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Summary
Glypican-3 (GPC3) is an oncofetal protein that has been demonstrated to be a useful diagnostic
immunomarker for hepatocellular carcinoma and hepatoblastoma. Its expression in mesenchymal
tumors of the liver, particularly undifferentiated embryonal sarcoma (UES) and mesenchymal
hamartoma (MH), has not been investigated. In this study, a total of 24 UESs and 18 MHs were
immunohistochemically stained for GPC3 expression. The results showed cytoplasmic staining for
GPC3 in 14 (58%) UESs, of which 6 exhibited diffuse immunoreactivity and the remaining 8
showed focal positivity. The patients with GPC3-positive UES tended to be younger (mean 18
years; median 11 years) than those with GPC3-negative tumors (mean 39.4 years; median 27
years), although the difference did not reach statistical significance (P = .06). Eight MHs also
exhibited GPC3 immunoreactivity (44%; 4 diffuse and 4 focal). Positive staining in all 8 cases
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was primarily seen in entrapped nonlesional hepatocytes with a canalicular and cytoplasmic
staining pattern. In only 4 cases (22%) was GPC3 immunoreactivity also observed in the
mesenchymal component. The patients with positive staining also tended to be younger (mean 2.6
years; median 1.1 years) compared with those with negative staining (mean 16.3 years; median 4.5
years), but the difference was not statistically significant (P = .15). Our data demonstrate that
GPC3 is expressed in a subset of UES and MH of the liver. Caution should thus be exercised when
evaluating a GPC3-expressing hepatic neoplasm, particularly on a needle biopsy when the
differential diagnosis includes poorly differentiated hepatocellular carcinoma or hepatoblastoma.
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1. Introduction
Mesenchymal hamartoma (MH) is an uncommon benign hepatic tumor primarily affecting
the pediatric population within the first 2 years of life. Uncommonly, this tumor is seen in
older children and adults [1-4]. It encompasses approximately 8% of all primary pediatric
hepatic tumors and is the second most common primary hepatic tumor after hepatoblastoma.
These tumors can be solid or cystic and quite large. The common histological features
include a biphasic growth pattern composed of bland myxomatous stroma intertwined with
branching duct structures, reminiscent of ductal plate malformation. Residual benign
hepatocytes may be seen intermixed within the tumor but are more commonly noted at the
periphery of the lesion. Malignant transformation to undifferentiated embryonal sarcoma
(UES) has been reported but is rare [1,5,6].

On the other hand, UES is a malignant hepatic tumor with aggressive behavior. It primarily
affects children between 2 and 5 years old and young adults. Rare cases have been reported
in middle-aged and older patients [7-10]. These tumors are typically large, hemorrhagic,
necrotic, and can be solid or cystic. Histologically, these tumors usually show proliferation
of pleomorphic spindle cells in a myxoid stroma, which may surround or entrap benign bile
ducts at the periphery. Intracellular and extracellular periodic acid–Schiff-positive hyaline
globules may be seen [7,8,11]. Occasionally, UES may exhibit clinical, radiographic, or
even histological features overlapping with hepatocellular carcinoma, hepatoblastoma, or
MH, which makes the diagnosis difficult in a small biopsy specimen. In this regard,
ancillary immunohistochemical studies may serve an important role in helping establish the
diagnosis.

Glypican-3 (GPC3) is a member of the heparan sulfate proteoglycan family, which is linked
to the cell surface through a glycosylphosphatidylinositol anchor [12]. This oncofetal protein
is widely expressed in fetal tissues and is involved in organogenesis and growth control
during development. In adults, GPC3 is exclusively expressed in neoplastic processes,
notably hepatocellular carcinoma, hepatoblastoma, germ cell tumors, and Wilms tumor
[13-18]. Studies have shown that serum GPC3 can be detected in 40% to 53% of patients
with hepatocellular carcinoma, including a subset of patients that are seronegative for α-
fetoprotein [19]. Immunohistochemical studies further demonstrate GPC3 to be a useful
diagnostic immunomarker for hepatocellular carcinoma and hepatoblastoma, as it shows at
least focal immunoreactivity in the majority of cases evaluated whereas benign liver lesions
are typically negative for GPC3 expression [18,20-25]. However, the expression of GPC3 in
nonvascular mesenchymal tumors of the liver, particularly UES and MH, has not been
investigated.
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2. Materials and methods
A total of 42 liver resection specimens were included in this study. These included 24 cases
of UES and 18 cases of MH retrieved from surgical pathology archives of authors’
institutions. The clinical history, pathology reports, hematoxylin and eosin–stained slides,
and various diagnostic immunohistochemical stains were reviewed by the submitting
pathologists to confirm the diagnosis. The study was approved by the Institutional Review
Board at Cedars-Sinai Medical Center and coauthors’ institutions.

Immunohistochemical staining for GPC3, α-fetoprotein, and hepatocyte antigen (Hep Par 1)
was performed on all 42 cases. Formalin-fixed, paraffin-embedded tissue sections (4 μm)
were deparaffinized, rehydrated, and treated with 3% hydrogen peroxide for 15 minutes to
quench endogenous peroxidase. For GPC3 and Hep Par 1 immunostains, heat-induced
epitope retrieval in 0.1 M citrate buffer at pH 6.0 for 20 minutes was performed. Antigen
retrieval was not required for anti–α-fetoprotein antibody. The slides were incubated with a
mouse monoclonal antibody (clone 1G12) specific for GPC3 obtained from BioMosaics
(Burlington, VT), a rabbit polyclonal antibody specific for α-fetoprotein obtained from
Dako (Carpinteria, CA), and a mouse monoclonal antibody (clone OCH1E5) specific for
hepatocyte antigen obtained from Dako at room temperature at dilutions of 1:200 for 1 hour,
1:500 for 30 minutes, and 1:200 for 30 minutes, respectively. After incubation with an anti-
mouse or anti-rabbit secondary antibody, a reaction was performed using the EnVision+
detection system that contained biotin-free horseradish peroxidase–labeled polymers
obtained from Dako. The staining was visualized using 3,3′-diaminobenzidine substrate-
chromogen solution and counterstained with hematoxylin.

Immunohistochemically stained slides were evaluated and a case was considered negative if
less than 1% of the cells of interest exhibited immunoreactivity. Those cases with positive
staining were graded as weak, intermediate, or strong for staining intensity. The percentage
of positively stained cells in each case was also recorded. In general, the staining was
considered focal if 1% to 50% of the cells of interest were stained and diffuse if more than
50% of the cells stained. Staining pattern (canalicular or cytoplasmic) was also recorded.

Statistical analysis was performed using the 2-tailed unpaired t test or the 2-tailed χ2 test
with Yates continuity correction, when applicable. A P value of <.05 was considered
statistically significant.

3. Results
3.1. Clinicopathological findings

The demographic data of the patients and the size of the tumors are summarized in Table 1
for UES and Table 2 for MH. The ages of all patients included in this study ranged from 2
months to 87 years (mean 19.8 years; median 11.0 years). There were 23 males and 18
females. The demographic data were not available for 1 UES case. The ages of the patients
with UES ranged from 2 to 87 years (mean 27.3 years; median 16.0 years). There were 13
males and 10 females. The patients with MH ranged in age from 2 months to 72 years (mean
10.2 years; median 1.2 years). These patients were younger in comparison to those with
UES (P = .03). All patients had liver masses, 5 of which were described to be partially cystic
on image studies. Some patients also presented with obstructive jaundice, abdominal pain,
and abdominal distension. In 2 cases, the liver masses were detected incidentally during
workup for unrelated pancreatic and brain lesions.

The tumor size for UES ranged from 2.4 to 33 cm (mean 12.8 cm). There did not appear to
be a correlation between patient age and tumor size. Histologically, UES was characterized
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by proliferation of spindle, stellate, ovoid, and pleomorphic tumor cells with variable
cellularity, either loosely or compactly distributed in a myxoid or fibrous matrix (Fig. 1A).
Multinucleated or bizarre nuclei were occasionally seen. Mitotic figures, including atypical
mitoses, were readily identified. Variably sized intracytoplasmic eosinophilic globules were
present in some of the tumor cells (Fig. 1B). Focal, multifocal, or diffuse tumor necrosis was
seen in the majority of the cases, and the extent of necrosis did not correlate with tumor size.
Intratumoral hemorrhage was noted in some cases. Entrapped thin cords of benign
hepatocytes and bile ducts were noted at the periphery of 3 tumors.

The tumor size for MH ranged from 1.7 to 34 cm (mean 11.4 cm). There did not appear to
be a correlation between patient age and tumor size. Cystic degeneration was noted in one
third of the cases. MH was histologically characterized by nodular collections of bland
spindle cells and proliferating bile ducts, which were usually surrounded by islands of
normal-appearing hepatocytes (Fig. 2A). The proportion of these different elements in each
tumor varied but did not correlate with the age or sex of the patient or the size of the tumor.
The stroma around the spindle cells was loose, edematous, or myxoid in some cases but
hyalinized in others (Fig. 2B). The spindle cell areas were hypocellular or, at most, mildly
hypercellular and mitotic activity was absent.

3.2. Immunohistochemical findings
A variable degree of cytoplasmic staining for GPC3 was observed in 14 (58%) of 24 UESs
(Table 1). Among these 14 positively stained tumors (Table 3), 13 (93%) showed strong or
intermediate immunoreactivity in tumor cells (Fig. 3A). The staining was diffuse in 6 cases
(43%) and focal in 8 cases (57%). In the other 10 cases, GPC3 staining was negative in
tumor cells. Background nonneoplastic liver tissue was present in 13 cases, which was also
negative for GPC3 expression (Fig. 3B). The patients with GPC3-positive tumors tended to
be younger (mean 18 years; median 11 years) than those with GPC3-negative tumors (mean
39.4 years; median 27 years), but the difference did not reach statistical significance (P = .
06). The tumor cells in all UES cases showed negative immunostaining for α-fetoprotein
and Hep Par 1.

Positive GPC3 immunostaining was observed in 8 (44%) of 18 MHs (Table 2), a frequency
comparable to that seen in UES cases (P = .56). The staining intensity was strong in 5 (63%)
and intermediate in 3 (37%) cases. GPC3 immunoreactivity was detected in several
components of the tumors (Table 4), including tumoral hepatocytes in all 8 positive cases
with a canalicular and/or cytoplasmic staining pattern (Fig. 4A), in spindle cells in 5 cases
(63%; Fig. 4B), and in intratumoral bile ducts in 2 cases (25%). Although the overall
frequency of GPC3 expression in spindle cells in MH was lower (28%) than that in UES
(58%), the difference was not statistically significant (P = .098). Nonneoplastic liver
parenchyma was present in 10 cases, 2 of which showed reactivity against GPC3 in
hepatocytes adjacent to tumor (1 diffuse and 1 focal). The patients with GPC3-positive MH
tended to be younger (mean 2.6 years; median 1.1 years) than those with GPC3-negative
tumors (mean 16.3 years; median 4.5 years), but the difference did not reach statistical
significance (P = .15).

Four MH cases (22%) showed strong cytoplasmic α-fetoprotein immunoreactivity in
hepatocytes within the tumors (3 diffuse, 1 focal). No staining was observed in spindle cells
or bile duct epithelium. Three of these 4 cases also showed strong and diffuse GPC3
immunoreactivity. Interestingly, all 3 tumors that coexpressed GPC3 and α-fetoprotein were
from patients younger than 10 months, whereas the single case that was positive for α-
fetoprotein but negative for GPC3 was from a 16-year-old patient. The nontumoral
hepatocytes outside the tumor present in 2 of these 4 cases were negative for α-fetoprotein
expression.
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Thirteen cases (72%) of MH showed strong and diffuse cytoplasmic staining for Hep Par 1
in intratumoral hepatocytes. No immunoreactivity was detected in spindle cells or bile ducts.
Ten of the 18 cases that contained nonneoplastic liver parenchyma also showed strong and
diffuse cytoplasmic staining for Hep Par 1 in hepatocytes outside the tumors.

4. Discussion
In this study, we demonstrate that GPC3 is expressed in a subset of UES and MH of the
liver. GPC3 immunoreactivity is detected in the cytoplasm of tumor cells in UES and in
both the epithelial and mesenchymal components of MH. These observations extend our
knowledge regarding the immunophenotypic profile of UES and MH and expand the
differential diagnosis list for GPC3-expressing hepatic tumors. The detection of GPC3
immunoreactivity in the spindle cell component in 28% of MH cases examined in this study
is intriguing and differs from previous observations in hepatocellular lesions where GPC3
expression is essentially exclusively seen in malignant tumors and only rarely detectable in
benign hepatocellular lesions [20,22-25]. These data thus indicate that GPC3 is not a useful
immunomarker in differentiating malignant UES from benign MH or in facilitating the
recognition of malignant transformation from MH to UES.

Only a few studies have investigated the immunohistochemical phenotype of UES. One
series of 6 cases reported positive immunostaining for vimentin in all cases and Bcl2
immunoreactivity in 5 cases. Focal expression of CD10, p53, pancytokeratin (AE1/AE3),
calponin, and desmin was observed in some of the cases. The tumors were negative for Hep
Par 1, myogenin, CD34, SMMS, h-caldesmon, PE10, ALK-1, CD117 (c-kit), and S100. The
Ki-67 proliferation index ranged from 30% to 95% in tumor cells [7]. Another study
examined 14 primary and 2 recurrent UESs and similarly showed strong immunostaining for
vimentin in most of the tumor cells. Focal immunoreactivity was observed for desmin,
smooth muscle actin, and cytokeratins 18 and 19. Immunostains for Hep Par 1, myoglobin,
CD117, CD34, S100, HMB45, and α-fetoprotein were negative in all primary tumors, but
focal CD34, S100, and myoglobin expression was detected in 2 recurrent tumors [11].

In our series, immunostains for vimentin and smooth muscle actin performed at the
submitting institutions at the time of tumor resection revealed similar findings. Our study
also corroborated previous studies with negative immunore-activity for Hep Par 1 and α-
fetoprotein in all UES cases, which can be helpful in the distinction of this tumor from other
GPC3-expressing hepatic tumors, such as poorly differentiated or sarcomatoid
hepatocellular carcinoma and hepatoblastoma with prominent mesenchymal or small cell
component, particularly when the diagnostic material is limited. It should be noted,
however, that the mesenchymal component in hepatoblastoma is nearly always negative for
GPC3 immunostaining [18]. It should also be mentioned that GPC3 immunostaining is not
useful in distinguishing UES from hepatic rhabdomyosarcoma. In 3 hepatic
rhabdomyosarcomas we encountered, 2 showed strong cytoplasmic GPC3 immunoreactivity
in tumor cells (1 diffuse and 1 focal), results that were similar to those observed in UES
(data not shown).

Immunohistochemical studies on MH are limited. Two studies examined a total of 5 cases
and showed positive cytokeratins 7 and 19 expression and negative cytokeratin 20 staining
in the ductal structures within the tumors. Smooth muscle actin, desmin, and vimentin
immunoreactivity was detected in the mesenchymal component [3,4]. Markedly elevated
serum α-fetoprotein levels, mimicking hepatoblastoma clinically, has also been documented
in case reports [26-28]. By immunohistochemistry, the hepatocytes within the tumors
expressed α-fetoprotein, but no nuclear accumulation of β-catenin was detected [27]. Our
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study expands on these data and further demonstrates that GPC3, Hep Par 1, and α-
fetoprotein can be expressed in the various components of MH.

In summary, we have demonstrated that in addition to hepatocellular carcinoma and
hepatoblastoma, benign and malignant hepatic nonvascular mesenchymal tumors can
express GPC3. The expression does not appear to correlate directly with the young age of
the patients, despite the oncofetal nature of the protein. Our findings broaden the differential
diagnosis of primary hepatic neoplasms that express GPC3, which can be a potential
diagnostic pitfall, especially when interpreting small biopsy specimens.
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Fig. 1.
Histological features of UES. A, Short-spindled and ovoid tumor cells distributed in a loose
stroma with delicate vasculature (original magnification, ×200). B, Intracytoplasmic hyaline
globules noted in some tumors (black arrows). Note the presence of frequent mitotic figures
(white arrows; original magnification, ×400).
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Fig. 2.
Histological features of MH. A, Nodular collection of hypocellular myxoid and hyalinized
stroma with proliferating bile ducts (original magnification, ×40). Note the presence of
normal-appearing hepatocytes at the periphery. B, Higher power view of myxoid (bottom)
and hyalinized (upper) stroma with compressed bile ducts (black arrow), sparse bland
spindle cells, and admixed inflammatory cells (original magnification, ×200).
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Fig. 3.
Immunohistochemical expression of glypican-3 in UES. A, Positive cytoplasmic staining in
tumor cells (original magnification, ×400). B, No immunoreactivity detected in
nonneoplastic hepatic tissue (left) whereas the adjacent tumor cells (right) were positively
stained (original magnification, ×100).
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Fig. 4.
Immunohistochemical expression of glypican-3 in MH. A, Intratumoral hepatocytes
showing canalicular and cytoplasmic staining but no immunoreactivity was detected in bile
ducts and stromal cells (original magnification, ×200). B, Positive cytoplasmic staining in
stromal cells in a loose myxoid background (original magnification, ×400).
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Table 1

Patient demographic data, tumor size, and GPC3 expression in cases of UES (n = 24)

Case Age (y) Sex Tumor size (cm) GPC3 expression

1 2 M n/a 80%

2 2 M n/a 70%

3 6 M 9 neg

4 7 M 4.5 80%

5 9 F n/a 80%

6 10 F 13 neg

7 10 F 16 90%

8 11 F 13 40%

9 11 M 5.5 70%

10 12 M 12.5 5%

11 13 F 12 20%

12 16 M n/a 10%

13 18 M 2.4 neg

14 19 M 6.4 10%

15 19 F 33 neg

16 19 M 29 neg

17 35 F 17 neg

18 40 M 2.6 10%

19 61 M 13.3 neg

20 65 M 16.5 neg

21 74 F 20 neg

22 82 F 5 10%

23 87 F n/a neg

24 n/a n/a n/a 30%

Abbreviations: M, male; F, female; n/a, data not available; neg, negative.
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Table 2

Patient demographic data, tumor size, and GPC3 expression in cases of MH (n = 18)

Case Age Sex Tumor size (cm) GPC3 expression

1 2 mo F 4 pos

2 6 mo M 9 pos

3 7 mo F 15 neg

4 7 mo F 15 neg

5 10 mo M 15 pos

6 12 mo F 16.5 neg

7 12 mo M 9 pos

8 12 mo F 13.5 neg

9 14 mo M 14 pos

10 17 mo M 15 pos

11 2 y F 9.5 neg

12 3 y M 15 pos

13 7 y M 3 neg

14 12 y M n/a neg

15 13 y M 2.2 pos

16 16 y F 34 neg

17 51 y M 2.4 neg

18 72 y F 1.7 neg

Abbreviations: M, male; F, female; n/a, data not available; pos, positive; neg, negative.
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Table 3

Summary of GPC3 expression in UES (n = 24)

Staining characteristics in tumor cells

Strong Intermediate Weak Total

Diffuse 4 2 0 6

Focal 5 2 1 8

Total 9 4 1 14

Hum Pathol. Author manuscript; available in PMC 2013 February 10.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Levy et al. Page 15

Table 4

Summary of GPC3 expression in MH (n = 18)

Tumor components Strong (n = 5) Intermediate (n = 3)

Diffuse (n = 3) Focal (n = 2) Diffuse (n = 1) Focal (n = 2)

Hepatocytes 3 2 1 2

Bile ducts 2 0 0 0

Spindle cells 2 0 1 2
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