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Elucidation of the mechanism for auto-penetrating DNA aptamers and their
application as post-antibody drugs
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Antibod¥ drugs, which are broadly used in the application for anticancer
therapy, are limited to extracellular targets due to their inability to penetrate cell membranes. We

have focused on DNA aptamer molecules formed by single-stranded nucleic acids with antibody-like
functions, and succeeded in developing a stimulus-responsive DNA molecule, "IRDAptamer which forms a
cube-shaped structure upon ionic stimulation and shows high affinity and selectivity for an
oncogenic protein. Furthermore, we identified the optimal sequence of the molecule based on
structure-activity relationship studies. In addition, the functional analysis under the
physiological conditions and studies in living mice suggested that this molecule could be developed
as a post-antibody drug targeting intracellular oncogenic proteins.

DNA



1/3

WHO 2030 50
2018
1000
PPM1D
Kozakai, et al. Sci. Rep. 2016, Ogasawara, et al. Bioorg. Med. Chem., 2015
PPM1D
1.
<HFEZE>
PPMID +Fo—K S AH mrmsl
FSRYZXTT AL AH mramdt
FEYVLTT WA FE mpamih
- IPEDE ) RERESS  massl
RS XTI FAAE ammst
tEt 737
PPM1D PPHD <FIT—EE>
PPM1D Macugen (Za#) MmESEREE gapd
REG1 (Ph3) RAMSBRE  @ppdl
PPM1D AS1411 (Ph2) HAMHESHANE gupil
ARC1905 (Ph1) PMBEREE mapsl
PPM1D
DNA DNA ,
DNA IRDAptamer lon-Responsive Dna Aptamer
PPM1D B-loop IRDAptamer
IRDAptamer
IRDAptamer
3
PPM1D IRDAptamer



BEORKER

AA B EDNAT7 74 <—:IRDAptamer

#®a A= . ﬁfﬂ]ﬂﬂﬂi’é _ <IRDAptamerDF g2 >
" saces (O] [IIRSTIIGD
(@) T « {EEARRTRE (KD
. U - smmcsozemmege
T} c BRICH T PEL R BN
4
ﬁ A Y BESCEC33333I3ITIIIX CEEEEEEE IR R R T O I3 IIIIIIIIIIIIIO
il A AR
ﬂi QG E JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ@UJJJJJJJJJJJJJJJJ
1. IRDAptamer
PPM1D IRDAptamer
IRDAptamer
On/Off PPM1D
IRDAptamer CD
CD
PPM1D IRDAptamer  PPM1D
IRDAptamer PPM1D PPM1D p53 15
PPM1D
pNPP
p-nitropnenol
IRDAptamer  PPM1D
IRDApatmer
PPM1D IRDApatmer
in silico
PPM1D IRDAptamer
IRDAptamer
IRDAptamer
IRDAptamer
IRDAptamer PPM D IRDAptame 3
IRDAptamer DNA
IRDAptamer
IRDAptamer Na /K
Na* IRDAptamer  PPM1D
Western Blotting p53
IRDAptamer
3 BALB/c-nu, SHO, NOD/SCID 1x10’ MCF7

IRDAptamer



IRDApatmer

IRDAptamer  PPM1D
PPM1D IRDAptamer 5 3
PPM1D IRDAptame PPM1D 3
IRDAptamer  DNA
IRDAptamer DNA
IRDAptamer
IRDAptamer
IRDAptamer
IRDAptamer IRDAptamer
PPM1D IRDAptamer
PPM1D IRDAptamer
3 Flanking
IRDAptamer In silico
IRDAptamer
IRDAptamer
IRDAptamer MCF7
IRDAptamer
PPM1D IRDAptamer
MCF7
PPM1D IRDAptamer
IRDAptamer
IRDAptamer
IRDAptamer Na*
MCF7 PPM1D
IRDAptamer p53
IRDAptamer
5 3 IRDAptamer
IRDAptamer FRET
IRDAptamer
. IRDAptamer  FRET
IRDAptamer
PPM1D
IRDAptamer PPM1D MCF7
PPM1D IRDAptamer  MCF7
PPM1D A549
IRDAptamer PPM1D
PPM1D
IRDAptamer
IRDAptamer
PPM1D MCF7 -3



BALB/c-nu,
streptozotocin
Blotting
MCF7
IRDAptamer

IRDAptamer

SHO,

NOD/SCID 1x10’

PPM1D

MCF7

IRDAptamer

PPM1D

IRDAptamer

PPM1D

NOD/SCID
Western

IRDAptamer



4 4 0 3

Mizunuma, M., Kaneko, A., Imai, S., Furukawa, K. and Chuman, Y. 8 12

Methods for Identification of Substrates/Inhibitors of FCP/SCP Type Protein Ser/Thr 2020

Phosphatases

Processes 1598
DOl

10.3390/pr8121598

Kaneko, A., Watari, M., Mizunuma, M., Saito, H., Furukawa, K. and Chuman, Y. 10(10)

Development of Specific Inhibitors for Oncogenic Phosphatase PPM1D by Using lon-Responsive DNA 2020

Aptamer Library

Catalysts 1153
DOl

10.3390/catal 10101153

Yoshida, T., Yamazaki, K., Imai, S., Banno, A., Kaneko, A., Furukawa, K. and Chuman, Y. 9

Identification of a Specific Inhibitor of Human Scpl Phosphatase Using the Phosphorylation 2019

Mimic Phage Display Method

Catalysts 842
DOl

10.3390/catal 9100842

Ogasawara, S., Chuman, Y., Michiba, T., Kamada, R., Imagawa, T. and Sakaguchi, K. 165

Inhibition of protein phosphatase PPM1D enhances retinoic acid-induced differentiation in human 2019

embryonic carcinoma cell line

The Journal of Biochemistry 471 477

DOl
10.1093/jb/mvy119




20 6 4

PPM1D loop
12 UGCE
2021 2022
DNA - IRDAptamer
10
2021 2022

Masataka Mizunuma, Atsushi Kaneko, Kazuhiro Furukawa, Yoshiro Chuman

Development of Novel Mn2+-specific Sensor using G-quadruplex DNA Aptamer

44

2021

PPM1D loop

61

2021




Atsushi Kaneko, Yuuka Yamagata, Mirai Suzuki, Masataka Mizunuma, Kazuhiro Furukawa, Yoshiro Chuman

lon-responsive DNA Aptamer (IRDAptamer) drugs targeting intercellular oncogenic protein phosphatase PPM1D

2021

DNA (IRDAptamer)

93

2020

Masataka Mizunuma, Atsushi Kaneko, Miyuu Watari, Hikaru Saito, Akinori Banno, Yuka Yamagata, Kazuhiro Furukawa and Yoshiro
Chuman

Application Of Mn2+-Specific Biosensor Based on G-Quadruplex DNA Aptamer

57

2020

PPM1D DNA

43

2020




Yoshiro Chuman

Specific Inhibitors for Oncogenic Protein Phosphatase PPM1D Using G-quadruplex-based DNA aptamer library

14th International Conference on Protein Phosphatase

2020

Scpl IRDAptamer

11

2020 2021

Yoshiro Chuman

Identification of the Binding Molecules for Disease-related Proteins Using Adn-based Phage Display Libraries

The 18th AKABORI Conference 2020

2020 2021

PPM1D

2019




DNA PPM1D

60

2019

DNA

60

2019

DNA IRDAptamer)

2019

Atsushi Kaneko, Miyuu Watari, Masataka Mizunuma, Hikaru Saito, Kazuhiro Furukawa and Yoshiro Chuman

Development of Aptamer Based Stimuli-Responsive PPM1D Inhibitors with Cell-Penetrating Activity

56

2019




Yoshiro Chuman

Construction of Structurally-Controlled Platform for Ildentification of Specific Inhibitors against Oncogenic Ser/Thr Protein
Phosphatases

2019 Taiwan-Japan Bilateral Conference on Phosphatase (4th)

2019

Atsushi Kaneko, Miyuu Watari, Masataka Mizunuma, Kazuhiro Furukawa, and Yoshiro Chuman

Structure-activity Relationship and Intracellular Function of lon-responsive DNA Aptamer against Oncogenic Phosphatase PPM1D

2019 Taiwan-Japan Bilateral Conference on Phosphatase (4th)

2019

Yoshiro Chuman Miyuu Watari, Masataka Mizukami, Kazuhiro Furukawa Atsushi Kaneko

Identification of Specific Inhibitors for Oncogenic Protein Phosphatase PPM1D Using lon-responsive DNA Aptamer (IRDAptamer)
Library

42

2019

Masataka Mizunuma, Atsushi Kaneko,1l Miyuu Watari, Hikaru Saito, Kazuhiro Furukawa, Yoshiro Chuman

Development of Highly Sensitive lon Sensor Using Rare-metal Trapping DNA Aptamer

100

2019




2019-096035 2019
2019-096035 2019
PCT/JP2020/20119 2020

0

http://chem.sc.niigata-u.ac.jp/~chuman/

(Yutaka Terao)

(50397717) (13101)
(Yuichiro Higashimoto)
(40352124) (37104)




(Takashi Abe)

(30390628)

(13101)




