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Abstract

Hepatic progenitor cell (HPC) marker-positive hepatocellular carcinomas (HCCs) have recently
been extensively analyzed, and their prognosis has been reported as poor compared to HPC
marker-negative HCCs. However, previous studies have analyzed the existence of HPC marker-
positive cancer cells only in primary lesions, as well as the recurrence rate and prognosis of
such tumors. Here, we are the first to report the behavior of HPC marker-positive cancer cells
during vascular invasion and metastasis of an HCC. We concurrently analyzed EpCAM- and/or
NCAM-expressing cancer cells in the primary, vascular invasion, and metastatic lesions of an
HCC. An HCC which includes EpCAM- and/or NCAM-expressing cancer cells has not been pre-
viously reported. EpCAM- and/or NCAM-positive cancer cells invaded the vessels and formed
heterogeneous populations of these HPC marker-positive cancer cells with HPC marker-neg-
ative cancer cells. The frequency of HPC marker-positive cancer colonies and cells in vessels
was higher than that in the primary HCC. In the metastatic lesions, EpCAM-positive cancer cells
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were more frequently detected than NCAM-positive cancer cells, indicating that EpCAM may
be more important than NCAM for cancer cell settlement in the metastatic lesions. Further-
more, bigger metastatic tumors tended to include HPC marker-positive cancer cells, suggest-
ing that HPC marker-positive cancer cells have a growth advantage in the metastatic lesions.
These results showed that HPC marker-positive cancer cells would be important for vascular
invasion and metastasis and suggested that HPC marker-positive cancer cells are an important

target in HCC treatment. © 2019 The Author(s)
Published by S. Karger AG, Basel

Introduction

Hepatic progenitor cells (HPCs), which are involved in ductular reactions during chronic
liver injury or severe acute liver damage [1], are thought to have a crucial role in the produc-
tion and supply of new hepatocytes [2]. During liver regeneration from HPCs to hepatocytes,
cells such as hematopoietic cells or myofibroblasts that surround HPCs, as well as the extra
cellular matrix, affect the regeneration process including matrix degradation [3], cell fate de-
cisions [4], and cell expansion [5], migration [6] and differentiation [7]. During these steps,
HPCs express many HPC-specific markers such as epithelial cell adhesion molecule (EpCAM)
[8] and neural cell adhesion molecule (NCAM) [9]. These markers are transiently upregulated
only during the specific period of regeneration and rapidly disappear during the differentia-
tion steps. Recently, these HPC markers have received attention due to their appearance in
liver cancer, especially in hepatocellular carcinoma (HCC). These HPC marker-positive cancer
cells are detected in various proportions and comprise a heterogeneous population of cancer
cells. These HPC marker-positive HCCs have been reported to be more highly associated with
characteristics of poor prognosis such as early metastasis and rapid expansion compared to
the conventional HPC marker-negative HCCs [10]. While there is still much debate as to
whether these HPC marker-positive cancer cells are truly cancer stem cells or not, at least
these HPC-positive cancer cells would exert the function associated with each expressed HPC
marker. However, whether HPC marker-positive cancer cells really do enhance metastasis and
expansion, and how these HPC marker-positive cancer cells distribute to the metastatic le-
sions have not yet been clinically elucidated. In this case report, we report the first case of an
EpCAM- and/or NCAM-expressing HCC. Although each individual marker has been reported
to relate to poor prognosis, both markers expressing HCC have not yet been reported. Fur-
thermore, we were able to analyze the primary lesions, the vascular invaded lesions and the
metastatic lesions at the same time and could check the frequency at which the HPC marker-
positive cancer cells were included in blood vessels and in metastatic lesions. This is the first
reported case to show the heterogeneous distribution of HPC marker-positive cancer cells,
and their greater importance for tumor metastasis and expansion in human.

Case Report

A 65-year-old man was transferred to our hospital due to treatment of a huge HCC that
occupied most of the right lobe of the liver. He was an asymptomatic hepatitis B virus carrier
and had a history of prostate enlargement, atrial fibrillation, and diabetes mellitus. Physical
examination revealed hepatomegaly. Laboratory data revealed slight elevation of transami-
nase and biliary enzymes probably due to the large size of the tumor. While the level of a-
fetoprotein (AFP) was normal, the level of des-y-carboxy prothrombin was 10,225 mAU/mL
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(normal values, <40 mAU/mL). Contrast-enhanced computed tomography was performed, re-
vealing a huge HCC that occupied most of the right lobe of the liver, as well as some very small
metastatic nodules that were suspected in the left lobe of the liver (Fig. 1a). Surgical resection
of the huge tumor was chosen as the treatment, due to difficulties with controlling such a large
tumor and in order to avoid HCC rupture. The surgery proceeded after informed consent. Dur-
ing the operation, surgeons first resected the right lobe HCC, and then as many of the small
nodules at the surface of the left lobe of the liver as possible. Pathological examination re-
vealed that the tumor was a moderately to poorly differentiated HCC with portal vein invasion.
Tissues of the primary lesion were immunohistochemically analyzed for NCAM and EpCAM
separately, which revealed that 10-20% and 5-10% cells were positive for NCAM and EpCAM,
respectively. Protein expression was defined using the following scale, based on the percent-
age of tumor cells expressing the specific protein: -, 0%; +, 0-5%; 1+, 5-10%; 2+, 10-20%; 3+,
20-50%; 4+, >50%. By using this scale, the tumor in the primary lesion was characterized as
NCAM2+ and EpCAM1+ (Fig. 1b). In this HCC case, we were also able to immunostain the vas-
cular-invaded lesions and the metastatic lesions using the same antibodies separately and to
analyze how frequently these HPC marker-positive cancer cells were included in the vessels
or in the metastatic lesions. We checked the following two points regarding the vascular in-
vaded lesions: (1) the ratio of the number of vessels invaded by specific HPC marker-positive
cancer cells/the total number of vessels invaded by cancer cells (expressed as %), and (2) the
ratio of specific HPC marker-positive cancer cells in the vessels/the number of total cancer
cells in the vessels (expressed as %). Regarding 1, the number of vessels invaded by specific
HPC marker-positive cancer cells/the total number of vessels invaded by cancer cells was 5/7
(71.4%) for NCAM- and 6/9 (66.7%) for EpCAM-positive cancer cells. Regarding 2: the num-
ber of specific HPC marker-positive cancer cells in the vessels/the number of total cancer cells
in the vessels was 34 /134 (24.3%) for NCAM- and 42/140 (30.0%) for EpCAM-positive cells
(Fig. 1b and 2). These results revealed that the HPC marker-positive cancer cells had invaded
the vessels together with HPC marker-negative cancer cells forming a heterogeneous popula-
tion of cancer cells. Additionally, EpCAM- and/or NCAM-expressing cancer cell populations in
particular had invaded the vessels of this tumor at a high rate. Finally, we analyzed the eight
metastatic tumors with regard to the size of the tumor and the frequency of each marker ac-
cording to the above definitions. The results for the four biggest tumors were as follows (in
order, starting from the biggest tumor): (1) 17 x 10 mm, NCAM2+, EpCAM2+; (2) 8 x 4 mm,
NCAM+, EpCAM4+; (3) 7 x 6 mm, NCAM%, EpCAM4+; (4) 4 x 2 mm, NCAM-, EpCAM4+. The
other four smaller tumors, which were of the following size: (5) 2 x 2 mm, (6) 2 x 2 mm, (7) 2
x 2 mm, and (8) 2 x 1 mm, did not express any markers (Fig. 2). These results clearly indicated
that the bigger tumors were HPC marker-positive and that a greater number of EpCAM-posi-
tive than NCAM-positive cancer cells were present in the metastatic lesions, whereas a great-
er number of NCAM-positive than EpCAM-positive cancer cells were present in the primary
tumor.

Discussion

In this case report, by concurrent analysis of EpCAM- and/or NCAM-expressing HCCs in
the primary lesion, in vascular invaded lesions, and in metastatic lesions of an HCC, we have
described for the first time the behavior of EpCAM- and/or NCAM-expressing HCCs and have
shown that such HPC marker-positive cancer cells were important for vascular invasion and
metastasis [11]. Our group has previously reported that by using 251 operated HCC tissues
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and immunostaining four HPC markers EpCAM, NCAM, CK19, and DLK1, 18.3, 7.1, 14.3, and
8.0% patients were found to have high levels of DLK1, NCAM, EpCAM, and CK19 in tumors,
respectively, and the expression of two or more HPC markers was a significant predictor of
poor HCC outcome, and serum levels of AFP/AFP-L3 correlated with the expression of HPC
proteins. However, HPC marker-targeted therapy is not established yet. Furthermore, we
found that EpCAM expression, des-y-carboxy prothrombin 2300 mAU/mL, age 260 years, and
Child-Pugh class B or C were independent prognostic factors of poor outcome and were used
in a new scoring system for HCC prognosis after operation [12, 13]. Matthai and Ramakrishna
[14] reported the frequency of EpCAM-expressing HCC. Thirty-three (41.8%) of the 79 HCCs,
comprising 16 (32.7%) tumors in the surgical group and 17 (56.7%) in the autopsy group,
showed positive staining for EpCAM. By analysis of the vascular cancer-invaded lesions, we
found that approximately 70% of the cancer-invaded vessels included EpCAM- and /or NCAM-
positive cancer cells and that EpCAM- or NCAM-positive cancer cells represented 25-30% of
the total number of cancer cells that had invaded vessels. Given that the percentage of cancer
cells in the primary tumor that expressed NCAM was 10-20% (NCAM2+), and that expressed
EpCAM was 5-10% (EpCAM1+), these results clearly showed that both marker-positive can-
cer cells displayed greater vascular invasion than HPC marker-negative cancer cells. We also
observed an intriguing behavior of HPC marker-positive cancer cells in metastatic lesions. In
the present study, by chance we were able to analyze eight metastatic lesions at the same time,
which revealed that metastatic lesions are also composed of heterogeneous populations of
HPC marker-positive and -negative cancer cells and that the frequency of HPC marker-positive
cancer cells differs according to the marker. Although the frequency of the HPC marker-posi-
tive cancer cells differed, this case clearly showed that the bigger metastatic tumors tended to
include HPC marker-positive cancer cells. Furthermore, this case also suggested that a greater
number of EpCAM-positive cancer cells than NCAM-positive cancer cells were found in meta-
static lesions. This result is consistent with the recently published meta-analysis where over-
expression of EpCAM was confirmed as an unfavorable predictor of the shorter overall sur-
vival and disease-free survival in HCC patients [15]. By analysis of normal HPCs, we recently
reported that the addition of polysialic acid (polySia) to NCAM changes the function of NCAM
from adhesion to anti-adhesion. This is because the high water binding capacity of polySia
results in a high molecular volume that induces negative regulation of cell adhesion mediated
by NCAM. Interestingly, this case clearly showed that, although NCAM-positive cancer cells
can easily metastasize, it is however more difficult for them to settle in metastatic lesions com-
pared to the EpCAM-positive cancer cells. PolySia on NCAM might prevent NCAM-positive can-
cer cells from settling in metastatic lesions. Further analysis is required to determine if the
same system is operating for the NCAM-positive HCCs. We suspect that, since each marker-
positive cancer cell has a different role during metastasis and this HCC expressed both mark-
ers, the tumor functions of both HPC markers were operational and thus the tumor showed
further malignant behavior. We therefore believe that a therapeutic strategy that is focused
on a better knowledge of the characteristics of individual HPC marker-positive cancer cells
and the development of an HPC marker-targeted therapy would improve the prognosis of HCC
patients.
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Fig. 1. Hepatocellular carcinoma (HCC) before operation. a Contrast-enhanced computed tomography of
the HCC. A huge HCC occupied most of the right lobe of the liver (dashed white lines circle the HCC). Small
metastatic lesions (white and black arrows) were suspected at the surface of the left lobe of the liver. b
Histochemical analysis of EpCAM and NCAM expression in the primary and metastatic tumor lesions and
in the blood vessels. The tissues were counterstained with hematoxylin. In the primary lesions, 5-10% of
cancer cells were EpCAM positive and 10-20% of cancer cells were NCAM positive (uppermost panels).
In the blood vessels, cancer cells that were heterogeneously stained for EpCAM and NCAM were fre-
quently detected (panels second from the top). In the metastatic lesions (bottom four panels), heteroge-
neously stained HPC marker-positive tumors were also detected; however, the frequency of HPC-positive
cancer cells differed according to the tumor. Scale bar = 50 pm.
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Fig. 2. Quantification of HPC marker-positive cancer cells in the primary tumor, tumor-invaded vessels,
and metastatic nodules. In the primary lesion, the percentage of cancer cells that were EpCAM- or NCAM-
positive was 5-10% and 10-20%, respectively. In the cancer-invaded blood vessels, both the ratio of the
number of vessels invaded by specific HPC marker-positive cancer cells/the total number of vessels in-
vaded by cancer cells and the ratio of the number of specific HPC marker-positive cancer cells in the ves-
sel/the total number of cancer cells in the vessel were much higher than the corresponding ratios in the
primary lesion. In the metastatic lesions, the frequency of EpCAM- or NCAM-positive cancer cells differed
according to the tumor, and the bigger tumors tended to include HPC marker-positive cancer cells.
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