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Figure 2. Efficacy of the method to induce expansion of GPC3 peptide-specific CTLs. (A) The correlation between the number of vd T cells before and after expan-
sion (n=16). (B) The correlation between the number of GPC3 peptide-specific CTLs before and after expansion. The number of GPC3 peptide-specific CTLs
after expansion was correlated with that before expansion (n=16). (C) The correlation between the number of vd T cells and the number of GPC3 peptide-specific

CTLs after expansion (n=16).

Efficiency of the culture method to induce expansion of
GPC3 peptide-specific CTLs. One of the problems of cell
transfer therapy is that it cannot predict cell growth prior
to cell culture. Therefore, to identify predicting factors, we
investigated the ability of this culture method to induce
expansion of yd T cells and GPC3 peptide-specific CTLs
in 16 patients with HCC. As shown in Fig. 2, the number of
vd T cells after expansion did not correlate with that before
expansion (Fig. 2A). On the other hand, the number of GPC3
peptide-specific CTLs after expansion correlated with that
before expansion (P<0.01, r=0.79) (Fig. 2B). This result
indicates that the number of GPC3 peptide-specific CTLs
before expansion is a predicting factor. We expected a positive
correlation between the number of y3 T cells and the number
of GPC3 peptide-specific CTLs after expansion. However, no
such correlation was observed (Fig. 2C).

Activated yo T cells function as antigen-presenting cells.
To examine whether the expansion of peptide-specific CTLs
is enhanced by simultaneous activation/expansion of y& T
cells, we expanded peptide-specific CTLs in the absence of
zoledronate. The purity of sorted CD8* cells and v& T cells
with or without zoledronate activation was greater than 99%
(Fig. 3A). The expansion of peptide-specific CTLs stimulated
by v T cells with zoledronate activation (70.8%) was higher
than by vd T cells without zoledronate activation (43.6%).

Moreover, the CTL-expanding ability of zoledronate-activated
vd T cells was comparable to that of TNF-DCs (62.0%),
which are known professional antigen-presenting cells. These
results indicate that zoledronate-activated yd T cells function
as antigen-presenting cells in co-cultures in the absence of
zoledronate (Fig. 3B). We compared cell surface expression
of antigen-presenting molecules and co-stimulatory mole-
cules on yd T cells (with or without zoledronate activation)
and TNF-DCs. All cells expressed HLA-class I; however,
vd T cells without zoledronate activation did not express
co-stimulatory molecules. Furthermore, CD86 expression in
zoledronate-activated yd T cells was comparable with that
of TNF-DCs (Fig. 3C). These results indicate that vo T cells
activated by zoledronate acquire antigen-presenting properties
accompanied by CD86 expression.

Cytotoxic activity of expanded cells. We performed a
cytotoxicity assay to assess the peptide specificity and
cytotoxic activity of expanded cells against cancer cells.
We used CD8* and CD8 cells that were isolated from
cultured cells using CD8 microbeads at day 14 as effector
cells. The purity of CD8* cells was 99.4%. We performed
further immunophenotyping of CD8 cells. CD3* Vg9* cells
were 80.0% of CD8 cells. CD§ cells also included CD3*
CD4* cells (4.1%), CD3* CD8" cells (9.4%), and CD3- CD56*
cells (NK cells; 3.6%). CD14* cells (monocytes; 0.1%) and
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Figure 3. Activated yd T cells function as antigen-presenting cells. (A) The percentages of sorted cells were analyzed using flow cytometry. The purity of
sorted CD8* cells, yd T cells without zoledronate activation and yd T cells with zoledronate activation were greater than 99%. (B) The responder CD8* cells
were co-cultured with stimulator cells pulsed with CMV peptide in the absence of zoledronate. After 2 weeks, flow cytometry analyses were performed
using CMV-Dextramer. Non-pulsed stimulator cells were co-cultured with responder CD8* as negative controls. Representative data are shown. Similar
results were obtained from three healthy subjects. (C) Cell surface expression of antigen-presenting molecules (HLA-class I) and co-stimulatory molecules
(CD80, CD83 and CD86) on yd T cells (with or without zoledronate activation) and TNF-DCs using flow cytometry. Black line shows a specific antibody.
Gray-filled area shows negative control. Representative data are shown. Similar results were obtained from three healthy subjects.

CD19* cells (B cells; 0.1%) were not observed in CD§" cells.
These results indicate that CD8" cells were predominantly
vo T cells (Fig. 4A). Similar results were obtained from four
patients. CD8* cells showed cytotoxicity against T2 cells
pulsed with GPC3 peptide, whereas CD8" cells did not show
cytotoxicity against T2 cells pulsed with both GPC3 and

HIV peptide (Fig. 4B). Moreover, we used SK-Hep-1/hGPC3
cells as target cells; they were transfected with the GPC3
gene and endogenously presented GPC3 peptide. CD8* cells
showed GPC3-specific cytotoxicity, whereas CD8" cells
showed cytotoxicity against SK-Hep-1 cells but did not
show GPC3 specificity (Fig. 4C). We performed cytotox-
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Figure 4. Cytotoxicity assay of cultured cells. We used CD8* and CD8" cells that were isolated from cultured cells using CD8 microbeads at day 14 as
effector cells. A GPC3 peptide-specific CTL clone was used as a positive control. We performed cytotoxicity assays using expanded cells from four
patients. Similar results were obtained in three of the four patients. Representative data are shown. (A) We examined the purity of the CD8* cell populations
obtained for these experiments. We performed further immunophenotyping of CD8" cells using flow cytometry. (B) T2 cells pulsed with GPC3 (black
circle) or HIV (white circle) peptide were used as target cells. CD8"* cells (left) showed GPC3 peptide-specific cytotoxic activity. CD8 cells (right) did not
show GPC3 peptide-specific cytotoxic activity. (C) SK-Hep-1/hGPC3 (black bar) or SK-Hep-1/vec (white bar) cells were used as target cells. CD8" cells
showed GPC3-specific cytotoxicity, whereas CD8" cells showed cytotoxicity against SK-Hep-1 cells, but not GPC3 specificity (E:T=10). Data represent the

means = SD.

icity assays using expanded cells from four patients. Similar
results were obtained in three of the four patients. These
results indicate that CD8* cells included mostly GPC3
peptide-specific CTLs that had cytotoxic activity against
cancer cells and endogenously presented GPC3 peptide, and
CDS8" cells included mostly y& T cells that had cytotoxic
activity against cancer cells.

Antitumor activity of v T cells and GPC3-specific CTLs
in vivo. We performed adoptive cell transfer of expanded
cells in a mouse model. We subcutaneously inoculated
SK-Hep-1/vec (Fig. 5A) or SK-Hep-1/hGPC3 (Fig. 5B)
cell lines into NOD/SCID mice and intravenously injected

effector cells twice. As effector cells, we used CD8* or
CD8& cells that were isolated from cultured cells using CD8
microbeads at day 14, and we used all cells that included
both CD8* and CD8" cells. As shown Fig. 5B, the growth
of SK-Hep-1/hGPC3 treated with CD8* or CD8" cells was
significantly inhibited compared with the negative control.
In addition, treatment of all cells, including both CD8* and
CDS- cells, tended to show an additive inhibitory effect. On
the other hand, the growth of SK-Hep-1/vec that was inhib-
ited in the treatment of CD8" or all cells was not inhibited
by treatment of CD8* cells (Fig. SA). These results indicate
that cultured cells had antitumor effects due to the respective
CD8* and CD#§ cells.
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Figure 5. Antitumor activity of vo T cells and GPC3-specific CTLs in vivo. We subcutaneously inoculated (A) SK-Hep-1/vec or (B) SK-Hep-1/hGPC3 cells
into NOD/SCID mice and intravenously injected effector cells, We performed adoptive cell transfer of expanded cells using five mice per group. Data
represent the means + SD. (A) The growth of SK-Hep-1/vec treated with CD§" cells or all cells was significantly inhibited. The growth of SK-Hep-1/vec
treated with CD8* cells was not inhibited. (B) The growth of SK-Hep-1/hGPC3 treated with CD8* or CD8 cells was significantly inhibited. In addition,
treatment with all cells, including both CD8* and CD8" cells, showed an additive inhibitory effect.

Discussion

Specific cellular immunotherapy of cancer requires efficient
generation and expansion of CTLs that recognize tumor-asso-
ciated antigens. ACT with TILs isolated from metastatic
melanoma lesions lead to objective tumor regression. However,
TILs can be exploited only in melanoma patients with resect-
able tumors and from which T cells can be expanded ex vivo.
An alternative approach has been explored for patients with
other types of tumor using autologous lymphocytes isolated
from peripheral blood. Various clinical trials involving adop-
tively transferred autologous T cells transduced with a TCR
or chimeric antigen receptors have been conducted (35-37).
Clinical trials using our culture method should be performed
in the future.

The standard approach to generating tumor-specific CTLs
is based on antigen presentation by dendritic cells (DCs).
Although DCs are the most efficient APCs known so far,
serious drawbacks to their use in adoptive immunotherapy
exist, including their scarcity in the peripheral blood, their
limited expansion and their functional heterogeneity. These
limitations have motivated an intense search for alternative
sources of APCs. An antigen-presenting function of y& T cells
was suggested by recent observations that upon activation,
these cells acquire phenotypic and functional characteristics
of professional APCs concomitant with the capacity to induce
primary CD4* and CD8* T-cell responses to antigens (30-33).
To the best of our knowledge, this is the first report of the
simultaneous expansion of yd T cells and antigen-specific
CTLs from the PBMCs of patients.

Most adoptive CTL transfer studies in patients with tumors
used approximately 108 to 10" T cells/m? body surface area
of the patient (38). The expansion of CTLs from PBMCs of
vaccinated patients with advanced HCC yields cell numbers
sufficient for adoptive transfer. Theoretically, the number of
GPC3-specific CTLs obtained for apheresis (10 L) is, at most,
1.5x 10" cells.

One reason for the scarcity of adoptive immunotherapy is
the individual variability in cell growth. /n vitro, it is difficult
to adequately expand antigen-specific CTLs in most patients
with cancer. In addition, cell growth cannot be predicted
before culture. Therefore, to identify predicting factors, we
investigated the efficacy of this culture method in inducing
expansion of GPC3 peptide-specific CTLs in 16 patients with
HCC. The prediction of cell growth may enable the implemen-
tation of personalized medicine.

In this study, we assessed the expansion of GPC3
peptide-specific CTLs using PBMCs from vaccinated
patients with HCC. GPC3 is also overexpressed in other
malignant tumors, such as melanoma, Wilms' tumor,
hepatoblastoma, yolk sac tumor, ovarian CCC and lung
squamous cell carcinoma (39-43). Adoptive transfer of
GPC3 peptide-specific CTLs may also be available for other
GPC3-expressing cancers.

This culture method has a limitation. We performed this
culture using PBMCs of the same person both before and after
vaccination. GPC3 peptide-specific CTLs could be induced
from the PBMCs of all patients after vaccinations. However,
this method failed to induce GPC3 peptide-specific CTLs from
the PBMCs of patients before vaccination. Similarly, GPC3
peptide-specific CTLs could not be induced from the PBMCs
of healthy donors (data not shown). These results may have
been caused by the low frequency of cancer antigen-specific
CTLs in peripheral blood before vaccination. These results
suggest that to increase GPC3 peptide-specific CTLs, vacci-
nation is effective before cell culture. On the other hand, with
regard to CMV-derived peptide, CMV peptide-specific CTLs
could be induced with the proliferation of yd T cells from the
PBMC:s of healthy donors by this culture method. This culture
method may also be available for other antigens.

Adoptive cell transfer of all cells after expansion,
including both CTLs and yd T cells, significantly inhibited
tumor growth in a mouse model. Tumor cells acquire various
immune escape mechanisms including loss of antigens or the



INTERNATIONAL JOURNAL OF ONCOLOGY 45: 1847-1856, 2014

HIL A-class I molecule. It may be effective to use both CTLs
and yd T cells because they have different antigen recognition
abilities. However, we did not confirm that the results were
due to either synergy or an additive effect. Because activated
vd T cells produce large amounts of interferon-v, it may be a
synergy effect. Analysis of the mechanisms of the effective-
ness of CTLs and y8 T cells is a future challenge.

On the other hand, we previously reported that intratumor
peptide injection was an effective method of enhancing
tumor cell antigenicity and that it showed an induced
antigen-spreading effect in vivo (44,45). Moreover, we are
investigating the antitumor activity of yd T cells against
HCC cells pretreated with zoledronate. The combination of
these pretreatments that enhance tumor cell antigenicity and
adoptive immunotherapy using CTLs and yo T cells may be a
useful application for cancer therapy.

In conclusion, this study indicates that simultaneous expan-
sion of yd T cells and peptide-specific CTLs using zoledronate
are useful for adoptive immunotherapy.
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Abstract: Hepatocellular carcinoma (HCC) is a leading cause of cancer-related deaths
worldwide. The treatment options for patients with advanced HCC are limited, and novel treat-
ment strategies are required urgently. Glypican-3 (GPC3), a member of the glypican family of
heparan sulfate proteoglycans, is overexpressed in 72%—81% of HCC cases, and is correlated
with a poor prognosis. GPC3 regulates both stimulatory and inhibitory signals, and plays a key
role in regulating cancer cell growth. GPC3 is released into the serum, and so might be a useful
diagnostic marker for HCC. GPC3 is also used as an immunotherapeutic target in HCC. A Phase
I study of a humanized anti-GPC3 monoclonal antibody, GC33, revealed a good safety profile
and potential antitumor activity, and a Phase II trial is currently ongoing. In addition, the authors’
investigator-initiated Phase I study of a GPC3-derived peptide vaccine showed good safety and
tolerability, and demonstrated that the GPC3 peptide-specific cytotoxic T-lymphocyte frequency
in peripheral blood correlated with overall survival in HCC patients. A sponsor-initiated Phase I
clinical trial of a three-peptide cocktail vaccine, which includes a GPC3-derived peptide, is
also underway. GPC3 is currently recognized as a promising therapeutic target and diagnostic
marker for HCC. This review introduces the recent progress in GPC3 research, from biology
to clinical impact.

Keywords: GPC3, hepatocellular carcinoma, immunotherapy

Introduction
Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related deaths
worldwide.! HCC patients are often diagnosed at an advanced stage, and so the prog-
nosis is often poor. Currently, surgery or locally ablative treatments such as percu-
taneous ethanol injection or radiofrequency ablation are the standard treatments for
early-stage HCC. However, these treatments are no longer available and options are
limited for most patients with advanced HCC.? Generally, transarterial chemoembo-
lization or systemic chemotherapy is used. However, these therapeutic approaches are
not curative in most patients. Sorafenib, a multi-targeted tyrosine kinase inhibitor, is
the only drug that has significantly prolonged the survival of patients with advanced
HCC;3* therefore, it has become the standard agent for first-line systemic treatment.
However, the incidence of adverse effects is high, and there are no effective second-
line treatments for patients who do not respond to sorafenib. Therefore, new treatment
strategies for patients with advanced HCC should be established.

To date, several immunotherapeutic clinical trials in patients with advanced HCC
have been performed. These studies have shown feasibility and safety, but no dramatic
clinical responses.* Nevertheless, some randomized controlled trials have shown the
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potential to reduce the risk of cancer recurrence in adjuvant
settings. Therefore, an immunotherapeutic approach is
potentially an attractive treatment option for HCC.

Various tumor antigens for HCC have been identified
and investigated as immunotherapeutic targets.” GPC3 is a
member of the glypican family of heparan sulfate proteogly-
cans that are attached to the cell surface via glycosylphos-
phatidylinositol (GPI) anchors.® Mutations in GPC3 cause
Simpson-Golabi-Behmel syndrome,’ which is an X-linked
disorder characterized by pre- and postnatal overgrowth
with visceral and skeletal anomalies. GPC3-deficient mice
exhibited similar characteristics as Simpson—Golabi-Behmel
syndrome patients.'” GPC3 is overexpressed in 72%-81%
of patients with HCC."""* Therefore, GPC3 has been recog-
nized as a potential immunotherapeutic target or diagnostic
marker for HCC. This paper reviews the biology of GPC3
and discusses recent advances in GPC3-targeted HCC
immunotherapy.

Tumor-associated antigens

(TAAs) in HCC

TAA-specific immunotherapy is an attractive strategy because
it is associated with fewer adverse events. Therefore, identi-
fying appropriate TAAs is important for the development of
TAA-specific cancer immunotherapies. Boon et al initially
reported that MAGE-A was a human TAA in a melanoma
patient, and that the human immune system could recognize
TAA expressing-cancer cells as foreign bodies and exclude
them.'® Subsequently, a novel approach termed serological
analysis of recombinant complementary DNA expression
libraries (SEREX) was developed to identify TAAs.!718
Complementary DNA microarray technology is also useful
for identifying novel cancer-associated genes and for classify-
ing human cancers at the molecular level.'*? In HCC, some
TAAs, such as AFP, MAGE-A, NY-ESO-1, SSX2, and telom-
erase reverse transcriptase, have been identified.” Although
GPC3 is overexpressed in HCC,"! it is not expressed in
most normal adult tissues. Furthermore, GPC3-expression
was correlated with poor prognosis in patients with HCC:
GPC3-positive HCC patients had a significantly lower 5-year
survival rate than GPC3-negative individuals (54.5% versus
87.7%; P=0.031)."* These results suggest that GPC3 might
be a promising target for cancer immunotherapy.

Biological aspects of GPC3

General considerations
Glypicans are a family of heparan sulfate proteoglycans. To
date, six glypicans have been identified (GPC1 to GPC6)

in mammals, and two orthologs of the mammalian genes
were identified in Drosophila melanogaster (Dally- and
Dally-like).*?! Glypicans of all species are classified into
two subfamilies according to their sequence homology.?' In
general, the function of glypicans is to regulate morphogen-
esis during embryonic development,” and mutations cause
the overgrowth genetic disease Simpson—-Golabi—~Behmel
syndrome.? Several recent studies have revealed that GPC3
is overexpressed in many cancers.

Structure and function of GPC3

GPC3 is a 580-amino acid protein (~60 kDa) that is encoded
by nine exons on chromosome X (Xq26). Alternative splicing
results in four variants that were isolated from the HepG2
cell line. Fourteen cysteine residues located in the core region
are well conserved among glypicans, and contribute to the
formation of a unique ternary structure via disulfide bonds.
The amino-terminus contains a signal peptide sequence
(residues 1-24), which is required for targeting to the cell
surface. The carboxyl-terminus contains a hydrophobic
region that is associated with the lipid bilayer of the Golgi
apparatus. During the transport of GPC3 to the cell surface,
the hydrophobic region is truncated by transamidase, and
then covalently attached to a GP1 anchor via the C-terminus
of serine 560.* Therefore, the attachment of a GPI anchor
is a key post-translational modification that regulates the
cellular localization of GPC3.

GPC3 regulates both stimulatory and inhibitory signals
through the binding of heparan sulfate chains to signaling
molecules such as Wnt, Hedgehog, fibroblast growth fac-
tors, bone morphogenetic proteins.**' The core protein
also plays an important role for regulating the activity in
Wnt and Hedgehog signaling.?’?%3? Structural information
regarding GPC3 is needed to understand these signaling
mechanisms, but the three-dimensional structure of GPC3
is yet to be elucidated. Nevertheless, the crystal structure
of Drosophila Dlp, an ortholog of the mammalian gene, is
available.® Structural analysis of the Dlp core region revealed
an elongated conformation with o-helix packing: this is a
unique structure when compared with other proteins. Further
structural studies of glypicans are necessary to understand
their complex and multifunctional signaling pathways and
their regulation of cancer cell growth.

GPC3 biology and disease

GPC3 is expressed in many embryonic tissues in addition
to fetal liver and placenta.* The overexpression of GPC3 is
observed in liver cancer, ovarian cancer, lung cancer, malig-
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nant melanoma, and embryonal cancers such as neuroblas-
toma medulloblastoma and Wilms’ tumor.>>*#! Capurro et al
demonstrated that the binding of GPC3 to Wnt and Hedgehog
activates signaling pathways that promote the growth of HCC
cells.?”% Moreover, the knockdown of GPC3 using small
interfering RNA and subsequent gene expression analysis
revealed that suppressing GPC3 inhibited the transforming
growth factor-B (TGF-B) receptor pathway and the subse-
quent growth of HCC cell lines.* These suggest that GPC3
is an important target for cancer therapy.**

It is noteworthy that GPC is a novel serological cancer
marker.'24% Secreted circulating GPC3 is detected in the
blood of cancer patients with HCC'"'* and melanoma,*’#’and
the presence of soluble GPC3 correlates with cancer progres-
sion. However, because GPC3 is initially membrane-bound
via a GPI anchor, it is currently unknown how GPC3 is
secreted into the circulation. It was reported that GPC3 can
be cleaved by Notum (o/B-hydrolase enzyme) and furin-like
convertase,*®# releasing the N-terminal domain and full-
length GPC3 from the cell surface.’®! Secreted GPC3 might
be useful for cancer diagnosis.

GPC3 as a diagnostic
marker for HCC
GPC3 expression in HCC at the

messenger RNA or protein level

Several studies have suggested that GPC3 is a potential
therapeutic target in liver cancer because it is overexpressed
in HCC, but is not expressed or is expressed at only low levels
in normal adult tissue.>"4 Hsu et al performed pioneering
work to identify GPC3 as a potential biomarker for HCC.%»
When GPC3 was compared with AFP, another established
HCC marker, data revealed higher GPC3 messenger RNA
expression compared with serum o-fetoprotein (AFP), levels
(71.7% versus 51.3%) based on the analysis of 113 patients
with unicentric primary HCC. The authors also reported
previously that GPC3 is specifically overexpressed in HCC
by analyzing complementary DNA microarrays containing
23,040 genes. The expression profiles of 20 HCC samples,
corresponding noncancerous liver tissues, and various normal
human tissues revealed that GPC3 was overexpressed specifi-
cally in HCC."!

Capurro et al confirmed increased GPC3 expression in
HCC patients using a mouse monoclonal antibody (1G12)
against a GPC3 C-terminal peptide.'? Immunohistochemistry
revealed that GPC3 was overexpressed in 72% of HCC
samples. Therefore, GPC3 might also be useful as an ancil-
lary tool during histopathological diagnostic processes to

distinguish HCC from cirrhosis, dysplastic nodules, and
focal nodular hyperplasia-like nodules.*

GPC3 as a serum marker for HCC

Several studies have been performed to validate the diagnostic
potential of GPC3 as a serum marker by developing method-
ologies such as enzyme-linked immunosorbent assays and
radioimmunoassays.**’ Several antibody-based immunoassays
have been developed to assess potential serum biomarkers.
Using multiple serum markers, including AFP and protein
induced by vitamin K absence or antagonists-1I (PIVKA-II),
might increase diagnostic accuracy. Although GPC3 is a cell-
surface marker, it can be released into the serum by the lipase
Notum, which cleaves the GPI anchor.*® Specifically, Hippo
etal reported that GPC3 is cleaved between Arg358 and Ser359,
and that the N-terminal fragment of GPC3 is also released into
circulation. They reported the usefulness of the N-terminal frag-
ment of GPC3 for diagnosing early-stage HCC.' Therefore,
GPC3 also exhibits diagnostic value as a serum marker.”* Qiao
et al compared the serum levels of three markers (GPC3, human
cervical cancer oncogene [HCCR], and AFP) for diagnosing
HCC in 189 patients (101 HCC, 40 cirrhosis, and 18 hepatitis
cases and 30 healthy control donors). They reported that GPC3
was the most accurate diagnostic marker: using a cutoff of26.8
ng/mL for the diagnosis of HCC, GPC3 had a sensitivity of
51.5% and a specificity of 92.8%. In addition, the simultaneous
detection of three markers increased the sensitivity significantly
to 80.2% higher than AFP alone.*® In a meta-analysis compar-
ing AFP and GPC3 as serum markers for HCC, the pooled
sensitivities for AFP and GPC3 were 51.9% and 59.2%, and the
pooled specificities were 94% and 84.8%, respectively.”® This
suggests that GPC3 and AFP are comparable serum markers.
Serum GPC3 might be a useful tumor marker in patients with
HCC. However, the biochemistry of serum GPC3 is yet to be
elucidated, and so further studies are needed.

GPC3 as an immunotherapeutic
target in HCC

Identification of human leukocyte antigen
(HLA)-A2- or A24-restricted GPC3-
derived epitope peptides

Identifying TAA-derived epitope peptides is the first step
in the development of peptide vaccines. HLA-A24 is the
most common HLA class I allele in the Japanese population
(60%).%6! Structural motifs of peptides bound to human
HLA-A24 and BALB/c mouse H-2K¢ are similar,’>% and the
amino acid sequences of human and mouse GPC3 have 95%
homology. These studies identified the mouse GPC3-derived
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and K% restricted cytotoxic T-lymphocyte (CTL) epitope
peptide GPC3,, . (EYILSLEEL) in BALB/c mice. This
peptide-specific CTL showed specific cytotoxicity against
GPC3-expressing or peptide-pulsed cancer cell lines, sug-
gesting that GPC3 was highly immunogenic and could elicit
effective antitumor immunity in mice. Importantly, there was
no evidence of autoimmune reactions in the treated mice.®
Because of the similarities in the peptide binding motifs
between H-2K9 and HLA-A24, this peptide was applicable
for immunotherapy in HLA-A24-positive patients.

HLA-A2 is also expressed in 40% of Japanese individu-
als, as well as other ethnic populations.®*% An HLA-A2-
restricted GPC3,,, ., (FVGEFFTDV) peptide was also
identified using HLA-A2.1 transgenic mice.”® A binding assay
was performed, and it was reported that the HLA-A*02:01-
restricted GPC3,,, |, (FVGEFFTDV) peptide could bind to
HLA-A*02:06 and HLA-A*02:07. This suggests that HLA-
A2-restricted GPC3 , ., (FVGEFFTDV) might be effective
in HLA-A*02:06 and HLA-A*02:07 patients.

These GPC3-derived peptide-specific CTLs could be
induced from the peripheral blood mononuclear cells of
HCC patients by in vitro stimulation with peptide. The adop-
tive transfer of these GPC3-derived peptide-specific CTLs
reduced the mass of human HCC tumors implanted into non-
obese diabetic/severe combined immunodeficiency mice.%

GPC3-targeted vaccine therapy

The authors recently completed an investigator-initiated
Phase I clinical trial of GPC3-derived peptide vaccines to
evaluate their safety, tolerability, and efficacy in patients with
advanced HCC.® Thirty-three advanced HCC patients were
enrolled and received escalating doses of GPC3-derived peptide
vaccine (0.3, 1.0, 3.0, 10, and 30 mg/patient). On days 1, 15,
and 29, peptides were administered in liquid form, emulsified
with incomplete Freund’s adjuvant by intradermal injection.
GPC3,,, . (EYILSLEEL) peptide was used in 17 HLA-A24-
positive patients,and GPC3 , ., (FVGEFFTDV) peptide was
used in 16 HLA-A2-positive patients.

Dose-limiting toxicity and dose-specific adverse events
were not seen, and GPC3-derived peptide vaccine treat-
ment was well tolerated. One of the thirty-three patients
was judged to have a partial response, whereas 19 patients
exhibited stable disease after 2 months according to Response
Evaluation Criteria In Solid Tumors (RECIST).%® The disease
control rate (partial response plus stable disease) was 60.6%
after 2 months. The median time to tumor progression was
3.4 months (95% confidence interval [CI] 2.1-4.6), and the
median overall survival was 9.0 months (95% CI 8.0-10.0).

Immunologically, the frequency of GPC3-peptide-specific
CTL in the peripheral blood correlated with the overall sur-
vival of HCC patients. In the multivariate analysis, GPC3
peptide-specific CTL frequency was a predictive factor for
overall survival. The median overall survival of all 33 patients
was 12.2 months (95% CI 6.5—18.0) in patients with a high
frequency of GPC3-specific CTLs compared with 8.5 months
(95% CI 3.7-13.1) in individuals with a low frequency
(P=0.033). Moreover, the infiltration of cluster of differentia-
tion (CD)8-positive T-cells into HCC cells was confirmed.

Based on this Phase I study, a Phase II study of the
GPC3-derived peptide vaccine is ongoing in an adjuvant
setting (UMIN-CTR: 000002614). Forty-four patients with
HCC who had undergone surgery or radiofrequency ablation
were enrolled. The primary end points of this study were
the 1- and 2-year recurrence rates, and the secondary end
point was the immunological response. Patient enrollment
has been completed, and the study is ongoing. An additional
sponsor-initiated Phase I clinical trial of a three-peptide
cocktail vaccine, which includes a GPC3-derived peptide,
is also underway.

Anti-GPC3 antibody therapy

GPC3 has been suggested as a potential target for antibody-
based therapy in liver cancer because of its high-level
expression in HCC. The murine monoclonal antibody GC33,
which binds specifically to the C-terminal region of GPC3
with a high affinity, caused significant antibody-dependent
cellular cytotoxicity against HCC cells, and exhibited potent
antitumor activity in xenograft models.®-™ For the clinical
application of GC33, a humanized GC33 was generated
using complementarity-determining region grafting with the
aid of both the hybrid variable region and two-step design
methods. To improve the stability of the humanized GC33,
it was further optimized by replacing the amino acid residues
that might affect the structure of the variable region of its
heavy chain.”

Because of these preclinical data highlighting the rel-
evance of GPC3 as a potential therapeutic target in HCC,
a first-in-man Phase I clinical trial to assess the safety,
tolerability, and pharmacokinetics of GC33 in patients with
advanced HCC was performed.’™ A total of 20 patients were
enrolled, and were assigned to receive GC33 at one of four
sequentially increasing dose levels (2.5, 5, 10, and 20 mg/kg)
weekly by intravenous infusion. The tumor expression of
GPC3 was examined in biopsied specimens using immuno-
histochemical staining. A total of 56% of the patients had
a high total GPC3-staining score. This study provided the
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initial clinical data regarding the safety profile and pharma-
cokinetic features of GC33, and revealed potential antitumor
activity that might be associated with the expression of
GPC3 in tumors. Stable disease was seen in four patients,
all of whom exhibited high GPC3 expression. The median
time to progression was significantly longer in patients with
tumors expressing high levels of GPC3 than in patients with
low GPC3 expression.

GC33 is now being assessed in Phase II clinical trials in
second-line HCC patients who have progressed after one line
of systemic therapy and whose tumors exhibit positive GPC3
immunohistochemical staining (NCT01507168). Additional
antibodies that target GPC3 for HCC treatment, human
(MDX-1414 and HN3) and humanized mouse (YP7) anti-
bodies, are at different stages of preclinical development.”
These trials will define the potential of GPC3 as a novel
antibody therapy.

Potential of GPC3 for other cancers
GPC3 is also overexpressed in other malignant tumors, such
as melanoma, Wilms’ tumor, hepatoblastoma, yolk sac tumor,
ovarian clear-cell carcinoma (CCC), and lung squamous
cell carcinoma.’” However, Kim et al reported that GPC3
is downregulated in lung cancer. Thus, the overexpression
of GPC3 in lung cancer is controversial.”® GPC3 has been
investigated in some of these tumors as a potential immuno-
therapeutic target or diagnostic marker.

Melanoma

GPC3 messenger RNA and protein was identified in >80%
of melanoma and melanocytic nevus patients.® In the authors’
previous study, GPC3 protein was detected in the sera 0f 39.6%
melanoma patients, but not in healthy donors. The positive
detection of serum GPC3 was significantly higher than that of
5-S-cysteinyldopa and melanoma-inhibitory activity, both of
which are well-known tumor markers for melanoma. Surpris-
ingly, GPC3 could be detected even in patients with stage 0 in
situ melanoma.” The combination of secreted protein acidic and
rich in cysteine (SPARC) and GPC3 was also a useful tumor
marker for melanoma: 66.2% of melanoma patients at stages
0—T1 exhibited positive SPARC or GPC3 expression.*” This sug-
gests that GPC3 is a novel tumor marker that is useful for the
diagnosis of melanoma, particularly during the early stages.

Ovarian carcinoma

Ovarian CCC is the second most common epithelial ovarian
carcinoma subtype in Japan. Ovarian CCC is associated with
a poor prognosis and increased chemoresistance compared

with other epithelial ovarian carcinoma subtypes.”””® GPC3
was expressed in ~40% of CCC patients, and there was a
tendency toward poor progression-free survival in GPC3-
positive patients at stage 1.7 GPC3 expression was respon-
sible for CTL recognition, and subtoxic dose chemotherapy
made tumor cells more susceptible to the cytotoxic effects of
CTL.% A Phase Il trial of a GPC3-derived peptide vaccine in
ovarian CCC patients is ongoing (UMIN-CTR: 000003696),
and some chemotherapy-refractory ovarian CCC patients
have achieved a significant clinical response.®!

Pediatric tumors

A Phase I trial using a GPC3-derived peptide vaccine for
pediatric patients with hepatoblastoma, nephroblastoma,
or yolk sac tumors is ongoing (UMIN-CTR: 000006357).
The safety and optimal dose of GPC3 peptide vaccines for
pediatric cancer patients has not yet been reported.

Conclusion

Although immunotherapy is a potentially attractive treat-
ment modality, its antitumor effects in advanced HCC
are not dramatic. GPC3 is overexpressed in HCC but its
expression in most adult normal tissues is low. GPC3
expression is correlated with poor prognosis in HCC, sug-
gesting it to be an ideal tumor antigen. GPC3 is thought
to play a role in regulating cancer cell growth, although
our structural and biological knowledge of GPC3 remain
limited. Recent studies have shown the utility of GPC3
as a serum and immunohistochemical marker for the
diagnosis of HCC. In addition, although studies assessing
GPC3-targeted immunotherapies against HCC (such as
vaccine and antibody therapies) have shown good safety
and tolerability, sufficient clinical effects have not yet
been observed. Further analysis and knowledge of GPC3
biology and its potential as an immunotherapeutic target
are needed to allow the development of more effective
GPC3-targeted cancer therapies. Although current GPC3-
targeted immunotherapies for HCC are in the preclinical
and clinical trial phases of development, they are expected
to yield clinical success in the near future.

Acknowledgments

This study was supported in part by Health and Labor
Science Research Grants for Clinical Research and Third
Term Comprehensive Control Research for Cancer from
the Ministry of Health, Labor, and Welfare, Japan and the
National Cancer Center Research and Development Fund
(25-A-7).

Journal of Hepatocellular Carcinoma 2014:1

submit your manuscript | waadovepress.com 3 9

Dovepress



Ofuji et al Dovepress
Disclosure 21. Filmus J, Capurro M, Rast I. Glypicans. Genome Biol. 2008;
9(5):224.
TN is a scientific advisor for Ono Pharmaceutical CO, Ltd. The 22. D(\Sv)l‘/z()dl PP, Grose RH, Filmus J, et al. Regulation of bone morpho-
other authors report no conflicts of interest in this work. genetic protein signalling and cranial osteogenesis by Gpel and Gpe3.
Bone. 2013;55(2):367-370.
23. Capurro M1, Li F, Filmus J. Overgrowth of a mouse model of Simpson—
References Golabi-Behmel syndrome is partly mediated by Indian hedgehog.
1. Schutte K, Bornschein J, Malfertheiner P. Hepatocellular carcinoma ~ EMBO Rep. 2009;10(8):901-907.
epidemiological trends and risk factors. Dig Dis. 2009;27(2):80-92. 24. Filmus J, Shi W, Wong ZM, Wong M. Identification of a new
2. Llovet M, Burroughs A, Bruix J. Hepatocellular carcinoma. Lancet. membrane-bound heparan sulphate proteoglycan. Biochem J.
2003:362(9399):1907-1917. 1995:311(Pt 2):561-565.
3. Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced hepa- 25. Capurro M, Martin T, Shi W, Filmus J. Glypican-3 binds to Frizzled
tocellular carcinoma. N Engl J Med. 2008;359(4):378-390. and plays a direct role in the stimulation of canonical Wnt signaling.
4. Cheng AL, Guan Z, Chen Z, et al. Efficacy and safety of sorafenib in J Cell Sci. 2014;127(Pt 7):1565-1575.
patients with advanced hepatocellular carcinoma according to baseline  26. Capurro MI, Shi W, Filmus J. LRP1 mediates Hedgehog-induced
status: subset analyses of the Phase Il sorafenib Asia-Pacific trial. endocytosis of the GPC3~Hedgehog complex. J Cell Sci. 2012;
Eur J Cancer. 2012:48(10):1452-1465. 125(Pt 14):3380-3389.
5. Greten TF, Manns MP, Korangy F. Immunotherapy of hepatocellular ~ 27. Capurro MI, Xiang YY, Lobe C, Filmus J. Glypican-3 promotes the
carcinoma. J Hepatol. 2006;45(6):868-878. growth of hepatocellular carcinoma by stimulating canonical Wnt
6. Sawada 'Y, Ofuji K, Sakai M, Nakatsura T. Immunotherapy for hepato- signaling. Cancer Res. 2005;65(14):6245-6254.
cellular carcinoma: current status and future perspectives. In: Reeves H, 28, Capurro MI, Xu P, Shi W, Li F, Jia A, Filmus J. Glypican-3 inhibits
Manas DM, Lochan R, editors. Liver Tumors — Epidemiology, Hedgehog signaling during development by competing with patched
Diagnosis, Prevention, and Treatment. Rijeka: InTech; 2013:59-89. for Hedgehog binding. Dev Cell. 2008;14(5):700-711.
7. Breous E, Thimme R. Potential of immunotherapy for hepatocellutar ~ 29. Filmus J, Capurro M. The role of glypicans in Hedgehog signaling.
carcinoma. .J Hepatol. 2011:54(4):830--834. Matrix Biol. Epub January 8, 2014.
8. Filmus J, Selleck SB. Glypicans: proteoglycans with a surprise. ./ Clin 30. Midorikawa Y, Ishikawa S, Iwanari H, et al. Glypican-3, overexpressed
Invest. 2001;108(4):497-501. in hepatocellular carcinoma, modulates FGF2 and BMP-7 signaling.
9. Pilia G, Hughes-Benzie RM, MacKenzie A, et al. Mutations in GPC3, Int J Cancer. 2003;103(4):455-465.
a glypican gene, cause the Simpson-Golabi-Behmel overgrowth  31. Filmus J. Glypicans in growth control and cancer. Glycobiology.
syndrome. Nat Genet. 1996;12(3):241-247. 2001;11(3):19R-23R.

10. Cano-Gauci DF, Song HH, Yang H, et al. Glypican-3-deficient mice 32. Williams EH, Pappano WN, Saunders AM, Kim MS, Leahy DI,
exhibit developmental overgrowth and some of the abnormalities typi- Beachy PA. Dally-like core protein and its mammalian homologues
cal of Simpson-Golabi-Behmel syndrome. J Cell Biol. 1999;146(1): mediate stimulatory and inhibitory etfects on Hedgehog signal response.
255-264. Proc Natl Acad Sci U S A. 2010;107(13):5869~5874.

11. Nakatsura T, Yoshitake Y, Senju S, et al. Glypican-3, overexpressed 33. Kim MS, Saunders AM, Hamaoka BY, Beachy PA, Leahy DJ. Structure
specifically in human hepatocellular carcinoma, is a novel tumor marker. of the protein core of the glypican Dally-like and localization of a
Biochem Biophys Res Commun. 2003;306(1):16-25. region important for Hedgehog signaling. Proc Natl Acad Sci U S 4.

12. Capurro M, Wanless IR, Sherman M, et al. Glypican-3: a novel 2011;108(32):13112-13117.
serum and histochemical marker for hepatocellular carcinoma. 34. Pellegrini M, Pilia G, Pantano S, etal. GPC3 expression correlates with
Gastroenterology. 2003;125(1):89~97. the phenotype of the Simpson-Golabi-Behmel syndrome. Dey Dyn.

13. Nakatsura T, Nishimura Y. Usefulness of the novel oncofetal antigen 1998;213(4):431-439.
glypican-3 for diagnosis of hepatocellular carcinoma and melanoma.  35. LuoJH, Ren B, Keryanov S, et al. Transcriptomic and genomic analysis
BioDrugs. 2005;19(2):71-77. of human hepatocellular carcinomas and hepatoblastomas. Hepatology.

14. Shirakawa H, Kuronuma T, Nishimura Y, et al. Glypican-3 is a useful 2006;44(4):1012-1024.
diagnostic marker for a component of hepatocellular carcinoma in 36. Zynger DL, Gupta A, Luan C, Chou PM, Yang GY, Yang XJ. Expression
human liver cancer. /nt J Oncol. 2009;34(3):649-656. of glypican 3 in hepatoblastoma: an immunohistochemical study of

15. Shirakawa H, Suzuki H, Shimomura M, et al. Glypican-3 expression 65 cases. Human Pathology. 2008;39(2):224-230.
is correlated with poor prognosis in hepatocellular carcinoma. Cancer  37. Nakatsura T, Kageshita T, Ito S, et al. Identification of glypican-3 as
Sci. 2009;100(8):1403-1407. a novel tumor marker for melanoma. Clin Cancer Res. 2004;10(19):

16. van der Bruggen P, Traversari C, Chomez P, et al. A gene encoding an 6612-6621.
antigen recognized by cytolytic T lymphocytes on a human melanoma. 38. Saikali Z, Sinnett D. Expression of glypican 3 (GPC3) in embryonal
Science. 1991;254(5038):1643-1647. tumors. /nt J Cancer. 2000;89(5):418-422.

17. Park S, Lim Y, Lee D, et al. Identification and characterization of 39. Toretsky JA, Zitomersky NL, Eskenazi AE, et al. Glypican-3 expres-
a novel cancer/testis antigen gene CAGE-1. Biochim Biophys Acta. sion in Wilms tumor and hepatoblastoma. J Pediatr Hematol Oncol.
2003;1625(2):173-182. 2001;23(8):496-499.

18. Jager E, Chen YT, Drijthout JW, et al. Simultaneous humoral and 40. Maeda D, Ota S, Takazawa Y, et al. Glypican-3 expression in
cellular immune response against cancer-testis antigen NY-ESO-1: clear cell adenocarcinoma of the ovary. Mod Pathol. 2009;22(6):
definition of human histocompatibility leukocyte antigen (HLA)-A2- 824-832.
binding peptide epitopes. J Exp Med. 1998;187(2):265-270. 41. Aviel-Ronen S, Lau SK, Pintilie M, et al. Glypican-3 is overexpressed

19. Hasegawa S, Furukawa Y, Li M, et al. Genome-wide analysis of gene in lung squamous cell carcinoma, but not in adenocarcinoma. Mod
expression in intestinal-type gastric cancers using a complementary Pathol. 2008;21(7):817-825.

DNA microarray representing 23,040 genes. Cancer Res. 2002;62(23): 42. Sun CK, Chua MS, He J, So SK. Suppression of glypican 3 inhibits
7012-7017. growth of hepatocellular carcinoma cells through up-regulation of

20. Zembutsu H, Ohnishi Y, Tsunoda T, et al. Genome-wide cDNA TGF-B2. Neoplasia. 2011;13(8):735-747.

microarray screening to correlate gene expression profiles with sensi-  43. Allegretta M, Filmus J. Therapeutic potential of targeting glypican-3 in

tivity of 85 human cancer xenografts to anticancer drugs. Cancer Res.
2002;62(2):518-527.

hepatocellular carcinoma. Anticancer Agents Med Chem. 2011;11(6):
543-548.

40 submit your manuscript | www.doveprass.com

Dovepress

— 28

Journal of Hepatocellular Carcinoma 2014:1



Dovepress

Critical analysis of targeting GPC3 in HCC

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Filmus J, Capurro M. Glypican-3: a marker and a therapeutic target in
hepatocellular carcinoma. FEBS J. 2013;280(10):2471-2476.
Capurro M, Filmus J. Glypican-3 as a serum marker for hepatocellular
carcinoma. Cancer Res. 2005;65(1):372; author reply 372-373.
Yamauchi N, Watanabe A, Hishinuma M, et al. The glypican 3 oncofetal
protein is a promising diagnostic marker for hepatocellular carcinoma.
Mod Pathol. 2005;18(12):1591-1598.

Ikuta Y, Nakatsura T, Kageshita T, et al. 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(22):8079-8088.

Capurro M1, Shi W, Sandal S, Filmus J. Processing by convertases is not
required for glypican-3-induced stimulation of hepatocellular carcinoma
growth. J Biol Chem. 2005;280(50):41201-41206.

Traister A, Shi W, Filmus J. Mammalian Notum induces the release
of glypicans and other GPI-anchored proteins from the cell surface.
Biochem J. 2008;410(3):503-511.

De Cat B, Muyldermans SY, Coomans C, et al. Processing by propro-
tein convertases is required for glypican-3 modulation of cell survival,
Whnt signaling, and gastrulation movements. J Cell Biol. 2003;163(3):
625-635.

Hippo'Y, Watanabe K, Watanabe A, et al. Identification of soluble NH2-
terminal fragment of glypican-3 as a serological marker for early-stage
hepatocellular carcinoma. Cancer Res. 2004;64(7):2418-2423.
Baumhoer D, Tornillo L, Stadlmann S, Roncalli M, Diamantis EK,
Terracciano LM. Glypican 3 expression in human nonneoplastic, pre-
neoplastic, and neoplastic tissues: a tissue microarray analysis of 4,387
tissue samples. Am J Clin Pathol. 2008;129(6):899-906.

Llovet JM, Chen Y, Wurmbach E, et al. A molecular signature to dis-
criminate dysplastic nodules from early hepatocellular carcinoma in
HCV cirrhosis. Gastroenterology. 2006;131(6):1758-1767.

Zhu ZW, Friess H, Wang L, et al. Enhanced glypican-3 expression
differentiates the majority of hepatocellular carcinomas from benign
hepatic disorders. Gut. 2001;48(4):558-564.

Hsu HC, Cheng W, Lai PL. Cloning and expression of a develop-
mentally regulated transcript MXR7 in hepatocellular carcinoma:
biological significance and temporospatial distribution. Cancer Res.
1997;57(22):5179-5184.

Libbrecht L, Severi T, Cassiman D, et al. Glypican-3 expression dis-
tinguishes small hepatocellular carcinomas from cirrhosis, dysplastic
nodules, and focal nodular hyperplasia-like nodules. Am J Surg Pathol.
2006;30(11):1405~1411.

Chen M, Li G, Yan J, et al. Reevaluation of glypican-3 as a serologi-
cal marker for hepatocellular carcinoma. Clin Chim Acta. 2013;423:
105-111.

Qiao SS, Cui ZQ, Gong L, et al. Simultaneous measurements of serum
AFP, GPC-3 and HCCR for diagnosing hepatocellular carcinoma.
Hepatogastroenterology. 2011;58(110-111):1718-1724.

Xu C, Yan Z, Zhou L, Wang Y. A comparison of glypican-3 with
o-fetoprotein as a serum marker for hepatocellular carcinoma: a meta-
analysis. J Cancer Res Clin Oncol. 2013;139(8):1417-1424.

DateY, Kimura A, Kato H, Sasazuki T. DNA typing of the HLA-A gene:
population study and identification of four new alleles in Japanese.
Tissue Antigens. 1996;47(2):93-101.

Ohmori M, Yasunaga S, Maehara Y, Sugimachi K, Sasazuki T. DNA
typing of HLA class I (HLA-A) and class II genes (HLA-DR, -DQ
and -DP) in Japanese patients with gastric cancer. 7Tissue Antigens.
1997;50(3):277-282.

Falk K, Rotzschke O, Stevanovic S, Jung G, Rammensee HG. Allele-
specific motifs revealed by sequencing of self-peptides eluted from
MHC molecules. Nature. 1991;351:290-296.

Maier R, Falk K, Rotzschke O, et al. Peptide motifs of HLA-A3, -A24,
and -B7 molecules as determined by pool sequencing. /mmunogenetics.
1994;40(4):306-308.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

Nakatsura T, Komori H, Kubo 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(24):8630-8640.

Browning M, Krausa P. Genetic diversity of HLA-A2: evolutionary and
functional significance. Immunol Today. 1996;17(4):165-170.
Komori H, Nakatsura T, Senju S, et 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(9):2689-2697.

Sawada Y, Yoshikawa T, Nobuoka D, et al. Phase I trial of a glypican-3-
derived peptide vaccine for advanced hepatocellular carcinoma:
immunologic evidence and potential for improving overall survival.
Clin Cancer Res. 2012;18(13):3686-3696.

Therasse P, Arbuck SG, Eisenhauer EA et al. New guidelines to evalu-
ate the response to treatment in solid tumors. European Organization
for Research and Treatment of Cancer, National Cancer Institute of the
United States, National Cancer Institute of Canada. J Natl Cancer Inst.
2000:;92(3):205-216.

Takai H, Kato A, Kinoshita Y, et al. Histopathological analyses of the
antitumor activity of anti-glypican-3 antibody (GC33) in human liver
cancer xenograft models: the contribution of macrophages. Cancer Biol
Ther. 2009;8(10):930-938.

Ishiguro T, Sugimoto M, Kinoshita Y, et al. Anti-glypican 3 antibody
as a potential antitumor agent for human liver cancer. Cancer Res.
2008;68(23):9832-9838.

Nakano K, Orita T, Nezu J, et al. Anti-glypican 3 antibodies cause
ADCC against human hepatocellular carcinoma cells. Biochem Biophys
Res Commun. 2009;378(2):279-284.

Takai H, Kato A, Kato C, et al. The expression profile of glypican-3
and its relation to macrophage population in human hepatocellular
carcinoma. Liver Int. 2009;29(7):1056-1064.

Nakano K, Ishiguro T, Konishi H, et al. Generation of a humanized
anti-glypican 3 antibody by CDR grafting and stability optimization.
Anticancer Drugs. 2010;21(10):907-916.

Zhu AX, Gold PJ, El-Khoueiry AB, et al. First-in-man Phase [ study
of GC33, a novel recombinant humanized antibody against glypican-3,
in patients with advanced hepatocetlular carcinoma. Clin Cancer Res.
2013;19(4):920-928.

Feng M, Ho M. Glypican-3 antibodies: a new therapeutic target for
liver cancer. FEBS Lett. 2014,588(2):377-382.

Kim H, Xu GL, Borczuk AC, et al. The heparan sulfate proteoglycan
GPC3 is a potential lung tumor suppressor. Am J Respir Cell Mol Biol.
2003;29(6):694-701.

Recio FO, Piver MS, Hempling RE, Driscoll DL. Lack of improved
survival plus increase in thromboembolic complications in patients
with clear cell carcinoma of the ovary treated with platinum versus
nonplatinum-based chemotherapy. Cancer. 1996;78(10):2157-2163.
Umezu T, Shibata K, Kajiyama H, Yamamoto E, Nawa A, Kikkawa F.
Glypican-3 expression predicts poor clinical outcome of patients
with early-stage clear cell carcinoma of the ovary. J Clin Pathol.
2010;63(11):962-966.

Suzuki S, Yoshikawa T, Hirosawa T, et al. Glypican-3 could be an effec-
tive target for immunotherapy combined with chemotherapy against
ovarian clear cell carcinoma. Cancer Sci. 2011;102(9):1622-1629.
Sugiyama T, Kamura T, Kigawa J, et al. Clinical characteristics of
clear cell carcinoma of the ovary: a distinct histologic type with poor
prognosis and resistance to platinum-based chemotherapy. Cancer.
2000:88(11):2584-2589.

Suzuki S, Shibata K, Kikkawa F, Nakatsura T. Significant clinical
response of progressive recurrent ovarian clear cell carcinoma to
glypican-3-derived peptide vaccine therapy: two case reports. Hum
Vaccin Immunother. Epub November 19, 2013.

Journal of Hepatocellular Carcinoma 2014:1

- 29

submit your manuscript | veovedovepress.com

41

Dovepress



Ofuji et al

Dovepress

~Journal ’of' Hepatocellﬁlar Ca
i Publlsh your work‘m
 The '

- tion-and study of clinical, translatio
~this rapidly developing field. Develcpm
‘ hmlted to ep1demlology, vacc1

Submnt your | manuscnpt hé

reviewed, open access journal that of

urnal of Hepatocel la 'Carcmoma

:t"hi's*joum‘al' ‘

1 research findings in
in areas including, but not

tion, hepatltls therapy, patholoory and

W, ovepress com/;ournal -of- hepacocellular carcmoma ]ourna[

5 peer— -

’fers;a platform for the. d1ssemma-‘ - publ1cat10n The manuscnpt management system' is
i :

: ;quotes from publlshed authors

f;fiDove:gggaegs

molecular tumor class1ﬁcat10n and prognostxcatlon are all consulerecl for' !
mp]etely onlme

k anid fair peer-review system, which is alleasy

\ 5. sp ptoreadreal', '

42

submit your manuscript | www.dovepress.

Dovepress

com

Journal of Hepatocellular Carcinoma 2014:1



PED]ATR'CS Official Journal of 3*%’7?\’%} 4
INTERNATIONAL  Pesite socery 07

Pediatrics International (2014) 56, 196-199

doi: 10.1111/ped.12246

Original Article
Parents’ perception of pediatric cancer centers in Japan
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Abstract Background: In Japan, more than 160 hospitals provide care for approximately 2500 pediatric patients diagnosed with
cancer each year. Not all hospitals, however, are fully capable of providing state-of-the-art care due to a lack of
experienced personnel or up-to-date facilities. The aim of this study was to solicit parents’ experiences during their
children’s cancer treatment and opinions about the centralization of medical resources to core pediatric cancer centers.
Methods: A structured questionnaire was sent to parents of children who had received cancer treatment.

Results: Eighty-two questionnaires were completed and analyzed. Parents reported a need for improved psychological
support for their children and family members as well as accommodation for families during cancer therapy. Most
parents had positive opinions about the centralization of medical resources to core centers but were concerned about the
accessibility of the centers and increasing burdens placed on families living in remote areas.

Conclusion: The demand for psychological care for families during children’s cancer treatment is highlighted.
Improved accommodation and greater financial and social support for families living in remote areas should be
preconditions for the future centralization of core pediatric cancer centers.

Key words cancer care facility, caregiver, health facility environment, health resources, health services accessibility.

It is important to provide children with a comprehensive, multi-
disciplinary approach to cancer treatment. Superior outcomes of
cancer treatment are observed when children receive up-to-date
diagnostic, supportive, and specific care by a team of specialists
at pediatric cancer centers.! In Japan, there are approximately
2500 newly diagnosed cases of pediatric cancer per year, with
medical care provided by more than 160 hospitals. A major
concern is that many hospitals treat only a handful of new cases
a year and may not be capable of providing children with state-
of-the-art care due to a lack of experienced and committed
personnel or fully equipped facilities. To improve pediatric
oncologic care in Japan, therefore, the reallocation and concen-
tration of medical resources to core centers seems inevitable.

As part of a larger effort to develop guidelines for core
pediatric cancer centers to improve oncologic care for children,
we conducted a survey of parents whose children received cancer
treatment. The aim was to highlight parents’ experiences during
their children’s cancer treatment and to understand their percep-
tions of the centralization of medical resources to core pediatric
cancer centers.

Methods

Participants were parents whose children received cancer
treatment. At the end of 2009, the study was advertised in
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a newsletter issued by Gan-no-kodomo-wo-mamoru-kai, a
nationwide non-profit organization consisting of parents whose
children have cancer, which aims to support children, their
family members, and researchers in the field of pediatric
oncology. A structured questionnaire was sent to parents
who contacted the study coordinator and expressed their
willingness to participate in the study. Parents were asked to
return the completed questionnaire via mail. Analysis of the
returned questionnaires was conducted anonymously. The study
was approved by the ethics board of Gan-no-kodomo-wo-
mamoru-kai.

Results
Family characteristics

In February 2010, the questionnaires were sent to 103 parents
whose children received cancer treatment. Of the 82 question-
naires that were completed and returned, 73 were completed by
the mother, two were completed by the father, and seven were
completed by both the mother and father. Characteristics of chi-
Idren’s cancer diagnoses are listed in Table 1. Of the 82 fami-
lies, 40 children (48.8%) were treated at university hospitals
and 22 (26.8%) at national cancer centers or children’s hospi-
tals. The remaining 20 children (24.4%) were treated at local
community hospitals. During the children’s cancer treatment,
40 families (48.8%) lived in the Kanto area, including 20 fami-
lies in Tokyo. At the time of cancer diagnosis, 61 children
(73.4%) had at least one sibling, and three children had a single
parent.



Table 1 Characteristics of children’s cancer diagnoses

Sex (n=281) n (%)
Male 44 (54.3)
Age at diagnosis (n = 81)
<12 months 9(11.1)
1-5 years 36 (44.4)
615 years 30 (37.0)
>15 years 6(7.4)
Year of diagnosis (n = 82)
1970-1979 2(2.4)
1980-1989 337
1990-1999 10 (12.2)
2000-2009 67 (81.7)
Diagnosis (n = 67)
Leukemia/lymphoma 27 (40.3)
Solid tumor 15(22.4)
Brain tumor 25(37.3)
Current status (n = 82)
Cancer treatment ongoing 9(11.0)
Cancer treatment completed 47 (57.3)
Died 26 31.7)

Health-care personnel and availability of facilities

Parents were asked to select health-care personnel involved in the
care during the cancer treatment and facilities available at the
hospitals from the list provided as in Table 2. Overall, certified
child care staff were the health-care personnel who were most
frequently involved, followed by social workers, pharmacists, and
physiotherapists/occupational therapists. One-third of parents in
community hospitals reported that apart from doctors and nurses,
no health-care personnel were involved in their children’s care.
Laundry and cafeteria facilities were available to most fami-
lies. Housing for families, including in-hospital rooms for over-

night stays or facilities adjacent to hospitals were available for

two-thirds of families in children’s hospitals compared to only
15% of families in university hospitals and community hospitals.

Table 2 Health-care personnel and availability of facilities
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Apart from the facilities listed in Table 2, parents were asked to
indicate what other types of facilities were useful or would have
been useful. A place where children’s siblings could stay during
parents’ hospital visits (n = 9) and a place where families could
spend time with children or communicate with other families
(n=9) were most frequently reported as facilities that would have
been useful. Also, a drug store was frequently reported as a
facility that was useful (n = 7) or that would have been useful
(n=73).

Aspects of the cancer treatment environment that
need improvement

The question was open-ended, and asked “what aspects of the
cancer treatment or (reatment environment need improvement”.
Sixty-three parents responded to this question, and their
responses were placed into the six categories shown in Figure .
The two most common responses were related to children’s
quality of life during treatment: psychological support (n = 21)
and facilities and equipment for study and play (n = 16). The two
next most common responses were related to family needs:
support and care for families (n = 16) and accommodation
(n = 11). Other responses not shown in Figure I included
support for children’s siblings (n = 3), better coordination
with subspecialty consultants (n = 3), and after-care follow up
(n=2).

Perceptions about core pediatric cancer centers

After parents were told that “cancer treatment for children
requires a multidisciplinary team of personnel and well-equipped
facilities; given the rarity of pediatric cancer and the limited
availability of resources, the concentration of medical resources
to core pediatric cancer centers will be required to improve
oncologic care for children”, they were asked for their opinion
regarding the centralization of pediatric cancer centers. Of the 38
parents who shared their opinions, 23 (60.5%) were supportive of

Total Children’s hospital University hospital Community hospital
(n=282) (n=22) (n =40) (n=20)
n (%) n (%) n (%) n (%)
Health-care personnel involved in care
Certified child care staff 32 (39.0) 14 (63.6) 13 (32.5) 5(25.0)
Social worker 31(37.8) 10 (45.5) 16 (40.0) 5(25.0)
Pharmacist 27 (32.9) 3 (13.6) 21(52.5) 3(15.0)
Physiotherapist/Occupational therapist 23 (28.0) 7(31.8) 11 (27.5) 5(25.0)
In-hospital school teacher 20 (24.4) 9 (40.9) 10 (25.0) 1(5.0)
Clinical psychologist 12 (14.6) 3(13.6) 8 (20.0) 1(5.0)
Palliative care team 6(7.3) 209.1) 4 (10.0) 0
Nutrition support team 5(6.1) 0 5(12.5) 0
Child life specialist 5(6.1) 29.1) 3(7.5) 0
None apart from doctors and nurses 13 (15.9) 2(9.1) 5(12.5) 6 (30)
Available hospital facilities
Laundry 52 (63.4) 11 (50.0) 28 (70.0) 13 (65.0)
Cafeteria 56 (68.3) 16 (72.7) 28 (70.0) 12 (60.0)
Kitchen 15 (18.3) 4(18.2) 10 (25.0) 1(5.0)
Bath or shower room 46 (56.1) 10 (45.5) 27 (67.5) 9 (45.0)
Accommodation 23 (28.0) 14 (63.6) 6 (15.0) 3(15.0)

© 2013 The Authors
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Fig.1 Aspects of the cancer treatment
environment that need improvement.
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the principle of centralization with the expectation that cancer
treatment would be improved. Four (10.5%) reported that they
would be supportive under the conditions that there would be a
sufficient number of centers easily accessible by everyone (n = 2)
or that accommodation and other travel support would be avail-
able for families living in remote locations (n = 2). Eleven parents
(28.9%) were reluctant about centralization because this would
increase the burden on families, especially those living in remote
areas. Of these 11 parents, five also noted that although they
understand the importance of centralization, it would be impos-
sible for families to travel further for treatment based on their
own experience.

Travel time to the hospital

As shown in Figure 2, most parents reported that they lived
within 1 h from the hospital where their children received cancer
treatment, whereas eight (10.3%) reported that the hospital was
>2h away. With regard to future centralization of pediatric
cancer centers, 72.7% of parents considered that a travel time
>1 h each way was not acceptable for hospitalization, and a travel
time >2 h was acceptable to only 3.9% of parents. For outpatient
clinic visits, 30.8% of parents considered that a travel time
>30 min each way was not acceptable, and a travel time >1 h was
acceptable to only 14.1% of parents.

Discussion

In 2011, the Japanese Society of Pediatric Hematology/Oncology
started registering institutions that meet basic requirements for
providing oncologic care for pediatric patients and educational

Fig.2 Travel time to the hospital.
@ >2h; (8 >lh; (8 <lh; @

<30 min; (&) <15 min.

Acceptable travel time
for hospitalization (n=77)

Acceptable travel time
for clinic visit (n=78)
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programs for pediatricians. As of October 2012, 89 institutions
were registered.’ A certification program for pediatric oncologists
trained at the registered institutions will soon begin. Seven Japa-
nese prefectures, however, possess no registered institutions, and
the appropriate centralization and allocation of medical resources
among the registered institutions remains a challenge. In the
present study, we inquired about parents’ experiences during
their children’s cancer treatment and sought their opinion regard-
ing the future centralization and allocation of medical resources.
We believe that parents’ perceptions and opinions deserve special
attention and are worth considering, given that they endure
substantial personal difficulties during their children’s cancer
treatment.

We found that clinical psychologists were involved in care
for only 14.6% of families, and this small percentage may be
reflected by the low parental satisfaction with psychological care
for their children during cancer treatment. It should also be noted
that almost one-fourth of parents reported that an improvement in
care for family members was needed. More than a few parents
specifically commented on the need for psychological care for
children’s siblings. Furthermore, involvement of a palliative care
team was reported by only six parents despite the fact that 26
children in the study had died. A project funded by the Ministry
of Health, Labour and Welfare was recently launched to develop
a pediatric palliative care education program for health-care pro-
fessionals,® which will hopefully improve palliative care for
pediatric patients in the near feature.

Regarding the centralization of medical resources to core
pediatric centers, this study clearly demonstrates that the main
concern of parents is geographical proximity to the hospital.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percentage of respondents



Although 10.3% of parents reported that their commute to the
hospital was >2h, only 3.9% and 1.3% considered that a
commute >2 h is acceptable for hospitalization or clinic visits,
respectively. Accessibility to the hospital for cancer treatment has
a great impact on the lives of families. Improved accommodation
and enhanced financial and social support for families living in
remote areas should be preconditions for the future centralization
of core pediatric cancer centers.

The main limitation of the present study is its generalizability.
Participating parents were members of the Gan-no-kodomo-wo-
mamoru-kai community and were interested in sharing their
experience and opinions. Parents who did not participate in the
study may have had different experiences and opinions. Also,
because the study included parents whose children were diag-
nosed in the 1980s and 1990s. some responses may not reflect the
current situation. Data collected in this study did not contain the
detailed information about the disease course. Parents’ experi-
ence as well as the need for health-care personnel and hospital
facilities would vary depending on multiple factors in the disease
course such as severity of disease symptoms or treatment-related
adverse reactions, treatment modality and length of the treatment.

In conclusion, the present survey of parents whose children
received cancer treatment has identified a demand for psycho-
logical care for children and their families during cancer therapy.
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Although the concept of centralization of medical resources was -
generally accepted by parents with an expectation of better
cancer treatment, serious consideration should be given to the
accessibility of cancer centers and the burden placed on families
living in remote areas.
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giycvlgrds: ' Summary CXC chemokine receptor 4 (CXCR4) expression is reportedly correlated with both vascular
X CR7, : endothelial growth factor (VEGF) expression and poor prognosis in a variety of cancers. Its relation to CXC
VE GF: | chemokine receptor 7 (CXCR7) is also noted in several malignancies, including rhabdomyosarcoma (RMS)

cell lines. However, the correlations between these chemokine receptors and angiogenic factors have not yet
been adequately investigated in RMS clinical specimens. By immunohistochemistry, we assessed CXCRA4,
CXCR7, CC chemokine receptor 6, CC chemokine receptor 7, VEGF expression, microvessel density, and
MIB-1 labeling index in 82 formalin-fixed RMS specimens, including 34 primary alveolar RMS and 44
primary embryonal RMS (ERMS). Twenty-six frozen samples were available for investigation by
quantitative reverse transcription polymerase chain reaction to detect the messenger RNA expression levels
of these molecules. We also evaluated their significance with respect to clinicopathological factors and
patient survival rates. Primary RMS showed high expression of CXCR7 (83.1%) regardless of the histologic
subtype. High cytoplasmic CXCR4 and high VEGF expression revealed significant correlations in both
ERMS and alveolar RMS (P=.0051 and P=.0003, respectively). By univariate analysis of ERMS cases, the
tumors with high VEGF expression showed significantly poor prognoses (P = .0017). High VEGF
expression also was the independent adverse prognostic factor for ERMS. Because CXCR4, CXCR7, and
VEGF are widely expressed in RMS, the combination of these antagonists may provide a potential target for
molecular therapy.
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1. Introduction

Rhabdomyosarcoma (RMS) is the most common malignant
soft tissue sarcoma in childhood and adolescence. There are 2
major histologic subtypes in RMS: alveolar RMS (ARMS) and
embryonal RMS (ERMS). The former is well known to be
associated with PAX3-FKHR or PAX7-FKHR gene fusions
and with significantly poor prognosis. Meanwhile, no specific
fusion gene has been identified in ERMS [1].

Many kinds of chemokines display various roles in immunity,
regulating angiogenesis, promoting the proliferation of tumor
cells, and mediating organ-specific metastases [2]. Chemokine
receptors, especially CXC chemokine receptor 4 (CXCR4) [3-7]
and CXC chemokine receptor 7 (CXCR7) [8,9], have been
suggested to play an important role in metastatic behavior to
specific target organs [10]. CC chemokine receptor 7 (CCR7) is
primarily responsible for lymph node metastases [11,12],
whereas CC chemokine receptor 6 (CCR6) is suggested to
have relation to liver metastases [ 13] and tumor progression [14].

Vascular endothelial growth factor (VEGF), known as a
critical mediator of angiogenesis and tumor proliferation, has
revealed its overexpressed status in a variety of cancers [15].
Thus, the therapeutic approaches targeting VEGF have been
explored in several cancers [16-18].

CXCR4 has been believed to be the only receptor that
binds stromal cell-derived factor (SDF-1). Recently, a new
SDF-1 binding receptor, CXCR7, was identified through an
experiment that revealed discrepancies between CXCR4
expression and SDF-1 binding on different cell lines, using
cells from CXCR4-deficient mice [19].

In RMS cell lines, it has been reported that CXCR4 was
expressed at much higher levels by highly metastatic ARMS
lines, whereas CXCR7 was expressed in both ARMS and
ERMS, with higher expression in ERMS cell lines [20].

A significant correlation between the messenger RNA
(mRNA) levels of VEGF and CXCR4 in breast cancer tumor
tissue was reported in a preliminary investigation [21]. In
addition, the autocrine manner of VEGF’s involvement in the
CXCRA4/SDF-1 pathway in the invasion of breast carcinoma
cells has been demonstrated [8]. Furthermore, the CXCR4/
SDF-1 system was found to be involved with the PI3K/Akt
pathway in a breast cancer cell line [21] and with the ERK
pathway in a pancreatic cancer cell line [22].

In the present study, we immunohistochemically evaluated
CXCR4, CXCR7, CCR6, CCR7, and VEGF protein expres-
sion to investigate these protein expressions in a large series of
RMS clinical cases and examined the mRNA expression levels
of CXCR4, CXCR7, CCR6, CCR7, and VEGF in frozen
samples using quantitative reverse transcription polymerase
chain reaction (RT-PCR). Moreover, we compared these
results with clinicopathological parameters, angiogenesis
factors, and prognosis in RMS.

There have been no reports on the relationship of
metastasis-related chemokine receptors and angiogenesis
factors in the aspects of tissue expression in large series of
clinical RMS cases. The investigation for these protein

expressions in the clinical tumor tissue could aid in the
search for new potential therapeutic targets.

2. Materials and methods
2.1. Patients and tissue specimens

Eighty-two paraffin-embedded RMS specimens obtained
from 78 patients were collected from the soft tissue tumor file
registered between 1976 and 2007 at the Department of
Anatomic Pathology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, Japan. The 82 specimens from
these 78 patients included 78 primary tumors, 3 metastatic
tumors (2 in lung and 1 in thigh), and 1 locally recurrent
tumor. The histologic diagnosis of RMS and its subtype was
confirmed according to the latest World Health Organization
classification [1]. The anatomical locations of the primary
tumor sites were categorized as favorable or unfavorable
tumor sites according to Intergroup Rhabdomyosarcoma
Study V (IRS-V) [23]. The patients were classified according
to the pretreatment staging system by Intergroup Rhabdo-
myosarcoma Study Group [23]. Furthermore, 26 of the
specimens were also snap frozen in liquid nitrogen at the
time of the surgical procedure and stored at —80°C until
use. The institutional review board at Kyushu University
approved this study (permission code: 25-143).

2.2. Immunohistochemistry

Immunohistochemistry was performed in 82 tumors, using
formalin-fixed tissue sections in concordance with frozen
material. Sections were cut at widths of 4 um from paraffin-
embedded material, dewaxed with xylene, and rehydrated
through a graded series of ethanol. After the inhibition of
endogenous peroxidase, sections were exposed to the primary
antibodies at 4°C overnight, followed by staining with a
streptavidin-biotin-peroxidase kit (Nichirei, Tokyo, Japan). The
sections were then finally reacted in 3,3’-diaminobenzidine,
counterstained with hematoxylin, and mounted.

The following antibodies were used as primary antibody:
anti-CXCR4 (12GS5, monoclonal, 1:100; BD PharMingen,
San Diego, CA), anti-CXCR?7 (polyclonal, 1:200; GeneTex,
Irvine, CA), anti-CCR6 (11A9, monoclonal, 1:200; BD
Pharmingen), anti-CCR7 (polyclonal, 1:250; Capralogics,
Hardwick, MA), anti-VEGF (A-20, polyclonal, 1:100; Santa
Cruz Biotechnology, Santa Cruz, CA), anti-CD31 (JC70A,
monoclonal, 1:20; Dako, Glostrup, Denmark), and anti—Ki-67
(MIB-1, monoclonal, 1:100; DAKO). For staining with
CXCR4, CXCR7, CCR6, CCR7, VEGF, and Ki-67, sections
were pretreated with microwave irradiation in citrate buffer or
EDTA buffer for antigen retrieval. As for CD31, sections were
pretreated with trypsin for 30 minutes.

Sections from human tonsils for CXCR4, CCR6, and
CCR7 and sections from human renal cell carcinoma for
CXCR7 were used as positive controls [24,25].



