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Abstract: Background: Hepatocellular carcinoma (HCC) is one of the most heterogeneous malignancies with poor 
prognosis of human beings. Arginase-1 (Arg-1) and glypican-3 (GPC-3) was separately specific markers for HCC, how-
ever, the value of Arginase-1-Glypican-3 (Arg1-GPC3) combined staining in distinguishing hepatocellular carcinoma 
from metastatic tumor have never been studied in surgical specimens. Methods: Expression of Arg-1 and GPC-3 are 
measured by immunohistochemistry, including 78 HCCs, 34 metastatic tumors and 228 nonhepatocellular tumors 
of surgical specimens. Results: The overall sensitivity of Arg-1 and GPC-3 in HCC was 96.1% (75/78) and 64.1% 
(50/78), respectively; Arg-1 was more sensitivity in well 100% (15/15) and moderately 100% (15/15) differenti-
ated HCC than poorly 86.0% (19/22) differentiated HCC. In contrast, GPC-3 was more sensitivity in poorly 81.8% 
(18/22) differentiated HCC compared with well 46.70% (7/15) and moderately 61.0% (25/41) differentiated HCC. 
Single of Arg-1 or GPC-3 positive demonstrated superior sensitivity (98.7%) compared with Arg-1 (96.1%) or GPC-3 
(64.1%) alone, and the specificity for both of Arg-1 and GPC-3 in distinguishing HCC from metastatic tumors and 
nonhepatocellular tumors was better (100%) than that of Arg-1 (99.6%) or GPC-3 (95.4%) alone, none of metastasis 
and nonhepatocellular tumors had expressed both of Arg-1 and GPC-3. Conclusion: Arg-1 has higher sensitivity and 
specificity for HCC compared with GPC-3, but the combination of Arg1-GPC3 has better specificity than dose single 
staining in differentiated diagnosis of HCC from metastasis tumors.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most heterogeneous malignancies with poor 
prognosis of human beings. Previous evidence 
has suggested an estimated 782,500 new liver 
cancer cases and 745,500 deaths occurred 
worldwide during 2012, with a high prevalence 
of HCC in developing countries including China 
[1, 2]. Although significant advances have been 
made in HCC research in the past several de- 
cades, including dynamic contrast-enhanced 
magnetic resonance imaging, computed tomo- 
graphy, and serum α-fetoprotein levels, the effi-
cacy for the accurate diagnosis of HCC was still 
undesirability, particularly in the early stage of 
HCC and discrimination between primary HCC 
and metastatic tumor of liver. Several treat-
ment modalities available for HCC were not so 

effective for none-hepatocellular carcinoma of 
the liver [3, 4]. Therefore, the discovery of novel 
biomarkers is urgently required for the HCC 
diagnosis.

In general, some specific markers of the liver 
have been widely used in the diagnosis of HCC, 
such as hepatocyte paraffin antigen (HepPar-1), 
polyclonal carcinoembryonic antigen (CEA), 
α-fetoprotein (AFP) and CD10 [5-8], losing of 
the antigen of these markers in portion of poor-
ly differentiated HCC and expressing in nonhe-
patocellular tumors, false positive or false neg-
ative will give the wrong guide in the diagnosis 
[9-17]. Until recently, some novel biomarkers 
were employed for the HCC. Among these, argi-
nase-1 (Arg-1), a specific marker for hepatocyte, 
hardly expressing in nonhepatocyte, is recently 
recognized as a useful diagnostic marker in the 
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differential diagnosis of HCC from metastatic 
tumors [16, 18]. And Glypican-3 (GPC-3), a 
member of the glypian family, a group of hepa-
ran sulfate proteoglycans linked to the cell sur-
face through a glycosyl-phosphatidylinositol 
anchor is another promising biomarker for HCC 
[19]. However, increased studies indicated that 
different expression panel may exist between 
Arg-1 and GPC-3 in the diagnosis of HCC. For 
example, GPC-3 express can be found in HCC, 
but not in normal liver cells, cirrhosis and 
hepatic adenoma, and less expressing in non-
hepatocyte [20]; Whereas Arg-1 expressed in 
normal hepatocyte, well/moderately differenti-
ated HCC, but limited in poorly differentiated 
HCC; in contrast, GPC-3 expressed in poorly dif-
ferentiated HCC more than well and moderately 
differentiated HCC. Although Arg-1 or GPC-3 

has been reported in HCC, inadequate samples 
especially in tumors full of heterogeneity can-
not reach a precise diagnosis, Several litera-
tures showed Arginase-1 (Arg-1) was a specific 
marker for hepatocyte, and glypican-3 (GPC-3) 
was a specific marker for HCC, these studies 
did in the small samples size by tissue microar-
ray (TMA) or fine-needle aspiration (FNA) biopsy 
specimens, however a more precise diagnosis 
cannot be reached via inadequate samples 
especially in tumors full of heterogeneity. Taken 
together, the value of Arg1-GPC3 combined 
staining need be necessary in surgical 
specimens. 

In this study, we compared the expression of 
these 2 markers (Arg-1, GPC-3) in HCC, meta-
static tumors and nonhepatocellular tumors in 

Figure 1. A. Arg-1 staining shows intense cytoplasmic and nuclear staining (original magnification, ×40), B. GPC-3 
staining shows intense cytoplasmic staining (original magnification, ×40), C. Arg-1 negative expression in neuroen-
docrine carcinoma of stomach transferring to the liver, Arg-1 positive expression in normal liver cell (immunohisto-
chemistry; original magnification, ×20), D. Arg-1 negative expression in colonic adenocarcinoma transferring to the 
liver, Arg-1 positive expression in normal liver cell (immunohistochemistry; original magnification, ×20), E. Negative 
control for Arg-1 with interlobular duct (original magnification, ×20). 
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surgical specimens, and we also estimated the 
value of Arg1-GPC3 combined staining, and 
determined the diagnostic utility of Arg1-GPC3 
immunohistochemistry in distinguishing these 
tumors.

Materials and methods

Tissue specimens

All of the cases in this study were described 
previously [21]. Briefly, all 340 formalin-fixed, 
paraffin-embedded cases including 78 HCC, 34 
metastatic tumors and 228 none hepatocellu-
lar tumors, were employed from the Department 
of Pathology in the First Affiliated Hospital of 
Xinjiang Medical University during 2006-2012. 
Among the 78 HCC cases, there were 54 male 
and 24 female, respectively, with an average 
age of 49 years (range from 35-78 years), and 
the average size of the main lesion was 3.96 
CM (range from 1.2-17.4 CM) in maximum 
diameter. According to the latest diagnostic cri-
teria of World Health Organization (WHO), There 
were 15, 41 and 22 for well, moderately and 
poorly differentiated of HCC, respectively. 
Furthermore, there were 34 cases of metastat-
ic tumors and 228 cases of nonhepatocellular 
included in this study. 

Information of the whole HCC cases was extra- 
cted based on the criteria from the CAP website 
data (CAP Home > CAP Reference Resources 
and Publications > Cancer > Cancer Protocols 
and Checklists). And written informed consent 
was obtained from all of the participants. All 
specimens were handled and approved by the 
hospital’s ethics committee.

Reagents and immunohistochemistry 

The main antibodies Arg-1 and GPC-3 immuno-
reactivity were detected by immunohistochem-
istry. The brief characteristics of these two anti-
bodies were as follows: Arg-1 (polyclonal anti-
body C60725; 1:3000; cytoplasm/nucleus; 
Sigma); GPC-3 (polyclonal antibody PA532432; 
1:60; cytoplasm; Phermo). Experimental proce-
dures were performed as previously described 
[22, 23]#. Briefly, serial 5-μm sections from 
FFPE tissues were collected onto poly-L-lysine 
coated slides and processed with a standard 
manual streptavidin peroxidase technique 
using a biotin free detection system (Dako, 
Colorado, USA) after a heat-induced antigen 
retrieval procedure. Appropriate positive and 

negative controls were routinely performed. 
Additionally, some biomarkers were routinely 
used for diagnosing purposes, for example, AFP 
(polyclonal antibody ZSA06; 1:150; cytoplasm; 
Zhongshan); HepPar-1 (polyclonal antibody OC- 
H1E5; 1:50; cytoplasm; Dako); CK8 (polyclonal 
antibody 7S1; ready to use; cytoplasm; MAIXIN); 
CK18 (polyclonal antibody DC10; ready to use; 
cytoplasm; MAIXIN); CK7 (polyclonal antibody 
OV-TL; 1:100; cytoplasm; GENE); CK19 (poly-
clonal antibody A53-B/A2.26; ready to use; 
cytoplasm; MAIXIN).

Scoring of immunostaining

Intensity and cellular percentages (HSCORE 
system) of immunohistochemical scores were 
assessed blindly by two independent senior 
pathologist (Qiaoxin Li and Xinxia Li), and any 
disagreements were resolved with a third 
reviewer (Wei Zhang). More than 5% of the tar-
get cells with immunostaining would be consid-
ered positive finding. The intensity of immunos-
taining was scored on a 4-tiered scale (0 to 3+), 
using the following semi-quantitative scale: 0, 
no reactivity (no staining); 1+, weak staining 
(seen clearly with ×20 or ×40); 2+, moderate 
staining (seen clearly with ×10); and 3+, strong 
staining (seen clearly with ×4). 

Statistical analysis

Statistical analysis was performed using SPSS 
version 13.0. Group comparisons of categorical 
variables were evaluated using the Fisher’s 
exact or Pearson’s chi-square test. Finally, sen-
sitivity, specificity, positive predictive value 
(PPV) and negative predictive value (NPV) of 
Arg-1 and GPC-3 were calculated for the signifi-
cance. All P-values were two-sided with less 
than 0.05 were considered to be statistically 
significant, and less than 0.01 meant highly 
significant.

Results

Arg-1 expression

Only cytoplasm and nucleus immunostaining 
was considered to be positive finding for Arg-1 
(Figure 1). The overall sensitivity of Arg-1 was 
96.1% (75/78) in HCC (Table 1) with more sen-
sitivity in well 100% (15/15) and moderately 
100% (15/15) differentiated HCC than poorly 
86.0% (19/22) differentiated HCC (Table 2). As 
expected, Arg-1 immunoactivity could be found 
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in HCC, but not in nonhepatocellular derived 
tumors except one case (P<0.0001). Arg-1 
staining intensity of immunoreactivity of HCC:  
3 cases (3.8%) showed 0, 4 cases (5.1%) 
showed 1+, 10 cases (12.8%) showed 2+, and 
61 cases (78.2%) showed 3+, respectively 
(Supplementary Table 1). No significant associ-
ation between Arg-1 staining intensity and his-
tological differentiation was found in this study 
(data was not showed).

GPC-3 expression

Cytoplasm immunostaining was considered to 
be positive finding for GPC-3. The overall sensi-
tivity of GPC-3 was much high in HCC (64.1%, 
50/78) than that of metastatic tumors (8.8%, 
3/34) and nonhepatocellular tumors (3.9%, 
9/228), with noteworthy significant association 
of P<0.0001 (Table 1). Although GPC-3 expres-
sion was more common in poorly differentiated 
HCC, compared with well and moderately HCC, 
no significant association was found between 
(P=0.0759) (Table 2). GPC-3 Staining intensity 
of immunoreactivity of HCC: 28 cases (35.9%) 
showed 0, 9 cases (11.5%) showed 1+, 17 ca- 
ses (21.8%) showed 2+, and 24 cases (30.8%) 

showed 3+, respectively (Supplementary Table 
1). No significant association between GPC-3 
staining intensity and histological differentia-
tion was found in this study (data was not 
showed). Furthermore, GPC-3 expression can 
be found in some tumors other than HCC in  
this study, including 25% (1/4) of metastatic 
gallbladder carcinoma, 16.7% (1/6) of meta-
static gastric adenocarcinoma, 11.1% (1/9)  
of metastatic colonic adenocarcinoma, 7.1% 
(2/28) of colonic adenocarcinoma, 8.33% 
(1/12) of gallbladder carcinoma, 6.25% (1/16) 
of renal clear cell carcinoma, 8.33% (1/12) of 
pulmonary adenocarcinoma, 10% (1/10) of 
uterine adenocarcinoma and 13.6% (3/22) of 
gastric adenocarcinoma (Supplementary Tab- 
les 2, 3).

Combination analysis Arg1-GPC3

If any of Arg-1 or GPC-3 expression is defined as 
a positive case: the positivity cases were 98.7% 
(77/78), 8.8% (3/34) and 4.4% (10/228) in 
HCC, metastatic tumors and nonhepatocellular 
tumors, respectively. This combination showed 
the sensitivity, specificity, and positive and neg-
ative predictive value of markers in distinguish-

Table 1. Arg-1 and GPC-3 expression in HCC, metastatic tumors and nonhepatocellular tumors
HCC (N=78) Metastatic tumors (N=34) Nonhepatocellular tumors (N=228) P valuea

Arg-1 75 (96.1) 0 (0) 1 (0.4) <0.0001
GPC-3 50 (64.1) 3 (8.8) 9 (3.9) <0.0001
a: Two-sided Pearson’s chi square test for distributions between different tumors in this study. The results were in bold, if 
P<0.05.

Table 2. Arg-1 and GPC-3 expression in well, moderately and poorly differentiated HCC
Well differentiated

HCC (N=15)
Moderately differentiated  

HCC (N=41)
Poorly differentiated  

HCC (N=22) P valuea

Arg-1 15 (100) 41 (100) 19 (86.0) 0.0189
GPC-3 7 (46.7) 25 (61.0) 18 (81.8) 0.0759
a: Two-sided Pearson’s chi square test for distributions between different tumors in this study. The results were in bold, if 
P<0.05. 

Table 3. Statistical analysis of sensitivity, specificity, and positive and negative predictive value of 
marker and marker combinations in distinguishing hepatocellular carcinoma from metastatic tumors 
and nonhepatocellular tumors
Marker and marker 
combination

HCC
(N=78)

Metastatic tumors 
(N=34)

Nnonhepatocellular 
tumors (N=228) Sensitivity Specificity PPV NPV

Arg-1 75 0 1 96.1% 99.6% 98.7% 98.8%
GPC-3 50 3 9 64.1% 95.4% 80.6% 89.9%
Arg-1 or GPC-3 77 3 10 98.7% 95.0% 85.6% 99.6%
Arg-1 and GPC-3 48 0 0 61.5% 100% 100% 89.7%
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ing hepatocellular carcinoma from metastatic 
tumors and nonhepatocellular tumors were 
98.7%, 95.0%, 85.6% and 99.6%, respectively 
(Table 3). This combination can have higher 
sensitivity compared with separate marker.

If both of Arg-1 and GPC-3 expression is defined 
as a positive case: the positivity cases were 
61.5% (48/78), 0% (0/34) and 0% (0/228) in 
HCC, metastatic tumors and nonhepatocellular 
tumors, respectively. This combination showed 
the sensitivity, specificity, and positive and neg-
ative predictive value of markers in distinguish-
ing hepatocellular carcinoma from metastatic 
tumors and nonhepatocellular tumors were 
61.5%, 100%, 100% and 89.7%, respectively 
(Table 3). This combination can have higher 
specificity compared with separate marker.

Other statistical analysis

Among all of the 78 cases of HCC, only one 
case did not express both Arg-1 and GPC-3, this 
case expressing CK8, CK18 and AFP, the mor-
phology of this case could find certain typical 
feature of HCC. All of 22 poorly differentiated 
HCC expressed one or more of CK8, CK18, AFP 
and HepPar-1, with varying histological features 
of HCC.

Discussion

HCC is the most common malignancies of the 
liver. Many markers have been used on diagno-
sis for HCC and the identification of HCC from 
other neoplasms. As a specific marker for hepa-
tocyte, Arg-1 has been used on diagnosis for 
hepatocellular tumors; GPC-3 is a specific mar- 
ker for HCC, so the combination of Arg1-GPC3 
could be better diagnostic value in distinguish-
ing hepatocellular carcinoma from metastatic 
tumor. Although, some literatures focused on 
these of two markers in TMA or FNA biopsy spe- 
cimens, but no consistent result was obtained 
based on Arg-1 and GPC-3 expression by far; 
secondly, limitations of sample and heteroge-
neity of tumor could not aid accurate diagnosis, 
so the value of Arg1-GPC3 combined immunos-
taining in distinguishing HCC from metastatic 
tumor should be necessary in surgical speci-
mens. The aims of our study were to evaluate 
these two biomarkers (Arg-1, GPC-3) in distin-
guishing a metastasis from an HCC on surgical 
specimens in a Chinese HCC population. 

Arg-1, an enzyme involving in the urea cycle 
[24], is recently recognized a useful diagnostic 

marker in the differential diagnosis of HCC from 
metastatic tumors [18, 22]. Our study showed 
that staining intensity of Arg-1 is strong in 
majority of HCC, the total sensitivities of Arg-1 
was 96.1% (75/78) consistent with previous 
research (95.9%) [25], it also showed that Arg-1 
has higher sensitivity of well or moderately dif-
ferentiated HCC compared with poorly differen-
tiated HCC. No Arg-1 expressing in any meta-
static tumors and only one case was found 
expressed in nonhepatocellular tumors in this 
study, which meant high specificity (99.6%) in 
differentiated diagnosis of HCC from metasta-
sis tumors. However, a FNA study showed that 
Arg-1 expressed in 9.8% (6/61) metastatic 
tumors [17], we supposed that limited back-
ground could made unspecific staining. In our 
study, metastatic tumors chose the border tis-
sue of liver tissue and metastatic tumor, which 
can exclude unspecific staining. HCC and intra-
hepatic cholangiocarcinoma (ICC) are most 
common malignant tumor in liver, it is difficult 
on differential diagnosis of HCC from ICC, as we 
wish, no expression of Arg-1 was found in 17 
cases of ICC, which means that Arg-1 is a better 
marker in differential diagnosis of HCC from 
ICC. Our study also emphasized the importance 
in distinguishing HCC form ICC, because ICC 
cannot benefit from radiotherapy and chemo-
therapy, whereas HCC can do.

GPC-3, a member of the heparin sulfate proteo-
glycan family, is expressed in embryonic stag-
es; its expression is greatly reduced in adult 
tissues [23, 26]. It is proved that GPC-3 plays 
an important role in HCC growth and it is a spe-
cific marker for HCC [17, 27-30]. GPC-3 is up-
regulated in 50 to 84% of HCC samples, and 
specificity of 92% in some studies. Our study 
showed that the sensitivity of GPC-3 was 64. 
1% for HCC, which showed poorer sensitivity 
compared of Arg-1. GPC-3 has higher sensitivi-
ty of poorly differentiated HCC compared with 
well or moderately differentiated HCC, and 
GPC-3 also had high specificity (95.4%) as well 
as Arg-1. Overall, GPC-3 had general sensitivity 
and good specificity; it means GPC-3 maybe 
not a good marker for HCC alone, GPC-3 should 
need another marker combination and achieve 
better diagnostic value.

Although three cases of HCC did not express 
Arg-1, two of these cases expressed GPC-3; 28 
cases of HCC did not express GPC-3, while 27 
of these cases expressed Arg-1, which means 
that Arg1-GPC3 combination can increase the 
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positive rate for HCC. So Arg1-GPC3 combina-
tion is necessary in our study.

We estimated the value of Arg1-GPC3 combina-
tion in distinguishing HCC from metastatic 
tumors and nonhepatocellular tumors, the 
result showed that combination of Arg1-GPC3 
can increase sensitivity or specificity compared 
with single marker. If any of Arg-1 or GPC-3 
expression is defined as a positive case, the 
result showed higher sensitivity (98.7%), and if 
both of Arg-1 and GPC-3 expression is defined 
as a positive case, the result showed higher 
specificity (100%). Although Arg-1 has higher 
sensitivity for HCC compared with GPC-3, the 
combination of Arg-1 or GPC-3 expression may 
has higher sensitivity (98.7%) for HCC diagno-
sis compared with single Arg-1 expression 
(96.1%), especially for poorly differentiated 
HCC. GPC-3 expressed in a few cases of nonhe-
patocellular tumors consistent with some 
reports [31, 32], but our study showed that 
combination of Arg-1 and GPC-3 expression 
can increase specificity (100%) compared with 
single GPC-3 (95.4%) expression, in our study, 
none of metastasis and nonhepatocellular 
tumors had expressed both of Arg-1 and GPC-
3, just only expressed single marker.

Our findings support the conclusion that Arg-1 
has higher sensitivity and specificity compared 
with GPC-3 for HCC, and the separate of Arg-1 
or GPC-3 expression has higher sensitivity for 
HCC diagnosis, and the both of Arg-1 and GPC-3 
expression has higher specificity in differenti-
ated diagnosis of HCC from metastasis tumors. 
So the combination of Arg1-GPC3 has better 
diagnostic value than dose single staining. 
However, several limitations of the present 
study need to be addressed. Firstly, poorly dif-
ferentiated HCC usually lose antigen, how can 
we identify the case losing both of these two 
markers in HCC from metastatic tumor, maybe 
some other markers should be necessary 
taken. Nevertheless, Arg-1 may be a good ideal 
marker for HCC so far, so morphology may be 
the best reliable method to use. Secondly, limi-
tation of amount of HCC, so subgroup analyses 
of tumor types cannot be made.
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Supplementary Table 1. staining intensity of Arg-1 and GPC-3 antibodies in HCC
Arg-1 GPC-3

Tumor N (%) 0 1+ 2+ 3+ N (%) 0 1+ 2+ 3+ 
HCC 75 (96.15) 3 (3.8) 4 (5.1) 10 (12.8) 61 (78.2) 50 (64.1) 28 (35.9) 9 (11.5) 17 (21.8) 24 (30.8)

Supplementary Table 2. Arg-1 and GPC-3 expression in meta-
static tumors
Metastatic tumors Cases Arg-1 (%) GPC-3 (%)
Mammary carcinoma 2 0 0
Gallbladder carcinoma 4 0 1 (25)
Endocrine carcinoma 5 0 0
Endometrioid carcinoma of ovary 2 0 0
Nasopharyngeal carcinoma 2 0 0
Ductal adenocarcinoma of the pancreas 1 0 0
Renal clear cell carcinoma 3 0 0
Gastric adenocarcinoma 6 0 1 (16.7)
Colonic adenocarcinoma 9 0 1 (11.1)
Total 34 0 (0) 3 (8.8)

Supplementary Table 3. Arg-1 and GPC-3 expression in nonhe-
patocellular tumors
Types of tumors Cases Arg-1 (%) GPC-3 (%)
Colonic adenocarcinoma 28 0 2 (7.1)
Breast carcinoma 22 0 0
Endometrial adenocarcinoma 31 0 0
Endocrine carcinoma 10 0 0
Intrahepatic cholangiocarcinomas 2 0 0
Ductal adenocarcinoma of the pancreas 6 0 0
Gallbladder carcinoma 12 1 (8.33) 1 (8.33)
Renal clear cell carcinoma 16 0 1 (6.25)
Nasopharyngeal carcinoma 15 0 0
Urothelial carcinoma 16 0 0
Pulmonary adenocarcinoma 12 0 1 (8.33)
Uterine adenocarcinoma 10 0 1 (10)
Esophageal adenocarcinoma 10 0 0
Gastric adenocarcinoma 22 0 3 (13.6)
Total 228 1 (0.4) 9 (3.9)


