5 HHffanA

D) BRSNS BHREZR S, #1760 SERRSEIFREHRERS (2002-2003) . FF#H 2007 ; 48 : 117-140.

2) Okuda K et al. Hepatobiliary disease. Primary Malignant Tumors of the Liver. London : Blackwell Science Ltd.
2001. pp. 343-389.

3) Yamamoto J et al. Treatment strategy for small hepatocellular carcinoma : comparison of long-term results after
percutaneous ethanol injection therapy and surgical resection. Hepatology 2001 ; 34 : 707-713.

4) Ryu M et al. Therapeutic results of resection, transcatheter arterial embolization and percutaneous transhepatic
ethanol injection in 3225 patients with hepatocellular carcinoma : a retrospective multicenter study. Jpn J Clin Oncol
1997 ; 27 @ 251-257.

5) Nakatsura T et al. Glypican-3, overexpressed specifically in human hepatocellular carcinoma, is a novel tumor
marker. Biochem Biophys Res Comm 2003 : 306 : 16-25.

6) Nakatsura T et al. Mouse homologue of a novel human oncofetal antigen, Glypican-3, evokes T cell-mediated tumor
rejection without autoimmune reactions in mice. Clin Cancer Res 2004 ; 10 : 8630-8640.

7) Komori H et al. Identification of HLA-A2- or —A24-restricted CTL epitopes possibly useful for glypican-3-specific
immunotherapy for hepatocellular carcinoma. Clin Cancer Res 2006 ; 12 : 2689-2697.

8) Motomura Y et al. HLA-A2 and -A24- restricted glypican-3-derived peptide vaccine induce specific CTLs :
Preclinical study using mice. Int J Oncol 2008 ; 32 : 985-990.

83



) 1 SRR

[ USIC CEEDNRAT I FUEEDER)

AR, DABBEOBREO—o LT, HEHE
RO R VHEEBBEENEHIN TV S, R4
(2009 48) DK EFREEE A (ASCO) T, HEHH
TR v REIC BT B LB RRR SRR
LT, BB v EEEAL T4 A5 A4 TEAY
7 F RO EEAL B E RIS 3RO
By yF N6 AN EOBERRERZMERTE,
ayv ru— VBN, BRICEEREFHMOE
Enash b @EInk?, £, #TEREE
RN 3 AR IL-2 fHA%RE gpl00 R 7F F7 7
F VIR O X RS 3 HEREBOME, <
TFRY I FURERTERICEVWERLE, Y
HAFHEOEESA SN, RTFFT7 7 FUEE
LT, B3EEERRTHO CERELRWEERT
THENE INED, WA TR, SERALEHRN
nEEHRER7F N, EH, BEF, 7ANVART
y—, BEACEEEENEEA, »ATURBES
R R R U diA 7 7 F 2 OBIRSREIRICT
bh, BERBESED SN T»E, KETIE, B
TR E CED O N TV AR ERDIBAT Y
F VRS L EROBAT 7 F VERKEERIC OV

T, AED ASCO THRESINLBEFOBEHRDLED
THAEINGRRT AT,

1. BEEEICDOWVWT }

DAEIEEER, KEAEEICSETE 3 (R
1). HEERENEESRERED—D>TdH 5 IFN-
a BHED IL-2BELR OV A P4 VEBEER, T
TIEMASATERIN TS, FRERENR
BBl —>TH 5 LAK Bk, IL-2 TEE
LY v BRZ2HATREEEL, FRIKKETH
Ja B TH 5,

1991 £EIZ RV ¥ — D Boon 628, MR THIDH TH
AHiE MAGE-1 2 HE L TUIEY, %L onAHR
BREZICEEIN, BACERENLTEZENEL
7 R OBRIIA E - .. TUFERENREERE
Bk, DAFEBRDORSF N, EH, DNA %
YR7PY ANV ELBICEREL, KNTHERT
MpaEEEL, 7z —fMildchHrx7—T
A ~os— T MlE % EEN, BESE77
FuE L, A CcRERROFIERFRTH 2

& 1 DAREREDINE

B SHs
TAFUBERTIFE, B, | s
GEEr | BEE ARG | TRE
IR T
ARSESRE | T Mh1 URE AK B

[GcopPY] 498-02244




12, DAsulmE 87

M S FE
U =Bk #ER

PARE
(79F2)

_ PRIL TR
—

B
ER RS

* .
\;;\\\\\\\

BRICHFEET 54
fak & DhFREREER
rREEI S

JITAY- ;!

BB O

BAEBHR AR
EEANES

(F
el o

~

AR

WEEENTY 2/ B
(5T, AJIIN=T)

PARESE

1 DRADIFVEE B2

BRI 2B L, PATERBIEL 728, A
B R BRERRMEEERL S 3 (K1), BEER/D
MRS Th i, BROLIFINEA TV 2 EH:
BEETRE SHERARTOERICEVEER
b, EREAFHMOEREVIHAI ALY, 6K
VIR RNZERBEE L LC, KEEAETE
Fi D Rogenberg 513, BEHRBEELNRICHIA

Al L & B i R IR AT I TR Y v oSERERERTALE
B, HACKRERELEEREY v BR(TIL) 2
KANRT TIL BEFREHEEEIC X > T, 23
0% &) EBNREREZHEL C03Y, 20
1B, GMP %E#L cell processing center 3%
HCEMN L ERRM R 2 ET 520, EOEH
TYHTEBBEAE TR, FuREERE, Bl
VY RBEICNT % rituximab, LA KNT S
trastzumab 7 & CIJASC BERTHERAINTE DY,
TERRZE SRR IES NS,

EAcix, MFERERNEBREREDOHTHART

498-02244

F ¥ 7 F VEESB ARSI TOITED,
R7F Py 7 F v ORBAELZEHNE LT m
Y x 7 b OSIREEEFER X (R — =R X) TR
AT, DUTTIE, DPARBERED R TH FEHE
RiCBWTHENET LT EEbNE Y 7 F v
Bk, PURBEBHREE R O BN O BRKERER D
BRIC DWWl B,

2. BDABOD I FVEFEIRRIC
DWT(ER2)

1) FdiA

ftids A T, GlaxoSmithKline (GSK) #: 23,
MAGE-A3 EHY 7 F [MAGE-A3 ASCLID &K
HERZHED T\ %, Vansteenkiste 51X, JE/NHRE
i A m2YERBEOBEHR T BENIC, MAGE-A3 &
AY 7 F VEEREERME _EE RIS 2 KRR
BROFER, MBERED 20T %ER L 7z LG L%,



88  H2E MAEEEOEN

xR 2 DAERIDIFVHRERR

WRHBAFE RRA RS B5AAE BHN/EN BHFEERRE

FihtA MAGE~A3 ASC] =] B Phase I

fibt A WT1 RTF R EA Phase I

B REES DCvax-brain BCHEEEHERENRREL g A A A THEER

e BcEHAHR

BxREES WT1 RITF R EX Phase I

ARES F—T—AA RRTF R RTFbH ERN Phase I
JOF

MAREE BROIF BoskEnbY UV EERES EN Pilot study

B4R N A Oncophage
&EH gp96
Bt CA9 RTF

HIIZARHNA  Provenge

HoERESHRmEHRavy BA

BN ERD AT PAP/GM-CSF B B

O 7 THGR

EAN Phase II
Phase [l

ABEARMEUCBCHEIHRE

IR A T—S5— XA RRTF R XTFR
DIOF

BB A GV1001 RTFR
BB A VEGFR2 RTF R
FFBs’ A GPC3 RIF R

FEEH A GARDASIL
FEEH A Cervarix

B TFHHER DA U ARRRT B
BEFHEHRR DA )L ABRKT B

EA Phase [ /0

BN Phase . BRRETF
ER Phase I

EA Phase I
EANETHER
EANETHEER

¥ 772 DHOBHREORKRE, [MAGE-A3 ASCIL]
BRERICASNIEERRIE, HHD» S 24 KN
WOTEEEA DB O KIE & HREBRE T, {LAEE
BT BE LR LIFF B o7, ZO/RR
X D MAGE-A3 ASCL]Offite DFEF ) A 7 WA 1E
Fid{bEsk L ARE T, BWER LR ERIC R
Bz L 2RLEY, BEKEBLE 3 HERRER
PETHTH S,

ERTIE, M52, MBWAER 10FICNL T
WT1(Wilms' tumor) R 7°F F v 7 F VEEE 1 H
HEBOHEER, 3HloEE—»—ETHZRDOL
H|E LT 32", BRTRIBAICHT 2347
7 F BEOFREPTITEATH S LIV,

2) BMRES

Northwest Biotherapeutics #:1%, B HRDE
B A e U I R L 7 B BRI 2 v
27 3¢ 5[ DCvax-brain |2 BARE7 7 F v E L
THID THIFE L, 2007 £E A A4 A CRAEE % N HRICK
Z X 7. Glioblastoma multiform %5 & L7258
1/2 BB O REFREDOKRISED 2 HiC

REIN, FIM, BEREE ERE»SRE
BB A E XTI BED S FEFERIE, 5% K
TH BN L, DCvax-brain 77 F VETIE, 5
HHR 5%, 24EK68% LIEFICRIFRFHERIE &
W L7, BRE, SRR & 3 REEE 2 AHERKE
BT TH B,

E /T, Izumoto & 4%, HLA-A24 BGHE glio-
blastoma multiform 2 XNRIC L7z WTL X7 F F7
7 F BEOE 2 HERRBROFKRE, 21804, 24
YR PR, 10 BIZE SD EHEL T 3Y, Ya
jima 54, ETEES Y A — <t L CREME LI
RERIEDH o 4 2 E P —7RTF F2RERLY
2FUTB, T A4 FEIRTF Ry 7 F VHE
R 1 AREREREAER 21 FEBlIC B T, 5 BIERTER
PR, 8 % SD & RiF % 7 L 7", Ishika-
wa 51, glioblastoma multiform % MR i< H 2 Hk
wv=) VEEEEY 75 viEEOS{ny PR
F 4 BT ER, 12EfF, 16lcmeEzR CR,
1 B4 2E5 PR, 260 MR, 16I%E SD, 7 fIHE
PD & DfEREHEL T35,

498-02244



3) BHELA

BHEAYA T, Antigenics #2358 #F B CHEE
EHfar B ay JERTH S gpi6 & B
L, #5757 29 [Onchophage % B% L 7=,
gp96 R EDEY a v JEHERY vy RuvaF L
LCBATIREBEROESEBEORTF FEEE L
THELTE YD, HOEEHE gp6 O #HBERIX
FARc, BCEBEHROSEIATER7F FLE
Wi, VIFVENDC Lk, 53 HEEKR
BOMR, Vo/FvEELay ru— L BicedEl
BlicZid A oo 703, EEREFHR T,
77 FVETHRWENALN, vy P, EUT
T CIC 2008 AR IN TV B,

EIN T, Uemura 573, HLA-A24 BiETE
s A (BHMESSA) 2 N RIZ, IFN-a #£H CA9
(carbonic anhydrase 9) X7 F F7 7 F v DHE 24
BRERERERIC D\ TARED ASCO THIE L7, 7
7 3 VEE] 21 B, B, V v BB EE L 141
T, BEEHMCR LY, 20K 16 1 BEFHBAL
Niedrote, £, SRMESEE L 1 H3EHY
EMPR Elxo7, f3FIKESD L), Bifk
BRE2RLT.

4) BIIZRRD A

BUSZBRDSA T, Dendreon #EASRINZIRASAPLE
PAP (prostatic acid phosphatase) & GM-CSF & @
MeES cEERRERlaz B L, 575
7 9 “[Provenge ]2 BF L /-, BBMEEFEEED
FVE VIRPUERNZERS A LT, 75 2 RAE
RER_ESHRE SHBERRRSTbN, EHEA
FHRNCHEIHENEBEE R Ao Nk d o 1hs, &4
FHRCTRAEREVALON, VI FVRERT, &
FHRPRES 4.5 D BEEL 72,

ElN T3, Noguchi 5743, HILE VMR
VBAZNRIZ, 14 FED peptide DI b, vaccine
B 2% i HiAR SHEEFE T 5 4 epitope peptide % B
EE 42 E&HYTEIRL, 4 peptides A7 7 F v
¥ % personalized peptide vaccine (PPV) % 547 L
T KE B % ASC02009 i TH & L %, low dose
EMP (280 mg/day) + PPV £ & full doze EMP (560
mg/ml) D HDEE TR LKA T b

[coprY] 498-02244

12, BASGEEE 89

R, low dose EMP + PPV B COMEE AR H
246 HEITH 2 Dizxt L, full dose EMP D ATk
B HETHDH, PPVETEMLIEELTD .

5) BhA

Pharmexia #ti%, & b 70X 5 — P HEREERER
KD class T b =77 F K724 > (WTERT
(611-626)), [GV1001|%BA% L 7=, #ITRIA %
MNEIZ, gemcitabine BEF GV1001 7 7 5 v 1G4
PER LI EE 3 MHERPRARBR D523, ASCO2009 T
HIND, GVIl 77 F v ETOERMER R
ot

BN TIE, Yamaue 573, HLA-A24 B EfTRE
DA% WMERIZ, gemcitabine §ff VEGFR2 X7 F F
77 F v DE 1 HEREBROSREE, ASC02009 T
WMELLY, v by —shik 185ERt, 146Es
ZZ PR, 11 HI&E SD T, disease control rate %3,
67% (12/18 SEBI) T, A BRI hSMEAS 8.7 # A
Kol BfE, Avaxsv— - -yA4xr2ttick
DRBIB MRS 2, % 3 HERKBRISETH
Th5,

6) AHfiREA A

RS A BT, BACREY >7-RE%
WEBAT 7 F VAR I N OO, BNTHE,
T4 B3, HLA-A24, A2 PR THAMIIEAIA 2 N
IZ, Glypican-3(GPC3) 7 F F7 7 F D& 14§
MRFRBREZEEL T2, ZeMichMERRL, &
IERBUCKMIMFP R 7F FRENR CTL DMEE DR
s I, Z20HEEICRBREEKEENTER X
Nz, VI FUBOBAMMBAIC, CDS MY 7 —
THESLERE L T\ 3 2 &4, BEROER I
BHTE%, $60%DEFICBWTHEY 7+ v #
E% 22 BoMIcEE~—%— PIVKA-T DET
Z#®, RECIST E ¥ T FHli T35 60% D REH
SD CTHotz. 0mg, IEEED 1FIICEED
HEANPIHE I & OFHZERRSE (B9 E%) PR) 28
HIRL 72, 55130 ) hicisBm s LT A
DABEICE > TERTH 20 % 5 2 HEAEB OB
THEEDI, TDEIRTIFUEKITE B
B3k, H50IECT TAZRWVWEERS >/ L



90 HFH2E MAEREOEN

LCHEEENSDLVRETCI ZRNZHET S L
Z2 6N, FMP RFA & £ ORFMESARIGHIE
BROBERTFHOE 2HAELEMT 5. GPC3
12, FEREsARR TR, BHEEE NEXA
(FF3fE, whicsiiE, BIRME), TNEBAMERE2IA, O
HREE, MEVA, MBELEEPAICHHEERELT
BY, Zh oA L CORHALHFINDS.

7) FEBEHA

BlLE, BABERY ZF 2B TERD, A
FHRET 7 F v bFET S, FEENADQERTS
5, E bR —2 A )VA(HPV)BSEE TFHT 5
77 F kLT, K Merck #:[GARDASIL] & &
GlaxoSmithKline #t:[ Cervarix |25 X+, 2006 £
KEER U OBNETEI SN, IOV IFV
DB L D FEBAEHPV TH D 16 L 18 HD
Br L, $870%DFEEBAVTFIARE

ot-, BATREAEREDPTH 3.
$EEE

WEDE A, BATIFVEERELTUL, #in
AFIRBEET 5 BERNIFRERETORCOIE
RTIZH B0 BEELBEENIZIERWEVW) T EE,
FMARIE R B> BRI L 2EENRZ T
L, BAREIC X o TUIIEMBFIR b AONDE I L5,
T A KR TG & 0PI L 2HERR
R, IR AFRERICI 2 G R WEBENDHIG L &,
B ABEORBREO—2kk+45%h 95, %
727 7 F AR A N ABLETFIIREE L THE
LTERD, BAT I F UL SEBERABRIEES
NTWIHE, BAFHICOEA2FHET 2 Lol
FIhTns, BEEER, FRELERNOERTH
D, B IOEBD O BABBEIINTE LA I A
V=2 L v,

@xx M

1) Schuster SJ, Neelapu SS, Gause BL, et al. Idiotype
vaccine therapy (BiovaxID) in follicular lymphoma in
first complete remission: Phase II clinical trial re-
sults. ASCO2009, Abstract; No: 2.

2) Schwartzentruber D], Lawson D, Richards J, et al. A

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

phase II multi-institutional randomized study of
immunization with the gpl00: 209-217 (210M) pep.
tide followed by high-dose IL-2 compared with high-
dose IL-2 alone in patients with metastatic melanoma,
ASC02009, Abstract; No: CRA9011.

van der Bruggen P, Traversari C, Chomez P, et al. A
gene encoding an antigen recognized by cytolytic T
lymphocytes on a human melanoma. Science. 1991;
254 1643-7.

Dudley ME, Yang JC, Sherry R, et al. Adoptive cell
therapy for patients with metastatic melanoma:
evaluation of intensive myeloablative chemoradiation
preparative regimens. J Clin Oncol 2008; 26: 5233-9.
Vansteenkiste J, Zielinski M, Linder A, et al. Final
results of a multi-center, double-blind, randomized,
placebo-controlled phase I study to assess the
efficacy of MAGE-A3 immunotherapeutic as adjuvant
therapy in stage IB/I non-small cell lung cancer
(NSCLC). ASC02007, Abstract; No: 7554.
Vansteenkiste J. Phase I randomized study of
MAGE-A3 immunotherapy as adjuvant therapy in
stage 1B/ non-small cell lung cancer (NSCLC):
44-month follow-up, humoral and cellular immune
response data. European Lung Cancer Conference
(ELCC). 2008; Abstract: 1480

Oka Y, Tsuboi A, Taguchi T, et al. Induction of WT1
(Wilms' tumor gene)-specific cytotoxic T lympho-
cytes by WT1 peptide vaccine and the resultant
cancer regression. Proc Natl Acad Sci USA. 2004;
101: 13885-90.

Izumoto S, Tsuboi A, Oka Y, et al. Phase I clinical
trial of Wilms tumor 1 peptide vaccination for patients
with recurrent glioblastoma multiforme. J Neurosurg.
2008; 108: 963-71.

Yajima N, Yamanaka R, Mine T, et al. Immunologic
evaluation of personalized peptide vaccination for
patients with advanced malignant glioma. Clin Cancer
Res. 20055 11: 5900-11.

Ishikawa E, Tsuboi K, Yamamoto T, et al. Clinical trial
of autologous formalin-fixed tumor vaccine for glio-
blastoma multiforme patients. Cancer Sci. 2007; 98:
1226-33.

Uemura H, Uejima S, Tanaka M, et al. A phase Il
study of carbonic anhydrase 9 peptide vaccines with
interferon-alfa in advanced renal cell carcinoma.
ASCO2009, Abstract; No: 290.

Small EJ, Schellhammer PF, Higano CS, et al. Placebo-
controlled phase I trial of immunologic therapy with
sipuleucel-T (APC8015) in patients with metastatic,
asymptomatic hormone refractory prostate cancer. ]

BCOPY] 498-02244



12, BARERE 91

Clin Oncol. 2006; 24: 3089-94 sequential combination with G in patients with
13) Noguchi M, Uemura H, Kumon H, et al. A randomized unresectable and metastatic pancreatic cancer (PC).

trial of personalized peptide vaccine (PPV) plus low- ASCO02009, Abstract; No: 4601.

dose estramustine (EMP) versus full-dose EMP in 15) Yamaue H, Miyazawa M, Ohsawa R, et al. Phase I

patients with hormone-refractory prostate cancer. clinical trial with VEGFR2-epitope peptide and

ASCO2009, Abstract; No: 3007. gemcitabine for patients with advanced pancreatic
14) Buanes T, Maurel J, Liauw W, et al. A randomized cancer. ASC02009, Abstract; No: 2567.

phase I study of gemcitabine (G) versus GV1001 in (hEEE  hEEh)

498-02244



INTERNATIONAL JOURNAL OF ONCOLOGY 34: 649-656, 2009
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Abstract. Primary liver cancers are classified into three types
based on their morphology and cytogenetic characteristics
hepatocellular carcinoma (HCC), intrahepatic cholangio-
carcinoma (ICC) and combined hepatocellular and cholangio-
carcinoma (CHC). It is often difficult to distinguish these
liver tumors. Glypican-3 (GPC3) is serological and histo-
chemical marker of hepatocellular carcinoma. In order to
separate these three types of liver cancers, we analyzed the
GPC3 expression in 85 liver resection specimens, including
46 HCCs, 28 ICCs and 11 CHCs. GPC3 immunohisto-
chemical staining was used to distinguish HCC from ICC by
comparing with the conventional biomarker, a-fetoprotein
(AFP). The immunostaining of GPC3 was identified in 78.3%
(36/46) of HCCs, 60% (9/15) of well differentiated, 88.9%
(16/18) of moderately differentiated and 84.6% (11/13)
of poorly differentiated HCCs. It was negative in the ICCs.
We confirmed that GPC3 expression is specific to HCC
component (8/11, 72.7%) but few samples also showed
weakly in ICC component (2/11, 18.2%) of CHC sections
among 11 cases compared with HCC biomarkers including
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AFP and hepatocyto paraffin 1 (HepParl), and ICC
biomarkers cytokeratin (CK) 7 and CK19. Three cases in
which the macroscopic features resembled ICC did not
express GPC3 even in the pathological HCC component.
Most (10/11, 91%) of the pathological cholangiocarcinoma
components in CHC showed positive staining for CK7 and
CK19. The results of this study suggest that GPC3 is a
biomarker that is sensitive and specific to HCC component of
CHC, and CK7 and CK19 are markers for pathological
cholangiocarcinoma component of CHC.

Introduction

Liver cancer is one of the common malignancies that are
rapidly increasing throughout the world. Primary liver
cancers are classified into three types based on their
morphology and cytogenetic characteristics, hepatocellular
carcinoma (HCC), intrahepatic cholangiocarcinoma (ICC) and
combined hepatocellular and cholangiocarcinoma (CHC).
HCC is hepatocyto-origin, and ICC is from the epithelium
of the intrahepatic bile duct. CHC is a rare type of liver
cancer with features of both hepatocellular and biliary
differentiation (1-3). The pathological structure of CHC is
composed of hepatocellular element showing bile production,
an intercellular bile canaliculi or trabecular growth pattern
and cholangiocellular component showing mucin
production or gland formation.

Because of their rapid growth rate and the lack of accurate
ways of diagnosis in the early stages, the prognosis and the
survival rate for liver cancer patients remain poor. Currently,
ultrasound sonography (US), computed tomography (CT),
magnetic resonance imaging (MRI), and histopathological
examination for tumor biopsy are used for diagnosis. How-
ever, distinguishing the three different primary liver tumors
is often a challenging task in diagnosis, for which immuno-
histochemical analysis for specific antigens is a helpful tool:
a-fetoprotein (AFP) and hepatocyto paraffin 1 (HepParl) for
HCC (4-8) and cytokeratin (CK) 7 and CK19 for ICC (9-11).
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Glypican-3 (GPC3) was discovered as a potential sero-
logical and histochemical marker whose expression is
specific for HCC (12-16). GPC3 belongs to glypican family
that is a group of heparan sulfate proteoglycans linked to the
outer surface of cell membrane through a glycosylphos-
phatidylinositol anchor (17). In mammals, six members of
GPCs have been reported, GPC1 to GPC6. GPCs are released
from the cell surface by a lipase called Notum to regulate
the signaling of Wnts, Hedgehogs, fibroblast growth factors
(FGFs) and bone morphogenetic proteins (BMPs) (18-25).
Depending on the cellular context, their function can be
stimulatory or inhibitory activity, or signaling. The
expression of GPC3 is detected in placenta and fetal liver,
but not in other normal organs. During hepatic carcino-
genesis, GPC3 have been reported to reappear in HCC and to
be released into serum (12,13,15,26). Its expression is also
detected in melanoma (27-29). The functions of GPC3 in
cancer cells are still unclear.

In this study, we examined whether immunohisto-
chemical analysis for GPC3 can be used to distinguish HCC
from ICC, if so, how effectively GPC3 can be detected,
compared to other biomarkers that are conventionally used.
We demonstrate that distinguishing HCC from ICC by
detecting the expression of GPC3 enables more accurate
diagnosis.

Materials and methods

Case selection. We selected 85 cases of liver tumors from
the surgical pathology files from 1992 to 2006 of National
Cancer Center Hospital East, Kashiwa, Chiba, Japan. The
cases included 46 primary HCCs, 28 ICCs, and 11 CHCs that
underwent hepatectomy. All identifiers were eliminated to
protect patients' identities. Size of the tumor and any clinico-
pathologic factors (age, sex and grade of tumor) were matched
between HCC and ICC. The 46 cases of HCCs occurred
in 33 men and 13 women with a mean of age at 65.3
years (range, 44-80 years). HCC was subclassified into well
(n=15), moderately (n=18), and poorly (n=13) differentiated
types according to the World Health Organization classi-
fication criteria. The 28 cases of ICC consisted of 18 men
and 10 women. Their mean age was 65.7 years (range, 51-82
years). All 28 resected cases of ICC were confirmed by
hematoxylin-eosin (H.E.) staining.

The 11 cases of CHC included 7 men and 4 women with
a mean age of 62.5 years (range, 47-76 years). All CHCs
were pathologically confirmed after surgery.

Tissue samples. Liver tissue sections were retrieved from
the files of the Department of Pathology in our institution.
All liver specimens were prepared from surgically resected
tumors and adjacent parenchyma. They were fixed in
10% formalin and paraffinized for routine histological
examination.

Immunohistochemical staining procedure. Six-micrometer-
thick sections were made from the paraffin-embedded
blocks. Subsequently the sections were deparaffinized in
xylene and rehydrated through ethanol to water. Endogenous
peroxidase activity was blocked using 3% H,0, in methanol
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for 20 min. For antigen retrieval, Sections were heated in
10 mM citrate buffer (pH 6.0) with microwave for 15 min
in a water bath at 95°C. Only for CK7 immunostaining,
sections were digested by Proteinase K (DakoCytomation,
Carpenteria, CA) for 5 min at room temprature. Slides were
then allowed to cool down. The prediluted primary antibodies,
monoclonal anti-GPC3 (dilution 1:300, 1G12; Biomosaics,
Inc., Burlington, VT), anti-AFP (dilution 1:400, Dako-
Cytomation), anti-HepParl (dilution 1:100, DakoCytomation),
anti-CK7 (dilution 1:100, DakoCytomation), and CK19
(dilution 1:200, DakoCytomation) were added to cover
each slide, and the slides were incubated for 2 h at room
temperature. Slides were washed 3 times in phosphate-
buffered saline (PBS)/Tween for 5 min each. Mouse Envision
Polymer (DakoCytomation) was used as a secondary anti-
body for 30 min at room temperature followed by washes
in PBS/Tween 3 times for 5 min each. Diaminobenzidine
chromagen (DakoCytomation) was added to each slide and
incubated for 2 min. Slides were washed in distilled water,
counterstained with hematoxylin and dehydrated in xylene.
To analyze GPC3 expression, the immunohistochemical
results were classified according to the number of positive
cells as follows: -, negative (<10%); x, weakly positive
(10-30%); + positive (>30%). To validate the data in GPC3
as a marker for HCC, parallel staining for AFP of 46 cases
were further analyzed. For 11 CHC cases, AFP, HepParl,
CK7 and CK19 were stained and compared with GPC3
staining pattern.

The slides were examined independently by 3 observers
(Shirakawa H, Kuronuma T and Nakatsura T) and then
collectively by 2 more pathologists (Hasebe T and Nakano M).

Statistical analysis. Differences in proportion were tested
by the %? test. Differences in the means of each subgroup
were tested using the Student's t-test. P-value of <0.05 was
considered statistically significant.

Results

GPC3 was present in 80% of HCC and negative in ICC. In
order to examine the levels and pattern of GPC3 expression,
46 cases of HCC and 28 cases of ICC were immunohisto-
chemically analyzed. GPC3 was detected in 36 cases (78%)
of HCC (Fig. 1a), and no expression of GPC3 was found
in any of the ICC patients (Fig. 1b). The GPC3 staining
was diffused throughout (Fig. I¢) or localized in a granular
pattern in the cytoplasm (Fig. 1d). In other cases, GPC3 was
observed at the plasma membrane (Fig. le). Previously
GPC3 is shown to bind to the cell membrane (16), however,
those cases with membranous GPC3 had staining in the
cytoplasm as well, but there was no case of GPC3 located
only at the plasma membrane. When sensitivity of GPC3
was evaluated, 36 cases (78%) were positive for GPC3
when only 16 cases (35%; P<0.0001) were stained for AFP
in HCC suggesting that GPC3 is more sensitive than AFP.
Thus, GPC3 was confirmed to be specific and sensitive to
HCC compared to AFP,

GPC3 expression increased in moderately and poorly
differentiated HCC. In terms of GPC3 expression and tumor
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Figure 1. GPC3 expression was specific to HCC and absent in ICC. Immunohistochemical detection of GPC3 expression in HCC (a) and ICC (b)
(magnification, x40). Immunostaining patterns of HCC: (¢) diffuse in cytoplasm, gulanular in cytoplasm (d), and membranous (e).

Table 1. Correlation of positive for GPC3 staining and tumor grade.

Grade of tumor HCC ICC
GPC3
No. of No. of GPC3 P-value
case - + + positivity case positivity
Well-differentiated 15 6 5 4 9 (60%) 8 0 (0%)
Moderately differentiated 18 2 12 16 (89%) 10 0 (0%)
Poorly differentiated 13 2 5 6 11 (85%) 10 0 (0%)
Total 46 36 (78%) 28 0 (0%) <0.0001

-, negative (<10%); %, weakly positive (10-30%?; +, positive (>30%).

differentiation level, GPC3 was expressed in 9 (60%) of 15
well differentiated, 16 (89%) of 18 moderately differentiated
and in 11 (85%) of 13 poorly differentiated HCC (Table I).
AFP was expressed in 3 (20%) of 15 well differentiated, 6
(33%) of 18 moderately differentiated and in 7 (54%) of 13
poorly differentiated HCC (data not shown). The expression
level of GPC3 was lower in well differentiated HCC than in
the other HCC grades, though the difference was not
statistically significant (well- vs. moderately differentiated:
P=0.054, well- vs. poorly differentiated: P=0.150). Thus,
GPC3 expression is also a good indicator for malignancy
levels.

GPC3 expression was observed specifically in pathological
HCC component in CHC. There are discrepancies between

preoperative diagnosis and pathological findings for CHC
patients. Diagnostic results and the expression of tumor
markers of 11 CHC patients are summarized in Table 1I.
Initial diagnosis was carried out by H.E. staining. Among
these 11 patients, 7 patients (63.6%) were diagnosed as HCC
and 3 (27.3%) were ICC. Only 1 patient (9%) of the 11 CHC
was correctly diagnosed as CHC. To seek the possibility to use
GPC3 immunostaining to detect HCC component (cp) in
CHC, combination of antibodies against GPC3, AFP,
HepParl, CK7 and CK17 were used. In addition to AFP,
HepParl is frequently used as marker for HCC (4-8) and
CK 7 and CK19 for ICC (9-11).

Among 11 CHC cases, 4 cases preoperatively diagnosed
as HCC were chosen to represent the collision and tran-
sitional type of CHCs based on the macroscopic features
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Table II. Correlation of immunostaining varieties and pathological components of CHC.

Pt.  Preoperative Macroscopic Pathological hepatocellular Pathological cholangiocarcinoma
no. diagnosis diagnosis carcinoma component component
GPC3 AFP HepParl CK7 CKI19 GPC3 AFP HepParl CK7 CKI19
1 HCC CHC + + - + + - - - - -
2 HCC HCC + - - - - - - + + +
3 HCC HCC + - + - - + - - + +
4 CHC HCC + + + - - + - - + +
5 HCC CHC + - + - - - - - + +
6 HCC CHC + - - - - - - + + +
7 ICC CHC + - - + + - - - + +
8 HCC HCC + + - - - + - + +
Total + 8/8 3/8 3/8 3/8 2/8 2/8 1/8 2/8 7/8 7/8
positive rate (%) 160 38 38 38 25 25 13 25 88 88
9 1CcC ICC - - - - - - - - + +
10 HCC ICC - - - + + - - - + +
11 1CC ICC - - - + + - - - + +
Total + 03 073 0/3 2/3 2/3 0/3 0/3 0/3 3/3 3/3
positive rate (%) 0 0 0 67 67 0 0 0 100 100

-, negative (<10%); +, weakly positive (10-30%); +, positive (>30%); HCC, hepatocellular carcinoma; ICC, intrahepatic cholangio-
carcinoma; CHC, combined hepatocellular and cholangiocarcinoma; GPC3, glypican-3; AFP, a-fetoprotein; HepParl, hepatocyto-paraffin 1;

CK, cytokeratin; CC, cholangiocarcinoma.

in cut surface. In Fig. 2, macroscopic observation and the
immunostained histological sections are shown. These sections
include 2 elements with pathological HCC cp forming bile
production and trabecular growth pattern by eosinophilic
staining and cholangiocarcinoma (CC) cp forming mucin
production or gland formation by basophilic staining. Cases
1-8 were GPC3 positive, and cases 9-11 were negative for
GPC3 in the HCC cp. Macroscopic, histological and immuno-
histochemical features of cases 2, 6, 8 and 10 are shown in
Fig. 2a, b, ¢ and d. Case 2 had greenish white and yellow
nodules within the same tumor mass in the cut surface. HCC
subtypes such as simple nodular and confluent multinodular
type exist. Case 2 exhibited the features of HCC with multi-
nodular type (Fig. 2a-i). Pathological diagnosis by H.E.
staining revealed CHC pathologically (Fig. 2a-ii and -iii),
which was so-called ‘collision’-type tumor as reported by
Goodman et al (30). A “collision’-type tumor is coincidental
occurrence of HCC and CC within the same tumor mass (31).
GPC3 was positive (Fig. 2a-iv), but AFP and HepParl were
not detected in HCC cp (Fig. 2a-v and -vi). Although
HepParl is generally used as HCC marker, it was
unexpectedly stained in CC region as well as CK7 and
CK19 (Fig. 2a-vii and -viii).

Case 6 showed pale and lobulated phenotype in the
cut surface macroscopically (Fig. 2b-i), and pathological
diagnosis was also confirmed by H.E. staining (Fig. 2b-ii
and -iii). This was so-called ‘transitional’ type tumor (30). A
‘transitional’ type tumor has an area of HCC that appears to
transform into CC (31). GPC3 was stained in pathological

HCC cp (Fig. 2b-iv) where AFP was negative (Fig. 2b-v).
The HCC region was surrounded by pathological CC cp with
the staining for CK7 (Fig. 2b-vii). HepParl and CK19 were
detected in the same region with CC c¢p (Fig. 2b-vi and -viii).
HepParl stained the CC cp as in case 2. The immuno-
reactivity of CK19 was not consistent with that of CK7.

Case 8 was diagnosed as HCC similarly to cases 2 and 6,
but mixed tumor masses with white and gray in the cut
surface were observed (Fig. 2c-i and c-ii). Both GPC3 and
AFP were positive in HCC cp (Fig. 2c-iv and -v). HepParl
was stained in CC cp (Fig. 2¢-vi). CK7 and CK19 were
positive in CC cp (Fig. 2¢c-vii and -viii), especially CK19
was more specific for CC cp than CK7. These three cases
(cases 2, 6 and 8) indicated that detecting GPC3 can
compensate for AFP and enhance the ability to identify the
presence of HCC cp in CHC.

Cases 9, 10 and 11 were negative for GPC3 expression in
several tumors. Macroscopically, they had the features of
ICC with irregular shaped, white solid tumor masses. As an
example, case 10 is shown in Fig. 2d. Althogh case 10 was
diagnosed as HCC preoperativerly, it showed macroscopic
freatures of ICC with the presence of abundant fibrous
stroma and indistinct tumor margin (Fig. 2d-i). This case
was later diagnosed as CHC based on the pathological
examination (Fig. 2d-ii and d-iii). GPC3, AFP and HepParl
were not detected in either HCC cp or CC cp (Fig. 2d-iv, -v,
and -vi). CK7 was stained diffusely in the tumor (Fig. 2d-
vii), and CK19 expression was more specific in CC cp than
CK7 (Fig. 2d-viii). These 3 cases showed positive staining
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HCC cp., HCC component; CCcp., cho!aqgiacaminoma component;

Figure 2. Macroscopic, histological and immunohistochemical features of four cases of CHC, a, case 2; b, case 6; c, case 8; d, case 10 in Table II. (a-i)
Macroscopic feature in cut surface of case 2 tumor. (a-ii) The histological structure can be also devided into 2 types. HCC component showed expansive
growth oppressing the cholangiocarcinoma component. (a-iii) Collision border between hepatocellular carcinoma and cholangiocarcinoma component are
indicated as dots. The tumor cells within mainly hepatocellular carcinoma component showed only expression of GPC3 (a-iv) without expression of AFP
(a-v). In the opposite side, the glandular area with cholangiocarcinoma component shows HepParl (a-vi), CK7 (a-vii) and CK19 expression (a-viii). (b-1) Case
6 shows macroscopic CHC feature in tumor cut surface that was suspected out HCC preoperatively. (b-ii) The histological cholangiocarcinoma component
forming trabeculae with columnar appearance was surrounded by HCC component forming hepatoid structure. (b-iii) A dotted line is a boundary of HCC in
the H.E. staining. The tumor cells within transitional region were positive for GPC3 (b-iv), CK 7 (b-vii) and CK 19 (b-viii). The difference was
recognized between hepatocellular carcinoma component and cholangiocarcinoma component because GPC3 positive area encircled the CK7 area.
The expressions of AFP (b-v) and HepParl (b-vi) were not observed. (c-i) Though case 8 was also suspected to be HCC preoperatively, the
macroscopic features showed atypical HCC with mixed white and gray and indistinct tumor border. (c-ii) The cholangiocarcinoma component was obviously
composed of structural gland formation. (c-iii) Collision area was distinguished histopathologically by a dotted line. The tumor cells of HCC component
showed not only GPC3 (c-iv) but also AFP expression (c-v). In the glandular area of cholangiocarcinoma component, HepParl was expressed (c-vi), but
CK7 not at all (c-vii) and CK19 shows weak positive expression {(c-viii). (d-i) Case 10 shows macroscopic ICC features in tumor cut surface that was
suspected as HCC preoperatively. (d-ii) The histological structure can be devided into 2 types with cholangiocarcinoma component forming trabeculae with
columnar appearance and HCC component forming hepatocellular structures. (d-iii) A dotted line is a boundary of HCC in the H.E. GPC3 (d-iv), AFP (d-v)
and HepPar! (d-vi) were not stained, but CK7 (d-vii) and CK19 (d-viii) stained the cholagiocarcinoma component.

for CK7 and CK19 in CC cp, but not AFP or HepParl in  Discussion

HCC cp. Therefore, accuracy of CHC diagnosis can be

achieved by combination of multiple tumor markers in  The diagnosis for HCC, ICC and CHC has been routinely
addition to morphological characteristics: GPC3 that is  performed by histopathological examination. Additionally,
specific for pathological HCC cp of CHC, and CK7 and  diagnosis of HCC is done by supplementary immunohisto-
CK19 that are specific for pathological CC cp of CHC. chemical analysis for AFP and HepParl. Until now, though
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the sensitivity is limited, AFP has been regarded as the most
useful marker for HCC (4,32-34). HepParl is also widely
used for HCC to distinguish between primary HCC and
ICC. However, both markers are limited for the ability to
discriminate different levels of malignancy in HCC because
its sensitivity drops substantially in poorly differentiated
HCC, and it does not discriminate between benign and malig-
nant liver cancers (35). As these biomarkers frequently
results in misdiagnosis, in this study, we showed that GPC3
is more sensitive to detect HCC compared to AFP. Due to
the fact that GPC3 was downregulated in ICC (36), GPC3
may help to separate HCC from ICC.

CHC is the least common primary cancer of the liver but
followed by an aggressive growth, it tends to metastasize to
many organs leading to significantly poorer prognosis than
HCC and ICC (31,37,38). Correct diagnosis leads to both
appropriate treatment and better outcome for the patients.
Nishie, et al reported that one third (nine of 27 cases) of
patients with CHC were correctly diagnosed by enhanced
computed tomography (39). In our study, only one of the 11
(9.1%) patients with CHC was correctly diagnosed before
operation without fine needle aspiration biopsy. The difficulty
to pathologically distinguish CHC from HCC and ICC comes
from glandular or pseudoglandular structures in HCC and
solid or trabecular patterns in CC (37,38). We believe that
combination with histopathological examination with GPC3
immunostaining and radiological examination can bring an
accurate diagnosis and improved clinical therapies for the
patients leading to a better prognosis.

We showed that the immunostaining for GPC3 is specific
for HCC patients and not detected in ICC patients. This
confirmed that detecting GPC3 may improve the method
to diagnose CHC. Of the 11 cases of CHC, 8 displayed
GPC3 expression in restricted area of HCC cp. We
demonstarated that immunohistochemical staining of GPC3
in liver tumor helps to recognize the pathological HCC cp
more precisely. GPC3 expression was observed with high
frequency in the HCC cp compared with AFP and HepParl.
HepParl was unexpectedly stained in CC cp, but this has
been observed previously as well (7,40). This could be due to
a transition from HCC to ICC where HepParl is one of the
molecules that is downregulated at later stages in the process.
CK7 and CK19 have been already reported as good markers
of biliary epithelial differentiation (41). These were highly
expressed in pathological CC cp (10/11, 91%) in CHC. The
positive immunoreactivity of CK19 was more distinct than that
of CK7 whose staining was weaker. Our immunohisto-
chemical data disclosed that GPC3 can be a better marker
specific for HCC leading to a better confirmation for HCC
component of CHC as well as for HCC. Moreover, it
provided evidence of the biologic behavior of such
combined tumors, which are phenotypically and genetically
leaning toward either ICC with predominant biliary
differentiation or HCC with hepatocellular differentiation
(42 ,43).

Employing multiple tumor markers may also allow the
accurate diagnosis of CHC containing both hepatocellular
and biliary differentiation. Concerning sensitivity and
specificity, the combination of GPC3 for HCC cp and CK19
for ICC cp seems to be useful in the diagnosis of liver cancer.
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For CHC, GPC3 positive/CK19 negative profile suggests
HCC, GPC3 positive/CK 19 positive indicates CHC, and
GPC3 negative/CK19 positive essentially rules out HCC and
suggests the possibility of CC or CHC.

We developed a new anti-cancer immunotherapy with
GPC3 as a target (44-47), and the phase I clinical trial of
GPC3-derived peptide vaccination for advanced HCC is now
on going. Because this new immunotherapy is not indicated
for ICC, immunohistochemical staining of GPC3 is a useful
method to select eligible patients. Furthermore, if CHC
would be justified as a target of our immunotherapy in future,
immunohistochemical analysis for GPC3 expression is
indispensable for the process of patient selection.

GPC3 is expressed in the group of cells that are AFP-
positive and/or CK7/19-positive in injured livers with
activation of oval cell compartment; an indication for liver
repair and regeneration (48). In addition, CK7, CK19 and
AFP are frequently expressed in biliary epithelial cells
(49,50) and in immature fetal hepatoblasts (51,52). Liver
progenitor cells originate from the canal of Hering, lined by
both hepatocytes and biliary ductular epithelial cells (53). It is
not clear whether GPC3 is expressed in hepatic embryonic
progenitor cells or cancer stem cells, but GPC3 may be a
marker for hepatic progenitor/stem cells. In CHC cases of 2,
3 and 4, GPC3, CK7 and CK19 coincided in the regions of
HCC and CC. Although HCC and ICC are two different
kinds of primary liver malignancies arising from different
cell types as hepatocytes and cholangiocytes, co-localization
of GPC3 and CK7/19 suggest that the CHC is originated
from progenitor or oval cell. In addition, case 6 showed an
HCC lesion with GPC3 positive immunostaining surrounded
by CC (Fig. 2b). This finding suggests that GPC3-positive
HCC tumor cells are derived from GPC3-negative CC mass.
Moreover, we predict from the fact that GPC3 is expressed in
embryonic liver and downregulated after birth in normal liver
but reappears in cancer is due to its regulatory role in
proliferative and dedifferentiated cells, like cancer cells that
acquired a progenitor- or cancer stem cell-like characteristics.

In summary, we confirmed that GPC3 is a marker
sensitive and specific for HCC, but not ICC. Moreover, we
revealed that GPC3 was expressed specifically in the HCC
cp in the CHC. Therefore, GPC3 is a molecule that is
significant not only in clinical but also biological field. It is
clinically an important biomarker that can be used for
accurate diagnosis leading to a better treatment and prognosis.
Also, biologically, it may be an indicator for the identity and
the origin of the cancer cells.
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The relationship between overexpression of glypican (GPC)-3 that is
specific for hepatocellular carcinoma (HCC) and the prognosis has
not yet been clarified. We attempted to determine the expression
profile of GPC3 in association with the clinicopathological factors by
immunohistochemical analysis in HCC patients and investigated the
potential prognostic value of GPC3 by comparing the survival rate
between the GP(C3-positive and GPC3-negative HCC patients.
Primary HCC tissue samples (n = 107) obtained from patients who
had undergone hepatectomy between 2000 and 2001 were
analyzed. GPC3 expression was less frequently observed in well-
differentiated HCC than in moderately and poorly differentiated
HCC, the difference in the frequency being statistically significant.
GPC3-positive HCC patients had a significantly lower 5-year survival
rate than the GPC3-negative HCC patients (54.5 vs 87.7%, P = 0.031).
Among 80 of the 107 (74.6%) patients with initial treatment who
underwent hepatectomy, none of GPC3-negative HCC patients
(n = 16, 20.0%) died during the follow-up period. No deaths were
noted in the GPC3-negative HCC patients among the 71 (88.7%)
patients with moderately and poorly differentiated HCC.
Multivariate analysis identified GPC3 expression (P =0.034) as an
independent prognostic factor for the overall survival. We showed
that GPC3 expression is correlated with a poor prognosis in HCC
patients. (Cancer Sci 2009; 100: 1403-1407)

H epatocellular carcinoma (HCC) is one of the most common
malignancies and is ranked as the third most common
cause of cancer-related death worldwide. HCC is generally
associated with a poor prognosis, the 5-year survival rate after
surgery has been reported to be as low as 25-39%, and systemic
therapy with cytotoxic agents provides only marginal benefit."
Even in those patients in whom the tumor has been successfully
removed, the 2-year recurrence rate can be as high as 50%.%
Several clinicopathological factors including poor levels of
differentiation of the cancer cells, large size of the tumor, portal
venous invasion, and intrahepatic metastasis have been shown to
contribute to the poor prognosis in patients of HCC. Despite the
critical need for better methods for the diagnosis and treatment
of HCC, the mechanisms underlying the development of HCC
remain unclear.

Glypican (GPC)-3 was discovered as a potential serological
and histochemical marker that is specific for HCC. GPC3 is a
member of the glypican family and belongs to a group of
heparan sulfate proteoglycans bound to the outer surface of the
cell membrane through a glycosylphosphatidylinositol anchor.*”
In mammals, this family comprises six members, GPCl to
GPC6. GPC are released from the cell surface by a lipase called
Notum to regulate the signaling of Wnts, Hedgehogs, fibroblast
growth factors, and bone morphogenetic proteins.®® Depending
on the context, their functions exerted may either be stimulatory
or inhibitory through these pathways. GPC3 has been detected
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in the placenta and fetal liver, but not in other adult organs.
During hepatic carcinogenesis, GPC3 appears in the HCC tissue
and is released into the serum.!'®!? In addition, its expression
has also been reported in melanoma. 319

A dramatic elevation of GPC3 expression has been reported
in a large proportion of HCC, as determined by cDNA microarray
analysis, whereas its expression has been shown to be less
frequent in preneoplastic or entirely absent in non-neoplastic
liver tissue.“%'® This has led to the notion that GPC3 may have
diagnostic usefulness as a marker of differentiation or a specific
tumor marker in the case of HCC. However, until now, the
relationship between GPC3 overexpression and the prognosis of
HCC has not been clarified.

In the present study, we attempted to determine the tumor
expression profile of GPC3 in association with clinicopathological
factors in HCC patients by immunohistochemical analysis. We
also investigated the potential prognostic value of GPC3 by
analyzing the survival rate of GPC3-positive and GPC3-negative
HCC patients. By elucidating the association between the GPC3
expression level in HCC tumors and the survival rate of the
patients, we concluded that the GPC3 expression level is cor-
related with a poor prognosis in HCC patients.

Materials and Methods

Patients and tumor tissue samples. Primary HCC tissue samples
(n = 107) were obtained from patients who underwent hepatectomy
at the National Cancer Center Hospital East between 2000 and
2001. The histological types were assigned according to the
criteria of the World Health Organization classification. Liver
tissue sections prepared from the surgically resected tumors and
adjacent parenchyma fixed in 10% formalin and embedded in
paraffin were retrieved from the files of the Department of
Pathology at our institution.

immunchistochemical staining. Sections 6 pm thick were prepared
from the paraffin-embedded blocks. The sections were deparaf-
finized in xylene and rehydrated through ethanol to water.
Endogenous peroxidase activity was blocked using 3% H,0, in
methanol for 20 min. For antigen retrieval, sections were heated
in 10 mM citrate buffer (pH 6.0) with microwave at 95°C for
15 min. The slides were then allowed to cool down, and the
prediluted primary monoclonal anti-GPC3 antibody (dilution
1 : 300; Biomosaics, Burlington, VT, USA) was added to cover each
slide, and the slides were incubated for 2 h at room temperature.
Thereafter, the slides were washed three times in TBS-Tween
20 for 5min each. Mouse Envision Polymer-horseradish
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peroxidase (DakoCytomation, Carpenteria, CA, USA), was used
as the secondary antibody for 30 min at room temperature
followed by three washes in TBS—-Tween 20 for 5 min each.
Finally, the visualization signal was developed by the addition
of 3,3-diaminobenzidine tetrahydrochloride (DakoCytomation)
to each slide, followed by incubation for 2 min. Slides were then
washed in distilled water, counterstained with hematoxylin,
and dehydrated.

For the immunohistochemical analysis of GPC3, we evaluated
only the area of GPC3-positive staining in one slide in each
patient, including the HCC lesion and adjacent non-cancerous
lesion. At first, to analyze GPC3 expression, the results of
immunohistochemical staining were classified according to the
area of GPC3-positive staining cells as follows: —, negative
(<10%); +/-, weakly positive (10-30%); and +, positive
(>30%). Finally, in this study, we classified two groups between
GPC3-negative (<10%) and GPC3-positive (>10%). The expres-
sion of GPC3 was judged to be positive when the percentage of
immunoreactive cells was semiquantitatively assessed as being
210% in focal lesions. The slides were examined independently
by two observers (H. Shirakawa and T. Nakatsura) and then
collectively by a pathologist (M. Kojima).

Analysis of the correlation of GPC3 expression with various
clinicopathological factors. The correlation of GPC3 expression
with various clinicopathological factors was analyzed. Overall
survival was calculated from the date of surgery to the date of
death.

Statistical analysis. The differences in the level of GPC3
expression were tested by the y>-test and the means of each
subgroup were compared using Student’s r-test. Survival analyses
were carried out according to the Kaplan—Meier method and the
differences were assessed using the log-rank test. Follow-up
time was censored if the patient was lost to follow up. Cox
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Fig. 1. Glypican  (GPC)-3  expression  and
localization is hepatocellular carcinoma (HCQ)-
specific. (a,c) Microscopic view of a HE-stained
sections of resected HCC. (b,d) HCC sections were
stained for GPC3 expression with anti-GPC3
monoclonal antibody. (e) HCC displays
prominent bile-canalicular immunostaining. (f)
Membranous and cytoplasmic staining of liver
tumor cells are shown.

proportional-hazards analysis was used for univariate and
multivariate analyses to explore the effects of the variables on
survival. P-values of less than 0.05 were considered to be
significant.

Results

Glypican-3 expression in HCC. In order to characterize the
expression of GPC3 in HCC, 107 surgical specimens were
analyzed immunohistochemically. The mean and median follow-
up period were 3.4 + 2.0 years and 3.5 years respectively. GPC3
expression was detected in 87 of the surgically resected tumor
specimens (81.3%) (Fig. la,b), but not in the remaining 20
specimens (18.7%) (Fig. 1c,d). In most of the GPC3-positive cases,
the protein expression was localized mainly in the cellular cytoplasm
(Fig. le) with some amount detected on the cell membrane
(Fig. 1f). The results of the immunohistochemical analysis were
evaluated in relation to the pathological findings and follow-up
data. There was no correlation between GPC3 expression and
any of the clinicopathological features, except that the GPC3
expression increased with increasing degree of dedifferentiation
of the cancer cells (Table 1). GPC3 expression was less frequently
observed in well-differentiated HCC than in moderately or
poorly differentiated HCC; the difference in frequency was
statistically significant. Thus, an increase in GPC3 expression
was correlated with increasing aggressiveness of the cancer
cells, which was accompanied by dedifferentiation of the cells.

Correlation between GPC3 expression and patient survival. In
order to determine the prognostic value of GPC3, the overall
survival was compared between GPC3-positive and GPC3-
negative HCC patients. The GPC3-positive HCC patients had a
significantly lower 5-year survival rate than the GPC3-negative
HCC patients (54.5 vs 87.7%, P = 0.031; Fig. 2a). After surgery,
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Table 1. Correlation between glypican (GPC)-3 expression and clinicopathological features of patients with hepatocelluiar carcinoma

GP(3 expression

Variable P-value
Positive (n = 87) Negative (n = 20)

Age (years) {(mean + SD) 63.6 +9.7 60.2+11.8 0.169
Sex (male/female) 67/20 18/2 0.321
HBsAg status (positive/negative) 26/61 317 0.283
HCV status (positive/negative) 50/37 12/8 0.999
ICG R15 (%) (mean = SD) 15.9 % 8.1 155+7.6 0.823
AFP (ng/mL) (mean) 6710 463 0.198
PIVKA-II (mAU/mL) (mean) 7370 5900 0.823
Tumor occurring (primary/recurrence) 64/23 16/4 0.753
Number of tumor (solitary/multipie) 64/23 11/9 0.172
Resection procedure (trisegmentectomy, lobectomy, or 22/65 7/13 0.378
segmentectomy/subsegmentectomy or partial resection)

Operation time (min.) (mean % SD) 310 + 165 263 £ 119 0.248
intraperative blood loss (mL) (mean) 2910 1500 0.356
Perioperative transfusion (present/absent) 45/42 9/11 0.767
Tumor size (mm) (mean = SD) 54.7 +41.9 53.0x 31.2 0.861
Histological tumor differentiation (well/moderately and poorly) 6/81 6/14 0.032
pStage (UICQ) (11171l 35/41/11 6/10/4 0.577
Portal vein involvement (present/absent) 39/48 8/12 0.885
Hepatic vein involvement (present/absent) 9/78 1/19 0.750
Bile duct involvement (present/absent) 11776 1/19 0.557
Intrahepatic metastasis (present/absent) 18/69 6/14 0.545
Non cancerous tissue (cirrhosis/non-cirrhosis) 36/51 4/16 0.075
Postoperative recurrence (present/absent) 70/17 16/4 0.963

AFP, alpha-fetoprotein; HBsAg, hepatitis B s antigen; HCV, hepatitis C virus; ICG-R15, indocyanine green-retention at 15 min; PIVKA-II, protein

induced by vitamin K absence Ii; UICC, International Union against Cancer.

HCC recurrence was observed in 86 (80.4%) of the 107 patients.
In the majority (97.7%) of patients with recurrence, the
recurrence was observed in the residual liver. Among these 86
patients, 43 (50%) and seven (8.1%) developed multinodular
and extrahepatic recurrence respectively. Although no correlations
were observed between these recurrence patterns and GPC3
expression, GPC3 can only be used as an indicator of poor
overall survival in HCC patients.

Among 80 of the 107 (74.6%) patients with initial treatment
who underwent hepatectomy, none of the GPC3-negative HCC
patients (n = 16, 20.0%) died during the follow-up period (Fig. 2b).
The mean and median follow-up periods were 3.7 £ 2.1 and
3.7 years respectively. The 1-, 3-, and S-year survival rates of
the GPC3-positive HCC group were 84.4, 62.5, and 32.8%
respectively. With regard to the tumor grade of HCC, 9 (11.3%)
of the 80 patients with well-differentiated tumors showed signi-
ficantly better prognosis without any record of deaths, compared
with 71 (88.7%) patients with moderately and poorly differentiated
HCC (Fig. 2c).

Further, among the 71 initial treatment patients who underwent
hepatectomy and were found on histopathological examination
to have moderately and poorly differentiated HCC, there were
no deaths during the follow-up period in the GPC3-negative
HCC group (Fig. 2d). The mean and median follow-up periods
were 3.6 + 2.0 and 3.6 years respectively.

Univariate and multivariate analyses to identify the prognostic
variables in HCC patients. To identify the variables of potential
prognostic significance in all the patients with HCC, univariate
analysis of each variable was carried out in relation to the
survival time. The difference in the prognosis was assessed by
examining the relative hazard and P-value for each variable. The
relative importance of each variable was then determined by
multivariate Cox proportional hazards model analysis. Univariate
analysis with stepwise inclusion of variables in the model
revealed that the significant prognostic factors were GPC3
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expression status, hepatitis B virus (HBV) or hepatitis C
virus (HCV) infection, indocyanine green-retention at 15 min
(ICG-R15), serum protein induced by vitamin K absence II
(PIVKA-II), tumor occurence, number of tumors, resection volume,
pathological bile duct involvement, and pathological intrahepatic
metastasis (Table 2). However, the multivariate analysis identified
only GPC3 expression (P =0.034), intrahepatic metastasis
(P =0.027), and multiple tumors (P = 0.006) as the independent
prognostic factors related to overall survival (Table 2).

Discussion

In this study, we characterized the association between the
expression level of GPC3 and the malignancy grade, and the
prognostic value of GPC3 in HCC. Higher levels of GPC3
expression were observed in moderately or poorly differentiated
tumor cells, which was in agreement with previous reports."®
Our contingency table analysis showed that the GPC3 expression
level was correlated with the tumor differentiation level. In
addition, Kaplan-Meier survival analysis revealed that GPC3
expression was significantly linked to a poor prognosis after
surgical resection in HCC patients. Moreover, univariate analysis
indicated that GPC3 expression is associated with an increased
risk of death from HCC, and this risk factor could still be extracted
in a multivariate setting. On the other hand, multivariate analysis
did not identify the tumor differentiation level as an independent
predictive factor of the prognosis. Among the 80 HCC patients
who underwent initial surgical treatment, the GPC3-negative
patients showed better prognosis than the GPC3-positive patients.
Patients with well-differentiated HCC also showed a better
prognosis than those with moderately and poorly differentiated
HCC. Furthermore, we confirmed that among the previously
treated subjects, the GPC3-negative group had a better prognosis
than the GPC3-positive group with moderately and poorly
differentiated HCC tumors.

CancerSci | August2009 | vol.100 | no.8 | 1405
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Table 2. Prognostic factors for overall survival by univariate and multivariate analyses

Fig. 2. Overall survival curves for the 107
hepatocellular carcinoma (HCC) patients stratified
into those with glypican (GPC)-3-positive and
GPC3-negative HCC. (a) Overall survival of
patients with GPC3-positive HCC was shorter than
those with GP(3-negative HCC (P =0.031). (b)
Overall survival curves in 80 of 107 HCC patients
with initial treatment who underwent hepatectomy
with positive and negative GPC3 expression.
Patients with GPC3-positive HCC had a lower 5-
year survival than those with GPC3-negative HCC
(P =0.011). (c) Overall survival curves in the 71
HCC patients with initial hepatectomy who exhibited
well- and moderately and poorly differentiated
HCC on histopathological examination. The 5-
year survival rate was lower in the moderately
and poorly differentiated GPC3-positive HCC
than in the corresponding GPC3-negative HCC
(P =0.036). (d) Overall survival curves in the
71 initial treatment patients who underwent
hepatectomy and exhibited moderately and poorly
differentiated HCC on pathological examination
with positive and negative GPC3 expression. The
5-year survival rate was lower in the GP(C3-
positive HCC patients than in the GPC3-negative
HCC patients (P = 0.035).

Univariate analysis

Multivariate analysis

Variable No. patients

5-year survival rate (%)  P-value RR 95% Cl P-value
Age (years) (=65/<65) 51/56 65.8/53.4 0.531
Sex (male vs female) 85/22 56.1/72.7 0.403
HBsAg (positive vs negative) 29/78 51.0/62.3 0.011 1.14 0.31-4.16 0.844
HCV (positive vs negative) 62/45 66.7/46.4 0.004 2.41 0.75-7.69 0.138
1CG R15 (%) (215 vs <15) 50/57 70.3/46.8 0.047 0.69 0.31-1.54 0.362
AFP (ng/mL) (=50 vs <50) 45/62 49.1/65.1 0.132
PIVKA-II (mAU/mL) (2700 vs <700) 30/77 35.0/65.6 0.016 1.91 0.730-5.02 0.188
Tumor occurring (first vs recurrence) 80/27 62.8/50.2 0.019 1.83 0.78-4.31 0.167
No. tumors (solitary vs multiple) 75/32 65.7/42.7 0.009 3.53 1.41-8.00 0.006
Resection (trisegmentectomy, lobectomy, or 29/78 36.5/67.1 0.005 1.71 0.52-5.60 0.374
segmentectomy/subsegmentectomy or partial resection)
Operation time {min) (>300 vs <300) 49/58 43.9/72.3 0.053
Intraoperative blood loss (mL) (21300 vs <1300) 42/65 42.3/68.8 0.097
Perioperative transfusion (present vs absent) 54/53 49,6/66.5 0.599
Tumor size (mm) (>50 vs <50) 38/69 51.5/62.5 0.154
Histological differentiation (well vs moderately and poorly) 12/95 77.8/56.4 0.102
pStage (I vs A1) 41/66 64.2/56.5 0.071
Portal vein involvement (present vs absent) 47/60 64.9/58.5 0.369
Hepatic vein involvement (present vs absent) 10/97 44.4/60.5 0.060
Bile duct involvement (present vs absent) 12/95 20.0/62.7 0.004 0.94 0.31-2.85 0.912
Intrahepatic metastasis (present vs absent) 24/83 29.0/66.6 0.001 3.57 1.13-10.50 0.027
Non-cancerous lesion (cirrhosis vs non-cirrhosis) 40/67 53.6/61.9 0.232
GPC3 staining (positive vs negative) 87/20 54.5/87.7 0.025 5.26 1.13-24.39 0.034

AFP, alpha-fetoprotein; Cl, confidence interval; HBsAg, hepatitis B s antigen; HCV, hepatitis C virus; ICG-R15, indocyanine green-retention at 15 min;
PIVKA-lI, protein induced by vitamin K absence ll; RR, relative risk; UICC, International Union against Cancer.
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In this study, the patients who were HCV positive, had higher
ICG-R15 values, or portal vein involvement showed longer
survival times, especially the patients who were HCV-positive
or had higher ICG-R15 values, showed statistical significance
in the univariate analysis. However, there was no statistical
significance in these variables in the multivariate analysis. The
reasons for these contradictive results in the univariate analysis
are unclear.

In contrast, subgroup analysis did not reveal any significant
difference in the disease-free survival rate between the GPC3-
positive and GPC3-negative HCC patients (data not shown). The
rate of recurrence in patients after surgery was 63.8% within the
first 2 years after surgery among the previously treated patients
in this study. Tumor recurrence in the GPC3-positive HCC patients
occurred earlier than that in the GPC3-negative HCC patients
until 9.7 months after the surgery among the patients who had
received previous treatment. Two mechanisms of postoperative
recurrence of HCC have been suggested: one is intrahepatic
metastasis in the residual liver in a metachronous manner,
and the other is multicentric hepatocarcinogenesis based on
chronic hepatitis.?*? Some authors have suggested that early
recurrence arises most often from intrahepatic metastases,
whereas late recurrence is more likely to be multicentric in
origin. Poon et al. and Portolani et al. reported that tumor
factors like neoplastic vascular infiltration, but not host factors,
were linked to early recurrence, whereas the risk of late
recurrence was dependent on the underlying liver status.®*?
These results indicate that GPC3 expression may indicate a high
risk of intrahepatic recurrence.

Most of the GPC3 expression patterns in HCC cells showed
the cytoplasmic pattern. There was no case that showed only the
membrane pattern. Almost half of the HCC cases showed the
mixed pattern (cytoplasm and membrane) and the other half
showed only the cytoplasmic pattern.
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There was no statistical significance between the mixed pattern
(cytoplasm and membrane) and cytoplasmic pattern (P = 0.297)
in Kaplan-Meier survival analysis. The functional difference
between cytoplasmic GPC3 and membrane GPC3 is unknown,
so further investigations are needed to clarify whether the different
localization of staining has a different significance.

In addition to the investigation of its role as a prognostic indi-
cator, a phase I clinical trial of a GPC3-derived peptide vaccine
for advanced HCC is now underway; GPC3 is an ideal target for
this therapy because it is more effective in patients with
increased expression of GPC3, which is frequently observed in
the later stages of HCC, as shown in the present study. The poor
prognosis of patients with GPC3-positive HCC also prompted us
to develop a strategy of anticancer immunotherapy,®?> that is,
we may expect the effect of hepatocarcinogenesis prevention
after surgery in patients with GPC3-positive HCC.

In summary, our study evaluated the prognostic significance
of GPC3 expression at the protein level in clinical tissue speci-
mens of HCC. The overall survival rate was significantly poorer
in patients with elevated GPC3 expression in the tumor than in
those with lower levels of GPC3 expression. Further functional
characterization of GPC3 may be expected to lead to a better
understanding of the molecular mechanisms underlying the
development and progression of HCC.

Acknowledgments

This work was supported in part by Health and Labor Sciences Research
Grants for Research on Hepatitis from the Ministry of Health, Labor,
and Welfare, Japan, a Grant-in-Aid for the Third-Term Comprehensive
10-Year Strategy for Cancer Control from the Ministry of Health, Labour,
and Welfare, Japan, and awardee of research Resident Fellowship from
the Foundation for Promotion of Cancer Research (Japan) for the Third-Term
Comprehensive 10-Year Strategy for Cancer Control (H.S.).

14 Ikuta Y, Nakatsura T, Kageshita T eral. Highly sensitive detection of
melanoma at an early stage based on the increased serum secreted protein
acidic and rich in cysteine and glypican-3 levels. Clin Cancer Res 2005; 11:
8079-88.

15 Nakatsura T, Kageshita T, Ito S er al. Identification of glypican-3 as a novel
tumor marker for melanoma. Clin Cancer Res 2004; 10: 6612-21.

16 Wang XY, Degos F, Dubois S et al. Glypican-3 expression in hepatocellular
tumors: diagnostic value for preneoplastic lesions and hepatocellular
carcinomas. Hum Pathol 2006; 37: 1435-41.

17 Libbrecht L, Severi T, Cassiman D etal. Glypican-3 expression
distinguishes small hepatocellular carcinomas from cirrhosis, dysplastic
nodules, and focal nodular hyperplasia-like nodules. Am J Surg Pathol 2006;
30: 1405-11.

18 Di Tommaso L, Franchi G, Park YN et al. Diagnostic value of HSP70,
glypican 3, and glutamine synthetase in hepatocellular nodules in cirrhosis.
Hepatology 2007; 45: 725-34.

19 Yamauchi N, Watanabe A, Hishinuma M eral. The glypican 3 oncofetal
protein is a promising diagnostic marker for hepatocellular carcinoma. Mod
Pathol 2005; 18: 1591-8.

20 Yamamoto J, Kosuge T, Takayama T et al. Recurrence of hepatocellular

carcinoma after surgery. Br J Surg 1996; 83: 1219-22.

Portolani N, Coniglio A, Ghidoni S ef al. Early and late recurrence after liver

resection for hepatocellular carcinoma: prognostic and therapeutic

implications. Ann Surg 2006; 243: 229-35.

22 Poon RT, Fan ST, Ng 10, Lo CM, Liu CL, Wong J. Different risk factors and
prognosis for early and late intrahepatic recurrence after resection of
hepatocellular carcinoma. Cancer 2000; 89: 500-7.

23 Sakon M, Umeshita K, Nagano H efal. Clinical significance of hepatic
resection in hepatocellular carcinoma: analysis by disease-free survival
curves. Arch Surg 2000; 135: 1456-9.

24 Motomura Y, Ikuta Y, Kuronuma T eral. HLA-A2 and -A24-restricted
glypican-3-derived peptide vaccine induces specific CTLs: preclinical study
using mice. Inf J Oncol 2008; 32: 985-90.

25 Komori H, Nakatsura T, Senju S er al. Identification of HLA-A2- or HLA-
A24-restricted CTL epitopes possibly useful for glypican-3-specific
immunotherapy of hepatocellular carcinoma. Clin Cancer Res 2006; 12:
2689-97.

2

g

Cancer Sci | August2003 | vol. 100 | no.8 | 1407

© 2009 Japanese Cancer Association



