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fHom

IEIRER SRR )L R (respiratory syncytial virus, RSV) (&2 RETICEEFIANTD
FLEh RO LR L, TOREERBRZHEDIRYT 12, RSV (LiEE. L538 (upper respiratory
tract, URT) (CRERL. S/KWIZ/QEDRIBRIEIRZ SIS I H FF(CER 6 DAXRED
ARPEREREEEI daindE Cl&. TXIE (lower respiratory tract, LRT) £ TRERM
MAT BT ECELD., R PHMREZ R EDEERNFIRIREESIERTT . RSVD
RRPBHIEFRTER 6,400 FATHD. FEE 16 HADDE 12 HAN 60 1 AKEDE,
$HBTHD *°. LTRRICED. ARBIUBHEEFRE Uz RSV DUF > OBFNE
FE(TATONTVD, F(C. BMERNRDIF U IIEHME CEE DT > ZigE I D TH
BDICH L. FEMRTOF > (JHEN S OB FRITHIARC LI DIBEFHZENE Ut
FRIEDIF N ERTHD . Ffz. 2022 FIC(E, RSV BEYEFERICHNTSED/C
ST EVOIRR DNZTERBIE (CIBE SN, 2023 F(C(E, HERHID RSV DOF> (5
iER) HERENnE,

—7T. RSV DUOF>(F. DUOF > HEEKREEM (vaccine-associated enhanced
disease, VAED) WEERIELE/RD TH D MDREREAE DT IF > S LB U CTHENKIE(SE
nrz® VAED &(&. BIRIED—FET, DUF ABMEIC KD D)L ARSR UTZROAEIRNME
BIIRFEET %. RENBBHELT, IMIILRABRFERAILIY D (CLDTE LU
MLV AE RSV (FI-RSV) DOF > DORRERERTIlE. DOFAZRER(C RSV (TR
U 20 ADDE 16 ANBERTREATARL, TD% 2 ADELLE O, ZETE
EHDRH S (LBRIMFEERSEN R EIN 512 BERVERTICKD., [FEERSEDR
R 2 BAJLI=T (Th2) & THD T ENREENTLS P, DED. VAED (&, FI-
RSV DUFHDWLTNAND RSV BREHE(CKD Th2 IGENRER THD EEZS5ND
A REREREBEDEECIFED TULVRL,. UMD T, FI-RSV DK D (CTAILAEH
FZERAWZ RSV JUF > (FRZEMOMEECREEE L TE DEFEMEN TS, —AT.
M ERSEZTRE U CRAVWEE T 1Dy NJOF 2 ORBENBRACITHON TS,

RSV DOUF(CHUT, RSV ERHEICKEIRT D GEHED KU F ERE(E. BEMIEAD
REUBIE(CHN T, TNETNEESLVERS(CEASLTHED. FBRDIFAZNTIRE
2o TWB % FEAE(E. /RE 3 EANSHED. Bl 3BiEn (CHELRTERL pre-fusion

(pre-F) form ZHZp% L CUL\DHY. B (CEEHMRE S IERES I DER(IC(X. pre-F form H
SIEE [CRTER post-fusion (post-F) form (CZt 33 2, Pre-F (& post-F &HEE LT
FIHIFTURIC K D TR ENDIE b—THWE<FET Dz, HBifaX pre-F DUOFFS
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WPFARERER AT D 4, T, 7S BBIRICK DT Pre-F ((HEEEREILSIHEE
ZRFEABETHD DS-Cavl NNERSNEC ERZ2HIC. FERBEDIF > ORI R
(CHERBLTWVWS P, FEREDIFOBRKRIRTE. EERERISIHRESNTSST,
RSV O LRT BE(CLDEAEFEX(CHUTE. BpET 90% MU L. BFREDTIF>
N UIZ4E% 180 BRMBDILIETH 70%0DEM R R U 1% MELD, FEREDY
F 2 (IEEB LUEDHENTEI SN, BET@E. BRUEHEYID RSV DOF 2SS0
2 D F EHEDOFONERSINTNDS 7Y, — AT, FEABIIF L RSV D
LRT BR(CLBDERLICH U TRV TFIHIRERIET DEDD. BAFHNRNSHE T
1 60%. BFREDIF >N UL 180 HEREBDIIET 40%FKE SMEVIRIRICH S
T8, UIehto T, FERBDIF I (IBRHHEMRICHE VN THEDORMN G D, RSV DY)
REII CTdp D URT (CHIT DB HEIZIRDE LA EEN TN D,

—AT. FERBEAKIC. GERESTNADRETIE ~—T2BELTHD. GER
BOOFUSEMETILICEWTREBHICEN TH R EMNRESNTNS 182, Ffz,
G BABTUF>IELRT ICHBNT F BABDIF > EOHAMREIRESNTH D 225,
FERBEDOF > OREBHEZROE LICBATHDEEISNTLD, =5(C. FHEIO
FOAINRADOF U TERSNDLDIC FEDHRICH T I DIFUICMIFT D& BR
DA ILADHIROFITER < BNN S S, BEMBEE LT, FERBZENE UZE/ 2O
—FILFURICH U Tl BEIC RSV DMEBZEENRE TN TS >, Lieh> T, FEHEA
(CH T DA ST ZERTAILADFITICHZ DZHICE. G BERERENETD
RSV DUOF > ORMRERIF THDEEZBND. LML, GEARBDIIF V. BIRIGH
B2EINTHEO, BRI, TLD 2, BEIC, HALEMIZ (mammalian cells) =48
WTER UITRBRIBINR GEBRE (MG) ZNXJXR(ICTUF > UTZER. RSV Bz Uz
—7C. FI-RSV DOF > EEKRIC, Th2 BRI EZIER L. RSV R (A CE I (CiF
BSEROMENN T B &R RE SN 2222°, UL, G BEEDIF > DRIRISICE T 341
RIEREZCZ UL, FHMREIRSDOMRT & Z2MDB_ ENFLEETN TS,

L EDBEMNSAARTIE. F9. GEBEDIF > DEIRICOEEMNTSE KUEFAZIRZ1T
L\ ZNSHSEEMBERIC. BN DORLLFE G BEHEDIF > OMFEERMH .
Fiz. FEEBDUF >N URT ([CH1FDREABSHIERDE LB U, LRT 3KUURT (T
BT DRI R Z LB S KUFHE U1z,



=
$—8 GERBEDIF>ORIRILDFT & KFRRA

b

GEEBDIIF UG B—HEDIFURIITHRL, FEEBEDREDIF > ELTE
BRI EIEFSNTULD. LN U, BIRDES (T, IHRLEMIRE U TR U o HE 8Bl
ZGEAZE (MG) DUF>(E. BMETILICHLT, RSV BEprZ g5 —75T. FI-RSV
DOF> EEMEC, Th2 BGEEREL. RSV BEE(ICHCBRICIFMikaRE I3 &
MREZTNTH . BIRISHES SN TS %Y, ZDfesH. TNETGCEHEBIIFY
DFIFET(E. RSV BEE (T SME U ISP BIRIGDIBES LT, Z2MOREN
HAHSNTERE P, —AT. GEABEDIF > ORIRICOFRMIEESACEATH ST, F
BIRDQEME S BET DN ESMNCDVWTERATHS. LIEN> T GEAREIIF>
DERKEAZBIEIZHICIE. BIRIGOFMRBTD KULZLUDIBIES 2D/ (SA—F
—DAENVEREIR TH B,

ZITHETE. DOFHEELT MG ZANT. GEABEDIF>ICEKS RSV B
BDRIRISDRRATS KU ARBA & A 12,

(RER#MR L 5]
SEEREN
6-7 Bz BALB/c ¥ X (If) ZAATRTILS>—#A&tt (Hamamatsu, Shizuoka,
Japan) KDBEAU. YOX(F 12 KEDREY 1 2)L (4T : 8 K. JHIT : 20 ) TH
B UMz, ETCOEMEER(E. AIRAFWMAEYIRIAFTAT OISR S TITU ). ABRAFEER
MIRCHECZ (O MOJLES  BIKEN-AP-R01-15-2, BIKEN-AP-R02-14-5) .

iz G EREDFREFR

G EREDY =/ EALH(E RSV-A2 #% (GenBank accession number : AAB59857.1) (C

X9 3. mGRBIRTSRI RIE, #HAEESCE (Department of Pathology, National

Institute of Infectious Diseases, Tokyo, Japan) (CCIRMELEZWE, TS X = RITIE.

N Ki(C His 04Uz G EBEEDI I b RXA> (7= 67-298) %= IHFLARH

FRFEIRDIzH ([CEREE LTz cDNA ZH#HAAATZ. mG (&, Expi293 Expression System
(Thermo Fisher Scientific, Hampton, NH, USA) ZHW\WTHEEZEZ. IS A=K (30
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ng) & ExpiFectamine 293 (80 ul) ZREAL. =ET 10 DEERELIZE. 7.5 x 107
cells/25 mL (CEE% U7z Expi293F fRE(SEESBERZRMU. 37 °C, 8% CO, DEMH4 T T,
18 BFfiiRZEEE (120 rpm) Ufz. €D#. ExpiFectamine 293 transfection enhancer
1% 150 plL. ExpiFectamine 293 transfection enhancer 2 & 1.5 mL. 100 x RZ>
U /AL T "Y1 2E®R (FUJIFILM Wako Pure Chemical Corporation, Osaka,
Japan) %z 250 uL wpiLTz. b3 RT T 023> 5 6 BEIC, IBELEZ 8,000 x
g. 4°CT 10 pfE=LUTEYRLIZ. D&, L£iE%Z Ni-Sepharose HisTrap FF column

(GE Healthcare, Diegem, Belgium) ZERD{F(F7= Akta explorer chromatography
system (GE Healthcare) ZRWTHER Uz, F£9. BYRL TE /= LE%Z. His Trap FF
column (GE Healthcare) (iU, His 90 EEBEBEZ DS AICKRES Rz, TDE. 5
mM A ZHYV—ILZEAIZ 20 mM U EEF RUDANBRCTIHFEN(CIRE LIZEREZ
BREULTZE. 0.5 M A=Y —ILZEAIZ 20mMM U BF MU D LABR CEREZAH U
1zo RIS, BHENZEREARRZ. Amicon Ultra centrifugal filters (cut-off, 30 kDa,
Merck Millipore, Darmstadt, Germany) (CHlx. 7,500 x g. 4 °C Ti&{UL 7T 500 pL
FTEMELU. JIVEIANS LA TEHSD Superose 6 Increase 10/300 GL column (GE
Healthcare) (Cfi U7z, ©dD#. A high-molecular-weight standard kit (Bio-Rad,
Hercules, CA, USA) ZFHWT. a7 0O7 71 IILHh S BNOEREE D SHESNDESD
dd+%& Amicon Ultra centrifugal filters TIE#ME U Iz BiE S NICEBEDRERE (. sodium
dodecy! sulfate polyacrylamide gel electrophoresis (SDS-PAGE) &K U Coomassie
Brilliant Blue &(CKk> THEER LTz, SDS-PAGE (&, EABEARZ 5% XILAHT KIS
J—JL (Sigma-Aldrich) Z&3 2 x sample buffer (Nacalai Tesque, Kyoto, Japan)
EREUL. 95°C T 5 EzEMLEZ L7z1&. 10% Extra PAGE One Precast Gel (Nacalai
Tesque) (C7TS-4 L. 200 mV (EEBXE) T 45 DRIBKAB Uz, €D, &) L% EzStain
Aqua (Atto, Tokyo, Japan) THE L. ChemiDoc Touch Imaging System (Bio-Rad)
T Ulc, £z, EAEBDREE(L. Pierce BCA Protein Assay Kit (Thermo Fisher
Scientific) ZFAWVWTRE LTz,

RSV DifH& &gk

HEp-2 #ifEd KT RSV-A2 k(. SEHEE L (Department of Microbiology, Tokyo
Medical University, Tokyo, Japan) (CCiREuL\z/2uViz, HEp-2 #ifg(E. DMEM it
(10% FBS. 1% RZ>U>, 1% AL T KIS >ZRMUZ DMEM (4.5g/L
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Glucose) with L-GIn and Sodium Pyruvate (Nacalai Tesque) ) ZRWL\T. 5% CO,.
37 °C TIBELZ. -1 HEI(C HEp-2 fflifa® 150 mm fHlEEREWUEEH»T v 1
(Corning, NY, USA) (C 6.0 x 10° cells/well TI&EL. 5% CO,. 37 °C T—HEEL
7=, 0 HEI(C. 1S#h%#R5|IL. 10 mL o DMEM 5#h(C8E L7z 1 x 10° plague-forming
units (PFU) /107 cells ® RSV % HEp-2 #BB(CIBE LTz, 1 BT &(CT v 1%iRE
LDD. 5% CO,. 37°C T 7 BFMEIBEL. RSV ZHIfAICIES - Bk, €D, 15
ZREI L. F&b 37 °C (TIEHTHLVZ 20 mL D DMEM FEithZEHNX . 5% CO,. 37°CT5
HEBELUZ. 5 BEIIC, I5&8D7 1 wv>1%-80 °C THEEL. 6 HEICERICTRHIAR
Uiz, D&, EEZ 50 mLF1—TJ(CELT. 700 X g. 4 °C TS5 oME&ELL. £E
ZEWRLE, TOLEE%=. H5—E. 700 x g. 4 °C T59ME0L. BEEELIRL T,
fHRER ZBRE LTz, IRIC. RSV ZigiEd diceh. EFZB=LF1—T(CB L&, 38.5
mL Open-Top Thinwall Ultra-Clear Tube (Beckman Coulter, Brea, CA, USA) (CF&U.
Jwv23>E0LT1 mL @ 20% sucrose (in PBS) ZF1—JDEISENZ, TDHE.
SW32Ti 10U2690 (Beckman Coulter) ZFUL\C. Optima L-100XP (Beckman Coulter)
T 71,000 x g. 4 °CC 3 Bffl 30 =L, RLw bz PBS (&L T-80 °C THiE
LTz, &7z, RSV OHOMMERIB(CFEEDT S —o7 v+ (CTAE L. -1 HEIC. HEp-
2 #Fa7% 24 well plate (Thermo Fisher Scientific) (C 2 x 10°cells/well TIEEZEL. 5%
CO,. 37°C T—HBEELZ. 0 HEIC. HBithZK51#&. RSV Z&HFRL Tz 500 uL > DMEM
EMZENNZ . 5% CO,. 37 °C T 2 KFREIEE L. RSV ZHlfE(CIEE - BRR B/, €D,
EBEZEBREL. 0.6% HILRFZAF)ILEILO—-RXF U DILAZRMUTZ DMEM 15tz 1
mL X, 5% CO,. 37°C T 3 HEIBELZ. 3HBIC, IBELEZREL. FH4°CI(C
AEUTHBNZ 1 mLDRAST ) —)LZNA. -80 °C T 1Bl >FI1RX—-KIF DI ET.
RSV LHlifBZEE Uiz, TDE. JL— bR TRt BBEDOXS ) —ILZBREL
Jzt%. -80 °C T—Hip1>FaR— kU, 4 HBIC. TJL— hZ2ERTRAFE. 5% X+
=)L (Becton Dickinson, Franklin Lakes, New Jersey, USA) Zi#RhlL7= PBS = 1
mLANX. 37°C T 1 KR+ >FaR—bUTc. EBZFTH> RTHRELZE. 5% XFA
SILUBR/RT 500 BEH/MR U anti-RSV polyclonal antibody (catalog numbers:
AB1128, Merck Millipore) % 500 uL fIX. 37 °C T 1 B> Fa1~— KU, tE%
FTHURTBHRELU. 1 mLD 5% AFAIIILTERCTOTIVZ 1 BIEFUE. 5% XF
IZ)LIBERT 100 B5FR U7z horseradish-peroxidase 238 donkey anti-sheep/goat
IgG polyclonal antibody (catalog numbers: STAR88P, Bio-rad) % 250 pL ilX. 37
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°CT 1A >FaR—kUE, ZD#&. 1 mL D PBS T 2 E%%&%L. 0.3 mg/mL 4-
chloro-1-napthol (Tokyo Chemical Industry Co., Ltd., Tokyo, Japan) & 0.03 %
hydrogen peroxide ZZ1 L7z PBS % 500 puL ilX TRERIGZITo>/I. TS5—0%ZBE1R
TEHAIL. RSV OHMZERE LTz, 2 TDIAILAEER(E. RIRARZFMEYRIAFTPNEES
BEARAZEDAFAGRZSIz (JOMIJLES  BIKEN-00224-002) .

YIANDIIFHE LU RSV B
6 EEFD BALB/c XX (i) MERET(C. 0 HBH LU 21 HEIC. mG (1 pg/mouse)
Z I D)\ (& Alhydrogel adjuvant 2% (Alum; InvivoGen, San Diego, CA, USA)
(50 ug/mouse) &EBITI/S LT, 58I PBS (<) THREL. BD O—R—X™ o
> AU TS ESE (Becton Dickinson) ZMULT 50 ul/mouse TS5 Uz,
ZD%. 28 HEIC, FEFARKL DIMEZLEUR, FZFTBHEREICK DY IR ZRZE R =B
%, MiEZEENUTz, F/zo RSV RER(E. 31 HE (DUF>4#EE#% 10 HE) (C. MEF T
(CHLVT 1.0 x 10°PFU/30 ul PBS RSV &F 8 15 ul TY IR ICEREIZE5IT BT LT
RPctre, B 5H% (36 HE) (C. MBEY T CFREIRUIET(CKDRMIC KDY IR %Z
TEIFSETR. EREZVIRL. it (RiBZkR<) ZEBURUTZ.

ELISA Z R\ imiErhiAimo T
BRGNS 7 BE(CHERRRK DMIRZEUR L. G EEBERENTUMEZE ELISA (CKDEF
fliL’z. mG (#EE 1 pg/mL) % 0.1 M Sodium Carbonate buffer (pH 9.6) THR
L. 96 well half area microplates (Corning) O TJLICHIZ. 4°C T—HEREL. MG
I T)UICEREE UTz.EHH L= L — % PBS-T (0.05 % Tween 20 ZiRi0 L7z PBS)
T 3[EHFELIEE. 1% Block Ace (DS Pharma Biomedical, Osaka, Japan) Z#HRilU.
=R C 1 B> F 12— LTz, PBS-T T 3 B3 U7z, miEHY > )% 0.4% Block
Ace THMRUL. DTILICHR, BRET 2 KA >Fa1X— kU, €D, PBS-T T 3 [E
73 U, 0.1% Block Ace T#HIR U= horseradish-peroxidase 1238 goat anti-mouse IgG
(catalog number: AP503, dilution 1/5,000; Merck Millipore) . IgG1l (catalog
numbers:1070-05, dilution 1/8,000; SouthernBiotech, Birmingham. USA) . IgG2a
(catalog number: ab97245, dilution 1/5,000; Abcam, Cambridge, UK) . IgG2b
(catalog numbers:1090-05, dilution 1/5,000; SouthernBiotech) ZHRIMUL. =RT 1
BfE 1 > F a1 ~—bUJz. PBS-T T 3 [AI%FELZE. 0.8 mM tetramethyl benzidine
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(Nacalai Tesque) ZHWTHEEL. 2 N H,SO04 [CKDRERIEZELLE. microplate
reader (Power Wave HT, BioTek, Winooski, VT, USA) %ZF\L\T OD4sg_s70 ZAITE L TE,

FbRai%is® (BALF) RODFLEERI/KFEEEER (LDH) DRIE

RSV R4 1-7 BEICHEY T (CHVWT T ARERIRUIRTNC KDMRMIC KD NI R ZLZEITE=E
2. TD%. HEREZUIBFRUREZEL ST, 22G 8Bi&Et (Terumo Corporation, Tokyo,
Japan) ZREICERU. hr—FI)LZBELLE. BER. [BZ 5-0 5% (Alfresa
Pharma Corporation, Osaka, Japan) ([CXD#EXRULE. 1 mL >U>= (Terumo
Corporation) ZFWTHAIC PBS Z 1 mL3EA L. HEFER=ELRIIRUZ. D&, 600 X
g. 4°C T 59h&EL L. &% BALF L TELY L7z, BALF #10D LDH (& Cytotoxicity LDH
assay kit-WST (Dojindo, Kumamoto, Japan) ZBRW\TFEEDAETRAELZ. 96 well
flat-bottom plate (AGC Techno Glass, Chiba, Japan) (C 100 uL @ BALF ZhlX /=4,
100 uL @ Assay Buffer ZinlL. B, =R T 30 offl1 > FaX— Uz, €D, 50
uL @ Stop Buffer ZIIX CRIbZ{FIEEE. microplate reader Z UV T OD4go ZHITE L
1.

RNA #iiti - U7P)LS A A RT-PCR
N OXDAMZ 1 mL @D TRIzol Reagent (Thermo Fisher Scientific) &SXKU 3 fED 4
mm XF> L XE—X (TAITEC, Saitama, Japan) A2z 2 mLXO U1 —FvvIF
1—7 (WATSON, Tokyo, Japan) ([CEIURUTZ. D&, E-XUZSvI v —uT-12
(TAITEC) ZHAUL\T. 3,200 rpm T 60 #MEIHEHEL. =R T 5 2B >Fa1X—- kU,
FEREARRR(C 200 uL ooO0MR)LAZEINNZ., 15 BEEL <EHUE. 2-3 PREET
MEUZ. ©D#. 12,000 x g. 4°C T 20 &R LL. £E%Z 350 uL BUR LTz, EYX
L7z E3E% 500 L V70 —)LERE L. MILTV IR U, 4°C T 10 2fEA
>FaR— KUz, D&, 12,000 x g. 4°C T 15 D=L UL. EBEZBRELUZ. 1 mL
D 75% IT5)—I)ILZMRATRILTYIXTEEGUE#E. 7,500 x g, 4°C T 5 oz
L. EB&BRELURE. 20#%. 12,000 x g. 4 °CT 1 ZEEROL. EBEZEZTR(CBREL
7Zo RNANXRL Y MR T 10 DfflfzE =272, 1 mL @ Nuclease free water ZH1X.
MNILT VO RXT RNA ZBEUIZ, N7z 60 °C T 10 BE>FaR—KF B ET.
RNA ZZE(CBRfEE 872, RNAEREZRITE Uz, RIC. ReverTra Ace gPCR RT Master
Mix (TOYOBO, Osaka, Japan) ZR\THEERIGZEITL). RNA 75 cDNA &/ U1z,
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7 uL @ Nuclease free water (C 2 pL @ 5x RT Master Mix 8K 1 uL d RNA Bf#E‘R =
BaL. =LA 05 —ZRALT 37°CT 10 »f#. 50°CT 5 M. 98 °C T 5 73fE
1 >Fa~R—kUJz, RIC. LightCycler 480 SYBR Green I Master (Roche Diagnostics,
Tokyo, Japan) ZFWT. UJ77)LF- /s RT-PCR Z1TD7=, 10 uL @ LightCycler 480
SYBR Green I Master & 0.1 uL @ 100 uM forward primer &S KU reverse primer. 6.8
uL @ Nuclease free water ZB& L. LightCycler 480 Multiwell Plate 384 (Roche
Diagnostics) D TILICT7 TS UTz#. 3 ul D cDNABRZNNZ 2. TL—bhEZ—IL
UTzg. N7V OXTRE L. 1,500 x g. R C 2 =i Uz, D&, Light Cycler
480-II (Roche Diagnostics, Tokyo, Japan) ZRW\T. B> )LH®D RSV D N EHED
BT EERE U RERRIC(E. RSV-A2 #k (GenBank accession number: AAB59858.1)
XD N EHEOEREGFZHEAHAALT SR Z RZEREERUICBDZAWZ, U7
JLF A s RT-PCR ([CAWZT S~ —(d Table 1 (CRUTZ,

Table 1. Primer sequences used for real-time RT-PCR

Gene 5" primer 3' primer
Gapdh 5'-CAGGTTGTCTCCTGCGACTT-3' 5-AGCCGTATTCATTGTCATACCAGG-3'
Ifng 5'-GGATGCATTCATGAGTATTGC-3' 5-CCTTTTCCGCTTCCTGAGG-3
14 5-AGATCATCGGCATTTTGAACG-3' 5'-TTTGGCACATCCATCTCCG-3'
15 5'-ACAAGCAATGAGACGATGAGGC-3' 5'-TTTCCACAGTACCCCCACGG-3'
1113 5-CTCCCTCTGACCCTTAAGGAGCTT-3' 5'-GGTCCACACTCCATACCATGCTG-3
l117a 5-TTTAACTCCCTTGGCGCAAAA-3' 5-CTTTCCCTCCGCATTGACAC-3'
116 5-CTGTAGCTCATTCTGCTCTGGA-3 5'-CAACTGGATGGAAGTCTCTTGC-3'
Tnfa 5'-CCTCTCATGCACCACCATCAA-3' 5-TTCTGAGACAGAGGCAACCTG-3'
Cel11 5'-TGCTCACGGTCACTTCCTTC-3' 5-GGTGCATCTGTTGTTGGTGATT-3'
RSV-N 5-CATCCAGCAAATACACCATCCA-3' 5'-TTCTGCACATCATAATTAGGAGTATCAA-3'

BN DS iEHRaDAFr

625 uL o RPMI 5% 0% /= gentleMACS C Tubes (Miltenyi Biotech, Bergisch
Gladbach, Germany) (CN¥DJXDEMZREYNL. 400 U/mL collagenase IV (Thermo
Fisher Scientific) & &K TF 200 U/mL DNase I (FUJIFILM Wako Pure Chemical
Corporation) il L7z RPMI iFith% 625 uL ilx /2%, /\B=Thztl D%, 37 °C
T 1BRIREUZ. ©D%. gentleMACS Dissociator (Miltenyi Biotech) ZFWT, B
—fRERZS /. 5 mL D RPMIEMZNMNR 2. WILA ML —F—ZRWTERICH
—HRRCOREL. 15 mLF1—T (B LIz, TD#E. 400 x g. 4°C T5oM=ELL. £
BEEBREUZ. 2 mL D ACT lysis buffer (8.3 g/L NH,4Cl, 0.01 M Tris-HCI, pH 7.5) *%*
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MR, RET 5 PEA>FINR—-KITDZETBMUIBZITD 2. €D, 5 mL D RPMI
EMZBIL. 400 x g. 4 °C TS5 ofELLE. EBEZREL. 2 mL O RPMI 151 (C
BREULIEZ. 209D 1 £ (100 pl) %& 96 well U-bottom plate (Violamo; AS ONE,
Osaka, Japan) (B L. fifeRmEEZITOE. REBAXT 1 DAT. Fixable Viability
Dye eFluor 780 (dilution 1/1,000) &KU Table 2 (Analysis of infiltrating cells into
the lungs) (CRITAEFRIRL. 50 ul/well THIX T, BEPR. 4°C T 159 >FaN
— b UJz. 200 uL DFERERAAT« DJAZINMZ. 800 x g. 4 °C T4 DEELL. gz
FEUITE. 200 pl OREBAXT « DAICHRZHREL. XAy 1 (TELT, FTLL) 96
well U-bottom plate (Violamo) (C& LTz, €MD&, Attune NXT Flow Cytometer (Thermo
Fisher Scientific) ZBUL\TF—4%HE{E L. Flowlo software version 10.9 (FlowJo LLC,
Ashland, Oregon, USA) ZRWTF—4%f##thxiTo /.

Table 2. Antibodies used for flow cytometry.

T cell re-stimulation

Antibodies Clone Catalog number Dilution Source
Cell surface antigen staining

anti-mouse CD16/CD32 antibody 93 101302 1:200 BioLegend
APC anti-mouse CD3e antibody 145-2C11 100312 1:200 BioLegend
Alexa Fluor 700 anti-mouse CD4 antibody GK1.5 100430 1:500 BioLegend
Brilliant Violet 510 anti-mouse/human CD44 Antibody M7 103044 1:200 BioLegend
Brilliant Violet 605 anti-mouse CD8a antibody 53-6.7 100744 1:200 BioLegend
Intracellular cytokine staining

Brilliant Violet 421 anti-mouse IL-4 Antibody 11B11 504120 1:200 BioLegend
Brilliant \iolet 605 anti-mouse IFN-y Antibody XMG1.2 505840 1:200 BiolLegend
PE anti-mouse/human IL-5 Antibody TRFK5 504304 1:200 BioLegend
PE-Cyanine7 anti-mouse/human IL-13 Antibody eBio13A 25-7133-82 1:200 Thermo Fisher Scientific
Analysis of infiltrating cells into the lungs

Antibodies Clone Catalog number Dilution Source
anti-mouse CD16/CD32 antibody 93 101302 1:200 BioLegend
FITC anti-mouse Ly-6G Antibody 1A8 127606 1:500 BioLegend
PerCP/Cyanineb.5 anti-mouse CD11c Antibody N418 117328 1:200 BioLegend
APC anti-mouse Siglec-F Antibody REA798 130-112-175 1:200 Miltenyi Biotec
Alexa Fluor 700 anti-mouse CD4 Antibody GK1.5 100430 1:500 BioLegend
Alexa Fluor 700 anti-mouse FA/-E Antibody M5/114.15.2 107622 1:500 BioLegend
Brilliant Violet 421 anti-mouse -A/I-E Antibody M5/114.15.2 107632 1:200 BioLegend
Brilliant Violet 421 anti-mouse CD3 Antibody 17A2 100227 1:200 BioLegend
Brilliant Violet 510 anti-mouse/human CD11b Antibody M1/70 101263 1:200 BioLegend
Brilliant Violet 805 anti-mouse CD8a Antibody 53-6.7 100744 1:200 BioLegend
PE anti-mouse CD45 Antibody 30-F11 103106 1:200 BioLegend
PE/Cyanine7 anti-mouse CD3 Antibody 17A2 100220 1:200 BioLegend
PE/Cyanine7 anti-mouse CD4 Antibody RM4-5 100528 1:200 BioLegend

CD4" T cell depletion

Antibodies Clone Catalog number Dilution Source

anti-mouse CD16/CD32 antibody 93 101302 1:200 BioLegend
Alexa Fluor 488 anti-mouse CD90.2 (Thy1.2) Antibody 30-H12 105316 1:500 BioLegend
Brilliant Violet 805 anti-mouse CD8a antibody 53-6.7 100744 1:200 BioLegend
PE anti-mouse TCR  chain Antibody H57-597 109208 1:200 BioLegend
PE/Cyanine? anti-mouse CD4 Antibody RM4-5 100528 1:200 BioLegend
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CD4* T #ilads KUMFELIR, (FRIRDIRE
CD4" T #REZBRE T DIz(C. FA&ERENS 9 B (RSV BERAIR) (C. 100 pg @ Anti-
mouse CD4 antibody (clone: GK1.5, catalog number: BE0O003-1, Bio X Cell, West
Lebanon, NH, USA) &30 \(& IgG2b isotype control (clone: LTF-2, catalog number:
BE0090, Bio X Cell) Z 200 uL @ PBS (CHIX. N DORICIERENIRS Uz, 1FEEERDBRE
(ClE. RSV BERATHB LURENS 2 H(C. 100 pg D Anti-mouse CCR3 antibody
(clone: 6S2-19-4, catalog number: BE0316, Bio X Cell) &3 \(& IgG2b isotype
control Z 200 ulL @ PBS (CHIX. N¥OXICEERNIES Uz, IFHEKDBRE(CIE. RSV B
REIAS KXRENS 1 B, 3 H#&ZIC. 50 ug D Anti-mouse Ly6G antibody (clone:
1A8, catalog number: 127649, BiolLegend, San Diego, CA, USA) &»3\L\(& IgG2a
isotype control (clone: RTK2758, catalog number: 400565, BioLegend) % 200 pL
@D PBS ([CINZ. ¥OXRICERARS Uz, Fio. MIEREOHRE. LD [AADEHE
HRIODEEMT] (CTITD T2,

BBICE(TS T MRRRE DR
ADROAMALIER DI OHEZ 1 mL OHIFIEER XS+ DA (10% FBS, 1% RXZ>U
>0 1% ARLTRYAS>, 28.5uM2-XLHT hIH ) —)L&ERIUTz L-OIVEF =Y
=78 RPMI 1640 iFith) (CHEBBULIZE. 20 9D 1 £ (50 ul) Z 96 well U-bottom plate
(Thermo Fisher Scientific) (CIEfELTz. £D#&. MEERAAT DA THRLIIZ 100
ng/mL phorbol 12-myristate 13-acetate (PMA) KU 2 ug/mL ionomycin. protein
transport inhibitor cocktail (Thermo Fisher Scientific) %Z 50 ulL/well TZ&INL. 5%
CO,. 37 °C T4 IFEIBELZ. €D, 800 x g. 4°C T4 DE&ELU. BELBEZR
EUE, HlREREREEITOE. REBAAT 1 IL (2% FBS, 0.05% Sodium azide, 1
mM EDTA) T. Fixable Viability Dye eFluor 780 & KU Table 2 (Analysis of cytokine-
producing T cells, Cell surface antigen staining) (TR HiAZFHIRL. 50 pl/well TH
ZT. B§PR. 4°C T 150> FaR—bhUTz, 2D, 200 uL ORERAAT 1 D L%
X, 800 x g. 4 °C T 4 ;=L UL. #lgZzk$Lriz, 100 uL @ BD Fixation and
Permeabilization Solution (BD Biosciences, Sparks, MO, USA) ZhlX. B&Pr. 4°C T
20 PR >F1R—- MU THIREZEFE L2, 100 uL @ BD Perm/Wash Buffer (BD
Biosciences) ZilX. 800 x g. 4 °C T 4 #E&ELUL. EEZERELUZ. ©DE. 200
puL @ BD Perm/Wash Buffer T 2 BIfEFEHS KUREBUIEZITD Iz, BD Perm/Wash
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Buffer T Table 2 (Analysis of cytokine-producing T cells, Intracellular cytokine
staining) (CRIFAZHIRL. 50 ul/well THIIZ T, BEFR. 4 °C T 30 DR >FanN
— U7z, 200 pL @ BD Perm/Wash Buffer T 2 Eli%i# L. 200 ul DREHAAT +
DACHRZEREL. XwvS 2 (TEBUT. 96 well U-bottom plate (Violamo) (CE U7z,
TD#. Attune NXT Flow Cytometer ZFB\U\ T —4ZHUS L. Flow]o software version
10.9 ZAHWTCT — I ZIT DT,

iRt ERAR

#RatAE#ATIC(E. GraphPad Prism 9 (GraphPad Software, San Diego, CA, USA) ZF3u\
Jzo T—AFEELEERE (SD) FEFPIMETRL. AREREE. HBEICIHUT
one-way ANOVA H KU two-way ANOVA. Tukey'’s test., Sidak’s test. Dunnett's test.
unpaired Student t test Z ALV C METFENBRBEE P < 0.05 DEESHEETHD LU
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(#55R]
MG DOYERES S UHUFFEEEEDF T

F9. GERBEDIF>OD RSV BREDRIREZTHE T DH(C. BIRSZFFKI DS
ENFIBNTLND mG =, HEEMREEZRVTER U, BEDRELD. G EHHE(EE
SAREKRT DI ENBESNTND, FIVEBION NI ST« —DBEETOT 7L
KD, B—E—-ODED=EUR LIz, SDS-PAGE ZHW\THERE®HR L (Figure 1a,
b) . TDFER. mG (39 90 kDa DfIEICE—/> RTHE=N., SHE(CHRRINZC
xR Uz (Figure 1a) . F/z. SIVBBOIOXY M ST« —OBETO07 7 1ILEKD.
MG (IZ2RZEFHK L TWNDZ ENHERENZ (Figure 1b) .

(@) (b) 1.35 kDa

(kDa)
250
150

100
75

158 kDa

y 44 kDa
|
f | |

670 kDa

|r'I
37

25 -~
20 +

15 - |

OD 280 nm (in mAU)

4 6 8 101214 16 18 20 22 24
Elution volume (mL)

Figure 1. Purity of vaccine antigens.

(a) 1 ug of non-reduced recombinant G protein expressed in mammalian cells (mG) was
analyzed through sodium dodecyl sulfate-polyacrylamide gel electrophoresis followed by
Coomassie Brilliant Blue staining. (b) mG was purified using immobilized metal ion affinity
chromatography followed by size exclusion gel filtration chromatography. The elution profiles
of mG (red line) in size exclusion gel filtration chromatography were overlaid with the elution

profile of the standard proteins (black line). This experiment was performed twice.

RIS, MG DOFUNCKBDMHREEZTHM U, mG B, HDWLNIKEEI7IL==ZD A
(Alum) Z&pIL. 0 HE & 21 HEICNDRICE TS5 LT, 28 HEHOMEEHRD G 152
1) total IgG % ELISA (CTHRIEUTZ (Figure 2a) . TR, IEDOFBEE B LT,
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mG BT > B G FENTAZFEE U D Te—A T, mG+AIum 8f(d mG BD
OFEBEHRUTEBRICTARZSEELUE (Figure 2a) . BUBE(E. G BENIMZESE
Uz mG+Alum DO F > zZRAVWTCRIRISOFTZiT o 1z,

MG DI F IC kD RSV B DRIRIGDEIT

RIS, YNDRICMG TUOF > =igiE%. RSV ZREB/PSE. RENICTUBEXEZ H
LTz F T MHICHIFDIAILAEZ ) 7)LF A LART-PCRZERAWTHRIE Uz (Figure 2b).
ZOFER. IEDOF R CIIFICRSEE 3 HENS 5 HEICMNITOMIILREMNEMUZ
—AT. DOFDETIEIRRE 2 HERZE—UIC 7 HEBCHNITOAILAENRLD Uz
(Figure 2b) . RIC. FREIRISEEZIHELIZ, TOFRER. RSV BREEICNIXDKRE
(F. DUOFEFCIIIFDOFUREAERETH D, BRAEEFRH SNz (Figure
20) . — AT MEEZATET DL FFDIF U TIFHRBZEEN RO SN D TZ—A T,
DOFURCIEFIEDOFOBLLERUTRERREE 3 HEMNS 7 HEFTAER([CHEMULE
(Figure 2d) . Ffz. DUOFUBFCTE FEDOFURBFELLER LT, & S HES LU 7
HE [ChREEER (BALF) FDIEEMUKEREESR (LDH) AAMBERIEMLIZS &S, g
BENTHEL TLB T EhRaniz (Figure 2e) . &=5(C. Periodic Acid Schiff (PAS)
REEAVCHOEMU A ZFEITTD & IEDOF D BIORBRES JURRREF S &R L T,
DOFUBCRAFUEENTUELTED . MIEADRIENMBEL TLD I ENMHER SN
7z (Figure 2f) . RIC. JO—YA X MU —ZH\ TN ElRZ#T Uz (Figure
29,3) . TOWER. DUOFURFCE FEDOFBFELER LT, B SHBSKLU 7H
B(C CD45 BHoRmEkERICIBI U (Figure 2g) . F/z. AMEKD S5, §FEEERHS.
REte 5 HEBS KU 7 HEIC, 3EDOF D RFERUTOOF A CARICEBMUTZ. M
2T, HFHEKFRERE 7 HE(C, EDOFUBELBRUTDOF OB CERCEML TV
7z (Figure 2g) . &5(C. FFDUF BB U TDOF 2 EFC CD8™ T HRBICENER
SN D fc—AT. CD4™ T g % 5 HES LU 7 BETERIIEMUTZ (Figure
29) o L EDFERELD . MG DUF > (F RSV BERZEBHHT D —75 T\ FFEEER Ik, CD4™
T #RR/R EDMNDZHEB LUSERIE. MESIENEEET D ENESHNERDTZ,
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(a) anti-G total IgG (b) Viral load (lung)
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Figure 2. Antibody production and RSV-induced pulmonary inflammation in mG-
vaccinated mice. (a-g) Mice were immunized subcutaneously with 1 ug mG, +50 ug alum,
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or PBS as a control on days 0 and 21. (a) Plasma was collected on day 28 and the levels of

G-specific total IgG were evaluated using enzyme linked immunosorbent assay (ELISA). (b-

e) Mice were challenged intranasally with 1.0 x 10° plaque-forming units (PFU) of RSV on
day 31 and sacrificed under anesthesia on the indicated day post challenge. (b) The viral
loads in the right lungs were determined using real-time reverse transcription polymerase
chain reaction (RT-PCR) from the mRNA levels of RSV nucleoprotein (RSV N). (c) Body
weight. (d) Right lung weight. (e) The levels of lactate dehydrogenase (LDH) in
bronchoalveolar lavage fluid (BALF). (f) Images of periodic acid-Schiff-stained lung sections.
Scale bars, 50 um. (g) Number of lung infiltrating cells in the left lung was analyzed using
flow cytometry. (a-g) Each experiment was performed twice. (a, ¢) n = 5 per group. (b, d, g)

n = 4 per group. (e) n = 3 per group. (a-e, g) Data are presented as (a, c-e, g) the mean %
SD or (b) median. (a-e, g) *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 as
indicated using two-way ANOVA and (a) Tukey’s test or (b-e, g) Sidak’s test. ns, not

statistically significant.
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Figure 3. Gating strategy for infiltrating cells into the lungs following RSV challenge

in mG-vaccinated mice.

-17 -



YFELIRES KTMFHPIR(C K DA E SN\ DFZE Tl

ZZ T, MEEDENZEIRIGOI> RiRA> hEL, EENRALIRDEEE 5 H
BICHITE2EMROMESIENCRETHZEZBTUIC, £, FEEEKNMESIEINMN(C
RFITRECDWTHEHITUIZ. DOFEBR(CH CCR3 ik Zin59 2 & THiFisEkz
BrEUTZ#&. RSV ZRE/S U CTREE 5 HE(CMZET LIz, TORER., DUOF BT
(&, #T CCR3 yihzig59d L. O bO—ILFAIGSEFELEE U T IFEEERANERE (TR
WU ENMERESNIZAY. CD45T flfEgds KUMFHER. CD4™ T flfaEE b Lo

(Figure 4a) . Ffz. DUFBFOH CCR3 FufdE S8 €&, O> hO—/LTAESE &
EBRUT. DMIILRENBRIBIUE—AT. MEEEFZE A RDH SN o7z (Figure
4b, c) » LIEM > T GEBEBDIUF BV TIFEEERE DL ABBRICE5 95— A T.
FESIBINNCRAS LIdWLWZ EARENTZ,

R, DOFEED RSV BEEDOATIENMMNERD SN IFPERD MESIENCR(F I
E(CDWTET LTz, DOFARER(CH Ly6G NiAZIR5 I & TH IR EREL
. RSV ZREBES U TRGYE 5 BEICRZ#IT U, TR, DOF 2 BFCIE L LYy6G
iR zR592 L O bO—JLHFRIESEE SR U T, iFPEkE & B ICIFBEEREREE (CRK
WU, CD4AS™ HiRR(FZ(L Ui oz, —/AT. CD4T T #lfRIE. IEDOF BB RLUDT
FRIOMADHL LyeG G SEHCH LT, I> bO—ILIAESE R U TERIC
iUz (Figuredd) . Efeo DOFEFCIE. HiLy6GHAZI5ddE. I bO—
IVTARISSRFEER U T, DAIILAENBRISIBINLIZ—5 T, MEEEFZEEHRH SR
Moz (Figure4de, f) o ULIZADT. GEBEIJIFU(ICHNT, FHEKE, 1FEEEKDH
BPOUAILABBRICES I 2—A T, MESENMNCEAS LRV EMRENT.
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Figure 4. Effect of eosinophils and neutrophils on RSV-induced lung weight increase.

(a-f) mG+alum-vaccinated mice were challenged intranasally with RSV on day 31 and

sacrificed under anesthesia on day 36. (a-c) Mice were intraperitoneally injected on day 30
and 33 with 50 ug of anti-mouse CCR3 antibody (« CCR3) or IgG2b isotype control (ctrl-lgG).

(a) Number of infiltrating cells in the left lungs was analyzed using flow cytometry. (b) The

viral loads in the right lungs measured using real-time RT-PCR from the mRNA levels of RSV
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nucleoprotein. (c) The right lung weight was measured. (d-f) Mice were intraperitoneally
injected on day 30, 32 and 34 with 50 ug of anti-mouse Ly6G antibody (aLy6G) or IgG2a
isotype control (ctrl-IgG). (d) Number of infiltrating cells in the left lungs was analyzed using
flow cytometry. (e€) The viral loads in the right lungs measured using real-time RT-PCR from
the mRNA levels of RSV nucleoprotein. (c) The right lung weight was measured. (a-f) Each

experiment was performed twice. n = 5 per group. Data are presented as (a, c, d, f) the mean

% % %k %k

+ SD or (b, €) median. (a-€) **p< 0.01, *rp < 0.001, P <0.0001 as indicated using

two-way ANOVA and Tukey’s test. ns, not statistically significant.

CD4™ T #lil(C Kk B IHERIZINN DR ET T

R(C. CDAT T HRN MEEIBICREF THECDWLWTHEIT Uz, DUOFEBRICH
CD4 A ZIR5 T D ET CDAT T #ildZbRE LIz, RSV ZREKS U TR 5 HE
(CRhZEEATUTC. €TDRER. DUFRFCIE. M CD4 itrzig5d 2 &, O bO—)Un
HIGEEEEHEE LT, CD4' THiFRE &HBI(C CDAS™ MIREdH KTMFEEER. FHERBIEE (CR
WUtz (Figure 5a) » Ffo. DOFAFDH CD4 FuAigSEF €&, O> bO—)LiUAES
B LB LT, OAILABICEILERD SN D e—A T, MEREIEDIF B & FIRE
EFTHERCHLY Uiz (Figure 5b, ¢) . Lizh'>T. GEHEEDIIFICH T, CD4*
T B SHERIEINCRES T 3T LN RSN, Fie. CD4™ T HRRIEFEEERS SUMFER
DR E(BET 2 ENRSNTZ.

BEIC. MEEDEINCES TS CD4' THIED I T/ 51 T =TS BzIC. RSV B
RALORTHERETD Thl Y MO > (IFN-y) $30\& Th2 B+ bh-r> (IL-4. IL-5.
IL-13) %E4TS CD4"T T #iigz. Thl H3U(E Th2 iz LT, JO—H+ hX KU
—ZRAWTERM U (Figure 5d, 6) . TD#ER. Thl MIFLIEFDOF BT 3 x 10°
B, DOF BTN S5 x 10° ETIHEDOF R LB U TERICENULIZEDD, ED
& 2 x 10° EfEZ oz (Figure 5d) . —/T. IL-4. IL-5. IL-13 2EL£T D
Th2 BRBIIEDOF B TLINE 1 x 10° EIRETH > ZDICH L. DOFUETEN
ZNHI3 x 10* . 3 x 10* . 1 x 10" BEIEFDUF BB L TERCEMLT
H0. BMBEVWINERN 10 AU ETHo/= (Figure 5d) . Lizho>T. GEBEDTY
F2(CHFB RSV RUREDIFESOENC(E Thl fifek DE Th2 NS LTSS
ENRBENTE,
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Figure 5. Effect of CD4" T cells on RSV-induced lung weight increase.

(a-d) mG+alum-vaccinated mice were challenged intranasally with RSV on day 31 and
sacrificed under anesthesia on day 36. (a-c) Mice were intraperitoneally injected on day 30
with 100 pg of anti-mouse CD4 antibody (aCD4) or 1gG2b isotype control (ctrl-IgG). (a)
Number of infiltrating cells in the left lungs was analyzed using flow cytometry. (b) The viral
loads in the right lungs measured using real-time RT-PCR from the mRNA levels of RSV
nucleoprotein. (c) The right lung weight was measured. (d) The number of cytokine-producing
CD44™"

lung with phorbol 12-myristate 13-acetate (PMA) and ionomycin in the presence of transport

CD4" T cells was analyzed using flow cytometry after stimulation of cells in the left

inhibitors for 4 h. (a-d) Each experiment was performed twice. (a-c) n = 4-5, (d) n = 5 per
group. (a-d) Data are presented (a, ¢, d) as the mean + SD or (b) median. (a-d) *p< 0.05,

% % %k %k

**p<0.01, ***P<0.001, P < 0.0001 as indicated using (a-c) two-way ANOVA and

Tukey’s test or (d) unpaired Student f test. ns, not statistically significant.
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Figure 6. Gating strategy for cytokines producing CD44 CD4' T cells in the lungs.
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KRFHERKD. GEBETIF (L RSV BRRICAHEBEEDIENZIEET D EHRE
Niz. ZABR(T. BED GEBEABEDIIFICHT IR TIFHRESNTLVRL . —ARHIC,
S (SAKIEDIBSIE & 12> TS 28, FZKIE (L. MBMEE 52 W\ (IMmEESBHENTTE L.
FRER KD DNRE T BEETH D KDEBDHEIC K> THEENEMT S 2. Uh L.
FREE LD, DOF BT, MEEIEINUE—5T. BOKDBEIEDIF > EER
BETH D, MEZBUEDFHESRO SN DTz, LIEND> T, GEABIIF (LT
ZETEEDENEHKENRE T E R\ EHREN D,

—757T. FESDENMICIE Th2 MIfENEST 3T ENRBSNEZ. ZDsH. Th2 ke
HEE T B ENEDEHD—DTH D IS —4 > DEEN FHESDIEN (CRES5 T 3 T4E
HAENEEZI TS, BEDRELD. Th2 B+ bHA>DHTE IL-13 (&, FHfE LR
YOOI 7 —ICER LT TGF-pZRE L. MEEDIENMNICREAS T ENREE
NncTwnwa 23, e, FRHMENSE. DOF BT RSV B IL-13 ZHF1F D Efif
BEENEL LIS ENS, IL-13 (E GEBABETUF > (LB RSV BEREOIMEEDIENIC
593 &M <RBEINZ, S5(C. B RSV BERHDVERBRTDIRIC, IL-13
B\ IL-4. IL-5 ZHRNUTRERS T BT LT, MBSENEBFRITENES
MCDWTHEREFZESD TLVD, Tz, FESDENIC(E. BRIEDBEIES LTS
HaEEH 5. FRANBE LT, TR IIL—ERVWTERELRET DL, JIFET
(FFETOF B LR U TADMENREBEINT (CD >MABRRENZ, £z, BEDHRS
L0, IL-4 (FXoO0T7—SITHERU Gasé DEEZENT U CIMASDRRE/BE T S EIHEE
a3 343, Uieht> T B/E. G EBREDITF > EOS5—4 > DOEES LCMEDRRS &
DESICDNT, MEREERAVTRIIT R EEEIC, Th2 HA MO 2ICLB3ENSD
TREETZ R A D =X LD ZESDH TW\D. TNSOIMESIENORFERRIL. G EREDY
F > CKD RSV BABDRUERIED K DFFHBIRMIRER(C DN DEDTHD. GEEEDY
FoDELUEFZRT DO TRO CEERIMBICRDED LEZX BN,

GEBHEDIF>ICKD RSV BREDKUERAENIFIRIERE (CR(FITHEFIRATH D,
FRABE LD, MEDIBETH D TEBEIE AT LR, IEDOF DB ORRE TR
BREFE R U CHERICKEBEENTUELIZEBDD,. DUOF R TIIEDIFRFDR
BB FRE T, [UBBEMEETTEL TLRh Dz, BDZE., GEHRBEIIFUICLS
RSV BEREDOTENIEL. WE & (IRRDHETH DI ENTEENCZ. £e. SEE.
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FiicD A AZHHEREDIEIR CHDMPEFREZTRE T D2 LT, RGN ES N TL)
BINESHETHUAT B FETHD.

IFESERE KOMFHERIE. BERHHICES I 3600, MERCHEERIFSIN D/, B
EDIRE LD, HFEEER(L T B IFN Xo— B BIRDELE AT LT RSV DHIRICES 332 &
WRIBENTWNS 4, 2D, AERIL. (FEEERD RSV DREPSHICTS IR E %
T B, —H T FHERIE RSV DREBSHICE ST DMNERBETHIEDD. 1> Il
T )LADBRBHICES T DT ENRESNTLD %, £, DOFUBTIE
IFRER A PR T D S IFEAERERNEEE (TR LTz, — RIS, FERER(E Th2 MIRRNEET S
IL-5%° IL-13 (C&K D THISCHEESNSZN B, BEDHRE LD, in vitro ([CHTEHFPEK
EBIFFERDWEE(CRIS I3 T ENRBR SN TS B9, Uizt T, iFFERKISEEN. 53
UMEAA\DIFEEER DI E ZAE T D Z & TRIHIERIC RSV DHIRZ{EET D 2 EHHHEREN
Do Tz 1FEEERS D WV HFPERDIREIC L D TIAILREBMMENLIZEDD. MERICE
EERFS/MDIETENS. MEEETILABITEELRNT ENRBENEZ. T5(C.
BFEEER(IZ. FI-RSV DOF > (CHUT VAED DEEE LHETZTENBE 2 CNETG
BHBEDIFUICBVTHRIRDIEES UTRLWSNTERZ. U L. EEDRE T,
FI-RSV DUF > (CkD RSV REPEEDTUE R AEDIEBAITIREEE DR T HIFESER RIE< D
ATRIERSNRNT EN S, 1FEEKIE VAED OFR(CFES LRV ENREEN T
30, ULIh'o T, KAERE. FEEN G BRABDIF > DRIRICDIEES L CETITR
W EZXFFITDEERABND.

GEBREIJIFUBETIRATIE, CD4™ THIRIDBRZE(C KD, IFEEERE KONFHERDIE
ENERICEL UIe—7T. FDD-1 )L BIHIEIMERICSH D e EDDBERIRENRHS
RN D oo RERIL. IFEERD KUFPERDN DA ILABRICE S T3 EVDHREFET
%, LU, DUOFBECIE. $1 CD4 TR DIR S (C K DFPFERDBA =E (. HL Ly6G Hidk
LB L THITN TH Dz, TDIesh, CDA™ T HIFIDIRZE(C KB I ILABDENAE
<BERINH O e EMREIND. £z IFDOF B TII CDA THIRRERET D &I+
ILZABDENDFIOHERENET NS, CDAT T MBI JILADENCESLTVD
AIREMENNE X SNz, ©DEAE LT, L CD4 Hidk(E., Th2 MR TRR< . HIHNE T 4
fEEORTO CD4"T T HilgEiRE Ll SHRIND. 55T, HIEE T MR o)L
ZISEDIHICEREET 3z V2. DAL ADIEER (BT B aaEEN B D. Lizh'>
T. CD4* T g2tk & LTI IILAERIC(FE EA EFTSURV—T. Th2 #FRI39FEE
BB LMFPEREFET T ETIANIILABREDET D EEZI SN D,
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ERE LT GERBIUFUICK> THESI/Z Th2 #ifa(d. RSV B (ChhC s
U SFBESERAOIFRERODIEINICAIS 3 & & 60, MEEDIENMNICEET 32 &N RSN,
—AT. FHCO2ET IFEEERIF PR (IESDIENCRS LIRW T ENEShERD T2,
LIizh' > T. Z2M0BE G BREDIF > ORFI(C(E. DL APHFEOFECIX.
Th2 MEEFELRVWDIF VRN EE THBEEZXBNSD. —HT. VAED (. RSV
DOFFEF T, SARS-Cov-2 DX BRE DT > THIRE SN TSN, il
RIERGITRETH D . 2D, AAFFERECGEREIIF>(CRST . FI-RSV D2
F 2 HEESOMD RSV DIF > KU SARS-Cov-2 TUF> D VAED DREEIRES LU
KISAICERRARESEZSTEDEHPFIND.
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BTEH B/IHMORERMMR G EABDIFORMFE

F—ETRUZEDI(C, HEALEERZAVTER UICBRBIX G EBE (mG) JDUF
lE. BEZERHT D —A T, Th2 fifRZiER & T IRBEBREZSFEI D. F/o. mG (FF7
= BRI S DHETE D FENH 30 kDa THDIDICH LT, KREDFEHMTHIIE=TEI 90
kDa £2TIEXRTD. UMU. i, VEHEMIEEZ BIZ/RWAKBE (E.coli) ZRAVWTER
UIssiBinz G EAE (eG) [CF7Za/\> RMERIULEDOF N, YIS Y ML
HBNT. MG DUF > KD ERREHHZIR(CEN. Th2 ISBEZFELICKW\I ENRES
N2, UL, mG $EU eG DEMMUES KURDMN. 72 2/0> hORIDEHE(C
DS BN THINE SMNIFBETHD.

Fre. 722/ MUEE. EREMEZSSH. Thl/Th2 NS R ZHI# D28 (CfEA
ENB P, WRRICHBWT, DUOFFERREDSHZRENQR T2/ MI(E Alum, Toll
BB (TLR) 9 UBH > RTHBDIEAFIUE cytosine-phosphate-guanine (CpG) =8B
g Z—A4H DNA (CpG ODN) *6, XO7L >_R—2D oil-in-water B TYIL> 3> THD
MF-59 72 EHEEF NS 478, BIfILD. mG DUF > (CLBEIRLDERN Th2 #Hi2
THBTENRSNIETENS, MGBXU eG TIF2CHNT, TNSOFZ2/\ b~
EHAT BT ET Thl/Th2 NS> R EHIL CRIRIEZIE LSS Ak % B,

AHITIE. B Egedtzn et G EREDIF O ZIFRRI DI EZBENE L.
BIRZ 722/ hERINUEE MG & eG DUF > DRERBHHZNIRS KRUBIRIGZLEE U
1=

(RER#MH & F53E]
6-10 iBiindD BALB/c ¥R (Itf) ZHAT R TIL>—HRASHKIDBA L. YDX(E 12
REfIDBRRE Y 1 )L (R=UT : 8 B, JHAT : 20 ) TEBUZ. £ TCOEMIEER(E. KBRAK
FRAEVRIAT P OB YRR TITL). RRAZFEBRRIZCECZ (TORIILES
BIKEN-AP-R01-15-2. BIKEN-AP-R02-14-5) ,

IR EOAEOFREFR
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MG FHIRT S A= RICDWTIE, HiIfflCicak Uz, FERBRIRT SR I R(E, EZERAE
RFFRDEA BRI E (CTHRMAEVZIZ Uz, F ERE(E. RSV-A2 ¥k (GenBank accession
number : AAB59858.1) (CEE3K9 D F EREOMES B X1~ (1-513) (C. DS-Cavl =
NR—X & UM P102A, S155C, S190F, V207L, S290C, 1379V, M447V D77 = JEEE R %=
M. C RIpflC T4 INOFVUFI7—HED 3 EXFK R XA > THS foldon

(GYIPEAPRDGQAYVRKDGEWVLLSTFL) KU His ZOMNSilEcNzEn&EMEHE U
A F e, LROT I ERS =MAEMIRRIROIZHICREL LIZ (DNA 2TSX =
RCHMHAATE. MG B LU FEHE(L. Expi293 Expression System ZAHWTHRIESE
Jzo TSXZ=R (30 ug) & ExpiFectamine 293 (80 ul) &REA L. =ET 10 DiIERE
L7z#. 7.5 x 107 cells/25 mL (CFA%E LTz Expi293F #ifE(SREERERML. 37 °C.
8% CO, DEMATT. 18 BEiREEE (120 rpm) UJz. €D, ExpiFectamine 293
transfection enhancer 1 Z 150 uL. ExpiFectamine 293 transfection enhancer 2 =
1.5mL. 100xRZZ U/ A NLT MRASViERZ 250 L iwilUlz. NS> RT 1D
>3a>h5 6 BEIC, 1B#&E EE% 5,000 x g. 4°C T 10 SREELOLTEUR Uz, eG FEiR
TS RZ R(&E N EKHIC His #0724 NNUTZ G EREDI Y b RAA > ZKBRRIRAIC
Bt L7zEd% pCold3 vector (Takara Bio, Kusatsu, Shiga, Japan) (CHEAFHADC &
THERUEZ. eGlE. eGRIETS A= R%EBL21 (DE3) (CEAL. 0.2 mM isopropyl-
B-D-1-thiogalactopyranoside Z7IL. 15 °C T 24 KR ZEIEE I D ETIER U T,
1BE%. KBEZ 8,000 x g. 4°C T 10 &L TEUL. 20 MM 1 =5V —)LB K
U Protease Inhibitor Cocktail (Nacalai Tesque, Kyoto, Japan) Z&AZ20 mM U>
B NUDLABRICEELUZ. TDR. BERUIETABEEZS##LU. 8,000 x g, 4°CT
60 DREliEO LT EBEZEURUZ. MG, eG. BKU FEHE(L. Ni-Sepharose HisTrap
FF column ZEXD{F(F7= Akta explorer chromatography system ZRW\THEREUE, £
9. EUNLTE/=_&%. His Trap FF column ([C# L. His 0 EEABEHS ALK
Bz, Z20%. 0.5 M A=YV —-ILZEAIL20mM U EF NUDANBERTERER
BH U, RIC, BHENZEARERRZ. Amicon Ultra centrifugal filters (cut-off, 10
kDa, Merck Millipore) (CHIX. 7,500 x g. 4 °C Tz LT 500 uL FFTEMLU. TILE
1873 /s Superose 6 Increase 10/300 GL column (Cif U1z, €D, A high-molecular-
weight standard kit ZFU\T. BHTOT 7 1)L S BRNOEREED EHE SNDE D
M+ Amicon Ultra centrifugal filters TiEfia U7z, eG (& EndoTrap HD 5/1 (LIONEX,
Braunschweig, Germany) ZAHWTCI> R hFS2>ZBFEL. I>RMFIDER
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Limulus Color KY Test (FUJIFILM Wako Pure Chemical Corporation) ZHRU\T 0.05
endotoxin unit (EU) AT THd &R Uz, RERBEDORBRE(E. SDS-PAGE 8K
U* Coomassie Brilliant Blue & (C K> THEER LTz, SDS-PAGE (3. EEEBE®RZ 5% X
VAT RIS J—)L&EED 2 x sample buffer &3E8&L.95 °C T 5 DREIBWIE% U=,
10% Extra PAGE One Precast Gel (C77T S5 L. 200 mV (FEHFE) T 45 2EESUK
g Uiz, TD#. U)L%Z EzStain Aqua TREL. ChemiDoc Touch Imaging System T
wmes Ul £le. ERBEDIEE(L. Pierce BCA Protein Assay Kit ZFWTRE U,

RSV D& L iEHA
B—EIDRERMR LTTECEUTZ,

RIANDIIFE XV RSV Bk

6 18iindD BALB/c ¥R (ltff) DEMBRETIC. 0 HEH KU 21 HEIC. mG. eG. XU
F Z&AE (1 ng/mouse) ZEMHBL\E Alum (50 pg/mouse) . CpG ODN K3 (5'-
atcgactctcgagcegttctc-3') (10 ug/mouse) , or AddaVax (InvivoGen) (25 ulL/mouse)
EEBILIHE Uz, #5aRHE PBS (-) THREL. BD O—R—X™ 42X UETIES
FfHHESIEIZAWLT 50 pl/mouse THS Uz, &R&®ENS 7 BRRIC, XEERIRK DM
BN, FZEFEHERRICIDVIORZLREFR TR, EiizElX Uiz, 31 BRI,
FREF T (CHLVT 1.0 x 105 PFU/30 ul PBS M RSV ZH £ 15 ul TY IR ICERIR593
CETRRE TR, B 5H% (36 HR) (CHMEY T T T ARERIRUIETIC K BDMRMICK DY DIR
ZREFRSCE, €D, BEBRIRZUBRL. it (REZFR<) ZEIRUTZ, Fe. LSS K
UEnkinztlBRL. Etv hMERAVWTERTADSERBZEESH VBN U,

ELISA ZR\\ =iz & sTm
%_Eﬁo)iﬁﬁ*j*ﬂ tﬁiﬁ(:iﬁ LJ N IEIEIT?%(L__ \ OD450_570 b\ 0.1 LXJ: trdtéﬂeik%¥R'fg$%I\/
RR1> N1 —EUTER U,

IRiEMREDBRIBIC LD T MaEEDRIT

N ZADMENEZ 5 mL OHIFZREBRAAT DL (5% FBS. 20 mM HEPES ZRiIULIZ L-
JILE =Z>E%8 RPMI 1640 =i (Nacalai Tesque) ) BADfz 15 mL F 21— (CEIUR
U. GILA KL —F—LETTS> v —Z2B0WTER~EZT D DAL, B—llgEEres,

- 28 -



400 x g. 4°C TS5 ofEOUL. EBZBRELUEE. 2 mLdD ACT lysis buffer jlz. =
mC 5 DEA>FINR-FTBDIET, BMIBEZITOE. TDE. 5 mL Offifg%EA X
T+ DLA%EBIMU. 400 x g. 4 °C TS5 afELLE. EBEZBREL. 1 mL OMEE
FAXT 1L (10% FBS. 1% RZU>. 1% AKLT Y2 28.5 uM 2-X)L
AT RIA ) —=)LZERINUIE L-JILF =25 RPMI 1640 i5ith) (CHEEEBLIZE. 209
M 12 (50 uL) %Z 96 well U-bottom plate (Thermo Fisher Scientific) (CIE&EUT.
T, MEERAT DA THRULEZ 10 pg/mL D FEBEZ 50 ul/well THRIOUL.
5% CO,. 37 °C T 19 BfEiFE Lz, £dDH#&. protein transport inhibitor cocktail Z Al
Z. 5% CO,. 37°CT5BIEELE, 800 x g. 4°C T4 D=L L. IBEEEZRR
EUT#E. MilRERERAEZEITOZ. 2EBAXS LT, Fixable Viability Dye eFluor 780
H LU Table 2 (Analysis of cytokine-producing T cells, Cell surface antigen staining)
(CRIHUAZRIRL. 50 pl/well TINA T, BEFR. 4 °C T 15 B >FaR— KU,
TN, 200 pL DREBAXT 1 DLZINMR. 800 x g. 4 °C T4 p=ELL. HRZE
7 U7=.100 puL d BD Fixation and Permeabilization Solution (BD Biosciences, Sparks,
MO, USA) ZhlX. B&Ff. 4 °C T 20 -1 >FaR— U THlilgZEE U/z#. 100 pl
@ BD Perm/Wash Buffer ZillX. 800 x g. 4°C T4 9oM&ELL. EBERELURE. £
M. 200 pL D BD Perm/Wash Buffer T 2 [EIEFHS KEEBUIEZITD/Z. BD
Perm/Wash Buffer T Table 2 (Analysis of cytokine-producing T cells, Intracellular
cytokine staining) (CRIHAEHAIRL. 50 ul/well THIX T, BEPT. 4 °C T 30 DR
>FaR—kUJz. 200 uL @ BD Perm/Wash Buffer T 2 [EI5EF® UE#%. 200 pl ORE
AT« DACHREFREL. XwvSa(TBULT. 96 well U-bottom plate (Violamo) (C
BUTz. €D, Attune NXT Flow Cytometer ZFRW\TF—4%ZES L. FlowJo software
version 10.9 ZAHW\TT — 58z iTo 7,

RNA #iih - Y7)L5 4 L RT-PCR

SE—ERDRERMIR £ I5ACHE U T, T2 BBICE 1 35 N9 >0 mRNA RERH Tl
HA hHA>DmMRNAEIREZAEET> bO—)LTHD Gapdh D mRNA FEIRETHRU
THEL Tz,

MR PHA(C K D B 3 SR D ST
RALSRIEN S 7 BE(CHEF T TYDIRDLEN SEUR UZMEZ =& T 2 KKRE LTz,
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3,000 x g. 4°C T 20 HELL. EEDOmMEZER Uz, ME(d 56 °C T 30 2>
FIANR—KIITBZETIHFBIEUIEE. -30 °C TREUZ. DR, 1 —TXIXEHEKD
JIEEMEBEAHMEE BV THIRUZIEY > FIL% 1.0 x 10°PFU D RSV & in vitro TRES
L. 30 uL D PBS RICERE L. FMEAY T C 7 B0 1 —IXIRAICREZRS Ule. B
5 BEICN IR EMEEL CTRERSE. LEDLSI(C. AfiE LUERENZEINL. BT
DI ILRE%R'JTILS A IART-PCRICTEE LT,

FiDiS Ml R DAFR
F—EOEREMR ETTECECT,

et ARAR
B—EIDRERMR EITECECT,

- 30 -



(#55R]

MG $&U eG DI F > DiFHEREDF

F9| EHEOBE(CKD G ZEHEOREFEMEZILR T Dz, WELAEMIRSD D LEKE
Ex AT GEAEDMIRIN RXA1> mGCHBU\E eGZFRL. BRI, Figure 7 M
mG DS )VERION S J 1 —H KU SDS-PAGE DfER (L. Figure 1 EE—DFERT
&2 (Figure 7a, b) . F£/z eG (&, FILiEBIOX ST« —#MD SDS-PAGE (CL D,
#) 30 kDa DAIE (CH—/> RTEHR =N, SMECHRRINEZ RSN (Figure
7a) o AFEREKD . MG (FREOHEHMEEF TN TLD T ENREENIZ, 52 FIVE
BOOX N ST4—DBEBETOT7AILED. mG EERIC eG ELEE/HZRM LTINS
C ENERENTZ (Figure 7b) &

(@) (b)

1.35 kDa
mG eG |
Reduction: + -
(kDa) M12 3 123
250 — - 44 kDa
lgg b =) 158 kDa
] - <
75 2! ! = 670 kDay
50 e - M: Marker £ I
1:mG - '
37 = __ - 2:eG 2
3:F N
25 @& 8
20 =
15 =
-

4 6 8 101214 16 18 20 22 24
Elution volume (mL)

Figure 7. Purity of vaccine antigens.

(a) 1 ug of the indicated protein was reduced (+) with or (-) without B-mercaptoethanol and
analyzed through sodium dodecyl sulfate-polyacrylamide gel electrophoresis followed by
Coomassie Brilliant Blue staining. (b) mG or recombinant G protein expressed in Escherichia
coli (eG) were purified using immobilized metal ion affinity chromatography followed by size
exclusion gel filtration chromatography. The elution profiles of mG (red line) or eG (blue line)
in size exclusion gel filtration chromatography were overlaid with the elution profile of the

standard proteins (black line). This experiment was performed twice.

R(C, Alum. CpG ODN. MF-59 #:77=1/\> hTdd AddaVax /& EDRERMIR T
2/ M2AWT. mGHBEXU eG IUF > OEMNMEZLEE UTZ. mG 23 eG BIR. &
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DWNWIBR 7722/ hZEHIMUT 0B E 21 HBICRDXICKE FIRS5 L. 28 HEHDMEE
D G $FEM total 1gG. IgGl. IgG2a. IgG2b £% ELISA (CTsHfUL /= (Figure 8) .
RSV RED G ERE (IMEHEEIETN TS /=D, ELISA Tld mG ZEHE{LL. #&EEns
ke G BFENTUAE UCTEHE LT, €DR-R. mG BEREFCE. IFDIFRFLLERU
T. LWIND G HEN IgG BIRHE SR D z—A T, eG EHMEIT(E. IFDUF AL
BUT. GHEM total IgG BKUV IgG1 WBRICGGEE NIz (Figure 8) . £/2. mG D
TFUNCHBNT. CpG BELU Alum FINEFClE. mG BEMBFELEER LT, LWIND G R
1 IgG EEBBESNIN > 2—A T, AddaVax HINEE T G 452K total 1gG KUY
IgG1 EANBRICfeEENTZ (Figure 8) . &5I(C. eG JUFUICHBWLT. CpG BLU
AddaVax (. G4FEM total IgG. IgG1l. IgG2a. IgG2b METICHULT. eG DFZEREM
EBRICERULA. Alum (X G 1528 total IgG KLU IgGl EEDHBE(CIE#R U

(Figure 8) - LI EDFERLD. eG DUOFIE mG DUF > B U THURRERE(CEN
TWBEEICH D . $F(C CpG £zl AddaVax (& eG DOF > D G HFEM 1gG EEZIRE
(CARET D ENRENT.
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Figure 8. Antibody responses to mG or eG vaccines

Mice were immunized subcutaneously with 1 ug mG or eG alone, +50 ug alum, +10 pug CpG
ODN, or +50% AddaVax, or PBS as a control on days 0 and 21. Plasma was collected 7 days
after the second immunization. The endpoint titers of G-specific total IgG, IgG1, IgG2a, and
IgG2b in plasma were evaluated using ELISA 7 days after the second immunization with mG

or eG vaccines. Each experiment was performed twice. n = 5 per group. Data are presented

% %k %k k

as the means + SD. **P < 0.01, ***P < 0.001, P < 0.0001 as indicated using

Dunnett's test compared with mG alone or eG alone.

MG B&XUV eG DIV F> D T HIkEFHEEHEDH

RIS, MG HLU eGIDIFUICKO>THFEESNL T HMilRESZHE I D2d(C. DUF
S EBROENEMEZ MG TERIBL., JO—Y+ hXKNJU—ZHULT. Th2 U1 Ao
> (IL-4. IL-5. IL-13) &3\ Thl B 1> (IFN-y) ZEET S G HFEMN CD4"
T #ifgZ Th2 3L\ & Thl fifle & U T UIZ (Figure 9. 10) . TDHER. mG BIhE¥
TlE FEDOFBFEHEEUT, IL-4. IL-5. BDWLEIL-13 E4A Th2 fifghBR(CEE
NN Thl 3 EFE LMo/ (Figure 10a) . —AT. eGEMEF T IL-5 E4
Th2 #ifaDAH»MNBRICEE SN/ (Figure 10a) . £z, mG BLU eG DUF> DA
T. VURBEMEF B LT, CpG ODN ZRIMNT D &(C K> T Thl ffEHBRECIEML
=R, Th2 fRE(EZE# Liam oz (Figure 10a) . Alum OFRNIE. mG JUF > TIE mG
BEMEF S LEE L C Thl KU Th2 flilaziEg Uiah > 1zht eG DOF > Tld eG BEihas
B U TIL-5 E4 CD4™ T ifazBE(CIBIE 7z (Figure 10a) . AddaVax DN
(. MG DJUF>TE eG IDIUF > TEHREMEF LR LT Thl SKU Th2 HifgziE5a
L7amofz (Figure 10a) . Ffz. EHR(CAEAEHRREZRD IFN-yE4 CD8™ T #liaz G 1R
B9 CD8' T MR & U CHRMT LTZHESR. FEDUF D BFELEE LT, mG BB KU eG BT
OF BT GHFEN CD8™ T il ximE LN o7z (Figure 10b) . —AT. CpG ODN
ZRMNTDZET, MG BEKY eG TUF>DMA T, HUREMBFEHEE L T IFN-vELE
CD8* THIlEHNBE(CFEE =N/ (Figure 10b) . Alum F/=(d AddaVax OFMTIE. &
DRIR(FFRHSNIEM Dz (Figure 10b) . U EZEFEDHDDE. ©eG TIF > (E mG Do
FEHRUT Th2 #ifgEFELIC<VTE. @mMG. eG [CEBHS5TEMT(E Thl HK
U'CD8" THIRRZ(FEAEFETERNTE. @—HT. CpG ODN ZRIMTDE Th1 H
KU CD8" T HiIRADFEREETET D ENBHSHERD T,
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Dead-eFluor 780
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Figure 9. Gating strategy for cytokines producing CD44 CD4" T cells or CD44

CD8' T cells in the splenocytes.
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Figure 10. T cell responses to mG or eG vaccines
(a, b) Splenocytes from mice immunized with mG or eG vaccines were incubated in the

presence of mG for 3 days and with a transport inhibitor for the final 5 h of culture. The

CD4" T cells and (b) CD44

evaluated using flow cytometry. (a, b) Each experiment was performed twice. n = 4-5 per

high high

intracellular cytokine levels in (a) CD44 CD8" T cells were

group. Data are presented as the mean + SD. *p< 0.05, **p< 0.01, ****Pp <0.0001 as
indicated using Dunnett's test compared with mG alone or eG alone. IL, interleukin; IFN,

interferon.
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MG BXU eG DU F > DRI HFNRDLEB

RIS MG BXU eG DIUF > DREMHNRZHD T Dcsd. DIFUEBELUENDIR
(C RSV ZRBIPETE. MBKIUVERN(CHBITDIVAIIAEZREUZ. AERBRZITDI(C
B0 EH) TS5—07vEAZRANTIAIILREZRIE UTZER. I&ERBEMRVHERIC,
FEAEDDIOFUIEERF COAMILANEERTIETH D BDIF > OBEMMEZ LLERRA
HCTholz, TDIZEH. AEERTEDAILAZSRE (SRIEBIFE THD real-time RT-PCR
ZRAWT., BT D RSV ONEFBDOIE—HEFEUE, BB, F1—TINYDIXIC RSV
TR BTN I )L AE(L. real-time RT-PCR BRUTS—0T7vEATHEB L
ZHEI D =R L TS (Figurella, b) . 5(C. 71 —TJYIXTIE RSV B
#5SHB[CHESRENTOMIILRENRKERDIEfzs (Figure 11b, ¢) . TOF4EiE
NDOXTIERSY B 5 HEDDAIILREZ LRI DL LU, TDRER. T, IF
DOFUBEHEBRUT. MG KU eG BEHEFCEDMILAENBRICH L Uz (Figure
12a) . F£fz. MG JDUF>TlE. AddaVax ZHRIMT D ECLD TIAILARENESSIC
BERICRD U (Figure12a) » —AT. mGI(Z Alum 2WLE CpG &ERIMLTHEI1IL
REDE SIRDBNNEER SN DTz, eG DUF > Tl eG BEIMBF S LEE LT, Alum,
CpG BKLUV AddaVax DWLVINDT7Z 2/ RERIUTEIAILAENEE(CTEL U

(Figure 12a) . Ffz. ERNTIE FFTIFUEFELLR LT, MG BEIMEF TR Z A1
Ui TZBDD. eG BB IBRICREZRMHEULZ (Figure 12b) .« —AT. mGHBK
UeGIDUF>OMAICHNT, FUREME SR U T, ED722/> MRIIBFCTEER
NMOIAILAEFBERIXBIHRH SN DT (Figure 12b) . U EDFER KD,
mG+AddaVax H KU eG+Alum. eG+CpG. eG+AddaVax JUF > (&, MEEMRTOF
> EHEB U T LRT (C81FD RSV BB REE (CRHEIR]RE TH D Z EhVREnc.

R DOFUCKDREEBHHNCEH T DIARDIGENZIREL T D2, DIF AZERD
N OADIMMEZ RSV ERE L. T1M—INDIRICEREHS Ulz, AEERT(E. RSV Bi%E
B LIEDO0F > D55, mG+HAlum,. eG+Alum. eG+CpG EIBRELEY I ADIE. &
BWERAT« T3> bO—J)LE LT PBS ZiEE LN D RDIMEZ UL TREGFAHZNIR
=B Uz (Figure 12¢) . TR, eG+Alum H3UL\(d eG+CpG ZIFFELIENYIAD
mEE. 3> bO—)LEERUTRHODMIILREZBRICHS EE T (Figure 12¢) . —7
T. Figure 7 &D. mG+Alum B Tld G REMTANF LA R SN DT & EHE
BLT. mG+Alum ZHERE LN IADMMET (. DAILAEDRN FRHSNIEM 2

(Figure 12¢) . LTZA">T. mG+AIumM DOF > (C K DRERBHHSIAIERTFIETH D

-37-



—73TC. eG+AluM HEXTV eG+CpG T F 2 (FHUMKFH (CRRRZ LI LIS D T MRS
nrz.

a b c .
@) Lung (b) Lung (©) Nasal turbinate
34 __ B+ z 6
<
— * 4 Z s-
= o 5 L z;) H L]
g e |® zZ5 . Z % 49 LI
< 2 %2 2
2 o ® @ § . . ¥ g 3 e .
3 ﬂ - ﬂ LoD =" = 2
2 =24 |®
o ()]
5 5 ﬂ
1 1 T 1 T 3 T 1 T 1 1 T T T T
1 3 5 7 1 3 5 7 1 3 5 7
Days Post Infection Days Post infection Days Post infection

Figure 11. RSV progression in the lungs and nasal turbinates of naive mice.

(a-c) Naive 10-week-old mice were infected intranasally with 1.0 x 10° PFU of RSV, and
lungs and nasal turbinates were collected 1, 3, 5, or 7 days post infection. (a) The viral loads
in the left lungs were determined using plaque assay. (b, ¢) The viral loads were determined
using real-time RT-PCR for the mRNA levels of RSV nucleoprotein in (b) the right lungs and
(c) nasal turbinates. (a-c) Each experiment was performed twice. n = 4 per group. Data are

presented as the median. Limits of detection are indicated.
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Figure 12. Protective effect of eG or mG vaccines against RSV challenge

(a, b) Mice immunized with mG or eG vaccines were challenged intranasally with 1.0 x 10°
PFU of RSV 10 days after the second immunization. At 5 days post infection, (a) the lungs
and (b) nasal turbinates were collected, and viral loads were determined using real-time

reverse transcription polymerase chain reaction (RT-PCR) from the mRNA levels of RSV

nucleoprotein. (c) Mixture of 1.0 x 10° PFU RSV and 4-fold diluted serum from PBS-treated
control mice or immunized mice was administered intranasally into naive mice. At 5 days
post infection, right lungs were collected, and viral loads were determined using real-time

RT-PCR for the mRNA levels of RSV nucleoprotein. (a-c) Each experiment was performed
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twice. n = 5 per group. Data are presented as the median. **p< 0.01, e < 0.001, rx

*P < 0.0001 as indicated using Dunnett's test compared with (a, b) mG alone, eG alone, or
(c) PBS.

MG B&LUV eG DU F>D RSV Bt DB A AE Tl

RIS, MG BLUY eG DUF>=IHEBUIZNDRICH TS RSV BEREDTIBE A% LLEL
IBeHIC. Bt 5 HEDMEES LUMMAOR BBz Uz (Figure 13, 14) .
TOFER. IEDOTF D BEDOXRRBREE (Uninfected) HBKRUREREE (PBS) TlIMMEENEE
ETHolzZEMS. RSV BRI TIIMEENZL UIdWLWZ EMER SNz, LU,
mG BMEFClE. IFDOFUBELRUT. MESENER(CEML. CD45" MfadH LU
Bk BE(CIEIN U (Figure 13a,b) « —AT. eG BEMEFCT(E. MEEHIUVVITND
MRREIEDOF B EEIEEIE oz (Figure 13a, b) o HWLWT. 772/ NRNIE &L
BIDE. MG IUFTlE. CpGiRilEE T, mG BEMBF S tEB LT, MEENBE(CHY
L. FiAo2EMiadEIEEZ> /= (Figure 13a,b) o UM L. Alum iRINBECE. mGE
MEFE LR LT MES FEEEE S 12 BD0D. iFHERDOANBRITIENM LIz (Figure 13a) .
F/z. AddaVax RHIBFC(d. mG BEMAF LR U T, fiEEEREEE > I2BDD, CD4A5”
HHRR. IFEEEKS KO IR ER(CIEIUZ. —5 T, eG JUF > T(E CpG HBKXU Alum
WINAFC. eG MBI E R LT, EES KUMAOZER FIBERIRENZD SHRH
D7z, UM U, Alum iRNIIBE T, mG BMEF S b U T FEE S KOMFEEER S hER
([CHhDTz. Ffz. AddaVax RWHIBF T, eG BEMEBF S LE& L T, MEEFERIRENRDHS
NI D IZEDODIBIMER TH D . IFEEEkDH»NERITIBII LT (Figure 13b) » —AT.
CD4 T #lif@d KU CD8™ T MifE(d. WINDTIF BBV TEIEDUF B EERE
Tdofe (Figure 13b) o LIENDT. eG+CpG (. D DUF> LB LT, FHESE®
f DR ZIEINSE I (C RSV BRZHHUIZ. RIC. eG+CpG TIF> D RSV R
PREDTEREE IS (CHRFTIEDHIC. ARSIV - TAS D 3RE (HERE®) 2H
WT. RSV RO 28R Uz (Figure 13¢) . 7. XJEREF(C(E. RSV &%
Rz LUIZ—HT RSV RRER(CHEES KUMAORBERZIESE CIBMEE
mG+Alum B¥ZAuVz (Figure 13c) . TDFER. mG+AIum B¥ Tl IEDOFZBFDER
B (Uninfected) SXURREE (PBS) SHEEUL T, U/ BKREDTTENRD SN
(Figure 13c) . —AT. eG+CpG #E. mG+Alum BF LD EYU > ) (EEN MR, JE
JOF> 8 (PBS) EREIEERDE (Figure 13c) » MU EDFERKD., eG TUF>(E mG
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DOF > KDE RSV RBRREDIMEEDIENNS LUMIAD CD45™ #lifE S IFEEER DR M % 5
BUCKWMERD DDz, Fo. eG+CpG (FRUBERAEZAFEE I (C RSV Bz —
AT, mG+Alum BKU mG+AddaVax. eG+AddaVax (&. RSV ERZHHI T DHEDD
S[UBRAEZIER I D ENBHASHh ERD T,
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Figure 13. Evaluation of lung inflammation after RSV challenge following mG or eG

vaccines

(a-c) Mice immunized with mG or eG vaccines were challenged intranasally with 1.0 x 10°
PFU of RSV 10 days after the second immunization. At 5 days post infection, lungs were
collected. (a) Right lung weight. (b) Flow cytometry analysis of infiltrating cells in the left lungs.
(c) Images of hematoxylin-and-eosin-stained lung sections. Scale bars, 200 um (upper), 50

um (lower). (a-c) Each experiment was performed twice. (a) n = 3-5 per group. (b) n =3-4

per group. (a, b) Data are presented as the mean + SD. *p < 0.05, **p < 0.01, ***p <

0.001 as indicated using Dunnett's test compared with mG alone or eG alone.
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Figure 14. Gating strategy for infiltrating cells into the lungs following RSV challenge

in mice vaccinated with mG or eG vaccines.
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MG BXTV eG TV F>D RSV BRtLDIG (CIH 1T D HAEEY 1 MhA > OFIRFH

MR(C. real-time RT-PCR ZFW\ T, DOUF AREY I AD RSV BEEDAHICH TS Thl
B hha> (Ifng) DWETh2 U 1> (114, 1I5. 1113) | iFEEERODBEEZ S
BT ENA> Ccl1l (eotaxin-1) >t mRNA FIR &L LSz (Figure 15) . ZDfs
R. mG EMBS KU eG BMBIC(E. IFDUFUBELERUT, Th2 YA MO > B LY
Ccl11 @ mRNA RIRENER(IENULIZ—FAT. Thl B+ b > D mRNA FEIRE(FZE
{ER RSOSSNz (Figure 15) . —/AT. CpG AMB¥FCE. mG HLU eG IIF>
DESFICHNT, FUEEMELER LT Th2 B M1 >BKU Cl11 D mRNA REE
MER(THD LAY, Thl Y+ A1 > D mRNA FIRZ(EIZE({L LM > fz (Figure 15) o
Alum SRINEFCE MG DU F> T Thl BEKU Th2 B hH-r> . Ccl11 D mRNA FiRE
WNZEEURMNDTe—AT. eG DUF>T II5 D mRNA RIREDOHHNBE(CEM UL

(Figure 15) . AddaVax RHNBECTE. mG H LU eG TJUF>DmA T, Thl HEKU Th2
HA hHA> . Ccl11 D mRNA FEIREMENM LN D7z (Figure 15) . CNSDFERI.
RERB(CES1HD Th2, Thl & EAEBE L TLVE (Figure 9a) » F£le. DUOFAREIY DR
DEFCHNT, REMY A No-r> (16, Tnfa. Il17a) @ mRNA RIRE(CIAE/RZE(LER
HENMo7z (Figure 15) . ULIEM>T. eG+CpG (& Th2 IEEH KURIEREZFE
B9 (C RSV BRZHEHIRIEE TH D Z ENRENTZ. FIo. eG DUF (& RSV BRRED
FBCHNT. mGDIF>EIDE Th2 BEMEWMERICH D 2.
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Figure 15. Gene expression in the lungs after RSV challenge following mG or eG
vaccines

Mice immunized with mG or eG vaccines were challenged intranasally with 1.0 x 10° PFU of
RSV 10 days after the second immunization. At 5 days post-infection, the right lungs were
excised, and the relative expression levels of Il4, 115, 1113, Ccl11, Ifng, ll17a, II6, and Tnfa

mRNA normalized to Gapdh were using real-time RT-PCR. This experiment was performed
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twice. n = 3-5 per group. Data are presented as the mean + SD. *p< 0.05, **p< 0.01, *

**P < 0.001 as indicated using Dunnett's test compared with mG alone or eG alone.

eG+F+CpG BREI U F > OB

R, BEUS LUVBEMMENRENIZ eG+CpG DUF > D& 5D BRAMZHET B/
HIC, FEEEEEIEDETE eG+F+CpG REDIF > ORLBSHkIE% eG+CpG H&L
U F+CpG DU F> LR Uz, £, WELABHRZAWT DS-Cavl ZR—XEUE F&E
BEZER U, AEBR(CAVE FEBREE. C XKikdD foldon KU His 907258 F1
HJ1Zw bk (950 kDa) & FR2H9 71wk (8910 kDa) A RILT 1 REEEICKD
EalliBgzfa925 (11) . SDS-PAGE DfER KD, IFERTRE T CEFI BKU 25
J1Zvy bEED F EREBENH 60 kDa DAIE(C. BITFH T TE FL BT 1y MY
50 kDa DfIE(CE—/\> R&E U TSRS (Figure 7b) &

RIC, eG+CpG. F+CpG. H3L\E eG+F+CpG Z 0 HKXU 21 HBICN I XRICK F#%
5U. 28 HEICIIEHRD G H XU F4FER total IgG. IgG1. IgG2a. IgG2b Z=RIFE LTz

(Figure 16a, b) . TOfER. eG+CpG BB KU F+CpG BF Tl EDUFBFELLERRL
TENEN G BLU FHFEM total IgG. IgG1. IgG2a. IgG2b MEE(CIEINULTZ (Figure
16a, b) . F/z. eG+F+CpGEFTH. IFTITFUBFELLLEE LT, G B KU FIFEM total
IgG. IgGl. IgGa. 1gG2b MBERICIEINLT (Figure 16a, b) . %F(C. eG+F+CpG &%
TlE. eG+CpGEELLLEER LT, GHFEM IgG1 iMEE(TEIM UL (Figure 16a) . RI(C.
eG+F+CpG JUF > DREEMHEREZ MM U7z (Figure 16c, d) . TDFER. eG+CpG
B, F+CpG #%. eG+F+CpG B TEVWTNICHEWNTE. EDOFBFELLERU T, B X
UEBN(CHITBdIILAENBRICE A Ue (Figure 16¢,d) . £/=. eG+CpG B TlE
B KUEBREN(CHUVT F+CpG B & BEEE (CRREZEAI LTz (Figure 16¢,d) . &5I(C,
eG+F+CpG BfTl3. eG+CpG BB KU F+CpG BEE LB U TAID I ILAEICENER
SN2 IZEDD, ERNTODAILAENERICH A UZ (Figure 16c, d) o F/fz. L)
INDITIF>E RSV BREELOIOR MRS CERELRZEFROHSNEN >z (Figure
17) o L7IE> T, eG+F+CpG (&, eG+CpG BLU F+CpG ELEERUL T, A CORERES
HRIRAEREE THD—FHT. RN TOREHHNEZIEE (CIEEIT D ENASHIC
72w Y Full

R(Z. eG+F+CpG DU F > DERN (CHT DBAEH N TUMEFN TH DN EDHZR
SEF BIzHIC. PBS. eG+CpG. F+CpG Z#HELENY D RDIMEZ RSV EIRE L. 17—
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IVOXICRERS U (Figure 16e) . TOFER. eG+CpG B¥FE /(& F+CpG B¥DIMiE
Tl IFDOFUEHOMBELLERLUT. ERMTOTAILAENBL U > e—7AT.
eG+CpG BB KU F+CpG BFDRAINE T IFBE(CHA Uiz (Figure 16e) . LIz > T,
eG+F+CpG (&, ERMCHUVT. G BLU FRFENTRDE S DB/ (CRREBHH(CEHS
DT ENTRENI
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Figure 16. The protective effect of eG+F vaccine against RSV challenge
(a, b) The endpoint titers of (a) mG- or (b) F-specific total 1gG, 1gG1, 1gG2a, and IgG2b in

plasma were evaluated using ELISA, 7 days after second immunization with eG, F protein,
or eG+F+CpG ODN. (c, d) Mice were challenged intranasally with 1.0 x 10° PFU of RSV 10
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days after the second immunization. At 5 days post-infection, (c) the lungs and (d) nasal

turbinates were collected, and viral loads were determined using real-time RT-PCR for the

mRNA levels of RSV nucleoprotein. (e) Mixture of 1.0 x 10° PFU RSV and 4-fold diluted
serum from PBS-treated control mice or eG- or F-immunized mice was administered
intranasally into naive mice. At 5 days post-infection, the right lungs were excised, and viral
loads were determined using real-time RT-PCR for the mRNA levels of RSV nucleoprotein.
(a-e) Each experiment was performed (a-d) three times or (e) twice. (a-d) n = 5 per group.

(e) n = 4-5 per group. Data are presented as (a, b) the mean £ SD or (c-e) the median. (a-

* % %k % %k ¥ %k %k %k %k . . . ’
e) P<0.05 P<0.01, P <0.001, P < 0.0001 as indicated using Tukey'’s test.
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Figure 17. Analysis of infiltrating cells into the lungs after RSV challenge in mice

vaccinated with eG, F, or eG+F.

Mice immunized with eG, F, or eG+F were challenged intranasally with 10° PFU of RSV 10
days after the second immunization. Number of infiltrating cells into the left lung 5 days post

challenge. Each experiment was performed twice. n = 4 per group. Data are presented as

the mean + SD. *P < 0.05 as indicated using Tukey’s test.
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Table 3. Comparison of the efficacy and adverse reactions in mG or eG vaccines

mG vaccine G alone +CpG +AddaVax
Antibody*! - - - *
Th1 - - + -
*2
Tcell Th2 ++ + - +
Protection** + + - ™
!-ung A ++ ++ - ++
inflammation**
eG vaccine oG alone +CpG +AddaVax
Antibody™! + ++ b s
Th1 - - + -
*2
Tcell Th2 + + - -
Protection** + + b i
Lung _ - - +
inflammation**

+*'Relative antibody levels were scored on a three-point scale based on the plasma levels of
G-specific total IgG: —: not detected, +: moderate levels, ++: high levels. *The relative degree
of T cell responses was scored on a three-point scale based on the percentage of cD4' T
cells producing Thl cytokine (IFN-y) or Th2 cytokines (IL-4, IL-5, and IL-13): —: not induced,

+: moderately induced, ++: highly induced. +Relative protection against RSV challenge was

scored on a three-point scale based on lung viral load: —: little or no protection, +: moderate

protection, ++: superior protection. *'Relative lung inflammation was scored on a three-point
scale based on lung weight and lung infiltrating cell levels: —: little or no inflammation, +:

moderate inflammation, ++: severe inflammation.
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(B]

AEIDMAFIER % Table 3 [CE EHfz. REITIE. eGIOFUMN, 721)\> hOBEE
(S5 T . mG JUF> ELERUT. GRENTAZSZE LT U\—H T, Th2 Ie&ED
KU RSV BRABDEIRIGZFEL(CKWI EHWRENIZ (Table 3) . F£ic. E—EIDMHER
KD, GEREDIIF>DEIKRIGE Th2 #iR2D:5E S HEET D, AEITTHE. MG B LU eG
DOF>DEAICHNT, Alum BELU AddaVax OFHMNE Th2 RREFEL. BIRGZIE
B9 DMEMI(CH D BEDD. CpG ODN DFMNE Thl #ifdZFE L. BIRISZSFE URH
ofz (Table 3) « FTH. eG+CpG (F. GHEHENTAS XU Thl HiRZDMm 5 Z8 (5
BLU, [JMBREZFRTEI(C RSV BREEE (CHHEInIE TH DI EMBESMNERD I

(Table 3) . &5I(C. eG+F+CpG DIRETIF > (&, eG+CpG B KU F+CpG &LEEL
T URT Bz K DBBHnge CTh D Z EMReansz, U EDERE. eGHY RSV DUOF> D
FRELTERTSHITRENERLTHE D, CpG ODN DL SR Thl B7T 1)\ Mk
MI BT ETEMNE - T2 - BRAUEESCHEEULERTENEShERD .

eG JUF>IE mG JUF>LDE G HENTAZFZE LT U\—AT. Th2 [6&EZH
BUICKMEBITHD 2. AFER(E. oil-in-water B2 ITILS3 > ThHD Emulsigen
ZRLT MG & eG DIIF R E R UTSBERDIRE SFBUUL TS 0%, eG LHEE
LT, mG ARBEEEE(CZ U<, Th2 #ifdZi8 3 3REE LT, mGHARED O &
BIESHIC K D TIEEIS NI CL\D CEMEBEZ S5ND. BEIC. invitro [CHBWT. VEEHIEES
NIZoLAE G ZEREN, MEHERESZE A TH D DC-SIGN S KU L-SIGN ANDFEEZET L
T. B bOBHAMIRIDTEHEAL ZBE T 3T ENRESINTLVS >, Ffz. DC-SIGN ADY
H> ROFEE(E Th2 INER{BET BT EAREBESN TS *2°°, Uieh'> T, mG OfEdH
(&, FUARDFEEZPEITD. BKLU Th2 6B ={EET DJEEEN DD, Fio. MDFERE
UT. BERBIEEMC D A —ILT 1 2 OIREICLD MG & eG DIAEEDEV W RZICE
(CHEZREFTENEREIND., GEHE(L CX3CRL OISR EEEITDIIEN
HMENTNS 2% D&, MG HELU eG (d. IAEEDIENTLD T, CX3CR1 BLY
NINS il & OFREERRTANRIRD . AREIRE MR EEE /R ENEILTDZET, 7D
BOAEE® T kS CHEZS5XD0E8EEND D, LIEh > T, 5. G ERED
DF 2 DERDBEMES KUOEZEMDM _E(CHEIFTT. mG B KU eG DILHEE S KUNEEH
PNEDK D (CHRIEMIFI® T #HIRDMECES U TLDMC DUV TR NNE TH D,

MG KU eG DUFICHITD G FHENTHROELEEZ EEIEFHO T HRICE (FHEE L
DTz, $(C. eG DUF > TIE MG DUF > LB U THAEHN EEE [CIBI LI ICEH
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N5, EiEPD T HESEFFEEAETEEINTLRMNDIZ. —ENIC. ARISICE
RRAMEAILIC—T (T follicular helper, Tfh) #lifgZTUZiRR0I(CH TS B HFBDEHEAL
BLUVOUSARAYFHREBTHS *° UM U. ARAKTI(E Tfh HRBD K SRR T 4
YTty hDISEEFHMETETTULRLZ8, Tth HIfEDISE(EAAT TRUEE T Hf2S
BEFERBUERENHDD. LRUTZEKDIC. mG & eG TIINEHD D UVNIIZAEEDIEL
([C R DAERENREHIBEEE ENEIRD EEX BN D I, mE (FIRFLADEITHE Tfh
HRROFEREHRLRD EHREINS,

eG DUF UKo TEHEEENZAIE RSV BEZFHHBIgE TH D EMRENE. LU
MU RREBENPFITUASD D WDVEIEPFITUAED EE S (TF L TLDI MBS HCTE
TULVRLY. G ERAE®D central conserved domain (CCD) (CX9 B#ukld. in vitro TH
MEEEET S 1819215 —7 CCD LISIDSEIE(Cx I 3HukIE. PHIELEEBSRVE
DD, TUMKFIEHEREESE (ADCC) YHUAMKFIHMERER (ADCP) 72&. FEPFINIICD
CILRHER(CES T3 %, BEDRETIE. WIBMRERAOTERLUE G EBHEDITF
N KD THFEESNIHIERDIFEAEN CCD (CH T DA THOIE—A T, KIBRZAL
THERUIZ G EABEDUF (L. CCD (CX T DHUAS KLU CCD KSI DRI (C XT3 DHuiR
DOEAEBEE(CHFEUEDTEMNRSNTNSD 2, LA T, eG DUF> Tl Bl
AR EFERFOFUADE M RSV DRERFFHICHE S L TR EEX BND. £z, eG+CpG (&
G 1 EH 1gG2 ZMNITHFE LTz, IgG2 (FXIRICHWTEL ADCCSEREZRT T ENS
2980 eG+CpG (FFEPAMFUK(C &K DRUEMHEIC L DBN TV B ETHEMN B B,

CpG ODN (& TLRO ADfEE =TT LT Tumor Necrosis Factor (TNF) -a. IL-6. IL-12
FEDOREMYA S ZFEITDENMSNTULND, YIXTIE CpG ODN Dig5=
KR (CRRERFE T BT ENRESNTUS oL AFIFE TIIHEIREHCHE LT, mG (TR
12380 CpG ODNFIIULTYIRICTOF > UFfER. 50 ug d CpG ODN DiRhNIEIE
DOFBERUTEEZSZELICEDD. AAFTTEALZ 10 ug D CpG ODN DR
INTEREENFBE NG DTz, ULIEAD T, CpG ODN DiBRIIEE(IIEEZFET D —FH
T. B5EZK7BtIT D ETHREZZER T (COIF OB ZR LEERZ &N
BETHBDEEZIBNDS.

mMG+CpG D mG DOF > (d. FUKMEMELDICENIND ST, fiTd RSV Bers
Bl LTce —H T CNBDDIFAREYIRATIE. WINE RSV B (A \DIFEES
BoEEMNHER SNz, U > T, E—EDERICEEHADE. IN5D MG JOF>T
(F. FUALOMIE. 1FEEERD DA ILRABBRICEHE S L TL\DaIEEEN B D,
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RSV 4$2#) CD8* T #F2(L RSV B &5 T D Z MBS TS 2, —HRHIIC. CpG
ODN (&, FUREHICTYDRI(TIHS U, FURKIEN CD8' T Hifa x589 3 2 EHRE
SNTHED 8B, AATHERNSE. MG+CpG BELU eG+CpG (FEIZED G 45EH IFN-y
FE4 CDS' T #lfeEFE L. LH L. eG+CpG (FFHICHIFD RSV BREMHUIE—7
T. mMG+CpG (FREEBHEEZFEAEB LTV DfE, ULIER DT, eG+CpG JTUF>
(CKOTHFEINE G HFER CD8™ T Hlfa(E. RSV DRERHEIC(FEAEFTS L TLVRLY
EEZBND,

eG+F+CpG DUF > (3. eG+CpG BKU F+CpG TUF> LB LT, URT Bz ER
E(CHHEEIRE TH D T ENRESNTZ. BITO F BAEDIF>IE RSV @ LRT BREICLSD
B FRUBRDFHICEMREDD, URT Bz E &9 2D RSV BB ARDAHZIRDME £
WNEFENTLD 18, ZDfzsh. KIAFLHER(E. eG+F+CpG DUF 2 HIRITD FEHED
OF >0 URT BT B FHsRE M LIS T & &R Uz, E/z. 3D SARS-CoV-
2 DI TV ODEHCHEHFTE. DOFNEFECFICH U TR ICREFRIEL
BED®D. URT Bz UTERREAGIBOINH (C (AT Tholc. MUT. KOTF(E.
URT [CHB T DRERFHHICEND Z ENS. RSV ORERAGIEGIIF T2 EAKVCHARFE
Nd. —AT. eG+F+CpG TIFUCHBUT. eG+CpG B KU F+CpG DUF > ELEE L
T. LRT T3 < URT TREEBHEZNEN M L UZER E LT, RSV DRREARTA URT &
LRT TERD TV FEEMNEZ SNfc. TNET. URT LU LRT (CH1FD RSV Dk
RARRDERE®, CX3CR1° TLR4, RTLAUSIRED G BRBH KLU F BEHEDES
ZEROREIRDMODEERRFEAEHASMNIIRDTULRL,. UHMU. KIAFERKID.
eG+F+CpG DUF > (C KD URT DBEBHAENITUAMKEFN TH D, G HENTABKIUF
BFENTUAROE A NRRRFHICHE S I ENRENIZ. LA DT, URT TlE. G EA
BHXIU F ERBEOMADEERBANEIRLTED. TNENOEEEDR/RERETHN
RSV RERICEETHBITENTEEINSD. —/T. LRT TlE eG+F+CpG DUF (&
F+CpG DUF > &EE U TREABSHIBIEN B L LI o e &S, GERELDEF &
BEDRFEZBANERIALTHED., RSV ([HEFEAE F EHEDEESERICKTE L TR
LUTVWDEREEN DD, UIEh> T, AERIE. GEBREDIF N, FEABDIIF>
D URT (LB BBERM IR EE L UES. BRRDIF IR THIIEERUIEEE
£(Z. URT BKULRT [CH1TD RSV DRBGHEEDRRIACE DR B ED EHF NS,

fEmE U T, eG+CpG JUF > (d. GHRENTMAS XU Thl #ilgZzifE8 L. [UBRIEZ
FREET(C RSV BREMHT DT N RSN, LIEA DT, CpG ODN D& 57k Thl B
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722\ hOFERIZ. G BEEDIF > ORIRISZLM T 2NN TH DT LN
FENnfe. —A5T. AARTESNIEARICIEV DO 0EfINGS. £ hTIEYIX L
# T CpG ODN OB TH S TLRO ZHIR T D REMIEOBEND RN EHHISN
T3 ™, 2D, AR TRYIREZRWTIHMEL TWB T EMS. eG+CpG DUF
> DEMES SUZ SR BATHE L TOBEREMN DS . Lizh'> T, $%. MPLAD
KSR Thl B 1)\ REFIMUTE eG DOF > OBRMIC DV TEIHEL TLIL
VENGBEEZBND. Te. AR TR DIF>/RE L TFHA —TRHEET IR EH
LWze UL, EBED RSV DUF > DEEMRTH B E MIBEICBREEZE LTS,
L7zht> T, 5%, RSV ZBRIBRIEEVYIRZANTE. EHEOENES JUEZSMH
HEETEDIMNCDVWTHRIT T IUEBENG DB D, REIC. AVFHER(L. @ELHEREE

<\ B ZIEERIEE CTHD 2R UTHED. G EAB DI F U OERKIGA [CET IR
IRBEWTIADTBDEEZXESND,
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$=8 FERAEDYIF>DURT H&LUV LRT [CHIFS
R Ph IS DRZEA

fER CRARTED . BITO FEAEDIF D55, 721/ RMERIMUTULVRL FE
HEEIRTIF > (E RSV D LRT BER(ICLBEEEICH U TEVTFIHIRERIET ZED
D. BREFHNRNSHHE TH 60%. £7% 180 BRBDILIRT 40%kKiE R LWEDR
g B 7, Lieht o> T, FEABEDIF 1L RSV DOYIREMITH D URT ([CHIT DR
RESHNRDEENLEENTNSD. UL, RSV D URT BER(CH LT, FEABDIF>
(CKD THEESNHAY T HREN, BEREICEDIESTS L TL\IDOMNEEFEA LA
SHITIRD TLVRL,

T TAEITIE. YIRZAVWT FBABDIF>(C Lo THESNHUAY T #ilgx
FRITL. ©NSH URT BKT LRT DRERFHHIZNER (C R (F I 82287 51l U Tz,

(RERMR & 5]
6-7 BiinD BALB/c ¥ DX (ltf) ZBATRXTIL>—HRASHLIDBA L, YDX(E 12
REIDBRIEY 1 O)L (m=4T : 8 K5, JHAT : 20 Bf) TEHBULZ. £ECOEIEERE. ABRKX
FRAEVRIATPIOBYERERMEL TITL). ARAFEBRIZCECZ (TORIILES
BIKEN-AP-R01-15-2, BIKEN-AP-R02-14-5) .

iz FEREDOFRERHE
B BRI ETTECEUTZ,

RSV DigE& &k
B—EOREAMR ETTECECT,

RIANDDIIFE KV RSV Rk
618D BALB/c ¥ X (i) DEMEK FIC.0HEH LU 21 HEIC.FERE (1 ng/mouse)
ZEiMIHBL\E CpG ODN K3 (5'-atcgactctcgagegttcte-3')  (GeneDesign) (10
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ug/mouse) &EBICIRE U, 1##5EBHEPBS (-) THREL. BD O—R—=X™ 4>X
D> BT %5 EESEZ AT 50 ul/mouse TIRS Uz, RE®RENS 7 BEIC.
FEERAR S D IMEZ LY, T (FEEMERIEC KD NI RZTEE S E %, MMiEZzEIX Uiz,
31 BBIC. FEFF(CHLT 1.0 x 10° PFU/30 ul PBS M RSV FHE 15 ul TYIRAIC
BERE5IDETRHRESE, BR5H% (36 HE) (CHRREFT T FARERIRGIET(C X DR
(CKDNDRZZEFREEC. €D, HERRZURL. it (JBZFR<) ZEIRUZ. F
fz. LEEB XUBOEmRZTIRL. E> Yy MERVWTCERNTHNOSER#ZEE M UL
LTz,

ELISA Z Rz iiE R
B _ENDRERMR ETTECEUTZ,

IEPHUEIC K DD )L AP HEED i

O ADIESRRN SR U MRE =R T 2 BRIKE L%, 3,000 x g. 4 °CT20%
MiEOL. BEomExEIR Uiz, &L 56 °C T 30 DR >FaR— NFBTETHE
U=, -30 °C TIRE LTz, -1 HEIC HEp-2 #lfa% 24 well plate (Thermo Fisher
Scientific) [C 2 x 10°cells/well T&E@EL. 5% CO,. 37 °C T—HpZ&E L=, 0 HEIC.
50-100 PFU/well @ RSV &EEBERIRUZIFEMEBEHMBEZRESL. 37 °C T 1 K->
FaR—hKUTz. D&, RSV EMEDREERZ T L — MMIHMU. 5% CO,. 37°C T2
Bff M > FaX— b LT, 27D, EEZBRFRELU. 0.6% HILIRFSAF)LZ)LO-XF b
U AZZII LTz DMEM 15t 1 mL AR, 5% CO,. 37 °C T 3 HRHE&E U1z, L&,
FERDOTS—0T7vEADFIEIC UT=h > TEITUT.

PEiERRRDOBRIBIC KD T MRS O
B—EIDRERMR EITECECTZ,

RNA #hih - Y7)L54 L RT-PCR
F—EOEREMB ETTECE T,

DRl RaDAFR
B—EIDRERMR ETTECECTZ,
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CD4* T #liladDiRE

RI&GENS 9 HE (RSV BRATH) (C. 100 ug d Anti-mouse CD4 antibody &30\
(& IgG2b isotype control Z 200 uL PBS (CHIX. ¥ OXICHEREARKSUIZ., CD4™ T
RNBRESNIENESHEER T B/zs(C. RSV BRE 5 HEI(C. HEERRH S Mk %z B
L. o CD4™ T#lifgx JO0—H -+ X MJ—TEHAIL/Z, 100 pL oMk % 96 well U-
bottom plate (Violamo) (C# L. 200 uL ® ACT lysis buffer ZhlX.. =& T 5 721>
FIAIR-KIBZET, BMAIEZITOE. TDE. 400 x g. 4°C TS5 HE=LL. B
HIT 2 EEMAMEZITV, HilRREREZITOIC. RERAXT 1 DAT. Fixable Viability
Dye eFluor 780 3 KT Table 2 (CD4* T cell depletion) (RIS HiiaEAIRL. 50 ul/well
THNX T, BB, 4 °C T 15 DRI >F 2= MUTE, 200 pl DREBEAXST 1« D LAZNNX.
800 x g. 4 °C T4 =L L. HigZxELIz&. 200 uL DRERA AT+ D AICHIRR
ZRREL. AvSa(BULT. HULY96 well U-bottom plate (Violamo) (U, €
M#%. Attune NXT Flow Cytometer ZEBL\TF—4ZEUS L. FlowJo software version
10.9 ZAHWTCT — I ZITDIZ,

HREtARAR
B—EIDRERMR EITECECT,
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(#=5R]
F BB KU F+CpG DI F > DHAEERED T

F9. FEMBXU F+CpG JUF>% 0 HE & 21 HEICNIXICK TS L. 28 H
BOMmIERD FAFENTUMEZFHELZ. TORR. FEIREFCE. FFDTFDRFLLEER U
T. FHFEM total IgG HXV IgGl. IgG2b iNMEERI(ICFEEENTZ (Figure 18a). F/z.
F+CpGB¥CIlE. FEDOFBFELEER LT, F4FER total IgG. IgG1l. IgG2a. IgG2b @
WINEBHNBE(CEESINZ, T5IC. F+CpG B T(H. F EMBIEHEE LT, FFEN
total IgG. IgG2a. IgG2b MBEERICEINULIZ—FT. IgGl (HFMMRH SN DI
(Figure 18a), RIC. DUFUICKD THEINZINERTAD T 1 )L APFTEEZ ST
U7z (Figure 18b). ZD#ER. F BEMEFF/=(F F+CpG BDINEE. 1024 BHIRUTT
BE(CHIEEZRUIZ (Figure 18b), —/AT. F+CpG B¥DOHFIEM(E F BIRAF & L&
ULCTaWMEBICH SN, mMBEBCTHEEREEFROSNAMN >z (Figure 18b), LMD T,
F+CpG DUF>(d. FEMDOF> LU T, FUAOHINEEZIEEUIRD I2EDD.
F 4528 IgG2 EA =R LT,

(@) anti-F total IgG anti-F 1gG1 anti-F IgG2a anti-F IgG2b
* %k % % * % ok ok — * %k % %k
* ko kok k ok ok Tiee e —_—
Azo- TRERREEE 204  #¥kk_ns 25+ Pr—— 204 EE *_**':
S
S 201 .
= 15 154 15
2
= 154
£ 10 10 10
[=] e|e
& 104
f oy
L
5 54 54 5-
PBS F F PBS F F PBS F F PBS F F
+CpG +CpG +CpG +CpG
(b) Neutralization
400+
- PBS
- F

300+
D
L 200+
o

100

T 1 1 1
4 16 64 256 1024 4096
Dilution
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Figure 18. Antibody responses to F protein vaccines.

(a, b) Mice were subcutaneously immunized with 1 ug F with or without 10 ug CpG ODN or
PBS as the control on days 0 and 21. Blood was collected 7 days after the second
immunization. (a) Endpoint titers of F-specific IgG, IgG1, IgG2a, and 1gG2b in plasma were
evaluated using ELISA. (b) Neutralizing serum activity was measured in HEp-2 cells. (a, b)

Each experiment was performed three times. n = 5 per group. Data are presented as the

% % %k %k

means + SD. **p < 0.01, *p < 0.001, P < 0.0001 as indicated using Tukey'’s test.

ns, not statistically significant.

F B KT F+CpG DU F > D T HilasEE6eMs il

R, DOFEROENEMIRZ F ERE CHERBL. THRLEZ#HITUT. T MR
IB&EE. Thi1BA bAoA EUTIFN-y. FEETh2 B b2 &L TIL-4, IL-5, IL-
13 %EAET D FHEN CD4™ THIlRZZNZTN Thl #IFE. Th2 MifzE LT, E/Z(X IFN-
VEEAT D FAFEN CD8 T #ildz 70—+ bX MJ—THE L7z (Figure 19, 20).
TOFER. F EIREHI, IFDOF D RBFL LR U T, Th2 #ilRZBRICHEE Uz (Figure 203,
b)e =7 T. F+CpG ¥ CIE Th2 #lifB(FIETOF D RFLEEE TH D FEIMBF L LHER LT
IL-5 F£72(E IL-13 E4E Th2 fileeaRCRd =7z (Figure 20a, b). &F/=. F+CpG &%
T IFDOF BB KU FEMDOF D RFE LR U T . Thl flikgn'sd < FFE sz (Figure
20a, b). —/AT. IFN-yE4 CD8* T #ifg(E. FEMB KU F+CpGB¥DMmA T, IFTIF
SERERIBE TH D, FEINLVRNS ENMHEFE Sz (Figure 20¢) . LT > T F+CpG
DOF>(E Thl #ifeEsE<HEETD—AT. Th2 flifgzFE LRV EMRENT.

- 58 -



SSC-A

Dead-eFluor 780

[T]
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=
@] . o o
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p L =
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3 o e
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T—b CD4-AF700 T—b CD4-AF700 T—b CD4-AF700
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IFN-y-BV605

Lb CD44-BV510 T—b CD8a-PerCP-Cy5.5

Figure 19. Gating strategy for cytokine-producing cD44™"

CD4" T cells in the

splenocytes of mice vaccinated with F protein vaccines.
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(@) PBS F F+CpG

F 3
IFN-y 0.025 0.041 i 1.26
0.057
IL-4
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IL-5
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Figure 20: T cell responses to F protein vaccines

(a-c) Splenocytes from immunized mice with F protein vaccines were restimulated with F
protein. Intracellular cytokine levels were evaluated using flow cytometry. (a) Representative
CcD4'T
high CD8+

T cells. (a-c) Each experiment was performed three times. (b, ¢) n = 5 per group. Data are

high high

dot plots of cytokine expression in CD44 CD4" T cells. (b) Percentage of CD44

cells producing IFN-y, IL-4, IL-5, or IL-13. (c) Percentage of IFN-y—producing CD44

% % %k

presented as the means + SD. *P < 0.05, **P < 0.01, P < 0.001 as indicated using

Tukey'’s test. ns, not statistically significant.
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F BB KU F+CpG DI F > D5 EED ST
RIC, FERBEDIF>ORBREMLEHMRZFMUIE, DUOFAZETDIR(C RSV Z R
. g 5 HEI(ICU7ILA A L RT-PCR ZHWTERNTE KUMMD D)L R E%ZRIE
U7z (Figure 21a, b). EFNTI(E FETIFEFELLEER LT, FEBBEFTOAILAEN R
WU D Te—AT. F+CpG BF CHBRITEA Ui (Figure 21a), /=, fiC(E. F EIREF
BELUF+CpG BF T, FFDUF B LR U TIOAMIILAENBRCHA LN, mDOoF>
BDOA IV AEIFERETH Dz (Figure 21b). RIC. FEABDIUF > (LD RSV B
BOFA\DIFEEEKSEZ IO —Y 4 hX MU —T#T U (Figure 21c, d). TDFER. F
BB T, IFDOFURFEER L TIFEERABRICIBIMUZ (Figure 21d). —5 T,
F+CpG 8 T(d. FBEMEF LR U CTHEENER(ICHA L TE D, IFDIF AL EIRE
ToHoz (Figure 21d). LIeM> T, F+CpG DUF (. FEMTOF> EHEERU T, Al
(CHFEEERZERBE . LRT BRZEREE (CHEIL. URT (CH T DML RZIRE (C1E

LTz,
a .
( ) Viral load (nasal)
— 77 *k k
% NS kkx
2 17 &
=Z =
> 9
X e
)
o
o
(o]
-
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& |-
»
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Figure 21: The protective effect of F protein vaccines following RSV challenge

(a-c) Mice immunized with F protein vaccines were intranasally challenged with 1.0 x 10°
PFU of RSV 10 days after the second immunization. Nasal turbinate and lungs were collected
5 days post infection. (a, b) Viral loads in the (a) nasal turbinate and (b) right lung were
determined using real-time RT-PCR for mRNA levels of RSV nucleoprotein. (c, d) Flow
cytometry analysis of infiltrating eosinophils into the left lungs. (c) Gating strategy for lung-
infiltrating eosinophils. (d) Number of eosinophils per left lungs. (a-c) Each experiment was

performed three times. n = 5 per group. Data are presented as (a, b) the medians or (c)

% % %k %k

means + SD. (a-c) **p< 0.001, P < 0.0001 as indicated using Tukey’s test. ns, not

statistically significant.

F+CpG DU F>Ic K> THEEENIZ CD4T T MR EHED M
FEROERKD. F+CpG DUF > (F. FEIRTIF> LHERU T, HFIFUAME(CENTSR

Mo fz—AT. Thl #REZEZFEEL. URT (CHIFDREERHEHMENE LELES ENS, Thi
fHREAY URT (CHIFDRERHHICEHE S LU TV EIRRENE X SNz, €T, F+CpG (C&X
O THEENIZ CD4™ T HIRED URT (CH I DR HIEEZ ST LTz, AEEBRT(E. DUF
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(Figure 22a-d). UH'\U. F+CpG Bt CD4 A& SEF T (&, O> bO—)LkR 58
EHEBRUT, DDA )ILAEICEEN IR D Ie—A T ERNOIAILAENERICIEML
7= (Figure 23a, b), LIENDT. F+CpG JUFUIC KD TEHEEINIZ CD4T T RS,
LRT BRBAHHCES LI\ —7A T, URT B8 (CRAEIn]EE THh D Z EhVRENTz.
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Figure 22. Analysis of the effect of protection against RSV challenge after CcD4" T-cell
depletion. (a-d) Mice immunized with PBS or F protein-vaccines were intraperitoneally

treated with anti-CD4 antibody or isotype control IgG on day 30 and intranasally challenged

with 1.0 x 10° PFU of RSV on day 31. (a, b) At 5 days post infection, viral loads in (a) nasal
turbinate and (b) right lung were determined using real-time RT-PCR for mRNA levels of RSV
N. (c) Gating strategy for T cells in the blood from vaccinated mice at 5 days post infection.
(d) Number of T cells in the blood 5 days post challenge. (a-d) Each experiment was
performed twice. (a, b) n = 4-5 (d) n = 5 per group. (a, b, d) Data are presented as the
medians. (a, b) *p < 0.05, as indicated using Student's t test. (a, b, d) ns, not statistically

significant. nd, not detected. Ctrl, isotype control IgG.

- 63 -



(a) viral load (nasal) (b) viral load (lung)
7

77 k%

< * —
é sokskeok koo ddk 8
6- o 6
=2} .
= = L)
w
> O 5 5 . :
ey . :
22
S 4+ 4
(o]
o
-
3- 3
aCD4: Ctrl Ctrl  + aCD4: Ctrl Ctrl  +
PBS F+CpG PBS F+CpG

Figure 23. Analysis of the effect of protection against RSV challenge after CD4" T-cell
depletion.

(a-d) Mice immunized with PBS or F protein-vaccines were intraperitoneally treated with anti-
CD4 antibody or isotype control IgG on day 30 and intranasally challenged with 1.0 x 105
PFU of RSV on day 31. (a, b) At 5 days post infection, viral loads in (a) nasal turbinate and
(b) right lung were determined using real-time RT-PCR for mRNA levels of RSV N. (c) Gating
strategy for T cells in the blood from vaccinated mice at 5 days post infection. (d) Number of

T cells in the blood 5 days post challenge. (a-d) Each experiment was performed twice. (a,

b) n =4-5 (d) n =5 per group. (a, b, d) Data are presented as the medians. (a, b) *p< 0.05,
as indicated using Student's t test. (a, b, d) ns, not statistically significant. nd, not detected.

Ctrl, isotype control IgG.
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