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Development of Nucleic-Acid-Medicine Mechanisms by Staple Oligomer

WFZeRESs EMi : M3 10H 20 ~5M644E3H31H

FFERRRRES K4 BH B
KATSUDA, Yousuke

WHFEPHFE RS PrEmsEE - W08 - Bk
[ESLRFIENRBAR PR A s e

Faculty of Advanced Science and Technology, Kumamoto University, Associate Professor

IT HrZEBHF OME

HEEHE DO J I —7TIL 2 FE TIT Staple B4k & 44T 1) 72 8L 238 A L, A9 mRNA (28T RNA G-
quadruplex (RGQIE DR ZHE T 5 2 & TH 87 BRIEREUS & Mfl 3 2 Hilf &2 BAR L C & 7=, i~ Ot
ZeE D 7 | Staple BZEE I ATENRM: 5 UFIE O JR IR B AR 1 & 4 TUr 5 TRPC6 DIEBLZBEFH T CToh %5 siRNA
EHHR L THRE Sl L7z, & HICBERBINRZH221E (TAC1E) A L COROIERZFHE Lz~ U A 20
T Staple &R 52175 &, DMEREZ 7~ d EF B L OVFS EHAY TAC AL % fii L TV WIER ~ v A L IRIE[A
FEOEZRTZ LI LTz, T bDRREZZ T HEH I TIORT 2 208 F &2 b5 % 13 L. Staple
B 2 IR =K ICE T D i~ B SN EE X TV D,

ORTBIRNE R AR IR O BHJE (Staple #ZEE D EEGL & L COA[REME A BR T D)

TRPC6 Z A% & LIoFHISEFIC B2 MR 24525 Z LITE LTz, Lo LBEIRT 7 / Btk v A L2
ZAfi > T Staple R Z FHL S TND 2 END, RHFEIZEWTIL Staple #E # N TEfiRIL L T~ 7 A2
H U7z, S HITERG LT N TEAIEZIR( Staple B2l DIEMENRE, 7 2 —7 v MR EAFEBICHE L, A0F
FEB RIS TIRFIZ IR W TIERRIRERBRIZCE T D B~ & 2T > 77 » 7 EW DI+ M R O BfG 2 ik 7 72,

QR E R FR R ASEIETGIFEDOBHFE  (Staple 418 D wlREMEZ JRT %)

Falz U IMFEIA a7 =R E L I IR EEND T VU XXy T EFHET D RRER
XA T TA o TR E 525 Z & CERZRBLT 5, ARIHFEH 22427 5 Ribosomal Shunting i
Y Staple EZRAIZ AN Z/2ER57 D mRNA FHIR A D F AHYD % X7 ERER G 2 T SE 5, DF AR IR
BETERICE S TEHASR T LE oI a RUE2ET 2 & T 4 £ TIRED NEE 7 - 72 Premature Termination



Codon % fLIK 3 2R OIERIERIE 2l Te, =7 VY U AFX vy T LT 2 LHIBRS LD T I/ BREINIER 1
INEWNWZ ENDRERIBFEIRPIFFTE 5,

SEATES
O Bh IR v S VRSB L2 B L C

RNAh Sl OFREMEZ S 2 5 & BilglEde a0 _— c
B O A RN Z OB A RT3 = & T °
%o RNAh £Afri%, BERPUGD & 9 72314 AT I* T
nE AL DOWHENLEL LW, Staple £
fpatikd DA N TEMICEESHZ TH, b d
WA D T & < ARNTORE R '
SELZENTEDLITT THD, Staple gD
Z D& bR L RTREME A FERE T D 72D
(2. TRPC6 BEinFAIER L T2 K 9 ITEREF S
7oIEBRIR L- b LA = — LEZ#E (L-aTNA) CH
% S 117 Staple £l % FV T, —1H D invitro 35
L Winvivo EBEZ1T -7, THED . RGq (% 40-ntL-aTNA @ Staple #F£1Z & - C TRPC6 EEAYELY| CTiEFET 5 =
LR T E - (Fig.1a), Z OFEFIX, Staple IR DELSEIR) A 7 U XA B — 3 D I3 Staple £
DIEMFRBUCEETHY X7 LAF Fa=y hOMFRETEE TRV L 2MIRB LTINS, 512,
L-aTNA @ Staple $F2 ORERFLETE M2 in vitro FHERIS LT C2C12 M@l ds1F 2 NIRME TRPC6 FEELD western
blot ZPATIZ K> THFHMN L7z (Fig. 1b), TARE Y | EEMIREIRR CTld7z A < EZRBUTE LS HE S, C2C12 ##

ZHF B NRME TRPC6 F 5L & R FERAFACINEI T2 Z L N ABECTH -~ 7= (Fig. le and d), ZHHDOFIRIE
Staple BZE DHEFFRBLOFHEIZOWTORMLE 72 ) | FERICHERREBO R THRR S N4 ) I~—2FH L
BRI IEDBAFE~DELZH DO TH DL LB TND

i< AT w7 TlL, 40-ntL-aTNA @ Staple 4% ~ 17 A DOWNIKME TRPC6 & /s 112 H L7z, L-aTNA @ Staple
B, invivo N7 AT =7 3 UREEE VT, BIRES T~ U 2O LIRICESHR G U, JREAIZ 0N
ORI TIL A2 23, L-aTNA B! Staple I3 DM ~SEA I Tne, HEHTREZ LT, EAS
U7z ZHAOGIER L-aTNA Staple #£F20D Cy5 F8 KOV FITC #0t 7 )L \bﬁ@ﬁ’%wT6LﬁiTﬁﬁ’
HRELIEEETHY, 2O &iE, 2D O Staple BEEEDS LMBIZ 3\ C 6 W EIFREE & TR RIEE 72tk RE
ZEERLTWD, FEEE, L-aTNA Bl Staple 8% 1 BHESH T2 &, ~ 7 2D .0LEKIC %memm6®%ﬁﬁ%g
(RAFHINT 6 [ & CRARMIImE S iz,

Fig. 1 L-aTNA THiak & 11z Staple #%BE D HEREETA

Q% #= M FHA R SO IETE IR FEDBATE 1B L T

B Luciferase i FA2FH L CLAR—2—7 vt A ZJRH L7z, £O#EE., Mg TH Ribosomal Shunting
DNREMERT H T EIPI LTz, S BIT invitro TORER & T % & incell 223517 % Ribosomal Shunting %)
ROFVIWEITEHD Z EDBP LN o7z, ZOFEEITMIANDL 5 FIHRHERIZH D . KFRD in vitro & Hlg L
T RNA G-quadruplex DHEEN LV LETH D &V FABHRE SN TEY . ZORA - 173 Ribosomal Shunting
RIS B E G 27200 L THALTWSD, — T, invitro ORI CTHIH L 7= Staple #1421 in cell RIZIW
TIXBE BN EE R AR T DI B LR o7, DFE V| in vitro R Chcifb L7- Staple R4 L in
cell RTHREZREST 201 TlERNE WS Z LD, ZOHE XV | Ribosomal Shunting %7847 L 7= Staple £%



13 in vitro THaELT 2D TiX72 < incell RIZBW TR T 5
MRS DH END ZEBHA LN T,

SHIIARTrY 2l NOGHETHLIEELNHY T HEBED
COL7A1 \Zi# &3 % Staple A A %G L7 & 2 A, 2803 D 2822
FROT I VBBHET L2 LRHALMNIRoT, LERS>TZO
JED Z BIBR L 72 COL7AI 228032821 33 L TN COL7AI p2803-2800 2 {EHE L T2, 0

7TH= T =033 REETERT D 2 L THIIAMC I SHUBEE  Fig. 2 7®a5—4# L #4889 & L 1= Western
ERMTHZLBMON T D, 22T COLA s B LV WOEITORER. 125 7 OF22
COL7AI s2803-2822 % Westernblot (IZ X V) 3 EIKTERZERT H I & T,  ENTEFT . VRTFLELTIECHAELT
Ribosomal Shunting % 7 M2 Z —7 L 3iex A LT b OED WELC ERTRRENS.

Ml L7z, ZOREER, BEE LML LIERNBUR, 5 E<EHNT

WRWZ EBR LN/ o7 (Fig. 2), &2 C, Al E3EIZEI1T 5 COL7A1 DFREBLEZFHET 5 Z & CTHEENE 7
WaZ =07 OfMlizITH Z LI Lz, TORER, 77 = NTIFEEEORBH L5 DD, 7 vt A RIT(EH)
LTWDEBZ B, Fox BSIFF L7280 BIEIC COLTAI X3S TWD Z E R Bt r o T, ORGSR %
% 1F T, Ribosomal Shunting FHELZ D 78 a2 Z — 57 U (3HKEEEZH LTV 5 LHErT 5128 -7 (Fig. 3).

Ex21 COL7
skip  full

¥
900kDa (3434) ‘
- W

-

250kDa -

150kDa e

2 3 4 5 6 7 8 9 10

Fig. 3 IEEME LEFRNOHMSNE 7E S —4 2% Western blot ICEKYEHEI LTz, LW\ DHDL—2IZENT
I$ Col7TA1 ZHERTH LN TELGD > zD. CHIEEEDOHETHILEEZ TS, UHl. 3 ERHBEOERIET
EuMo3 0D, HMELERNSHRTEILLY., #HESRTEIS—FUTHELEEZATLS,

i8]

Staple BZIRECIN 2 BME & U7z BARTEDORERRESREAN & LT, ANFIERR R TI, IiBhIRIE ) i T e &
REPEERR ORI OB 2 B L, RET 21T o 72, T OMR, Staple BRIZA 7 2 —7 » MR
PHRD TH7p | BIGFARIZ L > THE SN DRBEUET D ARIENHLNE Role, TORMELESRD &
Bex BEEMEREICIGHA TE 5 LB b, fkx RIBRE~OICHANHIR TS, SO MHmBELIND & & big,
Tl 2 PR B DOTRFRFEBHFE (IS R B 2 D T <



Our group has developed a technology to suppress protein translation reactions by introducing short-chain nucleic acids named
Staple oligomer, which induce the formation of RNA G-quadruplex (RGq) structures in target mRNA. Through various
investigations, it has been shown that Staple oligomers significantly inhibit the expression of TRPC6, a gene implicated in
pulmonary arterial hypertension, compared to existing siRNA techniques. Furthermore, in mice induced with myocardial
hypertrophy using the transverse aortic constriction (TAC) method, administration of Staple nucleic acids resulted in EF and
FS values indicating cardiac function comparable to those of normal mice without TAC treatment. Based on these results, the
applicants propose the following two main points and aim to advance Staple nucleic acids as a next-generation nucleic acid

medicine technology.

1. Development of pulmonary arterial hypertension therapy (Exploring the potential of Staple oligomers as pharmaceuticals).
The investigation targeting TRPC6 has yielded very promising insights. However, since Staple oligomers are currently
expressed using adeno-associated virus, in this proposal, Staple oligomers were artificially modified and administered to mice.
Furthermore, the pharmacokinetics and off-target effects of the designed artificially modified Staple oligomers were
thoroughly investigated. The goal was to obtain sufficient knowledge by the end of the research grant period to advance to

the stage of clinical trials.

2. Development of therapy for nutritional deficiency-type epidermolysis bullosa (Expanding the potential of Staple nucleic
acids).

Nucleic acid medicines inducing exon skipping, exemplified by the Duchenne muscular dystrophy therapy drug eteplirsen,
mainly exert their effects by modulating the splicing mechanism. The Ribosomal Shunting-induced Staple oligomers proposed
by the applicants progress protein translation by grabbing unnecessary regions of mRNA. By including premature termination
codons introduced by genetic mutations in the grabbed regions, attempts were made to develop therapies for diseases caused
by Premature Termination Codons, which were previously difficult to treat. Compared to exon skipping, the deletion of amino
acid regions is very small, thus a significant therapeutic effect can be expected.

Regarding the development of pulmonary arterial hypertension therapy, In this study, L-aTNA developed at Nagoya
University Asanuma Laboratory was evaluated as a component of Staple oligomers. Originally, RNAh does not require
cooperation with enzymes present in the body, and the artificial formation of RGq is induced by Staple oligomers binding to
the target region. It is expected that even if all nucleic acids constituting Staple oligomers are converted to artificial nucleic
acids, the effect will not diminish. Indeed, using various artificial nucleic acid type Staple oligomers such as L-aTNA, we
successfully obtained results that were no different from when Staple oligomers were administered using AAV as expected.
Furthermore, by converting all Staple oligomers to L-aTNA-type artificial nucleic acids, remarkable resistance to nucleases
present in the body was significantly improved, resulting in successful confirmation of the presence of the nucleic acid
medicine at a considerably low dose of 2 mg/kg, with a single administration continuing for 8 weeks in the heart, and further

confirming the sustained efficacy.

Regarding the development of therapy for nutritional deficiency-type epidermolysis bullosa, When designing Staple
oligomers that match COL7A1 in patients handled by Fukushima, it was revealed that amino acids from 2803rd to 2822nd
would be omitted. Therefore, COL7A1A2803-2821 and COL7A1A2803-2822, which omit the surrounding region, were
prepared. In Ribosomal Shunting using Staple oligomers, several tens of amino acids are missing in the target protein.
Therefore, it is necessary to prove that the above COL7A1A2803-2821 and COL7A1A2803-2822 are functional type 7
collagen genes. By using the evaluation method established by Natsuka et al., it was confirmed that the partially deleted type

7 collagen maintained its function as expected.



