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Targeting of the nuclease-resistant functional oligonucleotides
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(1) MicroRNA (miR)-122 is highly expressed in liver and controls cholesterol
metabolism. We prepared antisense molecules (AMO) against miR-122 using nuclease resistant
2' -OMe-4" -thioribonucleosides. YSKO5-liposome was prepared with the pH-sensitive cationic lipid, and
the AMO was encapsulated. Systemic administration of the liposome induced knockdown of miR-122 and
increase in target genes in the liver, and a subsequent reduction in plasma_cholesterol at a dose of 1mg
AMO/kg with persisting for over 2 weeks. (2) Prostate-specific membrane antigen (PSMA) ligand (GL) was
attached to a dumbbell-type of the cyclic oligonucleotide (fCpG-dmDNA), which contained 5-formylCpG,
giving GL-fCpG-dmDNA. fCpG-dmDNA inhibited the methylation of CpG-oligonucleotides. fCpG-dmDNA showed
cytotoxicity against HeLa cells (PSMA-negative) with an IC50 value of 41 nM. On the other hand,
GL-fCpG-dmDNA showed cytotoxicity against only PSMA-positive cell line such as LNCaP prostate tumor
cells.
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Fig. 3. Evaluation of AMO-122 activity
24 h after transfection to Huh-7 cells

5-ACAAACACCAUUGUCACACUCCA-3' (23mer)
24h

1N
S

=o5nM
E1nM
a5nM

0 ﬂ%
o o

5B

Relative Fluc/Rluc ratios (%)
8 &8 8 8

o o & O H

F P LE &L LS
Q<\\\ é@'& (FO((\\ N %& & Q(ﬁé\
& & &

MS-PS-AMO-122

MS-PS-AMO-122 5’
chol
Toc 3 chol
in vitro
MS-PS-AMO-122

SM122-PS

MS-PS-AMO-122  pH
YSK05 (Fig. 4) POPE:chol:PEG-DMG
(50:25:25:3)
in vivo
Fig. 5. Gene expression of AldoA, Bcldk, & Ndrg3 in vivo

g’ ﬁ AdoA 3 15 T:*T Beldk 225 e
3 2 8 -
525 535 S5 T
L . oo w8 ’
- il T 25 215
< . 2 20 =
g1 T 215 £ I
g % 10 <
@ 05 I | & o5 . | o 209 ‘ }
o 0
o 2 Q o 2
¢ Py ¢ 5 K
Ky R ¢ ¥ 1o
& & ¥ Y e

£ DYWL notsinimeane. DB POOL,. g 4. YSKOSOHEE
P ow [
P = ¢ y
ﬁ 30: ‘ 20" u
g I | |
C
s P Q\ﬁ s £
R R
® ¢ &
pH pKa 6.5
pH 7.4
pH 6.5~6.8

1 mgkg MS-PS-AMO-122
2 3
48 miR-122

mRNAs  AldoA,

Bckdk, Ndrg3 miR-122
mRNAs
AMO-122
MS-PS-AMO-122
M-PS-AMO-122 Fig. 5
chol 6 53% Fig. 6
2
80% MS-PS-AMO-122
1:1 Table 1
2) CpG C5

CpG
T
CpG DNMT
PSMA
MeCpG 5 TET
5-CH20H - 5-CH=0 - 5-CO-H
DNA
BER
DNMT
SH
5-CH=0 (f) 6 DNMT
fCpG
DNA fCpG-dsDNA
DNMT M. Hpall
S-adenosylmethionine (SAM)
M. Hpall-fCpG-dsDNA CpG

DNMT1 (MW; 183kDa)
Fig.



1 fCpG-dmDNA PSMA
GL-fCpG-dmDNA PSMA
LNCaP
PC-3 Hela
Hela
fCpG DNA
fCpG-dmDNA (DNMTH1 ) fCpG-dmDNA (DNMT3
) lipofectamin
2000 72 ICs0
66,41, 18 nM Fig.7 DNMT1
DNMT3 Fig. 1
dmDNA Hela
Fig. 7. Cell growth inhibitory activity Fig. 8. Cell growth inhibitory activity
le l _ LNCaP cells i PC-3cells
51 I - :I 1
el veer TR
Al ANl e E
N e o P
DNMT1
183kDa DNMT3
100kDa
DNMT1
PSMA
Fig. 8 DL-fCpG-dmDNA
LNCap 100 nM 90%
PC-3
30%
GL
PSMA
in vivo
STAT3 DL
siRNA

34

1) Hatakeyama, H.; Murata, M.; Sato, Y.; Takahashi,
M.; Minakawa, N.; Matsuda, A.; Harashima, H.
The systemic administration of an anti-miRNA
oligonucleotide  encapsulated  pH-sensitive
liposome results in reduced level of hepatic
microRNA-122 in mice. J. Control. Release 2014,
173, 43-50. (DOI, 10.1016/j.jconrel.2013.10.023)

2) Nomura, Y.; Kashiwagi, S.; Sato, K.; Matsuda, A.
Selective  transcription of an  unnatural

naphthyridine:imidazopyrimidine ~ base  pair
containing four hydrogen bonds by using T7 RNA
polymerase. Angew. Chem. Int. Ed. Engl. 2014,
53,  12844-12848.  (DOI,  10.1002/anie.
201406402)

3) Saito, Y.; Hashimoto, Y.; Arai, M.; Tarashima, N.;
Miyazawa, T.; Miki, K.; Takahashi, M.; Furukawa,
K. Yamazaki, N.; Matsuda, A. Ishida, T;
Minakawa, N. Chemistry, properties, and in vitro
and in vivo applications of 2'-O-methoxyethyl-4'-
thioRNA, a novel hybrid type  of
chemically-modified RNA. ChemBioChem. 2014,
15, 2535-2540. (DOI, 10.1002/cbic.201402398)

4) Tarashima, N.; Hayashi, K.; Terasaki, M.; Taniike,
H.; Inagaki, Y.; Hirose, K.; Furukawa, K.; Matsuda,
A.; Minakawa, N. First synthesis of fully-modified
4’-selenoRNA and 2-OMe-4'-selenoRNA based
on the mechanistic considerations of an
unexpected strand-break. Org. Lett. 2014, 16,
4710-4713. (DOI, 10.1021/01502077h)

5) Maruyama, H.; Nakashima, Y., Shuto, S
Matsuda, A.; ltoh, Y.; Abe, H. An intracellular
buildup reaction of active siRNA species from
short RNA fragments. Chem. Commun. 2014, 50,
1284-1287. (DOI, 10.1039/c3cc47529h)

6) Takahashi, M.; Yamada, N.; Hatakeyama, H.;
Murata, M.; Sato, Y.; Minakawa, N.; Harashima,
H.; Matsuda, A. In vitro optimization of
2’-OMe-4 -thioribonucleoside modified anti-micro-
RNA oligonucleotides (AMOs) and its targeting
delivery to mouse liver using a liposomal
nanoparticle. Nucleic Acids Res. 2013, 41,
10659-10667. (DOI, 10.1093/nar/gkt823)

7) Abe, N. Hiroshima, M. Maruyama, H,
Nakashima, Y.; Nakano, Y.; Matsuda, A.; Sako, Y.;
lto, Y.; Abe, H. Rolling circle amplification in a
prokaryotic translation system using small circular
RNA. Angew. Chem. Int. Ed. Engl. 2013, 52,
7004-7008. (DOI, 10.1002/anie.201302044)

8) Kojima, T.; Furukawa, K.; Maruyama, H.; Inoue,
N.; Tarashima, N.; Matsuda, A.; Minakawa, N.
PCR  amplification of 4-thioDNA  using
2'-deoxy-4"-thionucleoside 5'-triphosphates. ACS
Synthetic Biol. 2013, 2, 529-536. (DOI,
10.1021/sb400074w)

9) Ichikawa, S.; Ueno, H.; Sunadome, T.; Sato, K.;
Matsuda, A. Tris(azidoethyl)amine hydrochloride;
a versatile reagent for synthesis of functionalized
dumbbell oligonucleotides. Org. Lett. 2013, 15,
694-697. (DOI, 10.1021/01400001w)

10) Takahashi, M.; Nagai, C.; Hatakeyama, H.
Minakawa, N.; Harashima, H.; Matsuda, A.
Intracellular ~ stability of 2'-OMe-4'-thioribo-
nucleoside modified siRNA leads to long-term
RNAi effect. Nucleic Acids Res. 2012, 40,
5787-5793. (DOI, 10.1093/nar/gks204)

11) Shibata, A.; Ueno, Y.; Iwata, M.; Wakita, H.;
Matsuda, A.; Kitade, Y. Double-stranded
oligonucleotides containing  5-aminomethyl-2'-
deoxyuridine form thermostable anti-parallel



triplexes with single-stranded DNA or RNA.
Bioorg. Med. Chem. Lett. 2012, 22, 2681-2683.
(DOI, 10.1016/j.bmcl.2012.03.024)

12) Sato, K.; Sasaki, A.; Matsuda, A. Highly
fluorescent 5-(5,6-dimethoxybenzothiazol-2-yl)-2'-
deoxyuridine 5'-triphosphate as an efficient
substrate for DNA polymerases. ChemBioChem
2011, 12, 2341-2346. (DOl
10.1002/cbic.201100452)

13) Hirose, W.; Sato, K.; Matsuda, A. Fluorescence
properties of 5-(5,6-dimethoxybenzothiazol-2-yl)-
2'-deoxyuridine  (dU) and  oligodeoxyribo-
nucleotides containing t'dU. Eur. J. Org. Chem.
2011, 6206-6217. (DOI, 10.1002/ejoc.201100818)

14) Kuramoto, K.; Tarashima, N.; Hirama, Y.; Kikuchi,
Y., Minakawa, N.; Matsuda, A. New
imidazopyridopyrimidine:naphthyridine base-
pairing motif, IMNNM:NaQ®, consisting of a
DAAD:ADDA hydrogen bonding pattern, markedly
stabilize DNA duplexes. Chem. Commun. 2011,
47,10818-10820. (DOI, 10.1039/c1cc13805g)

15) Kataoka, M.; Kouda, Y.; Sato, K.; Minakawa, N.;
Matsuda, A. Highly efficient enzymatic synthesis
of 3'-deoxyapionucleic acid (apioNA) having the

four natural nucleobases. Chem. Commun. 2011,

47, 8700-8702. (DOI, 10.1039/c1cc12980e)
16) Furuita, K.; Murata, S.; Jee, G-J.; Ichikawa, S.;
Matsuda, A.; Kojima, C. Structural feature of bent

DNA recongnized by HMGB1. J. Am. Chem. Soc.

2011, 133, 5788-5790. (DOI, 10.1021/ja2013399)

31
1
2015 1 30
2)
DNA/RNA
2014 9 7
3)
9
2014 6 27
4) 32
H4 S VR L—AISRRFZE D i R
2014 2 5
5) 3
CSJ 2013 -
2013 10 23
6)

2013 inSapporo 2013 7 5

7) Akira Matsuda, Development of sugar-modified
cytosine nucleosides as antitumor agents-old
stories for future success-, The 20t International
Round Table for Nucleosides, Nucleotides, &
Nucleic Acids, August 8, 2012, Montreal, Canada

4

1) Minakawa, N.; Matsuda, A. Design,
characterization, and application of
imidazopyridopyrimidine:  naphthyridine  base-
pairing motifs consisting of four hydrogen bonds.
In Chemical Biology of Nucleic Acids, RNA
Technologies, Eds. by V. A. Erdman, W. T.
Markiewicz & J. Barciszewski, Springer
Heidelberg New York Dordrecht London,
pp113-129, (total 599 pages), 2014.

2) update

—HHHY Y — X BRI AT T IV

pp241-247,

375 (2013)

3) CcsJ
06
pp166-172 218
2011
o 1
1
2011-125734 PCT/JP2012/064276
23 6 3 24

6 1
@

MATSUDA Akira

90157313
@

SATO Kosuke

70415686
A

SATO Yusuke

10735624



