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< AMHC 7 < A1& f32-microglobulin (32-m) %
J w277 kL7~ v A (C57BL/6 background) I,
v s MHC 7 5 A1D—DTdh % HLA-A*0201 (HLA-A2)
L B2-mBIETZEALI NS VAT 22w IRy
ZMHHD= Y )P %2l L7z. HHDR I RIZT TV A »
ISR — JURFSST « Lemonnier i+ X b fit 5. X N 7z,
RBHE

3ODMIEITIETEREB Uz, QPR TF K50 ng%x
ANJUS—=THIFATZ E s — 7 X7'F K HBVcorel128-140
(NH2-TPPAYRPPNAPIL-COOH) * 100 ng & Hic”
O Y MRZERTVaNYFERAL, ZTORERK
R EICHES LE @QXTF ReRE/KELEY R
V—150 ul (RS F R&E<35 ng &) %2 CpG 5 pg &
H\Z footpad IC TEST L7z, @ HCV #id % > 737 Core,
El, E27%Z% 819 2 B RBRIHIRZ 77 /U A )V X
(Adex1SR3ST) Ic K B0 L, fuyE~ ™ XD CTLIE M
B &K CIFN-y FE 4 K O I 5E (Intracellular cytokine
staining) I DWW TIZBEIC RS L7z,
HBZ DI ZTIAIVRICKDF v L IRER

HCV Core, Core-E1, E2, NS3, NS4Z%&¥¥8]
THRMMA T 72 =79 A ) ZADVERIEBEIC S
U729 = A 12 A VA% 2 X 10°PFU ip.
Fy LI, 5HRICINEZERIL, ZTOREI 2—
kDA )V A EEBS-C-1 a7z vz 79— 7k
FiIcKoERLTE.
IFN- y ELISPOT assay

PURR T F IR EIC KL UTIFN-y Z 4T %
Mg E &L, IFN-y ELISPOT set (BD Pharmingen,
San Diego, CA) ZZFH\\Ciro 7=
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FEMAREREE X W Z A LIS K BT 1 1V AVERF Df#ERE
PFUREHEEAY RV — LT I7F 2 OHF T A IV A
%h 9 7%, lymphocytic choriomeningitis virus (LCMV)
IV R =T RTF REHOTHRH LR, VRY—L
REAEEFIC K OPURRTF RHEROHE L 13 Hix S
GIEEM A RT T EHBIREINED. ZTTHCVY 7
F > ORFMEICH 20, 14FEEORHIOHCY CTL
epitope (A2-1~14, £DICDWVT, O70A 2 AR5
BTV aNY Mg, @QVRY LI 7T,
OfIRZ T T /I A )V AERIC K B 5%, D3 DML
BB BHA) CTLIEM A, & B) IFN-y FEAEFE,
D2 DDFPEFRESN Rz Ll U Tz, F5HR 72 K USRI,
QE@QDFERIIZTNTNT L —LBOMIFTT, A:
*'Crrelease assay, B :ELISPOT (IFN-y) IZ DWW TR
LTH%. OQRBBITHEFR Y OFRT, FTE =718
NEFBHCV R VNI BB 227 7 /oA
AR ER =T RICEITFSA), B) OKRSHE,
ZOMEDHABDEICE DI~ VD5 HEE GE101:
WCEHID IC I THRRL TV 5.

TNERFELHTHRTHAB L, ML =TT
£®, @, ODWIHLETRIGHKEL HES T LW
5. FlZIEA2-530 & @DHIEIETIXA, BIEIIK
JEMRSNZDICH L, @ ()R — L% TIEAD
B HE5N%. A2-75QLQ@DRIEEETA, B
WKRISHEBNED, TBE5IEO (JRY —LGE)
TIEXA, BOWTHICEWTERERISHRD 5N
Mmolz. A2-8l3@EL@MWIETA, BILIIKIGH RS
NZBZOIHL, OTIFADIANELBHENT. — )
A2-11 £ A2-12I3 QDL TA, BRICKIENHA S
N3H, OTIZAORND, ZTLTRTIEBDOHHEL
RHENTNS.

D EDORRZHICORER & LN S & BIRZE .
K1CTIFA2-1~14DETOXRTF RIZDNTE@
DN, ThbbYRY—LGEEifTolzxw R
KL, ZTNZFNOTE b—TZRET ZHRZY
GV ZTIOAINWATF Y LY IERET-. KT
37055, A2-5~A2-7, A2-8, A2-11, A2-12
DEDDFERDIHRLTH D (HDIDD VY KV — L
T FE, WENEGEEEIRNED 5N
Mmotz). URY— LSS LIzA2-8, A2-11, A2-12

*®1.

HCV-derived peptides used in this study.

Name Restriction Derivation Residues Sequence (Ref.) Type®
A2-1 HLA-A*0201 Core 35-44 YLLPRRGPRL v
A2-2 HLA-A*0201 Core 132-140 DLMGYIPLV I
A2-3 HLA-A*0201 Core 178-187 LLALLSCLTV \%
A2-4 HLA-A*0201 El 257-266 QLRRHIDLLV I
A2-5 HLA-A*0201 E2 686-694 ALSTGLIHL I
A2-6 HLA-A*0201 E2 726-734 LLFLLLADA III
A2-7 HLA-A*0201 NS3 1073-1081 CINGVCWTV I
A2-8 HLA-A*0201 NS3 1406-1415 KLVALGINAV I
A2-9 HLA-A*0201 NS3 1585-1593 YLVAYQATV I
A2-10 HLA-A*0201 NS4A 1671-1680 VLAALAAYCL I
A2-11  HLA-A*0201 NS4B 1807-1816 LLFNILGGWV I
A2-12 HLA-A*0201 NS4B 1851-1859 ILAGYGAGV I
A2-13  HLA-A*0201 NS4B 1920-1928 WMNRLIAFA I
A2-14  HLA-A*0201 NS5A 1992-2000 VLSDFKTWL v

*Classification of HCV-derived CTL epitopes determined in our previous study [5]. Type I: High or

medium in the affinity, high or medium in the lysis, and high or medium in the intracellular cytokine

staining (ICS) for IFN-y. Type II: High or medium in the affinity, high or medium in the lysis, and low or
ND in the ICS. Type III: Low in the affinity, and high in the lysis. Type IV: High in the affinity, low or ND

in the lysis, and medium in the ICS. Type V: High or medium in the affinity, low or ND in the lysis, and
low or ND in the ICS. Type VI: Low in the affinity, ND in the lysis and ICS. ND, not detected.
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B h RIS MG EE A E TIE R <, IFN-y &
4% 7 £ D Non-cytolytic mechanismic &K% & DT
a0 EHERIE N7z,

COHENZIEZRT %720, L-A2-12505E < 7 A g
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7OV ZREHAIIS s L, E/T ratio =30 1 1T10.1% D
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1. 14FiOHCV CTL epitope X TF RDZNZFUCTDONT, 2MHEDMIELE (OXRTF RET70A Y MARZERT Y 23 k
EREUTE FE  IKEODN—; @QXTF RV Ry — LKA L, CpG &I FiE @ BHtad/N—) THHDR v
AL, MG L. (A) *'Crrelease assay. E/T ratio = 50, (B) ELISPOT (IFN-y ) assay. 3 % H D552 (@
HCVZ VT RBHB A T 7/ A )V ABE) I % CTLFAE L IFN- y FE O R OHI A EDEIET ~ VO 5 FEkHE
WAL T & B DIITRLTHS (E1BH). (O @DV RY—LuExfi>/zHHD< Y Zic, Lz
b—=TEGBHCV R IS ZRET ZHMA T IV 2T I INWATF v LI, BES HEDOINEFOY 1)V A&
ZRIE LTz, A2-5,7,8,11, 12D5FFHICDOVWTDHRLTH 5. sFRIFHHBES (200 PFU/ovary) Z/R L TV 5.
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TOFURDE LTI h—=TXRTF RE2HNS
T, TOMMDEREERICREIES0IC
BRERFIERZH, C hA\OILHEEZ S L, F
FEOHLAYZ 5 A1R A I Ul cE9, s
DOXRTF REBELTTIFVEERL, ZThEE
ALlLAEFNE, Z2=2NN—Y )Lt Lid kbR,
ZNCHLHREE L TR YN D T2E6H 50
ZD—iEHVNUE, TTIKAEMEIE v =TS
FNTVNE, ZNODPIEIRREE T o XX

NTHLAY 5 X175 FICIRRENZ AN D 5.
EBRPUREXHEE S RY — LT 7 F iF, Cross-

presentation & W\ 9 A Z A LIC KD, WHIZYZ T X
M HURTR RIS D 2N 1k, 75 AT
B> TCDSTHIlZFAEET 2 2 EMEEHE N
TV " ZZ THCVOIEME % > 737 T 5 NS3
(aa. 1027-1658) D 5 E Dhelicase domain (aa 1193-1658)
M5 aa. 1243-1458 Doy 725 HCV cDNA & #5751 &
LU CPCRTHIEL, ¥l 75 X X RpBEn-SBP-SET1a
DYy a—= T EAIHHARAATS. KIGE BL21 2 B
Bz U, IPTGEIMA RBFERITS &, HEK
1D S PUA L G T % ~30 KN RO HBIANEE
HoNTz (K3A B). TOFRIEZ N7 & Streptavidin
binding peptide ) i &5 L T\ % D T, Streptavidin-
beads b FEG S HETHITZ T DN TE 5. Tlmidhi
DFEHR, NS3X 7 3EEEFEIC X O KIGEE D 5
AYAME R 2287 & U CHIHETBE T, Streptavidin-beads
EAE 1%, biotinZz BB KBIEE D /Ny T 7 — TR
HEND T EMERTET (K30). BIfEChZz KiE
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10 T
E/Tratio:  (30:1) 3:1) (0:1)
2. VIRV — LG A2-12 605~ Z AN A2-12 7

Y T HIIPRIC & B VV-NS4 BRI, B 5 AT =
VT L— b D 1)U THHD HRERESFMIERK 1 < 10°
fEIC VV-NS47% 200 PFU &S E &, 7 ¢ )L 2 —0D Rl
FURARTF R TR U 7= TRIRakR 1 X 10 iz hnzx 2 H
MEL, RHEFHEEOREY XA —FD YAV AR
7% BS-C-1fifld7z Ve 75— Z i THllE Lz
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3. HCV NAS3 2a.1243-1458 Z#HAAATE T T A I KT
B R U Tz KB O SDS-PSGE (A) & Western
blotting (B). O3 IPTG iRhnfg ORI #iH
FiARIEHTHCV NS3E / 7 a—F Uik, MAB8691 7%
fEH L7z, (O EEiE#L ﬁ.j(ﬂ%%@i/ﬁwﬁ@ﬁ?ﬁ
(ppt), I 7% (suo), Streptavidin beads\ f5 & % X
HEEEAF 2Ny 77— T Ltﬁmm (L),
T S GIBRE /Ny 7 7 — T U fe AR (HS) @
Western blotting.
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TEEL, VRV —LIHELTZEDT IF IR DH|
EZIT O MR D TN 5.
Tim- 3 -hig DI - 5

ETIV T X TORFEN R Z R U Tz C RIS MR %
BBET 7 F0F, VRY —LEHICHFHEXTF R
T, IR O 1D TH % PD-1 & PD-L10D
MEERZ 79y 73 25 PD-L1HiAERGT
CETHMREDHITB N TE. CRIBERF A
BURY &3 BB A )V R IERSE TIE T OFRRER D
11 Galectin-9/ Tim-3 F¥ & & 5 L T\ 5 T & OV
ENTWV3E*). CORKEEKT DO T &
LT, Tim37%t hIgG % > /87 O Fc fEIEKER 5 & @l
G LI TY VNERAIIERRIC IR X, Protein-G T
L, ZhEYRY—LICHEEE5 T &Iic L.
<7 ATim-3 cDNAZPCRTHIE L, HHT T X
R pFUSE-hIgGle3-Fcl D 7 10— = 7 NI LA A
AT BIEEBOMEZ 75 A 3 R 7% B #llfakk NS-1
IS X 7 273> L TCTim-3-hlg DFH &R A
W53,

z =

CTLFAER T 7 F 1%, A IV RICX>TaA—R
INBRUINTETHNZ, T4 )R FOREH
JRDRIE 5T, WEHZ IR T TEIFEE R V87T
LR E LT L TZF I e RIF L, &
Wt B 2 W IZ I O FERR 2175 T L W ATRET
H5. ULt ZOBHEN (ZE b—7) 128-10 D
TI/BHhERBRXTFRTHETLEEH50ED
DHEKE LT, TNHPUREZRDOWM LN TV
Y7 1)U A, HIV, HCV, HBV& ZIic & GWICIERN
TBHRENTES. L LZDIERERT D1 DMK
YUz Ri LIRS % L v S iGN TH B
ZEMD, TUF T K DMK - EERFEE & VS I
ERDEC 2D TR RV EVIFENDODETE L
TW5. BEBGEZIROE 5 1DODIERET & LT
R T MR 5 PEAE E N5 IFN-y R TNF-a 72 &
DY A N HA K BT A )V ABE5ERH] GEAapE
A 77 = X I : Non-cytolytic mechanism) & f£{£9 %
c &M, LCMV, HBV, HCVA & DU DNT T —
EWRENTVWB O, UL LZDX S I fapE
ANZALZEFELUTHEL, A1)V REYZ [
T25E9BTIFUFTNETITHED V. A
RTRE CHFEXRTF RTE, VRY—LEmES
WX D, MofEk b d ik s 2= — 7 iR
DREINZ T EZRLED, Z01DE0LT, iR
RTF R K> TRIEMERERA =X LzF e L
THELTHVAINWANRZHRIET 2L DONDH % T
ENRMEN Tz, BHEC OWREN MRS %729, $i
IEN-y ik Z HOWT O 7 F U8Rz 71wy 79 %6
Ba7%, invitro, invivo DA 51T/R>TWVW5. TD

FHEDHEAT ENNIE, BRI EYYE OB IS
ITREBICRERFNE RS T EREEVW VL E R
bns.

KT F 2 2ERSHIGED T 585 1DD ATy
T LUTHOHATZHCVZ VN7 OFB - FEEL,
URY = LEHICHEE TS &0 S AR D R T
7T, FTEHRIOFENHEEK K5 DT, HW
228D R EIE R OIEFAE R TS 20, FE
BICERZE U DA Z IR S 2 0 EAD 5. PUEK
e UTHEEATZHCV NS3Z 2R 7 3 a[vaME 2 > 8%
EUTHE - BT EMNIEFICEH LY. 22 TR
WigETlX, ThETICE AR 87 & UTHE -
FEROMEND % 8657 (aa.1243-1458) #53ETF, FEHAN
72— LTEAEMERBICTRAMZ SN TS
pBEn-SBP-SETlaZ# A 72. Z DR, FREKGHEZ

FALPES 2 DB TRIAMEREI IS HIN & 27827 i
INENB T EMMERTE (X3C). S5kks5E % )
B UINTFEGY RY — LT 7 F 2 OFRHIERITS
LT, BOHCV R V87 OFEH - FEELR D T
Tz,

BE

1) Taneichi M, Ishida H, Kajino K, et al. Antigen
chemically coupled to the surface of liposomes
are cross-presented to CD8" T cells and
induce potent antitumor immunity. J Immunol
2006;177(4):2324-30.

2) Takagi A, Matsui M, Ohno S, et al. Highly efficient
antiviral CD8" T-cell induction by peptides coupled
to the surfaces of liposomes. Clin Vaccine Immunol
2009;16(10):1383-92.

3) Pascolo S, Bervas N, Ure JM, Smith AG,
Lemonnier FA, Perarnau B. HLA-A2.1-restricted
education and cytolytic activity of CD8(+) T
lymphocytes from beta2 microglobulin (beta
2m) HLA-A2.1 monochain transgenic H-2Db
beta 2m double knockout mice. J] Exp Med
1997;185(12):2043-51.

4) Milich DR, Hughes JL, McLachlan A, Thornton GB,
Moriarty A. Hepatitis B synthetic immunogen
comprised of nucleocapsid T-cell sites and an
envelope B-cell epitope. Proc Natl Acad Sci USA
1988;85(5):1610-4.

5 Ohno S, Moriya O, Yoshimoto T, Hayashi H,
Akatsuka T, Matsui M. Immunogenic variation
between multiple HLA-A*0201-restricted, Hepatitis C
Virus-derived epitopes for cytotoxic T lymphocytes.
Viral Immunol 2006;19(3):458-67.

6) Moriya O, Matsui M, Osorio M, et al. Induction of
hepatitis C virus-specific cytotoxic T lymphocytes



6 TR

in mice by immunization with dendritic cells treated
with an anthrax toxin fusion protein. Vaccine
2001;20(5-6):789-96.

7) Tanaka Y, Taneichi M, Kasai M, Kakiuchi T,
Uchida T. Liposome-coupled antigens are
internalized by antigen-presenting cells via
pinocytosis and cross-presented to CD8" T cells.
PLoS One 2010;5(12):e15225.

8) Golden-Mason L, Palmer BE, Kassam N, et al.
Negative immune regulator Tim-3 is overexpressed
on T cells in hepatitis C virus infection and its
blockade rescues dysfunctional CD4+ and CD8+ T
cells. ] Virol 2009;83(18):9122-30.

9) McMahan RH, Golden-Mason L, Nishimura MI, et
al. Tim-3 expression on PD-1+ HCV-specific human
CTLs is associated with viral persistence, and its
blockade restores hepatocyte-directed in vitro
cytotoxicity. J Clin Invest 2010;120(12):4546-57.

10)Jo ], Aichele U, Kersting N, et al. Analysis of CD8(+)
T-cell-mediated inhibition of hepatitis C virus
replication using a novel immunological model.
Gastroenterology 2009;136(4):1391-401.

11) Guidotti LG, Borrow P, Hobbs MV, et al. Viral cross
talk: intracellular inactivation of the hepatitis B virus
during an unrelated viral infection of the liver. Proc
Natl Acad Sci USA 1996;93(10):4589-94.

AR ) A b

E:3%

1) Takagi A, Kobayashi N, Taneichi M, Uchida T,
Akatsuka T. Coupling to the surface of liposomes
alters the immunogenicity of hepatitis C virus-
derived peptides and confers sterile immunity.
Biochem Biophys Res Commun 2012;430(1):183-9.

2) Horiuchi Y, Takagi A, Kobavashi N, Moriya O,
Tsutsumi T, Moriya K, Koike K, Akatsuka T. The
effect of the infectious dose and the presence of
HCV core gene on mouse intrahepatic CD8 T-cells.
Submitted for Hepatology Research.

Bk, i

FRER

1) Takagi A, Kobayashi N, Horiuchi Y, Moriya O,
Akatsuka T, Tsutsumi T, Koike K, Taneichi M,
Uchida T. Successful immunotherapy of chronic
HCV infection model mice with liposomes coupled
with a non-immunogenic HCV peptide and anti-
PD-L1 antibody, 19" International Symposium on
Hepatitis C Virus & Related Viruses, Oct 5-9, 2012,
Venice, Italy

2) Horiuchi Y, Takagi A, Kobayashi N, Moriya O,
Tsutsumi T, Koike K and Akatsuka T, The effect
of the infectious dose and the presence of HCV
core gene on mouse intrahepatic CD8 T-cell, 19™
International Symposium on Hepatitis C Virus &
Related Viruses, Oct 5-9, 2012, Venice, Italy

3 EARM, AKX, ADMEER, FEE, REERE,
SRR, NRE, FETRAE, NHEEH. JERE
JZPEHCV 2R T'F R & H1PD-L1 Hikfi &V K
V—LI 0 F N KBEECHFRET IV T X
DFPERE, 5560 A HAR T A )V A2 Pl tE =,
20124F11 A 13-15H, KB

4) BARRE, WAK, DMEER, FEE, REERE,
R, NRE, METRK T, NEEH KR
Y HCV HRAR T'F R & 41 PD-L1 fifk#E &5V R
V—LI 0 F N KZEECHFRET IV T X
DIBERNE, FHI6EHAT 7 F V2R AMER,
2012411 17-18 H, Hif

5) Takagi A, Kobayashi N, Horiuchi Y, Moriya O,
Akatsuka T, Tsutsumi T, Koike K, Taneichi M,
Uchida T. Successful immunotherapy of chronic
HCV infection model mice with liposomes coupled
with a non-immunogenic HCV peptide and anti-
PD-L1 antibody, 241 [a] H 4 9 ¥ % 2=, 2012 4F
12H5-7H, =

6) Horiuchi Y, Takagi A, Kobayvashi N, Moriya O,
Tsutsumi T, Koike K and Akatsuka T. The effect of
the infectious dose and the presence of HCV core
gene on mouse intrahepatic CD8 T-cell, 53 41 [5] H 7K
WA, 2012412 H 5-7TH, M

© 2013 The Medical Society of Saitama Medical University

http://www.saitama-med.ac.jp/jsms/



