[tk A]
FEEEES: 2331a827025j0001, 2437a827025j0002 AL E#H A HMTE4A 158

BARERAEEREEE TI7F2 - FHEXY T HFRBAREE

ERmEREE
VN:S
I EARFEH
WFIEBH S R4 (LB RIREZR T A NV ARERL T 7 F X U T ¢ OWFZERRFE

R & D of virus-like particle vaccine modality that is compatible with chemical synthesis
WFZEBARE MM - AF54 11 A L B~AfM 743 H 31 A

MBS K4 - SiE BE
Yoshimasa Takahashi

WHEPHRENEEE TR - TR - Bk -
ENLRYEMIZCET 1R - U FUBBMREE X — kX —R
National Institute of Infection Diseases, Research Center for Drug and Vaccine
Development, Director

II MR OME

W, MRNA U7 FoR0F kiU 7 F o WS TeHiRE S VT 4 U 7 F o ORFFERTE S, —H#HITREIC
FERFEIEIZE S TWD, FFIZ, COVID-19 N7 X v 7 23 & U CHFEBIR 23S L 72 mRNA 7 7 F 1%,
Z ORGEITEER I - BINE 2T P AR O TRIENFRETH Y . Bl Y 7 F G OBLEN D
FIEAHIRCE 5, 7220, HIRRICEBE SN TR TOHRY VXV ERREICIRREND EEZ LD T
D, Bk LB LT DPURY Lo EA~OMAIITHINE C L RN S D, —HTT R U 7T
IR TR B OFFMSE 2 B R TE 52 L h, BT E b —7 125 D Hiik 2RI s
LHRTCH L TWA, & 2 TARIERTS Tk, A\ PR T A U HRIRRA S ViU 2 F U X U T ¢
EREL, iRV FUoeX )T 0 L L TOSEE 2 B LT,

AT NEPIRT DBITT 7 F 0%, ~~ 7 F =2 (Hemagglutinin ; HA) OFURERIZHIGT 5 7=
D, WHATUVANVADTINESE L — AT 7 FURPBEES N TWDR, PRI RRD VA VANHATL
2B, SHSAREE L e > TN D, BRIZHRNA 7L U 7 F ORI ERE NS, STy
7 HRVER E L CHEDIRBET o —FTh b, WEIREE L FFE L T\ 5 HA HusfEE (Long alpha helix ;
LAH) X7 A /L ZRRE CORIFEN R < . 2D LAH HURD FIZIThE & 72 7 A L ARRITKE U CAZZERNE % =
THLOLHDHZ D, LAHHKRZFHE T 20 7 F 0TV A v aildi, ABFZERRRE TS 0Bmaic Lo,
OEHEZN T 7 1 —F &R U CHUENE - B RMEEZ W R L LAH X7 F REURZT A L, @ (L34
DA TF R 8FZER T 52 2 A E LT,



1. JURT A o~ & G

Fex DLARTNIZFE L7z LAH S0 X, 7 A LV ARRR TORIFEED B 7o O 22 HRE I B AL B M HURDIERY
LD, 2L, BATU 7 FUICE £ D HA PUR TIEZ OIS E S TR D i FENME, Z ofE
ZHBRT 2720, LAH RO L EZG ) B L= TF K& U 7 F PR E T2 HER—IICEZ DN D08, R
LERPUFIEIEIC X0+ R G FEN R TE RV E BTSN, AR T, HHREF0T7 7o
—FHIY Af, A 7N HIRIZE W TLEN - s RMEA 1 LS E 727 A LAH HURZ/FR %
ZExHEfELE

HEERNARE THDHLAHR T F RORENEZ M EXE 2 LWV OO, FERERICLHERT A b
ZENE « PURMERET O Y A 7 Va0 IR UER L7c, ZREAOHMAEDOEIZLY, AV DT AHRNORZE
PENSWE LB OT VA U HRERE L, ZRODOTFTIA Uiz~ ARt Z LT, AV VL
PUR & HE U CLAHPUROFEEREZFEIE & L, 10015 0L EompE BN HEGR Shiz, S6ic, V7 F UL
T AR L TCH3A VIV PO A NV A BRI SET 8 2 A, i ROSE LR Hiviz, L EORERED
B PURE - RN ClE ST A VHUREZAIR TS Z Lok Lz,

2. TYA UPUROE b FUE TN B3 2 fEAT

B R A OIS E RS ORI CIX. B RVE T A S BIREOEARA T RIS T 2 F2E O R A Tl
THZLEIEWNETHD, b MMFEEEHEET S 207 Fu—F L LT, U7 F USSR H R8T 5B/ L
INNT BT T2 Z ERFET NS, £ T, VI FUERMGREICBIT DA 7 v U FHAIZRGNT 5Bl
FAL S N7 RO RRNT 5 2 & T, b MERRICHEE SN D DHUR LS T O TR ER AT,

PRI G E DMEA T D & MEEEBMAR 2 fEAT LRSS, T A LUK D B MR SR L O EER, T
WA U ERTAIOPRE Y EA LT\, ZoORERIZ, 791 PB4 Y CFAPUR LD HENT-E MuE
JEMEZ T ATRENE 2 KRR D, E o, A PRI T ABRIK L S T O HFICIE % < DRREHURNE
. RFEINCKE HENTZHRL Y A LV ZADOHAIZKS BT 5 & MUROIFE bREGR CE 72, ZORRIL. 7V A1
PUROEERIZ LY . AV PF AR & AR CHE S HUR D IR R o DAL D ATREE 2 RS 5,

3. THA LHUREAI R LT R+ U 7 F o 8lE o filE

PUR. 7Y a8 b, KA BIBIOTRTEFEERTH O T RiFU 7 F 03, BEMR MG N ATRE 2 A
EXVT 412725 2 ERHIFEEI NS, ARFFEBITRIC TIER & F D LAHS T T RPUROEE 2 et EE L. bt
JFARTTF R, 7TV haENAT A 2R 21T o TR, b Z2EmWiiE cNE T %) ki
Kz 5 2 LI L,

4. TYA VBRI T VR U 7 F O~ U ZAET IV 5 03

PURIERG D R Y — LT 7 F I L HPURFERR A MGE Lo/ R, BUTA oV P U 7 F U L b
i L CHHE RLARPUROFFE 2 s Uiz, PURMED R 722 7 A VA X D BUREFBRIZ I TR R O UEsh
RUMER SN, SPEHE L T e~ A VA b= ZiERk L, RZEBETURO RN Z2HE %2 B e L/
KT 7 F oA FARTIERT 2 L) a7 M~ Y RAET IS THEIETH Z LI LT,

5. H1 Bk ST A v HUR O 52 5 2 EA

IO AN SR DAA TN PO A NI U KB D 7 F 2 PUh R 2 535720 UiV
7 F L TEI A= LENROCEZ2|T 7 F 2 THET DEIEN BT b s, ERR1~4ZEBW\ T, H3fRERT




YA UPUROIER « 438 U TR R A2 R0 HUBRHSRT 1 U HURA RS2 Z &3, U7 F o DR
MEERCEHDDL ETEEREEND D,

H3ME ST A L HE TR 72 ) I 28 L 10, HIWRHSEFUE O F WA o 2 ed e Ettom -4 - 7=,
HLBR B KT A L HUROSE SN %~ 7 2 E 7 /3 CREI L7 AR, K9800f5OHL LAHBUATA S HE 4 fHEwR
L. S5ICHES PRI RA 2 EAHA~OB AR R L, RS B ik 2758 L,

Vi by ABFFEBRSE TIXHIBREET A L HURORRG! « Spate - PR &R L, 4 ) DT AGUR LD &
TORETEMM LR T TP U HURERE L, ST A U HREIRR LIe T /R U 7 F o ofliEd;
EERMESL L, ORI 7 F 0 & ol U TEN RGN R 2 535 2 & 2R Uiz, AWFETHE O IR
Bt LT AT h—F Ik T A HR AR RIS THEE T A H LW TV F U X U T 0 ORI S
HEEZDN, SBREAT v T OKELESHICHED D Z LT, PURER~OIGNLERDA T T W
¥ A /L ARSARS-COV-217 A b AT 5 IR T 7 F L BIRICH IR 5 = L A T X %,



Vaccine R&D has dramatically accelerated with the introduction of new platforms such as mRNA.
The mRNA vaccine platform has a major advantage in that it can be produced entirely through chemical
synthesis, without the need for biological materials required by other vaccine platforms. This provides
significant benefits in terms of CMC and other factors. However, a potential caveat of the mRNA platform
includes precise control of the antigen structure presented to the immune system, as all antigens translated in
cells that take up lipid nanoparticle-encapsulated mRNA are potentially exposed to immune system. In
contrast, nanoparticle vaccines can display antigens on their surface in a particle conformation, making them
suitable for presenting specific epitope structures for eliciting on-target antibodies. In this R&D project, we
aimed to establish the basis for a novel vaccine platform that enables the generation of chemically
synthesized nanoparticle vaccines presenting designed antigens to selectively induce on-target antibodies.

Current seasonal influenza vaccines are developed based on predictions of epidemic strains, which
makes it difficult to tackle antigenically divergent viruses. Therefore, there is a strong need to develop
influenza vaccines that can selectively elicit broadly protective antibodies for pandemic preparedness. We
recently identified the long alpha helix (LAH) region in the influenza HA protein as a highly conserved
epitope capable of eliciting broadly protective antibodies against antigenically distinct virus strains. This
project aimed to (1) design an H3 strain-derived LAH antigen with enhanced stability, antigenicity, and
immunogenicity using computer-aided approaches, and (2) achieve nanoparticle formulation using chemical
synthesis alone.

By introducing multiple mutations to enhance the stability of the LAH peptide, we achieved
improved antigen stability compared to the original sequence. Vaccination with the designed antigen resulted
in LAH-specific IgG titers that were 100-fold higher than those elicited by the original antigen. In addition,
mice vaccinated with the designed antigen showed enhanced protection against H3N2 influenza virus
infection. The designed peptides, along with adjuvants and other materials, were chemically synthesized and
incorporated into nanoparticles under various conditions. We successfully established optimal conditions for
producing nanoparticles containing all required components with sufficient purity. Mice immunized with the
nanoparticle vaccine produced higher levels of LAH-specific antibodies than those immunized with current
influenza vaccines and exhibited protection against H3N2 influenza virus infection.

As originally planned in our proposal, we successfully established a multidisciplinary approach for
generating chemically synthesized nanoparticle vaccines that present specific epitopes to induce on-target
antibody responses. This novel vaccine platform is applicable for the vaccines against rapidly mutating

viruses such as influenza and SARS-CoV-2.



