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Abstract

AIM: To investigate the expression of key biomarkers
in hepatoma cell lines, tumor cells from patients’ blood
samples, and tumor tissues.

METHODS: We performed the biomarker tests in
two steps. First, cells plated on coverslips were used
to assess biomarkers, and fluorescence intensities
were calculated using the NIH Image J software.
The measured values were analyzed using the SPSS
19.0 software to make comparisons among eight cell
lines. Second, eighty-four individual samples were
used to assess the biomarkers’ expression. Nega-
tive enrichment of the blood samples was performed,
and karyocytes were isolated and dropped onto pre-
treated glass slides for further analysis by immuno-
fluorescence staining. Fluorescence intensities were
compared among hepatocellular carcinoma (HCC)
patients, chronic HBV-infected patients, and healthy
controls following methods similar to those used for
cell lines. The relationships between the expression of
biomarkers and clinical pathological parameters were
analyzed by Spearman rank correlation tests. In ad-
dition, we studied the distinct biomarkers’ expression
with three-dimensional laser confocal microscopy re-
constructions, and Kaplan-Meier survival analysis was
performed to understand the clinical significance of
these biomarkers.

RESULTS: Microscopic examination and fluorescence
intensity calculations indicated that cytokeratin 8/18/19
(CK) expression was significantly higher in six of the
seven HCC cell lines examined than in the control cells,
and the expression levels of asialoglycoprotein recep-
tor (ASGPR) and glypican-3 (GPC3) were higher in all
seven HCC cell lines than in the control. Cells obtained
from HCC patients’ blood samples also displayed sig-
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nificantly higher expression levels of ASGPR, GPC3,
and CK than cells from chronic HBV-infected patients
or healthy controls; these proteins may be valuable
surface biomarkers for identifying HCC circulating tu-
mor cells isolated and enriched from the blood sam-
ples. The stem cell-like and epithelial-mesenchymal
transition-related biomarkers could be detected on the
karyocyte slides. ASGPR and GPC3 were expressed at
high levels, and thus three-dimensional reconstruc-
tions were used to observe their expression in detail.
This analysis indicated that GPC3 was localized in the
cytoplasm and membrane, but that ASGPR had a polar
localization. Survival analyses showed that expression
of GPC3 and ASGPR is associated with a patient’s over-
all survival (0S).

CONCLUSION: ASGPR, GPC3, and CK may be valu-
able HCC biomarkers for CTC detection; the expression
of ASGPR and GPC3 might be helpful for understand-
ing patients’ OS.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We report a novel workflow to detect poten-
tially valuable biomarkers for hepatocellular carcinoma
(HCC). We measured immunofluorescence intensity
and performed statistical analyses to assess the ex-
pression of biomarkers in cell lines and patient blood
samples. Furthermore, we determined the expression
of biomarkers via three-dimensional reconstructions.
These analyses indicated that asialoglycoprotein re-
ceptor (ASGPR), glypican-3 (GPC3), and cytokeratin
(CK) may be valuable HCC biomarkers for detecting
circulating tumor cells (CTCs). In addition, the expres-
sion of ASGPR and GPC3 might correlate with patients’
prognoses, and our CTC detection method can include
epithelial cell adhesion molecule- and vimentin-positive
tumor cells, and will thus supplement previous studies
and potentially help predict future tumor recurrence
and metastasis.

Mu H, Lin KX, Zhao H, Xing S, Li C, Liu F, Lu HZ, Zhang
Z, Sun YL, Yan XY, Cai JQ, Zhao XH. Identification of
biomarkers for hepatocellular carcinoma by semiquantitative
immunocytochemistry. World J Gastroenterol 2014; 20(19):
5826-5838 Available from: URL: http:/www.wjgnet.com/1007-9327/
full/v20/i19/5826.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
119.5826

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors in the world, ranking seventh
and third in morbidity and mortality, respectively, for all
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cancers'™, Although most of the burden lies in develop-
ing countries, where almost 85% of HCC cases occur,
large increases in incidence, particularly in younger age
groups, have been reported in the United States and
Europe over the past two decades”. Currently, approxi-
mately 50% of the annual incidence occurs in China,
making HCC the second leading cause of cancer-related
deaths. This trend is likely to persist in the near future,
given that 93 million hepatitis B virus (HBV) carriers
and 980000 HBV patients live in China®¥. At present,
hepatectomy is the main curative treatment, but postop-
erative risks can only be predicted by common clinical
and pathological parameters, such as alpha fetoprotein
(AFP) and tumor differentiation; prognosis remains
poor due to the high incidence of recurrence and metas-
tasis™. Considering that there are no reliable diagnostic
and prognostic biomarkers for HCC patients, a variety
of studies have been performed to identify new bio-
markers, mainly using tumor sections or patients’ serum
for the analyses' "\

In recent years, the number of circulating tumor cells
(CTCs) has been reported to be associated with a poor
prognosis' . The detection of CTCs may provide a
method for assessing disease prognosis and a model for
the biology of cancer metastasis. The CellSearch™ sys-
tem (Veridex LLC, Warren, NJ, United States), based on
the positive capture of epithelial cell adhesion molecule
(EpCAM), has been approved by the United States Food
and Drug Administration (FDA) for the detection of
CTCs in patients with metastatic breast, prostate, and
colorectal cancers'". In 2012, this system was approved
by the China Food and Drug Administration for assess-
ing patients with breast cancer'”; however, few studies
have examined HCC CTCs. We argued that the expres-
sion of EpCAM in HCC tissues was as low as 30%, and
could be considered a cancer stem cell-like biomarker
for HCC. The epithelial-mesenchymal transition (EMT),
considered an initiation process for cancer metasta-
sis, involves the loss of epithelial biomarkers such as
EpCAM, which means that the CellSearch™ system
may overlook HCC CTCs"*'"". Although several stud-
ies have investigated a suitable method for identifying
HCC CTCs"™"™ further efforts are required. Here, we
analyzed the expression of potential cellular biomarkers
for the identification of HCC CTCs in seven cell lines
and in karyocytes isolated from HCC patients’ petiph-
eral blood. We included HCC-related biomarkers, such
as cytokeratin 8/18/19 (CK), glypican-3 (GPC3), and
asialoglycoprotein receptor (ASGPR); stem cell-related
biomarkers, such as EpCAM and CD133; and EMT-
related biomarkers, such as vimentin. Cytokeratins are
proteins in the intracytoplasmic cytoskeleton, and CK
expression has been used as a biomarker in hepatoma
histopathology”*", GPC3 attached to the cell surface
is overexpressed in most HCC foci and undetectable in
normal livers and benign liver diseases”. ASGPR, as a
membrane receptor, can specifically interact with the
pre-S1 domain of HBV™. EpCAM was reported as a
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Table 1 Clinical characteristics of individuals enrolled in the

study n (%)

Clinical characteristics HCC number Control number
Age at baseline, years
=60 20 (32.3) 6 (27.3)
<60 42 (67.7) 16 (72.7)
Median 55 51
Range 29-76 20-72
Sex
Male 53 (85.5) 11 (50.0)
Female 9 (14.5) 11 (50.0)
KPS score
>80 31 (50.0) 22 (100.0)
60-80 31 (50.0) 0(0.0)
Hepatitis infection
HBV positive 59 (95.2) 7 (31.2)
HBV negative 3 (4.8) 15 (68.2)
Tumor size (cm) NA
<3.0 21 (33.9)
>3.0 41 (66.1)
Primary foci NA
Single 54 (87.1)
Multiple 8 (12.9)
Carcinoma cell embolus NA
Yes 1(1.6)
No 61 (98.4)
AJCC stage at enrollment NA
Early (stage 1 + 2) 55 (88.7)
Late (stage 3 + 4) 7 (11.3)

HCC: Hepatocellular carcinoma; KPS: Karnofsky performance status;
HBV: Hepatitis B virus; AJCC: American Joint Committee on Cancer; NA:
Not applicable.

HCC stem cell-like biomarket, and CD133 is a common
stem cell biomarker. EpCAM- and CD133-positive cells
can potentially undergo self-renewal and differentia-
tion*, Vimentin is a predominant mesenchymal mark-
er in the EMT™. Given that normal epithelial cells and
hepatocytes in the circulation of healthy adults are rare,
any of these cells identified by CK, GPC3, or ASGPR
are likely to be tumor cells”"**. Stem cell-related and
EMT marker-positive tumor cells may be associated with
recurrence and metastasis, which corresponds with the
clinical significance of CTCs in several cancers” .

The primary aim of this study was to assess bio-
marker expression in hepatoma cell lines and enriched
patient blood cells using a semiquantitative cytopatho-
logical workflow. Secondly, the present study analyzes if
exceptional biomarker expression in HCC patients could
be valuable for determining cancer prognosis.

MATERIALS AND METHODS

Cell culture and preparation of cells plated on coverslips
Human hepatoma cell lines HepG2 (ATCC HB-8065),
Hep3B (ATCC HB-8064), and SK-HEP-I (ATCC
HTB-52) cells were obtained from the American Type
Culture Collection (ATCC, Manassas, VA, United States),
and Bel7402, Bel7404, SMMC7721, and the human hepat-
ic cell line LO2 cells wete purchased from the Institute of
Biochemistry and Cell Biology, Chinese Academy of Sci-
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ences, China. Huh7 cells were obtained from the Human
Science Research Resources Bank (Osaka, Japan). HepG2,
Hep3B, and SK-Hep-I cells were cultured in MEM (Hy-
clone, Logan, UT, United States) supplemented with 10%
FBS (Hyclone, Logan, UT, United States), 1% 200 mmol
glutamine, and 1% 100 mmol pyruvic acid sodium. Huh?7
cells were cultured in Dulbecco’s modified Eagle medium
(Hyclone, Logan, UT, United States) supplemented with
10% FBS. Bel7402, Bel7404, and SMMC7721 cells were
cultured in RPMI-1640 (Hyclone, Logan, UT, United
States) supplemented with 10% FBS. Cells were main-
tained at 37 °C in a humidified atmosphere containing 5%
CO2, and were harvested with trypsin before plating for
experiments in tissue culture plates and on coverslips. The
cells were seeded onto coverslips pretreated with 0.01%
poly-L-lysine and fixed with 4% paraformaldehyde when
the confluence reached approximately 60%-70%.

Blood sample preparation
Eighty-four individuals, including 62 HCC patients, 7
chronic HBV-infected patients, and 15 healthy individu-
als, were recruited in the present study. A total of 7.5
mlL of peripheral blood was collected in BD vacutainer
tubes containing acid citrate dextrose (Becton Dickinson,
Franklin Lakes, NJ, United States). Written informed
consent was obtained from each participant, and the
study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki, as reflected in a priori
approval by the Review Boatd at the Cancer Hospital af-
filiated with the Chinese Academy of Medical Sciences,
Peking Union Medial College, and Navy General Hos-
pital (Beijing, China). To avoid epithelial cell contamina-
tion during venous puncture, all samples were collected
after discarding the first 2 mL of blood. Samples were
processed within 24 h of collection. Diagnoses were
pathologically confirmed using surgical specimens. The
clinical characteristics of HCC patients are summatized
in Table 1. HCC patients were classified according to the
seventh edition of the cancer staging system published
by the American Joint Committee on Cancer (AJCC)
and the Union for International Cancer Control (UICC).
The karyocyte enrichment method was similar to pre-
vious descriptions”™. Blood was transferred to a 50 ml.
centrifuge tube. The collecting tubes were rinsed twice
with wash buffer (137 mmol/L NaCl, 2.7 mmol KCI,
10 mmol/L Na2HPOs, 2 mmol/L KH2PO4, 2 mmol/L
EDTA, 0.5% BSA, pH = 7.4) to a combined volume
of 45 mL. Blood samples were centrifuged at 1400 rpm
for 5 min, and the supernatant was aspirated. Red blood
cells (RBCs) were mixed with 37.5 mL of lysis buffer
(155 mmol/L. NH4Cl, 10 mmol/T. KHCOs3, 0.1 mmol/L
EDTA), rotated for 8 min, and centrifuged at 1400 rpm
for 5 min. The procedure was repeated twice. The result-
ing cell pellet was resuspended, washed, and incubated
with CD45 microbeads (Miltenyi Biotec, Bergisch Glad-
bach, Germany) at a proportion of 20 pL per 10" total
white blood cells (WBCs) for 15 min. WBCs bound to
microbeads wete removed with an LS column in a Midi-
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MACS™ separator (Miltenyi Biotec, Bergisch Gladbach,
Germany). Supernatants were transferred into a new tube
and centrifuged at 1400 rpm for 5 min. Cell pellets were
fixed with 4% paraformaldehyde on SuperFrost Plus
slides (Thermo Fisher Scientific, Pittsburgh, PA, United
States), with immunofluorescence (IF) staining then being
performed.

Immunofiuorescence staining and microscopic
examination

Cells on coverslips and karyocyte slides enriched from
blood samples were blocked using 2% BSA (Sigma-
Aldrich, St. Louis, MO, United States) for 45 min. Direct
and indirect IF staining was performed at room temper-
ature with the following HCC-related biomarkers (1:100
diluted in 2% BSA): anti-CK8/18/19-FITC (Miltenyi
Biotec, Bergisch Gladbach, Germany), anti-GPC3 (Santa
Cruz Biotechnology Inc, Dallas, TX, United States), anti-
ASGPR (Sigma-Aldrich, St. Louis, MO, United States),
anti-AFP (Zymed Laboratory Inc., South San Francisco,
CA, United States), and anti-CD45-PE (Miltenyi Biotec,
Bergisch Gladbach, Germany). EMT-related and stem
cell-related biomarkers (1:100 diluted in 2% BSA) were
also tested, including anti-vimentin (Thermo Fisher
Scientific, Pittsburgh, PA, United States), anti-EpCAM-
FITC (Miltenyi Biotec, Bergisch Gladbach, Germany),
and anti-CD133-PE (Miltenyi Biotec, Bergisch Gladbach,
Germany). Coverslips and slides were incubated for 60
min with primary antibodies for IF staining and with Al-
exa Fluor-labeled secondary antibody (Life Technologies,
Grand Island, NY, United States) for another 60 min for
indirect IF staining. They were then washed three times
with 0.2% BSA for 3 min. Cells were mounted with me-
dium containing the nuclear dye 4’,6-diamidino-2-phe-
nylindole (DAPI) (Sigma-Aldrich, St. Louis, MO, United
States). Blinded review of the fluorescent images was
performed by three technicians using a Nikon 80i 3-col-
or fluorescent microscope (Nikon Co, Tokyo, Japan) and
a Leica TCS SP2 confocal microscope (Leica Co, Berlin,
Germany). Fluorescence intensities were measured us-
ing the Image ] software (NIH, Bethesda, MD, United
States). Relative biomarker intensities on cells were as-
sessed using the following formula that calculates how
many times higher the biomarker staining intensity of
the cell is than the background, which was based on the
CellSearch™ model for HER2 staining of CTCs™

Biomarker Relative Intensity = [Foreground Intensity
(Cell staining)/Surface Area]/[Background Intensity/
Surface Area]

The experiments were performed in triplicate. Repre-
sentative images of 5 cells from each cell line and 3 cells
from each patient were analyzed, and the mean intensity
was calculated. Only cells from patients who met the
following stringent criteria were analyzed: intact cells
with diameters above 10 pm, biomarker-positive, CD45-
negative, and DAPI-positive. The positive ratios of bio-
marker expression were calculated from the observation
of 500 cells.
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Immunohistochemical staining of liver cancer samples
Tissue arrays were composed of tumor samples and pa-
ra-carcinoma liver tissues collected from 32 patients who
were diagnosed with HCC and underwent surgical resec-
tion (Shanghai National Engineering Research Center
for Biochip, Shanghai, China). From each paraffin block,
4-pum-thick sections were cut, cleared in xylene, and re-
hydrated. Slides were then moved from water to plastic
slide holders, fully immersed in 10 mmol sodium citrate
buffer (pH = 6.0), and heated for 20 min at 120 'C in a
commercially available pressure cooker. After cooling
to room temperature in the sodium citrate buffer, slides
were treated with a solution of 3% hydrogen peroxide
(H202) for 30 min at room temperature to abolish en-
dogenous peroxidase activity. Sections were then incu-
bated for 10 min in a moist chamber with non-immune
goat serum diluted to 5% in PBS (pH = 7.4) to reduce
non-specific background staining, Sections were then in-
cubated overnight at 4 ‘C with the primary antibody (an-
ti-GPC3 or anti-ASGPR) diluted to 1:100. Sections were
subsequently incubated for 30 min with biotin-labeled
secondary antibody (Santa Cruz Biotechnology Inc, Dal-
las, TX, United States) diluted to 1:600 in PBS, and then
incubated in a streptavidin-biotin-peroxidase preformed
complex (Zhongshan Jingiao Biotechnology Co, Beijing,
China) for 30 min. The immunologic reaction was visual-
ized using 3,3'-diaminobenzidine substrate, and samples
were counterstained with hematoxylin, dehydrated, and
mounted with Canada balsam (Sigma-Aldrich, St. Louis,
MO, United States). A negative control was performed
by omitting the primary antibody.

The tumor expression of ASGPR and GPC3 was
evaluated by two pathologists (HM and HZL) blinded
to clinical data, and discrepancies were resolved by con-
sensus. Images were visualized using an Olympus BX40
microscope (Olympus Co, Tokyo, Japan). Ten random
fields per biomarker were selected, and the percentage
of immunoreactive cells in a total of 1000 tumor cells
was determined™. As described previously, the inten-
sity of a biomarker and the percentage of positive cells
were both graded with different scores. The product
of the two scores was used to evaluate the biomarker’s
stainingm‘%]. An intensity score representing the average
intensity of positive cells (0, none; 1, weak; 2, intermedi-
ate; 3, strong) was assigned. A proportion score repre-
senting the estimated proportion of positive-staining
cells (0, 0-5% positive cells; 1, 6%-25%; 2, 26%-50%; 3,
51%-75%; 4, 76%-100%) was assigned. The proportion
and intensity scores were multiplied to create an immu-
noreactivity score (IS). The IS was further divided as fol-
lows: 0-1 (—); 2-4 (+); 5-7 (++); > 8 (+++). “-” and “+”
were considered low levels of immunoreactivity; “++”
and “+++” were considered high levels of immunoreac-
tivity.

Statistical analysis

Analyses were performed using SPSS version 19.0 (IBM,
New York, NY, United States). The Mann-Whitney test
was used to compare continuous variables between the
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Figure 1 Asialoglycoprotein receptor, glypican-3 and cytokeratin expression, and fluorescence intensities in eight cell lines. A-C: Representative images
of cells on the coverslips with DAPI-stained nuclei (blue) and asialoglycoprotein receptor (ASGPR) staining (green)/glypican-3 (GPC3) staining (red)/cytokeratin (CK)
staining (green). The scale bar is 5 um. D: The bar graph of fluorescence intensities in eight cell lines. Fluorescence intensities were measured using NIH Image J
software. Biomarker relative intensities were calculated as the difference between the biomarker staining intensity of the cell and the background intensity. The com-

parisons between HCC cell lines and the control cell line were analyzed using the Mann-Whitney test (°P < 0.01 vs control).

Bel7402

HepGZ b

Figure 2 Epithelial cell adhesion molecule expression in eight cell lines. Representative images of cells on the coverslips with DAPI-stained nuclei (blue) and
EpCAM staining (green). The scale bar is 5 um.

Bel7404

two groups. Fluorescence intensities and clinical charac-
teristics, such as age, AFP, ALT, AST, tumor size, differ-
entiation, and AJCC stage, were subjected to Spearman
rank correlation analysis. Survival analysis was petrformed
using the Kaplan-Meier method. P values less than 0.05
were considered statistically significant, and P values less
than 0.1 were considered potentially significant.

RESULTS

Expression of HCC-related biomarkers in cell lines

IF staining indicated that ASGPR (Figure 1A) and GPC3
(Figure 1B) were expressed in all liver cancer-related cell
lines, and fluorescence intensity was significantly higher
in the seven HCC cell lines than in 1.02, the control cells
(Figure 1D). Confocal microscopic examination sug-
gested that ASGPR is located in the nuclei or nucleoli
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5831

SMMC7721 Hep3B

of the Bel7404 and SMMC7721 cells. In addition, GPC3
expression was significantly stronger in cell lines derived
from Asians than from Westerners (10.41 £ 6.67 »s 5.61
T 2.89, P < 0.05). CK was expressed in all cell lines and
located in the cytoplasm (Figure 1C). When the fluores-
cence intensities were compared, CK expression in six
of the seven HCC cell lines was significantly higher than
in the control cell line, LO2 (Figure 1D). AFP was only
expressed in Hep3B, HepG2, and SK-HEP-I cell lines.

Expression of EMT- and stem cell-related biomarkers in
cell lines

IF staining indicated that there were considerably fewer
cells expressing EpCAM than there were cells expressing
the above three biomarkers (Figure 2). The cells express-
ing CD133 were even rarer than those expressing Ep-
CAM. Table 2 presents the positive ratios in the cell lines
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Table 2 Positive ratios of epithelial cell adhesion molecule/CD133 expression in hepatocellular carcinoma cells

% Bel7402 Bel7404 SMMC7721 Huh7 HepG2 Hep3B SK-Hep-1 L02
EpCAM 0.4 1.2 0.2 1 0.6 0.8 2 0
CD133 0.4 0.4 0.2 0.2 0.2 0.4 0.6 0

EpCAM: Epithelial cell adhesion molecule.

tested. Vimentin was expressed at very low levels, and
ratios in the cell lines determined by IF staining.

Expression of biomarkers in blood samples

Based on the above results, three HCC-related biomark-
ers were further detected in patient samples. IF staining
indicated that GPC3, ASGPR, and CK were expressed
in most HCC patients (Figure 3), independent of HBV
infection. Positive staining was rarely observed on the
karyocyte slides from chronic HBV-infected patients or
healthy controls.

We compared the fluorescence intensities of three
biomarkers between HCC patients, chronic HBV-in-
fected patients, and healthy controls. The expression of
the three biomarkers was significantly increased in HCC
patients compared to chronic HBV-infected patients and
healthy controls. The fluorescence intensities of GPC3
and ASGPR were considerably higher than that of CK.
The concordance rates between a biomarker’s expression
and pathological diagnosis were 90% for GPC3, 93.3%
for ASGPR, and 63.3% for CK, whereas the concot-
dance rate between AFP serum detection and patho-
logical diagnosis was 46.7%. The positive and negative
predictive values of these three biomarkers were 90%
and 71.4% for GPC3, 93.1% and 75% for ASGPR, and
82.6% and 28.6% for CK, respectively.

To understand the clinical significance of the bio-
markers’ expression levels, we used Spearman rank cor-
relation analysis to assess the relationship between fluo-
rescence intensities and clinical pathological parameters.
No significant correlations were found.

Vimentin was positively expressed on some of the
karyocyte slides and was accompanied by the expression
of EpCAM (Figure 4). Because EpCAM is associated
with stem cell-like properties in HCC patients, it was
unnecessary to compare its fluorescence intensities in
the manner performed for the HCC-related biomarkers
discussed previously. EpCAM was expressed in 34.4%
and vimentin was expressed in 24.1% of the cells on the
karyocyte slides.

Three-dimensional reconstruction for GPC3 and ASGPR
Three-dimensional reconstructions were generated to
evaluate ASGPR and GPC3 localization. The cells were
revolved around the X-, Y-, and Z-axes, which indicated
that GPC3 was localized in the cytoplasm and on the
membrane (mov 1), whereas ASGPR had a polar local-
ization (mov 2).
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Survival analysis for GPC3 and ASGPR

The expression of GPC3 and ASGPR is shown in Figure
5. Kaplan-Meier survival analyses indicated that ASGPR
expression was significantly associated with the overall
survival (OS) (P = 0.017), and GPC3 expression exhib-
ited a trend toward significant association with OS (P =
0.068). The mean OS of patients with high and low lev-
els of ASGPR was 24.1 and 48.5 mo, respectively. The
mean OS of patients with high and low levels of GPC3
was 31.0 and 48.9 mo, respectively.

DISCUSSION

HCC ranks as the third most frequent cause of cancer-
related death worldwide™. In China, it is the third most
prevalent cancer, the second leading cause of cancer-

related death, and new cases in the country account for
55% of those reported globally™™. Currently serum AFP,
a secretory protein, is widely used for detecting HCC
patients and monitoring disease progression, but it has
a sensitivity ranging from 39% to 97% and a specificity
ranging from 76% to 95%, even when used to screen
high-risk populations” ™. In a previous study, AFP was
used to identify CTCs in patients with liver cancer'”
However, given the shortcomings of AFP, there may be
biomarkers that can detect CTCs with a higher sensitiv-
ity.

In this study, and based on our previous tests, we as-
sessed the expression of potential key biomarkers in seven
HCC cell lines and karyocytes isolated from patient
blood samples. Cytokeratins are proteins that consist of
keratin-containing intermediate filaments in the intracy-
toplasmic cytoskeleton, and their expression primarily
depends on the type of epithelia, the moment of ter-
minal differentiation, and the stage of developmentM.
In many cases, cytokeratin expression in tumors and pe-
ripheral blood has prognostic significance for cancer pa-
tients, and the levels of CK8/18/19 expression in HCC
have been used as biomarkers in histopathology™*. In
addition to conventional histopathology, CK8/18/19
have been used as diagnostic biomarkers in CTCs for
breast, prostate, and colorectal cancers', Expres-
sion in HCC cells obtained from peripheral blood was
explored in this study in order to broaden knowledge
regarding cytopathology. Positive results from cell lines
and blood samples provide evidence for potential appli-
cations of biomarkers, although additional investigation
may be needed in the future.
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Figure 3 Representative images and fluorescence intensities of cells obtained from patients. A: Representative image of circulating tumor cells (CTCs) with
DAPI-stained nuclei (blue), positive staining of ASGPR/GPC3/CK (green), and negative staining for CD45. The scale bar is 5 um. A total of 7.5 mL of peripheral blood
was collected from each individual, mixed with red blood cell lysis buffer, and incubated with CD45 microbeads to deplete the white blood cells. The remaining cell
pellets were fixed on SuperFrost Plus slides for immunofluorescence staining; B: The bar graph of ASGPR/GPC3/CK (from left to right) fluorescence intensities in
30 HCC patients, 7 chronic HBV-infected patients, and 15 healthy controls. Fluorescence intensities were measured using NIH Image J software. Biomarker relative
intensities were calculated as the difference between the biomarker staining intensity of the cell and the background intensity. The comparisons between HCC patients
and healthy controls were analyzed by the Mann-Whitney test (°P < 0.01 vs control).

ASGPR is located on liver cells and was previously
known as a hepatic galactose/N-acetylglucosamine
(GleNAc) receptor. Its primary physiological function is
to bind, internalize, and subsequently clear glycoproteins
containing terminal galactose or GIcNAc residues from

. . 41-43 . . .
circulation™™, Several investigations have supported
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ASGPR as a multifunctional membrane receptor in-
volved in the removal of apoptotic cells™. a carrier of
low-density lipoprotein (LD1)™, and an entry point for
hepatotropic viruses™*. HBV DNA and virions can re-
portedly be transferred into hepatocytes via ASGPR™,
Zhang et al™ found that ASGPR on human hepatocytes
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Vimentin

Vimentin

Figure 4 Representative images of epithelial-mesenchymal transition marker-related cells obtained from hepatocellular carcinoma patients. A: CTCs with
dye 4',6-diamidino-2-phenylindole, (DAPI) -stained nuclei (blue), positive staining of epithelial cell adhesion molecule (EpCAM) (green), and positive staining of vimen-
tin (red). B: CTCs with DAPI-stained nuclei (blue), positive staining of EpCAM (green), and negative staining of vimentin. The scale bar is 5 pm.

can interact specifically and directly with the pre-S1
domain of HBV in vitro and # vird™”. The IF images
of liver cancer cell lines and patient CTCs in this study
indicated strong ASGPR expression, which suggested
its potential use for identifying HCC cells in circulation,
especially for HBV-related HCC.

GPC3 is a proteoglycan attached to the cell surface
by a glycosylphosphatidylinositol (GPI) anchor™"".
GPC3 mRNA levels have been reported to be signifi-
cantly elevated in most HCC foci compared with not-
mal liver and non-malignant liver lesions, and they are
elevated more frequently than AFP in HCCP. Similar
results have been obtained at the protein level. Using
immunohistochemical techniques, Capurro ef al” found
that GPC3 was specifically overexpressed in most HCC
foci, but was undetectable in hepatocytes from normal
liver and benign liver diseases. Staining was localized to
the cell membrane and/or the cytoplasm. Zhang e al’
found that 87.1% (128/147) of surgically excised HCC
samples were GPC3 positive, and did not observed
GPC3 expression in para-carcinoma or cirrhotic tis-
sues. The detection of HCC cell lines and karyocytes in
patients’ blood in our studies was consistent with the
above results for both mRNA and protein expression,
displaying positive results compared to the controls.
Additionally, tumor cells can be identified by GPC3 in
patients’ blood, in which AFP tests could be positive or
negative. This result was aligned with a previous report
that tested for GPC3 in HCC patients’ serum”. The
GPC3 biomarker test results corresponded better to the
pathological diagnosis in our study than the serum AFP
test.

The results from Spearman rank correlation analysis
(Table 3) indicated that there was no significant correla-
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tion between fluorescence intensities and clinical patho-
logical parameters, which suggested that fluorescence
intensity may be unaffected by clinical pathological pa-
rameters. From our analyses of the blood samples, the
fluorescence intensities of the above three biomarkers
were significantly increased in HCC patients compared
to chronic HBV-infected patients and healthy controls,
although the elevation of CK expression was not as
pronounced as the other two biomarkers. This find-
ing indicates that CK expression may be perturbed in
chronic liver disease, whereas GPC3 and ASGPR could
provide a better distinction between HCC and chronic
liver disease. AFP was only expressed in the cell lines
derived from Westerners in our study. AFP was reported
to be expressed in 52.3% of HCC patients (23/44) for
the identification of CTCs, whereas the three biomark-
ers that we considered were more commonly detected
than positive changes in AFP in the serum'™. In this
study, survival analysis indicated that patients with high
ASGPR expression levels had poorer OS, and a similar
trend was observed for GPC3 expression. These results
suggest that GPC3 and ASGPR may correlate with pa-
tient prognosis.

EMT is a process by which epithelial cells lose their
cell polarity and cell-cell adhesion, and gain migratory
and invasive properties to become mesenchymal cells"™,
This transition is considered one of the mechanisms
underlying cancer metastasis and recurrence. EMT and
MET form the initiation and completion of the inva-
sion-metastasis cascade””, and CTCs in the vessels act as
“Intermediates” between primary tumors and metastatic
foci. We measured the expression of an EMT-related
biomarker on the patients’ karyocyte slides to understand
the biology of CTCs. Vimentin, a widely used biomarker
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Figure 5 Representative images of asialoglycoprotein receptor/glypican-3 expression on tissue arrays, and Kaplan-Meier survival curves from follow-up
studies. A-B: The expression of ASGPR in HCC (A) and paracarcinomatous (B) tissues. C-D: The expression of GPC3 in HCC (C) and matched paracarcinomatous (D)
tissues (A-D: x 100; Inner x 200). The survival curves from six and a half years of follow-up indicate a significant difference between 32 HCC patients with high and
low levels of ASGPR (E) and exhibit a trend toward significance between 32 HCC patients with high and low levels of GPC3 (F).

Table 3 Spearman rank correlation analysis for fluorescence intensities

P value Age AFP ALT AST TBIL Size Differentiation AJCC stage
ASGPR 0.945 0.909 0.131 0.281 0.810 0.537 0.418 0.796
GPC3 0.863 0.911 0.549 0.846 0.288 0.357 0.623 0.849
CK 0.889 0.173 0.573 0.771 0.970 0.173 0.974 0.425

ASGPR: Asialoglycoprotein receptor; GPC3: Glypican-3; CK: Cytokeratin 8/18/19; AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; TBIL: Total bilirubin; AJCC: American Joint Committee on Cancer.

for EMT, was expressed on some CTCs, whereas Ep-
CAM, an epithelium-specific biomarker, was expressed
at various levels. These results suggest that CTCs may
be associated with cancer metastasis and recurrence
via EMT mechanisms. Some recent evidence indicates
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that tumor cells undergoing EMT might gain stem cell-
like properties, therefore giving rise to cancer stem cells
(CSCs)*" and EpCAM-positive HCC cells have been
reported to have stem cell-like features, including self-
renewal and differentiation capacities[23’29’52]. Previously,
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EpCAM was only known as an epithelial biomarker in
many human cancers with an epithelium origin[53], and
it has thus been used as a target to capture CTCs by
the CellSearch™ system. Our results demonstrate that
EpCAM was not widely expressed in the HCC cell lines,
and the expression ratio on the karyocyte slides was con-
sistent with histological reportspSJ, which implied that the
CellSearch™ system may not be ideal for the detection
of HCC CTCs™. The expression levels of vimentin and
EpCAM were approximately 20% and 30%, respectively,
of the total CTCs identified by GPC3, ASGPR, and
CK, which indicates that our selected biomarkers could
detect more tumor cells, including the EpCAM-positive
and EMT-related cells.

Of the biomarkers detected, GPC3, ASGPR, and
CK were all significantly expressed in HCC cell lines
and karyocytes from patient blood samples, suggesting
that these proteins could be used as valuable biomarkers
of circulating HCC cells. Considering that GPC3 and
ASGPR may be specific to HCC from tests on clinical
samples, we applied three-dimensional reconstruction
for further observation, revealing their localization. Ad-
ditionally, the survival analysis indicated that GPC3 and
ASGPR expression correlate with patient prognoses. To
our knowledge, few studies have evaluated biomarker
expression using a similar workflow. The results pre-
sented in this study improve the understanding of HCC
biomarkers from a cytopathological perspective given
that serum and tissues are widely used in other clinical
examinations for biomarkers. The HCC-related biomark-
ers may help to identify tumor cells in the peripheral
blood, which may be relevant to patient prognosis[11’13’54].
In addition, the expression of EMT-related biomark-
ers suggests that CT'Cs may help elucidate metastatic
mechanisms, and the expression of EpCAM supports its
novel function associated with stem cell-like properties.
Although our study was limited by the small sample size
of 84 individuals in the cohort, the biomarkers tested
here may be used as capturing targets for HCC CTCs
and may assist in the development of effective HCC
therapies and individually targeted treatments based on
biomarker expression and localization.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is currently one of the most common malig-
nant tumors in the world. Although the detection of circulating tumor cells (CTCs)
will provide us with prognostic information for several tumors, it is difficult to
identify HCC CTCs by cellular surface biomarkers, thus making it crucial to de-
tect the expression of biomarkers in a novel workflow.

Research frontiers

The study of CTCs is an increasingly important field in several cancers, and
may be relevant to metastasis and recurrence. However, the search for bio-
markers for HCC CTC identification has not been unequivocally addressed. In
this study, the authors demonstrate that asialoglycoprotein receptor (ASGPR),
glypican-3 (GPC3), and cytokeratin (CK) can identify CTCs on karyocyte slides.
The expression of GPC3 and ASGPR is clinically significant.

Innovations and breakthroughs

Recent reports have highlighted the importance of CTC detection. For HCC in
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particular, it is important to identify CTCs in the blood. This study is the first to
detect several biomarkers of HCC in a semiquantitative immunocytochemical
workflow. Furthermore, the results suggest that GPC3, ASGPR, and CK can
identify CTCs on karyocyte slides and that GPC3 and ASGPR expression cor-
relates to tumor prognosis.

Applications

By identifying HCC CTCs via the biomarkers that the authors detected, this
study may represent a future strategy for monitoring CTC changes and assess-
ing the therapeutic prognosis of HCC.

Terminology

CTCs are cells that have dislocated from a primary tumor to circulate in the
blood, and they may be able to seed in distant organs to become a metastatic
focus. Thus, they are thought to be relevant to metastasis and recurrence.
However, potential biomarkers to identify HCC CTCs must be identified.

Peer review

The authors detected the expression levels of potential cellular biomarkers for
HCC and demonstrated that GPC3, ASGPR, and CK may be valuable surface
biomarkers for the identification of HCC CTCs. Furthermore, GPC3 and ASGPR
can better distinguish HCC patients from chronic HBV patients and healthy con-
trols, and their expression is clinically significant. In addition, the expression of
EMT- and stem cell-related biomarkers might provide us with helpful information
regarding metastasis and recurrence. The results are interesting and may rep-
resent a strategy for identifying HCC CTCs and developing effective targeted
treatments.
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