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U7 F BRI BW TR, PURRRA R GEISE ZFET D DI RERER TH 5 7
Vany NRU I FUOMRERLE L THEEREINTWD, LLERRS, 7747
COBAFEDT V2 M, HEAL 757vw%~ﬁﬁ%ﬁfﬁﬁﬂ%fimﬁﬁ
LEND, o, VIFUBREMMEERT RO, U7 F U EBRT DHUEN R E#IC
%ﬁ%ﬁﬂ%m%m%;%Lém5_k@%gﬁkéoLkﬂof\ﬁ%ékﬂil;@
. PUREZRILT DMEZ AT AU 7 F o7 P2y hORENIILE STV,

FRRETE I H CIT N E TIT, MRS s ZAHZ BT 2B OEE2FIH4 5 2
& TL R IR ERRE  (polypod-like structured nucleic acid: polypodna) ZBH% L. CpG £F—
7 %1 DNA (CpG DNA) % polypodna &% Z & CTEDHA N1 A L FEARED RIS
HRT 22 E, ZOIEMEN pod BIEFTHZ E 2L L TE 7z, X512, polypodna
IAT =3 a URISIZRVERET D 2 & THOILD DNA AN R ZAn, Nelkawo
WA RRT VN = AT A THLZE b RSN TE 7, LLBRL, 747 —
Va UG EFIR LIESEA . BIERICHE S5 DNA N Ka 7 Lfiz DNA U 7 —E 2R
AT DI DIZAEEERD DNA U H—BIZkT 57 F7 4 7F o —RKePga s d, S
HIZ, BHEICELCUEALETHY . BRISH~ORERBEEEZ D,

Z ZCARBZETIX, DNA U A —EZHAWTIT/ER L7- DNA oA K a2F/ Lzt
JAFT VU NY =V AT K& TH 2 EZEBIIC, 20O DNA N RaZ Lol z i T 5
L LBz, PUREWNE L2 DNA A R a7 U L D PuEEh R4 7 L=, 55— =TIk,
AFROSAE T CTHIEMICZ LT D DNA A K7 V2R3 L, 2O LA o o —Fk 2 i
Wrdselbls, ETAFURE LTEIRLZIFAT V7 X (OVA) ZH T CpG DNA
A FaZVOBEHIRRIY AT A~DIEHICOWTHRE L, # 3T, #ERMEEIE
%itiﬁﬁéﬁﬁ@%%ﬂ%bthA4%n#w#%@mﬁ@mmﬂ@@go_ﬁ@
BSE O Z RS, FUROD FA AL GE—Hi) HDWE= L 2T v—/LESf DNA &
BOKMEA AR LToHUR & OfAGhE (5 fH) #Mafliz, =8 TiL. DNA A e
TV B LT DPURRIL S AT AT ERI 2 A G D Z LT X D PUEE R O
BRIZ OV TR L 7=,

LUF. AWFE TR LR E —®IZ bl Vimdk 4 2,
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~DIHA

DNA [THfE & 5 VTR W THREFRETE 2 R ARk Em s Th D, A F b
INTWRWS b= V-7 =8 E AT %5 DNA, \Wbwwsd CpG DNA X,
Toll-like receptor 9 (TLR9) DU %> RTH Y . HIRGE A RITIEM LT 25 19, CpG DNA
X1 WY A S A CDOEAEHFET D10, B ST EE OB D BRI 7E
ENTWD 49, FERHBRICE W T EERNTOREEZH L LA AR F 4z — K (PS)
HD CpG DNA DSHWHIL DAY, ZIULXBE BN E s 78, JREE S0 Tk
ZHVETIZ, CpG DNA % % @ HlifefEiE(R polypodna (235 2 & T, PS {bZFIHAETIC
CpG DNA O IHHE AR AIRETH D 2 L 2 L T 72 910,

4 K2 D polypodna T % tetrapodna & [F] UREIERIRFEZ A3 5 X A DNA ZifE4 5 2
& T, DNA NS RFuZ e BEnsg Z A Um HIic k@i sniz W, FHEEHREES
B ClE, ZAUCHRGIEATEMALT 5 CpG EF — 7 ZHIAALTE L 2T A &R L, KR
BRSO RF SN TEL D, ZZTiE, AV I754F X7 LAF K (ODN) @ 5
Kl 25 4 HIoX) > Fa—AES % T4 DNA U7 —E CHElfist¢25 2 & T CpG
DNA A R Z Lz ERL, ZAUC RF Y LE Y Y 2N T 5 2 L Ty v ADEBHGED
MR ZER SN TWD, LNLARNRDL, N Ra oI L TR RIS 50
ITER TR RE SICH AL T O ERHHZ &, TV T—BORAICEDV T 7 45
XL —vav I/ DX REEFERANECLL Z ERBESND, 20X R ERHD Z L
Mo, U AT—BZHONTICERNE G TEEZ: DNA NA Fr Va2 25 2 LA TE IR,
DNA A RaZVOREMRE AT LAE L TORFHEEIILICHRTLEELBND,
DNA U 7—E % H 72\ DNA A Ra 7 VBT 2 @SBRSS o0, EfH#EE
A[E72 DNA A R 7 U T 2 G I oW TIERTH 5 819,

FITHE—ETIEH, VT —BZ2MEE L2WERNE G AEEZ DNA N1 Fa Z VO3 %
ATz, bbb, AR T T2 KEEZEKT 5 4 B EOEF]% polypodna @ 5'
RIZAINT D Z & THESHE G ATEEZ: DNA A Ru Z L ziat Lz, oz g kes
NDOVA TR 5L L bl ETAPURE LTIFAT L7 I (OVA) %%
R, ZOHEMEZFIH L CTYER L7= CpG DNA /A R 7L OFEHURBI S AT D~DJGH
WZDOWTHRRF LT,

1.1 ISt ETIEEL DNA /N KOS ILD/ESR

HEAEVEZE M KR A A 7 5 polypodna 1%, 22 HARmELS D ENZE EVEIZIG U TR 7Bl s &
AFRISAE T THRERMICHES L, 5o polypodna [l L3RI 52 L TH AL S 5 L%



R bid, £Z T, DNANA RaZLofEARMEE LT, 40 D 6 KD ODN 725785
hexapodna % &% &t L 7=, 4 ODN 1%, ABRAISME T2 1T 5 polypodna [# OEikE 12 LB A i
MBS E LT, 5K 8 A DIE XY ¥ K —AEF| (8np) &, ZALTHEV Tt ODN
LA Z TR D 16 X 7 LA T R (nt) B, S 512510 ODN LA & TERc9- % 16nt
B DA S 41D K D ICkE Lz, 7285, 8np & LT, AWIZHMR72 A (TCCTGACG)
& B (CGTCAGGA) %, WTNDOEF & HAHEI T2 C (GCAGACGA) #ikat LTz,
Table 1124 hexapodna #1795 6 A ODN DI HEECH 2 ~d, FEAZHRET D11
ODN DHHTRLF— (AG) BIUONTEUEREOFEELHER L, AG 2HEEICH
5% fewdl L7z,

EFNEHN 6 AD ODN #7 =— VU 74 2% Z & T, hexapodna(GpC)snp-32-A .
hexapodna(GpC)snp-32-B. hexapodna(GpC)enp-3-C Z#FHM L, Z DOk E RV 727 VLT I K7

NVERPKE) (PAGE) IZ XV HER LTz, ZORER., W OBAEIC S, 36 K% 500 HEExE (bp)
fHEIZH—D " RO b (Fig. 1),

Table 1. The sequences of ODNs used for preparation for DNA hydrogel. All ODNs have a phosphodiester

backbone.

Sequence (5—3)

Hexapodna(CpG)snp-32-A

Hexapodna(CpG)snp-32-Al
Hexapodna(CpG)snp-32-A2
Hexapodna(CpG)snp-32-A3
Hexapodna(CpG)snp-32-Ad
Hexapodna(CpG)snp-32-A5
Hexapodna(CpG)snp-32-A6
Hexapodna(CpG)snp-32-B

Hexapodna(CpG)snp-32-B1
Hexapodna(CpG)snp-32-B2
Hexapodna(CpG)snp-32-B3
Hexapodna(CpG)snp-32-B4
Hexapodna(CpG)snp-32-B5
Hexapodna(CpG)snp-32-B6
Hexapodna(CpG)snp-32-C

Hexapodna(CpG)snp-32-C1

TCCTGACG TTGCTAGACGCTGTCA GCACGTCGTAGTGCAA

TCCTGACG TTGCACTACGACGTGC AGCAGACGTCGATCAA

TCCTGACG TTGATCGACGTCTGCT TGACGCTCAGCTGCAA

TCCTGACG TTGCAGCTGAGCGTCA GACGCTGATCTAGCAA

TCCTGACG TTGCTAGATCAGCGTC CTCACGTTGACTACAA

TCCTGACG TTGTAGTCAACGTGAG TGACAGCGTCTAGCAA

CGTCAGGA CGTTGAATCCATGACG TTGTATGACTGCAACG

CGTCAGGA CGTTGCAGTCATACAATCCTGACGCTCTGACG

CGTCAGGA CGTCAGAGCGTCAGGA CGTTCATCAGTATACG

CGTCAGGA CGTATACTGATGAACG AAGTGACGTCTCAACG

CGTCAGGA CGTTGAGACGTCACTT ATCGACGTCTGAGACG

CGTCAGGA CGTCTCAGACGTCGAT CGTCATGGATTCAACG

GCAGACGA CGTTGAATCCATGACG TTGTATGACTGCAACG



Hexapodna(CpG)snp-32-C2
Hexapodna(CpG)snp-32-C3
Hexapodna(CpG)snp-32-C4
Hexapodna(CpG)snp-32-C5
Hexapodna(CpG)snp-32-C6
Hexapodna(GpC)snp-32-A

Hexapodna(GpC)snp-32-Al
Hexapodna(GpC)snp-32-A2
Hexapodna(GpC)snp-32-A3
Hexapodna(GpC)anp-32-A4
Hexapodna(GpC)snp-32-A5
Hexapodna(GpC)snp-32-A6
Hexapodna(GpC)snp-32-B

Hexapodna(GpC)snp-32-B1
Hexapodna(GpC)snp-32-B2
Hexapodna(GpC)snp-32-B3
Hexapodna(GpC)anp-32-B4
Hexapodna(GpC)snp-32-B5
Hexapodna(GpC)snp-32-B6
Hexapodna(GpC)snp-32-C

Hexapodna(GpC)snp-32-C1
Hexapodna(GpC)snp-32-C2
Hexapodna(GpC)snp-32-C3
Hexapodna(GpC)snp-32-C4
Hexapodna(GpC)snp-32-C5

Hexapodna(GpC)snp-32-C6

GCAGACGA CGTTGCAGTCATACAA TCCTGACGCTCTGACG

GCAGACGA CGTCAGAGCGTCAGGA CGTTCATCAGTATACG

GCAGACGA CGTATACTGATGAACG AAGTGACGTCTCAACG

GCAGACGA CGTTGAGACGTCACTT ATCGACGTCTGAGACG

GCAGACGA CGTCTCAGACGTCGAT CGTCATGGATTCAACG

TCCTGAGC TTGCTAGAGCCTGTCA GGAGCAGCTAGTGCAA

TCCTGAGC TTGCACTAGCTGCTCC AGCAGAGCTCGATCAA

TCCTGAGC TTGATCGAGCTCTGCT TGAGCCTCAGCTGCAA

TCCTGAGC TTGCAGCTGAGGCTCA GAGCCTGATCTAGCAA

TCCTGAGC TTGCTAGATCAGGCTC CTCAGCTTGACTACAA

TCCTGAGC TTGTAGTCAAGCTGAG TGACAGGCTCTAGCAA

GCTCAGGA GCTTGAATCCATGAGC TTGTATGACTGCAAGC

GCTCAGGA GCTTGCAGTCATACAATCCTGAGCCTCTGAGC

GCTCAGGA GCTCAGAGGCTCAGGA GCTTCATCAGTATAGC

GCTCAGGA GCTATACTGATGAAGC AAGTGAGCTCTCAAGC

GCTCAGGA GCTTGAGAGCTCACTT ATGCAGCTCTGAGAGC

GCTCAGGA GCTCTCAGAGCTGCAT GCTCATGGATTCAAGC

GCTGTCCA GCTTGAATCCATGAGC TTGTATGACTGCAAGC

GCTGTCCA GCTTGCAGTCATACAA TCCTGAGCCTCTGAGC

GCTGTCCA GCTCAGAGGCTCAGGA GCTTCATCAGTATAGC

GCTGTCCA GCTATACTGATGAAGC AAGTGAGCTCTCAAGC

GCTGTCCA GCTTGAGAGCTCACTT ATGCAGCTCTGAGAGC

GCTGTCCA GCTCTCAGAGCTGCAT GCTCATGGATTCAAGC




Figure 1. PAGE analysis of polypodna. Samples were
run on 6% polyacrylamide gel at 200 V for 20 min. The gel
was stained with ethidium bromide and photographed

u u u “ u u under ultraviolet light. Lane 1, 100 bp DNA ladder; lane 2,

hexapodna(GpC) -A,; lane 3, hexapodna(GpC) -B

8np-32 8np-32
lane 4, hexapodna(GpC)enp_sz-C; lane 5,
hexapodna(CpG)Snp_sz-A; lane 6, hexapodna(CpG)Bnp 32-B
and lane 7 hexa\podna(CpG)8np 32-C
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Fig. 2al229 7" — Y O #HfF & > U PN T 2FEFA D hexapodna{gik Z 1A L Todk &2 -1,
72¥. hexapodna &1L DNA A v Z—h L —2Thravik7raeyra (Pl) TEHL
7o Al 73 S H M A 72 hexapodna(GpC)snp-s2-A & hexapodna(GpC)snp-s2-B DIRAIZ &
Y DNA /~A K= /5L (DNA hydrogel(GpC)) 23 RIEEIZ IR S5 2 & 3o &7z (Fig. 2a 44).
F72. ZTD DNA A RuFIUE 29 7 — Y OS2 R 5 @il L, Wil I EIZEEIC
Ak L7z (Fig. 2b 45), Fig. 2¢ TR7 K 91T, ¥~ U ADREEMMRICES LG EICH
B G T MMEDRRD DTz, TAVEIIRRANIC, Koy AR Tl EW RS0 2
FE¥ED hexapodna DIEE TIiINA R Z L OERITRD Hiviei->7- (Fig. 2a /. Fig. 2b
/¢, Fig. 2d),

b Figure 2. Formation of DNA hydrogel

without DNA ligase (a, b) Hydrogel
formation in syringe and injection
through a 29-gauge needle.
Hexapodna(GpC)Bnp_32-A and
hexapodna(GpC)g,, 5,-B (right, DNA
hydrogel[GpC]) or
hexapodna(GpC)gnp_sz-A and
hexapodna(GpC)Bnp_32-C (left), all of
which were labeled using Pl, were
mixed in a 29-gauge insulin syringe (a),
then injected (b). (c, d) Hydrogel
formation in mouse skin after
intradermal injection.
Hexapodna(GpC)Bnp_32-A and
hexapodna(GpC)gnp_sz-B (c, DNA
hydrogel(GpC)) or
hexapodna(GpC)Bnp_sz-A and
hexapodna(GpC)Bnp_sz-C (d) was
injected into the dorsal skin of mice at a
dose of 30 mg/kg (660 pg/mouse), and
the skin was collected and observed at 3
h after injection.




1.2 DNA /A KO4 L0 $53E M8 E

DNA /A R 7L OWBb SR % B 5 M2 9 % 72912, DNA hydrogel(GpC) D L 4 &
UM A RHE LT, A R uiE 22.1 mg/ml OFEE T 29G #HFE U P EAWTH
RFFR LA IS L 72,

Fig. 3a, b (21X, TN Ehkkx 72 A (yo) CTHRESIRENZ 5 X 72BED /A R o 7L ORTEb]
PEsR (G°) LHELHMER (G”) Z/”d, Fig.3b DAL y02805% & 10 %IZEBITD G &2 F
To o3 1 BELTFTOHE, Gl yo LA o ITKGFETIIE—ETHoTZ, —FH T, G&
iz UC GPIIFEF IR VWME & 72 o 72 (Fig. 3b) o LL EDOFERNG | SEH MR Ge 13 1.1x108
Pa EHEMH S, ZHUT XY hexapodna 23K/ CilifE4 2 Z & TR I DA Kl
T, BUNESR T TIIBEE ST, BEERNRREEZ AT 5 2 LoVRB I,

ZHEIIRTRAOIC, yo S 2%LL EIC2 B & GUHE T L, G Itk Lz, HHIC. yo 78 10 %

BETIEH,. R GC I bAEEE -7 (Fig. 3b), ZORRENG, RERELFETICE
WTIE, A FeZViddiiiBig 2~ LR IS, ZOIHREI AL T, v
210 %IZHBWT, Gl @ 23 4radls DRTR/MEZ R LTz, 20K 9 7o MEIZ—iZA 72
A R ATIREEAEBEINRND), 2D L)vh A Ra 7 roRb#ENE T hexapodna
MOMELR Yy NU—ZIZXVREMTONTEY, EABRKEWGAIZIEZORY FU—
7 DR & FREENMTOND L& 26, ZOFHEEIL G OBUMEN D 1=1/o = 0.25 T
ELDHEZEZOBND, 705, o2 Ut LN TR 1 A oMIcx >y hT—2713+5
IR END D, o 23 1 UL EOEGE T, Fy MU — 27 BSHAET R+ E L

NI, GlEEEEZRTEEZOND, o=1tICBIT5 GCOM/IMEIXED XL 5 2HE
%&%%@MD®F%EL6E%K%MKO
Fig. 3c TlE. fx 723 « (2 LB D NA Ra ZFLD)iE T o *(t) %, FENZ X

LHERy =t LTTE Y b L?‘:o AR IARTEIR D SRR 2R Ge &2 N TEHA L 72 ik
Il o*t=Gey Th D, v 0.03 L FOMUNEAIELTIE, 2TO 2B WT o () Gey & —
HL7, ZOZ b, DNA A RaZF V3o stk s UTRES T D 2 E00R
BEN5bH, £72, TOy* = 0.03 TEGHIE CTHMESRIMET LAk 72 B AIRIE 10=0.02 12T
VME & 72> T D (Fig. 2a), y>y*TlE, o * ()23 Gey L VIE T L, — &S] 0 s TEMFED
LTHY, BRIV EE OMEAHRZ A i_oﬂ\é Z e Einse (Fig. 3c), Fig. 3d

ITEFIES) 06 DT VIHE  KIFEMEEZ R LTS, x IMEFT 21204 T 0 s 1Z—EMH 13 Pa

WIS L THR Y, A K a Z Ve ik i T ofE B LA 2 OESRIE ] oy, an=13 Pa %
BT DI ENRBIND, 0y an DIEIE, B K DM H KA Z OGS T Th 5 A E
Jﬂﬁy = y* =0.03 TOI:T) 0y, an=32 Pa £ U HEMELS 2> TWD (Fig. 3c), 2D Z &M

. VRERIREEIZEIT D DNA A R oy 8T —27 %, FHERRIERE & ik L Coun 2
&Z))?&é’%éﬁ”béo ZHICHEDL LT, EEREZ AT EOHEND, *y T —7 1
HIBE SRR REICRIE T2 Z AR SNz, ZOHRNR Ry b U —7 OFERK & /&7
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Figure 3. Rheological characterization of DNA hydrogel exhibiting quick reorganization of hydrogen bonds
at room temperature (~25 °C). (a) and (b) Storage and loss modulius (G” and G’”) measured for sinusoidal strain
at various angular frequencies w and with the amplitude v, as indicated. In panels (a) and (b), respectively, The G’

and G*’ data are plotted against o in the double-logarithmic scale. The dotted curves in panel (b) indicate the G
data for amplitude y, = 0.005 and 0.1 (0.5% and 10 %). The minimum of G’ at ® = 4 s™ observed for large v, is
indicative of the network reorganization process at a characteristic time t = 0.25 s. (c, b) Time evolution of the
shear stress 6+(t) measured after start-up of shear flow at constant rates k as indicated. The c+(t) are plotted against
the strain, y = «t. (dc) Steady state shear stress c_ evaluated from the c+(t) data shown in Fig. 2cb. The o data are
plotted against the shear rate x and the dynamic yield stress, Oy gyn = 13 Pa, is evaluated from those data at low «.
Data shown are representative of two independent experiments.

1.3 DNA/\A FOXIILOGREESEEe ST E

JHAETE AL TP O IV E TOMFHIIB W T, CpG DNA % polypodna i 12 fHA AT
& TEDORIETEENTRIBAIHIR T 5 2 LAVRI TN D 9101219 2 = ¢ J-ITBHFE L
7= H—PELEL L2V DNA A R 2L ORE iR EE %2 3l 5 72 912 476 DNA
B T NEINEED ~ 7 AR DC2.4 B DA v 2 —a A% (IL) -6 EAZFHE L
7= (Fig. 4), 5K A8 DNA %44 X782\ hexapodna & [AIEEIZ, hexapodna(CpG)i



sSDNA(CpG) L thii L TL&ED IL-6 ZpEAT 5 2 L A/RS N7 10, FE/LRE TIL, DNA
hydrogel(CpG)/Z hexapodna(CpG) & bt L THEICHE W IL-6 EAZ R~ L7, CpG % GpC I
B L7 T, EICK ST IL-6 EATRH SR 5T,

2,000 #
® DNA hydrogel(CpG)
B Hexapodna(CpG)
™ A ssDNA(CpG)
" O DNA hydrogel{GpC)
o Hexapodna(GpC)
A ssDNA(GpC)

S

IL-6 (pg/ml)
S
o
o

0
0 4 8 12 16

Concentration (ng/mil)

Figure 4. IL-6 production from DC2.4 cells by addition of DNA hydrogel(CpG). (a) IL-6 release from
DC2.4 cells. Cells were incubated with DNA samples at the indicated concentrations for 16 h. The IL-6
concentration in culture media was measured by ELISA, and was 1.7 + 0.9 pg/ml in untreated DC2.4 cells.
Results are expressed as the mean + S.D. of three independent wells per sample. Data shown are representative
of three independent experiments. All the data obtained with DNA hydrogel(CpG) were statistically significant
compared with the other groups.

1.4 DNA /N4 FO%)LDOia#E5 75T

~ 7 AE RN L% O DNA Ok oA 2 7l 4 2 72012, ssDNA(CpG)snp-32-Al %
[y-3%P]ATP & T4 R U X7 LAF RE¥F—BEHNT, %P THIIE#R L7z, £ LT, %P %
% ssSDNA(CpG) & hexapodna(CpG). DNA hydrogel(CpG) % #if L 7=, Fig. 5a 1%, ~ 7 AL
D 32P JHHEME DOREF AL A2 7R, 32P-ssDNA(CPG) & % U M i% 32P-hexapodna(CpG) D # 5-%
2P DRI G B 2GHIZIE R Uiz, 240 & 13k Rz, 32P-DNA hydrogel(CpG)
FERETIT 2P OFSHEMEIT R G R RIS S 4, R 12 R CIER L7z, %
7z 32P-DNA hydrogel(CpG) D512 L 0 | U L/ Ei~ D 2P D HIHEME DR H> TRt 72
LR L (Fig. 5h),



b ® DNA hydrogel(CpG)
B Hexapodna(CpG)
& ssDNA(CpG)

® DNA hydrogel(CpG)
B Hexapodna{CpG)
& ssDNA(CpG)
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Figure 5. Tissue distribution of DNA hydrogel in mice. Time course of radioactivity in the injection site (a)
and in draining lymph nodes (b) after intradermal injection of “p_DNA. Mice were injected with

BZP-ssDNA(CpG), 32P-hexapodna(CpG) or *P-DNA hydrogel(CpG) at a DNA dose of 10 mg/kg (220
pg/mouse) into the dorsal skin. At the indicated times, the skin tissue including the injection site (a) and the
draining lymph nodes (b) were collected, and radioactivity was counted. Data are normalized to the injected
dose and are expressed as the mean £ S.D. of three mice. Data shown are representative of three independent
experiments.

DNA A R ZLofh &% 220 pg & —EIC L, WE5EKSEZZE 252 & TDNA RE
L SETBEO DNA OFGEAIEME AT Lz & 2 A, # b 24 RERICFRF T DK
FHEMEIY DNA BEIZIKTE L2 o> 7= (Fig. 6a), — 5 T, EEHET 2V 7 LOEEE 10 ul
E—TEBIZLizE Z A, 7D DNARENREL 72D, T7205 DNA A Ra ZF Lok
HENE < 72 513 EBG 24 W ICHRAT T D BUEE 3 @ < 7e o 72 (Fig. 6b), LA EO#ER
MH, HBET 25 DNA OEBENEIEICE G550 DNA /A R a7 L OGN ENE 2 R E
T5HZ ENRBINT,

a 220 pg/shot b 10 plishot
50r1 501
401 40t
3 30r @ 30t
o ©
G ‘G
‘Q\Q 20 r D\o 20 B
10} 10t
0 0
300 pM 150 UM 75 UM 300 pM 150 uM 75 UM
(10 u1) (20 pl) (40 pl) (220 pg) (110 pg) (55 Hg)
DNA concentration DNA concentration



Figure 6 Retentivity of DNA hydrogel at the injection site. Radioactivity in the injection site after

32 32
intradermal injection of P-DNA. Mice were injected with P-DNA hydrogel(CpG) at various DNA
concentrations into the dorsal skin. (a) Dose of DNA was 220 pg/shot. (b) Dose of DNA was 10 pl/shot. 24
hour after injection, the skin tissue including the injection site was collected, and radioactivity was counted.

1.5 CpG DNA O##H 7 & IL-6 WD £ F OFEEERARTE

~ U A NICATE DNA 85 L, #5507 5 ONTHETE U o/ 3Ei CORIEIEE A 7
957292, IL-6 ® mMRNA ¥8L%Z U 7 L2 A4 5 PCRIEICKVERE LT, ssDNA(CpG)D
F5-TlE. mRNA HBUTHO TN R L2 (Fig. 7a), —7 T, hexapodna(CpG) & DNA
hydrogel(CpG) Clx#% 5- 6 FEf] T 5HALIZH 1T DA HE 72 IL-6 MRNA OFEHHE K NF8D Hi
72. DNA hydrogel(CpG)#x G-HEIC W TIE, &5 24 % ICE W THRBLN &M AR LT,
FLFRY URHIZBWTHERBIT e 7 7 AV Exfls LT, 24 FEEZICE VY IL-6 B3GR
Wbz (Fig. 7b) . DNA > 7V & IS 5% OGO 1L-6 IR IXIEF ITKD >
72 Z & 75, DNA hydrogel(CpG)ix DNA 238 58 K OBATT 2 /AT IZ I8 T IL-6 FEHL 4 4
REELZ enmmreEing (Fig. 8),

a b
: 2501
‘5 _ Esh ‘5 _ * : 6h
7} 7] 24 h
3 % 3 T“E: 200t
S ow S w I
5 o 5 o 150
< <
z 2 Z = 100
E % E % 50 L &
© = © <
= =
- 5 6 & o O o O 6 & o o o
RSRGRORRGE RORGRORSRGE
‘\?‘ & & ‘\?‘ @ g@ t\?‘ & & e,?‘ @ g@
P L T F ENR R E I g
RS MO & &5 o 3 o
(] & (] @
Ay Q‘\?\ RS 0\\?“ ¥ Q.{x?‘ RS O.Qﬁ’*

Figure 7. Upregulation of IL-6 mRNA expression by DNA hydrogel(CpG). mRNA expression of IL-6 in the
injection site (a) and in draining lymph nodes (b) after intradermal injection of DNA. Mice were injected with
DNA samples at a dose of 220 pg/mouse into the dorsal skin. At the indicated times, the IL-6 mMRNA expression
was evaluated by real-time PCR. Results are normalized to the internal control B-actin gene, and are expressed as
the mean + S.D. of three or four mice. Data shown are representative of three independent experiments. *P < 0.05
compared with ssSDNA(CpG) and all the GpC groups, #P < 0.05 compared with all the others at the same time
point.
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Figure 8. IL-6 concentration in mouse serum
12,000 ¢ after intradermal injection of DNA into
mice. Mice were treated as described in the
caption of Fig.7, and serum samples obtained
by bleeding from the tail vein at the times

® Gel(CpG)
B Hexa(CpG)

E ;;’j{?g"e) indicated. The IL-6 levels in serum samples
> 8,000 r o LPS P were measured by ELISA. Results are
— - expressed as the mean = S.D. of three mice.
g © Saline Data shown are representative of two
E independent experiments. *P < 0.05 compared
g 4,000 } with the saline group.

)

Time (h)

1.6 DNA /A FO4)LH 5D OVA O 4T

UL EOBFHTZ X Y . DNA hydrogel(CpG) A3, TER T G- IRE /R 021G ANA R e 7L Th
HZENHBMMERRoTZ, T, ATV T I OVA R ET AR E LTEIRL, 20
A R FA~OHURONE 7 b ONHRBIBIC OV THRE L7z, OVA Ot 2R+ 5
72¥\Z, FITC Tk L7- OVA, FITC-OVA % DNA hydrogel(CpG)IZNE L 7=, Fig. 9a (Z
FITC-OVA/DNA hydrogel(CpG) ? Bt {4 & ae e 2~ 9, WG, ~A Fa s v
A V¥ a— 1 EEEEICIIEAE L, FITC-OVA ko # I & i< 2o T Z
EWTREINT, Fo, WRPOREREAPE LI L 2 A, FITC-OVA 131 Rr s ans
PR 25 BRI TR S Z E S BN E Fe 572 (Fig. 9b),

0h 1h 6h 12h  24h 1001

OVA release (%)
[$)]
o

Time (h)
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Figure 9. OVA release from DNA hydrogel. (a, b) Time course of OVA release from DNA hydrogel.
FITC-OVA (50 ng) was encapsulated into 220 ug of DNA hydrogel(CpG) and placed into the upper chamber of
the Transwell (0.4 um pore size) with the bottom chamber containing PBS, and incubated at 37 °C. The bright
field (a, upper) and fluorescent images (a, lower) of the gel were photographed at the indicated times. The
concentration of FITC-OVA in the bottom chamber was measured and plotted against time (b). Results are
expressed as the mean + S.D. of three wells per sample. Data shown are representative of three independent

experiments.

1.7 DNA /N1 FOF )L DEEFR R E T

Fig. 10 |2, DNase | {77E TIZ351F 5 DNA hydrogel(CpG) & hexapodna(CpG)snp-s2-A D22 iEM:
%719, DNA hydrogel(CpG)iZ hexapodna(CpG)snp-s2-A & LLiE LT, mWEERMEEZH T 5 Z

LRGN E IR oTz,

—_ 100 © Hydrogel
S (-DNase)
% ® Hydrogel
-]
a) Hexapodna
g
§=
[
E
[}
o
0 L J

0 6 12 18 24
Time (h)

1.8 fulRiE R AeaTi

OVA Z WAL L7z DNA A Fua Z L OHiEIEREE

Figure 10. Degradation of DNA
hydrogel and hexapodna by DNase I.
DNA samples were incubated at 37 °C in
the presence of DNase | and the
remaining amounts of DNA were plotted
against time. Results are expressed as
mean +S.D. of three independent
determinations per sample.

%~ 7 ARIRHERE DC2.4 i & H

UWNTER L7~ DC2.4 #fAZ OVA ZFfi # O DNA B> 7L L[R2 EN L . OVA @ MHC class
| =t h—7" (OVAs7.264) (ZS0is LT IL-2 Z FEET 5D CDSOVALSZ i 2 WV CHURIE R &
A L7-, FOfER, OVA Hifl & bz LT, DNA hydrogel(CpG) = sS4 2% = & T IL-2

AENFEICH K L2 (Fig. 11),
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Figure 11. Antigen presentation in dendritic cells. IL-2 secretion from CD80OVAL.3 cells. DC2.4 cells (5 x
10* cells/well) were added with OVA (2 mg/ml) and CpG DNA (2 ug/ml), and incubated for 24 h. Thereafter,

CD8OVAL.3 cells (5 x 10" cells/well) were added to each well and incubated for an additional 24 h. The IL-2
concentration in culture media was measured by ELISA. Results are expressed as the mean + S.D. of three
independent determinations per sample. Data shown are representative of two independent experiments. *P <
0.05 compared with the OV A alone group.

1.9 OVAREDNA/NA FOXIILIZKARREENRERZDZE

T URIEG LI E EDin vivo IZB1TF 5 0E T ¥ 2 Ny MBEFHE LTz, ~ U AL
WNIZ 7 ARG T 3 [E 21TV, it 7 AR%ICMIE e & ONC L 2 [F10 L7z,
WA Z R T L OOEMERRNZ LTSNS 7 u A v FOEET Va3 kb (CFA)
ERYUT 47 arha—b UTHEM L, miEHH#MIL, DNA hydrogel(CpG)iZ OVA
ZNE L CHE LRI BV T, ssDNA(CPG) % 7213 hexapodna(CpG) S i & bk L THE
WZEVMEZ R L7z (Fig. 128), F72. OVA FHIIEE O L2 6 O IFN-y FEAEIZ DN T G,
DNA hydrogel(CpG)# 5-#E T . ZOfEIL CFA B EBEL VD LA EIZE W RSz

(Fig. 12b), =5iZ, OVA Z 3 I+ % EG7-OVA HIIRIZ %4 2 MagsEr: T #il, CTL &
PEIZOWT H, OVA BB G & bl LT, DNA hydrogel(CpG) % 5-# TH B ICm\ iM%
7~ L7z (Fig. 12¢), — 77T, OVA %381 L 72\ EL4 #6425 CTLIEMEIEERD S isho
77
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Figure 12. Induction of OVA specific immune responses after intradermal injection of OVA into mice. ()
OVA-specific total 1gG in mouse serum after immunization. Mice were immunized with OVA with or without
DNA by three intradermal injections at weekly intervals. At 7 days after the last immunization, the
OVA-specific total 1gG levels in serum were measured by ELISA. Serum total IgG titers were estimated by the
dilution ratio at which the absorbance value of the saline group was obtained. Results are expressed as mean +
S.D. of three or four mice. Data shown are representative of three independent experiments. #P < 0.05 compared
with all the other OVA/DNA groups. (b) IFN-y production from splenocytes after re-stimulation with OVA. At
seven days after the last immunization, splenocytes collected were added with OVA (1 mg/ml), and incubated
for 4 days. The IFN-y concentration in culture media was measured by ELISA. Results are expressed as mean +
S.D. of three or four mice. Data shown are representative of two independent experiments. #P < 0.05,
statistically significant compared with the other groups. (c, d) CTL activity after immunization of mice with
OVA. Seven days after the last immunization, splenocytes collected (5 x 10’ cells) were co-cultured with
mitomycin C-treated EG7-OVA (5 x 10° cells) for 5 days. EG7-OVA (c) or EL4 (d) were labeled with *Cras
target cells and co-incubated with the effector cells at the indicated ratio for 4 h. Results are expressed as mean *

S.D. of three or four mice. Data shown are representative of two independent experiments. *P < 0.05 compared
with the OVA alone group.

OVA ZHEHIZH G L, DNA A Fa bz 7y b3y RIS Licsa (OVA(d)
gel(CpG)(f)) 72 b T & DRl 2 OGFTIZ - L 72556 (OVA(d) gel(CpG)(d)) Ti.
W5 &2 RO R CHANC S L1-54 (OVA/gel(CpG)) & Lz LT, OVA Hr ELAHTIAT
AN A OVA THHIIEM% IFN-y FEAE, EG7-OVA HIIRIZ% % CTL iEMED T X TOMEIME
< 727 (Fig. 13),
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Figure 13. Induction of OVA specific immune responses after injection of OVA and DNA
hydrogel(CpG) to different sites. Mice were immunized as indicated in the caption of Fig. 12 except
for the injection sites. In some groups, OVA and DNA hydrogel(CpG) were separately injected into
the dorsal skin (d) or footpad (f). Serum total IgG titers (a), IFN-y production from splenocytes (b),
and CTL activity against EG7-OVA cells (c) were shown. Results are expressed as mean + S.D. of
three mice. *P < 0.05 compared with the OV A alone group.

1.10 DNA /N1 FBZILIZ & % RAEMEIEFAFE

TV 2y NG & e D RIEVEOREWERIZ DWW THRFT L7=, CFA & 2 W EERIR
THWONLT Vany b ThHT 7 L5#EE LIERETIE, MM TRBEOE LWEE
&L RIEMEMIE ORI AERD Sz (Fig. 14a-h), iUkl L, DNA /oA Ka ZF v G it
Tik, BEEREMITED DN o7, o, 2HMORIER L LT, Mo iERbz 3
fliL7z 2 A, CFA &G HETITAERMIROIERALAZBD bzt DD, DNA /A Kl
NARGEETIIIERAITERD B /ey - 72 (Fig. 14i), LA EX D, DNA N1 K #LE, CFA
RT T LEFERY | FIEMRWERZ R FE L 2N LRI,
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Figure 14. Skin inflammation and splenomegaly after intradermal injection of OVA into mice. (a-h)
Hematoxylin and eosin-stained skin sections after intradermal injection of saline (a), OVA/CFA (b), OVA/DNA
hydrogel(CpG) (c), OVA/ssDNA(CpG) (d), OVA (e), OVA/hexapodna(CpG) (f), OVA/DNA hydrogel(GpC)
(9), or OVA/alum (h). At 7 days after injection, the paraffin sections of the skin tissue including the injection site
were stained with hematoxylin and eosin. The original magnification was 25 x. (i) Spleen weight of mice after
immunization. Mice were immunized three times as described in the caption of Fig. 10 At 7 days after the last
immunization, the weight of the spleen was measured. Results are expressed as mean (bar) and individual values
(dots). *P < 0.05 compared with the saline.

1.11 DNA/\A FOAFILIZ & B HESBIRETE

PUEBE OFEICOWCEHMEi L7z, ~ v AEEENIC 7 BT, 3 EIGREEITV., i
HATENN G 7 HEIC OVA 23881 % EG7-OVA fiffaz ~ w7 2 2Bl L, B4R L IEE
KFEZ N L7z, ZOfEH., OVA oM D 7 ¥ 2 N0 s THRE L72REE il LT,
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OVA/CpG DNA A Ra 58T, GO L OHEA Il S D 2 L RS
(Figure. 15) ,
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Figure 15. Antitumor effect of OVA/DNA hydrogel(CpG). Mice were immunized as indicated in the caption

of Fig. 12. Seven days after last immunization, EG7-OVA cells (5 x 10° cells) were intradermally inoculated. The

ratio of tumor free mice (a) and tumor volume (b) was evaluated. Results are expressed as mean + S.E.M of seven
mice.

1.12 B

I, DNA F/ 727 ) va O—IZ S AL A MPEREBI T Sl IC 3 LT D . DNA % ALk
&Lt%<@VZTA#$iéhfw6”mo_Q;QQVXTA@9%®1O#DWU\
A RaZLThh ., JREERIETE D 25D TGO 7V —773 DNA A K a7 L% Bl
u%mmﬁw_owfﬁ%bfwém%$ﬁn?%%btmm%%ﬁkbtﬁﬁiﬁg
28 TARTEIICMUNEATHMELZ RT A R s LThsd, IHIZ, 2O Fadud
HETIImNAZNE OO, MV ENEZAS @RS 52 L &w&bf®%&%ﬁ¢é
ZEEHBEMNI LT, AW f%%LtDW»mfbn&w I3l DNA /N1 Re L X
O BB FERSEEAAET D, BT, 2O DNA NA Fr b &b Tl 29 77—
T O A B ATRE 2 2 k@*%%hé BESNOELZE 21256, HDIARRID Y
AT N L TR G RRER VAT A0 H N, REENMEEMERS D EB 260
Do BT, A Fa O S AGIAL T E R ARE 2 32T HiLd, DNA A
R 738 DNA LK, OAL TR SN D oo, EREG M & AR IER 1SR
W, BRI, A e S WEABEEME ORI AT L LTHEFICEETH D LA
AN STV DM T HivD 248, LI EX D ARBFFETHA% L7 DNA /~1 K7 v
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IIERREDIRIG AT L ERVELEEZDND, S HIZ.CpG EF — 7 % F £721 DNA
hydrogel(GpC) Tl im AL REIZ A b e o 7= Z &5, DNA ORI % HHNTIG U Tl
i35 Z & T, DNA A R F U TREEME LY AT b &G REME S AT A Ol 510G
MreETHL (Fig. 4. 7).

Hexapodna ¢ G-8ETIET ¥ =230 MEMENMEN -T2 Z L2026, DNA A R a7 L 3SR
CHEFHE GRS D Z & 7V OTERA OVA FERFIGIEIGE OFBICEE L B2 5
N, RPNCEFES X7 DNA O 27 V7 7 > A3 F1Z DNase |2 & 5 50fiF & DNA D48
TEER~OWILZ I LTIt s 29, 7k X 0 SifRREE 2 ©a <, Wl L 7 Rim o %k
WD T D720, TADIRIC K R mslEns LE2bND, KEEAI DL
ORI T EEMBETEZ L5, FAUEBKIZDNA Y T AD s VT T v ADRIE
WA Th D, Liu HIEHUR E CpG DNA DA RN PURFF R EINE OFEICHE TH
HZLEHELTED, OVA & CpG hexapodna DEAIAN OVA Hr BA SIS A DFFE I A
HTH DN H 5 ),

F o, AR TIX. DNA A Ra ZFuipkimed CHERFM CHE OMARz 2 232 &N
HONE R T-, BIRHIENS, A Ra s uE 025 DX A WA — L THIERENS
ZEDRIB I AL, ZOFREIIRE S O NA R F IR G720 DNA N1 R 7 L icl
BB ECTh D 1, A R P b inmbs &, BENEEdT 2 & &b, L7
KIIHEEMT 2L THRIZKER/REEZN L THAET 5, ZOTH - SE5OBRICE
. DNA A RuaF &b TlWEREZ @il e Th v . FERZAIEIC S v bT 5
LOEEZLND,

CpG DNA /1 Fr /L& GpC DNA /A R ZVTIEBOSER R E S Bipo Tz Z &
225 TLRO 12 X % CpG DNA Di%ik73 OVA FRRAMGIEIGEDOFHEIZE G L b B2 5
No, Fio, PURFRAGEINE OFEIITREEM LN EE TH S5 Z &£ 23, CpG DNA %
R LB O®E TREN TV 628 ssDNA <° hexapodna OEREIXIRERI TH 7= 2
&N D OVA R BRI A DO FEIZ I OVA ORI NEE TH 5 Z 0N Sz,

LIl H—ETlE, RELZE TS5 CpG EF—7 &Gt ODN ZHH LT, UV H—F
AT, ER G TR CORETE M LER O & 5 DNA A Ra F VB335 2 LI
REI L. 2@ DNA /~A R 7 uid OVA R LR SRS I8 % Zh 3R IS8 T B
RERIRVAT LA THDLZ LWL,
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F£ZEF DNANA FOFILMSDIMBERKIEIZK PIESREDE
GEA

Padad

E—H HFAUEMEZFIALEDNANS FOS LA L DHRIERKIE

FRSOIERIEITIR &3, ISR 2 B SRR R L FRIEIC BV T h . AE OTEPE(RIC K
DA PERR SN D Z L TIHREDENPEOND LB OND D, FilKE X O R
IR WT, BEEUR 2 #5925 2 & CHREEIE IS 0B Ao PR A B A g IS A 3 i
INDHZENRINTND 30, T, BRELIEMT 27 ¥ 230 MR e B it
BAEAFETHEDICHLBETHDLZ ERMESNTND 3, &z, HURT U NY —v AT
LlE. BRBE EIEMALT 27200 Tl <L FURTR IR HUR 2 FRfse i I s34 2 BeE 3
VEEEIND W, £, TYVanNy MILZENOY TV TH LA RATRE THE D iRl
ThdHIENROLND 2, T, PURT U AN —IZBET AFRENIERICITDABY ., b
FAHRMENINA R T ) 2R 2R LIl 2 < i S Tin g 8999,

ERITHRENTND T ¥ a3 O 1O BHFLAOSEMIICFE BT 5 TLRIIC L 0 iR
ik S4L5H CpGDNA Th 5 >630) FiE ik, UV W —EBZMHETIZ DNA A FaFLzqlE
425 Z LIZREI L, ZODNANA R ZFLnERREEE TN Ra ZF L Ofpia = v
& OVA ZRAT D727 TOVA ZNWUATRETH D Z L2 DN LTz, S HIZ, OVA &
W L7z CpG DNA /A Ry, 7uA v ROEET Va3 Kk CFART 7 A L il
LT, RIEMEDTROVENEM 2388312, 2h3EAIIC OVA KRG INENHE R TH
HZEERH L, LLZR2 G, OVA O DNA A Ra 7 uis b O iR R 2.5 K
M & ERIESCTH O . ZOESCHRMHBT ¥ 2"y MEWE AT 2HET VN —
AT L E LTODCpG DNA A R 7L ORI S THW L AEENEZ b D,

PUR R E DO B2 % PLGA ki1 & AW BiHI B\ T, HUROEHEA 2 ikt &
D PURER RIS S OF SN SN D 2 ERME SN TN D 3, DNA IZAEREZHO
72 OVA LiIss< AHAMEH 2 L as, B F 4 oM bt &I EmMMEAERIC L v EAEK
BT D EEZBND, T TAETIE., EFAHURLE LT OVA 38R L, (L2RERGC
XV OVA [ZIEEM 215 L7 F4 (kb OVA KT OVA O MHC class I =& h—7 X7
NIZIEBM T X/ Beadhi LIch F A ALHUR~TF FEHMM+ 2 2 & T, DNA A i
7V B OFUR O KL HE 72 & QN B 0 R O 858 2 3 A 7=

21.1 hF#+ 21 OVA DERL

AR THD 1-mF N33V AF LT ) 7T ) IR A 2 N (EDAC) %
JAWT, OVAD B LARF N LoF LTI (ED) OF 2 7 H L OfiATEESRIGIC
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£V F A4k OVA (ED-OVA) &k L7z, RSt D ED-OVA [EIRAMNEIEIZ L 0 R L |
D%, XN ERET I EEREICKIY ., K EERDTO 1 SrbiltooT I
EoBAEEH L7, Table2 |Z ED-OVA O /LR X VOB & Bffc T, =F Lo
T IE OVADEIEEEZ TRIGSED Z ET,OVA —3 14720 DI IVRF T ILIED
FIHERGEDS 7.3 D ED7-OVA & 16.7 @ ED17-OVA Z 45372, 7 X/ FetERk L AERIE B0
MEFHE LA EHLOED-OVA b EEMEAT S HDEE 2 biviz, £7-,ED-OVA
\ZDUWT SDS-PAGE #1T->7-& 2 A, OVA EIFIFR UALEICH — U KRB LN &
MB . BREURIC KD FETOERER-EGEMRIZE S A Y I3 —FREN TN T
s st (Fig. 16).

Table 2. Characteristic of ED-OVA derivatives. OVA was modified with ED using EDAC. The degree of
cationization was assessed by estimating the additional amino groups as measured by TNBS.

Amount of reactant

OVA 05MED EDAC Modified carboxyl group Net charge
(mg) (mL) (mg)

OVA —_— —_— —_— 0 -5.0
ED7-OVA 100 10.0 31.2 7.3 +9.6
EDi17-OVA 100 16.0 53.0 16.7 +28.4

1522008

Figure 16. SDS PAGE analysis of synthesized ED-OVAs. Protein
75 kD — was detected with Lumitein Protein Gel Stain (Biotium, Hayward,
L = CA, USA). Lane 1: OVA, lane 2: ED,-OVA, lane 3: ED,-OVA.

La-—"—

25 kD — "
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212 hFA 21 OVA & DNA £ DHEEER

AEIZBWTHEMA L7 DNA /A1 Re 5 Lo DNA EFNILE —®EIZEB I 5 DNA
hydrogel(CpG) L RIL & D TH V) | 55— & [AERIZ DNA A R L2l L7z, £7-, CpG
Ffil¥ % GpC FeAICfEH#a L7- GpCDNA A R ZLa o ha— & LTHEM LTz,

OVA & %\ T ED-OVA & DNA & OBEEIKIERNZARY 77 VL7 I REXIKE (PAGE)
WL VEHE L7z, 725, E7 /L DNA & L T GpC hexapodna-1 & OVA & % % ED-OVA
ZEx IR EIGTIRA L, 37°C T 15 34 % 23— MMEIZ PAGE 1T\, =F VU AT 1
~A K (EtBr) 2LV DNA ZRHT5Z LT, BEFEOLENC X VAR 2580 L7,
ZOfESR, ED-OVA DIRGEIG %% < 358, PAGE (23517 % GpC hexapodna-1 @@@JF il
K F L7 (Fig.17), —J7C. OVA TiZ GpC hexapodna-1 & &AL T, DNA OB ENE T
fbL72o7=, F7=. DLSHIEN 5. ED-OVA & GpC hexapodna-1 & DiEA %@ﬁ%&
ED-OVA Hijil, GpC hexapodna-1 Hijilt & tbiiz L TREWZ L r &Sz (Fig. 18), OVA é:
GpC hexapodna-1 #{E& L7 > 7 /L Tld, OVA EJf, GpC hexapodna-1 & bz L TR 1-#2
WCEAGITRRD B o7, 512, OVA & ED-OVA Tid, KRFRICEERENRD LN
T AT A ALY G OEEERITER SN T\ Z ARSIz, YL EDORERN G
ED-OVA & DNA #iRG3 2 Z & C, HEMHAFERIZ L 2EERBERESND 2 & 23Rk
STz,

a b c
s [T [

T —

23456789101234567891012345678910

-

Figure 17. Properties of OVA and ED-OVAs mixed with hexapodna. (a) OVA, (b) ED,-OVA, or (c)
ED,,-OVA was incubated with hexapodna at different mixing ratios for 15 min at 37 °C. The mixture was then

subjected to electrophoresis using a 6 % polyacrylamide gel at 200 V for 20 min, and DNA was detected with
ethidium bromide. The molar ratios of GpC hexapodna and OVA or ED-OVAs were 1:0 (lane 2), 1:0.1 (lane 3),
1:0.2 (lane 4), 1:0.4 (lane 5), 1:1 (lane 6), 1:5 (lane 7), 1:10 (lane 8), 1:50 (lane 9), and 1:100 (lane 10). The 100
bp DNA ladder is shown in lane 1 (Watson, Tokyo, Japan).
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300 1 Figure 18. Measurement of diameter. Saline

* solutions of OVA or ED-OVAs (0.1 mg/ml),
and CpG hexapodna-1 (0.1 mg/ml) were

g 200 prepared, and mixed at various proportions. The
— size was then measured by DLS and expressed
§ as the mean = S.D. of twenty independent
Q measurements. *P<0.05 compared with the
_E 100 | other groups.
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Figure 19. Release of OVA and ED-OVAs from DNA hydrogel. (a) FITC-OVA or FITC-ED-OVAs (10 ng)
were incorporated into 100 pg of CpG DNA hydrogel, and the product was placed into the upper chamber of the
Transwell (0.4 pum pore size) with the bottom chamber containing phosphate buffered saline (PBS), and
incubated at 37°C. The fluorescence intensity of the solution in the bottom chamber was measured, and the
percentages of OVA or ED-OVAs released were calculated and plotted against time. Results are expressed as
the mean + S.D. of four independent samples. Results are typical of three separate experiments with similar
results. (b) The fluorescent images of the hydrogel in the upper chamber were photographed at the indicated
times: (upper) OVA, (middle) ED_-OVA, and (lower) ED, -OVA.

DNA A RaZAnb it Sz o 7V OFEIREZ Rl 2 72912, FITC-OVA %
721Z FITC-ED-OVA N CpG DNA /N1 R F v A o3 2— h 3EFE# 0 B2 [ L,
PAGE %177 (Fig. 20a-c), FEZNMESMECrkEh a1 T > 7272, FITC-OVA & FITC-ED-OVA
DRy RIZA AT T -7 (Fig. 20a), ED-OVA & DNA DX ROLE N —E &2~ 72 2
LB, ED-OVA X DNA EHEAKREZTER LIZIREETT NS Ra o it Sivs 2 & 0vR
e X iz, £7- FITC-ED-OVA D, DNase % & ¢e FBS 174E F THIE & 417z (Fig. 20d) ,
Z OFEFIE, DNase (2L Y DNA BNofiE X s Z & T, HEAF A/EH T DNA IZFEA LT
V72 ED-OVA D3t S 7o i R L HER S vz,
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Figure 20. Release of OVA or ED-OVA:s in the presence of FBS and PAGE analysis of released samples
from DNA hydrogel. (a - ¢) FITC-OVA or FITC-ED-OVAs (10 ug) were incorporated into 100 pug of CpG
DNA hydrogel (10 ul) in a 0.6 ml tube, and 10 pl PBS was added. After a 3 h incubation at 37°C, the supernatant
was collected and subjected to electrophoresis using a 6 % polyacrylamide gel at 200 V for 20 min. (a)
FITC-OVA or FITC-ED-OVAs were detected by fluorescence intensity. Lane 1, FITC-OVA; lane 2,
FITC-OVA/gel (CpG); lane 3, FITC-ED,-OVA; lane 4, FITC-ED,-OVA/gel (CpG); lane 5, FITC-ED,,-OVA,;
lane 6, FITC-ED,,-OVA/gel (CpG). (b, c) DNA was detected with ethidium bromide. (b) Lane 1, FITC-OVA,
lane 2, FITC-OVA/gel (CpG); lane 3, FITC-ED,-OVA; lane 4, FITC-ED,-OVA/gel (CpG); lane 5,
FITC-ED,,-OVA,; lane 6, FITC-ED,,-OVA/gel (CpG). (c) Lane 1, 100 bp DNA ladder; lane 2, Gel (CpG); lane
3, FITC-OVA/gel (CpG); lane 4, FITC-ED,-OVA/gel (CpG); lane 5, FITC-ED,,-OVA/gel (CpG). (d)
FITC-OVA or FITC-ED-OVAs (10 ug) were incorporated into 100 ug of CpG DNA hydrogel, and the product
was placed into the upper chamber of the Transwell (0.4 um pore size) with the bottom chamber containing PBS
(25% FBS), and incubated at 37°C. The fluorescence intensity of the PBS in the bottom chamber was measured,
and the percentages of OVA or ED-OVAs released were calculated and plotted against time. Results are

expressed as the mean + S.D. of four independent samples. Results are typical of two separate experiments with
similar results.
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Figure 21. Rheological characterization of DNA hydrogel containing OVA or ED,-OVA at room
temperature. OVA or ED,-OVA (22 ug each) was incorporated into 220 ug of GpC DNA hydrogel (10 pl).

Storage modulus (G’) was measured for sinusoidal strain at various angular frequencies (®) and with the
amplitude (y,) as indicated. Data shown are representative of three independent experiments. (a) Gel (GpC), (b)

OVA/gel(GpC), (c) ED,-OVA/gel(GpC). (d) Storage modulus at sinusoidal strain 1 %. Results are expressed as
mean * S.D. of three independent samples.

2.1.4 hF#4>1t OVA DIRIZTHMMIZ L AH Y AHA B & U IR REEETHE

~ 7 ZRHRHIERE DC2.4 flfIZ X % 1 T4 A OVA OFIEERL Y 1A Fe OBLRER A % A
L7z, #IBRELY A X, DC2.4 Mz FITC-OVA % 721% FITC-ED-OVA % DNA /~A Fu /%
JVERIFICIRML, A ¥ 2X— b 2 K% O DC2.4 Ml g% 7 a—4 A kA K
V—%2HAWTHIET S Z & Tl L7= (Fig. 22a), FITC-ED-OVA #INEEIE FITC-OVA SN
BE & LREE U CRV O PR (MR 27~ L7=, F£72. CpG DNA /N1 K a7 Loy
\Z& D, FITC-ED-OVA OHIFREL Y IARITAEIZH R L=, —F T, CpG DNA /"1 Kr
JLEFIL T H FITC-OVA ORMIIRERL 0 IAZITIE K L72gh o> 72, CpG DNA /~A K 728
2T GpC DNA A K ZF /L OFINT b [AEEDFE RS ST,

PURHERIZ. DC2.4 M8l OVA £721% ED-OVA % DNA /A K7L & RIEICHML .,
OVA ® MHCclass | =t —7 12 LT IL-2 % PE/E$ % CD8OVALS3 Ml 2 AT, IL-2
Z AR R U7z (Fig. 22b), £ O#EF, OVA & il L T ED-OVA INEEIZ BV TE D IL-2
FEAES R B ALTz, ED-OVA Z s % & | EAiFROKV Y ED-OVA T & U SO HURIE R DG
LIV, T OEMIFENEWFFEEARDIT O BHUFTRRAMEN &9 FERIL, RREIE R4
B CITON T AT DORER & —E L T\ 5 ¥, X512, ED7-OVA IZ CpG DNA /~1 K1
TIEBHWIE GpC DNA NA R F v aiming 5 Z & CIL-2 FEAENAHREICE R L, Lk
L0 DBEOMFHIIE L D RMICHRIE R S5 ED-OVA Z VWS Z & & LT,
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Figure 22. Cellular uptake and antigen presentation. (a) DC2.4 cells were incubated with 500 ug/ml
FITC-OVA or FITC-ED-OVA:s in the presence or absence of 10 pg/ml CpG DNA hydrogel. The amounts of
FITC-OVA or FITC-ED-OVA:s associated with the cells were measured by flow cytometry. Results are expressed
as mean + S.D. of four independent samples. Results are typical of four separate experiments with similar results.
*P<0.05 compared with the medium group. (b) DC2.4 cells were plated on 96-well culture plates at a density of

5x10" cells/well and incubated overnight. DNA (10 pg/ml) and OVA or ED-OVAs (500 pg/ml) were added to
each well, and then 5><104 CD8OVAL.3 cells were added and incubated at 37°C in 5% CO, foran additional 24 h.

The IL-2 concentration in culture media was measured by ELISA. Results are expressed as mean * S.D. of four
independent samples. Results are typical of four separate experiments with similar results. *P<0.05 compared with
the medium group.

2.1.5 hF#A 21t OVA DB E &L ie BB T

e G REPE X FITC-OVA £ 721 FITC-ED7-OVA % DNA /A R 7 LZNEL L, < v
AT NG, RS> 7Y o 7 LT G EAL O SO EIRE 2 JlE 5 Z & TRE
fliL7= (Fig. 23), ZDfEF. FITC-OVA % 5:-4% O HEAIC I 2 8 i B 1 L 20 IR T
L7c, F£72. FITC-OVA TiZ CpG DNA /A R a F/LZNE LTI2GA T8 W T H IR
FAITRD BN inoT-, —FH T, FITC-ED7-OVA DOFEHINLD 6 DIERITFESLHTH Y |
512 CpG DNA /A R FWINE L TEET 5 2 & TR IREENAEREIC ER/ L
oo 2O LD, ATFHALHIRZFIHT 5 Z & TDNA A RaZ A0t OFR K %
BIEATRER = & AR ST,
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Figure 23. Disappearance of OVA or ED-OVA

from the injection. ICR mice were intradermally
injected with 10 ug FITC-OVA or FITC-ED,-OVA in

the presence or absence of 100 pg CpG DNA
hydrogel (10 pl/shot). At the indicated times after
injection, mice were anesthetized and the skin tissues
including the injection site were excised and
homogenized. The fluorescence intensity of the
supernatant of the homogenates was then measured.
Results are expressed as mean + S.D. of four mice.
Results are typical of two separate experiments with
similar results. *P<0.05 compared with the other
groups.

21.6 hFA L OVA IZ K SIRRHENREREDFE

OVA HR MG IGE OB E 2T 272012, ~ 7 ASERZNIC 7 AR T 3 [mfE %
TV, B DD 7 BRI MG K OHIE A B L7-, OVA FEELAYIMIEH 19G Jiffi & |
g 3k U o 2 \ER A OVA CTHRINRS 2 Z & CREA SN DA b A > % ELISATEIZ X Ol
iE L 7o, Fig. 24a (2 M H > OVA 751 19G HLIRAT 2 7~ 9, OVA ¢ H5-#E & Hilt L T ED7-OVA
BeHREIZB O TEV OVA FrRAPUAMI 23 FE8 0 S iz, F7-. ED-OVA/CpG DNA /A1 K&
TG EETIE, ED;-OVA HiR#E G L ik LT, K0 mWHIRMmA 5 o iz,
ED7-OVA/GpC DNA /~A K1 # /L%, ED;-OVA/CpG DNA /A R 7 v & bl L ¢, iRk
TP & HE T DRITRN 2 AR E T, Fig. 24b (213 OVA THFIE% O ML 5 O
IFN-y PEA %2 7Rd, OVA A ERE & bk L C, ED7-OVA B ERETEV IFN-y FEA R
Woilz, F72, ED-OVA/CpG DNA A FaZofhl2 L0 ED-OVA Bl 5 id
OVA/CpG DNA /A Fua 7 LI 0 & @y IFN-y EEAEDGRD Hiviz,
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Figure 24. Induction of OVA-specific immune responses after intradermal injection of OVA or ED,-OVA
into mice. (a) C57BL/6 mice were immunized with OVA or ED_-OVA with or without DNA by three

intradermal injections at weekly intervals. On day 7 post the last immunization, OVA-specific total 1gG levels in
serum were measured by ELISA. Serum total IgG titers were estimated by the dilution ratio at which the
absorbance value of the saline group was obtained. Results are expressed as mean + S.D. of four mice (saline-,
CFA-, and OVA-treated groups) or five mice (other groups). Results are typical of two separate experiments with
similar results. *P<0.05 compared with the other groups. (b) On day 7 post the last immunization, splenocytes
were collected, stimulated with OVA (1 mg/ml), and incubated for 4 days. The IFN-y concentration in culture
media was measured by ELISA. Results are expressed as mean + S.D. of four mice (saline-, CFA-, and
OVA-treated groups) or five mice (other groups). Results are typical of two separate experiments with similar
results. *P<0.05 compared with the saline group.

F72.TLRY / v 7 7 U b~ A ZHE L7255 TlE CpG DNA A R F iz kb IFN—y
FEARIERNIIRD b o7z, LTz - T, TLRO K FHN PG B B0 058 I A S i
ShdZ Enmmsiniz (Fig. 25),

120 Figure 25. Induction of OVA-specific immune

responses after intradermal injection of OVA or
ED,-OVA into TLR9 knocknout mice. TLR9 knockout

mice were immunized with OVA or ED7-OVA with or

without DNA by three intradermal injections at weekly
intervals. On day 7 post the last immunization,
splenocytes were collected, stimulated with OVA (1
mg/ml), and incubated for 4 days. The IFN-y
* concentration in culture media was measured by ELISA.
Results are expressed as mean + S.D. of five mice.
Results are typical of two separate experiments with
0 c® <<'?‘ 4'?* GQO similar results. *P<0.05 compared with the other groups.
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%—3I2H\ T, DNAhydrogel & Ebi LT, hexapodna L 20E IC# G  HIMKT D 2
LEIRLTZ, ZDi=h, ED-OVA % hexapodna &iEA L TG L7-5A Tlid. ED-OVA @
B HIALD D O RITIERL D EEZBND, £2 T, I HIZ, EDi-OVA & CpG
hexapodna ZR&GHKIC~ 7 ACHIEEIT-7- & 2 A, ED;-OVA/CpG hexapodna #% 5-#f (%
mMNMHWAA4FHﬁW&ﬁﬁkwﬁLTFNy@FE%iﬁ<\@$%’#E%ﬁ%
FIEINE ZFHET DO, PURDBRIMS N D Z ERNETH L Z Lavrme s/ (Fig.
26),

120 Figure 26. Induction of OVA-specific immune responses after
intradermal injection of OVA or ED-OVAs into mice. Mice
were immunized with 50 ug OVA or ED-OVAs and 220 pg
hexapodna or DNA hydrogel by three intradermal injections at
80 I~ x weekly intervals. On day 7 post last immunization, splenocytes
were collected, stimulated with OVA (1 mg/ml), and incubated
for 4 days. The IFN-y concentration in culture media was
measured by ELISA. Results are expressed as mean + S.D. of
four mice. *P<0.05 compared with the saline group.
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2.1.7 AFA 1t OVA IZ & % R IEERI4E B

PRNE D IERA 2 4R B YEDRIVE ] 2 5F4fH L 72 & Z A, OVAICFA 57 TlaA E e
FALDRRBD BTz, ZhUzxt L, ED;-OVA/CpG DNA /A R v & 5t E STl ORE Tk
72 S E S o HE N M@%hﬁmot(ﬁgﬂw

B 5 R CORWERRHE O 7= 012, $ G T D HE Yl 5 B RAEDFEEE & RIE
Jiel >R 2 HofiiAk L 7= (Fig. 27b-|>o OVA/CFA # 5.7 & ED;-OVAICpG DNA /A Fu 7L
BHRETIL, BRI L 7o RIEMERI IS TR E BT RO 272 b DD,
OVA/CFA HEHRETIX, REDOFLWIRE L | BHRIENISOIRIE CH 5 LI B ER OB
RN bz, —J7 T, ED-OVA/ICpG DNA /~A R u Z A 5RETIE, fuZInE I
BET 5 RkE S0 EMEROFMEARD b izd, BROPESLEE A mEKD
RETERD N oTz, ZDOZ Enh, OVAICFA &IEkRMIIZ, ED-OVA/CpG DNA /~
A R ZVCTIEROAMERIER S FHE SR &R S LTz,
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Figure 27. Systemic and local adverse reactions after intradermal injection of OVA or ED_-OVA into

mice. (a) Spleens were collected from C57BL/6 mice on day seven after the third immunization at weekly
intervals. Spleen weight was measured and large spleens indicated splenomegaly. Results are expressed as mean
+ S.D. of five mice. *P<0.05 compared with the other groups. (b) Dermis length on day seven after the third
immunization. (c) The number of leucocytes per length of dermis (number/mm). (d-1) Hematoxylin and eosin
staining of the skin sections. (d) saline, (e) OVA/CFA, (f) OVA, (g) OVA/gel(GpC), (h) OVA/gel(CpG), (i)
ED,-OVA, (j) ED_-OVA/gel(GpC), (k) ED,-OVA/gel(CpG), (I) Gel(CpG).

2.1.8 AFA L OVAIZ &K BIEEDR

OVA % J8H19 2 #El EG7-OVA i~ 7 2 DfENIZ ED;-OVAICPG DNA /A K 4
NEEG5T 52 LT AR X OEGREZRIE L, FURESR AN Lz (Fig. 28),
ED7-OVA/CpG DNA /~A K 1 7L 55Tl saline #: 5-1f & Lhfie L CAEGFRNAEICLES
AU, BESHEIE & A BICHIH Sz (Fig. 28ab), F 72, ED7-OVA/CpG DNA /~A R 7LD
5k, 8PEH 2 PE TR E4ICiENME L= (Fig. 28¢c-h), OVAICpG DNA /A Ku 4
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Figure 28. EG7-OVA tumor growth after intratumoral injection of ED_-OVA/CpG DNA hydrogel into

mice. EG7-OVA cells (5><106 cells) were intradermally inoculated into C57BL/6 mice. (a and b) When tumor
volumes reached >200 mm3, OVA or ED,-OVA (10 pg) and DNA hydrogel (100 pg) were intratumorally

injected three times at five-day intervals. Survival (a) and tumor size (b) were measured every day. Results are
expressed as mean + S.E.M. of six mice (Gel (CpG)-, ED,-OVA-, and ED,-OVA/gel (GpC)-treated groups),

seven mice (saline-, and OVA/gel (CpG)-treated groups) or eight mice (ED,-OVA/gel (CpG)-treated group).

Results are typical of two separate experiments with similar results. *P<0.05 compared with the saline group.
(c-h) Tumor volume of individual animals treated with the following agents was plotted: (c) saline, (d) Gel
(CpG), (e) OVAJgel(CpG), (f) ED,-OVA, (g) ED,-OVA/gel(GpC), (h) ED.-OVA/gel(CpG). Results are typical
of two separate experiments with similar results.

R I 22 BURURF A HUIRIS 0% OFF 8 2 7l 2 72912, ED7-OVA/CpG DNA /A K 7
NOEET X B SERITIRHNE LTz~ ¥ A2 EGT-OVA B LW~ U A AT / —~ B16BL6
RS U, IO AR ZFE ISR L=, = OfE R, B16BL6 134235 L= b DD, EG7-OVA
FAE Lo T (Table 3), 2D Z &6, ED-OVA/ICpG DNA /A R 7L DOF 512 &
V. EG7-OVA il xi3 2 BRI 2 P R AN N BN FE S D 2 E R RIB STz,

Table 3. Tumor rechallenge experiment. Mice that initially rejected EG7-OVA tumors by intratumoral
injections of OVA or ED7-OVA incorporated into CpG DNA hydrogel were rechallenged with intradermally

injected EG7-OVA cells (5><106 cells) after more than 80 days of the first EG7-OVA challenge. After one month
of observation, mice that rejected EG7-OVA tumor growth for a second time were challenged with intradermally

injected B16-BL6 cells (2><105 cells). The number of tumor free mice was assessed.

EG7-OVA B16-BL6
Tumor | Micewith | 0 Tumor | Mice with | Tumer
implanted | 2 PaIPaPIe | o6 rate | implanted | a palpable | 2 rate
mice| 4 mor (%) mice tumor (%)
icontrol
52 51 98
(EG7-OVA)
Control
5 5 100
(B16-BL6)
OVA/
2 0 0 2 2 100
gel(CpG)
ED,-OVA/
2 0 0 2 2 100
gel(CpG)
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219 hFF U LRERTF FDHRE

RTFREHRELTHHA LIRS F RO F 0L, Z o0 8BU 0 F oL ik L TR
I A NTREERMD AR, MEFHNES CTREMEDNEV, BHEOH KN AREE W o7
BAER DD, & 2T, ED-OVA THOLNIFERE T T FHURIGHT A2 & & Lz,
DNA /A RrZ A LIRS L, 2RI TR R R S AN FHERETH D Z LT
HENDPUFALTF RE LT, OVA D MHC class | =t h—7"T% % SIINFEKL (pepl) @
N RIS, Y Y Y — AR EIEY Y Y — AR O 7 CHfrE N5 Z &R HE ST
U —eH] FFRK 2/ L CA 7 A T X =0 N Lz h F 4 4k~ 7F K R8-L2-pepl
AREEL7-, Table 4[24 ARG LI F A AL_TF ROT 2/ k& MBYL R M A R
¥

Table 4. Characteristics of peptides.

Sequence Length Molecular weight Net charge
Pepl SIINFEKL 8 963.13 0
R8-L2-pepl RRRRRRRRFFRKSIINFEKL 20 2791.33 +10

2.1.10 hF A 1ERTF K& DNA DHEEERER

CpG hexapodna-1 & pepl & %\ i R8-L2-pepl % 45~ 7284 TIRA L, 37°C T 15 /01
F 2 N— %, PAGE Z{T\), EtBr L0 DNA i % 2 & T, BEIEOLEIC X liE
O EANER 23l L7z, D55, R8-L2-pepl DIRAEIAG# %< 58, KU T 7 VLT
REESIKENZ 1T 5 CpG hexapodna-1 D32 R23E < 72~ 7= (Fig. 29b), —J7C. pepl TiZ
CpG hexapodna-1 L {EAT 25 Z &2 XK % CpG hexapodna-1 D/ ROZEAGIZR b7 io 7z

(Fig. 29a), *7-. DLS M5, R8-L2-pepl & CpG hexapodna-1 #i{EH+ 52 & T,
R8-L2-pepl Bl &% T8 CpG hexapodna-1 B & b U Chi -3 A BIZHI K L7z (Fig. 29¢),
Pepl & CpG hexapodna-1 ZEA& L7297 /L Cld, pepl B, CpG hexapodna-1 & Hiik L C
BB ZAITRRD DL o 7o, UL EOFRER D5 (R8-L2-pepl & DNA ZiE&T 5 Z & T,
FREMFE AERIC X D EAEPER S ND Z L PRI N7,
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Figure 29. Complex formation of hexapodna and. (a) pepl or (b) R8-L2-pepl was incubated with hexapodna at
different mixing ratios for 15 min at 37°C. The mixture was subjected to electrophoresis using a 6%
polyacrylamide gel at 200 V for 20 min and DNA was detected with ethidium bromide. The molar ratios of CpG
hexapodna and pepl or R8-L2-pepl were 1:0 (lane 2), 1:0.1 (lane 3), 1:1 (lane 4), 1:10 (lane 5), 1:50 (lane 6),
1:100 (lane 7). The 100 bp DNA ladder is shown in lane 1. (¢) 0.1 mg/ml pepl or R8-L2-pepl, and CpG
hexapodna-1 was prepared using saline and mixed at various proportions. The size was then measured by DLS

and expressed as the mean + S.D. of twenty independent measurements. *P<0.05 compared with the other
groups.

2111 AFAERTF KD DNA/NA FOS LA S QR T
FITC #25% L 7= pepl (FITC- pepl) & 7-1% R8-L2-pepl (FITC- R8-L2-pepl) % DNA /~A F

27 VICNE L, FITC HROEOEIRE Z 45 R I it 8 2 34l L 7=, £ OfE R, FITC-
R8-L2-pepl ® DNA /~A K& 7 /L6 O Jgid FITC- pepl & bk L CHE4E L7~ (Fig. 30),
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100

¢ . Figure 30. Peptide release from DNA hydrogel. FITC-pepl
(3.45 pg) or FITC-R8-L2-pepI (10 pg) was incorporated into
= 100 ng of CpG DNA hydrogel, and the product was placed into

o @ Pepl/gel(CpG) . .
3 B R812-pepligel(CpG) the upper chamber of the Transwell (0.4 um pore size) with the
250 bottom chamber containing PBS, and incubated at 37°C. The
é fluorescence intensity of the solution in the bottom chamber
- was measured, and the percentages of pepl or R8-L2-pepl
=S released were calculated and plotted against time. Results are
expressed as the mean + S.D. of four independent samples.
0 1 1 1 ) Results are typical of two separate experiments with similar

0 6 12 13 24 results.

Time {h)

2112 hF A VIERBERTF RIZ&K2ESEHER

EG7-OVA i~ 7 2 DEENIZ R8-L2-pepl/CpG DNA /A R 7L Z$ 5. L, [Eg A
BLO~ T AOEFRNSHUIRG R 270 L7z, £ DOfER., R8-L2-pepl/CpG DNA /A K
1 7 VP G CIT saline ¢ G- & LRl U CHEBSHEIA & A BIE S, RN EICUGE
SnbsZ EnmREni (Fig. 31ab), 72, R8-L2-pepl/CpG DNA /A RrZ O 52 X
V. 6VCH 5 L CERENERITIBME L7z (Fig. 31c-i),
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Figure 31. EG7-OVA tumor growth after intratumoral injection of R8-L2-pepl/CpG DNA hydrogel into
mice. EG7-OVA cells (5><1O6 cells) were intradermally inoculated into C57BL/6 mice. (a and b) When tumor

volumes reached >200 mm3, pepl (3.45 pg) or R8-L2-pepl (10 pg) and DNA hydrogel (100 pg) were
intratumorally injected three times at five-day intervals. Survival (a) and tumor sizes (b) were measured every
day. Results are expressed as mean = S.E.M. of six mice. Results are typical of two separate experiments with
similar results. *P<0.05 compared with the saline group. (c-h) Tumor volume of individual animals treated with
the following agents was plotted: (c) saline, (d) Gel (CpG), (e) pepl, (f) pepl/gel(GpC), (g) R8-L2-pepl, (h)
R8-L2-pepl/gel(GpC), (i) R8-L2-pepl/gel(CpG). Results are typical of two separate experiments with similar
results.

S I, BRI ZRHUR R R HURIS 0% OFF 5 2 AN 3 5 72 OIS AN e aBHE LTz
~ 7 AT EGT-OVA £7213~ 7 A AT /) —~ B16BL6 #BflE L. [EEOAEEZTHMIL-, <
DFER, BI6BLE 1ZBTDHO~ T ATAEF LI bD D, EGT-OVA ITAEE Lol Z Linh,
FHIR 22 U R RAGIE IR E OFFE R S 7z (Table 5),

Table 5. Tumor rechallenge experiment. Mice that initially rejected EG7-OVA tumors by intratumoral
injections of pepl or R8-L2-pepl incorporated into CpG DNA hydrogel were rechallenged with intradermally

6
injected EG7-OVA cells (5x10 cells) after more than 80 days of the first EG7-OVA challenge. After one month
of observation, mice that rejected EG7-OVA tumor growth for a second time were challenged with

5
intradermally injected B16-BL6 cells (2x10 cells). The number of tumor free mice was assessed.
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EG7-OVA B16-BL6
Tumor implanted| Mice witha | Tumor take rate [Tumor implanted| Mice witha | Tumor take rate
mice palpable tumor (%) mice palpable tumor (%)
Control
10 9 90
(EG7-OVA)
Control
5 5 100
(B16-BL6)
Pepl/
2 0 0 2 2 100
9¢el(CpG)
R8-L2-pepl/
5 0 0 5 5 100
9el(CpG)
2113 EER

TV 2Ny NIRRT R R RIS B A ST DT OICUER R R T 7 F D
WREZTHD N, LrLernb, ZeECREOMENL, B h~OEHANRD L
T FrT7Vany MO TRLIATWDS 3, BERK THOWOITWE T 7 F o Ol
&Uﬂi1%0ﬁﬁmwaﬁﬁéﬂtxﬁﬁ®7wi”?Aﬁf%ﬁéhé?»Aﬁ%
Fohng 2490, R, UIFUT Yoy MRERIGHSND DI, e
IR Cd VA RYE TIL AR RTRE Ch 2 LN B 5W>ﬁr%@¢m¢5¢m@%é
CpGETF—7 A2 FLDNANA R Z /Ui Zinb TR TOEGEEZHHIELTND EBI LD,
ZDODNANA RaZVOREE LTI, ™A Fab st OFURAH A R #HEC0Ch
L EMBETOND, AW TIL, PURDO T F A ALIZE Y DNA A Ra 7 uns O
WAL AHETH D Z &, B F A AP E DNA ~A R Z VO AaE I L0 R0
WZHUR R RAIE IS E A FE R TH L Z L 2B LT LT,

A R Z U S QP T I IS < LB 2 B, AR iR £
WK T 5 O, JEBREN /NS D T 8T A RaZ b Oy ITRIET 5,
JERAREE, ME ORE S OREND D WEIEW E S~ N v 7 2L OMAELEMR LIZ X
DIK T 2% 9, AEMEH O DNA A Fa 7 s oY BIHIZE L T, 1541k
PUROFIHIZ L0 BT DY Z KT S8 5 Z ENAHETH H, DNA /N e Z g
FREMMRAEERICE O B F A AHUREREE L, A R 705 O DNA OFHEC L jik
HAMEEEND B X DD, ZOHIL, DNase & tr FBS {F/£ F Tid ED-OVA D ikt
MMEESNT-Z Lick v XFF&Nn D (Fig. 20d), 724> %H, DNase 28 DNA %203 figd 25 = &
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TAA FaZ 5O DNA OB INE S i1, ZHUfE-> T ED-OVA At sz b o &
Ez bbb, GpC DNA A Ra 7 ud, U ARZN~OBEME 5 TiE IL-6 © mRNA FE
EILHELR VW ERNFE—E TORENTNDL Z ENDRENENRT UNY =V AT L EE
Zbivd, —H T, REIZEBWT, ED-OVA HEEHRE L s LT, ED7-OVA % DNA /~
A RaZVcNE L TR T2 2 & THREIZ ED-OVA OF SN EENm L322 &2
RETz (Fig. 23), ED7-OVA BB G- & Lhiiz L T ED7-OVA/GpC DNA /~o K a7 Ve s
FEICBW TR Y @O HURRF R GREISENFEINTZZ LD, OVA FREMGIEINE DT
21X OVA DIRIBULNEETHH Z LR S LD (Fig. 24), —F T, = CTHEEHNL
DB EHIZIHRT 5 Z & %78 LT- hexapodna & ED7-OVA Z A L T4 L 72 ED-OVA/CpG
hexapodna £ 5-#£ & ¥ £ OVA/CpG DNA /~A K1 7 /LT & 0 @O PLs AR R A5 2 102 03 558
SNDHZTEZWLMNILTEY, BARGUELE OFEIITHIRORBIE N EETH D
ZENREEIND (Fig. 26), 2F VD, INLORERND, PURKEL L CpG DNA A
B 7S K D @ WS IR AL E R O W5 S HUR R R E IS E OFBICLETH L Z LN
R E 7 (Fig. 28, 31),

TATHRICB N T, B TFA AR VR Th D ED-OVA R U TAF = s
OVA 3, mW PR RGN E 2 FERRETH D Z E BN SN TE 7238484, KRifFse
TliX, ED7-OVA & bl LT XY mWERZED ED17-OVA 1d, WY AR Z R L2 b
DO, FURSRRIIE o7 (Fig. 22), ZORRGEATIFRLFERTH Y . HH 72 ED EAf
WZED = b= E SN D LR IN D, RIFRIZEBWV T, 196 FLAEAHIZDU
TIEHAEEERNRDOLNLR o272 H DD, OVAICPG DNA /~A K ZF & g LT
ED,-OVA/CpG DNA /A RuZ BTk @muWisES NS5 n7- (Fig. 24a, 28),
OVA/CpG DNA /~A K141 & ED7-OVAICPG DNA /A K 7L & O THEZENED
NI DE, PUFRR RIS X 2 LRI D AR & PURSR R, B GEALIC T 2 A sk 2
Th b (Fig. 22, 27), MEANEG-1% OPURR R GEINE OFFEICET 257 A 1 = X A
XFEFERHIN T RN 0D, 2B DEWVA OVAICPG DNA /A R 7 L i LT
ED7-OVA/CpG DNA /~A K 7Ll 0 @ OHUEE RN S -5 B2 SR 4
HH0DEEZD,

A F A Ak OVA FHEAE DB G5 TR ARG E A~ S0 e v S iR (Fig. 27)
FTEATIRSLORER & —BT 2 3, £IABZETIL, ED-OVA/ICpG DNA A R 7 Lfh
#E & OVA/CFA £ 5.1 Tl 55800 :i%?ﬁﬁa“é%&‘ﬂ%Emﬂ%@%%ﬁﬁ;'%f;z) ZERH BT
7257 (Fig. 27), CFA ORERATIZIR, B GEAIHEIEDORm NI R TV A A VDG END
%), —J T, DNAA Rr /7“/1/61&5%4175)%#1@2%%’3 12 R CYHA T 5 Z & 2RI TR
L7z ™A FrF VT 5 2 & TREMAMREIES AR LT 260D, DNA ITAEEN
TXI LT =B Lo THODIOES I, ZO0EN DNANA RaFvn s VT Z 0 A

W5+ 5EF2 N5, T4 %ﬁwmw:k TRV TRIEA R LI <
FARE R EEDMRWFERIZR o T2 b D EE X BIVD, 24U CpG DNA A R Z /U L
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TVWDHRARTYZ AT IVFEST DNA OFFRIZE 52D EFE 2 Hivsd, CpG DNA ZFIH L
TEHFZEICRB VT, AR AR F 4= — R CpG DNA 3 LA SN D28, & DL E bikEm &
L THRAR AT AEARI DNA IR 7 LT —BIZ K D0 E2Z 09\ 549, Z 0
KO TEER KT DL EWMENZ LD BAIFIZLED CpG EF — 72 BZ L b DD,
CpG DNA A Rua T iZ X 5EHWERIXIZEA EA LW EE Z BLD, ED-OVA/ICPG
DNA A R a Z 5 EE CIEPIEOERIE RO e o= Z Lt Z oIS
L HEEREMEGERSITFES NN LR EN S (Fig. 27a), £7-. OVAICPG
DNA A R 7O RNEEIC L0 fyE IL-6 A IXITE ALY ER LARAWD & ARiE TR
LTEY, RFCEAINTZ IL-6 R EDY A NIA v ONRITEGHALEFICROND &
BEZohb,

AW TIX, EGT-OVA i~ ¥ A ZXIT D IBHN T 4 M3 2 72 DI BB N 5 4 18841
L7, CpG ODN # EHMEHENICE G52 2 & T T MRS X 2 PG SOSASFHE S, 5
DIRKEIZ D72 3D T E MG SHL T2 47149, CpG ODN [T~ » A 21T D EHib k2
T4 FHROIHIZBEEEEZLET 2 2 L MBI TS 9, KRS T Mifarky o dEk
FIZxr LT, CpG ODN % 7z in situ 5o & 55 B 72 U AR RS O DF 23 EBLRTRE T H 5
L ERTH AR RBRARE SN TRBY, Z0Z L1, CpG ODN DEEN#EE X424 T
bHZEERBELTND 0, X5, XFF FOBNEEC X0 EMRoBUR M B
THZENRESNTWD 0, PLED XD REITHIE CTHltE SIVTW D BIG N I F4 1k
PURNE CpG DNA /A RN u 7V OGN E G X 2 B RBBUCEAL L Tnb L&
X BHiD,

R8-L2-pepl/CpG DNA /~1 K1z %7 /L% ED7-OVA/CpG DNA /~ A K1 7L X 0 & )R HT
R AP 0 2558 LT (Fig. 28,31), SO TIL, EHLLDOGHICHE Y T A—
DL 7= 0 10 pg OHURE G- L= Z & )25, ED7-OVA &t LT R8-L2-pepl 1349 16 5D =
Eh—72E0HR0THY, ZhR—"EB2oND, DL, XTFRIIZFUEH Y
RGO T L L TEEOEN T EE AT D, BlZIE, T T RIS B %
FERAETICRKAT — LV TOIRFEERBARETH D Z &, k7 a~ o7 4 —D X 57
BifoFfAic Ly, WEEBENRS THLZENETFLND B, &51T, R8-L2-pepl &5
DI A FFH AT F R ED-OVA @ L 9 b FHERRIC K 0 h F A ALSNTHUR & 3
JBELH LT, BMETHLND LW RFEBH D, Z07w, I F A o AuhtR 2 FIH]
LIeBAT 7 FUIHIRE LTI F REBINT 2 2 E BN AR 0S5 L5 %
Lbivd,

UL b, REITIE, B F A AR E D FURDORBULDATRETH Y | I F A AbHIRNE CpG
DNA A w7V OGN 512 X 0 23 it s R TES E 2 58 e CTh 5 =
xR L,
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FTTH O LRATFO—)LER DNA /N KEAILHA S DIREZRKIE

DNA /A R 7 b OFURARBAGIZIZ, H—8i TR U= 8B EAER P ok
LB LFIAREE B DD, TTHHAEEHRINDDPBKMMAEERNTH L %, 5l
e L AT 1 — /LD X ) Ipkkx RBUKMAL G WA N7 U 2 117 EOBUKIESEY) O 3K
WX v U7 b OHHEENCFIH S TWD ¥, a3 LR T m— W IHIaEE A iRk 5 iEE
ThV, 2N EEEURRRA RS EHKICEET D %, 2ok, Ry T7Fx

THALVATu—VEMTHZ LT, abLATa—/LEBUKHMHEERICL VST 55
DARNIRH T EIe EOIYOT VN —=RAREE B Z H TS %%, XKiZ, ab
2T m— VEMIZ & 0 I~ OBAER R B2 2 L h | EREEOMNA~DT Y
NY—IZb a3 L AT v —/UEMDEH STV D 5,

AEITIE, PURE CpG DNA O I578 DNA /A R FAANBIRIRE D 2 & DNt e
BIZBWTH TH D & DG ESE . DNA A K a7 i OFUR OGN 72 i 2
FHT D72DIZ DNA NS Fu vzl + 5 ODN IZa L AT m— U EMizii L7z, 5
WCARHETCTIZ.OVA & 22 L 27 1 — LEffi DNA /N1 K a7 v & QBRI FAER 28k S8
5 Z xR HEIT, JRFEENME OVA (UdOVA) ZHRE LTEIRLZ, £L T, v U AZ A0
T udOVA WAL= L AT 1 — )LER DNA /A R 47Uz L 5 HUR R B 0 O8Iz o
VN TR L 72,

o L AT\ — L{Efffi tetrapodna & OVA %#iRE&79 %5 Z & T, PAGE IZ381F % tetrapodna
OBEEMET L2 b, 2L AT —/LE OVA BHAEEMT S Z ENRBREN
7o F77. native OVA & i LT, 2L AT —/L L DFEAMEREWIREZLM OVA 2N
WTHIET, aLATu—LIEEH DNANA Fr 7Ll Hl LT OVA Ot AN E
L. 52, EG7-OVA ¥~ 7 A DEFIEFEAMHE T 5 Z EWNmEni, kX,
PUE —DNA B AEH OHI#ENZ LV DNANA R 7 b OFURRBIE AR TH D |
ZHUC R UG RE AR AR TH D Z e R LT,
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F£=F DNA "M FOTILADOREMBEORAVIZK I MEERE
D 154

F—E(ZBUV T, CpG DNA /A R Z/uid, shaRANICHUR Ry B S 10 2 358 AT RE 72
LRIRT VanNy P CThhHI LamRL, BT, HURANE CpG DNA A R 7 /LD fiE
BNEGIC L @OPESEHREZB/OND Z 2R Lin, L LR s, ERENE S AT
REZe M2 O ONTEBNIIR B D Z & D, &0 il i NG CHUIER RO/ LD
VAT AOBIBENMELEZZ BD, ALY, DNA A RaZ v zFIH Uikl
B AT AOFAETESHICEED LB BND,

VAR R SREERIED 1T 2 BN Y 7 F BT 22N A TH L TN 5 B8 59,
BEGHIAIE, EEMREAPURESE (MHC) 1% L CHIBENICER Y A A TR HUR &
TAIRICE R T 5 2 & T, PURRRM CTL 2558 L, B OBMICH G2 %, t hol
HICAFET DRI R~ — 7 —DFEO D, EICHERELRMIE (mDC) & IR
fukEERIRHIRL (pDC) @ 2 FFRIZ /S LD, B hTid pDC OFAA TLRY 2B+ 5 Z &
DHT I TN D 806D B A5 U7 B Bl BRI e 2 CpG ODN CTALEET 25 Z & CTF
WHIBSE RN RN BN D Z BN STV 5 8, JiRRels a5 Tk, CpG = F—7
Ze L A~IA A T2 polypodna (2 1 ¥ TLRO A #8875 BRIk MIL 2 2hRa9IIEMA L FTRE TH 5 Z &
A LTE®), 2ok, TLRI 234 2 BHKMa 4 CpG DNA /A K 7 /L2
T 52 LT BRI AR X < o ANCTEME (LT D 2 E N TE, WP R R HUE
BB A Y RRE B2 DD,

% ZTCTHZETIE, CpG DNA /A Fu 7Lt TLRY Z 3B 4 g 2 AatbE s
Z Iz koGS ROMER AR T, T v U A~ v Ty — URRMIEER J774.1 Al
Z VTR DNA A R VO Z 3/ i L7z, 0%, FuUsiirfiias LT
~ U A E R BRI ML (BMDC) AR L, BMDC W DNA /A R 7 Uz X 2 HiliEs
AL 2 BT L 7=,

~YUAR IRy — VR 37741 MR A R L 72 MRE B . DNA NA R 7L
~ONEIZ LY | AERMROEFROLENRITBD bR >72b DD, CpG DNA
LDV A DI AVEETAEBEICHRT DI ENRENTE, S5, HUESEFMO
T2OlZ, v U ABREH AL (BMDC) A fusfesiin & L CEIR L. pepl % #5#k

L 72 BMDC % DNA /~A Ra ZLIZNE L T U ACH#EZ 1TV EGT-OVA ZB4E L 7=
L Z A, BMDC & F£ 720 pepl WE DNA NA R ZFL TR s T 72A L ik L T
AEICEWIUEE RN RS2, LLEX Y DNA A Ra v b e 2 1 25 o
H5HZ LT, PURRRAPUESCE Z R ATRETH D 2 L3RRI LTz,
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FEFHITI =IO, DNA U T —EBZ AT IS S5 G- A RE72 DNA N1 R
2 VO EEFMIT A L LI, ZODNANA Ra L afHA LEHURT U AN — 2
T LADOBFEIZOWTRF L. LT O e 57,

F—E FFIRSAEEL DNA NS FOSIILOBRKEERET ) /N —~DIiGA

Polypodna |Z B2 5 M AR SRS &2 N9 5 2 & C, AR T CARMIZ S VET D
DNA A FaZVvofERICEEI LT, 2L T, VA A—=Z—%H\T DNA 1 FrbL
DREHNE 2 G L7255, DNA A K a7 iy S 2edids X OSBRI h 265925 2
&ML &4, hexapodna OERE A IEF ICELREH CHLAR DL D Z LR I, T ORE
T 57201, BA%E LT DNA A R r FVIEESICHEFN KGR TH L Z LaVRah
Too £72 AL LT OVA 21445 Z & . ODN =X° hexapodna & kil L T~ 7 2 e N# 5-4% .
TGN RFFRRAFT D5 2 L bRENT, vV RIRET HZ LT, D72
v EHER LT EICE WL b7 & NCHEE IR A2 R L2, UL LY (DNA U 77—
BAMEHETITER L7 DNA A Ru 7 uid, ERBEGSTRE T, 2RI InE %5
EERERPURT VAN =V AT A TH D Z EWNRBENT,

FIZE DNA/NA FOFILOASDMEBRBIEICK AEEREDE®

51 F 4 4r OVA (ED-OVA) X DNA A RuaZAnbiiishn. OVA LHE LT
ED-OVA (£ CpG DNA /1 Fu 7V LRlAGDESH 2 LT, ~ 7 A fHRHllatk DC2.4
FICHRESBMAEN, AECEWVHFIEREZRT I ENH LN E 2572, ED-OVA
el CpG DNA /A K i /L id OVA FESLISLIEIEE 2 A L <8 L, OVA & %319
H~ A Y oNE EGT-OVA DOJESHIFE &2 B3 (ZHfl 55 2 L VR &7, & 512, OVA
D MHC class | =& h—F X7 F Rpepl IZAZ X TNAX =V B MNT 52 L THEDT
AR TF R EAVEEHEIC S EGT-OVA i~ ¥ X DAHIM A BICER Sh 5
EMRENS, —H, T VAT o Ve DNA 2RI LTER LS L 2T m—L
Effi DNA /~A K7 L% AW/ CIE, native OVA SR L T, 2L AT —L b
DFEEMENEWVIRFEEMEOVA ZNET 52 & T, 2 VAT r—LIEEGH DNA A Ko
Hv L i LT OVA OIS IEAE L, EGT-OVA i~ 7 X ORI IH T& % 2
R ENTZ, BIEXY | B —DNA AR EAE A OFIEIC & W DNANA a7 umns
DHURRBALAATRE TH Y . AU K D JUEF RE A WM e TH L Z L2 Al L,

42



B=F DNANA FOTILADREMIORNDIZE DHESREDER

~ AV a7y — Uk 37741 Ml AR L2 E 5. DNA N1 RaZu
~SONEIZEY | AEZRNROAFEROLBEENRITFRD Loz b DD, CpG DNA
LDV A DA VEETIEBICHART S ENRENT, S BT, PUEESREEMO
7elZ, v U AFEHHRENHE (BMDC) A fusfEasMiin & LTI L. pepl % #5#k
L7 BMDC % DNA /A Rur 7L ICHE L T U ATHRIE 21TV EGT-OVA & FAE L 72
& Z A, BMDC %4 £720) pepl WAL DNA A R FL CTHRIEZITHT12A L il L T
HEICEWIIESEREN RSN, LLEX Y DNA A Ra Fv b o iiia z a6 b
HHZ LT, PURFFRPUES GE 2R ATRETH D 2 L DR I,

PLE. Z&#F X, polypodna % #ifEd 5 = & TIER L7214 5 AliE7: DNA A Ra ¥/
VD, BURSE ARSI E & RIS FE R LR T P anNy N ThY , T EH
MTH 2T RZBNTEWIRIEGIRZG5 Z LTl Lz, T b ORI,
IR IR 2 g & LR BRI ICx LA R R M Z R 205 2 5,
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HiEE

DI, AHFECER LT, MR 2 2, HHiRE2 IR Y £ LI atRiRs
RPBEHFER SR EEERICELIVIRERDHPELR L ET,

o, KIATZERE R 2B LIRS 2 Y £ Lo s R R AET R 7)1 oo
HEHR, wiaA LI GEA TR EH OB Z R L E,

FBRO R, HBVE, #EEEZIB Y F LR D R,
St RY: @i BERISLN L DS OEEZR L ET,

ShiT, fx OEELEE 2BV F LIS R PRI AT FERR R 750 B
B[, FRZFEBRO — SR SR T TR R B R ISR L R,
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KERDER

B—F EROH

[1] B
RPMI1640 554, Dulbecco’s modified Eagle’s medium (DMEM) ., Hanks’ balanced salt solution
(HBSS) 1% H /KA S L v A L7z, Opti-modified Eagle’s medium (Opti-MEM) (%
Invitrogen #E X W EEA L7z, DNase | & T4 R X7 LAF R —8IXF I T 31 KA
X v EEA L7=, Transwell 7L — k% Corning Costar X W BEA L7=, & O33R
DL 2 F Tz,

(2] Hmhakk

~ U AfHIRHEIERE DC2.4 Miflald~ VT = —t& v VIER K FREFE Kenneth Rock &+
Xt L CIEV =, DC2.4 #fidix 10% FBS, 0.15% fREE/KFEF FVU 7 A, 50 yM £/ F
F 7V tva—n, FEMNET I /. 100 units/ml 2=V > 100 mg/ml A hL T <A
VL 2mM L-Z LV F R 2 & PRI L 72 RPMI1640 551, 37°C, 5% CO,, NS FChsE L
oo~ T ATHIIE Y B ELS MEF X OVEL4 |2 OVA #3881 S W 7- @ ffllid EG7-OVA
AMA=iZ. American Type Culture Collection #E: (Rochville, MD, USA) oA L7-, EL4
fiE 10% FBS., 0.15% fxfg/k#EF kU w7 A, 100 units/ml <=V >, 100 mg/ml A kL7
F~A T, 2mM L-Z V% 2 & FRINL7- DMEM §5#iC, 37°C, 5% CO,. MBS T T
Ki#% L7=, EG7-OVA #HfulE 10% FBS, 0.15% RIEEKFEFT R T A 50uM £/ FA4 7V &
7 —/L, 100 units/ml ~X=<U > 100mg/ml A hL 7 h~A T, 2mML-Z V% 2 &R
N L7= RPMIL640 £5HLT, 37°C, 5% COz, MBS F TR L7c, ~ VA T Ml AA 7V
K—-< CD8OVAL3 fifdix, 7¥— A « v =AHX « UH—T7 K5 C.V.Harding &+ X v fit
B L CIHEW/=, CD8OVAL.3 ffifldid 10% FBS, 0.15% kfE/KFEFT U T A 50uM £/ F4
7Yt w— . 100 units/ml <=V > 100mg/ml A~ L7 k<A 2mML-Z /L ¥
&AM LT DMEM £5#1C, 37°C, 5% CO2, NMRI{: T Chi#E L7z, HEE L 72l
10% FBS. 0.15% xEE/KFE T R U A, 50 uM £/ F4 27 Ut —/, 100 units/ml <=3
Ui, 100 mg/ml A ML k<A v 2mM L-Z V% X VA RINL 72 RPMIL640 B5H#1C
37°C. 5% CO,, NG T ChiE LTz,

[3] FEBrEhi
48D ICR HEME~ 7 2 & 6 B ER D C57BLI6 AlEME~ 7 2 % H A SLC Bt (5 .

HA) KOBEAL, a0 _uya VBB FCHREEE L KE 52 TEHE Lz, X ToH)
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WFBRIE, RERR R B A e R O E) R B R DR &5 TIT - T,

[4] #V =227 L4F K (ODN)
£ THORAKRY T A7 /LA ODN (4, Integrated DNA Technologies £t X ¥ A L 7=, 4 ODN
DOELHIE Table 1 1252 L 7=,

[5] Polypodna 35 XU DNA 1 R Z L il
e OWSEETERRT D & D ICi%EF LI 0RO A Y X7 LATF RE%E L3 2RA L,
7 ==V 7§25 Z LT polypodna Z457-, F7-. polypodna DAL 6% ARV T 7 UL
7 I R VERVKE) (PAGE) IZX VAR L7z, DNA /A Ru b uid, BEWICH#RZ
522 R % 5- L 7= 2 FiJE O polypodna #%5E /L DIRAET 5 Z & TIERL L 7=, 5'28HIK
S DS AR T2 2 FEFEO polypodna # 7 Ak L7\ ha— & L THW:E, 3XToO
o7, 150 mM NaCl e FCRfi L7z,

[6] DNA /~A R v 7 v s E
LA A—%— (ARES, TA A4 VAV )L A2k, USA) ZHWT, # 25°C O=FIRELMT
DNA /A FaZ ol da U—FEE2aMi Lz, LA e —llED0—kie7a hauiz
Hi> T, B 8.0 mm O FAT A & FIV TEAHIE & & BB E 217 - 7= 69,

[7] DC2.4 ffa> & D IL-6 FEA

5x10*fEl > DC2.4 fifida 96 7 = /L7 L — M Tz, 24 WREfijE5#1% . Opti-MEM THR
L 7= %&FE DNA Z M HRIN U7, 16 BEEA > % 2 _— hE, RIEZ[EIL L, -80 °C THRAF
L7z, B O IL-6 #E X ELISA 2 FHWCHIE LT,

[8] ODN ot
[y-**P]ATP & ODN (ssDNA(CpG)snp32-Al) % T4 R U X7 LA F K¥F—+E (T4PNK,
B HTGRAA, BAR) ZHWT, 37°C T30 LSS H7z, £D#%, 70°C T 10 s NET
% Z & T T4PNK % K3 S 7, idHE% L 7= ODN I NAP5 7% 7 2 (GE Healthcare, BT,
HA) ZHWTERIL7-, B L7 ODN % HU T, #2P-ssDNA(CpG). 32P-hexapodna(CpG).
2p-DNA hydrogel (CpG) #FHH L 7=,

(91 2P-DNA % FZ N # 5-1% O BURHEPE O #5346 O 7
HEOHENE ICR ~ ¥ 2 O NI 2P 125 DNA % 10 mg DNA/Kg (220 pg/mouse) @
BehHETEE Lz, B —ERHZIC, vV RAELRREESE, K E U 23z B
L7z, [ L 7-/f&iX. 700 ul @ Soluene-350 (ParkinElmer Japan Co., Ltd, 43I, HAS)
ZMZ Tz 20 ml DIEIES o FL—a AERHT T AL T IE L, 60 °C T—Bim >
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Fa_— 1252 L TCHEMSE, 0%, 22718 —)L (200 ul) &iEEE{k/KSE (200 ul,
30 % wiv; FIYERISE T, HA) A TN Z 5 Z & CHaEEZ T 7=, 7 i3
M2 D E CTEIETEE L7, %\ T, 5MHCI (100 ul) & Clearsoll Gml, 74747
A7 HER, BAR) &84 T TN A, Tri-Carb 3110 TR (Perkin-Elmer, Norwalk, CT. USA)
ZRWTH O RHEEZRIE LT,

[10] IL-6 MRNA FEi0 & B AYHIE

AV TIVT A K D FREE T T CB7BLI6 ~ 7 A DAFER R NIZ A FE DNA % 220 pg #%5- L 7=,
P b —ER %S, BEHNLE U o Hiz I L7z, BRE#ERED SR L7 total RNA (3,
RNeasy Mini Kit (QIAGEN, Hilden, Germany) Z#|fH L Cfili L7z, VU >/ Hid total RNA
I, Sepasol RNA | super (77 7 A 7 2 27) ZF|H L THith L7z, W85 51%, ReverTra Ace gPCR
RT PCR Kit (TOYOBO. K. HA) % W TAT 272, mRNA O E=EHTIZ 1, KAPASYBR
FAST ABI Prism 2X qPCR Master Mix (KAPA BIOSYSTEMS, Boston, MA. USA) %MW
TUTNHALPCR ZIToTz, HEDT-ODIHEH LAY IX 7 VAF R A4 ~—IKk
DL O THD o IL-6, forward (5-GTTCTCTGGGAAATCGTGGA-3’) .  reverse

(5’-TGTACTCCAGGTAGCTATGG-3’) ; B-actin, forward (5’-CATCCGTAAAGACCTCTA-
TGC-3’). reverse (5-ATGGAGCCACCGATCCACA-3’), HlEFEY X, StepOnePlus Real Time
PCR System (Applied Biosystems, Foster City, CA. USA) Zf#fl L T# 2 T 5 SYBR
Green DA X —J L—=3 a3 &R LTI L7z, IL-6 mRNA JEBLOAR X E R iF OFF 1 &
L T B-actin & 7z,

[11] &S 1L-6 J2 5 oHE
AV TINT AT K DT, C5TBL6 ~ 7 A DA R NIC4-FE DNA % 220 pg #%5- L 7=,
B G AI M 2 AU L, -80 °C THRIE L7z, IMiET D IL-6 J2FE X ELISA % W T
HIE L=,

[12] DNA /~A K a7 L5 D OVA O EREAT

OVA (albumin from chicken egg white, Sigma-Aldrich) = 7 /4L A > A I F AT F—
k (FITC; fluorescein isothiocyanate isomer 1, Sigma-Aldrich) & i &¥ 2% Z & TFITC-OVA
g7, TIVERET S 2 FEFEO hexapodna ¥AHRIZ FITC-OVA ZIRINZICIRETHZ LT
FITC-OVA Nl DNA /A Ra 7L Zf#l L=, 15517 FITC-OVA/DNA hydrogel (10 pl)
% Transwell (Product#3460, 0.4 um pore size, Corning Inc., Corning, NY. USA)® upper
chamber [Z#%1 L. bottom chamber {Z PBS (500 ul) Z#N#, 37°C TA > ¥ =2X— K L7,
— TEMEfE] & |2, FITC-OVA/DNA hydrogel @ DIGITAL CAMERA FinePix $8100fd (Fujifilm,
FOX, AAR) &AWV CHIEFEfE & LAS3000 system  (Fujifilm) Z FVCHOG {8 2 i
% & & HITPBS A 500 pl OFF LV PBS & 48 U 7=, [HIUL L 72 PBS DH¢EHREE 1T Wallac 1420
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ARVO MX-2 Multilabel Counter  (Perkin Elmer, Boston. MA. USA) Z MW THIE L7=.

[13] DNase 1= & 5 DNA /~NA K2 7L D45fE

Hexapodna #%5#% (220 pg/100 ul) % DNase f#/£ I (0.002 U/ug of DNA, % 71 7 /34 #, H
AR) 37°C TA vFaX— b Liz, —ERFRZ &7z 10l B L, DA s S &
%7212 20 ul © 0.5 M EDTA &R ET.-20°C TIRIE L 7=, ¥ 7113 6% PAGE Tkl L,
DNA #=F VL7 ru~A RTYME L7, Multi Gauge software (Fujifilm) % FHuV T DNA
DN ROR S & EEIITHNT L=, DNA /A FaZr (220 pg/l0 W) (77 A F v 7
F2—7NTHHE L, DNase &#Z (0.002 U/ug of DNA) % UshNf%IZ 37°C TA v F =X— |k
Lz, —ERM%IC EEERZE L, 95°C TO 260 nm OWOLEZRIET 5 2 & TERAFET S
DNA &% 7 L 7=,

[14] Hus =k
5x10*{iEH > DC2.4 Mgz 96 7 = /L7 L — MIFEE, 24 WefiiE5#% L7=, Opti-MEM TR
L 724-%E DNA (2 pg/ml) & OVA (2 mg/ml) % DC2.4 HiIZ ¥R (2, 5104 f# > CD8OVAL.3
HEE 2 WS L, 37°C, 5% CO, 554 T C 24 W Es 3 L7z, EiE D IL-2 J2 % ELISA % (mouse
IL-2 BD OptEIA Set, BD Bioscience) % A\ CHIE L7,

[15] ~ 7 2 ~DtayE
A TINT A X DT T, 6 B OHEYE C57BLI6 ~ 7 A D EZNIZ OVA 50 pg %
220 pg DAFE DNA L RIRFICHER G352 LT, 7 RT3 MR E Lz, eR7u A T
VaXv b, CFAIZ OVARIE E AR 111 TIRA L, 20l 285 L7z, B 7 HiEIC
~ U A B REHEE, M., B OFR U o B2 EI L7z, B L7 Mg 1X-80°C TR
fF L7

[16] OVA #r B EGHLAAR O HIE

OVA i EAHLIRAN 2 I E T 5 72 D12, g & BeFEA R L7, £9°. 1 mg/ml OVA % 96 7 —
T L— MIHIIL, 4°C T8/ b 16 A v FaX— 52 L Ta—T 17 LT,
WIZ. 5% BSA % & Te 0.5 w/iw % Tweeen-20 in phosphate buffered saline (T-PBS) T7 = /L %
T yX 7 Ui, T-PBSIC X DUEE# ., BREAIR L7 mig o 7 v % 100 ul & = L2
L72,37°C C2 Wil A v % = X— %, U = /L % T-PBS T 5 [E¥E#4 L ,5% BSA % &t T-PBS
“C 3000 {547 %R L 7= anti-IgG-HRP conjugate (Sigma, St. Louis, MO, USA) % 100 ul 7 = /v
IR L7z, 37°C T 1KffHIA »F 2_X— &, U =/L% T-PBS T5[EIEA L. HFHRL
7= o-phenylenediamine dihydrochrolide (FIOEHEZE T3, KFx, HA) & 20 ul OiEER{bKHE %
T DY VB U FRAEER (pH5.0) & 200 pl U = VISR L7z, 4 0 WA V% —
F#%. 50 ul ® 1 M H2S04 Z¥RA1 L. 490 nm (Z351F B WG 2 E L=, Mgt o 1gG Hifk
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i, FHT 47 2> bu—LREOWIEE 2 TR S A RERN S BES o 72,

[17] WA S DA v F—T = uy PEA

BRI DB T BRI AR Z B L 72, JRifLEKIX 1.5 M ammonium chloride (Frytfis T
) TR Lo, PARIEIE 1 mg/ml OVA f77E T 5x10° cells/ml D¥RET, 48 7 = /L7 L — k
HDHNNE 96 V=T L— T 4 HEERE L7, B L 728538 19K 13-80°C TIRAF L7,
& D IFN-y J2 £ 1% ELISA 7 (Ready-SET-Go! Mouse IFN-y ELISA, eBioscience, San Diego.
CA, USA) 12XV #llE L7z,

(18] Ffa{EENE T ML T » & A

BRI DB T BRI A 2 [ L 72, JRinEKiX 1.5 M ammonium chloride (Fnytfis T
¥) TR LTz, MRREEETMIRE 774 073571, il (5x107 cells) %~
A h~A T C (RYEMBETZE) T L 7= EGT-OVA fliflid (5x108 cells) & 37°C. 5% CO,,
B T BISER L, =7 = 7 ¥ —Hild T 7 — A b S iz lia 2 BepEAm R L,
FERIE & 37°C T 4 BEfEILEEFE L7, SICr 0 B & & e K Elx =7 = 7 7 —fillf
HELTOEE L, 1% Triron-X (2 X 2 Mm@ bR Lz, Hor~h o o2 —%2fEH LT
IEOBHEMEZJE Uz, FREREMEOFIEITRORDHFHE L7 % of specific lysis =

(observed release — spontaneous release / (maximum release — spontaneous release)),

[19] FeEffkD~~ b Uy« =AU Gt

A TNT AL DREE T, 6 8O HENE C57TBLI6 ~ 7 A DAEHFZ NIZ OVA 50 ug % 220
ug OFFE DNA ERIFRCE G- Lz, £70, 82 7aA > b7 Y =230 b, CFA I OVA &I
EREI LI TRAL, 20 Wl &5 L, AT, BKRTHERINDT V2 hELT
Alum %R L, Alum 100 ug  (aluminum potassium sulfate dodecahydrate, 7 7 A 7 X 7))
Z OVAS0 pg LIRA L THRE Lz, &5 7 BRICERGEHALARIL L, 4% TRV LT VT
bR (FHIA4T7 A7) THEHEL, X774 /@ll%, ~~hXv U =4V (HE)
Yeta 24T o 72, HE GBI % AW CHRIEE N ORI 21T > 72,

[20] JeufiseE &P E
C57BL/6 ~ 7 A2 7 HIERE T 3 [0 L, Bok&myE o 7 BRRITHNR A [RI L 7z, BHAE
KA Z SRS AL I L 2 2T TERIER OFE L U CRMiT 2 72012, HigE &% 1
E L,

[21] HhEg2h RFFAh
A TNT AL DREE T, 6 8O HENE C57TBLI6 ~ v A DAEHEFZPNIZ OVA 50 ug % 220

ng OF5FE DNA L RIFHCIR G952 T, 7 HRE T3 RIE L, see27n A b7 va
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N R CFA X OVA BRI L A& 11 TIRE L. 20 Wl 285 LT, sl o 7 AT,
HBSS (2% L 7= EG7-OVA #ifid (5x108 cells) Z~ 7 AL NIZME L 7o, NESIARE & 1E
BOAEFE LTz~ 7 ZADOEIG ) b IEE 2 7Ff L 7=,

[1] R
TF LUV T I UAIFOEME TEI VAL, MoORKIIFE -FLREOLD, b L
AT DOF# S 2 W T2,

(2] Hmhakk

DC2.4 #ifid, EG7 #ifid, CD8OVAL3 Hifi, ~ o A MAMIILEE — 5 & Rk D 15 TERIC
AW, ~7AXZ /—~ B16BL6 #HfldiL., 10% FBS, 0.15% jkfg/KFEF FU A 100
units/ml ~X=<U > 100 mg/ml A kL7 h~A > 2mM L-Z V% 2 &1 L7= DMEM
R T, 37°C. 5% CO,, NS ThifE L7z,

(3] FBrEw

4 BfED ICR [~ 7 2 & 6 225 8 WD C57BLI6 RN~ 7 A % HA SLC #hatt &
DHEAL, XUy g FARE N CIREE L K252 TRE L, BNy 7 7T
72 K23 C57BL/6 @ TLR9 / v 27 77 b (TLR9") ~ w7 R34 U = X VEERE TS
o GRL, BAR) LVEEAL SPF BREE T CIEHERF L KZ G2 TRE Lz, T X TOEMWE
BRI, AR REGEI A IR OB KR T B S OAGER 15 T T 7=,

[4] #V =27 L4F F (ODN)

B L RO b O &M L, W, A Tk, hexapodna(CpG)snp-32-A % CpG hexapodna-1.,
hexapodna(CpG)snp-32-B % CpG hexapodna-2, hexapodna(CpG)snp-32-C % CpG hexapodna-3,
hexapodna(GpC)snp-32-A % GpC hexapodna-1, hexapodna(GpC)snp-32-B % GpC hexapodna-2,
hexapodna(GpC)snp-32-C % GpC hexapodna-3 & it L7-,

[5] Polypodna 3 2. OV DNA /N1 K 7L il
¥ L [FRE 0 )71 C 150 mM NaCl &4 F TR L 7=,

[6] 7 774 1k OVA D&k

OVA ZHEERIC L W pHE5 IZE b= F L U7 2 VIR (ED, FOBMESET3) ([2ushn
L7z, ZD%%, 1-(3-dimethylaminopropyl)-3-carbodiimide (EDAC. Sigma-Aldrich) Z#s0L
FIRT 1R L, S 512 EDAC Z it 6 i) == THEEE L7z, AR ZIRSMNEE 12
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L KR SRR AT o 7, BT trinitrobenzenesulfonic acid  (TNBS. 1 54
A7) ERWTHIE UTEREY X 7 BB ORM L ), KISSEMEIE Table 1 12777,

[7] ~7F K
OVA ® MHC 7 7 A I =t h—7To® b pepl (SINFEKL) & R8-L2-pepl
(RRRRRRRRFFRKSIINFEKL) i% GenScript (Piscataway., NJ. USA) X v i A L7-, HPLC
\Z K AHEEIX, pepl 2% 96.9 %, R8-L2-pepl 7% 84.9 % Toh -7z, FITC 37 F FdD N KiZfE
fifi S 417z FITC-pepl & FITC-R8-L2-pepl % GenScript (Piscataway, NJ, USA) X VfiEAL
72o HPLCIZ X A#EEIX, FITC-pepl 25 91.8 %, FITC-R8-L2-pepl 2% 99.2 % T 7=,

[8] DNA /A K 7L ORGSR E
OVA 5 % X ED7-OVA (66 pg) % GpC DNA /~A Kz /b (660 pg/30 ul) (2NE L7,
AR LR — 2 & FER D IE THIE LTz,

[9] HiUE & DNA OEAETERL

U & GpC hexapodna-1 Zffi % DL TIRA L, 37°C T15 A v F=a2X— L7z, &
BRI MR T 72012, Y 7o T 6% PAGE (200V, 2043) %17V, DNA %
TFVTLATuvA RIZX VR LT,

[10] A9 EELYE

Malvern Zetasizer 3000HS  (Malvern Instruments, Malvern, UK) # T, @9 EELIE
(DLS) (2X V., 20°C (ZF1F HHiF & hexapodna DIEE Yo 7LD It ORI1-F % I E
L7z,

[11] DNA A R a7 s ORI O M

OVA ! ED-OVA % FITC TiZi#4 % Z & T FITC-OVA & FITC-ED-OVA %#4537-, FITC {Z
Ak % hexapodna IR IZIR AT 2 2 & T FITC kPN E DNA ~A K7L
ZIRELL, B L RO FIET DNA NA Ra 7 b OHUR O 2 70 L7z,

[12] DNA A R Z s s it Sz o 7 L O FFER REREAT
0.6 ml = —7 W T FITC-OVA & %\ (% FITC-ED-OVA (10 pg) % 100 pug @ CpG DNA /~
A K ucNe (10 pl) #I2 PBS % 10 pl i L7z, 37°C C 3 WA > F 2 X— M,
i Z B L 6% PAGE (200V, 20 47) %17~ 7=, FITC-OVA & %\ X FITC-ED-OVA X FITC
HROENN O L, DNAIZ=F YU A7 a~A RiZL ot Lz,

[13] HUREE RGN
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DNA (10 pg/ml) & OVA & %\ % ED-OVA (500 ug/ml) ., CD8OVAL.3 % DC2.4 g s
INt% 37°C T 24 §fEIRF38 L, 85— & AR A IE CTHURIE R 2578l L 72,

[14] HUR DAL D JA

1x105fE > DC2.4 fifin % 48 7 = /L7 L— MIHE -, 24 W%, Opti-MEM Tl
L7- DNA (10 pg/ml) & OVA & %\ X ED-OVA (500 pg/ml) ZMifEiZ#shn L 37°C T 2 B
M54 L7z, Mifldz 200 pl  PBS T 2 [, 72— A F A U — (FACS Calibur,
BD Bioscience) % f#H L CHIIEDH Y58 2 HIE L, CellQuest software (version 3.1, BD
Bioscience) THIMUE Y AL DFEEETH % mean fluorescent intensity (MFI) ZHH L7-,

[15] X 5GEBAL S DOHUR DT

AV TNT ALK DHEET, ICR ~ U 2ADHEHELZNIZ 10 pg @ FITC-OVA & 5T
FITC-ED7-OVA % 100 pg @ DNA /~A R ZuicNe L CT#S- L7 (10 plishot), #5—iE
Ref S G & [ L, S A HE L7, 0.05% TritonX-100 & 0.02 M NaOH &R % ifs
MZITARE DT A X&4TVN, 5000 rpm T 15 43fEliz 0 L, RIEZEUR L7, [EUX L7 RGO
HOETREE 2 E L7z,

[16] ~ 7 2~

A VT IVT AT K BREE T T.C57BLI6 ~ 7 2 DIF R NIZ OVA & % WM& ED7-OVA 10 pg
% 100 ug @ DNA L [ARFIC 10 W #5952 LT, 7 HRERT3MGZE LT, TE27naAf v
F7 Y230 b, CFA X OVAIRIE L A 11 TIRA L., 20l 2% 5 Uiz, &&mET7H
B~ U A B ZHSE I, M & A R L7z, [ L 72 iiE1%-80 °C THRAF L7z,

[17] OVA KrEAIHLAAR O R &
BB L FEREOIFEICL D HIE LT,

[18] WA/~ DA 2 —T =1y BEE
i L RIERD FIEIC X 0 BIE LT,

[19] et SO HIE
F—E L [FARROITIEIC L W RE LT,

[20] #HERMLDO~~ R Y v e mF Y Yufh

A TNT AT KD T C.C57BL/6 ~ 7 A DTS HERFZNIZ OVA & 5\ X ED7-OVA 10 pg
% 100 pg @ DNA ERIFFIZ 10 pl 59252 LT, 7 HMEC3mE Lz, a7 uA v
F7 Y230 b, CFAIZOVAIRIE A fEH 11 TIRA L, 20l 2% 5 L7z, &&mETH
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Bll~ T AR I, G E2RI LT, B2 L RO H1E TR EENL O HE Yeth,
T o7,

[21] ¥~ 7 A ~OIEFN R

HBSS (ZJ&#) L 7= EG7-OVA il (5x10° cells) % C57BL/6 ~ 7 A D EZNIZHEHE L 7=,
SRR A 200 mm? % % 72K 5752 & DNA % 100 ug, OVA & %\ ED7-OVA, R8-L2-pepl
% 10 pg. pepl % 3.45ug (10 ul) 5 HEE T 3 BIEENICE G Lz, BGRIEX v U —%
FAWTHIE L, RO FEEAREZHH L7z : tumor volume(mm?3) = 0.5 x length (mm) x
[width (mm)]%,

[22] JEOFRAH

EG7-OVA D FERIZIRME Lo~ 7 ATxE L, & EGT-OVA Z B4 L Thrn 80 H UL L%
W L720HIZ EG7-OVA #ifid (5x106 cells) A 158 NIC R4 L 72, EG7-OVA % 5 OME
L~ AZxt LT, —4 H#IZ B16BL6 fifil (2x10° cells) & MNICH G- L, EEO
e Liginolo~ U ZADEIG AN LT,
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