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I AR FALEITIT 72 WO R Z £ o To kR 2 725 A EIE S O RIZEMF IR E T ITIT D
ND &N | ASA AR O —DTH HEERER L b EEL A2 EfisfhvTnd, 1988
IR E THRGR & A7z Vitravene (fomivirsen sodium) 23 ARG OEEREIK L TH Y . Dtk
2005 42 Macugen (pegaptanib sodium) . 2013 4F(Z Kynamro (mipomersen sodium) ., 2016 4
213 Exondys 51 (eteplirsen) JzOF Spinraza (nusinersen) &, &5t 5 bt H OBEMEIKML N Z i
FETITKRE SN T WD, £D—J5 T, HiRERECHIR RS CRAFE I & e o To R EFE D
@ﬁ%é%i#%;§<\ﬁ%ﬁ%m®m%ﬁn#6hm_£éiﬁ®ﬁ@b ITR&E 7
FEORBHFHELTND EFbN TS, ZORROREMZ 5 1-0I12id, RBBIOBKEENHE T
LEEx RRER A WET D MEND 5, BARRIZIR, ) (RS %f\@%ﬂﬂl M) om k.
RN TOREM M E, RN TOFEYBREFE (ILFHRENE) O R, MilaE Mo m
L\%ﬁzkaﬁﬁﬁgﬁﬁﬁﬁﬁéﬁﬁf%é

ZOBREITHT 27 7 u—F I REL ZOIH T 6D, — DL O b DI E
iz hi LT, NP LEMEZmO LI ETHHDOTHY | b5 DI e A b OlE
HRL L HIZERE L, EYBERMEEZED LD LTH56DTHD, AIEDOT 7 —FiI, K
SRELD DNASS RNA B DAY X7 LAF ROKR AR AT )L (PO) FEA T ITHT 5
JRFZE A LR AR F Az — K (PS) i, HD 2CMNOMBHEIR T2 A Fx il
2'-OMe EZifg, HED 247 & 4722845 L 7= locked nucleic acid (LNA) (ZfRFEFExnbH X o 7%
bridged nucleic acid 7¢ & DB Z DL DEHE L2 D & | BgIZk L T PEG o7 F
R, b7 E2LARERINMIN LI b DR EITRE SN L, EBDOT T —F XV R Y — A
WIREINDE DX XY VT EZHWOLFIETHY, L X+ V7T L OEARELER S H,
BRSO ESE R EE mO L D LT H DO TH D,

AMETIFBREOT 7 u—F & LT, Ml & ZARHZ AT 2R OMEE % 75 212 F)
M U TRCTREZ: DNA 7/ fiidfk, T H % 2 DNA 7/ #1& K (polypod-like structured
DNA : polypodna) (273 H L7-, Polypodna (%, k3 2L A FHEST 5 &L TIEEOKE
SIZHIEATRE TH V. £ 72 DNA DB BAERL S LD To D ERICK L TRFEETH D 2 & b
HEINTEBY, v U7 & LTCOREEZIAHZ T\ D, ABFFETIL, polypodna DF%HE
EHGHOF v VT & L TOICH RN %2 3 FEOEE I A VTRl L7z, BARRIIZIX,
FRIEFE M ORI & LT, SEiliE (ke 263 o8, SwEmbiifEl 2 A3 288, KO
7T AERE (ASO) @ 3FEIZE LT, polypodna [ZH5# X7 LT, I HEEMBEK
mh D EIRERFPEN N TP E T 2 28 (b S 5 2 L AR & fat L7z,

IR, AR THONIERE ZFEIZD ik 3 2,



F—E %M DNA -/ #iER &2 R L7z CpG DNA @ H IR %
TEMEHEsRIZES 95 in vitro / in vivo FHES O fERH

Fri

HARGIZ 132 < DB THRAE STV DM BIR AT DR RIS 2B o 2 7 A
TH Y., Toll-like receptor (TLR) MHULAYREE 2RI /EE L THLNTWD L, £
@ TLRfamily ® 1 >T&H % TLRI (X, 7 A /L ACHIEE R DIEA F AL CpG ETF— 7 &5
te DNA (CpGDNA) # U H v RE LT L, BHEMS & L TRIEZFRT S 25, ZOfE
AEERSISAL LD T MELEATHY, TLRY U Ty KE LTSRS
CpGDNA (X, J&. 7 LLX—FRE, EYYER STk 21684 & LUSHARETH S &5
2 HiLD 4, —H T, BIa ORI 2 > 72 ASO D L 5 BRERRIEIEKNIZHB W T, &
A M A A —=L0D K5 BRIRANRRIEN Z 20k 5 72912 TLRI HIMEE Z R 7= 72 b D
EBRRTDHDVLENRSHD T, OFED | BMEELBFIZIW T, TLRO HIMHAE 2 (EME I 3N
L. BBIOSCTHEWS T T ZENREETHH L E R 5D,

CpG DNA [Z13kEX 72 b OBIEAE L. RKIRAID DNA ICfkFE SN D PO B EHT5 A
S DNA % H AR E L L, REMZ R DD 12012 PS A TEH# S 72 CpGDNA X, U A —
AERD 2L DIEFRIF T & ANLORFAF %2845 L 7= locked nucleic acid (LNA) TE#i I iv7-
CpG DNA 72 ERITFERE ST 5 89, £ 72 CpG DNA OEH D f] % E K L T, CpG DNA
D GBI D F7E S L EEIFEL T\ D, #ilxiE, K3-SPG iE Dectin-1 U #'> K
ThHYY 7 47 (SPG) & CpGDNA NGRS TEY | MWIROD T HEEEDP K S
T35 10, Polypodna <> DNA polyhedra i3, DNA ¢ 2 A$E AL HE 2 FII ] L C#i%k D CpG DNA
MO ST R TH D B2, b iuvnTng - EERIc X W ERRE L L
M ET 52 ERHEINTND,

50D CpG DNA D#MEhfe 7 1 7 7 A MFIHVNI K E g 5> T b, PO FEETD
FVIX 7 LFAF R (POEE) (25 &, PSEMIIEmWF XU fEGHEE AT 5729,
M O PR 23 FEER AN 18, F7- LNA XX 7 L7 — BT AN E W 729, in vivo
TPOKMEL W b EETHD ¥, F7= K3-SPG &)/ fFs kL, B H7- 0 0y 1 &
MR ENWTZD | IEEIRIECBIRIC 3517 55K EKIR AR OFREITIEV DR & 2 "TREMED & < | 3
ERERFEIT—ARSHD CpGDNA L IZRES B R D EZE2 bID, bk~ 72 CpGDNA %
FTNENE e DI EE TR Z A L TRV, 2O Z & invivo TOIEBIEH £7213E
EM (TLRO HERE) TR % RIT T AIREMED & 5,

ZXUE TIZ polypodna 73 in vitro OFEERRIZE W T~ 7 1 7 7 — USRIk L T4
RNV IAEND Z EDRRSATND 1518 Z D polypodna 1 3 ALL E.D ODN 7> H AR
SN % BB ERTHY , BT ) A= MO A XD T ThDH, £io, —AR#H
CpGDNA L i LT, vV A~ 7 17 7 —UHHMIEE RAW264.7 Hilid & OV~ o7 AR
RTdH D DC24 M, ~ v A FHHRBMAMIZIZ & LT, CpG EF —7&F polypodna 73



K VNIV IAEIL, ZHD ORI SR IR RIEVEY A b A VI ZFET 5 Z
LARRLTND 718, X 5|2 polypodna OMIALEL Y IAA T, pod 055 D W A RNITHKAFET
HZ &M LT, polypodna DA EL Y IAZDEEREIZ OWTIX, 7 7 A Y U fEtE= v
¥ A b= ZPLEH TH 5 dansylcadaverine &, 77 TH A b — ALEHTH 5
cytochalasin B (Z k- TEHEI L, 2OV AN D72 < & B ESIIICEES- LT b
ZEHRBRENTWS Y In vivo TO polypodna D FEMIZ RIS 5 I ;’EBE%EEI’\JT“ (EC S YA
~ U A CpG EF— 7 & polypodna & O—A$H CpG DNA %&V\ﬂ%fﬁ L7=%6, i
IL-12p40 21T CpG & F— 7 & A polypodna % # 5 L7255 A A BICHEM L Tz Y, LU
EolERERET D L. CpG £ F— 7 EH polypodna @ TLRI Hil [B4RERS IR SV T, in vitro
KOV invivo FEEBRIZEB W THICETEES N TV D,

—J77C. polypodna @ invivo (Z351F DIRMBAE T 1 7 7 A LM AR R Z L E T
F L A ERE S AU TR, 2P AR L 72— ASEH CpG DNA & T CpG & F-— 7 & H hexapodna

(hexapod-like structured DNA) %~ & AN G LToRE, W iv s #5570 6 ZodIZTH
Je L7218, ZDIFHRLIAMZ, polypodna F 72134t > DNA -/ #EE KD in vivo Ffk A 12 B
T HHAEIT/R L, invivo IZBIT AEYERE S 0 7 7/1’/1/ [E N ERAY =0/ AN N
CpG DNA (T L % TLRO #illrE % in vitro TaHMi7 2 BRIZ 1208 F HE fyg 55 A O B30 5 23,
in vivo SIS W TIRIE & /37 fE G0 LG EPTOD EMEREDBETDOLENRDY |
Z 573 polypodna @ invivo TOERICEZ IFTAREME N H 5, Z D X 912, polypodna
(12X % TLRO HIIBKHE DHAFRIZ % LT, in vitro O RS F: % in vivo (2381F 2 2h RIHMTE Al fE
NEIDIFBRTIIAHTH D, £ THRIFETIE, CpG ET—7 %2 DT EHETH 1
A8 CpGDNA (CpG-SS) # AW T, £/=FDx+ U 7T & LT polypodna @ Thx ¢, Hifli 7z
H1&CTd % tripodna (tripod-like structured DNA) & | 8EOWE D GIERZNFEN E < 05
FE R~ RBNZHLY Z £ 5 hexapodna Z 3R L C, EFLiREEIZ DWW TR L7, CpG-SS
Z¥5# L7 tripodna (CpG-tripodna) } X hexaponda (CpG-hexapodna) Z#HflL. i &0
invitro & OVinvivo THREIRIETEEZ 7H9 5 2 & T ABERM COMEH @ invitro & Oin vivo
\ZE 1T B AHBABER & b - B L7z, ABFFE CTHVNZ CpG-SS 1, 1 A8 20 mer 225725
PODNA TH V., @iktEaH 425 L OWENDH D PS fEA D CpG1668 & [7]—DEIS % A
HE DTG LTz, CpG EF—7 & L GRIR L= GACGTT D5 AH#fifd4]i< AACGTC T
H Y, BEASTIERNHE DD CpG EF— 7 &, £ T, CpG-SSDOF+ U7 & LT
R L 7= tripodna }2 OY hexapodna (3, CpG & F— 7 OFMHEE /I 1 HEEED I A~ v F ZEA
L7- AACTTC 8l & L, CpG EF— 7 %H 720> ODN DA OAERR S D K D IZRE L
2o ARFFETIE, RAW264.7 MIIZ IR DY A b I A FHEREKR O~ 7 2 RN TS % D
MIEVA S hA REZ S L2, invitro 725 invivo ~DAMEMEZ G L7,



R
DNA J~ / fEIEAR DI il

A= ODN O IEES] % Table 1-1 I~ L72, £S04V I X7 LATF R
MO SN D T/ &A™ % Figure 1-1 (2785 L7=, Figure 1-1{Z/R L7218 Y . Tri-1
~-3 B S 415 tripodna % tripodna(cont) & L, % 72 Hexa-1~-6 7> 5 2k £ 415 hexapodna
% hexapodna(cont) & L, Zi15H CpG DNA &4 L7aWJ / fEiE IR Z e & L CTHWZ,
F 72 CpG-SS % 34y &4 % tripodna % CpG-tripodna, CpG-SS % 6 4> T-& 44 % hexapodna
% CpG-hexapodna & L7z, 72k, ARFEIZEWTIE, RBEOTEIL, 7/ #EKE LToE/L
TR Tl < SHEEIRICE N TV D CpG-SS DE/LVEE & L CHRiL LT,

Table 1-1  Sequences of ODNs used in Chapter 1

ODN Sequence (5" to 3")

CpG-SS | TCCATGACGTTCCTGATGC

Hexa-1 | TAGCAGCACATCAGGTTCTGAGCCTTGCTGCAAGCATCAGGAACTTCATGGA

Hexa-2 | TGCAGCAAGGCTCAGATCTGCTCAAGCCTGCAAGCATCAGGAACTTCATGGA

Hexa-3 | TGCAGGCTTGAGCAGACAGAGCCTTGAGCCTAAGCATCAGGAACTTCATGGA
Hexa-4 | TAGGCTCAAGGCTCTGGAGGCTCTTAAGCTGCAGCATCAGGAACTTCATGGA
Hexa-5 | GCAGCTTAAGAGCCTCAGAGCTTGGCATAGCAAGCATCAGGAACTTCATGGA

Hexa-6 | TGCTATGCCAAGCTCTACCTGATGTGCTGCTAAGCATCAGGAACTTCATGGA

Tri-1 GCTTGAATCCATGAGCTTGTATGACTGCAAGCAGCATCAGGAACTTCATGGA

Tri-2 GCTTGCAGTCATACAATCCTGAGCCTCTGAGCAGCATCAGGAACTTCATGGA

Tri-3 GCTCAGAGGCTCAGGAGCTCATGGATTCAAGCAGCATCAGGAACTTCATGGA

/ \ /

— —

\ 7 N

1:CpG-SS  2:Tripodna(cont)  3: CpG-tripodna 4: Hexapodna(cont)  5: CpG-hexapodna
Figure 1-1  Two-dimensional representation of CpG-SS, tripodna(cont), CpG-tripodna, hexapodna(cont), and
CpG-hexapodna
Each oligonucleotide is represented by an arrow, with the arrowhead corresponding to the 3’ end of the oligonucleotide.
The black arrows represent CpG motif-containing oligonucleotides and the dark arrows represent other
oligonucleotides. CpG-tripodna was prepared by mixing CpG-SS, Tri-1, Tri-2, and Tri-3. CpG-hexapodna was prepared
by mixing CpG-SS, Hexa-1, Hexa-2, Hexa-3, Hexa-4, Hexa-5, and Hexa-6.



FF. B&FHAD IZ DNA F / EERB B S D D Z i3 572, polyacrylamide gel
electrophoresis (PAGE) |2 & 2f##ir %47 - 72, Figure1-2 1%, PAGE HTOfEREZ R LTz, &
TODNA Y FTFFR—DOFEAS FE R LTz, b—2 2 KO 4 TIEZENE I 350
bp % T* 700 bp @ DNA ~—# —IZHYS T HALEIZ /S RAFEH H AL, Z4uA tripodna(cont)
J O hexapodona(cont) T % & B X bz, L— 3 KT 5 TlE, tripodna(cont) & O
hexapodona(cont)iZAH4 3" 5 /3 RIZIHA L, F£72 CpG-SS 1Y T 53 RHRH LR
MNoTz, S HIZ, tripodna(cont) & OY hexapodona(cont)lZ 4%/ R EHIZT 7 R LT
W5 Z L Hvh . CpG-tripodna & Y CpG-hexapodna 23R K< B S TWb EEZ BTz,

N
2
&
&
R

\
S 1 2 3 4 s

Figure 1-2 PAGE analysis of DNA nanostructures
Lane 1, CpG-SS; lane 2, tripodna(cont); lane 3, CpG-tripodna; lane 4, hexapodna(cont); and lane 5, CpG-hexapodna.



RAW?264.7 D> TNF-o PE/E B DRI,

RAW264.7 HifdiZ~ v AHKD~ 7 107 7 —UHHaTH Y . CpG DNA |2 X > T TLR9
WHE S D & TNF-o 72 EORIEMED A R B A V2RI T 5, b o
TNF-a R Z2HIES 5 Z & T TLRO Hilae &2 7l v HE Td> £ A3, CpG DNA #sNi% @ TNF-a
T ORFRURTF LRI TH 5, TLRO RINKEE & FFM 3 2 BRI ot 72 RS A BRR 35 72
B, 4 DNA F/ fEE R Z RN L 72 0 TNF-a #2257 L 7=,

Figure 1-3 {Zi%, CpG-SS (Figure 1-3a) . CpG-tripodna (Figure 1-3b) . % 7= 1% CpG-hexapodna

(Figure 1-3c) % RAW264.7 AEfRICUSIN L7z 1, 2, 4 KO 8 Wik Ici 1T 55 o
TNF-o JEE 2R L7z, [F— ¥R T L7ZH, CpG-hexapodna 73 & 55 TNF-o 25
NE <, CpG-SS Wik LIKETH 72, 7272 L, WTFNOBERIZHE N TH, TNF-o BT
8 IFf] & TIXRER & & iz L7z,

AREBAER LY . URBEOFEBRICIBNTITA T/ EREIN 8 Rl D TNF-o 2 4 Fv
T, TLRO HIEREZ2-3 2 Z &2 LTz,
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Figure 1-3 Time course of TNF-a production by RAW 264.7 cells after addition of CpG-SS, CpG-tripodna and
CpG-hexapodna

RAW 264.7 cells were incubated with (a) CpG-SS, (b) CpG-tripodna or (c) CpG-hexapodna. At 1, 2, 4, and 8 h after
incubation at 37°C, the TNF-a concentrations in culture media were measured. Results are expressed as mean + SD of

four samples.



RAW?264.7 #fific i~ 3515 5 CpG-DNA @ TNF-a PEAE

RAW?264.7 A2 4 DNA J / fEE RGN 8 BERI 14 O TNF-o Ji % JHV T, TLRO #IFHE
DIRFE % Lhig U7, Figure 1-4 (X, CpG-SS. CpG-tripodna A O* tripodna(cont) Dt 4 7~ L 7=,
CpG-SS & 1 CpG-tripodna (X K AFHINC TNF-a FEAZFHE L, — 7T CpG EF —7 D7
VY tripodna(cont)ix TNF-o Z35%E L7272, F72 CpG-tripodna {2 X 5 TNF-a FHEEEIL,
CpG-SS IZ T <. 6 uM KTt 60 uM @ CpG-SS 12 L 5 TNF-a #iEAEIL. Zh2h 0.6
uM KON 6 uM @D CpG-tripodna {2 &% TNF-o B8 fELRRRE CTHDL I L2 EHRD L.
CpG-tripodna I% CpG-SS £ ¥ # 10 {58 /172 TNF-0 #58REAZ H T 5 L B X bl

Figure 1-5 X, CpG-SS. CpG-hexapodna /T hexapodna(cont) D& %7~ L7z, CpG-SS K&
Y CpG-hexapodna I3 FE R A7HIIZ TNF-0 Z 7538 L, —J5 T CpG motif @72\ hexapodna(cont)
% TNF-o #3538 L7227 7-, CpG-hexapodna 2L % TNF-a FEADZIFIL, CpG-SS KN
CpG-tripodna (2 X 5= L W L |2~ 72, F7= CpG-hexapodna & CpG-SS 12 L% TNF-a &
WHE A 35 &, 60 uM D CpG-SS 12X %D TNF-a #FEAEIL 2 yM £721F 6 pM @
CpG-hexapodna (Z L % TNF-a i5EEE L [FIFRE THH Z & LV, CpG-hexapodna i% CpG-SS k&
V9 10-30 558 /) 72 TNF-a i5 ERE2 AT 2 L B A b,

5 140 —-CpG-SS
€ 120 -
\ .
g —4—CpG-tripodna
< 100 -
2 i
5 80 A —A—tripodna(cont)
& 60 -
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S 40 -
&
Z 20 -~
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0 T A —A—
0.1 1 10 100

Concentration of CpG (umol/L)

Figure 1-4 TNF-a production by RAW 264.7 cells after addition of CpG-SS, CpG-tripodna, and tripodna(cont)
RAW 264.7 cells were incubated with CpG-SS, CpG-tripodna, and tripodna(cont). At 8 h after incubation at 37°C, the

TNF-a concentrations in culture media were measured. Results are expressed as mean + SD of four samples.
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Figure 1-5 TNF-a production by RAW 264.7 cells after addition of CpG-SS, CpG-hexapodna, and hexapodna(cont)
RAW 264.7 cells were incubated with CpG-SS, CpG-hexapodna, and hexapodna(cont). At 8 h after incubation at 37°C,

TNF-o concentrations in culture media were measured. Results are expressed as mean + SD of four samples.



~ 7 AIZ CpG DNA Z ##liRNF G- L 722 0 1L-12p40 PEAE

~ 7 A2 1, 10 & O 100 nmol/mouse @ CpG-SS, 0.2, 1 }%TF5nmol/mouse @ CpG-tripodna
AFTONZ 0.2, 1 KO85 nmol/mouse @ CpG-hexapodna % kN 5- L. &5 1, 2. 4 KO8 B
MR I CERIM U7z, BRIM1% O MRITEECNT A~ N Y LB U 0B L ClE 2457, e
H1 oD IL-12p40 A ELISA VEIZ CTHIE L, HIER R4 Figure 1-6 (28 L7, Zeds, IfEH
D IL-12p40 D _—A T A PR FEITH) 200~500 pg/mL T W, CpG-SS % 1 nmol/mouse & T
CpG-tripodna % 0.2 nmol/mouse TH#%5- L 7= R IXMAEH O 1L-12p40 JREEIX, W LD RERH
FUZBWTHIRER—RAT A NIHE Lo, RICIFIRE oo Te, ZOMOLAITIE,
% CpG DNA £ 512 X » FHHEIKIFA72 IL-12p40 JEE O ER BB S, §IRNEG5% 2~4
7 ] C e RIMAE PR (Cimax) (23 L, £ DA L 72, 5nmol/mouse ¢ ] & T CpG-hexpodna
ZHeH U720 IL-12p40 #2E1%, 100 nmol/mouse ™ £ T CpG-SS % # 5 L 7= & 1T (A
HTHY . ZOREE)N D CpG-hexapodna 7% CpG-SS (2~ THJ 20 2D %h= T 1L-12p40 FEAE
IHET 5 EFEZ HiLd, 10nmol/mouse D FH & T CpG-SS % #¢ 5- L 7274 D 1L-12p40 = 1,

1 nmol/mouse ? & T CpG-tripodna Z#¢5- L 72 L 0 £, 005 < . £ 72 5 nmol/mouse @
£ CpG-tripodna Z & 5- L 7KL 0 B 5 0MTE » 722 & XY . CpG-tripodna 7% CpG-SS
(ZHA_THISEDFER T IL-12p40 EAEZHETH L EZ DND,

X 5| IL-12p40 FEAEREZ EBMICFEE T 272012, MAE IL-12p40 J2E D AUC ZHH L
7= (Table1-2, Figure1-7), CpG-SS. CpG-tripodna } U} CpG-hexapodna % 1 nmol/mouse @
BTG LIZEA 2T 5 & CpG-hexapodna Z#% 5- L 7=HFIC AUC 1T b @V MEE R L,
RUNT CpG-tripodna Toh o7z, ~ U A G- 7z CpGl668 D E /LN A FEIZ I\ Clrl &
TdhbHZLEEET DL hexapodna 2% CpG1668 % fix b 2h=RAYIZ TLRY &ML 55 T X
LHE¥ X VT ThHDLEEBEZLNT,
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Figure 1-6  Plasma concentrations of IL-12p40 after intravenous injection of CpG-SS, CpG-tripodna, and
CpG-hexapodna into mice

Mice received an intravenous injection of CpG-SS, CpG-tripodna, or CpG-hexapodna at indicated doses. At 1, 2, 4,
and 8 h after injection, blood was collected and the concentrations of 1L-12p40 in plasma were measured. Results are

expressed as mean values + SD of 4-8 mice.

Table 1-2 AUC of IL-12p40 after intravenous injection of CpG-SS, CpG-tripodna, and CpG-hexapodna into mice

CpG dose
AUCos (ng- h/mL)
(nmol/mouse)
CpG-SS 10 9.0+33
100 92.1+15.4
CpG-tripodna 1 6414
5 28.2+5.3
CpG-hexapodna 0.2 6.71.9
1 175%=5.1
5 60.3+21.9
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Figure 1-7 AUC of IL-12p40 after intravenous injection of CpG-SS, CpG-tripodna, and CpG-hexapodna into mice
Mice received an intravenous injection of CpG-SS, CpG-tripodna, or CpG-hexapodna. AUC was calculated from the
plasma concentration-time curve of IL-12p40, and plotted against the administered dose of CpG-SS, CpG-tripodna, or

CpG-hexapodna. Results are expressed as mean values + SD of 4-8 mice.
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L5

BE a2 FH V2 in vitro FEBRIZEUV T, CpG DNA %/ #iEIRMb 325 Z L2k v CpG
DNA @ TLRO #lI#HE 238 < ¥EIRT 5 Z LR ATRE TH D &\ ) M IIZEAFAE L T 5 1817,
L L7226, DNA F / #EE RO FAMEIC W T, B4 F 7= invivo EEBRICIS 1T 515
IRONTWDONEETH S, invivo FEERIZEBVTIL, B~ 72 DNA iRl ERNIC
FAELTWD AR, EFMIET V7 I ATE I D K 972 DNA T/ #dEik AHBAEH L
DDLU ENFAEL TN D LW H ST, invitro BB E (TR E S KRB - T D,
505 DNA F/ WIE RO S ENRRIZ 508 2 KIE 2 & T in vivo TOARZMENZENT S
EEZHNDT0, invitro TR®D HD DNA T HEEROA D in vivo TH M9 5
MNEIMIIAHTh o7z, &2 TARMZETIE, EBRICT / #EEIR L L7z CpGDNA Z~ 7 A
(CEARN B4 Z &L in vitro S RIBELC in vivo SEI2B VT H CpG DNA OFEMEN
RSN D Z L &Ml Lz, L7223 -> T, tripodna <° hexapodna %% DNA -/ f&i&EK1X,
invitro & O in vivo O 5T CpG DNA @ TLRO RIS REZ MR+ 2 7-DICEHTH D L& 2
oY S

T ETIZ, CpG EF—7 %A 5 tripodna, hexapodna } T DAL polypodna 73, TLR9
A LI BRGE 2 3B I RAICHFE TE 2 Z L BTSN TV D 818, Z xRy
72 TLRO FBLREOHIRIL, RAW264.7 Alfa K O O Sl ifaiZ 35 1F 5 DNA F / Ak
OFMBINEL Y iAZ L IEOFBENRO LTS, &2 AT, —AFH CpGDNA & il LT
T K$H CpG DNA % TLRO BINAESTINZ & B3t STV, 2D Z L6 CpG-tripodna
K> CpG-hexapodna 7% TLR9 7 F /A ZRIH$ 2 72 DI2id, sfEfilad = KV —ARNIZHR
VIAENT %, —ARE~DOHET 52 EDPMNETH DL EEZZ LD 920, DIRTOWIEIZIB
C. polypodna @ pod FANENNT 25 Z LRV, mERIEE OB EMEIME T L—AREH~ &
HELoT < D ZEMRENT VD B, LLEDZ Lt DNA F/ fdRIZ L 5 TLR il
EE D FRIZ I T, S ~DO IR AL &TE T T < | fERilno = FY —ALNT
D—RE~ORHE LTS3, HFEFICHERRNFLEZOND,

LLRTOMFZE T AV L7 polypodna 1%, H72 5% CpG EF—7 % —>D DNA 7/ 1
WAROHICEBEE A TBY ., £72FN 50D CpG TF — 71 DNA F/ &R &2k + 5
ffl = ™ ODN LD B2 HATEIZHFEL TND H D TH 7= 1817, CpG DNA (2 X % TLRO Hlli%
HElX. CpG ETF — 7 DI CpG EF—7 D ODN LEDNEIZ L » TR D Z L nls X
nNTEH 22 ZjETOHIETHO ST polypodna 1Z, CpG DNA %7/ #1EA{L4 %
ZEIZEoTH LD TLRI HIAREDHFROFELIZEA L T, Md-1EMEAAR 4 IE M2 FEm 5
HIIFE L TWenwWeEEZ oD, LIRS TARISETIE, CpG EF — 7% DT AT
% CpG1668 & [Fl—dEID> CpG ODN (CpG-SS) # M\, CpG EF—7 & & £721> ODN D
AR SN D tripodna }2 (Y hexapodna C, 7> CpG-SS DfEEEMLE — 2720 AT 5
DNA 7/ #EE R E G L. 2 b % CpG-SS OF v U 7 & Lz, 728 CpG-SS D AHIML
[ZOWTIE, CpG-SS & e/ flflidl & LI HA ITITMRLEALAY CpG £ F — 7 &7eoTL
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F9720, THERTATEOIC 1EEDOI A~y FHEAL, CpG EF—T7NALARN K
IR LR E N L7=, CpG-SS % & £ 72> tripodna } O hexapodna (% tripodna(cont) & T
hexapodna(cont) & E# L. Z 4L & IExf BEE L L TREALIZ W7z, Tripodna(cont) & OF
hexapodna(cont)iZxt L, CpG-SS %A X ¥ 7= % D% CpG-tripodna & U CpG-hexapodna & &
# L. 2o DNA 7/ #iEK L CpG-SS @ TLRY HIMLRE 2 514l L 7=, AHWFZETHVZ
CpG-tripodna X U} CpG-hexapodna I% CpG-SS #& & ix @ O RS2/ L Tk v, 3720
% CpG-tripodna % (' CpG-hexapodna 7> CpG-SS 3B d~ 2R FEIZITEN eV EZ 2 b
%, L72h > T, CpG-tripodna & CpG-hexapodna & DD TLRY FIKAED 2= F 1%, FEAHHAY
(TLRO FEHLAIL) (CIRVIAENTZBOERZ KM L TWD EHERTHZ L TE D,

Invitro ZERTIE~ T AD~7 17 7 — VMK TH 5 RANV264.7 il z HV T,
CpG-SS. CpG-tripodna & 1* CpG-hexapodna |2 & » CaBE &5 TLRY BEA YA b b oA o~
PEAE R A LT 2 Z &IT LTz, BARTOMIFEIZ IV T, TLRI HIEIZ ISV T RAW264.7 i
MPEEAT DY A M IA E, TNF-o X° IL-6 [TERE CThH - 7o —J7 T, IL-12p40 DFEAEIT
DTnTholz, F7z. IL-6 & TNF-a TH#E L7z, FEABEOHHEIZR 2> Tz D
D, £kx 72 CpG A DNA -/ #EIKIT 2 A BOFANIFRIFE TH o7z, b &
D6 ARBFGE T in vitro TiX TNF-a 28R L T, %& DNA F / fEE R O itin e M % 5
m3sz &L,

~ 7 A~ CpG DNA % #5792 in vivo SZERIZIVTIE, in vitro 528k & 13RS, &5
EARAFONIMAE R 1L-12p40 P 4 BN S 72— 5, MAE TNF-o B2 & OY IL-6 S O
MO T DT Th o7 B, L7 > T ARMFSETiX invivo TiX IL-12p40 ZF5EEIC LT,
7% DNA 7/ HEAR D S iETEME 2 5 i 2 2 & & LTz,

ARFHZ BT invitro B & invivo FEEBRICEB W TRHMEX G0 A R h A L id e > T

B8, B ORI ko> T T Y TV ORENRIR D 120 2% EBRRAICIIT 5 IHE K
ExEER L CUENROYA N IA v ERELZ, CpGDNAN LT X —THD TLRI IZ
FEA LTy 7 FUmEMib S 508, #lIC & - T TLRY 3 7' WiRMAIC & B G857
DEAESNDYA M A OFRIZRR D, FHEI RO Tty 7T ARERR > T Th,
DNA 7/ &R TLRO FIRMREA G- 9~ 2 L CREfEIZ2nWEE 2 bhb, 2B, b
MZRW TR, TPE MRS & O B Mifld =T TLRI 2A%H L T\W5H—H T, w7 A
TlE~7 v 77—V TH TLRI ZHBL L TW 5, Fox OLRTOMFZE Tl M~ 7 =
77 =Y MOWHET D 7 v =i Z G ickk 2 Ip X A T D~ a7 7 —T 7, CpGDNA D
BIMZ LY TINFo 232 2 L 2R LTS 2, <~ 7 ADAERNITIFIET 5 2 b O
fafizBET DL, v~ A~DOEEEHE#IZ CpGDNA IZIGE T2/, &L Tvr e
Tr—=UThDHEEZLND, B MIBUWTIL CpGDNA IZIGET 2 HEDFEL N~ 7 A
CITRR DT, BREEE LIZBEOY A M IA VIHHIZITREENRO b5 THA 5,

PO 547D DNA, #Z ODN O X 9 7245\ ) DNA [ZBEEMICRHI A LE TH D . RNIC
FAET 2RI L7 —BIZ X o TEOMI RS D, ODN OIRNENRERIZ B3 5 Sk E 1
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BWTIL, ODN 1L~ 7 A~DOFFRNE G2 ISR S VERT 2 Z L 3B b e
2o TND B, TlkatEB & LT, —A8D ODN(CpG-SS & I ZAHIAE7: %) J O tripodna
(ZH#AZIA A 72 ODN DR ENREZ , ODN Z = 7 38-125 (151) ThEak L TREAM L 72, 1*1-ODN-SS
J O 1251-ODN-tripodna %~ o7 AZ AR G- L7BE BURRE DR AR b 03 e 72
ITFRO BN o T2, UL, 1251-ODN-tripodna % #¢5- L 72BRIC, 5B 12 B T
H D HREIZ 1251-ODN-SS # G- L 0 § 00 m 000 72, ZAUE, 251-ODN-tripodna 23 8Ll
BN K0 BRIV IAE NI Z L ARIE L TWD, 7272 L, ?51-ODN-SS £ G- DfE R &
HEVFLEN o TZE WD FERIZ, ODN & L < 1% ODN-tripodna DA KNIZIS 1T 5 L EM:

(1) IR O R ENEE GTe) DNE LRV EE X 55, Polypodna I 722 4H
oA 2 ERECEHI T 2121, MEFEZURT R EDI LRDIMENNLETH L,

b, B—ETOMIEMRREE L DD, AWZETIX, CpG-tripodna % 7213 CpG-hexapodna
2% in vivo (238 T CpG DNA (Z-5< TLRY v 7 v A EICIEET 2 2 L2 LT L
7zo F7= TLRO > 7 /UEMHALOFEEIL, RAW264.7 il % FHV = in vitro o SRR Tl 42
EnbolFBETH-TZ, Lz - T, polypodna i in vitro 721F T72 < in vivo Sf:iC
BWTH CpG DNA OF v U7 L LTHHFRETH Y, 72O EMMEIZ DOV TIE in vitro
FEROFERN G invivo DFEREZ & HFEEIMFRIRETH D L& X Lz,
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B 2R DNA -/ fEEREFIH U= seZimsirE4 ) 2 x 7
LA F ROGIEMIA~DT Y /Y —

FF

7E (5

OO 2R e IR, RIEMER BB AR R ORIR & 72 b, RO RS,
TebH HRGEEIX TLR ¥ 7 T AR OIEHLIC L VFEE S, 2 H CaRBRo—
KTHHLEEZEZLNTND B, F—EHETHLIRRZ L I, A VAME B KDOIERA T 1L
CpG DNA (%, TLRO ([T S NSEHICEZFHF L LT A M A T ENA 2T 57

B, ZOREISE I D Z LN TENIL, RIEMRBCH QR BEZIRETRETH D
EEZHND,

RIEIHIVEA Y TTAF X7 VAT R (G fiPE ODN) 1%, B R OIEME(L A4
HilT21EHZHT 25 20 mer FREE DR TH D . = DVERBET /b RIEVER B B O i
BOWRBIRE 25 Z LM SNTWD T8, 77 = 2 BEIcETe X ) 2 8 ODN
%, TLROIZXfLCVYU #> KD CpG DNA & BEARICHEE L, CpG DNA I K- TiEtE kX
A5 PE S A T 5 2030, ALS1 |3 il ODN ©—>Tdh V| PS G DA b
RENTEY, o2 OEEEINIIHLE OT 7 A TIZHA S ILD TTAGGG O KIEHELS
T D DPFHETH %, ALSL OFHEMHENEMEIX, KA 72 TTAGGG BldEF— 7 ITHR$
%34T G-quadruplex & 2K AFT 5 3, A151 1% TLR9 ~0 CpG DNA D& #HET 5
TR, STAT Z o7 BICEERE L, Zho0 ) Vb ZiT 5 Z 21280 JAK-
STAT ¥ 7 FIRZE A ET 2 &0 5 BF T b & 2 il 5 %32, A1511%, TLR9 @
T T=ARE LTERT 5721 T2 < STATHA ~DFEAICRE SN S L 5 72 TLR JEK
FRREIEER A L TS 70ic, ~27 v 77—, Thl fill, Treg #ifn % & ekt~
REPERIICER 5 2 E R STV D 3, S 5I1TiE, AL IZESEN 2= R R %
ova v ETADY Y ATIHEESRZ /R L, B OB MEF A & OVYIEVE i 2 1R 3

WWAHTHLZEbMEINTWD B, b OURTOMZE TIX, Al5l & Bl A€
TN YR T 505 TH Y, A5l OGREMHNEM AR S X 5 &3 2 TE!
STV UY,

T2 IS RENERE IR O AR ME 2 TR T 5 LT, A~ E LR W ET D 2 L IIERIC
BERNIRT T a—FThDH, FEOMII~DOXEEL FEEICT 5 FEDO—>L LT, DNA T/
ISR E RO D FIERH D ¥, DNA F/ HEERIT, MHif72 DNA $HE OKFEFEAIZHED
< ZARBEFEHRIC L > TR FTREZR T /R 1-Td v 37,1 # Tik-X7= polypodna LASHZ £, . DNA
origami®®, DNA tiles®*, DNA tetrahedra® 72 &', £k % 72 DNA 7/ BEERDRHE STV 5,
Z15 DNA F / #EEROF T polypodna 13, LEGH)S L IeiEETH D912 Al51
ERE BB TRELVI A TEY U T ELTHERDH Y, £ INETOREN L GRIE
HIA~T U NY —F 2 L TR S D EEZ BRD 181,

PLEod X 91z, polypodna (% A151 @ & 9 726 E il ODN O ¥ v+ U 7 & LTHHHATH
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D EMETE LN, BURTIZZ O X O RFHIIZ L A L ST, A58 TIE, Al5L
DF U7 & LT hexapodna 2 #IR L T2 DOHAMAMELZFMM L=, $7205, AlSL % 6 701
HAHUPTHEZR hexapodna & #%El L. i & Al51 DEAIATH % supHexapodna % Ff L T4t
(22, AL51 Hijl & supHexapodna D5 NilEYE % thilig LT, Sz il ODN % ¢
U7 & LT polypodna O HMEZ M L 7=,

fER
Hexapodna & O® supHexapodna D 1 e

Table 2-1 (ZAMFZETHIV /= ODN DHEJERCSZ . Figure 2-1 ([ZAKFFE T 2 HEIEIR DAL
XX % 7% L=, Hexapodna |34 pod %8 A151 12 L CHIMRO /iy 24 LTk Y . 4
FEIALIC ALS1 ZSEIFTRE CH D, AlLSL & 6 4y 1-#5i# L 7= hexapodna % supHexapodna & L
7=, supHexapodna DT i, PAGE 73 #T1Z X - CTHERE L 7=, Figure 2-2 |27k L7218 Y | hexapodna
DL —=rTIEHENTNO—AREHL b RR L& FNC T RO LNTEY . @)
#2C hexapodna SR ST D 2 & A fifEf L 7=, supHexapodna @ L— > TCi&, hexapodna
YT D=7 AL, SBIZEmD T~ 7 P LY =7 MRl S, £72 Al51
WZEYST N RbfEREI g, LLEORER LV supHexapodna 23 Fh3R T STV D
LEZLNIZ,

Table 2-1  Sequences of ODNs used in Chapter 2

ODN Sequence (5’ to 3")

Al151 T*T*A*G*G*G* T*T*A*G*G*G* T*T*A*G*G*G* T*T*A*G*G*G ?
TAGCAGCACATCAGGT TCTGAGCCTTGCTGCA

hexal CCCTAA CCCTAA CCCTAACCCTAA®
TGCAGCAAGGCTCAGATCTGCTCAAGCCTGCA

hexaz CCCTAA CCCTAA CCCTAA CCCTAA
TGCAGGCTTGAGCAGA CAGAGCCTTGAGCCTA

hexa CCCTAA CCCTAA CCCTAA CCCTAA
TAGGCTCAAGGCTCTG GAGGCTCTTAAGCTGC

hexad CCCTAA CCCTAA CCCTAA CCCTAA
GCAGCTTAAGAGCCTC AGAGCTTGGCATAGCA

hexas CCCTAA CCCTAA CCCTAA CCCTAA
TGCTATGCCAAGCTCT ACCTGATGTGCTGCTA

hexad CCCTAA CCCTAA CCCTAA CCCTAA

CpG 1668 | TCCAT GACGT TCCTG ATGCT

2 Phosphorothioate linkages are shown as *.  °® The complementary sequences to A151 are underlined.
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\ 7

e — -— =
1:A151 2 : Hexapodna 3 : supHexapodna

Figure 2-1 Two-dimensional representation of A151, hexapodna, and supHexapodna

. PAGE analysis ..
1 2 3

Figure 2-2 PAGE analysis of A151, hexapodna, and supHexapodna

Hexapodna was prepared by annealing six phosphodiester oligodeoxynucleotides. supHexapodna was prepared by
annealing hexapodna with a six-fold molar excess of A151. DNA samples were subjected to 6% PAGE and then the
gel was stained with SYBR® Gold. The image was obtained using an LAS-3000 imager. Lane 1, 20-bp DNA ladder;

lane 2, 100-bp DNA ladder; lane 3, A151; lane 4, hexapodna; lane 5, supHexapodna.
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% DNA 7~/ f&E R O S A I fg AT

W O— AR KA D B M DNA (X, 245nm THv/ME & O 260~280 nm TAV ViR
l% T DAY MVERT, £, i E TIZ tripodna 73 B B DNA & RO AT kL
HETDLIEHHESNTND 6, XfREAYIZ, ALSL [ FFAT G-quadruplex #i&E 2 T4 %
729IT, 210 KT8 290 nm FHUTIZHR A Z . 260 nm AT Ml 2 597 2 Rl 2g A7 K
NIRRT ZEPHRESNTND 4,

A151 7% hexapodna (ZFLAGA E T4, & D G-quadruplex fiE & MEfRF L T L AEE
ENDH=0, 4 DNA F / #EEIRICE 1T 5 DNA O LIRS 2 iR 9™ 5~ < FRYE otk =
~Z kv (CD A7 hv) ZHIE L7=, Figure 2-3 (21X, A151, hexapodna & O® supHexapodna
D CD AT bV R LTz, ALSL I SCHR 18 Y AT G-quadruplex OFFER) 72 ZA~7 |
JVERLTEY, —JF hexapodna KON supHexapodna (% B ! DNA & [RfkD A7 F L& IR
L7,

4 -
3 L
—
Yy 2
E I
g1l
=
~ 0 (=
w )
g 200‘%}'
-1 | .
A151
-2 - - - -hexapodna
3 L ——supHexapodna

Wavelength (hm)

Figure 2-3  CD spectra of A151, hexapodna, and supHexapodna
CD spectra of A151, hexapodna, and supHexapodna were measured between 200—320 nm using a spectropolarimeter

with a 0.1-cm path-length quartz cell in 150 mM sodium chloride containing TE buffer at 20°C.

19



RAW264.7 fificd & TNF-a PEAEIT K32 A151 K OF supHexapodna @ BHZ 1]

RAW264.7 ffifidz CpGl668 THIMT 5 Z LIZ K-> TS5 TNF-o EZFFEIZL T
supHexapodna 5o ZE4iEME 2 FE4M L7-, Figure 2-4 (2552 EiEH O TNF-o 2R L=,
A151 [THEMIRIMNZ BN T TNF-a EARLZIG Lz, 72, FEALEDO ABL 25T
supHexapodna X, A151 BRI & LE#E LT TNF-a FEAZ AR AHI L7z, —FH T
hexapodna HLIMIEINIZ I8 TIE TNF-o EA TSI SN o7o, LEDORER LD
supHexapodna |% A151 L ¥ &RV IHEELZ A LTV D & B X bl

*

2000 1 *
- T ] *
€ 1500 | :p < 0.05
= I J
o
2
@ 1000
o
o 500
c .
E‘ 0 1 1 1
- control A151  supHexapodna hexapodna

Figure 2-4  Suppression of CpG 1668-induced TNF-a release from RAW 264.7 cells

RAW?264.7 cells were incubated with CpG1668 (control) with or without A151, supHexapodna, and hexapodna for 8 h
at 37°C. The concentrations were 3 nM for A151 and 0.5 nM for supHexapodna and hexapodna, because 0.5 nM
supHexapodna contained 0.5 nM hexapodna and 3 nM A151. The concentrations of TNF-a in the cell culture
supernatants were determined by enzyme-linked immunosorbent assay. The results are expressed as the mean +
standard deviation (SD) of four culture wells. Experiments were repeated three times and representative results are

shown. *, p < 0.05.

RAW?264.7 ffifidiZ L % A151 } O CpG1668 Al il 1 iA A

supHexapodna @ g\ O BEETE ML, RAW264.7 flliic £ 5 A151 OFIAENEL YV A DHEK T
L < 1Z CpG1668 DMIfLANEL Y IAZDBHED 2 SO RFEMNE 2 b b T2H, TNEFIITD
WTRRET L7z, 81T, TNF-o BEEAFLEEHOFHBORE & A U444 T, RAW264.7 #lifid~
Alexa Fluor-488 1%k A151 A RNt 2 Wil COMIBEANEL Y IAS R ZFHM L=, £ DOR5H.
Figure 2-5 {27k L7210 . Al151 % hexapodona (Z#HA A A 72 supHexapodna | X A151 L 0 & &
V> MFI (mean fluorescence intensity) Z 7~ L7z, & 51Z,CpG1668 & A151 % L < i3 supHexapodna
ZRIFFICA 2 _X—3 a3 o LEESEAIZB VLT, supHexapodna 1% A151 XV &V MFI
%o LTz, RIZ, Alexa Fluor-488 15 CpG1668 DAL NEL V AT 52 5 88 % 51l L 7=,

20



Figure 2-6 |27~k L7z1@ Y . A151, hexapodna & O supHexapodna O 341 %, CpG1668 Difffia
PE D AT BTG R 72 o T,

b
6 —
X

4 -
™ L I % :p <0.05
= 2 =

0

control A151 supHexapodna A151 supHexapodna
+ CpG ODN

Figure 2-5 Uptake of Alexa Fluor 488-labelled A151 by RAW264.7 cells

RAW264.7 cells were incubated with Alexa Fluor® 488-labelled A151 (AF-A151) or supHexapodna
(AF-supHexapodna) with or without 5 uM CpG1668 for 2 h at 37°C.

The concentrations used were 3 nM for A151 and 0.5 nM for supHexapodna because 0.5 nM supHexapodna contained
0.5 nM hexapodna and 3 nM Alexa Fluor® 488-labelled A151. The mean fluorescence intensity of the cells was
determined by flow cytometry. The results are shown as the mean + SD of three culture wells. Experiments were

repeated three times and representative results are shown. *, p < 0.05.

40
T
1 I 1
30 -
I
20 -
=
10
0 e
control Al151 supHexapodna hexapodna

+ Alexa-CpG ODN

Figure 2-6  Uptake of Alexa Fluor 488-labelled DNA by RAW264.7 cells

RAW264.7 cells were incubated with 5 uM Alexa Fluor® 488-labelled CpG1668 (AF-CpG1668) with or without A151,
supHexapodna, or hexapodna for 2 h at 37°C. The concentrations used were 3 nM for A151, and 0.5 nM for
supHexapodna and hexapodna, because 0.5 nM supHexapodna contained 0.5 nM hexapodna and 3 nM Alexa Fluor®
488-labelled A151.The mean fluorescence intensity of the cells was calculated by flow cytometry. The results are
shown as the mean + SD of four culture wells. Experiments were repeated three times and representative results are

shown.
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5

BEIZB W TR X 91z, £ DNA -/ #id K (polypodna) 1%, SoE a2 h=k
BIZEL D IAE D T8, S RIEMEELRE CTdh 5 CpG DNA % S flifialc b ErmETh 5, A
T, S mmltERzmE cdh 5 ALSL VT, ALSL OEMMIRD 1 > Thid~rm
77— UBIRINCEEARE TH 502 dH T 5 & & biZ, £ O%EMtiEME Mm%
ZEMARETH D 0 E T Lz, BLRTOMFEIZ 350 T hexapodna (X 6828 HIIICHL D GA F 40
TR BRI polypodna TH 722 EnD B ABFETIE A5 OF v U T L LT
hexapodna % &R L7z, BT OMFZERE & LT, hexapodna (3#iHE ML & OV B 72 &
Offife & el LT, BRI L N~ 7 a7 7 — U7 E ORI =R IR A E LD
ZENHEINTWD 2, ZOMERREY IAFHA T = X LADOFEMIZOWTIIAITH S
23, Wb DH [DNA A 495 Nl X 5272 0 IAZIZE B L Tns Z &
WHEZE I D,

CD A7 FUIENT OFESTIE, ALSL 13 3CHkERE STzl v 12 G-quadruplex % ALK
L7278 4, hexapodna & {59 % Z & T supHexapodna # 2Rk L 7= & B 2 515 DNA AHH
RGO %2 L Lz, 72 PAGE fi#tr ofi F12 B T, supHexapodna IZ hexpodna kL ¥ & &
SFANCH—E—7 THRIESL TV Z &b, ARIFFETH - supHexapodna (3 Figure 2-
2 CRLETHA VB OEER LTS EE 2 bz, £7-. AL51 IE hexapodna %
XU & LT, AMEIEY 2 A9 % polypodna (Z%h3 & < AR AT Z & N ATRETH D & HEH
T& 5,

A151 (% CpG DNA OifENEL Y AL ER T, CpG DNA OZFKTH 5 TLRY & Hid
SRS LT, TRy 7T A ThDIYA M IhA U RiERET L EHRES N TS 3,
Figure 2-6 |Z/x L7239, Al151, hexapodna, }%OF supHexapodna (%, RAW264.7 ifaiZ X
% CpG1668 DMINANER D IAZMTIZ & A E5ea 529 ZORRIL, LG ShTnDd
FEREGLFIE L2 o72, F£7-. Figure 2-5 T/rL7= L5V | supHexapodna ™ 578 Al51 |2
LT RAW264.7 Ml X 2N I AL EMER L TR Y, 24y ALSL B LD &
supHexapodna O J5 23 i@ WS Z INHINE A F8 4 L 72 F - D K LB X Hivd, 7036 3nM HHY
? A151 % &t supHexapodna DS lIETEIL 30nM D A151 & IFIF[ASE TH Y | hexapodna
Z A5l OF v U7 & LTHWSD Z & TafiZe PS B TdHh 5 Al51 O EKEATRETH 5
V) RITRB W T M R S 7z,

A151 O EEMHNEMICITZ O G-quadruplex fEENEE CTHH Z ENWMEIN TN D &
A151 73 hexapodna (ZfLAIA £ 5 & A151 @ G-quadruplex #&i& 23 bz Z b, Al5L
D3 A IA F A7 supHexapodna AR 23 o IS ME A T 5 0 Tl e <, M T
supHexapodna 7> & it L 7= A151 728 CpG1668 (L DA b A VBl AELZLEEZD
N5, ABF%ETIL, supHexapodna 7> & 0 A151 O R 2 EHEA9ICIZE-E L TV 7220, Ll
72H3 5. CpG DNA % & 1e DNA F / i (KA W= LIRTOMFHI BT, 4% DNA F / #iik
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IROMER R /> Cd % ODNITAIRINEL Y IAZ R IZ = K Y — AN TIREET 2 Z L BRIBE 1
TW% 18, A151 & hexapodna _bo>Z DFHMACST & O ORARIEE (TmfE) 1%, AL51 2% PS
A EHEAT 52 LB URIOMFE TEH L T 7z DNA-DNA D Tm i X v K& 35
A DHAL, ZTDOZ ENBH ALSL IFTMIfEER Y IAAKZIZ = K'Y — AT hexapodna 7> & fRRfE L
TWbEHEICTE 5, = K'Y — AT supHexapodna 7> & fiftfi L 7= A151 1. G-quadruplex
i & FEEZRL L C CpGl668 IZ L o9 M A Vg A HEL TV L EEZbND,

PLEDfERAE £ LD, ALSL % hexapodna (ZHHAIA A supHexapodna & 3% Z & T, %
IHITEME T B4 5 Z LV RENTZ, L7 -> T, hexapodna % ¥ U 7 & LTHWS Z &
T, A151 O F DM | & R ORI TE 5, PS I TH % mipomersent X°
drisapersen?” 23 R RRERIZ IV THFR MR BME DT A O HILTND Z &2, [FAERIC
PSEiETdh D ALSL ZERRIGH T 2 LTI, ZhvbomtEnifaEnsd, Licni-> T, AlsL
ORBEZEESE 5 2 L AAAREIC 2T, hexapodna %1% U 7= L 7= polypodna (33K (24
ARy VT EEZLND,
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B LA DNA T #EEEREFIH L7 3 U DR
PRI B RE I 1)

Rz
KRR E SR ST E D EWTR ML DA 2 IR B ODIRIERIRA~ LI ATRETH D L WiIFF S T &
723, %< DEREGGEAEEWD ., BIEREME £ 723K BT F TORZMEL
HE IR L TS 8, JTFEIC72 0 SETRETIZ 3 Al mipomersen (Kynamro) | eteplirsen
(Exondys 51) . K TN nusinersen (Spinraza) AR SN2, ZNDHEGOBIED & T A7K
BENTWD DX fomivirsen (Vitravene) . pegaptanib (Macugen) %”é.\&’)f: 5 FHEH D FEFH| D
Thbd, MOTEL OBRREIRMLN R v 770 b L TE RISy 8RO L
S, HERESE M DR S | AR EESOPUR R 3K & D 2R 1[:@.%’&%& D 2 2 h D
IR ENS ONDERR D DH, PTHERORERERIT, RN TORLZER L ZTLEE
L < W BB B RrIE T b 5, BERRIE RS O BN ERAMEOSGEIT, 2 b OFEMMEA % 1

195 ETHREARAIRTH D,

Z OFmEREREOE A B LT, BB IRICER & b e & i R s AT T
Hb, ENLTZ 4V /KR (phosphorodiamidate morpholino oligonucleotide, PMO) (%, ASO &
L CHIH rIREZe BRI L B D 1 D TH D, PMO IR DOA Y IX 7 LA F R LT
By BEMERT, EeX 7 LT — Bt R A LAERNTIERIZLETH D S, PMO (X
HEH) mRNA OFERBLER] & L TOMESS, pre-mRNA DA T T A 2 v 7 HlfEE & LCIEA
L Yo AXxy B TERZHET 2L AL TRBY ., ZoMiaEELE LT
TOMRDETH TH D, PMO WK EA T HREF L LTI, Tav=
YRMFHEP A bu 74— (DMD) %, CHRUFFR DA /LA (HCV) BEGL S RO~ —nA T T
T A VARG 2 70 EOFINEET Hivs,

Eteplirsen (X PMO ‘B#&4 A3 2R OEKRB I NI EREEL THY, YA a7 4D
7' mRNA Z 1% & 9% DMD i3 Td % 53, DMD & T, ffilanZiTH % o3y
BHThHHVA IR T 4 2 RKBLTWLHTD, MIEORE ST >TEHBY . PMO X
T OMOEIREILSL D X 5 @ FIbam Th > THMBNICEEIND EE X HILTY
% %, LU, Eteplirsen [Tt % o R 7 fEAMEME S JRPICHESDICHREIE S N D 720, &
B85 2 i ~ DA T &I izbfﬁ%‘a”oé %, £7-. DMD HBFH OFaMkLIAN Tl
PRI T & 2 B st A bk < MR TIEILFEH IR <. DMD LISF OB EIEHEE L LT PMO
ZIGHT L2 EIIREETH S B, ©F 0, PMO OIEWEHRERE, RSNV AR Z K
M bEXED X727 7 a—FL, DMD 721 T/ < Z OMOBEBOIREE~ L IEHT 5
TR ERNEDOTHD,

PMO D& M Z Eb 5720, #Hhr o7 7 a—FOWENEIN TS, REHLD
DELTHIETT =Ty R ~—%#54A L7= PMO (Vivo-morpholino®) 238 Y | £k %
IRARRR NI AT T D L ME SN TND 8, 1 F A MOT N = 2 BEICE

Ed
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A TR M7 F R Zf5 6 L 7= PMO (Cell-penetrating peptides conjugated morpholino)
%, PMO DEZEEMEA4SGET 2 HAEREIN E B T\ D B0 BEEKHERF CTh 5
AVI-4065 (HCV JEYYEIRIEIE) < AVI-T288 (~—/L T L7 U A L ASRYEIRIREE) 1
FAMERTF R EFEE LT PPMO Th 5 5152, Bhadra 5137 7 77 =V Uf5H 7 PMO
IR R L MR Z il 2 2 L 2®mE L TR, 2D PMO I vivo-PMO X° PPMO
IZHARTHIIREEDS R E R L T D ETENATWD B 2 6 TW 5 & BRI
TNFK=-T Y- T ANTF U (RGD) X7 F REfiE L7z PMO (PMO-RGD) %,
SHIZE MIET VT I UTHA L TH 2R F 2B S 5 2 & T, PMO-RGD HU & ELig
L CHEEIA~DOBITIEN K& SHESR U722 L IS ST b %2, % 7= poly(amidoamine)

(PAMAM) T > RU~—%a7|2L T, YALT 1 FEAIZE Y PMO G S W7- /)
BT 7RI T2HEDRH Y . T/ KA K 0 ERITEIZ KD PMO ORI Y JA A A3
ELMELTWS B Z0 X9 IC PMO OREFIEMEZ &6 5 7o DIZIEF I L N 72 &
NTWDEN, b7 7 a—FORKN1E PMO ~DILFEFE A 2 B L T 5720, JFEEOH
JERLBAN O GBS . R Om = 2 MEZg ERIEE I W TEBIC B MO A6
RERGET D ETRERMEREEA TS, PMO IFAEMEZA L2, il
WNA~DBLE BN SICHEN DI T A= 7 VR —AZE AT L EIXRETH D,
PMO & hF A=y 7 VRV —AIEHATLHHIZ, PMO L AFELEH T HH 48 DNA T
CARHEIR ST R, EOEARE DT A= 7 VR Y —AZEH AT DH &9 FiE (Leash
) BEAIBILTWND 8485, Leash 1512 X - C PMO OffifafEidttz m L s#5 2 LN T
Zf)*ji NFFH =7 VRV — LOREE IS < GHREICET 2 mE L H 5,

—EH E CHIRZE Y | polypodna (% CpG DNA CofZ il ODN %~ 2 1

77—‘/%3ﬁ4krfﬂi}]’7tc}:@fﬁffﬂiﬂ’7 BRI HBTHd, ZNOLDREND
polypodna 134D~ 7 v 7 7 — 2 Z G ioligan! Ci‘f L T, PMO % #hEAIZ 5= %Tﬁ%foﬁ%ﬂ? U
TERDIENWRBEINTZ, 5T, PMO % polypodna [ZFLAGATR Z & T, R0
DEMDEATE EOREERZELZED T2, ~ 7 ATHEIRNE S L7ZBR 21X PMO @;w@)
BRI R E S BT 2 FREMED B 5,

% Z CTH = ClX, polypodna @ H12> 5 tripodna % 3%K L, PMO % tripodna (ZHH A~ AT e =
L2 &> T PMO O ERENHIMEI P RECTH D A it L7z, Tripodna id, S Mifai st L
TEVWEFE 2 A4 2 & b HiftiZe polypodna TH 572, PMO DX+ U 7 OFfflief 4 & L
TN L7, Graziewicz & IE~ 7 A tumor necrosis factor receptor 2 (TNFR2) pre-mRNA %
B E L, =%V 7T OBENRAX v B 7 2FETSH ASO THDH LNA SS03274 % #:
LTS %, EFE, AROFMTHY D PMO OE T /LELS] & LT LNA SS03274 & 4t
WORH 2 Z T 20-mer PMO Z 3R L, Zia 3 7 3K-125 (P21) TS % Z & T 251-PMO
AT, WIT, 1-PMO K O PMO 12547 D FEARIECS 2 22 oK s 5 ¢ tripodna 5% & L.
INHHEIREAETHZ LT 1-PMO/tripodna #157=, F£7-. ?°I-PMO/tripodna D%} & LT,
PMO 1ZxFd~ 5 FRHIAEC S 2 45 S 72\ tripodna % 5% &1 L . 12°1-PMO+tripodna(cont) % #i L L 7=,
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AL TIL, 2°1-PMO-SS (1%1-PMO-SS) . %1-PMO/tripodna K OF 1251-PMO+tripodna(cont) 2 ~
7 ANZERIRN G- U SEEhRE 2 R E 2 5=, PMO @O % v U 7 & LT tripodna O A
wiRET L7,

fER
PMO o 15| fE3ik b 1251.pPMO/tripodna DI A%

Figure 3-1 12, 1-PMO OERA ¥ — A%k Lz, 9IS MO 271-SIB % T cold
run ZA 7V, 2I-PMO MR IS ERAETH D Z &4 LC-MS/IMS (T X oﬂ%%ﬂ L7

(Figure 3-2) , #EtD LC-MS/MS 7 < 77 ATiE, YI-PMO (E&OFG(E : 7074) O
9 i, 84fi. 7AiM N6 MDA A AZKHEGT D 787, 885, 1011, K TN 1180 D B'— 7 AL <
. BRSO L 2l Lz, RROFEICEIY 51-81B 2 VT 251-PMO
AR LT, SRR SHEE L B1-PMO OARIERITHK 54% Th - 7=,

Table 3-1 [IZAMFGE THW =AU X7 AT FOHEEE %, Figure 3-3 IZARWFFE THW
72 DNA F / 15RO — ook & 7k L7z, % 7= Figure 3-4 (213 PAGE fi# AT D& R &~ L=,
1251-PMO-SS (X EHEf & FF 72\ T2 DpkBh S v —J5C, 251-PMO/tripodna (LHL—/3 R
ELTCwEI SN TEY ., PI-PMO/tripodna BNER SN TWD Z & & MR T 72,
125]-PMO/tripodna O HURH LRI 1X 90% LA | & HEE S 4v7=, £ 72, 2°I-PMO+tripodna(cont)
XIREZR N RIZRRD BT, ZhE 1251-PMO & tripodna O FERFFLA 20 M8 EAEFICEEIN L

TWD EHEEENnT,
@)
125|Q(0_N¢
O o

H,N PMO rsis H
2

W P 125, N\/\H/PMO

o borate buffer (pH 8.5) o o

. . , 3 h at room temperature
3' primary amine linker

modiefied PMO 125|_PMO

Yield : 54%

Purity : >90%

Figure 3-1  Synthesis scheme of °I-PMO
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Figure 3-2 Mass chromatogram of 1¥’1-PMO

Table 3-1  Sequences of oligonucleotides used in Chapter 3

Oligonucleotides Sequence (5' to 3")

ODN32-01 ACACTGTTATGCAGGC CCATAGAAAGGGCTCT

ODN32-02 AGAGCCCTTTCTATGG TTCACACAGTATGGTA

ODN52-01 TACCATACTGTGTGAA GCCTGCATAACAGTGT
AAAGTAAGGTTATGCTCTCG?

ODN52-02 TACCATACTGTGTGAA GCCTGCATAACAGTGT
GCTCTCGTATTGGAATGAAA

PMO-amine CGAGAGCAGAACCTTACTTT-NH;

2 The complementary sequence to PMO-amine has been underlined.
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l 125_.PMO-SS

l :> 1251-PMO/tripodna

Noncomplementary

<>

l :> 125]-PMO+tripodna(cont)

Figure 3-3 Two-dimensional representation of 12°I-PMO-SS, 12°I-PMO/tripodna, and 12°I-PMO-+tripodna(cont)

Each oligonucleotide is represented by an arrow, with the arrowhead corresponding to the 3’ end of the oligonucleotide.
The gray arrows represent phosphodiester oligonucleotides and the red arrow represents

1251.PMO-SS. The dotted part of the gray arrow in the control tripodna is not complementary to 1251-PMO-SS; therefore,
it does not bind 12°1-PMO. 1%5]-PMO/tripodna is prepared by mixing equimolar amounts of 251-PMO-SS, 32-01, 32-02,
and 52-01. 12°]-PMO-+tripodna(cont) is prepared by mixing equimolar amounts of 1%51-PMO-SS, 32-01, 32-02, and
52-02.

o & &
SIS
NN

Lane 1 l

Origin = - l

Lane 2

‘ Lane 3 . l

Figure 3-4 Electrophoresis of the samples containing *?°I-PMO

1251-PMO-SS, 1251-PMO/tripodna, and 1%51-PMO-+tripodna(cont) were subjected to 6% PAGE and the image was
visualized with a BAS 2500 bioimaging analyser. Lane 1, ?°I-PMO-SS; lane 2, 1?°I-PMO/tripodna; lane 3,
1251-pMO+tripodna(cont).
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~ 7 A LI H T 125]-PMO/tripodna 0% e

125)-PMOlftripodna O~ 7 A IMIE I 1T % 224, 37°C T 5, 30, 60 & TF 180 43fH1 >
X 2 _X— | L7212 PAGE ff#MT 9% 2 & Tl L 7=, Figure 3-5 (213 PAGE fi##fT Of5 R & 7~
L. BB K > TR L7ZERRA v F 2 — 3 VO % Table 3-2 1271
L7ce £ FaX—=2 a0 5%55%I2, 21-PMO/tripodna D#J 89.7%H3 43 S U9 IZHEAE L
TWe, A&7 72 1251-PMO/tripodna D&, 1 > F aX—T 3 U & & HIZh TN
WA LToh3, 180 73[R DA % 2 _X— 3 URIZEBWV TS 1281-PMO/tripodna @ 83%L4 F735%
7L,

Origin - .
- e w

Figure 3-5 Stability of 1251-PMO/tripodna in fresh mouse serum

125|.pPMO/tripodna was incubated in 90% fresh mouse serum at various time periods and subjected to 6% PAGE. The
image was visualized with a BAS 2500 bioimaging analyser. Lane 1, ?°I-PMO-SS; lane 2, 1?5I-PMO/tripodna diluted
with saline (O min incubation); lanes 3 to 6, %51-PMO/tripodna incubated in serum for 5, 30, 60, and 180 min,
respectively. The remaining ratios of 1?°1-PMO/tripodna after 5, 30, 60, and 180 min of incubation were 89.7%, 85.9%,
88.4%, and 83.7%, respectively.

Table 3-2 Remaining percentage of 1251-PMO/tripodna after the incubation in fresh mouse serum
Time (min) 0 5 30 60 180
Remaining (%) 100 89.7 85.9 88.4 83.7
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RAW?264.7 el 351F 2 1251-PMO O FfEN IR Y A A & D FEA

RAW?264.7 #fifid Z 1251-PMO-SS, %51-PMO/tripodna, % L < 1% 51-PMO+tripodna(cont) z & 4
THEME 37°CTA ¥ 2 _— g LEEREO IR RE B 0 B HER 2 Figure 3-6 |2
R L7z, 251-PMO/tripodna % N L7=3A021d, HIRRPN R fE ISR & & b icHghn L 7=,
STRREOIZ ., 1281-PMO-SS & 7213 1251-PMO+tripodna(cont) Z s L 7235 &, BB PN S RE B i
i & SRICBEE TR L 22 o 1o, ACTHRY IV e A U F a— R LTEBEITIE, Hifa
WHHRED &I, 37°CTA U F a_X— h LAl L THEILE)? » 7= (Figure3-7), &
72, RAW264.7 #ifEiZxf L C PMO-SS, PMO/tripodna K OF PMO+tripodna(cont) 3l i e
ERTDEFMMT 7292 LDH 7 v A 21T7-o72, ZORER, 30 yM @ PMO-SS,
PMO/tripodna, & 721% PMO/tripodna O ¥R L 723551238V T 6 LDH it IC B B A2 kiEER
D HAT, MlEEEITIRV E B 2 57 (data not shown)

0.6 -

0.4 -+

02 1 5\\0/(:/0 l

0.0 T T T !

% accumulation to dose

Time (h)

Figure 3-6  Percent accumulation to dose at 37°C

RAW264.7 cells were incubated with 125I-PMO-SS, 1%51-PMO/tripodna, or *2°I-PMO+tripodna(cont) (all 20 nmol/L
1251-pMO) for 1, 2, 4, and 8 h at 37°C or for 8 h at 4°C.

Black line, 12°1-PMO-SS; red line, 1%51-PMO/tripodna; blue line, 1251-PMO+tripodna(cont). Results are expressed as

mean £ SD. *p < 0.05 by Dunnett’s test, N = 3.
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Figure 3-7  Percent accumulation to dose after 8 h of incubation at 37°C and 4°C
Percent accumulation to dose after 8 h of incubation at 37°C (orange bars) and 4°C (blue bars) are indicated. Results
are expressed as mean + SD, and the data are representative of three independent experiments with similar results.

*p < 0.05 by Tukey test, N =3

125 pMO DI 7 U 7 T o A R O ENRE X T A — X

125].PMO-SS. ?°I-PMOftripodna, F 7= 2°I-PMO+tripodna(cont) = ~ 7 A [ Z RN EE G- L |
S ENRERFME A ST L 7=, Figure 3-8 (2, 4 DNA J / Al (A4 5% oD ifiL 5 rp i i - ] th
%o LT, 1251-PMO-SS & 15]-PMO+tripodna(cont) Z % 5- L 7=~ 7 A Tl M4+ o g6
LTI LT-, — 5T, ¥1-PMO/tripodna % #&5- L 7235A121E, ¥51-PMO-SS T 1%5]-
PMO+tripodna(cont) & $¢ 5- L 7= 856 & bl L C. H G %A O s ikt aeld 3 L < @i
TdH V. 251-PMO-SS, 25|-PMO/tripodna & UF 125]-PMO+tripodna(cont) #% 5-F5 7 Ciomin (plasma
concentration at 10 min) (X% #1Z 41 56.7+2.3, 353+155 & O} 65.6+6.0 pmol/mL T& - 7=, Table
3312, BV T NEEHOIMBFETIREHER ) O FEH LI EYEIRE T A — X %R LTZ, Co

(initial plasma concentration) (X4%5-# W oD i S PR 2 SMfi+ 25 Z & THEE L. AUCoz
& Cluot (totalclearance) (FE— A > MEHTIZ L D EH L=, %1-PMO-SS, ?°1-PMO/tripodna
K OV 1251-PMO+tripodna(cont) Z £ 5- L 7= #54, Co (initial plasma concentration) /% 115.7, 1368.5,
K TR 139.3 pmol/mL, AUCq.24 1%, 41.7, 225 }2 T} 47.3 h.pmol/mL T& ¥ | CLi (total clearance)
I3 899, 167 K& TF 793 mL/h/kg ToH - 7=, ?I-PMOftripodna Z#5- L 7=~ 7 A Ci&, Clut L
1251-.PMO-SS #GRF L 0 L B2/ E <, 151-PMO+tripodna(cont) # #% 5- L 7=~ 7 A Tl
CLiot 13 1251-PMO-SS $ 5-1Rf & [FIFRE DOfE Td - 7,
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Figure 3-8 Plasma concentrations of 12I-radioactivity after intravenous administration in mice

Mice were administered 121-PMO-SS, 12°1-PMO/tripodna, or 25I-PMO+tripodna(cont). At 0.16, 0.5, 1, 3, 8, and 24 h
after administration, blood (plasma) was collected and the radioactivity was counted. Mean plasma concentrations are
shown as 1%51-PMO mole concentration. Results are expressed as mean + SD of 3 mice, and the data are representative

of three independent experiments with similar results.

Table 3-3  Pharmacokinetic parameters of 12°I-PMO-SS, 125I-PMO/tripodna, and *2°I-PMO+tripodna(cont) in mice

1251.PMO SS 1251.PMO/tripodna | ?°1-PMO-+tripodna(cont)
Co (pmol/mL) 115.7 1368.5 139.3
AUCq-24 (pmol-h/mL) 41.7 224.8 44.8
CLuot (ML/h/Kg) 893.4 166.5 828.3

51-PMO D~ 7 AZE T B FHEk S A

Figure 3-9 (2, '?51-PMO-SS, ?°I-PMO/tripodna & UF 1251-PMO+tripodna(cont) z % 5- L 7= 355
DEAMIZI T D 25 OBHEERE 2R LTz, PI-PMO-SS 25 Lic~ 7 ATk, Bl
O R O F S RET FE 13 M S b DR FE K 0 & o 72, 1281-PMO/tripodna % ¢ 5- L7~ 7 AT
(X, P1-PMO-SS 5 Lz~ 7 A & bl Ui, s, (Ol O 31T 2 U REIR &
IXFEDo 7o, B CIXFRIRRE OURREIRE CTh o 72,
125)-PMO+tripodna(cont) & % 5- L 7o~ & A Tl BRI 3817 2 HUH REIR BE 13 1251-PMO-SS %
B Lle~ o A L L ChT M@ 7283, ¥51-PMO/tripodna % 8¢5 L7-~ 7 A & [hig
T2 & A EIEM TH - 7=, 1B1-PMO/tripodna $¢ 5-8 & 1251-PMO-SS #% 5:-B5 D | #%5- 24 FEfH
% T OFHR T B REIR E L% Table 3-4 (ZoRr U7z, FAMRT BRI X, FFfee, Moee, .0
g, M. . MO LM EERF TEALER 320, 507, 174, 6.0, 28 K34 fETH Y, X
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HNZ BB AR B REIR S L KIS RIFRE (L1 f%) Th oo, H~D@mRE DL
PR BT, FFlET ORI E 53 L EOMBLIZE D IAEN TN D0 EMET L7oRER, 5
B ML) (2be UCIEFEMME (7 v S—HIla%) 1238\ T 1-PMO A3 & 0 &
THFE L T /= (data not shown) ,
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Figure 3-9

a.  Concentration of 151-PMO in each tissue at 1 h after administration

Tissue concentration of 1251-PMO at 1 h was measured after administration of 1251-PMO-SS, 125I-PMO/tripodna, or
1251-.pMO-+tripodna(cont) in mice. Results are expressed as mean + SD of 3 mice, and the data are representative of
three independent experiments with similar results.

b.  Concentration of 1251-PMO in each tissue at 8 h after administration

Tissue concentration of 1251-PMO at 8 h was measured after administration of 1251-PMO-SS, 12°I-PMO/tripodna, or
1251.pMO-+tripodna(cont) in mice. Results are expressed as mean + SD of 3 mice, and the data are representative of
three independent experiments with similar results.

c.  Concentration of 1251-PMO in each tissue at 24 h after administration

Tissue concentration of 1251-PMO at 24 h was measured after administration of 2°I-PMO-SS, '251-PMO/tripodna, or
1251.pMO-+tripodna(cont) in mice. Results are expressed as mean + SD of 3 mice, and the data are representative of

three independent experiments with similar results.

Table 3-4  Tissue distribution ratio of 12°I-PMO/tripodna to 1251-PMO-SS at 24 h after administration to mice.

Tissue Ratio of 1251-PMO/tripodna to %°1-PMO-SS
Liver 32.0
Spleen 50.7
Heart 17.4
Lung 6.0
Kidney 1.1
Brain 2.8
Biceps 3.4
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L5

BT, &b EMZ DNA - / #iE (A 1 > TH 5 tripodna 25+ U 7 & LTHWD
Z LT PMO DIANENREN NSRRI 2 B IS EL S L ZENARETH DL Z LR L
7o FRZ, PN OV~ PMO ORATM:IX, tripodna (ZHAGATe Z & 12 K > TEIRIZHE
ML7z, L7za3-> T, tripodna X°¢ D> DNA F / #1E1X, PMO DRk S3A % il 48 AT E
TOHAMBRXFY VT ThHDHEEZONT,

FHPERIGLARTA Y I X7 LA F Retfid 2 FiEL LT, %2P-ATP Z ARG EHT T4
polynucleotide kinase Z ]V > T DNA @ 5K A 45ik 3 2 FENER S D, Z O EITfHE
ThY, LIFLIEV Yo7y hnA 7 U X AB— 3 F721F RFLP (restriction fragment
length polymorphism, filFREESRE KT BZA) Hirickid 5 7 e —7 AR S5, Lo
LW B, ZOHIEIZESL< DNA OSRGOS T RN O BREE CIIIER TR L E T
BV ET MR DERHEL 72 PR3k A Tefile~ L HRY IAE N D Z L bES . ASO
72 EITAR SN DR ETE S O ERNIZ IS T 2 koA 2 & BRIl 51213 m & T
&% 6188 3p fEERKSE A~ U AZERNE G LT O O 2P BRI RITHE D
WD 2 DIt LT, AW TR O 125 355550715 Tl Rk T o 1281 bt se o k1%
L TH Y (Figure3-7) . BZRED D BUHTEREHENL GL) 2Rl (F72130M) 35 &
WO RREMZBELIEHAICBONTH, L —Y—L L CERZ PIE#RT 24 AEEE
WEEBZBND T8 LU EDZ LG B BURREEIZ K o THRkT o PMO & A 5Hil3 2
ZEMBETHDLEEZEZLND,

PLRTOAFFEIZ IV, tripodna 13 PAGE 3 HTIZ B W TH— N0 R & L THH S 4, tripodna
DX R tripodna 2T 5 WO —AREA Y TX 7 LATF REHLRRY &7l
VT T LERHESHTND 8, PMO IFADER A S RVERETH 5D T, PAGE T
KB, 121-PMO H SR D HE IR iy S H S 7=, Figure 3-3 O L—2 2 Tl
1B51-PMO HRD B REITE R D BE) L2 EFT TR SN TS Z L LD BI-PMO 2 F
WA LTIRIETH D Z LR &z, 772 b, ?51-PMO 73 tripodna (25 2RI AGA &
Ni-Z L R T& 7=, B1-PMO+tripodna(cont)iZ 8V Tik, B1-PMO 13- D i RE Ik A
PO ST, £72 151-PMO/tripodna & [FIEE DR/ N RO BIER S hoTe, 2D T
&5 151-PMO I tripodna(cont) & il 5 DR E/EHZ L TnWbH & B2 HiLHh, DNA T/
ISR AR L TN &SRR T 7o,

Figure 3-4 ® L — > 2 [X. I-PMO/tripodna N S /i-Z L 2R L TW5H,
1251.pMOltripodna % ~ 7 A IfLiFH T 5, 30, 60 &N 180 /7rfilA > F =_— k L7zHE Iz W
T, %1-PMOftripodna /3 RIZAEIZEAET, 180 IO A o FaX— 3 U HKIZE
W 251-PMO/tripodna @) 83% 35k fF L TWAH EWIHIRERTH-TmZ & LD,
1251_.PMO/tripodna 23 Frfif~ 7 AMIFIC B W CHEZE TH D Z ENH LM~ 7=, ik
T OZEMNRERIL, DNA -/ HIEROSIRE D EMW A ~D Z L 2 AL Lz, =K
DAY AX T LAF RBRER S5 tripodna (2380 Tk, ML T ¢ 2 BRI A& O 8 B oo A
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VxR 2= g VEOLEMITENEI 80-90% K OF 20-30% & iR STV D 16, AR
6| 1251-P MOftripodna D Z2ENEIX, LARTOAMFZERESR L kX THRFRIRETH DL LB 2
Y

125.pMO/tripodna #¢ 5-% > AUC 13, 1251-PMO-SS #% G- D AUC L W b9 55Kk & o 7.
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Chemicals

Roswell Park Memorial Institute (RPMI) medium was obtained from Nissui Pharmaceutical (Tokyo,
Japan). Opti-modified Eagle's medium (Opti-MEM) was purchased from Thermo Fisher Scientific,
fetal bovine serum (FBS) from GE Healthcare Life Sciences, heparin sodium salt from Nacalai Tesque
(Kyoto, Japan), and 100 bp DNA ladder from Takara Bio, Inc. (Shiga, Japan). All the other chemicals

were of the highest grade available and were used without further purification.

Oligodeoxynucleotides

Phosphodiester oligodeoxynucleotides (ODNs) were purchased from Integrated DNA Technologies.
The oligonucleotide sequences are shown in Table 1. The complementary sequence to the CpG motif
(GACGTT) in Hexa-1 to -6 and Tri-1 to -3 was designed to have a single base mismatch (AACTTC)
to avoid TLR9 stimulation by these ODNs.

Preparation of Polypodna
Each ODN was dissolved in TE buffer (10 mM Tris, 1 mM EDTA, pH 7.4). Appropriate molar ratios
of the ODNs involved in polypodna formation were mixed, heated to 95°C, and then gently cooled to

4°C. Details of the preparation method have been described by Mohri et al.%® In the present study, the
molar concentration of CpG-SS was used to adjust the concentrations of CpG-tripodna and
CpG-hexapodna. Figure 1-1 shows the DNA nanostructures used in the study. In all the experiments,
the amount of CpG1668 was used to adjust the concentration or dose for CpG-SS, CpG-tripodna, and
CpG-hexapodna. Samples without CpG1668, i.e., the controls tripodna(cont) and hexapodna(cont),
were adjusted to the same molar amount as CpG-tripodna and CpG-hexapodna, respectively. The
formation of DNA nanostructures was confirmed by polyacrylamide gel electrophoresis (PAGE).
PAGE analysis was performed with a 6% polyacrylamide gel at 150 V for 30 min. DNA was stained
with ethidium bromide, and observed using a LAS3000 imaging system (Fujifilm, Tokyo, Japan).

Cell Culture

Murine macrophage-like RAW 264.7 cells were grown at 37°C in RPMI medium supplemented with
10% heat-inactivated FBS, 0.15% sodium bicarbonate, 100 units/mL penicillin, 100 mg/mL
streptomycin, and 2 mM L-glutamine, in humidified air containing 5% CO,. Cells were then seeded

on to a 96-well culture plate at a density of 5x10* cells/well and cultured for 24 h prior to use.
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Cytokine Release from RAW 264.7 Cells

RAW 264.7 cells were seeded onto a 96-well culture plate at a density of 5x10° cells/mL and cultured

for 24 h. Then, CpG-SS, tripodna(cont), hexapodna(cont), CpG-tripodna, and CpG-hexapodna diluted
in 0.1 mL of Opti-MEM were added to the cells. After an incubation of 1, 2, 4, and 8 h, the supernatants
were collected and stored at —20°C until use. The TNF-a levels in the supernatants were determined
by an enzyme-linked immunosorbent assay (ELISA) kit according to the manufacturer’s protocol (BD

Biosciences).

Animals

Five-week-old male C57BL/6J mice were purchased from Japan SLC, Inc. (Shizuoka, Japan). All
animal experiments were conducted in accordance with the principles and procedures outlined in the
National Institutes of Health Guide for the Care and Use of Laboratory Animals. The protocols for
animal experiments were approved by the Animal Experimentation Committee of the Graduate School

of Pharmaceutical Sciences, Kyoto University.

I1L-12p40 production in mice

Mice were injected with CpG-SS, CpG-tripodna, and CpG-hexapodna diluted with saline into the
caudal vein. Based on the preliminary experiments, doses were set at 1, 10, and 100 nmol CpG1668
per mouse for CpG-SS, and at 0.2, 1 and 5 nmol CpG1668 per mouse for CpG-tripodna and
CpG-hexapodna. At 1, 2, 4, and 8 h after injection, the blood samples were collected from the tail of
the mice and plasma was isolated by centrifuging for 5 min at 12000 g at 4°C. The isolated plasma
was stored at —20°C until analysis. The plasma IL-12p40 concentration was determined by the
enzyme-linked immunosorbent assay (ELISA) kit according to the manufacturer’s protocol (BD
Biosciences). The area under the plasma concentration-time curve (AUC) of IL-12p40 was calculated
using the trapezoidal rule, and concentration at 0 h was assumed to be zero.
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Chemicals

Roswell Park Memorial Institute medium was obtained from Nissui Pharmaceutical Co., Ltd. (Tokyo,
Japan). Opti-modified Eagle’s medium (Opti-MEM) and fetal bovine serum were purchased from
Thermo Fisher Scientific Inc. (Waltham, MA, USA). The 20-bp and 100-bp DNA ladders were
purchased from Takara Bio, Inc. (Shiga, Japan). All other chemicals were of the highest grade

available and used without further purification.

Oligodeoxynucleotides

All unlabelled phosphodiester and phosphorothioate ODNs were purchased from Integrated DNA
Technologies (Coralville, A, USA). These ODNs were dissolved in TE buffer (10 mM Tris-HCI,
1 mM ethylenediaminetetraacetic acid, pH 8) and then stored at —20°C. The sequences of the ODNs
used in this study are shown in Table 1. CpG 1668 was used as a ligand for TLR9. A151 and CpG
1668 labelled with Alexa Fluor 488 at the 5’ end were purchased from Japan BioService Co., Ltd.

(Saitama, Japan).

Cell culture

Mouse macrophage-like RAW 264.7 cells were cultured in Roswell Park Memorial Institute medium
supplemented with 10% heat-inactivated fetal bovine serum, 0.15% sodium bicarbonate, 100 1U/mL
penicillin, 100 pg/mL streptomycin, and 2 mL glutamine at 37°C in humidified air containing 5% CO».
The cells were seeded in 96-well culture plates at a density of 5x10* cells/well and cultured for 24 h
prior to use. Before applying DNA samples to the cells, the supernatant was removed and the cells
were washed once with phosphate-buffered saline.

Preparation of hexapodna and supHexapodna

Hexapodna and supHexapodna were prepared as previously described.’ In brief, hexapodna was
prepared by mixing equimolar amounts of six phosphodiester ODNS, i.e., hexal-6. supHexapodna
was prepared by mixing the six ODNSs together with a six-fold molar excess of A151. The ODNs were
annealed in TE buffer containing 150 mM sodium chloride in a thermal cycler. Fluorescently labelled
supHexapodna was also prepared using Alexa Fluor 488-labelled A151.

Polyacrylamide gel electrophoresis of hexapodna and supHexapodna

The formation of hexapodna and supHexapodna was analysed by 6% polyacrylamide gel
electrophoresis (PAGE) at 150 V for 30 min. DNA was stained with SYBR® Gold (Thermo Fisher
Scientific, Inc.) and the polyacrylamide gel was observed under an LAS-3000 imager (Fujifilm, Tokyo,
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Japan).

Circular dichroism spectroscopy

Circular dichroism (CD) spectroscopy was conducted to analyse the conformations of A151,
hexapodna, and supHexapodna. CD spectra of the DNA samples were obtained and recorded using a
JASCO-820 type spectropolarimeter (JASCO, Tokyo, Japan) at 20°C with a 0.1-cm path-length quartz
cell. The DNA samples were diluted with TE buffer containing 150 mM sodium chloride to a final

DNA concentration of 68 ug/mL. The CD spectra were measured in the range of 200-320 nm.

CpG-ODN-induced tumour necrosis factor-o release from RAW 264.7 cells

RAW 264.7 cells were incubated with 5 pM CpG1668 with or without other DNA samples. The
concentrations used were 3 nM for A151, and 0.5 nM for hexapodna and supHexapodna, because 0.5
nM supHexapodna contained 0.5 nM hexapodna and 3 nM A151 (1 to 6 molar ratio). After 8 h

incubation at 37 °C, the supernatant was removed, and the concentration of tumour necrosis factor-a

(TNF-a) in the supernatant was measured by enzyme-linked immunosorbent assay (ELISA) using an
OptEIA mouse TNF (Mono/Mono) ELISA set (BD Biosciences, San Diego, CA, USA) in accordance

with the manufacturer’s protocol.

Uptake by RAW 264.7 cells

RAW 264.7 cells were incubated for 2 h at 37°C in Opti-MEM with Alexa Fluor 488-labelled A151
or Alexa Fluor 488-labelled CpG 1668 with or without unlabelled DNA. The concentrations of the
DNA samples were the same as those used for the cytokine release experiment. The cells were washed

thrice with phosphate-buffered saline at 4°C to remove labelled DNA and then harvested. Then, the
fluorescence was measured by flow cytometry (Gallios flow cytometer; BD Biosciences) and the mean
fluorescence intensity (MFI) of the cells was calculated using Kaluza software (BD Biosciences).

Statistical analysis

Differences were statistically evaluated by one-way analysis of variance followed by the Tukey—
Kramer test for multiple comparisons. p values less than 0.05 were considered statistically significant.
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Chemicals

Roswell Park Memorial Institute (RPMI) medium, phosphate-buffered saline (PBS), and Hank’s
solution were obtained from Nissui Pharmaceutical (Tokyo, Japan). Opti-modified Eagle’s medium
(Opti-MEM) was purchased from Thermo Fisher Scientific (Waltham, MA, USA), fetal bovine serum
(FBS) from GE Healthcare Life Sciences (Logan, UT, USA), heparin sodium salt and HEPES
(2-[4-(2-Hydroxyethyl)-1-piperazinyl]ethanesulfonic acid) from Nacalai tesque (Kyoto, Japan), and
collagenase of Clostridium histolyticum from Merck Millipore (Darmstadt, Germany).

Oligonucleotides

Phosphodiester oligodeoxynucleotides (ODNs) were purchased from Integrated DNA Technologies
(Coralville, Towa, USA). PMO with a 3’ primary amine linker (PMO-amine) was purchased from
Gene Tools (Philomath, OR, USA). Oligonucleotides sequences are shown in Table 3-1.

Synthesis of ?°I-PMO
N-succinimidyl 3-[*%I]iodobenzoate (*2°1-SIB) was synthesized according to the method described by

Zalutsky etal.”®.  An aliquot of a solution of PMO-amine was mixed with 1%1-SIB or non-radioactive
127]-S1B, and the mixture was incubated for 3 h at 20-25°C.  After incubation, the reaction mixture
was subjected to high performance liquid chromatography (HPLC) for purification of the desired
compound. The molecular weight of the *?7I-labelled PMO was confirmed by mass spectrometry
and its retention time was measured.  *?°l-labelled PMO was obtained from the corresponding HPLC
fraction with *?7I-labelled PMO and evaporated to dryness by nitrogen gas flow, and the product was

dissolved in saline.

Preparation of nanostructured DNA

PMO/tripodna and PMO-+tripodna(cont) used in this study were prepared immediately before use
during each experiment by mixing equimolar amounts of the single-stranded components, according
to the method described by Mohri et al.*é. In brief, 151-PMO/tripodna was prepared by mixing
125].PMO, ODN32-01, ODN32-02, and ODN52-01, and ?51-PMO-+tripodna(cont) was prepared by
mixing 1%1-PMO, ODN32-01, ODN32-02, and ODN52-02. A mismatch was inserted in ODN 52-01,
which could make the PMO more strongly bind to its fully-matched target sequence. PMO and
phosphodiester oligodeoxynucleotides were dissolved in saline and the saline solutions were diluted
to obtain the desired final concentration of each component. The hybridization of PMO and ODNs
was analysed by 6% polyacrylamide gel electrophoresis (PAGE) at room temperature at 200 V for 20
min, followed by visualization with a BAS 2500 bioimaging analyser (Fujifilm, Tokyo, Japan) for the
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detection of radioactivity.

Uptake of 1%°I-PMO by RAW?264.7 cells

RAW264.7 cells were seeded on 12-well culture plates at a density of 5x10° cells/well and cultured
for 24 h in RPMI-1640 medium supplemented with 10% heat-inactivated FBS, 0.15% NaHCO3, 100
units/ml penicillin, 100 pg/ml streptomycin, and 2 mM L-glutamine. The cells were washed twice
with 1 ml of PBS and then incubated with *?51-PMO-SS, %|-PMO/tripodna, or
125].PMO+tripodna(cont) in Opti-MEM at 37°C for 1, 2, 4, and 8 h or at 4°C for 8 h. The
concentration of DNA samples was adjusted to 20 nmol 12°I-PMO/L.  After incubation, the cells were
washed twice with 1 ml of PBS and harvested by the addition of 1 mL of 5% SDS. The radioactivity

of the sample was measured using a Wizard 1470 automatic gamma counter (PerkinElmer Life
Sciences, Waltham, MA, USA).

Evaluation of the toxicity of PMO/tripodna on RAW?264.7 cells

RAW264.7 cells were seeded on a 96-well culture plate at a density of 7x10* cells/well and cultured
for 24 h. PMO-SS, PMO/tripodna, and PMO+tripodna(cont) were prepared as described above,
diluted with Opti-MEM to the final concentration of 30 uM, added on each well, and incubated for 8

h. After the incubation, lactate dehydrogenase (LDH) concentrations in the cell medium were
measured by Cytotoxicity LDH Assay Kit-WST (Dojindo Molecular Technologies, Kumamoto,
Japan).

Animal experiments

Male C57BL/6 mice were purchased from Japan SLC (Shizuoka, Japan) and used when they were 6-7
weeks old.  All animal experiments were conducted in accordance with the principles and procedures
outlined in the National Institutes of Health Guide for the Care and Use of Laboratory Animals. The
protocols for animal experiments were approved by the Animal Experimentation Committee of the
Graduate School of Pharmaceutical Sciences, Kyoto University.

Tissue distribution of 12°I-PMO in mice

For the evaluation of pharmacokinetic properties, *?°I-PMO-SS, !?5I-PMO/tripodna, and
125].PMO+tripodna(cont) were intravenously administered to the mice through the tail vein under
isoflurane anaesthesia at a dose of 37.5 nmol 1?51-PMO/kg (about 2x10® cpm/mouse). Blood was
collected from the tail vein at 0.167, 0.5, 1, 3, 8, and 24 h after administration. Blood samples were
collected in tubes containing sodium heparin anticoagulant and centrifuged at 4°C for 5 min at 2,000
x g to separate the plasma. After blood sampling at 1, 8, and 24 h, mice were killed, and the liver,

spleen, heart, lungs, kidneys, brain, and a sample of skeletal muscle (biceps) were collected, weighed,
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and washed with PBS. The radioactivity of tissue samples was measured using the Wizard 1470
automatic gamma counter.  The pharmacokinetic parameters were calculated as follows: the plasma
concentration at 0 min (Comin) Was extrapolated using the concentrations at 10 min (C1omin) and 30 min
(Csomin) assuming a first order kinetics and used for the calculation of area under the curve from 0 h to
24 h (AUCo24). AUCo_24 Was calculated using the trapezoidal rule, and total body clearance (CLtot)
was calculated by dividing the administered dose by AUCy 4.

Fractionation of liver cells

Liver cells were harvested by a collagenase perfusion method as previously described”’. In brief,
125|.PMO/tripodna was intravenously administered to the mice. An hour after the injection,
dispersed liver cells from each mouse were obtained. A part of dispersed cells were removed and the
radioactivity was measured for calculating the recovery. The remaining dispersed cells were
separated into liver parenchymal cells (PCs) and non-parenchymal cells (NPCs) through a series of
centrifugation steps. The PC and NPC fractions were resuspended in Hanks’-HEPES buffer and the

total radioactivity of the both samples was determined.

Stability of 12°1-PMO in mouse serum

The dosing solution of 2°1-PMO/tripodna was mixed with 9 volumes of fresh mouse serum and
incubated at 37 °C for 5, 30, 60, and 180 min. Immediately after the incubation, the samples were
subjected to PAGE as described above, and followed by visualization with Fujifilm BAS 2500 system.
A ratio of the region of interest (ROI) of the band of 151-PMO/tripodna to all ROls was calculated for
each lane, and the value was divided by that of the control sample (O min incubation) to calculate the
remaining ratio of 1251-PMO/tripodna.

Description and handling of radioactivity data

In the present study, '%l-radioactivity measured was considered to be the mixture of intact
125]-PMOltripodna, its degraded products, and 2°1-PMO-SS released from 1?251-PMO/tripodna. It was
difficult to distinguish them from one another; therefore, the concentration or amount of
125]-radioactivity detected was expressed as the concentration or amount of 12°1-PMO, respectively.

Statistical analysis

Statistical analyses were performed using Statview v. 5.0 (SAS Institute Inc., Cary, NC, USA).
Statistical differences between pairs of groups were analysed by Student’s t test and among three

groups by Dunnett’s test.
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