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Fic. 5. Sustained ERK activation controlled by B-Raf is critical in TCR-mediated production of IL-2. 4, luciferase assay for IL-2
promoter aciivity. Jurkat clone expressing wild-type B-Raf (WT30) or B-Raf AA (AA2) was transfected with an IL-2-luciferase construct and
incubated with or without immobilized anti-CD3 and anti-CD28 antibodies for 12 h. Each luciferase activity was evaluated and normalized by the
co-transfected B-galactosidase activity. ELU, relative luciferase unit. B, Jurkat clones expressing wild-type B-Raf (WT30 and WT'34), B-Raf AA
(AA2 and AA23), and mock-transfectant were stimulated with immobilized anti-CD3 and anti-CD28 antibedies for 48 h. IL-2 in the culture
supernatants was measured by enzyme-iinked immunosorbent assay. C, Jurkat cells were pretreated with MEK inhibitor U0126 at the indicated
concentrations for 30 min before stimulation and then were stimulated with an anti-CD3 antibody for 3 min, and phosphorylation of ERK was
analyzed with Westera blotting (insets). For measurement of IL-2, Jurkat cells pretreated with T0126 at the indicated concentrations were
stimulated with fmmobilized anti-CD3 and anti-CD28 antibedies for 48 h. IL-2 in the culture supernatants were measured by enzyme-linked
immunosorbent assay. I, mock-transfected {upper panel) or B-Raf AA expressing Jurkat clone {AA2; lower panel) were stimulated with the
immobilized anti-CD3 and anti-CD28 antibodies for the indicated times. The whole cell extract from each sample was analyzed by blotting with
anti-phospho-ERE {op panel), phospho-MEK {middle panel), or ERK (bottom panel) antibodies, respectively. E, vehicle (Me,SO) or U0126 (5 pm)
was added to the culture at the indicated times after the beginning of stimulation of Jurkat cells with immobilized anti-CD3 and anti-CD28
antibodies. After 48 h from the start of stimulation, each culture supernatant was harvested, and the IL-2 concentration was measured, as
described in C. Typical data from three independent and reproducible experiments are presented here.

B-Raf function because B-Raf lacks the Tyr corresponding to
Tyr**¥? in Raf-1 (41, 49). Thus, B-Raf activation requires Ras
but not Src to activate MEK/ERK, whereas Raf-1 activation
needs the synergy of Ras and Srec tyrosine kinase(s) (41, 49).

Second, conserved B-Raf Ser*®S, corresponding to Ser®® in

B-Raf for TCR-mediated activation do not entirely overlap with
those of other Raf proteins. We elucidated that B-Raf activation
couples Ras with TCR-mediated MEK/ERK activation and is
indispensable for prolongation of substantial MEK/ERK acti-
vation in vivo.

This sustained MEK/ERK activation correlates with dura-
tion and strength of B-Raf activity. We considered that activa-
tion thresholds and the mechanisms regulating each Raf activ-
ity lead to distinet activation kinetics of these two Raf kinases.
In agreement with this interpretation, the following observa-
tions were reported. Although the activities of both Raf-1 (47)
and B-Raf (Fig. 3) were dependent on Ras activity, in addition
to Ras, Src family kinases regulated Raf-1 activity (48). Upon
activation, Raf-1 was shown to be phosphorylated ocn some
tyrosine, serine, and threonine residues, which fulfill the reg-
ulatory functions, and the phosphorylation status of these sites
in Raf-1 is different from that of B-Raf. First, the major target
site of Sre is Tyr®® in Raf-1; however, B-Raf activity seemed to
be less dependent on Sre, and Ras activation is sufficient for
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Raf-1, which is one of the regulatory phosphorylation sites of
Raf activity, is constitutively phosphorylated in fibroblasts
(49). These results seem to explain the fact that B-Raf exhibits
a higher intrinsic kinase activity in a quiescent situation and,
onee stimulated, a longer activation period than does Raf-1 in
our system and other systems.

It should be noted that the dominant negative mutant of
B-Raf (B-Eaf AA) did not impair the transient MEE/ERK acti-
vation but did suppress the sustained MEK/ERK activation
although B-Raf was activated and associated with MEX in both
the early and the Iate phase after TCR stimulation. Why was
not MEK/ERK activation in the early phase drastically atten-
unated by B-Raf AA? The most likely explanation is that Raf-1
can compensate for the defects of B-Raf activation due to the
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dence has been accumulated that supports the contribution of
ERK signaling to NFAT activation. In T cells, the transcrip-
tional activity of NFAT was reported to be regulated by Ras/
MEK/ERK acting in synergy with a calcium/calmodulin phos-
phatase, calcineurin (7, 44). Moreover, the mechanism by
which some kinases and phosphatases regulate the NFAT ac-
tivity implies modulation of nuclear franslocation of this factor,
its binding to DNA, or transactivation of its target gene expres-
sion. Because B-Raf AA abrogated the nuclear localization and
transcriptional activity of NFAT, we propose that the model
that sustained B-RaffMEK/ERK activation modulating NFAT-
dependent transcription could be achieved by regulation of
intrinsic nuclear translocation of NFAT. Supporting this inter-
pretation, it has been reported that ERK1 overexpression aug-
mented the DNA binding activity of NFAT, resulting in NFAT
activation in Jurkat cells (50). However, it has been shown that
activated ERK binds to and phosphorylates NFAT2, which
negatively regulates nuclear translocation and activation of
NFAT? in fibroblasts (51). Conversely, in Jurkat cells, we ob-
served the attenuation of TCR-stimulated nuclear transloca-
tion of NFAT by MEK inhibitor.> These seemingly discrepant
results might be accounted for by use of different systems and
cell types. In any case, the formal demonstration of 2 role for
B-Raf and ERK in the regulation of NFAT activation irn vive
requires more detailed analysis.

It is noteworthy that temporal difference in the Raf-induced
ERK activation signal induces qualitatively different cellular
responses. In PC12 cells, epidermal growth factor-driven pro-
liferation was coupled with transient ERK activation. On the
contrary, neural growih factor-driven differentiation of PC12
cells into sympathetic neurons was induced by sustained ERK
activation (10), which was mediated by B-Raf (23). A similar
phenomenon was found in T cells. Mariathasan ef al. (52)
demonstrated that in thymocytes, negatively selecting stimuli
by agonistic peptides through TCRE induced transient and
strong ERK activation, resulting in cell death, whereas posi-
tively selecting stimuli by the analogue peptides induced sus-
tained and weak ERK activation, resulting in cell survival. In
a very recent study, it has been reported that B-Raf but not
Raf-1 was activated with TCR stimulation in CD4*CD8™ dou-
ble pesitive thymocytes (53). These observations and our find-
ings that B-Raf and Raf-1 activities regulated the strength and
the duration of TCR-mediated ERK activation prompted us to
consider that the Ras/B-RaffMEK/ERK pathway also could
play important reles in determining the cell fate such as thy-
mocyte differentiation regulated by temporally distinct ERK
activity,

In summary, our data suggest that Ras/B-RaffMERK/ERK can
serve as a novel compoenent of signaling pathways that regulate
the duration of ERK activity in response to TCR stimulation.
B-Raf and ERK activation with a proper duration determines
biological outcomes such as IL-2 production in human T cells.
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ABSTRACT

Purpose and Experimental Design: We recently identi-
fied glypican-3 (GPC3) overexpressed specifically in human
hepatocellular carcinoma, as based on ¢DNA microarray
analysis of 23,040 genes, and we reported that GPC3 is a
novel tumor marker for human hepatocellular carcinoma
and melanoma. GPC3, expressed in almost all hepatocellu-
lar carcinomas and melanomas, but not in normal tissues
except for placenta or fetal kiver, is a candidate of ideal
tumor antigen for immunotherapy. In this study, we at-
tempted to identify a mouse GPC3 epitope for CTLs in
BALB/c mice, and for this, we set up a preclinical study to
investigate the usefulness of GPC3 as a target for cancer
immunotherapy in vive.

Results: We identified a mouse GPC3-derived and K°-
resiricted CTL epitope peptide in BALB/c mice. Inoculation
of this GPC3 peptide-specific CTL into s.c. Colon26 cancer
cells transfected with mouse GPC3 gene (C26/GPC3) led to
rejection of the tumor inr vive, and i.v. inoculation of these
CTLs into sublethally irradiated mice markedly inhibited
growth of an established s.c. tumor, Inoculation of bone
marrow-derived dendritic cells pulsed with this peptide pre-
vented the growth of s.c. and splenic C26/GPC3 accompa-
nied with massive infiltration of CD8™ T cells into tumors.
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Evidence of autoimmune reactions was never observed in
surviving mice that had rejected tumor cell challenges.

Conclysions: We found the novel oncofetal protein
GPC3 to be highly immunogenic in mice and elicited effec-
tive antitumor immunity with no evidence of autoimmunity.
GPC3 is useful not only for diagnosis of hepatocellular
carcinoma and melanoma but alsc for possible immunother-
apy or prevention of these tumors.

INTRODUCTION

Primary hepatocellular carcinoma is one of the common
malignancies throughout the world. Because of the global pan-
demic of hepatitis B and C infections, the incidence of hepato-
cellular carcinoma is rapidly on the rise in Asian and Western
countries {1). This trend is expected to continue for the next 50
vears becanse of the long latency between infection and devel-
opment of hepatocellular carcinoma. The prognosis of advanced
hepatocellular carcinoma remains poor, and effective treatment
strategies are urgently needed.

The report of the cloning human melanoma antigen, MAGE
gene, stated that the human immune system can recogrize
cancer as a foreign body and can exclude it (2). This genetic
approach of T-cell epitope cloning led to identification of a
many genes encoding for tumor antigens and antigenic peptides
recognized by tumor-reactive CTLs, thereby enhancing the pos-
sibility of antigen-specific cancer immunotherapy (3-6). Re-
cently, >1500 types of candidates of tumor antigens have been
identified with the SEREX method (7, 8). We also reported
cancer antigens identified with this method (9-11). ¢DNA mi-
croarray technology, by which investigators can obtain compre-
hensive data with respect to gene expression profiles, is rapidly
progressing. Studies have shown the usefulness of this technique
for identification of novel cancer-associated genes and for clas-
sification of human cancers at the molecular level {12-16). We
have recently succeeded in identification of a novel cancer
rejection antigen specifically expressed in esophageal cancer
with ¢cDNA microarray technology (17).

To identify candidates of ideal hepatocellular carcinoma
antigen for tumor immunotherapy, which is strongly expressed
in almost all hepatocellular carcinomas but not in normal adult
tissues, except for immune privilege tissues such as testis and
placenta or fetal organs, we used two kinds of data of cDNA
microarrays containing 23,040 genes. One is a comparison of
expression profiles between 20 hepatocellular carcinomas and
their corresponding noncancerous liver tissues (18) and the
other is that of various normal human tissues (19). When using
these data, we identified glypican-3 (GPC3) overexpressed spe-
cifically in hepatocellular carcinoma, and we reporied that
GPC3 is a novel tumor marker for human hepatocellular carci-
noma (20) and melanoma (21). Not only the amino acid se-
quences but also the expression patierns of human and mouse
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A Human tissues
Placenta HCC
GPC3 "m
Fotal liver Lung
x 400
B Mouse tissues
Placenta C26/GPC3
GPC3
x 400
C C26Mmeoc C26/GPC3
GPC2

X 1000

tocellular carcinoma cell line HepG2 (Fig. 1C). As 2 result, the
expression levels of GPC3 protein in the hurman hepatocellular
carcinoma, human melanoma, and C26/GPC3 tumor were evi-
dently much higher than those in all adult normal tissues of both
human and mouse, including lung and mammary gland, except
for placenta and fetal liver (Table 1).

Identification of a GPC3-derived and K%restricted
CTL Epitope in BALB/c Mice. Structural motifs of pep-
tides bound to human HLA-A24 and mouse K¢ are similar.
The amino acid sequences of human and mouse GPC3 have
a 95% homeology. We searched for GPC3-derived peptides of
which amino acid sequences were completely shared between

Mammary gland
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Mammary gland

Fig. 1 Expression of GPC3 protein, the candidate
of an ideal target for immunotherapy of hepatocel-
Iuiar carcinoma (HCC) and melanoma, in human
and mouse tissues and cells. A and B, expression of
GPC3 protein detected by immunohistochemical
analysis in various human (A} and mouse (B) tis-
sues. Objective magnification was 400X, C, ex-
pression of GPC3 protein detected by FITC-con-
jugated anti-GPC3 antibodies in HepG2 and
GPC3-null mouse celon cancer cell line Colon26
transfected with control vector (C26/ne0) or GPC3
gene (C26/GPC3). Objective magnification was
1000,

Liver

human and mouse GPC3. Among these peptides, we selected
those carrying binding motifs to both HLA-A24 and K¢
molecules, as previously described (10), and prepared 12
different synthetic peptides GPC3-1~12 (Fig. 24). When we
tested these peptides for their potential to induce tumor-
reactive CTLs in vitro from spleen cells derived from mice
immunized with GPC3 peptides, only GPC3-8 EYILSLEEL
peptide-induced CTLs showed specific cytotoxicity against
C26/GPC3 (GPC3+, H-2% and T2 cells transfected with the
H2-K? gene (T2K?) pulsed with GPC3-8 but not against C26
(GPC3—, H-29), B16 (GPC3+, H-2%), and T2K* cells puised
with GPC3-7 (Fig. 2, A and B). These findings indicate
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GPC3 protein were very similar. GPC3 is an oncofetal protein
overexpressed in almost all human hepatocellular carcinomas
and melanomas (20). Both human and mouse GPC3 are ex-
pressed in normal tissues, including placenta and fetal liver, but
not in other normal adult tissues. In the present study, we set up
preclinical studies to investigate the usefulness of GPC3 as a
target for cancer immunotherapy in vive, and we found this
oncofetal protein to be highly immunogenic in mice in that it
elicited effective antitumor immunity with no evidence of au-
toimmunity.

MATERIALS AND METHODS

Cell Lines. A subline of BALB/c-derived colorectal ad-
enocarcinoma cell line Colon26, C26 (C20) (22) was provided
by Pr. Kyoichi Shimomura {Fujisawa Pharmaceutical Co.,
Osaka, Japan). B16 and HepG2 were provided by the Cell
Resource Center for Biomedical Research Institute of Develop-
ment, Aging, and Cancer Tohoku University (Sendai, Japan).
T2K? was provided by Dr. Paul M. Allen of Washington Uni-
versity School of Medicine (St. Louis, MO). These cells were
maintained iz vitro in RPMI 1640 or DMEM supplemented with
10% FCS. Expression of H-2K“ was examined with fluores-
cence-activated cell sorting analysis and an antimouse H-2K*~
specific antibody and a subsequent FITC-labeled antimouse
antibody.

Transfection of GPC3 Gene into Cells. Plasmids, in-
cluding full-length murine GPC3 cDNA clones, were purchased
(Invitrogen, Osaka, Japan). A ¢cDNA fragment encoding for
GPC3 protein was inserted into pCAGGS-IRES-neo-R, 2 mam-
malian expression vector containing the chicken B-actin pro-
moter and an intemal ribosomal entry site (IRES)-neomyein
N-acetyltransferase gene cassette. We used the empty pCAGGS-
IRES-neo-R plasmid as a control. These ¢cDNAs were trans-
fected into C26 (C20) cells by lipofection, as previously de-
scribed (10), and selected with G418,

Mice. Female 7-week-old BALB/c mice (H-2%), pur-
chased from Charles River Japan (Yokohama, Japan), were kept
in the Center for Animal Resources and Development of Kum-
amoto University and handled in accordance with the animat
care policy of Kumamoto University.

Identification of a CTL Epitope in BALB/c Mice. Pep-
tides were purchased from biologica (Tokyo, Japan), and their
purity, as estimated by high-performance liquid chromatogra-
phy, was >95%. The immunizations were done as follows: we
primed the mice with 50 pg of each 12 kinds of GPC3-derived
peptides emulsified in 50 pL of complete Freund’s adjuvant
(Sigma, Tokyo, Japan) diluted with 50 pL of saline s.c. into the
left flank and boosted these mice with the same peptides emul-
sified in incomplete Freund’s adjuvant by the same method used
for priming 7 days after priming. Splenocytes removed from
mice 7 days after the last immunization were harvested, depleted
of RBCs by hypotonic lysis, and cultured in 24-well culture
plates (2.5 X 10%well) in 45% RPMV/45% AIMV/10% FCS
supplemented with recombinant human interleukin 2 (100 units/
ml), 2-mercaptoethanol (50 pmol/L), and each peptide (10
pmol/L). Then, 5 days later, cytotoxicity of these cells directed
against target cells was assayed in a standard 6-hour *'Cr release
assays (10). We purified CD8™ T cells from bulk CTLs with the

81

MACS system with antimouse CD8a (Ly-2) monoclonal anti-
body, and these CD&" CTLs were used for adoptive transfer
into BALB/c mice.

Bone Marrow-derived Dendritic Cell (BM-DC) Vac-
cine. BM-DCs were generated as follows: BM cells (2 X 10%)
were culured in RPMI 1640 supplemented with 10% FCS,
together with granulocyte macrophage colony-stimulating factor
(5 ng/mL) for 7 days in 10-cm plates, and these BM-DCs were
pulsed with GPC3-8 peptide (10 wmol/L) at 37°C for 2 hours
and used as GPC3-§ peptide-pulsed BM-DC vaccine.

In viva Depletion of CD4* and CD8* T Lymphocytes.
The mice were given a total of six i.p. transfers (days —18, —15,
~11, —8, —4, and —1) of the ascites (0.1 mL/mouse/transfer)
from hybridoma-bearing nude mice. The mAbs used were rat
antimouse CD4 (ctone GK1.5} and rat antimouse CD8 {clone
2.43). Normal rat IgG (Sigma, St. Louis, MO; 200 jg/mouse/
transfer) was used as control. Depletion of T-cell subsets by
treatment with monoclonal antibodies was confirmed by flow
cytometric analysis of spleen cells, which showed a >90%
specific depletion.

Histologic and Immunohistochemical Analysis. Immu-
nohistochemical (23) and immunocytochemical (24) detections
of GPC3 were done, as described previously. We purchased
Human, Normal Organs, and Cancers, Tissue Array, BC4 (Su-
perBioChips Laboratories, Seoul, Korea) and Human Fetal Nor-
mal Multi Tissue Slide (BioChain, Hayward, CA) for immuno-
histochemical analysis. H&E staining and standard methods
were used. Immunohistochemical staining of CD8 was done, as
described previously (25). For the terminal deoxynucleotidyl
transferase-mediated nick end labeling method, we used Ap-
opTag Fluorescein In Situw Apoptosis Detection kits (Serologi-
cals Corporation, Norcross, GA).

Statistical Analysis. We analyzed sl data with the Stat-
View statistical program for Macintosh (SAS, Inc., Cary, NC)
and evaluated the statistical significance with unpaired ¢ test.
The percentage of overall survival rate was calculated with the
Kaplan-Meier method, and statistical significance was evaluated
with the Wilcoxon test.

RESULTS

Limited Expression of GPC3 Protein in Both Human
and Mouse Fetal Tissues. We and other investigators found
GPC3 to be overexpressed in hepatocellular carcinoma (20,
26-31) and melanoma (21), so we did an immunohistochemical
analysis of GPC3 with various human and mouse tissues (Fig. 1
and Table 1). The expression patterns of human and mouse
GPC3 protein were very similar. GPC3 protein was expressed in
placenta and fetal liver, but ne or only an expression was
observed in all normal adult human and mouse tissues tested,
including brain, lung, heart, liver, kidney, mammary gland,
spleen, and thymus (Fig. 1, A and B). The mouse colorectal
cancer cell line Colon26 (C26) did not express GPC3, but after
stable transfection of mouse GPC3 genes, GPC3 protein was
expressed in C26/GPC3 (Fig. 1C). This C26/GPC3 tumor inoc-
ulated s.c. into BALB/c mice expressed GPC3 as evidenced in
our immunohistochemical analysis (Fig. 1B). The expression
tevel of GPC3 protein in C26/GPC3 is not higher than that of
human hepatocellular carcinoma (Fig. 14) or the human hepa
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Table ] The expression levels of GPC3 protein determined by immunohistochemical analysis in various human and mouse tissues

+ ¥ ++ +, +/— - - -
Human hepatocellular carcinoma Placenta Lang Liver Spleen Ovary
Human melanoma Fetal liver Mammary gland Brain Thymus Uterus
Heart Stomach Prostate
Kidney Small intestine Testis
C26/GPC3 tumor Pancreas Colon C26 tumor

* Expression levels of GPC3 protein determined by immunohistochemical analysis: + ++, very strong; ++, strong; +, +/—, weak, —, no or

very weak expression.

that this GPC3-8 peptide has the capacity to induce tumor-
reactive CTLs and that peptide vaccination primed CTLs

reactive o this peptide in vivo.

CTL Inoculation Reduced the Growth of C26/GPC3
We determined if these GPC3-8 peptide-
induced CTLs were effective against C26/GPC3 tumors inocu-
lated s.c. into BALB/c mice. We separated CD8™ T cells from

Tumor in Mice,

Fig. 2 ldentification of a GPC3-derived
and K9%restricted CTL epitope, GPC3-8
EYILSLEEL, and adoptive CTL transfer
therapy in BALB/c mice. A. BALB/c mice
were immumzed with 12 GPC3 peptides.
Sensitized spleen cells, stimulated in vitro
with each GPC3 peptide (10 pmol/L) and
cultured for 5 days with 100 units/mL in-
terleukin 2, were examined for CTL activ-
ity against GPC3-expressing C26/GPC3
cells to idemify GPC3-8 EYILSLEEL
epitopic peptide. Values represent percent
specific lysis celculated based on mean
values of trplicate assays. B, cytotoxicity
of GPC3-8-induced CTLs against various
target cells. C. CD8™ CTLs (1 X 107
isolated from GPC3-B-induced cells gen-
erated as descrbed in A or nonspecific
cells cultured with interleukin 2, without
peptide, were injected into the C26/GPC3
tumor with a diameter of 5 mm in each
three mice. The comparison of the tumor
size (mm?) of each three GPC3-8 —specific
CD8™ CTL-treated tumor and nonspecific
CD8* T-cell-treated tumor was indicated.
D, suppression of the growth of GPC3-
expressing C26/GPC3 tumor inoculated
s.c. into sublethally iradiated (5 Gy) mice
adoptively transferred with GPC3-8-spe-
cific CD8"* CTLs or nonspecific CD8™ T
cells. Data are representative of two inde-
pendent and reproducible experiments. Tu-
mor area was calcnlated as a product of
width and length. Data are presented as
mean arez of tumor * SE, and we evalu-
ated the statistical significance with un-
paired r test. E. Immunchistochemical
analysis of CD8 or terminal deoxynucle-
otidy] transferase-mediated nick end label-
ing-positive cells in specimens of C26/
GPC3 or C26 tumor on 21 days after
adoptive CTL transfer as done in D.

these GPC3-8 peptide-induced CTLs or from nonspecific cells
cultured with interleukin 2, without peptide and injected each of

these CD8" T cells (1 X 107) into each three C26/GPC3 tumors

with a diameter of 3 mm (24.2 = 1.5 mm?). After 7 days, all
three tumors treated with GPC3-8-specific CD8* CTLs be-
came smaller (15.0 = 3.2 mm?), whereas three tumors treated
with nonspecific CD8™ T cells became larger (92.3 * 9.6 mm?).

A % Specific lysis of C26G B i
0 2 & @ GPC3-8-induced CTLs
GPC3 40- 45 SFFQRLQPGL{ 60
GPC3 41- 49 FFQRLGPGL - 2
PSS 12 157 MRV 2 e et
: o o C26(GPC3 -, H-2%)
47 ] ] o
PGS St 2 WYt £/ Tratio =404 s @ o BI6(GPC3+, H2b)
GPC3 234303 KYWREYILSL 1 E » _a T2Kd+ GPC3 8
GPC3208-306 EVILSLEEL U
GPC3 313321 IYDMENVLL - S ~e= T2K GPC3-7
GPC3 360368 AYYPEDLFI - ¢
GPC3 401-408 FYSALPGY! 2 i
GPC3 521-530 RFLAELAYDL E 17 ratio
C nonspeciiccos* L) Each group: n=4
7T cells-transferred 200 z —o— C26G (GPC3-8
125 - GPC3-8 specificCDg* & specific CD8* CTLs
&= B CTis bansferved £/ 504 ' . )
E 100 4 = 2 —o~C26G (hon-specitic
- %m- A001  CD8*T cells)
% - B _I —~0-C26G (untransferred)
5 S50 A0.01 £ 501 2 —a—C26 (GPC3-8
g 25 ] ol specific CD&* CTLs)
~ 6 o 2 B & —5-C26(untranstered)
0 ay
Dayo Day 7 Day -5: irradiation 5 Gy
A Day 0:tumor innoculation 3 x 10%s.c.
infra-tumor Day 16: GPC3-8 specific CD8* CTLs or

CD8*+ T cells injection

E

C26G tumor
Untransferred
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nen-specific CD8* Tcells 5x 106 iv.

C266G tumor

C26G tumor
non-specific CDB* GPL3-8 specific CD8* GPC3-8 specific CD8*
T cells transferred  CTls transferred

C26 tumor
CTl.s transferred
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There was a statistical significance (P < 0.01) in difference of
tumor growth between these two groups (Fig. 2C). The results
indicate that the GPC3-8 peptide-specific CD8™ CTLs reduced
the growth of tumors expressing GPC3.

Sublethal Irradiation of Mice Elicited Effective Antitu-
mor-adoptive Immunity. Antitumor responses could be aug-
mented by T-cell homeostatic proliferation in the periphery,
involving expansion of T cells recognizing MHC/tumeor anti-
genic peptide ligands (32-34). To investigate tumor growth in a
homeostatic CTL proliferation model, we inoculated C26/GPC3
or C26 ceils (3 X 10% s.c. into BALB/c mice 5 days after
sublethal irradiation (5 Gy). We injected i.v. 5 X 105 of GPC3-
§-induced CD8™ CTLs or nonspecific CD8™ T cells derived
from spleen cells cultured with interleukin 2, without peptide for
5 days on day 16 after mmor inoculation, when C26/GPC3 or
C26 tumors grew to a diameter of 3 to 4 mm ¢(11.9 % 0.8 mm?).
Mice were placed into five groups: (a) C26/GPC3 (GPC3-8-
induced CD8% CTLs), (b} C26/GPC3 (nonspecific CD8" T
cells); (¢) C26/GPC3 (untransferred); (d) C26 (GPC3-8—in-
duced CD8™ CTLs); and () C26 (untransferred). Measurement
of tumor size was continued for 37 days after inoculation of the
tumor cells when one untreated mouse died (Fig. 2D). Each
group included four mice, and we obtained reproducible results
in two separate experiments. Mean tumor size on day 37 in
C26/GPC3 {CTL) group (51.0 + 6.0 mm?) was significantly
smaller than that in the other four grouwps (137.2 *= 16.1,
1453 + 12.1,176.2 = 10.1, and 195.1 * 10.2 mm?%; P < 0.01).
Weight of spleen (0.23 = 0.03 or 0.25 % 0.05 g) and spleen cell
nurmber (1.20 * 0.40 X 10° or 1.25 * 0.25 x 10%) of GPC3-
8—induced CD8™ CTLs or nonspecific CD8™ T-cell-transferred
groups, C26/GPC3 (GPC3-8—induced CD8" CTLs) and C26/
GPC3 (nonspecific CD8" T cells), were larger than those
(0.12 = 0,03 g, 0.23 = 0.03 X 10% of untransferred mice,
C26/GPC3 (umtransferred) on day 37. These differences were
statistically significant (P < 0.01), indicating that homeostatic
proliferation of T cells had occurred. GPC3-8-induced CD8™
CTLs, but not nonspecific CD8" T cells, could infiltrate the
C26/GPC3 tumor, but not the C26 tumor, and induced apoptosis
of C26/GPC3 tumor cells (Fig. 2E). Thus, sublethally irradiated
lymphopenic mice transfused with syngeneic GPC3-8-reactive
CTLs showed wmor growth inhibition for established C26/
GPC3 tumors.

Vaccination of GPC3-8 Peptide-pulsed BM-DCs In-
duced Complete Rejection of C26/GPC3 Tumor Challenge
in Mice. The capacity of GPC3-8 peptide-pulsed BM-DCs to
prime GPC3-8—specific T cells in vive was analyzed with a s.c.
tumor injection model (Fig. 35-G) and an intrasplenic tumor
injection model (Fig. 4, A and B). The protocel of DC vaccina-
tion in this study is shown (Fig. 34). In the s.c. fumor injection
model, mice were placed into five groups: (a) C26/GPC3 (BM-
DC+GPC3-8); (b) C26/GPC3 (BM-DC); (¢) C26/GPC3 (un-
treated); (d) C26 (BM-DC+GPC3-8); and {¢) C26 (untreated).
GPC3-8 peptide-pulsed or unpulsed BM-DCs (5 X 10°) were
injected i.p. into BALB/c mice twice at 7-day intervals. Death
never occurred during the vaccination period. Subcutaneous
inoculation of C26/GPC3 or C26 cells (3 X 10%) into the right
flank was given 7 days after the last vaccination. In groups 2 to
5, s.c. tumor appeared 13 days after the inoculation (Fig. 3B).
Measurement of tumor size was continued until 38 days after
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inoculation of the rumor cells when one untreated mouse died.
All five mice in group 1 completely rejected 3 X 10* of
C26/GPC3 cells but not 3 X 10* of C26 cells. Mean tumor size
on day 38 in group 1 mice (0 mm?} was significantly smaller
than that in the other four groups 2 to 5 (234.0 * 28.4, 251.0 =
60.0, 170.3 = 26.1, and 229.0 = 64.2 mm?, respectively, P <
0.01). All mice in groups 2 to 5 died within 88 days.after
inoculation of the tumor cells (Fig. 3C). In group 1, a tumor was
not detected in all five mice 150 days after the inoculation. A
statistical significance (P << 0.01) of difference was found
between group 1 and groups 2 to 5. This experiment was
repeated with similar results. However, the transfer of GPC3-8
peptide-pulsed BM-DCs showed no efficacy against the estab-
lished C26G tumor (data not shown). Therefore, the GPC3-8
peptide-pulsed BM-DC therapy has the potential to prevent
growth of tumors expressing GPC3 but could not induce regres-
sion of an established tumor.

We also inoculated C26/GPC3 or C26 cells s.c. into three
surviving mice that completely rejected the first challenges of
C26/GPC3 cells by vaccination with BM-DC+GPC3-8 (Fig. 3,
D and E). These mice also rejected rechallenges of C26/GPC3
cells but not €26 until >150 days after the first challenge. In
mean tumor size on day 39 and overall survival, the differences
between the C26/GPC3-rechallenged group and the other three
groups were statistically significant (P < 0.01). These results
showed that effects of vaccinations with GPC3-8 peptide-pulsed
BM-DCs continued for a long time and that the vaccination can
prevent recurrence of GPC3-expressing tumors.

Furthermore, we repeated experiment with another control,
BM-DC+GPC3-7 (Fig. 3, F and G). Binding affinity to K? of
GPC3-8 and that of GPC3-7 is predicted to be similar with
Bioinformatics & Molecular Analysis Section.” As a result, we
obtained similar data with experiments with BM-DCs not pulsed
with any peptide.

We next analyzed the effect of the vaccination on an
intrasplenic tumor injection model (Fig. 4, A and B). In this
model, mice were placed into two groups: (a) C26/GPC3
(BM-DC+GPC3-8) and {(b) C26/GPC3 (untransferred). Each
group included five mice, and the results were reproducible
in two separate experiments. Seven days after the last vac-
cination, inoculation of C26/GPC3 cells (1 X 10°) into the
spleen was done after laparotomy. Eighteen days after the
inoculation, we observed the spleens (Fig. 44} and livers
(Fig. 4B). Tumor nodules appeared in spleens of all five
untreated mice, and multiple metastases appeared in two
livers (409%) of such mice. On the contrary, all five vacci-
nated mice completely rejected 1 » 10° of C26/GPC3 cells
inoculated into the spleen, and liver metastasis was nil.
Differences in weights of spleen and liver and the rates and
the numbers of appearance of tumor nodules in spleen were
statistically significant among these two groups. Hence,
GPC3-8 peptide-pulsed BM-DCs have the capacity to prevent
growth in the spleen and possibly liver metastasis of GPC3-
expressing tumors.

5 Internet address: http://bimas.dert.nih.gov/molbio/hla_bind/.
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Vaccination of GPC3-8 Peptide-pulsed BM-DCs In-
duoced Infiltration of CD8™ T Cells into C26/GPC3 Tumor
Cells and Apoptosis of Tumor Cells In vivoe. In the s.c.
tumor injection model, all mice immunized with the BM-
DC4GPC3-8 vaccine completely rejected challenges of C26/
GPC3 cells (3 X 10*. To ascertain that these rejections were
induced by CD8* CTLs, s.c. inoculation of C26/GPC3 or C26
cells (1 x 10°) into the right flank was done 7 days after the last
vaccination. After tumor formation, we removed the tamor and
immunohistochemically stained it with anti-CD8 antibody and
the terminal deoxynucleotidyl transferase-mediated nick end
labeling method (Fig. 4C). Infiltrations of CD8™ T cells into
C26/GPC3 tumors and apoptosis of C26/GPC3 wmor cells were
observed only in mice vaccinated with GPC3-8 peptide-pulsed
BM-DCs but never in mice vaccinated with unpulsed BM-DCs.
We also evalvated spleens immunohistochemically with the
intrasplenic tumor injection model (Fig. 4D). Eighteen days
after tumor inoculation, there were fewer CD8" T cells and
terminal deoxynucleotidyl transferase-mediated nick end label-
ing-positive apoptotic tumor cells in C26/GPC3 tumor nodules
in spleens of untreated mice. On the contrary, there were many
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CD8™ T cells in the considerably enlarged white pulp and
some terminal deoxynucleotidyl transferase-mediated nick
end labeling-positive apoptotic tumor cells in spleens of mice
immunized with the BM-DC+GPC3-8. These results suggest
that GPC3-8 peptide-pulsed BM-DCs have the potential to
prime a many GPC3-specific CTLs to kill C26/GPC3 tumor
cells.

Involvement of CD8* T Cells in Protection against
C26/GPC3 Induced by GPC3-8 Peptide-pulsed BM-DC Vac-
cination. To determine the role of CD4™ and CD8™ T cells in
protection against tumor cells induced by GPC3-8 peptide-
pulsed BM-DC vaccination, we depleted mice of CD4™ or
CD8™ T lymphocytes by treatment with anti-CD4 or anti-CD8
moncclonal antibody in vivo, respectively. With this treatment,
>00% of CD4™ and CD8" T cells were depleted (data not
shown). During this procedure, mice were immunized with
GPC3-8 peptide-pulsed BM-DCs and challenged with C26/
GPC3 cells (each group: n = 4). Depletion of CD8" T cells
totally abrogated the protective immunity induced by GPC3-8
peptide-pulsed BM-DCs but that of CD4™ T cells did not do so
{data not shown). These results suggest that CD8™ T cells play
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Fig. 4 Vaccination with GPC3-8 peptide-pulsed
BM-DCs induced infiltration of CD8™* T cells into
C26/GPC3 tumor cells, but not intc normal tis-
sues, and induced the apoptosis of C26/GPC3 tu-
mor cells. A and B, intrasplenic tumor injection
model. Eighteen days after inoculation of C26/
GPC3 celis (1 X 10°) into spleens, the spleens {A)

Weight 1485012 1.08+004¢g p<0.05 : :

The presence of tumor nodules 275 (40%) 0/5(0%) not significant and livers (B) were cbserved macroscopically and
histologically. C. Subcutaneous C26/GPC3 or C26

C Subcutaneous tumor injection tumors were analyzed with immunohistochemical
C28/GPC3 tumor C26/GPC3 tumor C26 tumor staining with anti-CD8 monoclonal antibody and

BM-DC BM-DC + GPC3-8 BM-C + GPC3-8 terminal deoxynucleotidyl transferase-mediated

critical roles in antitumnor immunity induced by GPC3-8
peptide-pulsed BM-DCs.

No Evidence of Autoimmune Reactions in Surviving
Mice that had Rejected Tumor Cell Challenges. GPC3 ex-
pression in normal adult mice was not evident in all issues
tested, which suggests a low risk of damage to normal tissue as
a result of immune responses to the GPC3 protein. To evaluate
the risk of autoaggression by immunization against GPC3-8, the
tissues of BM-DC+GPC3-8 immunized or CTL-treated mice
were pathologically examined. Mice shown in Fig. 2, Cand D,
were sacrificed at 7 and 21 days after CD8™ T cells iransfer,
respectively. In addition, mice shown in Figs. 3 and 44-C were
sacrificed at =150, 25, and 14 days after the last BM-
DC+GPC3-8 vaccination, respectively. All mice were appar-
ently heaithy without abnormality, suggesting autoimmunity,
such as dermatitis, arthritis, or neurologic disorder. The brain,
liver, lungs, and heart of these mice were critically scrutinized,
and findings were compared with these in normal mice. These
tissues had normal structures and cellularity in each of the two
mice of groups examined, and pathological changes caused by
immune response, such as lymphocyte infiltration or tissue
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nick end labeling (TUNEL} methods 4 days after
inoculation of 1 X 10° tumor cells. D. Spleens
were analyzed with immunohistochemical staining
with anti-CD8 monoclonal antibody and TUNEL
method 18 days after inoculation of 1 X 10° of
C26/GPC3 cells. E. The normal tissues of BM-
DC+GPC3-8§—vaccinated or CTL-treated mice
were pathologically and immunohistochermically
examined. Objective magnification was 200X. F,
Placenta and mammary gland of BM-DC+GPC3-
8—vaccinated female mice and fetal livers werg
immunohistochemically analyzed. Objective mag-
nification was 200X,

destruction and repair, were nil (Fig. 4E). There were no CD8™
T cells in these tissues, which had been immunohistochemicaily
stained (Fig. 4E). Although CD8™ T cells infiltrate in the
C26/GPC3 wimor 21 days after CD8" T cells transfer (Fig. 2F)
and at 14 and 25 days after the last BM-DC vaccination (Fig. 4,
C and D), infiltration of CD8™ T cells was not observed in alt
adult normal tissues examined at 7 and 21 days after CD8* T
cells transfer (data not shown) and at >150, 25, and 14 days
after the last BM-DC vaccination (Fig. 4E). These results indi-
cate that lymphocytes stimulated with the GPC3 peptide did not
recognize normal self-cells that could express GPC3 at physio-
logically low levels.

Vaccination of GPC3-8 Peptide-pulsed BM-DCs In-
duced GPC3-specific CTLs, but did not Induce Damage of
Placenta and Fetal Liver Expressing GPC3. In murine tis-
sues, GPC3 protein is expressed in placenta and fetal liver (Fig.
1B). To evaluate the risk of autoimmunity against placenta and
fetal liver by immunization with BM-DC+GPC3-8, we carried
out cross-breeding of BM-DC+GPC3-8 —vaccinated female
mice with normal male mice and compared events with normal
mice pairs. To ascertain induction of GPC3-8 —specific CTLs in
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Fig. 4. Continued.

coe
X200

BM-DC+GPC3-8—vaccinated female mice not used for breed-
ing, s.c. inoculation of C26/GPC3 or C26 cells (3 X 10" into
the right flank of these female mice was done. All these vacci-
nated mice completely rejected 3 X 10% of C26/GPC3 cells 100
days after inoculation but not C26 cells {data not shown).
Pregnancy and births in vaccinated female mice were normal.
Six mice were bom from each untreated and vaccinated three
female mice, and all neonates were normal. Placenta and mam-
mary giand of BM-DC+GPC3-8—vaccinated female mice and
fetal livers had normal structures and cellolarity with no path-
ological changes caused by immune responses, such as lympho-
cyte infiltration or tissue destruction and repair. There were no
CD8™ T cells in these tissues, which had been immunohisto-
chemically stained (Fig. 4F). Furthermore, to ascertain induc-
tion of GPC3-8-specific CTLs in vaccinated female mice that
gave birth, s.c. inoculation of C26/GPC3 or C26 cells (1 X 10%
into the right flank of these mice was done. After tumor forma-
tion, we removed the tumor and immunohistochemically stained
it with anti-CD8 antibody. Infiltration of CD8" T cells into
C26/GPC3 tumeors but not into C26 tumors, as observed in Fig.
4C, was evidenced (data not shown). These results indicate that
in this vaccination model GPC3-8 —specific CD8™ CTLs do not
attack placenta and fetal livers expressing GPC3.
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DISCUSSION

In 1996, Pilia er al. (33) reported that GPC3 is mutated in
patients with Simpson-Golabi-Behmel syndrome. This syn-
drome is an X-linked disorder characterized by pre- and post-
natal overgrowth (36). GPC3-deficient mice have several ab-

normalities found in Simpson-Golabi-Behmel syndrome
patients, including overgrowth and cystic and dysplastic kidneys
(37). Some reports indicated that GPC3 expression is down-
regulated in tumors of different origin. They showed that, al-
though GPC3 is expressed in the normal ovary, mammary
gland, and mesothelial cells, the expressions are undetectable in
a significant proportion of ovarian, breast cancer, and mesothe-
Homa cell lines (38). In all cases where GPC3 expression was
lost, the GPC3 promoter was hypermethylated, and mutations
were nil in the coding region. Collectively, these data suggest
that GPC3 can act as a negative regulator of growth in these
cancers.

On the contrary, in the case of hepatocellular carcinoma,
tumors originating from tissues that express GPC3 only in the
embryo, GPC3 expression tends to reappear with malignant
transformation. Whether reexpression of GPC3 plays a role in
progression of these tumors is unknown. Why is GPC3 up-
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regulated only in hepatocellular carcinoma and melanoma? We
are investigating to determine whether GPC3 is involved in the
oncogenesis of melanoma and hepatocellular carcipoma.

The genetic approach of T-cell epitope cloning method
(2-6) and SEREX method (7-11) led to identification of a many
genes encoding for tumor antigens and antigenic peptides rec-
ognized by tumor-reactive CTLs, thereby enhancing the possi-
bility of antigen-specific cancer immunotherapy (2-8). MAGE
(2) and NY-ESO-1 (8) represent cancer-testis antigen, and
MART-1 (39), gpl00 (40, 41), and tyrosinase (42) represent
melanocyte-differentiation antigen. Cancer-testis antigens, ex-
pressed only in tumor cells and not in normal adult tissues,
except for immune privilege tissues, including testis, ovary, and
placenta, are ideal targets for tumor Immunotherapy. One can
prevent development of autoimmune diseases by vaccination
with cancer-testis antigens, and many cancer-testis antigens are
expressed in a variety of cancers (43). However, the rates of
expression of cancer-testis antigens in cancers are at most 50%
(43), and expression often shows heterogeneity within the same
tumor (43, 44).

On the contrary, melanocyte-differentiation antigens are
expressed homogeneously in almost all melanoma cells, so one
can use these antigens for immunotherapy of melanoma pa-
rents. However, autoimmunity, such as vitiligo and uveitis,
developed after vaccination with these antigens because these
antigens are expressed in normal melanocytes (33). cDNA mi-
croarray technology is rapidly progressing (12-16). We have
recently succeeded in identifying a novel cancer rejection anti-
gen specifically expressed in esophageal cancer with cDNA
microarray echnology (17). In the present study, we found that
GPC3 is highly immunogenic to stimoulate eradication by T cells
of temor expressing GPC3 in mice. GPC3 15 an ideal candidate
antigen useful for immunotherapy of hepatocellular carcinoma,
and vaccination against GPC3 is not expected to induce auto-
immune diseases because it has unique tissue specificity regard-
ing protein expression. Our study is the first to show that cDNA.
microarray technology is useful for identifying ideal cancer
antigens.

The HLA-A24 is the most common HLA class [ allele in the
Japanese population, and 60% of Japanese (95% of whom are
genotypically A*2402), 20% of Caucasians, and 12% of Afri-
cans are positive for HLA-A24 (45, 46). It is important for
especially Japanese to identify HLA-A24-restricted CTL
epitope peptides. Structural motifs of peptides bound to human
HILA-A24 and BALB/c mouse K¢ are similar (47-49), and the
aming acid sequences of human and mouse GPC3 have a 95%
homology. We searched for GPC3-derived peptides with a com-
mon sequence in both and selected peptides carrying binding
motifs to both HLA-A24 and K9 molecules, as previously de-
scribed, and we prepared 12 different synthetic peptides GPC3-
1~12. GPC3-derived and K restricted CTL epitope identified
in BALB/c mice will be applicable to human HLA-A24-re-
siricted CTLs. Therefore, we selected BALB/c mice in this
study. Although we wanted to use hepatocellular carcinoma or
melanoma cell lines, these cell lines derived from BALB/c
mouse were not available. Furthermore, we found no GPC3-
expressing murine tumor cell lines originating from BALB/c
mice, and we had already established a system for analysis of
mouse tumor immunity ir vive with Colon26. Anyway, in this
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study, with Colon26/GPC3, we could prove that GPC3 could be
a cancer rejection antigen in mice. We recently found out that
mouse melanoma cell line B16 expressed GPC3, so we are
planning to investigate GPC3-mediated antitumor immunity
with B16 in C57BL/6 mouse.

We observed the effects of adoptive transfer of highly
selected tumor-reactive T cells directed against GPC3-8 peptide,
even against established tumors, without causing autoimmune-
related destruction. These results show the possibility of therapy
of adoptive transfer of GPC3-specific CTLs for both hepatocel-
lular carcinoma and melanoma. We also showed that GPC3-8
peptide-pulsed BM-DCs can prime GPC3-8—specific T cells in
vivo, and growth of C26 expressing GPC3 was prevented with-
out inducing autoimmune destruction in both s.c. and intras-
plenic tumor injection models. The transfer of GPC3-8 peptide-
pulsed BM-DCs showed no efficacy against the established
C26G tumor (data not shown). On the contrary, vaccination of
mice with GPC3-8 peptide emulsified in complete Freund’s
adjuvant could prime GPC3-8—specific T cells in vivo, but could
not reject the challenge of C26/GPC3 (data not shown). These
results show that GPC3-8 peptide-pulsed BM-DC therapy pre-
vented the appearance or recurrence of tumors, yet this proce-
dure did not induce regression of an established tumor. We
suggest that adoptive transfer of GPC3-specific CTLs is a novel
treatment strategy for patients with hepatocellular carcinoma or
melanoma, and we also suggest that GPC3-derived peptide-
pulsed DC vaccination is a novel strategy for prevention of
hepatocellular carcinoma or melanoma in patients treated sur-
gically, in patients with liver cirthosis and chronic hepatitis who
are at high risk for development of hepatocellular carcinoma,
and in humans at high risk for development of melanoma.
Whether GPC3 is an ideal target for immunotherapy in human
hepatocellular carcinoma and melanoma, naturally expressing
GPC3, will continue to be investigated in our laboratory.
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ABSTRACT

Purpose: We reported recently the novel tumor marker
glypican-3 (GPC3) for hepatocellular carcinoma. In the
present study, we investigated the expression of GPC3 in
human melanoma cell lines and tissues and asked whether
GPC3 could be a novel tumor marker for melanoma.

Experimental Design: Expression of GPC3 mRNA and
protein was investigated in human melanoma cell lines and
tissues using reverse transcription-PCR and immunohisto-
chemical analysis. Secreted GPC3 protein was quantified
using ELISA in culture supernatants of melanoma cell lines
and in sera from 91 patients with melanoma and 28 disease-
free patients after surgical removal of primary melanoma.
All of the subjects were Japanese nationals.

Results: In >80% of melanoma and melanocytic nevus,
there was evident expression of GPC3 mRNA and protein.
Furthermore, GPC3 protein was evidenced in sera of 39.6%
(36 of 91) of melanoma patients but not in sera from subjects
with large congenital melanocytic nevus (0 of 5} and from
healthy donors (0 of 60). Twenty-seven of 36 serum GPC3-
positive patients were negative for both serum 5-S-cysteinyl-
dopa and melanoma-inhibitory activity, well-known tumeor
markers for melanoma. The pesitive rate of serum GPC3
(39.6%) was significantly higher than that of 5-S-cysteinyl-
dopa (26.7%) and of melanowma-inhibitory activity (20.9%).
Surprisingly, we detected serum GPC3 even in patients with
stage 0 in siftu melanoma. The positive rate of serum GPC3
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at stage 0, I, and I (44.4%, 40.0%, and 47.6%) was signif-
icantly higher than that of 5-S-cysteinyldopa (0.0%, 8.0%,
and 10.0%). Also observed was the disappearance of GPC3
proiein in sera from 11 patients after surgical removal of the
melanoma.

Cenclusions: GPC3 is apparently a novel tumor marker
useful for the diagnosis of melanoma, especially in early
stages of the disorder.

INTRODUCTION

The incidence of melanoma is increasing worldwide. In the
last decade, several molecules have been evaluated as tumor
markers to detect melanoma, including melanin metabolites,

" adhesion molecules, cytokines, and melanoma-associated anti-
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gens [reviewed by Brochez and Naeyaert (1), Hauschild et al.
{(2), and Hartleb and Arndt (3)). Several investigators reported
that 5-S-cysteinyldopa is useful as a marker for melanoma
progression or for monitoring metastatic melanoma (4-7). 5-S-
cysteinyldopa is usually used as tumor marker for melanoma in
Japan, and the usefulness of melanoma-inhibitory activity was
reported (8, 9). However, current methods are mot sensitive
enough to detect organ metastasis at such early stages. There is
no available tumor marker that can detect primary melanoma at
early stages, with a small size and without metastasis. A simple,
inexpensive, and noninvasive method to detect a serum tumor
marker would aid the management of high-risk patients.

We recently identified glypican-3 (GPC3) overexpressed
specifically in human hepatocellular carcinoma, as based on
cDNA microarray data, and we reported that GPC3 is a novel
tumor marker for hepatocellular carcinoma (10). Soluble GPC3
protein was detected in sera of hepatoceilular carcinoma patients
but not in ¢ase of other liver diseases or cancers other than
melanoma. We also accidentally detected GPC3-expression in a
B16 mouse melanoma cell line. This observation prompted us to
examine the expression of GPC3 in human melanoma, and we
asked whether GPC3 might be a novel tumor marker for mel-
anoma. Indeed, GPC3 was detected in the sera of 40% patients
with melanoma, irrespective of clinical stages and even in the
sera of patients with stage 0 ir sity melanoma.

MATERIALS AND METHODS

Melanoma and Melanocytic Nevus Tissues, Blood Sam-
ples, and Cell Lines. After receiving informed written con-
sent, we obtained tissue and blood samples from melanoma and
melanocytic nevus patients treated in the Department of Der-
matology, Graduate School of Medical Sciences, Kumamoto
University {(Kumamoto, Japan). They were stored at —80°C
until use. We collected patient profiles from medical records to
determine the clinical stages, according to the Unio Internatio-
nale Contra Cancrum/American Joint Comirnittee on Cancer
Tumor-Node-Metastasis classification (11).



Clinical Cancer Research 6613

Ninety-one consecutive and preoperative patients with
melanoma consisted of 43 men and 48 women with an
average age of 65.7 years (range, 22 to 89 years); ¢ had stage
0 (ir siru); 25 had stage I; 21 had stage II; 18 had stage III;
and 18 had stage IV melanoma. Twenty-eight disease-free
patients after removal of primary lesions consisted of 15 men
and 13 women; One had stage 0; 8 had stage I; 14 had stage
II; and 5 had stage III melanoma. All of the patients were
Japanese nationals.

Melanoma cell lines CRLI1579, G361, HMV-I, and SK-
MEL-28 were kindly provided by the Cell Resource Center for
Biomedical Research Institute of Development, Aging, and
Cancer, Tohoku University (Sendai, Japan), and 388mel and
526mel were provided by Dr. Yutaka Kawakami, Kejo Univer-
sity (Tokyo, Japan). HMV-I, SK-MEL-28, Ihara, and MeWo
were cultured in DMEM supplemented with 10% fetal calf
serum, and CRL1579, G361, 888mel, 526mel, 164, SK-MEL-
19, and Colo38 were cultured in RPMI 1640 supplemented with
10% fetal calf serum. Human epidermal melanocytes, neonatal,
in culture medium 154S supplemented with human melanocyte
growth supplement were purchased from KURABO (Osaka,
Japan).

Reverse Tramscription-PCR. Total RNA was isolated
from homogenized tissues and cell lines using the TREZOL
Reagent (Life Technologies, Inc., Rockville, MD). Reverse tran-
scription-PCR (RT-PCR) was done, as described (12). We de-
signed GPC3 gene-specific PCR primers to amplify fragments
of 939 bp, and we used RT-PCR reactions consisting of initial
denaturation at 94°C for 5 minutes, and 30 amplification cycles
at an annealing temperature of 58°C. GPC3 PCR primer se-
guences were: sense, 5-GTTACTGCAATGTGGTCATGC-3
and antisense, 5'-CTGGTGCCCAGCACATGT-3"; B-actin:
sense, 5'-CCTCGCCTTTGCCGATCC-3" and antisense, 5'-
GGATCTTC-ATGAGGTAGTCAGTC-3'. After normalization
by B-actin mRNA as a control we compared the expression of
GPC3 mRNA in tissues and cell lines.

Immunohistochemical Examination and ELISA. Im-
munchistochemical examinations were done, as described
(13, 14). We stained sections with antihuman GPC3 303-464
antibodies (11-162; Santa Cruz Biotechnology, Santa Cruz,
CA). For the negative control, staining replaced the primary
antibody with an immunoglobulin fraction from preimmune
rabbit serum. The percentage of stained cells in each section
was estimated independently by two observers (T.K. and
T. 0.). BLISA of GPC3 was done as described (10). In
ELISA method-1, we used the same anti-GPC3 antibody
(H162) and its biotinylated one. To independently confirm
the accuracy of this ELISA system for specific detection of
GPC3, we used another antihuman GPC3 goat polyclonal
antibody (W-18) raised against a NH,-terminal peptide
(Santa Cruz Biotechnology) and used this antibody for
ELISA detection of serum GPC3. Sandwich ELISA method-2
was performed by using W-18 fixed on the solid surface and
biotinylated H-162.

Statistical Analysis. We analyzed all of the data using
the StatView statistical prograrm for Macintosh (SaS, Cary, NC),
then evaluated the statistical significance using Student’s # test,
¥*, and Fisher's exact test. We considered Ps < 0.05 to be
statistically significant.
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RESULTS

Expression of GPC3 mRNA in Human Melanoma. We
examined expression of GPC3 mRNA using RT-PCR. Expres-
sion of GPC3 mRNA was evidenced in 8 of 11 human mela-
noma cell lines (Fig. 14). 164, 888mel, Thara, CRL1579, and
MeWo melanoma cell lines showed stronger expression of
GPC3 mRNA than did 526mel, G361, and SK-MEL-28,
whereas SK-MEL-19, Colo38, and HMV-I showed no such
expression. Primary tumor of melanoma from patients 50, 65,
78, 71 (Fig. 1B), and 68 (data not shown), and lymph node
metastasis of patient 65 (Fig. 1B) showed positive expression,
whereas normal skin, including a few melanocytes, showed no
such expression (Fig. 1B). On the contrary, cultured human
neonatal epidermal melanocytes showed moderate expression of
GPC3 mRNA. Tissues of melanocytic nevus also showed pos-
itive expression (Fig. 1B). Hence, all of the tissues of melanoma
and melanocytic nevus we checked showed positive GPC3
mRNA expression.

Expression of GPC3 Protein in Human Melanoma Tis-
sues. An immunchistochemical analysis of GPC3 was made
on 21 primary melanomas and 11 melanocytic nevus tissues.
The results of immunostaining are classified by the percentage
of stained cells: +++, >75%; ++, 50% to 75%; +, 25% to
50%; =, <25%; —, negative. The results in melanoma are
summarized in Table I, and representative staining is shown in
Fig. 2. Many cases of primary melanoma lesions (17 of 21,
81.0%) showed expression of GPC3 protein in melanoma cells
(+++,6; ++,6; +,0; =, 5; —, 4 cases; Table 1, Fig. 2, A and
B). Ten of 11 melanocytic nevus lesions also showed positive
expression (+++,4; ++,4; +, I; *, 1; —, 1 cases; Fig. 2C).

The Presence of Soluble GPC3 Protein in Culture Su-
pernatants of Melanoma Cell Lines and Sera from Mela-
noma Patients. We next detected soluble GPC3 using ELISA
method-1. The evidence that our ELISA system detected soluble
GPC3 in culture supernatant of NIH3T3 transfected with mouse
GPC3 gene but not in that of wild-type NIH3T3 cells supports
the accuracy of ELISA (data not shown). We defined the con-

(35 cycles)

p-actin
(30 cycles)

Fig. 1 Expression of GPC3 mRNA in human melanoma, melanocyte,
and melanocytic nevus. A, expression of GPC3 mRNA detected using
RT-PCR in human melanoma cell lines (Lanes I-I11) and neonatal
epidermal melanocytes (HEMn; Lane 12). Lanes I: 164, 2: 883mel, 3
Thara, 4: CRL1579, 5: 526mel, 6: G361, 7: MeWo, & SK-MEL-28, 9
SK-MEL-19, [0: Colo38, 71: HMV-1, I2: HEMn. B, expression of
GPC3 mRNA detected using RT-PCR in human tissues of normal
epidermis (Lane I), melanoma {Lanes 2-6), and melanocytic nevus
(Lanes 7 and 8). Primary melanoma tissues originated from patient 50:
Lane 2, patient 65: Lane 3, patient 78: Lane 5, patient 71; Lane 6, and
tissue of metastasis to lymph node of patient 65 is shown in Lane 4.
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Table I Profiles of 91 Japanese patients with melanoma, and quantification of GPC3, 5-5-CD, and MIA in sera of patients

Serum concentrations of tumor markers

GPC3 expression GPC3 (U/ml)

Pt ID  Stage* Age  Sex Type mRNAT  Proteinf Method 1§ Method 20  5-5-CD (nmol/L)] MIA (ng/ml)**
1 ¢ 60 M SSM 0 0 4.6 12.3
2 0 64 F LM 0 0 2.8 9.8
3 0 78 E ALM 0 0 2.9 14.1
4 0 74 M LM 0 0 6.2 194
5 0 85 F ALM +++ 25 24 3.2 9.5
[ 0 72 M LM 0 0 38 14.5
7 0 48 F ALM 38 41 33 84
8 0 69 F ALM 22 26 2.6 10.0
9 0 66 F ALM 2 4 4.7 122

10 1A 33 M MUCOUS + 103 104 1.9 7.8
11 1A 82 F LMM 40 41 535 172
12 1A 75 F SSM + 25 19 39 16.5
13 1A 41 F $SM +++ 20 13 2.3 6.8
14 1A 70 F MUCQUS 0 0 24 12,1
15 1A 78 M ALM 0 0 1190 178
16 1A 60 F ALM + 0 0 3.6 16.4
17 1A 61 M ALM 0 -0 1.0 10.1
18 1A 62 F ALM 0 0 59 10.6
19 IA 73 M ALM 0 0 3.6 10.8
20 IA 70 M LMM 20 21 8.0 16.2
21 1A 33 F MUCOUS 10 15 3.6 82
22 1A 66 M ALM 0 0 5.9 13.7
23 1A 7% M ALM 0 0 5.8 18.5
24 1A 58 F ALM 0 0 4.4 10.8
25 1A 89 M LMM 0 0 416 174
26 IB 58 F ALM 61 98 25 89
27 1B 58 F MUCQUS - 0 0 8.6 134
28 IB 66 F MUCOUS 23 44 29 13.6
29 1B 56 F SSM 10 11 23 13.8
30 IB 64 F ALM 20 8 7.5 [5.5
31 1B 84 F ALM 0 0 2.0 8.9
32 1B 79 M AILM +++ 0 0 13 187
33 B 76 F ALM 0 0 5.7 16.3
34 IB T4 F ALM ++ 0 0 2.8 14.7
35 A 74 F S5M 106 108 174 10.5
36 Iia 75 M ALM 54 61 NTit 13.5
37 A 74 F ALM 15 8 3.4 125
38 IIA 64 M ALM * 0 0 46 107
39 1A 47 F SSM 0 0 43 14.0
40 1A 77 F LMM 34 39 39 94
4] 1B 50 F SSM i35 59 6.4 153
42 B 72 M LMM 73 66 7.0 13.1
43 1B 88 M AILM ++ 0 0 1.2 12.8
44 1B 63 M AlM - 0 0 37 11.2
45 B 77 M SSM 0 0 NT 11.8
46 B 69 M ALM 15 16 4.6 2.9
47 B 57 M AILM 0 0 34 171
438 13:3 69 F ALM 0 0 33 14.7
49 1B 71 M ALM ++ ] 0 4.7 73
50 nc 79 F ALM + 25 30 38 6.2
51 1IC 42 M SSM — 0] 0 63 19
52 1IC 72 F ALM 0 0 3.6 12.2
53 IIC 75 F MUCOUS 0 0 8.7 13.0
54 1c 77 M ALM 16 19 73 10.9
55 IIC 23 M SSM 10 g 133 113
56 mna 83 M ALM ++ 0 0 1.7 19.5
57 1A 35 M ALM 0 0 8.2 10.2
58 A 86 F ALM ++ 0 0 9.7 125
59 1A 79 F ALM ++ 4 0 0 6.1 15.9
60 IitA 70 M ALM 0 4] 40 4.8
61 mA 63 F SSM 10 7 11.8 121
62 ma 79 M NM 10 10 4.0 14.9
63 mA 53 F MUCQUS 0 0 52 13.7
64 B 85 M ALM 140 126 92 24.4
65 1IIB 56 M LMM + 0 0 155 4.9
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Table I Continued

Serum concentrations of tumor markers

GPC3 expression GPC3 (U/ml)

PrID  Stage* Age  Sex Type mRNA+  Proteini Method 1§ Method 20  5-S-CD {nmo¥/L)|  MIA (ng/ml)**
64 1B 59 M MUCOUS 0 0 1.2 7.0
67 IIIB 77 M ALM 67 &5 1.1 12.1
68 HIC 15 F NM + 132 130 8.4 6.3
69 HiC 63 F ALM * 18 8 49 14.0
i HIC 50 F unknown 0 0 3.9 286
i HIC 47 M MUCOUS + 0 0 103 5.9
72 1IC 70 M ALM - 22 20 242 114
73 uic 63 M ALM 0 0 14.4 15.1
74 v 47 E SSM ++ 35 37 123 86.0
75 v 77 M ALM -0 0 748 102
76 v 65 M unknown 0 0 492 231
77 v 78 M MUCOQUS 0 0 44.6 14.6
78 v 60 F SSM + 0 [ 324 268
79 v 76 F MUCQUS 0 0 I.1 8.0
80 v 72 F SSM 0 0 98¢t 438
81 v 73 F SSM 0 0 536.1 77
82 v 45 F unknown 10 5 535 11.6
83 v 60 F MUCOUS 8 13 8.6 11.2
34 v 72 M NM 0 0 225 412
85 v 50 M SSM 0 0 957 438
86 v 47 F NM +++ [} 0 257 419
87 v 22 M unknown 37 60 258 10.8
88 v 39 M NM 0 0 170 15.8
89 v 74 F ALM 0 0 395 229
o0 13 68 M uoknown 34 73 742 11.9
91 v 66 F ALM +++ 0 0 246 9.2

Abbreviations: ALM, acral lentiginous melanoma; $SM, superficial spreading melanoma; LMM, lentigo maligna melanoma; NM, nodular
melanoma; UICC, Unio Internationale Contra Cancrum; AJCC, American Joint Commitiee on Cancer, TNM, Tumor-Node-Metastasis; MIA,
melanoma-inhibitory activity.

* Clinical stages, according to the UICC/AJCC TNM classification (11).

t The expression of GPC3 mRNA detected by RT-PCR as shown ir Fig. 1B.

i The expression of GPC3 protein detected by immunohistochemical analysis as shown in Fig. 2. The results of immunostaining are symbolized
by the positive rate of all stained melanoma cells: +-++, >T75%; ++, 50% to 75%; +, 25% to 50%; =, <25%; —, negative,

§ Soluble GPC3 protein in the sera was quantified by ELISA method 1 wsing polyclonal anti-GPC3 antibody (H-162). We could obtain
reproducible results by using three different batches of antibodies H-162 and representative results were shown. We arbitrarily fixed the cut-off value
at 1 unit/mL, and positive values are underlined.

q Soluble GPC3 protein in the sera was quantified by sandwich ELISA method 2 using goat polyclonal anti-GPC3 antibody (W-18) raised against
a NH,-terminal peptide of GPC3 and biotinilated H-162. We arbitrarily fixed the cut-off value at | unit/mL and positive values are underlined.

|| 5-S-CD was quantified using high performance liquid chromatography by us. The cut-off value was fixed at 10 nmol/L. (6), and positive values
are underlined.

=% MIA in the sera was detected by ELISA. We arbitary fixed the cut-off value at 17 ng/mL in this study, and positive values are underlined.

T1 Not tested.

centration of GPC3 protein in the 1 mL of the culture superna- large congenital melanocytic nevus, and of 60 healthy donors
tant of 1 X 10° HepG2 cells after cultivation for 24 hours as 1 who have many small melanocytic nevus is indicated in Fig. 38
units/mL. Soluble GPC3 protein could be detected in culture and Table 1. We detected and quantified GPC3 protein in the
supernatants of 5 of 11 melanoma cell lines (Fig. 3A). The sera of 36 of 91 melanoma patients (39.6%) but, more impor-
amount of GPC3 protein in the culture supernatants of the 164 tantly, not in sera of patients with large congenital melanocytic
was larger than that of the SK-MEL-28, 526mel, G361, and nevus and healthy donors, whereas GPC3 mRNA and protein
CRL1579. On the other hand, GPC3 was not detected in the were expressed in melanocytic nevus tissues. We could obtain
888mel, Thara, and MeWo (Fig. 34), despite the strong expres- reproducible results by using three different batches of poly-
sion of GPC3 mRNA (Fig. 14). Thus, there was some discrep- clonal anti-GPC3 antibody (H-162) indicating that ELISA de-
ancy between GPC3 mRNA expression in melanoma cell lines tection of soluble GPC3 was not dependent on a particular batch
and the amount of GPC3 protein secreted from these cells into of H-162. We arbiirary fixed the cutoff level at 1 units/mL,
culture supernatants. For example, we did not detect soluble because all of the healthy donors were completely negative for
GPC3 protein in the culture supernatant of human epidermal serum GPC3, and there was no gray area between GPC3-
melanocytes, despite the expression of mRNA (Fig. 1A). positive and negative patients.

The quantification by ELISA method-1 of GPC3 protein in Furthermore, to confirm these results, we performed sand-
sera of 91 preoperative patients with melanoma, 5 patients with wich ELISA method 2 by using another antihuman GPC3 goat
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melanocytic nevus lesions examined by immunohistochemical staining.
4, primary melanoma of patient 13; GPC3 immunostaining colored
brown was evident in the melaroma cells. B, primary melanoma of
patient 69; Observation under higher magnification revealed that GPC3
immunoreactivity in melanoma cells was localized mainly in the cyte-
plasm. C, melanocytic nevus (Fig. 1B, Lane &) with expression of
GPC3. Objective magnifications; A and C: X100, B: x200.

polycloral antibody (W-18) and biotinylated anti-GPC3 303-
464 polyclonal antibody (H-162; Fig. 3C; Table 1), The results
obtained by using these two antibodies were similar (R? = (.89)
to those obtained by using H-162 alone (method 1), indicating
that the detection of serum-soluble GPC3 was not solely de-
pendent on the particular polyclonal antibody H-162. Thus,
there was no discrepancy in identification of serum GPC3-
positive patients between methods 1 and 2.

The prevalence of GPC3 protein in the sera of melanoma

patients was significantly higher than that in other donors (P <
0.0001). Although Fig. 1B shows that melanoma tumor from
patients 50, 65, 78, and 71 expressed GPC3 mRNA, GPC3
protein was detected only in the serum of patient 50 among
these 4 patients. There was no correlation between concentra-
tions of serum GPC3 and its mRNA expressions in the mela-
noma tissues. There was also no correlation between concentra-
tions of serum secreted GPC3 and levels of GPC3 protein
expressed in the tissues.

Among the 21 cases in which immunochistochemical stain-
ing of melanoma tissue was done, serum GPC3 was detected in
7 (33.3%) but not in 14 (66.7%; Table 1). In 6 of the 7 (patients
5,10, 12,13, 69, and 74), GPC3 protein expression was detected
both in the sera and in their melanoma cells, but in the remaining
1 case (patient 72), GPC3 protein expression was detected only
in the sera not in melanoma cells. It was thought that almost all
of the GPC3 protein produced in melanoma cells of this patient
72 was secreted. On the contrary, in 11 of the 14 (78.6%), serum
GPC3 was not detected, despite GPC3 protein expression in
their melanoma cells. Only 3 of the 21 cases (14.3%) did not
show expression of GPC3 protein in both in melanoma cells and
the sera. These results showed that most of melanoma tissues
(85.7%) expressed GPC3 protein, and in ~50% of those pa-
tients, GPC3 protein was secreted and detected in their sera. On
the contrary, although GPC3 was evidenced in most of mela-
nocytic nevus and neonatal epidermal melanocytes, GPC3 pro-
tein was not secreted from all of the melanocytic nevus tested
and adult epidermal melanocytes.

Comparison of Serum Concentrations of GPC3, 5-8-
Cysteinyldopa, and Melanoma-Inhibitory Activity in Pa-
tients with Melanoma Classified by Stage.  The above resulis
clearly indicated that GPC3 might be a novel tumor marker for
melanoma. We next compared the serum concentrations of
GPC3, 5-5-cysteinyldopa, and melanoma-inhibitory activity in
patients with melanoma classified by stage (Fig. 4, Tables 1 and
2). Fig. 4 shows serum concentrations of GPC3 guantified by
ELISA method-1 (Fig. 44), 5-S-cysteinyldopa (Fig. 4B), and
melanoma-inhibitery activity (Fig. 4C) in 91 patients with mel-
anema (+) and 28 disease-free patients without detectable mel-
anoma (—) classified by stage. We arbitrary fixed the cutoff
level at 1 units/ml in GPC3, at 10 nmol/L. in 5-S-cysteinyldopa
(6), and at 17 ng/mL in melanoma-inhibitory activity, and there
were two 5-S-cysteinyldopa false-positive cases in disease-free
(—) stage II. Although serum concentrations of 5-S-cysteinyl-
dopa and melanoma-inhibitory activity increased markedly in
patients at stage IV, percentages of serum GPC3-positive pa-
tients were almost equal among the five clinical stages. To our
surprise, we detected GPC3 in the sera of patients with very
small melanoma such as stage O or L. There was no correlation
between the positive state of three tumor markers, GPC3, 5-S-
cysteinyidopa, and melanoma-inhibitory activity (Table I).
More importantly, 27 of 36 GPC3-positive patients were nega-
tive for both 5-S-cysteinyldopa and melanoma-inhibitory activ-
ity (patients 5, 7, 8, 9, and so on}, and many were classified as
cases of relatively early Unio Internationale Conira Cancrum
stages O, I, and IT (Table 1}). The positive rate of these three
turnor markers in patients with melanoma, classified by stage, is
shown in Table 2. Total positive rate of GPC3 (36 of 91, 39.6%)
was significantly higher than that of 5-S-cysteinyldopa (26.7%)
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and melanoma-inhibitory activity (20.9%; P < 0.01). Positive
rate of GPC3 at stage 0 (4 of 9, 44.4%) was significantly higher
than that of 5-S-cysteinyldopa (0.0%; P << 0.05), that at stage [
(10 of 25, 40.0%) was significantly higher than that of 5-S-
cysteinyldopa (8.0%; P < 0.01), and that at stage IL {10 of 21,
47.6%) was significantly higher than that of 5-S-cysteinyldopa
(10.0%) and melanoma-inhibitory activity (4.8%; P < 0.01}. On
the contrary, the positive rate of 5-S-cysteinyldopa at stage IV
(15 of 18, 83.3%) was significantly higher than that of GPC3
(27.8%) and melanoma-inhibitory activity (50.0%; P < 0.01),
and positive rate of melanoma-inhibitory activity at stage TV
was significantly higher than that of GPC3 (P < 0.05).
Comparison of the Positive Rate of Serum GPC3 in
Patients with Melanoma Classified by Clinical Type. We
used sera from Japanese patients only in this study. Japanese
melanoma has a high frequency of acral lentiginous melanoma,
whereas superficial spreading melanoma and lentigo maligna
melanoma are frequent types in Caucasians. Some groups have
reported that acral lentiginous melanoma differs from other
types of melanomas in clinical and histopathological character-
istics {15-18). In fact, among 91 melanoma patients investigated
in this study, 44 had acral lentiginous melanoma, 16 had super-
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Fig. 3 Quantification of soluble GPC3 protein using ELISA. A, quantifi-
cation of GPC3 protein secreted in the culture supernatant of melancma
cell lines and HEMn by ELISA method-1. We defined the concentration of
GPC3 protein in 1 mL of culture supernatants of 1 X 10° Hep G2 cells after
cultivation for 24 hours as 1 unit/mL. B, quantification of GPC3 protein in
sera from 91 patients with melanoma and 5 patients with large congenital
melanocytic nevus, and 60 healthy donors by ELISA method-1. We could
obtain reproducible results by wsing three different batches of polyclonal
anti-GPC3 antibody, and representative results were shown. GPC protein
was detected only in the sera of 36 of 91 (39.6%) patients with melanoma.
€, comparison of GPC3 protein in sera quantified using antihuman GPC3
303-464 rabbit polyclonal antibodies (/#-/62) and antihuman GPC3 NH;-
terminal peptide goat polyclonal antibodies (W-18) in 91 patients with
melanoma. Sandwich ELISA was done by using either H~162 alone
(method 1) or W-18 fixed on the solid surface and biotinylated H-162
(method 2) to detect GPC3 trapped by the antibodies coated on the solid
surface. We could obtain almost similar results (RZ = 0.89) by using these
two methods I and 2, and GPC3 in the sera from 55 patients was negative
by both ELISA methods.

ficial spreading melanoma, 9 had lentigo maligna melanoma, 5
had nodular melanoma, 12 had mucous melanoma, and 5 had
unknown primary tumors. We next compared the positive rate of
serum GPC3 among patients classified by these clinical types
(Table 3). There was no significant correlation between the
positive rate of serum GPC3 and melanoma type. Therefore, it
seems likely that the usefulness of GPC3 as a marker for
melanoma is not restricted to Japanese patients.

GPC3 Protein in the Sera of Melanoma Patients Disap-
peared after Surgical Treatments, Changes in serum levels
of three tumor markers, GPC3 quantified by ELISA method-1,
5-S-cysteinyldopa, and melanoma-inhibitory activity, before
and after surgical treatments in preoperative GPC3-positive 12
patients (patients 10, 11, 12, 13, 26, 35, 41, 42, 46, 53, 68, and
69) are shown in Table 4, For example, in the case of patient 35,
althongh GPC3 and 5-S-cysteinyldopa were positive in the sera
before operation, they disappeared after surgical treatments.
GPC3 protein was detected in sera of these 12 patients before
surgery but not so after the surgical treatments of patients with
melanoma, except For patient 11 who could not be followed after
the postoperative day 27. In case of patient 55, although 5-5-
cysteinyldopa was weakly positive in serum at postoperative
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Fig. 4 Comparison of serum concentraticns of GPC3, 5-8-CD, and
MIA in patients with melanoma classified by stage. A, serum concen-
trations of GPC3 measured by ELISA method-1, (B) 5-5-CD, and ()
MIA in 91 patients with melanoma (+) and 28 discase-free patients
without detectable melanoma {—) classified by stage. We fixed the
cutoff level, indicated by a line in each panel, at 1 unit/mL in GPC3, at
10 amol/L in 5-8-CD, and at 17 ng/fmL in MIA. MIA, melanoma-
inhibitory activity.

day 925, it was not evidenced at the recurrence of the melanoma
(clinical data). It must be noted that GPC3 was the only useful
tumor marker to follow the efficacy of surgical treatments for
patients 12, 13, 26, 41, 42, 46, 68, and 69. )

DISCUSSION

There are many tumor markers including carcinoembry-
onic antigen (19, 20), carbohydrate antigens CA 19-9 (21), and
a-fetoprotein {22). Tumor markers have been nsed in several
settings in cancer patients, including screening measures, dif-
ferentiating malignant from benign lesions, monitoring the re-
sponse to treatment, and detecting recurrences. In melanoma,
several tumor markers have been evaluated for use as prognostic
variabies, to monitor response to therapy, and fo detect recur-

rence {4-9, 23-25). These markers include 5-S-cysteinyldopa
{4-7), melanoma-inhibitory activity (8, 9), ICAM-I (24), and
S100 (25, 26) and are useful to detect stage IV metastatic
melanoma, However, recurrent disease often cannot be detected
at sufficiently early stages, and there is no available twmor
marker that can detect primary melanoma at early stages, of a
small size, and without metastases.

We found, in this study, that GPC3 could be a novel useful
tumor marker for melanoma, especially at early stage, even
stage O (in sifu) melanoma. Although we detected no more than
30% of patients with melanoma, using conventional markers,
we could diagnose 40% of those, irrespective of clinical stages,
by using serum GPC3 as a tumor marker.- In our study, the
sensitivity of GPC3, 5-S-cysteinyldopa, and melanoma-inhibi-
tory activity was 36 of 91 (39.6%), 24 of 90 (26.7%), and 19 of
91 (20.9%), respectively. We could diagnose only 32 of 91
(35.2%) melanoma patients using 5-S-cysteinyldopa and mela-
noma-inhibitory activity. But 27 GPC3-positive patients were
negative for both 3-S-cysteinyldopa and melanoma-inhibitory
activity. Twenty of these 27 patients (74.1%) were classified as
being at a relatively early Unio Internationale Contra Cancrum
stages 0, I, and II. Therefore, GPC3 is very useful for diagnosis
of melanoma at early stages. Finally, we could diagnose 59 of
91 (64.8%) cases of melapoma using 5-S-cysteinyldopa, mela-
noma-inhibitory activity, and GPC3, a novel mmor marker.
Furthermore, GPC3 is superior in specificity to other markers
for melanoma. 5-S-cysteinyldopa often gives a false-positivity
result. Serum 3-S-cysteinyldopa levels are often increased in
patients with a large congenital melanocytic nevus (26). In this
stedy, there were also 2 false-positive cases in disease-free
patients. We reported that GPC3 protein in the sera was detect-

Table 2 Positive rates of serum levels of GPC3, 5-8-CD, and MIA
in patients with melanoma classified by stage

Stage GPC3 5-5-CD MIA

] 49 (44 4%7* 0/9 (0.0%) 1/9 (11.1%)
1 10/25 (40.0%) 2125 (8.0%) 5/25 (20.0%)
I 10721 (47.6%) 2/20 (10.0%) 1121 (4.8%)
Il 7/18 (38.9%) 5/18 (27.8%) 3/18 (16.7%)
v 5/18 (27.8%) 15/18 (83.3%) 9/18 (50.0%)
Total 36/91 (39.6%) 2490 (26.7%) 19/ (20.9%)

Abbreviations: MIA, melanoma-inhibitory activity
= Values significantly higher than others in the same clinical stage

group are underlined.

Table 3 Positive rates of serum levels of GPC3 in patients with

melanoma classified by clinical type

Type Positive rate of GPC3 in sera
ALM 15/44 (34.1%)
SSM 9/16 (56.3%)
LMM/LM 4/9 (44.4%)
NM 2/5 (40.0%)
Mucous 3/12 (25.0%)
Total 33/86 (38.4%)

Abbreviations: ALM, acral Jentiginous melanoma; SSM, superfi-
cial spreading melanoma; EMM, lentigo maligna melanoma; NM, nod-

ular melanoma.

97



