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ORIGINAL ARTICLE
Glypican-3 is useful but not superior to Hep Par 1 in differentiating
hepatocellular carcinoma from other liver tumours
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Abstract
To assess the diagnostic utility of glypican-3 (GPC-3) in comparison to Hep Par 1 in the diagnosis of
liver tumours, a cross-sectional study involving 66 resected liver tumours were tested for the protein
expression of these markers by immunohistochemistry using monoclonal antibodies. Of the 66 cases,
26 (39.4%) were hepatocellular carcinoma (HCC), 4 (6.1%) were intrahepatic cholangiocarcinoma
and 36 (54.5%) were metastatic tumours. Hep Par 1 and GPC-3 expressions in HCC were 24/26
(92.3%) and 19/26 (73.1%) respectively. In contrast, of non-HCC cases, only 2/40 cases (5.0%)
expressed Hep Par 1, including a metastatic colorectal adenocarcinoma and a metastatic gastric
adenocarcinoma. GPC-3 was expressed in 3/40 cases (7.5%), i.e. a metastatic adenocarcinoma of
unknown origin, a metastatic gastric adenocarcinoma and an intrahepatic cholangiocarcinoma. The
sensitivity and specificity for Hep Par 1 were 92.3% and 95% respectively while that of GPC-3 was
73.1% and 92.5% respectively. GPC-3 is a useful marker in the diagnosis of HCC. However it is
not superior to Hep Par 1 in its sensitivity and specificity. We recommend that it is utilized together
with Hep Par 1 as a panel in the diagnosis of HCC.
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INTRODUCTION
Liver cancer is an increasingly prevalent
malignancy which is associated with high
mortality.1,2 It is diagnosed twice more frequently
in men than in women.1,2 It is the fifth most
frequently diagnosed cancer and second most
frequent cause of death due to cancer in men
globally.1 The most common type of liver cancer
is hepatocellular carcinoma (HCC), which is
related to hepatitis B and hepatitis C infection.1–3
Most cases of liver cancer are seen in the East
and South-East Asia as well as in Middle and
Western Africa, where the incidence of hepatitis
B infection is also high.1,4 In Malaysia, liver
cancer is the tenth most frequently diagnosed
cancer regardless of gender and is associated
with chronic hepatitis B and C infections and
liver cirrhosis.5 The accurate diagnosis of HCC
is important but distinguishing it from metastatic
tumours may be challenging and pathologists
frequently resort to specific ancillary techniques
and tumour markers in their assessment.
Primary liver cancers are classified into

hepatocellular carcinoma (HCC), intrahepatic
cholangiocarcinoma (ICC) and combined
hepatocellular and cholangiocarcinoma (CHC).6
Differentiating HCC from other types of
liver cancer is important for prognosis and
management. 7,8 Several markers have been
suggested to distinguish HCC from other liver
tumours. These include Glypican-3 (GPC-3),
Arginase-1 and Hepatocyte paraffin 1 (Hep
Par 1).9–12 However, past reports have shown
conflicting results. While some studies reported
that GPC-3 is a sensitive marker for HCC, others
believed that Arginase-1 and Hep Par 1 are better
markers for detection of HCC.9–13 In this study
we investigated the expression, sensitivity and
specificity of GPC-3 in differentiating HCC from
other types of liver tumour in comparison to Hep
Par 1.
MATERIALS AND METHODS
This is a cross-sectional study that was conducted
on archived formalin-fixed paraffin-embedded
tissue blocks from resected liver tumours at our
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institution over a four-year period. This study
was approved by the Ethical Committee of the
National University of Malaysia.
The histopathological characteristics of each
specimen were reviewed by two pathologists
to confirm the diagnosis. The HCC cases
were graded from grade I to IV based on the
histological differentiation.14 Grade I is best
differentiated, and consists of small tumour cells
arranged in thin trabeculae.14 Cells in grade II
are larger with abnormal nuclei and glandular
structures may be present.14 In grade III, the
nuclei are larger and more hyperchromatic than
grade II cells and cytoplasm is granular and
acidophilic, but less than grade II.14 In grade IV,
tumour cells are less differentiated, displaying
hyperchromatic nuclei and loss of the trabecular
pattern.14
Any discrepancy in diagnosis was resolved
through reassessment over a multi-viewer
microscope.
Tissue microarray
Tissue microarrays (TMA) were constructed
using Alphelys Tissue Arrayer Minicore 3
(ALPHELYS, Plaisir, France) by the method of
re-locating tissue from individual paraffin blocks
to a recipient block. A hollow needle was used
to remove 0.6 mm tissue cores in duplicate, from
regions of interest and inserted into a recipient
block in a precisely spaced, arrayed pattern.
Three micron thick sections were made from
the TMA blocks for immunostaining.
Antibodies
GPC-3 mouse monoclonal immunoglobulin
12 (Biomosaics, USA and Hep Par 1
monoclonal mouse anti-human hepatocyte,
Clone OCH1 (Dako, Denmark) were used for
immunohistochemistry.
Immunohistochemistry
GPC-3 antibody was used at a dilution of 1:500
using Dako Envision Plus detection system. The
sections were also incubated with primary Hep
Par 1 antibody at a dilution of 1:50 using the
same detection system. Positive control tissues
included sections of placenta for GPC-3 and
normal hepatocytes for Hep Par 1 both with
cytoplasmic staining pattern.
Analysis of Glypican-3 and Hep Par 1
GPC-3 was considered positive when at least
one TMA tissue core was stained or more
than 10% of tumour cells showed membrane
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or cytoplasmic labelling. Negative GPC-3 was
defined as absence of staining in both TMA tissue
cores for each sample. Hep Par 1 was considered
positive when at least 10% of the tumour cells
were stained and was considered negative when
both cores were not stained.15
Statistical analysis
Data were analyzed using the statistical package
for social sciences (SPSS) software 20.0 (IBM
Inc, Chicago, Il, USA). Data were presented
as frequency and percentage. Specificity and
sensitivity was assessed for each marker. Fisher’s
exact test was used to assess the association
between each tumour marker positivity and
HCC diagnosis. A p value of less than 0.05 was
considered statistically significant.
RESULTS
A total of 66 cases of primary and secondary
malignant liver tumours were investigated.
Forty-six (69.7%) tumours were from male and
20 (30.3%) from female patients. The mean age
at diagnosis was 58.7±10.7 years, ranging from
36 to 76 years old. Ethnically, 35(53%) were
Chinese, 25 (38%) were Malay, 2 (3%) were
Indian and 4 (6%) were from other ethnicities.
Among primary tumours, 26 (39.4%)
were identified as HCC and four (6.1%) were
intrahepatic cholangiocarcinoma. Thirtysix (54.5%) cases were metastatic tumours
comprising 21 (31.8%) metastatic colorectal
adenocarcinoma and 15 (22.7%) from other
primary sites (Table 1).
Of 26 HCC cases, 9 (34.6%) were grade I,
10 (38.4%) grade II and 7 (26.9%) were grade
III (Table 2). There were no grade IV cases.
Hep Par 1 immunostaining
Twenty-four of 26 HCC (92.3%) were positive
for Hep Par 1 (Table 1). In contrast, only two
non-HCC cases (2/40, 5%), i.e. a metastatic
gastric adenocarcinoma of intestinal type and a
metastatic adenocarcinoma of colon, were Hep
Par 1-positive.
Glypican-3 immunostaining
Nineteen cases of 26 HCC (73.1%) were positive
for GPC-3 (Table 1), expressed as strong
membranous, cytoplasmic and pericanalicular
labelling patterns (Fig. 1). Among non-HCC
cases, GPC-3 was expressed in three cases
(one case of metastatic adenocarcinoma of
unknown origin, one case of intrahepatic
cholangiocarcinoma and one case of metastatic
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TABLE 1: Distribution of histological diagnosis of primary and secondary liver tumours
according to gender and their expression for Hep Par 1 and glypican-3
			
Hep Par 1
GPC-3
Total Male Female No. positive/tested No. positive/tested
				
(%)
(%)
Hepatocellular carcinoma
26
Intrahepatic cholangiocarcinoma
4
Metastatic colorectal adenocarcinoma
21
Metastatic pancreatic adenocarcinoma
1
Metastatic adenocarcinoma of
8
unknown origin
Metastatic breast adenocarcinoma
1
Metastatic periampullary adenocarcinoma 1
Metastatic gastric adenocarcinoma
1
(intestinal type)
Metastatic ovarian adenocarcinoma
1
Diffuse large B-cell lymphoma
1
Metastatic gastrointestinal tumour
1
(GIST)
gastric adenocarcinoma of intestinal type)
(Table 1, Fig. 1).
Of the seven GPC-3 negative HCCs, four
were grade I, two grade II and one showed
clear cell pattern where the grading could not be
determined. None of the 20 cases of colorectal
adenocarcinoma expressed GPC-3 (rendering it
suitable for differentiating HCC from colorectal
adenocarcinoma). The expression of Hep Par 1
and GPC-3 according to grade is summarised in
Table 2.
The expression of GPC-3 and Hep Par 1
was independently associated with diagnosis
of HCC (p<0.001) (Table 3). The sensitivity
and specificity of Hep Par 1 in detecting HCC
was 92.3% and 95% respectively, whereas the
sensitivity and specificity of GPC-3 was 73.1%
and 95.2% respectively. These results suggest
that Hep Par 1 is associated with detection of true
HCC tumours 1.3 times more than GPC-3. The
positive and negative predictive value for Hep
Par 1 in detecting HCC were 92.3% and 95.0%
respectively, while positive predictive value for

21
3
16
1
4

5
1
5
0
4

24/26 (92.3%)
0/4 (0.00%)
1/21 (4.76%)
0/1 (0.00%)
0/8 (0.00%)

19/26(73.07%)
1/4 (25.00%)
0/21 (0.00%)
0/1 (0.00%)
1/8 (12.50%)

1
0
1

0
1
0

0/1 (0.00%)
0/1 (0.00%)
1/1 (100%)

0/1 (0.00%)
0/1 (0.00%)
1/1 (100%)

0
1
0

1
0
1

0/1 (0.00%)
0/1 (0.00%)
0/1 (0.00%)

0/1 (0.00%)
0/1 (0.00%)
0/1 (0.00%)

GPC-3 in detection of HCC was 86.4% and the
negative predictive value was 84.1%.
DISCUSSION
The primary purpose of this study was to compare
the usefulness of GPC-3 with Hep Par 1 in the
diagnosis of HCC. We were prompted to conduct
these investigations seeing that previous reports
have shown conflicting results.9–13
In our study, Hep Par 1 proved to be a sensitive
(92.3%) and specific (95.0%) marker for HCC,
comparable to the findings of a previous study
which showed 83.3% sensitivity and 96.6%
specificity.13 Also, in the study by Kakar et al
(2003) on immunoreactivity of Hep Par 1, 93%
of HCCs were positive for this marker.16
Studies using different clones of Hep Par 1
antibodies have demonstrated that Hep Par 1 is
consistently sensitive and specific in the diagnosis
of HCC.17–19 Our findings are consistent with
previous reports showing high sensitivity and
specificity for Hep Par 1 in comparison to GPC3.

TABLE 2: Expression of Hep Par 1 and Glypican-3 according to the tumour grade
Grade I
n=9

Grade II
n=10

Grade III
n=7

Total

Hep Par 1
(No. of positive cases)

8

9

7

24

GPC-3
(No. of positive cases)

6

7

6

19

Grade
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A

B

C

D

FIG. 1: Cytoplasmic and membranous staining of Hep Par 1 and Glypican-3 in liver tumours. (A) Negative Hep
Par 1 staining in a case of cholangiocarcinoma (x400), (B) Strong Glypican-3 cytoplasmic staining in a
case of HCC (x400), (C) Positive cytoplasmic staining for Glypican-3 in a case of cholangiocarcinoma
(x400) and (D) Cytoplasmic and membrane staining of Glypican-3 in metastatic adenocarcinoma (intestinal
type) (x400)

In this study, GPC3 was positive in 19/26
(73.01%) of HCC cases and in only 3/40
(7.5%) non-HCC tumours: a metastatic
adenocarcinoma of unknown origin, a metastatic
gastric adenocarcinoma of intestinal-type and
an intrahepatic cholangiocarcinoma. This low
number of GPC3-positivity in non-HCC tumours
were also observed by Baumhoer et al (2008),
who found that three out of 24 (13%) cases of
ICC were GPC3-positive (13%).20 On the other
hand in another study on FNA samples of HCC
and metastatic tumours, GPC-3 was reported
positive only in HCC tumours.21 The difference
in the findings of our study and the latter is
most likely due to the difference in sampling
method where smaller amounts of tumoral cell
concentrations are found in FNA sampling.

The correlation between Hep Par 1 and GPC-3
expression and tumour grades is of some dispute.
In our study, the two Hep Par 1-negative HCCs
were low-grade tumours; i.e. a grade I and grade
II. However previous reports showed that Hep
Par-1 negativity is associated with high grade
HCC while Hep Par 1 positivity is seen in
well-differentiated HCC tumours. Most of the
GPC-3-negative HCC (5/7) were low grade and
this is in keeping with previous findings where
strong positivity for GPC-3 is associated with
poorly-differentiated HCC tumours.22,23
The current study showed that GPC3 and
Hep Par 1 are expressed in the majority of HCC
cases with high specificity and sensitivity but in
non-HCC cases the expression is low or negative
indicating that both markers are excellent for

TABLE 3: Hep Par 1 and Glypican-3 positivity in HCC and non-HCC tumours
		

HCC

Non-HCC

p

Hep Par 1

Positive
Negative

24
2

2
38

<0.001*

Glypican-3

Positive
Negative

19
7

3
37

<0.001*

* Statistically significant association based on Fisher’s exact test
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differentiating HCC from ICC or metastatic
carcinoma. This is in line with the findings of
a previous study that reported Hep Par 1 and
GPC-3 as better markers in differentiating HCC
from non-HCC tumours.24
In addition, our results showed that GPC-3
is highly specific, comparable to Hep Par 1 in
detecting HCC (95.2% vs 95.0%) but it is not
as sensitive as Hep Par 1 as a tumour marker
(73.1% vs 92.3%).
Based on the results of this study, it can be
concluded that GPC3 is a useful marker in the
diagnosis of HCC but found not to be as sensitive
as Hep Par 1. From these findings we proposed
that GPC3 is to be used together with Hep Par
1 within a panel of antibodies in the diagnosis
of HCC.
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