Em BHEH SFH8F4A20H
REEEES: 252e0121029h0005

H A<= 5t J0 B SE A AR
KHARIER - BB EBLO D DRIKEB BN EE
(RNA ERRIRISEEATBR 7E)
BERRRABES

I EAREHR

WFIEPARE RS, (HAEE) HTA RNA EERYIE G O WFIERE 78
(¥ &%) Research and Development of Novel RNA-targeted Therapeutics (R&D of Novel RNA-
targeted Therapeutics)

RFZERR3E Ehai - S 34FE7 A IS H~5M 843 A 31 H

R EE K4 (BAE) B &
(¥ #B) Yoshihito UENO

WHFEPHFE RS PEARE - i - Bk
(BAGE) [ESLREZEE NI E SR AR I RS - IS AR 2 - %
(¥ §&) Gifu University, Tokai National Higher Education and Research System * Faculty of Applied Biological Sciences

Professor

11 BFZEBR OE

MR ORI L NE D ERSE
g2 _—2pL |k
BT 1 R VR

e EESR, TI2 siRNA EHE 7 o F v o AEHRL, ZORERME L 2O E S5, WIRERGER & LT
REBRFFZ TN TODED, (RN TORZREMESC, MR, Mk ~OZENREENEREEITO ETH by
X7 Lo TIND, R SIRNA (3, BEHEIZITMRN~ZEZEIRRNEWS 2L s X7 LT —BIZk>TH
RENGALETHDH LN ZENE, ZNET, EBFEmE LTS - IREEOKEZEDL 2 ENE Lo T,
L)L, 2OBHFO) —Z—Th 5 KET VA T 20T, 2018 Hi2, U AR Y — L4 « siRNA EAEIRBAL ST ¢ o
T VORI L, fEV T 2019 4, 2020 42, VAR Y —2L &2 H0 7 WE T#RERITH D GalNAc B Y >
RZAMIML7Z RNA T3, R T <3 TV ROA V7 U ST ORI LTS, L LRis,
NRT 4T 0%, DDS & LTHRIEMEY R Y — 2% 5T 2 L b2 OERIFFRA~REN TH D, —F. GalNAc-

SIRNA =1 ¥ 27— M RNA FHEEICRBWN TS, MRRNEEICE L Tz s B Y — A0 bfllaE ~DOBITERIE
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0.01%LL FTHVHEOLERH D Z L, Fiz, VAR Y —LH8H L ERRICEZLEDITFIRICIES D Z b, i
gt LA DIFRR DT> D siRNA EFHRARDO LN TEY, ZOMBERE 7 V7 T 257200t 7272 %
DDS OB TH 5D Z L3> T\ %,

AHFFERR 1L, LRl Z iR T D A1, R KRFZENET D, L% &R0 & R KRICIE AT 5
ZLIZERY, 1) siRNA KOT o F 1 o AR L HER 2 i L C, BN THLIER siRNA LT o F &
VAR EAI L, 2) BNAMBEmICEERIL CODZREEEN L LicfbihErarPar— e LT,
FRZEL siRNA R OT VT A EMBAEDLEDZ LITX Y, v TN THME & REMECEN -
EEEAAIHT A EE2ENE LT,

DX 7 L7 —RilitER X OHIRRBLR BN 2 [ L S8 20 EffiE L LT, U URRIEICIT WA OB X
7 L7 —TlEm LICENTHD EOEZDOL E, X7 LAY ROFES AN KON SNLST R ) T VX U l8E %5
ALTEFHRX 7 VA R a7 &2l L, 3. (5)-5-C-7 X/ 7rEN2-0-AF )X 7 LAY RO UK
DERBIEEMENL L, ZbZ 3T siRNA O RNA TGN, BVZ2Etk, gL et 27 L7z (ACS Advances,
2022), ZDFER, LD Z ENHBMME 5T, 1)(S)-5-C-7 2 7 71 EUERIE, siRNA Xyt ¥y —8HD
3R ES L O S-S ELE U725 RNATTEME 2 R EFF L7, 2) OB A L7236 RNAITEMESME T Lz,
Z UL, RISC RO Ny ¥y —HUI N HE I NS 7o EHELE I, 3) BiX 7 LAY & 34 filil
FELTEALTYH, KiaCThIVUITEEIIRE S 720, 5 HEFEEAN CIXEHEOIK TR R 57z, 4) TA REMIA~
DELGIEZ < ONLE T RNAI TEEZ K T w7223, BISMNOICALE 7 OEEIZFFR S, 5) iGH COREMR
BRIZEBWT, (8)-5-C-7 X/ 71 EVERT 2-0- A T ER L 0 b WitEZ R L, B, Nyt oYy —#{3-
KD UpA AL CTHN T o 72, 6) KNTC2 ZHER) &5 siRNA TH, (5)-5-C-7 2/ 7’1 E/VER & K
(BN LTSS, RNAL TEHRIIRF ST, 202 Enb, (8)-5-C-TX /) 7R EN2-0-AFNLX T LAY RE
SIRNA OHEFIERAL (T 3K ) ~HEUNE AT 5 Z & T, RNAL IEMEEHERE L ooifiEh CoLeEttzm LT
XBHZENGIoT,

Wiz, 5-C-7 2 7 e )UERiX 7 L4 K% RNase H (K7 o F v v AWM ~ICHT 2 Z L2 HgE L
T 2ANLDOKERIECT 2 ) =2 F AN A bF o F VR EEA L7 2 EOFRENT I V7 a7 (S)-
5-C-7 2 ) FuEN2-0-T 2 ) TFLF I DU NI(S)-5-C-T 2 ) T EN2-0-2 hFVZFLF IV %
AR L. oWt « AWiETEAFHE L7- (Results in Chemistry, 2024), DGR, LLTFOZ LR LN E o7,
1) WEAiX 7 LAY REEA L DNA IZEWX 7 LT —BiEE2 R L, g H CoofiE 2 K8l Lz, 2)
S0%REIREE (Tm) ZE L, DNA/RNA —HBHHOBLZEMZFHII L7z & Z A, (5)-5-C-7 X/ 7 m EL2-0-A b
¥ V= F UEHIL DNA/RNA “AKEOBLEMEZ B E (ATn=+12°C) SELDIZH L, 2-0-7 2 ) =F )VE
il I ARZEL (ATm=—63°C) 752 ENHLMNE o7, 3) RNase HIEMEREIC DWW Cid, iEfiis &, Tk
DNA ¥ v v 70\ 53413 RNase H ZiEM (LT b 2 &, 72720, 2-0-7 2/ = F )VEMNISLIRREE I L 0 1)
Wih= DMK T35 Z &R do T2, 4)KRAS ZFEJ & L 72 LNA (Locked Nucleic Acid) ¥+ v 7'~ —~DIuH L7z
fER. (8)-5-C-7 X ) IR EN2-0-2 NXTFZFNESE T A v TEITEA LT KRAS ¥ v v 7'~ —I&, invitro
IZANT S5uM DS R T, LNARY T 4 7ar ha— L X 0Bwn ) v 7 X VR a R LT, 208 2
5. (8)-5-C-7 X 7 EN2-0-A FF T ZFVERMIL LNA ICROLELERT o F A - U4 T HEBOE
fiifEffi CH D 2 L AVRIB S LT,

T2, X7 VAV R, (5)-5-C-T2 /) a7 78 70ta-5-2F L0 2 A ONI(S)-5-C-7
) TREND-TITE ) INNABSAFNALF U INA Xy v/ ~—HA L, ENELE T KNTC2 O
NIh A 2 5F A L 72 (Molecules, 2022), Z D#ER, 1) AEAIL, RNase H IEPELEEZ R B3 6, ZHEEHOE
BEMEBLOX 7 LT =Ptttz L& 52 &, 2) AAFRaFAz—h (PS) fiADOHICEEX 7 LT —F
Xt D ANRENT, AMERMOBENC LD HETE D ENHLNE o7, F72. 3) AS49tGFP Ml 7=
AR SRS . PS B OB ZR S LH D, AMEMEZEALZ LNA ¥ v 7v—NINARTT 47 a hr—

NV E LTRSS LI ENU EOMREEZ R L2 &b, REMIZ XV PS Effid kO M2 AR R 2 7Thg
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PEARIR STz,

FENWT, 4TI ) ZFATAF X7 LAY FAEREE INA X v v 7 ~—0OF v v FHAICHEENISEA L
T A Loy o ZiEE LR EE AT Lo, EORER, LT OZ ERWGMNE o7z, 1) v v FHEO 1,
2, 10 FRIZT7 T r 728 AL THIERIIRFFS, 2 FEOMNEICT e 728 AL O TR, IFEAR K
DHEVENEEZ R LT, F£72, 2) 7 e oo PS G E Y VY = AT L (PO) IZEH LT HIEMESIRET
SN e, TIurZEANILY PSHEEEMLT I ENARETH D Z ENRB I NIz, 4-N-AF LT )
TFN20-THXTXIT LAY R (4-MAE-Ns) ZEAL7ZHDTIL 4-AENs ZEALZHD LY b EmniA
Loy Z1EM AR L2 (Bioorg. Med. Chem, 2022), 3) X% v 7HEKD 3, 4 HH~DO T F 1 7 DOE AL, LNA
¥y v rv—OMEEEEZ KT SEDL 2 Enanoi,

T HEERENPDE L TCTAXIAVELHEIED Z LICED, B 4-A0C N-TAX AT R ) =T Lk aE
ALEFRTF IV UVBEARTHD 4-N-2F VT ) = FNLF IV 4-EAE-T), 4-N-7F LT ) ZF LT
PV A-BAE-T) RN 4-N-& 27 FILT I ) =F)LF IV (4-0AE-T) ZBRL L. Z DY & AWTE % 5840 L 7=
(Molecules, 2025), % D#EHR, 1) Tn BIEN S, 4-EAE-T & N 4-BAE-T | 4-MAE-T & [RI%D ThfEZx H 5. 4-OAE-
T TIERIEIC T EAME T L7, 2) RNase H iEMEREIC DWW TIE, 4-EAE-T [TAREMIA & [F&EOiEMLEEEZ b b,
4'-BAE-T KON 4-OAE-T TITUIWIhRAME T L7z, 3) X7 L7 —EMPEICE LT, 4-EAE-T 23 b 22 /b 2h 5
<, BHENEW 4-0AE-T 23 b RENEIMEN 572, 4) KRAS 2R & U7z B 7 F LM Tt
JETIE, 4-BAE-T 25T 4-BAE-T Z51e LNA ¥ v 7 ~—(, REMKLFFEOYA Ly 73R %aR
L7ZDIZkF L, 4-0OAE-T ZEA L7 b O TIHEEIME T Lz, 2D Z &5 5 4-EAE-T 73 LNA ¥ % v 7'~ —IlH
b LICEBRiATH Y . X7 L7 —BMitn L &7z RNase HIEMEALREA TN, TE 5 Z L 3o T,

NRB BRI L DR EHOREERR L, T TR U= ANRFBICHEER AN LT
A LEFREBHX 7 LAY RThD 4-C-T I )T hFV2-0-AF VT Y Uikt - &L, 4-C-T7 7
0 EL2-0-AF Ny U Uk OB Z1T > 7 (Results in Chemistry, 2021), ZO#EH, 1) 4-C-7 X /= %
T2-0-AF NI YV wEANLT RNA K UVSIRNA (X, 4-C-7 X /) 7R ENLN2-0-AF Ly ) U8 AL
DIZHRTEW iz b b, MiGE2atEtih cox 7 L7y —Pmtt s Kigicm L Lz, 2) £72, 4-C-7 3/
ThFT2-0-AF N YD DOENIRX T LAY REEBONAREEZ C3-endo ~3 7 h W, ZhNEZEN
M EO—KEEZEZ BTz, 3)siRNA ~DIEHTIE, Nyt Yy —8HIDEE AT 285, RNALTEMEILREF S
NoH—4. ZHEANT D EEREFRIC LV IEER TR RO,

FENT, X7 UAY REE 407 X 7 = o gE, BAE S m = a8 AL 4-7 3 /= b
V2-0-AFNS5-Ta = ) DR AR L. OMWE A EE L2 (RSC Advances, 2024), & OfEH, 4'-
T T EFV2-0-AFN-5-Ta =Ly DU TEHED Thfiz KE L EASE72 (ATw = +4.2 °C/mod.),
TR, SO T e = VI E BHET DER E ORIO R Z v X U THEERNTFE L TWD EB X BN, 2) 4
FENVFRRT D, T v J OFERD C3'-endo SAKELEA BN L, A B ESTERICAFNTENTWD Z &R
REENT, £, 3) TR IZOEANIX I LT —ElittE A2 KIEICm EEE 5 2 & 3)RNase H i L 2 8 TK
TEHESLHDDDNA X v 7 &fERET 52 &85> T RNase HIEHALDARETH D Z L33 o 72, 4) KRAS
Ry L L7z in vitto TOT T AEWERIEND, T a2l % 3-UA 2 TEM~SEAN LT LNA X v v 7 ~—
T, AT a7 arbue— L EREOEEERLIEZIEND, 47 ) T hHU2-0-AF)N-5-7a =LY
UUIZLNA OREERiE LTAEETH D Z LR INT,

VI F o mIX LD & T OMERGIES N BIE, MR ERANCHEIT 5 2 AL TR Y, MlsRA 7%
WEEOEARFIL L L CORmUVBTERR /1 Z D T\ 5, ARBFZEBRFE TlX, PEHARRMSRE & L CHT 2828
fe—FEH o o VoM — FEBEL, 7/ TAFALXT LAY ROBBRLEFEN EMAafdbEds 2 tn kb,
LNP D% ¥ U 7 —Z ME L3, EAMRNIZEERICZEICEEIND siRNA K ONT T AL
AT 52 L2 HBE Le, BERMRIEN S LT, A SRR EZEHRET S B BNAKD C ZHFEREEHBTH D

G aRE L, SZEROV T NEeRD X KOY 28 F—7 L LIBENEEE Y2 —/LE2MFE LT, siRNA
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WAET D720 ) U —E RS SEE X KOY FEEREZGR LI%IZ, Y BT 25 2 & TEBBEEIGHK
FA% Jﬁﬁﬁﬁ%fx'f A MEEERT 5 LI LIz, £z, Gl LET IFA FE2HNT X KOVY FHEf
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Nucleic acid therapeutics, particularly small interfering RNA (siRNA) and antisense oligonucleotides (ASOs), have
emerged as highly promising next-generation drug modalities due to their remarkable target specificity and safety. However,
two major barriers have impeded their clinical development: (1) instability in biological systems caused by rapid nuclease
degradation, and (2) extremely low efficiency of intracellular delivery to target cells and tissues. Native siRNA cannot
independently penetrate cell membranes and is rapidly degraded in vivo, making it difficult historically to obtain regulatory
approval. A transformative advance occurred when Alnylam Pharmaceuticals (USA) succeeded in developing patisiran, a
liposomal siRNA formulation, approved in 2018. This was followed by the approval of GaINAc-conjugated subcutaneous
RNALI therapeutics, including givosiran, lumasiran, and inclisiran between 2019-2020. Nevertheless, patisiran depends on
liposomal lipid carriers and is therefore restricted primarily to hepatic delivery. Likewise, GalNAc-siRNA conjugates,
although simpler and safer, are also limited to liver targeting and suffer from extremely low endosomal escape efficiency
(<0.01%). Thus, the urgent unmet need is the development of a novel delivery system enabling efficient cytosolic release and
targeting beyond the liver, especially for diseases such as cancer.

The present research project aims to overcome these limitations by maximizing the nucleic acid and glycoconjugate
chemistry capabilities at Gifu University. The goal is twofold: (1) to develop chemically modified siRNA and antisense
oligonucleotides with substantially improved nuclease resistance and in vivo stability, and (2) to conjugate these stabilized
nucleic acids with ligands targeting receptors overexpressed on cancer cell surfaces, enabling carrier-free, highly selective
delivery.

Novel nucleosides bearing aminoalkyl side chains at the 4’ and 5’ positions of the ribose moiety were synthesized, including
(8)-5'-C-aminopropyl-2'-O-methyl-modified nucleosides. Evaluation of siRNAs incorporating these analogues revealed:
RNAI activity was retained when modifications were introduced at either the 3'- or 5'-terminus of the passenger strand.
Central-region modifications caused loss of RNAI activity due to interference with passenger-strand cleavage during RISC
activation. Serum stability was significantly improved compared with conventional 2'-O-methyl modifications, particularly
at vulnerable UpA cleavage sites. Terminal incorporation preserved RNAi function even for the KNTC2 target siRNA. These
findings demonstrate that site-specific introduction of (S)-5'-C-aminopropyl-2'-O-methyl nucleosides improves serum
stability without compromising RNAi potency. Two new modified thymidine analogues—(S)-5'-C-aminopropyl-2'-O-
aminoethyl and (S)-5'-C-aminopropyl-2'-O-methoxyethyl—were synthesized and evaluated: Both modifications greatly
enhanced nuclease resistance. The 2'-O-methoxyethyl analogue increased duplex thermal stability (ATm = +1.2 °C), whereas
the 2’-O-aminoethyl analogue reduced it. KRAS-targeting LNA gapmers incorporating the 2’-O-methoxyethyl analogue
showed stronger knockdown effects than positive controls at 5 uM in vitro. These results indicate that the 2'-O-methoxyethyl
derivative is a promising alternative to LNA as a wing-region modification. Additional analogues, including aminoalkyl-
modified arabino-fluoro nucleosides and 4’-N-alkylaminoethyl thymidines, were also synthesized. They successfully
enhanced nuclease resistance and RNase H activation while enabling reduction of phosphorothioate (PS) linkages, suggesting
a potential path toward lowering toxicity typically associated with PS chemistry. 4'-C-aminoethoxy-2'-O-methyluridine
derivatives showed: Significantly increased thermal duplex stability and nuclease resistance relative to 4'-C-aminopropyl
analogues. Favorable shift towards C3'-endo sugar conformation, supporting A-form helix stabilization. Preservation of RNAi
activity when introduced at limited positions in siRNA.

To achieve selective, carrier-free uptake, new nucleic acid-glycan conjugates were developed targeting: A receptor-
overexpressing B cancer, and C-high D malignancies. After synthesis of glycan derivatives equipped with linkers and
phosphoramidite modification, cluster-type glycan-conjugated siRNA and antisense molecules were constructed. In vivo
mouse studies confirmed their accumulation within tumors, indicating successful receptor-mediated targeting. This research
establishes a comprehensive platform that combines innovative aminoalkyl nucleoside chemistry with glycan-based receptor
targeting to enhance stability, delivery, and therapeutic efficacy of siRNA and antisense nucleic acid drugs without reliance

on lipid carriers. The outcomes pave the way toward developing nucleic acid medicines applicable beyond hepatic diseases,
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particularly for cancer treatment.



