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I1 WFFERRFOBE
WFFE O
RNA FEGEMAE (RBP) 1%, 1 WEHISCEAf, &7 & mRNA OFk 2 72 R4 785 L2 O 2 7, & AR
BAHE LTS, T RNA HEEZERE RBP & L T4 OFIE L7~ Regnase—1 (Regl) XV A M hA v ERIE
[ZREHT 550 7D mRNA % AT 2V—TREE A L Cofid L, il ibo 7 L—% & L CHRET 5, t&
I $o % JE SR FRIT Regl DZEBORBIZEL 3 BHE 9%, mRNA K3&E1Z. Roquin 72 & Regl BI&R RBP 12 & - T & 7l
HE2ZIT 52 R0, RIEABIZ LV mRNA FED BRI T2 Z &6 mRNA RIS HIEI I 0% RIEZ B OHT 72
IRIRHAE & 72D E B 2 HILD, Regl ITHE O mRNA 2 H AT M —THE1EZ N L CoT 5, 2 O 2 il
THEYIICAH) TERET VAL, FIRIZEALZE Z A, Regl mRNA S INHI v, Regl BMEE RN L
A L7oe £ TAMIETIR, 1) Regl MEIEHIA Y TREIEDIFEIA I = X 2% JRIBET L~ T AR MEFE
K& AT, BRRORELZITV, AHEEOMNL, AIERICORTSEZ L, 2) AT LA — 7k 2708
Hho> RBP ZAERY & L= Bl g hilE 2R T2 2 &, 3) BRI XIT 5 7 7 —/3L 72 mRNA #1E 28 L fiE
M58 U Tz 7o o8 B BERY mRNA S 2 [RE L, 7' e 7 4 — LMENTIC K 0 2 OfEE 258595 RBP & M7,
RNA #1245 & L7 7o e AR SR D BRFE I D7 T FE EREE 375, ZAUT LD, mRNA HEIEZ A% & L
CHIFMSRE 2 T DR EE SR, &0 ) & H T e oy B HIENE O & BT,

)i

WFFERRFE DR d L OV D A

AWFF2TIL, Regl mRNA @ 3° UTR IZEAET 5 2 DD AT LL— TG N FNHEST % 2 fliEO T v F B o A
U TGRS, Regl mRNA O H 40 fRZ 40 L. Regl mRNA 222 E k., DX R EORBAMRTH Z & &
R L7, TNET, 7T A4 Y IR, FER mRNA 2202 U720 BIERIISI9- 2 2 & C, ZOfmez M
filTHEIIEHINTIEY, 7Ty A4 TEERRIC L0 EER) mRNA OFEBLZ PR 5 DI, &< HHofH
RETHL, 7oFvyAFY TEBRE LTL, A7+ U BB E W, KA IR 2 fEEZ =
F—arCvrury—UICEBATSH I LT, Regnase-1 JEEAHM L, 22 XV LPS BIIZ 345 IL-6 =
IL-1B72 ERIEMET A N H A OFEAZIHI Lz, M2 T, RIECBEDD 7T A OMIBNRIEA T = —X
— R OB TR LIH L, £/, Regl 7o F v AA Y IEE N, RIEMEEB~ 7 ZEF /TSR
ERTZEERH U, SRMEMIE~ T AET /L TH D BAE I Regl HEHT T A4 Y TG & N B
B35 & R & W o TR EEREIR AN L7223, BREO G E Wz THIfa Y — 7 =2 AT 5 | Regl 42
HA Y TR EGIZL D | FTEROREMET L, BRGREMR CH L~ A 7 v 27 U 7 fMlaofiEHE (b2 imH &
TWAZEERALMNI LT, T2, VKRRV Y v T4 K (LPS) H 512 K DR G AREMERE~ 7 A E T /LIZ Regl
T TR AL ) AR ERRER G352 L12X 0, fiCOVA bAoA PEASCIHFERIZ A B S iz,
F7-. WRHEE~ 7 ZEF/UIC Regl BERT o F v o AA Y SR 2 RRAERGT 5 2 L T, B Lo
kﬁﬁm TR L BB T RO T ABE SN, 20 LI, MQWMY/%ﬁ/xﬁ):#&i <A
RIEMEERBOKEBICAEATHL Z ERHALNE ST, I HIT, Regl @3’ UTR O AT L)L—7fiE % i@ U7l
#H73t b Regnase-1 IZ &S TE DD 24T o 7, BlANID LRI D23 2 DFT D AT bV —THidE T e b,
~ A L UMD FLHH Regnase—1 mRNA @ 37 UTR TERFS4LTH Y . & b Regnase—1 D 2 AT AT L/L—F|Z
A LEOMERET T T A4 U TR (AS0) #ENEhakit L, L7+ U BEgE O TEKR LT,
INHDOASOZE b~ v 77— UfaRICEAT D &, ~ 7 X Regnase-1 (T[T 54 U T2~ U Al
A LTZBR & [FBRIZ, Regnase-1 DOFEBLA MR S, LPS FIIHIZxI9 % IL6 =° ILIB 22 E D% A ~ A iBIn 13
Bl Uiz, FERIC e FRIMM bR R Z Wi Th & & Regnase-1 fEH)T » F v AA U AR
Regnase—1 MBI ZIEIR L, A N A L 3BLZIHI L7z (Tse KM et al. Sci Transl Med 2022 [ZF@3C3Z).
F 72, Regnase-1 DIEHI L7225 MEEZIHLNIT 5720, b MUEEARIZEIT D Regnase—1 FHL &2 BE MK
Z W TRRET U, 23 MR e SR RS L ERIC 31T 5 Regnase—1 J8Bif & MRI @ T2 SREHEIG T DR EHAL

DERFEICAOHENRH A Z L 2 52 L7 (Tse KM et al. Sci Transl Med 2022)., F7-. t s EiEC
2



BT H Regnase—1 DIMFEMAB TORIEN, BEHTREIHELVIETLTNE Z L, BEDOHFTH Regnase-1
FHHOERN—FEL, BROTENENZ E LI L E 72572 (Yaku A et al. Circulation 2022 I[ZGw3CHHK), &
7o M@ MERE X, BEG Ch DME L X< AMFT 2 HR M 5TV 5, Regnase-1 O~ o A 21T 5 KT
HOSERRE BRIET 2 E0NMOLN TV DA, Regnase-1 Zlilifi~7n 7 7 —Y 2L E T O/ TRIAS
Wiov U AT, EERMENTEZ BRBIET D2 L HIHMNIC L, Regnase-1 KM~ v 77—
LA IS IL-6 <° PDGF AMRREDTERUZ HE & BI 2 RI2 L T D 2 VRIS, IL-6 ZRRHLAS PDGF
A e X —Th2s Imatinib OFGIC X VIFRENSGET L2 EFNRHL N E 72 o72, DFE D | Regnase-1 FHL Lt b
fliE MEECIBNTHHRR D~ — I —TIIHES | ZORBIZHF LG LTV D AEEMENREZ X bIvd, £7-. Regnase-
1 ORBLAMERT HH T, MESELHRFTE 5, ZILE TOWIE T, Regnase-1 N~ v 77—z, THl
B0 B AMAE, 1T RIASRY 3Bk, ERGAE e & S & S AMfa CIEME b7 L—3 & L THREL T\ 5 Z & &1
ML TE e, AUFZET, BRI (D), T X v a F/UEHRHIRE 1 A (eDC1) (235 H LT Regnase-
1 ODEENZMMT L2 & 2 A, Regnase—1 2% ¢DC1 D RIETEMECMIIG F M T Mifa 2 GV T 2 e 2 AUZFRET L C
W5 Z &, F72, ¢DCl T Regnase—1 ZEELAT L7c~ U AL, ZRMEALIEE T /L OFFEII L, BARIC A
FORINZRIET 2F. £ AEY =T MROFEGLHIRT H7-DZDINHR S L0 B 7052 &% A L7z (Rong
et al. Frontier Immunol In press), Z DX 51T, cDC H Regnase-1 ZHEHIE L7=T v F L A4V TEERROIE
BRI D —o L 70 % = & BEE S, MIFEfE D Regnase—1 BERESB H2NT 725 2 & T, L EEb) 260 kE &
D LRSS,

F AL T, EBEIRIC L DR BIRRIC T T, B REmRE DD, SRk 5 7 m—
JL 732 mRNA B XS VARNT 22 38 U T2 72 S R0 mRNA BEE DRI E AT - CT&E 72, 9. ~7 n 77— JHila
BT 2 Raw264. 7 HIf=° HeLa M 2 Z 424 LPS <=2 IL-1b THIE L. T X D&% k% icSHAPE-3 — 7
T AWEE AW THEERICHNT Lo, 2ORERE LT, BRGERIEIC Y  AHZe mRNA CREEZ A 29 2
EBALNER ST, RO OREEEZEZ THEIKICHES T2 RNA 56 % /7 B ORI IR 6 |
Regnase—1 &3 50 LA D Z ™ 7 B8 BB~ & f5A . mRNA il B0 5 ArREMEAN RIR S 4Tz,

Z 512, Regnase—1 |ZHilfHl & 41 5 EEAY mRNA Ol & & DEENCBI T 5 f#HT H17 > 72, Regnase—1 (X% ® RNA 5
Wl T 0 T EIROFRENEND 4 DD T 7 IV = FEFFD, FITH Regnase-3 [TEDIBL AL — %
Regnase—1 LF¥ELIL TW5, F7-. CLIP-— 7 = ZAfEMrH 5, Regnase—1 & Regnase—3 23EEL L 7= mRNA OFH
[F72 AT 2—T G R, T 5FE %2 AL L7-, Regnase-1 & Regnase—-3 OERNIZIBIT HHEREZ A & 7)»
(T D7 DIREMITERBT 2L 5~ 22l 5L 20U U ERGEDERICES S, BHiER
AR AL TCHET D HERHA SN E 2o T, BB A 2o > 7 0L RNA-seq #7226 i il Cc o
U & ERGRMIEA~D Priming NEHE SN TEYD . LOEMERA~OZME LT < RoTWND Z LAVRIRS T, &
LERAINE TP Regnase—1/Regnase—1 A mRNA DT> 5, Nfkbiz BEFOMER & L CRIE v, EORIN,
BEREENSBHRTER L TWASZ ENRHELMNE 7 o7-, Regnase—1/Regnase-3/Nfkbiz @ =& R~V A TiL
Regnase—1/Regnase-3 DE/KIE F TR D U L/ BRK FOBHEER R Z N L AF 2 —ENTHE Y . Nfkbiz O
EEMENHER SN, Nfkbiz @ 3" UTRIZIFEET H AT LL—THEED 9 5, Regnase—1/Regnase-3 12 X 5%
ICEERLDOERIE L, TOAT LD —TIEE T HT TR A4 TEfEZ ST 5 &, Nfkbiz mRNA 23
ZEN L, TDOX R EERPERICHEBT 2FHNALNE R o7, F70, EMHMROLETERE VT,
Nfkbiz DA T LA—TREEICKT 27 o F R AA ) A H G325 & Nfkbiz FEEMETR L, B REECRAM
fa~D3 b & TTHE S5 Z LN 5 2 572 (Uehata et al. Blood. 2024), Z @ X 912, Nfkbiz mRNA 0 A
TLANL—THEEL, T TR ALY AKBRIC K AHEORER S LTHERRLOTHLZ ENREZ LD,
Regnase—1 KIAIE, MABE ORI EIZHBWTHZDOF MRS E 2> TS, Nfkbiz A9 ASO 1, il
EENE TR OTEMEAL 2 58 < TUHE S W72 2 &2 b MEIERER A Y TR O REHR~OISH b HIfF S b, £72,
TR HIATEMEALIZ BV T, 250D mRNA HEE L SGR D DN Z E D b, & BT < OFER) mRNA #1502 O il
HEOBIRIC RN D Z ERREEND,



II. Overview of the Research and Development
Research Overview
RNA-binding proteins (RBPs) recognize diverse features of mRNAs, including primary sequence, chemical modifications,
and secondary structures, thereby determining mRNA fate and regulating protein translation. Among these, we identified
Regnase-1 (Regl) as an RNA structure—recognizing RBP that binds stem—loop structures within mRNAs encoding
inflammatory mediators such as cytokines, promoting their degradation and functioning as a brake on immune cell activation.
Alterations in Regl expression or mutations are associated with human immune and inflammatory diseases.

Because mRNA structures are regulated not only by Regl but also by other RBPs such as Roquin, and because
inflammatory stimuli dynamically remodel mRNA structures, targeting mRNA structural regulation represents a promising
therapeutic strategy. Regl also degrades its own mRNA via stem—loop structures in its 3" UTR. We designed antisense
oligonucleotides (ASOs) to disrupt these structures, resulting in suppression of Regl mRNA self-degradation and increased
Regl protein expression.

In this project, we aim to:

elucidate the mechanisms of Regl structure-targeting ASOs using disease-model mice and human samples and optimize
these oligonucleotides for therapeutic development;

develop novel immunoregulatory strategies targeting other stem—loop—recognizing RBPs; and

identify new disease-relevant mRNA structures through global analyses of stimulus-induced mRNA structural changes,
coupled with proteomic identification of structure-recognizing RBPs, thereby enabling the development of next-generation
RNA structure—targeting nucleic acid therapeutics.

Ultimately, this research seeks to establish a fundamentally new immunomodulatory strategy based on targeting mRNA
structures.

Research Outcomes and Significance

We identified two morpholino-modified ASOs targeting distinct stem—loop structures in the 3’ UTR of Regl mRNA. These
ASOs suppressed Regl mRNA self-degradation, stabilized the transcript, and enhanced Regl protein expression. Unlike
conventional ASOs that suppress gene expression, this represents a novel application in which ASOs increase target gene
expression. Combined delivery of these ASOs into macrophages increased Regl levels and suppressed LPS-induced
inflammatory cytokines, including IL-6 and IL-1B, as well as other inflammatory mediators.

In mouse models, Regl-targeting ASOs ameliorated disease phenotypes. Intracerebroventricular administration in an EAE
model improved clinical symptoms and reduced neutrophil infiltration and microglial activation. Airway administration
suppressed cytokine production and neutrophil infiltration in an acute lung injury model and attenuated fibrosis in a pulmonary
fibrosis model.

We further demonstrated that this strategy is applicable to human Regnase-1. ASOs targeting conserved stem—loop
structures in the human Regnase-1 3' UTR enhanced Regnase-1 expression and suppressed inflammatory cytokine expression
in human macrophage cell lines and primary peripheral blood mononuclear cells (Tse KM et al., Sci Transl Med, 2022).
Clinically, Regnase-1 expression inversely correlated with disease severity in multiple sclerosis and pulmonary hypertension,
indicating its functional relevance in human disease (Tse KM et al., Sci Transl Med, 2022; Yaku A et al., Circulation, 2022).

Beyond macrophages, we showed that Regnase-1 negatively regulates inflammatory activity in ¢cDC1 cells, influencing
cytotoxic T cell activation and disease progression in autoimmune models (Rong et al., Frontiers in Immunology, in press).
These findings suggest cell type—specific therapeutic targeting of Regnase-1.

Finally, global mRNA structure profiling (icSHAPE-seq) revealed widespread stimulus-induced mRNA structural
remodeling and identified more than 50 RBPs, including Regnase-1, potentially involved in structure-dependent regulation.
We further identified Nfkbiz as a key Regnase-1/Regnase-3 target regulating hematopoietic lineage commitment. ASOs

targeting stem—loop structures in the Nfkbiz 3" UTR stabilized its mRNA and enhanced protein expression, promoting myeloid
4



differentiation (Uehata et al., Blood, 2024).
Together, these results establish RNA structure—targeting ASOs as a versatile and innovative platform for both

immunosuppressive and immunostimulatory therapies, opening new avenues for nucleic acid—based immunomodulation.



