B0 o R T WS 2 FlifED GPC3 R F F L HICRE T EEMT Va3 MDDV TR A%
WIRE T f 17, BALB/c U REMWT, XTF REMEE, F522 70,2 k7Y a2/37 b (incomplete fluid
adjuvant : IFA) & OfFFAEE, CpG BFRIEE, «- GalCel PHEE, 7NV I oV LGB 5 BT LIL 5, TFA L
OPIR GBI BT OH, GPC3 R+ 5 — THIlY (CTL) MifiEhic, R7F FHIRTIIES T, IFA LRSA
THREEMNCEDEFHEL, BREBTERTF RE FAOREWMERETHC L E Ui, BAD T AD
KBRTE, XTFFREBICKE L TRORRZBETEZ LOFBRICE 7 (K 38), XURATSEHRS L 1 E
B DA 50 pg ThH-o7eh, BAICHE#BE TS L, YV X TH50pugldt FTO 100mg iH¥L, IX b
LIERE B EMO D, FORBERENEFNT 3 aE 1 EERT b EH L3 hEE S5 RVETH D, BiR
HICIE AR R B CH o fc. 7 0 THIKEE MR T, | EHREEE 0.3mg b HEFEHICEE s U, ReMriERL
BNSEREHP L TOSREIIL, BE¥HT=2) Y 7Ic Xk b REOEERE RERD B 58 & Ule, EIEME
DEETITbNBEHEMETED 2D, HKRRTRETE2XT7F P, ¢ FOEKRICRE SN TEANEHP ALK
3ic, BHEBRENSTERIN, THEEEY THMAEENTOEVENFMICRE SN EEMEDLOEAFT 5454
BRH o7, MALERTFRE, COXIBFBEHBLTEOTHED, KEOEHFIES > XE2HL, cGMP
Mgk & U CRRE NIz T THARMEREE L L TORTF REKREECE ZRERMICTHRIEEESH, HOME
IREMT OB K URMITEHOBRERTVD, XTF R2ER LRI 2 240MRIET 5 CMP H < £ THE
DIEETH Y, KEMIFBEI NGV, ZOTh, LW GPC3RTF RO Y R ERVBER TR EEHBEE
NEMEEICKELL, MEREMER LI, GPC3XTF R (GPC3 RT7F I A24, GPC3R7F K A2) % 6000 pg/kg
KU 60000 pg/kg O ity 2 MR TRE Ui, SHAICERY 3 &% 2 5h 3 REBMEMOMERED £
BICRH oMM, GPCIRTF RIERT 3 2EXbNBELRRED RN i 5, GPC3RTF FOFEERIX
60000 pg/kg Z LEIB LD LEZ SNz, BB, © FOEER 50kg &9 5 L ARKAR CHIHRS R L AW N
3mg i 60 ug/kg DARTH BH, ZD 100 &, 1000 fFEICHET S 6000 pg/kg KU 60000 pg/kg PHET
TR GE LU TERETHEIENCABHEM L T o7,
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32 GPG3RTFRIIF VGRS | 18R

ESIAAREY Y Z2—FREICBWT, ETFHRENA 33 REMRIC CPCINTF RT 7 F U5 | ERARS

2007 4 2 HICEIB L, 2009 % 11 BIc5T L7, 0.3mg lmg 3mg 10mg, 30mg L5 BEHE L THRE Uikt

AR #E % (dose limiting toxity : DLT) 13, 1HI&3E88¢, &AMAE (maximum tolerance dose : MID) @
ﬂﬁ&i@%ﬁfi’éo 7o 30mg 5D 1 Hilic PR DEEERMRIBDH SNz &, REZNET_X) Y TOEBRICBNT
HEKREEIFED N (B 3B) CLhORERERSOBANIREEI N, LHL 30mg i, 3mgiR50D 101%
B0 6ml b DOBRENICRET 37OREFEMVERL L, BEOERLAREL, REMBADRETR - BEDRU grade
1 CRHLAICKRERS T LD, TOEKRMBREEDRTEZ S ERIED GPC3 NTF FU I F U 0fERR 58I
3mg HZYTH S LB Lic, YREFRYDBEND 72, FDAHAZ VY ADIBE LB O MID BRHNT, EF
R 5 BRI SHAOREENEIECERT 2 LV o R TH - Tz,

COBRFKE | BT, ZLHOHZR, B —A—E Tk EDERHNRDIEM, IFN -y ELISPOT i & 5 KA
MARTF FRER CTL DREDBIMDRIE, 77 F VROBEOERZITY, TIF UHOBERICERBLTY
Tl o7z CD8BRtED CTL 3T 7 F V4 DREFMIC BB L TV A BREBIETE L L EORBENENM LI T
oo BRARABR CTHBBRBILEDES XY Y IWARELE-> TR T L, MEVALZVEZEZI TS,

33 ENAAMIEL 2 —RBERICET S GP RTF KU F VBRSO

AT 7 F EEEREANAT T, BIHBERERO T A VY ERRBREEEZTED, #EVWETEEO%
HEOMHNEE L EZ T3, BIE, CPC3XTF RUZF U TR T VA EFIEE (RFA) T E DT
FEM AMRTRHIRIR RO BR TR ZREL I 55 IHEBKRREZ ERT TH 5, BiGEER | EFBICT 7 F %5 10
EHRE T ZEHE L LzhS, THREEKSE [ HEBOBRN S, U7 F U EMEERS UER TR MO CTL Akt
MICBZENBEAPRS -T2 2 XD 10EE VS ERERE LI, EREHICKHEDS VX LMEERICDOETS
EEFHEE L, 18, 2EERREIVFRA VM UEBRIHS IHRRTH Y, A TEEREIL 06 LT
W3, TO A0 EFIOEMIE, IHEDEKKBZITHIRWEB/S C LEZENIC, LAY ay o—)VeuiEiEL
RELTUTo T HIEREZYIBRERS U T VA EFEHEE TIRIGHICIEE T & T YR TRBEBE T X TEfE %
HET B E 1 E, 2EHAERE, URFRL S A EENEEIIEIEHET, &3545%, 60-710% Tho7M, UTF
DHETIE, | EFERE 0%, 2EFEHER60% LRET 3.

BONTAERDVERD | EERER 40% X D IIRFZNICEE (BRES%, BEE 95%) 15 7-DDRER/MER]
#EUTOXTERT 5 C & TEEREERRF Ui,

Entry N A, —F#%n ABEHE, m A BH¥ n+m=N
WMERRLZD 95% [SEKM
BEXZp(=n/N) .g=1—0p
HEEFEE p D 95% SHRM = (p — 1.96 *sqrt (pg/N) , p + 1.96 *sqrt (pg/N)

| EEBRB A% EETD 20%BICELTHREF > TV ERELZEA, PES/NMEFBIEIN =16 £4&3H, &
HICRH 1% 80%LL I BT B TcIT N =40 L LT,

40 FIDIFE, 40%D 16 FINHERT B LT A%, 20%LLTOSFLUTICMA S eATENL, BRIFHIRE L
THER®ELES (P<001). TOHREA, 40 ARD 8 A (20%) KAV Y FDHZBHETHEZT LHFRTE, £
hE+oERNDZ EEZ DN, RICEEN 10 A 25%) IKEHONERL, BRIFIRE UTEERELR
n (P<005), COBREELAOANHDE A (15%) KAV Y FDOHZEETHETLHERTE, FTNLEKRDSHD
LEZ26NB, LEXD, 40 AT | EFREZHOIPRIER 2TV, BEDS 8 AT USRS NED -GS,
HOMCER EHW L TRES > X MEDBBRARICES B E T3] E L Lz,

F1eRTF FY 7 F EED POC W&, BERICHMIEHICRTF FREN CTL BEZ S0 E S, EHIFOCILH
EEBADBEBOPICRETZNEIDZIAFT S L THB, HKALE, GPCIRTF R I F U251 & D REMInH
IZ GPC3 R M CTL MBFEETE B LW+ 7xdEil2, B0 | HBKEBRN SBL LM TERN, V75 H
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L#&DITEEAY CD8 BtE T U 2 /SERICBI LT, -+ TETWinw, BifE, V7 F URE5%OMEEREY >R
RO DIz, EITHFHIRANABE IR E U GPC3 RS F RY 7 F U FtEENi% T 2RI FHERZT S BIRRBR %
To T3, CORRDTTATY—LY FRA Y ME, RTF RT I F U B5HHOERERRACE TS CD8 B
T MRS AR OWIOFHEL LT W5, XTFRIIFUE, SHRIBHANTEUESHE TORRTOEMD
FAENDH, DX EDASERHEDOBESHGE & /x5 AR - I ERWERDIZEE, 74737 TfF 5 MmiEs
HBEEZT N5,

ETATHIIE S BB RIS E U D FHEWEY ST 2 =7 (R 7Y 18—V ® ) & GPC3 RTF RU T F EEMHA
DEFMERE TGS 5 5 > 5 LALERRSE T AR (E6F SRR Otiig, fizoBfflck b bAML 7. FHili
TIREXKE TR TOFEEMRIE, cAPYAbaryro—licn U THG SN EEHAROEERPEERE L
LTHHT 57000 ERIMEFEE LTIV F U RBTAOMERE LT, OSESZARU—T Y FRAV B E
LTWV3 s, BROSA T AOMBGEMR L, V7 x = 7 HIMBOEEMDRG, T 7F HMED 95%EHEK
MEMERT BRI, 77 F U HHABOFTEENISEICEDET, V57 2 2 THMBOTEREMES 40 fllcRE Ui,
COFEFBIEH { £TE GPC3IRTF R I F U BEOE M AR T 28 THRRE UT, ROENERBREEHE
TEHEEBIHEVRIET B7HDEDOTH D, BIEALKHARE LTV I 72 TR L OEEEERITT 220
DEDTd A ole, BEE LT, B MHEERE U TERIELIEHRET 5 Ha oMb file e d 5 &,
¢ LI—% 005 BITI—%02LEETIE, mBEHLETH 320MLix%,

T AT I T TR, BRE [ HEMRETRT L, UBROBERMEERKARG ML TV EH, fISEcm) T
HPEDBBRIEATHL CEEESBY T T EFETH 5B, '

BbYic

HHE, FUBNARR) FEMNELZ EORRICE VT, KEBRTBRRICIT 2}, K@z DEAAT Phase 0 DEHE
B EDEEPBRETHEMN, RTFRIIF DL S EEDRERDTINAFD Phase 0 LD EMTEZ LT AL
Z2VWEEZEND, HLOBEKRRBPLREURIAFL T3, PMDA R ENEHABRILTLNEDEEA VT
H%.

HAETDONAT I F 2 OEMEFOMGRERIE, Bem, AR TRUTED, TOTHET S GRRPHE
LTh, Lohh e LELETF Y AEBHETERIC W o TWiahofcizsh, BERMRESHRICED HE T, AEEK
AC—FEEE > TETEh o, BRI/ FTTESHRIAHEEOD L L DEKRARICHELTLoD T
UFVARBETES LI RELARVEER L, HWEAELSFERERE T L HRARER O EFONS X5 58
FHEDL BRENH D, ETEERDENT ZEMNIC, FHEBR CEIRARDOY A PPV DOTEHETEZ L5k
AL RETH B,

SHTAHTITHEELELOZEMTEHARCTREM L EDEEH 2 BERE AV EEAENHRICRI B &
WEWSBRE, HETLEINSEENSH L TIHBRTRARRICEZAONEDNE S b, BAOHEREETIRED
EFVI—RADLDICBHIRL TV E 2L,
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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 GPC3444.15, (FVGEFFTDV)
peptide that can induce GPC3-reactive CTLs without inducing
autoimmunity in HLA-A2 transgenic mice. In this study, we carried
out a phase I clinical trial of HLA-A2-restricted GPC3144.152 peptide
vaccine in 14 patients with advanced HCC. Immunological
responses were analyzed by ex vivo y-interferon enzyme-linked
immunospot assay. The frequency of GPC3144.15, 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 GPC3144.152 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 GPC3,4, 45, peptide-specific CTLs after vaccination
and the dose of the peptide injected (P = 0.0166, r = 0.665). More-
over, we established several GPC3444-152 peptide-specific CTL
clones from PBMCs of patients vaccinated with GPC344_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 107"" 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 reglessions have not correlated
well with T cell responses measured in peripheral blood lym-
phocytes U-3) 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 mduced 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 speaﬁcally overexpressed in human
hepatocellular carcinoma (HCC)."'” The expressmn 0f 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 GPC344_152 (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
GPC3y44.152 peptide vaccine in a phase I trial involving 14
patients. We highlight three important points: (i) HLA-A2-
restricted GPC3,44_5, peptide is immunogenic in advanced
HCC patients; (ii) dose-dependent effects of GPC3 44152 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 GPC3,44_150 (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,
GPC3,44-152 (FVGEFFTDV) (American Peptlde 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 GPC3444-15, peptide

bt HLA Age Sex Stage Dose 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 A 0.3 SD 1 10 +
A2-4 A*02:01 68 F 1c 1.0 SD 16 15 -
A2-5 A*02:01 72 M 1A 1.0 SD 16 101 +
A2-6 A*02:01/A*02:06 62 M 1l 1.0 PD 0 23 +
A2-7 A*Q02:01 67 F \Y 3.0 SD 0 23 +
A2-8 A*02:01 58 M HA 3.0 SD 0 101 +
A2-9 A*02:01 52 M [\ 10.0 SD 1 100 +
A2-10 A*02:01 70 M v 10.0 PD 0 5 +
A2-11 A*02:01 68 M I 10.0 PD 1 125 +
A2-12 A*02:07 75 F [\ 30.0 PR 11 196 +
A2-13 A*02:06 52 M [\ 30.0 PD 2 151 +
A2-14 A*02:01 67 M [\ 30.0 PD 0 441 +

tThe clinical response was evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST) guidelines. tPeripheral 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/mL peptide antigens and incubated for 20 h at 37°C, 5%
CO,. The GPC3 antigen was HLA-A2-restricted GPC344-152
(FVGEFFTDV) peptide. The PBMCs with HLA-A2-restricted
HIV 957 (TLNAWVKVYV) 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 GPC3,44 5, 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 ug/mL
GPC3,44.15> 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 (GPC3 144152
[FVGEFFTDV], HIV o_o7; [TLNAWVKVV]; Immudex, Copen-
hagen, Denmark) for 10 min at room temperature and anti-CD8-
FITC (Prolmmune, 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_15» peptide for 14 days. CD8" T cells were incubated
with T2 pulsed with GPC344.15» or HIVig_»; peptide and
HepG?2 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 clones. 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 ng/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 g »;
peptide or GPC3;44 152 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 #-test was used to determine
statistically significant differences between the two groups.

Cancer Sci | May 2011 | vol.102 | no.5 | 919
© 2011 Japanese Cancer Association



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 GPC3,44.152 peptide, we evaluated
the GPC344.15> peptide-specific immune responses by ex vivo
IFN-y ELISPOT assay. The representative data of patient A2-12
on changes in the frequency of GPC344_15, peptide-specific
CTLs before and after vaccination are shown in Figure 1(a).
The frequencies of GPC344_150 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
GPC3144-152 peptide-specific CTLs before vaccination and after
vaccination in all patients are shown in Table 1 and Figure 1(b).
GPC344-152 peptide-specific CTLs were clearly detected in four
and 14 of the 14 patients at pre- and post-vaccination, respec-
tively. The frequency of GPC3i44.1s52 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 GPC3,44 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 GPC3 4452
peptide vaccination can induce an increase in GPC344(s2
peptide-specific CTLs in HCC patients. Moreover, we compared
the frequency of GPC3 445, peptide-specific CTLs after vacci-
nation for each dose of peptide injected. We found that the
maximum value of GPC3,44 5, 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 GPC3444.152 peptide-specific CTL clones by
three different methods. To further investigate the ability of
GPC344-152 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 GPC3y44 52 peptide-specific CTLs was 50 of
5% 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 GPC344_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_152 peptide-specific CTLs without in vitro culture. In
patient A2-14 (Fig. 2b), the frequency of GPC3144 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 1557 peptide.
(a) Representative result showing the frequency of GPC3144-152 peptide-
specific CTLs pre- and post-vaccination. (b) Changes in the frequency
of GPC344s4-152 peptide-specific CTLs before and after vaccination in
all patients (A2-1-14). An increase in GPC3y44-152 peptide-specific
CTLs was observed in 12 (86%) of 14 patients. (¢) The maximum
number of GPC3i44.152 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. Establishment of GPC3444-152 peptide-specific CTL clones by three different methods. Left panels show the frequency of GPC3144-15;
peptide-specific CTLs in the PBMCs used, as established by ex vivo interferon (IFN)-y enzyme-linked immunospot (ELISPOT) assay. (a) The PBMCs
of patient A2-9 were stimulated with GPC344_15; peptide in vitro for 14 days. The population of CD8" GPC3 Dextramer® cells was sorted to a
single cell. (b) CD8" GPC3 Dextramer™” cells were directly sorted to a single cell from PBMCs of patient A2-14 without in vitro stimulation. (c) The
PBMCs of patient A2-8 were stimulated with GPC3144-15; 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. 2¢), the frequency of GPC344_15> peptide-
specific CTLs was 39 of 5 x 10° PBMCs 1.5 months after the
third vaccination, as determined by ex vivo ELISPOT assay,
which were stimulated with GPC3144 15, 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

Yoshikawa et al.

pulsed with GPC344_152, HIV 557 peptide, or HepG2. Approxi-
mately 2% and 18.7% of CD8* T cells mobilized CD107a in
response to HepG2 and T2 pulsed with GPC3,44_;5, 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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Dextramer® CTLs (99.9%) which did not react with HIV Dextr-
amer (Fig. 2¢). These results indicate that GPC3 445, peptide-
specific CTL clones were successfully established from PBMCs
of patients injected with GPC344.52 peptide vaccine by three
different methods. Moreover, the result that patient A2-8 CTL
clone that reacted to HepG2 had GPC344.152 peptide specificity
verified that GPC344.1s» peptide was present naturally on
HepG2.

Analysis of GPC3444-152 peptide-specific avidity of three CTL
clones. To further characterize the GPC3,44-;5, peptide-specific
avidity of the three CTL clones, we tested for the lysis of T2
cells pulsed with decreasing concenttatlons of GPC3 44152 OF
HIVi9.57 peptxde ranging from 107° to 107'* M. The peptide
concentration at which the curve crossed 50% cytotoxicity was
defined as the recognition efficiency of that clone. The recogni-
uon efﬁc1en01es of patlent A2-9, A2-14, and A2-8 clones were

1071%, 1071, and 107" M, respectively (Fig. 3). These CTL
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Fig. 3. Analysis of the GPC3144-152 peptide specific avidity of the
three CTL clones. The established CTL clones were tested for their
avidities using various concentrations of GPC3y44.152 (®) or HIVig_27
(O) peptide-loaded T2 targets. The peptide concentration at which
the curve crossed 50% cytotoxicity was defined as the recognition
efficiency of that clone. Effector/target ratio = 10. The recognition
efficiencies of patient A2-9 {(a), A2-14 (b), and A2-8 (c¢) CTL clones
were 107%°, 107°, and 107" M, respectively.

922

clones did not react against T2 cells pulsed with HIV9_57 pep-
tide. These results indicate that the established clones were
GPC344.152 peptide-specific and high avidity CTLs.

Reactivity of three CTL clones against cancer cell lines. We
analyzed the IFN-y production and cytotoxicity of the established
CTL clones against cancer cell lines expressing HLA-A*02:01
and GPC3. We used SK-Hep-1 (GPC3~, HLA-A*02:01%) and a
human GPC3 gene transfectant, SK-Hep-1/hGPC3 (GPC3",
HLA-A*02:01"), as target cells. Production of IFN-y in the three
CTL clones was detected against SK-Hep-1/hGPC3, but not
against SK-Hep-1 (Fig. 4a). Furthermore, these CTL clones
showed specific cytotoxicity against SK-Hep-1/hGPC3 and
HepG2 (GPC3*, HLA-A*02:01"), but not against SK-Hep-1 and
SW620 (GPC3~, HLA-A*02:01%) (Fig. 4b). These results indi-
cate that all three CTL clones show cytotoxicity and the ability
to produce IFN-y against HLA-A*02:01" GPC3* HCC cell
lines. Next, we examined whether these CTL clones respond to
cancer cells weakly expressing GPC3. We used human mela-
noma cell line 526mel (GPC3", HLA-A*02:01") as a target cell
that expresses GPC3 mRNA and protein at a lower level than
the HCC cell lines (data not shown). Production of IFN-v in
patient A2-8 CTL clone (recognition efficiency: 107 M) were
clearly detected against 526mel, whereas patient A2-9 CTL
clone (recognition efficiency: 107'° M) showed weak response
to 526mel (Fig. 4c). Similarly, patient A2-8 CTL clone showed
specific cytotoxicity against 526mel, whereas patient A2-9 CTL
clone failed to lyse 526mel (Fig. 4d). These results suggest that
higher avidity is essential to react to cancer cells weakly
expressing GPC3.

Analysis of HLA-A2 and GPC3 restriction. In a cold target inhi-
bition assay, cytotoxicity against SK-Hep-1/hGPC3 of patient
A2-9 clone was suppressed by the addition of GPC344 ;55 pep-
tide-pulsed T2 cells but not by the addition of HIV 9_,7 peptide-
pulsed T2 cells (Fig. 5a). In an HLA blocking experiment, the
IFN-y production of patient A2-9 CTL clone was markedly
inhibited by anti-HLA class I mAb and anti-HLA-A2 mAb as
compared with that by IgG2a or IgG2b isotype control
(P <0.05) (Fig. 5b). Similarly, the cytotoxicity against SK-
Hep-1/hGPC3 of patient A2-9 clone was markedly inhibited by
anti-HLA class I mAb and anti-HLA-A2 mAb compared with
that by IgG2a and IgG2b isotype control (P < 0.05) (Fig. 5¢).
These results clearly indicate that the CTL clone recognized
SK-Hep-1/hGPC3 in an HLA-A2-restricted manner.

Next, to ascertain the GPC3 antigen-specific response of a
CTL clone, we examined GPC3 knockdown using siRNA on
the GPC3" HepG2 cell line. Representative data are shown in
Figure 5(d—f). The GPC3 expression of HepG2 was clearly
decreased by GPC3 siRNA on RT-PCR (Fig. 5d). Specifically,
the GPC3 expression of HepG2 was decreased from 24 to 72 h
following treatment with GPC3 siRNA on Western blot
(Fig. 5e). We examined the IFN-y production of patient A2-9
CTL clone against HepG2 treated with GPC3 siRNA. The

"IFN-y production of the CTL clone was significantly decreased

by GPC3 siRNA (P < 0.05) (Fig. 5f). These results indicate
that HLA-A2-restricted GPC3 44152 peptide can be processed
naturally by cancer cells, and the peptides in the context of
HLA-A2 can be expressed on the cell surface of cancer cells in
order to be recognized by a GPC3144_15, peptide-specific CTL
clone.

Discussion

Salgaller et al.""” failed to detect dose dependency between 1
and 10 mg in terms of the capacity of gpl100 peptide to enhance
immunogenicity in humans. Previously, we reported that the
peptide emulsified with incomplete Freund’s adjuvant 1s stable,
although the peptide is easily degraded in serum.® In thlS
study, as with our previous report using a mouse model,!® w
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analyzed by cytotoxicity assay.

found that the effect of GPC3,44 15> peptide emulsified with
incomplete Freund’s adjuvant between 0.3 and 30 mg, to induce
specific CTLs, was dose-dependent.

GPC3144_152 (FVGEFFTDV) peptide was Previously identi-
fied as an HLA-A*02:01-restricted peptide."> Moreover, we
confirmed by binding assay that the peptide could also bind
HLA-A*02:06 and HLA-A*02:07 molecules (data not shown).
Therefore, we carried out a clinical trial for three types of HLA-
A2 patient. Indeed, similar to HLA-A*02:01 patients, GPC3 44152
peptide-specific CTLs increased after vaccination in both HLA-
A*02:06 and HLA-A*02:07 patients (Fig. 1b). These findings
suggest that GPC344_15, peptide is useful for not only HLA-
A*02:01 patients but also HLA-A*02:06 and HLA-A*02:07
patients.

Notably, previous reports have shown that vaccination with
synthetic peptides occassionally induced 1neffect1ve CTL
responses due to various underlying mechanisms.“™ A possible
mechanism is that responding T cells may have a very low affin-
ity such that they recognize only target cells pulsed with high
concentrations of the peptide and not tumor cells expressing the
relevant epitopes at lower copy numbers. Alternatively, some
antlgen ggntopes were not expressed on the surface of tumor
cells.!! When evaluating T-cell response to peptide vaccines,
it is important to confirm that responding CTLs lyse human can-
cer cells. In the present study, although CTL clones established

Yoshikawa et al.

by Dextramer assay could react to HLA-A*02:01" GPC3* HCC
cell lines, these clones failed to react to the HLA-A*02:01%
GPC3" melanoma cell line 526mel expressing GPC3 mRNA
and protein at a lower level than the HCC cell lines. Therefore,
we attempted to establish CTL clones that are more tumor-reac-
tive and with higher avidity than CTL clones established by
Dextramer assay. Rubio e al.®® showed that the surface mobi-
lization of CD107a was useful for identifying and isolating func-
tional tumor-reactive T cells with high recognition efficiency
directly from PBMCs of cancer patients after vaccination. In the
present study, the CTL clone showing the highest avidity
(107" M) and tumor reactivity was established by CD107a
mobilization assay. Moreover, this clone could also react to
526mel.

For patients with metastatic melanoma, adoptive cell therapy
has emerged as the most effective treatment. However,
tumor-infiltrating lymphocytes with high avidity for tumor anti-
gens can only be generated from some patients with mela-
noma.®? Recent studies have shown that genes encoding T-cell
receptors (TCRs) can be isolated from high avidity T cells that
recognize cancer antigens, and retroviral or lentiviral vectors
can be used to redirect lymphocyte specificity to these cancer
antigens.®>~2% In the present study, we were able to successfully
establish some high avidity CTL clones. We analyzed the TCR
B-chain variable region gene families of these clones by
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Glypican-3 (GPC3) is useful not only as a novel tumor marker, but
also as an oncofetal antigen for immunotherapy. We recently
established HLA-A2-restricted GPC3444.152 peptide-specific CTL
clones from hepatocellular carcinoma patients after GPC3444.152
peptide vaccination. The present study was designed to evaluate
the tumor reactivity of a HLA-A2-restricted GPC3444.15; peptide-
specific CTL clone against ovarian clear cell carcinoma (CCC) cell
lines. The GPC3444.15; peptide-specific CTL clone could recognize
HLA-A2-positive and GPC3-positive ovarian CCC cell lines on inter-
feron (IFN)-y enzyme-linked immunospot assay and showed cyto-
toxicity against KOC-7c¢ cells. The CTL clone recognized naturally
processed GPC3-derived peptide on ovarian CCC cells in a HLA class
I-restricted manner. Moreover, we confirmed that the level of
GPC3 expression was responsible for CTL recognition and that sub-
toxic-dose chemotherapy made tumor cells more susceptible to
the cytotoxic effect of CTL. Thus, it might be possible to treat ovar-
ian CCC patients by combining chemotherapy with immunother-
apy. Our data suggest that GPC3 could be an effective target for
immunotherapy against ovarian CCC. (Cancer Sci 2011; 102: 1622-
1629)

E pithelial ovarian carcinoma (EOC) is the leading cause of
death from gynecological malignancy. Cytoreductive sur-
gery and systemic combination chemotherapy with a platinum
drug and a taxane represent the standard of care for EOC
patients. Ovarian clear cell carcinoma (CCC) is the second most
frequent subtype of EOC in Japan, although CCC represents 8—
10% of all EOC in the United States."? Compared with other
EOC subtypes, ovarian CCC is associated with a poorer progno-
sis and increased chemoresistance.’* More efficient conven-
tional therapies and novel strategies for effectively treating
ovarian CCC are required.

Glypican-3 (GPC3) is a member of the glypican family of
heparan sulfate proteoglycans that are attached to the cell sur-
face via the glycosylphosphatidylinositol (GPT) anchor. It is
known as an oncofetal antigen specifically overexpressed in
hepatocellular carcinoma (HCC).(5 ) Previous studies have shown
that GPC3 was also overexpressed in other malignant tumors,
such as melanoma, Wilms’ tumor, hepatoblastoma, yolk sac
tumor, ovarian CCC and lung squamous cell carcinoma.‘®~

We previously identified the HLA-A24-restricted GPC3493 306
(EYILSLEEL) and HLA-A2-restricted GPC3144.152
(FVGEFFTDV) peptides, both of which can induce GPC3-reac-
tive cytotoxic T cells (CTL)."'D Recently, HLA-A2-restricted
GPC3144.152 peptide-specific CTL clones were established from
HCC patients after GPC3144.15, peptide vaccination in our labo-
ratory.'® Although CTL reactivity against HCC cell lines was
analyzed using these CTL clones, other GPC3-positive tumor
cell lines have not been studied. Therefore, we examined the
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reactivity of a HLA-A2-restricted GPC344.15, peptide-specific
CTL clone against ovarian CCC cell lines, and whether subtox-
ic-dose chemotherapy sensitizes ovarian CCC cells to lysis of
GPC344.152 peptide-specific CTL.

Materials and Methods

GPC3444.152 peptide-specific CTL clone and cell lines. We estab-
lished the HLA-A2-restricted GPC3,44.,5, peptide-specific CTL
clone from the PBMC of HCC patients vaccinated with
GPC3,44.152 (FVGEFFTDYV) peptide by single-cell sorting using
CD107a antibody. The established CTL clone was tested for
avidity by using GPC344.15> peptide-pulsed T2 targets with a
range of peptide concentrations, starting at 107 M and decreas-
ing by log steps to 10™'* M. The peptide concentration at which
the curve crossed 50% cytotoxicity was defined as the avidity of
the CTL clone and was rounded to the nearest log. This CTL
clone had high avidity CTL (107'"' M) and could recognize
HCC cell lines expressing GPC3 in a HLA-class-I-restricted
manner.!'? Two human ovarian CCC cell lines, KOC-7c (HLA-
A*0201/A*3101) and TOV-21G (HLA-A*1101/A*2601), and
two human HCC cell lines, HepG2 (HLA-A*0201/A%2402) and
SK-Hep-1 (HLA-A%0201/A*2402), were used in the present
study. They were conserved in our laboratory. TOV-21G.A2
acquires expression of HLA-A2 following transfection with an
HLA-A2 expression plasmid."'® TOV-21G.A24 was similarly
transfected with an HLA-A24 expression plasmid. SK-Hep-
1.hG acquires expression of human GPC3 following transfection
with a human GPC3 expression plasmid. SK-Hep-1.vec cell line
transfected with an empty vector was used as a control. To study
the effect of silencing GPC3, KOC-7c GPC3-shRNA and Neg-
shRNA (control shRNA) were established by short hairpin RNA
knockdown technology as described previously.(m These cells
were maintained in RPMI 1640 or DMEM medium (Sigma, St
Louis, MO, USA) supplemented with 10% FCS, penicillin
(100 U/ml) and streptomycin (100 pg/mL) at 37°C in a humidi-
fied atmosphere containing 5% CO,.

RNA preparation and quantitative real-time PCR (qRT-PCR).
Total RNA was isolated using TRIzol Reagent (Invitrogen, Carls-
bad, CA, USA) following the manufacturer’s instructions. GPC3
gene expression levels were analyzed by gRT-PCR assays using
the following primers generated according to the indicated refer-
ence sequences: sense, 5'-GAGCCAGTGGTCAGTCAAAT-3’
and antisense, 5-CTTCATCATCACCGCAGTC-3". Amplifi-
cation reactions were carried out in 96-well plates in 25 pL reac-
tion volume using the Power SYBR Green PCR Master Mix
(Applied Biosystems, Foster City, CA, USA). All reactions were
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performed in technical triplicate using an ABI 7500 Fast Real-
Time PCR System. Relative expression of the GPC3 gene to
the endogenous control gene, B-actin, was calculated using the
comparative Cp method. B-actin qRT-PCR primer sequences
were: sense, 5-TCCATCATGAAGTGTGACGT-3’ and anti-
sense, 5-GAGCAATGATCTTGATCTTCAT-3".

Flow cytometry analysis and cell sorting. Flow cytometry
(FCM) was performed to quantify the expression of GPC3 and
Fas on the cell surface using the following antibodies: primary
anti-GPC3 (clone 1G12; BioMosaics, Burlington, VT, USA);
Alexa Fluor 488 conjugated second Ab (Invitrogen); phycoery-
thrin (PE)-conjugated anti-Fas (clone DX2; BioLegend, San
Diego, CA, USA); FITC-conjugated anti-HLA-A2 (clone
BB7.2; MBL, Nagoya, Japan); and FITC-conjugated mouse
IgG2b isotype control (clone 3D12; MBL).

The FCM data was acquired using the FACSCanto II system
(BD Biosciences, San Jose, CA, USA) and analyzed using Flow-
Jo software (Tree Star, Ashland, OR, USA). Mean fluorescence
intensity (MFI) of GPC3 staining was calculated as follows: MFI
ratio = MFI with the anti-GPC3 Ab/MFI with the secondary Ab.
MEFI of HLA-A2 staining was similarly calculated (MFI ratio =
MFI with the anti-HLA-A2 Ab/MFI with isotype control Ab).

Cell sorting was performed using the FACSAria II cell sorter
(BD Biosciences) to isolate GPC3" and GPC3~ cells from KOC-
7c cells. We purified KOC-7¢ GPC3 high or low cells with the
top or bottom 10% of GPC3 expression, respectively.

Response of GPC3445.152 peptide-specific CTL clone against
cancer cell lines. GPC3144 5, peptide-specific CTL clone cells
were co-cultured with each cancer cell line as target cells at the
indicated effector/target (E/T) ratio and cytotoxicity assay or
IFN-y enzyme-linked immunospot (ELISPOT) assay was per-
formed. Blocking of HLA class I was done as follows. Before
coculturing the CTL clone with a cancer cell line in an assay,
the target cancer cells were incubated for 1 h with anti-HLA
class T mAb (clone W6/32; BioLegend), or isotype control
IgG2a mAb, and then the effects of Ab on CTL clone activity
was examined.

IFN-y ELISPOT analysis. ELISPOT assay for detecting antigen-
specific IFN-y-producing T cells was performed using the ELI-
SPOT kit (BD Biosciences). The spots were automatically
counted and analyzed with the Eliphoto system (Minerva Tech,
Tokyo, Japan).

Cytotoxicity assay. The cytotoxic capacity was analyzed with
the Terascan VPC system (Minerva Tech). The CTL clone was
used for effector cells. Target cells were labeled in calcein-AM
solution for 30 min at 37°C. The labeled cells were then co-cul-
tured with effector cells for 4-6 h. Fluorescence intensity was
measured before and after the 4-6 h culture, and spec1ﬁc cyto-
toxic activity was calculated as previously described."!

Cold inhibition assay. Calcein AM-labeled target cells were
cultured with effector cells in a 96-well plate with cold tar-
get cells. T2 target cells, which were prepulsed with either
HIV 957 peptide or GPC3144.152 peptide, were used as cold
target cells.

CD107a degranulation assay. GPC3,44 15, peptide-specific
CTL clone cells were incubated with cancer cell lines at a 2:1
ratio for 4 h at 37°C. APC-conjugated CD107a-specific mAb
(clone H4A3; BD Biosciences) were present during the incuba-
tion period; after incubation, cells were stained with additional
PE-conjugated anti-CD8 mAb (clone HIT8a; BioLegend) and
analyzed by FCM.

Growth inhibition assay. Growth inhibition was evaluated by
a 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfo-
phenyl)-2H-tetrazolium, monosodium salt (WST-8) colorimetric
assay using a Cell Counting Kit (Dojindo, Kumamoto, Japan).
Cells (5 x 10°) were seeded into 96-well plates in 100 pL of
culture medium for 24 h prior to drug exposure, and then treated
with various concentrations of paclitaxel (PTX) or cisplatin
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(CDDP) for 18 or 48 h. Cell viability was determined colori-
metrically by optical density at 450 nm wavelength using a
microplate reader (Bio-Rad, Hercules, CA, USA). The percent-
age of cell survival for each drug concentration was calculated
as: (absorbance of test wells/absorbance of control wells) X
100.

Apoptosis analysis. The Annexin V-FITC Apoptosis Detec-
tion Kit (BioVision, Mountain View, CA, USA) was used to
determine apoptosis after treatment with PTX or CDDP. After
treatment with the chemodrug, floating and adhering cells were
collected via trypsinization and centrifuged. The supernatant
was removed and resuspended in 500 pL. of binding buffer to
which 5 pL of Annexin-V-FITC and propidium iodido (PI) was
added. The cells were incubated at room temperature for 5 min
in the dark and assessed by FCM.

Statistical analysis. Univariate regression analysis was used
to evaluate the correlation between GPC3 expression and
GPC3-specific CTL recognition. Mann—Whitney U-test and
Kruskal-Wallis test followed by Scheffe’s post hoc test were
used to detect differences between groups. For all statistical
tests, differences were considered significant at P < 0.05.

Results

HLA-A2-restricted GPC3444.452 peptide-specific CTL clone
recognizes ovarian CCC cell lines. To ascertain whether the
HLA-A2-restricted GPC344.15, peptide-specific CTL clone rec-
ognizes ovarian CCC cell lines expressing HLA-A2 and GPC3,
we first evaluated the expression of GPC3 on cancer cell lines.
We used KOC-7¢ and HLA-A0201 gene stable transfectant
TOV-21G.A2 and two human HCC cell lines for the target cells.
As positive controls, we used two HCC cell lines. SK-Hep-1.hG
cells were an established stable GPC3-expressing cell line.
As we performed gRT-PCR and FCM of GPC3 in these cell
lines, GPC3 expression in ovarian CCC cell lines was less than
that in HCC cell lines. Representative data of relative mRNA
expression (ratio to KOC-7c¢) and MFI ratio are shown
(Fig. 1A). The CTL response generally correlates with the num-
bers and density of MHC/antigen peptide complex on the target
cells. Accordingly, we also evaluated HLLA-A2 expression on
the cell surface in cancer cell lines with FCM analysis (Fig. 1B).
IFN-y production of the CTL clone was detected against two
ovarian CCC cell lines (Fig. 1C). In Figure 1C, we used TOV-
21G.A24 as a negative control. Furthermore, we determined
whether efficient GPC3 44152 peptide-specific CTL clone recog-
nition was correlated with GPC3 expression levels. We found
that CTL clone recognition was correlated with the relative
GPC3 mRNA expression and GPC3 MFI ratio in the cell lines
(r = (.995 and 0.935, respectively) (Flg 1D,E). In addition, we
also analyzed whether CTL reactivity is correlated with not only
GPC3 expression but also the expression of HLA-A2. The corre-
lation between HLLA-A2 expression levels on FCM analysis and
CTL clone recognition (IFN-y production or CD107a degranula-
tion) was insufficient in the cell lines (data not shown).
Although HLA-A2 expression on the cell surface in TOV-
21G.A2 was moderately low, that in three other cell lines was
sufficient on FCM analysis. TOV-21G.A2 cells have low
expression of not only HLA-A2 but also GPC3. Therefore the
GPC3 expression level is more important than the HLA-A2
expression level on GPC344.5, peptide-specific CTL clone
reactivity.

GPC3144.152 peptide-specific CTL clone lyses ovarian CCC cell
lines. We detected GPC3-specific CTL responses by a CD107a
degranulation assay. GPC3-specific CTL responses against
TOV-21G.A2 and KOC-7¢ cells exhibited 2.79% and 5.42%
CD107a staining, respectively, approximately 1.8- and 3.4-fold
increases compared with the SK-Hep-1.vec as a negative control
(Fig. 2A). CD107a degranulation was also correlated with the
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Fig. 1. HLA-A2-restricted GPC3144.15; peptide-specific CTL clone recognizes ovarian clear cell carcinoma (CCC) cell lines. (A) Expression of GPC3
on cancer cell lines. We used two human ovarian CCC cell lines (TOV-21G.A2 and KOC-7¢) and two human HCC cell lines. We performed gRT-PCR
and flow cytometry analysis (dashed line, secondary Ab stained control; gray-filled area, GPC3 staining). Numbers in the histograms correspond
to the ratio of mean fluorescence intensity (MFI) of GPC3 staining, calculated as: MFI ratio = (MFI with the anti-GPC3 Ab)/(MFI with the
secondary Ab). Representative data of relative GPC3 mRNA expression (ratio to KOC-7¢) and GPC3 MFI ratio are shown. GPC3 expression in
ovarian CCC cell lines was less than in HCC cell lines. (B) Expression of HLA-A2 on cancer cell lines. Numbers in histograms correspond to the
ratio of MFI of HLA-A2 staining, calculated as: MFI ratio = (MFl with the anti-HLA-A2 Ab)/(MFI with isotype control Ab). (C) Representative
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a GPC344.15, peptide-specific CTL clone was correlated with relative GPC3 mRNA expression (r? = 0.995). (E) Similarly, GPC3144.1s2 peptide-specific

CTL clone recognition was correlated with the GPC3 MFI ratio (r* = 0.935).

relative GPC3_mRNA expression and GPC3 MFI ratio in
the cell lines (#* = 0.978 and 0.865, respectively) (Fig. 2B). The
GPC344.152 peptide-specific CTL clone was further tested for
its capacity to kill ovarian CCC cell lines, by a calcein-AM-
based cytotoxicity assay. SK-Hep-1.vec cells were used for a
negative control. The CTL clone displayed mild, but clear, spe-
cific cytotoxicity against KOC-7c cells (Fig. 2C). However,
GPC3-specific cytotoxicity was insufficient against TOV-
21G.A2 cells compared with TOV-21G.A24 cells (data not
shown). In both ovarian CCC cell lines, Fas expression on the
cell surface was sufficiently similarly to that of the HCC cell
lines on FCM analysis (Fig. 2D).

HLA class | specificity was confirmed by the blockade of
reactivity against ovarian CCC cell line KOC-7c. HLA class I-
restricted activity was demonstrated by blocking of IFN-vy

1624

release and lysis of the GPC344.15, peptide-specific CTL clone
against KOC-7c¢ after pretreatment with a HLA class I-specific
mAb (W6/32) or mouse IgG2a isotype control, respectively, for
1 h. This reactivity could be inhibited by anti-HLA class I mAb
but not by isotype control (Fig. 3). These results clearly indicate
that the CTL clone recognized KOC-7c in a HLA class
I-restricted manner.

Effect of GPC3 silencing using shRNA on the response of
GPC3,44.152 peptide-specific CTL clone against KOC-7¢ cells. To
verify the GPC3 antigen-specific response of the CTL clone
against ovarian CCC cell lines, we examined GPC3 knockdown
on the GPC3-positive cell line KOC-7c. KOC-7¢ GPC3-shRNA
was established using shRNA knockdown technology. The
GPC3 expression of KOC-7¢ was obviously decreased by GPC3
shRNA on gRT-PCR. We examined the IFN-y production and
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Fig. 2. GPC3444.152 peptide-specific CTL clone lyses ovarian clear cell carcinoma (CCC) cell lines. (A) CD107a degranulation assay. Representative
data are shown. GPC3-specific CTL responses against TOV-21G.A2 and KOC-7c¢ celis exhibited 2.79% and 5.42% CD107a staining, respectively. (B)
CD107a degranulation was correlated with relative GPC3 mRNA expression and GPC3 mean fluorescence intensity (MFI) ratio in cell lines
(r* = 0.978 and 0.865, respectively). (C) Cytotoxicity (4 h) assay was performed at three effector/target ratios. We used SK-Hep-1.hG as a positive
control. SK-Hep-1.vec cells were used as a negative control. The CTL clone showed specific cytotoxicity against KOC-7c cells. Data represent the
mean = SD. (D) Flow cytometry analysis of Fas expression on cancer cell lines. In all cell lines, Fas expression was sufficient (dashed line,

unlabelled control; gray-filled area, PE-Fas staining).

lysis of the CTL clone against KOC-7c¢ GPC3-shRNA and
KOC-7¢c GPC3 Neg-shRNA cells. IFN-y production was signifi-
cantly decreased by GPC3 shRNA (P =0.004) (Fig. 4A).
GPC3-specific cytotoxicity was reduced against KOC-7c GPC3-
shRNA cells compared with KOC-7¢ Neg-shRNA cells
(Fig. 4B). These results indicate that HLA-A2-restricted
GPC344.152 peptide could be processed naturally by ovarian
CCC cells, and the peptides in the context of HLA-A2 could be
expressed on the surface of ovarian CCC cells.

Level of GPC3 expression on the cell surface is related to
GPC3444.152 peptide-specific CTL clone recognition. To confirm
that the level of GPC3 expression on the cell surface is responsi-
ble for CTL recognition, KOC-7¢ GPC3 high and low cells were
sorted by FACSAria II (Fig. 5A). As shown in Figure 5B, KOC-
7¢ GPC3 high cells expressed higher mRNA of GPC3 than
GPC3 low cells. Figure 5C shows the IFN-y release of
GPC3144.152 peptide-specific CTL clone against KOC-7c wild
type, GPC3 high and GPC3 low cells. There were significant
differences in IFN-y production between the three populations
(P < 0.001). GPC3-specific cytotoxicity was increased against
KOC-7¢ GPC3 high cells compared with GPC3 low cells in a
cytotoxicity assay without cold target cells. In a cold target inhi-
bition assay, cytotoxicity against KOC-7c GPC3 high cells was
suppressed by the addition of GPC3;44.152 peptide-pulsed T2
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cells but not by the addition of HIV9_»7 peptide-pulsed T2 cells,
even though cytotoxicity against KOC-7c¢ GPC3 low cells was
not changed by T2 pulsed with either GPC3144 157 or HIV 927
peptide (Fig. 5D).

Chemotherapy sensitizes KOC-7c¢ cells to the cytotoxic effect of
GPC3144.152 peptide-specific CTL clone. Taxane plus platinum
combination chemotherapy is generally considered to be the
““gold standard’’ regimen for treatment of EOC. As PTX and
CDDP have different mechanisms of action, we chose these two
agents to investigate whether they sensitize ovarian CCC cells
to GPC3-specific lysis. To evaluate the subtoxic dose of each
drug, we assessed growth inhibition and apoptosis assays by
FCM using Annexin V and PI staining. Growth-inhibitory
effects were observed for treatment with either PTX or CDDP
alone in a time- and dose-dependent manner. We calculated the
25% inhibitory concentration (IC25) of each drug as the mini-
mum cytotoxic condition and regarded lower values as the sub-
toxic dose. The IC25 values of PTX and CDDP for 18 h were
22.8 ng/mL and 6.2 ng/mL, respectively (Fig. 6A). Exposure
of CTL clone or KOC-7c¢ cells to PTX (10 ng/mL) or CDDP
(1 pg/mL) for 18 h had no significant cytotoxic effect, as deter-
mined by apoptosis assay. In other words, cell viability in
untreated and PTX- and CDDP-treated groups of CTL clone
or KOC-7Tc cells exceeded 95% in all cases (Fig. 6B). These
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represent the mean = SD from the 4 h cytotoxicity assay.

conditions excluded direct cytoxic effects of the compounds and
effects as a subtoxic dose. In contrast, PTX (10 ng/mlL) or
CDDP (1 pg/mL) for 48 h showed mild cytotoxicity (basal
levels of apoptosis >5%), and PTX (1 ng/mL) or CDDP
(10 pg/mL) for 18 h induced substantial cell death (data not
shown). KOC-7c cells were exposed to the subtoxic dose of each
drug for 18 h and then examined by cytotoxicity assay. Pretreat-
ment of KOC-7c¢ cells with PTX (10 ng/mL) or CDDP
(1 pg/mL) significantly increased CTL-mediated cytotoxicity of
target cells (Fig. 6C). In all experiments, the level of spontane-
ous calcein release of target cells treated with chemotherapeutic
agents was similar to that of untreated cells.
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Discussion

Ovarian CCC has a poor Prognosis due to low sensitivity to con-
ventional chemotherapy.'’” To improve the prognosis, strate-
gies are needed to efficiently kill all cancer cells by surgery and
chemotherapy, as well as to stimulate the immune response to
keep residual tumor cells in check. Thus, effective novel treat-
ment strategies combined with surgery and chemotherapy are
needed for treating ovarian CCC. Cancer vaccines are an attrac-
tive approach because of their low toxicity.

In previous studies, GPC3 was overexpressed in several
malignant tumors, including ovarian CCC."'® GPC3 is useful
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Fig. 5. The level of GPC3 expression on the cell surface is responsible for CTL recognition. (A) KOC-7c GPC3 high and GPC3 low cells were sorted
as described in the Materials and Methods. (B) Relative GPC3 mRNA expression (ratio to KOC-7c wild type) is shown. Data represent the
mean + SD. (C) IFN-y production of GPC3444.15; peptide-specific CTL clone against KOC-7c wild type, GPC3 high and GPC3 low cells. There were
significant differences between the three populations (*P < 0.001). Mean + SD of six wells is shown. (D) Cold target inhibition assay of GPC3144.152
peptide-specific CTL clone against KOC-7¢ GPC3 high and GPC3 low cells. Effector/target (E/T) ratio = 30. T2 was prepulsed with either HIVg_7
peptide or GPC3144-152 peptide and then used as cold target cells. Cold/hot target ratio = 10. Cytotoxicity of the CTL clone against KOC-7¢ GPC3
high cells was inhibited by the addition of GPC3144_15> peptide-pulsed T2 cells but not by the addition of HIV,q_57 peptide-pulsed T2 cells. In
contrast, cytotoxicity against the KOC-7¢ GPC3 low cells was not suppressed by T2 pulsed with either GPC3444.152 Or HIVig 57 peptide. Data

represent the mean = SD from the 4 h cytotoxicity assay.

(A) (B) PIX ) PYA A0 ngimi (18 1) PTX 10 ng/mb (38 1) (C)
el st a0 T2 [0 A 20 -
S ! cTL —=K0C-7c PTX 10 ng/miL _a
Fu @ 15 | —w=KOC-T¢ PTX()
x w
& a0 = i
= © A
50 4 =1 &= :
= g1 L~
B 401 2 :
5 —~—18h == 48h = ® ,"{
& 201 KOC-7c 2 51 L - *P<0.05
& o T T T Y T d o 4 E
a 110 100 1000 10000 i v :
e 8913 | 138 o
PTX {ng/mL} I R e 21 10:1 30:1
Annexin V E/T ratio
£ooe (- CODP 1 pgimL (18 by CODF 1 pgiml (48 h)
t o 078 028 083 020 37 257 )
KoC-7c @ P B ——KOC-7c CDDP 1 pg/mb |
£ 1004 w 20+ —.-KOC-7cCODP( '
& so- Y
E Q 15 -
§ 604 E E ;
2 :
5 404 o 10 -
g ——18h -+~ 48h N 1w o 13 & @ § =
£ 204 * ® LT
2 e & T s KOC-Tc 54 r” *P=0.05
= :
ST A T T v T T J s i <
0 63 1 3 10 30 ¢ w;ﬁ v - g 0 % . . .
8558 2 g P L o y
CDDP (pg/mL) e @ @ @ e @ 31 10:1 30:1
Annexin V " EfT ratio

Fig. 6. Subtoxic-dose chemotherapy sensitizes KOC-7¢ cells to the cytotoxic effect of the GPC3144.152 peptide-specific CTL clone. We used two
agents (paclitaxel [PTX] and cisplatin [CDDP]) to investigate whether they sensitize ovarian clear cell carcinoma (CCC) cells to GPC3-specific lysis.
(A) Growth-inhibitory effects were observed for treatment with each drug alone in a time- and dose-dependent manner. Data represent the
mean + SD. (B) Apoptosis analysis by flow cytometry analysis. Representative data are shown. The numbers in each quadrant represent the
percentage of cells in the quadrant. Exposure of CTL clone or KOC-7c cells to PTX (10 ng/mL) or CDDP (1 ug/mL) for 18 h had no significant
cytotoxic effect. By contrast, PTX (10 ng/mL) or CDDP (1 pg/mL) for 48 h showed mild cytotoxicity. (C) KOC-7c cells were pretreated with the
subtoxic dose of each drug for 18 h and then a cytotoxicity assay (4 h) was performed. Pretreatment of KOC-7c cells with PTX (10 ng/mL) or
CDDP (1 pg/mL) significantly increased CTL-mediated cytotoxicity of target cells (*P < 0.05). Data represent the mean = SD.
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as a novel biomarker and oncofetal antlgen for immuno-
therapy.! However, association of ovarian CCC with
CTL recognition has not been performed, hindering the selec-
tion of appropriate candidates for GPC3-specific immunother-
apy. We recently established HLA-A2-restricted GPC344.152
peptide-specific CTL clones.'® In the present study, we ana-
lyzed the IFN-y production and cytotoxicity of an established
CTL clone against ovarian CCC cell lines expressing HLA-
A0201 and GPC3. The GPC3,44.152 peptide-specific CTL
clone could recognize HLA-A2-positive and GPC3-positive
ovarian CCC cell lines, suggesting that ovarian CCC present
endogenously processed GPC3 44152 peptide. Even though the
CTL clones recognized two ovarian CCC cell lines on the
IFN-y ELISPOT assay, they showed inefficient lysis against
TOV-21G.A2 cells. This was not due to a low expression
level of HLA-A2 molecules on the cell surface, because the
tumor cells were lysed after being pulsed with the antigenic
peptide (data not shown). We also confirmed that the level of
antigen expression is important in GPC3-specific CTL recog-
nition of malignant cells. Therefore, low-level expression of
GPC3 on tumor cells might be insufficient for triggering
CTL-mediated killing.

Recent clinical studies have reported high rates of objective
clinical response when cancer vaccines are combined with
chemotherapy in patients with various cancers.***” To evalu-
ate the feasibility of chemoimmunotherapy for ovarian CCC,
we investigated the cytotoxic effect of subtoxic-dose PTX or
CDDP combined with GPC3 4415, peptide-specific CTL clone
in the human ovarian CCC cell line KOC-7c. We found that
chemotherapy made ovarian CCC cells more susceptible to the
cytotoxic effect of the GPC3 44152 peptide-specific CTL
clone. Chemotherapeutic drugs generally suppress the immune
function, and each drug has a different level of immune sup-
pression. Therefore, combination therapy requires an optimal
dose that does not suppress peptide-induced immune activa-
tion. Importantly, the synergistic cytotoxic effect remained
when both CTL and tumor cells were pretreated with PTX or
CDDP under identical conditions (data not shown). However,
high-dose chemotherapy has been shown to be toxic and the
synergistic effect increased slightly more compared with the
subtoxic dose, therefore limiting its potential therapeutic use-
fulness in vitro. The mechanism of improvement in immuno-
therapy with chemotherapy remains unclear, but the two
possible types of mechanism are: systemic factors and local
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