@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

ONCOLOGY LETTERS 17: 3523-3528, 2019

Glypican-3 expression in malignant small round cell tumors
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Abstract. Malignant small round cell tumors usually
progress rapidly and show resistance to chemotherapy, and
it is often difficult to make a definitive diagnosis based
on their histological morphology. Glypican-3 (GPC3) is
a highly tumor-specific antigen, and the overexpression
of GPC3 was reported in many pediatric and adult
malignancies. In the present study, we investigated the
GPC3 expression in pediatric malignant small round cell
tumors to assess its role in the differential diagnosis of the
tumors. Immunohistochemistry was performed to assess the
expression of GPC3 in samples from 84 rhabdomyosarcomas
(RMSs; 44 alveolar and 40 embryonal RMSs), 62 Ewing
sarcomas (EWSs), 35 neuroblastomas (NBs) and two
desmoplastic small round cell tumors (DSRCTs). We
performed a reverse transcription-quantitative polymerase
chain reaction for GPC3 to determine the GPC3 mRNA
expression in samples from 66 frozen tumors (23 RMSs,
28 EWSs and 15 NBs). The serum expression levels of
GPC3 were analyzed in pre-operative blood samples from
two RMS and eight NB patients. In total, 25% (21/84) of the
RMSs and 3% (1/35) of the NBs exhibited a focal expression
of GPC3, whereas, the other specimens showed no GPC3
expression. The GPC3 mRNA expression level of the RMSs
with positive GPC3 expression (n=6) was significantly
higher compared with the RMSs without such expression
(n=17). A total of two cases of NB showed high serum levels
of GPC3, but neither tumor showed immunoreactivity for
GPC3. The immunohistochemical overexpression of GPC3
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may be a candidate ancillary parameter in the differential
diagnosis of RMS from EWS and DSRCT.

Introduction

Glypican-3 (GPC3) is a cell-surface heparin sulfate
proteoglycan that binds to the cell surface membrane
through a glycosyl-phosphatidylinositol anchor (1). It
expresses predominantly during development, tissue- and
stage-specifically in the fetal liver, kidney, vertebrae,
and genital system, but not in most of the mature normal
organs (2). As GPC3 is located in chromosome Xq26, its
loss-of-function mutation in the human GPC3 gene results
in Simpson-Golabi-Behmel syndrome, which is an X-linked
disorder characterized by pre- and postnatal overgrowth
that is accompanied by a high risk of the development of
embryonal tumors such as hepatoblastoma, neuroblastoma
(NB), gonadoblastoma, Wilms tumor, and hepatocellular
carcinoma (3.4).

Malignant small round cell tumors are histologically
characterized by a proliferation of small round tumor cells
with scant cytoplasm, and they are often difficult to distinguish
by standard histology or additional immunohistochemistry.
However, the quick initiation of treatment is needed for
individuals with such tumors.

GPC3 expression was recently reported in several pediatric
malignancies as well as in adult malignancies, and thus its potential
usefulness as a novel diagnostic marker is being recognized. It
is commonly known that GPC3 is expressed in hepatocellular
carcinoma, and the expression of GPC3 in many primary liver
tumors has been investigated (5-8). Kinoshita et al examined the
GPC3 expression in pediatric malignant solid tumors, and they
demonstrated that yolk sac tumor and hepatoblastoma showed a
high frequency of GPC3 expression (9).

In the present study, we immunohistochemically analyzed
the GPC3 protein expression in several types of malignant small
round cell tumors: Rhabdomyosarcoma (RMS), NB, Ewing
sarcoma (EWS), and desmoplastic small round cell tumors
(DSRCT). We determined the GPC3 protein expression in order
to assess the utility of GPC3 as a diagnostic marker in these
tumors. We also examined the mRNA expression of GPC3 in
frozensamples by performing areverse transcription-quantitative
polymerase chain reaction (RT-qPCR) and by determining the
serum-soluble GPC3 level in preoperative blood samples with
an enzyme-linked immunosorbent assay (ELISA).
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Patients and methods

Patients andtissue specimens. We collected 183 formalin-fixed
paraffin-embedded specimens from the soft-tissue tumor
files registered between 1976 and 2007 at the Department of
Anatomic Pathology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, Japan (Table I). These samples
included 84 RMSs (44 alveolar RMSs and 40 embryonal
RMSs), 62 EWSs, 35 NBs, and two DSRCTs. In addition,
86 frozen samples (66 tumor frozen samples and 20 samples
of surrounding non-tumorous skeletal muscle from patients
who had undergone surgery for various types of sarcoma)
were snap-frozen in liquid nitrogen at the time of the surgical
procedure and stored at -80°C until use. These 66 frozen
tumor samples included 23 RMSs, 28 EWSs and 15 NBs.

We also analyzed the serum levels of GPC3 in preopera-
tive blood samples from 10 patients (eight with NBs and two
with RMSs). Our study included the RMS and NB cases from
a previous study of GPC3 expression in pediatric malignant
solid tumors by Kinoshita e al (9). The institutional review
board at Kyushu University approved this study (approval
no. 25-143).

Immunohistochemistry for GPC3. Immunohistochemistry
was performed by the streptavidin-biotin-peroxidase method
(Histofine; Nichirei, Tokyo) using a mouse monoclonal
antibody against GPC3 (clone 1G12, 1:200; BioMosaics,
Burlington, VT, USA). We considered the cytoplasmic or
membrane staining pattern positive. The immunoreactivity
for GPC3 was assessed independently by three pathologists
(K.M., K.K., YY) in a blinded fashion with the use of the
labeling index (LI). The GPC3-LI was determined using the
number of positively stained tumor cells among =500 tumor
cells. We classified the protein expression in the tumor
tissues into three categories according to the LI percentage:
negative, <1%; focally positive, 1-10%; and positive, >10% as
described (10).

We categorized the RMS samples into a GPC3-positive and
focally positive expression group and a negative-expression
group. A log-rank based survival analysis was conducted for
the comparison of the overall survival of the patients in the
two groups.

TagMan PCR to detect GPC3 mRNA expression. We
performed RT-qPCR for GPC3 and analyzed the results using
TaqMan assay reagents (GPC3 Hs00170471_ml; GAPDH
Hs99999905_m1) and an ABI Prism 7700 Sequence Detection
system (all Applied Biosystems, Foster City, CA, USA). The
PCR reaction was carried out according to the manufacturer's
protocol. The obtained data were standardized using data
of the international housekeeping gene, GAPDH. All of the
reactions for the standard samples and the patients' samples
were performed in triplicate. The data were averaged from
the values obtained in each reaction. The final numerical
value (V) in each sample was calculated as follows: V=GPC3
mRNA value x 10GAPDH mRNA value.

Detection of the serum-soluble GPC3 by ELISA. Preoperative
blood serum samples were available in 10 patients (the
eight NB and two RMS patients). The GPC3 serum levels
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were determined by a commercial ELISA kit (BioMosaics)
following the manufacturer's protocol. Based on the data of
healthy adult samples with the standard deviation, we set the
cut-off level for GPC3 at 178 ng/ml, as described (9).

Statistical analyses. JMP® 13 (SAS Institute, Inc., Cary, NC,
USA) was used for the statistical analysis. The data regarding
the relative expressions of GPC3 mRNA and protein are
presented as the mean + standard deviation of at least three
independent experiments. Univariate survival analysis was
conducted according to the Kaplan-Meier method, and the
difference between the survival curves was analyzed with the
log-rank test. P<0.05 was considered to indicate a statistically
significant difference.

Results

Immunoreactivity for GPC3. The results of the
immunohistochemical analysis are summarized in
Table II. In the RMS group, 19.0% (16/84) showed positive
immunoreactivity for GPC3 and 6.0% (5/84) showed focally
positive staining. The embryonal RMSs and alveolar RMSs
showed approximately the same proportion of GPC3-positive
immunoreactivity. In contrast, none of the EWS or DSRCT
cases showed GPC3 expression. Only a single NB showed
GPC3 protein expression (Fig. 1).

Survival analysis of RMS. Survival data were available in
70 of the 84 RMSs (36 ARMSs and 34 ERMSs), and the
follow-up periods of these cases ranged from 2 to 254 months
(average 62 months). We divided the RMS patients into the
immunohistochemically GPC3-positive or focally positive
and -negative groups. The survival rate of the negative GPC3
expression group was considerably lower than that of the
positive/focally positive group, though the difference was not
significant (P=0.58, Fig. 2).

GPC3 mRNA expression by TagMan PCR. Fig. 3 provides
the boxplots of GPC3 mRNA expression and the median
values according to: the two groups of RMSs with immu-
nohistochemically positive GPC3 expression (615.23), the
RMSs with negative GPC3 expression (345.18), the EWSs
(12.03), the NBs (43.43), and non-tumorous skeletal muscle
(7.47). The GPC3 mRNA expression level of the RMSs with
positive GPC3 expression was significantly higher than those
of the EWS, NB, and non-tumorous skeletal muscle groups
(P=0.0003, 0.0024 and 0.0004, respectively).

Serum-soluble GPC3 protein level. Regarding the malignant
small round cell tumors' serum-soluble GPC3 protein levels,
our analyses revealed that although neither of the tumors
showed immunoreactivity for GPC3, three cases of NBs
showed high serum levels of GPC3.

Discussion

GPC3 is widely known to express in many malignancies
such as embryonal tumors (Wilms tumor, hepatoblastoma,
and NB) (11), germ cell tumors (yolk sac tumor, immature
teratoma, and embryonal carcinoma) (12), carcinomas
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Table I. Clinical characteristics of malignant small round cell tumors.

Alveolar

Embryonal
Characteristics rhabdomyosarcoma, n=44 rhabdomyosarcoma, n=40 sarcoma,n=62 Neuroblastoma, n=35

Desmoplastic
round cell
tumors, n=2

Ewing

Sex
Male 23 19
Female 21 21
Age, years
<15 22 32
>15 22 8

27 20 2
35 15 0
26 35 1
36 0 1

Table II. Glypican 3 expression in small round cell tumors.

Small round cell GPC3 GPC3 GPC3

tumor subtype +) (%) (=) (%) ) (%)
RMS, n=84 16 (19.0) 5(6.0) 63 (75.0)
Alveolar RMS, n=44 8(18.2) 1(2.3) 35(79.5)
Embryonal RMS, n=40 8 (20.0) 4(100) 28(70.0)
EWS, n=62 0 0 62 (100)
NB, n=35 1(2.9) 0 34 (97.1)
DSRCT 0 0 2 (100)

+, positive; +, focally positive; -, negative; RMS, rhabdomyosarcoma;
EWS, Ewing sarcoma; NB, neuroblastoma; DSRCT, desmoplastic
small round cell tumor; GPC3, glypican-3.

(hepatocellular carcinoma and pulmonary squamous cell
carcinoma) (6,13), sarcomas (malignant rhabdoid tumor and
RMS) (10,14) and malignant melanoma (15). In the present
study, we observed the overexpression of GPC3 in 25%
(21/84) of the RMSs but no expression in the EWSs, which
was similar to the results reported by Thway, who described
the frequency of GPC3 immunoreactivity among 213 RMSs
as 34.7% (n=74) (14).

Our observations of a high expression of GPC3 mRNA
in RMSs and a low expression in EWSs and DSRCTs are
similar to the results reported by Baer er al (16). Therefore,
the evaluation of GPC3 expression may have the potential to
be an ancillary parameter in the differential diagnosis of RMS
from EWS and DSRCT.

Some of the GPC3-negative RMSs in the present analysis
showed a high expression of GPC3 mRNA. We speculate
that GPC3 protein expression may be regulated by other
post-transcriptional regulatory mechanisms such as microRNA.

Studies by Nakatsura ef al revealed the high expression of
GPC3 mRNA and protein in hepatocellular carcinoma and
melanoma (6,15). They also noted that GPC3 peptides may
be suitable for cancer immunotherapy for GPC3-expressing
tumors, because of its low expression in most other normal
tissues in adults. Nakatsura's group reported the results of
a phase I clinical trial regarding the immune and clinical
responses of advanced hepatocellular carcinoma (HCC)
patients treated with a GPC3-derived peptide vaccine (17).

In our present series, approx. 20% of the 29 cases of ARMS,
known as a poor-prognosis malignancy, showed positivity for
GPC3 and a high GPC3 mRNA level in tumor tissue. Thus,
GPC3 peptide immunotherapy may have a beneficial role for
ARMS patients.

Several studies revealed the poorer prognosis of HCC
patients with GPC3 overexpression compared to those with
no or low GPC3 expression (18,19). GPC3 is necessary for
HCC cell growth, adhesion, and migration by upregulating
canonical Wnt signaling and insulin-like growth factor-2
in vitro (20). In the present study, we assessed the prognosis
of RMS with the positive vs. negative status of GPC3 expres-
sion in tumor tissue, and the results of our analyses showed
a tendency for a poor prognosis in the negative status, but
our findings did not reveal a significant prognostic difference
between the two groups. The cause of the difference between
the prognosis of HCC and that of RMS is unclear. GPC3
expression may thus have limited use as a prognostic indicator
in RMS.

It was a predictable result that most of our NB cases (n=35)
showed no GPC3 immunoreactivity, and also showed low
GPC3 mRNA expression levels. Chan et al reported that the
immunohistochemical GPC3 expression was entirely negative
in clinical samples of NB (21), whereas Saikali and Sinnett
reported increased GPC3 mRNA expression levels in most
of the 10 NB cell lines they examined (11). Further studies
using a larger number of NB cases are required to confirm the
correlation between GPC3 immunoreactivity and the mRNA
expression level.

The serum level of GPC3 was proposed as a novel tumor
marker for HCC, along with its significant correlations with
the protein and mRNA expression levels (6). We observed
high GPC3 serum levels in three present NB patients, although
these patients had immunohistochemically GPC3-negative
tumors. It is unclear what caused this contradiction. The
usefulness of the serum level of GPC3 as a novel marker
was not clarified in the present study. Investigations of larger
numbers of cases are necessary to test its applicability.

In summary, our findings demonstrated GPC3 overexpres-
sion in RMS, whereas other malignant small round cell tumors
(i.e., EWS, DSRCT, and most of the NB cases) showed no
GPC3 expression. This difference in expression status could
be useful in the differential diagnosis of small round cell
tumors. GPC3 immunotherapy could be a beneficial approach
for RMSs with GPC3 overexpression.
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Figure 1. Hematoxylin and eosin histologic and GPC3 immunohistochemical findings. (A and B) Alveolar rhabdomyosarcoma (6-year-old male).
(C and D) Embryonal rhabdomyosarcoma (6-year-old male); tumor cells were positive for GPC3. (E and F) Ewing sarcoma (5-year-old male); tumor cells

showed no GPC3 expression. (G and H) Neuroblastoma (1-year-old male); only this NB case showed focal GPC3 expression (original magnification, x200).
GPC3, glypican-3; NB, neuroblastoma.
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Figure 2. Overall survival analysis of the RMS patients. There was no
significant difference between the survival rates of the GPC3 expres-
sion-negative and -positive groups (P=0.58). GPC3, glypican-3; RMS,
rhabdomyosarcoma.
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Figure 3. Boxplot of GPC3 mRNA expression. Values listed beside each
boxplot are the median values of the GPC3 mRNA expression levels. The
median value of the RMS with GPC3 overexpression group was significantly
higher than those of the EWS, NB and non-tumorous skeletal muscle groups
by Mann-Whitney U-test (P=0.0003, 0.0024 and 0.0004, respectively).
GPC3, glypican-3; RMS, rhabdomyosarcoma; EWS, Ewing sarcoma; NB,
neuroblastoma.
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