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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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Fig. 2  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

m-soluble glypican 3 protein level

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
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Fig. 3  Overall survival curves of patients in the malignant

rhabdoid 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. i

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
tomors with loss of INII 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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