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Glypican-3 is a heparin sulfate proteoglycan normally expressed in fetal liver and placenta, but not in normal
adult liver. Preliminary studies have shown that glypican-3 can be useful for the diagnosis of hepatocellular
carcinoma. We performed immunohistochemistry for glypican-3 on 80 resection cases of hepatocellular lesions
to examine the utility of glypican-3 immunohistochemistry in hepatocellular carcinoma at two ends of the
differentiation spectrum. Staining was compared to Hep Par 1 in poorly differentiated cases. Glypican-3 was
expressed in 46 (79%) hepatocellular carcinomas (56, 83 and 89% of well, moderately and poorly differentiated
respectively) and seven (64%) fibrolamellar carcinomas. Of the 16 well differentiated cases, 10 closely
resembled adenoma and were diagnosed due to focal abnormalities and/or loss of reticulin. Glypican-3
expression was seen in 50% in this group. Hepatocellular carcinomas arising in cirrhotic liver were more likely
to be glypican-3 positive (91 vs 57%, P¼ 0.004). All hepatic adenomas and macroregenerative nodules were
negative, and three (43%) high grade dysplastic nodules were positive. Focal staining was seen in regenerative
nodules in four (11%) cirrhosis cases. Glypican-3 was significantly more sensitive than Hep Par 1 for diagnosis
of poorly differentiated hepatocellular carcinomas (89 vs 63%, P¼ 0.02). The difference was more significant
when only cases with diffuse positive staining were considered (83 vs 21%, Po0.001). In conclusion, glypican-3
has high sensitivity for the diagnosis of hepatocellular carcinoma, but is less sensitive in the extremely well
differentiated hepatocellular carcinoma and fibrolamellar variant of hepatocellular carcinoma. Caution should
be exercised in using glypican-3 in biopsy specimens as cirrhotic nodules can show strong expression.
Glypican-3 can be especially useful in the identification of poorly differentiated hepatocellular carcinoma as it
has higher sensitivity compared to Hep Par 1.
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The diagnosis of hepatocellular carcinoma often
requires the use of immunohistochemistry, espe-
cially in small biopsy specimens. Several immuno-
histochemical markers have been used for the
diagnosis of hepatocellular differentiation. In the
last few years, Hep Par 1 has emerged as a sensitive
and relatively specific marker of hepatocellular
differentiation.1–4 Polyclonal carcinoembryonic
antigen (CEA) yields a characteristic canalicular
pattern of staining that is considered specific
for hepatocellular differentiation.5,6 MOC31 has
emerged as a useful marker as it is expressed in

virtually all adenocarcinomas and is negative or
weakly positive in hepatocellular carcinoma.5,7

Other markers of hepatocellular differentiation that
have been used include a-fetoprotein, thyroid
transcription factor-1 and CD10.5,6,8

The presently employed immunohistochemical
panels have greatly facilitated the diagnosis of
HCC on limited samples. However, there are several
situations where these markers are of limited use.
Hep Par 1 and polyclonal CEA have low sensitivity
(B50%) for the diagnosis of poorly differentiated
hepatocellular carcinoma.3,4 Hence, they may not be
helpful in the setting of a poorly differentiated
hepatic neoplasm in distinguishing hepatocellular
carcinoma and metastatic adenocarcinoma. At the
other end of the spectrum, it can be difficult to
distinguish hepatic adenomas from well differen-
tiated hepatocellular carcinoma arising in non-
cirrhotic liver. A similar dilemma can arise in the
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setting of a cirrhotic liver, where it can be challen-
ging to separate high-grade dysplastic nodule from a
well-differentiated hepatocellular carcinoma. Most
markers of hepatocellular differentiation like Hep
Par 1 and polyclonal CEA do not distinguish
between benign and malignant hepatocellular
lesions. AFP is expressed only in HCC, but its
sensitivity is low (20–30%), limiting its diagnostic
potential.3,6

Glypican-3 (GPC-3) is a membrane anchored
heparin sulfate proteoglycan normally expressed in
fetal liver and placenta, but not in normal adult
liver.9–11 It is an oncofetal antigen that is a reliable
serum and histochemical marker for hepatocellular
carcinoma.11–13 Preliminary studies have demons-
trated the promise of GPC-3 immunohistochemistry
for the diagnosis of hepatocellular carcinoma. GPC-3
expression has been reported in 75–100% of
hepatocellular carcinomas.10,11,14–17 Expression of
GPC-3 has not been observed in benign hepatocel-
lular lesions by in situ hybridization or immuno-
histochemistry.7,18 It has also been suggested that
poorly differentiated hepatocellular carcinomas are
more likely to express GPC-3.16 High grade dysplas-
tic nodules typically express GPC-3 in a weak and
focal fashion, although the results have not been
consistent across different series.15,16

This study evaluates the diagnostic role of GPC-3
immunohistochemistry in HCC with emphasis on
diagnosis of the poorly differentiated hepatocellular
carcinoma and the distinction between well-differen-
tiated hepatocellular carcinoma and hepatic adeno-
mas. GPC-3 expression in fibrolamellar variant of
hepatocellular carcinoma and nodular lesions in
cirrhotic liver was also evaluated.

Materials and methods

Cases

The study population comprised of 90 formalin-
fixed, paraffin-embedded resection cases of hepato-
cellular lesions obtained from the files of UCSF and
VA Medical Centers. The slides were reviewed to
confirm the diagnosis as per the guidelines of the
International Working Party guidelines19,20 and the
following groups were studied.

(a) Macroregenerative nodules (n¼ 10).
(b) High grade dysplastic nodules (n¼ 7).
(c) Hepatic adenomas (n¼ 8).
(d) Hepatocellular carcinoma including well (n¼ 16),

moderately (n¼ 14) and poorly differentiated
(n¼ 24) cases.

(e) Fibrolamellar hepatocellular carcinoma (n¼ 11).

Immunohistochemistry

GPC-3 staining was performed in all 90 hepatocellular
lesions using monoclonal antibody directed against
GPC-3 (Clone 1G12 used at 5mg/ml, BioMosaics,

Burlington, VT, USA). Immunohistochemistry for
Hep Par 1 (Clone OCH1E5, Dako, Carpinteria, CA,
USA) was performed in all 24 poorly differentiated
HCC. Briefly, tissue sections were deparaffinized,
rehydrated, and antigen retrieval was performed
using heat-induced epitope retrieval in a 10mmol/l
citrate buffer, pH 6.0. Following peroxidase block
and incubation with primary antibody for 30min,
the sections were incubated with horse-radish
peroxidase-labeled secondary antibody (30 and
15min for glypican-3 and Hep Par 1, respectively),
substrate chromagen for10min, and counterstained
with hematoxylin.

The results of immunohistochemical staining
with GPC-3 in hepatocellular lesions were recorded
as negative (0–5% of tumor cells), focal positive
(6–50% of tumor cells) and diffuse positive (450%
of tumor cells) based on visual estimation of the
entire tumor on the slide. The results with Hep Par 1
were similarly noted in poorly differentiated hepa-
tocellular carcinomas and compared with GPC-3
staining. w2 test was used to compare the GPC-3
and Hep Par 1 results in poorly differentiated
hepatocellular carcinoma. P-values of o0.05 were
regarded as statistically significant.

Results

GPC-3 Staining in Benign and Malignant
Hepatocellular Lesions

Conventional hepatocellular carcinoma
Of the 58 patients (36 men, 18 women, four
unknown gender; age range, 33–83 years), cirrhosis
was present in 35 (60%) cases, while status of
cirrhosis was unknown in two cases. The cirrhosis
was related to hepatitis C (n¼ 19), hepatitis B
(n¼ 2), both hepatitis B and C (n¼ 1), alcohol
(n¼ 2) and non-alcoholic steatohepatitis (n¼ 1),
whereas the etiology was unknown in 10 cases.
GPC-3 expression was observed in 46 (79%) hepa-
tocellular carcinoma cases (Table 1, Figure 1). All
cases showed granular cytoplasmic pattern of stain-
ing, with additional membranous accentuation in
five cases. The staining was diffuse in 37 (80%) and
focal in nine (20%) tumors. GPC-3 expression was
more often observed in hepatocellular carcinoma
arising in cirrhosis (91 vs 57%, P¼ 0.004).

The grading of hepatocellular carcinomas was
performed using WHO criteria.21 GPC-3 staining was
seen in 9/16 (56%), 15/18 (83%) and 22/24 (89%)
well, moderately and poorly differentiated hepato-
cellular carcinomas respectively (P¼ 0.02). Among
the 16 well-differentiated tumors, six cases were
easily diagnosed on routine H&E sections, while 10
cases closely resembled hepatic adenoma, and the
diagnosis of hepatocellular carcinoma was based on
focal atypical features like small cell change,
widened cell plates, stromal invasion and/or loss
of reticulin. All these cases occurred in non-
cirrhotic liver and were referred to as extremely
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well differentiated hepatocellular carcinoma. There
was one case of each of recurrence and metastasis in
these cases. GPC-3 expression was seen in five
(50%) cases in this group (Figures 2 and 3). When
these cases were excluded from comparison, there
was no difference in GPC-3 staining and differentia-
tion (P¼ 0.2). Among the other six well-differen-
tiated cases, there were two cases of early
hepatocellular carcinoma arising in cirrhotic liver.
Both these cases formed 1.5 cm nodules with
indistinct margins and the diagnosis was based on
stromal invasion at the edge of the nodule.22,23

Both these cases showed diffuse GPC-3 expression
(Figure 4).

Fibrolamellar hepatocellular carcinoma
All 11 cases (six male, five female, age range, 17–47
years) occurred in non-cirrhotic liver. GPC-3 expres-
sion was present in seven (64%) cases, of which four
were diffuse positive (Figure 5).

Hepatic adenoma
All eight cases (two males, six females, age range,
27–51 years) occurred in non-cirrhotic liver. History
of oral contraceptive and anabolic steroids use was
present in three women and two men respectively.
One case showed multiple adenomas (hepatic
adenomatosis). All cases were negative for GPC-3
(Figure 6).

Hepatocellular nodular lesions
All macroregenerative and high grade dysplastic
nodules occurred in the setting of cirrhosis. All 10
cases of macroregenerative nodule were negative for
GPC-3. Of the seven high-grade dysplastic nodules,
three (43%) showed GPC-3 expression, with focal
staining in all cases. The regenerative cirrhotic
nodules were examined for GPC-3 expression in 35

Figure 1 Diffuse cytoplasmic expression of glypican-3 in hepato-
cellular carcinoma (� 400).

Table 1 GPC-3 staining results in benign and malignant
hepatocellular lesions

Liver lesions GPC-3 staininga

Total
positive

Diffuse
positive

Benign hepatocellular lesions
Cirrhotic nodules (n¼35) 4 (11) 0 (0)
Macroregenerative nodule (n¼10) 0 (0) 0 (0)
Hepatic adenoma (n¼8) 0 (0) 0 (0)

Borderline and malignant lesions
High-grade dysplastic nodule
(n¼ 7)

3 (43) 0 (0)

Extremely well-differentiated HCC
(n¼ 10)

5 (50) 2 (20)

HCC, well differentiated (n¼ 16)b 9 (56) 5 (31)
HCC, moderately differentiated
(n¼ 18)

15 (83) 10 (56)

HCC, poorly differentiated (n¼ 24) 22 (89) 20 (83)
Fibrolamellar HCC (n¼11) 7 (64) 4 (36)

HCC, hepatocellular carcinoma.
a
Figures in parenthesis reflect percentages.

b
Includes extremely well-differentiated HCC.

Figure 2 Extremely well differentiated hepatocellular carcinoma
(a, H&E � 100) showing lack of glypican-3 expression (b, �100).
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cases. Staining was absent in the overwhelming
majority of the regenerative nodules; however, focal
but strong GPC-3 expression was observed in 1–2
nodules in four (11%) cases (Figure 7).

Hep Par 1 and GPC-3 Staining in Poorly Differentiated
Hepatocellular Carcinoma

Of the 24 poorly differentiated hepatocellular
carcinomas, GPC-3 expression was observed in 22
(89%) cases compared to 15 (63%) with Hep Par 1
(P¼ 0.02) (Table 2, Figure 8). The difference was
more pronounced if cases with diffuse positive
staining were considered: 20 (83%) with GPC-3 vs
5 (21%) with Hep Par 1 (Po0.001). All nine cases
that were Hep Par 1 negative, expressed GPC-3,
while both GPC-3 negative cases were positive for
Hep Par 1.

Discussion

The glypican proteins are members of the cell-
surface heparin sulfate proteoglycans, which have

Figure 3 Extremely well differentiated hepatocellular carcinoma
(a, H&E �100) showing glypican-3 expression (b, � 100).

Figure 4 Early well differentiated hepatocellular carcinoma with
stromal and parenchymal invasion in the left portion (a, H&E
� 40). Glypican-3 expression is present in the nodule as well as in
the invasive portion (b, �40).

Figure 5 Diffuse cytoplasmic expression of glypican-3 in fibro-
lamellar hepatocellular carcinoma (�200).
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been shown to interact with growth factors and
modulate growth factor activity.18,24 GPC-3 has been
demonstrated to be upregulated in hepatocellular
carcinoma by northern and western blot analy-
sis.9,18,24 It modulates cell-cycle progression and
promotes cellular migration and invasiveness in
hepatocellular carcinoma cell lines.25–27 The 1G12
monoclonal antibody against GPC-3 was developed
in mice and is suitable for use in formalin-fixed
paraffin-embedded tissue.

Several studies have demonstrated the efficacy of
GPC-3 as a diagnostic tool in hepatocellular carci-
noma. The reported sensitivity ranges from 75–
100%, with figures of 75–85% in larger series.10,11,14–17

Our results are similar to the literature, with 79%
of conventional hepatocellular carcinoma being
positive for GPC-3. Tumors arising in cirrhotic liver
are more likely to express GPC-3 (91 vs 57%,
P¼ 0.004), which is consistent with previous stu-
dies.15 There has been little emphasis in the
literature on the utility of GPC-3 at diagnostically
challenging ends of the spectrum, that is, extremely
well-differentiated hepatocellular carcinoma and

poorly differentiated hepatocellular carcinoma.
Similar to earlier studies, we did not find any
significant difference in sensitivity of GPC-3 and
differentiation of hepatocellular carcinoma when
typical cases of well, moderately and poorly differ-
entiated hepatocellular carcinomas were consid-
ered.14,17 However, the sensitivity of GPC-3 was
lower in the well-differentiated category when
extremely well-differentiated variant of hepatocel-
lular carcinoma was included in the analysis. These
tumors occurred in non-cirrhotic liver and were
morphologically very similar to hepatic adenomas,

Figure 6 Hepatic adenoma (a, H&E �100) showing lack of
glypican-3 expression (b, �100).

Figure 7 Regenerative cirrhotic nodules (a, H&E �40) showing
patchy expression of glypican-3 (b, �40).

Table 2 Comparison of Hep Par 1 and GPC-3 staining results in
24 cases of poorly differentiated hepatocellular carcinoma

GPC-3 Hep Par 1 P-value

Diffuse positive 20 (83) 5 (21) o0.001
Total positive
(focal and diffuse)

22 (89) 15 (63) 0.02

Figures in parenthesis reflect percentages.
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but exhibited focal architectural abnormalities and
abnormal reticulin to enable the diagnosis of
hepatocellular carcinoma. These tumors can be
difficult to separate from hepatic adenoma on
morphological grounds and GPC-3 expression in
this group has not been specifically addressed. The
sensitivity of GPC-3 dropped to 50% in these cases.
These cases are different from early hepatocellular
carcinoma described in literature as they occur in
non-cirrhotic liver and are generally larger than
2 cm. In contrast, early hepatocellular carcinoma are
generally o1.5 cm and arise in cirrhotic liver.22,23

Both cases of early hepatocellular carcinoma in our
series were GPC-3 positive. GPC-3 expression in 60–
69% of early HCC has been reported.15,28 All hepatic
adenomas in this study as well as the literature have
been negative for GPC-3. Hence GPC-3 expression in
a well-differentiated hepatic neoplasm in non-
cirrhotic liver strongly favors hepatocellular carci-
noma. However, in view of the low sensitivity of
GPC-3 in extremely well-differentiated hepatocellu-
lar carcinoma, a negative result does not exclude
carcinoma.

In setting of a well-differentiated hepatocellular
nodule in cirrhotic liver, high-grade dysplastic
nodule can be difficult to separate from hepatocel-
lular carcinoma. The results of GPC-3 staining in
high-grade dysplastic nodules are inconsistent in
the literature with two studies showing expression
in a minority of cases (seven and 22%), while 75%
of cases were positive in another series.14–16 This
variation is not surprising, given the difficulty in
distinguishing high-grade dysplastic nodules and
hepatocellular carcinoma.20 In our study, 43% of
high-grade dysplastic nodules were GPC-3 positive.
In all our cases and in the literature, GPC-3
expression was focal involving o50% of tumor
cells. Hence diffuse expression of GPC-3 in a
resection specimen would favor hepatocellular
carcinoma. However, GPC-3 is likely to be of limited
use in this distinction on needle biopsies.

At the other end of the spectrum, poorly differ-
entiated hepatocellular carcinomas pose a diagnos-
tic problem as they can mimic metastatic
neoplasms. The commonly used hepatocellular
markers like Hep Par 1 and polyclonal CEA have
low sensitivity for poorly differentiated hepatocel-
lular carcinoma,3,4,6 and their staining efficacy has
not been systematically compared with GPC-3. Our
study shows that GPC-3 has higher sensitivity than
Hep Par 1 for the diagnosis of poorly differentiated
hepatocellular carcinoma (89 vs 63%, P¼ 0.02). The
difference is more pronounced when cases with
diffuse positive staining are considered (79 vs 26%,
Po0.001). Yamauchi et al14 reported 100% staining
of poorly differentiated hepatocellular carcinoma
with GPC-3 compared to 67% with Hep Par 1, but
only six cases were studied. Higher sensitivity and
more cases with diffuse staining indicate that GPC-3
will have greater utility in the diagnosis of hepato-
cellular carcinoma in liver biopsies, and may be
preferred over Hep Par 1 if limited tissue is
available. All 24 cases of poorly differentiated
hepatocellular carcinoma showed expression of
either GPC-3 or Hep Par1. Thus, the combined use
of Hep Par1 and GPC-3 is complementary for the
diagnosis of poorly differentiated hepatocellular
carcinoma with a sensitivity of 100% in our study.

Immunoreactivity of GPC-3 in variants of hepato-
cellular carcinoma has not been systematically
examined. The fibrolamellar variant of hepatocel-
lular carcinoma typically occurs in non-cirrhotic liver
in young patients. Elevation of oncofetal antigen
a-fetoprotein is infrequent in fibrolamellar hepato-
cellular carcinoma and immunohistochemistry is
generally negative.29,30 Our results show that unlike
a-fetoprotein, GPC-3, which is also an oncofetal
antigen, is expressed in two-thirds of fibrolamellar
carcinomas. In a smaller series of five fibrolamellar
hepatocellular carcinomas, GPC-3 expression was
noted in one tumor.15 Our study group included two
cases of scirrhous hepatocellular carcinoma both of
which showed diffuse-positive staining with GPC-3.
Hep Par 1 has low sensitivity for the diagnosis of

Figure 8 Poorly differentiated hepatocellular carcinoma with
diffuse glypican-3 expression (a, � 200). Hep Par 1 expression in
the same tumor is negative (b, � 200).
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scirrhous hepatocellular carcinoma.3,31 GPC-3 may
be a better marker of scirrhous hepatocellular
carcinoma, but additional cases need to be studied
to confirm this preliminary observation.

Although the results with GPC-3 are promising, its
limitations should be kept in mind while employing
it for diagnostic use. The experience with this
antibody is still limited and its expression in
adenocarcinomas of various sites and other tumors
that can mimic hepatocellular carcinoma such as
renal cell carcinoma have not been widely studied.
Small series have reported negative results in
cholangiocarcinomas and majority of metastatic
adenocarcinomas,14,17 but GPC-3 expression has
been described in melanomas, ovarian carcinoma
and rarely in metastatic colonic adenocarcino-
ma.14,32–34 Scattered and weak GPC-3 expression
can be seen in cirrhotic nodules and can rarely be
intense as seen in four cases in this study.
This observation has not been emphasized in the
literature, although strong staining has also been
observed in chronic hepatitis C with active necroin-
flammatory changes.35 Although the expression in
inflamed parenchyma and cirrhotic nodules tend to
be focal, it can lead to errors in interpretation of
biopsy specimens.

In conclusion, this study confirms that glypican-3
immunohistochemistry has high overall sensitivity
for the diagnosis of hepatocellular carcinoma, but is
less efficacious in the identification of extremely
well-differentiated hepatocellular carcinoma and
fibrolamellar hepatocellular carcinoma. An Occa-
sional strong expression can be seen in cirrhotic
nodules and it can be mistaken for hepatocellular
carcinoma in needle biopsies. Glypican-3 is superior
to Hep Par 1 for the identification of poorly
differentiated hepatocellular carcinoma. The com-
bined use of glypican-3 and Hep Par 1 yields high
sensitivity and identified all poorly differentiated
hepatocellular carcinomas in this series. Further
studies in a wide variety of tumors are necessary
before the specificity of GPC-3 for hepatocellular
carcinoma can be firmly established.
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