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Abstract: Background: Histological identification of liver nodules between hepatocellular carcinoma (HCC) and other
lesions can be full of challenges sometimes, especially in fine-needle aspiration (FNA) biopsies. Our aim was to
investigate the efficacy of combined use of Arginase-1, Glypican-3 (GPC-3), heat shock protein 70 (HSP70) and
cytokeratin 7 (CK7) in differentiating these lesions in FNA biopsies. Methods: Immunohistochemistry for these four
markers was done in 45 HCCs, 22 metastatic carcinoma, 15 intrahepatic cholangiocarcinoma, 12 hepatocellular
adenoma, 8 focal nodular hyperplasia, 12 large regenerative nodules arising in cirrhotic livers, and 10 specimens of
normal liver tissues. Results: Arginase-1 reactivity was present in 43 of 45 HCCs (96.0%) and all of the benign liver
lesions recruited in this study but not in any of MCs and ICCs (P < 0.001). GPC-3 stained 37 of 45 HCCs (82%) and
only 1 of 22 MCs (5%), however, all cases of ICCs and the other benign lesions were negative for GPC-3 expression
(P < 0.05). HSP70 showed markedly immunoreactivity in progressive tumors, 38 of 45 HCCs (84%), 18 of 22 MCs
(82%), and 11 of 15 ICCs (73%), but was negative for all of the benign cases (P < 0.001). All ICCs showed diffused
and strong immunostaining for CK7, but only 3 of 45 HCCs (7%) were detected to react with CK7. The combination
of the four immunostaining markers for the diagnosis of HCC could raise the sensitivity and specificity to 98% and
100%, respectively. Conclusion: This study demonstrates that Arginase-1 is an extremely effective and specific im-
munohistochemistry marker for confirming hepaticorigin, while GPC-3 and HSP70 is typically positive in malignant
lesions. Our results indicated the accuracy of diagnosis can be enhanced by their combination of these four mark-
ers.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth
most common malignant carcinoma, with a
high mortality rate and increasing incidence
worldwide [1]. HCC, which has a high preva-
lence in China, is the second leading cause of
cancer-related deaths among males and is the
third leading cause among females as a result
of the high incidence of hepatitis B virus (HBV)
infections [2]. Although various therapeutic
options are available, the validity of these
methods and the prognosis of patients with
HCC remain extremely poor. However, the five-

year survival rate can be increased to approxi-
mately > 70% when patients are diagnosed at
an early stage [3]. Recently, much advance-
ment has been achieved in radiological and
imaging methods, such as ultrasound, comput-
ed tomography, and the magnetic resonance
imaging detection of small lesions in the liver
[4]. Nevertheless, the differentiation of nodular
masses among HCCs and benign or metastatic
lesions remains occasionally very difficult.
Histopathological diagnosis remains as the
golden standard for assessment [5]. For pathol-
ogists, distinguishing between low-grade HCC
and benign nodular lesions can be very chal-
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Table 1. List of antibodies

Antibody Source Clone Dilution  Antigen Retrieval
Arginase-1  Santa Cruz Biotechnology (Santa Cruz, CA, USA) H52 1:100 PBS, pH 6.0
GPC-3 Santa Cruz Biotechnology 1G12 1:100 PBS, pH 6.0
HSP70 Santa Cruz Biotechnology W27 1:200 Tris, pH 8.4
CK7 DAKO (Tokyo, Japan) OV-TL 12/30 1:150 PBS, pH 6.0

Table 2. Summary of different antibody immunostaining patterns

Cases (n = 124) Arginase-1, n (%) GPC-3, n (%) CK7, n (%) HSP70, n (%)
HCC (n = 45) 43/45 (96) 37/45 (82) 3/45 (7) 38/45 (84)
MC (n = 22) 0/22 (0) 1/22 (5) 3/22 (14) 18/22 (82)
HCA (n = 12) 12/12 (100) 0/12 (0) 0/12 (0) 0/12 (0)
ICC (n = 15) 0/15 (0) 0/15 (0) 15/15 (100) 11/15 (73)
FNH (n = 8) 8/8 (100) 0/8 (0) 0/8 (0) 0/8 (0)
Cirrhosis (n = 12) 12/12 (100) 0/12 (0) 0/12 (0) 0/12 (0)
Normal (n = 10) 10/10 (100) 0/10 (0) 0/10 (0) 0/10 (0)
Combination group (n = 30) 30/30 (100) 0/30 (0) 0/30 (0) 0/30 (0)

lenging, particularly in the case of fine-needle
aspiration (FNA) biopsies of the liver. The dis-
tinction between a primary HCC and other liver
lesions, such as intrahepatic cholangiocarcino-
ma (ICC), metastatic carcinoma (MC), hepato-
cellular adenoma (HCA) and focal nodular
hyperplasia (FNH), is crucial because the treat-
ment methods for these tumors differ. Thus,
efficient biomarkers for the valuable diagnosis
of HCC are urgently required.

A range of promising biomarkers for the diagno-
sis of HCCs have recently been distinguished
from other mimicked liver lesions. These bio-
markers include o-fetoprotein (AFP), hepato-
cyte paraffin antigen-1 (HepPar-1), glypican-3
(GPC-3), heat shock protein 70 (HSP70), gluta-
mine synthetase (GS), Arginase-1, and the
enhancer of zeste homologue 2, among others
[4, 6-8]. These markers, when used alone, are
sometimes helpful, but the staining results of
any single marker can be very confusing
because of its limitations in sensitivity and
specificity. Thus, a panel of combined markers
is much more reliable.

In this study, we investigate the diagnostic
value of GPC-3, HSP70, Arginase-1, and cyto-
keratin (CK7) immunostaining in liver nodular
masses of biopsy materials and evaluate the
value of this panel of markers in differentiating
HCC from other hepatic masses.
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Materials and methods
Clinical samples

A total of 124 paraffin-embedded FNAs of liver
with their related clinical data were collected
from the Department of Pathology, Shandong
Provincial Hospital Affiliated to Shandong
University from January 2012 to December
2013. The data consisted of 45 cases of HCC,
22 cases of MC, 15 cases of ICC, 12HCA,
8FNH, 12 large regenerative nodules arising in
cirrhotic livers, and 10 specimens of normal
liver tissues (NL). The diagnoses were reviewed
by two gastrointestinal pathologists based on
the histology, clinical data, and other assistant
methods. The cases were staged and graded
according to the Cancer Staging Manual, sev-
enth edition, of the American Joint Committee
on Cancer [9]. All the included cases were not
treated with chemoembolization or systemic
chemotherapy prior to needle biopsy. The pri-
mary HCC cases were classified into three
groups according to the histological differentia-
tion: 11 cases (24.4%) were well differentiated,
20 cases (44.4%) were moderately differenti-
ated, and 14 cases (31.2%) were poorly differ-
entiated. The MC cases consisted of 22 meta-
static neoplasms, including 12 colon adeno-
carcinomas, 4 duodenum adenocarcinomas, 1
breast adenocarcinoma, 4 metastatic neuroen-
docrine carcinoma, and 1 pancreas ductal ade-
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Table 3. Comparison of the immunoreactivity of different antibodies between HCC and MC

Arginase-1  GPC-3

CK7 HSP70 GPC-3 or HSP70 GPC-3 and HSP70

HCC (positive/cases) 43/45 37/45 3/45  38/45 44/45 31/45
MC (positive/cases) 0/22 1/22 3/22  18/22 19/22 0/22
P (HCC vs. MC) <0.001" <0.001" 0.348 0.785 0.064 <0.001"
Sensitivity for HCC (%) 96 82 7 84 98 69
Specificity for HCC (%) 100 95 86 18 14 100
Positive predictive value (%) 100 97 50 68 70 100
Negative predictive value (%) 92 72 31 36 75 61
“P<0.05.

nocarcinoma. Informed consent was obtained
from all the participants included in this work,
and the use of the tissue specimens was
approved by the Research Ethics Committee of
Shandong Provincial Hospital Affiliated to
Shandong University (Jinan, China).

Immunohistochemistry

The antibodies used in this study are listed in
Table 1. Formalin-fixed and paraffin-embedded
tissue sections were selected, and 4 ym sec-
tions were then dewaxed and rehydrated. The
slides were treated with 3% H,0, for 15 min to
quench the endogenous peroxidase. Antigen
retrieval was conducted by incubating the
slides in 0.01 M citrate buffer (pH 6.0) at 100°C
for 10 min. A standard immunohistochemical
technique was then implemented using a
Ventana Benchmark® XT autostainer (Ventana
Medical Systemsinc., Tucson, AZ, USA).

The immunoreactivity of Arginase-1, GPC-3,
HSP-70, and CK7 was scored by two patholo-
gists. The percentage of reactive cells was
quantified as O (no reactivity), 1 + (1%-10%
staining), 2 + (10%-50% staining), or 3 + (> 50%
staining). The intensity of immunostaining was
scored as O (no staining), 1 + (weak staining),
and 2 + (strong staining). The staining value
(0-6+) was calculated as the intensity multi-
plied by the percentage of immunostained
cells. A score of O indicated a negative value; a
score of 1-2 + indicated low expression, and a
score of 3-6 + indicated high expression. Only
cytoplasmic reactivity or both cytoplasmic and
nuclear reactivities were considered positive
staining for Arginase-1 and HSP70. For GPC-3,
positive staining was defined as coarsely gran-
ular cytoplasmic staining. Membrane stains
were considered positive for CK7. Known posi-
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tive and negative controls (without primary anti-
body) were used for each batch of slides.

Statistical analysis

Data were analyzed by SPSS software version
16.0 (SPSS, Inc., Chicago, IL, USA). The x? test
was used to calculate the statistical signifi-
cance of the variables. A P value of less than
0.05 was considered statistically significant.

Results

Summary of different antibody immunostain-
ing patterns

The immunostaining results of the four antibod-
ies in this work are summarized in Table 2. For
Arginase-1, all benign liver lesions, including
HCA, FNH, cirrhosis, and normal liver tissues,
showed strong and diffuse immunostaining
patterns. Moreover, the Arginase-1 antibody
was positive in 43 of 45 (96%) HCCs, but none
of the MC and ICC cases showed immunoreac-
tivity with Arginase-1.

GPC-3 stained 37 of 45 (82%) HCCs and only 1
of 22 (5%) MCs (i.e., neuroendocrine carcino-
mas arising from the stomach). All cases of ICC
and the other benign lesions were negative for
GPC-3 expression.

CK7 expression was observed in 3 of 45 (7%)
HCCs and 3 of 22 (14%) MCs (i.e., 1 case of
invasive breast carcinoma, 1 case of neuroen-
docrine carcinoma transferred from the pan-
creas, and 1 case of pancreas ductal carcino-
ma). No benign liver lesion was positive for CK7.
However, CK7 showed strong expression in all
15 cases of ICC.

HSP70, which was absolutely negative in all
cases of benign liver masses and tissues,

Int J Clin Exp Pathol 2016;9(8):7878-7888
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Arginase-1

HE HSP70 CK7

Figure 1. HCC. A. Well differentiated HCC with only focally thickened cell plates and mild cytologic atypia. This mor-
phology could overlap with many benign liver mass lesions (hematoxylin and eosin, x 100), B. Arginase-1 shows
strong, diffuse positivity in cell nuclear and cytoplasm (immunohistochemical stain, x 100), C. GPC-3 also shows
moderate-strong, diffused positivity in cell cytoplasm (immunohistochemical stain, x 200), D. The same case with A
with maghnifiation x 200 (hematoxylin and eosin), E. HSP70 also shows strong, diffused positivity in cell nuclear and
cytoplasm (immunohistochemical stain, x 100), F. CK7 showed no immunoreactivity in HCC (immunohistochemical
stain, x 100).

Arginase-1

HSP70

HE

CK7

Figure 2. MC. A. Fine-needle biopsy of hepatic metastasis of breast carcinoma made by H&E sections (x 100),
B. Arginase-1 showed no immunoreactivity in MC (x 400), C. GPC-3 showed no immunoreactivity in MC (x 400),
D. Fine-needle biopsies of breast carcinoma made by H&E sections (x 400), E. Diffused and strong nuclear and
cytoplasmic immunostaining for HSP70 (x 100), F. CK7 shows strong, diffuse positivity in membrane (immunohis-
tochemical stain, x 400).

showed apparent immunoreactivity in 38 of 45 (73%) ICCs. Among the 18 MC cases, 10 origi-
(84%) HCCs, 18 of 22 (82%) MCs, and 11 of 15 nated from colon carcinoma, 3 from duodenal
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Arginase-1
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Figure 3. HCA. A. A cell block section of HCA (hematoxylin and eosin, x 100), B. Diffuse nuclear and cytoplasmic im-
munostaining for Arginase-1 (x 400), C. Negative immunostaining for GPC-3 (x 100), D. The same cell block section
of HCA (hematoxylin and eosin, x 400), E. Negative immunostaining for HSP70 (x 100). F. Negative immunostaining
for CK7 (x 400).

Table 4. Comparison of the immunoreactivity of different antibodies between HCC and HCA
Arginase-1  GPC-3 CK7 HSP70  GPC-3 or HSP70 GPC-3 and HSP70

HCC (positive/cases) 43/45 37/45 3/45  38/45 44/45 31/45
HCA (positive/cases) 12/12 0/12 0/12 0/12 0/12 0/12
P (HCC vs. HCA) 0.457 <0.001" 0.358 <0.001" < 0.001" < 0.001"
Sensitivity for HCC (%) 96 82 7 84 98 69
Specificity for HCC (%) 0 100 100 100 100 100
Positive predictive value (%) 78 100 100 100 100 100
Negative predictive value (%) 0 60 22 63 92 46

“P < 0.05.

carcinoma, 1 from invasive breast carcinoma, 3
from neuroendocrine carcinoma, and 1 from
pancreas ductal carcinoma.

Comparison of the immunoreactivity of differ-
ent antibodies in malignant and benign liver
nodular lesions

To further investigate the immunoreactivities of
the four markers in differentiating HCCs from
other malignant or benign liver lesions in the
FNA samples, we analyzed the sensitivity, spec-
ificity, and predictive value between HCCs and
other cases.

In Table 3, Arginase-1 and GPC-3 immunoreac-
tivity were diffused and strong in the majority of
the HCCs (Figure 1) and showed high specificity
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and positive predictive value for distinguishing
HCCs from MCs (P < 0.001). None of the MC
(Figure 2) cases showed immunoreactivity for
Arginase-1; only 1 of 22 in the MC cases was
positive for GPC-3. The combination of GPC-3
and HSP70 was also useful because the speci-
ficity and positive predictive value reached
100% when both GPC-3 and HSP70 were posi-
tive (P < 0.001).

Arginase-1 stained most of HCCs (43 of 45)
and all 12 cases of HCA. By contrast, CK7 had
no immunoreactivity in HCAs (Figure 3) and
stained only a minority of HCCs (3 of 45).
Compared with HCAs, 37 of 45 HCCs and 38
of 45 HCCs showed an extreme increase in
GPC-3 and HSP70 expression, respectively (P <

Int J Clin Exp Pathol 2016;9(8):7878-7888
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Table 5. Comparison of the immunoreactivity of different antibodies between HCC and ICC
Arginase-1  GPC-3 CK7 HSP70 GPC-3 or HSP70 GPC-3 and HSP70

HCC (positive/cases) 43/45 37/45 3/45 38/45 44/45 31/45
ICC (positive/cases) 0/15 0/15 15/15 11/15 11/15 0/15

P (HCC vs. ICC) <0.001" <0.001" <0.001" 0.335 0.003" <0.001"
Sensitivity for HCC (%) 96 82 7 84 98 69
Specificity for HCC (%) 100 100 0 27 27 100
Positive predictive value (%) 100 100 17 78 80 100
Negative predictive value (%) 88 65 0 36 80 52

“P < 0.05.

F

HE

CK7

HSP70

Figure 4. ICC. A. A cell block section of moderate to low differentiated ICC (hematoxylin and eosin, x 100), B. Nega-

tive immunostaining for Arginase-1 (x 100), C. Negative immunostaining for GPC-3 (x 100), D. The same cell block
section of ICC (hematoxylin and eosin, x 400), E. Diffused and strong nuclear and cytoplasmic immunostaining for
HSP70 (x 100), F. Moderate to strong, diffuse positivity for CK7 (immunohistochemical stain, x 400).

0.001). Either GPC-3 and HSP70 and their com-
bination showed 100% specificity and positive
predictive values. The sensitivity was 98%
when only one marker was positive (Table 4).

As shown in Table 5, CK7 demonstrated posi-
tive immunoreactivity in all 15 (100%) cases of
ICC (Figure 4), and only 3 of 45 cases of HCC
showed positive immunoreactivity for CK7, with
focal and weak staining. By contrast, Arginase-1
and GPC-3 showed significantly increased sen-
sitivity and specificity for the diagnosis of HCCs
(96%, 100% vs. 82%, 100%). Given that the
staining rates for HCC and ICC were high,
HSP70 can not differentiate HCCs from ICCs (P
> 0.05).
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As described above, Ariginase-1 showed dif-
fused and strong immunoreactivity in 43 of 45
HCCs and all combination cases (Figures 5, 6),
including benign liver lesion masses and nor-
mal liver tissues (P > 0.05). However, in con-
trast to the high expression rate in HCC, no
cases were positive for GPC-3 and HSP70
immunostaining in the combination groups (P <
0.001). GPC-3 and/or HSP70 showed 100%
specificity and positive predictive value in dif-
ferentiating HCCs from benign and normal liver
tissues (Table 6).

In summary, Ariginase-1 is a sensitive marker
for tissues originating from the liver, including
HCC, HCA, FNH, cirrhosis, and NL tissues,
whereas none of the MC or ICC cases were pos-

Int J Clin Exp Pathol 2016;9(8):7878-7888
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Arginase-1

HE HSP70 CK7

Figure 5. FNH. A. Typical hematoxylin and eosin pattern of biopsies of FNH subtypes (x 100), B. Diffused nuclear
and cytoplasmic immunostaining for Arginase-1 (x 200), C. Negative immunostaining for GPC-3 (x 400), D. The
same cell block section of FNH (hematoxylin and eosin, x 200), E. Negative immunostaining for HSP70 (x 200), F.
Negative immunostaining for CK7 (x 400).

Arginase-1

HSP70

HE

CK7

Figure 6. Regenerative Nodules in Liver Cirrhosis. A. Fine-needle biopsy of a case of regenerative nodules in liver
cirrhosis made by H&E sections (x 100), B. Diffused nuclear and cytoplasmic immunostaining for Arginase-1 in re-
generative liver cells, C. Negative immunostaining for GPC-3 (x 400), D. The same cell block section of liver cirrhosis
(hematoxylin and eosin, x 400), E. Negative immunostaining for HSP70 (x 200), F. Negative immunostaining for
CK7 in liver cells, but positive in small bile duct (x 400).

itive for Arginase-1. Moreover, 37 among the high expression rate (38 of 45) in HCCs and
45 HCC patients presented an elevated level of was upregulated in MCs (18 of 22) and ICCs (11
immunostaining for GPC-3, and this finding indi- of 15). However, all cases of HCA and combina-
cated that the expression of GPC-3 may be use- tion groups were negative for HSP70. Thus, the
ful for the diagnosis of HCC. HSP70 showed a positive staining of HSP70 was valuable to dif-
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Table 6. Comparison of the immunoreactivity of different antibodies between HCC and combination
Arginase-1  GPC-3 CK7 HSP70 GPC-3 or HSP70 GPC-3 and HSP70

HCC (positive/cases) 43/45 37/45 3/45  38/45 44/45 31/45
Combination (positive/cases) 30/30 0/30 0/30 0/30 0/30 0/30
P (HCC vs. Combination) 0.242 <0.001" 0.149 <0.001" < 0.001" <0.001"
Sensitivity for HCC (%) 96 82 7 84 98 69
Specificity for HCC (%) 0 100 100 100 100
Positive predictive value (%) 59 100 100 100 100
Negative predictive value (%) 0 79 81 97 68

“P < 0.05.

ferentiate malignant from benign cases and
could be complementary to Arginase-1 and
GPC-3 in liver FNA diagnosis. In addition, CK7-
positive immunostaining demonstrated signifi-
cant advantages in ICC detection. Although
three cases of poorly differentiated HCCs also
showed immunoreactivity to CK7, the diagnosis
of HCC or ICC can be made after comprehen-
sive consideration of Arginase-1, GPC-3, and
CK7 together.

Discussion

HCC is the fifth most common cancer and the
second leading cause of cancer-related deaths
worldwide [1]. Most patients with HCC are diag-
nosed at an advanced stage in their illness,
and the prognosis is generally poor [10]. Cur-
rently, AFP measurement and ultrasound detec-
tion are widely and routinely used to screen
HCC in China. Nevertheless, the level of serum
AFP is not always specific for HCC because
upregulated AFP is also detected in patients
with viral hepatitis [11, 12]. Under these cir-
cumstances, FNA biopsy is necessary for HCC
identification, especially when the imaging find-
ings are atypical.

Notably, the clinical application of percutane-
ous FNA biopsy has been proposed as a safe,
effective, and minimally invasive procedure for
the diagnosis of liver masses [13]. The sensitiv-
ity and specificity of FNA for detecting liver
malignancy are around 90% and 100%, respec-
tively [14]. Although morphological observation
is often available for pathologists, arrive at a
precise final diagnosis remains challenging
because of the limited size of samples with
core biopsies and the mimicking of histopatho-
logical features between liver lesions. Thus,
immunohistochemical markers may play a very
important role in clinically atypical and indeter-
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minate cases. Recently, a series of diagnosti-
cally available immunohistochemical markers
for the identification of HCC was applied in rou-
tine surgical pathology practice, however, the
value of each marker is attributed to tumor het-
erogeneity and the insufficient sensitivity of
each marker. In this work, we proposed Argi-
nase-1, GPC-3, CK7, and HSP70 as an immuno-
histochemistry biomarker panel for routine
diagnostic FNA biopsy and evaluated the speci-
ficity and positive predictive value of these
markers.

Arginase-1 is a key enzyme of the urea cycle
and is found in the liver, this enzyme catalyzes
the conversion of L-arginine into L-ornithine and
urea. In the past few years, Arginase-1 has
been described as a potential and valuable
immunohistochemical marker for differentiat-
ing HCCs from other tumors [15, 16]. In our
study, Arginase-1 demonstrated diffused and
strong reactivity in most HCC cases and all
benign liver masses, with no immunoreactivity
against MC and ICC. However, several studies
demonstrated Arginase-1 immunoreactivity in
a small portion of pancreatic adenocarcino-
mas, ICCs, and prostatic adenocarcinomas.
Fortunately, all the cases were negative for
GPC-3 [6, 16]. The sensitivity for Arginase-1 in
HCCs was 96%, and the positive predictive
value between HCCs from MCs and ICCs was
100%.

GPC-3 is an oncofetal antigen and a member of
the glypican family of glycosyl phosphatidylino-
sitol-anchored cell-surface heparin sulfate pro-
teoglycans. Wang summarized the studies on
GPC-3 from 2001 to 2014 and concluded that
GPC-3 plays a crucial role in HCC cell prolifera-
tion and metastasis. Moreover, GPC-3 is also
involved in signaling pathways during hepato-
cyte malignant transformation [17]. The per-
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HCCs [25]. As expected, CK7
was present in all 15 cases of
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case of invasive breast carci-
noma, 1 case of neuroendo-
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noma). Although 3 of the HCC
cases also showed positive
for CK7, they were poorly dif-
ferentiated and were positive
for Arginase-1, GPC-3, and
HSP70.

Figure 7. A flow chart for the clinical practical procedure in liver biopsy diag-

nosis.

centage of GPC-3 expression reported in HCCs
ranges from 49% to 97.7%. In our work, GPC-3
was expressed in 37 (82%) HCCs, which is con-
sistent with the results of previous studies [18].
Although GPC-3 positivity was observed in a
subset of yolk sac tumor, choriocarcinoma, and
melanoma, only one case of neuroendocrine
carcinoma arising from the stomach showed
immunoreactivity against GPC-3 in our MC
group [18, 19]. Moreover, the sensitivity of
GPC-3 for identifying HCCs was 82%, whereas
the positive predictive value between HCCs
and the other groups was 100%. Therefore, the
immunoreactivity of GPC-3 cansignificantly dis-
tinguish HCCs from other liver masses in FNA
biopsy detection.

Over the past few years, the elevation of HSP70
has been assessed in various solid carcinomas
[20]. HSP70 may play an important role in pro-
tecting cells from DNA damage and perform
anti-apoptotic functions. In our series of experi-
ments [21, 22], HSP70 stained 84% of HCC,
82% of MC, and 73% of ICC, without immunore-
activity to benign lesions. Thus, HSP70 can
serve as a potential marker of malignancy,
although it cannot differentiate HCCs from MCs
or ICCs.

CKY7 is an effective immunohistochemical diag-
nostic tool for the study of the origins of tumors
from normal epithelial tissues and cancers,
especially in adenocarcinoma from the ovary,
breast, lung, and bile duct [23, 24]. The utility of
CK7 in this work is as a supplementary tool
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Overall, the findings suggest
that a single immunohisto-
chemical marker is insuffi-
cient for differentiating HCCs from other liver
masses. Thus, we propose Arginase-1, GPC-3,
HSP70, and CK7 to comprise a marker panel
for routine diagnostic work. (1) Arginase-1 is a
reliable marker for confirming the histogenesis
of liver cells because of its high specificity and
sensitivity. (2) The positive staining of GPC-3
and HSP70 can distinguish malignant compo-
nents from benign lesions, whereas the nega-
tive results do not always indicate benign out-
comes. The combination of GPC-3 and HSP70
was also evaluated in our work, and the inter-
pretation of the immunostaining results is an
integrated procedure under actual conditions.
(3) We considered CK7 to be a vital comple-
mentary marker in diagnosis because of the
high specificity and sensitivity in ICC differenti-
ation. The positive staining results also prompt
the presumption for MC.

The diagnostic differentiation of liver masses is
occasionally challenging, especially in FNA
samples. On the basis of our results, a flow
chart (Figure 7) is presented for the clinical
practical procedure in liver biopsy diagnosis,
which also shows the possible outcomes of
potential staining. Further analysis is needed to
search for novel biomarkers for HCC and more
effective treatment strategies.
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