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XY= A MEHT DT, RN SR X Y Y — AORNENEE D AR AL
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1.1 SAV-LA Effiz% Y Y —hDFRR

SAV-LA OF[X % Fig. 1A (27~ L7=, SAV-LA % %819 % pDNA % B16BL6 Hifia~E A
Licth, =%/ V— AIEILLY BEEDOAMITIZIT D SAV IREZJE Lz, ZORES., Miam
DR IR F Y Y — AEFIZEBIT 5 SAV BEIXZNZ1 118 nM, K 42 nM T & - 7= (Fig.
1B), ¥7-. ﬂ’éﬁ;@ﬁu@iﬁ%r{a%;Uﬂéﬁ@»mﬁ@ﬁﬁ F1D SAV IR TR (2nM) BLF
Tholz, HWT, B L7z Y Y —2A L biotin k42 v A4 REREH%R. FiiE 15
W (TEM) ICL bV =F% Y Y —2hi 285 L2 (Fig. 1C), = DfER. SAV-LA 5 pDNA
PEALZMENSEIN L= F Y Y — AOREIZEBIT 5 biotin a4 =2 v A ROFIEN

Iz, —J . pDNA %38 A L22WHERE2 HE Lz =% Y YV — A TIX, biotin 254
avuAf RIS ehotz, =X Y VY —AESZICEBIT D SAV BERL XY YV —L40D
KiF e SAV OEMiZREFHE LI ZA, =X Y Y=L LKiTH-VEBEZE 483 510
SAV DMEfiSNTWAZ L 2R LTc, ZHHDRERLD . SA-LA Efffitx Y Y — A
biotin IZxI T A#EEHEE AT 5 Z LR STz,

A
Lactadherin (LA)
N Signal EGF-like cic2 o
pephide dosvic) Sotrei Figure 1. Modification of exosomes with
SAV-LA
(A) Schematic representation of lactadherin (LA)
B . -
110 (upper image) and streptavidin (SAV)-LA (lower
Z 120 image). (B) Twenty-four hours after transfection
C
100 - .
‘% %0 of SAV-LA-expressing pDNA, cell lysate and
g _
S 60 culture medium were collected. Ultracentrifuge
o
S 40
Z 20 (UC) supernatant and exosomes were collected
w
0 - —ND.ND. from the culture medium. The results are
Lysate Culture uc Exosomes
medium  Supernatant expressed as means + standard deviations (SDs)
C R ~ of 3 samples. (C) Transmission electron

microscope (TEM) image of SAV-exo incubated
with 10-nm biotin-coated gold nanoparticles.
Arrows indicate the 10-nm gold particles. Scale

bar =100 nm.




1.2 SAV-LA Effimx Y Y — A DYELFHEE

FHWNT T 2R~ LT T F 7 A P —qNano % FV T SAV-exo DL 7547 % JIE L 7= (Fig.
2A), FORER, FONIRESAMIIREM = F VY — 2 (Exo) ZWE LIcd ORE Sy
i LIZIER—Th o7, SAV-exo OFEHRLFFd L ORI EMITZNEN 7023 nm, —41+
6mV TH Y, Exo DHIEMIZTZTNZN68+3nm, —43x3mV ThHo7=Z &b, TR+
BB LOREEMIBNTHREREWVTR->7 (Fig.2BandC), 52, TEMIZ LD
B TR OBEEERIZIV T H, SAV-LA (BT O A HEIC X DK TR OB LRI TR &
n72h-7- (Fig. 2D and E)
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Figure 2. Physicochemical properties of exosomes collected from B16BL6 cells

(A) Histogram of the particle size distribution of the exosomes determined by using a gNano. (B) The particle size
and (C) zeta potential of the exosomes before and after the transfection of streptavidin—lactadherin
(SAV-LA)-expressing pDNA determined using a Zetasizer Nano ZS. These results are expressed as means *
standard deviation (SDs) (n = 3). Transmission electron micrographs of the exosomes collected from (D)

untransfected or (E) transfected B16BL6 cells. Scale bar = 100 nm.



1.3 SAV-LA Effim% Y Y — L~ 5] IBB #ES

T Y — LD |- IBB OfE A E MR 572 SAV-exo & B1-IBB Z iR G, X—/ 88—
rua~ 8777 4 — AT BEHEE D3 27 i L7z (Fig. 3A), € D#ER, PI1-IBB % H
MR LZSAIC, BEHEMEIT fraction No.6 & .00 Lz, — 7. %51-SAV,
125]-SAV-LA, SAV-exo & %1-IBB & DIEEY) (1%1-labeled B16BL6 exosomes) % J&fH L7235
AL, BEHEYEIZ AR > b L7z fraction No.l 7B B8N L 722 0vo 7=, X o T, SAV-biotin [
DFEBICESETF Y Y — ARBURERATRE TH D Z LR ENT,

1.4 MEFTOZFY Y —h~DHEHER DL EM

feVN T, 20%FBS & A PBS & F Tl —F Y Y — L% A »F 23— | L, 300 kDa
D7 4 NE—% HWTIRIMNER %, 77T 2 HEGHEMEEZHET 5 2 & TI{EFE FIck T
B — NAOFGHER O L EME A TN L7z (Fig. 3B), ZDOfER. 95%LL EOEE
DIRAEEE S 7 A NV E— BICFFE LI SN, =% Y Y — A~OREEGH I E <
HRERET 5 Z &< BEICHERFEND Z LR ENT,

Figure 3. Binding of %I-1BB to

100 - B B SAV B 15.SAVLA m ZHabeled BIGBLE o 1y igp
exosomes

SAV-exo and labeling stability in
serum
(A) Paper chromatography of

1251.IBB alone (white column),

% of applied dose

1251-IBB incubated with SAV (gray
column), SAV-LA (horizontal lined

column), and SAV-exo (closed

Fraction No

column). (B) Labeling stability of
120 4 exosome labeled with 1%1-IBB in

100 | PBS containing 20% FBS. The

results are expressed as means *

%0 standard deviation (SDs) (n = 3)
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15 =% YV — DI PR

ARG U 7= B16BL6 Ml sk Y vV — A SAV. SAV-LA @& % v R0 Ba~0 AR
FRARN A~ G-4% MR T OB HE M 2 RRFHICIE T 2 2 & C% v v — A D i fEHE
BaiH il L7z (Fig. 4), ZORER, FRNE S Shio=% Y VY — AL SAV & 5 T SAV-LA
A2 R B LR LTI N BHER LT, =% Y Y — AD M H 5 OWHRZE
BhE 2 FAMEZ R L7272, fiC 2 A X—= R A METMIHESNT, =% YV —AD
TEENRE TN T A — 2 2B LTz (Table 1), Z DR, /0AmtHIS K ONHIAH O 001
FNENKIL557.346 5y T o 77, £ %V YV — LD I — B Al T Hf% (AUC)
23 3.2% ID-h/ml ToH - 7=DIZxt L, SAV 38 L O SAV-LA fl G & /7 EIZENZE 1 48.3%
ID-h/ml 3 L TY29.0% ID-h/ml THh -7, 7235, P1-IBB &~ U ZABERN A~ 5 L7255
I FR 2 530N A L, AUC 13 3.1% ID-h/ml Th > 7=,
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Figure 4.Pharmacokinetics of 1%I-labeled B16BL6 exosomes derived from B16BL6 cells after
intravenous injection into mice

Time course of blood concentrations in each sample in mice after intravenous injection of %I-labeled
B16BL6 exosomes (circle symbols), 1%°1-streptavidin (SAV) (square symbols), and *%1-SAV-lactadherin
(LA) (triangle symbols), 1?51-1BB (rhombus symbols). The results are expressed as means + standard

deviations (SDs) (n = 4).



Table 1. Pharmacokinetic parameters of %I-labeled B16BL6 exosomes, #I-streptavidin (SAV), and

125]-sAV-lactadherin (LA), 1%1-1BB after intravenous injection into mice

AUC MRT tyz (min)
Dose
(% ID-h/mL) (h) t1o0 tuo
125]-Jabeled B16BL6 exosomes 3.2 0.78 15 346
12515 AV 48.3 1.23 11.7 173
1251 SAV-LA 29.0 0.90 7.5 99
1251.1BB 3.1 0.99 2.7 116
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FEWNT, =% Y Y —AZFIRNEG%, Klsa o7 ) o7 L, BORTEEZ R ET S
ZETxX Y Y — MENENEZ EEICEEHG L7z (Fig. 5A), ZOREHR, BEIniz=x Y
Y — DT ETFIR, Mg, AR L7, IFIBC W T B RN 514 1 /3 DR RC 17% ID
DOREEHEVES R &, 30 T —7 21z 7= (39% ID), = D, 4 FEE DR S T 28% ID
F TR Lic, MigZIW T, 1.8% ID DRSS 5 1 &Ikt sz, 0%, &
530 ptkic e — 712 L (24% ID). 4 FFETiX 1.6% 1D 3 &z, Iz <. Mli~o
TX Y Y — AOER G MG Sic, 5 1 REHTRIC 12% 1D, 4 FEfE# Tl 7% 1D OBURTE
PEASRRH STz, BEREICERE L7 R P O BURTEME IR & 2R L, &5 1 Rl Tk
3.4% ID, 4 W#fi1#4 Tl 8.8% ID D fhHm M et éfm‘:o

ZHUTKF L, SAV F 2R B E IR G LT IS0 S R i B OB I C SR P 3
&7z (Fig. 5B), &5 1 3% ICEE T 2.7% ID 23 ﬁaﬁjém 4 FEI41212 7.0% ID £
THIR L7e, BEMEIC 3 T b BT PR IR & SRl R U, 1 IRRf % C 12% ID, 4 R§fE#% T

23% ID DHEHEWEN TN LR Sz, — . P, TRt S aue gt R &%
Vo= U CHFRITAR S . G- 4 BER 0B S CRFIE CIE 1.9% ID, i Tl 0.24% ID T
bote, 7ok, MERIZE L CIIMmHARATRER L~ L Th -7,

SAV-LA F G & 2 X7 BIZOWTIE, #5 1 0%ICHiT 1.4% ID 23 S, 4 % T
1% 0.16% ID (2 F TR L7z (Fig. 5C) ., #5- 4 K% COM TR S 7o U s X, =%
VY —AEHI L TR LE U35 LARVMEE 72 o7z, iEIC BV TIE, 0.81% ID 23% 515
BICHH S, 1Ef%Ice—2 @ L7 (22%ID), TOHBETEMEITEE L Tn&, &5
4 P Tl 0.94% ID & 72 o 7o, T Tl b 1 43#12 13% ID 254 S 4 30 43 %% 121E 32%
ID £ TR L7z, D%, 4 FFE]OKFRT 13% ID £ THiD L7z, BligE X OBEM~DRBAT
RE—= I SAV - LTS E R L TR Y, BB T 4.4% ID. BEHETIE 15% ID 25%
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125-1BB % R #NRIN I G U 72 5 B W VR, TR, /N DG C RCRTE MR A i Y S vz (Fig.
5D), iz 3Tl G- 5 43712 28% ID A3 HH S 41, 4 REfEI#£121E 2% ID & Ol L 7=,
N Tl 12% ID DOFEHEMED G- 1 0% I S, 4 FFE#%1213043% ID & 72572, /)
153 L OVERICR O TIE, 30% ID 3 K10 28% ID OEHMEN G 4 % IcZ N2
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Figure 5. In vivo distribution of 1?°I-labeled B16BL6 exosomes derived from B16BL6 cells after
intravenous injection into mice

Time course of radioactivity in each organ after intravenous injection of (A) 12°I-labeled B16BL6 exosomes,
(B) 51-SAV, and (C) ¥1-SAV-LA, (D) **1-IBB. These results are expressed as means + standard error of

means (SEMS) (n = 4).
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TV Y — AL biotin R & OFE S IR S | SAV-LA 35 pDNA %3 A L7~ B16BL6
AR B EI L7 =5 Y Y — AT biotin & OFEEFFMEEZ A LT\ 5 2 & AFEH S v 7= (Fig.
land3), —JF. =XV V— AREIHR SN0 FIXIME LSy & #2filh LT WERBRICH 5
Z DD, BERRAR O ESOREEEC X0 RINERRERRAT RS R OEEMES B2 b D TR B
B LZLENRG, =% Y — AOBSHERITMIET THLRETH Y . X DITITHER
TV Y — AOENEREIL PI1-IBB OFLE R BRLFEA R LI G AR L
THEIZLY, =% Y Y — AOENBEIREN ER&MICNTRIRETH 5 Z L WEFES Lz (Fig.
3-5),

SAV ZAEH L7k ~Oifi A B BIC, 2 E TP AP O biotin 75547351
HEEINTND ) fE > T SAV-LARVE % > R 7 B aFIHT X, 2 9 L7-#§RES 1% biotin
FERE LT Y Y — AREIEHATREE 2D LD, XY Y —2EHEE LT
YNY = 27 AOBRBICHLAFTIEIIAA T EEZ NS, FIRNEIREDMRNT % B
B & Loy Y — AOEFIEOBRIZEE L TiE, =% Y Y —A0WILFEHMHEICE 2
DB DIRNHIENEE L, SAV I TAEBRRISM T T4 &EEZEKT 2 Z &6 SAV-LA
ERIC K> T2 Y — APEHERE R T 5 AN E S 9, UL, =
XV — AORAEERL TR OBLZE D HIE, SAV-LA Efifil L 5 K& 2B ITRH 5
npinoi= (Fig. 2), L7 - T, BRI Liz=X% YV YV — A EERIEL, =% Y V— A
ISAAT T BB P &2 1072 5 2 & 7e HRNBYRE A B FTBE 7o 5 e B CTH D =
LRSI,

SR Y Y — A ORNBIERENTRE R O, ~ U AREEIRNIZER S S /- B16BL6
AR =2 Y Y — IR 2 B MR L, & OB, Mg, i~ L7z (Fig.
4-5and Table 1), Z @ B16BL6 Ml k= V) — A Dfi~DHEFRIT, LIANIFR % 23MT- 7=
glLuc fFik =% ¥ ¥V — LA OENBIREMNT OFE R L —FH L T\dH 19, — 5T, b MeIEE N 293
M=% Y Y — ACHERBMILE k=% YV — A2~ U ARFIRNICE S LT 5E
Wi, RSB ERIIBAT T D oG b & D 02, ZnbDx=x Y Y — LDk
FEITA T % 2355 L7 B16BL6 Ml k=Y Y —LDMELIZIER—Th o722 &
5, XYY — AOEKRNEEDOHER T & LR FRCEmERN O L 5 2B b7 ak
BIIMAT, =% Y Y —LAREIHKRTDLZ 7 E EOEMFHMENRKRE L BEE L
TWHHRE L B2 bivd, Fo, RS Sz Y v — A%, FEAMBOREEIC
KO THA D HHCNIZHRT D Z ERREINTNWD 2, fEo T, AERFHIH W
B16BL6 Ml ik v ¥V — A% 5 | AL~ L BINIC = YV — A EEET D720
(ZIEZ OIRNBIRE A2 HIH 3 2 FIE OB R MEE L 70 5,

B16BL6 iz Y — ADORNENRED EBEMIMNTH O [FlEEs X Ol c =% v
V—ADBBATTAHAZEE R LR, INODfESRIE~ 7 n 77—V EOBE MR
(mononuclear phagocyte system; MPS) Z#EEIZEATNWDH I ERMLNTND, F-, A



A A Oz U AR Y — KMIEARNER G- S 2% MPS IS S D 2 L dESNTEY |
MPS 23i85kd B RRUCBE L IRl & > 23 7 B 2 L7 KRS & A & 20\ s o0 1 5 DS EAE
T 588 XYY — ALERRICABREZTOTND Z &5 BRI 5% S 7= B16BL6
Ml koY V=AML THAEM IR Y —L LAFEOHE T~ 07 7 —JICRY
AFENTZAREEREZ NS, MAT, =%V YV —AREICEFIFETHAEMNY VR

BO—FCTHIRATZ 7 F Nt (PS) i~ n 77 —Ull@BikSnsg 2 & 2620
ENEBEOHER L LTIE=x Y YV — 2D EHKR b EETH S L Ebils,

Hm%hw_mZx‘meﬁﬁ@m%i%//~A®%«@%%%%%émkoi%y
V=L EFR UL ABMREHONDL YA 7 a7 ANEIRNELS S -5E ., EREO PS 2
%@ﬂ%ﬁ&%w_mﬁéﬂé_kﬂﬁ%éhfwémk%oT\Bmmﬁﬂ@m%i%/
Y — L DRI g~ DEFE & Rk, Ii~OERIZBAL Th =F Y Y — LA DNFE R A AR
T2 PS BMEANBIRERHEIC K E <BIS LTV D RREMED B 5,

B2 50-100 nm DRI IXF RN G- B D A B2 07 AMICER Y IAE D Z &3
WESINTWDH2 9 B16BL6 Mk Vv — A2 U I B~ &R LR S 7
Molz, £z, Bl L7cEds~ B16BL6 Mifu k= ¥ v — W38T L7k, BENET® HoH
TEEA R S, R & S Z OTRMEITHE R Lz, BIRORERBILEEIZ 1Y A AB LW
BRI RIEBSRENFE L, TAT R EORYTEY V37 B O FR Pk % R
LTWV5 %0, EENBLZ 100nm THDHTFx Y Y — AHSRERIE IR 2 @i 92 = &i%

I NI &S, B16BL6 MIfIHI kT 3 ) — AR G ITIENE TR S FU7 ORTE M
i%//~A#ﬂw_@DL \ﬁ%%_;%bkm%émm%;tlﬁém%ﬁﬁ%
HELTWSAHDEEZBND,

VLbE, 8 1 ECiE= Y Y — A~OFHBSHERIE A BZ L, Eiiiadsk— % v — A

DE A 7RARNEN BT TR P LT, & L CL FRIRMIC R G- S 7z B16BL6 AlifuH k=%

FELT M BIEAE L, EICTFRICIRYAEND Z &2 R L, milak
TX Y Y — NEFIF LTk ORBUTIX, =% Y Y — AORNERERHE: 2 iZ8 L |
DC ~DO%RM 72T UV N Y —ikZBRT 50NN H 5 120, AREHCHR S v 0 Rl
HoR=F Y Y — N &R LT aZ ik ORI L THAREREZRZET 200 B %
Lbivd,
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B2 E BETHREEMEHRE=XY Y —22EELTEHFRE—
T2y hREEF U NRY) — 2T L OB

FEPUR AR U7 e BB, PR R R 2o G F 0 T M oFEIC X v Eg5 4
BHEFTRE T H 523, T OFEBUIITHURDORE L FERAHETH 5 313, Nz T, #AH7%
PUE B 0098 OB IT PSR ML C & 2 BPRAIR (DC) DTEMAL R LIETH DL Z LM b,
T Va8 RO DC ORI REFEDEE L 72D 39, fEo T, BWREEIEORRIZIL,
FEPURDRIE « WBRINARE T, BB OT VanNy vOT I N =% U7 L LTHHHA
AREZRFTH R ORI AR RO b D,

BRI Y Y — MTEHUREZNE L TEB Y . DC ~OFEHURO%EEZ I L HilEg
GEOFENIFRFTE L, o T, WM R=xY Y —2 %5352 & T, wBHsED
[FECH A LI L L WHBEY 7 F U BAIORBENREE B2 bhTind ¥4, Inx
TIAFETIE, iRl =x Y Y —2&2FH LY 7 T BT 2 BRIFE b 1T ok
HTND 28, X 5T, THIVE TOEITHZED G small interfering RNA (siRNA) OHLRIE
PEDARS IR R 2o VY Y — AITHEHT 5 2 & T, B~ T U N Y —
TEDLIENFEEESNTNDLZEND, TVanNy hOT IR —%x U7 & LTORH
HLHIFFCTE 5 49,

— 5 EEHURRR R 72 00 E RO OFFEITIT, FHUR A IRV IAATE DC OIEMEAL N EE TH
HZEND EEMEERTY Y Y=L T V2N FEE—O DC ~EET D HIEORREN
EEnd 8, U EEomiIcESE, EFR MRk XY Y —LE2T U a Ny M TE
fiid5Z & T BPURLE TV 230 b ED DC ~DFREFT U NY —NA[REE 220 | 507 Hi
JEB0IE OFFENFRE TRV EE X DICE ST,

ZITH 2 BT, BETEEEMRBEREX Y Y —AET Vo N TEMiT LI &
T, AR Y Y — AR LIEHUR E 7 2 2Ny FORERET U ANY =3 2T A
DBRFEZ iAo, 1 ELFEROTIET, Ml Th S B16BL6 Mlaft k=Y Y —Lh%
SAV-LA B G & 7 B TR L 9 2SRRI E TdH 5 CpG DNA O biotin 75
K% G S, CpG DNA Effit > v — A (CpG-SAV-exo) %% L7= (Fig.6), = L C,
e HiAa 2 FH T CpG-SAV-ex0 @ DC ~DF U N Y —HER L OVEMALREZFHET D2 & & b
2, HEET L~ U 2 & AW HUEE e OFFEREIC OV T H Rl L 72,
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SAV-LA expressing plasmid DNA

N" — Signal peptide (LA C1C2 domain (LA)— C’ . . .
Al Figure 6. Schematic representation of the
2
Q ) , preparation of CpG DNA-modified exosomes.
Tumor antigen SAV LA fusion protein

A plasmid DNA encoding a fusion protein of

/> f@:a’;'t‘l’:: o streptavidin (SAV), N-terminal secretion signal of
Q

Biotinylated CpG DNA lactadherin  (LA) and C1C2 domain of LA

(SAV-LA) was constructed. SAV-LA expressing

B16BLE cells SAV LA ex ressm

exosomes exosomes (SAV-exo) were collected from the
% ‘.AFF culture supernatants of B16BL6 cells transfected
with the plasmid DNA. CpG DNA-modified
exosomes (CpG-SAV-exo) were prepared by
r Cg;A_modifiedmmes mixing SAV-exo and biotinylated CpG DNA.

®
& W Tumor antigens-adjuvant
co-delivery
*" /-

Antigen-presenting cells

2.1 CpG DNA EffifEffahisk=x Y YV —ADFHH

SAV-LA 751 pDNA % B16BL6 A28 A L, 8558 HiEFICE ENL =% Y YV — A& iz
DEEICE VAN L7, Mo X O Y VY —LAIZEGENLIEFEY R TEDOFEE
western blotting 512 X W R L7z (Fig. 7A), ZOfER, B L7-=% Y VY —AZHO\Tx
XV — LD —H—E LRI ETH D Alix, HSP70, CD81 DFIEZ R TE 7=, & HIT,
TX Y Y — AEFIZBWCOMURIZRET 2 DR XV U ACHET 58 R S/
MolzZ Enn, I L% Y Y — NIRRT 23EA L TV N2 LRSS Tz,
SAV-LA FEL7' T A I RAEA LTl D EIY Lz =% Y Y — AT, SAV b S v,
& 512, B16BLE Ml AWM ESNE=F Y Y —AlF, AT /) —<HUHTH 5 gpl00 <° TRP2
EEALTWDHZ E MR LT, i\ T, =% Y Y — A0 CpG DNA (2 L B EAi Z e+ 5
728, FREEDEERFE PKH26 THEGGR L 72 SAV-LA Bffim Y Y — AL 70 F iAo R L
7= biotin {t. CpG DNA ZiR&# . #EHEMEEIc Ty VY — 2k 2812 L7 (Fig. 7B),
SAV-LA Efifi >  — 2 (SAV-ex0) & biotin fk CpG DNA Z#{EE L7zHA2iE, Mg o4k
RTENBER S NT= DI L, RERD =% Y ¥ — A (Ex0) 5T gluc-LA ik =% >V —
2 (gLuc-exo) & biotin {k CpG DNA %R & L725A 21Tl OILREITRD bz o7z,
#E> T, SAV-biotin A IS & =¥ Y YV — 4% CpG DNA TERA[RETH D Z L VR EN
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Too M L7z Y Y — LD Z X7 & ORF503 LU CpG DNA O iR 2 JlE L7z &
ZA, XYY —A1ug B LZ 1pmol D CpGDNA bbby Y —A LK FIZB X
% 287 731D CpG DNA MESfi S TWD Z LTz, Fil T, [\ L7z CpG-SAV-exo
DRI L O % Exo H 5\ ik SAV-exo & L L 7= (Fig. 7C and Table 2) , & D& 5.
Exo, SAV-exo, CpG-SAV-exo DRI FEITZ Nk L2 114, 119, 109nm Th o7, E7,
REEMIINTNH-3BmVBETHY | RAIROKRE 2B LD LIRS T,
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Figure 7. Development of CpG DNA-modified exosomes (CpG-SAV-exo).

(A) Western blotting analysis of Alix, HSP70, CD81, Calnexin, streptavidin (SAV), gp100, and TRP2 in cell
lysates and exosomes from non-treated (NT) or SAV-lactadherin (SAV-LA) transduced B16BL6 cells. (B)
Fluorescent microscopic observation of CpG-SAV-exo, exosomes mixed with biotinylated CpG DNA (Exo +
CpG), and gLuc-LA expressing exosomes mixed with biotinylated CpG DNA (gLuc-exo + CpG) (green =
fluorescein-labeled biotinylated CpG DNA, red = PKH26-labeled exosomes). (C) Histograms of particle size

distribution and transmission electron microscopy (TEM) images of Exo, SAV-exo, and CpG-SAV-exo. Scale

bar = 100 nm.
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Table 2. Particle size and zeta potential of Exosomes (Exo), streptavidin (SAV)-exosomes (SAV-exo0) and

CpG DNA-modified exosomes (CpG-SAV-exo). Results are expressed as means * standard deviations (n = 3).

Particle size Zeta potential
(nm) (mV)
Exo 112+ 12 -33+£0.2
SAV-exo 119+9 -32+£05
CpG-SAV-exo 109+ 10 -32x16

2.2 DC24#fRiz X BEY AH
Ta—HA FAN)—EIZEY, T A LA R CpG DNA  (F-CpG), =%V YV —

AL F-CpG L DRAY (Exo + F-CpG). gLuc-LA FEi—% v v — AL F-CpG & DIRAMY

(gLuc-exo + F-CpG) 35 X (X F-CpG DNA &fiim% ¥V —2A (F-CpG-SAV-exo) % DC2.4 #fl
Je~¥N4 O B0 A & 5 L 7= (Fig. 8Aand B) , “F-H¥JHEHREE (MFI) 2B L7z L 25,
F-CpG-SAV-exo Z /N L7-354 12, F-CpG B A FRAN L 7= Rf & bl L C MFI O F K23l
SN2 ES CpG DNA DELY AR T X YV — A ~DERG TR L2 Z L 2VR STz,
2K L, PKHE7 i85k L7z =% v YV — A DEY jAZ 1%, CpG DNA Effio A b 57
[FFECTh -7 (Fig. 8C and D), & H T, #NEAMEBEZ MW T=F Y Y — LD AR %
BEL LT 2 A, F-CpG-SAV-ex0 # IR L7234 12 CpG & =%V — AM[E—HHIIZ B Y
IAENDERTF MBI S (Fig. TE) .
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Figure 8. Efficient and simultaneous delivery of tumor antigens and adjuvant by CpG DNA-modified
exosomes (CpG-SAV-exo).

(A-D) Flow cytometric analysis of DC2.4 cells after the addition of fluorescein-labeled biotinylated
CpG-SAV-exo (A, B) and PKH67-labeled CpG-SAV-exo (C, D). The mean fluorescence intensity (MFI) was
calculated as an index of cellular uptake. (E) Fluorescent microscopic image of DC2.4 cells incubated with
CpG-SAV-exo (green = fluorescein-labeled biotinylated CpG DNA, red = PKH26-labeled exosomes, blue =
DAPI). Scale bar =20 pm.

23 YA MUA VEARER X OHURETE

W T, FHETX Y Y — L% DC2.4 M~ D TNF-a., IL-6, 1L-12p40 &4 5 4 FATh
L7- (Fig.9A-C), =% Y —LA L CpG DNA DiEAY (Exo + CpG) & %\ i gluc-LA #E7%
—¥% Y Y —»5ht CpG DNA 0)7E'A¢F% (gLuc-exo + CpG) ZIRML7=HE L L T,
CpG-SAV-exo Z¥shn L 7= NSOV A MHA VEADKRIERRNBEZS N, &
iz, =% YV —AZHD L/w‘: DC2.4 i & gpl00 | stk % 77 BUSAL4 il 2 Hh 5%
1% BUSAL4 Ml & pEA SN D IL-2 ZET 5 2 & Thusite nee 2 7l L 72 (Fig. 9D),
ZDRER., CpG-SAV-exo % DC2.4 il ~IRIN7 % Z & T, BUSAL4 flifin~ 5 D IL-2 %i@
RO STz, LnL7R2 6, Exo + CpG & %\ id gluc-exo + CpG Z s L 7=
X, IL-2 FEAE DB KT SR T,
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Figure 9. Stimulation with CpG DNA-modified exosomes (CpG-SAV-exo) enhanced antigen presentation
capacity of dendritic cells.

(A) Tumor necrosis factor-o. (TNF-a), (B) interleukin-6 (IL-6) and (C) 1L-12 p40 secretion from DC2.4 cells at
8h after the treatment with CpG-SAV-exo. (D) IL-2 secretion from BUSA14 cells induced by a gp100-specific
response. DC2.4 cells were treated with Exo, SAV-exo, Exo + CpG, gLuc-exo + CpG, or CpG-SAV-exo at a
final concentration of 1 pg/ml of exosomes. Next, BUSA14 were added, and the cultures were incubated for 24
h. IL-2 concentrations in culture media were measured. Results are expressed as means + standard deviations (n
= 4). Data shown are representative of three independent experiments. *P < 0.05 compared with the Exo + CpG

group.

2.4 B16BL6 Ml REVHEDOFHE

B16BL6 HifuRr B 72 oIS & Rl % 728, CpG-SAV-exo %~ 7 A~ G- LTz,
TD%, MR E R L~ A h~A > CALEE L7- B16BL6 fifidd 5\ % EGT AHfid & ks
#Z L, EASND IFN-y 27 L7z (Fig. 10A), Exo. SAV-exo, 3 XU Exo + CpG %%
3 Lf:iEAODHi’E%HiEﬁﬁ?FEéIEﬁ‘é IFN-y IX[RIFEE T > 7= DIZ%f L, CpG-SAV-exo & 5% L 7=
BB\ ZIE IFN-y PEAE B O KIE/2 B KRG80 b LT, — 7, EGT Milla & L5385 D JEHas &
i, ﬁ?é?foa IFN-y PEAE TR S L7207, S HIZ, iET @ B16BL6 tﬁ%ﬁﬁ’a#ﬁiﬁﬁ IO
THiHliA#1T -7 (Fig. 10B-G), Z DO, CpG-SAV-exo H5-REICI 1T 5 B16BL6 45 A
7248 19G HUAMIL, Exo + CpG & EHEL V b AEICE -T2, S HIT, Th-1 JSEMEIZ B
T 5 19G2a FUAMIZEI L TH ., CpG-SAV-exo %512 L 5 EH MR Sz, —F T, Th-2
JRENMED 19GL HLRAMIZ DU TIE, CpG-SAV-exo &5 L T EFITFE® 53, Exo + CpG
BB RIFEE CTh -T2, F72. 19G2a/lgGl hIZRE LT CpG-SAV-exo D512 L 0 HEK
L7zZ &5, B16BL6 FpffH)7e Th-1 ISZMED MR GE 2 RAICHER[RE CThH H Z &
2R &7z (Fig. 10H),

f56V T, B16BL6 K5 A7 cytotoxic T-lymphocyte (CTL) 744 & 54 L 7= (Fig. 11A and B).,
CpG-SAV-ex0 % iz th DAL TlL, Exo, SAV-exo, Exo + CpG % L7-5A & el L
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Figure 10. Induction of potent B16BL6-specific cellular and humoral immunity by CpG DNA-modified
exosomes (CpG-SAV-exo).

Mice were intradermally immunized three times with PBS, CpG-SAV-exo, SAV-exo, Exo + CpG, or
CpG-SAV-exo (1-pmol DNA and 1-ug exosomes/50 pL-PBS/mouse) at 3-day intervals. (A) Cellular immune
response induced by CpG-SAV-exo. Splenocytes were collected 7 days after the last immunization and
stimulated with mitomycin C-treated B16BL6 or EG7 cells for 3 days. Levels of interferon-y (IFN-y) in the
culture media were measured. (B-H) Humoral immune responses after immunization with CpG-SAV-exo. Plates
were coated with B16BL6 or EG7 lysates and incubated with serum from immunized mice. Total mouse
immunoglobulin G (IgG) (B, C), mouse IgG2a (D, E), and mouse IgG1 (F, G) were detected. (H) Ratio of
1gG2a/1gG1 antibodies titers against B16BL6. Results are expressed as the means * standard deviations of data
from five mice. Data shown are representative of two independent experiments. *P < 0.05 compared with the

Exo + CpG group.
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25 CpGDNA Effi=x Y Y —ADHEREHE

FHTX Y Y — L% 3 AR TEH 3 FENEE Lo~ o RID, REREND 7 BRI
B16BL6 Mifiuz fz FICHE L., EEEB L O~ U A EFEREZRAICHIE Lz, & OREHE,
CpG-SAV-ex0 DFEHIT LV Mo # 57 & bhiig U T O HEFE A BT HNH] S 4z (Fig. 12A)
—7J7 . Ex0 + CpG Z#5- L= 555 O FEMEIZ R 1% Exo & 5\ E SAV-exo D G-1E & [FlfE
FETHoT-, MA T, ~ 7 ZAALFHRE CpG-SAV-ex0 #5925 = & THEIC LH L= (Fig.
12B),

feWN T, B16BL6 HFET /L~ U RIZxE L, AT XY YV —h% 3 AHFE TR 3 MG
BH L.~ U ADEERR X OVEAFEREZ R B IZHEE L7z (Fig. 12C), & OfEH: Exo, SAV-exo0,
Exo + CpG ##45- L THIEGHMMBIZN RIZIA RO Lo Tc, L LR D,
CpG-SAV-ex0 & 53 % Z & TH B2 IEEIETHMEI RN RBO Hivie, £72. CpG-SAV-exo
OEHIZE D~ A EFRLAEICESA L (Fig. 12D), F£7-. CpG DNA Effim% >V —
L OREFENEE 1L, RNEES & el LT X RIS IEBSHEAE & 9 5 = & 2 iR L7 (Fig.
13), VT, PUEEREEEICRIT S T MO 2R 570, MIRKE~ 7 22
B16BL6 /i 2 fA4E L . CpG-SAV-exo % SN G- L 7= 855 ORI A - L 7= (Fig. 14),
ZDOFER, AR O~ 7 2 TliL CpG-SAV-exo #5-12 X 2 Pl o iGN MR S -
DIZX L, MK~ 7 A TIXIFEAERD LN -T2 Evh . CpG-SAV-exo (2L 5
PUBSEIE T A AR E <BIG- L TWD 2 L AVRIB S L7z,
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Figure 12. Antitumor immunity induced by CpG DNA-modified exosomes (CpG-SAV-exo).

(A, B) Mice were intradermally immunized three times with PBS, CpG-SAV-exo, SAV-exo, Exo + CpG, or
CpG-SAV-exo (1-pmol DNA and 1-pg exosomes/50-uL PBS/mouse) at 3-day intervals. Seven days after the last
immunization, mice were subcutaneously inoculated with B16BL6 cells (5 x 105 cells/mouse). Tumor volume
(A) and survival (B) were measured daily. (C, D) Mice were subcutaneously inoculated with B16BL6 cells.
When the tumor volume in these mice exceeded 100 mma3, the indicated test components were directly injected
into tumor tissues at 3-day intervals. Tumor volume (C) and survival (D) were measured daily. Results are
expressed as the means + standard deviations of data from eight mice. Data shown are representative of two

independent experiments. *P < 0.05 compared with the Exo + CpG group.
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Figure 13. Therapeutic antitumor immunity induced by intradermal administration of CpG

DNA-modified exosomes (CpG-SAV-exo).

When the tumor volume in the mice exceeded 100 mm3, PBS, CpG, Exo, SAV-exo, Exo + CpG,

or

CpG-SAV-exo were intradermally injected three times at 3-days intervals. Tumor volume (A) and survival (B)

were measured daily. Results are expressed as the means + standard deviations of data from eight mice. *P <

0.05 compared with the Exo + CpG group. (C-H) Tumor volume of individual mice after the first vaccination.

(C) Phosphate-buffered saline (PBS), (D) CpG, (E) exosome (Exo), (F) streptavidin-expressing exo (SAV-exo),

(G) Exo + CpG, and (H) CpG DNA-modified exo (CpG-SAV-exo).
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Figure 14. Tumor volume in athymic nude mice (BALB/c nu/nu) after vaccination with PBS, Exo, Exo +
CpG or CpG-SAV-exo.
When the tumor volume in the athymic BALB/c nu/nu mice exceeded 100 mm3, the mice received intartumoral

injection of PBS, Exo, Exo + CpG, or CpG-SAV-exo. Immunization were repeated three times at 3-day intervals.

Tumor volume was measured daily. Results are expressed as the means + standard deviations of data from four

mice.

2.6 CpG DNA Effi=x Y Y — ABREPBM/INRBR L L UEBICE 2 28

CpG DNA Effi— = ¥V — LT K 258 ) e il a2 D3 el S A7z s, — 7 CRalifa ik
T Y Y — AT A CRIEIHNER 2t LI U NREIE R, & 2 WITEIEE O
B> TS LW T B IFET D, £ 2T, CpG DNA Effit X YV —ADFHNZ
NOEOBGICE 2 5B L-, £, T T L~ AT CpG-SAV-ex0 % fEE N
H4% . FEEMARICE T D VEGF B LT TGF-1 ® mRNA Z#HIET 5 Z & T, CpG-SAV-exo
INEEUINBRERIC 5. 2 5 23 L7- (Fig. 15Aand B), & D5, CpG-SAV-exo ##5 L
Th. M MRNA ORI RITGED Hihotz, £io, LEAHOCEMSIC X 28805
b IR S 35 1) D A BrAE OB KITFE® Hiveny> 7= (Fig. 15C),

FEHERIC 52 5 B2 ST 5 72 8, CpG-SAV-exo £ 5-#% O~ 7 A7 b fifi z i Hi L
fitifb kA E L7z (Fig. 16), ZDfE%. Exo & 5\ E Exo + CpG Z#% 5 L 7= B&12i%,
PBS #f & [RIFLEE OFEEE A HERR S 7= DI % L, CpG-SAV-exo D5 Tikde L A L7z,
INHDORER LY CpG-SAV-exo (THEMUNREEICIZ & A EREITE R T, L AREE L
45 2 LRSI,
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Figure 15. Evaluation of VEGF and TGF-p1 mRNA level and microvessel formation in tumor tissue after

the treatment with CpG-SAV-exo.

Total RNA was extracted from tumor tissue at 1 day after the last immunization and the mRNA level of VEGF
(A) and TGF-B1 (B) were measured. Results are expressed as the means + standard deviations of data from four
mice. (C) Typical images of tumor tissue stained with anti-CD31 antibody (microvessel; green) and DAPI

(nucleus; blue). Scale bar = 20pm.
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Figure 16. Pulmonary metastasis of B16BL6 cells in tumor-bearing mice after the treatment with
CpG-SAV-exo.

At 1 day after the last immunization, lung of tumor-bearing mice was isolated and the number of pulmonary
tumor nodules were counted. Photographs of lungs after the treatment with (A) Phosphate-buffered saline (PBS),
(B) CpG, (C) exosome (Exo), (D) SAV-LA-expressing exo (SAV-exo0), (E) Exo + CpG, and (F) CpG
DNA-modified exo (CpG-SAV-exo). (G) Number of pulmonary tumor nodules. Results are expressed as the

means + standard deviations of data from four mice. *P < 0.05 compared with the Exo + CpG group.

27 BE

FEPUR 2RI U ik s B Wi, BRoNCHEBEOBPUR LFEE - R T
WRVWDORHEIRTH D, E-oT. ZTIH L7 RE2p0EEE LAaVEME X Y v —
LEFIH U7 mibid, Bix 2ot U CORPURRE R CTL 2538 20lca2h e 5

25 %0, BT Y Y — AL TV 2 b BRI LR R R R TR
TonTna b0, WRFAOEMEAMZEG L TWLZ b, UMl Td D
DC ~OFEFUR & T Va3 FOFRIET U AN — 3T & A EFRFCE e, RIFZETIE, &
Ml =% v ¥ — L% CpG DNA TEMiT 5 Z & T Miladskm% v v — A&l b L
PR E T V2 Ny NORIFT U NY — 2 AT A& L, BN PR % 8 ml
BEThHZL%ZrL (Fig.8and12), ZDOHEEZFMATHZ L ToX Y VY — AL DR
EREDOE R DFBVBHHFTE LD LEER D,

AEFFETIET ¥ Y — L% CpG DNA TERGT 57 01C, fREEEEN 105M & IER 1T
7172 SAV & biotin [ OFHAAEH ZFIH L7z 5159), if:\ SAV IZ LA L DG Z B L
TLHIETZFY Y —LMEMLTVWDOR HLEOHG LY LAZNT L T=F Y Y —LFK
SR SIS0 FIXMIEFE T O L 5 A FIEREIZBE VW THRETH D Z EPRE
ALTND 98, Z D L9 I L EMED @MW ITEZ MW T Y YV — % CpG DNA Effi L
7otz WiAlZ DC ~FIRFT U N —T&ElobbDEEZ LD,

T Y Y — OISR ICB LT A EL A H 2 CpG DNA DAE(EIZ L ) =%
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V= ADFRMEMNEL L, DC~DIZXY Y —2DF )N —REICEEZ KT L,
LD, =%/ Y —Ah1lyug &7V IZ/F-ET % CpGDNA B L% Lpmol THY | Z
I F Y Y — ACHEME G A TWDEERGFO—DThHbH PS DXV V—IA 1yg
&H720 100 pmol FENDD LT L LIEFFITDRNZ Enn, =% Y YV —LDOYMEIZE
R DIV N D EEZ B NS P, FEEITMERIECHIIAER VAL EER) S & Z D]
REMEIISE ST,

P 0% OFHEICB LT, =% V— 2% CpG DNA TEffid 5 Z & CT.1[HH7=Y 1ug
O bR T 72 Th-1 ORI IGE S L OIS EEE A FE T2 (Figl2), =%V
V—LEHMMA LY 7 FUoBRRBEORATHEDZ < D 1 1alH7= v 10-200 pg #8551 TH |
ARFTHUWZ CpG-SAV-exo IZFEF IV ETH DI H D O TR EINE %5 &k
Z L7z %69, =%y — AR EOHKITEEFIEICB W TEERBEHE S TWDH 2
LMD, TVany MEfIZ X DR Y Y — ARG EOHIEIT. bk v —A
wEAE L LTS RIE O e DR BICEIN D L IR T X B 5960

CpG DNA Effi= ¥ ¥ — LA DOEENE 51X, RNEL X0 SEN - GRS G % R
L7z (Fig.12and 13), Z#1% TiZ. CpG DNA DIEBENHZ G IZ L v EMliox /7 o —v 2 %
FHLFREZR TNF-o OPEANRT 5 Z E NG ST 5 89, 1z T, CpG DNA DN
513 CD4 Bitkds KO CD8 [tk T MR A4 2 RAVICFEE L, & &I I35-BE i1 ik s B
DIEMEZRETT 5 2 L bME STV D 26, CpG DNA EffimF Y VYV —LZz N5 Z & T
CpG DNA OF Y N Y —RED A LGRSO b= Z L v, CpG DNA Effit ¥ Y — A DJE
BN 512 k0 3k L7- CpG DNA DOIEMEREE R L TW D ATEMEN & 5,

BRIk Y Y —AEFA LB Y 7 F > OEERFFES T —J5 T, @Al k=
XYY — AT KD MAEFAESREIMHEIER . & 2 WIS O & v > 7oK 5 7EH
HME S TND 86460 L)L b, ARV T CpG DNA Effimx vV YV — A%
B 512 DIEGAHFRICHIT 5 2O OBRICEEG T2 B2 65T A M A D mRNA 3§
BT ITELS | I L Thie LARA Lz (Fig. 15and 16), 7> T, CpG DNA
BT YV —AEFIR LB HR — 7 2 2Ny R OREFEE S A7 AT PR R 72
DU B EREE B2 bivd, £72. CpG DNA Efifiex /~A%}5@%@
FPEINEICBEA LT, EGT MK 5 A E R YA NI A U EEAT KO CTL IEMEI TR
727z (Fig. 10 and 11), FEABRR k=% v ¥V — AN 3EHt E@&@%?%E#E%ahf
WD END, ZIUHA DC ~DORY AL ZI L TIRARSND & HORERISZHET 27
Wb 5bH, BIEO L ZATX Y YV —LEFHALIZEY 7 F AT 2R Tl D X
IIRMEIIFE LRV, A%ILZ O LEHCREISEICLEETRE LEDNRD,

DC ~DxFx VY — LB LU CpG DNA D7 U3 —HEIZBI L C, CpG DNA {&ffi—%
V= L& HWTEHGEIZ CpG DNA OF U N U —gh = IBAEIZ B A L2 DIZH L, =% Y YV —
LOT VY ANY —RRIZEALIZE) 5 72 (Fig. 8), (K40 b e S mfifa k=% Y vV — A
X DC IZHVAEND b DD, ZDOT VAU = FIEL 2N ERWE I TN D %),
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TR L, DC ZERME LIEHURT U ANY = 27 AOBMZBICE W T, CD40 X
glycosphingolipid Gb3 &\ o 72V 7 FOEMIZ LY DC ~DHFDT Y /3 Y —Zh3RA8 B 5.
THZEPMESNTNE SN, o T, ZNHDOUH U RE LA L OREGX X7 EE L
TZX Y YV —h~MEfiT5HZ LT, DC~DOT VAN —FEDOHER L0 LAY CE b0 L
E 2D,

LIk 52 B CIRBE A S 2R LU Omfiamh k=% v — A% CpG DNA T&fii
THZ LK, DC~OFTUR—7 ¥ =2\ MERET U AN — 2k Lz, 512, ¥
EFETFN~ T AL AN BHND, =% Y Y — AL CpG DNA OHFRAM 2% 5 LI-ha L
b LT, CpG DNA EEffimx Y YV —hZixbh+ 2 2 &L CEAZTIERGRENGOND 2 &
EHONE Lic, 2RO ORERIT, bk x Y Y —2%2FH LcmEitR —7 ¥ 2
Y MNRIKET U NY =2 27 LADOBHT 5 9 2 THRERIEREZRET 260 LE X D,
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HI3E MENBRBHIEAEMRERT XY Y —ADOBRRICL D
DR RIREE D

AR =% Y Y — A& W TSR T, BHURO DC ~OE Y A& & | 21T

5 & #5E < SRR PUR OISR N MNIETH 5, PURFFRM 2208 SIS OFE 21X, CD8 [
PERIIR A EME T Ml KO CD4 Bt~ L S—=T Hi~OHFI R AN EE THY . b D
THIKIEDC EO MHC 7 7 2 1 BL U7 7 A2 N5+ %20 L TR ENZHIERTF K& %
NS5 D, —fixiz, E&D AFENTEIURIZ= RY — A1) VY — AH43 T
Tuakvl T EZTF, MHC 7 7 X Nl 5 FICfi6 Uil ER m ~ ik S vz, CD4 [k~
AN=T fifa~ErInsd @, Ll **KO)JF;?“J? SHREICRET 27 w77V —Lk
NREAL D & 2 R BRI SRAE A R L0 i S 4 A U B~ 7 5 RidvMiafk Lo TAP
(transporter associated with antigen presentation) % i L, MHC 7 7 X | 3 FIZHEET 5.
Z D%, MHC 7 7 A |-~ F REA ISR~ & ik 40 CD8 Mg ErE T
MK LB RSN Z ENmbNTEY, Zo—HEoRKIT/ e AT LB T—v g
EIRIEIND T4, BRI PUIEES fa i O ML CD8 BEPEMIR G ENE T ML O A 5
ThH DI, sz Mg «&ﬁwm_T)AJ~L DC E® MHC 7 7 A | i3 1 %4
L7 dUR O R AR T 5 Z E N EE L 79,

INETORATHZEN S, =X Y Y —AF I R A b= ZA%J LT DC IZHLY A
FNDTERBEINTND M, fEo T, Ml Y — A% FIH LIzl
IZBWTH, = RY—A0bOMRNZ2BHAZRY | Mg ~SEiURET VAN —35%
ZETTEPURD MHC 7 7 A | $REER RS D LB R H 5,

Z ZCH 3B TIE, DCIZH Y A E 7 fin k=% > — A OBl N B RE & il 5~ 5
LT, BPURD MHC 7 7 A | fRie DRz ik 7o, =20 BY — A Ol E ~DOBAT
RHET D REE T & UL pH IR B EIRRL A 7' F R Toh 5 GALA Z IR L 7= 879, GALA
i&@*ﬁfﬁﬂﬁi@a“J/72%L%ﬂﬁb FEEEA~E AT D 2 & CRREMmIEA

R, XYV — AL~ GALA Effil. % 2 B L [EERIC SAV-biotin [ OfEA 2RI 5
Z Ll L, T h BI6BL6 A H Sk 3 ) — A% SAV-LA A 2 LR T TCIES L.

ZHUZ GALA @ biotin FHEMRE S S HDH Z LT GALA EffiEMlamk==% > v —A
(GALA-ex0) % J{Hl U 7=, BetE S I2 38 1T 5 GALA-exo DIRIRIRIEIE 2742 & & HIZ
~ 7 ARFIRHINE DC2.4 #ifid 2 V) CLGALA-exo D=2 K Y — AL HEER L OYEHUR O MHC
7 7 AN HEREEIZOW T H Rl L 72,
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3.1 GALA EffifMiamk—x Y Y —ADHH
SAV-LA 581l ~7' 7 2 I R&E A L7= B16BL6 Mifld/ & =% Y Y — A% [EUL L, £FEH 2]
7 & DIFAE % western blotting 512 X W L7z (Fig. 17A), ZOfEHE, 52 & L FfkICc=
X =D —H—H R IETHD Alix, HSP70, CD81 OfFfEA MR LT-, & 5HIC
AT ) —=<HRD 1 FETHD gpl00 Z#RH L TWDHZ & bR LT, W\ T, =%V V—
LD GALA I X DB 2 st 2 72, AREBEDEEFE PKH26 TIER L 72 SAV-LA fEffi— %
V=& TNF LA R LTz biotin /b GALA ZiEA L, #OGBAMEEIC Tk YV —
Aﬁ%%éﬁ L7 (Fig. 17B), SAV-LA {&fifi > Y —2A (SAV-exo) & biotin {t. GALA %

BE LA, mEoERBENEERINT-0ICK L, REfMio=%Y Y —2A (Exo) &
blotlnflﬁGALA FIRE LTSAIIImE 0L BETRD e o 7=, 56> T, SAV-biotin

FEAICHE D& =% Y Y — L% GALA TEMiA[RETH D Z LR &Iz, £72. GALA DfE
fIRICOVWTHIEGER L7 2 A, =% Y Y —A 1 ug IZB L% 1.98 pmol D GALA 725
Hrx Y V=LA 1RIZEBEZE 571 5570 GALA BNERI SN T\ Z EAVRE T, fiw
T, [FIX L7z GALA-exo O¥pft:% Exo & 5 d SAV-exo & Lt L7~ (Fig. 17C and Table 3) .
ZOFER. Exo. SAV-exo, CpG-SAV-exo O -£IXFnZids L+ 107, 107, 106 nm T
D, RESAMICBE L TR LAY — 2R LT, £, FmEMIZNENWTND
-32mVEEETH Y, GALA Effitt b =% Y Y — AOPIEITIRE S B LRV L RER
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Figure 17. Development of GALA-modified exosomes (GALA-exo0).

(A) Western blotting analysis of gp100, HSP70, CD81, Calnexin, SAV in cell lysates and exosomes from
non-treated (NT) or SAV-LA transduced B16BL6 cells. (B) Fluorescent microscopic observation of GALA-exo,
exosomes mixed with biotinylated GALA (Exo + GALA) (green = fluorescein-labeled biotinylated GALA, red

= PKH26-labeled exosomes). (C) Histograms of particle size distribution images of Exo, SAV-exo, and

Table 3. Particle size and zeta potential of Exosomes (Exo), streptavidin (SAV)-exosomes (SAV-exo0) and

GALA-modified exosomes (GALA-ex0). Results are expressed as means + standard deviations (n = 3).

Particle size Zeta potential
(nm) (mV)
Exo 107 £ 10 -32+0.6
SAV-exo 107 +5 -32+04
GALA-exo 106 + 4 -33+1.9

3.2 GALA &A% Y Y — ADOREHEIEME

GALA [Zfist:

2% GALA-exo & I1BRA

WZHER L7z, —J. pH5

ST CRYEIRIEYEZ R T Z D T 'L VEEALIZY AR Y —
Bt VR Y — LOBREMIZENT T 5 vt A &2 JE L7 (Fig.

18), EDFER, pHS OFEETH N A VE AV R Y — L L GALA-exo % iRA
TNt A OB RSN, Fi,
GALA-ex0 DMK
Exo LIRALTHL AL v OIREIIHR SN > T,
GALA-exo H 5\ X Exo LiRE
Mol=Z L, GALA-exo 23EEPESRIC
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Figure 18. Membrane-lytic activity of GALA-exo.

Calcein-encapsulating liposomes added to 96-well plates were incubated with the indicated concentration
of unmodified exosomes (Exo) or GALA-exo for 1 h at 37°C. The fluorescence intensity of samples were
measured with excitation at 490 nm and emission at 520 nm. Results are expressed as means + standard
deviations (n = 4). *P < 0.05 compared with the Exo in pH 5 at same concentration. *P < 0.05 compared

with the GALA-exo in pH7.4 at same concentration.

33 DC24MfICE Y AEhiz=Fx Y Y —2NEH D RTE

ARICERVIAENTZ=F Y YV — AOHBEANBIELZ TN T 5720, =%V YV —ANEM%E
Exo-Green % N THk T HOEYeth L7- 1% DC2.4 M~ L., & O+ % S St L mamg
HFCHIZ L (Fig. 19A), ZOFER. Exo & 5V % SAV-exo % DC2.4 fla~Isn L 7= 84
IZiE, =%V Y —ANE %%T?ﬁé@a%ii/b/ LR ROOEE L HEL
Tz, ZAUTKF L, GALA-exo Z I L7ZBRICiZ =%V Y — ANEW % R Tk D6 M
ﬂ%méwmﬁﬁ¢6%¥hﬁﬁéﬂtoit\w&AW%I%// NI )
BT, = R — LB LILEATHL 7 OMBIZ LV HE L, £z,
Exo, SAV-exo, GALA-exo % DC2.4 fild~IRMN L7-BEOE Y IABEIZOWTHIR Lz & =
A, WTOxTZX Y Y — A THRBREMBICIERVIAEND Z LB Sz (Fig. 19B),
> T, SAV X GALA OfEAfiIZT Y Y — LD DC2.4 HI~DHEL Y AT K & I 81T 5
2T E PR E T,
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Figure 19. Cellular uptake of GALA-exo by DC2.4 cells.

(A) Upper; Confocal fluorescent microscopic image of DC2.4 cells 12 h after incubation with Exo, SAV-exo or
GALA-exo. Bottom; DC2.4 cells were incubated with 10 uM chloroquine for 60 min to inhibit endosomal
acidification. Then, the cells were incubated with Exo, SAV-exo or GALA-exo for 12 h and observed under
confocal fluorescent microscopy. (green = cargos of exosomes, red = endosome, blue = DAPI). Scale bar = 20
pum. (B) Flow cytometric analysis of DC2.4 cells after the addition of Exo, SAV-exo or GALA-exo in the

absence (M) or presence (L) of chloroguine (CQ). Results are expressed as means + standard deviations (n =
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34 DC2.4 Mgz X 2BHURKD MHC 7 T R | {27 kB

VT, Exo, SAV-exo, GALA-exo Z AN L7= DC2.4 il & BUSAL4 Al 2 JLh238 L |
BUSA14 @2 035 IL-2 ZHIET 5 Z & T DC4MfBDOFEHURD MHC 7 7 A | #27RiE
ZRH L7z (Fig. 20), ZOfEF, Exo & 5\ id SAV-exo & DC2.4 Al ~IRN L 7= 5412 b
~ GALA-exo Z iR % Z & T BUSAL4 a3y 7335 IL-2 DA BT R Lz, 1E-> T,
TV Y —Ah% GALA TEffid 25 Z & T DC2.4 iRl X 2EHURD MHC 7 7 A | #&7HE
MRS D Z LR ENTZ,

80

0 H =

NT mgp100 Exo SAV-exo GALA-exo

Figure 20. Tumor antigen presentation capacity by MHC class | molecules on DC2.4 cells.
DC2.4 cells treated with Exo, SAV-exo or GALA-exo were co-cultured with BUSA14 cells and incubated for 24
h. IL-2 secretion from BUSA14 cells induced by a gpl00-specific response were measured. Results are

expressed as means + standard deviations (n = 4). *P < 0.05 compared with the Exo group.

35 HBE

WEROEGUR Y VXV B DI TF REFWTEY 7 F o L RIFRIC, e k=
XY Y=L &R LT ERERIEICB W TS BRI R GBS % OM5121X DC I L D%
PUFSRRRE DG RIZHE-S < CD8 [H MM HME T ML OB ENEE TH 5 Z L NFEIAESh
TW5 80, ZHFE Tz, wldk XY Y — A XD PUEEREOMEIRIZIIT ¥V 2N
RAES VDT E 72 8189, ERRRBRICB VT, Bl V=LA TV an
¥ FOPEFRIZ LY DC &M LT 5 2 & TREGURIRREED TR X 41, CD8 Bt M T
MRS 2 Zh A FFERRE TH D Z LN HE ST WD 28, L2 b, FEiliia b k=
XYY — L OMBBNERERIEIC LY DC OFEHURIRRRE DR A 2k L 7o i 1IAFE L
Mmolz, AR EHlaTX Y Y — L% pH I IGEMEOREIG T F R Th D GALA TERT
52 LT, =XV Y= 2NEYOMIRE~OBITIMEE S L, DCIZ X DEFURD MHC 7
7 A | #RREEDIEIRITHE) LTz,

HIRIZE D IAFE N o= Y Y — A OMBNERRORIEIL, =% Y YV —22FH Lo R
PIFRIEOR I BT, =X Y —AEHBE LT RT v 7T VN — X7 5 (DDS) BH%
bFEHEEZLND 88, =%V Y — ANINREOEREORSEHEEE L THiET 5 2
&5, small interfering RNA (siRNA) <° micro RNA & W o 72 R EE SO T U N Y — 3 R
TAHELTORMHHIFFSN TN D 445890, = 5 | 7o eI O 7 2/F AL/
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HThoON, =XV —LDxTy RV =I5 O NARA7372 72 DIE AN i KRS =
N nWos RN RSN TV D 9, SAV-biotin fEAZFIH L7z=X Y V—LA~D
GALA fEffil%, FEMILD 72 b T O 3T 5 =% Y Y — MBI ATRE T 5 72
W, =XV Y—AEEAEE L2 DDS BARICH AR R AT 5D L EZ HLD,

GALA [IFMESRIFICB W CTHBUEMED a-~Y v 7 AfEEZ R L, IRERE~OBE A% 5]
29 L CIEAMERA 2R T 8, S 51T, GALA TR EERIFAIC BIAMRIE M 2 i3
HZELMEINTEY D, ZhAo0MIFAE O NEA VEHAY R Y — 2T 5
GALA-exo DEAfEME CTHIMER SN (Fig. 18), & 51T, DC2.4 HifZ A 7= v
IABDBIELND . GALA ERIC LV =% Y Y — ANOWBHITE ~ & ZREICBITT D kR
FONMER SN, ZO BT RY — LAOWBMALILER TH 5 7 v m o OULERIZ &
DK LT-, Lo T, GALA-ex0 DT R Y — AN OEEMESARIZ 35U T REIAMRTEME 2 F54# L
b lHgEshs (Fig. 19A), £/, 7r—% A M2 MU —IEIC K DHEHNG, DC2.4
MIICE DY Y — OV IAA &L GALA DERRICHE I N2\ 2 L 2R L7 (Fig.
19B), Hit> T. GALA ERiIC L D FEHURD MHC 27 T A | HUREEDHIRIT, =% Y Y — Ll
VIABBOHKRIZE D O TIEAR L, MlaNEBHOZICERT L D EEX b,

BUSAU filfaZFH L7=PUR 7 LB T—2a v T vkA L0, DC2.4#EIZ X5 gpl00
D MHC 7 7 A | ##27~RAEIL GALA-exo DALERIZ L W K% Z L &an7- (Fig. 20), L
U7 S| Al R= X Y Y — MPEHUR O 5 TARMEO B PR S NE LT
D, o T, 29 LI-ACHROMILE~DBITH GALA EEiC L VR L TND Z &7
FHESN, 2 XY AEREMED CD8 B THIaATFE SN TV D ATREEN H 2 9), L -
T, EAIRER=X Y V) — A Z 5 & U7 ERE O MBI Tl GALA-exo %%
%O QRGO ERICHER L ) BERD D,

LIk, %5 3 BTl SAV-biotin #E & ZFIH 35 2 &, Bl k=X Y v — L% pH I ISE
PEDERL A ~X7"F K GALA TEfi+ 25 Z LTI L7z, £ LT, GALA Effif e i k=
XV Y —2% DC ICHVAENT-HTX Y Y — AN Z2 MG ~ SRk ET 5 2 L
ZRHETEEBHIT, DCIZEDHEPURD MHC 7 7 A | $RREZ I CTX 5 2 L2 6 L
L7zo ZAS ORI Sk 2% Y — A M B BEHIEN 1 5 < sk oo B

HICARBREREREET 2 EDEEZ D,
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=i

EHIT 3 ®ITby, Elamk=x Y Y — A% FIH Uik o & i,
TX Y Y — AORNENREE BRIBITEZBRRE T 5 & & i, Bl % Y Y — Az
D IAATE DC DIEMEALRES L OMEHURIRRREIC DWW T ORET 24TV LUF Oifiiim & 15372,

B 1 Ak Y — A O E EARIRNENREAINT & B & U 72 BUREERRIE O B
A CTd % B16BL6 MMMIC SAV-LA EHL 75 2 I RZEAT 5 Z & T, SAV-LA [Effi™
XYY LB LI, BT, 20T XY Y — AT B-BB & G & 5 2 & T SAV-biotin
ARSI =X Y YV — AOBHEF#RICRII Lz, £ LT, =% Y Y — AHEi# ik o B
FIZXY, B A~BAT U Ea ke Y vV — A Okt &2 E BRI T5 2 & &
AL Lz, 26 OBEN S, BB E=X Y YV — A0 DC ~DOBRM 2T U N —ik
DBAFEIT I < FESRIEHIE OIS T, =% Y Y — LBEHEBIE DTS <A
REEENET NG TH L Z LIRS,

2 B B SEEMRE R Y Y — LB B LT AR — T Y 2N RRIEET Y
N — ZF LOBA%

SAV-LA Effi ¥V — ATkt U, S filitERZiE Céd % CpG DNA @ biotin #5358 (K % X
Ji S5 Z & T CpG DNA EfiifEilla k=% Y — AOBIFRIZ T LTz, wiiia s k=%
YV — 5~ CpG DNA ZAEffi§ 5 Z & T~ v ZfRRHfakk DC2.4 ffifd~d CpG DNA O 7 U
NY —ZhRITREIC ER L, EHlcmF Y Y —2h L CpG DNA DFE—ff~D[FEEET U ]
U—%rEEL L7z, CpG DNA EAfEEARIE M k=% ¥ ¥ — A% DC2.4 il Z h=RAIZiEMAL
L. EHUEESREEB A L7, & 5T, CpG DNA EffiEMIh k=X Y Y — L %253 %
LT, %Y Y —AhE CpG DNA DIRAEME G L2356 X 0 bR AE 25
EROSHHES L, BN PEEDRENE LN, 2L OBE G, bk
V= NEFIA LT BIUR — 7 ¥ a3y MRS U3 Y —1% DC OiEMA ks L O HUR IR R
REOH RN AEETH Y | FUEBEREZIRINIHETE 52 LR EnT,

3% ARNENREREEE A E kT Y Y — ADBISIC L D REHURTRRAE OB R

SAV-LA Effi 3V ¥V — AL & pH IREPEERENS = ~7"F K GALA @ biotin #HELZIREGT 5
Z L& T, SAV-biotin fE A 125 < GALA EffifEiifa b k=% v ¥V — A OFHBUZ I LTz, i
L 7= GALA EffifE AL k= ) — AIIYESEIC B W CIRER MRS TR 2 i 5 2 &
DR ENTZ, GALA [EffiEMINA k= Y vV — A% DC2.4 MifcE v A ENT-%. TDOWN
WDV E ~FEMANCBATT D 2 LA RIMT L & bic, ZONEUWE OMIRELIREIZIX
T RY —LAOBEEVNELETLZEEHALNE Lz, S50, Blllalk= Y vV —2A
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% GALA TEfid 5 Z & T, DC2.4 il X AFEHUR D MHC 7 7 A | HEREENHER S D
TENTRENT, TROLORFNS, BEHRART X Y Y — AOHMENENE 2 HIE T 5 2
LT, BhRHIIRIC L AEHURO MHC 7 5 A | o REE A HIBRATRE /R Z L N B e o T,

PLb, FFIL, =%V Y —LAOMSHEREZBRE L, BlRbk=X Y Y — A0 EEN
IRNENREFRATICRRED LT, F7o. BT PUER 50 O MRS T I35 1 S b e e = %
I =BT BEIR =7 P a Xy FOREET U AN —RNETHLHZ ExRiHT & &
bz, = FY—Alittie s AT oMb k%Y Y — A& T D Z L TR
RO REZ AR E Lz, AR TR L RE, il Yy —2%FH Lz
TR IR OB IR LT A et 2 b0 LB 2 o1 5,
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EIfSE

DO VITHRAZ, ARBFFEICER LT, AR 2 2158, BHiEZ B0 £ Lo m#Rs:
RPBEHFER SR EEERICELIVIRERIHPELR L ET,

Flo. KIGTEZREE R 2B LIRS 215 0 £ Lo st RS R SET 7R 79)1 oo
HEHR, wiaA LI GEA TR EH OB Z R L E,

E6IT. ERO—EICEE . BMBIE. EIREZIHY £ LR R A TR
TRREFERE ST 200 B (TR MR EI%., M SRR IS B L AT e (e B AR AT O
MHDEHDOEERLET,

/o, fx OEELEE 2BV F LI AR PRI A TERHRE S #7255 B 2
=[], FRZ RO — R /8 TR AR ZZ RIS L £,

RIZRIC, MIEICHETERELEATTS R —5&, WOHEF TR < R L
£7,
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KEBROER
BLIE RROE

[1] B
DMEM 57Hui A KBS L VA L=, 7 U afrifiE (FBS) 1 MP Biomedicals
L VEEA LT, RY =F Lo I (PEI) Max (3 Polyscience 1 & v i A L 7=, Opti-modified
Eagle’s medium (Opti-MEM) 1 Life Technologies & ¥ A L7, & OfhoaREIE, MR OFF
Wi 2 =,

(2] Hmhakk

VU RARAT ) —<flifark BI6BL6 I%, B S A A Y YV — R X DA LT, Al
%, 10 % FBS, 0.15% /xfE/KFEF b U 7 2, 100 units/ml ~==3-U > 100 mg/ml A k L7
F~A > EPIN L7 DMEM B G, 37°C, 5% CO,, NESME T CHEE L7=,

[3] Z=BrEhim
5EMs, HEME, BALB/Ic v AlX, HAZ AT LU —EX S LA LT,

[4] SAV-LA #8l~7' 7 A I K DNA O1EK
SAV.LA @ cDNA DAERITIEIZ DWW TIEZLARN Hd L T2 159, SAV-LA @ cDNA I3,
LI FD 7 Z A ~—% T polymerase chain reaction (PCR)7%(Z X v #31iE L 72, SAV (forward)
5-GGATAGATCTCAGCATGCAGGTCTCCCGTGTGCTGGCCGCGCTGTGCGGCATGCTACT

CTGCGCCTCTGGCCTCTTCGCCGGTGACCCCTCCAAGGACTC-3/, (reverse)
5'-TCCATGCCCAGCTGTGTAGAACAACCCTGCTGAACGGCGTCGAGCG-3"; LA (forward)
5-TGTTCTACACAGCTGGGCATGGA-3', (reverse)

5-CTACGCTAGCCTGAGCATTAACAGCCCAGCAGCTC-3". 4 18 L 7= SAV-LA #5 4> %
PCDNA3.1 7 X —~ff AN 5 Z & T, SAV-LA EHL 77 A I F DNA Z 1Bk L 7=,

(5] =%V v — ABILAEHOVERL
10 % FBS &7 DMEM £ #1 4 100,000 x g C 2 BfE#m O E/EEZ1T 5 Z & ¢, FBS KD
TXY = LERELL, ZO®K B0 UM DAL T T T 4 H—(HARI VRT )
CIRE TR E AT > 72,

[5] B16BL6 Hifd~DE (s T HA
SAV-LA 8177 A2 X K DNA 40 ug % 0.323 g/L |Z7%4 L 7= PEI Max (Polysciences ) 320

pl EIREA L. 30 0 MEfHES 5 Z LIC L VA REZIER S ¥z, D%, 80 %= 7T
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NIRKEE & 72> 72 B16BL6 fMifld ~E AR Z i L, 1 BEfZ I = 7 v — AR HER I
EHSE X BT 24 B R 21T - 7,

[6] SAV-LA {&fifim v v — AdD[E)Y

7T A FEA%OMME IR LT, 300 x g 10 43, 2,000 x g 20 %y, 10,000 x g 30 43
JIE G oy Bl 24T - TR 2R E L, ZORIARL2umM DAL T T 07 4 V2 —%H
WCTRIBE R E AT O 2 & THMLERE L 2GR U7, AiTALEEES 2k LT 100,000 x g 1 HFfH]
DEEOERIEEIT 9 2 & T SAV-LA [Effi=F v ¥V — A Z bl S8 72, 553 B 2 525 L PBS
(CE L U F S O EREE 2 BT 9 2 & TRk O & R B R YRR E L=, £ D,
Ty R4 —RNECLD X VNI EEREITH) L T2X Y Y — A0 EEHE LT,

(7] =%V YV — 2D HINEE OFEAT

TX Y Y — AORLE A L OEER R 13 ) / ki~ F 7 F 7 A ¥ —gNano (Izon ft)
ZHAWTHIE Lz, =% Y YV —ADORABHITOWVTIL, Zetasizer Nano ZS (Malvern) %
WCHIE L7z,

[8] BB FBEMEEIC L D% Y Y — Ak DB

THY VAT 2% RTHNVAT AT B RERMUERT 30 2EE L2k, ERAE
BEMEE (TEM) BRI 7Y » K (odfRgsest) (CiRINL 7=, PBS THk, 1 % 74—
NTNATEe RTHEBEL, 1% FERY 7 V2R 5 2 & TERWELEZ1T > 72, Z Dk,
XYY —2kifE TEMIC X VB LT,

[9] bt o > v — A DR

SAV-LA Efifi= % > — 2 10 pg/50 pl % 251-IBB 92.5 kBq/30 pl & E{ET10451 > F =
N=F T LIV =Ry Y — ADOBRFIFE#H T T, R LIz x Y Y — A0 HSHE
FHRMEEIX, N—n—Tua~ T 7 0 —EHWTEHME L7,

[10] Mok o 22 E PERE AT
R % Y YV — L% 20% FBS G PBS 1 CA v Fa— g v L, 1% K
N 4 B§[##£ 12 Nanosep 300 K Omega (Pall Corporation) T 7 /L& [RAMNER L., B\ Sh
FIIRAE LTI v TV O R 2y o F L— g v Z— (PerkinElmer £1) Tl
E LT,

[11] == ¥ v — A RNETRE D RFAM
< 7 AEERR T Y Y — L& 1LY 720 4 ug/37 kKBq TEHIRMNIER G- L=, #EEROICK
FRERIM 3% 2 & CTRE L., MET & 2 WIS O BGHEE 2y v FLr—a vy
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VA= TRE Lz, =% Y Y — AOBERIMITIE, FERER N RET B 7T 5 MULTI

ZHWTHRB Lz %),
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B2E RROE

[1] 33
RPMI1640 £5 1% H /K BSERRSAE L WA Uz, IEMET R/ BIBIRIZ T o7 A T A
MRS L VAL, £/ F 427V ta—nABLO0<A hvA T2 CILFILHEE T30
KL VA LTz, 40663 PKH26 35 X OV PKH67 1 X Sigma-Aldrich th X W IEA L 7=, s
ORFEITHE L FELRKRO LD, b L IXHIROFrfhdh 2 A7z,

(2] HuRak
B16BL6 flfalLE 1 % & FIERDOFIETERICH W, ~ v AMEaE EGT Ml
American Type Culture Collection L WA L7=, ~ 7 AEHRAMalkk DC24 1T~V F o2 —t& v
W ER R EL T O Kenneth Rock - 1 0 fik 5. L CTAEV /=, BUSAL4 fifid (gpl00 )it
D~ A TR NA T Y R—=) 12T AV~ UFEFZET O Lea Eisenbach 2% L v ik 5 L

TIEVNZ 99,

[3] @
5 ¥, MM, BALB/c ~ v A3 X OVARKHE BALB/C Sle-nu/nu ~ 7 Alx, HATZ AT )L
MRS L VA LT,

[4] #V 2% 2 L4F K (ODN)

3 2K % biotin-triethylene glycol (TEG) Effi L7= R A A v F 4= — % ODN 1668
(5'-TCCATGACGTTCCTGATGCT-3") I3 Integrated DNA Technologies 1 X 0 A L 7=, Blli&,
3" Kii % biotin-TEG f&fifi, 5 Kt % Fluorescein isothiocyanate (FITC) T tiEs% L 7~ ODN
%, Integrated DNA Technologies #1 & W i A L7z, CpG £F — 7IZi% 4+ HEHIIT TR CRE L

7=

[5] SAV-LA {Efifim% > Y — ADIAY
%513 L FEED T1ET SAV-LA [Effi— 3 YV — A &[N LT,

[6] CpG DNA &ffit > >V — LDiHl

SAV-LA f&fifit = ¥ — A 1 ug % biotin {t. CpG DNA 100 pmol & iEA L. =iRIZT 10 %y
A Fax—h Lz, TO%, @BiEOEIEIC XV RSSO biotin /b CpG DNA %R Z & T
CpG DNA Effim >V vV — L& REHR U7z, Bili&, FITC £%£:#% L 7= biotin {/t. CpG DNA % SAV-LA
By Y —AERAGL, SHIZPKH26 ZIRINT 5 Z & T2X Y Y — ADORENR A 9
Yuft L=, D% BEOHEIEIZ LY CpG DNA Effi— 3 V) — A DOH Ok R 2 ki L 7=,
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[7] ==Y v — 2 OYEY LRI O G
B 1 BEREBEOFIETEX Y Y — AORIE A, PR b NS R mEm 2 J1E L
7=

[8] BB FFEMEEIC L A VY — Dhi - DREIE
Wl1ELFEOFETZX Y VY — 2R T2 TEMIZX VEZE LT,

[8] Western blotting

T Y Y — LB X OUEE AR X 0 R L 7 MIRRIA R 5 ng % 0.1 M O dithiothreitol C4L
%, 95°C T3 ML 7=, 2Dk, 10 %RV 727 U AT 2 K7 L% /- SDS-PAGE
(24D 100 V T2 FFEERKEI 21T 72, S HIT, A% EIN LEXVKENZ LY PVDF K
NH R BEERE LT, £ 5 7- PVDF [T Blocking One 1A% C 30 2y EY: L7=1%. 4%
FE— KPR & =RIR T 1 IRFRELER L7z, # %% 0.1 % tween 20 &4 TBS (250 mM Tris-HCI, 1.5
M NaCl) T L . peroxidase #2278 2 Y HLIR & RIRIC T 1 BRI SOE & ¥ 72, PEVF#4 . Immobilon
Western Chemiluminescent HRP Substrate (Millipore £f:) T4#LEE L. LAS-3000 imaging system

(FUJIFILM £E) (2 X0 v Fak Lc, SPURiT FREiCiE Lz,

The primary and secondary antibodies used for western blotting

Primary antibodies

rabbit anti-streptavidin antibody (1:100; Sigma-Aldrich)

mouse anti-Alix antibody (1:20,000; BD Biosciences)

rabbit anti-HSP70 antibody (1:1,000; Cell Signaling Technology)

rabbit anti-CD81 antibody (1:200; Santa Cruz Biotechnology)

rabbit anti-Pmel17 antibody (1:200; Santa Cruz Biotechnology)

goat anti-TRP2 antibody (1:1,000; Santa Cruz Biotechnology)

rabbit anti-Calnexin antibody (1:1,000; Santa Cruz Biotechnology)

Secondary antibodies

rabbit anti-mouse 1gG-HRP (1:2,000; Thermo Fisher Scientific)

goat anti-rabbit IgG-HRP (1:5,000; Santa Cruz Biotechnology)

donkey anti-goat 1gG-HRP (1:5,000; Santa Cruz Biotechnology)

[9] DC24fIC LD =% Y YV — ADHEY AR

DC2.4 ffifia 5 x 10* fEl% 96 7 = /L /'L — MIHEE, 24 FFfl5# L7z, PBS CHifluz —[A]
Ve L7ctz, dOEk L7c =% Y Y — A2 fifldlZiin L, 37 °C T8 KA »FaX—F L
72, PBS THlMZ —[mIPei L7=%%. 200 pl @ PBS CTHllAZ[EIL L, 7o —H A F A hU—
(Gallios Flow Cytometer) Tl iR EE 4 I L. Kaluza software  (version 1.0) TH
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HL7-.

[10] & tmEfEEEI%2
DC2.4 Ml 13 mm DA /N—7 7 A RIZRE -, 4 RFfEBEEE L2tk ok Lo =%
V—LNEEMUL, 37 °C T 24 W§fllA > F =2X— h L7z, PBS CHifld% 2 B9 L7, 4%
PRI AFIVLT VT B KT 10 RIEE Lz, PBS THlMZ 2 AP L7-tk, #ilaks & Yetad
% 7281260 nM @ 4°,6-diamino-2-phenylindole (DAPI) Z ¥&1 L. 1055 A v =X — k L7z,
MRS Lich =T 2%, <~ Al (SlowFade Gold) Z¥ML7=AT A KA T A
Eo~EE | HORBEMEE (Biozero BZ-X710) M WTHEIZR LT,

[11] DC2.4 Hfa» B DAk H A > FEA BT
5.0 x 104 {5 DC2.4 #ifa % 96 7 = /L7 L— MTHEU -, 24 FEEE3%1% . Opti-MEM Ty
WL x Y Y —AZMIBIciminL7z, 8IFHA v F 2 — &, HEEEILL, -80°C T
BAE L=, EiET O TNF-ol2 %1% ELISA ¥ (OptEIAset) % AW CTHIE L7z,

[12] DC2.4 #ifa O HUFHE R EEREAM
DC2.4 #IL 5 x 10* fHl% 96 7 = /L7 L— NI X, 24 BifRE L=, £ D% Opti-MEM
THR LT ¥ Y Y —LE L OV5.0 x 104 # 0> BUSAL4 #ilf 2 i0 L3EREsE U7z, 24 WiRE 1
X a— g BEEEIL, -80°C TRAEL7, RIEF D IL-2 JREEI ELISA 1E% Hv
THIE L7,

[13] MR & DA N A VEEAB LD

TV Y=L~y AMUEEIC 3 HIEMETE 3 BRI G LIz, H&REND 7 HED
~ ALY MR A BRI L, A O e A AL Lo, BIli&,. B16BL6 Ml LY EGY
Mz ~A h~A v CREET 5 Z & THiEAF IR S, 2o Z21ERUMile & L7z, 5x 10°
fEH ORI & 5 x 10ME OIERMINZ 48 7 = /L7 L— hNTT 3 HRAEREE L, R o
IFN-y £ % ELISA 2 X 0 JIE L7z,

[14] CTL DiEMERIE

TX Y Y — AERERO~ T Al E~ A h~A > C A L7- B16BL6 2T 3 H
MIFFHIEE L%, PlEIE 2 2x107 cells/mL ([ZFR%L L7z, WRiZ, SICriZik4 i L7= 2 x 104
B DOFERGAIRE & BN U 7= scAE 2 100 puL T 2R A L. 4 BERIESE Lz, Z OB, &K
FOBEEE L LT, I O 0 1 1 % Triton-X100 147G 2, [H SR0EHE & L T, 5538k 100 pL
BINZ T, FERATH, 8538 B4 100 pl 3°2[EI L O I E Eh 5 BORE 2 JlE L
2o LFDORUZ LY B16BL6 35 L ONEGT7 (2331 5% of specific lysis 25 H L, CTL &%
HE Lz,
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(observed release — spontaneous release)

% of specific lysis = -
(maximal release — spontaneous release)

[15] B16BL6 F¢FAY 1gG FEAE DA

TV Y — N~y AMUIEERIC 3 HHR TR 3 MG Lz, mf&Enbd 7 A&
~ U A NRERIRE O ERMZITV, OS5 2 LI K0 iEEBI L, Bk, Bl6BL6
B RO EGT % REEFEEHR (pH 9.5) (W%, WHURSAAE A4 0 K7 2 & CTHRITSA IR % 71
BIL, Zhx 96 VL7 L— MIESE, ZOF L — % 0.05 % Tween20 &4 PBS
(T-PBS) T 3 mIEE#4 L, 0.1% BSA &4 T-PBS Z iz —HfE L, v v¥ 7 &17-
7oo T-PBSICE D BEE L7, MR LGS 7 Va2T 774 L, SR T 2 IFRIE L
7oo VeV, HRP IEak~ 7 A 19G HLiR, 19G1 Hiilds LN 1gG2 Hifk (Bethyl Laboratories £1-)
ZMZ T LR A % 2X— | L, T-PBS IR Tl L7-# . AE %R (OPD 20 mg. H20:
20 ul/ U U fg-7 = 2 FEER TR 50 mL) 12 &V SRS TR ST, 30 0tk. 10 % HpSO4 12
F o TG A E I S8, 490 nm OWLGEE 2HlE LTz,

[16] == v v — A2 X 2 HUEE 2 R O

TR ARG 570, =% Y VY —2LE~ v AAIEEIC 3 HERTEH 3 RIS
L. B D 7 H£IC 5 x 1058 B16BL6 MIEZ A5l FICBHE L7-, Bk, FEIAH
IR ERFIT D702, ~ 7 AR FIZ5 x 10550 B16BL6 A& Bl L7z, fEE A
73 100 mm? & 272, =5 Y Y — DA ISP E R 5 & 2 WIS IS R G- LTz,
TV —AF 3 HERETE 3 MG Uiz, JUBEBZIRIT, ~ v 2 OGRS L OELF
H#z FRARICRIIE L7, TS AL FoX e VW TRI L7z,

Tumor volume (mm?) = (longer length x shorter length?) x 0.5

72¥. TSRS 3000 mmd A B X 7o~ U AIXERIE X H T,

[17] FESZAEAE T mRNA ORIE

B~ U A%k Y Y — KA RGN G% | D 54 RNA Z4iliH] L ReverTra Ace
gPCR RT Kit (TOYOBO ft) & W CHiir G i 21T - 7o, JEEMRkT IS £ D VEGF &
TGF-B1 @ mMRNA OFHL L ~/L1X, StepOnePlus Real-Time PCR System (Applied Biosystems
) & W2 E R PCRIC XD JIE L7z, W, EEM PCRICIZLLTF O 7T A =~ —Z e,

GAPDH forward, 5’-AGGTCGGTGTGAACGGATTTG-3; reverse,
5’-TGTAGACCATGTAGTTGAGGTCA-3’; VEGF forward, 5’- CATCTTCAAGCCGTCCTGTGT
-3’;  reverse, 5’- CAGGGCTTCATCGTTACAGCA -3’; TGF-p1 forward, 5°-
TTGCTTCAGCTCCACAGAGA -3’; reverse, 5’- TGGTTGTAGAGGGCAAGGAC -3°.
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(18] MEIGHARRIC I 1T 2 A i DF1L2

R~ U AR Lx Y Y — A xBEANKRG%, 7 VA A2y MRV EGHEEZ O A
JE 10 pm TEIV HH L., 4 %/ ST R/ AT LT RTREE LT, PBS THE#%. 20 % FBS &
A PBS F1C1REEABE LT, X512, Y& v¥Fhi~ v & CD3L Hiifk (Biolegend £) &
1 R BOG S, Peifi% . Alexa Fluor 488 1555k L 7=t ¥ I1gG (Molecular probes) T 1 I¢fH
RLER U7, MRS 2 Ye a4~ 5 72912 60 nM @ DAPI 2L, 10 5 A > F 2_X— b Lz,
ZD%~ w2 Ml (SlowFade Gold) # ¥ L., A S EBMEE (AIR MP) Z H\WCHI
s LT,

[19] JifiEs®s o> RT A
g~ A Zxx Y Y —20% 3 HHRTEH 3 MEENKREG L, kG5 0F Az
L. WICHESRE LT /NS R IE LTz,

[20] Hiat=rafwtT

Analysis of variance (ANNOVA) %47\, Tukey-Kramer 7512 X 0 BB SR E %17 - 7=, p<0.05
A FERICAERE CTHD L LTz,
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HIE EBROE

[1] B
1,2-Distearoyl-sn-glycero-3-phosphocholine (DSPC) 35 X O Bis [N,N-bis (carboxymethyl)
aminomethyl] fluorescein (VA >) IFHAFILR TELVEA L, 2L AT — 1)
B TAT A7 RS L VA L=, Exo-Green |Z System Biosciences #:& W A L7-, fli
ORFEITFH 2 B EFEKO LD, b L IEXHROFHK A2 iz,

[2] HmAakk
B16BL6 #if, DC2.4 #ifnds X O BUSAL4 i 2 BEBROE [2] & RO 7L THER
AW,

(3] ~7F K
N K &% %  biotin-aminohexanoic acid (Ahx) < & fii L 7= GALA
(WEAALAEALAEALAEHLAEALAEALEALAA) T Genscript & 0 EA L7=, B, N K
Ui & biotin- Ahx, C K% FITC Tk L7z GALA & Genscript f- X W lEA L7,

[4] SAV-LA {&fifim% v v — AD[E)Y
1 EEROE [6] LREBEDITET SAV-LA Effitx v Y — A &R LT,
[6] GALA Effi= YV — A DFHH
SAV-LA Efifi=3% ¥ — A 1 pg % biotin {b GALA 10 pmol & iEA L, =|IRIZT 10401
FaX— L7, TO%, HiEOEIEICX Y RIS biotin /b GALA % =< Z & T GALA
By Y —LZ R L7, Bli&. FITC 5% L7 biotin {/t. GALA % SAV-LA {Efifi— %
V—LERAL, &5HIC PKH26 28N 52 LT Y Y — ADOIFER 290 et LTz,
Z D%, BEOEBEIZE YD GALA Bz YV Y — MO AR 2 R L7z,

[7] 3% Y — AOWEMLFAIEE O
F 1 EEBROW (7] LR HIETT X Y Y — AOREST, TER 7672 b S EE

A 2 HE L7z,

(8] BB M T BAMBEIC &L D% Y Y — D7 OB
51 mEROE (8] LMD SIETTRY Y — DRI F 2 BI5 LT,

[9) V=& TuavyTr o
F2mEEROE [8] LRFEOFETY 2 RAX T a T 4 T E{To1,

44



[10] VAR Y —2oFHH
DSPC41mg & 2L AT r—/L 10 mg %7 RV AIEMEL, T ABIT Z 22258
foo B—=Z ) —ZNKRL—=Z =2 W THEEZBIEREL CUREEEREL Lz, Zo#EKc
60 MM 1Lt A B Tris SRR A N % %% L, 70 °C T 30 sy Mj#% L. FL£% 100 nm DR
U 71 —ARpr— MEEAE WIS EIC L VR R &2 %) —I2 LTz, D%, Sephadex G50 Fine
(GE Healthcare 1) 1T X2 7 VIR AITV, YR Y —AICHASNTW WL EAL %
NEELTo, ZORED/N Y T 7 —XpHE OV T U FERRENR F 7213 pH 7.4 © PBS ZfEH L 7=,

(11] My fireis i

TR 10 pg OB A VEAVRY —LAZFMLTZ 96 VoL T L— hMZxzF
V= LB, 37°C TLHEEHA > Fa_X—hL7z, URY—AZHALEZALEAL D
B Z8OERET 5 2 & T, =F% Y Y — L OBEEIRTE M2 30 L 72, BAfErEL 1%
(viv) Triton X-100 Z &N L 72 BR D i REOGFRELIT KT D HOmE D H R E L TLLFoR
EHAWCTHEI L,

FIsample - FIbuffer

% Calcein leakage = X 100

FItriton - FIbuffer

[12] DC2.4 HIfRIC L D= Y YV — L DE Y AR
DC2.4 i 5 x 10* fHl% 96 7 = /L7 L— NMIHE X, 24 IFfE53% L 7=, Exo-Green % I\ C
TV — AN B AR L 7ot IR~ L 37 °C T 12 R A ¥ 2 X— b L7z,
PBS Tl & AP L7=#.200 ml @ PBS T Z Al L, 7 7 —4 A k #* kU — (Gallios
Flow Cytometer) CHfu D iR A2 HIE L, Kaluza software  (version 1.0) THH L7z,

[13] LA R EOCEAME T OB
DC2.4 % 13 mm OB /N—77 7 A FIZH &, 4 FFfijEs# L7z, Exo-Green Z W\ T
Y — ANEW) i AR L 7o % MR ASTRAIN L 37 °C C 12 B[ A ¥ 2 X— | L7, PBS
THINEZ 2 [Ped L=, 1 uM @ LysoTracker Red DND-99 (Life Technologies #f) T 2 K[
A Fa— |k L7, PBS THEE., S HIZ 4%/ XTHR/VAT AT B KT 10 5EE LT,
Ve, 60 nM @ DAPI Z#sN L, 10 70 A % = ~— k Lz, £ D%~ 7 o Ml (SlowFade
Gold) Z RN UM AU L BRMEE (AIR MP) & FWCifa 28152 L7,

[14] DC2.4 #faDOH R REESEAR
2 BmEBOE [12] L [FEED 71k CHURHERRE % 3146 L 7=

(15] HeEtAafRbT
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55 2 mEBROE [20] & RIERD FHIE THREHFRIFNT 21T > 72,
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