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1. #8

IT4E, AIDS (Acquired Immune Deficiency Syndrome), #&f%, ¥ 7 U 772 &, I EIE/0HHE - HH
BEYENREL ., MATTHEZ 55> TWND, 1997 FICEFEE TR I >7Z HSNL#HERA( > 7))V T
HUAINADANDFEGE, 2003 FITHETHLE L= SARS corona virus 17 X 2 BIERE MK ERE
{ZE (SARS) R EMERITH L W HRIZBW TS HIVOEHEHZ F.O & LEBEZIAA 0 . SARS
DHABEZNLZBARS., SSITHEAS D INI O YORTERSRE, BREEOERIIEML
TWa, LLARS. N5 ORIMETHICHRNRT I F REEFELRVN, #£2T. U
FUEWBB<S<BERTLILIIMOTCEERIETH S,

T 0 F 2 DEBITDN0 5 BEFTERREAROEEITKET 5, MIENEREOES, BEOE
FRELEIEITEPBEERBHEZT 5, /2. UMV ADOL I ITHIBENICAVABEET 5L 5
ISR IR O, NEETIR 2378545 CD8™ MilafZE M THIME (Cytotoxic T Lymphocyte : CTL)
DODRISIBATH D, TAIVAREN CTL ZHET 21T, /dREBLZTVAINAZHTmELLE
TOFWENTHBEN, I2EAFEML THERTHOEDICERETZITISBRENED., 22
Ty BRERTAINWAEY XINTHEBRAERNTRET S LT, UAIVAREN CTL 2Rk ¥
LRATIFORBENEETH D, EFR. UVAIVABEEICENS CTL FERT T 7 F >
DREFEZHEIC, RETHEORVWT A ) ARES CTL OFHEEERF L=,

2. CTLXIX

CTL I, MERENSHRGEERZRETLLENTEL U ONKREFTH ., U1 IV A RS
MRRZREL TUAMIVAZHRT S I EICXKD, BEOHHEREICERL TWh5, —F. CD4 G
ANJVX—T (Th) M@, CTL 72 i K SMIME e D IEE Rk 2175, CTL 1, U1V A
BRI EZRRMGRH#L., N—T3U ., TP LEHWT D, IHIT. UA IV ARKLM
ET7RBIN—ANEFET S, £/ CTL 13, Interferon-gamma (IFN-y), Tumor Necrosis Factor (TNF)
- IREDTTAINAET A M1A D EEEL THEMIZUA NV AZHRRT S, Fig. 1 TRIND &
DN, TAIN ARG, CTLIEEETAEMA LA L T EEHIT, UL IVAAEINREITTET
%o ZDEDIT, CIL EFURIZIT A IV AHEBRBBIC BV TEERZE Z2#H> TS VY, CTL 04
b - FFEITIE, CD4™ NIVS—THIEOH TS, T EBAJV/S—T (Thl) MIRNSLERARTH S, ’o

T, FBEOBWCILFEHY 7 F 2 2RFET L2021, Thl MilEOFEEZEETIHENH S,

CTL |3, EEM#EAPIE (major histocompatibility complex : MHC) (t b T3 human leukocyte
antigen : HLA) 7 5 X I A FICE o TIRRSNZ. EWRTFREFFEE L TERELERLINS,



Innate Immunity Acquired Immunity

Antibod

\ _\:jrus titer

B
a
@
»
0

(Days post infection)

Virus infection Fig.1 Immune host defense against virus infection

MHC 7 S A1 Fi3, K340 D7 I JBENST25 45kDa DEFH (heavy chain) &, MHC & 1358
L TWRWERTEYT 100 EDOY 2 )@755 5725 12-kDa (Dp2-microglobulin (B2m) &72SIEHAE
HELZBEREERY DNV ETHD, MHC 75X I A TFOEHIT, al. a2 BXTa3 O 3 DO
JASLRAA 5720, al a2 RAL NS RZDEREEICES T, FURRTF RPNEETIK
ERBERTFROT I ) BABEMIZ VAT 6 DORT vy hSBERINS 29 (Fig. 2),

Fig.2 Structure of HLLA-A2 molecule

a: From a lateral view b: From top to bottom

B2md. 3DDRAAEEAL, VSATEHBEDID T A—a ilBWEELEZ D, HIE
RTIFRIIMHEC 7 S A I HDFICHESTSHE, MAC 7 SR I HF 2 RELZI®-S, DFD, RTF



RIETMHC 7 9 X I 3 FBEEEEED—HBEL TATARBHDTH O, XTFRBEEL T
REED MHC 7 5 A 1 43F (empty MHC class I molecule) [3ARLZETH D, ZDXLDIZ. MHC V5
ZIDFIZENSBRNTZEDTERNI AFTHERIN, CTL LO THlEL &7%— (TCR) %
MU TCTLIZTAIIVAHEERTF REFERRL. CTL 2iEH(LT %, Fig 3ITRLELDIC. U
ANWABRTERE TS &, RN T NVABEBETFLEDANVAY NI EMESN, 077
V=Ll o TIN5,

Direct presentation  Cross presentation

i
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Endogenous A
Cytosol @ — iEXOQGH bus Ag

class|

( %Goml J mRNAK End ome
1
0
0
0
0

Wroteasome
heavy chain
B""'@k’" E% TAP1/TAP2 /

MHC class | molecule

Fig.3 Antigen processing pathway of MHC class I molecules

Direct presentation and cross presentation

TOFT V=L EN U THRE N RTF KW, PR R 5> AR— — (transporters
associated with antigen processing: TAP ) & XIXN2AFIzL > T, ME/MIANICH RTINS >9,
TAP {3 2 B DS > /N7 E TAPL, TAP2 N5785\T O BT, /NMIAEZEBL ATP (KFH
AT F REird 5. TAPL, TAP2 EizTid MHC BEFEBICAEL. 2 DOBEETFLEESIC
EENECTHMHC 7 A I B TFIEBHERRIEITER<72 %, ZD TAP OHreld. TAP Ri§
MIERREH WERIC L > TR S N/z. TAP WRE LMK T, XT7F REFPHiREN» 5
HE/NMIEITANBZ WD, VX THFRRTFREFEETET, CTLIIRTF RE D £<ER
TBHIENTERN, TAP 20, HE/PMIERICA S TELRTF RIIMHC 7 5 A 1 51 &k
& L. J)VPEEE T maturation IR MEICH TITE, CIL IZR# I N2, Y ELOBEBIZ—KH
IZ Direct presentation EFFIEIL TS, £z, T &1ZHNZ, Cross presentation &S FLE IR RIBE
HFEET D, Cross presentation |&, T2 R¥A h— A THIFIMNIZ & D T EN725 Sk EHURA T



CRY—LANSHIREANERTL TOF 7Y - ATHEINZ0E ., TAP KFNHE/MNEKIZ R
BN, MHCYZ S X I A FITHE L TIRRINLBRETHS (Fig. 3).

1991 ££, Rammensee 5. PBIUK Wiley 5D 2 DDHIZES N —T13. MHC 7 5 X I FITHEE L
TWBHCHEXRTF RESBEL, TOT7 I JBEH T2 7Y, TORR, BELTWBERT
FROT I JBEFICE. ZHEAOMHEC 7 U —)URE OEF— T HEET 3 2 ENbho 72 (X
TFREF—7T) (Table 1). ZNEDRTF R EES-10E DT I /BN 5725, Bl A 1 HLA-A*0201
IZHETEHRTFROLZII 2 BB ICOA R AFF 2, 9BHIINY o0 >EHD,
ZOZENS, RTFRO2FBBEIZBHDTY I VB, XRTF RE HLA-A*0201 DIEEITBNT
HERY H—OREZRZTEEZAONTZ, ThbE. TNENDOMHC 7 5 A I 5 FITHERT
HERTIFROTH=M, FEDOTI /B ThWweE, XRTFREZTOISA I HFITHEE LN,
UINLZZIRE. MHC 7 S A I 3 FADIEET 7 4 ZT7 4 12T XRTF ROGREFREITHATE
2. BUA. MHC OV I A 1 53F - XTF FEEGHEOREABOREENEETHDL LOWEDDH
%% ZOXIICHLAY A TinG, 8-10HOT I /NS5 CTL LY h—T %5 5EETFHT
5T EIIRETH B,

Table 1 Peptide motifs associated with MHC class [ molecules

: Amino acids at anchor positions
Isoform of HLA 1 2 3 4 5 6 7 8 9 10

HLA-A*0201 /M V/L
HLA-A3 L/VIM Ky/r K
HLA-A 24 Y /L/F
HLA-A68.1 VIT R/K
HLA-B 7 P L/F
HLA-B 8 K K/R L
HLA-B*2705 R L/F
HLA-B*3501 P Y/F/MY/L/I
HLA-B*5101 A/PIG F/1
HLA-B 53 P

H-2 Kb FrY L/M/IV

H-2 Kd Y/F I/'L/v
H-2 Kk E I I

H-2 Db N M/T
H-2 Dd G P I/L/F
H-2 Ld P/S F/L/M




3. CTLIZHHU-HH

CILFEBRUF UIZEHT2HAERERIC2DH S, 1 DI, CTLA9 DHIEDT I /BN
LZENRTF REFIRE L TRETS 0 OITHL, FKITEE 2030 D7 2 ) BHSRHXTF
RERB#FHFTZ " ZETHD, RNA T IR, UMV ABEBERE TERENEELT VD, B
RTIF REFRETD2HRRBEROEELZITCTL,. BARTFREHIRETS CTLIZERD
FEEZIT D5 01.2 DL CTL EFEOHIRZRERE OB NN H T 5015 5ifk (FRIFUE) 13
HREMIEET D IAINADI L ROA—TRANA VI EONEY NNV BERBFHLTANA%EH
15, —H. CTLIX, UAIVARERL ZMBTESND A IVAHESY VNI ETRTERNIE
HRRE U TERMT 5 &Sk 5, 20728, FIERIZHARCTL Tid, TEM—=7DL /A=K —
WZIEMMODFF TS, £/o CTLIWIANWVADIEE T HTRTOY N VEZFIREL THRBRTES
2D, UAINADEFIIEDLERL D5 WHNEOBESY > /N7 B, JEEEEORENES >N
BEIEN—TICTE%, LT, UMINVATBERNICEA T, BEOHERGNSENTNSE
&, FUATIEHMIEAO A IV ZAEHFITERVDIZH L. MEATEZ3R:#%9 5 CTL 13, Mz
BELTUAIVAHRT 2 I EICEN S, LEOMENS, CTL I, FICHETIIR#E TS Z &N
LW, BAMRRMEORREBRLEROLNWT A VI U TAERBFELLRD A5,

4. AHIZEOHK

Tz OWIZE T —71E, RO RBE DA ) ABRIHEPCHFTFRIEICB W T, U1 IV AR A
TU—CTL ZRAICHEERIEL T, VNV AEZRE2BRETLLO2ATH - hEV I/ FOREZ
HATNDE, BAGEARTF RTHRET S CTL BEBEEAWET I FURRIILETHLN, &
BEENTFNZD, IMABNDT PN FEANWTHREZ®RAICELTA2HENH S, REE
RIELTAITRELT, EHL 2 DOARERF Lz, £91 DB MaEREEEET SHH
YA MIA I 27 PaNyMELUTRIALEMETH 2, 2 DEIE. 72N MEIRIGE
BHaNTWs P REHESEVRY —LE2HREAOF Y U7 —E U THY, RERENENTE
r—7THAHRIFPIEN—TERLT. TNEVRY—LAREIHEE L, CTL FERDT Y
FUETHHETHD, TIT, KX TIEREE 2 DI/ T, B LETIEFHYA b1 2,
IL-23 12K 5 TA WABEBEBFRICONT, EIETEXXTF FESURY —LZEANWZ, SARS
BIEFHRIA IV I FITHT 2T 7 F U ORFEITDNTIRRS Z &ITT 5,




BIE YA, IL-23 12837 Va2V MBRIZOWT

5 A

A7 —014F (L) - 1213, CTL72 EOflEERE 2 RIET SR OBASY A ML 2 THD.
BOBREDERRICE TH D EEA LGNS, IF, BEEOEFITHL T, IL-12 24 5 /z Phase
2 BRIRERBAMTON Tz, T OHER, Phase | FRFREB THZA I N =R 2RHFEHETTONZITHN
HH 5T, FEMIEWEEIER I N, RTEANASNE P, 207D, IL-12 OEKRERHIE
BREINEEETHD. TOHB, IL-12 EEENITHD TERLAEY A M1 2>, IL-230IL-6 D
BEICED Wz T = N—ZMBRITL > T 2000 FICFER I N, L2313, TOEERELEDE
B, %f), IL-12 E[FEEIC Thl 2FE T OHEEEZ H D EE 6. BERGAICBWTEEEZRLE
IL-12 IZRODEFLERY A M > E L TEOEESENREE SN,

IL-12 13, 651 AL T7IV—IZEL., ZDOHY T2y b pd0 & p35s HFhBR5 =
BERSTFTHD, —H, L2314, 120 T 12y FTHS pd0 EFHFLWHFplonEas 8
KOYA MAA 2 THB, TDpl9 HFILIL-12 D p35 53F. IL-6 (single chain) 7% & E#ERIIZ
FLLTWD., £, ZEROBEDBO THELL TV, IL-12 ZFMAF IL-12RB1 & IL-12RB2
MERL_BETHD, £z, IL-23 OZEERD_EBERTH 2, TD 1 DX IL-12 RERZHERT S
IL-12RB1 TH V. AL IL-23 ITERMRIL23R THD 9, UEDOXDIT, L2313 IL-12 2
HTETND 728, IL-12 EFFRIC Thl RKISZRET S ETFRIS N2, BERERGFHIZHE L
TE<BLRHIBREZRL TNEZENDN > TEEZCuablidpld /v I 7Tk (KO) YU A (IL-23
DHRIE).pP3SKO T T A (IL-12 DARIE), BEUpd0KO YT A (IL-12 & IL-23 ODWFEZRE) %
T s &Ik, EBRNBCREEIKESEA (experimental autoimmune encephalomyelitis : EAE)

. ) NV IL-12 T
Humoral immunity
TL-g Defense against 72< IL-23 12
parasitic worms
Allergy, asthma KELEZHD
ThdIl Lz

~ Cellular immunity = 15)
IFN-y  we Dofense against wmE L o

intracellular pathogens x5S

IL-17(4) Defense against some =71,
\ IIII::%’}F R extra‘celiulmz b:aderia Naive T Hijia
1L-22 Autoimmunity
Cancer 17 IL-23 Zh0
2.. 5 é:. Al IF’N"Y
mmmwé hTC;F—B “":WW DImmunosuppression DIL-4 %A
ther factors?
( ) TB RS,

Fig.4 Development from Naive T cell to Th1, Th2 and ThIL-17
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RBRENICIL-17TZEETSH L WCDA THEY 72y N Th2 Th17TITHMbTH & aHmELE 1
(Fig. 4). Th1713. BOREREZBITHLW CDA THIIEY 7ty FE LT, BEQHREZTK
PEHINTNVWS, BRFOHA T, TGF-BE IL-6 BIUNZIUTHEL IL-21 A% Naive T Hifg 2 Th17
bS8, B RF RORyt ZHEI S H 5, ZL T, IL-23 LT —0iFH ., IL-23 /% STAT3
Z St L C Thl17 % amplify U full-function 2525 EZ 251 TWS 7 IL-17 WRIEEY 1 S+
L TR COEEFECHIEEEZN L TRIEZFET LV MM THY, IL-2312L3
REFBIIFELLTIL- 172N LIEbDTHBEEZEND, LMLABAS, £7/2 Thl7 O2{LH
E2E9z IL-23 OEEEITTICTEB I N TN,

DO TTAIWVA (VV) ERBEOTIVF L ELTELS DALITERINTELTAIVATH
%o, REDIBMLAREIL. VV ITHREBEFEHMAAALT, BETHEOINVERTFEENT F—
ELT, E<HAWLBNTWS, ZOUAIIAIE, 1 FEAEDHALEY HRDOEEEMILITERLETIRET
HO, T LA ZXPREVND, LEEOISRERTFERATES. £z, VWi, YT RITE
RUTRKEIIESERI T2, YA MM DR EREBICER T 2BREFEMAAATTHEZ VV &
FoT, TNHDEBEBETEYD. VA IIVABIHEIIH L TEDX D B EREHZIRZ RN E ALK
NTEETSZENTED.FELAITIL-12 /2131023 2RE T 22 VV (VV-IL-12, VV-IL-23)
EEEL, INSZEZAVWTUAIVABRIZBITS IL-23 O#FEE IL-12 SR L. IL-12 157
AN ELTORREEZRF Uiz, T8I VVIL-17 BEXRIL-17KO YT A2 H LT, IL-23
DERICK > TEEEIND IL-17 DU IV AR T 5 RENTDNWTERF Lz,



MR Tk

1. A

< ZNE AR E SR D P815(H-2"), ¥ 7 A E O = —HIHE 71 IV AFEFR Y > /NEHED YAC-1,
XU ARHESF IR SR D NIH/A3T3, b MEAEMRERO C143, b MERMEERD 293T. 77
U2 RUBIVOBEMAEHERD CV-1,BS-C-1 Wz, 25 O, 10% Y T BFIE (fetal
calf serum: FCS) & 2 mM @ L-glutamine % i1 2 7= RPMI 1640 (Sigma-Aldrich) 55i# (R10) BLN
DMEM (Sigma-Aldrich) ¥5#f (D10) THE=ZEL &,

2. TL-12, IL-17, k7203 11.-23 2383 - iS22 VV OER

Concanavaline A {Z X > THIB L 727 X DIEHIILD mRNA /0 5 B ERER Z > T, cDNA %
ERIL 7=, ZDDNAMNS, TNTNOY A MhA VICERNS TS 13—

(IL-12sense:5’-AAGCTTATGTGGGAGCTGGAGAA-3’;IL-12antisense: 5'-CTCGAGTCAGGCGGAGCTC
AGATA-3";IL-17sense:5’-AAGCTTGCGGCTACAGTGAAGGCA-3’;IL-17antisense:5’-TCTAGATTAGG
CTGCCTGGCGGACA-3’;IL-23sense:5’-AAGCTTATGTGGGAGCTGGAGAAA-3”;1L-23antisense:5’-CT
CGAGTCAAGCTGTTGGCACTAA-3’) Zff-> T, IL-12, IL-17. IL-23 Z PCR THIEL. > —~7 >
P — (CEQ8000:BECKMAN) ZH W TELTESZHAL Iz, TOERLRTZ. FEEXIF—,
p3xFLAG-CMV-9 (Sigma-Aldrich) IZfA L7z, p3xFLAG-CMV-9 |3, ¥ >NV EREADY 7 &L
TFLAGY N\JBEI— NI 2BEFLMAMAY O NRIVBEZHWSESZDOY—F——J T
A (AS) EEATHBY, MIICEAZIND &, FLAG Y /N ENEBMS NGB A S )X

Insertion of a foreign

Recorrbinant plasmid o pe inside TK gene

Vaccinia virus

v], TH* . Foreign gene )

“:‘ et s PNZEBIK2 vector
. nfection -
e &« Transfection
C143 cells TK Ge Homaologous recombination . Cytosal
Viral DNA -1 -~ o
Nucleus >
v
e //

-

Recombinant virus

TR

Fig.S Generation of VV-IL-12, VV-IL-17 or VV-IL-23.



DEINWETND, COMBATIZAI KRG, FLAG | LS #8872 %& cDNA % PCR THIEL .
VV O—HBD DNA ZE T pNZ68K2 7T A RRI F—IZfA LTz, FRV2FF—¥ (TK) #Efx
FERELZ C143 HIlLICH AR VV (VV-WT) Z2ERIE., 2D pNZSK2 HIEA T A ReE
EFEA L7 Cl43 MR T, VV E OM R 2 238 Z 0, & U7z f#i 2 VV i3 bromodeoxyuridine
(BrdU) T&EH| L7z, HAEM VV L, TK BEFITEL 2> TY VEBEIEEN/Z BrdU 271 )L AZERITE
0AH FEIRT 272 R Z TR D TKERTFEREBLULHEBZ VVOANEEERD (Fig. 5).
2B, BETHEMRLEZ VV-WT X, BETEBAL T, BREHICEEL2E220W 9,

3. I1-12, 11.-23 OFEHEEEREE OB H

ESLL 7=, TL-12 £ IL-23 25 - WS 5 VV (VV-IL-12, VV-IL-23, VV-IL-17) ZZNZN,
293T @ IZ multiplicity of infection (MOI) =3 TRHEIH /=, DI0 ZMMA T2 HHEBEL &, BE
LiEZBEINL . anti-FLAG Pk & protein G-Sepharose Z W THREILEE Lz, ILEL=Y > /NJE
i&. 12% SDS-PAGE TEXIKEI 21T\, Z b))l 0 —ZPEICHKE S BT, anti-FLAG HilkZF >
TUIARY > 70y NTHW L7 IL-12 £/213 1023 ZBH L=,

FHHLZ VV IS5 E N/ IL-12 & 1L-23 OHEREIE IS, Signal transducers and activators of
transcription 4 (STAT4) OF O >V VEBALIZ K o THRET L7z, £97. 293T Mifiz IL-12 £ 713 1L-23
DL Ty —BRTERETDHTIAIRESTAT4 2HET LTS5 AI R2EETEALEZ. 2D
MREIZ, VVAIL-12 £7/213 VV-IL-23 2R S B2 MADEE LIEZE 0.2%, 2 %, 20%DBE TINA T
45 R E U2 Ml 2 L T it DB L STATA FUAZ AW T ZASY > 70y &N,
STAT4 28U B LI N/zid EDDERFL /2.

4. IL-17 =RB R WMIESD VV

VV-IL-17 % 293T Il MOI=3 TR H. 2 HEEER, TOBEELEFOIL-17 DER
enzyme-linked immunosorbent assay (ELISA) 12K > THIE L7z, i 7z. IL-17 OBERETE T 1d NIH/3T3
MIRLIC & 2 IL-6 EEAERDN SHIE L 7z, 293T MIMRIZ VV-IL-17 ZBR S E, TOHE L2 NIH/3T3
ML (2X10°cells/well) IZHZ 7z 37°C. 24 FfEi1%, T D& L+ D IL-6 % ELISA THIE L 7=,

5. AL

BALB/c BXL N C57BL/I6 YT AWEHAF ¥ —I)V A « UN—HREHLDBEA L, IL-12/23p40
gene-knockout (KO) <77 A1, The Jackson Laboratory /N5 A L7z, IFN-y KO Y7 ABXLUIL-17 KO
YU, HEORFEREVEAE MNEERTTUIIE L ¥ — HEE BN 50NN
7o WD T AS 6-10 BEOY T AZMEA L, MEER A - SR CTHE - BNz,
HELZ VV I, YU ZADBEENIER U TEER S B, VVIL-17 2o 729 )NA NIVEBRTIL 5X
10° PFU/mouse B&H: X &, T DAL DY /NA )NV EER TIZHHM 2 VV % 2 X 10° PFU/mouse BF S H 7z,




6. ILVAIAT—DUIE

Bx DB Z VV 2T ZITEFE /T (5X10° PFU/Mmouse) 1~2 BRI, I ZEINL TIIE
NOTANABZRE L7z, PPRIZFEDF 1 XL T, freeze-thaw & 3 [EEEDR L. BEERLEL
TEOE. EEEUAINRE Uiz, RAEL =TIV AT, 10'~10° fFI2F IR L T BS-C-1 #ifa
WRERREE, 4BRBHE. 0.1% 7 URAINUNAA Ly FTREL T, 79— HzRELE,

7. CTL EHORIE (CTL assay)

HHLZ VV (2X10'PFU) 27 7A@ 8, 2 A2 L, CTL 7 v 21IicBl
% Effecter Ml & U7z, Target MUMZIZIZ. 1X10°fE D P815 MfEIZ MOI=3 T 37°C90 43fdl. VV-WT
BRI E, ZTDHE. 100 uCi @ Na,”'CrO, T 37C. 30 2T )V L7z H D % FV/z, Effector g
& Target flifE & ¥k 4 72 EL#E T 96 well U plate D45 well IZH1Z.37C T4 > FaX—Ta L.
Bk BIEICEEEL 72 °'Cr Z28IE Uiz, BIER R 5 KRR L > T% specific lysis ZEH L 7z,

% SPeCiﬁC IYSiS= [(Cpmsample - Cpmspontaneous)/ (Cpmmaximum - Cpmsponta.neous)] X 100

cpm /. count per minute Z %R L\ cpMypontaneons 1. Effector D7RVVIREETD cpm %\ cpMimaximum V3 Target
#fE % 5% Triton X-100 T lysis L7z & & D cpm 3K 7. Assay i3 3 BILLEfTo 72,

8. AN CD8™ IFN-y" THEREDMIE  (Intracellular cytokine staining : ICS) ¥

A VV (5X107 PFU) ZEEIE/~ 1 ERBO I AN MM EZFEL . 96 well U plate (2
X 10% cells/well) IZHNATz. & x)VIZ, VV-WT ZE&H (MOI=3) X7~ P815 MIfE X IIIE RS P815
MR (2X10° cells/well) ZH1Z. 1 pul/ml O brefeldin A (BFA) &3£12 37°C TS BRI > F a—3 3

S/ ’ o

spleen cells infected with VV / “

\ /

. . \ /
VV-infected P&15 or naive P15 FITC-conjugated rat Cytofix/Cytoperm M

anti-mouse CD8a mAb

/
\ ® /
\\\ (] ///
Phycoerythrin(PE)-conjugated T

rat anti-mouse IFN-y mAb
flow cytometry

Fig. 6 Procedure of intracellular cytokine staining
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> U7z, =D, CD16/CD32 &/ 7 O—F )VHiff (BD Pharmingen) THIfERED Fc L =75 —%
70w 7 L7z#. FITC-conjugated rat anti-mouse CD8a& / 77 I—J )L #ifK (BD Pharmingen) % fillZ
4°C T 30 S S /7%, $EW T, Cytofix/Cytoperm kit (BD Pharmingen) Zff - THIfLZEE L.
MO FEEEZ M LSz, FD#., phycoerythrin (PE) -conjugated rat anti-mouse IFN-y & ./ 27 1—
FIVHLKR (BD Pharmingen) T4C.30 MG S ®/28%, 7O0—Y1 M A—¥—THIE L7z (Fig. 6).

9. VVEEBRIHAEORE

A VV ZRP SR U AMBPOH VV §iff %, ELISAICL > THIELZ. 7. HRE
LT, VV-WT ZEF Iz CV-1 MifE D lysate % 0.05 M D carbonate-bicarbonate buffer (pH9.6) THi
FRL T, 96 well flat-bottom plate IZ 100 pL ¢ D AFL. 4CT—HEE#E L 7z, H\> T, paraformaldehyde
TUAINAZBEEL. S%FCS ZZ U PBSIER T Uy F 27 Le#, & well 1T 10'~10° fFICFH]R
L7 ZAOMEZ 100 uL 3 DOMA T, 37C T 1 B i & 87z, PBS-Tween T 5 [E#k- 72 1&.
horseradish peroxidase-conjugated goat anti-mouse IgM £ /=13 IgG HifAZ A T.37C T1HRfE1 > F 2
R—varliz, TO%., HEIET, 492 m IZBF 22BN EZEELZ (Fig. 7).

O

o-phenylenediamine dihydrochloride substrate \j
(HRP )

g,*-,?’g horseradish peroxidase-conjugated goat
v‘é anti-mouse IgM, IgG1, or IgG2a Ab

diluted mouse serum

VV-infected cell lysate
Ezzzzzzzm A

Fig.7 Detection of VV-specific antibodies

10. Y AP DR (Cytokine ELISA)

naive YV ADEHIAZFRL . MOI=3 THBEA VV ZRER ST, 2 OHEER. TOBELRE
HOYA M > 8% ELISAICK > THIELZ. £, ELISA 71— MIFH]RL /= capture Abs %
S0 L $OMA T, 4CT—WiA > FarX— a3 L TTL—MIFEESH=, capture Abs (BD
Pharmingen) ZH VD FRE. blocking buffer % 100 pL § DINA T 1 K[, PBS-Tween T 3 [EHEW,
LR DOEEE EEZE 100 uL $OMATZ. —Be1 > F a2 X— 3 > Lz, PBS-Tween T 4 [EIFEW,
biotinylated antibody (BD Pharmingen) % 100 L $DM0Z T, 1K, HBRICKHELZ T L — %
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PBS-Tween T 4 [El#t V), avidin-horseradish peroxidase (Av-HRP) (BD Pharmingen) 2 fllZ T 30 43 fé-1
>FaN—Taliz. T5HIT. PBS-Tween T 5 [HFEV). o-phenylenediamine dihjdrochloride % 5mg
& H,0, % 5 uL & A72 EIA buffer % 100 uL $°DHM% T 15 5~30 ARES BT, 6N H,S0, % 50

pL/well 1A TR Z LD, 492 nm IZB T2 BNEZBIEL (Fig. 8),

o-phenylenediamine dihydrochloride substrate

avidin- horseradish peroxidase

biotinylated Ab

cytokine

capture Abs

|7 A P 7]

Fig. 8 The principle of cytokine ELISA

11. NK a0y

fH#Z VV (2X10"PFU) ZRGSH, 1~2 HEORIADSHE L ZMfias., 2> ho—)L&
U TR~ AN S B L 72 I % NK assay 12 35V) % Effector #ifi & L7z, Target fifE LT
. YAC-1 #fifld (NK #EfRESZ R/ 2 M L. 100 uCi ® Na,”'CrO, T 37°C. 30 A5
L7zbDZM Wz, Effector fifiE & Target Mifid &4k 4 72 Lt# T 96 well U plate D& 7 = )V TIRE L.
4RI 3TCTA > FarR—arl, BEEEICERLZCrE82BIE L7, % specific lysis D3R
HFHIL LR D CTL assay & EI#ETH 28, CPMspontancous (AFFBER Y T AZER L7z &EED cpm & L.
CPMmaximum VRN T AR L2 EED cpm ELTHEL,  Assay 1d 3 B EfFo 77,
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1. ¥z VVIZED IL-12 & 1123 DR EEREETE
ERLL 7= # Z VV-IL-12 & VV-IL-23 2%, HEeEEHED H

A iyt BIL-12 £713TL-23 BT HME S NET LAY T Oy
100— A e k& STAT4 DV > {kic & - THR-N7=. Fig. 9A IZR L7z K

) 51z, IL-12, IL-23 & >NV BEIZENTI 76 kDa, 74 kDa
5ﬂ—m st DEEIZNY RELTRIEENE. E51T. TOYA b
PR AH NI EIT, BREEENRSHLENEDNE STATA DY
VBB X o THR/- (Fig. 9B & 9C), IL-12 DEZFEMARTH
% IL-12RB1 & IL-12RP2 ZFEH L7z 293T MifiZBNT,
STAT4 DF T AT VV-IL-12 2R S /- Mfa D& L1E
EMABZEICEDY UBbENk. £ 123 DZFEHRT
5 IL-12RB1 & TL23R ZFH L 7z 293T MfliTH W T,
STAT4 DF 1 3 i VV-IL-23 2R = B fifn ks B
EIABZEICED) VEEENZ. TNEDRRNS.
ERLL = fH# X VVIIL-12 & VVAIL-23 1d, ZREHNIL-12
EIL-23 2REB L, o2 OBREEEEZRT & Dh o7,

Fig.9 Detection of the murine scIL-12 and scIL-23 fusion proteins secreted from V V-infected cells.

A4, 293 T cells were infected with VV-WT (WT), VV-IL-12 (IL-12), or VV-IL-23 (IL-23). Proteins secreted in the
supernatants were immunoprecipitated with the anti-FLAG mAb. The imunoprecipitated proteins were then
subjected to Western blot analysis with the anti-FLAG mAb. The positions of protein molecular mass markers in
kilodaltons are shown. Arrows indicate the bands of the murine scIL-12 (76 KDa) and scIL-23 (74kDa) fusion
proteins. B and C, STAT tyrosine phosphrylation assay. 293T cells expressing either murine IL-12Rp1 and IL-12Rb2
(B), or murine IL-12Rb1 and IL-23R (C) were stimulated for 45 min with the culture supernatant containing either
murine scIL-12 (IL-12) (B) or scIL-23 (IL-23) (C) at final concentrations of 0, 0.2, 2 and 20% of the original
supernatants. The cells were then subjected to Western blotting using anti-STAT4 (Total STAT4) and anti
phosphorylation-STAT4 (pY-STAT4) Abs.

2. BALB/c ®ZARIZBT3 VVITHS 3 IL-23 DOIGERS R

KIZ, $HZ VV NS FRE U7z IL-12 & 1L-23 28 VV BEROEFHICEOL DRV D LN 2
HARB0HIC, ITABH0 2X10° PFU (VV-WT OEJER) QMR VV &, FHENBALB/ ¥
WA RREE R, TUADEFREREL-, Fig. I0AIZRTE DI, VV-WT 2R/ ILD
NYOTADDE 5N 5 HAETIZET Lz, ZFUTKHL, VVIL-23 ZEEREI VLTV (0=7) &
11 BEOBEMMh TR TONEFELEZCENS, IL23 B VV I T 2EMEZRED 2 EEZ SN
B, £/ VVIL-12 2RSS E/ZYTA 0=7) 132 HEETIZ5 EABET Lz, I, IL-12 DE
fficksEEZENS,

=% =



A EBIT UAIIVADBHBREN DN E D N EE

. | VVAIL23 BRI DH7D, YTAHED 5X10° PFU DHE
T AVVEZBEREIET.7THE 4 HBEOIYTAD
S o - FREICBIT D VV DA INAY A & —EHEL
N oo Foo VVAL-12 BERE B2 D AT, 7HS
z L0014 BEICBOTHICIED 5D VV I3k
" R S o 720 VVAL23 B2ERX €T, 7H
T T T T T BOTT ZOIEICBITS VV O PFU I3,

4 2 4 6 8 0

VV-WT ZEHEH/7=~<7 A0 PFU OF 1/100
THoJ- (Fig. 10B). £/-. B 14 AHED

w’

- P VVWT REREE R Y A TIHKRE LTE
i WA LAD PFU 75589 5 AR, VVAL-23
Ew FRRE R A TR VV IR 1o

"1 » N . 7 (Fig 10C). BAEOKEM 5. 123 13 IL-12

o s WToa RIS, < AKRICBITD VV HER R

Z EDEH S Zo
Fig. 10 IL-23 delivered by VV-IL-23 enhances © 2 = S DM CI2OR

resistance to VV infection in BALB/c¢ mice.

BALB/c mice were infected i.p. with 2 X 10® PFU (4)
or 5X10°PFU (B and C) of VV-WT, VV-IL-12, or
VV-IL-23. A, Eight mice per group were monitored
daily for mortality. B and C, BALB/c mice inoculated
with VV-WT (WT), VV-IL-12 (IL-12), or VV-IL-23
(IL-23) were sacrificed at days 7 (B) and 14 (C)
postinfection, and wviral titers in ovaries were
measured. From § to 12 mice were used in each group,
and all titrations were performed in duplicates. Data
are representative of one of three independent
experiments, and results are shown as the mean PFU
= SEM. ND, Not detected. *, P < 0.001 compared
with VV-WT.

3. VVERP CTL BHollE

KIZ, P'Cr YU — Ak ZE W= CTL assay 12K > T, CTL O killing FEHEICHKT 25 IL-23 DEEE
ARz, AEBTIE, MMEA VV 2RI/~ AL % Effector fifld & U T, VV-WT Z B3
X7z P815 #ifid & Target Mifd & U THW/=, Fig. 11 IZTREIND L DT, VV-IL-12 ® VV-IL-23 &R
REFERTATIEVV-WT 2RI ELYTAELHEART, VVRRN CTLIEENETEN > 2.
o T, IL-23 N IL-12 ERERIC, DAV ARRM CTL OWEREZHERT 2 2 &N o7z,
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Fig. 11  Activity of VV-specific CTLs in mice infected with VV-IL-12 and VV-IL-23.

Spleen cells were prepared from mice at 2 wk after infection with 2X 10" PFU of VV-WT (circles), VV-IL-12
(sequares),or VV-IL-23 (inverted triangles). ICr relacase assays were then performed to detect VV-specific CTL
activity in spleen cells at various E:T ratios, using P815 cells infected with (open symbols) or without (filled symbols)
VV-WT as targets. Data are representative of three independent and reproducible experiments. Resuls are shown as
the mean £ SEM of triplicate wells. *, P < 0.05 copared with VV-WT; ** P < 0.05 compared with VV-IL-23.

4. CDS' T fifarhd IFN-y" FBPEiREE DM E

VV-WT

Naive

5.69

Fig. 12 Intracellular IFN-y staining of VV-specific CD8"
cells in mice infected with VV-WT, VV-IL-12 and VV-IL-23.

BALB/c mice were infected with 2 X 107 PFU of either VV-WT,
VV-IL-12, or VV-IL-23, and spleen cells were prepared at day 7
postinfection. Spleen cells of noninfected mice (Naive) were
used as a negative control. Spleen cells were then stimulated with
VV-infected P815 (+) or noninfected P815 (-) cells for 5h. After
stimulation, cells were stained for their surface expression of
CD8 (x-axis) with FITC-conjugated mAb and for their
intracellular expression of IFN-y (y-axis) with PE-conjugated
mAb. All lymphocytes were gated and analyzed on a FACScan
flow cytometer using Cell Quest software (BD Biosciences).
Values shown in upper right quadrant indicate the percentage of
CD8" cells that are positive for intracellular IFN-y.

L

(L& 7= CDS™ T #ifiEld, [FN-y
WL TN ABROETZER <79
CEETHD, TORD, L VvV &
R EHT 1AM, CD8T TS O
IFN-y BBiEffasz 7 o—% 1 b A—

& —IZ&k o THIE L7z (Fig. 12), Naive
YA VV-WT ZREBEEI BT AL
AT, VVAIL-23 #REHR ST TAT
V. VVAIL-12 ZEEE B2 U A LRk
IZ, CD8* T i@ @ IFN-y BRI %
NENT5ENHEEMERDTZ, TD
RN H, D130, IL23 A IL-12 &
FRIZ. U1V ARER CTL OF B2
T3 ENbholz,
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Fig. 13 VV-speciﬁc IgG and IgM Ab production and
NK activity in mice infected with either VV-WT,
VV-IL-12 or VV-IL-23.

A-C, BALB/c mice were infected i.p. with 2X 10’ PFU of
VV-WT (O), VV-IL-12 (V¥), or VV-IL-23 (V), and serum
of each mouse was collected at days 7 (C) and 14 (4 and B)
postinfection. Serum of noninfected mice (@) was used as
negative controls. Titers of anti-VV IgG1l (4), I1gG2a (B),
and IgM (C) in serially diluted sera were determined by a
solid-phase ELISA. Data are shown as the average+ SEM
of four to six mice per group. The experiment was repeated
twice with similar results. *, P < 0.05 compared with
VV-WT. D, NK cell-mediated cytolytic activity. BALB/c
mice were infected i.p. with 2X 10’ PFU of either VV-WT
(WT), VV-IL-12 (IL-12), or VV-IL-23 (IL-23). Spleen cells
were prepared at day 2 postinfection and used as effector
cells in standard *'Cr YAC-1 cell-killing assays.

MR B 72 Tl <. RIRERED VV
FAEMHICBE ST %, TD7zD VV FRRPHT
FIZE > TV T ZADERNN S PR S N
TWBTREENH D720, BHBZ VV K
RIET, 12 BEBOY ADIMIEZFIR
LT, VV 8B FIR % ELISA I Xk > THIE
U7ze VVIIL-23 2RI R/ T AT,
VV-WT 2RI B~ U A L& L T, Thl
AL D IgG2a, Th2 EALOD 1gGl, Total D IgM
DELEEIT. N5 TXRTITBNTHEERD,
HLULSIEWERERDZ, —F, VVIL-12
BRI T AL, Th2 B0 IgGl 7%
VV-WT R VV-IL-23 ZRER S E/2R U A &t
B L T<. Thl EMD [gG2a IL VV-WT
VVAL23 ZER S /2T AL FEOFBRE
755 7= (Fig. 13A, 13B & 13C). DT EMB,
IL-2373Thl1 71 T DIL-12 E1LEDFETH
B ERDINDE, THIT, IL-23 13 VV K
BREPUAEOEEEMIIES LanT &%
Mol

KIZ NK s VV I BEEEFENICEHES L TY
HEEEENH B2, NK {EHEICDOWTHEL
L7z, NK AEREIZESE B DR HNITIE PR
BEDOVEMTH D20, 2X10" PFU DL
Bz VV ZEPEEIET, 12 HEOIYTAD

JEife 2 > T OIEME ZF /=, Fig. 13D | Effector Mifid & Target MfADHLEN 150 1 D& F
(D Specific Lysis 279, BEHte 1 HIZ, VVIL-23 Z2REFEE /=<7 XL, Specific Lysis 2% 10%5)
520%THolz. £lo. TOMD VV ZREESIFZITRITDONTH, BHELREETR SN

7"‘7-
o

6. VV-IL-23 RO IFN-y & 11.-17 DEEE

IL-12 /X, Thl ° NK #ifd % stimulate U C, - )V AFEEFNCEE /L IFN-y ZEEIE S, —
%, IL-23 2SEHET 5 IL-17 13, K. pneuomiae <> C. rodentium DX D 73N TV 7K 2 B Rt
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Fig. 14. VV-IL-23-infected lymphocytes produce

both IFN-y and IL-17.

A and B, Naive spleen cells of BALA/c mice were
infected in vitro with VV-WT (WT), VV-IL-12 (IL-12),
or VV-IL-23 (IL-23).Noninfected spleen cells (None)
were used as a negative control. C and D, Naive spleen
cells of BALA/c mice were cultured with either
recombinant IL-12 or recombinant IL-23 at various
concentrations. After 2 days of incubation, amounts of
IFN-y (A and C) and IL-17 (B and D) in the culture
supernatants were quantitated by ELISA. Data are
shown as the mean®SEM of three to five mice per
group. The experiment was repeated three times with
similar results. ND, Not detected. *, P <0.01.

KCEBEELRBREEZR-TIENREINTVS,
F 2TV VVAL-12 & VV-IL-23 BIEBEIC BT 5.
IFN-y & IL-17 OREIZRH T I &I Uz,

F9.BALB/c Y ZADEMIEZFE L | in vitro
THEMMEZ VV 2RI E, 2 HREBEL T, &
# EHEHO IFN-y & IL-17 &% ELISA THIE L
7o TOREER, VV-WT 2RI BEHETI.
HT M IFN-y BRI N2 h o 2 b DD,
VVAIL-12 2R TS ELED IFNyy Wb E
Nz, —7F. VVIL-23 2R B/25H4E. IFNy
OEARIT, VV-IL-12 OFE & AR TKRIEIK
L7 (Fig. 14A). £7z. VV-IL-23 2@ E
A ZEOIL-17 BEEI N, VVIL-12
FZIIVV-WT Z2RERIETH, 17 dE o2
SEAINMo7= (Fig 14B). ZORERIT
rIL-12 H L <IE 1ll-23 27 2 OEMiE & —i
IR L, IFNy & IL-17 28I L25E S FEE
DFERE72-5 7= (Fig. 14C & 14D),

7. IL-12/11.-23 p40 KO XV AIZBT S VV IZxE3 5 11.-23 DISERFHIZIR

THICIL23 1L D TAINAFEFEICOWTFHL AR ZOHIZ, IL-12 & IL-23 OIFEDOH T
Iy hTHB2pa0 2/ v I T IRLAERTIAEE S/, £, VV-WT OFIEE 2X10° PFU) @
HBMATANAZEEL T, YNNIV EBRE Lz, B3R 10 B, VV-WT Z2EEXE /2 p40KO

TIANTRTIT LDIZK LT, VV-IL-23 &

REVLpOKOYTARELAEERF LT (Fig.

15A), 2DZEMS, IL-2312K% VVITH T DFEE O HE RN FIL. IL-12 independent (Z/EH
L5 ENOMoTz, RIT, MBZTAINAZERIET 14 HE, pd0KO YT ADIFED T A )V A
EEBELZ, TOHKE., VVIL-12 H L <13 VVIL-23 2R X B2 p40 KO X7 ZDIIEMN 513
ZEAETAINADRRETNT W= (Fig. 15B)e L7232 T, 2130 IL-23 A% IL-12 independent {2
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A BALBC, VWA(L-23 VVICKTBFIERE 258 L TW\WD Z &%

T 40 KO, WHIL23 7. pA0KO YA & BALA/c ¥™7 A2 VV-WT %
] | | B & T2l B, THEDOTTZDIMED A
27 N WA REHET S & pAOKO T ZADAMNVV Ikt
£ w0 T HEFENTIN Z EDHER SN/ (Fig. 15C). D

20 - £0. VV OFEFREICIL-12 & IL-23 DNEERE

P I P';"?\’f”\f':'-“’f HEeRKZL TWB I ENREENZ, £z, YU
L l‘fﬂsﬁnfef;ﬁm g 10 ABERIAGIZ in vitro TUA NV A Z BRI E5E

B . pd0 KO ¥ 2B N TH, BALBe Y IR EES
0 ] Day 14 , Day 21 72 < ERRIC PNy & IL-17 DAEESIND T 03D

pA0 KO

Mo 7= (Fig. 15D & 15E).
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Fig. 15 IL-23 delivered by VV-IL-23 enhances resistance to VV infection in IL-12/23p40-deficient mice.

A, 1L-12/23p40-deficient mice and BALB/c mice were infected i.p. with 2X 10° PFU of VV-WT or VV-IL-23, and
were monitored daily for mortality. B, IL-12/23p40-deficient mice infected with 5X 10° PFU of VV-WT (WT),
VV-IL-12 (IL-12), or VV-IL-23 (IL-23) were sacrificed at day 14 postinfection, and viral titers in ovaries were
measured. From 8 to 12 mice were used in each group, and all titrations were performed in duplicates. Data are
shown as the mean PFU®SEM. C, BALB/c mice (BC) and IL-12/23p40-deficient mice (p40 KO) were infected
with 5X 10° PFU of VV-WT and sacrificed at day 21 postinfection. Viral titers in ovaries were then measured. Data
shown are the mean PFU £ SEM. D and E, Naive spleen cells of either BALB/c or IL-12/23p40-deficient (p40 KO)
mice were infected in vitro with VV-WT (WT), VV-IL-12 (IL-12), or VV-IL-23 (IL-23). Noninfected spleen cells
(Naive) were used as a negative control. After 2 days of incubation, culture supernatants were screened for the
presence of IFN-y (D) and IL-17 (£) by ELISA.

8. IFN-y KO RTAIZBIFD VVIZHT5 IL-23 D3GR EEIE

I SIZIFNy SR L TWABEED VV 39 5 IL-23 ORIEFHFEEEZBET 572D, IFN-yKO
RTRAEfE> TEBRETIR oIz, ETHDIZ. VV-WT OFFEED T AN AZREESIE T, HN\A1
NIVEBRLZ, TORE. VV-WT 2B/ IFNy KO YU ANTRTET LZDIIH LT,
VVAL-23 ZREE B/ IFNy KO Y7 A3 RTEFEL = (Fig. 16A). ZD I &0 5, IFN-y D3 EFE
LIEWEE TS, IL-23 13 VV ICRHT BFER BN TWS Z ENbho iz, KIZ, MLz U1
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WA EBRPXHRT 14 HEE, IFNoyKO Y7 ZADIFE

A CSTBLIG & 1PN 1 KO, VYIL23 DIAINVARBERE L. VVIL-12 ZERIEE

m IFN-y KO ¥ X T, IFN«y BEELZWEZD, %

M FOUANANEE L, LdLANSE, VVIL23
2o ERREE VB, EEAETAVANREN
f 40 7= (Fig. 16B). > T. UNANIVEBRDOER L
20 - FRIZ. IFNsy QI EFE T TH, IL-23 B VVIZHT S

S S U LB E BN TS Z &b oz, £z,
e BALB/c YU AICHB T, IL-23 Id—EED IFN-y £

B C HEFET LN, 2O IFNy . IFNy KO 7 AU
oo | w] merko | BT IL-23 1K D FERBEBRRICITEEALE

FELRBWI EDHERIE NS, Z OFAERFENIC IL-17
DEELTWAHIENBEZ SN ENG, RITH
IL-17 Hitk & AW ERETR o/, TORE. §
IL-17 ¥tk 28592 &, VVIL-23 2RI E-18
T ATy N ARSIRICEEICE N T (Fig. 160).
723, IFN-y KO ¥ 7 A JEHMIC VV-IL-23 ZREE S
THE, HAROIERNE IFNy i3 E o< EAX
72 WAY (Fig. 16D). IL-17 DEAELT C57BL/6 * T A
THRD SIS EFRICEE TN/ (Fig. 16E). KL
OFERM S IL-23 12X 5 VV I 5 FAERH O 18
BRI, IL-17 5 L Tna Z EavRE N/,

¥ Usmouse
PFU/mouse

L-23 -2
+

-

1EN-Y (pgirol)
1L-17 (pgimhy
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" _,l&Lz |
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Fig. 16 IL-23 delivered by VV-IL-23 enhances resistance to VV infection in IFN-y-deficient mice.

A, IFN-y-deficient (IFN-y KO) mice and C57BL/6 mice were infected i.p. with 2X 10* PFU of VV-WT or VV-IL-23,
and were monitored daily for mortality. B, IFN-y-deficient mice infected with 5X10° PFU of VV-WT (WT),
VV-IL-12 (IL-12), or VV-IL-23 (IL-23) were sacrificed at day 14 postinfection, and viral titers in ovaries were
measured. Form 6 to 12 mice were used in each group, and all titrations were performed in duplicates. Data are
shown as the mean PFU%SEM. C, IFN-y-deficient mice were infected with 5X10° PFU of VV-WT (WT) or
VV-IL-23 (IL-23). VV-IL-23-infected mice were then administered with 70 pg of a neutralizing anti-IL17 mAb
(alL-17) or a relevant isotype control Ab (Control) at days 0, 2, 7 postinfection. Four mice were used in each group,
and all titrations were performed in duplicates. Data shown are the mean PFU==SEM. D and E, Naive spleen cells
of either C57BL/6 or IFN-y-deficient (IFN-y KO) mice were infected in vitro with VV-WT (WT), VV-IL-12 (IL-12),
or VV-IL-23 (IL-23). Noninfected spleen cells (Naive) were used as a negative control. After 2 days of incubation,
culture supernatants were screened for the presence of IFN-y (D) and IL-17 (E) by ELISA.

9. BALB/c YYRIZBIS VV T2 IL-17 OIEFERs ) R

IL-17 DEEZ X 5ICHL BT E201, VV-IL-17 2E- = EBRREEEL /-, BALALC T
A BIHEDTA WA ZEEIE T EFEREEKELDLEZERT S &, VV-WT [THART VV-IL-17
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ZRERIEGE, NUATTXRTEFL, AEBEELZ (Fig 17A& 17B). LM > T, IL-17
MVVITHT DFEFEZERT DI ENONh ok, RIT, HBA AN AERREIET, 3 HE
&7 HEO BALAIc X T ADIBED T A I)VAZTA & —2RE L7ziER, B 7 R, VVIL-17 2R
Be I H/ZBALA/cR T ADIBENSIIT A VAV N7z o7z (Fig. 17C). ZOHRERN S HIL-17
MVVIZHT DFEHEZERL TWD I EAVRB Iz, T 51T, IL-17KO0 Y7 A VV-WT O
BOEEDIANAZRERIE, UNANIVEBRRLZEZ A, VV-WT OHEIEED VV-IL-23 % &G
IETH, IL-17TKOXTRFIRTERFELZZD (Fig. 17D), IL-23 12K 5 VV I3 5 FEAERATH
BERRIERIZ, IL-17 NEERREZRZ L TWRWI EAVREB STz,

B
108 110
~ VVIE-¥7
) o
80 - T 100 ¢ Bt
s 5 '
2w E
ke E
2 =
[ 1 - 8 -
z =
- £
20 &7
%:
2 {only tweo survived)
[ : T y . R 60 . i
[ 2 4 6 & 1 L] 2 4 6 & 18
Days Pastinfection Days Postinfection
C D 3 K i 2%
0 0 TLA17 KO VVIET
B vy s { BALBI, ¥VuI1023
1"5 i 8 .y i 8() X
% =
2 10t £ 6 -
2 E
ERUE a0
= =
Uz
i 20
wD
1"1 [ S— . 4§ ¢ " N
VV-WT  VY-IL-87 g 2 4 3 8 1@

Irays Postinfection

Fig. 17 Role of IL-17 in resistance to VV infection.

A and B, Twelve BALB/c mice per group were infected i.p. with 5X 10° PFU of VV-WT or VV-IL-17. A, Mice were
monitored daily for mortality. B, Changes in body weight of mice infected with VV-WT (open symbols) or
VV-IL-17 (solid symbols) were calculated as the percentage of the mean weight per group in comparison with
starting body weight. Data are shown as the mean= SEM. C, BALB/c mice infected with 5X 10° PFU of VV-WT or
VV-IL-17 were sacrificed at day 3 or 7 postinfection, and virus titers in ovaries of mice were measured. Six mice
were used in each group, and all titrations were performed in duplicates. Data are shown as the mean PFU £ SEM.
Nd, Not detected. *, P < 0.01. D, IL-17-deficient (IL-17 KO) mice and BALB/c mice were infected i.p. with 5X 10°
PFU of VV-WT or VV-IL-23, and were monitored daily for mortality. Six mice were used in each group. Data of
VV-WT-infected IL-17 KO mice were shown as a dashed line for highlighting.
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BIE RXTFFRSURY—LEHW ., BEIRESEPEIFERE (SARS)
BLOFHEAL TN T FITH T BT 7T DBEFE

8

DRV =L, EROMIEEERES NS5, WD THEEMELS., VI F 2 OHEEELT
FHATHDICEZEENE N AER T FIRZRNALZ@BEOURY —A (RERHYRY—AL) T
1372 <, FiRZURY —ARBEICHEERBE I ELRAB SV RV —LE2H Wz, REFEE U R
V=L 2 DOREND 5. 1 DId. T UVILF—ROBIREDRR E72% IgE EENEZ 57200
ZETHB, Naito 5OHE D ickB &, ATV T I (OVA) REKESURY—LE, OVAIZ
KEBAETIWVI U LAZRESBZHOEYTADE FICHE L HELZBIET. #580MmE+FIZ
W EDITHIE/FERNA G OEEIIRSNSHDOD, OVA RHEESY RY —LBREIZBWTH
FR RS IgE OFEEITIR NN o/, 2ZOZENG, BITOT 7 FUICANWENTWAETY IV
ZULTVaNNTELS IgE FiEREST20 7 F O EEZRORIRIE Y 28R LIZ< 10, 2
DEIZ. RTFRIYNVERFEEZRNATZURY — L LT, REBSEHURY —LTIR, M@
DTN CTL 2HETHIETH D, Nagata 5SOER P ckBE. OVARTF RNEEY
R —ATIRIFEAE CTL FEEREEZRI BN ZOIZH L, OVA XRTF REGYRY —ATIE
B\ CTL BB ER L. CN50 2 DOKEMS, ¥ LLE—REEHELIC< <. Mtk
REEZBFETDEIIANATIF ORI, REBESHURY—LZFATRIEELE,

-1 SARS oA A

Spike

SARS DJRK T )V A TdH 5 SARS
a1 VA (SARS-CoV) 1. #
30Kb OIRDH TARELT T A8 RNA
MERLFEOIOFIAIINATH
B. TAINAYT ) LERNA U1 VA
ELTIRBEDTY JATHD.TDS
K iZIdF v v THEEZ, 3R
7a id poly (A) 2HT % » (Fig. 19). ©
D ) L. 13-15 @ open reading
frame (ORF) 75720, 53RN 5IE
BiEy > NIE, LTV A—EET
057 —t%31— K323 ORFla

Membrane
_Envelope

Fig. 18 Structure of the SARS virion
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(ppla) & 1b (pplb) 23H V. TANADEE TP ES TDOOHEE. A8 27 (), 3a. TN
H—7 (E). A>T7L > M). 7a. To. XZLFHTIR N) THERENTWS (Fig. 18), S fEE

NOL BT —EERAL RBD) 3. LTy —THBT7IFT 3
WAL, UMV ABARCEEREE 2933,

- SARS-CoV

mRNA1- pp1a, pp1ab

mRNA-S protein

mRNA3

mRNA4-E protein

CEHARESR 2 (ACE2) &

SARS 1d. 2002 &
D 11 A Az EIR
HEETHmITLRE T3
AR ] 1T & T
L. XbhF A, B
DERFEEHZTL
ICRREEDE R LTz,

FlEmEHNTFH. ¥
mRNAS5-M protein SHBR—IVNIEIND

13-15 ORFs @——— mRNA6 o
replicase and protease genes (gene 1a-1b) L % > T N ﬁt%ﬁ{%
Many of their functions are unknown but it is suggested & mRNA7
that they participate in viral RNA replication % : (WH N
spike (S), envelope (E), membrane (M) and nucleocapsid (N) genes [ mRNAS *% % O) 73
Between these well known genes, a series of ORFs of B ‘ Global Al . %C—%
unknown function was found. mRNAQ-N protein oba ert

U TABRHRREZ

FEZAL . 2003 £ 3 A
15 HIZI3 SARS &4
DFenT, MERBECRELOER THLHRRAHOEREHREMUMALL THRbhsI &L
frofz P, e, MEEORGICLY., ERHTRESROBEMNTREICZ I ENE. By
AEITTY AU, I3—Ov/)X, 7I7R2ED 29 ODENEBEIZLND 2 RE70, EBRITE. 2002 4
11 B0 5 2003 48 7 AR H OBICHEZHMT 8,096 ADBENRESN. ZDDE 774 AT
LT3 2, ZOXI3RERIIHL T, WHO BNHLER D FEEZEOZDICEMRF —LNIRKE
SN, BEFERIATLERELZHER LD ERBEAORE. SHNA RHCRE] &
AWEBNBEEREZ R LE U EEMFBEDR I ENEMS Nz, TOMRER. 2003 4 4 A 16 HITIE
FROIOF U1 )V AH SARS FEEFEER (SARS-CoV) THD I ENFEEII. 7 H 5 HITIIREE
RIEDORE. EZWOFE, BERNDBEEOWN /3 L2270, HRBBEOEMFREICKRE
BEMNHINBZI E Lo W,

Fig. 19 SARS-CoV genome organization

ANADE NI BIZED K FHFBEFHFENICL D E. SARS-CoV T4 DD TN —TI25H71T 5
N5 (Fig. 20) ¥ J—7113, 2003 FEITHE TN EZ OS5I NI IIVATHY, £
NACE2D BT 8 — T3\, )V — T2 N\I E 2RF IFHHKDOTA VA, BLTR2003-2004
FICE FTBRENICRELZVAINATHD, BIEWZT IV —T 3 DA )V AR THEEME
<. BN ACE2 IZ#& T2 RBD 28D, Z)L—7 313, 2002-2003 41254 L7z, Urbani #75 & D
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FEREOENWIAINATH 2D, JIV—7 4 3aT7FYX0ESN/ZHTH Y, Urbani ¥RIZHEART,
12-22% D7 2V BINEI2 5, 205 QNN 5. SARS-CoV I F 7/ AT I aU TR VICERZFS.
NTED R IFITERL., SHITHEEBATE MERLEEZEZENS, NJET VI EE
MZBERLUZ2%9E,. BWREEZFEZ20W, E M SE MAEBENEDICONTERAL., &
ODTEWREEZFF-2EEZ 55, /7, Fig. 20 IZBITBKEIT. JI)IV—73 & 4 OFRRW%E
RICEEN TWA Z E&ERL T35,

smw&wm;%sm&@&%gm%ﬁm&émfﬁn(&%KM@E%&T&M%Eﬂ\m
R LT 50% D TEN o 72) BRFEEIIBO THRRETH S, SARS-CoV id, EIZH, &, O
REDHBENSBERRETDHEEZE5NTHD, TO%, SfE. WHE, MRS ONEKETHET 2, &
RFEORMTETRERZHEDFENDRVZAEN. VANV ABENSHEBIIVNG, KIBTOD
HFEDERD 5N TS Y, SARS-CoV DHJED E— 7 13FER 10 HE T, ERELIX 10 HEEIZ
HAHEN, SHIFETTDETITIL 19 BHEE ERZ 01D 5.2003-2004 FIZHEFEHFEENBHR -
T2, TNLRE, FEETR W,

SARS DFAIT. 2004 FLAES SRV, LIV AEHEEWZS BAEE (V1Y) [ZEA
TWb, LENRST, £EVWDORMDN, E8fEEZE8I T MIFEEZ5D D AEEERH D, FTD/=
DIZHRBRTIF U ORBNEENS,
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¥sz38  JANIMAL
(520402 )
{ ig:fs % GROUP2
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GDO3 }.’ HUMAN
GZ0401 7
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Fig. 20 Phylogenetic analysis of SARS-CoV
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I-2 H5N1HRIEAL 7N IV R

AZITWVITTIANAR AN ITITLINVARIZEL.AB-CD3 DOMIZFEINS.
INEDI5, ARBRKICERMNE <, HANKRITEREILST VW, AR TN ITTA
WADT ) hEEFIR. XA FAHEH RNA D520, 8 DOFEIIHHNTNS . UAJLA
OBETTNZTNNI—RLTWS Y > /NI EN 5, hemagglutinin (HA). neuraminidase (NA), RNA
polymerase o (PA). RNA polymerase 1 (PB1). RNA polymerase (32 (PB2). matrix protein (M),
nucleoprotein (NP). nonstructural protein (NS) &£ DT 531 TWVWS (Fig. 21)e M & NS ZF< 6 DD
SENE. BRIOBRIZR S NI E 1 EEOAZI—RFLTWSA, M ENS D2 DOIHIM
BIEBIRMZ T 54 2712k > T, THENML & M2, NS1 ENS2 D2 BEDY VNI ENE
REND, bbb, ABA D INI Y TAINANEGRT 25 NI EIL 10 BETHD. UA
VAR FISIEE ZEEMN 57255485 (envelope) ZFfE. TORMITIL, 2 EEOES > /N7, HA
& NA D 2 BB L TR
SHLTWa, 51,
envelope NERIL, 8 FEED
RNA D D NP BLUPA.,
PB1. PB2 &i#& LT RNP
(ribonucleoprotein) Z Rk L
TW5, RNP &4 & DR
IZIEE O M1 S FRES N,
/¥ D nonstructural protein 2
(NS2) ASM1IT#sE L CHAE
LTWws, A BA2T)T
SHUAIZIE. KFRE
i3 % HA & NA OHUREHEIC
KU HAD 16 (H1-H16),
NA 7Y 9 i (N1I-N9) OHFEFERICHEIN TS, 2T, HAENA DS EITERMAEDYE
XD, HRIIIEE <O ABA DI NI P IAINVAQOTHERNELS 5,

Fig. 21 Structure of the influenza A virion

ABIA D TINZ T TA N ZAEANEIELB A INATHLN, bEHERIBITEEZFES, RO
BRICBRLEEERE L ETVAINATH L. HiL Kb MIBETELDIH o/ ARSIV TY
AWATIE, BEAEDADREEEEL TWRWED, FIUERNHRRED KFRT N>
FIvI)MFEELTNS, BEIZ. A1 24 7))V T4 (HINL ER) (1918-1920), 77 A
> 7 IVI I H(H2N2 BERY) (1957-1958), FH#EA > 7))V T 2 (H3N2 #EET) (1968-1970) DX T I v
DINFEELTNWD, INEOHEEY A ) IR LT, BIE, KRfTNBERINTWS HSNL BEE
A ITNIITIAINAN. BEELLEREETHEMELETHD, b MISRL THEA > 7
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WL /28E6. 132NTE OBEENFEET L EFHEINTNS,

Bife, AP T, HINLEREA >IN I oA N ADBERIERKNPKERFEEE 5> TS,
HSN1 HEBUE AL > 7 )V T H 1)V A, 1997 . FETENKEILL. 18 AOEYE L 6 ADIE
HEHLE? T HRANICZEOBEDSAMIND LD /mo7z. £ LT 2003 FRN S 2004
FIINTTHEAZZDY D7 EEETHSNL BAEA >IN HTAIIVANEND ., &b hADER
HARNFL - A THERINZ, SHIZ2005 FiZ27/5 &, TOREZI—Oy /NP HFEHEE. 7
TYANEIERU, 2006 ELE, FERA O RRITERMIMNA A5 - TP T RRETSH
%< DG, FRTEHPHRIND Z &/ o7z, 200942 A, WHO OFREFITL D &, A TOR
PeEEIL 404 AT, TDHE 254 ADFETEL TS P, FFEMNS 4~21 HTHET2H003% <,
ETRIT 62.9% EIEEITHE N, HN1 EREA >INV I T I IV AICERELZE D, FE - ¥
A REFL AR TNE DEFZE ED7Z Beigel 5D#RE D Ickd &, 1FIF2H1T38CLL

BENC, UANAERMRICED EZEA NS TREERPEE L, SEICHEET 5. WRRHEITHE
S HEZAICHEL, ZE2f TR LSS, BEFTIITA M1 > OBEZW (1 b
A DA R=L) EBVERWEREAETIRCT %,

INETIEEAEDHE. BOTEIVCEEIE#M Lt hOBBBRELEZEEZ SN, BHEH
RE RS E FAOBERIIIES 0. UL, 1 2 INI P N AREREBILPT VT
ANVAELTHABNTHEY, b MR E <BRT BN DREL THBEN L BVRIETH 5,
— 5T, BEEDRTIFUONERINTWEWED, BITOA D INI I TEDLINETOA >
TNWVL I F U ICES LMW, BEFEHEOHFE S > 7V T PEMESZEIE, 2008F4H16
H. JLEBFER & RAMEMFREL DT 7 F Bl BB LS NAET LN TFIv I IF
B, BREE T EAEERE. REFBERED S OREHICENEEL. A9 - o2 b
TOMEEERT S EBRDE, LML, COTLAYFIvITUIF UL M5 B hADR
RE S LI EA VIR LRSI TE AN EIMION 5T, S5 IEEET
WL E OB D Z Er EEBEANE N, TORD, HEA 2TV IT ORI X5
RETTONCFI vy BT 2EDICL, BEOUIF L L3> T T 7 F o OBRIIES
TH5.

A TIE, XTFREEURY —L2E-o T, #HATED AONEZ W HLA-A*0201 ZFDE b
%% —2"y MZ U7z SARS-CoV KUNHSNT #EI R U A > T )V TP )V Ak 9 % CTL FEH
OFF; - BET I F o ORRBERATZ, TOEDIT, £T. HLA-A¥0201 b Az ZwIIY
AZfE> T, HLA-A*0201 IZBE# L /2 CTL RIF > FIE M —TDREZEITD T & E L7z, SARS
IZDWTIE, SARS-CoV DIERESY 2 /SVETH S ppla D7 I JEBEEFIZMH L7z, pplaid 4377
BOY I BNERBPBODTRERY NIETHO, RIF 2 MLE M—TNHEESI N5 HEHE
NEW, EETANAEEY NI ELD ., BRREERHFRNICEICERINDIEBESY VNV ETH
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5720, TNERERIEDE —7y M ETHUT, BERIICO AN AZRETES Z L5, FEEE
. FEES NRIBTH 2D, 7IJBERDDRNEEORENH S, 2BEOIE ~N—7
FHEIOEa—%—7107 5/ (BIMAS & SYFPEITHI) ZRWT, TE b—7DRJEEHEDE 1 9 fF
D7 2 JEEELSHIE ppla DT X/ EEECHID 5 BN, HLA-A*0201 BEEE SARS ppla HISRTE h—7D
RTF REEEL /=, £XTF RO HLA-A¥0201 OFERT 74 =5« EEEEEZRF LT, FHEIL
EIER =TI o THEIN/Z CIL EORIGEERBRFNTAH LKV I E M—TZRFEL
fzo iz, RTIFRHEEURY —LOEGIZE - T, CTL OFHEIZDWTHRIF L, 17V T
U TAINAZE LTI, FiflA 7T IR0 S 5RO R W HINL HRE - > 7))V >
FI A IVADHEREE S > /N7 B, FEESY /NI EM 5, SARS EFEEEIC, 2 BEOLE h—7
FHa>Ea—4%—707 5 (BIMAS & SYFPEITHI) ZHWT, TE h—7DHEEMHEDE W 9 {E
DT 2 BEHNEED, GRARTF REEE L, T 51T, &XTF RO HLA-A*0201 DEET 7 4
TS ERERERFTLEEDIT. RELEN I AV YT ATO CTL FHEREZ B
BATBIEI0kD, RIFYRIE h—F ORI ERET L7z, 72, B2 CTL FHEAENE 5
FERTFRIZBEL T, RTFREGURY —LZEHL, CTL OFERE, HINL #El( > 7))L
FUAINA, HAN2 BBA > T )T TA )V A, HNLERIEA > TNV T UL AT %
EABHBIREIZ DWW TRE L 7=,
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R ET5

1. RURA

75 DA NV = )VBIFEET D Lemonnier EAMERE U 7z, RGHEDE W HLA-A*0201 b5 2 A
DIZvIRUAERER L, IOXTRIE, YXTUAMAC Y X 1 BIEFTH S H2D EET &
RUARMBEFEI TV v I 7N LY DAIL, HAD BEFEHFALEZ NS AP 22y
J XU (HHD YU 2)*® TH%, HHD iz F&id. MHCZ A1 Dol a2 RAA
HLA-A*0201 B13E T, o 3. transmembrane, cytoplasmic F A-f > 2YH-2D"2 5735 A 5 HLA-A*0201
BEFE ENORMmBEFEHASODEZELRTFTHS (Fig 22). 5” Kunfll» & Leader sequence
(LS), & Fp2m (huB2m), HLA-A*0201 o 1 domain (A2 o 1), HLA-A*0201 o 2 domain (A2 o 2), H-2D o
3 domain (Db a 3), H-2D" transmembrane domain (DbTM), H-2D" cytoplasmic domain (CP) &%, FEE
IR RT, 6-8 BEDY U AZMEA Lz, HHD XU AW, 7T > A - /NA Y — )VBIFEHT « Lemonnier
BrLLoftEan, BHEENRFHYRR THE - BEINZHOZAW,

5 — LS |huf2m A201 | A202 | Dba3 | DbTM Cp 3

Fig.22 Structure of the HHD gene

2. e

AITINVIHIAINADTF v L > DERITIE. A X B B3k MDCK (Madin-Darby Canine
Kidney) #ifidZ Az, Mg, 10% D 2 RRFINiE & 2 mM O L-glutamine % 1A 7z RPMI 1640 55
THEEL &,

3. AXINIT Y IR

10 BIE &R 7= L BIFDSE RIS A1 > 7V > 1)V A (A/IvPR8/34, HIN1 BEI1 > 7))
I HTA)VA) (A/Aichi/2/68, HIN2 HiRIA > 7))V T IA )V A) ZREFE 8, 35CITRE. 72
BRREELEZ, TO%, ACIKHBHAL TUAINADHEEZIED T, BEBENEED, RERERSIC
BEHLU7ZDA N AERREFR LUz, VAV ARIZ—ERHBRLTSLZEIZED. ULV AESS
wL7- 9,

4. SWRNTFR

HLA-A*0201 B8 SARS-CoV HI3kEXT7F Rid. SARS-CoV O ppla fEIEN 5 FH#I L 7=, FHEIIZIZ.
2EEOIE N—TFHIEa—%—T7 1075 A (BIMAS & SYFPEITHI) % i\ /=, BIMAS I3,
MHC 7 5 X 1 &EXTF RO dissociationrate ZIEEE L T =72 FHITHHDOTH D, FOMHE
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Table2 Prediction of SARS-CoV ppla derived CTL epitopes on computer 715 & 78K O HURTE

softwares. DEWTIE N—TThH2
Epitope Sequence BIMAS | SYFPE | Epitope Sequence BIMAS SYFPE < & %‘:%% b Tha, i
ppla-15 | QLSLPVLQV 156.0 26 ppla-2758 | VLAALVCYL | 2244 26 7z. SYFPEITHILZ, X7
ppla-103 TLGVLVPHV 156.0 26 ppla-2990 | ALSGVFCGY 132.1 25 a; I\\ :Eﬁl“‘ 7 i:cl: U T E
ppla-445 | TLNEDLLEI 98.4 28 ppla-3444 | VLAWLYAAV | 1774 27
ppla-634 | KLSAGVEFL 4635 27 ppla-3459 | FLNRFTTTL 3734 27 MN—T72FHETHHDT
ppla-651 FLITGVFDI 6402 27 ppla-3560 | MILITFLISL 11744 29 H0. FOERSTIUT
ppla-1121 | ILLAPLLSA 71.9 26 ppla-3564 | FLTSLLILV 7359 25
ppla-1139 | SLQVCVQTV 160.0 28 ppla-3616 | FLLPSLATV | 27227 33 KoHREEOEmNTE
ppla-1288 | MLSRALKKV 2720 25 ppla-3687 | TLMNVITLV | 591.9 25 N—TT& 5 & EEk
ppla-1652 | YLSSVLLAL 226.0 28 ppla-3709 | SMWALVISV | 9589 28
ppla-2187 | CLDAGINYV 351.9 27 ppla-3730 | FLARAIVFV | 40472 29 LTWwa, TDO=ZDDF
ppla-2207 | AMWLLLLSI 1438 27 ppla-3745 | LLFITGNTL 134.4 26 @[J 7"D b“ﬁ Af score @E
ppla-2340 WLMWFIISI 1551.9 26 ppla-3816 | KLNIKLLGL 84.0 27
ppla-2546 | ILLLDQVLV 4375 26 ppla-3848 | VLLSVLQQL | 309.1 27 WIE h—T7%30 TR
ppla-2754 | TLLCVLAAL 181.8 29 ppla-4071 | ALWEIQQVV | 970.0 25 W, FhucHES TR i
ppla-2755 | LLCVLAALV 1182 25 ppla-4219 | VLGSLAATV 1182 26

F R DEHL % Operon #:1Z

Thirty CTL epitopes derived from SARS-CoV ppla were predicted using two kinds f&FE L /= (Table 2),
of computer softwares, SYFPEITHI and BIMAS.

HLA-A*0201 B3 H5N1
HRIEA 7)Y A
JVAHSEAR T F R H5N1

Table3 Prediction of H5N1 influenza virus derived CTL epitopes on computer

~ ~ oy

softwares. BREATINI T TA
Epitope Sequence BIMAS SYFPE Epitope Sequence BIMAS SYFPE )bx OD RNA polyﬁlerase o
HM1-1 GILGFVFTL 5509 30 25)PA-10 LLAKSVFNSL 69.0 27
2)M1-2 LLTEVETYV 26663 23 26)PA-11 MLLRTAIGQV 1310 26 (P A) . RI\I A polymerase Bl
HM13 RMGTVTTEV 502 22 27)PA-12 LLMDALKLSI 269.1 25
HM14 SLLTEVETYV 14154 24 28)PBI1-1 RLIDFLKDV 24923 27 (PB 1 ) . RNA p olym erase BZ
5)M1-5 LLTEVETYVL 610 24 29)PB12 GMFNMLSTV 4175 26
6MI-6 ILGFVFILTV 4493 24 30)PB1-3 NMLSTYLGV 4275 26 . .
7)M2-1 SLLTEVETL 89.1 30 31)PBI-4 VLGVSILNL 835 26 (PBZ) + matrix protein (Ml’
8)M2-2 ILHLILWIL 256.8 26 32)PB1-5 MMMGMFNML 1844 22 .
9)M2-3 GILHLILWI 67.1 25 33)PBl-6 QMYQKCCTL 49.4 22 Mz) > nucleoprotem (NP)‘
10)M24 GILHLILWIL 769 25 34)PB1-7 YMFESKSMKL 1076.6 25 .
1)NP-1 FLARSALIL 403 24 35)PB1-8 IMESNKMARL 2232 23 nonstructural protein (NS1,
12)NP-2 LLQNSQVFSL 4845 28 36)PB1-9 GLQSSDDFAL 1239 22 NN
13)NP-3 SLVGIDPFRL 1239 24 37)PBI-10 RIFLAMITYI 67.1 21 NSZ) ﬁiﬁﬁ\ H T@Jj L/ 7LC °
14)NS-1 IHILKANFSV 3489 24 38)PB1-11 GMMMGMENML 108.5 21 N .
15)Ns-2 WLMLIPKQKY 11838 23 - 39)PBI-12 RLCNPLNPFV 3825 21 FENZIX, 2 @iﬁ DOILE
16)PA-1 KLLLIVQAL 6363 28 40)PB1-13 SMMEAMVSRA 1252 21

o
17)PA2 SLPPNFSSL 406 26 41)PB2-1 VLTGNLQTL 83.5 28 }\ —7 :}'r(/ﬁ‘fj > ]_/_" o 5 —
18)PA-3 FLLMDALKL 363.6 26 42)PB22 SLLEMCHST 1130 23
19)PA4 ALLKHRFEI 2239 24 43)PB2-3 NLQTLKIKY 69.6 23 ‘7° 1 ﬁ -3 A 7&)2}5] [/) 7“: o % @
20)PA-S SLENFRAYV 930 24 44)PB2-4 ILPDMTPST 519 2
— ° et 3
21)PA6 YLLAWKQVL 149.1 24 45)PB2-5 TLFQQMRDY 1184 21 Al WAS 7 4 I\ T score
22)PA7 CLLQSLQQI 888 24 46)PB2-6 ALSINELSNL 49.1 26
23)PA-§ KLSQMSKEV 2434 22 47)PB27 NLTKGEKANY 69.6 21 3 °
) QS

24)PA-9 CLINDPWVL 657 22 2 E Wt }\ 7 %E 47 @

BER, ZIUTHE T R
Forthfive CTL epitopes derived from H5N1 influenza virus were predicted using two N
kinds of computer softwares, SYFPEITHI and BIMAS. 7F R DA% Operon £t

IZHK#E L7z (Table 3) o
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5. UiRY—A

A% T, Dioleoyl

Il
H,C— 0~ C~(CH,);,~CH, o o)

| ?& 2 phosphatidyl choline (DOPC),
HZ([:_ 0= §~(CHy)—CH, + <N —oTen (cr@;@—e? Dioleoyl phosphatidyl ethanolamine
.G 0= 0 (O N+ © DSS (DOPE). Dioleoy! phosphatidyl
DPPE l glycerol (DOPG). Cholesterol 7%
0

4:3:27 DEIVENSIEB Y RY —
LAEERLE D, £/, RSF
Ha$m 0= g (CrhCHs 0 0> RzEURY—LABFICEE S8
N
O

Il
H,C— O— C—(CH,);,—CH,
0

0T o i hmerienaTgmo URY —AEER Lz, RTFE
o-
DSS-DPPE D#EE 171 Disuccinimidyl suberate

/ (DSS) 2V ¥, RTFRE

i . DRy — A OREGHREE Fig 23
Liposome N C—(CHz)G"Ci—O_ H,N— Pephde
WRT . URY —AVEEIE
WEeRT - NHEEELICER 24
(0]
“ﬁ“l“l‘“”zk‘g“ﬁ‘

LTz,
Fig. 23 Coupling of a peptide with liposome via DSS

6. @ \!g

SARS-CoV HRARTF REHEEI®AZURY —LA (100 pL) 1&. CpG
(5-TCCATGACGTTCTGATGTT-3', 5uL) #¥EE LT, HAD Y7 A D foot pad 12 FIFH L THREL
7Zo

HSNI HREA > T NVI T IA NV AHERRTF RefEa Itz Ry —24 (100 L) BRERERIC
CpG (5uL) ZESEL T, HHD X7 A D foot pad IZF FIEHN LU THRELZ, E2PINAINIVEER -
TANAF ¥ L IVEBRTIEMI-1 XTF REFEIBZURY —L4 Lip-M1-1,100 pL) , NS-1 X
TFRERFKESIEZURY =L (LipNS-1,50 pL) . PBI2 RTFF REHEEI LU RY —LA
(Lip-PB1-2, 50 pL), & 512 CpG (5 pL)ZiE S L C.HHD Y 7 A D foot pad 17 FIEH L THREL /=,

G L7 A & D B IR 2 96 well U plate D77 = JU1Z 2X 10° cells/well 1.2 T\ 1 pL/mL
@ BFA & 10 pM ORTF REFKIT, 37CTSKA > F aX—a > Uk, 0%, MiakmoD
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Fc Lt 74 —%270v 279 5HMT, CDI6/CD32 E/ 7 O—F)LHifkZ | pgwell E/25 XD ICA
N, 4C, 10431 >FaX—T a7z, HWT. FITC-conjugated rat anti-mouse CD8a &/ 27 11—
FIVHRZE RIS S BTz, RIT. Cytofix/Cytoperm kit W THIl@ZEE L. MEOBEBBEZED
12, LN IFN-y Z. PE-conjugated rat anti-mouse IFN-y &/ 7 O—F )V Hifk & RIG S Bz, M
PN IFN-y" CD8" MfBEBIE TS, T O0—YA b A—F—ZH W,

8. RFFRI VAU MR DB IR 512 LA CD8* IFN-y" THIIZE SIS ORE

Naive D HHD ¥ Z DA ZFHKL, 10 yM OXRTF RTIRR/SVZANE L -8, XE2
20Gy & L7z, D%, MiEE 2X 10", B0 HHD ¥ AIZ#IRE S Uz, —EME. &Ik
BE L=< ADMMEZ. 96 well U plate D7 = )VIZ 2X 10 cells/well HIZ T, 1 pL/mL @ BFA
E10pM DRTF REHIZ, 37CT S KA > F aX—a > L. LS N HIAEN IFN-y Bt
@ CD8™ THifafz Eibofkic 7 o—4 1 M XA—F—THIEL /=

9. in vivo CTL D HIE (CTL assay)

IURAZEHREL T 158, in vivo CTL assay #7272 5 uM D carboxy fluorescein diacetate
succinimidyl ester (CFSE) T X)L L., THZFNORTF RT/UVZAUE L =M E. 0.5 uM D
CFSE TINIVIARTF R TNANALEL TWaEWEMEZ2EETOREEL. RELET Y AICEH
ARIEST UTzo 5 12 Kiffi#8. CFSE TI VLML D viability & 7 00— 4 s A—% —THIEL
/2. %killing 3. AFORXNSEH LU=,

% killing = [1-{(number of cells in control mice (CFSE low)) / (number of cells in control mice (CFSE

high))} / {(number of cells in immunized mice (CFSE low)) / (number of cells in immunized mice (CFSE

high))}] x 100

10. A INEZL IOV ADF YL D ER

YNANIVEETIZ.HAID Y7 ADEMN S HINIERA > 7))V TP )V A (8.43X10° TCIDs)
BRI Rz, £ UAIINVAF v L O VER T, HINLBEEA >INV T T U1V (1.56X10°
TCIDsg) » H3N2 RIA 2 T)V TP A )L A (2.5X10° TCIDs;) . H5N1 BEIEA > 7 )V T H
1 IV A (20 PFU) ZEHx /-,

RUZARHREL T, EME, HINLEEA TV U )VZAEZITHIN2 R > 7)) T
SHUANACREREEIEZ. 254 HE. BBLUEMERED A AL, UL NV AREFARL 7=,
A VAL, 5%FCS-DMEM T 3 AL D ipd TEBERIRL . NS DT )V X & MDCK
fa% 96 XD F T L — NTHEELZ, S BE. BOMEREZMHE> T, BMERGEHRL . BEFRR
L7z WV ARITERG U 7= M (Well) OEIEDS50% DIEE % TCIDs, & L7z,
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TS

I-1 SARS aurALN A

1. a2 bBa—kF—iz k% SARS-CoV ppla i3k CTL =7 M—7DOF il

SARS-CoV I3 CTL TE b =720 M UNFEE S TR, & LT SARS-CoV DIEHEIES
NITBETH5 ppl EENSIEIE b—T1ERDMNo TWia, Z I TEHIL.SARS U1 )L AD ppla
EEHOT 2 JBEFICBNT, 9-10HO7 I /BN 5 CTLIE h—T7Z2 2BEDOI > Ea—
=075 hEETFREILEZ, LT, TEM—TOMEEOEWVND D% 30 BEEVZIU
FHETHERTFREER L (Table 2).

2. RIF RV AU IR O IRE Gz L AP CD8™ IFN-y" THIRREEEE ORI

Table 4 Intracellular IFN-y staining of CD8" T cells in
response to predicted CTL epitopes derived from SARS-CoV

ppla. X512, RnEOENWXRTF R

. i ICS (% in . ICS (% in EZRBRTLHEDIT. EXTFRETN
Peptide | g+ certs) | FePUAE CDS8" cells)
JVA L7z HHD ¥ Z D#EfifaZ X
la-15 1a-2758
ik L 0.0° BIRAT L. B0 HHD < X 12 41k
1a-103 0.07 pp1a-2990 0.16 N
i —— B L7, —EmE. BIRES L
ppla-445 0.08 ppla- 0.12 . o e
XU ADEMIEE X SITRTF RF
ppla-634 0.08 ppla-3459 0.03 . N
BT, e N/zMilgA CD8
ppla-651 0.02 ppla-3560 0.04 . — o b
IFN"' T N 7 D . .
ppla-1121 0.05 ppla-3564 0.06 v T o o
— TR I N \:E: N ‘A
ppla_1139 007 ppla—3616 007 y T?E]fgbfu.o %@ﬁn% 9 @iﬁ
opla. 1288 005 ppla 3687 020 DARTF R (ppla-2187, ppla-2207,
ppla-1652 0.05 ppla-3709 0.50 ppla-2340, ppla-2546, ppla-2755,
ppla-2187 0.19 ppla-3730 0.06 ppla-2990, ppla-3444, ppla-3687,
ppla-2207 0.48 ppla-3745 0.03 ppla-3709) T CDS8" IFN-y* T #ifig %
ppla-2340 0.21 ppla-3816 0.07 FHETHZEMNTE T (Table 4),
ppla-2546 0.17 ppla-3848 0.07
ppla-2754 0.04 ppla-4071 0.06
ppla-2755 0.18 ppla-4219 | 0.01

Syngeneic spleen cells from Naive HHD mice were pulsed with each peptide, and were transferred
intravenously (i.v.) into another HHD mice. One week later, spleen cells of the mice were prepared,
and stimulated with each relevant peptide for 5 hours. Cells were stained for their surface expression
of CD8 and intracellular IFN-y. The values shown indicate the percentages of CD8" cells that are
positive for intracellular IFN-y.

-31-



3. SARS-CoV ppla ik ¥h—7¥ BAHIIPA CDS' IFN-y" T flREORIE

Peptide (-) Peptide (+) Peptide () Peptide (+) i lii 52800 5 CD8Y
?5 - | IFNyT THIERMT S &
o INTE 9 BREORTTF RIZ

DWT.ARTF RS RY —
LEFEELE, INHORT
FR#EGURY—LECPGE
BE& LT, HHD ¥ U A2 %%
UZz. 1B, Bz
RUT.&ERTFETHIE L.
#HAZA IFN-y" CD8" T il fitl 2
ELiz. TORER. 6 FED
RS URY — L
(Lip-ppla-2187, Lip-ppla-2340,
Lip-ppla-2546, Lip-ppla-2755,
Lip-ppla-2990, Lip-ppla-3709)

TCD8' IFN-y" T flifin &35
Fig.24 Induction of IFN-y" CD8" cells in mice by immunization with - SR
surface-linked liposomal peptides derived from SARS-CoV ppla. THIENTER (Fig. 24) oFF

IFN-y

A 4

CD8

Mice were immunized with each liposomal peptide derived from IZ Lip-pp1a-2990. Lip-ppla-3709

SARS-CoV ppla together with liposomal helper peptide and CpG. One . ”
week later, spleen cells of the mice were prepared, and stimulated with ERBELIEY DA TIAEA

each relevant peptide for 5 hours. Cells were then stained for their surface IFN-y" CD8" T {4 & S 1c i
expression of CD8 and intracellular IFN-y. Values shown indicate the .
percentages of CD8" cells that are positive for intracellular IFN-y. THCENTEE, Bl 9T

WIEM—TELTHEEINT
V35 Spike-978. Spike-1167. Spike-1203 IZ DWW T HRTF REEE U RY —24 (Lip-Spike-978,
Lip-Spike-1167, Lip-Spike-1203) Z{EHL . FtkDERZT o/, TOHKR. Lip-spike-978,
Lip-spike-1167 OFRMEAE S U R Y — A TId CDS IFN.y' Tl 3B E TE a2 20ITH L T,
Lip-Spike-1203 Tl CD8* IFN-y* T il & BAZ IC7FiE T 5 T &S TE /= (Fig. 24).

4. invivo DEBRIZBITAHllEEEE

ESICFHEMICERTF ROGEFREEFRD /20T, invivo DERRIZBITS CTL OMIEEE
EEZAE L. £7. ERLEBESEURY—AE CpG ZERYT, HAD YU AIZHRE L. 18
ff#&. BIO HHD ¥ 0 A S EI L ZMifa % S uM 0 CSFE TINIIV L, £XTF KT/ A HLEE
L7zl &.0.5 uM D CSFE TI )V L ARTF R TV AME L ThisWilla 258 DRA L.
HoMLORBELIETDRITHIELZ, #5 12 %, CFSE TV L =Manz 7 a—3 1
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Lip  Lip-peptide i Lip-peptide FA—F—THELZ, TOEER
N Tb. Fig. 24 & AT 6 FEDE
HEREA U RY —2A (Lipppla-2187,
Lip-ppla-2340, Lip-ppla-2546,
Lip-ppla-2755, Lip-pp1a-2990,
Lip-ppla-3709) & Lip-spike-1203
T CTL Ofifafm EiE 28T
FE Lz (Fig. 25).

TMEY [Ye) d

353 %47

ppla-
2340

ppla-
2755

ppla-
3444

ppla-
3709

Spike- Wﬂﬁm

1167

Fig. 25 In vivo killing activities in HHD mice immunized with surface-linked liposomal peptides.

HHD mice were immunized once with each liposomal peptide together with CpG in the foot pad. On week
later, an equal number of a relevant peptide-pulsed CFSE targets and unpulsed CFSE targets were transferred
into the immunized mice by i.v. injection. After 12 hours, CFSE-labeled cells were recovered from spleens of
recipient mice and analyzed by flow cytometry. The numbers show the percentages of specific lysis.

5. RTIFREEEIZED SARS-ppla-3709 R T h— 7R BRI CDS IFN-y" T flis%

A ST RAY 72—

invivo OEBRET CTL OMFIGEE %2175 L /- ppla-2990, ppla-3709 iCDNWT, TV
r—7® affinity 25 EE %757, Lip-ppla-2990. Lip-ppla-3709 IZEHL T, FNFH. CpG
EREL T, HAD YU XIZHRE L7z, 1AM, BMEZERL T, MR RIBEORTF R THIE
L. IFN-y*CD8" T fifld #8%E L /= ppla-3709 I3 ppla-2990 iIZ b T, KBEDRTF R THIlEN
IFN-y*CD8' THIfl 235 32 Z &% n o 7= (Fig. 26A). 2D Z EM 5 ppla-3709 13 affinity 2358 < |
RXF>PTER—T &L, £/, ppla-2990 IR TF REBEDO EFIZHES T IFN-y CDS' T #ifd
MBEINDZENS.ppla2990 H RIF > FNILE b—7& L7z, & 51T, spike-1203 L LB L T,
ppla-3709 7\ spike-1203 & [RIERD CTL FERELZ/RT T &M o7z (Fig. 26B).
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A

100 ppla-3709
80 1 vs pp1a-2990
%

107 106 103 104 103 102
Peptide Concentration (mM)

B

ppla-3709
vs Spike-1203
N

NS

100
80
60
40
20

S

$—=e ®
107 10-6 105 10 103 102
Peptide Concentration (mM)

Fig. 26 Induction of IFN-y" CD8" cells in mice by immunization with surface-linked liposomal peptides derived
from SARS-CoV ppla.

Mice were immunized with each liposomal peptide derived from SARS-CoV ppla (open symbols) or empty liposomes
(closed symbols) together with CpG. One week later, spleen cells of the mice were prepared, and stimulated with each
relevant peptide of either ppla-3709 (4 and B : circles) , pp1a-2990 (4 : inverted triangles) or Spike-1203 (B : inverted
triangles) at various concentrations for 5 hours. Cells were then stained for their surface expression of CD8 and
intracellular IFN-y. Values shown indicate % maximum of CD8" cells that are positive for intracellular IFN-y.Data are
shown as the mean the percentages of CD8" cells that are positive for intracellular IFN-y + SEM.
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-2 H5N1 BRIRAL 7N UV A

1. ayEa—F—icks HSN1 RIS A2 7)oy Yo )V ABR CTL T M—TDFHI

HSNT BERIEA > TNV TP IAINATBNTHRNIMY >NV E, FAEES NIV EES—T
h& U7z, BSNLEREA > 7))V T YA )VAD PA, PBl, PB2, M1, M2, NP, NS1, NS2 ®
EHOT 2 JBEFIBNT, 9- 1007 I JBH 5725 CTL TE h—7 % SARS-CoV & [FHkIC
2EEOICEa—4—7 075 0EE>TFRILEZ, LT, TER—TJORBEOENHDZ
47 EEREVCZIUCHY T AR TF RZ2AR L7z (Table 3),

2. RIFEVVAU AR ORIk S LS8 CDS8 IFN-y " THIIEEEE G ORI E

Table 5 Intracellular IFN-y staining of CD8" T cells in S5, RIGEORHWATF KT

response to predicted CTL epitopes derived from HS5N1. BT, BRTF RT/YVA L7 HEAD
Epitope ICS Epitope ICS XU A QMM E X #REH L. B0 HHD
HM1-1 081 25)PA-10 0.13 . R
2)M1-2 0.23 26)PA-11 0.14 X ARG L7z, —iERER. wRRE
3)M1-3 0.13 27)PA-12 0.17 BELEITZDEMEZ X 51T F Rifl
4)M1-4 0.17 28)PB1-1 020 . .
ML ols P— 030 LT, EHE b /= MIEN CD8IFN-" T
6)M1-6 0.84 30)PB1-3 0.37 HipEE 2 7o—Y1 A= —THlE L7
T)M2-1 037 31)PB1-4 0.15 FORR, OBEORTFR (M1-1, M1-6
8)M2-2 NT 32)PBI1-5 021 PR AN > ’ )
HM2-3 042 33)PB1-§ 021 M2-1, M2-3, NS-1, PB1-2, PB1-3, PB1-10,
10)M24 NT 34)PB1-7 0.18 . . e _
e .7 Py — PB2-1) T CD8'IFN-y' T Hild Z2FHE T 5
12)NP-2 0.13 36)PB1-9 0.16 EMMTE (Table 5),
13)NP-3 0.15 37)PB1-10 0.48
14)NS-1 036 38)PB1-11 0.15
15)Ns-2 0.18 39)PB1-12 020
16)PA-1 022 40)PB1-13 0.13
17)PA2 020 41)PB2-1 022
18)PA-3 020 42)PB2-2 0.15
19)PA-4 0.15 43)PB2-3 022 -
20)PA-5 024 44)PB2+4 0.15
21)PA-6 026 45)PB2-5 0.14
22)PA-7 020 46)PB2-6 020
23)PA-8 025 47)PB2-7 0.15
24)PA-9 020

Syngeneic spleen cells from Naive HHD mice were pulsed with each
peptide, and were transferred intravenously (i.v.) into another HHD
mice. One week later, cells were stained for their surface expression of
CD8 and intracellular IFN-y. The values shown indicate the
percentages of CD8" cells that are positive for intracellular IFN-y.
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3. H5N1 ERIBA 7N Y20 AR h—F
DHIE

Peptide (-) Peptide (+)
04| | HEs73

Peptide (-) Peptide (+) H R 5 DB T CDS IFN-y" T #f
T M| fZHET D2 ETER 9 FED

. RIFRIZDOWT, RTF A
R —ALEBEHELE, ZNEORT
FERESURY—LECPGERAL
C. HHD ¥ 7 AIZ®EL = 18R
%, MHEERRL T, §XTFR
THIFE L. M IFN-y" CD8™ T #ifid
ZHRIE Lz, TO/RE. Fig 27 1T
INBHLIiT, 3 mBEHOKREES
™Y — A (Lip-Ml-1, Lip-NS-1,
Lip-PB1-2) THifdA IFN-y" CD8™ T
M ZEEIHEE T ENTER,

IFN-y

CD8

Fig. 27 Induction of IFN-y" CD§" cells in mice by immunization with surface-linked liposomal peptides
derived from H5N1 influenza virus.

Mice were immunized with each liposomal peptide derived from H5N1 influenza virus together with CpG. One
week later, spleen cells of the mice were prepared, and stimulated with each relevant peptide for 5 hours. Cells
were then stained for their surface expression of CDS8 and intracellular IFN-y. Values shown indicate the
percentages of CD8" cells that are positive for intracellular IFN-y.

4. _in vivo DEBRRIZHUT DHMIEE G

RIZ. invivo CTL assay T CTL OHfREEEEZHIE Uiz, BIRL = 9 EORTF REE U R
V—ADFALZECpG Ziem L C.HHD ¥ AR L. 1 #EREE, in vivo CTL assay 217572, 5 uM
@ CSFE TNV L ENENORTF R TNV AME L 7=#ifd &, 0.5 uM @ CSFE TRV LR
FRT/NINVAMELTWEWHIRZZET ORE, URY—ATERELEYTAICHELEZ. B#E5
12 F§fEI#8, CFSE T~V L 7=fMilg 0%z 7 o—4A hA—F —THIEL /. ZOEBKR TS, Fig. 27
DOFER EFBKIZ, Lip-M1-1. Lip-NS-1, Lip-PB1-2 THE L /=< U I BV TR WG EIE 5358
B 5z (Fig. 28).

BIZA 7NV YD CTLIE =7 &L T, BWREFEEZRE T ENT TICASNTW
% Ml1-1 Tl O TF R EHERL T, BWHIIA PNy CDS' T MillO#FE & CTLiEHZRL
Jze /7. CNETORERMNS MI-1. NS-1, PBI2 D3 fEEZ R TP 7L HK L 7=,
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Peptide {(-)  Peptide (+) Peptide (-}  Peptide (+)

M2-1

NS1-1

PB1-3

>

CFSE

Fig. 28 In vivo killing activities in HHD mice immunized with surface-linked liposomal peptides.

HHD mice were immunized once with each liposomal peptide together with CpG in the foot pad. On week later,
an equal number of a relevant peptide-pulsed CFSE targets and unpulsed CFSE targets were transferred into the
immunized mice by i.v. injection. After 12 hours, CFSE-labeled cells were recovered from spleens of recipient
mice and analyzed by flow cytometry. The numbers show the percentages of specific lysis.

5. HIN1, H3N2, H5N1 B 7))L LB ) A%tV AF- LoD

KIZING 3SEEORTF REAE RV —LAEIIAREL T, A 2 INVIFIAL IR %E
BRI E, AR NDHZNEDINEFN/z, HSNL HREA > TIVT P IA1 )V A
(A/HongKong/156,97) M5 REELZ 3BEOTY b—13. FFHFSWEMA L/~ HINL R > 7))
TP TAIVA (A/IvPR8/34), HAIN2 HiElA{ > T IVL P U1 JV A (A/Aichi/2/68) IZHRNWT, ¥/
BERIIEDENRN . TOD, RTFREGURY —LAEITUXICHEZEL T CIL 25
TENUL, TNESOEEIDOA > T IVT B IA )V U THRIENHEN TR TH 5.,

%7, Lip-Ml-1 (100 pL). Lip-NS-1 (50 pL). Lip-PB1-2 (50 pL) & 512 CpG (S puL) ZEESL T,
HHD <7 2D foot pad IZHE L7z, /-3 hO—)L O HHAD XU AIZIEEREICRTF RE#HE
TWRWYRY —A (200 uL) % CpG LI foot pad 125 L7z, 1 ., < ZD&M 5 HINI
B TV T B )L A (A/IvPR8/34, 8.43 X 10° TCIDs,) Z A BEREE T, KAEDL 2RI
U7z TOREER, 32 bO—)VRYTUATIERT., £EEEKREDTICESBWHERTH7ZOITHL
TI3EEOBRAURY —LERELEIY T A TR —RRICERENEAD Lz BET 2R
7= (Fig. 29).

2B, EERFABREBRPEY Y —F ¥ —OH Ik 0. FEEIC HNL #HEf > 7))V
>4 VA (A/HongKong/156,97, 20PFU) %X AIZER S BIZUNANIIVERENS S, a2 b
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O—I)YTRAEEBE L CI3FEHEOESYRY —LERELEITATRAEDOELITIR S Mo
7= (Fig. 29),

FIT, ISICEHMCHAND DI, RELAETAICH LT, &7n56 HINL ERA > 7))L
H 1 )V X (A/IvPR8/34, 1.56 X 10° TCIDsg) F 7z I3 HIN2HHI A > 7))V L H 1 )V A (A/Aichi/2/68,
2.5X10°TCIDs)) ZREGS V=BT A N ABERE « i Uiz, YINA )N)VEE SRR,
HHD YU AIZHZEL T, 1K YTUADENEA 2 TNI T IAINAZBRRIET, 51T
4 H#., HHD XU ADRZERRL., UAIWVAYAF—ZHFE L]z, TO#KE, HINL #R1 > 7))
I TAINA, HBN2HEA D INI O IANADEE S 2RI EZERITBVWTH, O
FO—)VY T A (non-immun) &L T, 3EEOREGURY —LAZHREL/ZITA (immun) T
3. MOTANWAENBMIETLTWS Z E0%hho7z (Fig 30).

A/PR/83/4 (HIN1) A/HongKong/156.97 (H5N1)
110 - 110 -
~~ ~~
* e
£ 100 - £ 100 -
w N0 Ee
S 5
£ 90 - g 90
g c)
= =
?b 80 ?ll 80 -
'z K
= z
E,N' = 70 A
3 3
A ‘ A
60 ' ' ! o ! ' oor vt ! ! 60 T T T T T T T T T
0 2 4 6 8 10 12 14 0 4 6 8 10
Davs Post-infection Days Post-infection

Fig.29 Resistance to infection with A/PR/8/34 (H1N1), or A/Hongkong/156.97 (H5N1) in mice immunized
with surface-linked liposomal peptides derived from A/HongKong/156.97 (HSN1).

HHD mice were immunized with either a mixture of Lip-M1-1, Lip-NS-1 and Lip-PB1-2 (open symbols) or empty
liposomes (closed symbols) along with CpG. One week later, mice were challenged i.n. with either 8§.43 X 10
TCIDsy/mouse of A/PR/8/34 (HINT) or 8.43 X 10° TCIDsy/mouse of A/Hongkong/156.97 (HSN1).
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Fig. 30 Resistance to infection with A/PR/8/34 (HIN1), or A/Aichi/2/68 (H3N2) in mice immunized with
surface-linked liposomal peptides derived from A/HongKong/156.97 (HSN1).

HHD mice were immunized with either a mixture of Lip-M1-1, Lip-NS-1 and Lip-PB1-2 (immun) or empty
liposomes (non-immun) along with CpG. One week later, mice were challenged i.n. with either 1.56 X 10°
TCIDs¢/mouse of A/PR/8/34 (HIN1) or 2.5 X 10° TCIDsy/mouse of A/Aichi/2/68 (H3N2). Mice were sacrificed
4 days after challenge, and viral titers in the lungs were measured.
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DT INVABRIETIZ, B2DT7FONMESN. BRAHHICAE<EHRL TVS, L
U728 5. HIV ERRES Y 1 )V AMF472 E D, HEATEDBIEY 1)) ABRSEELH L < Bk S 7z
FRSEIYEICR LTI, BT FONBERINTE ST, HifV 7 F > ORRESHRRIC2E
THD, TITEHL. BTGB ERE L TUA VA EREBRET L THY 7 F > & H
FETBEDIT, T MHA BT VanNy NELTHERT S HEEGEREEOBVWIE h—T %7
JFHERL. RTF RERHYRY — A EMARDED 2 ETRNBBERISEHET 2 ik
ERELE.

FIHEIETIE. HDBAICHEEREEZRET S IL-12 EfEERIERD TELU L ZFHHET 1 b
FA . IL-23 O¥EERIEMT A HNT, IL-12 £21EIL-23 Z2RETHHMMZ VV 24EE L. I
S5EAWTUAIVABSEEICH T 5 IL-23 O#FREZE. IL-12 S L T e Lz, £ LT, IL-23
DT P a/)N> bR EOREMITZHA, BHEORN IL-12 TRODBEMIEY P aN hel
TOREEREEDIT, IL-23ITXo TEASIND, IL-17(A) DT VARG HTHEENZDONT
BwEt Uiz,

X9, UTLAFZT0OY MIED, EEUZHEBATAIVAEBRIEMEN 5, IL-12 £
W IL-23 M EERICOWEND T & S 3z IL-12 £7213, 1IL-23 28 STAT4 2 1 Bk L.
PERETEE N D D Z & 2R U7z, VVAIL-12 £7213 VVAIL-23 2P /2T T AT, VV-WT %=
RERZRTATHRTIAINVANRE DB T ZERNSHEER S /2, i€ o T, IL-12 [F%K, IL-23
MIAINWADI VY T AEEREBEEERETIENDNoTz, £/2. CDS' IFN-y' T Mg D& &
WEML, VVREN CTLIEESEMLUZ, ZNE0EREMNS. 1023 AAIL-12 [k, VV &HEH
CTL ZFE UBEMHEICHRDNH D 2 ENDN o, RIHELABEIY T A &[T, IL23 D VVIZ
XY DA IRE 2 MET U /2, BALB/e ¥ ADEBRKE RN S, IL-23 2V IL-12 EFEBRICT A )V XK
PEEER TS &, pA0KO YT ADERMERMN S, IL23 13 IL-12 S LT, 21012 &
SRS ANZ XL T VV ICRT 2GS EHE® T2 2 Ehho . AT, IFN.yKO ¥
REEoEBN S, IL-12 12 K 2 FEEERER I IFNy DEETH DA, IL-23 TRHED
BEETRNWI EBDODN 572, TSI HIIL-17 Fifk 2% 5 L 7= IFN-y KO ¥ U A DEBRE RN 5 . 1L-23
W XD FEMEERIEAICITIL-17 B 2 BERE T, thORFREEREEZR-TI &N
RESN, REOEIS, VVIL-23 BRTIL-17 0% - BESNDHOD, IL-17K0 YUA
IZVVIL-23 285 L7256 T, BEREERERICELRA SNz, 07D VVITH
T B FRESEEBERIZ IFN-y & IL-17 OIENEE L TWD EEZE X 51570, Th1T hEEEIN
DA D IL-22  IL-17F 72 E/N IL-23 I K B FEEFEIEHREAITH N TS Z &0, Eo7z<FlDv
T FIVRERKIZ K - TRERHZ R L TWA ARV R SNz, RIZ. Thi7 OB T3k
<, ZORHFOAFHIPZOFERKERE L TREEEMICFHATENL. IL17CL5EE
RBEREZERE L. BTLWT IV ATER#EEZ R WEE 20 aeE01H 5,
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AEBTEHLAEZL2E L1277V —IZET S, FIRYA M1 2 TH%, IL-12 28 IFN-y
EEICE > THRE DT ENS Thl KIEERETS—H T, IL-23 13 IL-17 DFERICL > THRED
537 Th17 "D EfRET 5, Thl7 BEET DRERET A A 2 IL-17 13RS T2 RAEFHE A
F4IT—F—ELTHERAL. REEYA NIA > OEEFECHIGEE, MEHEREEZNLTE
JEZFET S, SHMEFELEDTT IV TH S EAE (experimental autoimmune encephalomyelitis) 123
WT. IL-23 IIERTE 2 5 T2 IL-12 K0 HREERICES L TWa Z &G ankz ¥,
DOFFREIZ, Th17 MO 2729, ZFEUEELIEDBEH O FRERECRE S LM E RN S 7Bt L
FHEBEERICBWT, IL-17(A) OFEMERL TWS I ENAENTVWS, £z, UUITHEE
K. JO0—2¥, Lupus, mEREDHERE L THELEL TNWEELDHEDHH S, 723, Harrington
Park 512X 2 C.Th1 75 Th17 ~NHMEL TW < D1F Tld7z < Naive CD4 T #lifEd 523121 Thl,
Th2, Th17 ~AMET 2 Z EMEBHE N 2, 2D Th1713d. Thl TH Th2 THAR, AJL/S—T
MEOFHLNWE3OY Ty hTHD., BIE. REFTRERMEY I THS, 51T, ThlIZK
DBEIN/ZIFNy . TR IZX0FEI N2 IL-4 A, IL-23 12K 5 Naive T i 5 Th17 ~DF
. MEEWHEIT D I EMRESNTVWS, KOXYTAZMED I & THM{LINZERR SRR
D, TAINVZITHT 2 KD 75D TEMREEMRITBWTIE, IL-23 138 Th17 216 - FEL
TIL-17 Z2EAI®ZZTTIERLS, IL4 RIFNy IR EQEMY 1 A > %y FT—2IZF8b
5Th1 BELOTR2 OFEIZHMENDOEEEZRIILTBO. TN6OYA M1 CELTHEEZR
TWwaEEZLEND, LML, IL23 BLOTh7 OAEEMEZROFMIIELZFoICEEIN TN
W,

IL-2312k% IL-17 OEAFEIIACABERECREZIISEITE W7z, — R, £KITES T
A FARIERDSH BT, WEARBRICH T 2EAEICEER&HEZRT I EMHEINTNY
%, Fedel 5D TIX, Bordetella pertussis DEEFIZ BT, IL-12 Tld7a < IL-23 NEEMIZFHE
S TOBRBEPPDo TN I EEZTRL TS ), F/z. IL-23/Th-17 axis |3 Klebsiella
. pneumoniae X° Citrobacter rodentium 72 ED—EOME DB HEICEE TH D I Ebiholz 99,
X512, ThI7TIXIL22 HEETS, L2213 IL-23 I X VFHEIND FEREMNT D8, HIV I
X9 HEGTEICED S 2 &, IL-23/Th-17/1L-17 Wi ERZFE L. IL-23 IIREREAICHT 53
PRIBFER S ESIERITIEBHB SN TS, SERIOERICBVW TS, IL-23 28 VV BHITx
TEHEIIAOEEZED, 51T, IL-17EAZFEL TWAZEZRHELE, E5ICIL23 T
iﬁi%%‘i BTN EIN TV IFNy OEABEBRED N O o T ARRERN S VV

FUZBWNWT, IL-23 12 Thl & Thl7 DA Z#FHE L THIZ overlap U TEA L. IFNy & IL-17 28
FUWETI. VV OEFEZED TVWEDOTIEBWDONEHRITES, DFD, IL-23 [3HEEREE
EmO57D, 121027 VaNnNy M ELUTOERENSG S EZEZDHDTH 5,

IL23 MEEINTHEOHALS, AT IL23 AN IL-12 & FBEICT 1)V AR R EENE T RO
FEAEAGETDHIEERTUADRTR LUZ, TD#, IL-23 I8 Thl 72 T/ <. Thl7 QFHE|CEHE
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BREERZL. BCREERBICEBICER TS Z EAREI Nz LD L MO T I —T N5 HIL-23
MHLHEOME DB HEICEDS Z &0, BEREERETS I LIRS NIZLDIT, Tk DfE
RN5D IL-23 OEESEEFNREO—DIIRERICHT 2BEHETH 2 Z ENREN,
NS OMFEITLD, IL-23 BT A IV AEFHECE D REEEICBWTEIBREE T PanNhEL
THIAEND EHIT, IL-23 12K 5 IL-17 EAFEOMHEICE 5. BORERESCEL ORAE Z Ml
TORBEEDNRFEIND Z EBEI NS, /2. SETHASNTE/Z Thl, Th2 721 Tid7z <,
L2312 Ko THE SN/ Thl7 22O BHRRE AT LANS S ITRASINDG Z E2H/FT 5.

BHETIE CZEEOMITHE L ZH L WERIETH D SARS EFHBA DI NI TET—Ty
M ZETT o /e 5 OFEBREEIZHEANBBRRERIZIL TOWAaENnHD0, BRFIZU U—
IN=NEELTVWEZENS, WOBEMERL THBEN L ABWRRTH S, K HN1 BEE
A INVETTAINAZEHFRA >INV FORRIZZSDTERWNEEZ SN TS, T2
T, RIFREGURY—LEZFA LR CTL BER TV F > ORFEEHATZ,

¥9. SARS AOF UM I ABIHNI RIS A > TV TP A )V AHRDOH L HLA-A2
PR CTL TE F—T 2L BREL. TOFNSRIGEDOEWRIF U RIE h—TFZBH 5N
L7z, BH. JMIVADCIL ZE h—T7Z2FET 51T, U1V ABREEZEORMEMY >/ B E
MEERDTAINADNBETH D, F£/z. SARS® HN1 HHEHEA > 7NV BT, U1 VAR
ZebrElz BSL3 sk TRO | O BENRH D, TOMHRDIZWEEERLESL < OVFFEHERETIIER
TERW, TITRLAIE RIBEOEWHLAA2 RS VAP 22y /I TR (HAID YU R) &EXT
FREGURY—LEERTHI LK. ZOMEEZFRLZ. T2bb, a2Ea—4%—70
ToLEFMAL, TEM—TEREXRTFREFEILEZ, TLUT AELEZRIFFLE T
EREGLERTF RESGURY —LZEEL, HHD XA HREL T, UV AEER CTL OF
BRI L. XRTFRESGURY—L0 CTL H%QVﬁ?/&LT@ﬁJﬂﬁETLL L
FOBRER. FEERREMEYFHRED BSL2 R TITAS. DED. BRAETAIVAMEIZE
ALBL<TH, CTLIZE T2 KEETDIENARER2EZDITTHS, £z, BEOD
WINERS >N B, NEAEIEY DX VENS LT =T 2FR L2/, ZOZT h—T %>
TCIL Z2FE T, EOHEOA > I NI Y THFHICES THLREENE /K5, TD
=8, WAEYFEED BSL2 sk THEMATEETH S HINL #18, H3N2 il > 7))V T HF 1))
Ao T, BEFHERDITDI ZENTES,

AW TIE. HLA-A*0201 #IEREDLE h—7OREREZEL DFETHAN, RIS hIE
F—T28RK L. RIFFIE N7 ERENSVWIE N—TELERXRTELHDT,
RENZIEL 1) {EHEDE W CTL (high avidity CTL) ZBETES Z &(E%)%iUZ)%@ItF“
TRENCTL 2288 TELZ L (BN). THBHEEZEND, CTLassay Tld, HEINL
CTL @, TE h— 7R killing FEOBRI ZFHET2HDTHO, LEN>T, R2F2 b
Y h—7HEDOHKERD, 512, MR IFN.y ¥ CDS' T #ila & OBIE TiE. TE b—T7HREN
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WEE SN T IFNy ZEAE - 2T 5 CTL DREZEETE S, ZOHIETIE. flow cytometry iZ
KABEEDRNZ, RETZADEMIEZ in vitro 'C/\7‘3; REBEETIZMN, DINSEETHDZ
OHRLD in vitro TOEIEIIZBE T HHEN 2, F/z. CTL SIS IFNy 13, KN TO
TANAPRICBNWTEERBRHERZTEZZoNTVWELZENS, A2 CTL OENONS
EVWDRTIDTY v ETREEND S,

£9.SARS-CoV D ppla fHEN S 9B DTY X /BNE/R5 CILLE h—T 2 2FEDIEa—
=g LEESTFEILEZ. ZL T, TEM—TOHEEOENDDZ 30 BEERL. 7

SIS THERTFREGR L. 51T, RIBEDOEWRTF REBRT 22010, #IRES
L7207 2 DML, 5IEHE L S N2 HIFEA CDS" IFN«y" T MR Z2HlE L=, TORKE. 9 HEE
DRTF R (ppla-2187, ppla-2207, ppla-2340, ppla-2546, ppla-2755, ppla-2990, ppla-3444, ppla-3687,
ppla-3709) T CD8" IFN-y' TR ZFEE T2 I LN TE /=, BT, CDS' IFNy' THIlEZFETE

IEEORTFRE, §TIRIE =7 LU THRE TN TS Spike-978. Spike-1167, Spike-1203
IZOWT, RTFREGURY —LEER L, ZTNEDOXRTFREGURY—LE CpG ERE
L. HHD ¥ AIZHREL T, ML CDS' IFN-y" T Ml DBEIE 217> /2. TORKR. 6 EORM
¥ & URY —L (Lipppla2187, Lip-ppla-2340, Lip-ppla-2546, Lip-ppla-2755, LiP-ppla-2990,
Lip-ppla-3709) TCDS8 IFN-y' THIfEZ#FE S 5 Z &AWV TE /=, £7=. Lip-Spike-1203 T fZP CD8"
IFNy' THIR 25585 Z EANARETH o 7= DITR L T, Lip-Spike-978. Lip-Spike-1167 TIIFHEH T
E/2n o7z, $IT Lip-ppla-3709. Lip-ppla-2990 % %% L 7=~ 7 X TI3HIEA CDS IFN-y" T fifid %
BHEICHFEITLIENTER, 51T in vivo DEERR T CTL OMIEEEEEZHE L /=& I 5,
ZDERTH, 6 BEOREESURY —LA & Lip-spike-1203 THRE L =B EICE WHIILGEERE M
MNERD Bz, BT Lipppla-2990. Lip-ppla-3709 THIE L =7 A IZBWTE WG EE
R 5Nz KIEDED S 7z ppla-2990. ppla-3709 IZ DWT . BEIKE L =R 7F REIEIC X
fMIRGA CD8™ IFN«y" T Ml DFEREZFA Tz, TOREE, ppla-3709 Vd ppla-2990 IZ AT, KIBE
DORTF RTHIFEZAN CDS" IFN-y' TMIfEZ2FE T2 Z &5, affinity NEWI E¥bho7z, &5
{Z. ppla-3709 I Spike-1203 & KT % &, {KIREE TH Spike-1203 & [FI#RIT CD8'IFN-y' T MifA D&

BEND L ENDMNo 7, LLEX D, ppla-3709 & ppla-2990 Z RIF U T T h—TThDLE
Alz. 2B, SEIOEHRTIE, HELZ ppla DL b—7%20— RIDERTEHALHEEEZ
VV BT I EMTERD 720, TANVAF Y L IVERIT, SBOBETHLIEEZEILN
2

RITHSNL HEREA > TIVIT T IAINAORNREY > N\TE., REES DXV EDOT 2/ BES
WBWT.9EDY X /BN 5725 CTL TE h—7"% SARS-CoV EFMRIC 2 EEOD I Ea—F—
TO7 S LEFESTTFHEILE, IN&LD, TEN—TOMEEREOEVWHDE 47 EERK, ThsH

WS TEHERTFREGR L. THIT. REEOBEWARTF RE2BIRT 572012, #IkES L
<0 A ORESARE R OTE L S /A CD8" IFN-y* T%ﬂiﬁ@%‘a’té?ﬂl%bf:°9ﬁﬁ;ﬁ0)«\7“?l\“ M1-1,
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MI1-6, M2-1, M2-3, NS-1, PB1-2, PB1-3, PB1-10, PB2-1) Z°CD8"IFN-y THIlE 23%5E 45 Z LR T
Elr. BIREGICEDBERRENS, LR IBEHORTF RIZDNWT, RIFREGURY—LZE
EETDZEIT L. INEDRTF REGYRY —A & CpG #EE LU T.HHD YU AIZHRZEL,
CD8" IFN-y" T M DRIE 21T o 2R, 3 BEOXRTF FESURY —A Lip-Ml1-1, Lip-NS-1,
Lip-PB1-2) THied THZEIZHIIIA CDS IFNy' THIld 2 FFE T5 Z &M TE/Z, 51T, in vivo D
EBRFRT CTL OMIfGEEEZRIE TS &Iz, BIRLE 9 BEORTF RESGHY Ry —
,A&Qﬁ%ﬁébf\HET7WXZ%§L‘mWWCHwa%ﬁDt°Z@%%’%MT%
Lip-M1-1, Lip-NS-1, Lip-PB1-2 ZRE L /=TT AIZBNWT, BOMRGEEENED 5. FiZ
y7ﬂl>ﬁ®€ﬂiﬁ%“7kbf’ﬁmﬁﬁﬁﬁéﬁu?;kﬂﬁT’ﬂbﬂfw%MLFF
. DR TF RERBEL T, BBWHIIEA CDS IFN-y" T Ml D& & CTL iEEDHEBIER 2R L
7o TNETOREEBEL T, MI-1, NS-1, PBI2 2 RIF U PIE T EHBEI Lz, RIZZ
NE3DDRTFREEYRY —LEITATHREL T, A 2 I7IVIT BT A IV A DRI
BEINE DM EFNRz, £7. Lip-M1-1, Lip-NS-1, Lip-PB1-2 & 5{Z CpG #{EA L. HHD YT A D
foot pad IZHFEL . YT ADEMNS HINL B HA >IN T H A )V AE/ZIE HSNL HEEA > 7
WIHIANACEABRRIET T, FELLEERE L, TOKER, 3EHOXRTF REEY
N —LERELZITATIIBEBRAEIIITICR 2200 S 5IHMICARSZDIZ, YTAD
05 HINL HRBIA D IIVI P IAINAEZIE, H3IN2 B B OV I B UA N AR E
RO AN ABELE TSI LTz, REIKRTF REEEL TWRWIRY —LEHRE
L7za>bO— )b RAEHKBLT, 3EEOERYRY —LEZRELEZIYIATREHMOT1IVA
ENEFRIETFLTWDS I ENDM o7z, BLE, AW TIL SARS-CoV, H5N1 RS > 7))L T
SHIANWVADRIF Y RIEN—TOREICEDE, TNERFEAEIEZUKRY —AT CIL %)
BRSFETDILITRYILIZ, F. RTFRERURY —LEHFRTRIEICEST, 127
WL HIANABHEEZERIED I EDVERTE, DF0, BEBZ2HEBOA >INV oYY
ANVAIHR U THREFEN e R 2NNV 7 F O OBRRBICREAMELZDDEEZ, U
RY —LEfok CIL FEMY 7 F > ORIBLICENZ b0 EHEHT 5,

AT CTL FFEMT 7 F > ORFEERET L TE/AY, SARS-CoV. HSN1 HEIE > 7). L
SHTAINAZHUT CIL ZFE T 55 BOBFEBIZICONTIIUTOLSITEZ TS, SARS
BB VF > ZHFETSHET, 9TIT SARS-CoV IZREEL =< A DI{EH SARS-CoV DIEFEZ
Wit:&ﬂé\*Wﬁ@ﬁ@%%@:ﬁ%?@%&%i%ﬂ%4ao%:‘ﬁ%@%ﬁ?éﬁﬁ
REEN Spike HBAD L ZT7& — G RAS VICHEETDZZENSE. S ¥ NI EBNFRFUED
PRELTRBDEELEDNS, ERIZ, WRPEELZADIEFIZ. S&F 2 /NNITEDHITHT
LHAMPUENFEEL TWD I ENSBIEHINTNWD 9, —F, SARS-CoV %3 B Milet %%
DERENL, BHEZTITHETIIRW, SEHICBW T, BEFD 95% T CD4" T M. CD8™ T f
JAB DDA SNDN, EETDIZONT THREIIHEMNT 5, £/, 2 HLAClassI 71U —
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JVHY SARS DFFRICERL TNW5728 CTL M—EDEIEZ L TWAEEZSNTHD, ERERIT,
FRMEE L7ZBEITBNWT, CIL AR AIZHFEIN. SN Y NXTENS CTL TE h—77A
FEENTWD, Yang HIZKD &, ST UNTHEFHB TS DNA T F K> THIHEE S
Fr BB CTL 23558 X 3727, SARS-CoV DIEFEZH X 7= DIZHFIFUR ThH o = LOWMENH 2 9,

UL, CTLIES Z 2N i EOHIESY >NV EDOH TS FAHMESY NI BEIZH L ThiFE
TELHZENS, CTLORIF U RIERM—T NS ST NVEXD S, KRELFEESY >
IND BEBICEET A EEIE L D&, BT, SARS /5 BHRIZEME L7z A DRE RS %57z
EZA, BN CTL BMHENTED 9, o1 )L ABRYE & F#IZ. CTL AMEEFEICEET
HBHIEEBSIRBL TS, REBFHFHIX, TOUAINZAHEDY NI ETXTIZHLT,
B2 CTL ZFETEDEVWIATH D, BR LU S ¥ N Tidhfndifgk s s Liang, CTL
Tl BERODIZANY NV ERREES NI BIIH LU THHFET LI ENARETHD, 73
JBERICEDEEER/NBICHIZ 535, SARS-CoV DFE MDD TRKE/ ppla & pplb 3B 0,
ZTZWRIF U PIEN—TNEFET2HRERITE <, TOLIIREINZIE h—TITxdd %
CTL ZHETENIE. & hOD SARS-CoV &Iz, @ BARREL Tk MIEE 255 5 Rl
D&% SARS-CoV Mk T AW ADHAEHEL 55T 7 F 2 HAFKETE B AREHENH 5, SARS-CoV
3D CTL TY b—713. Spike fEBH®E HLA-A*0201 ¥k CTL T b—7 4 FEED B HML S
N—TWZEOTHEZSNTNSHDOD, FERESAFETDHIIEROLE h—TE2F A T2HEN
HD. TDEDH, KWHKT, ppla BENS RIFFIERN—TZ2FEL. CIL 285 &
WP F o ELTRIIBAETHDEEZENS,

AZTNIYTFHTIFORBIZBNTIR, —RHIZ, UMV AZARNO—TF I NIET
HBHHA ENAKHTZHEDNA S TNVITOFHIIRE<HDOTNEEZEALNTNS 7,
ULinL, BROUAINANHE LU 7ZHEITIE HA - NA OHREENEB(ET 2720, BT I7F1E
BHNTHD, FLOIAINAFEBIIH L THFHTERNWEBZSN. NOTIVITIURNTLAY
IR TERY. DED. HUEA TR, FIZZEETLIHEA TN I VUL IAOHREZFHE
LTRRZTHTHIEETERNEEXTELS, —AT CIL BENNAERTHS. DD,
EDATINIHOHEMTHERDIZNWIE h—"7%F[H L T, cross-reactive TiR /178 CTL %
BIDIET, RATRHBDOA > TINVI TN ARK L THERRIZN—HIVT 7 F > %
FTDIENERBLEELLD, EBE CD8 Teell ZFRWE T AIZBNTA TNV T T IA VR
ERERIEEEES. BOUAINATAZ—N#EML., BERS EELE P 2&n6, 1270
AV ARG cross-reactive 7R LY b —T7 23T 2 CTL PR L TS Z &S )
ThHbH, IHIZ. BEMIBWTIE, McMichael 5 * BEKODERICDOWTEIEL TWD, LIETIC
HINI HEA > 7))V TP A )V AR L2 FO—ERE, H2N2 R > TV T HF A )V X
DT Iy T IR U TERBHTEZEOH®ENH L . £/, HNI BHEEA > TV H
A IV ARG L TWa e N OFRMEIMIZ cross-reactive 72 CTL 37FE L. Z @ CTL A% HSN1 # A
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BAINWIOTUAINAZREL . BREHEEZRT I ENTER D, TOHE. nucleoprotein D
IO NEEEY O NIBEDTT h—"TM, cross-reactive 72 CTL 2HETEHZ ENBEHEER T 7
yE—=&ixs P,

ZOXIEEMNS, CTL IHAEZ D BHEA > IV I TFOFHIZEN TH S EEZ 515,
— I, T AV AT TS SR RS AR S SR S R & U T < WENH D,
LU, CTLZBETHIEET TS, KRONRDDTAINVAZHPIELZENTE, ERRE
BHT S5 ENFRTHS D, BLADEBRERTSD, HHWPIHHDOA TN TP TA IV ADME
ATAIWVABZETTHZENTER, DED, ZOEHANS DEBAITFEMN CTL 2FETES
RIF REEVRY —=AZFIN—HIN T I F 0D 5,

4B, HLA-A*0201 3R tE CTL TV b —T7 ORFFEEE S £ T X HETHN, SARS-CoV BX

O HSNLEEBIA 2 )V TN AT H RIS I E =T ZHENI Lz, ZOERIC
W, BRISHED HLA-A*0201 h S APz 2V IR TANEMNTHD, TOLDITLT, FIF>
FEHELEZE T2 U0 F U IERL, FRENCIL OFEZI > bu— )L TEFUL, B
EEZEBSELILICFNTHSLLEBDNS, 98Bl H5055 1 TOHLAITHL THRIRD
EBWT I F 2 ORENRE SRS,

BERTIF>ELUT, CTL Z2HEL T D5 AEIIEERFETHS, UL, BEEREOTA IV AR
FUEITH LT, MALREFEZECTIEIEFEFICEL S, Z&Eba0 T, BAICREZRIE
TEHENEENTNS, BPFFKETIE. SARS-CoV. HSN1 HEEA > T IVI Y IA N ADRI
FUORIEN-—TORIEICEDE, TNEREIB/ZURY —AT CIL 23/EL<FHETHI &
IR L7ze £ RIFURIE =T 2EORTFRERVRY —L2H>T. 1> 7NVIT Y
TANAEFEEZE BRI T ENHENIZo, DED, BRD2EBOA >INV YA
AWH U TOBERMHTES,. 2NNV IV F U ORRICHEZDZE LEEEAD. 2 51T,
RV —LZEE>7 CTL FEBT I F O OAIEIC, KEEDIEEEDIZ, TORERGE E
FBEDIT, A AL REEZYRY —LARNICHBL THRET2HREED M ELE, RFEKETY
A IWARBGEEPS R TE 2 IL-23 BT OEM TH 0. 1L-23 DIEAICH 2 7 FIVRERK 215
LS BLHFRTEDBZFED 1 DEZEZALNDS, BEETOLIAHELRTOEATAHTHS
DD, G, Thl7 OFEZZTDEFMLEREEZHLNIL, XTFREGURY —LITHAI M
A >OEEREZIA LT 7 F o OEREZRIELEZN,

Fo, AHEOERMEST U RY —LZFIF L CTL FERT I F L, BEFERFURER
& (ERESEHAREETREE . 7/ AT VUMW) THAEREREERE/FORTT RIES
URY—LZALETAINATTF > ORIE] HRMORERRRITBNWT, KRERREEFA
TEO, A 2TNIHD “FEUIFL ELTUE—RICBDHASND LI/, £2. &
A INI DT IF o DHEET, BEEDOA D INI T I NADEREZRS T &
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MTEDERERHFNTFELNTHY, SBROMAFERIIZIV—BEELRDDITE>TSSLE
ZA6N5, ¥IORERHEEVRY —LEZEATIL BEEEBEESNTOWLIREDOT I F >
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