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AFRNEBALTL 2 U4 VAT LARNTR, &% EREBEHEK G
DBEIERE Shd, ZORERINTBRGE - EBRE FEERE) KHT5
TN TE B, Fig. 1IT—fBH7 & A VR RRYLE D18 = OB HHAE O B BH S
DOEXEETRT, AREIVTVANZABPRAT S ERBREEEND, FIHETEIC
EEREREE R TERGERSHEH . BHARETIE, 12! interferon (IFN)
THD IFN-a° IFN-BOEARTKEEIC X 2 BB oEELRBI Y, v/
7 7 — % Natural Killer #f3(NK M & 2 FEH R 07250 E 5 RR A3 L &
B, b DRERIGEFET BV 7 FIMREIC, EEMICRE Sz, Toll-like
receptor 2D TEELRHEZ LTS, LarL, 8%, BRGERL T CIEsE
BRUANAEFERT D2 LIITERVWED, BREEODOSL, A %ICES
HENFESNIESROISSB I, SELENE > TY AV REREIC
EHEE R,

Innate Immunity Acquired Immunity
IFN-o, B NK CTL __ Antibody

virus titer

ﬁ 1 2 3 4 5 6 7 8 9 10 1 12 13 14

(Days post infection)
Virus infection

Fig.1 Immune host defense against virus infection



WAL, RIS & MR HE SN D, FIRERETIE, =I2B
MBABEKR L, PRHE 7Y = ER MERER I & D RBERIERE Z
%, —7F. MlEtERE T, T MiasBEk L, CD8 Bt EE T Mia
(Cytotoxic T Lymphocyte : CTL)X CD4 [t ~/L 3—T (Th)AEIZ X v ik
BEBSHER SN TS, B2 TH, CTL X7 A NV ARBYEIZSH AR E
WTEERERIZRET, CTL i, UvA VAR HRAOICEHRL, ~—
TxVU, TP EZJWTHZLICEY ., UANAREEMIAE TR —
VAL FHET B, £z CTL X, IFN-y, Tumor Necrosis Factor (TNF)-a & \»
STERTANAYEY A S I A VEEELUTHRIICT A V2 EHRT D, Fig. 1
TREIND LI CTLIEEN EFE LT & BT, YA NVATERKREICT
B4 2, ZDX51Z, CTL XV A NV ABERBEEBICB W TEERKE ZH - T
%02, BE, FURrP—0 CHBFL T A /v A(Hepatitis C Virus : HCV)IZ &
DREGER G, B HCV 227 UV 7 — Lz F v D— Tk, SLiR o FiRE
2 Tid7e < CTL ZH.0 & LizMifattsmZEss, HCV OFRicBb-oTns Z
EDRFER IR TNB 3,

CTL 43t - FEIZIX I B~ AT (ThDMBRBLERFIK TH 5, T
IR CHE LD, MENOERMY VBl EERT 5, FRICEMLT
VW2u CD4* T MEARIZ T A — 7 CD4* THIBR & L CHEEL TV AR, AEEMNICH
BRBBAT I LHERBRS~ 7 77 7 — 72 & OHRRE TSI (antigen
presenting cell : APC)IZ X Y, HEN T4 —7 CD4+ THIRRIZIEB TSNS, %
DFER. READ =7 =7 #—T (ThO)MAI(ThO M)~ & 431 - HIET 2, £
LT ThO ARAEIX. FE SN2V 4 b IA v OFEE FHBRIEE 7512 X o T Thi,
Th2 3 K O Th17 Mgz EN-EhybT 2,

U 7 F v DEETHH0 D BIFITRIYRREOHEIC L > TELT 5, #ila



SREREDEE. BEOBEREGECITRENEEREBE 2T, . ¥
A NAD XD IR AV IAHIEFES 5 X 5 AR EORIEICIZ. NIEES
FZE##T 5 CD8 CTL OFIGBRUETH D, 2FEV, AHRUANVAT I F
CEBRTBRIE, UANVAERN CTL OMRLRFENEE @Iz 5, L
L, BEBREAINTWATAVIZUAT VanNy MNrEDTIF TV
230 M, FREREGTRES) 2 T 200, MEMEREIIFELIZ W,
FZTEEIL, CTLOFHE - HHEEZERNE LU 7 FUBARICEER L,
CTLHEAY 7 F Uz E BT 2BEIIEIC 2955, 101k, CTL 2% 9 O/
BOT I BIPLRDIENATF FERRLE LTRHT 5 9 oicx L, ki
BH 2030 DT I VBILREXTFNERETDH Y L& ThHD, RNAUA
VAL, UANVAEHIER TERERPBERT VWD, RORTF FEFRET
HREIIEROFEELZZITIRTL . BEVTF REHR LTS CTLIZEREDRE
BEZITO0W, 220813, CTL L HUEOHFRBEEOENEHIF b5,
PURCPRFLE)IT. MESMCFET D VA NVAD, TN =SR2, 772 8
DHNEE R BHBHL VAN 2T 5, —F. CTLIX, UA VAR
LM TIED NS UA NVAERE VBT _RTENEERR & LOR#
THZLEBRHFKS, F0izd, HLRIZHESCTL T, = b—7DLs—}
—IZIEB Y BFE TS, £, CTLRVANADIER T T RTOX LRI EE
PURLEBTED LD, VANADEFIEDIERELSOVWAHO#EES
NIER. HEEEORENES NV H e B =TI TED, £ELT, VA
NADBKEAIZOZE AT, BEDOHEE,H bHENTWDIHE, FLE T
NDOTANZERMTERVWOITK L, MERFREZE#HT 2 CTLIZVA VX
BHRRT B Z LR TE B,

CTL I1Z. FEAESHR (major histocompatibility complx, MHC) (k b



% human leukocyte antigen: HLA) 7 7 X [ 3 Fic L » TRz, W
NTFREFRE LTRBR LESELEh 2, MHC 27 7 X 1 45Fid, 9340 @D
73 B b72% 45-kDa DESH (heavy chain) & MHC & JHESH L TR
EEFEDTI00EOT I /B 5725 12-kDa OB2-microglobulin (B2m) &
DIELEREE LEEREEZ 7 ThBH,MHC 7 7 A 1 5 FOEHIT ol

028 L Va3 D3 ODMIES FA L U hbi2Y al ba2 FAS U PDRDE
KEEILL 2T, RERTF FPBETIRERELTF FOT I/ BRHAIH
BITE VAL 6 DORT v FBEEEND 0.7 (Fig. 2), p2mid, 3 DD KA A
VEEfL, JIRTEEHOA U T A -V a VIBEWERE 525, FURAS
7F FIZMHC 7 Z R IS5 FICfEET 2 L MHC 2 F R I FE2EERSED,

DEY, XFFFE MHC 7 7R I 5 FEEHREED—HL LTRARR LD
THY, XRTF FREELTWRWIRED MHC 7 7 & 143 F(empty MHC
class I moleculelIAREETHD, ZDLXHIZ, MHC 7 R I HFixENBX

Fig. 2 Structure of HLA-A2 molecule ©
a: From a lateral view b: From top to bottom



DT EDTERV 35 FCHRIN., CTL Eo THIfgLEF%— (TCR) %
LT CTLIZ VA VAR TF FEHUREER L. CTL &M T 5, EiEt
ENz CTL I, VA VARG Z EHERE L 720 IFNy REDY A b A v
EHWMLIZY LT, UANVAERERND>OHERT 5,

Fig. 3 IZ R L2 &L 91, VA NZABHIRICRERGLT 5 &, MlaNTY A V2 BB
FROTANAREUNRNIERELI, T T V=AMl Eo TSNS, 7
77 Y —AE28EOY Ty P ERoTTETREY, 1 OB TEOYT
2oy BN 4 BEE ST TEEEXRRABROESETHY, D
YT 2=y hDF LT SIRIEEEAL A AR ORI A TNG O, FaF T

Direct presentation  Cross presentation
MHC class || % Vi{lus ﬂ
complex "~—.  Exogenous Ag

(@) @éfm@mT

Viral genome l

Endosome
J Exogenpus A
Cytosol ] 9 g
ER
Proteasome
class | peptide
heavy chain CETED
e

/

Fig. 3 Antigen processing pathway of MHC class I molecules
Direct presentation and cross presentation

MHC class | molecule

Y—hkBo THBENTATF FET AR, RURLAEREENS VAR —F—

(transporters associated with antigen processing: TAP) & KIZh 3 4Fiz k-



T, HE/MIENICEXSND 89, TAP X 2EEOF /)7 E TAP1, TAP2
MBIgd~T v ZRBET /MR Y BB L ATP (REFIICTTF FE%d 2,
TAP1, TAP2 E{zFi3 MHC BEFHEBICMEL, 2 DOBEBTFELLIZER
BECTHMHC 7 7R I HFICEDHURERIITE 2<%, Z D TAP D
BElX. TAP KM E R WEHFEIC L o TR &7z, TAP K L7/l
BWTIE, X7 F R SHIRED DB/ MIEIC AN W), 77X T HF
BRTF REFEETET, REET, CTL KT F R ELBFTHI LD
TERWY, TAP @Y, HE/MIENIZA>TELTF RIIMHC 77X 1
ST EREAE L, INVVEEE T maturation SHAREREICH TITE, CTL 12
#mansd, UEOBEIZ—MRMIZ Direct presentation &FEIN T3, Fiz,
T & XA, Cross presentation &9 HiRIERBRHHFET S, Cross
presentation i%, =Y F¥ A b= X THIREMNIZ & U 2 EN 4 SBEFURD.,
T RY—ADLHAE~LBITL ST 7 Y — A THRENTDL, TAP 4
FHECHE/MaEICEESN, MHC 7 7 X I 5 FICHEAE L TIRRSNDRKE T
& 5 (Fig. 3),

1991 %=, Rammensee b, Wiley H® 2 DDHFFE S N—7F1%, MHC 7 T A
IR FICHEELTWAEERESTF FENBEL, 0T IV BEFT 21772
W1, ZOFER, FHALTWEATF Fo7 I ) BESICIE, ZhFho MHC
TV —NVIEEDEF — T BFEET B2 B2 i(RTF FEF—7)
(Table ); ZHLHDXTF FiZ, BHE 8~10EDT I /BN B2 5, BIZIZ,
HLA-A*0201 IZF AT 2T F FOZ I 2FBIInA VoRAFA=20 9
FERHIANY RuA v EDLD, ZOZEDL, XRTYFFO2EFEBEL IFRHD
T I BIE. XTF RE HLA-A*0201 OFERICBWTEERT V1 —0&E %
RicTeEZ2hl, $2bb, ZNENOMHC 7 7R 1 3FICHIET 52



TFROT A=W, FEOT I JBTRne, XFFREIEDI TR I HF

WREE LRV, LLRR O MHC 7 SR I G5F~DRET 7 4 =7 4 121T T,

R7F FOREFHEEIRATERY, LA, MHC 7 7 X I 4 F - X7/F &
BEOBEROREEVPERTHL LORELDH D 12,

Table 1 Peptide motifs associated with MHC class I molecules

Amino Acids at anchor positions

Isoform of HLA 2 3 4 5 6 7 8 9 10
HLA-A*0201 L/M V/L
HLA-A 3 VM KY/F K
HLA-A 24 Y /L/F
HLA-A68.1 vIiT R/K
HLA-B7 P L/F
HLA-BS8 K K/R L
HLA-B*2705 R L/F
HLA-B*3501 P Y/F/M/L/
HLA-B*5101 A/PIG F/1
HLA-B 53 P

H-2 Kb FrY L/M/IIV

H-2 Kd Y/F LV

H-2 Kk E I I

H-2 Db N M/

H-2 Dd G P VL/F
H-21d P/S F/L/M

AFETIE, VERY—22FAFREAOXF Y V7 —L LTHWE, YRV —2
ARG X T A NV R E LR EROMIEBRRS D bR B, BHT
MRS KV REEREV, o, BEOFTFEERNE LY RY —A(HaE
BYRY —2)THERL ., FIREVRY —2ARECHAERESEREHARY
RY —=bEHAWE, REBEREY RY =232 >0EHEEFE-, 100, 7L

F—RROBIFUSDRE L 725 IgE EANEZ 6R\\WZ & ThB, Naito bHDOH



HEWICLB L, HETATI(OVARERKE U R Y —h &, OVAIZKRET
NIZULAERESELLDES ?Xl@BZTL:%EE LB LR T, 5
OmFFICIX, & BICHEFRENZ g6 OEAITRONDD, OVAREHES Y
RY — LG TIIRREFRENR IgE OEAIIR N o7z, 2 DEIZ. X7
FRECRIFRENET DV RY —A LT, RABEEY RV — LTI,
AN CTL 25FE ST A5 Z L ThHD, Nagata b WA ToERIC K
5E . OVARTF FNERIY RY —ATIHIEE AL CTLIEERERERN2720
WXL, OVARTF RS Y R Y — A TiEEW CTLIEEZ R L,

AR T, VA NVARERIIT 2 CTLHER U 7 F 2B THZ L% H
BICHE T ETIE HCV 12, B E T RURIYE Th 5 BIESEREREE R
(Severe Acute Respiratory Syndrome : SARS) O RE 7V A V A TH 3
SARS-CoV IZ¥EE L7z,

BIZETERZYTZHCVIZ, 7T ETAVARNTE L, REREAENH L
TIE20 o7 FE AFE BRFROFEERFTR U A VR L LT, 1988 £E£ D EHEKH
bl W, HCVII= o Nu—7%FFD, BEE 55~65nm ORI FTHY |
NEICERERN 94 kb D 1RKDT T A RNA 27/ L& L TR, Fig. 4 TR
&5z, HCV 7/ 2 3 BEHOMEE S v 37 BisT (Core, E1, E2) &, 5
TR OIMEES R BIETF(NS2-NS5B) 026725, El1 & E2 BEFiTz o~
n—FZ2 %, Core BETFIXVANAKRTFRNET T X I Bk a— K

-341 0 915 1491 2769 3420 5477 6258 7601 9375

-t —r 1T > 17 T T

sNCc — C E1 E2 | NS2 | NS3 | NS4 |NS5A|NSSBt+— a3:n0

Fig. 4 Structure of HCV genome



T, FEEF NI BEFIX. B T T —ERLRNAKRY 2T —¥R L,
VA NVADBENNERZ NI Baa— N5,

WHO ORI LB L  HRAOBAODBLE 3% IH25 1ETTFHFADE
PR HCV OE#X v ) 7T—IiZR2oTW0WB EE2 bR TW3, BATIIIE,
HCV f&He 13 200 FALL EFEET 3, HCVIZRET 5 L1E &2 LTAKR
GIERDBEND D, TOBRTANVAZENNOHRTE 2 MNIb T2 15%-
20%ITIBE RN, 80%LL ED B MI T A VR EHEERTE FICIB IR A
D19, FFEEZ L THEICBITT S 10, ¥R 14 £0MF TR, BXRIZBIT D
FREFECESIL, MR, BRIV TE 3LL EA LR, ZOFERED 8
ZIPEIZHCV v UV 7 —bRAELTVS, HIE, HCVITH L T—EHRD
BRI F—Teu e YY) UHRFRREIR 2 AT 1 ADEIETLS)
AB/ONR, Lo T, Frx NEICE > T, CEFROTE - WRITE
HRBRETH D,

£ETIZ, HCV B3RD CTLICH T 2 HRTE h—7I3ZHEE Sz, &
i, R TR R 2Tk h MHC 7 7 X [ 57T % HLA-A*0201 (2B
B L7 HCV R v b =71, 20 BEMU EBRESI TS, LLRRL,
HOV H— B SURHERTIC . U 2 FUACT ¥ b TR R E L CHERT 554,
ﬁ)ﬁ@@%‘ﬁb\ RIFU b b7 ERTINERD D,

BNECTHEHLE SARS = F 74 L Z(SARS-CoVit., =t o L 2f
(Coronaviridae)iZ/& L, SARS DREA Y A VA TH D, SARS-CoV iZ7 T A8
DIFEH RNA ZBEFELTES FERUANAZ VRNV B EANICER
FTHZERLT—FRLTWS, TANVARET ) AMTH 30K HEEH Y RNA 71V
ZELTIHEEDY J AT, 20 FERBIZITF v v THEE L FFRMITIT poly(A)
H3 5 19 (Fig. 5),



SARS 1% 2002 £ 11 A PRI PEIKRAE THRAT L7c T9RIALNR) (%
FEL. N bF A, FEHROBEREEELZPOLICBENIER U, l&EE 4,
VTR NASNERBIZES T, HFREEEWHO)A ‘Global Alert’ Z 3 L
TARHRREZ B L, 200345 3 A 15 BIZIX SARS LA ST biLT, MR
HEORE OB ThoRERAHOEEREE ML L LTHRbhoZ L
oo 1920 Fio MEEOBRGICL Y, ERFE CRIEBEOBEINFREIC 2o
b, gy ABCSARSIIT AU A, g—uuX, TUTRED

0 5 10 15 20 25 30 Kb

I I | l | I J

SARS-CoV

ge&t\a 1a gene 1b s mRNAs3-9
—A— Prtrtrtetehs

mRNA1-pp1a, pplab

mRNA-S protein
ol%-——- mRNA3
@ ——— mRNAJ-E protein
@ ——— mRNA5-M protein
13-15 ORFs ®—— mRNAs
replicase and protease genes (gene la-1b)
Many of their functions are unknown but it is suggested .q]— mRNA7
that they participate in viral RNA replication
spike (S), envelope (E), membrane (M) and nudeocapsid (N) genes @.-— mRNAS
Between these well known genes, a series of ORFs of
unknown function was found. ‘5]_ mRNAS-N protein

Fig. 5 SARS-CoV genome organization

29 OHIRE E~BHIZIAN Y & RE7-, EBRIZIE, 2002 4 11 A ~2003 £ 7
ARBOMICHEZ PG 8,096 ADBENBRESIL, ZD5H 774 ABFEL
LT3 20, Z5 0\ oHERIZH LT, WHO AHbe 2 ZEEIEDEZDIC
EMERTF—ARIRE SN, BTERV AT LEHELEHERAIC L 5 ERB
FEEORE, tim (REEEE] ZRAVERAREZFLLE LEEARA
DRFIEZR ERER STz, ZOFRER, 20034 4 A 16 HICIIFE D=t v A

10



VA B SARS BEFREK(SARS-CoV) TH 5 Z EB3FER SN, 7TAH 5 BICITEY
R ORE, MEBKIOFIE, BENRIGRIEORN R 2RI, A
BOEFMRACKEESNHENEZ & ERotk 222, SARS-CoV 25
SARS DOEHIEFEITH 10% L s THBY |, BERBIXIERD TRETH 5,
SARS-CoV iZEICH, &, AREDHENOGREETILEZLNTBY, 0
%, Bl WEEH, fh & OFFRER CHITET 5, BRE ORMDICIT TR & £
SEMHDPRVEI DI, VANVZABENORRE SIVNGE. KB TOHEFEFE
B BTN 29, SARS-CoV DHFED v°— 7 [ZRIEH 10 HE T, EEELIX 10
BLBIZALGN, EHIZETTAIETITIZII9BERELREZVED B, BEFAT
iZ. SARS-CoV IZH/Z BT 2 & MIHIR L TOARW, #ENFy I 7—&
BoT, BEMRIRBEILRE RDFEEDBFETERN, Z0OEDHIZD,
BARIERECHH, 2WE, V7 F U ORBERLEEND,

SARS VA W AE¥KD CTL =t b —7%, Spike i H & HLA-A*0201 3K
# CTL =¥ =74 TBEOLBMI N —F I Lo THRESA TS, L,
HRELBETIICIERO= Y =T 2RETALERD B,

PEDZ &b, ABETIE, VRY—A%ZH-7- HCV & SARS 187 7
FrOfFEE, R TREHAONRE D HLA-A*0201 2805t h2Z—4 v RMZ
1TOoEDO—se LT, HLA-A*0201 IZBIE L2 I F v b= b —7D®RE
BI{Tol, ZDEHIZ, HLA-A*0201 S VAV x2=w 7w REWVWHET L
SUREEA L, 2O URIE, & O MHC #{5FCHh 5 HLA-A*0201 %
FELTNZDT, b FTOREERORAL LT, v U A TENEFRITIT
RDFNRDBH B,

HCVICE LT, T TIEE I TVD 24 FEH O HLA-A*0201 E5E HCV
HRTE b =T DORTF FE2ER L, £X7F FO HLA-A*0201 OFEET 7 4

11



=7 4 EEEEERFETOILLBIL, RELEFN T VAV I URATO
CTL FEREZBRFTA2ZLICLY RIF YV b= b —TOBREITo 72,
Fh, RTF RERV AR Y —HIZT CTL OFERELRER Lz,

SARS {22V Tk, SARS-CoV DHEEX v N7 B THY, R b—T7H
FIESNTWRNWRXZ LAD TV K423 aa) ICERES T, 2BEO-E b—
T FHY 7 MBIMAS & SYFPEITHD#FWT, =t h—7DRREHEDE N 9
—10EDT I/ EBRES % 8 EERD, A7 F FE{ER L7z, £L T, FHl
L7eo B b= IC Lo THFEI N CTL L ORISER LBIRFTT5Z L2 LY
TV =T ERELE, £, XTIFFEEI R Y —20REIZE->TCTL %
FETHIENTE, UANVRAIIHTHERE LR TE T,

12



ke TR

1. YR

TG R« SRRV — )VEFFRET O Lemonnier SRR L, RISHEDE W
HLA-A*0201 P VAV ==y /v U RRER L, ZOTYRE, < U A
MHC 7 72 1 B5T+THD H2DVBIEF L~V ARMm ELRFEF TNV v 7
7Y MLIEw R Z, HHD BEFE VWA S VAV 2=y 7w U AHHD <
Ty R)2% ThbH, HHD ElnFLiZ. MHCZ 7R I Dal a2 FAA UH
HILA-A*0201 3T, o 3. transmembrane, cytoplasmic KA 1% H-2Db
NH5% A7 HLA-A*0201 Bz &, & b B2m BT EMEALADEZE
=FTH 5 (Fig. 6). 5’ Kiaflln» 5 LS: Leader sequence; hup2m:t Fp2m; A2 a
1: HLA-A*0201 o 1 domain; A2 o 2: HLA-A*0201 o 2 domain; Db « 3: H-2DP
o 3 domain; DbTM: H-2DP, transmembrane domain; CP: H-2DP cytoplasmic
domain ¥ &7, ERITIITT, 6-8BEEBOYRZHER Lz, HHD <7 X
i, 7T VR RRAY—)UBFSEFT - Lemonnier i+ X VW 5 Xh, HEERK
FEMRER CHE « BESNIZbDE AWV,

5 __| L 3
LS huf2m A2a1 | A2a2 | Dba 3 | DbTM CP

Fig. 6 Structure of the HHD gene

S

2. #lka

ABFZECIX, T2, RMA (H-2b), C143, 293, 293T. CV-1. BS-C-1. RMA-HHD

RO, 26 OMAZIE, 10% 7 VRFMTE (fetal calf serum: FCS) & 2 mM
® L-glutamine % 1 %2 7= RPMI 1640 (Sigma-Aldrichi #£. St. Louis. MO)$zHh

13



B £ ' DMEM (Sigma-Aldrichi $D)5#Cigs Uiz, T220 X, TAP1, TAP2
ZREL-E FERBMBRHKTH D, £7-. RMA L, C57BL/6 < 7 RHK

lymphoma #IEKTH B, MHABZ UV I =T VA NVZAVVIOEBRTERLE
Cl43 Milaiit MEREREOMIT TR (FI V¥ —ENaHEE KB LT
o Ele, MABET T ) U A NVAAIVIOERTHEAMA L7z 293 Mlaix e MalR
FEHEOMIET ALV © E1 BEFE2FOMIETHE, HABRITANVADE
NIFEREF v/ L2 293T Hifldb b MRRBEHEROMKE THS, CV-1L

BS-C-1iZ7 7V I RYFLOBHROMIBTHD, RMAIZ HHD EizF%
N7V A7 =/ ar U HHD 5742 BRI EME, RMA-HHD 2 %, 77
VAR e 2RAY—)VRESERT + Lemonnier X Y 65 &7, RMA-HHD 1%, k
WROEEHIZ G418 (Sigma-Aldrichi #) (500 pg/ml) %00 x 7255 CHEZ& LTz,

3. BEASTF K

BEZ1D HLA-A*0201 B HCV HR~7F K 24 fEfH % AV 7=(Table 2), ZiL
b DT F RiL, Operon fk(Tokyo, Japan)iZ & - T, AR &4, HPLC \Z TR
Sz,

SARS-CoV H3~T7F KL, SARS-CoV DX 7 LA H 7 RERIZBWTT
BL7, FHEICE, 2BEO=Y b—7FH|Y 7 MBIMAS & SYFPEITHD %
AW, BIMAS L WH = h—7FRY T MI, MHCZ ZR1 LXTF KD
dissociation rate Z#EIZE L L= b—7%2FHT 5V 7 b TH Y | ZDOEPEN
TEREVHRREEOB N E N —TTHEILEERLTVNS, £,
SYFPEITHIL i3 X7 F FEF—TZIZ LV b—T%2FHTHY 7 FTHY .,
ZOEPETNIELVHFEREOB N h—7THEZ L EERL TS, %
DZODFRPY 7 FTscore DEVTY h—T7"% 8 FEREV, ThIZHYT 2

14



~_7F RDOE % Operon #HIZ4&#E L 7= (Table 7),

Table 2 A list of HLA-A*0201-associated, HCV-derived peptide

Name Region Residues Sequence ref
Core 35 Core 35-44 YLLPRRGPRL 27)
Core 132 Core 132-140 DLMGYIPLV 27)
Core 178 Core 178-187 LLALLSCLTV 27
E1 220 E1 220-227 ILHTPGCV 28)
E1 257 E1 257-266 QLRRHIDLLV 29)
E1 363 E1 363-371 SMVGNWAKV 28)
E2 686 E2 686-694 ALSTGLIHL 27)
E2 726 E2 726-734 LLFLLLADA 30)
E2 728 E2 728-736 FLLLADARV 30)
NS3 1073 NS3 1073-1081 | CINGVCWTV 31)
NS3 1131 NS3 1131-1139 | YLVTRHADV 30)
NS3 1169 NS3 1169-1177 | LLCPAGHAV 31
NS3 1406 NS3 1406-1415 | YLVAYQATV 31)
NS3 1585 NS3 1585-1593 | YLVAYQATV 32)
NS4 1666 NS4 1666-1674 | VLVGGVLAA 30)
NS4 1671 NS4 1671-1680 | VLAALAAYCL 32)
NS4 1769 NS4 1769-1777 | HMWNFISGI 30)
NS4 1789 NS4 1789-1797 | SLMAFTAAV 31)
NS4 1807 NS4 1807-1816 | LLFNILGGWV 27)
NS4 1851 NS4 1851-1859 | ILAGYGAGV 27
NS4 1920 NS4 1920-1928 | WMNRLIAFA 30)
NS5 1992 NS5A 1992-2000 | VLSDFKTWL 33)
NS5 2145 NS5A 2145-2154 | LLREEVSFRV 33)
NS5 2252 NS5A 2252-2260 ILDSFDPLV 3D

4. Multiepitope Minigene (N8E) D {E#t

ZhER 20 HETHOFT——F v 7 L7z 90-100 HEH 5725 Long oligo
nucleotide Z AV, 2 Ea—F—TFH L7 8EHD SARS X7/ VA I TV K
H¥TE h—7%=2— K425 N8E % PCRICTIER L7z, {ERUERE % Fig. 7
IR L7z, /B8 L 7= N8E i%, pCRII X% # —(Invitrogen Life Technologies #t.
Rockville, MDIIZfFA L(pCR2-N8E), £ DB|InFEFNZ A — F¥—F i —
(CEQ8000: Beckman Coulter #t, Fullerton, Ca.)% VW THEER L 7=,
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SARS Nuclepcapsid protein (423 aa)
MSDNGPQSNQRSAPRITFGGP TDSTDNNQNGGRNGARPKQRRPQGLPNNTASWFTALTQHGKEELRFPRGQGVPINTNSG
PDDQIGYYRRATRRVRGGDGKMKEL SPRWYFYYLGTGPEASLPYGANKEGIVWVATEGALNTPKDHIGTRNPNNNAATVLQ
LPQGTTLPKGFYAEGSRGGSQASSRS SSRSRGNSRNSTPGSSRGNSPARMASGGGETALALL LI DRLNQLESKVSGKGQQ
QQGQTVTKKSAAEASKKPRQKRTATKQYNVTQAFGRRGPEQTQGNFGDQADLIRQGTDYKHWPQIAQFAPS ASAFFGMSRI
GMEVTPSGTWL TYHGAIKLDDKDPQF KDNVILLNKHIDAYKTFPPTEPKKDKKKKTDEAQPLPQRQKKQPTVTLLPAADMDDF
SRQLQNSMSGASADSTQA l

Multiepitope minigene

TGPEASLEYCANNNAATVLQLPQGTTLPKGEYETALALEEL DRENQLESKVSGKGQASAFFGMSRIGMEVIESG

TWLTYHGAIKLDDKDPQFKDNVILLNKHIDAYKTFP

PCR Amplification

SO HEE }F = = — = = = = = = — == === === === — 3
—————— Y — R R
Y —
P —
3 -5

}

DNA Sequencing

Fig. 7 Construction of a multiepitope minigene encoding eight predicted
epitopes derived from SARS-CoV nucleocapsid

Amino-acid sequences of predicted epitopes are indicated by boldface, and amino-acid

sequences of flanking regions are underlined.

5 HCV Z VN7 BEFERTDMBIZ VANAL TLA2FBHTTAI R

HCV @ Core, El, E2 # > VB2 RBTHMAMITT ) VA LA,
Ad-Core-E2 (Adex1SR3ST)3 L T* NS3, NS4, NShA # 37 B & RET 54
BMZT T ) UA VA, Ad-NS3-5A (Adex1CA3269) % iV /= 30, =2 ha—
& LT, wild type DMBEZ T T ) U A VA Adwt (AdexIW) b VT2,
Adex1SR3ST, Adex1CA3269. AdexIW IZENRYYUEMTET - B EHEL X
0t Snk, TL-12 2BEAWF 575X K, pIXFLAGIL12 9 13, K
RERKE - B8 Bzt I oftsEsnr,

6. Multiepitope Minigene ZFI§ LW T 7 / 7 A )V A(AAV) D IEHSL
pCRII-N8E % Not I (TOYOBO #t, Tokyo. Japan)® EcoR I (TOYOBO #f)
THWTL T, N8E BETFEHH Lz, TO#%, NSE BFrmH~—b—o0
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FLAG # v 7 E%RBRTHEEFE2FD p3XFLAG-CMV-10 (p3XFLAG)
(Sigma-Aldrichi #) %~ # —|Z Ligation high (TOYOBO #0)% AW THEA
L7-(p3XFLAG-NSE), fE# L7z pSXFLAG-NSE 225, PCRIZX Y, FLAG ¥
VY B R XU NSE (BXFLAG-NSE)E{=F % HHIE L7z, IRk, KiT L & Mk
W pCRIAR Y & —(Z#EA L(pCRI-3XFLAG-NSE) . Bz FDEF| % FER Lz,
pCRI-3XFLAG-NSE % BamH I (TOYOBO %) & EcoR I (TOYOBO #t) THIMT
L. 3XFLAG-NSE #iH#. Adenovirus Expression Vector Kit Dual Version
(TAKARA. Tokyo., Japan)iZf€- T AdV-SARS-NSE #{Efl L7-, {ER O
& LTI, DNA Blunting Kit (TAKARA) % i\ > T 3xFLAG-NSE &z 7Rk %
L, BEXER AAV 7/ 25 B3 X I T X —(pAxCAwtit) IZH# A
L 7= (pAxCAwtit-NSE) (Fig. 8-1), pAxCAwtit-N8E | Gigapack Il XL
Packaging Extract (Stratagene = Europe., Amsterdam. The Netherlands)
BEALTT LT 7 — VI BRs, KBEICBRRS th, 0%, 72E
VIVERFIV—FERAVT, TV UIEEKEZER, Fhnb
pAxCAwtit-N8E Bz T2 D ERBH L7z, MIAENT NSE BT OH M &
RBLEDDH, pAxCAwtit-NSE BinFZ RERH L, 293 MRIC NGV AT =2
a2 L, AdV-SARS-NSE % {E# L 7= (Fig. 8-2), fE# L 7= AdV-SARS-NSE i
AdV 7/ AROBREBETH S E1 HEREZXBLTWS72H, BEOMERTO
BT, BABRBTFOZ U ARIRBRITRBI A8, A NVAIERBRE TR R
W, L2, E1SEEREZRET 5 293 Ml TIXEIEFETH 5,

7. Multiepitope Minigene ZEH T AL Z T 7 > =T 7L VANV DIERL

Kz AdV OVERLEETE & FERIZ p3xFLAG-NSE #HiH L. VV / pNZ68K2
N7 Z—|ZHEA LT (pNZ68K2-N8E), pNZ68K2-N8E 1 F I ¥ F F—F(TK)
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Multiepitope minigene ———> ———> sequencing

(NSE)

I‘ CUNSES ]

p3xFLAG-CMV-10
plasmid

3xFLAG-NSE ———
x <—— | 3xFLAG-NSE | <—

pCR2 vector

ﬂ pAxCAWLit vector for Adenovirus
sequencing > or
pNZ68k2 vector for vaccinia virus

Fig. 8-1 Cloning of multiepitope minigene (N8E) into a cosmid vector for
adenovirus and a plasmid vector for vaccinia virus

Packaging
pAxCAwtit == into A phage = -I E.coli

pAxCAwtit-N8E

pAxCAWtit-NSE

293 cells (E1+)

pAxCAWtit-N8E Infection
ﬂ* virus
growth AdV-NSE
AdV-NSE AdV-NEE

Normal cells(E1-)

AdV-N8E

Expression of
NS8E protein

Fig. 8-2 Generation of AdV-SARS-NSE
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BEFEREBELDRELZSTWS, £2C, Cl43 Milsx AWV T, TK BEiEF
EAETAHEER VV (VWD) LEREMEAEZZB IR, 7uET 4337
v BrdU) TR L, VV-SARS-NSE Z{Ef L7z, BrdU % TK BETFICED
UVBILENTANAT J JCBRYVIRAEND R, TR TANVRITE > TEME
ThHHH, VV-WT IIHEFETE 20, Ll HEMABEIICIVIER I
TK #&{=F /K48 VV-NSE 1% C143 FfIA CHEE T & 5 (Fig. 9).

Insertion of a foreign
Vaccinia virus gene inside TK gene

= Ton'mm

PNZ268K2 vector
\ Infection / .
Y Transfection

Recombinant plasmid

- ™
C143 cells TKGene___;- \ Homologous recombination Cytosol
" Viral DNA -~ i .
Plasmid DNA Nucleus
Recombinant viral DNA
e /

l With BrdU

Recombinant virus

=1~

Fig. 9 Generation of VV-SARS-NSE

8. YR/ —A

AHFF2 Tk, Dioleoyl phosphatidyl choline (DOPC), Dioleoyl phosphatidyl
ethanolamine (DOPE). Dioleoyl phosphatidyl glycerol (DOPG). Cholesterol
41327 DENNS DY R Y —LEFERLE, Eie, KFETIE, X7
FREYRY—LREICHFESHLIR Y —2E2ERA L, XTF FOFAI
i% Disuccinimidyl suberate (DSS) & fA\V 7z 30, XFF R & UK Y — ADFESHE
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K% Fig. 10 127, VARY —AZESRYERZF - NE  Hhigtio el
FERELT,

i
HC— 0~ C~(CHyp) s~ CHy O

Q
0 f
H2<1:~ 0~ G (Chuh=CHs + N=0~C~(CHals—(mO~N
I o °
H,C— 0~ R O (CH,)~ NH+ » DSS
ppeE © l

JI
H,C— O— C—(CH,),~ CH,
0

H,C~ O— C—(CH,),,~CH, o
l o]
I f
H,0— 0= P=0= (G~ N~ C~(Chy)g=(-0~N
o~ (e]
DSS-DPPE o

/

“N C_(CHz)e (i"'o“‘ HN"’@
ﬁ

Liposome J— N — C—(CHap)s— G —N—Peptide

O (Chk g H

Fig. 10 Coupling of a peptide with liposome via DSS

9. Peptide binding assay 12

T2 i@ % phosphate-buffered saline (PBS) T 2 [BI¥E# L , £ M & 5 #i(ATM V)
(Invitrogen #£) T 6.3X105mL &722 X S ICHBE LIz, &4 DXTF Rk
RAREN 0, 0.01, 0.1, 1, 10, 100 pM &72 2 £ HIZ AIM V E#ICTHIR L
2o WIZ, 96 well U plate D& =iz, 1x 105HD T2 MESEL, SF
SERBEOSTF R, BLIOE Fp2m (Sigma-Aldrich 1) Z&KEE 1 uM

20



WA X oz, 37°C» CO2 incubator T overnight A v & =X— k L7z,
ML L, HLA-A*0201 S6REE / 7 0 —F AHHRBBT.2) 90 & s
&4, DUV G, Fluorescein isothiocyanate (FITC)-conjugated sheep anti-mouse
IgG #i#&(Sigma-Aldrich #) THUKR S, FTO#%, 7uo—3% A4 FA MY —
(FACScan: BD Bioscience Immunocytometry Systems £, Mountain View,
CA)T, TSN 7-HifaERmE Lo HLA-A*0201 b FORBEEZRE L, HAIE
fE1Z the half-maximum binding level (BL50) fEIZ TEEMf L 7=, BL50 %, ~2
7F K NS3 15685-93 # = hu—/v & L THV 7= binding assay D& KED
50% (half-maximum) ZRTHK L DXTF RORELERLT,

10. Complex stability assay 12

T2 4% PBS T 2 [E¥E#E L. AIM V 55#1T 1 x 106 cells/mL 722 X 5
BRE L, Zhic, BRRE 100 pM IZ2 5 £ 5 IEXTF K, BLUORKE
ElupMIiZ25 L5k Fp2m 22T 15 mL F=a2—7IZ A ., 37°CH CO:
incubator T overnight A > % = ~X— k L7z, & 045 HE L T _EIS% % T brefeldin
A (BFA) (Sigma Aldrich 1) % 10 pg/ml & %¢ RPMI1640 +10%FCS ([ZFHEE L.
37°C® COgz incubator TE HIZ 45 431 ¥ 2~_X— L7z, (BFA %, AV
BOBE EMA, MEAE»DMERE LICEH L MHC 77 A I 5FRHT
{BZE#BIET S, ) D 0hr, 0.5hr, 1hr, 3hr, 6hr, 12hr, 24 hr %
WENEIN 15X 105{ED T2 Mg ZE Y i L . BB7.2 & FITC-conjugated sheep
anti-mouse IgG Fifk & [k & w7, #MEKRE LD HLA-A*0201 5 FHEAED
BEBE 70—V A M A MY —TRIE LT, HIEMEE, J58 & UCEME L=,
ERINL, FHEND peptide DEKIED 50% (half maximum) % 7~ [ FFE
&Lz,
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11. x Y 2ADREE

2R T 2E.IL-12 %R DNA 75 2 I F(30ug) &~ 7 AZHAESN Lz,
Ebic 2 BE®, MHMZT T/ VA /LA (Adex1SR3ST. Adex1CA3269,
Adex1W) #% 5X107plaque-forming unit (PFU) /mouse THRENESH L1z, %
72 . AdV-SARS-NSE, VV-SARS-NSE /% 5X 108 PFU/mouse JEFENIC#ZE LT,

HCV Hk_T7F REHASERZ IR Y — Ak, BICTHHD v U RIZHEL
7o Ffz. SARS HRARTF FEHEIERLY R Y —A(25 p)it, BEFERD
Core i = & b —7(~ =& b= HESHZ VR Y —A25 pLB X
X CpG (Hokkaido System Science #£, Sapporo, Japan) (5 pL)Z#iE¥ T,
HHD < o7 2 ® footpad (25 LTz,

12. CTL assay 39

ML TT /U4 NVA (Adex1SR3ST, Adex1CA3269. Adex1W,
AdV-SARS-NSE)#5-#% 2~3 BE#R Lz~ v A DM ZRE L., 10 pM
DORTF R T/ UV R U THE#RBE (30 gray) L7=FIR O~ U X MR L & i
1EMEEE Lz, TO0%, ZOEMIEE CTL 7 v A 281 3 effector AT &
L7z, Target Mg & L CTiX, 1X106{E» RMA-HHD MARIZ, 10 pM D7 F
F& 1RV A L, £0%%, 100 uCi ® NablCrOs T30 7 Lizb D
AWz, Effector fif & Target MlE 2k % 72 tLEE T 96 well U plate D&V
=NVTRAEL., 4FH 37CTA ¥ aX—Ta L, B LBl L7 51Cr
ZRlo7z, PIERBRIIROKXTHE L,

l % sp ecific lySiS: [(Cp Msample —CP mspontaneous)/ (Cp Mmaximum — CP mspontaneous)] X100 ‘

cpm I, count per minute %3 L. CpMspontancous 12 effector D72V VIKEE T D cpm

%, CPMmadnum (% target HfE2Z 5% Triton X-100 T lysis L7z & & D cpm %7K
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LT3, BIER 3 B ETHE DB 2EZ R LT,

13. AREN IFN-y* CD8# fak | € (Intracellular cytokine staining : ICS) 34

faE Liz< U R X 0S-SR %, 96 well U plate D% = /U2 2X 106
cells’well %2 T, 1pLl/mL @ BFA & 10 pM OR_7F KL iz, 37°CT 5 B
BlArFa—varli, TO®, MEKED Fc L7/ F—%27ny 75
HEIT.CD16/CD32 &/ 7 m—F /L4 (BD biosciences Pharmingen #, San
Diego CA) % 1pug/iwell 722 £ 512 AN 4C. 105514 »Fa—va iz,
% L C. FITC-conjugated rat anti-mouse CD8aE / 7 u—F/LHi{& (BD
biosciences Pharmingen #5) % Kt S ¥ 72, WKIZ. Cytofix/Cytoperm kit (BD
biosciences Pharmingen 1) Z AW THIAZEE L., MBEOFEEEZ B L LTz,
B AR @ IFN-y% Phycoerythrin (PE)-conjugated rat anti-mouse IFN-y
£ 7 a—FEiE (BD biosciences Pharmingen 1) # Kt &¥7-, #IEH
IFN-y* CDSHIfaSRI B IE 7 m—Y 4 b A P Y —Z Az,

14. in vivo CTL assay ¥

v U A%HZE LT 1EM%E. in vivo CTL assay #1T> 7, 5uM @ carboxy
fluorescein diacetate succinimidyl ester (CFSE) CTT L LZNEFN DT F
FZ/7 VA LT E . 0.5 uM @ CFSE TT UL LRFF FE/- LR LA
fEkafaE FETORYE, R L~ U RACEHIRES LT, &5 12 FE#%, CFSE
5 UL LI viability 27 v —¥ kA kY —CHIE L. % killing 13
UTORTHE LK,
% 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
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low))/(number of cells in immunized mice (CFSE high))}] x 100

15. Virus Fx L > VEE 39

NRIF RV RY —b%, CpG EA~VR—TE h—FZHELIZY B —
LL LBt TR footpad IZHEE L., 11 BREBFERRICEE L, 1 BERES
D 2 @M%, VV-WT 5% VV-SARS-NSE % 1X 106 PFU/mouse THEH
HIZ#EE Lz, VV#E 5 B, ~ UV AOWEIIEEZREH L, MH LI,
FEVTA AL, 1% FCS, 1 mM MgCl: #&¢e PBS 0.5 mL [Zf&&EE, 3ED
FREBRZIT, VANVRIRE LT, VA NVARIRIE 101~103 fEHRL T, =2~
TN b Eizol BS-C-1 MRARIC 48 RRRERELSH, 0.1% 7 U RZ A F
Ly NTRER, T EEREL., Virus titer & L7z,
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ESUSEE S

BI1%E HCVHSECTL FIJ v bzt b —7OREL
RT7F FREE VR — LU 7 F o ~DiH

1. HLA-A*0201 B HCV BT F FOEET 7 4 =T 4 DHEIE

HLA-A*0201 {Zxt9 % HCV HRARTF R 24 BEOKET 74 =7 1 2. T2
#Bm % VT peptide binding assay 12 TCTi~7z, T2 Mgt TAP 2 &K< 72,
NEWEFRATF FAMRE» D /MaERNIZAD ZERTET, X7F I
& L7 MHC 7 7 2 I BEEFPHREEmICER IR, ZORDY, T2 i
WIEARTF FRFES LTV, REEZR empty MHC class 1 4 F 25K E
WCFEET 5, T2 MBIZAME N b BT T REMZ D & R_RTF FRZ D empty
MHC class [IZfEE L, BERMHC 7 7 X TE&HKRE25, —KRFUKIZHAD
7= HLA-A*0201 $i{&(BB7.2)iZ conformation sensitive T, ~_X7F FOFEE
U722 FE 7 HLA-A*0201 BEBDHRER#T 5, X7 F FOFKEADEND D
IHMERETHE < O HLA-A*0201 BEREZHBESED D, 7a—HA bR b
U —T BB7.2 DR#¥ 2 HLA-A*0201 EEEDE X HIE 3 iE, HLA- A*0201
KT DXTF FOREET 7 4 =T 4 Bboh 5D,

peptide binding assay DR % Table 31277 d, BL50fEIX. == fu—n
DFF K NS3 1585 % A\ 7~ binding assay D HEKRED 50% (half
maximum) 27§ ELZDOXTF RORETHY, X VIE\ BL50 EERTS
F B, BET 74 =T 4 DBNRTF FTH 3B,

FRED . IEL A ED peptide iZHERIFAV HLA- A*0201 & DFEET 7 4 =
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T4 R LIS, BZ HLA-A*0201 L DREET 7 4 =T 4 BHEVWTF ik
Core-132. Core-178., NS4-1666. NS4-1769. NS5-2252 Th 7=, #HiZ. &

WREBAT 74 =T 4R LTI DIZ E1-257 & E2-726 Th o717,

Table 3 Binding affinity of HCV-derived epitopes to

HLA-A*0201 molecules
Peptide BL50 (u M)=* Peptide BL50 (1 M)
Core 35 42.5+3.8 NS3 1406 76.7t15.4
Corel32 27.5+3.6 NS3 1585 49.60.9
Core 178 23.0+2.3 NS4 1666 27.0£7.3
E1220 166.6+34.0 NS4 1671 104.3
E1257 416.4 NS4 1769 28.31+6.9
E1363 130.7£26.1 NS4 1789 45.3*£25
E2 686 156.9£7.8 NS4 1807 1725
E2 726 607.7 NS4 1851 68.8£23.8
E2 728 204.5 NS4 1920 57.1%£9.1
NS3 1073 66.9+:17.0 NS5 1992 37.8+25
NS3 1131 60.3%£6.3 NS5 2145 51.2+14.3
NS3 1169 60.0 NS5 2252 19.8+£6.9

Twenty-four kinds of HCV-derived peptides that had been identified
as CTL epitopes were analyzed for their binding affinity to HLA-A*0201
molecules using TAP-defective T2 cell line. Peptides were serially diluted
at various concentrations for the assay.

2Data are shown as BLA0, indicating a concentration of each
peptide that yields the half-maximal Mean fluorescence intensity (MFI)
of T2 cells pulsed with NS3 1585 as a control peptide.

2. HLA-A*0201 B3 HCV H3EXTFF RO AL EEDORIE

Peptide binding assay TEVVEST 7 4 =7 4 Zn Lz 16 BEORTF R
ZBEALT, XFFRFE MHC 7521 EOFERENES., T2 Mgz AW
complex stability assay 12 THFt L7z, ~X7F FOMHC 7 7 X 1 53 F~DkE
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BREENE T, HIREE LR Sh QO HUROBEREL 729, CTL
EHFRTMBOKENEBI VT 2D EEEXLND, SEIDOERTIT T2 #
faz Fvy, MifaRE LD HLA-A*0201 0 FICERATF REfE S8, BEH
2 HLA-A*0201 EAKROBERE Lz, X7F FOBEREESE T IEE
IE Y, RS THMMRRE LIZ L V£ < O HLA-A*0201 BAIKROTFENTE

WTEDZLITRD,

Table 4 Stability of HLA-A*0201 molecules combined with

HCV-derived peptides
Peptide Stability Peptide Stability
core 35 > 24 hr NS4 1666 2.9%0.3 hr

core 132 36+04hr | NS41769 | 13.4*1.7 hr
core 178 17.7£2.7hr | NS4 1789 > 24 hr

NS3 1073 8.1x0.5hr | NS4 1851 4.8*1.1hr
NS3 1131 5.5£0.5 hr | NS4 1920 2.7+0.2 hr
NS3 1169 9.7t1.8hr | NS51992 | 10.2+0.9 hr
NS3 1406 > 24 hr NS5 2145 2.5£0.1 hr
NS3 1585 > 24 hr NS5 2252 | 11.9%3.6 hr

Sixteen peptides that showed high binding affinity in the
peptide binding assay were evaluated for their halflives (hours)
as peptide-class I complexes at 37°C by complex stability assay
using T?2 cells.

Table 4 IZR &5 & 912, Core-35, NS3-1406, NS3-1585, NS4-1789 D 4
ORI F FTEBEHD 24 BHUEOBEVWMEZ R L, —F., NS4-1666,
NS4-1920. NS5-2145 @ 3 DT F FTENEN 2.9, 2.7, 2.5 B L &N
BERL, UL, MEREELHERT 7 4 =7 « B THEIEMENZ &2
Ly Tr,
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3. HCV Hk= v b — 7R CTL{IEHORIE

51Cr Y U —REEAWL CTL 7 v B2 X 2T, HxOLTF FRFET
% CTL @ killing iEHEZ2 R~ 7=, |

HHD ~ 7 22 HCV ® Core, E1, E2 # VX7 B2 FEBRTHMHPBZT T /
74 A Adex1SR3ST & %5\ iZ, HCV @ NS3, NS4, NS5A ZHH|T 5
Adex1CA3269 ZMERENICH G LT, 2 BE#. MMREZFAK LT
F R CTHRIE L, 18E%. £ 0 0EMEEIC Target Ml TH B 51Cr TT
v L7- RMA-HHD #ifa % , % % 72 Effecter: Target Ratio (E:T Ratio) TIE4& L.
BOBODRTF REML T CTLassay 1T 7= (Fig. 11), = D#E R, Core-132,
E1-257.E1-363, E2-686,E2-726. NS3-1406, NS3-1585, NS4-1666, NS4-1671,
NS4-1769, NS4-1789, NS4-1807, NS4-1920 ® 13 FEN T F K THEW CTL
EERE LN, 2055 NEEEEVWEET 74 =7 « /R LBEERES
7(Table 3), LA L, E1-257 & E2-T26 IZEWHEET 7 4 =T 4 THHIZH
D3 B3 BV CTL &% 7R L 7=(Table 3), —J5 ¢, Core-35, E1-220, E2-728,
NS3-1131, NS5-2145 @ 5 FEEDO T F FiZEW CTLIEMHEE R L2, 20 9
b, E2-728 #R< 4 BETIE, BRVULIE FREOHEAT 74 =T 1 &L
72(Table 3), ZhbDZE kY, =¥ +—7L MHC 75X I DHEAET 7 4=
741k, CTL =¥ b—7ORBEFIEZR D 5 2 TEEER, ThiZJ OfER
TIEEERE LB T RV LR E T,

4. HCV Bi3k= ¥ b — 7R EaGHHARA IFN-y" CD8" T D HIE

HCV BRATF FORBERELZRARD DI, XT7F FRIBIC & o THEEL
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Fig. 11 CTL activities specific for 24 HCV-derived peptides.

Mice were injected with p3XFLAG-IL-12, and then immunized ip. with 5 x 10’ PFU of
either Adex1SR3ST or Adex1CA3269. At 2-3 weeks after the immunization, spleen cells of
Adex1SR3ST-immunized mice and Adex1CA3269-immunized mice were prepared and stimulated
in vitro for 1 week with each peptide derived from HCV structural proteins (Core, E1 and E2), and
non-structural proteins (NS3, NS4 and NS5), respectively. After 1 week, *'Cr-release assays were
performed at various E:T ratios with RMA-HHD cells pulsed with (O) or without (@) a relevant
peptide as targets. The data are representative of one of three independent experiments and are
shown as the mean== SEM of triplicate wells. * Effector: Target ratio (E:T ratio)

S THIREP IFN-y Bt D CD8™ THifa¥ % 7 v —% A b A MU —THIE Lz,
Adex1SR3ST, Adex1CA3269. Adex1IW & ZZhi&E Lz~ v R EiiE$ o
CD8 BBtEflaD 5 b, Mlar IFN-y BiElgDEl & % Table 5127~ L, AIRA
IFN-y BABEEEOE M- T2 2 DOXTF FBELT, Zu—3% A FA MY
—DFER %R LT (Fig 12), Core-132 (6.83 %) & E2-686 (2.36 %) D =2 ND~F
FRT, MW IFNy" CD8" T MRA LI FET IR TX L,

Core-132 & E2-686 %, & bIZHEAT 7 4 =F 4 28 high % 5\ it medium ®
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%7~ L(Table 3), CTLiEHEICBWTH EWMEZE R L7=(Fig. 11), %7-, Core-35
(0.22%), NS3-1073 (0.11%), NS4-1671 (0.17%), NS4-1920 (0.31%), NS5-1992
(0.74%)D 5 DDORTF K TH, LETIEH 5 B3HMA IFN-y" CD8* T #ila%
FES D LK, BY OTF FTR, MIAN IFN-yY CD8' T Mz
WFRZLIITERNOTE,

Table 5 Quantitation of IFN-y-secreting CD8* T cells in
response to each peptide derived from HCV

% of IFN- y (+) % of IFN- vy (+)

Peptide  in CD8 (+) cells Peptide  in CD8 () cells
Mi Me Mi Mec

Core 35 0.22 0.00 NS3 1406 0.02 0.02
Corel32 6.83 0.01 NS3 1585 0.02 0.02
Core 178 0.00 0.03 NS4 1666 0.05 0.02
E1220 0.04 0.01 NS4 1671 0.17 0.05
E1257 0.08 0.03 NS4 1769 0.07 0.01
K1 363 0.08 0.03 NS4 1789 0.02 0.05
E2 686 2.36 0.02 NS4 1807 0.08 0.00
E2 726 0.04 0.00 NS4 1851 0.00 0.01
E2728 0.00 0.04 NS4 1920 0.31 0.04
NS3 1073 0.11 0.02 NS5 1992 0.74 0.02
NS3 1131 0.05 0.02 NS5 2145 0.05 0.03
NS3 1169 0.00 0.09 NS5 2252 0.08 0.02

Spleen cells of mice immunized with Adex1SR3ST or Adex1CA3269 (Mi), or
control mice injected with Adex1w (Mc) were stimulated in vitro with each peptide for
5 hours. Intracellular cytokine staining was then performed by staining for the
antigen-induced intracellular IFN-y and the cell surface CD8 molecule in spleen cells.
Data indicate percentages of intracellular [FN-y positive cells in CD8" cells.
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p3XFLAG-1L-12  p3XFLAG-IL-12

+ Adex1¥ + Adex1SR3ST
LA 0.0/ | 0.01
No ,
peptide ] -
4 0.020 D 6.83
Core- '
132 —
E o.01| F 2.36
E2-
686 —

cD8

Fig. 12 Intracellular [FN-y staining of CD8" T cells in response to
HCV-derived peptides

Mice were injected with p3XFLAG-IL-12 and immunized ip. with 5 x 10’
PFU of either Adexlw (A, C and E) or Adex1SR3ST (B, D and F). One week later,
spleen cells were prepared and cultured with or without (A and B) either Core-132
(C and D) or E2-686 (E and F) for 5 hours. After stimulation, cells were stained for
their surface expression of CD8 (x axis) and intracellular IFN-y (y axis). The values
shown indicate the percentages of CD8" cells that are positive for intracellular
IFN-y.

5. HCV Hk~_7F F® type ¥

INETORRDE L& LT, peptide binding assay (Table 3), CTL assay
(Fig. 11), ICS (Table 5 and Fig. 12)0ERBRFERE b &1, 24 EEOTF K&
6 FED type % L(Table 6). £ FIF v b= b—TICHAYTI0%
A L7z, complex stability assay IZBH L Tik, i assay & OMHBERR LN
RIpoT=DT, SEIDHEEEN LRSI Lic, ¥4 7OSEIIKISTRT&MH4ET

Tol,
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Type 1 AT 74 =7 4, CTLIEH.ICS D=Z2DEBRIZB N TEIWEIEAFE LI,
U7 F DS E LTEE LRI F R,

Type 1 : 32DFT yEA D5 b, ICS DHA Low &R LIZ_RTF K,

Type W :FEET 7 4 =7 4 DEMELFEA ARV, CTL 2R EH LS T
F ¥

Type IV : #ET 7 4 =7 4 « ICS DEISIZ I WA, CTLIEEMENTF |,

Type V i #ET 74 =7 4 DEDHBENRTF K,

Type VI: &7 7 4 =75 1, CTLIEM, ICS 0T _RCOEMNMEL . HFRHEDOENLT
F F,

Type 1 IZ533E &7z Core-132, NS4-1920, NS3-1073, NS4-1671, E2-686

D5 DDRNTF R, AFRTROTCWZ [FIFr b= h—7] LHBL

7eo ETz. Type I, Type IIZHE I N7z 10 HOTF Nid@Ev CTL HHAL

BADHDZ LBghrol, Type NIZHEIN 2 2O_TF FZEL T K

IEOBLNTONVICS IEBWTEEEZRLEZ LD $1FE L CTL25%E T
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Table 6 Classification of HCV-derived, twenty-four CTL epitopes
based on the current data

Type 1 antigens2

Affinity b Lysise ICSd
Peptide (high/medium) (high/medium) (high/medium)  Stability®
Core-132 27.5 40.7 6.81 3.6
NS4-1920 57.1 35.3 0.29 2.7
NS3-1073 66.9 23.6 0.1 8.1
NS4-1671 104.3 75.6 0.16 NT
E2-686 156.9 50.1 2.35 NT
Type II antigens
Affinity Lysis ICS
Peptide (high/medium)  (high/medium) (low/ND) Stability
NS4-1666 27.0 51.2 0.05 29
NS4-1769 28.3 30.7 0.03 13.4
NS4-1789 45.3 47.6 ND 24<
NS3-1585 49.6 38.6 0.02 24<
NS4-1851 68.8 20.5 ND 4.8
NS3-1406 76.7 70.6 ND 24<
E1-363 130.7 36.6 0.06 NT
NS4-1807 1725 53.6 0.06 NT
Type Il antigens
Affinity Lysis ICs
Peptide (low) (high) (low/ND) Stability
E1-257 416.4 62.1 0.05 NT
E2-726 607.7 63.3 ND NT
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Table 6 (Continued)

Type IV antigens

Affinity Lysis ICs
Peptide (high) (low/ND) (medium) Stability
NS5-1992 37.8 8.9 0.71 10.2
Core-35 42,5 ND 0.22 24<

Type V antigens

Affinity Lysis 1Cs

Peptide (high/medium) (low/ND) (low/ND) Stability
NS5-2252 19.8 10.3 0.06 11.9
Core-178 23.0 7.5 ND 17.7
NS5-2145 51.2 ND ND 2.5
NS3-1169 60.0 11.2 ND 9.7
NS3-1131 60.3 ND 0.02 5.5

E1-220 166.6 ND 0.02 NT

Type VI antigen

Affinity Lysis ICs
Peptide (ow) (ND) (ND) Stability
E2-728 204.5 ND ND NT

*Type I: High or Medium in the affinity, High or Medium in the lysis, and High or Medium in the
ICS; Type I1: High or Medium in the affinity, High or Medium in the lysis, and Low in the ICS;
Type III: Low in the affinity, and High in the lysis; Type IV: High in the affinity, Low in the lysis,
and Medium in the ICS; Type V: High or Medium in the affinity, Low in the Lysis, and Low in the
ICS; Type VI: Low in the affinity, the lysis, and ICS

®BL50 in peptide binding assays. High, less than 100 pM; Medium, 100-200 uM; Low, more than
200 pM.

“Percentage of specific lysis of target cells pulsed with each peptide minus percentage of specific
lysis of target cells pulsed with no peptide at an E:T ratio of 150 in CTL assays. High, more than
30%; Medium, 10-30%; Low, less than 10%.

dPercs:ntage of intracellular IFN-y positive cells in CD8" T cells in mice immunized with
Adex1SR3ST or Adex1CA3269 minus that in control mice injected with Adex1w.

High, more than 1.0%; Medium, 0.1-1.0%; Low, less than 0.1%.

“Data of complex stability assays. Very High, more than 24 h; High, 10-24 h; Medium, 5-10 h;
Low, less than 5 h; NT. not tested. ; ND, not detected.
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6. XIF PRSIV AV —AIZE D HCV FEH CTL OFE

24fEDHCVHRARTF RD 5 5 Type L TGS N 20D TF REETe,
#BEA IFN-y" CD8" T #ifa & % < FFE L 7= 3 DT F(Core-132.E2-686.
NS5-1992) # B UH L, Tk VR Y —ARKE LICES S®E, 2L T XTF
FEEVARY —LE~<vURIIHREL, HCV FEM7: CTL OFEL AL, X
TF FEEY R Y — 2~ U ARHARKRE L, 2 8% 51Cr release assay T
CTL OHfaEEEEEZRE Lz, TOMRR, 3 2OXRTF MEEGIARY —A%
BELTITo7% CTL assay DFERIEX, ET ratio 28 150 D & X112 26.5%
(Core-132), 16.4% (E2-686). 13.9% (NS5-1992) & HEICMMESEEEZRL
7= (Fig. 13),

UEo X5, BB HCV =8 b —7OHnE RIF v b b—7%8L
HL, ZhEIV RV —LIEHEE LTI VRARZEESTAZ LI2LY HCV HEY
CTL OHEI T LTz,
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Fig. 13 CTL activities in spleen cells of mice immunized with liposomes
coupled with HCV-derived peptides

Mice were immunized intramuscularly with liposomes coupled with HCV-derived
peptides. Two to three weeks later, spleen cells of the mice were prepared and
stimulated in vitro with each peptide. After one week, 5!Cr-release assays were
performed at various E:T ratios with RMA-HHD cells pulsed with (o) or without (e) a
relevant peptide as targets. * Effector:Target ratio (E:T ratio)
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#IE SARS-CoV RN CTL IZxHT A= h—7DRIE &
RFPF FES YV RY— A2k 5 CTL OFE

1. 2V Pa—XF—2k 5 SARS-CoV H¥( CTL =¥ F—7DTFH|

SARS-CoV IZ oW TiX CTL =¥ h—FRbLFhH LARESH TR, Z0
7o, HCV O X IO b —7 DOHF b FIF v b= b—7%2LH
FTENWHZERTERY, EZTEHEIL, SARS VA NVADXI VA BTV R
SEmOT I BESICBEWT, 9-10EOT I JB»S5R5 CTLZE b—7% 2
BEOa LV Ea—F—T 1/ T A(BIMAS & SYFPEITHI software) TFi#l L7z,
ZLTC, =t b—7OREEOEND D% 8 FIFEU(Table NZNITHY TS
RIF REE LT

TR L e & b —7BEFIC HLA-A*0201 LT DI L Z2RPD DD,
T 2 #f3 % iV T peptide binding assay %17 > 7=(Table 7)., FH L7- 8 FEHD
T h—7" 5% N-113, N-222, N-223, N-317, N-331 CHWEAT 74 =

7 4 (BL50 23 100 M U TF)DB3FoTe, DT Lhb, =8 h—7OTHINHE

THDZ LDBmnoT,

EH1T HCV L FERIC SARS-CoV b, MAMX VA NAEFEoTZE b
DREEERAZT, L L, SARS-CoV ix HCV LIiTE, T TIZTE ML
ZUANATRL, BOTERTILERb o, 72, UANVAITHEARAT
SARS-CoV DT, SARS-CoV BEDAFbEETH o/, £2T, X7
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Table 7 Prediction of SARS-CoV nucleocapsid derived CTL epitopes

on computer softwares and binding affinities of

their peptides to HLA-A*0201 molecules

Name Position Sequence SYFPEITHI= BIMASP BL50(uM)e
N-113  113-122 YLGTGPEASL 98.3 26 25.7+11.2
N-159  159-168 VLQLPQGTTL 309.1 29 235.3+68.7
N-222  222-231 LLLLDRLNQL 69.6 24 52.6+10.5
N-223 223-231 LLLDRLNQL 98.3 20 46.1+4.9

N-227 227-235 RLNQLESKV 36.3 23 165.1+36.6
N-317 317-325 GMSRIGMEV 1267.1 30 72.8+37.7
N-331 331-340 WLTYHGAIKL 50.2 21 90.4+39.2
N-352  352-360  ILLNKHIDA 31.2 19 140.5+44.6

** Eight CTL epitopes derived from SARS-CoV nucleocapsid were predicted using two kinds
of computer softwares, SYFPEITHI and BIMAS.

“Predicted CTL epitopes were evaluated for their binding affinity to HLA-A*0201
molecules using T2 cells. Data are shown as BL50, indicating a concentration of each
peptide that yields the half-maximal MFT of T2 cells pulsed with NS3 1585 as a
control peptide.

VF ATV FRETFH=E h—T707 I ) BESEZ 2 — FT23 NTEET
(Multiepitope Minigene) % {EELI L, ZHEMAAATEHLIZ TF ) U A VA
EOU I =T A VAT S 2 2RRT,

P, FRILE 800 b—T7L, ThEND NKIE, CHRRmICHEETS

50T ODT I ) BE a— N¥ 3 ExF(Multiepitope Minigene) %, 90~100 ¥

#0572 % long oligonucleotides & PCR %> T/EH L7=(Fig.14 A), =t b

—FIBEET B 5 o007 I J B %M Z 7= DX, antigen processing & % T

DZELTHD, #LTED minigene FHAHIAA T, FHILFZZE b—T7%FKH

TOMBERT T /U AN A(ADV-SARS-NSE) .
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(VV-SARS-NSE) Z#{ESL U=, fERI LIl BME T A NV ARZ N BOFBIL,
7 A VA % 293T MR S X, = DM % %% L. western blot 2 TR~ 7=,
ZOFBRRANTREINB L OIT, #o 7 ERENPRERTE~(Fig.14 B),

T T 42 AT AGRAGC TTEASLT  GLL
I e VT L B U e PR
Mo T EE Y P Y YL R TR ML A KL N ¥R
N-113
ECECTAACAACANTCCTOOCACE  CICETACAACSTCCSCIACGRAACMACATIC CCRAMACCES
COEGATTRTTATZACGACCATGE  CACOATCTTGAASCACTTOCTIATTATARY  GOTTTTEC0A
AHN?:AA'L".rl.u-i.Pl.'u'r'ra. ¥or ooy
N-159

TCTALGARACTGULCTORCE  CTATTECTECTRGACIGAT
AGRTECTTTGACOGGAGCST  GATRACGACGATCTGTLTA
¥ 3T AT R L &L 0 TnoL

N-222,-223, 221

CTGETRARBGCCANGCITOTGOATTCTTT  GCAATOTCACGOATTIGACATGCARGTE  ACKCSTT
CACCATTTOIOGTTCGLAGNCCTANGANS,  COUTACAGTGIGTIACCCTACCTICNG  TGTSGAR

G ¥ 60 Q0 A 8 A F F G H 5 8 1 @ N E VW T P 8
N-117
OLCORAACAR  TOACTGACTTATCATARAGICATTAMATIG GATCATARAGATCCACKRATTOANAG
GEECTTGT  ACCOACTOAATAGTACCTCSGTANTT MI" CORCTLTTTCTAGGTTTAAGTTED
a T ¥ LT ¥YH G M I K L D DE D P QQ F X D
N33
hCIL.\CGT" J\TF.C‘TC""G.M\C-ULCC-‘CﬂTTﬂh\"_'EEJl TAC itl'l.‘d’:CA"TC CH TGA LGARTTC
XoAG TATCRCGACTUOTICOTGUARCTGEGT  RIGUTTIGTAAGGET RCT  CITAAG
N~ 1 Lo ¥ K& I8 L & & ¥ K Hoaxop e Koo |
N-352
B WT NiE

Fig. 14 (A) Nucleotide and amino acid sequences of multieptope
minigene encoding eight predicted CTL epitopes derived
from SARS-CoV nucleocapsid
(B) Expression of a protein involving eight predicted CTL epitopes.

293T cells were infected with either wild-type AdV (WT) or AdV-SARS-NSE
(NSE). After 2 days, cell lysates were prepared, separated on a 12% SDS-PAGE gel
and subjected to Western blotting analysis using the anti-FLAG antibody.

3. AdV-SARS-N8E # 512 & % TFN-y* CDSHlA D | &

SARS-CoV X2 VAW 7Y FH¥K CTL =¥ b—7DORED =BT,
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AdV-SARS-N8E C HHD ~ v 2 % %% L IFN-y* CD8* Ml O HIE %47 > 7=,
AdV-SARS-NSE # 5X 108 PFU/mouse T HHD <= 7 A |ZfjElEA#H 5 L 7 B,
v AR RS2 DXTF FTHREMB Lz, 0%, FITC-H# CD8 #ifk:
PE-#1 IFN-y HilE % fUS S8, Th B O v b—FIC BRI ST 5 /A
IFN-y*CD8*#ifa%ts 7 rn—44 + 2 b U —TRIE L7z,

Fig. 15 IR END E 512, FRILEZ 8 2Dt h—7 D T N-222, N-223,
N-227, N317 2% SARS-CoV #E/HIAA [FN-y* CD8* a2 FE T 5 Z & H
T&7z, Fio, N-222 THETE /- IFN-v+ CDSHERaER —F D72 <. N-227
T—HFLZWHERE R T,

WT SARS-NSE WT SARS-NSE

) ) N-113 N-113
C 0.1

SARS-NBE
N-159

A 4

Fig. 15 Intracellular IFN-y staining of CD8* T cells in response to
predicted CTL epitopes derived from SARS-CoV nucleocapsid.

Mice were immunized ip. with 5 x 10* PFU of either wild-type AdV (WT) or
AdV-SARS-NSE (SARS-NBE). One week later, spleen cells were prepared and stimulated with
each of predicted CTL peptides including N-113, N-159, N-222, N-223, N-227, N-317, N-331
and N-352 for 5 hours. After stimulation, cells were stained for their surface expression of CD8
(x axis) and intracellular TFN-y (y axis). The values shown indicate the percentages of CD8"
cells that are positive for intracellular TFN-y.
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4. AdV-SARS-NSE #5112 X 5 CTL ©fBEZEEEGICr release assay)

AdV-SARS-N8E (5x 108 PFU/mouse) THREZ T o 72 2 BERIT~ U AR
B%FEL L, in vitro i23V T SARS-CoV HIEDE 2 DAFHATF FTHIE L
e LT, FIELZEMEEZ- 77 ¥—MELE L, 51Cr TT VLT
RMA-HHD ##ja% % — %'y MEM L LT, #x RHEET ratio) CIEY TH%
L. BEEESTD ICr 2RETDHZ LI2LY CTL EEZRIE L=(Fig. 16),
N-222, N-223, N-227, N317 OHRIZ & T CTL ARG EFENTED b
Nz, ZHiX IFN-y* CD8Hif 2 FE Lo h—T ¢~ T DR L e o T2,

100 100 100
N-113| & N-159 | so
N-222
60 60
40 40 40
20 20 20
wn O 0 ol 0
: W1 100 100 100
2
s © N22T | g N-317
é 60 N-223| e 5
ot
8 40 40 40
ﬁ-‘ 2 20 20
o——=_—3 o——0—a g—g—3
0 o ¥ o
Q\c 16 50 150
100 100
%0 N-331) 4, N-352
40 4
20 K—’-’,ﬁ 20
0 ¥ —9

E:T Ratio *
Fig. 16 1n vitro CTL activities specific for SARS-CoV-derived epitopes
in mice immunized with AdV-SARS-NSE.

Mice were immunized ip. with 5 x 10® PFU of either AdV-SARS-NSE (O) or wild-type
AdV (@®). Two weeks later, spleen cells of the mice were prepared and stimulated in vitro with
each of predicted CTL peptides including N-113, N-159, N-222, N-223, N-227, N-317, N-331
and N-352 for one week. *'Cr-release assays were then performed at various E:T ratios with
RMA-HHD cells pulsed with a relevant peptide as targets. * Effector:Target ratio (E:T ratio)
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5. AAV-SARS-NSE # 512 £ 3 CTL OffifaEEEY (in vivo CTL assay)

in vivo DFEERFR T CTL OMBREEEEZBEIE L7z, ADV-SARS-NSE % 5X
108 PFU/mouse T HHD ~ U X ZfEFEA#HK 5 L. 1 ##[## in vivo CTL assay %
T272,5uM @ CSFE TFZ AV LENENDORTF R TV LIzl L, 0.5
UM @ CSFE T~V LT F FE/7VA LTV RVWHEEZ S ETOEE AdV
THRE LT U RZFHFE LTz, 5 12 FH%. CFSE T~V LMl D%
Zua—H%A rA M) —TRELEZ, FRILE 8 BEONTF FINTTERE
To723, Fig. 17T TITMREEEEEZBOLATF FOBROSLEZR L, Z
DEBRTH,ICS (Fig. 15).51Cr-release assay (Fig. 16) D & & F#EIZ N-222,
N-223, N-227, N-317 THIB L7 HE BV THIRGEEESBO b,

6. AAV-SARS-NSE # 512 & 2 ERFERICES TV P —TDRE

AdV-SARS-NS8E # HHD <= 7 X |[Z# 5 L T{T > 7= .ICS.5!Cr-release assay.
in vivo CTL assay ® 3 DDEBIER% Table 8 1ZF & 7z, Table 8 XV, 4
DORTF F(N-222, N-223, N-227, N-BINTHELL CILAFETE, &
WEEEENRBD ORI, Zhb 4 2OXRTFRE2 b —FL L, %
D55, KT N-223, N-227, N-317 BRI CTL 2 FHE L7z,
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Ad-WT Ad-SARS-NBE

A 45.6 38.5
i ' N-222
N-223
5 87.3 83.0
B
Z
E 17.0
© ‘ ‘ 01 N-227
36.0
58.4 | N—317
P

CSFE

Fig. 17 in vivo CTL activities in mice immunized with AdV-SARS-NS8E.

Mice were immunized ip. with 5 x 10® PFU of either wild-type AdV (Ad-WT) or
AdV-SARS-NS8E . After one week, in vivo CTL assays were then performed. In brief, peptide
(N-222, N-223, N-227 or N-317)-pulsed target cells and non-pulsed target cells were labeled
with 5 pM and 0.5 pM of CSFE, respectively. Equal number of the two types of targets were
then mixed and injected iv. into the immunized mice. After 12 hours, numbers of
peptide-pulsed and non-pulsed target cells in spleen cells of the immunized mice were
examined by flow cytometry. Values in figures indicate % killing showing percentages of
peptide-pulsed target cells with high CSFE in total numbers of peptide-pulsed and non-pulsed
target cells.



Table 8 Summary of results in ICS, in vitro CTL assay, in vivo CTL
assay, and peptide binding assay with mice immunized with
AdV-SARS-NSE.

In vitro CTL Invivo CTL

peptide 1G5 (Cor assay (8P assay (%) Aftinity
N-113 0.3 41 3.9 High
N-159 0.2 4.4 4.4 Medium
N-222 0.9 96.3 45.6 High
N-223 1.8 90.1 87.3 High
N-227 2.8 64.3 50.1 Medium
N-317 1.6 78.8 58.4 High
N-331 0.4 22.5 0.6 High
N-352 0.2 5.2 3.0 Medium

*Values of percentages of intracellular IFN-y* cells in CD8™ T cells.
® Values of % specific lysis at an E:T ratio of 150.
¢ Values of BL50 in peptide binding assays

7. X7F PG U AR Y — L HEIZ K 2PN IFN-y+ CD8* #lig OEIE

KIZ, AAV-SARS-NSE #E-DERIZE YV = h—TL LTRE L 4 DD
7F F(N-222, N-223, N-227, N-3171)% ., U R Y — AIZfEA S B 72 (lip-N-222,
lip-N-223, lip-N-227, lip-N-317), £ LT, TNENRDXTF FEE U RY —
LE AN =T EEESEEV R — 2B LV CpG ZIEE T, HHD
VU RERE LTz, 1ERE, MR L CHBEN IFN-y* CD8+ T Az #|
Ex{To Tz, TORER, Fig. 18 XV, lip-N-223 (Fig. 18 )& 5\ &, lip-N-227
(Fig. 18 K) %% L= & &, MEN IFN-y CD8* T I Z 358+ 5 = L R TX
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Tee —H. lip'N-222 & lip-N-317 THE L L X CTL 2FE T HZ LA T
Ehhol, TORBERITZ. M2 TT ) VA NVATRERZToEREE L IIER
AERThHoT,

Control

Lip -
peptide

Lip -
7| peptide

CD8

Fig. 18 Induction of IFN-y* CD8* T cells in mice by immunization with
surface-linked liposomal peptides derived from SARS-CoV nucleocapsid.

Mice were immunized with each liposomal peptide derived from SARS-CoV nucleocapsid
together with liposomal helper peptide and CpG One week later, spleen cells of the mice were
prepared, and stimulated with each relevant peptide (N-222, N-223, N-227, N-317) for 5 hours.
Cells were then stained for their surface expression of CD8 (x axis) and intracellular IFN-y (y axis).
Values shown indicate the percentages of CD8" cells that are positive for intracellular IFN-y.

8. N-222 » N223 @ Cross-reactivity

Fig. 19 2R Lc X 51, N-222 o7 2 / BREH(ix, N-223 ©7 I/ BREF D
NRIGIZ L(R A ) ERM L b O T, EH0OEFIEE->SFALTH D, #
5T, N-222 IZBL T, 77/ UANRIT LB BB LRTF FiES UV RV —A
WX B5%ETER S ICS OF R’ HELNEEIL, N-222 & N-223 BEERG
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EEILTWIPLTERNNLEEZLL, ZORAZERTHDIT,
Lip-N-222 & Lip-N-223 & Zh € HHD < U X Z5E L TZ O % 7

N-222 : LLLLDRLNQL
N-223 : LLLDRLNQL

Fig. 19 Amino acid sequences of N-222 and N-223 peptides.

B, N-222 & N-223 D2 0DXTF R CENERFFEFRB L T, FHEshd
IFN-y* CD8* M & JIE L7z, T DRER(Fig. 20), Lip'N-223 THRE Lz~ T X
DRI CH(Fig. 20 G-D. N-222 THEAM L7=& & 1.8 % (Fig. 20 D Th,
N-223 THI L7254 2.4% (Fig. 20 D L F#EIZ, IFN-y* CD8* Ml #BiE 5 5
Z L Bbho o T, Lip-N-223 12 X » TH#E & f17- N-223 %25 CTL 25,
cross-reactive I N-222 ¥R Lz & & 2 7=, —F. Lip-N-222 T~ 7 2 %4
L7841 (Fig. 20 D-F), N-222 (Fig. 20E)% & * N-223 (Fig. 20 F)3tiz,
IFN-y* CD8* Ml FHE S5 Z L8 TERMo7z, UEND, N-2221Z=t k
=7 TRRWEER L, TROL MABRIT T ) TA VA TRE LGSR,
PR RSN, EOTE b—7"ThH 5 N-223 IZ L o THE Sz N-223 £
A CTL 25 N-222 % 387#(cross-reactivity) L7z 7z %, ICS TF/&E LR NHEN
e Bbhs,

9. Lip-N-223 R EIZ L D U A )V AHERR

BEbEREL CTL 2FEL2_XTF MiEE U XY — 4, 1ip-N-223 T HHD
v REHEELT2HEBRIC, X7 LA DT K O Multiepitope Minigene %
MBIRAATET 7 =T DA NVAEEF LT 5 BRIZT UV RCHEET D VA VA
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BERE L(Fig. 21), 3EfTo72ERD 55 2 BT, VA VAR ERICHERS
N EEEDLIETHLaY he— MR THEREIZ VA NVZAER S LTEY,
Lip-N223 {2 £ 2 & Az T+45372 SARS-CoVFFER CTLZFHFE L U A LR

PHERLELEZ BN S,
) N-222 N-223
Control
Lip-N-222
Lip-N-223

CD8

Fig. 20 Spleen cells of mice immunized with surface-linked liposomal
N-223 peptide recognize N-222 peptide as well as N-223 peptide.
Mice were immunized with either liposomal N-222 (Lip-222) or liposomal N-223
(Lip-223) along with liposomal helper peptide and CpG. One week later, spleen cells of mice
were stimulated with either N-222 or N-223 peptide, and stained for their surface expression of
CD8 (x axis) and intracellular IFN-y (y axis). Values shown indicate the percentages of CD§"
cells that are positive for intracellular [FN-y.
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VV titer (log10)

VV-WT  VV-N

Fig. 21 Resistance to infection with vaccinia virus expressing N-223
peptide in mice immunized with liposomal N-223 peptide.

Mice were immunized twice with liposomal N-223 peptide along with liposomal helper
peptide and CpG.. Two weeks after the last immunization, mice were challenged with 1 x 10°
PFU of either wild-type vaccinia virus (VV-WT) or vaccinia virus expressing predicted CTL
epitopes derived from SARS-CoV nucleocapsid (VV-N) including N-223. Mice were then
sacrificed 5 days after challenge, and viral titers in ovaries were measured by standard plaque
assays. All titrations were performed in duplicates, and PFU per mouse is shown in the figure.
ND: not detected
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BE

A NABIEICH LT, 5FTRLDOT I FUBBERE SN, BREBEICK
BB LU, BERMRRDFE LT, RREXD T oD, RABEIL, KR
BUANVAZE > TRBZABEET, EEERPIBEDTE, 1798 FIZ FU—
RV —BRBEY 75 BER)EHFE L. Tk, 2ORIEN
2bNB LI, FNEEIC, WHO IXRAEARMEHE & £k L 7oAt
1977 FECRBOBENY < ) 7 TRAELTLE, #Ek LT BEFERHRLN
2 7pot, FLT, 3EEZKZB LT 1980 iz, WHO IXBHEES 27 LT,
ZORMEEESRS LZEEIZ, D b FUSOBERRNI & 2) B
BoENRNZ L, 3) UANVADERPDINZ L, 4) RENEERE 2L, R
ENRFETbND, LnLedb, HIV BIYWER T A VAERF R E D, BaHE
DIBHERFE 7 A L ZRGER, SARS U A v 7 A= FICREENS &
HRFEBRYYEIL., TNODOFEEHE L TWRNWED, REROT 7 FIET
AR, FRY 7 F U OBRBEPERICEEN TV D, FITUANAVRE
RICBLTiX FW%E%%@I&#%U&%/MU‘T ERTDFTHTET, LY
BRI CTL 2FETE U 7 FUICERBNEE > T3,

ABFFETiE, HCV & SARS-CoV D 2D T A VAIZHER L, CTLFHER D
RIF REGVR Y —LEGRALEZT 7 F U OfI8EREKBEE UTEREIT
272, CTL I EWARTF RN APCIZ L W HIUFIR R SN D Z & THE SN B B8,
RIF NEEREEECEET SO TR CTL #5# 45 2 L ix &2, CTL %
FET DI, RALDPDT P any VEMXBULETHD, AHETHNWE
UYRY—AIE, TEDOTTVany MARBRHDZ ERERINTWS 89, Fiz,
T N=TThHDBT7F FEKIHRERENED THO D, BEREREN

49



TE =T THAFI TV I TR RLTERTIZEBBO CERER
ZLThB,

FIF v b=t h—70O%&HFIZ, 1) EEOEV CTL (high avidity CTL) %
FETEXHZEEN)., BEW, 2 2o b —78EN CTL 2EKFHETE
HTE(BH), THELEZDLND, KREBRTIT-o7, peptide binding assay
L complex stability assay iX. £ Ei, X7FF FBEMHC 7 7 R I 5 FITHE
&% 357 7 4 =7 1 (association rate) & peptide-MHC class I complex DZ%E
P (dissociation rate) ZHIET 5, BN\T 7 4 =T 4 L R Z YU T 4 13E NI,
RAEMEOBEVWRIF v bt b—TIIESEOEETH D, £7-. CTL assay
T, FE 7z CTL O, = b—7 /KRR killing JEEOR S 2R 5,
Lo T, FIFr b= h—THEDOHEZL 2D, &b, MIEA IFNy
A CD8* T MRS OBIE TIE, =8 b—7RHENICEEIENTIFNy 2E
A 5WT 5 CTL OFZEREETE D, £z, CTL »oaWshd IFN-y I,
ERNTOTANVARIZBOTEREREEZRITLEIDON TV, BEX
D AEBRTIT o 72 4 DD FEBR(peptide binding assay. complex stability assay .
CTL assay. #HfaP IFN-yEE4A CD8* T MRS ORIE) CEVVEE R T h—
TEHAFRETRDOTND FIF U F2E —TThHBEE XD,

AHFFETIE, BEFID HCV B3k CTL =& h—7 24 FEfH %, Affinity, CTL
assay, ICS OERER LY 6 2D type CHFE LT, 24FBHEOTF KDY L
-z SN 15 HDOXTF KT high 5 id medium @ CTL &% R
L7z, LirL, V~VIZHEENTZEY 9 2OXRTF N, HCV RO =B b
—7L L TARKRX ETRED N b D TH DI bbb ¥, CTL RKit%
FETDHZ LN TERIoR, —F, B\ CTL EHEFEELZ TR LE 16 Ao~
TFRDSH, 1 L TXGEEINZ IBEOTF FTCMHC 7 7R 1 &DT 7
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A =T A BBV ERHNoT, £, CTL iEEERE R 21V~VIO 9 &
DRFFRDHS L VEVIZHGELE 8D, ®WEET 74 =7 4 &R LT
INLORRLY, XTF RORBEFRELZRDS 52T, ~FF e MHC 7
FAIPBLFEET A LITEEER, TNETOBRCTRERELHET 2
IR +GTHD I EBRRBREINT,

AEBRTIT, HERENLRERMEL ORBEIZL bR R P oT, BET 74
=T ADENZE h—TDHEEFAROT, BWMELWZXEL, FOox b b—
THbHIBREOREMENRHDDNE LNRY, 24BOE MDD 5, m
CTLIEMZR Lz b—T7L, ENETNOZY b—TIC X > THFE I
BaN IFN-y* CD8+ MifaDEIE OfERIZ. LT LbMHEEEZ RIS R0 o7, IFN-y
REATHHCVERY CTLA, HCVOZ U TSV ACEETHS O 2L %
EZBHE, INLEFOFERNBEV, typel OTEM—FRRIF v bzt b
—SELEZXDHZENTED,

AHFFRTIL, SARS VA NVADR 7 VA I 7Y FEBRIZBONT, 320
—7ORIEICETI Lz, Zhvb 320 h—FX, in vivoivitro CTL assay
TEWEEZT L, MIEA IFN-y* CD8* M EEE b E o7z, 72, MHC
IIARALEDREET 74=T4bE FIF UV M M—TFTHBLEEZ DN
5, LinL, DZF L LTHRBLLAETHIIE, LVZE D0 v —7T
SRR TERLT, X7 LA 7Y REiTRI0D SARS-CoV & v 37 B
IZBWTEH725 SARS-CoV = b—7DRENRBETH D LEZX TV,

—fRIZ, VA NVAD CTL = M= 2FET DT, VA NVAEREBEORE
MY o NEREZDRBERDTVANVABURETHD, LML, SARS DHEE.
T A N ARG R RS SARS-CoV DAFERAHETH o7, £72.SARS-CoV
TbbAA, UANVAEEKDNA TY b, Biosafety Level (BSL) 3 &\ 95 %4
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OBV TEREZITORITIZR 62, £Z T, KRBFFETIE, SARS-CoV
D=t h—FREEIZIV T, Multiepitope Minigene # IR T A X TT /
TA VAL hOMHC Ths HLA-A*0201 ZFEHY 5 RKISHEOE W HHD <
DRAEERA L, Thbb, ZOUVANVAERERSE HHD <~V AD Y U3
B, BEBEORMBMY N EROREFL LTHVWE, Zhizk Y, Ak BSL3
TITHR TIREWIT2WEERRY, BSL 2 O TERETHIZLENTES LD
I ofe, AR TIE, ZOMAEZ VANV A ZERL SARS-CoV DTt h—
T 3 ORETHI LIS L, ZDZ &2k Y, Multiepitope Minigene
ERBRTIMAME VA NVARL HHD v~ UV RAZAVWET Y h—7REEIL, #
BOBMIIE CREEOEN A VADTE b —FERET B, RRhOHHAR
FLWHEEEZDND, Ll &AEBICIZ. SARS-CoV Db DEMERL
T, BELETE b—7TUANVZPERPITOND DM, EREZTINETDH
B

AMETERLEXTF FEE YR Y —2iE, BeEREL, ¥ IgE O
AEFELRNEWVWIFEEZFERFELTEY ., TBREERV I FUERMTH D,
LAL, RIF REEY RY — 2 0BMRETIX, 35 CTLFEE LR b2
Mofe, £ZT, TLRO DY HY FTHB CpG 27 Vv b LTAHNT,
CTL OFEITEI LTz, ZD & 9 i, BRI REREEFKCZFHFET 5121, TLR
ERET DR EDBRAEEFE AT I LBRETHLIZ L broT,
CpG 7% TLR-9 IZFB@ SN2 &, BRRMREBEEILSh, ZIrbEELESHD
IL-12, IFN-y 2812 &Y Thl RISHBFHFESH S, Lo L, CpG i, EROE
RTHEEEOBRTCHEANTE T, IP0OZL2R TIR Y VY FERLHTLE
DB, Nagata b WB{Tole, kxR T Vay MNEET TOXRTF NEEY
R Y — A0 CTLIEMALEES) 2wt L7 EBRTiX. Poly (I:C) (TLR3-V &> K)
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. CpG, Flagellin ® 3 2T CTL ZFHFETHZ LIZMELTWAD, TV
2NV PELTHERBOBRERLIEZDIZ CpG Tholz, AFFEETIIT Vo
F& LT CpG ZAVEHIZ, Th MEZEEET 5~V N—2 B b —T7HkD
RIFRERBE LR -2 2AVDZLICk VRIS CTLEFET S Z
ENTET, ZO~V—x B b—TX, Hepatitis B virus (HBV)® Core # >
NIBHEET D, 7 AD MHC class 1 53 FTd 5 H-2Kb fRED T &° b —
TThD, Lo T, ERIZBRTTF NEEV 7 F U 2ERT 561,
t FOERHRANNAN—ZE F=TERTBERD D, VI FrOREEIZON
THREEIT o7, BEERN, Bk, #E. RTERERXRESITYRY —4
ERE L., CTL OFEREL LT, HARNICRE LTRSS CTLIXHE &
23, footpad EDPFBHIFE L CTL ZFHE LT,

SEIOHFET, XTF G RY — 22 AVEHE, HBH7F FTiE=
Eh—7ThoThH CTLAFEINRNZ LB DI o7z, N-31TI1X, 7T/ ¥
ANATHREBEREN CTL ZFET D20 b—TThIH, ThEEAL
72U R Y — A CTL 2FETE o= (Fig. 18), Ziit, SHBOTF Rig
BIVRY =DV 7 FUrEREICATT, ELODTEERMETHD, XTF
FHiEE Y R Y — A1 Cross presentation 12 k- THIFREE TIN5, Cross
presentation DFE., HAHTE b—TDHEEIL. BEVTTF FCIIHEETS)
EMES, 2D N RIBOEBEDOT IV BRBBETHD Z LB DhroTND 4D,
N-317 IZBWT, XTF FEE VR Y — B EMBBRXT T ) A NVA LT CTL
DHFERBICENRONTDE, TOZERREROTHARNPLEZ TV,
Cross presentation D A = X MIEEIL- & Y &iTbho TWRWA, Direct
presentation DAV =XLEHB LN ZNEZHEAL TN Z &L, FF
FEE VR Y — b2 ERET 2 ODEELRBETH S,
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AR T, &b CTLHHEBOE o= Lip-N-228 LAV T YA VA F ¥ L
VURBRET o, AERTIL. SEIT 2T VA NVAF ¥ L VBT 2ET
FEILTANVAFTHREN, D 1 ETHOUVAAVARBS LT, Z0ovA
NWAF % L VERTHRE LHURIZ, CTLHEREEZFE 29I >OT7T I /B b
RBENRTF R THDHED, TOEF XLV LV IV=T UL VRO
BRIZ, VI V=T VA NVAOFRHREREELTVD LITB LY, Z0F ¥
VIVVEROKERIZEY ., k. RIFFERVRY —LEFHY 7 FUIH
ATEDHREMEERT I LN TE, 5%, MONLDHFETIHRY 7 F - OF
BEEEZFARIMLERDD L LHIT, VIFUEDAEY —CTL 220V T b G
TRETHD, £, AR THWEZ U A VAT Multiepitope Minigene % %
Ry BHMAMEZ T I V=T TANATHBD, ¥k, BRUVANVZAZDHD
ERVWTERTILERD D,

AHFETIE, FIFU b= =72 RHLRTF FEEY A —24D CTL
FEOFMEEL TR LIz, o, XRTIFFRERIRY — LTIV XERET DT
LIZRY, UANREPRTHZLICHIILI, Z0Z &id C BFRBLT
SARS IZxt¥ 5. EMAEER CTLHEA Y KXY — AT 7 F L ORIBUI R X 25T
EEZHb Ll &b, EPDORMRILRBIECHISATE 2WRBEEZRL
lEEZOR, HRCHFEOLTHbDEEDRS,
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Eifa3

AELRXERICHEY . BR2B THEL V& E LRI RERKER
Bi% M BWELCEEHBELET,

AW, BERERICH Y . BERICTHRENEE 0V, BEERKER
EYFBERZER BHF BRIGECEIEHROEEZRLET, £/, BILL
Wizh, BEITEIC EWZEEE Lo, SEERREMAYSHEHT K
B RMESELE, WEEE TR BERAEZIUDLTE. MAEYEHEORELS
RS EHELET,

HELRICER. BEmXBERICHLY . ZRRDIBNDENTZEVIZRAKRE
IPERERIR AL FBEDOERICRBILE R L ETEY,

AFFRICEELEMA L, HHD <V X2 HE L TN W27 T VR « RRY
—/VIFZEET Lemonnier i MAMZ T 7 ) YA VR EHE L T REWE
SRYERFZERT B L, 112 BHT T2 FEEEL TWEEVWERRE
Bk BAEL, <FF FEAYBRY — 2R L TOI 720 = E LRI
FFT NHE FHELICRHBELET,

AFCOMERL., BHICEE L, A2 JHE L CHEEZA Y % LIDRFERER
PR A WSE. FEE BHE EEEEICLIVEBHBRLET,
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