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BB/ kit (lipid nanoparticle: LNP) Ffff & RNA £ ORIz L 0 . HFRHI D RNA FHE3S coronavirus
disease 2019 (COVID-19) IZkf9 % mRNA U 27 F U N FERKIZE o 7o, —i%IZ LNP OEAMIEEIZIE, BEEORE:,
HMRINFEAT, = FY —ABHIC R0 pH IWEMEDIREFERN B EN D, FEAMKICE > TZREFHEARD
Mg OIERIT, ZOHETIZE 3BT I 2622 L THY , MBUESRH T CORIEENA A AL LI F A%
Y, EDTD T DIREFERITIA A ARE LTS, — . EREELIIE 3R T I 2 b
U pH M DO B AR AR AR F L OV NP ZBA%8 L. small interfering RNA (siRNA) <2 mRNA 0D 1%E(Z B
T D IBERFIE TR 2 38T C& 7=, RBHELMMEET D NP HIFOREOOEDIE, RV =FL 7Y a—nu
(PEG) FREZMEHET & b oHtEom W INP Z/ERARECTH LR TH Y | ERDA A U ALIEE Z Hv 7z LNP &
IXERUENTE D, A A ALIEEIL, HE pH IZEBWTHEEDA T ML TB LT RO D, AT 7 FV
N o XD RN ) VIR & TR o THE OISR, T D7, EAL ST X TOKEE LNP
BIFNZ L. NEE ok L TEL S—F > M7 7200 PEG IEERTRIM SN TEY . = O8O PEG 5 T
HZBUKMECT D2 Lic kD, B—TLERKF D Z ATREIZ L TV D, mRNA U 27 F & DRIFUSIZ BT,
PEG IEEIZ X D fZ B ORGSR HE STV D, AEE DABAFE L7 LNP Hif7id, KIF A PEG IEE & &4
FL LW, ZOMIRFEITRD 95D,

AREETIT, REEOLDRAT D5 NP HiFo@mtERell, XHEARERE X U T 1 OB, &5 O R 4
WD FAIFOISHFPHDIER 2 > 7z, T E TITREKE & PGB F R L 2 B 0B o0 B Ay ST R B 7%
BIREREERGT L, AT 5 NP HiFo@mELZ XY | ERbE 7Bz ERIDEREZ D LNP D BR%E 2 57
2o X VUT 4L L TIEmRNA & HULMT . siRNA, microRNA (miRNA), B L ONTF R BHZERISRIZ LIZ, Mz T,
THALE RIS O AR FEE & O LD | INP W R OB GIZ L 28 - X7 F KT U N —(2BF
HIRGEAEAT o1z, &I, REEOMIEEEAN] 215 H U7 B Pl L OB B 217\, oo o — X
FEERAGRE O WFEHERE I & D fHLATZ,
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VIR E S 23B89 L7 LNP £ifiii. PEG—free T LNP NERLAIHETH S5 & DD, PECIEE 2 & T LNP & b

L C mRNA OEAZNENMENZ ERFRETh o7, ZOMEOMRZ B L U, B BRI E 5
{& (TMDEDA JE'E) Z k&t - &k L7z, TMDEDA JEE % &4 3 5 PEG-free LNP Z{E L, LNP ORI 7, B—#
BAL, e, AT+ r Y — nRNA S AREORANCET 5 MG, A > ERICIIT 5 mRNA AR
(BT o MEt A I L7z, Z4L5H O PEG-free LNP HfFIZBI 9 5 Mt TS DA AFZEaR 2 & & 12, TMDEDA fif
B ORI 2SN 5 AR I E N R L7 (BHE 2023-021016) . [EIPN RS S a2k L, 2 O 2B
SRHHFEIC )M S 72 9 % C PCT HifE (PCT/JP2024/3597) %47~ 7=, ML, S0 7T EEICAAR, KEH, B
M, PE, SEE, ZENASOBITTRRE 25 T L, 512, 7280 pH JREMRE TH D CAIREZBR L.,
ST B ICRFHRE  (FFRE 2025-144198) & {T-o 72, CAJNRE % FV 7= CA-LNP |X, in vitro CT% in vivo T
HE AT mRNA ZEARRETH U | KHROBEAF LNP & ol L TaEWiiahgme s Lz,

* PEG—free LNP ELAZhR « 22V O R

mRNA & 5[ A L7z PEG-free LNP OFWWE, ZZath, ZEM% 27N L7z, TMDEDA JFE % &A% PEG-free
INP &~ 7 AN L7z & 2 A, PEGIRE & W 2354 & RS EO mRNA A28 L, X CTRIAE
PEDPME L RAEVEDREWFE R 24372 (J Pharm Sci. 2026), F72BEF LNP & Lhifig L TR EMER L O ZEMEICB W
THEAMEDR DD Z LB BN oTz, S OICIEEABEUNHAE DO T PEG-free LNP Z/FR$ 5 Z &IZ &
V. PEG IEEL Z VL & PEG 25 H T H8EMF LNP & R OPUAFHENATREIC 22~ 72 (F5FE 2026-012878)
72¥. PEGIEEA U R T4 LNP Z Lhik L7 35-60%, ARFEFHETHIFE L7z LN IX, BEAF LNP L 0 L IEN7ZHUARS
B XU REZ R LT,

2) NP ORFIE
» mRNA B o afit B AL
mRNA % 3 A U7z LNP BIANC G RERI D A 7 b — 2 &R L 7= 14, LNP & —80°C Ttk L 7=, ASER DAl
T LNP ORLTRE, B SO S HIREL mRNA EASRDZAL LA 2 & A8 Lz, 72U mRNA/LNP
RN 2 @R IS~ 7 A G- L, mRNA OFFM: Ly 7 =7 —F mRNA DEAZNR) ICB(LR 202 & &2 52
Wz L7z,
* siRNA + mRNA S D Uit vz R ALA b,
siRNA @ %\ & mRNA Z3f A L7- LNP OBGHFZ BRI 2 BRI 3 5 72 BRGIRAERA], £ ORIRINAL, B S
PE. BRSSO W TR L7z, GRS REI mRNA/LNP U1 248K L2k, LNP ORI 748, B — & B, 20
P, mRNA H AR, B OV mRNA OIEME (L7 =7 —F mRNA OEAZHR) Z2HE LT, T — % B so
A% T L C mRNA OO il 2 574 L. BB\ ) TR 2 O Rl T mRNA OFEMEANT & A 2
B L7 2 PS8 L7z, LNP OBRG OB, FHD & ML ERGE U T ORI 2 E2 72 <. +
DIRNT T = T — BB R LT,

3) LNP £ fff i
« XTF KD LNP N~DNEf
B TR B AR & ~ AN —IRE Z MG, AR GO O EEHOmEMHERZ R7 1 ©
VI TH A LTRTF RE INP NIZEAT L Z 2l Al, XTFRELTIEHE AU RAY EEIRL,
A AV CEANINP ORI Z AT, A AV V2 BRR S DRRERIR S pH, A A ) REF 2 bR 2 1T
RTZRMET INP ORLFBE, pHetE, A o AU CEAR FEHIEEZRHE L, A > AU B A LNP ZB% L7,
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BERIFET L~ AA v AU VEANINP 20 H A WVITR THRE L2 & 2 A, Wb Eig i Ze b E 0K
T@BlE 7z (Biochem Biophys Res Commun. 2025), A AU OROBFNIHFEINTEY, ZDOEH
AT TR MG BT,

- LNP (mRNA) #% 5% B O fat

B SRR B A AR & O T2 INP EIR O LA B L L, LNP O G5BT o st 2 F L7z, &
g (FANES.. SRS, f&O#h) Cfix O% mRNA/LNP 2~ 0 2125 L, mRNA OFEBLZ)ZES0 LNP
DARN A 2 5l L7z, ARSI TR L7z NP IE, AN GIZB W T HERIRNE 5123880 Th | PEG lFE O
B0 b TR~ DO EREMEAME - 72, BETF LNP X8 W ATERME 278 L722s, AT L2 INP X
B mWEEREME A R LTz, 22 C, 7 —%A A MY —Z W THIRL L~V CREHT L72 & 2 A, RO
AR SRR 2 7R U7e (5 2025-144198) . K588 (AWK S, #IkNKE S, #Oo&5E) 20
T, AEIETHIE L INP (X, BEFELNP &3 B C B DRSS L OV 7 BRBL AR LT,

* mRNA 3L T 7 T2 DBR%E

ARFEETHIE L INPIZETAFURART LT I (0VA) 22— R 5 mRNA ZE AL, T AT RAE
U7 & 2 A GURFFEA 2R & it e iE 23 B2 2358 S iz (PCT/JP2022/17539, FrfiE 2025-144198).,
— 5T, RIEEY A N A OEARIT, BEF INP X0 HEEICRS , MWEEEIURE S L, [FAR VAL
HRBRICBNWTH@mWEeEZ R Lic, £ 2T, VA 5BLEGT EEET MZBW\WT T 7 F Uiz i L7z &
A BEFLNP K0 b EWHUES SR A" U, BEFHARICRT T 2B bl o7, Ko TARFZE TR
FELUTZLNP (X, mRNA AT 7 F U OBRICHERTH D Z E W s N,

4) AL — XRAWEE & OsH
- — X%t 1
BRI T A VA (HBV) OHUREZ /37 B % 22— K9 2% mRNA Z 5 A L7238 LNP SFNZ OV TRl L 7= &
Z A, PURBEAS HBV OFRYLINHIZh S 3388 S A072, HBV @O mRNA/INP U 7 F 0%, BEfED U 7 F L RISt
LTCO=—ARHY, FIGET 7 F o & LUSHABRIZRIEL, 2RV DO=—AnNbHDHLEZ2 D,
- L KPS 2
SRR SE A b OBEAZE A LT INP BFIZBRETE A RS L, BEEAD LNP ~DE AT
R LNP DATFIZ DWW TG 2 FEhE L7z, LNP ORI 788, B — X BAT, Z5rHdEs, miRNA B AR AT L,
YYEIZB L CRAFRFERZGT2, b NEIEHBALZBIE Lo~ U AT A /LN 2§ RN G- L7 L 2 A8
RPN T DTz,
- — %P 3
TP53 AT T A L PR & Z —7 v MILTZEEEB Z2 08 AMIIIZE AT 5720 D LNP OHFFERRFE 2 S fi L
7o B AFTZRWEREB I, 1EROHEMMEMERZRA LT /IR CTh o7, T2 TRFHET
I B & LNP ICE AT 2 FIEIC DWW TG L7, £ ORER. BB % 80%LL EDONE 3T PEG-free LNP (2
HATHREEZRHB L, INP LR FREARRE X U 7 ¢ S ICBIN Sz,
- — X%t 4
I mRNA 2 3f A L7c LNP RAIDOBAFE 21T o7, B KEBRARE SR A VTRl mRNA 25635
PEG-free LNP ZF#dL . ZDOVEREZ BB Cilli L7z, /L7 =7 —EmRNA ZE[ A L7z PEG-free LNP %
~ U AGBEOBENICEGH% L8 2 A, AT mRNA & Il U CEME mRNA 1@V LY 7 = 7 —BiE 2R
L7z EBHIZO0VA Z 22— K95 mRNA Z%#f A L7 PEG-free INP Z[FEEICHG L72L Z A, *H mRNA & Ebi L
T &ML mRNA & WU RE 2R L7=, PEG—free LNP 1l & @i mRNA £ O@AIC X v . B2 mRNA
U F v wBFETE D AR R S,
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KR C % B SR LNP (2B AT 2 FIEIZ DWW TG LTc, #iRC £ A L7 LNP UHIOFRIEATTUY, LNP
DRLFRE, B—F B, ZoHdai, BEE AREZFML, WHICE L CRIFRFEREZG2, b MEX M
BRERWTHUEREROERIZBNT, EBCITAEIE TR L, D=7 A4 P T 51 C 2R
L7, JEE L INP DR — T » ZREEIZEAT 22170, kKD b 100 f5FRRE D A - — /LT LNP 253
BIATREIC e o T2, =7 A PO RIEFAIRNE 53 ERBR 2B WO T LNP OFWEETERIH ST o 72, B
KX ¥ U7 LR BREDCEBEREORTRBE IN T, MRALFRIRAE DR R CIERIES O
BEREA~D X A — U PR S L7z, FERFHIRAE IS W TH RFITRD bR o7,
« — X%t 6

P53 AT A TR %S —7 >y MIUTZERED % LNP {E L, CDX &7 /MZEBW TR D /INP ®FIOH
PERI 21T > 72, BEBED/INP BKI L AT TF o EOPFRATIM L2 & 2 A, CDX BT /MZBWTEEED
JLNP BUHNDHZINENI & 0725 T2,
o = A% T

HFRPEB AR EBE S T U R— R ZRT A3 — X (R X% 22— F9°5 mRNA) &2 Ef A L7- LNP O%1
TR B—XEM. 2B, B AEEZTM L., WIEICE LT RAF R RS2, mRNA/LNP 2~ 7 A D
MMENICEEG- LTc b 2 A, BERX DX VX7 ERELEIEMED EAMBE ST, —F T, NP WRICEENLD
HRERGERI A 7 10— 2 DRBIEDP IR B A LE TR REMEN B 2 b, A7 a—R 258 LaWg
TR 2 BRE U7e, ek mRNA/LNP SUFI O R0 22 EMEIZ DUV TR L 72, mRNA/LNP 2377 U R—3
EFNTIABIORT TG FoT U R—Y RAEF AT RIWENHELE L 2 A, WEFALICBWTIAY
7 = —RAEREE DA LTz,
=A%t 8

R E % LNP (\ZE AT 2 FIEIC DWW TG LTz, BEEE 23 L7z LNP UAIZ 38 L, £%EE E/LNP ORL 1
e, B—XEA, 2R, BIBE S AEEZFHE L, ®IEICE L CRA R RAST-, b ML AKMIEE R
LT~ U AR E /INP 45 L, ZOHUEGIR A MG Lz & 2 A, JEEHEHEOBEE 246l 3F80 5178
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This project aimed to expand the application range of our lipid nanoparticle (LNP) technology by improving its
performance, adding compatible modalities, and comparing administration routes. One of the features of our LNP technology
is that it is possible to produce highly dispersible LNPs without using polyethylene glycol (PEG) lipids, which differentiates
it from conventional LNPs. Although omitted in this report, research collaborations were also conducted to promote research

in other seed development projects.

Development of novel charge-reversible lipid derivatives

A new charge-reversible lipid derivative (TMDEDA lipid) was designed and synthesized. The usefulness of PEG-
free LNP containing TMDEDA lipid was clarified and a patent application was filed (PCT/JP2024/3597). In addition, another
pH-responsive lipid, CA lipid, was developed and a patent application was filed (JP2025-144198). CA-LNPs using CA lipids
enabled highly efficient mRNA transfection both in vitro and in vivo, and showed higher antibody induction compared to

existing control LNPs.

Evaluation of effectiveness and safety of mRNA/PEG-free LNPs

When PEG-free LNPs containing TMDEDA lipids were administered intramuscularly to mice, they showed mRNA
transfection efficiency equivalent to or better than that using PEG lipids, and in addition, they exhibited lower inflammation
and higher safety (J Pharm Sci. 2026). Furthermore, superiority in safety and stability compared to existing LNPs was revealed.
Moreover, by appropriately combining lipids to produce PEG-free LNPs, antibody induction comparable to that of existing
PEG-containing LNPs became possible without using PEG lipids (JP2026-012878).

Freezing formulation of mRNA/LNPs
Sucrose, a cryoprotective agent, was added to LNP preparations containing mRNA, and the LNPs were frozen at -
80°C. We demonstrated that there was no change in particle properties or mRNA activity (luciferase mRNA transfection

efficiency) before and after a freeze-thaw cycle.

Freeze-dried formulation of siRNA or mRNA/LNPs

To develop lyophilized preparations of LNPs encapsulating siRNA or mRNA, we investigated cryoprotective agents,
other additives, freezing conditions, drying conditions, etc. In animal studies, we developed a preparation in which mRNA
activity remained almost unchanged before and after lyophilization. The lyophilized mRNA/LNP preparation showed no

change in particle properties even after more than six months from preparation, and exhibited sufficient luciferase activity.

Encapsulation of peptides into LNPs
We developed insulin-encapsulated LNPs and administered them orally or subcutaneously to diabetic model mice,

resulting in a sustained decrease in blood glucose levels (Biochem Biophys Res Commun. 2025).

Investigation of Administration Routes of mRNA/LNPs

Various mRNA/LNPs were administered to mice via each administration route (intramuscular, intravenous, and
oral), and the mRNA expression efficiency and LNP distribution in the body were evaluated. Our LNPs showed low
accumulation in the liver, regardless of the presence or absence of PEG lipids, after both intramuscular and intravenous
administration. While existing LNPs showed high accumulation in the liver, our LNPs showed high accumulation in the spleen,
particularly in splenic dendritic cells (JP2025-144198). In all administration routes, our LNPs exhibited clearly different

characteristics in pharmacokinetics and protein expression compared to existing LNPs.

Development of mRNA Cancer Vaccines

When mRNA encoding the model antigen ovalbumin (OVA) was encapsulated in our LNPs and administered intramuscularly
to mice, antigen-specific humoral and cellular immunity was significantly induced (PCT/JP2022/17539, JP2025-144198). On
the other hand, the production of inflammatory cytokines was significantly lower with our LNPs than with existing LNPs,
suggesting high safety. When the cancer vaccine effects were evaluated in an OVA-expressing EG7 tumor model, our LNPs
showed higher antitumor effects than existing LNPs, demonstrating superiority over existing technologies. Therefore, it is

suggested that our LNPs are useful for the development of mRNA cancer vaccines.
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