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L) EBEENREWES b, BEBOBEEIZITS
N o IZEITPABZ DL  PREEESPRER
R ECHo TWAHHT, BERENOHFRPHFRIL
K&V, HAHWiE, BEFHRFHEL LTOHRFD
BEoTWh, REFEEIVADE 4DEEELED
NTALWVHE, BELRYFS FIZEEEEL L CIdMEL
ENTWRVONEIRTDH 5, @Y% BERAER & a8
WFED# 0 K LIC X 2 BHERARIL D Wi DS A g
BEORBOLEDND L, AT, FICRTF Y
7 F VEEICDOWTOIRRIZDOWT, s ORRERE F
MR 5B o

42 PADEEBEEICDONT

DA D FIEREDOESIZEEIC 19 HEr 5 H o 72,
EH7 HIERARBEITHBEICEET S & PFADPE
X BBENHH I LIZEITVT Wi, FIhbEF
72 Coley’s vaccine (toxin) ix. BFICIIATADES
BHEERED, REZRTANON oz, 72,
WA REINTIEDSHH, BREHEIERI S, Th
WZIEBEHLLREDEG L TWD, 1967 £ T AICIE,
BAMBO BRBHEOMEDN 2 SNTWD, FHTH
SN AKEP SR AMIE T EHICLT 1A

(K@)

O~TF K75 F L Bk

A, 10 518, 100 F{E. 1,000 F ., 1EEEL Z0 &
EDOFTIIBHELIER, ETFAOBETH 1 HE
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BETEIFILALBHEIRLT LI E0bhroiz, &
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1991 412 Boon 512 & . & M DEERVP VA%
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VNI HEEEINDE, TROICHRTAERTF N
AHLA 7 7 A 15 FICHEE L CHIROERICHER L
CD8* B ENM T MM (37— THIME. CTL) 282
NoEHEH L CEEE S, PSAMBEERET S L
) AN RXLNHFIET 5o BIEE TIZ, fR4 2SAFE
PR B L ORTF FoFE S, R CERRHER
PHED SN T WD, BIMEITA K LT [Provenge]
LS BRI DS FDA IR S NEEEIC o 72
B FOMIZ D DD D 3 FERRABR TORERME
L|EEINTWDL, —F T, BETFEHESADT
T FUFEETH DL, REEENPLI VAN TH S
DRBADERTFHRLFHTH L LEZ LN, IER
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\ (OPZhv-))

NTF RERRT D
PAMEEHET S
Y INERPIEZ B,

B1 RTFRITTFREDAHZ X LOBIEE



BAHT NTFFUIFUHRE

BAZFHT HERIRE Z LTI L,
421 NRTF KT FHEED proof of concept
(POC) ,

RFF R FUEEICL ) PAMBEREET S
ANZAL%BEZTHLE, RTFFEYIF L EL
TREOEMNICERT L L, BRDT Y7V A
fo (BEIRMIAE) BWE O HLA 2T F FARD, 20
B UNEICBEI LT, V) VIR T F F e B
BRRMAEC X o TRl 21072 % 5 — T Hifa (CTL)
HEMEAL L, WA, MFEICHE-> TRTF F% HLA &
HIZERR L TV B AMREE HEST 25, R7F K%
RARLTORVEFMRIIEBELRVWEW) BHTRS
CEDTELRVWEMLZERKETHS (F1), #I
9L, RAFFYZF LY, MBEFICRTFF
BEM CTL 278 L T, # O CTL 2VEE A A D%
OFIZEELZVEY IFAMBOBE, v2bbE
RERIIEZ Y LR, B, RTFFT7F
BEBRICIMBEFIIRTF FEEN CTL B2 208

70F
#BEH
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NRTFF
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hOEE °
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NTF R

I EHIZED CTL DSEBEH A ORI O F 127
TLPE)PEIEET LI & ZFD, KEED “proof
of concept (POC) " THH., TNTHERI o Tz
T IUEERRSI R IR Z 21305 v,
4.2.2 Glypican-3 (GPC3) XTF KT U F
CORKRSE I HHRBROBE

A THEATIFMAEATA 33 Bl 2 TR ICERR S T HIR
BrERLL. 1 H0REE% 0.3, 1,3, 10, 30mg D 5
BRFE L. 2AMBEIC3H. £HEDOKER. BERB
LUBZEMOEWNICIFA LEE VY 3 v 8H|
%, BEWRERELAFLHAERZHE LTS L,
BB, EFHKEOZOHD ) HLITHET L —BEM
DEHFLIZ 27 B (82%) RO HN, H b 2BITiT—
BEORFEORE. 1 5IE—BEOEEOEL%E
ROz, BHITSTECTLL LSBT, 95 38CLL
A BUIA S NI TS — BT, BEF O
BB Lo e ESTEOAEEIL 33 BlEBIc /S,
B 6 BICIIBREDORENHY, 70y I by (FA

79F1H 77F2M0
®T2:8% #T2B%

6 441
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ey vivo-P132-2 GPC3-Dex
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0 10
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CD8 APC-A CD8 APC-A

HIV-
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A exvivo-P132-2 HIV-Dex

F2 ~NT7FRI7IVFUKBRERBORBMARNTF FEEEN CTL OBH
DD 2 BORTF RUIFUT 10° O GPC3 R TIF RISEN CTL KBS N/EHEICH D,
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CD8x200 fEfi2

CD8x200

M3 NTFRITIFLHOEEANICCDSBMENDFS — THIESZEEE (OKSHR)

Sy o A) 7 =ARF L. FERSEEDERE
DERIITO LN o772, T2, Grade 3 DJiFHEEE
% (AST. ALT. TBil) % 4 BlIZFED A5 wih
LWNADHEEIZL LD LHBT SN, Dk, &t
WCBWTIEMER W EEZ bz,

3361 301 (91%) IZEKEMFP T F FEERPY
CTL OEEOE M B KB &N (K2), #DHEEITHR
SEREEICHEMLTBY . REFNUSLERS N
7o THITRY 7 F Y BOBHEOERET V., )
5L 56ITY 7 F UHIOBESENICIZEEL T iho iz
CD8 D ¥ 5 — THIRLY 7 F L HBOEENIZE
BERELTWABLEETE, (H3), AXTFF
77 F UEED POC B LNz EEZ T,

BRBRIZDOVWTIE, SEOT Y F o H5#H1 5 A
# @ CT & RECIST version 1.0 TOEHMiTi&, 33 Fld
1B PR. 18 BIASSD (SD LL E59.4%) T 13 %X
PD. 1BliZNE (FHMECTET) TH . 5HICIEEE
Ao, —HEEOHE/N2 EOFRRADED 617z,
TTP Ml 3.4 » A, £EFFHM OS FRIEIF 9 #»
ATHo7,

£33 610D GPC3 X7 F FEEEA CTLEME L 0S D
SRR ERE TS L, MEICEEZMEA (p=0.031)
DTz EHIC0S HEETIE, GPC3 T F N
A CTLIEME 50 DL EEEIL 12.2 % B .50 RiGEIL 84 »
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<. GPC3 X7F NHEEM T ML O &R 50 Dl L
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 [E] NCI @ Rosenberg SA 5 i&. 2004 £ @ Nature
Medicine IZASA 7 7 F @ Review & LT, 440 FlH
CR. PR @ response rate i3 722 2.6% Th o7z &
BL2H, 2O L3200 EFOKERFEELTLH
FICRY . RTF R 7T ETIEEITA AT E
BRI LI naS, AR R < S T
HMOEREDOTMREMIEH ). BRETFHICOEN LT
HiEd b, FofkA RREWHSFICHT 24D
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NCI AT 2 F D Review 440 Bl OZERFTIT DT 2.6%
NN WT1 R7F F EBHBEREER., 2MERERIR, FATA ., WA
RS 2 & CTHYME. GEM &R CHEDSAIZERD
MIBEKR Y NRAEV2BRTF R EATRIBE B DS A TEZDH
AEARK  T—F—A—FPARTFF FEHIFPA. KBEFA. BREE. BERSA TERH.
BV IRASATHER
WEEK CA9 R7F F B0 A TREDOERNE
iinpN KOC1l. RNF43, TOMM34, KBEITA TEYH 7
VEGFR1. VEGFR2 @ 5 f&3H D
NSF R
IWFEXR  TTK. LY6K (URLC10). IMP-3 EEHA TEZE 8
(KOC1) » 3FEFHD T F F
HEEK  MPHOSPH1, DEPDC1 @ X 7 JERLASA TOHEELE 9
FF
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L) BAD T DY TEL, BRSABRERD
BAWCESETHZ D TE, BROBEHERICRNIC
EBEMTEBLbDEEZLDL, RTF NI ZFFIVE
R T E  —RDEFEBR TD TELEETDH 5,
SBTRENSBEIEIC L o T, PLAsAHERICHE
TELDVAGEYRECEZDURESSHY . BED
QOL DK EIZL > TORELRBREERLTIDOLEE
Rbe TRFTLEBZRITENITRVBN— FLIEELN
B BB A EDANRTF T 7 F UEFENEE LT
ARENDLZ LR HIF L2,
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MAU<FA TIZ19684EICHOU VI H
KEOBERAREL 7 EIUCLDBERIN
o, RO R—ANIC 201 @O I/UL ~
BOMBERBESE, MLE—LEZHAND
EE 3T & CREESERDBREFIMT
THREWERG TS, ~NUX v MNTF201 1
DUV MERICHIET 278 (4~ 18mm) Bt
B, UL MEEN SHRETDHYTERER
BB | EErh iy (CAIRB ARSI NG, BRENTE
75 T LB RBBEDARBENTRETHD, B
[F—ERG TRENT TS 5. REREEFED
(BRE 0.5mMmMUT) lEedICERMAY RT
L—LEEESCCVEEL, COTL—L%E
Ny MCBERURET D, —DOESRT
THNEHRD, FEHEDESEERTTS
E)BROTBRDRBH T #ED T & HVETRE
Thd. BUEECRHEETDICENEETH
0, JU—LAEBEEEICERINICEYEE LA
BRI EEDD. e, RS
DIHEDHIC, CTH MRIEHgEE RIS
bETEECENERDTVL.

BocmUTOSEBRIEEE L BILES, M
FE (MERIRSE) BERBEREED. 25
DREREREEE T DEN CORIIC AT
88 CH B DRRINES RSN TH D ER
EICHEETEERNETHD. FBEETR
SHEEEHNICRE T DT ETHh, BEES
DRVEHEEIEEL S REETDS. #
WMOEIE EOHIRD SHRECIISATER
W ABURFTA TIFBRERD I RS FIFHREIC
BISETRETH DD, DHETAELBDKE
MHEBIERETEDSHNTD.

BT, BEOREEZBAVTEEOMEHS
BERCSHEODAREEEFADERYRT A
P, UZFP v oEBREORY hP—AICEES
TBRY AT LAEHFEDLE YA IN—F (D
HEDYRT LA THENMBEHREFETS &
DogEsisofe.

(EEEEAN)

3) REEA

HE kB E malignant melanoma (MM) 1%, £
BEEOBVEETH L0, IRILTEER
EREEFET LI LI YV EEEELHECX
%5 (K39). AENTOEEEHRICEERMER
Mk CD8 Bt o Mifa &4 THik (CTL) o3
B FFLINVES—HM, FF2INFFT—T
MR EEDHY, CTLOENE L5 EEHED
BEARBEINTWS, RIEEEE, REIREE
E L SEIRERECSTONS (R 13).

a) BB E S

T4 A URRERIERNIC & A REHEE
R, BEINERZHW:zu 75y, BIRERERE,
JEERIECL AT F VEERERTY.

() UA bhA VEE EYEE)

MMIE, 4% —7z0vhEDFL4 vHL4 Y
WCREEHERD S, bPETHREREL LTiThh
TW5B IFN-FIZDWTIE, MR mBEEDE (245
H) hEesBanhiwn,

RBELHEETAENT, Bl VIITERE
KRB EEHEBEALRE AL T, v —1
4% (IL) ¥ GM-CSF2EHETH 5. KEET
FEBFZERT (NCD) <iE, IL-20kE#%E (725 U/
kg, SERRIME) fTbhTw5. #ETH MMICH
TARBEOEERIL13%TH LY. ZoiEFh
IL-7, IL-12, IL-15, IL-21 %2 &% 4 v 4 v,
HBHVIITA DAL VEETREFRBENITD
NTE BFETEIINLDFA b AL VIFE
BREHTEZL, FECHMTH L0, ZHERE
AL EE L v, IL2H&5 EIbERETERL T
79 W LFEEDO LI A YV HFEET 5.

(@) MRS EN R

MMEE»OREESNBERES LT, gp-
100% MART-1ICREEN B X T F4 MERY
EH? %, MAGE#® NY-ESO-1% X0 EH
B0, BRHRHAER BEENEERERR Y
RRZENTBY, TRHLOEBHRPRTTFF, b
LWITEZRTFEHWT, @ vivod B \VE in vitro
THERENGELEL2FET LI LIS T,
BEEEHEE b-67. BEHECSL X, EEHM
BTOFHEIFINBELNTWSE 2D, BIERA®D %
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DC : dendritic cell, Th1 : T helper 1, NK : natural killer, NKT : natural killer T, CTL : cytotoxic T lymphocyte

£13 BUEBEGEICHTIREES

Eb@]%g/i -
fﬁﬁiﬁ']ﬁr L
FERTF R, EB.E DNA
- ﬁik‘ﬁﬂﬂ@ﬁzﬁ '
B mﬁmm+mﬁm7§h aE DNA

o R + ETERRY .
EEMECRDTIF IBE : *ﬂ
TR, RE Eﬁ‘f* PDT (iuﬁﬂ%ﬂ'] %)
L BE ;
'f;F%ﬁ%EUQFJ
e eI "5
"):LI\/ by
i %yavb E
SERIES

&, —RER e ALEEEIEIC R T, BEDO QOL%
BOoDITHEL TS, LiL, RT7F FOBKE,
MHCHHED 72, BEO HLAIWK L o TIEE
IZ RO WEFIDFELET S I TIT,
MHCHEMMEEZ BOLRERTF FHRAFBINT

w5, R7F FIIEBRPEECRMTHE L
2, BEIN-RERELHATIRET=F )
VINBEZTHLIENFRLELTCHITTOoNS
P, TNETOLEOBRBEERETHE, N
TF FREEMTIX, in vivo CHEESNEHE
PR THERRIC X 2 BN AL ERIEE 72
FEEEHICE S W — AHE N,

bRETIE, EREXICBWT, EKLan-
gerhans fllfE 2 FLEIRRMAL L LCHHT 28K
7T PS5 PERIRRERE LTiThh/. 2o
BRREBRICB W T, 256 0ETH MM EAEIC
LT, HLA-A™0201 ® MART-1 &, A*2402
7 MAGE-2, -3, gpl00, tyrosinase DFLIF 7 F
R ORI BER T o7 5, —ERO IR CIEE
/B L OFHRE ORI 2 & ORISR RO
bh, Ty Y7 Th CTLOFENHERTE
THEY, SBOBEFPHEESNS Y.
PESENREREOREEL LT, EEk
BT AHERBEEKT R MECHTFRIETOIF
A, PRI X B B THEOFER D
Fohs, 29 LMEE2ERTRL, HokiE
LR OBRIZ D IINERN TV S,
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(3) Bk EE

&b M R HERRM T 2 BRI & v
THEGEREZFET 5. K MEIREEOBIR
MRZREL, in vitro CRRERESRTF I
BXWVALT, TVanvy ey, Jv
NEIRREA~ETIHES T 5. BRI 0T
&, 7I3AFy 7 EEMS CDI4MaA 5 IL-
4R GM-CSF 2 DY 4 v 4 VEET T .
BERHIRZL X 2 EERE QR AALPEN T T
FOFI4 IV, BXUBIRMEOBREERD
FICRE &, BB REh TS BLe
107 E OB R ERE L, 2~3BELIED
By (274 MEREREEOERE] 28B). oh
T TR P T b 626 B OBHIREILEE DB
BEREBOELDIZL B E, CR+ PRIZFI%,
SDZEDBHEMNN%THY, HEEKIZY V3

HRRS LN, B THES OBEREIEIRAR
EDZNI Y IENTEBY, ~VS—HELHE
ZLBEPHRALZVEL Y IERLTW: F72
REEZSY VTR, BEEBHREEELD D
IFN-y EAMROREO LW ERE L HEL T
YALR
(4) BERICLDTITF VEE

MM ZEEE - ETEBIFS . REERELR Y
ﬁ%)iﬁ@b:'fftr»*%l,’??‘w%’?"b:ﬂbf B
MRS BRI E, BEENT 2 EOBE EH
FRYEEE, v /f WA X BIEEEHRE o 23R
BR2EEREICL Y, EERENSSEERE
DEWEZR T, INOHOBREEME H5Wid
o ORI Z TR ICEIREZ EAT
5 EIEoT, in vivo BN R E H % 4
PHIRBICEL) A F ¥, BN LNEERENSE
ZHELT, DPEIIZBWTDBEEREBENENT
w5,

b) ZEIREEL

TR IE B (adoptive cell transfer : ACT)
RIS, U UNEREELE ERT.
B A /EFREEX (adoptive cell trans-
fer : ACT)

MMIZX L1980 R 5T LN TV B FET
HBHY, BE KEZEBEZAE TS, ACT

G000 D0AN0ACO0QBOCN0O0O0000S000600000O6QC@CECOCDOC0ON600OQGE6

X, BEPST 72—V ATERY B LRI
Y USERRBEREY V8% (TIL) %, IL-27%
EDOY A M A4 VEETTERE, 503 vitro
THEHNEZMZA2ZLICL), HFEIhLER
Y ¥ k2 BEANICET. KRENCITIE,
ERMEAEREICH LT, MART-1 A2
FHFRMES X U gpl00 A2~ 7 FHIEM: T #ik
L7y — 2 BETFEALUKRMIIMY v o5k A
Wz ACT 24ToTHY, ThENOERFEIL 30
%L19%TH 5.

PUES I 2 ¥ 5 5 B iE Lo —o
Th5HHEE THIEZRSSEEHHT, Treg
DORIERHIFL & 72 5 1) YV SEKBRE 21T S FEFER
ENTHY, ACTIHHTES. YrukrRy
7TINETNT TR EDEHIEBIEEREN
HIHT LB % denileukin diftitox (ONTAK®) o #
5, H50VIEEEHEEL LORLEE2ITo729
2T, REDIL-2L & HIZTILZ#BAT S ACT
WEDEEMMIZHRL, 49~79% w5 Xbd
TEVWEHESLONTYE9 (254 [HEH
iR L TR~ OBLY A BHR).

(RE=F)

(P257T4) HT-EE L HTFERIBE] ~EL)

COCeCORQQ0OLOCOOOCUECEOBOCSEDOOECOROTOOCDO GO

EMNAREZSNERRRNS YRR

T D VEER, FERBON A, RE,
SSMIERIEIES (T3 T BRRBIADEE, T4,
PN, BRI BADRES LTH
RN, SR ARIE S U CEERHED
BENTVD. BHBEEEREEA S
BTHD, ERHICBEIRMMTON TS,

BIRMIREDAICIE, 1) BTOABE) UL
WRRESE, 2) ATHE UL SRR,
3) BAEREREEN G D, OECESERD
B @)\ THEOTYF VY, OBFRSHE

0. HENEERREES/1 253



RADTSAIDIRESB LU FACS HHTIC KD

AR OREE =R

OATHRNTF B/ blﬁﬁﬁ’ﬁﬂiﬂﬁgiﬁ
REUBBRABARECNTOLENES,

HLA-DNA% A 2 T DFERICEKD, WT1(Wilms'

tumorl, HLA-A* 2402535 HLA-A*0201)

NRTF R VA U A EARET T 2.

O F8l, 10—X5~7E&ULT, 2BECT X
107 /B0 RmRERNEETD. O
BB, MBS U CEDIREIC 1~BKEDOK-
ABR2ZEH/RE5TD.

@ REENEHR - BEEE, WTIXRTF K2
BUBETIE) WTT 5 SNSI—8IR, (1Y
-7 1OV yERREDELISpot 847, Th1/
Tha [\ A%Z#ER5h] - BOKRICKDITS.

@ BEMRE ULTIE, AER - BOAETRER
Z&CT, MR, PETRSESEEGRHEZRN
TRECISTAAA RSA VICHEWVTHET 5.

@ Z2HDFME UTE, BEERIDFMEZE
(NCI-CTCAE-JCOG) /JSCOGHIER AR (T ¢
S5H, BHRMEREEDBRTTIE 80% LI DS
TRIIRCER 2BRRZRD, 0K-432(C
KBDEBDIHRICHOND. BUHEEETIE
&%@Eﬁib‘%ﬁ%iﬂéﬁﬂb@a

_‘ ;,ﬁ’ﬁﬂlﬂﬂﬁ'ﬁwa%zﬁ

M&E@EhBUéﬁ&ﬁ@$£®EM@@
30% EMETNTLDN, FEACKDLESS
£, QOLOWECDVWTERSNT BDHERD DY,
BHRMBIDEEE RS, HAREFSHIE
THOEELREEND. WT1XTF RO,
MAGE-A4/Survivin AU \—RTF REfRLE
BRI EEDREN NS,

1) Nagayama H et al : Results of a phase I clinical
study using autologous tumour lysate-pulsed
monocyte~derived mature dendritic cell

vaccinations for stage IVmalignant melanoma
patients combined with low dose interleukin-2.
Melanoma Research 13 : 521-530, 2003

2) Okamoto M et al : Mechanism of anticancer host
response induced by OK-432, a streptococcal
preparation, mediated by phagocytosis and Toll-
like receptor 4 signaling. ] Immunother 29 : 78-
86, 2006

3) Figdor CG et al : Dendritic cell immunotherapy :
mapping the way. Nat Med 10 : 475-480, 2004

4) Engell-Noerregaard L et al : Review of clinical
studies on dendritic cell-based vaccination of
patients with malignant melanoma : assessment of
correlation between clinical response and vaccine
parameters. Cancer Immunol Immunother 58 : 1-
14, 2009

5) Cheever MA et al : The prioritization of cancer
antigens: a national cancer institute pilot project
for the acceleration of translational research. Clin
Cancer Res 15 : 5323-5337, 2009

7

ENAREEN KEEF

NADORNBEICBWTIE, DAMEE BEHR
B, SRERMEREEN, Bl WIFHEEIERIC
K0T, EIHEIREEDLDETEEDIC, B
ERFPEEFEEYEREZN LT, FEOAKE
BRUEHEDIENE - GB(CRDDDD. BHT
P, EEFENTHECEIAMRROBTE - #EeHD
HOEREUT, SEETHE (Treg) EDIH
SN EMEECLDIREFHEMEESNTL
d. TregDIFNC, REESFEERKER &
BEESEINEI MR, BEEEY IO r—IRE
BHISNTED, DFRFEOEBIEND.

CD4 + CDES“‘gh foxPB + @Treg {a* % *r%
SEERICELHDDD, BERBERDORIE
CBEVWTHEFELKREZRCT. GITR+,
CTLAA+EEDT T /94 TERL, BEEEE
BE(MM) [CBWTH, BEEEU > Gk (TIL) @
rhiciatand V. &, FEEENREEAC
Lo THEINDTEBRESNTND.

I. #RSIEEREEEE/1 255



Tregld, EESENTHEOENE - EElbz
0H UBBIEEESI5ED, FURERMREDRR
PULERS L CHIRIRREEEISIL, 7 —DT
MEO7FY—ZHFETHFELT, EREITD
HVERH([CHBIFDREMBZONTLED.

2. RESEFEENEE L
ROENEHRRER RS L;Z'%[l b?ﬂtb\éﬁ
WHREIE, S FEX FBIE T CHNE R e A
HEL, RRESFERIAMER (tolerogenic
dendritic cell : TDC) &MEND. TDCIlE, Y
A bAAVPCTLAA, LFA-1BEEZN UTER
FEHREEZERL, MRSENTHREORED,
FTA—=TTHROFFI—DFEE, TregDFFEE -
BIEICHD DD, MMICBWTIE, BrFx/)LU
> )\EiTplasmacytoid DCHEE(CHEHEIND
CERHESINTHD, TDCEULTHBELTL
DHEEED G .

3. BEERTENEEE

BB RRIME 4 (myeloid- denved sup-
pressor cell : MDSC) |&, TNFa™ TGF 83,
IL-B7x&(C kD, Immature myeloid cell (ImC)
MOFEESND. CD14+ Lin-HLA-DR-Z7R U,
arginase, ROS, ONOO-, NO&EWoTlziE ks
RZEEEL, YIFTIVEEBRS (JAK3, STATD)
P MHC class- T HIRHE], U/ ERO7 R b—
DAFE, PURREEN TS S HIH RS
BEERT CEDD, FiEERBEREZDIHIFTL
BEHRIND.

EEREY o7 7— (tumor-associated
macrophage : TAM) (&, EBHRICEBHLTWV
HNYOO77—IDD5, EEMEPANO—Y
DEX£T D M-CSF, CCL2, CCLEY, IL-6, IL-
10[E&K>TU U II— SR INDIM25 A
JRoO77—ITHD. TAMIE, HERTE
EPMEBBEDREICLD, BEEDERZBT
%9, BEATE TAMICERNESFI—H—
[FFEELEVD, MMERBTICHLHDCDE8

BIEAREARHTSNSZENS, MMIZBWLWTH
TAM B ERTRIRZEINHEICEE S U TS EREEN
HRIND. TAMEREZERICHULT, IL-10%
M+ L7272 polarization, =4 —JT#ia 7 F
J—FEBETOIED, DCORMEBRTEELE
HHg 5.

HIRD &K D HHIFINSERRESEHT T &
(& BEEEOHISTMMODBESEEEZZD
SATHEDHTEETHD. UTDLIEFE
HERETNTVD.

1) U )RR

Treg ZEASEDEMNT, Treg DHIERMMIES
HBDUVIEBRENMTOND. SRS RE
HEIBTALE® denileukin diftitox (ONTAK®) @
#5, HHIVEEERFREEDRINEBE S RE
L2 5EEIahEETREEE (ACT)
BRINTHD, KENCIHIBWCIE, BEMM
[CHU, YOO0RRATPIRETIVISEVICEK
DELESESHEIL-26HACTZSREL, 43
Bl AGIDCREST 21 4 (49%) [CE=anUTe.
THIC, 200cGy DEHREHREST (TBI) D
IWBEHEFEDLEDCEICKD, TBIFAEICEKD
256 24 DCREZE = T 134 (52 %),
1.,200cGyDTBIHRICKD 254647 FID CR
w0 1861 (72%) [C&=L, ULHABCRD 13
BDSHE 126 TlIFCREHFHEN 180575 A
B, DOCRIFREETE L, OO TENER
827 EHFTNBP
2) CTLA-4A FUAESE

REESDFE(CHDDDCTLA-4AETOY
9 DE/oO—F )L (ipilimumab) BED
BEEREBRDESH HNTWVD. TDS5B, KENC
TlF, VEAOMMIZXUT, ipilimumab & gp100
RT7FROAVER—3 > T12.5%, ipili-
mumab EEAZE IL-2 DHET 22% DZEH=RM
Bo5nik®. B U <tremelimumabz ALz
CTLA-AAEED T+ U AXEMD Ander-
sONBE L I—P AU T F IV P RKEIFETHITD
NT10~25% [CEHML, ZOMRF2EL L

256

R
1



BHELTLD ERETN TS S,

3) SEDRE

N M SRR DS FRFEOFEBEICADE
T, HFEHREY RNATFHIC &2 HEniase
(5D EHIFEND. (LAY FENRE
BOBDICIE RZFZTDLSICTreg®
MDSC =& LTTh] ¥4 JOREEERT S
2=#78D P, LLAYIEYDESCMDSC DI
MEMETZ DI E, s SEmEEsEY
BREEER DERINMRETNTLS.

1) Wang HY et al : Tumor-specific human CD4 +
regulatory T cells and their ligands : implications
for immunotherapy. Immunity 20 : 107-118, 2004

2) Gerlini G et al : Plasmacytoid dendritic cells
represent a major dendritic cell subset in sentinel
lymph nodes of melanoma patients and accumulate
in metastatic nodes. Clin Immunol 125 : 184-193,
2007

3) Coffelt SB et al : Tumor-associated macrophages :
effectors of angiogenesis and tumor progression.
Biochim Biophys Acta 1796 : 11~18, 2009

4) Rosenberg SA et al : Adoptive cell therapy for the
treatment of patients with metastatic melanoma.
Curr Opin Immunol 21 ¢ 233-240, 2009

5) Ribas A : Anti-CTLA4 Antibody Clinical Trials in
Melanoma. Update Cancer Ther 2 : 133-139, 2007

6) Camacho LH et al : Phase I /1 trial of tremelimu-
mab in patients with metastatic melanoma. J Clin
Oncol 27 : 1075-1081, 2009

7) Ribas A, et al : Dendritic cell vaccination
combined with CTLA4 blockade in patients with
metastatic melanoma. Clin Cancer Res 15 : 6267~
6276, 2009

8) Ko JS et al : Sunitinib mediates reversal of
myeloid~derived suppressor cell accumulation in
renal cell carcinoma patients. Clin Cancer Res 15 :
2148-2157, 2009

9) Finke JH et al : Sunitinib reverses type-1 immune
suppression and decreases T-regulatory cells in
renal cell carcinoma patients. Clin Cancer Res 14 :
6674-6682, 2008

10) Suzuki E et al : Gemcitabine selectively eliminates
splenic Gr-1 +/CD11b + myeloid suppressor cells
in tumor-bearing animals and enhances antitumor
immune activity. Clin Cancer Res 11 ; 6713-6721,
2005

0000V PRUOLOEOOOOCOCCOOCOCOCROOEOEOCODOCOC S

OAVODOBOOO6O000VODODOCO0HOCBODGO OSSO EOGONHNOOBOO000OESOEGOO0E0O00OCEO0CODHHNOONDOHOGOOIVANGOLBONEEHOOGQESO0O00B00O0O0OLD0

O ETHENEREDRE
4) HFEBE LD TIEEE

a) BAEBEDHTFES (M40)
EHEAIETIIEEET O NRAS, BRAF,
KITOERSR, EWHl#EET CDKN2A, PTEN
DORNEEALH DD 6N, T2, cyclin D1, CDK4
7 EOMFLHIE B ST 2 BET OBIESA S0
Y. INSOERONY - VIIEREREDORK
X DERS. NRASEERTRTCOFRDE
HEAEDI10~20%I258D b b, BRAF #E
TEERIRERRABRECHSEERED2/3
BELHEEECARBESN, ChbomRMoBEaE
DEHMW R EETEETHS. BRAFEEDQ
%IXIFV600DF VY I VEER T 7)) VICEL
5 V60OEZEETH Y, RaABEHZEFEWICIENE
IELTZDOTH O MEK B & O ERK 21/
5. ERKIZHREATE S 0BG FZ2) VB
45 & EDBIT, cyclin D174 SR BETE 2 B
THEAOEEREEIT S, —F, BiEEa
B, NERaE BEUHETFREGMETIEBRAF
FEOEERLLASRL, KITOZEER cyclin
D1, CDK4ABETFOHEESLIELIZRHE SRS,
T/, BOREIBICELIEREREICE ST
ZVRAEHaY 722y a7 9 A (GNAQ)
DEBRRSZVWI EFBREHREEL TS, %
B, FEHHIEETF CDKN2A, PTEN OAREEAL
CBLTIE, L CEREAEORBICLLEE
BHLNhTwiwy, Z0k)ie, EREsEDS
FEEZIZORBICINVELRALADT, ThE2ZEE
LA FEENRBEORELEZ ZULEND 5.

b) B EEEDD FIENEE

(1) BB DEERERORR S

BAE, WRAP TSI CERSTENEIER L
NERRBIThTwAY, EREREOERE
e LTCERICET INZH OERZR . BYE
RIFMBEEIC T TICAV T 5 raf EEIRA
RETHY I 7227, BT ORMEI S
ENTHERBRIMT OB EESZLL, £
DBIATONIZ A NVR T SF Vs ) ¥kl
e EOPAAEL OPHEERIC L 8 3HRART
PEHINLHREIBELIN TRV, O

0. #ENEERBEESR/1 257



_ The official 1ourml of the Japanese Cancer Assncsaﬂan

HLA-AZ restrlcted glypican-3 peptlde-speqflc CTL
clones induced by peptide vaccine show high avidity
and antigen-specific killing activity against tumor

cells

Toshiaki Yoshikawa,'? Munehide Nakatsugawa,' Shiro Suzuki,' Hirofumi Shirakawa,' Daisuke Nobuoka,"
Noriko Sakemura,' Yutaka Motomura," Yukie Tanaka,? Shin-Ichi Hayashi? and Tetsuya Nakatsura'*

'Section for Cancer Immunotherapy, Investigative Treatment Division, Research Center for Innovative Oncology, National Cancer Center Hospital East,
Kashiwa; 2Division of Immunology, Department of Molecular and Cellular Biology, School of Life Science, Faculty of Medicine, Tottori University,
Yonago; 3Division of Hematology, Saitama Medical Center, Jichi Medical University, Saitama, Japan

(Received December 6, 2010/Revised January 13, 2011/Accepted January 13, 2011/Accepted manuscript online February 1, 2011/Article first published online March 4, 2011)

Glypican-3 (GPC3) is an onco-fetal antigen that is overexpressed in
human hepatocellular carcinoma (HCC), and is only expressed in
the placenta and embryonic liver among normal tissues. Previ-
ously, we identified an HLA-A2-restricted GPC3144_152 (FVGEFFTDV)
peptide that can induce GPC3-reactive CTLs without inducing
autoimmunity in HLA-A2 transgenic mice. In this study, we carried
out a phase | dinical trial of HLA-A2-restricted GPC3144.15, peptide
vaccine in 14 patients with advanced HCC. Immunological
responses were analyzed by ex vivo y-interferon enzyme-linked
immunospot assay. The frequency of GPC3444 152 peptide-specific
CTLs after vaccination (mean, 96; range, 5-441) was significantly
larger than that before vaccination (mean, 6.5; range, 0-43)
(P < 0.01). An increase in the GPC3144 15, peptide-specific CTL fre-
quency was observed in 12 (86%) of 14 patients after vaccination.
Additionally, there was a significant correlation between the maxi-
mum value of GPC3444 15, peptide-specific CTLs after vaccination
and the dose of the peptide injected (P = 0.0166, r = 0.665). More-
over, we established several GPC3i44 15, peptide-specific CTL
clones from PBMCs of patients vaccinated with GPC3444-15; peptide
by single cell sorting using Dextramer and CD107a antibody. These
CTL clones had high avidity (the recognition efficiency showing
50% cytotoxicity was 107" or 10™"" M) and could recognize HCC
cell lines expressing GPC3 in an HLA-class I|-restricted manner.
These results suggest that GPC3444_15; peptide vaccine can induce
high avidity CTLs capable of killing HCC cells expressing GPC3. This
trial was registered with University Hospital Medical Information
Network number 000001395. (Cancer Sci 2011; 102: 918-925)

I n peptide-based vaccine trials, occasional marked clinical
regressions of melanoma have been observed after peptide
vaccination; however, tumor regressions have not correlated
well w1th T cell responses measured in peripheral blood lym-
phocytes ) This may be because the clinical response to a
vaccine was unrelated to the immune response to that vaccine or
due to inadequate immune response monitoring. Moreover, vac-
cination with synthetic peptides has occasionally 1nduced inef-
fective CTL responses due to various mechanisms.“™ When
evaluating T cell response to peptide vaccines, it is important to
confirm that the peptide is presented naturally on cancer cells
and that responding CTLs lyse human cancer cells.

Glypican-3 (GPC3) is spec1ﬁcall?/ overexpressed in human
hepatocellular carcinoma (HCC)."” The expresswn of GPC3
was correlated with a poor prognosis in HCC patients.*" More-
over, GPC3 is useful not only as a novel tumor marker, but also
as a target antigen for immunotherapy in several studies with

Cancer Sci | May 2011 | vol. 102 | no.5 | 918-925

mice."'>"'¥ We identified HLA-A*24:02-restricted GPC3505 306
(EYILSLEEL) and HLA-A*02:01-restricted GPC3 4415, (FVG-
EFFTDV) peptides, both of which can induce GPC3-reactive
CTLs without inducing autoimmunity,> and reported a preclin-
ical study using a mouse model with a view to designing an opti-
mal schedule for the clinical trials of a GPC3-derived peptide
vaccine and showed dose-dependency in the immunizing effect
of the peptide vaccine.

In this study, we completed the phase I clinical trial of a
GPC3-derived peptide vaccine for 30 patients with advanced
HCC (manuscript in preparation). Among them, 16 patients had
the HLA-A24 gene and 14 had the HLA-A2 gene. Here, we
describe the immunological evaluation of HLA-A2-restricted
GPC3;44-15, peptide vaccine in a phase I trial involving 14
patients. We highlight three important points: (i) HLA-A2-
restricted GPC3144.15, peptide is immunogenic in advanced
HCC patients; (ii) dose-dependent effects of GPC3144_150 pep-
tide vaccine; and (iii) establishment of CTL clones showing not
only high avidity but also natural antigen-specific killing activity
against HCC cells.

Materials and Methods

Patients. Fourteen patients with advanced HCC were injected
with HLA-A2-restricted GPC3144 15, (FVGEFFTDV) peptide
vaccine at the National Cancer Center Hospital East (Kashiwa,
Japan). HLA-A2 gene-positive status was determined by geno-
mic DNA typing tests (Mitsubishi Chemical Medience, Tokyo,
Japan). All patients gave written informed consent before enter-
ing the study. The profiles of the 14 patients are summarized in
Table 1. This study was approved by the Ethics Committee of
the National Cancer Center, and conformed to the ethical guide-
lines of the 1975 Declaration of Helsinki.

Treatment protocol. Vaccinations with GMP grade peptide,
GPC3144.152 (FVGEFFIDV) (American Peptide Co., Sunny-
vale, CA, USA) emulsified with incomplete Freund’s adjuvant
(Montanide ISA-51 VG; Seppic, Paris, France) were carried out
intradermally three times at 14-day intervals. Five incremental
dose levels at 0.3, 1, 3, 10, and 30 mg/body were planned for
the peptide administration.

Preparation of PBMCs. Peripheral blood (30 mL) was
obtained from each patient at times designated in the protocol
(before the first vaccination and 2 weeks after each vaccination)
and centrifuged using a Ficoll-Paque gradient.

4To whom correspondence should be addressed.
E-mail: tnakatsu@east.ncc.go.jp
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Table 1. Summary of profiles of 14 patients with advanced human hepatocellular carcinoma who participated in this study, with their clinical
and immunological responses before and after vaccination with HLA-A2-restricted GPC3444 152 peptide

bt HLA Age Sex Stage Dt?se of Clinical GPC3-specific CTLs#
(years) peptide (mg) responset Pre Post Change

A2-1 A*02:06/A*02:07 67 M \ 0.3 SD 43 40 -
A2-2 A*02:01 62 M A 0.3 PD 0 18 +
A2-3 A*02:01 55 M 1A 0.3 SD 1 10 +
A2-4 A*02:01 68 F 1nc 1.0 SD 16 15 -
A2-5 A*02:01 72 M A 1.0 sb 16 101 +
A2-6 A*02:01/A*02:06 62 M ] 1.0 PD 0 23 +
A2-7 A*02:01 67 F v 3.0 sD 0 23 +
A2-8 A*02:01 58 M A 3.0 SD 0 101 +
A2-9 A*02:01 52 M v 10.0 SD 1 100 +
A2-10 A*02:01 70 M I\ 10.0 PD 0 5 +
A2-11 A*02:01 68 M Il 10.0 PD 1 125 +
A2-12 A*02:07 75 F I\ 30.0 PR 11 196 +
A2-13 A*02:06 52 M v 30.0 PD 2 151 +
A2-14 A*02:01 67 M v 30.0 PD 0 441 +

+The clinical response was evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST) guidelines. $Peripheral blood was
taken from each patient before and after vaccination, and glypican-3 (GPC3)-specific CTLs were measured by ex vivo y-interferon enzyme-linked
immunospot assay. F, female; M, male; PD, progressive disease; PR, partial response; Pt., patient; SD, stable disease; +, increase; —, decrease.

Ex vivo interferon (IFN)-y enzyme-linked immunospot (ELISPOT)
analysis. ELISPOT assay for the detection of antigen-specific
IFN-y producing T cells was carried out using the BD ELISPOT
kit (BD Bioscience, San Jose, CA, USA) according to the
manufacturer’s protocols. In brief, non-cultured PBMCs (5 X
10° cells/well) were added to plates in the presence of
10 pg/mlL peptide antigens and incubated for 20 h at 37°C, 5%
CO,. The GPC3 antigen was HLA-A2-restricted GPC3;44 352
(FVGEFFTDV) peptide. The PBMCs with HLA-A2-restricted
HIV 957 (TLNAWVKVY) peptide were used as a negative con-
trol. The spots were automatically counted using the Eliphoto
system (Minerva Tech, Tokyo, Japan).

Cell lines. The human liver cancer cell line HepG2 (GPC3",
HLA-A*02:01/A%24:02), SK-Hep-1 (GPC3~, HLA-A*02:01/
A*24:02), the human melanoma cell line 526mel (GPC3",
HLA-A*02:01), and the human colon cancer cell line SW620
(GPC3™, HLA-A*02:01/A*24:02) were used as target cells. T2
(HLA-A*02:01, TAP™) was pulsed with GPC3144 15, peptide or
HIV 9.7 peptide at room temperature for 1 h. They were con-
served in our laboratory.

Induction of GPC3444-152 peptide-specific CTLs from PBMCs.
The PBMCs were cultured (2 x 10° cells/well) with 10 pg/mL
GPC3144 15 peptide in AIM-V medium supplemented with
10% human AB serum, recombinant human interleukin (IL)-2
for 14 days.

Dextramer staining and flow cytometry analysis. The PBMCs
were stained with HLA-A*02:01 Dextramer-RPE (GPC344 152
[FVGEFFTDV], HIV9_57; [TLNAWVKVV]; Immudex, Copen-
hagen, Denmark) for 10 min at room temperature and anti-CD8-
FITC (ProImmune, Oxford, UK) for 20 min at 4°C. Flow
cytometry analysis was carried out using FACSAria cell sorter
(BD Bioscience).

CD107a staining and flow cytometry analysis. CD8* T cells
were isolated using human CD8 microbeads (Miltenyi Biotec,
Bergisch Gladbach, Germany) from PBMCs stimulated with
GPC3144 152 peptide for 14 days. CD8" T cells were incubated
with T2 pulsed with GPC34415, or HIVi9; peptide and
HepG2 at a 2:1 ratio for 3.5 h at 37°C. CD107a-specific antibod-
ies (BD Bioscience) were included during the incubation period.

Generation of CTL dones. CD8* GPC3 Dextramer” or CD107a"
cells were sorted using a FACSAria cell sorter and seeded in a
96-well plate (1 cell/well) and stimulated by the addition of
irradiated (100 Gy) allogeneic PBMCs (8 x 10* cells/well) as
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feeder cells, in AIM-V medium supplemented with 10% human
AB serum, IL-2 (200 U/mL), and phytohemagglutinin-P (PHA)
(5 pg/mL) for 14-21 days.

Response of CTL clones against cancer cell lines. The CTL
clones were cocultured with each cancer cell line as a target cell
at the indicated effector/target (E/T) ratio, and cytotoxicity
assay or IFN-y ELISPOT assay was carried out. Blocking of
HLA-class I or HLA-A2 was carried out as previously
described. >

Cytotoxicity assay. Cytotoxic activity against target cells
was analyzed using the Terascan VPC system (Minerva Tech).
Target cells were labeled with calcein AM (Dojindo, Kuma-
moto, Japan) solution for 30 min at 37°C. The labeled cells
were then incubated with effector cells for 4-6 h. Fluores-
cence intensity was measured before and after the 4-6 h cul-
ture, and specific cytotoxic activity was calculated using the
following formula: % cytotoxicity = {1— [(average fluores-
cence of the sample wells — average fluorescence of the maxi-
mal release control wells)/(average fluorescence of the
minimal release control wells — average fluorescence of the
maximal release control wells)]} x 100%.

Determination of recognition efficiency. Calcein AM-labeled
T2 target cells were pulsed with a range of peptide concentra-
tions, starting at 10°°M and decreasing by log steps to
107'* M. The CTL clones were incubated with T2 target cells at
a 10:1 E/T ratio for 4 h. For each CTL clone, % cytotoxicity
was plotted against each peptide concentration. The peptide con-
centration at which the curve crossed 50% cytotoxicity was
defined as the recognition efficiency of that clone.

Cold inhibition assay. Calcein AM-labeled target cells were
cultured with effector cells in a 96-well plate with cold target
cells. T2 target cells, which were prepulsed with either HIV 9 57
peptide or GPC3144_ 15, peptide, were used as cold target cells.

RNA interference. Small interfering RNAS specific for human
GPC3 were chemically synthesized double-strand RNAs (Invitro-
gen, Carlsbad, CA, USA). A non-silencing siRNA, AllStras Neg.
Control siRNA, was obtained from Qiagen (Valencia, CA, USA).
The GPC3-specific siRNA sequence used in this study was: 5'-
GGAGGCUCUGGUGAUGGAAUGAUAA-3". Synthetic siR-
NA duplexes were transfected using Lipofectamine RNAIMAX
(Invitrogen) according to the manufacturer’s protocols.

Statistical analysis. Student’s r-test was used to determine
statistically significant differences between the two groups.
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Correlation between the frequency of GPC3-specific CTLs and
the dose of the peptide injected was analyzed using Spearman’s
rank correlation coefficient. Data from the ELISPOT assay using
siRNA were statistically analyzed by one-way anova followed
by Tukey’s multiple comparison test. Statistical significance
was set as P < 0.05.

Results

Analysis of GPC3444.152 peptide-specific CTLs in PBMCs of
vaccinated patients. To analyze immune responses in the 14
patients vaccinated with GPC3144 15, peptide, we evaluated
the GPC3,44 15, peptide-specific immune responses by ex vivo
IFN-y ELISPOT assay. The representative data of patient A2-12
on changes in the frequency of GPC3,44 15, peptide-specific
CTLs before and after vaccination are shown in Figure 1(a).
The frequencies of GPC3144 152 peptide-specific CTLs were 11
and 196 of 5 x 10° PBMCs at pre- and post-vaccination, respec-
tively. The results of the comparison of the frequency of
GPC3144_15, peptide-specific CTLs before vaccination and after
vaccination in all patients are shown in Table 1 and Figure 1(b).
GPC3144 15, peptide-specific CTLs were clearly detected in four
and 14 of the 14 patients at pre- and post-vaccination, respec-
tively. The frequency of GPC344_15» peptide-specific CTLs
after vaccination (mean, 96; range, 5—441) was significantly lar-
ger than that before vaccination (mean, 6.5; range, 0-43)
(P <0.01). An increase in GPC3144 15, peptide-specific CTLs
was found in 12 (86%) of the 14 patients, except in two cases
(patients A2-1 and A2-4). These results suggest that GPC3144 15
peptide vaccination can induce an increase in GPC3i44 155
peptide-specific CTLs in HCC patients. Moreover, we compared
the frequency of GPC3144_15, peptide-specific CTLs after vacci-
nation for each dose of peptide injected. We found that the
maximum value of GPC3;44 15, peptide-specific CTLs after
vaccination was significantly correlated with the dose of the
peptide injected (P = 0.0166, r = 0.665) (Fig. 1c).

Establishment of GPC3144.152 peptide-specific CTL clones by
three different methods. To further investigate the ability of
GPC344_15, peptide-specific CTLs induced by peptide vaccina-
tion to recognize an antigen, we established CTL clones from
PBMCs of three vaccinated patients (patients A2-8, A2-9, and
A2-14) by three different methods (Fig. 2). A representative
clone from each patient is shown. In patient A2-9 (Fig. 2a), the
frequency of GPC3144 152 peptide-specific CTLs was 50 of
5 x 10° PBMCs 1 month after the third vaccination, as deter-
mined by ex vivo ELISPOT assay, and 14 days after the in vitro
stimulation with GPC3144 15, peptide, Dextramer assay was car-
ried out. The population of CD8* GPC3 Dextramer™ cells was
2.6% of all stimulated cells. These cells were sorted to a single
cell in each well of a 96-well plate. Twenty-one days after cell
sorting, peptide specificity was examined by Dextramer assay.
The established CTL clone was CD8" GPC3 Dextramer™ cells
(99.7%) which did not react with HIV Dextramer as a negative
control (Fig. 2a).

We next attempted to sort from small populations of
GPC3144-15> peptide-specific CTLs without in vitro culture. In
patient A2-14 (Fig. 2b), the frequency of GPC3;44 15, peptide-
specific CTLs was 329 of 5 x 10° PBMCs 2 weeks after the
third vaccination, as determined by ex vivo ELISPOT assay;
CD8" GPC3 Dextramer+ cells could be clearly detected in 0.1%
of PBMCs. CD8" GPC3 Dextramer™ cells were directly sorted
to a single cell from PBMCs without in vitro stimulation. The
established CTL clone was CD8" GPC3 Dextramer™ cells
(99.9%) which did not react with HIV-Dextramer (Fig. 2b).

Finally, to establish high avidity and tumor-reactive CTLs
from a heterogeneous population, we attempted to sort the popu-
lation of CD8" T cells which mobilized CD107a in response to
naturally GPC3-expressing HepG2 cells. In the PBMCs from
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Fig. 1. Changes in the frequency of GPC3144-152 peptide-specific CTLs
before and after vaccination. Direct ex vivo y-interferon enzyme-
linked immunospot assay of PBMCs (5 x 10°) was carried out. The A
spot number indicates the number of GPC3144.15; peptide-specific CTLs
calculated by subtracting the spot number in a well of HIV,9_,; peptide.
(a) Representative result showing the frequency of GPC3144.15; peptide-
specific CTLs pre- and post-vaccination. (b) Changes in the frequency
of GPC3144-152 peptide-specific CTLs before and after vaccination in
all patients (A2-1-14). An increase in GPC3q44.15; peptide-specific
CTLs was observed in 12 (86%) of 14 patients. () The maximum
number of GPC3444.152 peptide-specific CTLs after vaccination was
significantly correlated with the dose of the peptide injected
(P =0.0166, r = 0.665).
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Fig. 2. Es’cabﬁshmen’t'of'G:PC31/44_'fi5§_. pep’cide-specific CTL clones by three different methods. Left panels show the frequency of GPC3144-1s2

peptide-specific CTLs in the PBM
of patient A2-9 were sti
single cell. (b) CD8* GPC3
PBMCs of patient A2-8.

used, as established by ex vivo interferon (IFN)-y enzyme-linked immunospot (ELISPOT) assay. (a) The PBMCs
h GPC3144~152 peptide in vitro for 14 days. The population of CD8" GPC3 Dextramer® cells was sorted to a
xtramer” cells were directly sorted to a single cell from PBMCs of patient A2-14 without in vitro stimulation. (c) The
tlym‘ulate,d with GPC3144-152 peptide in vitro for 14 days. CD8* CD107a* cells that reacted against HepG2 were

sorted to a single cell. Right panels show Dextramer analysis of the established clones 21 days after cell sorting.

patient A2-8 (Fig. 2c), the frequency of GPC3y44 15> peptide-
specific CTLs was 39 of 5% 10° PBMCs 1.5 months after the
third vaccination, as determined by ex vivo ELISPOT assay,
which were stimulated with GPC3144_;5, peptide in vitro. After
14 days, the population of CD8" GPC3 Dextramer® cells was
1.4% of all stimulated cells. We incubated CD8" T cells with T2
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pulsed with GPC3144 155, HIV;9 57 peptide, or HepG2. Approx1—
mately 2% and 18.7% of CD8" T cells mobilized CD107a in
response to HepG2 and T2 pulsed with GPC3y44 152 peptide,
respectively, but not in response to T2 pulsed with HIV;g 57
peptide. CD107a* CD8" cells that reacted against HepG2 were
sorted to a single cell. The established clone was CD8" GPC3
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