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Development of chemcial modifications optimized for oligonucleotide-protein
complex formation
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We have pro?osed a methodology to sugpress the off-target effects of
RNaseH-dependent antisense oligonucleotides by introducing chemical modifications optimized for
nucleic acid-protein complex formation. We performed molecular dynamic simulations to extract
structural features upon the RNasaH/DNA/RNA complex. Based on the simulated structures, we designed
and synthesized chemical modification that restricts the position of complex formation. We confirmed
the position of RNaseH complex formation was restricted upon the incorporation of chemical
modifications. In addition, transcriptome analysis showed that the number of off-target genes was
suppressed and the cell survival rate was improved. These results will contribute to the development
of safer antisense oligonucleotides.
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1. WFZEBRAAE S W D5

KR EHE D —D T db % B2 oy iRl 32 (RNase H)IAF R T o F & o Al (ASO) 1&, #HAMERE
B AR RMARD IR & LTIt S, 52 < OEIRRBRThhTnDd, LarL, ASO I
FERRBRICB W C P REERNRE T2 2 085N TEY, 22 THEMS D mRNA (2
ERT 247 2 —47 v "R (Z2el EoRE) IRATh D, 207w, JREMICA 7 2 —47
v MR AT & 5 HEROEIT, BREERBICBWTAERREE S 2 D,

HEEE XA 72—y NIROFEEA =X L EfRIAT 572512, ASO #5102 X 5 7R 72
BRTHBEADT — X T Uiz, & OREE. BIER TRV 20 &R ASO TiX, 2000 fELL F
(12000 FEH) @ mRNA OFBNIHE SN TV, TRHDOESNZHFHRZEZ A, b6t
FERE OMESNDEE ST LTS HFET 2EMNNEETIL, BETIH OISR E 7
S>TWSHZ L ZFEH L7, RNase H |2, DNA/RNA ~7 1 " H#A ik L. RNA 850 24 G4
HNEHEOZ S RX 7 LT —EBTH D, BRENZ & 2HEkE T 5 DNAHE % 6 ik L v £ <
THE, ZOWEMERIZER LN 2D Z EDRH BTV D (Kurreck I et al. Nucleic Acids Res.
2002, 30,1911-1918.), £7= & bk RNaseH & DNA/RNA OHEHAED X #is S EMET XV . RNaseH
EEHE LT 5 DNA SHOHRIF 5~7T HETH 5 2 & b iy STy % (Nowotny et al. Mol Cell.
2007, 28,264-76.), & - T 6 HELERE O M7 “EHIC L > TH . fEE TR Z WA
mRNA 2Ol LA 7 % —47 >y MR EZFLE L TS afREEN R SNz, ThbDZ b, 6
W RRREIEFITE AN S X 238 AL HEMIC K 0 I L. B BSOS IERERZE Bl
T 5 HEFROBFEIL. ASO DA 7 & —74y FHFEOHH], OWTIZZ 2D R ASO DBHFEIC
BWCTHE 2 G LIS D EfFEn 5,

2. WFED BB

ARFFECTlE RNaseH (178 T v F & o A% (ASO)DAE IS mRNA Z U4 547 % —/47 >
N EOMEI A BIE L TW5, HES mRNA OA4 7 % —4 > NMIBEOFR & 725 6 HEARERE
FEFN RIS K AR AL HERIC L VHIRT A Z LT, A7 %5y MEfiL 725 8)
W v REFNL 22 KR LS HIH] L. ARAISE mRNA OUIEr 2306l 2 & v o | JREAIC L 22 m b S
BT TR OMEEZ1T 9,

3. WrROITIE

6 IR FREEIEE I OAMITEIC X 2R A (L FEMIIC LV HIBR T 5 12iE, RNase H &
ASO/RNA DGR Z HIH T 2 LENH 5, BEMRIZROHIENZIX, ASO & FEE O 12 [H
E L BEDNE TCOBREAENIER TE D Z LNATREIC R DALHER ORI N LEI 2 D, £
=T EA RS OB EEE) A 4y 1B )R EFRIC L0 BT L E D) AeEE A b AL ER A kR
BRREITD . AR LTALSER A ASO [ZE A L7=D HIZ, RNase H IZ & 5 DNA/RNA ~7 11
EHHOGEH - VI &2 33 5 2 & THEAREARNE O, F72 in vitro TOA ¥ —47 v M)
BOFHEIC X DRI T DB, NI U AT VT ML L D47 X —47F > FNhROFE
i, HIRAEFRIC L D LEM~DEEOE 1T,

4. BIEARR
(1) 5 FBER L T4 7R

t | RNaseH & DNA/RNA ~7 1 " EFHOEE RO X #ikshiEE (PDB: 2QK9)% H\ T4y 7-#)
TR ZITV, ASO L 72 % DNA OfiGEZHEE Lz, YIS iu2d RNASH ED U ek & b
\ZH 5 DNASHIRD U VR EA 52 H DX 7 LAF RERZMEO L L, 1HEITHROXZ L
FF FE+, 1 HEEROX 7 VAT REEEE-1 L") 7L, T &4T72 > 7=, RNaseH
NHOHEEE L TAALNONILEIZH DR FEMIT L2 Z A, 0,+1,+2,+3,+4 O 5 FILOFESS
DL TEY, BERSETEDL L, -1 DH+5 FTOERENEHELTWA Z ERbho
Tre T2 CHESSOSLARELE RT3 &L WL ODDDARICHIETE D Z Lo T2, R
A7 55401 0 DALEOX 7 LAF R THY | @ NLEERNAREE TH D O4'-endo i % 7R
F90°EHLE LmAib R by, BIIRWZ L2, ZIRIEDE A N T A TRITLTZ L 2 A,
0 DNLED X 7 L AT RIS 90°% /R § 340 O 2 7~ L7= R, IS 1E O B O STARELE D W 5
XIIHHI S D Z EARIB S T, MOAIEDO X Z L AT RSR L7 BN ARELEE 0O 4547 0
LT 90°/ 5 10°LL FEEN TRV . @E L1372 90° (ZEE(l LI b e LR 2 -V iuE 0
DONLEE AR 2 P T& 5 2 & PR Sz,



(2) BIHLESTOAR

Oy TB VDN B P X T B ST AR R [ A L AL E AR & L C B Y s 1[3.2.0]
NI X ERER T D8R R Lic, ZOFBERIL ab initio FHHEIZ ISV TR N IARD
JEAS 91°L . BN E T 5 90 ER IV EEICEEL S NFFERTH DL, ZOFEKEZHOX
7 LAY ROEREEIL Christensen HIZ L > THEINTW=Z Lvh, ZOAKRTEESEIC
ARk & ol UT-(J. Am. Chem. Soc. 1998, 120, 5458-5463.), &H ., VA —/bB L N4 BREZIBAK
T BT, ALV T =T A2 AW B X ORIBS 2 MEd 2 &M ET 45 Z L TR
LR CX DR AR LT, SR LTEAARa T X4 NEERITIET OIS RS2 T
VY, ASO DEAEITH T,

(3) FHERCR ZFIH L 7= A& TR O 10 SR o R

RNaseH |Z DNA/RNA —HE#HZ ik L. RNASHOL AU« RX 7 LT —¥Thd, <
D=, RNA $H&H0E0 7 CTHEH L TRE ., COME T X 72 &2 7 LV ESKE) TiEh
95 Z & T, RNaseH AWK L CWIAEZEFET 52 ERAETHD, AIETHRKLT
RAFOT I H A FiFEk%EZ~ T A Pten, Sod-1 3Lt b HIT #4EA0& L7= ASO [T AL,
R R TRl 24T 72 > 72, Z 2 T Pten B LT Sod-1 1T~ 7 AZBWCHHE R ATHMEEZ R LTZ
ZEBMONDESN AR Lz, £/ HTTIZEEL Tid, SNPIZ L B EEZ LT 5 72D I123R
L7z, ZHHDER LT ASO & v, RIEATD ASO & tikd 2 Z & T, {LFHERMRC L 2 AR
TERHIEZF L7z, YD ASO IZB W THTAERME LT, beT 28 0 IChiE T A& CHAIR
TER UT=BRIC AR T D UM ED 235 B v, RAERTD ASO & 1T R 29 % — U Bl & Tz,
BRIV LT, +1, 42, F3 12 beT MLiE T 2 UIMIEM X, a2 b — L &g L, RISz
X, +4 12 beT WALE T D UIWEED S — B Fx BTz, 2D DOFERNS | ABFFETREF L 72 beT
XS HIOTHREEY . HEERT O 0 OAEICHE LI-HETH Y . AR A HIE TR ST Th
DI ERFEIELT,

(4) invitro TOF 7 Z =5y Fh RPN R OMRGE

BRC LT 3FED ASO D 5 b, ~ 7 A[fv N AE FIFAEE b.End3 IZB W TRIB FRBN A LD
Sod-1 Z 4% & L7 ASO @ invitro TORRAEFM L7, T2 A7 =7 ¥ 3 E, invivo Dk
B LS HHT S & &ND CEM B2 V., 72 K#% OB 3818 % qPCR THHMliL7z, 0
FEE. RIEfGD ASO &R L., (bHEAi &8 A L7= ASO 1XR%E DA > #—77 v MEME (Sod-1
IR 2R Uiz, T, beT 34 2 —4y MEMEZILET I ERFIHTE 2t %
BT 5, RIZ, 72 —7y IR EFRDZOIC, HEH 24 EREON T A7 T h—
LEFRZ L A, 50%LL ERBIH U /2B i 103 FMEE ASO Tl 760 fiE T o 5 DI 3 LIESAT
ASO X 564 HCTh -7, T 206 SNTBAS 11X 399 [ ThH b . KIESH ASO I [E A DN
SN T 361 . EAfi ASO IZEA OIf S N -BIa X165l Th -7, BTN &
2. ASO O 6 MR DRI DOEEMEZ T L= & 2 A, Efi ASO ([Z[EA oIl S i-Es 1
. Fil SRl BIB (N 7 7T 70 R) EREDORMETH > T-— ). FMELR ASO (2 [H
HOMEI S NT-BE I, BT S8 s TR L RIS 6 MR OO HBLEHA
BRSO, 2SS, RNaseH IRTED A7 X —7 » MBI FIZ 760 HH Y . 5 5 361
EIIARFFE TS BWIALHEMIC L VR TE /22 L 2R LTV 5, &EISHAFEROZE
iz 7oz, AV Sod-1 1TTRWAFREMEEZ RTZ &M BTV D, £ 2 Tin vitro D
SR & U CHIB AR 2 RERT ASO TRl L7z & 2 A, H 5 EKFICHIATER DK T2
T, FDO—F T, ALFEMZEA LT- ASO 5.1 L » THINRAFEROIE T IZA L)
ST, TNHEORER LY | AWML TS L7 L5HEAIX. invitro DRIZBWT, 7% —47 v b
HEZMH L, MEEEEZ R CE 2 LV EEERNEHNWT v F U AR THD Z L2 FEIEL
Yl

(5) &

AWFFE Tl RNaseH #6177 > T o AR D& 4VEm % B 5 L T, RNaseH-DNA/RNA #H &K
TERLZ HIH 3 2L EM OB 21T > 72, TEIFHREZH O CE SN EY 2 v[3.2.0]~
TR UERELOX 7 LAY REERE, HEETIZBWT 0 OMEICHE L-fiETh ., 20
FRNI R RO EBR CHER S LTz, 7247 X —47 » FRIZhER, Zettom Eico>nTh in
vitro DR Tl L, EAET& 7o, AWFZERRIIC L 0 | a0 O ERRE RO B3I T, #r
T HliEfmEiRB T A LN TE T,



7 7 0 1

Masaki Yoshiaki Yamamoto Keishi Yoshida Keita Maruyama Atsuya Tomori Takahito Iriyama 17

Yusuke Nakajima Hiroyuki Kanaki Tatsuro Seio Kohji

Modification of oligonucleotides with weak basic residues via the 2' -0O-carbamoylethyl linker 2019

for improving nuclease resistance without loss of duplex stability and antisense activity

Organic & Biomolecular Chemistry 4835 4842
DOl

10.1039/c90b00668k

Masaki Yoshiaki Yamamoto Keishi Inde Takeshi Yoshida Keita Maruyama Atsuya Nagata 29

Tetsuya Tanihata Jun Takeda Shin®ichi Sekine Mitsuo Seio Kohji

Synthesis of 2' -0-(N-methylcarbamoylethyl) 5-methyl-2-thiouridine and its application to 2019

splice-switching oligonucleotides

Bioorganic & Medicinal Chemistry Letters 160 163
DOl

10.1016/j .bmcl .2018.12.005

Masaki Yoshiaki Inde Takeshi Maruyama Atsuya Seio Kohji 17

Tolerance of N2-heteroaryl modifications on guanine bases in a DNA G-quadruplex 2019

Organic & Biomolecular Chemistry 859 866
DOl

10.1039/C80B03100B

Masaki Yoshiaki Yamamoto Keishi [Inde Takeshi Yoshida Keita Maruyama Atsuya Nagata 29

Tetsuya Tanihata Jun Takeda Shin®ichi Sekine Mitsuo Seio Kohji

Synthesis of 2' -0-(N-methylcarbamoylethyl) 5-methyl-2-thiouridine and its application to 2019

splice-switching oligonucleotides

Bioorganic & Medicinal Chemistry Letters 160 163

DOl
10.1016/j .bmecl.2018.12.005




Masaki Yoshiaki Inde Takeshi Maruyama Atsuya Seio Kohji 17

Tolerance of N2-heteroaryl modifications on guanine bases in a DNA G-quadruplex 2019

Organic & Biomolecular Chemistry 859 866
DOl

10.1039/C80B03100B

Inde Takeshi Nishizawa Shuhei Hattori Yuusaku Kanamori Takashi Yuasa Hideya Seio Kohji 26

Sekine Mitsuo Ohkubo AKihiro

Synthesis of and triplex formation in oligonucleotides containing 2' -deoxy-6-thioxanthosine 2018

Bioorganic & Medicinal Chemistry 3785 3790
DOl

10.1016/j .bmc.2018.06.004

Masaki Yoshiaki Iriyama Yusuke Nakajima Hiroyuki Kuroda Yusuke Kanaki Tatsuro Furukawa 28

Satoshi Sekine Mitsuo Seio Kohji

Application of 2' -0-(2-N-Methylcarbamoylethyl) Nucleotides in RNase H-Dependent Antisense 2018

Oligonucleotides

Nucleic Acid Therapeutics 307 311

DOl
10.1089/nat.2018.0738

11 2 5

RNaseH

13 2019

2019




Masaki, Y.; Yamamoto, K.; Yoshida, Y.; Maruyama, A.; Tomori, T.; lIriyama, Y.; Nakajima, H.; Kanaki, T.; Seio, K.

Synthesis and properties of 2"-O-modified oligonucleotides having carbamoylethyl linker

2019

Masaki, Y.; Inde, T.; Maruyama, A.; Seio, K.

(4)Tolerance of N2-heteroaryl modifications on guanine bases in G-quadruplex structure

CISNAC 2019

2019

Masaki, Y.; Yamamoto, K.; Yoshida, K.; Iriyama, Y.; Nakajima, H.; Kanaki, T.; Tomori, T.; Seio, K.

Application of 2° -O-carbamoylethyl-type modifications in antisense oligonucleotide

The 14th Annual Meeting of the Oligonucleotide Therapeutics Society

2018

Masaki, Y.; Inde, T.; Maruyama, A.; Seio, Kohji

Synthesis of oligodeoxyribonucleotides containing N2-heteroarylguanine residues and their properties in G-quadruplex
structures

XXI111 International Roundtable on Nucleosides, Nucleotides & Nucleic Acids

2018




RNaseH

2018

99

2019

2017

2017




Masaki, Y.; Sekine, M.; Seio, K.

Relationship between deformability of sugar-modified RNA duplexes and their melting temperatures

13th Annual Meeting of the Oligonucleotide Therapeutics Society

2017
27,3
98
2018
1
Masaki, Y.; Ohkubo, A.; Seio, K.; Sekine, M. (Obika, S. Sekine, M. eds) 2018
Springer Singapore 284 (13)

Synthesis of Therapeutic Oligonucleotides (38.Effects of 2° -O-Modifications on RNA Duplex
Stability)

3
W02019/182037 2019
PCT/JP2019/011801 2019
2018-052578 2018







