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Background: Hepatocellular carcinoma is the most common primary liver cancer. Pathologic distinction between Hepatocellular 
Carcinoma (HCC) and adenocarcinoma (Cholangiocarcinoma (CC) and Metastatic Adenocarcinoma (MA)) can be challenging and 
sometimes requires immunohistochemical panels. Recently, Arginase-1 (ARG-1) and Glypican-3 (GPC-3) have been introduced for 
differentiation of these tumors.
Objectives: The aim of this study was to determine the diagnostic accuracy of ARG-1 and GLP-3 in differential diagnosis of liver tumors.
Patients and Methods: Eighty-nine formalin-fixed paraffin-embedded tissue blocks including 43 cases of documented HCCs, 19 cases of 
documented CC, and 27 cases of MA involving the liver (15 colon, 5 stomach, 3 pancreas, 2 gallbladder, 1 duodenum and 1 ampulla of vater) 
were evaluated for immunohistochemical expression of ARG-1 and GPC-3.
Results: Arginase-1 and GPC-3 demonstrated diffuse staining, as reactivity in > 97% of HCCs, whereas only one (5.3%) and 2 (10.5%) of 19 CC 
cases show positive staining for GPC-3 and ARG-1, respectively. The expression of both markers in MA showed 6 (22.2%) for ARG-1 and 3 (11.1%) 
for GPC-3, especially with colorectal origin. Our findings showed a statistically significant difference between ARG-1 and GPC-3 expression 
in HCC, CC and MA.
Conclusions: The findings of this study reveal that both ARG-1 and GPC-3 are helpful IHC markers to separate HCC from CC and MA. 
Furthermore, ARG-1 shows 100% sensitivity and 82.6% specificity for the diagnosis of HCC whereas GPC-3 demonstrated 97.7% sensitivity and 
91.3% specificity for the diagnosis of this tumor.
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1. Background
Hepatocellular Carcinoma (HCC) is the most common 

primary liver cancer. It is the fifth common cancer world-
wide and the third leading cause of cancer-related death, 
after lung and stomach cancers (1).

The distinction of HCC from cholangiocarcinoma (CC) 
and other types of adenocarcinoma metastatic to the 
liver is very important. However, in most cases; the cor-
rect diagnosis can be made by the combination of clini-
cal findings, imaging modalities and routine evaluation 
of Hematoxylin and Eosin (H & E) stained sections.

Immunohistochemistry plays a very crucial role in dif-
ferential diagnosis of liver tumors (2). There are some 
immunohistochemical markers for identification of 
hepatocyte origin in routine surgical pathology prac-
tice, such as Hepatocyte Paraffin Antigen-1 (HepPar-1), 
polyclonal Carcinoembryonic Antigen (CEA), CD10, and 
Alpha-Fetoprotein (AFP) (3). However, the sensitivity and 
specificity of these markers are relatively low, for exam-
ple the sensitivity of AFP ranges from 30% to 50% with 

frequent focal staining. Polyclonal CEA and CD10 can be 
difficult to interpret because of diffuse cytoplasmic and 
canalicular staining (4). Also, the sensitivities of these 
markers can be low (25% to 50%) in poorly differentiated 
HCCs (5). Meanwhile, HepPar-1 can be negative in small 
Tru-cut needle biopsies or variants of HCC such as clear 
cell type (3).

Recent literature report characterized new immuno-
histochemical markers, Arginase-1 (ARG-1) and GLP-3 as 
potential markers of hepatocellular differentiation in 
both surgical pathology and cytopathology that may at 
last prove to be useful diagnostic tools in surgical pathol-
ogy practice by increasing sensitivity and specificity of 
previous markers. However, there are not so many stud-
ies about their task.

2. Objectives
The purpose of this study was to investigate and de-
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scribe ARG-1 and GLP-3 immunostaining utility in differ-
ential diagnosis of HCC, CC and metastatic liver tumors.

3. Patients and Methods
This study consisted of 43 documented cases of HCC, 

27 cases of metastatic carcinoma to the liver (15 colon, 
5 stomach, 3 pancreas, 2 gallbladder, 1 duodenum and 
1 ampulla of vater), and 19 cases of CC. All cases were re-
trieved from the archives of the pathology department, 
Shiraz University of Medical Sciences during the period 
between 2010 and 2014. The clinical history, pathology re-
ports and H & E stained slides for all cases were reviewed 
to confirm the diagnosis. The histologic diagnosis of 
HCC was made on surgically resected (n = 67) and needle 
biopsy (n = 22) specimens. Hepatocellular carcinomas 
were classified as well-differentiated (n = 40), moderately 
differentiated (n = 1), or poorly differentiated (n = 1), re-
spectively, corresponding to World Health Organization 
criteria (1). Cases of CC were characterized histologically 
by proliferating glands or tubules with an associated fi-
brous stroma in the explanted livers, and were confirmed 
by clinical exclusion of an extrahepatic primary tumor. 
In all cases of MA, the primary site was well-established 
histologically by a previously resected extrahepatic pri-
mary tumor and/or a clinical history of a known primary 
tumor outside of the liver.

Demographic findings of the cases are shown in Table 1.
The cases were all reviewed by two pathologists and 

confirmed the previous diagnosis, and then the best slide 
of the tumor was selected and the corresponding paraf-
fin block for immunohistochemistry was isolated.

The antibodies were rabbit polyclonal antibody against 
ARG-1 (H-52: sc 20150, Santa Cruz, Europe) at a dilution 
1:500, and monoclonal mouse, anti-GLP-3 antibody con-
centrate (Cell Marque, USA), clone 1G12.

Normal adult liver tissue staining was considered as 
positive internal controls for ARG-1 (1). GLP-3 has no reac-
tivity in normal adult liver but is positive in fetal liver, so 
fetal liver from autopsy cases was used as a positive con-
trol (6).

The stained slides were assessed independently by two 
surgical pathologists. Only cytoplasmic and /or nuclear 
reactivity for ARG-1 and cytoplasmic and/or membranous 

reactivity for GLP-3 was considered as positive staining. 
We evaluated staining intensity and percentage of the tu-
mor cells stained. The staining was scored as 0 (negative), 
1 + (weak), 2 + (moderate) and 3 + (strong). The number of 
positive tumor cells was recorded as focal (< 10%), patchy 
(10% - 50%) or diffuse (> 50%). Then the result of the immu-
nohistochemistry of the two markers (ARG-1 and GLP-3) 
compared with the final diagnosis (1, 6).

Statistical analysis was performed by SPSS version 16 
for windows. Group comparisons of categorical vari-
ables were analyzed using the Pearson’s chi-square test. 
Finally, sensitivity, specificity, Positive Predictive Value 
(PPV), and Negative Predictive Value (NPV) of ARG-1 and 
GLP-3 were calculated. All P values that were two-sided 
and less than 0.05 were considered as statistically sig-
nificant, and less than 0.01 were considered highly sig-
nificant.

4. Results
Strong and diffuse cytoplasmic and nuclear staining 

for ARG-1 was observed in all 43 HCCs. (Figures 1 A and 1B) 
GLP-3 immunostaining was diffusely cytoplasmic and/
or membranous positive in 42 of 43 (97.7%) cases of HCC 
(Figure 1 C) whereas one of 40 (2.5%) cases of the well- dif-
ferentiated HCC was negative. In our study, staining 
intensity of ARG-1 and GLP-3 were at least moderate (2+) 
staining in the majority of the cases of HCC.

Arginase-1 and GLP-3 staining was negative in 21 (77.8%) 
and 24 (88.9%) of 27 MA cases. Arginase-1 demonstrated 
immunoreactivity in 6 (22.2%) cases of adenocarcinoma, 
especially colorectal carcinoma, which showed weak 
staining in 4 of 15 (26.7%) cases. Also, one of 5 (20%) gas-
tric adenocarcinoma cases presented 2 + intensity and dif-
fuse staining for ARG-1. Glypican was positive in 3 (11.1%) 
of adenocarcinoma, seen in 2 colorectal and one gastric 
adenocarcinoma (Figure 2 D).

All cases of MA with primary origin of pancreas, gall-
bladder and ampulla of vater showed no immunoreac-
tivity for two markers; however, few cases of colorectal 
cancers showed weak positivity. Glypican-3 and ARG-1 
were negative in 94.7% and 89.5% of CC, respectively (Fig-
ures 3 A, 3B and 3C). Table 2 shows the summary of the 
above findings.

Table 1.  Demographic Findings of the Patients in Three Groups of the Specimensa

Cases Age , y Male Female

Hepatocellular carcinoma 43 (48.3) 43 (1 - 81) 59 30

Metastasis 27 (30.4) 53 (2 - 80) 18 9

Cholangiocarcinoma 19 (21.3) 49 (21 - 80) 11 8

Total 89 (100) 47 (1 - 81) 59 30

a  Data are presented as mean (range) or No. (%).
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Figure 1. A, Sections Show Typical HCC (H & E Stain x100); B, Arginase Stain Shows Positive Cytoplasm; C, Glypican Shows Positive Cytoplasm

Figure 2. A, Sections Show Metastatic Adenocarcinoma From Colon (H & E x100); B, Arginase Staining Shows Negative Cytoplasm; C, Glypican Shows Nega-
tive Cytoplasm; D, A Case of Metastatic Adenocarcinoma of Colon Which Shows Weak Positivity of the Metastatic Glands, Horizontal Arrow (Compare With 
Intense Staining With the Normal Liver, Vertical Arrow)

Figure 3. A, Sections From Cholangiocarcinoma (H & Ex100); B, Arginase Staining Shows Negative Cytoplasm (Note the Intense Staining of the Normal 
Liver (Vertical Arrow) in the Vicinity of Negative Glands (Horizontal Arrow); C, Glypican Shows Negative Cytoplasm
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Table 2.  Summary of Immunohistochemical Expression of Arginase-1 and Glypican-3 in all the Studied Cases

Effects Cases Arginase-1 Glypican-3

Negative Positive Total 
Positive

Negative Positive Total 
Positive

0 (0%) 1 + (%) 2 + (%) 3 + (%) No. (%) 0 (0%) 1 + (%) 2 + (%) 3 + (%) No. (%)

Hepatocellular carcinma 43 0 (0) 4 (9.3) 25 (58.1) 14 (35) 43 (100) 1 (2.3) 3 (7) 29 (67.4) 10 (23.3) 42 (97.7)

Well- differentiated 40 0 (0) 4 (10) 22 (55) 0 (0) 40 (100) 1 (2.5) 3 (7.5) 26 (65) 10 (25) 39 (97.5)

Moderately differentiated 1 0 (0) 0 (0) 1 (100) 0 (0) 1 (100) 0 (0) 0 (0) 1 (100) 0 (0) 1 (100)

Poorly differentiated 1 0 (0) 0 (0) 1 (100) 0 (0) 1 (100) 0 (0) 0 (0) 1 (100) 0 (0) 1 (100)

Fibrolamellar 1 0 (0) 0 (0) 1 (100) 0 (0) 1 (100) 0 (0) 0 (0) 1 (100) 0 (0) 1 (100)

Metastatic carcinma 27 21 (77.8) 5 (18.5) 1 (3.7) 0 (0) 6 (22.2) 24 (88.9) 2 (7.4) 1 (3.7) 0 (0) 3 (11.1)

Colonic 15 11 (73.3) 4 (26.7) 0 (0) 0 (0) 4 (26.7) 13 (86.7) 2 (13.3) 0 (0) 0 (0) 2 (13.3)

Gastric 5 4 (80) 0 (0) 1 (20) 0 (0) 1 (20) 4 (80) 0 (0) 1 (20) 0 (0) 1 (20)

Pancreas 3 3 (100) 0 (0) 0 (0) 0 (0) 0 (0) 3 (100) 0 (0) 0 (0) 0 (0) 0 (0)

Gallbladder 2 2 (100) 0 (0) 0 (0) 0 (0) 0 (0) 2 (100) 0 (0) 0 (0) 0 (0) 0 (0)

Duodenum 1 0 (0) 1 (100) 0 (0) 0 (0) 1 (100) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0)

Ampulla of vater 1 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0)

Cholangiocarcinma 19 17 (89.5) 2 (10.5) 0 (0) 0 (0) 2 (10.5) 18 (94.7) 1 (5.3) 0 (0) 0 (0) 1 (5.3)

Table 3.  Sensitivity, Specificity, Positive and Negative Predictive Value of Arginase-1 and Glypican-3 for HCC Diagnosis a,b

Sensitivity Specificity PPV NPV

ARG-1 100 82.6 84.3 100

GLP-3 97.7 91.3 91.3 97.7
a  Abbreviations: ARG-1, arginase-1; GLP-3, glypican-3; PPV, positive predictive value; NPV, negative predictive value.
b  Data are presented as %.

It is worthy to note that none of the cases of CC and MA 
showed intense and more than 2+ reactivity with ARG-1 
and GLP-3.

Sensitivity, specificity, positive and negative predictive val-
ues of ARG-1 and GLP-3 in distinguishing HCC from MA and 
CC were offered as follows: 100%, 82.6%, 84.3%, 100%, for ARG-
1and 97.7%, 91.3%, 91.3%, 97.7% for GLP-3, respectively (Table 3).

5. Discussion
Pathological distinction between different types of liver 

tumors, mainly composed of HCC, CC and MA, can be very 
challenging, particularly in core needle biopsies (3).

There are some immunohistochemical markers for 
HCC including Hepatocyte Specific Antigen (HAS or Hep 
Par1), Alpha-Fetoprotein (AFP), Carcinoembronic Antigen 
(CEA), CD10, and CD34. Unfortunately the sensitivity and 
specificity of these markers are low and have significant 
diagnostic limitations (7).

Arginase-1 and GLP-3 are new immunohistochemical 
markers that have been reported to be expressed in HCC 
(2). Therefore, primary purpose of the present study was 
to examine the IHC study of ARG-1 and GLP-3 in docu-
mented cases of HCC, MA, and CC.

There are quite a few studies regarding the importance 
of ARG-1 immunostaining in the diagnosis of HCC. Table 4 
summarized the result of published studies on ARG-1 and 
GLP-3 expression in HCC. The percentage of ARG-1 expres-
sion reported in this tumor has ranged from 81% to 96% 
of the cases (Table 4). In our study ARG-1 positivity was 
demonstrated in 43 (100%) of 43 HCC, which were higher 
than those reported in some of the previous studies. In 
our study, GLP-3 has also been expressed in 42 (97.7%) of 
HCCs, this is nearly similar to the previous studies (8). 
This finding is in accordance with previous observation, 
which indicated positive rate of GLP-3 ranging between 
49% and 97% in HCC (Table 4).
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Among nonhepatocellular tumors, ARG-1 was negative in 
21 (77.8%) of 27 adenocarcinomas. This finding shows sta-
tistically significant difference between ARG-1 expression 
in HCC and MA cases. Fujiwara et al. demonstrated immu-
noreactivity for ARG-1 in 6 (10%) of 61 total adenocarcino-
ma cases by using fine-needle aspiration material, which 
showed immunoreactivity can be identified in adenocar-
cinomas, particularly in pancreatic origin (19). In the study 
by Radwan and Ahmed (1) in one case of pancreatic adeno-
carcinoma of 38 (2.6%) MA cases, ARG-1 has been positive (1).

Although the number of available studies on the expres-

sion of GLP-3 in nonhepatocellular tumors whole sections is 
limited, in the literature GLP-3 positivity in MA cases ranged 
from 0 (0%) to 16.7% in FNA material (8, 17-19). Glypican-3 was 
detected in 3 of the 50 MA cases in the study of Yan et al. on 
whole sections (16). In our data, 24 (88.9%) of 27 MA cases 
were negative for GLP-3 similar to the study by Zaakook et 
al. (9) who found that GPC-3 was negative in 83.3% of MA cas-
es. Expression in CC has been described but is rare. In our 
data only one (5.3%) and 2 (10.5%) of 19 CC cases have positive 
staining for GLP-3 and ARG-1 respectively, which this result 
confirms other investigations (Tables 5 and 6).

Table 4.  Previous Studies on Arginase-1 and Glypican-3 Expression in HCC in Comparison With the Current Study a,b

Studies Arginase-1 Glypican-3 Type of Specimen
n Positive Cases n Positive Cases

Radwan and Ahmed (1) 50 42 (84) - - Whole sections
Zaakook et al. (9) - - 42 40 (95.2) FNA cell block
Yan et al. (10) - - 757 492 (65) Whole sections
Anatelli et al. (11) - - 74 36 (49) Whole sections
Kring et al. (12) 160 151 (94) 172 121 (70) Whole sections
Shirakawa et al. (13) - - 46 36 (78) Whole sections
Shafizadeh et al. (14) - - 58 46 (79) Whole sections
Wang et al. (7) - - 111 84 (75.7) Whole sections
Wang et al. (15) - - 54 38 (70) Tissue microarray
Yamauchi et al. (6) - - 56 47 (84) Whole sections
Sang et al. (2) 78 75 (96.1) - - Whole sections
Yan et al. (16) 151 145 (96) - - Tissue microarray
McKnight et al. (17) 44 37 (84) 44 25 (57) FNA cell block
Timek et al. (18) 29 23 (79) 29 25 (86) FNA cell block
Fujiwara et al. (19) 37 30 (81) 37 20 (54) FNA cell block
Ibrahim et al. (8) - - 30 29 (97) FNA cell block
Current study 43 43 (100) 43 42 (97.7) Whole sections
a  Abbreviations: FNA, Fine-needle aspiration.
b  Data are presented as No. (%).

Table 5.  Shows the Previous Studies on Arginase-1 and Glypican-3 Expression in Nonhepatocellular Tumors (Metastatic AC) a

Studies Arginase-1 Glypican-3 Type of Specimen
n Positive Cases n Positive Cases

Radwan and Ahmed 
(1)

38 1 (2.6) - - Whole sections

Zaakook et al. (9) - - 18 3 (16.7) FNA cell block
Yan et al. (10) - - 50 3 (6) Whole sections
Yamauchi et al. (6) - - 23 1 (4.34) Whole sections
Sang et al. (2) 34 0 (0) Whole sections
Yan et al. (16) 99 0 (0) - - Tissue microarray
McKnight et al. (17) 35 0 (0) 35 0 (0) FNA cell block
Timek et al. (18) 28 0 (0) 28 3 (10.7) FNA cell block
Fujiwara et al. (19) 61 6 (10) 61 5 (8) FNA cell block
Ibrahim et al. (8) - - 18 0 (0) FNA cell block
Current study 27 6 (22.2) 27 3 (11.1) Whole section
a  Data are presented as No. (%).
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Table 6.  Previous Studies on Arginase-1 and Glypican-3 Expression in Nonhepatocellular Tumors (CC) in Comparison to the Current 
Study a

Studies Arginase-1 Glypican-3 Type of Specimen

n Positive Cases n Positive Cases

Radwan and Ahmed (1) 12 1 (8.3) - - Whole sections

Yan et al. (10) - - 99 2 (2.3) Whole sections

Kring et al. (12) 16 0 (0) 16 1 (6) Whole sections

Shirakawa et al. (13) - - 28 0 (0) Whole sections

Wang et al. (7) - - 10 1 (10) Tissue microarray

Yamauchi et al. (6) - - 16 0 (0) Whole sections

Yan et al. (16) 6 1 (16.6) - - Tissue microarray

Timek et al. (18) 11 0 (0) 11 0 (0) FNA cell block

Current study 19 2 (10.5) 19 1 (5.3) Whole sections
a  Data are presented as No. (%).

In our study, the sensitivity of GPC-3 in diagnosing HCC 
was 97.7%, the specificity 91.3%, PPV 91.3% and NPV 97.7%. 
These findings are similar to the findings of Ibrahim et 
al. (8) which in their study, the sensitivity of GPC-3 in HCC 
was 96.7%, specificity was 100%, PPV 100% and NPV 94.7%. 
In the study of Timek et al. (18) the sensitivity of GPC-3 
was 83%, specificity 96.7%, but Fujiwara et al. (19) showed 
lower sensitivity of GPC-3 which was 54%, specificity 92%, 
PPV 80% and NPV 77%.

In this study the sensitivity of ARG-1 in diagnosing HCC 
was 100%, the specificity 82%, PPV 84.3% and NPV of 100 %. 
These findings are nearly similar to the findings of the 
previous studies. Sang et al. (2) reported that the sensitiv-
ity was 96.1%, specificity 99.6%, PPV 98.7% and NPV 98.8%. 
McKnight et al. (17) found that sensitivity of ARG-1 in dis-
tinguishing HCC from other malignant non-HCC lesions 
was 84.1%, specificity 92.2%, PPV 74% and NPV 83.3%. Rad-
wan and Ahmed (1) found that sensitivity was 84 %, the 
specificity 96%, PPV 95.5% and NPV 85.7%. In the study of 
Fujiwara et al. (19) the sensitivity of ARG-1 was 81%, speci-
ficity 90%, PPV 83% and NPV 89%.

In conclusion, our results show a high frequency of pos-
itive staining for ARG-1 and GLP-3 in HCC that these are 
useful diagnostic immunomarkers to distinguish HCC 
from CC and MA.
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