extract (BD)) &B&ULT. 37°C THEL
TIFELUTZ, ODgoo M' 0.15~0.25 [GELE. £7E 20 mLZ#H UL 50 mLIiELE(CE
IRU7z. 5800 x g. 4°C. 30 =L, EBEZEFREEE. 30 ML D THY X7 1 JLAZINX
Jzo #ElFT. 5800 x g. 4°C. 30 Mi=LL. EBZFEER. 5mLdD 10% JUtO-)L
ZEBUZTHY AT JATEELUZ. —E2%Z 1.5 mLF1—TJ(CH3FELT. -80°CT
HiaRE LTz,
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WU2 i3XA MY O DB 1 5 —DHER

-80°C TRE LI WU2 ZERTEMU. THY AT+« DLAZANT 10 SERAIR (101
~107) Z&{Tofz. ED#. Sheep Blood Agar K (BD) (CHEIRL= WU2 &K% 200 pL
IOTL—KMITEFURE. BFUE WU2IBRNT L — b ETRR UTeC =R U TIEH&.
37°C THRIBE L. IBER. SHRERCHIF3IO0=—H=zEEH L. WU2 D515
— =R UIE (#93.0 x 10° colony forming unit (cfu) /mL).

A 2 IRE DI

-80°C TIRE Lz WU2 B TIBAEL. 3.3 x 10° cfu/mL &123KS(C. PBS =il
Z. BEORE. IOX(THEENTTZ%. WU2 (3.3 x 108 cfu/mL) K& 15 uL 3D,
5130 uL (1.0 x 107 cfu/mouse) TREEIHS Uz, B, YIRADRKE L EFER%
13 BEE=S— Uz, Fiz. YRR (LT SRERDEN 75%FKE & r> mBHEFTH
Uy =

In vivo [C$51T3 Dpl OBIT T

X OXBENMEBIC TAMRA-Dp1x3 B KU TAMRA-Dp2x3 % 3.5 nmol/mouse TS5 U7z,
%5 24 BRI (CSEERD >/ (EizEUR L. 200 pg/mL Liberase TL & 10 U DNasel =&
$ RPMI1640 5BRHT. 37°C. 1 BfiikZE Uz, 1 BSfE#&. EURU /28880y > ) CEi(d. 5
mL U Z0HRATY MEBERAWTHERL, 70 pm WILA KL —F—TEAL., &A%z
EDBRUZ, JE@ U flifE(d. 600 x g. 4°C. 53 T&ELUL. LB UTZHiREZE 96 well U-
bottomed culture plate (C&EELTz. BE. 600 x g. 4°C. 5 3 Ti=M&. 1% BSA/PBS
T 1 [\E%FEUE. $U T, Fixable Viability Dye eFluor™ 780 % 0.1 v/v%. anti-
CD16/CD32 #iAZ#EE 1 ug/mL. APC anti-PDCA-1 A= #EE 1 ug/mL.
PerCP/Cy5.5 anti-CD11c HiiAZ#EE 1 ng/mL. BV421 anti-I-A/I-E FUAEIKEE 1
ug/mL. Alexa Fluor 700 anti-CD19 #fiAZ#EE 1 ng/mL /123D KD 1% BSA/PBS T
SHEE L. 50 ub/well TRIDUTZ, EARMAT T, 4°C. 30 DFFE L&, 600 x g. 4°C,
5HTELL. EBEZEREELUE. €UT. 1% BSA/PBS ZAU\T 2 BiFE=EITOIZE. 1%
BSA/PBS T 100 plL/well TE&L. JO—Y o bX—5—ZRWTER LI,

Ea/RDF RZEABVEHFRRR T
Y ORXENEBIC Ea. Ea-Dplx3 8KV Ea-Dp2x3 Z 18 nmol/mouse TS5 L. &5
24, 72 HBUVE 120 B CERY > ) EizEU Uiz, iR EREoED,. O35 —
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CANIEE, ML, IBBIT DL THRAZRDRULZ, Hifgld, 600 x g, 4°C. 52 TE
DU, SEEE UT=#RE% 96 well U-bottomed culture plate (CHEELE. ©DE. EAF>
1t Y-ae HiiAZ#&EE 0.25 ng/mL &£783D KD 1% BSA/PBS THZEE L. 50 ul/well TH
MUz, 4°C. 30 B TRISHE. 1% BSA/PBS T—EHFEUTz. %L\ T. Fixable Viability
Dye eFluor™ 780 % 0.1 v/v%. anti-CD16/CD32 HiiAZ#E~E 1 ng/mL. APC anti-
PDCA-1 HAZHEE 1 ug/mL. PerCP/Cy5.5 anti-CD11c AZIIERE 1 ng/mL.
BV421 anti-I-A/I-E A= #EE 1 ng/mL. Alexa Fluor 700 anti-CD19 JiAE#ZEE
1 ng/mL. PE/Cy7 anti-CD86 HifAZ#EE 1 ng/mL. PE-StreptAvidin Z#EE 0.25
ug/mL E12:3 K5 1% BSA/PBS THEL. 50 ul/well THRIUTZ. EXEZHET T, 4°C,
30 DEFE LT, 600 x g. 4°C. 5D TELL. EEZEELUC. TD#E. 1% BSA/PBS
ZRAWT 2 [B5EEiTo/2%. 1% BSA/PBS T 100 pl/well THEEL., JO—H 1 hX—
A —ZFBWTERTUTZ,

Dpl DRIL AV > (NCL) EBEENDESTEFE

White OptiPlate-96 (C )Lk — /Wy T 7 —7T 10 ug/mL [CHIRLU = NCL BEHE.
RRM1, RRM2, RRM3. RRM4. GST % 50 puL/well THRIMUL. 4°C T—HEHE LEHRIEL
Jzo LABOIRIE(IE—EIDAECEU T,

et ARAr
E—EIDRERMR LTTECEUTZ,
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[SRERHER]
PspA EEPRHRREERD F R EDRISEREDFER

Dpl MRBRRETOF > (CHITDHREREF v U7 E U TERANTHE T D728, FikEKE
DFIRREERE CThD PspA & Dpl EDRIEERE (PspA-Dpl) ZEXRBE (CKDIER
Ufco &Y. PspA-Dpl RILTS A= REKBE(CEAL. PspA-Dpl EEEBEEFRIAETE
7o $EWT. Histrap S A, FIVEBHS LAZRAVWTCEREZBER UL, BRUCERES
DFEE (L. SDS-PAGE ZRWTCHER LTz (T —5FKEE) - . BRUZEREFROIY
REFS>2E(30.05 EUMTTHDEZHERLTLND (T —FKEEH) .

PspA EEHRHBEREVERD F R EDORISEREZ AL \V/- R Rt b

&9 S Dpl O ZERE(LT D28, PspA @ C FKimfll(C Dpl % 1 {ERt& LTz PspA-
Dpl. 2 {EFt&E LTz PspA-Dplx2. Z£UL T 3 fEREE LTz PspA-Dpl1x3 Z/ER L. 0. 21 H
([C C57BL/6I N DRICETIUOF> Uz, D&, 28 HE(CIRZEIYX L. MEEFHD PspA
1528 IgG Mz sl 9 2 C & T, A9 D Dpl OENDIOF NRICE X 2885 T
LTz, ©DFEER. PspA-Dpl ¥ PspA-Dplx2 EHEE L T, PspA-Dplx3 M+H' PspA R
7R IgG AEEZFE T DI EMNESHERDE (Fig. 6a). iz, Dpl #2527 Al
DIAFDZET, BRI OEESEEN @ LT 2hEHI T 5728, Dpl 3L\ Dplx3 D
BEHRHIREADIES M ZIRET UTe. TDFER. Dpl = 3 ERtE U7z Dplx3 (&, Dpl &LEEL

SHAMRADRESMNEE C LRI DZENHASHMERDZ (Fig. 6b) DED. 2HFK
MCRBICEZFET DICIE. FURIC Dpl & 3 EfET 2NENH D ENRBDHESNI.
ZIT. MUBOXEET(E. BHAMRMEAERT F Rz 3 @SS TR LTz,

Dpl DS OEHAMRREMENRTF RTEDOF MR EFE T D NI HMRET U
oo TDFER. PspA-Dp2x3 12 PspA-Dp3x3 Tl&. PspA 4FE2EM7R IgG MAELE(IFRHSN
9. BUS UTZEHRHRAZANE R T F ROBPTE Dpl KT REICE ZFEHFR D Z &N
S5hheEfrofz (Fig. 60). LLEDFERLD . Dpl (XDIFAHURICH T D IgG fiAEEZ
BEHRDIFURREFT YUV THD I ENFEENT.

RIS, Dpl [CKOTCHEEaNDIMiE. BIFFDI72 1)\ MK TEHEEENI A
s EZLEE I Bz, 0. 21 HEIZC C57BL/6] X A(C. PspA &7 1)\ hEEE
PspA-Dp1x3 Z#%5 U7z (Fig. 6d)., ZDFER. PspA BETI(E. PspA $FEMR IgG Huik
EEDFEEI SN D TZEDD. PspA % alum ° CpG s & %59 3 &, PspA Bt
EHEEXU T, PspA RFEM IgG Ml BR(ICER Uz, &7z PspA-Dp1x3 Tld. PspA B
MEART. 722/ bZAVVRL &6 PspA RN/ IgG MAEENBRI(CER Uz,
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UM L. PspA-Dp1x3 (&, PspA & alum B UK (E PspA & CpG B & HIKE UIcBE &S HEER
9D E. PspA FEIR IgG FIAEENBE (TR U TULVz, £ZEIFIC. Dplx3 (LT D
FURMIC DWW TEFHI Lz & 2 3. Dplx3 (CXT D IgG FUAFERH Sah o 1z (Fig. 6€) .
L7z > T Dpl (ERMMBSH TRLWEEZI SN ZEMNS. BERIC. D722/
NERIIE T EEDOF R FELRDIFUFREFT VU7 THDZ ENRENT.

BT, NORAENERDEIBETE. Dpl MUEREF U7 E L TOMRERIET
DU I Dz, BALB/c Y IXAZAWCEKEDIRET Z1To7z (Fig. 6f). TDFER.
C57BL/6] XXMM EREHRIC. PspA BB ELEE LT, PspA & alum Hi%5 T PspA 15E
172 IgG FUAREENBE(C ER U, E/z. PspA-Dplx3 (. PspA B EHEE LT, 72
2 /)W> BRUTE PspA FFEIIR IgG FUAELEN LR I T EMERHSNZ. F/Z.BALB/C
N IRICHUT. PspA-Dplx3 (CKRDFFEEEND IgG HLiAfii(E. PspA & alum HI%5THE
BEND G HAMliERE THDI I EMNASHERDIE. LI D> T, Dpl ([CKRDRZES
B(CEEEBES LR\ EHTRENTZ,

b 2EIRE (C K B R BHEIRH R

R(T. AREKE A\ DRRBHEIZIR 2 M L7z, C57BL/6] X JRIC. 0. 21 BHIC PspA B
. PspA &7/ . PspA-Dplx3 B KU PspA-Dp3x3 &I IF> L. RIEIHSD 10
H#. MXKEZESHSTRESE, KBS LU FRZHMEALLZ (Fig. 7a. b). €D
fER. FAREKEREE,. O bO—ILEFCIE. REBUAMEERI RS D., Bk 6 HEBFETIC
PTDOVIANGETUSE. E£/z. PspA {2 PspA-Dp3x3 DU F &L, O> bO—)LEfELE
BIDE EFROUENROHSNIZEDD, FXRIKEBE 4 HEFETICRBUMEERHRS
MO, FHDOIYIZANETUTe, — T, PspA & alum ¥ CpG Bz D OF > UicEE
Tld, B, —RKNCHRENRD UIZEDD. I <ICHREN 100%FTEHE Lz, Fiz.
FEETONIDANEFL TV END, REKEANDBREBENRNRD Sz,
PspA-Dp1x3 DOF > EEHCTHUNTIE, PspA & alum {2 CpG BT O F > Bf E[EIER(C. PspA
1> PspA-Dp3x3 DUF AR LR U T, RER OHIE EAEFROWENRH SN L
M5, PspA-Dpl1x3 (721 )\> bR £B. BUVBRHHMRZFE TS D ENAS
mEoT,

PspA-Dp1x3 EFP S 1)\ b EDHAIC K D REILE DI
PspA-Dp1x3 &7 2 /)\> hOREE(C KD T DIFHMRN S S (TIEESND N M
L7z (Fig. 8a). &/ AddaVax (&, E@fMEDONY_Z17)LED. KSHMEDHFEZIRSL

_39-



oo TOFER. PspA BMIGE S B LT, PspA Z alum. CpG &t AddaVax &HI&5
9D ET. PspA HEM IgG FUMBNERICEF Uiz, F/z PspA-Dplx3 Tl PspA-
Dp1x3 B & B LT, CpG #ZEEY°> AddaVax EDHIES T, PspA 1FEM IgG HiAMin
BRICERITDICENPESHEIRDTZ. T5IC, PspA-Dplx3 B & CpG EEDHIG S (.
PspA & CpG BEEDHIES LR LT, PspA $52£1 IgG AN BR(CEFID LN
RSNz, UM UL PspA-Dplx3 & alum D5 TI(E. PspA-Dp1x3 B> PspA & alum
HIG5 E R U T, PspA 152K IgG MiikMliICBRRZE (FSRH SN Tz, LT, FE
SNBRAEOY T OS A EFHALEE TS, PspA & alum ORIES T, PspA BEMigs
EHEBUT. IgG1 MEEICER UM, F/=. PspA-Dpix3 & CpG B EDHILE T,
PspA-Dp1x3 EEJfit> PspA & CpG HEEDHIGS EHEE U T, IgG2c N ER T D EHEAS
MERD Tz, FIz. PspA & AddaVax EDHIES T, PspA BEIRIGS S HEE L T, IgG1.
IgG2c MBEICER Uz, =5(C. PspA-Dplx3 & AddaVax EDHIKS T, PspA-Dplx3
BG5S S HEER U T IgG2c MBERICER T2 2 &N RSNz, FIZFEEF(C. PspA-Dplx3
ETZ I hOHIES(CELD T, Dplxd ([CHTRHAEENFEEINDINHELIZES
3. Dp1x3 (CHxT B IgG Huk(EERSH SN o7z (Fig. 8b). L= > T. PspA-Dplx3 (&
7232)\> bOHRTE CpG KREEEDHIGE T, DIUFUMRZLDIEEIT D ENREN
7Zo

#0\T. PspA-Dplx3 HEHAMRIUAEICS X 38&% ALz, 9" C57BL/6] ¥
Z(Z. 0. 21 HEICZ PspA & CpG B, PspA-Dpi1x3 E/z(d PspA-Dpl1x3 & CpG #iis7z
‘5 Uz, 20%. 5 HMAMBICE> T, 8AIMKRZEURL. MmEEFD PspA 1FEIR IgG HL
WELZTHE T2 & T, FERB CAREE DR E 7 Ml Uz (Fig. 9a) . TDFER. PspA
& CpG BEHIG5EE T, PspA FFREIN7R IgG FUAE A (FRFEIDFFE TR U TL K DIC
Xf U C. PspA-Dp1x3 BEAF T (& RERICE D T. IgG FAEA MRt I DIEAN A SNz,
E5(C. PspA-Dplx3 & CpG #ZEEHIR 5 T, PspA & CpG #EEHIGS SHHE LT, KEA
(CED T PspA FEMN/R IgG FREENBR(CHFR U CLWD I EMES M ERo Tz, L
N> T. Dpl (FREANIGMAEL (CEHEZSX D ENREENT.

RIC. PspA-Dp1x3 & CpG #%EéZ A UIZBRoD T flfRiEZ i it Uiz, &9, C57BL/6]
NDRIC. 0. 21 HEIZ PspA-Dp1x3 & CpG sz 1%51%. 28 HE(CAEfEZEIUN LTz,
ZTD%. PspA ERE CEEHRE 1 BEHIEEI ST LT, PspA KRN T il ELET
% interferon-y (IFN-y) Z&HiiL7/z (Fig. 9b). TDFEER. PspA BB LT, PspA
& CpG BEEZHIG5 U TH. IFN-yDER(FERDHSNIEM DTz, —73T. PspA-Dplx3 &
CpG Kz 1859 D & PspA-Dplxs IR LB U T IFN-yIBRICEF I ENEA
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SHEEofz. DFED. PspA-Dplxs & CpG #EEDIHISS(CK DT, FUAELEREDM LT
(IR, THRILCEBXDERLERD ZEMRHENTE.
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Figure 6. Potential of Dp1 as an antigen-delivery carrier for vaccine against
Streptococcus pneumoniae. (a) C57BL/6J mice were immunized with 1 ug PspA alone, or
1 ug PspA-Dp1 (which have one, two, or three Dp1 at the C-terminal respectively). Plasma
levels of PspA-specific IgG were evaluated 7 days after the second immunization using
ELISA. (b) The binding of 10 ug/mL biotin-labelled Dpl1 peptide (which have one, or three
Dp1 at the C-terminal respectively) to DC2.4 cells was detected using flow cytometry using
fluorescent-labelled streptavidin. (c, d, e) C57BL/6J mice or (f) BALB/c mice were immunized
with 1 ug PspA alone, 1 ug PspA-Dp1x3, 1 ug PspA-Dp2x3, 1 ug PspA-Dp3x3, PspA plus 10
ng CpG ODN or 1 ug PspA plus 50 pg alum. Plasma levels of (a, c, d, f) PspA-specific IgG
and (e) Dp1x3-specific IgG were evaluated 7 days after the second immunization using
ELISA. We used 800- (o), 4,000- (m), and 20,000- ( A) fold—diluted plasma samples. n = 5.
Data are means + SD. *P < 0.05, ****P < 0.0001 as indicated by Tukey’s test. N.S.: not
significant. Significant differences were analyzed only in the 800-fold-diluted plasma samples.
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(a) (b)
Q
g Cont
g 100 O~ Cont. :l'
% g ‘ ‘ -8 PspA :I
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Figure 7. Increased protection against Streptococcus pneumoniae infection by Dp1 (a,
b) At 10 days after the second immunization, C57BL/6J mice were challenged with
Streptococcus pneumoniae. Percentage change in (a) initial body weight and (b) survival
were monitored after challenge. (a, b) n = 5-15. (b) *P < 0.05, **P < 0.01, ***P < 0.001 as
indicated by comparing Kaplan-Meier curves using the log-rank test. We defined the day that
the mice had less than 75% body weight to the initial body weight as the day of death.
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Figure 8. Activation of immune response by coadministration of PspA-Dp1x3 and
adjuvant. C57BL/6J mice were immunized with 1 ug PspA alone, 1 ug PspA plus 50 ug alum,
1 ng PspA plus 10 ug CpG ODN, 1 ug PspA plus AddaVax, 1 ug PspA-Dp1x3, 1 ug PspA-
Dp1x3 plus 50 pg alum, or 1 ug PspA-Dp1x3 plus 10 ug CpG ODN or 1 ug PspA-Dp1x3 plus
AddaVax. Plasma levels of (a) PspA-specific IgG and (b) Dp1x3-specific IgG were evaluated
7 days after the second immunization using ELISA. We used 800- (o), 4,000- (m), and 20,000-
(A) fold—diluted plasma samples. n = 5. Data are means + SD. **P < 0.01, ***P < 0.001,
****P < (0.0001 as indicated by Tukey’s test. N.S.: not significant. Significant differences were
analyzed only in the 800-fold-diluted plasma samples.

(a) (b)
15+
150 e
=0 NS ww b
E 10 ]
100 — PspA + CpG ]N.S. E’
= —A— PspA-Dp1x3 ]N S:|ﬂ ‘Z-I.’ 5|
50 ~@ PspA-Dp1xa+ CpG ' ™ ﬁ ﬁ
0 | 0 I_?-‘ T .\ l? T

| 1 1 1 | - -
28 56 84 112 140 168 Cont. - CpG CpG

PspA PspA-Dp1x3

Figure 9. PspA-Dp1x3 plus CpG ODN coadministration for long-term antibody
production and T cell response. Mice were immunized with 1 ug PspAor 1 ung PspA-Dp1x3,
with or without 10 ng CpG ODN. (a) Several months later after the second immunization, the
level of PspA-specific total IgG in plasma was evaluated using ELISA. We used 800-fold—
diluted plasma samples. (b) At 7 days after the second immunization, splenocytes obtained
from immunized mice were incubated in the presence of PspA in vitro and the level of IFN-y
in the supernatant was measured after 1 day. (a, b) n = 5. Data are means + SD. **P < 0.01,
****P < 0.0001 as indicated by Tukey’s test. N.S.: not significant.
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Dp1x3 AT

RICHFREF v U7 ELTD Dpl OFLAMZEHM I S7/z6b. OVAD MHC ISR 11 T
ER=TORTFRTHDOTURTFRZHREELTRHWNWT, RIFRFAKETEDIF >0
RZEFEHRDINMTHB Lz, —fE(C. RTF RIS T DHURSIIES NS LAY OTII T
FRIEETFUTE FAEDMESNDZENFSNTE D, COFUAIZ OVA (CXH U TERIGT
BT ENHEKS, 7T T, OTIL & Dpl RS LERERTF R (OTI-Dplxd) Z{LFE
BU. NOXRICET DI ET. OVARENRRELEZHEHRDIMMRET UTZ,

£ C57BL/6] ¥ R(C. 0. 10 HBEIC OTII Bd, OTII & CpG A&%Bs= 7= (3 OTII-Dplx3
Z5 L. 17 HECMRZEURT D2 LT, MmEEFRD OVA 1FEMN/ER IgG FAEEIC DL
TEHE L7z (Fig. 10a), TDFER. OTII B/IZIFT/a<. OTII & CpG KB ZE %5 LT
E OVA 1R/ IgG FUARE L (FE RO SN DTz, —FH T, OTII-Dpix3 (&, OTII B
MB XU OTII & CpGEBEE LR LT, 722/ hZALVR< &EB. OVA IFENRR IgG
FHEENBRICERI D ENESMERD T,

LT, Dpl DS OREHAHRARI(ERTF RTE OVA FFEN/R 196G MAELE ZHEH
RDIMEETUTz, TORER. PspA TOIRET EEHK(C. Dpl LS OEHAHRRRIE R T F R
Tld. OVA RN IgG FAEENRHSNT. OTII-Dplxa ZIFH. OVA KRN IgG
FAREERFEUED T ENHBALTE (Fig. 10b). Ffz. OTII-Dplx3 & CpG Bl % %
SUz&EC3, OTII-Dplx3 BB & L& LT, OVA 45273 total IgG H KU IgG2c "B
BCERIDCENBOHSNE (Fig. 10c). LN DT, Dpl (FRLIGHIRICAWNDZ &
DTEDINRXEF T VI THD RIFRURZRAWZBETE. 722/ b
TE(CBUVREILEZFELHRD T LRSI,

Dp1x3 [C KD ERREDEIECFTR

LT, Dpl BHENBERARZEEHC(ICHEDS 71/ NEatEEB I MH 9 D128,
PspA & Dplx3 ZRIS T (CI%5 L. PspA $5E2MR 196G MAEE (CEX D287 5l U
fz. 9. 0. 10 BEIC C57BL/6] ¥R, PspA & Dplx3 #HI&5 L. 17 BECIK
ZEUNT D ET. MEEPD PspA 1FEH 1gG HFiikliz i Uz, €DFER. PspA B &
LB LT, PspA & Dplx3 ZHIGS5 L TE PspA FEMNIR IgG FAELE(FFE NN D
7= (Fig. 11a). &F/=. 0. 10 HBI(C C57BL/6] ¥ X(C. OVA & PspA-Dplx3 z=Hik5
L. MMEEHaD OVA 4RI 1gG FMBIC DWTEHME Lz, ZODFER. OVA BEIR & B L
T. OVA & PspA-Dplx3 ZHi%5 L TH. OVA FEMNR IgG FAEE (I LR Uah o/

(Fig. 11b), LIEM>T. Dpl BR(E 72/ MNEEZBLTH ST, HiFEE Dpl &
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A YD L THO THIFFENQRELE THBLERD MRS ER DT,

HLWVTC. in vitro (CHEWTHEEERIC, Dpl B BARREEMHEICH DS T7Z 2/ MNEtt
ZB I DINFHIMT D7zsd. OTII-Dplx3 & BMDC ZHIBE L. 24 KRR (ICELESNDI YA
RHOA(EDWTEFHE LTz, TDFER, OTIL & CpG KEEZ M UZEF T, IL-6 2 IL-12
p40 NEEETND—T. OTII > OTII-Dp1x3. OTII-Dp2x3 TlIH - b1 2 EEHER
SN DTZZ EMNS. Dpl (Fin vitro [CEWTHE, REfitzEREHE LN &
NNz (Fig. 12),

Dp1x3 MFv U 7 HetRsd

Dpl [CKBHESENRELECES L TUVBHEHET B/zth. OTII-Dplx3 & Dplx3
BEUK (& Dp5x3 ZH#5 L. OVA HFEMN IgG HiiMMlli(C5X D828 Z 5 MUz, TDFER.
Dp5x3 MG SEF LB L T, Dplx3 DHIGSEFT. OVA RKEI/R IgG FAELE N TRE (C
WAL ITBZENESHERDTE (Fig. 13). DED. H¥&5 U Dplx3 H OTII-Dpix3 &
FRE 9D ET. OTI ZEHAMIRADERN (OXZETETRKIAD,. ZDFEER. OVA 2N
IgG FAEENBL UIcEEZ SNz, U2 D T, Dpl (CKBNMERENRBICEDE
B(CIEETHDCENHASHERDT
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Figure 10. Potential of Dp1 as an antigen-delivery carrier for vaccine against OTII
antigens. (a, b, c) Mice were immunized with 1.1 nmol (equivalent to 2 ug) OTII alone, 1.1
nmol (equivalent to 2 ug) OTII plus 50 ug CpG ODN, 1.1 nmol (equivalent to 5 ug) OTII-
Dp1x3, 1.1 nmol (equivalent to 5 ng) fusion OTII with the other peptides or 1.1 nmol
(equivalent to 5 pg) OTII-Dp1x3 plus 50 ng CpG ODN. Plasma levels of OVA-specific IgG
were evaluated 7 days after the second immunization using ELISA. We used (a, b) 160- (e),
800- (m), and 4,000- ( A ) fold—diluted, or (c) 800- (e), 4,000- (m), and 20,000- (A ) fold—diluted
plasma samples. (a) n = 4 (b, c) n = 5. (a, b, c) Data are means + SD. ***P < 0.0001 as
indicated by Tukey’s test. N.S.: not significant. Significant differences were analyzed only in
the (a, b) 160-fold—diluted or (c) 800-fold-diluted plasma.
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Figure 11. Evaluation of adjuvant activity by Dp1 in vivo. (a) Mice were immunized with
1 ug PspA alone, a mixture of 1 ug PspA and 1 ug free Dp1x3, or 1 ug PspA plus 250 ug
alum, and the level of PspA-specific IgG in the plasma samples was evaluated at 7 days after
the second immunization using ELISA. (b) Mice were immunized with 10 png OVA alone, 10
ng OVA plus 1 ug PspA-Dp1x3 or 10 ug OVA plus 250 ug alum, and the level of OVA-specific
IgG in the plasma samples was evaluated 7 days after the second immunization using ELISA.
We used 800- (o), 4,000- (m), and 20,000- (A) fold—diluted plasma samples. (a, b) n = 4.
Data are means = SD. ****P < 0.0001 as indicated by Tukey’s test. N.S.: not significant.
Significant differences were analyzed only in the 800-fold-diluted plasma samples.
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Figure 12. Evaluation of adjuvant activity by Dp1 in vitro. BMDCs were treated with 11.3
nM (equivalent to 50.9 ug/mL) OTII-Dp1x3, 11.3 nM (equivalent to 46.3 ug/mL) OTII-Dp2x3,
11.3 nM (equivalent to 20 pug/mL) OTII, or 11.3 nM (equivalent to 20 ug/mL) OTIl plus 10
ug/mL CpG ODN for 24 h, and the levels of IL-6 and IL-12 p40 in the supernatants were
determined using ELISA. n = 4. Data are means + SD. ***P < 0.001, ****P < 0.0001 as
indicated by Tukey’s test. N.S.: not significant.
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Figure 13. Importance of Dp1 and antigen fusion. Mice were immunized with 1.1 nmol
(equivalent to 5 nug) OTII-Dp1x3, 1.1 nmol (equivalent to 5 pg) OTII-Dp1x3 plus 4 nmol
(equivalent to 100 ng) free Dp1x3 or 1.1 nmol (equivalent to 5 ng) OTII-Dp1x3 plus 4 nmol
(equivalent to 100 ug) free Dp5x3, and the level of OVA-specific IgG in the plasma samples
was evaluated at 7 days after the second immunization using ELISA. We used 160- (o), 800-
(w), and 4,000- (A) fold—diluted plasma samples. n = 5. Data are means + SD. *P < 0.05,
****P < (0.0001 as indicated by Tukey’s test. N.S.: not significant. Significant differences were
analyzed only in the 160-fold-diluted plasma samples.
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IR OB T

Dpl MHEIERERADHIROBITEZHE LS BTLWINTHIE I 5728, Dpl ZHAE
5= TAMRA T128fi L7z TAMRA-Dp1x3 Z{E& L. C57BL/6] ¥ I RDBMERCIS LT,
1 B%#%&. Y >/ EiZEIR L., SRz EOnRIESEiNAOBITHZ. JO—Y1 ~
A= —ZAWTIHE LTz, &z, FURRRHRRDS —F« >3 Fig.14a (ORUTZ. D
&R, > bO—)LEF® TAMRA-Dp2x3 &LE8& L T. TAMRA-Dp1x3 T. conventional
dendritic cell (cDC) ¥ migratory dendritic cell (mDC) &Iz TOHIRIRRHIRIC
HULT. TAMRA DEDIAHHRZE N BR(TIENNL TL\D Z EMNBAS M E/RD 1z (Fig. 14b).
U7zh'> T, Dpl (JHURIERHERADBITHCEN D ZEMNASh R Tz,

MIRRERS KU BIRIESD 75

RIC, EoRTF RZBWT. UEIRRRHEEC BT BRI RZ M Uz, EaXTF R,
MHC S X I [CRDTHBRESNBRTF RTHD. Eas I-Ab DIEERERHT D Y-ae
FERANBZET, MHC 95X 11 #NUEHRBIRTZHMIT 3T ENTES . 22
T. Ea. Ea-Dpl1x3 F/z(d Ea-Dp2x3 ZNIRBEMEILDIREG L. RIS (CTEERY > ) (&R
ZONTDZET. FRICHIT DR ROBRNELZTHE L/ (Fig. 15a). EDiE
. Eaf® Ea-Dp2:3 LBV Tl DB R TERBIRRERD SN D2, Ea-Dplx3
Tl BNERETHEE TIURIRRO LA ZHSNE, FHC cDC Tl %5 1 BETHE
RROERNIEETH DI, T, BRSHSEENRER T B(ICDN. mDC ([CHITBHER
THEEECER UM, BMlRETIOT7 —S(CHBNTIE. &5 5 BROFERR LRENR
HBNIz. LA > T Dpl (&, #HAfERZEH IR~ ERAOBITHEZR LE=E3 2
ET, TURERTHRICH T D HURIR R ZIEAREfE TH D EMHEShER D e, e 185
3BEOMEY >/ EICH T 2B MERTRHMRBOERIZND FORIRICOVWTEFHMEm UL Iz,
TOFER. Ead CpG EEHIGS5AF LB LT, Ea. Ea-Dplx3 F/z(d Ea-Dp2x3 &5 L
TH CD86 DFEIAIEA (FFRH NI D /z (Fig. 15b). DFED. Dpl (FHRFE D FDFIR
ZIBW I D LK. RBICEZFELRDICENBESMNERD T,

Dp1x3 (C31F3 NCLADFS

Dpl Z#4 > F AT DIRSFTZBRDAEZ NCL BEHEBENADESEZHME Lz (Fig. 16a),
ZOHER, Dplxd(E. O FO—JLEBETHS OVA EHBU T, NCL BREICERCH
BT BT ENRDSIZ— T, Dp2:3 (&, OVA [CE NCL [CERE LRV ENBESHE
Ao T, &5(C. Dplxd M NCL OREEAIIC DN TIHEL /=, TNETOMET. NCL (3
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N 3K R X1 >, RNA R#EF—T (RRM) ZSOPRIMAEE. CRKEDITVS 2B KUT
ILFZ[CEATE (GAR) RXAHBIR0D, ThSE5HRMEEE. 524 DDRRM R
XA OHBEBRESNTVB T ENESNTS >. T T. RRM RXA SRCHITBHEE
DES%EFHIE T B2, AS1411, MS-3. Dplx3 i, ED RRM RXAA > (CHEET BN EHE
L7z (Fig. 16b). ZMDFER., AS1411, MS-3, Dpix3 (FL\VFNE. I> hO—LEHET
53 GST ELEB LT, 2TD RRM RAA S ([CHERBICIHRATITENESHERDfZ, &
7z« RRM RXAA>DHTEHE, AS1411 (F. RRM3 BLU RRM4 (T3 L TLD3R<HES L.
MS-3 (£.RRM1 S KU RRM3 (L LT L DMK HEEST BT &N RO SNTZ.—5 T .Dplxa
(&, RRM RX A >DfhTH RRM2 (L U TLDMLHEET DT ENESHERDTZ, Uz
M2 T NCL (ST BT TIT—OHHAE Dplx3 (d. ZHNEH NCL ADREHEPAIN RS
BT ENBHENI,

In vivo [C&1TD NCL DFS

RIC, in vivo [CHITD NCL DEFSZFHET /2. -1. 0. 1 HEIC C57BL/6] XD
AIC AS1411 F£/fz(F CRO 715 L. 0HBIC PspA-Dplx3 ZiIx5 Uz, €MD&, 20 HE
(CI&RZE BN U IMEEFD PspA $FEEVR 1gG TUARE £ 7% 5Tl U /= T DFER. PspA-Dp1x3
& CRO HIG5BF B LT, PspA-Dp1x3 & AS1411 HIGSEFT. PspA 1FEMR IgG #t
HWEENBRICRD T D ENBESHERDTE (Fig. 160). LIzh> T, Dpl (FAEHAHHAR
RELDNCLZSY—TY hFTDIET, REBICEZFTELUTCVWDZESESHERD T,
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Figure 14. Evaluation of migration of fluorescent-labelled Dpl in mice. (a) A gating
strategy for analyzing immune cells in draining lymph nodes using flow cytometry. (b) Mice
were treated with 3.5 nmol (equivalent to 10 ug) fluorescent-labelled Dp1x3 or 3.5 nmol
(equivalent to 8.6 pg) fluorescent-labelled Dp2x3 via the ear pinna. Fluorescent-positive
Conventional DCs, Migratory DCs, B cells, and macrophages in draining lymph nodes were
measured 24 h after treatment using flow cytometry. (b) n = 4. (b) Data are presented as
means + SD. *P < 0.05, **P < 0.01 as indicated by Tukey’s test.
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Figure 15. Efficient antigen-presentation by Dplin mice. (a,b) Mice were treated with 18
nmol (equivalent to 30 ug) Ea only, 18 nmol (equivalent to 79 ug) Ea-Dplx3, 18 nmol
(equivalent to 72 pg) Ea-Dp2x3, or 18 nmol (equivalent to 30 pug) Ea plus 50 ug CpG ODN
via the ear pinna. (a) The presence of YAe positive cDCs, mDCs, B cells, and macrophages
in draining lymph nodes was examined 1, 3, and 5 days after treatment using flow cytometry.
(b) The expression of CD86 on cDCs, mDCs, B cells, and macrophages was evaluated 3
days after treatment using flow cytometry. (a, b) n = 4. Data are presented as means + SD.
*P < 0.05, *P < 0.01, ***P < 0.0001 as indicated by Tukey’s test. N.S.: not significant.
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Figure 16. In vitro and In vivo evaluation of NCL contribution. (a, b) The binding of 10
ug/mL biotin-labelled Dp1x3, biotin-labelled Dp2x3, FITC-AS1411 or PE-MS-3 to Nucleolin,
OVA, RRM1, RRM2, RRM3, RRM4, or GST protein was detected using fluorescent-labelled
streptavidin. (c) Mice were immunized with 1 ug PspA-Dp1x3 plus 5 nmol AS1411 or CRO,
and the level of PspA-specific IgG in plasma was determined 20 days after the first
immunization using ELISA. n = 5. Data are means + SD. **P < 0.01, **P < 0.001, ****P <

0.0001 as indicated by Student’s t-test. N.S.: not significant. (b) #P < 0.0001 vs. GST group
by Tukey’s test.
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(Z£]

AEITIE. Dpl RIFRONBRIEDIF > (CBITBDMEREFT U7 ELUTERTHS
MU Tz, €DFER. Dpl ERREKERRD PspA ZRIGSE D 2 &E(CKD T, PspA 4
217 IgG FIAEENTEE (C LR U (Fig. 6d. ). FAIREDRREZHHT D2 ENES
MERore (Fig. 7a. b). &F/z. Dpl (F OTIL DL DIRTF RFUR ERE S EHIEHZE(C
SHURRSENRIAZSELRD NS (Fig. 10a-c). Dpl (& LRI OFHIRE
DISAGHIF CEDINMEEEF T U THDIIENEZSND,

Dpl & PspA MFEEET. PspA 1FENIRYUADFEZ{EET D/csHIC(E. Dpl Z 3 DE
HBOEEITDIHNENSDDCENBESHERDTE (Fig. 6a). —AT. F—EHCTHEREEUTH
LWz NA DIFE(ICIE. E/X—DEAF>AL Dpl & NA EREEF BT NA (XTI DK
FEr PRI ENEEE (Fig. 3a). —RFBEIDIINSOFERE. NADKEAF>
EDFEEEZE 4 DR D EZBFRDEERTETIURMND D, IH5, E/X—
DEAF AL Dpl & NA SRETZRRIC(E. NA Z/T LT Dpl D 4 EFHFER SN D=8,
NA ZEFHIK (CEHIAENRD Z & ERAUBEN DB ERRAGH O TEDEEZ SN D.

Dpl LHRZRMEE IS UIZHAC(E. MURRENGHTAELED LR (FERH 50
o7z (Fig. 11a. b). F/z. HUR&E Dplx3 DRESIK(C Dplx3 ZHIE5ITDETIF R
(FHEUEZ (Fig. 13). COZENS. HiR%Z Dpl LRET DI ET. HURRRHERAD
NEREDNEN LR U, RBILEEFELRDCENBESHERDTZ, o, Dpl BEIE
HA "> OEEZFELRNCT E (Fig. 12) 1o, Dpl (T I IFAEEEFE LR
Z¢& (Fig. 6d) M5, Dpl FREMICEBNDIREEF U7 THD I ENRE=NT.

PspA-Dp1x3 & CpG %l & DHIGS THRENDITHDB T USRI Z M LIz &2 3.
IgG2c MERE(C ER L TWLZ (Fig. 8a). BN DR IgG2 (&, J&MAL Fc RBUAIC
BEL., FRhIRBSKIUIYIOT 7 —ZICKDRVNTIARMKFEMREE (antibody-
dependent cellular cytotoxicity., M{F ADCC) B IUNMAKFIEMARER (antibody-
dependent cellular cytotoxicity. LT ADCP) ZFEHED T ENFSNTLS 289,
ADCC S KU ADCP (3. FiREKEZETHES KU 1)L ARGz HBR I DIz (CE
BETHDESNTUVB 08, FTz. PspA-Dplx3 & CpG 4l & DHIFS THE SN/ IFN-
y (Fig. 9b) (. #RAIGHEEZBLTHED., TDOIEO—DIC, ¥oOT 7 —= LiFhikz
EHE T BT ET, RREREHR T DHEENF SN TS %%, LIzh'> T Dpl & CpG
BEEDMA . FIREKE/R EDOHIEICK I 2T 0 F > HARDTZHDHEE & U THRNITE
EZBND,

PspA-Dp1x3 & alum ORIGSTETOF D RDIER(IZBH SN Dz, 2. Dpl
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& alum TlE, HEDRZFELRGEH DD, FHHICDWTIIARRATH DN, ZniE
alum ([CKBNREREDWENES L TVBEEEMNHSD 4, —DDREEE LT, PspA-
Dp1x3 & alum ZRET D2 ET. alum (CKD T Dpl DF+ VBRI &1, Dpl
[CKDFrUT7RRENEKDNIZOIGEEN DD, LI DT, Dpl [CKRBINFEEEZIHEL
BN\ R THNUL, Dpl DDOFUNRZBICIERTET DI EMNEZISND,

TAMRA ZAWzi&ETHS. Dpl (FEHAMIRRIZITTR<. ¥o0O7J 7 —>4° B filgd
BITHEARICH LT BT EHRENTE (Fig. 14b). /. Dpl & 1 D& E 3 DEHIC
HEE T AN, BHAERAOHESIHRAMENAEm LU, NCL (CE<EEIT DI ENRDHBNIT

(Fig. 6b. Fig. 16a), =5(C. NCL D DNA 7FH<X—T#%3 AS1411 RV T, PspA-
Dp1x3 & NCL DfE&EZAET D E. PspA FHFENRITAEENERICHL TDZENIAS
MeERo7E (Fig. 16¢). LIE> T, Dpl (& in vivo THE NCL ADFEEMRIFE (CIAREE
EHEBEL TV ENRHENTE.

Dp1 (& NCL @D RRM RX+ > D TH, RRM2 [CLDELEAT BT ENRESNE—F
T. AS1411 ( RRM3 U} RRM4, MS-3 Tld. RRM1 KU RRM3 (LT, LD
BFBTENRBBHSNE (Fig. 16b). TNHETIC. RRM1 A° RRM2 (&, RNA DB
FEMIE UTHIICEBETH BT EMRESN TR EDD ¥, RRM RXA > DENAT Y
FUMRCERDRECDVWTIEIRITARFT SN TULVRL, 518, HURXKESE RRM RX1>
DOEEHEED TEICHRZEDDZET. DIFI—45w bELTD NCL DOHEEERRER
([CDIRN B ETEEEN BB,

FUREDPl ZRME T DI ETIIFUMERIER TESD—75.Ea-Dplx:3 &5 L TEHE.
FURIR R EDHRIED FORIR LR (FEROHSNEM >z (Fig. 15b). HiEHRERHEEA
T MRz BT DIeD(C(E. TR R, HRIBDFORIR, U1 O >>JFILD 3D
NEBSDHENSDD. INSZBLEIIRVNGE., 77FHT— (SREIH]) RRE(CIRD Z &AM
BSNTNS %9, UL, AIRFRRETNEFBEUBRERLTH D, B, HEESD
FOFRRZE LR URK EEREBISEZFEIT DI ENHERZON. FHCDVWTIERER
BTHD. U UiaE., FURDRBILICKD T, REAICE > THIRZERESEHITDZET.
IBREAIL) —T HIREDMEEBEL 07 BNUC K BEARIRFISE DRI . FLAD
BLERWETDEVDIHRENREINTND 7277, KAFIERT(E. Ea-Dplx3 £IH5T S
C&ET. cDCHBRHICHIREZIR R I DEIT TR, REAICE>TmDC, Bifife. ¥~-O>
7—HhREIRRI B ENRDHSN TS (Fig. 15a). F/=. PspA-Dplx3 DI%EI(C
KO T, REAfE. FAEENFHR I D EEROESNTHD (Fig. 9a). FADEVEICH
EES X TVWBHENENSS ©7, U EDEHNS, Dpl (FAFRRMEIEEEHE U<
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EERBICECFBHRDNFXEF U7 THDEEXSND. FHAICDVWTEFELRD
BEHMETHDEDD, Dpl TESNIHRERE. SEBODIFUHEICH VN TEERA]
RERDEDEIEEMNEND D,
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S5=H Dpl ARTJ'FREZAVWZHFITRN CD8™ T MiladDiEIH LSS

CD8™T fifa. E£/=(FHMESM T HIRZ EIEENSD T MRER (L. 1)L (CRREE UM
RN AR E R T B1REIZIES 78, CD8' T #IREEIH b E/E T B (C(d, A
RANHIE%E 8~10 7= JBIREDNRTF RASEL. MHC 75 1 ([CiEaSEIIRETH
EEREICIRERIBIVENGDS P, UL, MHC USRI [TIRRESNDZ < DRTF R,
MRREREONEMEERECHRT 3RTF REF TS 0. #IfAN SELDAENIZIE
HBRDZ < (E. MHC 5 11 [TIBRESNBTENMSNTNS 30 CTTEELRBD
W OORTLELFT—2 3> EMENZRETHD. JOXTLEEFT— 3 > (IR
RANHSEARZE DRAATE R, TDARTF RETA % MHC IS5 X 1 ([CIRT BRI THO.
CDBIRF. AEMHC ISR 1 ITIERSHRUWISEHFIRICH LT CD8' T #ifamiE it ba
FEIZLT. RERARTHS .

FJ/z. CD8'T fifa&= EIH b I B/ed(C(E. FURIRRIEIT TR, SRR L (CH
9% CD80. CD86 I2EDHFIBDFH LU A hHAUICKBITFINUETH S,
RS CENZ YA MO > ELTE IL-2 BARISNTE D, CD8YT g’ IL-2 (C
KOEMEL P tBIE T BT & T /=T A UAT S A L IFN-y. TNF-a&ZEE L.
P ASRREX O RAREE & DREIMIRIC TR N—S A EHET T ENEES B,

RIEIETIC. Dpl ZHMREMESTED T ET. HFEHENTREE TR D (ISHETED
CERRUTEE, TTTAREIT(E. Dpl AHURFENR CD8'T MRBDEH L ZFET S
T ENHERZNEHET 3728, OVA D MHC 75X 1 TE M—TRTIFRELTHBND
SL8 ZEFT /LR E U TAHULT. SL8 & Dpl Dt&aHZE/ER L THRET LTz,
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[SERRHR & 5iX]
atlEE

Poly (I:C) (&. Invivogen K DEEA L7z, APC anti-CD44 #i4& (clone: IM7) (&, BioLegend
KDEEA UTz. FITC anti-CD8o#i4k (clone: KT15) (& abcam (Cambridge. MA. USA)
KDEA Uz, T-Select H-2Kb OVA Tetramer-SIINFEKL-PE (34X S EZEY)FEIAR
P (MBL. Tokyo. Japan) KDEEA L. G-418 Solution (& Roche KDEEA LTz,

S

E.G7-OVA #ifig&S KU B3Z #ifg(d. ATCC LDEEA LTz, E.G7-OVA HiflaDIEE(C(E,
10% FBS. 1% RZZU>-X ML T YA AR, 400 pg/mL G-418 Solution 25
£ RPMI 1640 572U\, 37°C. 5% CO, £ T THEEUIZ. B3Z HIl2DEEC(E. 10%
FBS. 1% RZZU>-X ML T YA 2ER. 50 mM 2-ME Z&% RPMI 1640 itz
AL\, 37°C. 5% CO, & FTEEL.

SRERENI
EEREMB XUERBEEL. B—EDOREBMEI EEICECT.

KT FR

SL8 (SIINFEKL). SL8-Dpl. SL8-Dp1x3. SL8-Dp2x3 Fz(d SL8-TAT (HIV DErEA{E
ERFHREDRTFR) (F RRSHRATSLALDBA L. Fe. SL8 LENTNORER
HRRARAE AT F RET(E TAT ORIE G5 U>H— (GGGGG) TEfELIz, BALRART
F RDBCHI(S Table 6 (CECEk LTz,

Table 6. List of purchased peptide sequences.

Name Peptide antigen Linker |Peptide

SL8 SL8 - -

SL8-Dpl SL8 GGGGG |Dpl (VSYKAIR)

SL8-Dplxs SL8 GGGGG |Dplxs (VSYKAIRVSYKAIRVSYKAIR)
SL8-Dp2xs SL8 GGGGG |Dp2x3 (GGSKPVRGGSKPVRGGSKPVR)
SL8-TAT SL8 GGGGG |Tat (GRKKRRQRRRPPQ)

The sequence of the acquired dendritic cell-targeting peptide fused with MHC class | epitope
peptide is shown.
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RTF RORAISRUFRRED > ) Gz EuR

0 HEICZ. SL8. SL8-Dpl. SL8-Dp1x3 F/zld SL8-Dp2x3 Z 51.9 nmol/mouse. CpG
5% 50 pg/mouse /(& poly (I:C) Z 10 png/mouse &2 KD PBS THRAE U,
ARUEERIE. NODADENMKAICNY AT 049 —%2BU T, 50 ul/mouse THOI%5
LTz, 505 7 BE(IC, MR, AL, Y >/ (EiZ 0.5% FBS. 1% RZT>
U>-ZA LT bYA S 2aRESO RPMI 1640 15ihd (CEIYN Uz BIUR LTzY > ) (EilE.
5 mLUSZOARTY MIZAWTERL. 70 yum WILA KL —F—TIEBAITDZ &
T. WAZEDRUZ. TDHE. 600 x g. 4°C. 5 =L L. U Uiz BN Uz,
BoNIZHR(E. CD8'T MfAsFEREDFHI RO >/ EFHRRDTURBRIMIC L DY b
- EEFHImICAVE.

CD8 "#lifa{S=1% T MfLEBaED T

EYX U /z#lf2Z 1% BSA/PBS &R CTREE L. 96 well U-bottomed culture plate (C 1x
10° cells/well &322 &S (CHBRELUIZ, 600 x g. 4°C. 5 M&ELE. EEZIET, anti-
CD16/32 HiAZ#&EE 3 ng/mL. T-Select H-2Kb OVA Tetramer-SIINFEKL-PE Z %2
£ 0.8 ng/mL (C723 &> 1% BSA /PBS BB THEEL. 80 ul/well THIMU. EHE
AT T, 4°C. 20 DERBE L&, FITC anti-CD8a HiAZ#ERE 5 ug/mL. APC anti-CD44
FUAEHSER 10 pg/mL ([T123 &S 1% BSA/PBS SR TR L. 20 uL/well TRIMUZ,
ERR(C B EMAF T T 4°C. 20 DEFE Uz, 1% BSA/PBS T 2 [Ali% L. 7-AAD Viability
Staining Solution Z 1 v/v% RN UTZ 1% BSA/PBS % 100 pL/well THM. BHEL D
O—Y+A hX—5—ZRWTEITLTZ,

U > )\ETHRRDIMIEBRIBIC KDY MhA > L

EIR U7z#ifEZ 10% FBS. 1% RS U>-X ML T hAS2iaRZSE RPMI 1640
M TERB L. 96 well U-bottomed culture plate (C 1x10° cells/well L1323 K5 I(CIEIE
U7z, 600 x g. 4°C. 5di=0M&. EBEZEDERE. 50 ug/mL SL8. 10% FBS. 1% X
“2U-A LT RRAS VAR EED RPMI1640 & 100 ul/well THRIOULZ. 24
Kffdi#g. 600 x g, 4°C. 57=0L L. BEZEEINUZ. BURLZ BEFROY A b A2 %
ELISA (CK DT LTz,

BEN D AR B IRIEREZI R DRSS
1#&E Uz E.G7-OVA #ifg%=, PBS T 2 @&, 3x107 cells/mL &3 LS. PBS
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TEE LTz, C57BL6/) X AMDEEERRZAIC E.G7-0OVA #ifa%& 3x10° cells/mouse (100
uL/mouse) THBHEL. BNV IAZER Uz, /848, NIREEBOEEL. BHED 2 HEI
EFTIC. TESY b (USSTR=ILT+ 2O A%kR St Tokyo. Japan) ZRULT. Bk
EU, BEICHTZEEMNRETMMT IC(E. BENS 5 BEIC. BEAKEN 25
mm>~60 mm? ([C712D TRV IRERERILIciE. &RTF RE CpG REEDREES SR % .
YORENMEAIC 296G X1 ST 09— 2RANTIRS Uz, Z0#%. 1~3 B S (CEER%E
BEURZ. o BRI I FHHREHMITIMRC(E BiETSD 7 BRICERTIFR
& CpG KEEDREENE . N IRBENEAIC 296G X111 05— 2RANTERS L. BERE
ERRENCAE L. BRAEE. (BR) x (81 °x0.5(C&D. BHUR.

B3Z filBICKDIVORTLE>FT—>3 >

587z BMDC ZEIUX L. 96 well U-bottomed culture plate (C 1x10° cells/well &
12BDLD(CEE 100 pl/well THEEL. 37°C. 5% CO, FH T T—MFELZ. TDE.
600 x g. 4°C. 5= 0LU. EEZEEDRUVZ, il T RTIF REN 10 pg/mL £133
KD(CEE 100 pL/well THEMU. 37°C. 5% CO, &4 T T 6 KfElgfFE LTz, €D, 600
x g, 4°C, 5 M&ELL. EEZEEDKRE, PBS TOT/LE 3 EEELIE. RIC. 2x10°
cells/well L7122 KD (CRRE LI B3Z #ifig. £= 100 ul/well TEELTZ, 37°C. 5%
CO, &M T T 18 BFfEIERE L7218, 600 x g. 4°C. 5 ;=L L. EBZLYRLTZ. TDE&.
BN U7z EEHRD IL-2 Z ELISA (CKDFHi Lz,

B+ M4 > ELISA

LB b > (F ELISA MAX™ Standard Set Mouse IFN-y (BioLegend) 7%=
AV MDY Z 2 77)UICHE > TRIE UTz. DUBFORIEE. SEZEDORBRMI EECED
7_:0

BMDC D:%E
E—EIDRERMR LTTECEUTZ,

FRET AR
B—EIDOREAMR ETTECECTS
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[SRERFER]
Dpl [CXBMEISERNR CD8™ T MIFADERIE(LDHEE (i

Dpl ZRTIF RHURERMETDE T, RIF RHURIFENR CD8' T HIfBDIE ML H'R)
KN (CHFEeNDdMEFHI LIz, FURELTE. OVA O MHC 5 X I ITE =TI F
RT3 SL8 RUF, SL8 & Dpl LDFENRTF RTHD SL8-Dplx3 ZALVZ, FI\ &
RTF K% C57BL/6] XOADENMNEBICEEIKS L. &5HN5 7 BRIC. BNTOFEY >
J\ENTHDEEE >/ EiZEIIX LTz, Bt T BIRUZD >/ (EiROHfRE SL8 & 24
MHAEELUE, 7D&. EBZEIIRL. EBHRO IFN-yZiH i 52 & T FURERN
CD8'T #RaDE M b ZHiI LTz, 7285, SL8 (. MHC U5 R 1 TIRRENBZRIFRT
HDTEMS. THIRROA., CD8™T i UMRIET D LSRR, TDFER. SL8 B
MRS T(E IFN-yOEEFRH SR D TZ—H T, SL8-Dpl3 k5T, 72a1/(> b~
ZRAWRS EB IFN-yBERICER U (Fig. 17a). LIeht> T, RIFRFURICH LT
Dpl RIFRZEFMET D LT, CD8'T HFEDEH L ZFE TSI ENPESHERD
z.

SL8-Dp1x3 &7 1)\> bDHAIC LS CD8* T MikaMDIEIE(L

R(C. SL8-Dpl1x3 £ /)\> hEHIE5 T DT E(CLD> T CD8'T MpadiEH b Z K
DR <FBEHRINHIE LIz, 7722/\> hEULTI(E, MRHESRBENSFENFE/R CpG %
™ poly (I:C) ZRLz. £z, Dpl @I bO—ILRTFRELT, Dpl AU R/K-X-
X-REF—T%ZHF IS Dp2 1>, BIFOHURXREFUZDO—DEUTHSNSD. HIV DR
BBERFHED TAT ZBUL/E (Fig. 17b). ZO#ER. SL8A° SL8-Dp2x3. SL8-TAT B¥
Tld. CpG B EHIES L TE IFN-yD_ER(FFRDSNIRN DIz, —FH T, SL8-Dplx3 &
CpG #ZEEHIGSEF T, SL8 ¥ SL8-Dp2x3. SL8-TAT & CpG EEHIGSEE S LB U T,
BEE(CIFN-yA LR LU TWBR T EMBASMERDTZ, LD T, SL8-Dplx3 & CpG i
EHIGE5IDET.CD8' T HIFANN K DSEMHEILL TWLWD Z ENBES I &R Tz, /=, Dpl
& CpG BBBIC &2 CD8' T MifaEIE L. TAT DR SREIFOINBEXREFT T UTLDE
BT SNBSS (Fig. 17b).

RIC. 72 2)\> bz poly (I:C) (CEXT. ERROIRFTZIT DIz, TDFER. SL8-Dp1x3
& poly (I:C) DHIESEL(E. SL8 & poly (I:C) MIIEEEFELEE LT, IFN-yH'EARIC
ERUR (Fig. 17¢). LI T Dpl (&, CpG HEELSN DXL 7= 1)\> hEAZE
BTEHE CD8' T #RaDE ML ZE N (CFREHRD C EHVREBENIZ,

SL8-Dp1x3 & CpG BEEMILILS(C LD SL8 1FEHIL CD8™ T HIRZDEMH L DiHE R K
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DEEN (CFHI I D128 38505 7 BRIC,. YO XEEEPY > ) (EiZ B U H-2kb OVAs;.
64 tetramer ZFU\T SL8 $FRM/ CDS T il s BEiZREL. JO—YA X KJ—T
i U7z, Tetramer &(d&. MHC 5 X 1 EHURDEERZ 4 ERMELIEEDZAWT.
MRZFREN(CERHTD TCR 2H5 9D T Milezidt 9255 THD. TOFER. SL8
SL8-Dp2x3 K/z(d SL8-TAT & CpG KEEDHISSEF L LEE LT, SL8-Dp1x3 & CpG #%H#
HIG5RF . Tetramer BFHEERMEINLZ (Fig. 17d). AER(E. BIERD ex vivo TD
IFN-yEADEREBHEBEL TS EMS (Fig. 17b). SL8-Dplx3 & CpG BEEDIHI
5(CLD. SL8 HFEMIR CD8™T HiRaDEH bR < BN TS T LN RSNz,

SL8-Dp1x3 & CpG IG5 (C KB NIEEIROR

SL8-Dp1x3 & CpG KEEDIHIGS(C K DEHEE NIz CD8™ T MiREDMEE & sHH 3 D728,
FESNTHRIFRENR CD8 ' T MR UEE IR Z T e 5 I MRS LTz, ISz s LT
(FNDRY > ) REHSK EL4 #lifa(C OVA ZisHIFRIR = B/ E.G7-OVA @Sz AUz,
SL8 F/z(d SL8-Dplx3 & CpG K= iS5 LTz 7 Bi&. YD RAEEB(C E.G7-OVA &5
fReBtEL. BBAEZEFN(CERR U, T0@R. J> bO—)LEFRTU SL8 & CpG &%
BEDHIGSRECE. YO ADIEBAEN R (TN UEiF7=—73. SL8-Dp1x3 & CpG &
BEDHISSEFC(E. SL8 & CpG KEEDIIKSRF LR U T, Brfih'iEiE U CEIEB DIETE
FELLEHSNEN DT (Fig. 17e). LA > T, SL8-Dplx3 & CpG KEEDHIGS5TH
BENDHURSRN/Q CD8™T Hif2(d. BEERTUEENRZFELRD ZENASH LMD
Jzo RIS, HSUTZ SL8-Dplx3 & CpG N, BBZ AR TS DMMRELTZ. E.G7-
OVA &5z ¥ D REER (CBHE LTz 5 B#&. SL8 F7/z(% SL8-Dp1x3 & CpG sz Hix
5U. BBAREZERN(CBER U (Fig. 17f) . Z0O#R. > bO—)LEERTU SL8 & CpG
KEEDHIGSRE TR, BBAIRERN(CTIBIN UK. —73 T, SL8-Dp1x3 & CpG i
DHIESEEE, SL8 & CpG KEEDHISSRF LR U T, %54#& 7. 8 H& (FBEBIENS
12, 13 H#) N SESOREINHNRS SN, =52, TOHRER(IC(IBETEERTYD
ANRHESNDRE, BOEBOMRKRIIFINRHSNTZ,
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(a) | @ non-stimulation, M SL8-stimulation | (b) | @ non-stimulation, M SL8-stimulation
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Figure 17. Conjugation of Dp1 to SL8 peptide enhances induction of antigen specific
CD8* T cells. Mice were treated with (a) 51.9 nmol (equivalent to 50 ug) SL8 or 51.9 nmol
(equivalent to 192 ng) SL8-Dp1x3, (b, d) 51.9 nmol (equivalent to 192 ng) SL8-Dp1x3, 51.9
nmol (equivalent to 50 ug) SL8 plus 50 ug CpG ODN, 51.9 nmol (equivalent to 192 ug) SL8-
Dp1x3 plus 50 ug CpG ODN, 51.9 nmol (equivalent to 171 ug) SL8-Dp2x3 plus 50 ug CpG
ODN, or 51.9 nmol (equivalent to 145 ug)SL8-TAT plus 50 ug CpG ODN, (c) 51.9 nmol
(equivalent to 50 ug) SL8 plus 10 ug Poly(l:C) or 51.9 nmol (equivalent to 192 ug) SL8-Dp1x3
plus 10 ug Poly(l:C). (a, b, ¢) At 7 days after administration, draining lymph nodes were
collected from treated mice, and were incubated in the presence of SL8 in vitro and the level
of IFN-y in the supernatant was measured after 1 day. (d) The percentage of SL8-specific
CD8" T cells expressing CD44 in draining lymph nodes was evaluated 7 days after treatment.
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(e) Mice were treated with 51.9 nmol (equivalent to 50 ug) SL8 plus 50 ug CpG ODN or 51.9
nmol (equivalent to 192 ug) SL8-Dp1x3 plus 50 pg CpG ODN on day 0, and mice were
inoculated subcutaneously with 3 x 10 E.G7-OVA cells on day 7. Tumor growth was
assessed by 26 days. (f) Mice were inoculated subcutaneously with 3 x 106 E.G7-OVA cells
on day 0, and mice were treated with 51.9 nmol (equivalent to 50 pug) SL8 plus 50 ug CpG
ODN or 51.9 nmol (equivalent to 192 ug) SL8-Dp1x3 plus 50 ug CpG ODN on day 5. Tumor
growth was assessed by 18 days. (a, b, c, d, f) n = 5; (e) n = 8. Data are means £ SD. ****P
< 0.0001 as indicated by Tukey’s test.

Dpl [CKBDVORTLE>FT—> 3 >l

CD8™ T fifEDEMLDFE(C (. FRRDEHR D, FHAMRICKZ o0 T LT F—
ANEELEINTND, TIT. CD8™T MFBDEMHLDFFEA N ZXAIC. Dpl ([CLD
OORTLE>F7—23 >0l EAME5 U TVWSHHGT D/zH. MHC SR 1 & SL8 D
EERERHTDE IL-2 BEET S B3Z #MilgEAVTRET LIz ® %9 BMDC & SL8-
Dplx3 % 6 BEHIEE IS & T, MfECRTF RZEDIAE BTz, HlF T, B3Z EHiE
EU. 18D EBEZERBINT D ET. B3IZHELET D IL-2 #FHE Lz (Fig. 18), &
DFEER, SL8-Dplx3 HFANEEL. SL8-Dp2x3 1> SL8-TAT RhIEE S B LT, IL-2 DEEEN
BRCLERIBDTENBESH EMRDIE. E/2.SL8-Dpl KD ¥ Dpl % 3 D@t =7z SL8-
Dp1lx3 MAN. KD IL-2 ZEEIT DI EMNASHNERDE, CHUIHIRDED . FHZKAY/SR
RBISEDFE(C(E, HURIC Dpl & 3 EmET INENHDZERLTNS (Fig. 6a.
Q. LA T, Dpl (& #HAMRECKZOORT L FT—23>Z@ET B ET.
72\ bRV EB. FURFENR CD8' T MilidE a2 /BE L TL\D Z EHER
=Y gW =it

2'0_ e nd e p 4
_ 151
E
2 1.0
o
=

“_Flimf

T
Cont. SL8 SL8 SL8 SL8
-Dp1 -Dp1=x3-Dp2x3 -TAT

Figure 18. Effect of Dp1 on cross presentation in dendritic cells. BMDCs were treated
with 10 ug/mL SL8-Dp1, 10 ug/mL SL8-Dp1x3, 10 ug/mL SL8-Dp2x3 or 10 ug/mL SL8-TAT
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for 6 h. B3Z cells were added and cultured for 18 h, and IL-2 in the supernatant was
measured. n = 4. Data are means + SD. ****P < 0.0001 as indicated by Tukey'’s test.
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(EF]

AEITIE. SL8-Dplx3 &EIHS5 I D& T, SL8 HFEMR CD8 T MADIEH L EZNEN
(CHEHEDZ T ENESHERD (Fig. 17a-d). FHFEN/z CDS* T #lf2(% E.G7-OVA &
BMRCH LT, MEBYHREREI ST ENBHSNE (Fig. 17e. ). ARFT@E €
FILFUR E LT SL8 ZAWLVEN, HMAFRRMBRDARTF RTH D WT1 1 Trp2 1 EDHIR
ZFWT, WT1-Dp1x3¥° Trp2-Dplx3 Z/ER T BT & T AT IFADGENMEET
EREEZBND PV, FLEE, FHACKHUTEVWEDRERUERET TV IRA
> RREERIE. DABED T HIFRICHEIRT D CTLA-4 F/z(d PD-1 DEESWIIKD T, 3
BERSIBVADRNB T EBHRETNTND B, REFT YIRS NESHIE, RER
DINFIFEBRICTF S L TW\D e, & EzIES CD8'T MifgiE b aifEdd &
M. ERNLHREELSITOIITEEESINTNS B, 2T T, ARFTHLEDpl &
REF TV IMRA > NEERIDHEMRZHEN D DIRFTEIFRB (CEERL EEZI BND,

SL8-Dp1x3 & CpG KEAHIRSECH T, ®5HS 7. 8 B (FBEBIENS 12, 13
H#&) ZR(CLUT. SEEOREINFINZSH SN (Fig. 17f). ZM(d SL8-Dplx3 &
CpG K= HIR5 T3 LT, 5% 7. 8 BICH L\ THRIEERN/L CD8™ T MIABDEE(L
DFENE—D(CRO SR EEZBND,

Dp1 (&, #HAMIIRDOIOR T L L2 F—2 3 Eeam LT3 ENBASh &R T (Fig
18). NCL &0ORTLE>F— 3> DEENLESERIEBSHNERD TLRNED
M. BIROED. #FRERED NCL (CREULEUH> RIE. #IZRICERDIAZND Z EH'E
SHERD TS 832, Lizhto T, Dpl BRMAMIIBERED NCL ([CHEE T D 2 & THilER
([CEDAZEN., TORR., JOXRTLE>FT—Ia>hEtlizeEBN3,

AIRFFCHWT. Dpl (FBABNRZITI TR, RIFRRECEFATEIRTFR
Fr U7 THDZENRESNELITTRL, RERES XM REZFELRDI &
NEBHSNZ. TDT &I, Dpl HEHROF+ UTFARTF RELEELTE. RAEDS
FrUTPRIFRICRDEZIBEPFISIEZIEDNDTHSD °. £z, ASYKAIR EULL (&
VAYKAIR EWSEEHIN 512D RTF R, Dpl KD BEHMAFIIBADTURXRIZEZIZRAMENT
WBZENS (Fig. 5h). Dpl M ECDOF > REERTERAEEMN DD, =5,
CD8* T HifADEM L ZFE T DT & (F. REMEICH UV TEEBIMEEIERRIZT T &N RS
SNTNBZEMNS %, Dpl (FRBREEDTIF > ICHITBIABREETIUT7ELTERTS
BTENPESHERDTZ.
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=t

AAREI TR BIE DO F 2 (CHITDFIRREREF v U7 DRIRZBE L. JRBED
SHAHRAREUENRT F RZRE T D EH(ICTDHEEZTMM L. UTDfERESI.

1) J7—RERNECKD., BHAHILERN(ICHES T IRTFRZRAEIT D &(C
B, BoNZRTF ROPTE Dpl RITF R, TOFRREEBRERD.

2) Dpl RTF R(E NCLIKFHICHEAT DI LT, REISEZHET D,

3) Dpl RIF RZMAIKERED PspA ERESE DT ET. PspA FFRMQTUARESL
ZIER L. AIKEDORPZME TS 2 EHKD,

4) Dpl RTIFRZMHC USRI IE =T RIFREFMET DI LT, FURREREN
CD8*#ifg T #fBDFE & (BT D Z N KD,

Bl b AER(E Dpl RIF RAFURIRRMEIE(CRRN (CHRZXET 2 EDOHRD D
DF ARREF U7 THD EZRUE. £ Dpl (F. FURRRHIRICHEIR IS NCL
ZNUTCTHEITDEVDRREBTHED. SBOIIFURAREICSNT, NCL BADTF>
=Ty hEUTCERICERRERE LD T EMMHRIND. RN (CAAFTN, RIYE
DOFIONADTOF > ORFECAFTEERBREIADBDIEDEHFIND.
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AEE

KIEEMEZDICHIED. RKRRKZAZREZMARR BIFEF /) THAZNE FHEH
B SREHEEC(E HHEE, MR TEd SHIC, BRinHicRBEDFELZ, 23S R
DRDBFHDOERZRLUET.
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