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Purpose

We developed a new method of detecting circulating tumor cells (CTCs) in liver cancer
patients by constructing cell blocks from peripheral blood cells, including CTCs, followed by
multiple immunohistochemical analysis.

Materials and Methods

Cell blocks were constructed from the nucleated cell pellets of peripheral blood after removal
of red blood cells. The blood cell blocks were obtained from 29 patients with liver cancer,
and from healthy donor blood spiked with seven cell lines. The cell blocks and corresponding
tumor tissues were immunostained with antibodies to seven markers: cytokeratin (CK),
epithelial cell adhesion molecule (EpCAM), epithelial membrane antigen (EMA), CK18,
o-fetoprotein (AFP), Glypican 3, and HepParl.

Results

The average recovery rate of spiked SW620 cells from blood cell blocks was 91%. CTCs
were detected in 14 out of 29 patients (48.3%); 11/23 hepatocellular carcinomas (HCC),
1/2 cholangiocarcinomas (CC), 1/1 combined HCC-CC, and 1/3 metastatic cancers. CTCs
from 14 patients were positive for EpCAM (57.1%), EMA (42.9%), AFP (21.4%), CK18
(14.3%), Gypican3 and CK (7.1%, each), and HepParl (0%). Patients with HCC expressed
EpCAM, EMA, CK18, and AFP in tissue and/or CTCs, whereas CK, HepParl, and Glypican3
were expressed only in tissue. Only EMA was significantly associated with the expressions
in CTC and tissue. CTC detection was associated with higher T stage and portal vein invasion
in HCC patients.

Conclusion

This cell block method allows cytologic detection and multiple immunohistochemical analy-
sis of CTCs. Our results show that tissue biomarkers of HCC may not be useful for the
detection of CTC. EpCAM could be a candidate marker for CTCs in patients with HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a leading cause of can-
cer-related deaths worldwide. The highest liver cancer rates
are found in East and South-East Asia. HCC is the major his-
tological subtype among primary liver cancers, accounting
for 70% to 85% of the liver cancer burden worldwide [1].

| http://www.e-crtorg |

Most HCC patients present with intermediate or advanced-
stage disease, for which both curative and palliative treat-
ments are unsatisfactory [2]. Poor outcomes are generally
associated with underlying cirrhosis, a high recurrence rate
and late diagnosis. The high recurrence rate and aggressive-
ness are related to tumor characteristics, including early vas-
cular invasion. Vascular invasion is an important prognostic
factor in patients with HCC, along with patient age, size and
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number of tumors, presence of a tumor capsule, histological
grade, and pathological TNM stage [3]. Vascular invasion
affects postoperative survival and recurrence [3,4].

Circulating tumor cells (CTCs), defined as tumor cells
circulating in the peripheral blood of cancer patients, are
shed by either the primary tumor or a metastatic site into the
circulation via vascular invasion or intravasation [5]. CTCs
are a potential source of biological information that can be
used to predict clinical outcome. The isolation and charac-
terization of CTCs is difficult because these cells are
extremely rare [5,6]. Over the past decade, many methods
have been developed for the detection of CTCs in the periph-
eral blood. Despite the variety of these methods, final confir-
mation of CTCs depends on their expression of epithelial cell
adhesion molecule (EpCAM). EpCAM is expressed ubiqui-
tously, albeit at variable levels, in epithelial cells and their
corresponding cancers, but is not expressed in blood cells
[7,8]. However, because EpCAM expression on cell surfaces
is down-regulated in some types of tumor cells, methods that
use the anti-EpCAM affinity molecule to detect CTCs will
not identify CTCs negative for EpCAM expression. This can
be a crucial limitation in CTC analysis, as the cancer cells are
heterogeneous [6]. EpCAM-based detection of CTCs has
been approved to predict prognosis in patients with breast,
colorectal, and prostate cancers. However, identification and
predictive value of CTCs in HCC is still under investigation
[9,10]. EpCAM is expressed by embryonic liver and hepatic
stem cells, but only by a subset of HCCs, making EpCAM-
based CTC studies in patients with HCC problematic. Park
et al. [11] reported that EpCAM (clone VU-1D9) expressed
in 48.7% of the surgically resected HCC specimens.

We recently developed a new method of detecting CTCs
by constructing cell blocks from peripheral blood cells
including CTCs, followed by multiple immunohistochemical
analysis. This study was designed (1) to compare immuno-
histochemical expression of multiple tumor markers in
peripheral blood-derived CTCs and liver cancer tissue; (2) to
comprehensively investigate the CTCs in these patients; (3)
to evaluate the relationship between clinicopathological fea-
tures and the expression of markers by CTCs; and (4) to
investigate the clinicopathological utility of cell block method
in the detection of CTCs from liver cancer patients.

Materials and Methods

1. Cell lines and culture

To identify candidate CTC markers for HCC cells, six
human HCC cell lines were selected, along with two colon
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cancer cell lines (SW480 and SW620) as controls for epithe-
lial-mesenchymal transition (EMT) phenotype. SW480 and
SW620 cells are isogenic and derived from primary carci-
noma and lymph node metastasis respectively of one patient
[12].

The human HCC cell lines HepG2, PLC/PRF5, and Huh-
7 were maintained as monolayer cultures in Dulbecco’s mod-
ified Eagle medium, supplemented with 10% fetal bovine
serum (FBS), 100 units/mL penicillin, and 100 pg/mL strep-
tomycin (Gibco, Grand Island, NY) in a humidified 5%
CO2/95% air atmosphere at 37°C. The human HCC cell lines
SNU-182, SNU-387, and SNU-449 were cultured in RPMI-
1640 supplemented with 10% FBS, 100 units/mL penicillin,
and 100 pg/mL streptomycin. The colon cancer cell lines
SW480 and SW620 were grown in Leibovitz's L-15 Medium
containing 10% FBS, 100 units/ mL penicillin, and 100 pg/mL
streptomyecin.

2. Patients

Peripheral blood samples were collected from 23 patients
with HCC, two with cholangiocarcinoma (CC), one with
combined HCC-CC, and three with metastatic carcinomas
(two colorectal adenocarcinomas and one nasopharyngeal
carcinoma) who were diagnosed between August 2013 and
April 2014 at the National Cancer Center (NCC), Korea. Each
tumor was classified according to World Health Organiza-
tion classification criteria [13] and the American Joint Com-
mittee on Cancer (AJCC) staging system [14]. Blood samples
were collected at initial diagnosis before the initiation of ther-
apy in all patients, except one whose HCC recurred after sur-
gical resection. From the latter patient, a blood sample was
drawn during chemotherapy due to tumor progression.
Tumor tissues were taken by needle biopsy in 27 patients,
and by surgical resection in two patients. Transarterial
chemoembolization was performed in seven patients, and
chemotherapy was given in 16 patients. The study protocol
(NCCNCS 12660) was approved by the Institutional Review
Board of the NCC, and this study was conducted in accor-
dance with the Helsinki Declaration. All study participants
provided their written informed consent for the study.

3. Western blotting

Cells were lysed with lysis buffer (5 mM/L ethylenedi-
aminetetraacetic acid [EDTA]; 300 mM /L NaCl; 0.1% NP-40;
0.5 mM/L NaF; 0.5 mM/L NasVOy; 0.5 mM/L phenyl-
methylsulfonyl fluoride; and 10 pg/mL each of aprotinin,
pepstatin, and leupeptin; Sigma, St. Louis, MO) and cen-
trifuged at 15,000 xg for 30 minutes. The concentrations of
supernatant proteins were analyzed by Bradford reagent
(Bio-Rad, Hercules, CA). Samples containing 50 pg total pro-
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tein were electrophoresed in 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis gels and transferred to
polyvinylidene difluoride membranes (Millipore, Bedford,
MA), which were blocked by incubation for 2 hours at 4°C
in 1% Tween 20-TBS buffer containing 1.5% non-fat dry milk
(Bio-Rad) and 1 mM MgCl,. The membranes were incubated
for 2 hours at room temperature with antibodies against
E-cadherin (R&D Systems, Minneapolis, MN), vimentin
(Santa Cruz Biotechnology, Dallas, TX), SLUG (Santa Cruz
Biotechnology), SNAIL (Santa Cruz Biotechnology), and
B-actin (Santa Cruz Biotechnology), washed three times for
15 minutes each with blocking solution and incubated with
diluted horseradish peroxidase-conjugated secondary anti-
bodies (Southern Biotech, Birmingham, AL) for 1 hour room
temperature. The membranes were again washed three times
for 15 minutes each with blocking solution, incubated with
WEST-ZOL plus chemiluminescence reagent (iNtRON
Biotechnology, Seoul, Korea) for 1 minute, and exposed to
film (Kodak Blue XB-1).

4. Cell block construction

Blood samples (5 mL) were collected in buffered EDTA,
diluted with an equal volume of phosphate buffered saline
(PBS) solution (Welgene, Daegu, Korea), and layered onto
Ficoll-Hypaque (Ficoll-Paque, GE Healthcare Bio-Sciences,
Pittsburgh, PA). The samples were centrifuged in 15 mL dis-
posable centrifuge tubes at 2,000 rpm for 20 minutes. After
drawing off the upper layer, the lymphocyte layer was trans-
ferred to a 50 mL centrifuge tube, to which was added 3 vol-
umes of PBS followed by centrifugation at 1,500 rpm for 10
minutes. After removing the supernatant, the cell pellet was
mixed with an equal volume of 30 mg/mL gelatin (Sigma-
Aldrich, Seoul, Korea) and the mixture (gel block) was refrig-
erated for 20 minutes at 4°C and fixed with neutralized
buffered formalin overnight. The fixed cell pellet mixture
was wrapped in crayon paper, placed in a cassette, and
stored in 80% ethanol. The pellets were next processed in the
automatic tissue processor using a 13-hour schedule, consist-
ing of 80% ethanol with 1 change (2.5 hours), 95% ethanol
(1 hour), 100% ethanol, with four changes (1 hour each), 1:1
ethanol/xylene (1 hour); xylene with three changes (1 hour
each), paraffin wax at 60°C (1 hour); and paraffin wax at 60°C
with vacuum impregnation at 20 Ib (30 minutes).

5. Cell spiking test

The detection sensitivity of the cell block method was eval-
uated by a cell spiking test. SW620 cells were mixed with
5 mL aliquots of peripheral blood obtained from a healthy
volunteer at ratios of 1:10% 1:10°, and 1:10° white blood cells
(equivalent to 4,000, 400, 40 spiked SW620 cells). Cell blocks

were constructed as described and cut serially. The sections
were incubated with antibody to cytokeratin (CK) and the
numbers of CK-positive cells in sections were counted. To
avoid overlapped counting of CTCs, cell blocks were serially
cut at a thickness of 4 um, and alternate sections were used
for immunohistochemistry, with intervention sections dis-
carded based on the assumption that the mean diameter of
CTCs was greater than 8 pm [15]. The CK-positive cells were
counted in the entire blocks. The tests were repeated at least
three times, and the mean recovery rate was calculated by
the ratio of CK-positive cell number to spiked cell number in
the tests of each dilution concentration.

6. Inmunohistochemistry

Using the BenchMark XT Slide Preparation System (Ven-
tana Medical Systems Inc., Tucson, AZ), 4 um sections from
peripheral blood cell blocks and corresponding tumor paraf-
fin blocks (liver biopsy or resected specimens) were
immunostained with antibodies to CK (clone AE1/AE3,
1:100, Dako Cytomation, Glostrup, Denmark), EpCAM
(clone VU-1D9, 1:2,000, Calbiochem, San Diego, CA), epithe-
lial membrane antigen (EMA; clone GP1.4, 1:200, Novocastra,
Leica Biosystems, Heidelberg, Germany), CK18 (clone DC10,
1:200, Dako Cytomation), HepParl (clone OCH1ES5, 1:800,
Dako Cytomation), Glypican3 (clone 1G12, 1:200, BioMo-
saics, Burlington, VT) and o-fetoprotein (AFP; polyclonal,
1:800, Dako Cytomation). At least two sections were stained
with each antibody, with positivity defined as the unequiv-
ocal expression of any marker in the cytoplasm and / or mem-
brane. All slides were reviewed by two pathologists (H.J.C.
and S.J.N.). Criteria for CTCs included cell size (1.5 times
larger than white blood cells), large nuclei with high
nuclear/ cytoplasmic ratio, irregularity of the nuclear mem-
brane, presence of cytoplasm (not bare nuclei), and microem-
boli formation. Cells that were non-neoplastic, including bare
nuclei of megakaryocytes, EMA (+)-hematopoietic cells
including immature precursors and plasma cells, and CK (+)
contaminated keratinocytes, were excluded. The presence of
atypical cells expressing any marker was regarded as posi-
tive for CTC.

7. Statistical analysis

All statistical analyses were performed with SPSS ver. 21
(IBM Co., Armonk, NY). Student’s t test and Spearman’s
rank correlation analysis were performed to assess differ-
ences in the numbers of CTCs by the clinicopathological vari-
ables.
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Fig. 1. Western blot analysis of expression of E-cadherin, vimentin, SLUG, and SNAIL proteins in human liver cancer cell
lines. B-Actin was used as a loading control. HepG2, Huh7, and SNU-182 showed epithelial characteristics. SNAIL, SNU-
387, and SNU-449 showed mesenchymal characteristics. PLC/RPF5 showed semi-epithelial characteristics.
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Fig. 2. Histologic and immunohistochemical images (x400) of peripheral blood cell block containing spiked hepatocellular
carcinoma cell line HepG2. The HepG2 cells show strong expression of cytokeratin (CK), Glypican3, and o-fetoprotein (AFP),
and weak expression of epithelial cell adhesion molecule (EpCAM), but the cells are negative for HepParl.
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Table 1. Immunohistochemical assays of HCC markers in cell blocks of human liver cancer cell lines spiked to normal
peripheral blood

Cell line CK EpCAM EMA CK18 HepParl Glypican3 AFP
SNU-182 + + - + - + +
Huh?7 + + - + - + +
HepG2 + + - + - + +
PLC/PRF5 - - - + + + +
SNU-387 - + + + - - -
SNU-449 - - - + - - -

HCC, hepatocellular carcinoma; CK, cytokeratin; EpCAM, epithelial cell adhesion molecule; EMA, epithelial membrane anti-
gen; AFP, a-fetoprotein.

Table 2. Clinicopathologic features of study subjects

. CTC (liver cancer) CTC (HCO)
Variable —_—————————  pvalue ———
Absent (n=15) Present (n=14) Absent (n=12) Present (n=11)
Age (yr) 59.80+13.58 55.93+11.63 0.418 56.25+12.74 55.09+10.00 0.812
Sex
Male 13 (50.0) 13 (50.0) 0.584 11 (52.4) 10 (47.6) >0.999
Female 2 (66.7) 1(33.3) 1 (50.0) 1 (50.0)
Histologic type
HCC 12 (52.2) 11 (47.8) 0.719 12 (52.2) 11 (47.8) -
CcC 1 (50.0) 1 (50.0) - -
Combined HCC-CC 0 1 (100)
Metastatic cancer 2 (50.0) 1 (100) - -
Size (cm) 11.40+5.33 9.20+3.25 0.195 10.92+5.80 9.33+3.23 0.432
T stage®
T1 2 (100) 0 0.002 2 (100) 0 0.010
T2 0 0 0 0
T3 11 (47.8) 12 (52.2) 10 (47.6) 11 (52.3)
T4 0 1 (100) 0 0
Stage®
I 2 (100) 0 0.405 2 (100) 0 0.370
1I 0 0 0 0
III 8(47.1) 9(52.9) 7 (46.7) 8(53.3)
VA 0 1 (100) 0 0
IVB 3(50.0) 3 (50.0) 3 (50.0) 3(50.0)
Multiplicity®
Absent 5 (45.5) 6 (54.5) 0.691 5 (55.6) 4 (44.4) >0.999
Present 8(53.3) 7 (46.7) 7 (50.0) 7 (50.0)
Portal vein invasion®
Absent 8(72.7) 3(27.3) 0.055 8 (80.0) 2 (20.0) 0.036
Present 5(33.3) 10 (66.7) 4(30.8) 9(69.2)
AFP
Normal 5(50.0) 5 (50.0) >0.999 4(57.0) 3(43.0) 0.066
Elevated 8 (50.0) 8 (50.0) 8 (50.0) 8 (50.0)

Values are presented as meantstandard deviation or number (%). CTC, circulating tumor cell; HCC, hepatocellular carci-
noma; CC, cholangiocarcinomas; AFP, o-fetoprotein. ¥Spearman’s rank correlation analysis, ®These data were not available
for three patients with metastatic carcinoma.
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Results

1. Protein expression of human cancer cell lines

To detect CTC markers in liver cancer, the expression of
epithelial and mesenchymal markers (E-cadherin, vimentin,
SLUG, and SNAIL) was analyzed in human cancer cell lines
(Fig. 1). HepG2, Huh7, and SNU-182 were positive for E-cad-
herin by western blot analysis but negative for vimentin and
SNAIL, indicating that they were epithelial cell lineages.
SNU-387 and SNU-449 cells were positive for vimentin and
SNAIL but negative for E-cadherin, indicating a mesenchy-
mal character. PLC/RPF5 cells expressed both epithelial and
mesenchymal markers.

2. Cell spiking test

Cell spiking tests were performed to determine the detec-
tion efficiency of the cell block method. Each 5 mL blood
sample yielded cell blocks containing an average of 33
sections, of 4 um thickness each (excluding the discarded
sections). The mean recovery rate of spiked SW620 cells from
blood cell blocks was 91.2+22.8%. In spiking of SW620 cells
in normal blood samples at a ratio of 1:10* white blood cells,
the mean number of CTCs per section was 113.4+53.0; at
1:10% 11.1£18.1; and at 1:10°, 1.1+1.5.

3. Immunohistochemical expression of candidate markers
in peripheral blood cell blocks containing HCC cell lines

To identify useful markers, healthy donor blood was
spiked with the human HCC cell lines HepG2, PLC/PRFS5,
SNU-182, SNU-387, SNU-449, and Huh? at a ratio of 1:10%
Cell blocks were constructed and sections were immunos-
tained with antibodies to CK, EpCAM, EMA, CK18, AFP,
Glypican3, and HepParl (Fig. 2). All six HCC cell lines
expressed CK18. Glypican3 and AFP were expressed by the
three epithelial HCC cell lines, SNU-182, Huh7, and HepG2,
and by the semi-epithelial cell line PLC/RPF5. The three
epithelial cell lines also expressed CK and EpCAM, but they
did not express EMA or HepParl. The SNU-387 cell line,
which showed mesenchymal features in western blot analy-
sis, expressed both EpCAM and EMA. The semi-mesenchy-
mal cell line, PLC/RPF5, expressed only HepParl (Table 1).

4. Detection of CTCs from liver cancer patients and associ-
ation with clinicopathologic features

Table 2 summarizes the clinical characteristics of the 29

liver cancer patients. Their median age was 59 years (range,
38 to 80 years) and 89.7% were male. Of the 29 patients, 23
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had HCC, two had CC, one had combined HCC-CC and
three had metastatic carcinomas. Most patients were stage
T3b (55.2%) and stage I1IB (41.4%) based on the AJCC/Union
for International Cancer Control TNM staging system. CTCs
were positive in 14 patients (48.3%) including 11 patients
with HCC, one CC, one HCC-CC, and one metastatic
nasopharyngeal carcinoma.

CTC positivity was associated with higher T stage in liver
cancer patients (p=0.002), and in patients with HCC
(p=0.010). CTCs were more frequently found in HCC
patients with than without portal vein invasion (p=0.036).
There were no significant associations between the presence
of CTC and histologic type, size, stage, multiplicity, or serum
AFP concentration. Of the 14 patients positive for CTCs,
eight (57.1%) were positive for EpCAM, six (42.9%) for EMA,
three (21.4%) for AFP, two (14.3%) for CK18, one each (7.1%)
for Glypican3 and CK, and none (0%) for HepPar1 (Table 3).

5. Comparison of immunohistochemical expression pro-
files of CTCs and their primary liver cancers

Formalin-fixed paraffin-embedded tissue blocks of liver
cancer biopsy specimens were retrieved for 28 liver cancer
patients. To compare marker expression in CTCs and tumor
tissue, representative sections of resected liver cancer tissues
were immunohistochemically stained with antibodies to CK,
EpCAM, EMA, CK18, AFP, Glypican3, and HepPar1 (Figs. 3
and 4). A comparison of marker expression profiles in CTC
and tissue samples found that EMA was the only marker
associated with HCC (p=0.039) (Table 4). HCC patients pos-
itive for CTC were positive for the expression of EpCAM,
EMA, CK18, and AFP in tissue and/or CTC, whereas CK,
HepParl, and Glypican3 were mostly expressed in tissue
only. In particular, CTCs were positive for EpCAM in three
of 13 patients (23.1%) with tumor tissues negative for
EpCAM, and CTCs were positive for EMA in one of 14
patients (7.1%) with tumor tissues negative for EMA.

6. Prognostic analysis by CTC

Opverall survival (OS) tended to be poorer in liver cancer
or HCC patients with than without CTCs, although the
associations were not statistically significant (Fig. 5A and E).
OS tended to be also poorer in patients of liver cancer
(p=0.056) or HCC (p=0.058) with CTCs positive than nega-
tive for AFP (Fig. 5D and H). OS tended to be poorer in
patients with CTCs positive than negative for EpCAM, but
the differences were not statistically significant (Fig. 5B and
F). EMA expression by CTCs had no prognostic significance
(Fig. 5C and G).



Soo Jeong Nam, Immunohistochemical Analysis of CTC in HCC

"suerquiaw 10 / pue wise[doj Ao ayp ur 1esrewr Aue jo uoissardxa fedoambaun ay se paungep Aranisod yim ‘Apoqnue yoes yjm
PaUTE)S 3I9M SUOTIOIS OM] JSEI] JY "SSIUDIIL) W  JO UOIIDIS | U S[[D 9ANISOd JO IqUINU 9ZLISAY, "SLWOUDILI0ISURIOYD ‘D)) ‘D[ewWd] ] ‘ewouned re[njpdojeday
“IDH ‘orewt ‘I “ur3o1doiay-n ‘1Y ‘uaSnue sueiquiow ?:w&:mm VINF ‘onodowr uorsaype [0 [erpypida INVOAE ‘urerayo3£o D 12 roumy Sunemnain ‘1D

- - - - N4 - - + + qIIT qeL OOH 67 /N €C
euIounIed
rea8usreydoseu
- - - - - ST0 - + + dI1I qel RIELEIA SLIN 44
- - - - [ - - + - VIII egL OOH 79/IN 61
- - g0 1 - S0 - + + dI1I qel ODH LV /N 71
- - - ST - - - + + dIII qel ODH LV /N €1
- - - - <0 - - + - dIIl eclL ODOH 04/ 11
- - - - - - <0 + + dIII qelL ODH IS/IN 01
DD/D0H
- - - - - S0 - + + dI1I qel paurquio) 8¢/ 6
- - - - S0 - - + + dAl qelL ODH €7/IN 8
- - - - 4 T - + - VAL qel 20 L9/ L
- - - - - T - + + dAl qelL ODH 67/ 9
- <0 - - - qT - + + dAl qelL ODH 69/4 i
- - - - - T - + + dIII qel ODH IS/IN €
- - S0 4 S0 €0 - + + dI1I qcl ODH 6S/IN 4

pregdoyg cueordA[  8DID uorseAur

LD J0 ‘ON aFerany upA[epog 2008 swouderq () Bvpag  oNased

syuanyed aanrsod-H 1D ut stesrew D)) jo ureyyed uorssardxy ¢ ayqeq,

VOLUME 48 NUMBER 4 OCTOBER 2016 1235



Cancer Res Treat. 2016;48(4):1229-1242

Case 2 H&E EpCAM CK18 AFP

CTC

Tissue

Case 4 H&E EpCAM EMA Glypican3

CTC

Tissue

Case 6 H&E EpCAM EMA AFP
T

Tissue

Fig. 3. Representative images (x400) of marker expression in circulating tumor cell (CTC) and hepatocellular carcinoma
(HCC) tissue samples from three patients. All three CTCs showed strong cytoplasmic expression of epithelial cell adhesion
molecule (EpCAM), but their corresponding HCC tissues were negative for EpCAM. The pairs of samples showed identical
expression patterns for cytokeratin 18 (CK18), a-fetoprotein (AFP), epithelial membrane antigen (EMA), and Glypican3.
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Fig. 4. Association of tumor marker expression in circulating tumor cells (CTCs) and tumor tissue of the 14 hepatocellular
carcinoma (HCC) patients positive for CTCs. Three patients with HCC showed aberrant epithelial cell adhesion molecule
(EpCAM) expression in CTC. Two patients with HCC showed aberrant epithelial membrane antigen (EMA) expression in
CTC. AFP, o-fetoprotein; CK, cytokeratin.

Table 4. Comparative analysis of marker expression profiles in CTC and tissue samples from patients with HCC

Tissue IHC expression CTC IHC expression
Negative
- 13 (59.1) 10 (76.9) 3(23.1) 0.595
+ 9 (40.9) 6 (66.7) 3(33.3)
EMA
- 14 (63.6) 13 (92.9) 1(7.1) 0.039
+ 8 (36.4) 4 (50.0) 4 (50.0)
CK
- 4(18.2) 4 (100) 0 0.629
+ 18 (81.8) 17 (94.4) 1(5.6)
CK18
- 0 0 0 -
+ 22 (100) 20 (90.9) 2(9.1)
AFP
- 10 (45.5) 10 (100) 0 0.221
+ 12 (54.5) 9 (75.0) 3(25.0)
Glypican3
- 4(18.2) 4 (100) 0 0.629
+ 18 (81.8) 17 (94.4) 1(5.6)
HepParl
- 9 (40.9) 9 (100) 0 -
+ 13 (59.1) 13 (100) 0

Values are presented as number (%). CTC, circulating tumor cell; HCC, hepatocellular carcinoma; IHC, immunohistochem-
istry; EpCAM, epithelial cell adhesion molecule; EMA, epithelial membrane antigen; CK, cytokeratin; AFP, a-fetoprotein.
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Fig.5. Survival analysis according to presence of circulating tumor cell (CTC). Kaplan-Meier analyses of survival of patients
with liver cancer (A-D) and patients with hepatocellular carcinoma (HCC) (E-H). p-values were determined using log-rank
tests. The presence of CTCs and CTCs positive for epithelial cell adhesion molecule (EpCAM) and o-fetoprotein (AFP)
resulted in poorer prognosis, but the differences were not statistically significant. EMA, epithelial membrane antigen. (Con-

tinued to the next page)

Discussion

CTCs may have potential as liquid biopsy biomarkers.
However, CTCs are rare, comprising as few as one per
10%-10° hematologic cells in the blood of patients with
metastatic cancer, making their purification technically chal-
lenging [9,16,17]. Methods of CTC enrichment include
immune-affinity, physical properties, direct analysis, and
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mutation detection/genomic analysis [5], but none has
adequate sensitivity and specificity. Nonspecific enrichment
techniques include those based on physicochemical proper-
ties (e.g., size and density), including density gradient cen-
trifugation, lysis buffers, cytocentrifugation, and isolation by
size of epithelial tumor cells (ISET method) [18]. Specific
enrichment techniques use methods based on markers
expressed by CTCs, including magnetic separation and
epithelial immunoSPOT.
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Fig. 5. (Continued from the previous page)

Several techniques are used to detect CTCs in HCC
patients. For example, a magnetic bead method isolated HCC
cells based on the expression of a specific hepatocyte marker,
biotinylated asialofetuin (a ligand of asialoglycoprotein
receptor), with subsequent identification by immunofluores-
cence staining with antibody to HepPar 1 [19]. The average
recovery rate at each spiking level was 61% or higher, and
CTCs were identified in 69 of the 85 HCC patients (81%).
However, the hepatocyte marker was also expressed on the
circulating non-neoplastic hepatocytes, and the marker
might be unsuitable for undifferentiated cancer cells. Circu-
lating CD45- CD90+ CD44+ cancer stem cells (CSCs)
detected by multicolor flow cytometry predict post-hepate-
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ctomy HCC recurrence with high accuracy [20]. In that study,
92% of HCC patients with very limited disease were positive
for circulating CSC, suggesting systemic disease in almost all
patients, perhaps limiting the specificity of the method.
This study validated the utility of the cell block method for
detecting CTCs, demonstrating the specificity of this tech-
nique compared with other methods. Although techniques
for enrichment and detection of CTC have been developed,
final confirmation of CTC depends on immunofluorescence
[5,21]. Immunofluorescent stain is limited in the cytologic
evaluation of cellular details, and yields false-positive (non-
tumor cell) or false-negative (non-reactive tumor cell) results.
Our cell block method could overcome this limitation by
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immunohistochemical stain with cytomorphologic evalua-
tion. Immunohistochemical analysis of cell block is a tradi-
tional cytologic diagnostic method, widely used in patho-
logic laboratories. However, it had not been applied to
examine CTC, since blood cells without extracellular matrix
cannot be aggregated to construct cell blocks. We developed
anew method to construct cell blocks from nucleated blood
cells, and we applied multiple immunohistochemical analy-
sis using cell blocks. To identify useful immunohistochemical
markers for CTC in liver cancer patients, cell blocks from
HCC cell lines and blood samples from liver cancer patients
were immunostained with antibodies to CK, EpCAM, EMA,
CK18, AFP, Glypican3, and HepParl. Our results showed
that EpCAM and EMA were the most practical of the seven
tumor markers. CTCs tended to be associated with higher
T stage and portal vein invasion. Moreover, patients positive
for CTCs tended to have poorer survival, although the dif-
ferences were not statistically significant. OS (p=0.056)
tended to be poorer in liver cancer patients with CTCs posi-
tive than negative for AFP.

The CellSearch system (Veridex, Raritan, NJ) is a semiau-
tomated device that detects and counts EpCAM-positive/
cytokeratin-positive CTCs, defined as oval or round cells,
containing a morphologically intact nucleus (DAPI staining),
with positive expression of cytokeratin and negative expres-
sion of CD45 [22]. Using these criteria, 18 of 59 HCC patients
and one of 19 patients with cirrhosis or benign hepatic tumor
were positive for CTC. A combination of the CellSearch sys-
tem and quantitative real-time reverse-transcriptase poly-
merase chain reaction assays showed presence of CTCs in
66.67% of patients and that stem cell-like markers (CD133
and ABCG2) are co-expressed in EpCAM-positive CTCs [23].

Although EpCAM is highly expressed in many human
cancers of epithelial cell origin, it is expressed in only 35% of
patients with HCC [24,25]. In the adult liver, hepatocytes are
negative and bile duct epithelium is positive for EpCAM.
Therefore, comparisons between CTC and primary HCC
tissue are necessary for evaluating EpCAM expression on
CTC, but results of the comparison between CTC and pri-
mary tumor tissue are lacking. EpCAM-positive tumor cells
in HCC have been associated with enhanced tumor growth
and invasiveness and shorter survival. HCC cells expressing
EpCAM appear to be stem cell-like and associated with a
more aggressive phenotype [26,27], suggesting that they may
have the potential to initiate metastases [8,22]. However,
EpCAM expression is down-regulated during the EMT, a
transition associated with stem cell features. EMT is a key
developmental program that is often activated during cancer
invasion and metastasis, with several studies showing a
direct link between EMT and a gain of epithelial stem cell
properties [28,29].

We found that 23.1% of EpCAM-negative patients had
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CTCs positive for the expression of EpCAM, and 7.1% of
those with EMA-negative HCCs had CTCs positive for EMA.
When marker expression profiles were compared in CTC
and tissue samples, EMA was the only marker associated
with HCC. We also observed that HCC patients positive for
CTCs had tumors and/or CTCs positive for the expression
of EpCAM, EMA, CK18, and AFP, whereas tumors, but not
CTCs, were positive for pan-CK, HepParl, and Glypican3.
Although CTCs showed various EpCAM expression pat-
terns, with EpCAM restricted to detecting CTCs, the near
completion of CTC detection requires the use of multiple
markers, including EpCAM, EMA, and AFP. The discrep-
ancy in tissue marker and CTC marker in HCC patients may
be due to loss of tissue-specific differentiation in CTC, result-
ing from EMT and gain of stem cell properties [26-29].

The major limitation of this study was the limited number
of patients. In addition, non-neoplastic control tissue was not
included. Nevertheless, our results suggest that the cell block
method is a clinically valid and specific technique for detect-
ing CTCs compared with other methods, in terms of
immunohistochemical comparison of primary tumor tissue
and peripheral blood cell block. Although this method may
be limited in detection of very rare CTCs and quantification
of CTC numbers in blood, it has several merits: it does not
need any special apparatus, is economic, and allows multiple
examinations. Our results could provide a framework for
further stussdies and a basis for future application of routine
cytologic diagnosis for CTCs.

Conclusion

In conclusion, this study describes a new method for
detecting CTCs in patients with HCC. Use of the cell block
method may result in the cytologic detection of CTCs, with
EMA and EpCAM possible candidate markers of CTC.
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