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Development of lipid nanoparticle technology that enables cell targeting at the subset level
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TN R T AT OREICL Y REIZEE T 2 MO ZERMECRE R MED A 5T e 0 | Ak
Ty MBERBOEMIZR o TW D, i, EYEMEY 7y b~ EEIRIICEEFRER KT v 7T U
J—3 A7 A (drug delivery system: DDS) (&, #r LWERSBAF T 5 EEREAIEIC 2, NBET
ki7- (lipid nanoparticle: LNP) $ffii, KRR EEEIZA M2 DDS THY . HAWID small interfering RNA
(siRNA) [EFESCH R a7 7 A VAT H mRNA U 7 F U ORI KR E S BRL Lz, —FH T, IR gLoh
DIgE LN ~DOEEMICZ LN E W IR B D, & 2 TARMFZERFR TIx, MY 7% v b 20 nl b2 5
R AT OB 2 B & L TR &2t 7=, ABFFEBHRFRE TIL, Huik & U CHUAWT /T Fab®  (Fab 7' 7 1 &)
ZHWIZ, 1 FEEO Fab® & REIEAM L7= INP 1 1 HUAR LNP, (RN RR S 2 FEO Fab® &R IIEA L7-
LNP (% 2 HUAR LNP & RE#T 5, LU TFICHIZEBHFE ORUR Z50#l T 5.

1) 19K LNP Z W 72 EERSR AR ~ OB A TERHE (in vitro)

Mt~y MIEEO~— I —53F CTHRESNOMIERNTH D Z &b, EEFEDOY 7 Noy+% LNP
REIMEMT 5 LT, Milat 7ty MERULZ EB T 5K A TR LT, FURO L 5 2RIEFITE VB NEZ R
DU H Y REBEREEEMT 2RO FIEOSE . 1 BEOERS I L THRIRMSHEE L TLEW, Al
7y AT D Z LN TERY, £ THAIE, EARAPESEV Fab” 2 T FE L TERMAL, A
DM IZHADN T, LNP R HNAERT 5 Fab’ BE LRk d 2 2 & T, Milay 7ty MEREZEB LT,

B &3 DMt 7 v R OREIHEL L T S EHFER ORI 5 - 1Ck§ %4 Fab’ 0 LNP ~DIERi% & %
b T 572012, 1 FERO Fab® &M L7z LNP 2 VT, AR~ ORI A2~ 7o, 7 VARRIRIIG
Tvw hE LT, M T M (regulatory T cell: Treg AfA) Z&de CD4 Bk T MDY 7k~ R Th D
CDA+CD25+ 253 4R L, CD4 {Z%[9 % Fab®  (CD4-Fab’ ) & CD25(Z%[4 % Fab®  (CD25-Fab’ ) Z v 7=,
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<7 A CD4 LR L O~ 7 & CD25 Hifkicxt L, X7 v i b LBl 4175 2 L T, 4 Fab® 4537, KR
ZES#EL L 72 LNP OFRENZA Fab® % 1 FEHTOEAMiT 5 Z & T, CD4-Fab’ fE£fi LNP (CD4-LNP) & CD25-Fab’ f{&
fifi LNP (CD25-LNP) % #H# L 7=, CD4-LNP, CD25-LNP ({Z#:(C 100~140 nm TH—MEDERIESR 2R Lz, <

0 A RN HERE U 7 AR 6F L. Fab® OOfEAREE EE A 2K S 72 CD4-LNP & L < [% CD25-LNP ZAFEH S,
Zu—HA AN =T LY AR~ O BUNPE & SR 2 5~ 7, 2 DFE S, CDA-LNP, CD25-LNP & %2, Fab’
DAEATE FE I U TR ~DFE A B OBMATRD Hivlz, — 5T, (D4 X2 CD25 3B L 72\ W AR~k
HPEIL, Fab® OEMREEIZRERRIBENS D TH o7z, TN DFERN G, Fab’ &M L7z LNP 1%, 895+
ZREBLT DA~ O E OB LB IRMEZ R T 2 E R LN E o T,

2) 2 PUIR LNP OFEEE L EERHIRRY 7 » b ~OBFIME & BPFPEDFHE (in vitro)

1 A LNP (CDA-LNP, CD25-LNP) % MW= BEROHINS 72 o b ~OFFEFTAG O Bl H-S & | CDA+CD25+IN
EHEHYLT D728 D CDA-Fab® & CD25-Fab’ o LNP ~DEHH & P Lz, P7E L7z CD4-Fab’ & CD25-Fab’
DAERTEEE T INP ~& 2 Fli¥E0 Fab® Z[FFHMEAG L. 110 nm fifg OB M@ ki (CD4/CD25-LNP) %15
7o BT, ~ 7 A HERER U 72 BRI L2 6 L, CD4/CD25-INP ZER &, 7ua—H%A F A U —i2 kD
BRI 7 7 > F ~OFFE L IRIREA T T, EORES, CD4/CD25-INP X, EflaYy 7ty N Th D
CD4+CD25 M izt LT, [R] CAEAR%S B D CDA-LNP & bhi LT 20 5L LRSS E 2R L, HHRA BRI DO 5]
WY LTz, E£72, M7ty N2 & ORESEE TG LR, 1EREIFCH 5 1 FEO UKD A% Effi L7z
LNP (Z ZCUiX CD4-LNP) 1%, CD4 ZFEHL L CTWAHERHAEY~7 & v b Th 25 CDA+CD25+Hllfe & FERERIMIfL Y 7 &
> N T 25 CDA+CD25- IR D 57 12 m A 2 L s 7 > M &R T 5 2 E R TE o7z, —FH T
CD4/CD25-LNP [ZAEAHfRY 7 » kTl 5 CDA+CD25+f D AT @ B EZ 7~ L, At 7k v b &2 @RI
FRBIRTRECH D Z EMHL MR 5T,

F 72, CD4/CD25-LNP AMEASMIEY 7 & » b~ @ B & B IUE 2 A A 322 R 2 BCFRIIC I S M2 5 72
B, /NS TV B T B BT & it L 72, CD4-LNP, CD25-LNP, CD4/CD25-LNP ¢ Fab’ {Efifi% & % 24
&L EOMY 72y hADREABOT —F 2 HANT, 74 v T 4 7 EITV, HIRELD A F i E % BLE
T 5ET NVROBRES L ORISR EE R E Uiz, RE LTI Y IAZGEE RSN I 2 b— a VT
DFER . INP EIZEM STV D CD4-Fab’ & CD25-Fab’ MNHHAIC/EH L., EMY 72y b TH D
CDA+CD25+HHIE ~D B WBIFIPE & SRIREZ RE L TV D Z E R LN 572, —FH T, FEEMEY 72~ b
TlX, CD4-Fab’ & CD25-Fab’ DOWHFAEMIFERO HLT, EH B0~ ? Fab’ OZRITEKAF L Tz,

UboZ s, EBRT—FBLIOV I 2L —2 g VOMGOBEND, Fox MEB LMY 72 v MEK
LIS DA S SERE STz,

3) 2 PUAR LNP ORERHY 7 v R ~OBIFIPE & RIREOFHE (in vivo)

VT, in vivo [ZEUWTH CD4/CD25-LNP 3ERET 2 &7 L7=, ~ U A D REFARD> 5 CD4/CD25-LNP % #
B L., Mikds L OWlmEZ BRI U7, Mg 3 KX OWUEARAL §1 > CD4+CD25+H/fa~DBIFnTE & R4, 7 e —
A B A MU —ZHANTHN Uz, f#fTet4%, CDA-CD25-#Mf, CDA+CD25-HH, CD4-CD25+HIAE, CDA+CD25+H
(FERaY 71 > k) & Lz, Z 0%, CD4/CD25-LNP 1%, FEREASMIaY 7t v s Th D CD4-CD25-Hif.,
CD4+CD25- i, CDA-CD25+MIfIZ be~, AEAGHIIEY 7% » b Tdh D CDA+CD25+HIIIC A E IS VB e 2 R LT
:kﬂE\mvwomﬁwT%W@%fﬁyF%%%ﬂ%fﬁé’&ﬁ%E#Kﬁoko

IR U7z in vitro, in vivo OFER LV | Fx i3 E ORRFHIKIZ E VD . MiluAZ 7 > b L1 TRREIATEE
@%ﬁ@@%k&%%%%?:&m&%bko$&%Mﬁﬁm@%@?%b\anmma%@ﬁ%@@%ﬂ@%
Ty FOFERBIZIBINL., FrEFHEEAZTT o 72 (FFRE 2023-175890,  PCT/JP2024/036074), F7=. ARRITHGE
M E L TELD, BUERRT THD,



4) 2 UK LNP K BRI 55 ORe T

AHFFEARRE TR L7z 2 HUA NP O FERLZ BT 720 0BT O 1 2L LT, ~A 7 ufilT 1 2%
W RERE HIEOMNL 2D T=, ~A 7 afiilgT 34 A, Blx OFE» OIRE 2R L1277 V3 — VIR L
KEWe % VAR S B BV 2 5 L. AR ICEERA OO OEE AT AN E T Z & TINP JEKZ1T
WV, KEICHGET 5720 0OE TH D, BT IHE TH 2 B (biiE K RFEPE TR 7ER) 1, LNP &
FRALIZ Fab® B9 572812, Fab® WRE T 720 OFEEZBPICAR ST~ A 7 afilkT A A (3 Xift
BT A R) BAER LT, e OFMEREFZITO 28T, Ny FELREOWMEELHT % CD4/CD25-LNP % FiH
THI LRI LTz, Fio, EHIIEY 7'y N THD CDA+CD25+HIE~DIRIEE | ~ 7 Al fa 2 v 7
Ta—HhA FA M) —IFICR OB L, ZOREK. Ny FIELFRICYA 7 27T S A THE L
CD4/CD25-LNP [%, FEAYT&H % CDA+CD25HHIfEIZ iV BRI Ao UTe, F7o. BERBUIMEMERE R &< L0 @
WZIREBFREN T T AR—ZAD~ A 7 a7 ™A A ZBHICH AP L7z (Matsuura-Sawada Y, et al., ACS Appl
Eng Mater 1: 278-286, 2022; Maeki M, et al., Appl Mater Today 31: 101754, 2023), LA EDZ &6, 241
K INP O KERLE HIEO AT 5 2 LITkTh L, INPIC U B> R 2 BT 5B o KRERE HiEICBEd 5 &
FRHRERRD Z ENTE, LN BRA~OHEBRIZEN ST,

5) LNP £ Air o> i EEAL & G e 6 oD HE

WFFEBRFERE R O HHT (SRR FEIEENI RS T R) LWFERI B Ok (dbiEE K7 KRBt
ZeBE) AT, U Y RIEAf LNP <0 LNP O E45 T D A A ALIRE OF AL, AMED N C O E M E T 721
B0 $HATE, ARFSUEEEE CiENL L7= LNP LoD Fab® OB RIS 20600 U, S MmE ~ & SR AV IC 18 AT
REZ2 U 7 o NESf LNP A 5% U, JESG M 2 FERANCHEET 28 LW ATRRIEZ R L7z (Endo R, et al.,
Biomaterials 321: 123297, 2025), 7=, A A ACIEEDO®mE(E LT, I~ mRNA EEZRES D A
A AN E OB L7z (Nakamura T, et al., Int J Pharm 636: 122810, 2023; Suzuki Y, et al., J
Control Release 382: 113687, 2025; Suzuki Y, et al., Next Nanotechnol 8: 100154, 2025), AHFZEBHIEHE
REFERHZ, AMED N 6 #fE & O@EEIIE 4 Tl L 7o, Bl A ~N— R & LTCRIE S — X2 G 209848 & o
ERFLTHY | A — X ZARAE M~ & BET 27200 INP b L < 1IHUA LNP OBHIFE 21TV, S
B L OB ORAM 2 5k U7z, ., 81 T\ BEZERT 5 2 LIk L, SRR OMkEo8T L IEFRIF
FT~NEBENRSTND,

PLED X 51, ARFFCHETIE, Mz 7% > b LU CRkBIRTRE 22 9] D DDS B 2 B 45 = L 1Thk
L. LNP O T & o 7o TSR LA OFERI~EZE T DEIFORBICEMR T 2 2 LN TE T, o, 4%,
EIRLOER E L T=—ANEmE DM 78 v b~ P& 5T 2B b /AT & L CEEREmRE T
HZENTEXLHINTH D, AFRREOEIL, 10 ROEREGE, 51 FoFasE L LTHIE L,



The advancement of single-cell omics analysis technologies has revealed the heterogeneity and hierarchy of cells involved
in diseases, leading to the identification of specific cellular subsets as therapeutic targets. Therefore, drug delivery systems
(DDSs) capable of selectively delivering therapeutics to cellular subsets are becoming important formulation technologies for
next-generation drug development. Lipid nanoparticles (LNPs) are highly useful DDSs for nucleic acid delivery. However,
LNPs still face limitations in delivery efficiency to organs and cells other than the liver and spleen. Accordingly, this research
project aimed to develop a novel targeting technology capable of discriminating cellular subsets. The research outcomes are

summarized below.

1) Evaluation of the affinity of single-Fab’LNPs for target cells (in vitro)

Because cellular subsets are defined by the expression of multiple marker molecules, we proposed a strategy to achieve
cellular subset targeting by modifying the LNP surface with multiple ligand molecules. We employed Fab’ fragments as
ligands and optimized the surface density of Fab’ molecules on LNPs based on our original strategy, thereby enabling cellular
subset targeting. To optimize the modification density of each Fab’ against multiple target molecules expressed on the target
cellular subset, we first evaluated the affinity of single-antibody LNPs toward target cells. As a model cellular subset,
CD4+CD25+ cells, a subset of CD4-positive T cells including regulatory T cells (Tregs), were selected. Fab’ fragments against
CD4 (CD4-Fab’) and CD25 (CD25-Fab’) were used. LNPs encapsulating nucleic acids were modified with either CD4-Fab’
or CD25-Fab’, yielding CD4-Fab’-modified LNPs (CD4-LNPs) and CD25-Fab’-modified LNPs (CD25-LNPs), respectively.
Mouse splenocytes were treated with CD4-LNPs or CD25-LNPs possessing varying Fab’ modification densities, and their
affinity and selectivity toward target cells were analyzed by flow cytometry. As a result, both CD4-LNPs and CD25-LNPs

showed increased binding to target cells in a Fab’-density-dependent manner.

2) Construction of dual-Fab’ LNPs and evaluation of their affinity and selectivity toward target cellular subsets

Based on the results obtained from the affinity evaluation of single-antibody LNPs, the optimal modification densities of
CD4-Fab’ and CD25-Fab’ for targeting CD4+CD25+ cells were determined. LNPs simultaneously modified with both Fab’
molecules at the optimized densities were prepared, yielding highly uniform nanoparticles approximately 110 nm in diameter
(CD4/CD25-LNPs). The CD4/CD25-LNPs exhibited more than 20-fold higher binding to the target CD4+CD25+ cellular
subset and high target selectivity. Furthermore, even in vivo, the LNPs exhibited high affinity and selectivity toward Treg
cells in both the blood and spleen.

Collectively, we successfully developed a novel targeting technology capable of discriminating cells at the subset level
through our original design strategy. Additional examples targeting cellular subsets other than CD4+CD25+ cells were
included in patent applications (Japanese Patent Application No. 2023-175890; PCT/JP2024/036074). The findings have also

been compiled into a manuscript currently under submission.

In conclusion, this project successfully developed the world’s first DDS technology capable of discriminating cellular
subsets at the subset level, thereby contributing to overcoming a major limitation of LNPs—the inability to efficiently target
organs and cells beyond the liver and spleen. Furthermore, this technology is expected to play an important role as a
formulation platform for delivering therapeutics to cellular subsets that will increasingly emerge as important drug targets in
the future. The outcomes of this project were disseminated through 10 international journal publications and 51 conference

presentations.



