S HHfiEhiA

@ONRTF FREEMCTLIE, FAMBOREICH 52ADBE (GPC3XTF F) % &
DT THAMBEZ BT 5. EEFMEOREICIEIGPCINRTF Rt Wwiz®, &
BINw.

2 BE

5% 1 MR AP S OBE 2 B21TRT.

C =

FFRERE A AR LCid, WIBRM 2 Lo L35 8 F I RRITERES, HosAH
ZHOWIZEED 5 WE3EFEFREPITHONTWED, IO DWRBRICEIED 5\
BEDBEDZVEEDRL TRV, T X ) 2RRICH T 284 2 iHHEEIT
%, FEREM %2 EXFRREPIT DR TV ALOPHIRTH 5. KRB, BT
ZEIMABAHIC X BIEFEREDV R D 5 VI E DB D%\, HLA-A24%H % \» i
HLA-A2G M DTS ABE 235 L L7z, HLA-A24% %\ IZHLA-A2H 3
GPCIHRRTF FI 7 F v 2 VI RBERIEDOE I HERRBRTH 5. KB
GPC3HENRTF NI 7 F Y OREWEZFMET L L BT, KRTFFT 7 F V0K
SBOEWNILY, KEMAPDGPCINTF FRERNCTLASHEMT 2225 ML, =
BHREBEEZRETAHAILZHBN LT .

¢ GPCIRTF ROIF
HLA-A2GPC3144-152 (FVGEFFTDV)
HLA-A24GPC329g.306 (EYILSLEEL)

s JUFVDRSE

J)IL—21 03mg 06mL Pt.1~8  6fl
JIL—72 1.0mg 06mL Pt.9~14 66l
J)Lb—73 3.0mg 06mL Pt 15~20 66l
JIL—74 100mg 2.0mL Pt 21~23 6f)
JJ)L—75 30.0mg 6.0mL Pt 24~26 6f &A5+304l

e 2T a—)b
B 0 2 4 6 8
M 4 4 ¢

¢ u £ 2 ’
®5E1 1085 20KS5  3@EKkS5  3ERS O
28B% 2Bk 2B#& 1A%
CTOMRIT
FRER3 R 72 S

F2 b ETRRDAZRRE UGPC3NTF RO F V& 1 HHERREER
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& 2. sk

Wiz, RITRET RPN AFNC X A{EFEEESENH L VI EOBISA B WE
HIRF X NS ARE T, HLAY A ¥V ZHEIZ X YHLA-A24% 5\ IZHLA-A2
BHETH AT EVHERINTBETHS.
RN

HLA® % 4 7% b, HLA-A24¥ R GPC3H sk X7+ F (EYILSLEEL) ¥ 721
HLA-A2¥# 8 ¥GPC3HI 3k~ 7+ ¥ (FVGEFFTDV) # A7z, 2ERIC1E, F3E#
5535,

B4, RIERHT ST
IFN- y ELISPOT#AT £ HLA-GPC3R 7 F FRAEK< NV F v —%2 Hwi-7a—H 1
FABMY—FATICX Y, FRIMPDOGPCIRTF FIERICTLOMIMEE 2 £ T 5.

e 5. FEEHNIEH
OFEFEZOEH L RHEA.
QEBEEWE= YY) Y I ABRHRENSOFEOBRE.

¥ 6. BlEHihIEE
EHEE

ZRE A OB RERENRL LT, HEOY T YRTIPAKIICTH 5\
EMRID E{§Z W 247V, RECIST (response evaluation criteria in solid tumors) {2
o THEL, T 5.

BE~—H—0DHE
IFHIRE S A DEE ~ — & — (AFP, PIVKA-II, GPC3) #illzE L Cit&kL, X7 F
K2+ OREEEE~Y— ) —OEORRIT L - TEHHT 5.

E) ismmis - REoSE GERESD)

H I A

1H0.3mgik 5 7 530mgix 5 F T, 260 EFIIEARCHE AR DR VWERS RO
D, FRUATIE, 28I —BEORIEORE, I —EED3RT
I TORBERDIN, F26BOReHICHEII R h o7z,

5 2. CTLOE

ZIEEHT, RMIMPICGPCINTF FIFENCTLOBEE OIS s/, &
EZELOIYATOMBERFELEAMS ToOHEEBICRKRSERTEIRBIN. EE,

80 — 39 —



5 Hikabih

T F I BROPAMBNGC, CDSBMECTLYSERZELTWAZ &, HROBET
B G- A

g O InfEEsE

#160% DREFUC BT, FIET 2 F %5525 H THEE~ — 5 — PIVKA- T 0fE
TZRO. ZOEHEILHHGEBEFEIVRIES N

F7230mg G- D6BIIE, EE~—F —DRICMZ, BEBENOBEE, —IBEE
DN EOBRMREDRO N, T2 F UV HRICERSBIKEESRB I N7
0, BMIKGEIIZ30MgE TOFETH o724, SHLHREEZXHERL, 10melk
5036, 30mgik5- 03B DE6H1 % 55 T HERRERIT BN LU CTERBL.

ME T 7 F 520 A OERZE T O (RECIST) Tid, #60% DiEHIHSD
TdHh-o7z. T/, 30mg 3EHFSOIBNIC, BEEOHNPLHEL EOEBLERIE
DB L7

SEROFE - TR

RREBIZL Y, GPCINTF FI 7 F v OREME REZNAEDES O KR
RAVR SN, EPICEREP R CEITHMRSABREIC Lo TOERTHHEEZS
n7.

30mg, 3EFG DIBIIER DM/ LL L OEHREREISTHIEL 22085, &%
S5RHORISA0mg S L h b LR, BITICRDLN-FREE NS &
bHY, R - BEUFHMEE S CILETIFMS AT 2 RMEOMBREE 2
ETET, E561210mg, 30mgk5 %3 L6fIT 2B L TEEHRET S HEHIL
7. BUIE, RHMOHEFKEBEZRET L0 ABRL KT TH 5.

FZDL) BT FUEERETCR, BESRY, HLVECTTRETE 2 WE
B ol LThH, BEEIDPLVREBTIZENZRIETLEEZZON, FH
RFAZR EDOFMREPARIGNIEREOBRFN £ B8 L7728 D BRI bFLEH
HEZERLT, EUPALY S —RERERZERICHEL, RBENLEZATH
5 (H3). ZOBED1EHFRSEIZ30mgIcREL TWA. HAT 7 F VREEELAR
FCiE, BLMHBREROTYA L 2P KELZEZLTEY, #HLPWBT L7
HLTRFF R ZF v OFEEZRIEH L7z,

GPC3ix, FMIRAADAZ LY, BUHEBGE (X5 /7 —<), ARIVA FFE,
MIENE, BHFE), NEPMESA, NEEEE WKENFA, BRELERACD
BBELTBY, TROLOFAIKHLTOBHADBFEEINE. 25/ —<, FEIAIC
DWW, AR HERTAE IBERRAROERMERH 2L Twa. ARBAICD
Wi, #RREELZROLH7-DICE [ HEEKZBEBR» SFHHR T2 FETH 5.

B, DAOHBIEED 5V IIFM % & OBFTRENER &S AIN T 5 58
LTEROWHSAFE, FHLHEELDH LD, BN TEEELINELLEEDL
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FFUIRS B ERFAIC & D RSARGAREOES 1B A
| et g

v
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v

HLA-A2435 2 LEHLA-A2EE T, FRIRS DULMIRFAIC & DIRAIARDETEN,
i 4BPLECEBLAIC, AERRBEEEERE LSS

FER

v

GPC3HENTF RO F U/ EE:
HLA-A24BHERIC (FHLA-A2435R1 GPC3MRNTIF R(EYILSLEEL) D O F >/
HLA-A2BRHAESIIC IFHLA-A2#5RE GPC3HERTF R(FVGEFFTDV) 7o F

v

AREHIRIR (1 £OLUFBHREORI) OFFH
REMOHE(REEROERERRE), REPNEHEOFIH

v

FHBIBUEIC L DRIBDS VY LMEHLBHAREIT S BED S D EHEHIMR

B35 (GPCBEEE;E’\“ TF RO OF & RVHTHEaN ARANA B MBS X D 5 T EES FRELER
vI—~

B\, e, RERNEZ DTV AGTENEREIBZECTHLILLMETS
5. 3517, EETRTH-TH, [HL72iZd ) EEEED Y EIRA. I LEE
NBEBEDD LR, EFLPERTIFABERELEN L L-BEEE, B
b, ERZAEFRIDEZ VT, ARSI ZEHTENE, EEXRIERERCH
BiIEL 2D S5 AR DH L. RN hS T2 F v EoREREICL
D, BAOFHEPHELTENE, BANABEROBIICESTAILNTE, H
ROBFHFIIBBWIIEBTEL2D0EEZ2 5. T7F 103, #EROWBAFLD
ZMZRETE, 77 F VRBIIHEELR L, FIOERBRTHL TEXHIEETH .
MO AFERCE o TEPARBEERELSEZAAWEREND Y, BEDOQOLOK
BILLoTHREGREFERZTOIDEERZ L. IRIEBAZTREVT v —
FVIEE W, HPARRNRIERESPABEEEZ AR TICH L EELT
W,
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2 PAREOREEEES ThERVLRERE

2.1 RUBIK TEE

1991 412 Boon B2k ) X 9/ —<HiE MAGE BEFIRESRY, € FORBERMFFAL

By LTHMBL, SHRLD 22 L ICHERRBRSE L bR, bbb, FALICHELT
BRL Y VNI DEESRDE, CRLOMEBEN THEo29 L 10HOT IV BRS
BBNTF N, HLA 752 1HFICRE L TARORECREL, CDS BHMSEE T
Fa (¥ —T#8, CTL : cytotoxic T lymphocyte) #5Zh 6 & #FIL THEMELLSh, FAHMAE
EﬂﬁTéaméfw:fAﬁﬁﬁﬁéoChtlmfﬁbﬁ@ﬁﬁ&&ﬁ?%%@%%ﬁﬁ
Bl ThbbHRIL LALBERO R I ADREREY BIET 2 LA TMRIC R o 72 KAO
ETOMMBOERO HLA 7 7 A I HFICRARTF FBRRENTWwS2, CTL I, ?.‘0?/\“ 7F
FORICL o TEEOME L HFAMBE RS THAMIBE BT = LA TE 2,
BT, BARKAERIES L URTF FARESA, EATE, SEAA RN
PABERTF ¥, BH, BETF vAVANZ §— BEHDESHEAEERS, FARER
VR % R L7 A5A 7 7 F ¥ ORRBEVFEINICITbI, BRABRFED LN TWS, &l
TRV OPDESHEFRRBRTOEGEIHESRL TS, BEREATH L MR, O
AT BRTF P 7 F v OEBROREFBA S5,

AT, bRbROMERREPEOT, FARBORESELEE, Tht AV REmEc
DVTRERT 5o

2.2 BENEFABRRESNrEATVINEHE

SEBENOBAEZELLHAIR, ZL0BBFERTE 2P L) AN, PARRE
%ﬁﬁﬁ,ﬁkﬁ%%,ﬁﬁ%%ﬁﬁlﬁ%ﬁ%ﬁ&E@ﬁ%$§%§®ﬁ&ﬁﬁﬁmioT%
HEOEME & 525 LEXD D, BRNEFAEETLEIRA THIREHELLT, OFA
BEOERIIBVTRESE2FET 20E, ORAOHBFERFENHAE ORERDS
DHEBIR DI VHE, D3 OFEETH 5,

2.3 b ATBEORESE
BEEICIAESNTYS e MEAHEZ 58 T5 &, O cancertestis (CT) HLE, @R

% Tetsuya Nakatsura EVNAFABZEL VY —FHlE BRERLY Y — FABRRET
BEELEE ER
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WAL T 7 F v OB A

®1 b rMESHEREORESE

1) PAMBRICERENICEET S THRRE (Fu—2) 2HBELE PAMBEED DNARBEII TS5V —D2R
: V-7 (DNARBZ -~ 7EE) (MAGE %)

2) FALERBETAEMOBABEREHEORTF FEARLTFRIINTS CD8BHE S —THIBROFIE %
BT 2FE (YA—X4H0d—§)

3) BABEMEFORBEERKIGEMEL., BAMBEBEDDNAREIATI I -DAF ) -V Y
(SEREX #) (NY-ESO-1, HSP105 i) ‘ ' ,

4) DNARAZ7uTLABKICLS, BREFREOAGEEEVRESAEOHRIFLFANEREORE
&, FOREEOEN (GPC3 i) )

HRUE, OBRNTF FAE, OFAREGT - PANMRETEY, OFAREEELE, ©
PAMBTERAPERL TWIEBE, 2EFBToRLIA, TOREFEL LTERLIIRYT
4ONEITONE, CTHELEHRINIIEIL, BEIRTLBYICELOFAMREE XUE -
FHBMCTRRERP SWBES N/ testis (R, 2BH), WE BBOIRATIHERT,
LhDRAG ) - TRIESI N BIDOEIR MAGE, SEREX (serological identification of
antigens by recombinant expression cloning) THZE 317z NY-ESO-1 &R %2 CTHIET
5o

2.4 THECIUBBIhZFAERAENTF FOBRESEE HLASBEZRL EFADSR
3, 7

BED LS 2 FETRAESNPFAREDY, FAERKELZOLN7-021E, Z0OHE
HRONRTF FTHELZ CTLE, FAMBEDOHLA 2 5 A I HTFIRET LRSS F
PRELTHAMBEEET AL 2TEH L 2T hE RS54, HLAZ S A I T ICHET
ZR7FFIIBEIOLZVLIOBEOT7TI VB2 6420, HLAOZREIIHNIE L TEILT 5,
FhENRDZ FAIFTFICHEETIEIRTF FOBEEF -7 -THEY, bhbh
BAYZ =2y PETHA MET 7 AL THEDO T I VBREANEADT LT THEIE
MOHLAZ S AIGFEHETHERTF FEFUT S LATES (hitp//bimas.dert.nih.
gov/molbio/hla_bind/)o EBAYIIHEAT 55 L i, T2HEL RMA-SHIlE2 V727 v
A4 CHRETE Y |

FREKAATIE HLA-A2 OBEFBEVIE, 25/ —T0BENSVWILZFOBHICL Y,
BAERRERTF FELT, BETTIIAT /= <HRO HLA-A2 FIFRED b DA EE I
ZLAEShTVS, BEATH HLA-A2 DHREHEEL 40% & HEHE V5, HLA-A 5F 0
FTHRAACRDEENB O 60%% 5D5 HLA-A24 Thd, EE50H-> TWARWHERE
AZ 1B LAV, LedoT, bhbhASHAELZL )%, FLALOBABEDNRAIK
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BEE WPATIFV

BUTERRLTVADAMBICE LT, HLA-A24 & 5V id-A2 WREDFAERIENT
FERERETHILICLY, BLOHEADPABRBRNGRE LaRTF ¥ 2 F VB RER
(DC) T2 F v, X511k CTL OBRFHRERER Y ORBRENTHRLELSEEZLNS,

2.5 HARRIFE Glypican-3 (GPC3) & HSP105 DFIE
2.5.1 cDNAY44 707 L1 BiRIck 2T AEKRRE GPC3OREE

bibILL, EAERFE - & b7 Aty ¥ —ORHEHIEE OXAMEICLY, DNAT
A707 VL4 RRELE 2 FEREL B LBETFOFMRL A (HCC) EEFMEZCBTLR
BEH 7 — 5 2T, EROBENZFAREE LTHEb LY HCC HENBHHIARKE
BHEY LTGPC3 3 AELEY. TTAEFNVT GPC3 HHAERIREE LTIHEATHS
ZLREHL, <7 R GPC3 M A L ES MBS RERORESHREDAHE L . &
512, bk HLA-A2, A24 12X 055 —THEICETENS GPC3 <7 F FrEELLY
2.5.2 W AD SEREX iic & U FIE L £z HSP105

PAMBHED DNA 74 75 ) -2 XBRICRRA S, 2OBRHEEBEOMEFOHS
AHE 1gG HAATR 2 V==Y 7§ % SEREX 42 & U BE OB ARBROBBAREENT
V2, HSP105 b b HE L 2B THAEOB W FARENHETH ), BEALD
KBAA, ANA, BEAZIZILD, HEFA, TEFA, WEFA, BREA, 27/ -<%
FRBAGPATERBEL TV S, FEEABTERAL TV IORAERDEE,FOFLNTVS
BEOATH), B F HSP105 % BN L LSRRI A EEE 2RI T ERAPART
PIEMTE 57, HSP105 RAAMBEO 7 H F— 3 AOMFICEb->THBY, siRNA T HSP105
DREFEL T L2 RHFAMBAT E =Y XKD 2L 2 BRLEY,

2.6 YYAEFNEBVWEIALOREEENE L EREFEEIORLN EFWEOREN

HSP105 1B L Cit, HSP105-DNAREHZH VT 75V OEHED T T T AET
VEBWTEHLTWEA, ThORRTFFUIF VB ) BEOHLACHRRIER,.
CTL ® &% { CD4 BBHEAAS—T #ifs (Th) dHETE 2T,

RECIIE RN RS NV L) KBS RRE TS Y, LkoT, GPC3 R
HSP105 2Bl & T2 RERELHER TN, FEFROLZVHFADOTH - AREFTRICZ -
T Bo biubiid GPC3 & HSP105 i22WT, t h® HLA-A24 & 5\ id, -A2 BIZTFEA
TYRAEFATOCTL Y b —FR7F FORZBICEILTBY, 7 X &AWz in vive &
EREOERRICBNT, TNLOFAREIHT 2RESES, BORERSYED 8 5L
HEEREPFECELIZLTHEHL TS,
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KT 7 F v OEES B

2.6.1 TYXERVEGPCINTFRT7F 2 DR EHRMEDIER

BEOTU M I—VEERDRD, T AEHVT, BERABRTHVS 2EEO GPC3RTF
RERIZHEETLERET Vany FOBREET- 727, L7704 Y b7V 230 b (IFA)
FOBRBRERIIBATOAR, GPC3EEN: CTLAFE N, 7T FEBRTIEYT,
IFA LBETHEARICRBZ EREHL, BRRABTEIRTF FL IFAORESWERST 2
TEE LT KIS, RTF FHREBICE - TRIESEOFEBICHENR ORI PERF LK
B, CTLOFEREEIRTF FRSGEIEFL, BAREE 50ug ORSGHTEDE (O CTL A
FHEIN, KICEERBIZOWTRE L, 2EUEORET, HEFENZAEREIBEE
SR RTFFTIFVIAGETVanY FELT, A% L b FARBETH S LEL
Biize TOMOT Y25y ORI REREHRIHL TRSBRORHBETH S, £
72, RTIF P IZFVIZBFERTF FREBZOWTOIRTITOI VLV FRELT, BE
EEOBBURTF FRICBERLEVEELBATWS, L Laibbhbhdiolvy
ADEBTIE, R7F FREBCEELTHVRELFECEILORRILE o, 1725, B
K%E&ﬁ?%k.7&%?@5W@ﬁtbﬁ®1mmgtﬁﬁb,3%%%%ﬁk&é&#b
b FOBEEENEST S E UL LECEE A ER L2 g6 2 WRTH Y, B
ERZIATETH 5. BKRSE IHRABRTE, K5E#% 3H, %5E% 0.3, 1.0, 3.0mg® 3
BE L, ZEeUAPRALLVOAREIHEPLTWIRERL, REENE=F) Y JILIIR
HOFEBRGEL RO D HET LI, |

2.7 GPC3INTFFTUFOERKRSE 1 #HER
Hm@ﬁkmﬁwfﬁ,ﬁﬂfdﬁﬁotﬁﬁéﬁfﬁAv7%?@%%énfw&woE
Wk, Hhvbhds, HLA-A24, A2 BHEETHMEPABE LRI, GPC3RTFFT Y
FrOBKEIHRBEERL TV, REBICHETL L, 12IRZEFAOMBHRIIRTF FiF
BN CTL 0EEOENMBRIE ST, ZOHEEIRTF FESENSWIZEHZ 2 L BARRE
hize 7=, CD8REME CTL A%, XTFFU7F U EOFAMBRCEZERBEL CHRAMBE K
BLTWAIrE, BEROBEEATHERATE R, H0%DEFICBTHRY 75 v REHE
2 7 B OMICESE ~ — » —PIVKA-T OE T % 2% CT % MRI O EERE TOFE TIiZH 60%
DEFT2HABRPAOHEELRL (ZESD) Thol. 30mg, 3 HEEO 1FICEEOMED
WL LOEHLERDE FHBENPR) HHBELL, GPCBRTF FU s F v 0EEH
LESMANEL S CICEESR LR EN. b ) MITHBEN R WETIFMBESAREC
Lo THhERTHAEEL bR, BE, KHOBERESELRET A0 HBREREFTDH
Do SBITD I MICHEENZVETHFHBIARE L o TERTH A2 2 E 2 HERTI
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BEE NAVIFV

FTHEEBIC, TOXdETIFrEEETE EEFRY, $50IECT TRIZZVERD
Bofk LThBERFSLVRETI PRAFRET S LE 20N, FHYT VI RBEIE
B (RFA) % LOFMI ARBIEREOBRT R RIET 25 2 HRBEEHT 2
GPC3 FMMAA TR, BEEEE, AEAA (FFE SEFE BFE), I
WA, FEBES, BENSA, WETLESACORELTEY, ZALOFABICHLT
DIEADBHRFESIND,

2.8 Rosenberg SA 5L 2 FHAIKT 2N EREEEOERS

KEEAAMET (NCI) @ Rosenberg SA 513, AN THEEL: CTL 2RI ETRER
# Adoptive-Cell-Transfer therapy {2, T #i}® Homeostatic Proliferation & W) & 2 & #l
AE DRI REREIZDOVTHERL 2™, Homeostatic Proliferation & i3, &R Y ¥ SERD
BR—BIRE-hTBY, 20EEZBELLTREE, FRICBAINIY URPESEFT—
EHIIETAITRETAILVIBRTHS:, HOPLOVYIURRATIFIFETINTFEY
DHBEIZLVBEO) UNREEZREBOLLTBVT, TXIAKEBIERL TV, PAME
*BETH CTLEBATS L, CTLAGHTERCOZo TERFEL, D2VIREBEAT / —
<R 0% DB TR LZEEH N EL-6L, SETONFADRERETEIZRONEWIELED
HEESDESBESNSY, BETR, HFAH L 2B RSRRICTHRRY v BRRETLE
%, A TKEEELLEREEY V8% (TIL) 2AR~NES TILEFHRRERECI
T, BYET0%LVIBRMLEREPRELTWAEY, —F, ZOBETHY I CTL i,
MMW&,@wokmotﬂ§/%4Fﬁmﬁﬁm%W&T%F%mwfﬁﬁbt%mﬁ,:
DEFIZLY, FEAF /94 IORBRIZHARRSEEIERX LR EOHCRERR HEES
hi=®, 2ok, PARERTEZEEOREREMTONLSE, Z0O CTL2HET
DIEPN-HENECOFEREB L RATIL0THNE, ZoRHEZBEELTLE ) W
BARBHBILERLTWS, Thbbbhbhid, FABENCERTS, dI2VIEIEELRLER
BRICEIFELZVHAERREZFAZE L2 TRIEL 5%, REREDITXRL - fhoikEL
BRELEDTAIETRIFRIZF VLN S LICHEMLZEBANEEEL 209 5 kEz T
ﬁﬁ%bfwéoE$fﬁﬂ§/%7®ﬁ%@¢&Wﬁ,Eﬁkﬁ%wﬁh%ﬁﬁﬁ,ﬁ&ﬁi
HEZFWTEREL. CTL OEFAEREELRARTAZI LT, BEAANODPABRIIKEIRT
V=2 AN—FRI A ERTAHRETES. bhbhd, FABERHMERR (PBMC)
LV, GPC3 KLY F—TRTF K AT, FRKRN CTL ORI % S0 % A
L, "7/F FHERHCTL 22X I(FELBIBS CARMERILL T, GMP 7 L — FOM
Ha ¥ 3% Mis% Cell Processing Center (CPC) ZFH L7z GPC3 HIR LY F—FRTF FRFEK
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WK 7 F 2 OEBEZSEREN
CTL 0BEFHRERENERETBRL TV,

2.9 BbUIC

B, BAOBYRED 5 IEFR% L ORFEES SR AT 5 BHEE LTERD
BAAEE RPCHDLBEb 550, EHTHEERLIFELIRE ISR v, Bl
BEE HU TV 55 T ENERERSETH S - L bBETH S, FETREOE, [Hai
D BRERS D TEA] LEESNBBEL SR BV, PRONSERT 22 AFRIE
PENL LR, BRl BESASESINEC)AY AURSAERCILL, B
MR BERE R L 2 D D BTTERMEA B B 2 RRINC SIS T 7 F ¥ BORBREC
LY DBADFHEIRL TERIE, BRFAREROBRSICEST 52 TE, EROREE
BIACIERTELODOLEL S, U2 F V3L VRMICRETE, EREL Y EOREE
BTLTEBABBETH S, X5k, FABRAEL G CHES TARE KRCHEL TR
54 A ETRERREOBRICLY, BEEAICH—¥— 34 FOAESROLVERNRE
BT 2 TS, BSARBEICHE- CERRARRERECEL2THRENS Y, BEO
QOL OB L 5 THRERBAEE-TIOEE LS, TREIFRLBTNBVT 21N~
KISV, HAMRMEEREI DA BREEL 3 THRER TS S LEL TV,
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| FEORH

1oBhals et I

- FFIREO Y — N1 T RCHVTHE, 218
HELULOBEY - H— s HETEZ oM EE
a3,

BEYT-H-BEROLEE, BEERE
TEEFBH &% < TH dynamic CT %3
WM & dynamic MRI 2 RT3 EEET
3,

a. foEl

FEARE R ORRWES < — 7 —i213 AFP(a -
fetoprotein)¥, AFP-L3 4B (L ¥ X< A6
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HLA-A2 and -A24-restricted glypican-3-derived peptide vaccine
induces specific CTLs: Preclinical study using mice
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Abstract. We previously reported that glypican-3 (GPC3) is
uniquely overexpressed in human hepatocellular carcinoma
and melanoma and that it is an ideal tumor antigen for
immunotherapy in mouse models. We recently identified
both HLA-A24 (A"2402) and H-2K¢-restricted GPC3 95 30
(EYILSLEEL) and HLA-A2 (A*0201)-restricted GPC3 445,
(FVGEFFTDV), both of which can induce GPC3-reactive
cytotoxic T cells (CTLs). The present study was a preclinical
study in a mouse model that was conducted in order to design
an optimal schedule for clinical trial of GPC3-derived peptide
vaccine. When BALB/c mice were intradermally vaccinated
at the base of the tail with K¢restricted GPC3,44 3, peptide
mixed with incomplete Freund's adjuvant (IFA), the peptide-
specific CTLs were induced. But the peptide alone could
not induce peptide-specific CD8* T cells. Furthermore, pro-
teomic analyses showed that IFA protected the peptide
against degradation in the human serum. Peptide-reactive
CTLs were induced by peptide vaccine in a dose-dependent
manner. In addition, at least two vaccinations with a single
dose >10 ug were needed for the induction of GPC3 .44 306-
specific CTLs. But repeated vaccination with a lower dose
of GPC3, 406 did not induce peptide-specific CTLs. Similarly,
induction of an Ag-specific immune response by HLA-A2

Correspondence to: Dr Tetsuya Nakatsura, Cancer Immuno-
therapy Project, Investigative Treatment Division, Research Center
for Innovative Oncology, National Cancer Center Hospital East,
6-5-1 Kashiwanoha, Kashiwa 277-8577, Japan

E-mail: tnakatsu@east.ncc.go.jp

Abbreviations: BM-DC, bone marrow-derived dendritic cell;
mAb, monoclonal antibody; M/W, molecular/weight

Key words: cancer immunotherapy, GPC3, peptide vaccine, hepato-
cellular carcinoma

GPC3,,,.,5, depended on the dose administered. The results
of this study suggested that IFA is one of the indispensable
adjuvants for peptide-based immunotherapy, and that the
immunological effect of peptide vaccines depends on the
dose of peptide injected.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
tumors worldwide, especially in Asian and Western countries
(1). Despite advances in diagnosis and treatment, the overall
survival of patients with HCC has not significantly improved
in the last two decades (2). The effective treatments currently
available are only indicated in a relatively small proportion
of early stage cases. When patients presents with clinical
manifestations of HCC, the tumor is usually advanced, and
there are few treatment options. Many HCC patients have
type B or C hepatitis or cirrhosis, so patients treated
surgically or by other therapies are also at high risk for
recurrence. Furthermore, the liver function of such patients
is often very poor, so treatment for recurrence is often
restricted. As a result, the prognosis of HCC remains poor
and new therapies for cancer development and recurrence,
i.e., adjuvant therapy, are urgently needed.

We previously reported that glypican-3 (GPC3), glyco-
sylphosphatidylinositol (GPI)-anchored membrane protein,
is specifically overexpressed in human HCC and melanoma,
and that among normal tissues it is slightly expressed in
placenta and embryonic liver (3). We found that GPC3 is
useful not only as a novel tumor marker, but also as a target
antigen for immunotherapy in several studies with mice
(4,5). In addition, we identified CTL epitope peptides:
HLA-A24-restricted GPC3,45.50s (EYILSLEEL) and HLA-
A2-restricted GPC3,,, 5, (FVGEFFTDYV) (6). To design the
schedule for the phase I clinical study of these GPC3-derived
peptide vaccines, many factors need to be taken into consi-
deration: the adjuvant, dosage, number of doses, vaccination
interval, etc. Many investigators have reported various
vaccination schedules (7,8). There is no world-wide consensus
concerning the schedule to use for administration of peptide
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vaccines. In this study, we attempted to identify a more
effective vaccine regimen that would induce a strong cell-
mediated immune response. Ten years ago Salgaller et al
reported that they did not observe any dose dependency
between 1 and 10 mg in the capacity of gp100 peptide to
enhance immunogenicity in humans (9). The results of our
present study, however, showed dose-dependency in the
immunizing effect of a peptide vaccine.

Materials and methods

Mice. Female BALB/c mice at 6-8 weeks of age were
obtained from Japan SLC (Hamamatsu, Japan) or Charles
River Laboratories. HLA-A2.1 (HHD) Tgm; H-2D%*"h2m”-
double knockout mice transfected with a human h2m-HLA-
A2.1 (al a2)-H-2DP (a3 transmembrane cytoplasmic) (HHD)
monochain construct gene were prepared in the Department
SIDA-Retrovirus, Unité d'Immunité Cellulaire Antivirale,
Institut Pasteur, France (10), and kindly provided by Dr
F.A. Lemonnier. The mice were maintained under specific-
pathogen-free conditions. The mouse experiments were
approved by the Animal Research Committee of the National
Cancer Center Hospital East.

Cells lines. A subline of BALB/c-derived colorectal adeno-
carcinoma cell line Colon 26, C26 (C20) (11) was provided
by Dr Kyoichi Shimomura (Astellas Pharmaceutical Co.,
Tokyo, Japan). Colon 26/GPC3 (C26/GPC3) is an established
stable GPC3-expressing cell line (4). RMA-HHD cells were
kindly provided by Dr Masanori Matsui of Saitama Medical
School, Saitama, Japan. A human 82m-HLA-A2.1 (ala2)-
H-2D® (o3 transmembrane cytoplasmic) (HHD) monochain
construct was transfected into RMA lymphoma cells [trans-
porter associated with antigen presentation (TAP) positive] to
establish RMA-HHD cells (10). The cells were cultured in
RPMI-1640 medium supplemented with 10% FCS. To obtain
GPC3-expressing RMA-HHD (RMA-HHD-GPC3) cells,
RMA-HHD cells were transfected with pCAGGS-GPC3-
internal ribosomal entry site (IRES)-puromycin-resistant
gene with Lipofectamine 2000 reagent (Invitrogen Corp.,
Carlsbad, CA), selected with puromycin, and then subjected
to cloning by limiting dilution in drug-free medium in 96-
well culture plates (12,13). Dendritic cells were obtained
from bone marrow cells (BM-DCs) as described previously
(4). Irradiated BM-DCs pulsed with peptide were used for
in vitro CTL culture or as target cells for Elispot assays.

Vaccination. HLA-A24- and K¢restricted GPC3,45 306
(EYILSLEEL) and HLA-A2-restricted GPC3,,,s,
(FVGEFFTDV) were dissolved in 7% NaHCO, and the
solution was diluted with saline. For peptide vaccination,
mice were intradermally injected at the base of the tail
with peptide solution emulsified in incomplete Freund's
adjuvant (IFA). Different doses of peptide were administered
at 7-day intervals, and mice were sacrificed to obtain inguinal
lymphocytes and spleen cells seven days after the final
vaccination.

IFN-y Elispot assays. Female BALB/c mice were intra-
dermally vaccinated with GPC3,44 506 0r GPC3,,,.5,/IFA.
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Their inguinal lymphocytes were stimulated with peptide-
pulsed BM-DC:s in vitro for five days. The proportion of cells
producing IFN-y against target cells (BM-DCs pulsed with or
without GPC3 peptide) was assessed by an Elispot assay
as described previously (14). The spots were automatically
counted and subsequently analyzed with the Eliphoto system
(Minerva Tech, Tokyo, Japan).

Analysis of peptide degradation. GPC3,44 30 Was mixed
with human serum, and the solution was applied to the
surfaces of a Q10 (strong anion exchange) ProteinChip
(Bio-Rad Laboratories, CA). We sequentially examined
the solution with a SELDI-TOF mass spectrometer (Bio-
Rad). Female BALB/c mice were intradermally vaccinated
with GPC3,550¢/IFA at the base of the tail. A week later, we

collected the residual peptide vaccine at the base of the tail
into buffer in a tube, and the tube was centrifuged at 4°C
at 10,000 rpm for 15 min. The supernatant was applied to
a ProteinChip and the surface of the chip was examined
with the spectrometer.

Induction of GPC3-specific CTLs and cytotoxicity assay. Mice
were intradermally vaccinated twice with 50 ug GPC3
peptide/IFA 7 days apart. Seven days after the second
vaccination, inguinal lymph nodes were excised and the
lymphocytes were cultured in 24-well culture plates (5x10°
per well) with GPC3 peptide-pulsed BM-DCs (1x10° per
well) in RPMI medium supplemented with 10% horse serum,
recombinant human interleukin (IL)-2 (100 units/ml), and
2-mercaptoethanol (50 pmol/l). After culture for 5 days,
the cells were recovered and analyzed for their cytotoxic
activity against target cells with the TERASCAN VPC system
(Minerva Tech) as previously described (15). Briefly, C26,
C26/GPC3, RMA-HHD and RMA-HHD-GPC3 cells were
used as target cells and labeled with calcein-AM solution for
30 min at 37°C. The labeled cells were washed three times
and distributed to the 96-well culture plate (1x10* per well),
and they were then incubated with effector cells for 5-6 h.
Fluorescent intensity was measured before and after the 5-6-h
culture, and Ag-specific cytotoxic activity was calculated by
using this formula: cytotoxicity (%) = [(sample release) -
(spontaneous release)]/[(maximum release) - (spontaneous
release)] x 100. In some experiments, CD8* T cells were
isolated from effector cell preparations with a magnetic cell
sorting system (Miltenyi, Bergisch Gladbach, Germany).
Positively selected CD8* T cells were 95% pure as determined
by flow cytometry.

Histologic and immunohistochemical analysis. Mice were
injected twice with GPC3 peptide vaccine, and seven days
later tumor cells were subcutaneously implanted in their
shaved backs. Seven days after the tumor challenge, frozen
sections of tumor tissue were prepared. The frozen tissue
sections were immunohistochemically analyzed using mono-
clonal antibody (mAb) specific for CD4 (L3T4; BD Phar-
Mingen, San Diego, CA) or CD8 (Ly-2; BD PharMingen)
as described previously (4).

Statistical analysis. The 2-tailed Student's t-test was used
to determine the statistical significance of differences in the



