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* Chimeric antigen receptor (CAR)-expressing T cells for cancer immunotherapy.
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Abstract Purpose Glypican 3 (GPC3) is one of the cell surface heparan sulfate proteoglycans
that binds to the cell membrane, and it is known as an oncofetal protein in adult
malignant tumors. Clinical trials using a GPC3 peptide vaccine have already been started
in Japan as a new immunotherapy for hepatocellular carcinoma in adult patients. To
investigate the possibility of GPC3 immunotherapy for pediatric malignant tumors, we
assessed the expression of GPC3 in pediatric malignant tumors.

Methods Immunohistochemically, the GPC3 expression was examined in 159 pediat-
ric solid tumors, including 35 cases of neuroblastoma, 30 cases of Wilms tumor, 10 cases
of hepatoblastoma, 25 cases of germ cell tumors, 56 cases of rhabdomyosarcoma, and 3
cases of other tumors. In addition, to clarify the physiological expression during the fetal
to neoinfantile period, autopsy specimens of subjects without any neoplastic diseases
were assessed in 9 fetal cases and 21 neoinfantile cases. The serum levels of GPC3 were
also analyzed using specimens obtained from 53 subjects by the sandwich enzyme-
linked immunosorbent assay method.

Results Histologically, a high rate of GPC3 expression was noted in 10 (90.9%) of the
11 subjects with yolk sac tumors and 6 (60.0%) of the 10 subjects with hepatoblastoma.
In addition, 9 (30.0%) of the 30 subjects with Wilms tumors and 14 (25.0%) of the 56
subjects with rhabdomyosarcoma were positive for the expression of GPC3. Concerning
autopsy specimens, most of the 23 subjects younger than 7 months showed positive
findings in the liver (94.7%) and kidney (81.8%). Two subjects (100%) with yolk sac
tumors and six (75.0%) of the eight subjects with hepatoblastoma serologically
demonstrated a high rate of positive expression. Concerning the distribution of the
serum GPC3 level according to age, 8 (80.0%) of the 10 subjects younger than 1 year
showed a positive finding, while only 16 (37.3%) of the 43 subjects older than 1 year
showed a positive finding.

Conclusion Most cases of hepatoblastoma and yolk sac tumor, and some cases of
other tumors were found to express GPC3 either histologically or serologically. On the
other hand, GPC3 was physiologically expressed during the fetal and neoinfantile period
under 1 year of age. Although, more preliminary data and experience are required,
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patients older than 1 year that show a positive finding for GPC3 are considered to be
appropriate candidates to receive the new immunotherapy using GPC3 peptide

vaccination.

Introduction

Glypican 3 (GPC3) is a cell surface heparan sulfate proteogly-
can that is linked to the extracytoplasmic cell-surface mem-
brane by a glycosylphosphatidylinositol anchor.! GPC3 is
associated with cell growth, development, and the responses
to various growth factors.? Gonzalez et al described its role as
a negative regulator of inhibitory growth factors.> GPC3
inactivation has been found to be responsible for X-linked
Simpson-Golabi-Behmel (SGB) overgrowth syndrome. In
SGB syndrome, 10 to 20% of the patients described have an
embryonal malignancy, including hepatoblastoma, neuro-
blastoma, gonadoblastoma, Wilms tumor, or hepatocellular
carcinoma.*

Recent studies have shown that there is an overexpression
of GPC3 in hepatocellular carcinoma, and has its usefulness as
a novel diagnostic marker in many series.” Furthermore, the
expression of GPC3 has also been reported in other malignant
tumors, such as malignant melanoma,® clear cell adenocarci-
noma of the ovary,’ and malignant germ cell tumors in adult
subjects.’® Ota et al reported the immunoreactivity of adult
testicular tumors, including a yolk sac tumor, teratoma, and
choriocarcinoma, as well as a seminoma and embryonal
carcinomas. The author demonstrated a high rate of immu-
noreactivity for the yolk sac tumor.'®

GPC3 expression has not yet been widely analyzed in
pediatric tumors and the roles of GPC3 expression are still
unclear. The expression of GPC3 mRNA in several cell lines,
including those derived from neuroblastomas, Wilms tumors,
and hepatoblastomas, has been reported.’™'? In addition,
Zynger et al examined 65 cases of hepatoblastoma by immu-
nohistochemistry and all subjects exhibited a positive reac-
tion."® Zynger et al speculated that GPC3 has a role in the
tumorigenesis of hepatoblastoma.

In this study, we analyzed the expression of GPC3 in
pediatric malignant solid tumors and assessed the clinical
implications of its expression.

Materials and Methods

The immunohistochemical studies examined 159 pediatric
solid tumors, including 35 cases of neuroblastoma, 30 cases of
Wilms tumor, 10 cases of hepatoblastoma, 25 cases of germ
cell tumors (11 yolk sac tumors, 4 immature teratomas, and
10 mature teratomas), and 56 cases of rhabdomyosarcoma
and 3 cases of other tumors (2 undifferentiated sarcomas and
1 case of Ewing sarcoma) treated at our institution. The serum
levels of GCP3 were also analyzed in samples obtained from
53 subjects, including 13 cases with neuroblastoma, 10 cases
of Wilms tumor, 8 cases of hepatoblastoma, 16 cases of germ
cell tumors (2 cases with yolk sac tumors, 4 cases with

immature teratomas, and 10 cases with mature teratomas),
3 cases of rhabdomyosarcoma, and 3 cases of other tumors by
the sandwich enzyme-linked immunosorbent assay (ELISA)
method using a GPC3 ELISA kit (Bio Mosaics, Burlington,
Vermont, United States).

In addition, to clarify the physiological expression during
the fetal to neoinfantile period, autopsy specimens from
subjects without any neoplastic disease were assessed by
immunohistochemistry. These included samples from 9 fetal
cases (age, 19-41 weeks) and 21 neoinfantile cases.

For the immunohistochemical analysis the streptavidin-
biotin-peroxidase method (Histofine SAB-PO Kit, Nichirei,
Tokyo, Japan) was used. A GPC3 monoclonal antibody (Bio
Mosaics) was used at 1:200 dilution.

The serum levels of GPC3 were analyzed by a sandwich
ELISA method using an ELISA kit. The samples were diluted
at 1:4 and 100 pL of samples or of GPC3 standards were
pipetted into the appropriate wells. Covered wells were
incubated overnight at 2 to 8°C. After washing the wells
five times with wash buffer, 200 pL of a biotin-conjugated
anti-GPC3 antibody was pipetted into each well. After
overnight incubation, the wells were washed with buffer
and 200 pL of streptavidin-horseradish peroxidase conju-
gated diluents were added to each well. After 30 minutes of
incubation, 200 pL of tetramethylbenzidine substrate so-
lution was added to each well for 30 minutes. After
these procedures, the absorbance of each well was ana-
lyzed by a spectrophotometric plate reader. Based on the
data of healthy adult subjects with the standard deviation,
the cut-off level for GPC3 was defined as 178 ng/mL in
this study.

The patient’s parents provided consent for obtaining tu-
mor and tissue preservation and for the subsequent biological
analyses. This study was performed according to the Ethical
Guidelines for Clinical Research published by the Ministry of
Health, Labor, and Welfare of Japan on July 30, 2003.

Results

Histologically, a high rate of GPC3 expression was noted in 10
(90.9%) of the 11 subjects with yolk sac tumors and in 6
(60.0%) of the 10 subjects with hepatoblastoma (=Table 1
and ~Figs. 1a, b). In addition, 9 (30.0%) of the 30 subjects with
Wilms tumor (=Fig. 1c), 14 (25.0%) of the 56 subjects with
rhabdomyosarcoma, and 1 (2.9%) of the 35 subjects with
neuroblastoma were positive for the expression of GPC3.
Similarly, 2 subjects (100%) with yolk sac tumors and 6
(75.0%) of the 8 subjects with hepatoblastoma serologically
demonstrated a high rate of positive expression, while 1
(33.3%) of the 3 subjects with rhabdomyosarcoma, 4
(30.7%) of the 13 subjects with neuroblastoma, and 1
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Table 1 The results of the immunohistochemical and serological analysis of glypican 3

Histology GPC3
Tissue GPC3 Serum GPC3
(immunohistochemistry) (ELISA)
HB Hepatoblastoma 6/10 (60.0%) 6/8 (75.0%)
NBs Neuroblastoma 1/35 (2.9%) 4/13 (27.3%)
WT Wilms tumor 9/30 (30.0%) 1/10 (10.0%)
RMS Rhabdomyosarcoma 14/56 (25.0%) 1/3 (33.3%)
GCT Yolk sac tumor 10/11 (90.9%) 2[2 (100%)
Immature teratoma 1/4 (25.0%) 3/4 (75.0%)
Mature teratoma 0/10 (0.0%) 5/10 (50.0%)
Others Undifferentiated sarcoma 1/2 (50%) 2/2 (100%)
Ewing sarcoma 0/1 (0.0%) 0/1 (0.0%)
Total number 159 53

Abbreviations: ELISA, enzyme-linked immunosorbent assay; GCT, germ cell tumor; GPC3, glypican 3; HB, hepatoblastoma; NBs, neuroblastoma and

associated tumor; RMS, rhabdomyosarcoma; WT, Wilms tumor.

Fig. 1 Immunohistochemical findings: (a) hepatoblastoma, 2-year old; (b) yolk sac tumor, 12-year old; (c) Wilms tumor, 3-year old.
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Fig. 2 The distribution of the serum glypican 3 (GPC3) levels
according to age. Samples from 8/10 (80.0%) patients younger than
1 year were serologically GPC3-positive, while only samples from 16/
43(37.2%) patients older than 1 year were serologically GPC3-positive.
M, hepatoblastoma; A, neuroblastoma and associated tumors; 4,
Wilms tumor; germ cell tumor; e , yolk sac tumor; ®, immature
teratoma; o, mature teratoma; %, rhabdomyosarcoma; ¥ , others.
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(10.0%) of the 10 subjects with Wilms tumor demonstrated a
positive finding (=Fig. 2).

Concerning the distribution of the serum GPC3 level
according to age, 8 (80.0%) of the 10 subjects younger than
1 year showed a positive finding. In contrast, only 16 (37.2%)
of the 43 subjects older than 1 year showed a positive finding.

Concerning the autopsy specimens, most of the 23 subjects
younger than 7 months (including 9 fetal and 14 neoinfantile
subjects) showed positive findings in the liver (94.7%) and
kidney (81.8%) (=Table 2) (=Figs. 3a-d). The other six sub-
jects older than 1 year did not demonstrate a positive finding
in any organ.

The clinical course of one representative case was as
follows (=Fig. 4). The subject had an undifferentiated sarco-
ma that was diagnosed when the patient was 4 years and
6 months old. The serum a-fetoprotein (AFP) level was low,
the serum GPC3 level was 334 ng/mL, and the biopsy speci-
men was immunohistochemically positive for GPC3. The level
of serum GPC3 normalized following preoperative intensive
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Table 2 The results of the immunohistochemical analysis for autopsy specimens

Kinoshita et al.

Age CNS Heart Lung Liver Kidney Pancreas Spleen Adrenal gland Thymus Gl tract
19 wk — ND = + + = = ND ND -
19 wk - ND - ND -1 ND - ND - ND
21 wk ND — = + + = = - ND ND
21 wk - - = + + = - ND - -
24 wk = — = -+ + ND - ND ND -
24 wk - — = + + ND - ND ND -
32 wk - - = + + — — — = =
38 wk - - = + + ND - - + —
41 wk - - = + ND ND - - — ND
0d = - - 8l + . - - - -
0d ND - — of ar = = = = =
0d — - = ND + ND - ND ND —
0d - — = ND - ND — ND ND -
0d ND — = + + = = = ND =
1d ND — = +- + ND — — — ND
12d ND — ND - — = = — — =
14d - - - ND + + = = = =
1 mo ND — = + — — - - = =
3 mo ND - = + — = - ND - ND
4 mo ND — = + + — — ND — ND
6 mo ND = = + + = = == ND =
6 mo ND ND — = + = = = ND =
7 mo ND - — + + = — ND - ND
8 mo ND — = ND ND ND ND ND ND ND
1y0mo — = = ND = = ND - - ND
1y0mo - - — — - - - - ND -
lyd4mo | — = = ND = = = = ND =
9y — ND ND ND ND ND ND ND ND ND
9y ND - - ND ND ND ND ND - ND
10y = — = = = — = — ND =

Abbreviations: CNS, central nervous system; +, positive; —, negative; ND, not done.

chemotherapy and was maintained within a normal range
thereafter. Furthermore, the specimen obtained by radical
surgery showed no viable tumor cells and the tissue was
immunohistochemically negative for GPC3. After the treat-
ment, the patient has survived for 5 years without any events
and the patient’s GPC3 level is normal. In this case, the serum
GPC3 level was useful as an independent tumor marker.

Discussion

In recent years, several authors have reported the diagnostic
value of the serum GPC3 level in hepatocellular carcinomas
and other kinds of malignant tumors in adults. In the field of
GP(C3 research, the expression levels in fetal tissue have been
discussed by several authors. Immunohistochemically, three

cases of fetal liver tissue were found to be positive, although
the benign pediatric liver was negative.'? In this way, GPC3
has been considered to be a kind of oncofetal protein and to be
associated with tumorigenesis in pediatric malignant tumors.
However, the clinical implications of the GPC3 expression
levels as a diagnostic marker or for the monitoring of tumor
progression or curability have not yet been sufficiently
analyzed.

From the current data, most hepatoblastomas and yolk sac
tumors showed positive findings for both serum and tissue
GPC3. In most subjects younger than 1 year, there was a
tendency toward a higher level of GPC3 expression compared
with subjects older than 1 year. In particular, newborn
patients with germ cell tumors, including mature and imma-
ture teratomas, exhibited a high level of serum GPC3. Based
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Fig.3 Immunohistochemical findings for autopsy specimens: (a) fetal liver, 19 weeks, strongly positive; (b) infantile liver, 7 months, moderately
positive; () fetal kidney, 19 weeks, strongly positive; (d) infantile kidney, 7 months, moderately positive.

sAFP(ng/ml) sGPC3(ng/ml)
Biopsy

100,000

10,000

100
sGPC3 cut off (17

11

- =
{3
-
=

10 SAFP cut of (6 20g/ml)

4years 6months

S years

Fig. 4 Clinical course of one case with undifferentiated sarcoma. A3, vincristine + THP-adriamycin + cyclophosphamide + cisplatin; IE,
ifosfamide + etoposide; sAFP, serum a-fetoprotein; sGPC3, serum glypican 3; VDC, vincristine + doxorubicin + cyclophosphamide.

on the results of autopsy specimens, we can speculate that
GP(C3 expression can be observed from the fetal to early
neoinfantile period for younger than 1 year regardless of
whether malignancy is present. For the subjects older than
1 year, the data from patients who were positive for serum
GP(3 but negative for serum AFP imply that GPC3 may be an
independent novel tumor marker.

The role of GPC3 as a novel tumor marker for hepatocellu-
lar carcinoma in adults has been widely debated in recent
studies. A trial using GPC3-targeted immunotherapy for the
prevention of cancer development and recurrence has al-
ready begun.'# The same trial protocol would be acceptable to

European Journal of Pediatric Surgery ~ Vol. 25 No. 1/2015

treat and prevent pediatric malignant tumors. However, the
number of this series is small, more preliminary data and
experience are required to conclude this suitability for
immunotherapy.

Conclusion

Most cases of hepatoblastoma, yolk sac tumors and some
cases of neuroblastoma, Wilms tumor, and rhabdomyosarco-
ma were found to express GPC3 either histologically or
serologically. On the other hand, GPC3 was also physiologi-
cally expressed during the fetal and neoinfantile period in
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subjects younger than 1 year. Because the patients older than
1 year who show a positive finding for GPC3 are considered to
be appropriate candidates to receive the new immunotherapy
using the GPC3 peptide vaccination.
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