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Summary Glypican 3 (GPC3), a membrane-bound heparin sulfate proteoglycan, is mutated in Simpson-
Golabi-Behmel syndrome, characterized by tissue overgrowth and an increased risk of embryonal
malignancies such as Wilms tumor. Malignant rhabdoid tumor (MRT), originally described as a
rhabdomyosarcomatoid variant of Wilms tumor, is a tumor with loss of SMARCBI/INI! protein
expression. We analyzed the frequency of GPC3 protein expression, GPC3 mRNA, and serum-soluble
GPC3 levels in 71 cases of tumors with loss of SMARCBI/INII protein expression, including 14
MRTs, 48 epithelioid sarcomas (ES) (proximal-type, 21; distal-type, 27), 4 extraskeletal myxoid
chondrosarcomas, and 5 pediatric undifferentiated soft-tissue sarcomas. We found that GPC3
overexpression of more than 10% of the labeling index was recognized in 6 (42.9%) MRTs, 1
(2.1%) proximal-type ES, and 3 (60%) pediatric undifferentiated soft-tissue sarcomas (MRT vs ES, P =
.0003). All the remaining cases revealed GPC3-absent expression of less than 1% of the labeling index.
The median values of GPC3 mRNA in the GPC3-absent expression group and overexpression group
were 10.2 and 309, respectively, with a statistically significant difference between these 2 groups (P =
.004). However, there was no statistically significant difference in the prognoses of these 2 groups of
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MRT (P = .99). In analyzable cases of small-number MRT and pediatric undifferentiated soft-tissue
sarcoma, there is no significant correlation between GPC3 immunoreactivity and serum-soluble GPC3
level. Therefore, evaluation of GPC3 immunoexpression may be a useful diagnostic tool to distinguish
ES from MRT, especially extrarenal MRT. It was suggested that MRTs with GPC3 overexpression may
become a new target of GPC3 immunotherapy.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Glypican 3 (GPC3), which is located in Xq26, is a member
of the glypican family of heparin-sulfate proteoglycans. This
protein is linked to the cell surface through a glycosylph-
osphatidylinositol anchor, and is thought to regulate cell
growth and apoptosis through interactions with morphogenic
or growth factors such as Wnt5a, fibroblast growth factor 2,
bone morphogenic protein 7, and tissue factor pathway
inhibitor [1-3]. Loss-of-function mutations in the human
GPC3 gene result in Simpson-Golabi-Behmel syndrome, an
X-linked condition characterized by severe malformations
and pre- and postnatal overgrowth. Furthermore, these
patients have a high risk of developing embryonal tumors,
mostly Wilms kidney tumor and neuroblastoma [4].

Malignant rhabdoid tumor (MRT), which was originally
described in 1978 as a rhabdomyosarcomatoid variant of
Wilms tumor, is a rare and highly aggressive embryonal tumor
in infancy or childhood [5]. SMARCBI1/INI1 (INI1) immuno-
histochemical expression has not been detected in any MRT
cases except in rare examples, and this feature has been reported
to be useful for the correct diagnosis of MRT [6-8]. However,
loss of INI1 protein expression has also been demonstrated in
all renal medullary carcinomas, almost all epithelioid sarcomas,
half of epithelioid malignant peripheral nerve sheath tumors,
about half of pediatric myoepithelial carcinomas, and some
extraskeletal myxoid chondrosarcomas [9-13].

In the present study, we analyzed the frequency of GPC3
protein expression in a large series of MRT cases and other
tumors with loss of INI1 protein expression. Furthermore,
we examined mRNA expressions of GPC3 in frozen
samples by quantitative reverse transcriptase polymerase
chain reaction (RT-PCR) and serum-soluble GPC3 protein
in preoperative blood samples by enzyme-linked immuno-
sorbent assay (ELISA).

2. Materials and methods
2.1. Patients

Tumors with loss of INI1 protein expression in the present
study were selected from among more than 15 000 cases of
bone and soft-tissue tumors registered in the Department of
Anatomic Pathology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, Japan, between 1955 and 2010.
The primary monoclonal antibodies used in the case selection

were BAF47, an antibody to the SMARCBI/INI1 gene
product (clone 25; 1:250; 20-minute microwave; BD Trans-
duction Laboratories, San Diego, CA). As a result of this
screening, formalin-fixed, paraffin-embedded specimens of 72
sarcoma cases with loss of INI1 protein expression (no staining
of'tumor nuclei) were available. These tumors with loss of INI1
protein expression were comprised of 14 MRTs, 48 epithelioid
sarcomas (proximal-type, 21; distal-type, 27), 4 extraskeletal
myxoid chondrosarcomas, and 5 pediatric undifferentiated
soft-tissue sarcomas. The clinicopathologic findings of the 14
cases of MRT and the 48 cases of epithelioid sarcoma are
summarized in Tables 1 and 2. Immunoreactivities for
CAMS.2, AEI/AE3, and CD34 were graded semiquantita-
tively as 0, no staining; 1+, <5% tumor cells reactive; 2+, 5%to
25% tumor cells reactive; 3+, 26% to 50% tumor cells reactive;
and 4+, >50% tumor cells reactive. In addition, we also
examined 20 samples of surrounding non-tumorous skeletal
muscle that were collected from patients with various types of
sarcoma as controls for the quantitative RT-PCR analysis. In
all cases, the diagnosis was based on light microscopic
examination with hematoxylin and eosin staining according to
the most recent World Health Organization classification
(MRT, epithelioid sarcoma, extraskeletal myxoid chondrosar-
coma) and report of undifferentiated soft-tissue sarcoma
[14-17]. Moreover, immunoperoxidase procedures using the
streptavidin-biotin-peroxidase method were carried out in all
cases. The institutional review board at Kyushu University
approved this study (permission code: 22—152).

2.2. Immunohistochemistry for Glypican 3 protein

Immunohistochemistry was performed using the strepta-
vidin-biotin-peroxidase method (Histofine; Nichirei, Tokyo,
Japan). A monoclonal antibody against glypican 3 (clone
1G12, 1:200; BioMosaics, Burlington, VT) was employed.
We assessed the immunoreactivity with the labeling index
(LI). To determine the GPC3 LI, the number of positively
stained tumor cells among at least 500 tumor cells were
counted by three pathologists (K.K., H.Y., Y.Y.) indepen-
dently for each tumor. Furthermore, the protein expression in
tumors was classified into three categories: —, less than 1% of
LL +, 1-10% of LI; +, more than 10% of LI.

2.3. RNA extraction

Total RNA was extracted from frozen and paraffin-
embedded samples using Trizol reagent (Invitrogen,
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Table 1  Clinicopathologic data in malxgnant rhabd01d tumor patients Sl

Case - Age Sex | sie ~ Prognosis . CAM52° AEI/AE3®  CD34°  GPC3
EMRT-1 0d F  Retroperitoneum ~ 2moDOD 2+ o g -0 +
EMRT-2  4mo M Liver 12moDOD 3+ 3+ L2t Fd
EMRT-3 5mo F  Neckk  12moDOD 1+ 1+ 2+ +
EMRT4 6mo M  Bak  20moDOD 4+ 4+ 0 -
EMRT-5 2y F  Bak  ~ 1monthDOD 4+ : 1+ 0 +
EMRT-6 5y F  Buttock ‘ 10moDOD 1+ 1+ 0
MRTK-1 3 mo M Right kidney 8moDOD 0 ' 1+ -0 e
MRTK-2 = 5mo M ~Right kidney 7JlmoNED - 1+ 0 0 +
MRTK-3 ly M Right kidney =~ Not available 0 I+ Col +
MRTK-4 ly - F Left kidney 4 mo DOD =+ 0 0 -
MRTK-5 1y M Leftkidney ~ W0moDOD . i+ I+ 0 :
MRTK-6 2y M Right kxdney 7TmoNED I+ 0 0 -
AT/RT-lH 3 E ' - l2moDOD . 3+ . 1b .0 -
AT/RT— :_ f M "Not avaﬂable 4+ : 4* - - 0; -

o ) Mountam wew CA.
5 Clone AEI/AES 1: 1000 20-m1nute microwave; Dako, G]ostrup, Denmark:

¢ Clone QBEnd/lO 1 50 30—mmute 0. 1% trypsin; Leica Mlcrosystems Tokyo Japan

Carlsbad, CA) according to the manufacturer’s instructions.
Five micrograms of RNA from each sample were reverse-
transcribed using Superscript III reverse transcriptase
(Invitrogen) in order to prepare first-strand cDNA.

2.4. TagMan PCR to detect mRNA quantity of GPC3

Quantitative RT-PCR for GPC3 was performed and
analyzed using previously developed TagMan assay reagents
(GPC3 Hs00170471_ml.; GAPDH Hs99999905_ml.; all
from Applied Biosystems, Foster City, CA) and an ABI Prism
7700 Sequence Detection system (Applied Biosystems). 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 the
reactions for standard samples and samples of patients 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/GAPDH mRNA value.

2.5. Detection by ELISA of the serum-soluble
glypican 3 protein

Preoperative blood serum samples were available in 4
patients having tumors with loss of INII protein expression
and 1 congenital mesoblastic nephroma case of GPC3-absent
expression. Glypican-3 levels were measured using a
commercially available ELISA kit (BioMosaics, Burlington,
VT) following the manufacturer’s protocol.

3. Results
3.1. Glypican 3 immunoreactivity

The results of the immunohistochemical analysis are
summarized in Table 3. In 6 of the 14 MRTs (42.9%), 1
(2.1%) of the 48 epithelioid sarcomas and 3 of the 5 pediatric
undifferentiated soft-tissue sarcomas (60%), overexpression of

Table2 (Clinicopathologie daa in epithelioid saoomapatients
,'Proxunal-tYPe . L - o e
Male =%m . 10 Deep .. 8 () 13
<sem 11 fSuperﬁ,cialf 13 . (5 - 8

<Sem. 15 Superﬁc1al 18 (= 14

“Trunk (including gonitl area) and hoad and neck
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Table 3  Glypican 3 expression in tumor with loss of INI1
protein expression

GPC3(+) GPC3(-)
Malignant rhabdoid tumor 6 (42.9%) 8
EMRT? 4 2
MRTK " 2 4
AT/RT® 0 2
Epithelioid sarcoma 1(2.1%) 47
Proximal-type 1 20
Distal-type 0 27
Extraskeletal myxoid CS¢ 0 (0%) 4
us® 3 (60.0%) 2

NOTE. Malignant thabdoid tumor vs epithelioid sarcoma: P = .0003.
Malignant rhabdoid tumor vs proximal-type epithelioid sarcoma: P=.010.
? Extrarenal malignant rhabdoid tumor.
® Malignant rhabdoid tamor of the kidney.
¢ Atypical teratoid/rhabdoid tumor.
4 Chondrosarcoma.
¢ Pediatric undifferentiated soft tissue sarcoma.

more than 10% of LI was recognized (Fig. 1A-D). However, all
the remaining cases showed absent expression of less than 1% of
LI(Fig. 1E-H). GPC3 immunoreactivity was found significantly
more frequently in MRT than in epithelioid sarcoma (P = .0003)
or proximal-type epithelioid sarcoma (P = .010).

3.2. Glypican 3 mRNA expression by TagMan PCR

Fig. 2A shows boxplots of GPC3 mRNA expression (20
non-tumorous skeletal muscle group, median value=10.0; 5
GPC3-overexpression cases of MRT, 270; 5 GPC3-absent
expression cases of MRT, 8.73; 2 GPC3-overexpression
cases of pediatric undifferentiated soft-tissue sarcoma, 946; 3
GPC3-absent expression cases of proximal-type epithelioid
sarcoma, 17.6; 6 GPC3-absent expression cases of distal-
type (conventional-type) epithelioid sarcoma, 12.9).

In addition, these analyzed cases were divided into two
groups according to the result of immunohistochemistry: a
group showing GPC3 overexpression (more than 10% of
the LI) and a group showing GPC3-absent expression
(less than 1% of the LI). In the GPC3-overexpression and
—absent expression groups, median values of GPC3
mRNA expression were 309 and 10.2, respectively
(Fig. 2B). This difference between the two groups was
statistically significant (P = .004).

3.3. Serum-soluble glypican 3 protein level

The serum-soluble GPC3 protein levels in tumors with
loss of INI1 protein expression are summarized in Table 4
(GPC3-absent expression cases of pediatric undifferentiated
soft-tissue sarcoma, 334 ng/mL and 99 ng/mL; GPC3-
overexpression cases of MRT, 233 and 151 ng/mL). In the 1
congenital mesoblastic nephroma case of GPC3-absent
expression, the serum GPC3 level was 19 ng/mL.

3.4. Prognosis of malignant rhabdoid tumor
according to glypican 3 immunoreactivity

Follow-up data were available in 12 of 14 cases (7 cases
of less than 1% of LI and 5 cases of more than 10% of LI).
However, there was no statistically significant difference in
the prognosis of the 2 groups (P = .99, Fig. 3).

4. Discussion

MRT is characterized by rhabdoid cells having a globoid,
and hyaline or eosinophilic intracytoplasmic inclusions
[8,16]. However, the existence of rhabdoid cells is
recognized in a wide variety of tumors, such as epithelioid
sarcoma, synovial sarcoma, extraskeletal myxoid chondro-
sarcoma, leiomyosarcoma, malignant mesothelioma and
desmoplastic small round-cell tumors [8]. The histological
features of proximal-type epithelioid sarcoma particularly
resemble those of MRT, especially extrarenal MRT [12,14].
Some data exist regarding the histologic and immunohisto-
chemical differences between proximal-type epithelioid
sarcoma and MRT, but such findings are not yet conclusive.
At present, immunoreactivity for CD34 is generally accepted
as a differential marker; approximately half of all ES cases
are positive for CD34, whereas MRT cases scarcely reveal
immunoreactivity for this marker [8].

In the present study, GPC3 immunoreactivity was
significantly more frequent in MRT cases (42.9%) than
in other cancers with loss of INI1 expression, whereas only
one such epithelioid sarcoma case (2.1%) showed a
positive reaction (P = .0003). Moreover, as for GPC3
mRNA expression, it was a predictable result that the
expressions in GPC3-positive-immunoreactivity cases of
MRT and pediatric undifferentiated soft-tissue sarcoma
were higher than that in non-tumorous skeletal muscle of
control cases and negative-immunoreactivity MRT and
epithelioid sarcoma (including distal-type and proximal-
type), and pediatric undifferentiated soft-tissue sarcoma
cases. Therefore, GPC3 immunoreactivity has the potential
to be a useful ancillary tool in the differential diagnosis of
MRT and epithelioid sarcoma, especially proximal-type
epithelioid sarcoma.

Meanwhile, GPC3-positive immunoreactivity appeared at
almost the same rate in MRT and pediatric undifferentiated
soft-tissue sarcoma. Histologically, 4 of the 5 pediatric
undifferentiated soft-tissue sarcomas showed a proliferation
of small rounded cells having scant cytoplasm without
rhabdoid cells, resembling malignant lymphoma or previ-
ously reported pediatric undifferentiated soft-tissue sarcoma
with loss of INII expression [18]. One of these previously
reported cases did not have rhabdoid cells with intracyto-
plasmic inclusions at diagnosis, but did display rhabdoid
cells at definitive surgery following chemotherapy [18].
Therefore, it seems that pediatric undifferentiated soft-tissue
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Fig.1 Hematoxylin and eosin histologic and GPC3 immunohistochemical findings. A and B, Malignant rhabdoid tumor (4-month-old male;
liver). C and D, Pediatric undifferentiated soft-tissue sarcoma (4-year-old male; retroperitoneum). The tumor cells showed overexpression of
GPC3 protein (B, D). E and F, Proximal-type epithelioid sarcoma (46-year-old male; groin). G and H, Distal-type epithelioid sarcoma (58-year-
old male; hand). On the other hand, most epithelioid sarcoma cells showed no GPC3 protein expression (F, H). (Original magnificationx200).
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Boxplot of GPC3 mRNA expression. A, The median values of GPC3 mRNA expression in non-tumor skeletal muscle (N-muscle),

malignant rhabdoid tumor (MRT) with GPC3 overexpression (GPC3+), MRT with GPC3-absent expression (GPC3-), pediatric
undifferentiated soft-tissue sarcoma (US) with GPC3 overexpression (GPC3+), proximal-type epithelioid sarcoma (P-ES) with GPC3-
absent expression (GPC3-), and distal-type epithelioid sarcoma (D-ES) with GPC3-absent expression (GPC3—) were 10.0, 270, 8.73, 946,
17.6, and 12.9, respectively. B, The median value of all analyzable GPC3 overexpression cases (GPC3+) was 309, whereas that of all GPC3-
absent expression cases (GPC3—) was 10.2 (GPC3 overexpression cases vs GPC3-absent expression cases, P = .004).

sarcoma with loss of INI1 expression may have the same
spectrum as MRT.

GPC3 protein expression has been demonstrated in
various tumors, such as embryonal tumor (Wilms tumor,
hepatoblastoma and neuroblastoma), germ cell tumor (yolk
sac tumor, immature teratoma and embryonal carcinoma),
hepatocellular carcinoma, squamous cell carcinoma of the
lung, malignant melanoma, ovarian clear cell carcinoma, and
so on. On the other hand, patients with Simpson-Golabi-
Behmel syndrome have increased risk for the development of
embryonal tumor and hepatocellular carcinoma, but risk for
these other GPC3 expression tumors and MRT has not been
suggested in this syndrome. In the present study, clinico-
pathologic differences including a prognosis between GPC3-
overexpression and GPC3-absent expression cases were not
evident among whole MRT cases. In addition, though many
typical rhabdoid tumor (MRT of the kidney and atypical
teratoid/rhabdoid tumor) cases seemed to have a negative
GPC3 expression compared with the cases of extrarenal

Table 4 Serum-soluble glypican 3 protein level

GPC3 protein
level (ng/ml)

GPC3(+) : ,
Pediatric undifferentiated soft tissue sarcoma-1 334
Pediatric undifferentiated ‘s,oftkt'isksuke' sarcoma-2 99

GPC3(~)
Extrarenal malignant rhabdoid tumor 233
Malignant thabdoid tumor of the kidney 151
Congenital mesoblastic nephroma 19

MRT, pathologic and prognostic differences between typical
and extrarenal MRTs were uncertain. Therefore, GPC3
protein overexpression may not be associated with
tumorigenesis.

GPC3 mRNA and protein have been shown to be
overexpressed in hepatocellular carcinoma and melanoma
[19,20]. Although GPC3 mRNA is highly expressed in the
placenta, fetal liver, fetal lung and fetal kidney, GPC3
mRNA levels are low in most normal adult tissues [21].
Therefore, it was proposed that GPC3 peptides may be
applicable to cancer immunotherapy [19-21]. MRT is
characterized by extremely aggressive biological behavior.
Development of new therapies is a pressing need, because

P=.99
T
2
£
a
0.4-
GPC3 (+)
0.2 o
GPC3 (-)
0 10 20 30 40 50 60 70 80 90
Time
Fig. 3 Overall survival curves of patients in the malignant

rthabdoid tumor group with GPC3 overexpression (GPC3+) and
GPC3-absent expression (GPC3—). There was no statistically
significant difference between the two groups (P = .99).
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the long-term survival rate of MRT patients as a whole has
been reported to be less than 25%, regardless of multi-
modality therapy [22]. In the present study, about half of
MRT cases showed GPC3 overexpression; therefore,
immunotherapy using the GPC3 peptide may have a
beneficial role for MRT patients.

It was previously reported that the serum-soluble GPC3
protein level in hepatocellular carcinoma patients was
elevated [20,21]. Significant correlation between protein or
mRNA expression and the serum-soluble protein level was
also seen [20,21]. The serum-soluble GPC3 protein level
may thus be a useful tumor marker for cancer diagnosis in
large numbers of patients with hepatocellular carcinoma
[20,21]. In the present study, the low serum-soluble GPC3
protein level in one congenital mesoblastic nephroma case
with GPC3-absent expression supported previous reports
[20,21]. However, in analyzable cases of small number
MRT and pediatric undifferentiated soft tissue sarcoma,
there was no significant correlation between GPC3 immu-
noreactivity and serum-soluble GPC3 protein level. The
usefulness of the serum-soluble GPC3 protein level as a
novel tumor marker in MRT or undifferentiated soft-tissue
sarcoma cases was not fully clarified in the present study.
Further studies using a larger number of cases will be
required to confirm its usefulness.

In previous studies, survival analysis showed that
hepatocellular carcinoma patients with GPC3 overexpression
had a significantly shorter overall survival time than those
with low or absent GPC3 expression [23-26]. In other words,
GPC3 overexpression was correlated with a poor prognosis in
hepatocellular carcinoma patients. However, in the present
study, the status of GPC3 protein expression did not affect the
prognosis of patients having MRT (P = .99). GPC3
expression may have limited use as a prognostic indicator
in MRT.

In summary, we analyzed the GPC3 protein and mRNA
expression, and the serum-soluble GPC3 protein level in
tumors with loss of INI1 protein expression. MRT cases
showed significantly more frequent GPC3 protein expres-
sion than epithelioid sarcoma cases. Our results support the
assertion that evaluation of GPC3 immunoreactivity has the
potential to become an ancillary parameter in the
differential diagnosis of MRT and epithelioid sarcoma,
especially proximal-type epithelioid sarcoma. In addition,
MRT with GPC3 overexpression may be new candidate for
GPC3 immunotherapy.
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2, HIEF v 7 R®A Y MNPFTHAHCTLAA%
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T 5 HEAFHAB DR & 7R LY20114R | KRR S 7,
INGDEIH DS AREREDE 4 DD AGE
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HERAIT-oCE. TORBELTR, KEX

D AR 2 Huls &3 B BRI/ NEAT AT T B ¢
TFRATTFNT 7 F EEOE | HER
R Ay — 387,

KEETIE, BARTF I T FNT 7 F
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* Peptide cocktail vaccine.
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ploratory Oncology Research & Clinical Trial Center, National Cancer Center, Kashiwa, Chiba 277-8577, JAPAN
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histocompatibility complex ; MHC) & 8~10fE®
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feZe 7 F FOME D 3~4 FERREE F CIZRE &
na, — 5T, "7 7 NVERETLEILT, ff
FATEBRTF FEIZHEGR EOHIBRIZ 2,
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