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Objective Clinical immunohistochemistry plays an increasingly important role in pathologic diagnosis. 
We investigated the usefulness of an immunohistochemical panel of glypican-3 (GPC3), hepatocyte 
paraffin antigen-1 (HepPar-1), arginase-1 (Arg-1), cytokeratin-19 (CK19), and human epithelial membrane 
antigen (EMA) for the differential diagnosis of liver tumors. 
Methods Two hundred and thirty-five immunohistochemical sections of hepatocellular carcinoma 
(HCC; 120 cases), intrahepatic cholangiocarcinoma (ICC; 50 cases), combined hepatocellular and 
cholangiocarcinoma (CHC; 17 cases), metastatic adenocarcinoma (20 cases), and benign liver lesions 
(28 cases) were obtained from the Department of Pathology at Tongji Hospital, Tongji Medical College, 
Huazhong University of Science and Technology, Wuhan, China. The sensitivity and specificity of the 
combined biomarkers GPC3/HepPar-1/Arg-1/CK19/EMA for the differential diagnosis of HCC, ICC, and 
CHC were calculated and analyzed retrospectively. 
Results The combined biomarkers GPC3+/CK19– had the highest specificity (98.3%) for diagnosing 
HCC, with a sensitivity of 60.0%. The specificity of GPC3–/HepPar-1–/Arg-1–/CK19+/EMA+ for diagnosing 
ICC was 93.0%, with a sensitivity of 76.0%. The specificity of GPC3+/HepPar-1+/Arg-1+/CK19+/EMA+ for 
diagnosing CHC was 95.9%, with a sensitivity of 52.9%.
Conclusion The combined biomarkers GPC3/HepPar-1/Arg-1/CK19/EMA greatly improved the 
specificity of liver tumor diagnosis. We believe that clinical pathological work could improve the original 
determination of liver nodules.
Key words: hepatocellular carcinoma (HCC); intrahepatic cholangiocarcinoma (ICC); combined 
hepatocellular and cholangiocarcinoma (CHC); immunohistochemistry
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Abstract

Hepatocellular carcinoma (HCC) is the third most 
frequent cause of cancer-related deaths worldwide 
[1]. The current gold standard for HCC diagnosis is 
pathological examination; however, some complicated 
cases can be difficult to determine, such as patients with 
intrahepatic cholangiocarcinoma (ICC) or combined 
hepatocellular and cholangiocarcinoma (CHC) [2–3]. 
Various immunohistochemical biomarkers have played 

an increasingly important role in assisting pathological 
diagnosis of cellular origin [4–5]. 

Glypican-3 (GPC3) is an important member of the 
glypican family that is attached to the cell membrane 
via a glycosyl-phosphatidyl-inositol (GPI) anchor. GPC3 
was first reported by Hsu et al in 1997 [6], with its protein 
levels in cancerous and normal liver tissues confirmed 
by a subsequent study [7–9]. GPC3 has a close interaction 
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with the Wnt, Yap, and FGF signaling pathways, which 
are thought to promote HCC formation and progression 

[10–13]. Hepatocyte paraffin antigen-1 (HepPar-1) is 
a surface antigen from hepatic mitochondria that is 
highly expressed in tissues of hepatocytic origin; it has 
been reported that the sensitivity of HepPar-1 during 
HCC diagnosis could be as high as 90% [14–16]. Arginase 
(Arg-1) is an enzyme that can metabolize arginine into 
urea and ornithine. Like HepPar-1, Arg-1 has adequate 
diagnostic sensitivity for HCC. Studies have shown that 
the sensitivity of Arg-1 for HCC detection could be > 
90%, higher than alpha-foetoprotein (AFP), GPC3, and 
HepPar-1 [14–18]. However, both Arg-1 and HepPar-1 
are expressed in some benign liver lesions, thus their 
diagnostic specificity for HCC is inferior to GPC3 and 
AFP. As for ICC diagnosis, cytokeratin-19 (CK19) is 
expressed in various single-layer epithelial tissues and 
exhibits high sensitivity [19–21]. CK19 is mainly used to 
differentiate adenocarcinoma from HCC in intrahepatic 
lesions. Human epithelial membrane antigen (EMA) is 
a specific tumor biomarker since its protein epitope is 
associated with abnormal glycosylation. As a member of 
transmembrane glycoprotein family, EMA is expressed in 
various epithelial tissues, such as ICC [19, 22]; however, both 
CK19 and EMA exhibit inadequate specificity for ICC 
since their expression can also be detected in metastatic 
adenocarcinoma and CHC. 

To combine the characteristics of each biomarker, 
Timek et al reported that Arg-1, HepPar-1, and 
GPC3 formed the most effective biomarker panel for 
distinguishing HCC from metastatic tumors [23], whilst 
Ryu et al suggested that GPC3 and CK19 could be used 
as first-line markers for the differential diagnosis of HCC 
and ICC [20]. In this study, we used a large data set to assess 
the utility of the GPC3/HepPar-1/Arg-1/CK19/EMA 
immunohistochemical panel for differentially diagnosing 
intrahepatic lesions, applicable for HCC, ICC, CHC, 
metastatic adenocarcinoma, and benign liver lesions. This 
is the first report to recommend the GPC3/HepPar-1/
Arg-1/CK19/EMA panel for the differential diagnosis of 
liver tumors. We believe that the panel will facilitate 
pathological diagnosis in a clinical setting. 

Materials and methods 

Patients and tissue samples
Patients who had been simultaneously tested for the 

immunohistochemical biomarkers GPC3, HepPar-1, Arg-
1, CK19, and EMA were selected from the Department 
of Pathology of Tongji Hospital, Tongji Medical College, 
Huazhong University of Science and Technology, 
Wuhan, China, between January 2012 and May 2015 
(120 HCC cases, 50 ICC cases, 17 CHC cases, 20 metastatic 
adenocarcinoma cases, and 28 benign liver lesion cases). 

The origins of metastatic liver adenocarcinoma included 
pancreatic cancer (6 cases), lung cancer (6 cases), gastric 
cancer (3 cases), colon cancer (2 cases), rectal cancer (2 
cases) and breast cancer (1 case). Benign liver lesions 
included inflammatory liver hyperplasia (7 cases), 
fibrous liver hyperplasia (9 cases), and focal nodular liver 
hyperplasia (12 cases). The final decision for all cases was 
made by macro- and micro-pathological observations, 
with immunohistochemical tests assisting the diagnosis. 
The sensitivity and specificity of each biomarker and the 
combined biomarkers for the diagnosis of liver tumors was 
calculated. Samples were acquired from the resections or 
biopsies of HCC, ICC, CHC, metastatic adenocarcinoma, 
and benign liver lesions. All tissues were routinely fixed 
in 10% neutral buffered formalin and paraffin, with slides 
independently reviewed by two pathologists.

Immunohistochemistry and interpretation
Immunohistochemistry was performed according to 

the standard protocol of the Department of Pathology 
of Tongji Hospital, Tongji Medical College, Huazhong 
University of Science and Technology, Wuhan, China. 
Prior to immunohistochemical staining, all available 
slides were routinely subjected to hematoxylin and 
eosin (HE) staining to identify tissue blocks with tumor 
architecture. The tissue blocks were then fixed in formalin, 
embedded in paraffin, sectioned at a thickness of 5 μm, 
deparaffinized, and rehydrated. For antigen retrieval, 
sections were soaked in 10 mM citrate buffer in a pressure 
cooker for 3 min. Endogenous peroxidase activity was 
inhibited by treatment with 3% hydrogen peroxide for 
3 min and nonspecific binding sites were blocked with 
10% non-immune goat serum for 30 min. The slides were 
treated with the following individual primary monoclonal 
antibodies (against GPC3, HepPar-1, Arg-1, CK19, and 
EMA biomarkers) at 4 °C overnight: mouse anti-GPC3 
(1:150), mouse anti-HepPar-1 (1:120), rabbit anti-Arg-1 
(1:120), mouse anti-CK19 (1:150), and mouse anti-EMA 
(1:150). The antibodies were all purchased from ZSGB-
BIO (Beijing, China) and an Envision Kit + Dual Link 
System HRP was used to develop the histological images. 
Diaminobenzidine (DAB) was used as the chromogen for 
immunostaining. Phosphate-buffered saline (PBS, pH 7.2) 
was used instead of primary antibodies as the negative 
control, and specific GPC3, HepPar-1, Arg-1, CK19, and 
EMA positive samples confirmed by western blotting 
were used as positive controls. Before examination under 
an Olympus microscopic digital camera, all slides were 
counterstained with hematoxylin.

To interpret the immunohistochemistry results, two 
pathologists independently analyzed the staining under 
a microscope. GPC3, HepPar-1, Arg-1, CK19, and EMA 
were located in the cytoplasm and membrane, cytoplasm, 
cytoplasm and nuclei, cytoplasm, and cytoplasm, 
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respectively. Histological scores were given by two 
methods: (1) Scoring by staining intensity (0: no signal; 
1: weak; 2: moderate; and 3: marked); (2) Scoring by the 
percentage of immunoreactive cells (0: 0%; 1: ≤ 10%; 2: 
> 10%–50%; 3: 50%–75%; 4: > 75%). After multiplying 
the two scores, scores of > 3 was considered positive 
expression and scores of < 3 were considered negative 
expression.

Statistical analysis
Calculations were performed using the SPSS 17.0 

software package. Differences between the rates of 
biomarker positivity in different liver lesions were 
analyzed using chi-square tests. Values of P < 0.05 were 
considered significant.

Results

This retrospective study analyzed the ability of 
the GPC3/HepPar-1/Arg-1/CK19/EMA panel of 
immunohistochemical biomarkers to differentially 
diagnose liver tumors. The single biomarkers with the 
highest sensitivity and specificity for HCC diagnosis were 
Arg-1 (90.0%) and GPC3 (79.1%), respectively (Table 
1). The single biomarkers with the highest sensitivity 
and specificity for ICC diagnosis were CK19 (98.0%) and 
EMA (64.9%), respectively (Table 2). The combined 
biomarkers GPC3+/CK19– had the highest specificity 
(98.3%) for HCC diagnosis, with a sensitivity of 60.0% 
(Table 3). The diagnostic efficiency of GPC3+/EMA–

(specificity: 97.4%; sensitivity: 60.8%) for HCC was 
very similar to that of GPC3+/CK19–. The specificity of 
GPC3–/HepPar-1–/Arg-1–/CK19+/EMA+ for ICC diagnosis 
was 93.0%, with a sensitivity of 76.0% (Table 4). The 
specificity of GPC3+/HepPar-1+/Arg-1+/CK19+/EMA+ for 

CHC diagnosis was 95.9%, with a sensitivity of 52.9% 
(Table 5). 

The staining sites of GPC3, HepPar-1, Arg-1, CK19, 
and EMA were the cytoplasm and membrane, cytoplasm, 
cytoplasm and nuclei, cytoplasm, and cytoplasm, 
respectively. The representative staining pattern of the 
immunohistochemical biomarkers in different liver 
tumors was as follows: 1. GPC3, HepPar-1, and Arg-1 were 
highly expressed in HCC, whilst CK19 and EMA were 
almost unidentifiable (Fig. 1); 2. CK19 and EMA were 
highly expressed in ICC whilst GPC3, HepPar-1 and Arg-
1 expression was relatively low (Fig. 2), with the staining 
features almost the same in metastatic adenocarcinoma 
(Fig. 3); 3. GPC3, HepPar-1, Arg-1, CK19, and EMA were 
all highly expressed in CHC (Fig. 4); and 4. HepPar-1 and 
Arg-1 were positively expressed in benign liver lesions, 
whilst GPC3, CK19, and EMA were barely detectable 
(Fig. 5).

Discussion

Liver tumors pose a serious problem for human health, 
with accurate diagnosis and early intervention critical 
for extending survival time and improving quality of life 

[24–26]. However, for some complicated clinical cases it can 
be difficult to differentiate between liver tumors; thus, 
treatment can be seriously hampered due to inaccurate 
or delayed diagnosis. AFP is a traditional biomarker 
for HCC diagnosis, with AFP levels being an important 
indicator for HCC [14, 27–28]; however, a large number of 
HCC patients are AFP-negative [14, 28]. It has been reported 
that AFP immunoreactivity was only detected in 40 of 
78 (51.3%) HCC cases by immunohistochemistry [14]. 
Multiple biomarkers could improve the determination 
of disease origin and reduce the rate of misdiagnosis and 

Table 1  Expression level of GPC3, HepPar-1, and Arg-1 in different liver lesions
HCC

(n = 120)
ICC

(n = 50) P 1 CHC
(n = 17) P 2 Metastatic 

adenocarcinoma (n = 20) P 3 Benign
 liver lesions (n = 28) P 4 Sensitivity

(%)
Specificity

(%)
GPC3+ 95 6 0.000 14 0.760 2 0.000 2 0.000 79.2 79.1
HepPar-1+ 96 3 0.000 12 0.374 3 0.000 23 0.797 80.0 64.3
Arg-1+ 108 4 0.000 14 0.345 0 NA 25 0.910 90.0 62.6
P 1, P 2, P 3 and P 4 represented difference comparison of biomarkers’ positive rates between HCC and ICC, CHC, metastatic adenocarcinoma, benign 
liver lesions respectively. NA: Not available. The sample cases were 0, and process can’t be conducted.

Table 2  Expression level of CK19 and EMA in different liver lesions
ICC

(n = 50)
HCC

(n = 120) P 1 CHC
(n = 17) P 2 Metastatic 

adenocarcinoma (n = 20) P 3 Benign
 liver lesions (n = 28) P 4 Sensitivity

(%)
Specificity

(%)
CK19+ 49 26 0.000 17 NA 19 0.496 8 0.000 98.0 62.2
EMA+ 48 27 0.000 16 0.746 18 0.329 4 0.000 96.0 64.9
P 1, P 2, P 3 and P 4 represented difference comparison of biomarkers’ positive rates between ICC and HCC, CHC, metastatic adenocarcinoma, benign 
liver lesions respectively. NA: Not available. The sample cases were 0, and process can’t be conducted.
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Table 3  Combined biomarkers for diagnosis of HCC (n, %) 
HCC

(n = 120)
ICC

(n = 50)
CHC

(n = 17)
Metastatic 

adenocarcinoma (n = 20)
Benign

 liver lesions (n = 28)
Sensitivity

(%)
Specificity

(%)
Two

GPC3+/HepPar-1+ 76 2 10 0 2 63.3 87.8
GPC3+/Arg-1+ 86 2 12 0 2 71.7 86.1
HepPar-1+/Arg-1+ 93 1 12 0 21 80.9 70.4
GPC3+/CK19– 72 0 0 0 2 60.0 98.3
HepPar-1+/CK19– 79 0 0 0 18 65.8 84.3
Arg-1+/CK19– 86 0 0 0 18 71.7 84.3
GPC3+/EMA– 73 0 1 0 2 60.8 97.4
HepPar-1+/EMA– 77 0 1 0 22 64.2 80.0
Arg-1+/ EMA– 87 0 1 0 22 72.5 80.0

Three
GPC3+/HepPar-1+/Arg-1+ 76 1 10 0 2 63.3 88.7
GPC3+/HepPar-1+/CK19– 62 0 0 0 2 51.7 98.3
GPC3+/Arg-1+/CK19– 67 0 0 0 2 55.8 98.3
HepPar-1+/Arg-1+/CK19– 77 0 0 0 16 64.2 86.1
GPC3+/HepPar-1+/EMA– 59 0 1 0 2 49.2 97.4
GPC3+/Arg-1+/EMA– 68 0 1 0 2 56.7 97.4
HepPar-1+/Arg-1+/EMA– 76 0 1 0 20 63.3 81.7
GPC3+/CK19–/EMA– 60 0 0 0 2 50.0 98.3
HepPar-1+/CK19–/EMA– 69 0 0 0 17 57.5 85.2
Arg-1+/CK19–/EMA– 75 0 0 0 18 62.5 84.3

Four
GPC3+/HepPar-1+/CK19–/EMA– 52 0 0 0 2 43.3 98.3
GPC3+/ Arg-1+/CK19–/EMA– 57 0 0 0 2 47.5 98.3
HepPar-1+/Arg-1+/CK19–/EMA– 67 0 0 0 16 55.8 86.1
GPC3+/HepPar-1+/Arg-1+/CK19– 60 0 0 0 2 50.0 98.3
GPC3+/HepPar-1+/Arg-1+/EMA– 56 0 1 0 2 46.7 97.4

Five
GPC3+/HepPar-1+/Arg-1+/CK19–/EMA– 51 0 0 0 2 42.5 98.3

Fig. 1 HE staining of HCC and expression level of different biomarkers in HCC. (a) HE staining of HCC. (b) GPC3 was highly expressed in HCC, and 
the staining sites were cytoplasm and membrane. (c) HepPar-1 was highly expressed in HCC, and the staining site was cytoplasm. (d) Arg-1 was highly 
expressed in HCC, and the staining sites were cytoplasm and nuclei. CK19 (e) and EMA (f) were almost not presented in HCC. (× 200)
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Table 4  Combined biomarkers for diagnosis of ICC (n, %)
ICC

(n = 50)
HCC

(n = 120)
CHC

(n = 17)
Metastatic 

adenocarcinoma (n = 20)
Benign

 liver lesions (n = 28)
Sensitivity

(%)
Specificity

(%)
Two

CK19+/EMA+ 47 12 16 17 4 94.0 73.5
GPC3–/CK19+ 43 3 3 18 8 86.0 82.7
HepPar-1–/CK19+ 46 4 5 16 3 92.0 84.9
Arg-1–/CK19+ 45 4 3 19 1 90.0 85.4
GPC3–/EMA+ 42 5 3 16 4 84.0 84.9
HepPar-1–/EMA+ 45 8 5 15 3 90.0 85.2
Arg-1–/EMA+ 44 6 3 18 1 88.0 84.9

Three
GPC3–/HepPar-1–/CK19+ 42 1 1 14 3 84.0 89.7
GPC3–/Arg-1–/CK19+ 41 0 1 17 0 82.0 90.3
HepPar-1–/Arg-1–/CK19+ 43 4 3 16 0 86.0 87.6
GPC3–/HepPar-1–/EMA+ 41 3 1 14 3 82.0 88.6
GPC3–/Arg-1–/ EMA+ 40 2 1 16 1 80.0 89.2
HepPar-1–/Arg-1–/EMA+ 42 5 3 15 1 84.0 87.0
GPC3–/CK19+/EMA+ 41 2 3 15 4 82.0 87.0
HepPar-1–/CK19+/EMA+ 45 3 5 14 4 90.0 85.9
Arg-1–/CK19+/EMA+ 43 2 3 17 1 86.0 87.6

Four
GPC3–/HepPar-1–/CK19+/EMA+ 41 1 1 12 3 82.0 90.8
GPC3–/Arg-1–/CK19+/EMA+ 40 0 1 15 0 80.0 91.4
HepPar-1–/Arg-1–/CK19+/EMA+ 41 2 3 14 0 82.0 89.7
GPC3–/HepPar-1–/Arg-1–/CK19+ 40 0 1 14 0 80.0 91.9
GPC3–/HepPar-1–/Arg-1–/EMA+ 39 1 1 13 1 78.0 91.4

Five
GPC3–/HepPar-1–/Arg-1–/CK19+/EMA+ 38 0 1 12 0 76.0 93.0

Fig. 2 HE staining of ICC and expression level of different biomarkers in ICC. (a) HE staining of ICC. GPC3 (b), HepPar-1 (c) and Arg-1 (d) were 
negatively expressed in ICC. CK19 (e) and EMA (f) were highly expressed in ICC, and the staining site was located at cytoplasm. (× 200) 



158  http://otm.tjh.com.cn

missed diagnosis. 
This study analyzed the usefulness of an GPC3/

HepPar-1/Arg-1/CK19/EMA immunostaining panel for 

diagnosing and differentially diagnosing liver tumors. 
GPC3 is a cell surface proteoglycan that is highly 
expressed in early HCC but little expressed in benign 

Fig. 3 HE staining of metastatic adenocarcinoma and expression level of different biomarkers in metastatic adenocarcinoma. (a) HE staining of 
metastatic adenocarcinoma. GPC3 (b), HepPar-1 (c) and Arg-1 (d) were negatively expressed in metastatic adenocarcinoma, while CK19 (e) and EMA 
(f) were highly expressed. (× 200)

Table 5  Combined biomarkers for diagnosis of CHC (n, %)
CHC

(n = 17)
HCC

(n = 120)
ICC

(n = 50)
Metastatic 

adenocarcinoma (n = 20)
Benign

 liver lesions (n = 28)
Sensitivity

(%)
Specificity

(%)
Two

GPC3+/CK19+ 14 23 6 2 0 82.4 85.8
HepPar-1+/CK19+ 12 16 3 3 5 70.6 87.6
Arg-1+/CK19+ 14 21 4 0 7 82.4 85.3
GPC3+/EMA+ 13 22 6 2 0 76.5 86.2
HepPar-1+/EMA+ 11 19 3 3 1 64.7 88.1
Arg-1+/EMA+ 13 21 4 0 3 76.5 87.2

Three
GPC3+/HepPar-1+/CK19+ 10 15 2 0 0 58.8 92.2
GPC3+/Arg-1+/CK19+ 12 19 2 0 0 70.6 90.4
HepPar-1+/Arg-1+/CK19+ 12 17 1 0 5 70.6 89.4
GPC3+/HepPar-1+/EMA+ 9 17 2 0 0 52.9 91.3
GPC3+/Arg-1+/ EMA+ 11 20 2 0 0 64.7 89.9
HepPar-1+/Arg-1+/EMA+ 11 18 1 0 1 64.7 90.8
GPC3+/CK19+/EMA+ 13 10 6 2 0 76.5 91.7
HepPar-1+/CK19+/EMA+ 11 9 3 3 1 64.7 92.7
Arg-1+/CK19+/EMA+ 13 10 3 0 2 76.5 93.1

Four
GPC3+/HepPar-1+/CK19+/EMA+ 9 8 2 0 0 52.9 95.4
GPC3+/ Arg-1+/CK19+/EMA+ 11 8 2 0 0 64.7 95.4
Hepar-1+/Arg1+/CK19+/EMA+ 11 9 1 0 1 64.7 95.0
GPC3+/HepPar-1+/Arg-1+/CK19+ 10 13 1 0 0 58.8 93.6
GPC3+/HepPar-1+/Arg-1+/EMA+ 9 16 1 0 0 52.9 92.2

Five
GPC3+/HepPar-1+/Arg-1+/CK19+/EMA+ 9 8 1 0 0 52.9 95.9
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liver lesions [6–9] and closely associated with tumor growth 
and development. High GPC3 expression levels in HCC 
may suggest poor differentiation, early metastasis, and 
poor prognosis [29]. A previous report showed that GPC3 
immunostaining was positive in 78.3% (36/46) of HCCs 
and 72.7% (8/11) of the HCC components of CHC 
sections, yet negative in ICCs [30]. In our study, GPC3 
immunostaining was positive in 79.2% (95/120) of HCCs 
and 82.4% (14/17) of CHCs, but few ICC (6/50), metastatic 
adenocarcinoma (2/20), and benign liver lesion (2/28) 
samples. Thus, GPC3 is a sensitive and specific biomarker 

for identifying malignant hepatic cells. 
Unlike GPC3, HepPar-1 is a positive biomarker for 

hepatocyte differentiation that is highly expressed in both 
malignant and non malignant hepatic cells [31]. The rates 
of HepPar-1 positivity in HCC and benign liver lesions 
were 80.0% (96/120) and 82.1% (23/28), respectively. 
Due to the high level of HepPar-1 expression in CHC 
(70.6%, 12/17) and benign liver lesions, the specificity of 
HepPar-1 for HCC diagnosis was only 64.3%. Consistent 
with previous studies, HepPar-1 was observed in other 
tumor types, with 3/50 ICC cases and 3/20 metastatic 

Fig. 4 HE staining of CHC and expression level of different biomarkers in CHC. (a) HE staining of CHC. GPC3 (b), HepPar-1 (c), Arg-1 (d), CK19 (e) 
and EMA (f) were all highly expressed in CHC. (× 200) 

Fig. 5 HE staining of benign liver lesions and expression level of different biomarkers in benign liver lesions. (a) HE staining of benign liver lesions. 
HepPar-1 (c) and Arg-1 (d) were positively expressed in benign liver lesions, while GPC3 (b), CK19 (e) and EMA (f) were negatively expressed. (× 200)
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adenocarcinoma cases staining HepPar-1-postive [14, 32]. As 
an enzyme involved in the urea cycle, Arg-1 is a more 
sensitive biomarker for hepatocytes than HepPar-1 [14, 16]. 
The Arg-1 positivity rates in HCC and benign liver lesions 
were 90.0% (108/120) and 89.3% (25/28), respectively, 
higher than that of HepPar-1. Like HepPar-1, the 
specificity of Arg-1 for HCC diagnosis was only 62.6%. 
Our results suggest that Arg-1 was a better biomarker 
than HepPar-1 for distinguishing HCC from metastatic 
adenocarcinoma (Arg-1 was absent in all 20 metastatic 
liver adenocarcinoma cases) [14, 18, 23]. 

To identify ICC or ICC components in CHC, we 
performed CK19 immunostaining. CK19 is an important 
cytokeratin (CK) that is mainly expressed in epithelial 
cells, such as those in mammary gland ducts, intestinal 
villi, pancreatic ducts, and liver bile ducts, but not 
in hepatocytes [33]. It has been reported that CK19 
plays a critical role in epithelial cell proliferation and 
differentiation. Several studies have utilized CK19 to 
differentiate HCC from ICC, with the CK19 positivity 
rate for ICC almost 90.0% [19–20, 33]. In our study, CK19 
immunoreactivity was observed in 49/50 ICC cases 
(98.0%). EMA, another ICC-positive biomarker was also 
selected and analyzed. The EMA positivity rate in ICC 
was 96.0% (48/50 cases), with some HCC cases (27/127) 
also staining EMA-positive, as reported previously [19, 22, 

34]. Almost all metastatic adenocarcinomas were CK19 
(19/20) and EMA-positive (18/20), with the specificity of 
CK19 and EMA for ICC diagnosis just 62.2% and 64.9%, 
respectively. 

In summary, GPC3 exhibited satisfactory sensitivity 
and specificity for HCC diagnosis. CK19 and EMA 
possessed adequate sensitivity for diagnosing ICC; 
however, their specificities were insufficient. The 
combination of GPC3 and CK19 or EMA may help 
better differentiate HCC from CHC and ICC. For the 
differential diagnosis of intrahepatic lesions, the single 
biomarkers HepPar-1 or Arg-1 could only partially 
suggest that the abnormality was hepatocyte-derived; 
thus, combining GPC3, CK19, and EMA is necessary to 
determine whether the disease is HCC, CHC, or a benign 
liver lesion. When the biomarkers GPC3, HepPar-1, 
Arg-1, CK19, and EMA were combined, the specificity 
for HCC, ICC, and CHC diagnosis increased to 98.3%, 
93.0%, and 95.9%, respectively. Based on the expression 
features of each biomarker for liver tumor diagnosis, 
GPC3 was the first choice due to its high sensitivity 
and specificity for HCC diagnosis. The sensitivities of 
HepPar-1 and Arg-1 were both adequate for detecting 
HCC; therefore, we recommend that HepPar-1 or Arg-
1 be added subjectively, with the recommended index 
for Arg-1 higher than that of HepPar-1 for identifying 
intrahepatic hepatocytes. CK19 and EMA both exhibited 
high sensitivity for ICC diagnosis. We recommend that 

CK19 and EMA be selected alternatively, with the chosen 
one combined with GPC3, HepPar-1, and Arg-1 to 
effectively differentiate HCC from ICC and CHC. There 
was one limitation of the GPC3/HepPar-1/Arg-1/CK19/
EMA panel, since ICC and metastatic adenocarcinoma 
could not be differentiated well even when all biomarkers 
were utilized. The problem could be solved by integrating 
macro- and micro-pathological observations, the 
patients’ clinical history, and other specific biomarker 
immunostaining. 

In conclusion, we showed that the GPC3/HepPar-1/
Arg-1/CK19/EMA panel of immunohistochemical 
biomarkers could support the diagnosis and differential 
diagnosis of most liver tumors, bring convenience to 
pathologists, and improve the accurate diagnosis and 
timely treatment of patients.
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