Hepatol Int (2014) 8:321-329
DOI 10.1007/s12072-014-9539-3

REVIEW ARTICLE

Role of circulating tumor cells and cancer stem cells

in hepatocellular carcinoma

Ivonne Nel - Paul David - Guido G. H. Gerken -
Joerg F. Schlaak - Andreas-Claudius Hoffmann

Received: 11 July 2013/ Accepted: 28 April 2014 /Published online: 3 June 2014

© Asian Pacific Association for the Study of the Liver 2014

Abstract Circulating tumor cells (CTC) and cancer stem
cells (CSC) have been proposed as tools for detection and
characterization of disease and individualization of ther-
apy in patients with many solid tumors. Several automated
and semi-automated techniques for identification and iso-
lation of these cells from blood have been proposed and
reviewed mostly focusing on their feasibility. In this mini
review we summarize the recent relevant literature on this
topic and discuss the clinical usability of measuring CTC
and CSC in peripheral blood in patients with hepatocel-
lular carcinoma (HCC). Besides literature, the basis for
this evaluation was the authors’ experience with treating
HCC and research experience on CSC and CTC. Few
original reports and reviews have been published focusing
on CTC and CSC in HCC. Though HCC is one of the five
most common malignancies worldwide only recently these
cells have come into focus for detection and character-
ization of this disease that is characterized by high
plasticity and malignancy. A focused and prospective
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validation of the clinical usability of detecting these cells
in HCC is still needed, but results seem promising that
they may add great benefit for early detection and indi-
vidualization of therapy.
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gRT-PCR Quantitative real-time reverse transcriptase
polymerase chain reaction

CK Cytokeratin

EpCAM  Epithelial cell adhesion molecule

Background

With over 600,000 newly diagnosed cases per year, hepa-
tocellular carcinoma (HCC) is one of the most common
tumors worldwide with a significant rise in incidence in
Western nations over the last years [1]. In Germany, for
example, liver cancer ranges at position 6 for the cancer-
related causes of death among men. HCV infection, alcohol
abuse and, more recently, non-alcoholic fatty liver disease
have been identified as the main risk factors for developing
HCC in this country [2]. If patients are being diagnosed
when presenting with symptoms, the 5-year survival rate
ranges between 10 and 20 %, while early diagnosis esca-
lates this rate to more than 50 % [3]. In patients with cir-
rhosis regular screening for HCC is suggested, but
currently there are no cost-efficient and commonly
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available screening tools for other high-risk groups. Cura-
tive therapeutic options are limited to early stages and
include mostly resection or orthotopic liver transplantation.
High recurrence rates after resection and liver transplan-
tation, most likely due to minimal residual disease, and the
fact that the majority of patients are diagnosed in an
advanced stage make palliative, often localized approaches
including selective internal radiation therapy (SIRT) and
transarterial chemoembolization (TACE) necessary. Up to
now, there are no reliable early markers of relapse or
response to surgical or interventional therapy. Serum-based
markers such as alpha-fetoprotein (AFP), des-gamma-car-
boxyprothrombin (DCP) or the lectin 3-fraction of AFP
(AFP-L3) are incapable of predicting the clinical outcome
with sufficient accuracy and reproducibility in most cases.
Tissue-derived molecular markers lack the possibility of
monitoring the patient during or after treatment, since this
would require repeated biopsies and hence increased risks
for the patient. Therefore, the development of minimally
invasive diagnostic methods is necessary.

Circulating tumor cells

Circulating tumor cells (CTCs) detected in the peripheral
blood of HCC patients may represent a possible solution
for this diagnostic dilemma. Though these cells have been
frequently described in breast and lung cancer, only few
studies have analyzed CTCs in patients with HCC using
indirect methods such as quantitative real-time reverse-
transcriptase polymerase chain reaction (qRT-PCR), an
approach often used in gastrointestinal malignancies [4], or
direct visualization of circulating epithelial cells. The main
obstacle to the broad clinical application of available
automated CTC detection methods is the high plasticity
and variability of these cells particularly due to the epi-
thelial-to-mesenchymal-transition (EMT). EMT inevitably
leads to decreased detection of CTCs with techniques
based mostly on assumed epithelial characteristics of these
cells. Remarkably, changes from epithelial to mesenchy-
mal cell characteristics are significantly correlated to
treatment response [5].

CTCs are defined as tumor cells that either originate
from the primary tumor or from metastases of this tumor.
However, it is still not yet fully understood whether these
identifiable circulating cells may represent the primary
tumor or its metastases or even an entity of its own kind.
Whether CTCs might be a surrogate of the tumor tissue is
an important question regarding their utilization as a so-
called “liquid bisopy.” Bearing in mind the heterogeneity
of solid malignancies, one could argue that methods
focusing on certain subtypes of CTCs, e.g., with epithelial
characteristics, may only detect a small subpopulation of
the tumor. Thus, relying on these cells for treatment
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decisions or to monitor therapeutic success may be an
inadequate approach. This is an essential predicament
already discussed for more than 3 decades [6] as tumors are
very heterogeneous, and it is not clear whether single cell
subpopulations that circulate in the bloodstream really
imply altered prognosis or response to therapy. Still, CTC
analysis including all subpopulations would certainly add
to an improved monitoring of therapeutic response. The
current standard procedure of targeted therapy includes
obtaining biomarkers from the primary therapy-naive
tumor not considering the high plasticity of tumors when
confronted with cytotoxic or biological agents. The alter-
ations in CTC quantity or quality during therapy could
therefore be used to react to changes in responsiveness to
treatment in a timelier manner than available imaging
techniques without the requirement of highly invasive
procedures.

The epithelial cell adhesion molecule (EpCAM) is
exclusive to epithelial and tumorous cells and is often used
to test for CTCs in the bloodstream of patients with solid
malignancies. Identification of CTCs based on EpCAM
positivity allows the differentiation from mesenchymal and
hematopoietic cells. Furthermore, EpCAM is a promising
candidate protein for cancer targeting agents. Nonetheless,
recent studies were able to show that this molecule may
only be part of the equation as the heterogeneity and
plasticity of CTCs make a holistic methodology based on
certain characteristics, only present in some of the cells,
impossible. One reason for this problem is that during
metastasis the EMT leads to loss of epithelial surface
(EpCAM) and intracellular (cytokeratin, CK) characteris-
tics and to acquisition of mesenchymal features associated
with expression of vimentin and N-cadherin [7]. This
results in the loss of cell-cell adhesion and gain of mobility,
invasiveness and apoptotic resistance. More importantly,
these characteristics may well serve these cells and there-
fore the malignant process in defying cytotoxic therapy.
Gradilone and his collaboration group identified circulating
mesenchymal tumor cells in patients with breast cancer in
addition to epithelial ones and were able to correlate these
findings to a poor prognosis [8]. Interestingly, cellular
signaling pathways that play a role in triggering EMT such
as the Wnt-, Notch- and Hedgehog-pathways are also
involved in the development of CSCs [8]. Mani and col-
leagues described a link between EMT and stemness states
in breast cancer models [9]. Their results illustrated a direct
connection of less differentiated stem cells with the mes-
enchymal-appearing cells generated by EMT [10].

Independently of the heterogeneity and plasticity of
CTCs as well as their missing specific cell surface markers,
an average of one CTCs in 10°~107 leucocytes challenges
isolation and detection [11]. Basically, the established
methods consist of two steps—enrichment and
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identification. A first density gradient centrifugation step
allows a preselection of peripheral blood mononuclear cells
(PBMNC). From this cell suspension, further positive or
negative selection of specific CTC subtypes can be made,
e.g., by employing immunomagnetic beads either directed
against tumor-associated surface proteins such as EpCAM
(epithelial) or OB-cadherin (mesenchymal) or against
hematopoietic markers such as the common leucocyte
antigen CD45. Available enrichment techniques based on
various systems including the CellSearch® platform
(Veridex, Raritan, NJ) using antibodies against EpCAM,
keratin and CD45 to enumerate CTCs in breast, colon and
prostate cancer as well as the filtration by size ISET (Iso-
lation by Size of Epithelial/Throphoblastic Tumor cells)
platform are described elsewhere [12-17]. However,
especially the automated approaches are challenged by a
lack of flexibility, needed to address the great differences
in subpopulations and size that CTCs inherit before or
during treatment [10, 18, 19]. Microscopy-based approa-
ches allow additional morphological examinations of CTCs
as well as downstream applications such as fluorescence
in situ hybridization (FISH) analysis for instance employ-
ing the so-called FICTION protocol (fluorescence immu-
nophenotyping, and interphase cytogenetics as a tool for
the investigation of neoplasms) [20] or dual-colorimetric
RNA-ISH assay [5] for individualized treatment decisions.
An interesting non-enrichment fluid-phase biopsy approach
using a high-definition (HD) CTC technology based on
morphological characterization and high-throughput
counting was reported by Marrinucci et al. [21]. The results
displayed the ability of an enrichment-free assay to identify
significant CTC numbers in the majority of patients with
prostate, breast and pancreatic cancers.

In HCC, the lack of specific cell surface antigens chal-
lenges CTC detection. To date, only a few studies have
been performed to identify or quantify these cells [18, 22—
30]. Table 1 briefly summarizes the development of CTC
research in the field of HCC during the last decade. The
reports are very heterogenous regarding the study material.
Some used patient blood samples; others used cell lines or
mouse models. Also the applied CTC enrichment and
detection methods varied, probably depending on the state
of the art at the time, the availability of detection assays
and the individual background of the studies, respectively.
Waguri et al. [22] postulated that " TERT mRNA expres-
sion after immunomagnetic separation using EpCAM and
anti-CD45 antibodies might be a specific tool for CTC
detection in HCC. They reported a CTC detection rate of
53 % (29 out of 55 HCC cases). Vona et al. [23] used the
ISET machine in advanced HCC and found that 52 % of a
total of 44 patients had detectable CTCs. Moreover, they
were able to correlate the appearance of CTCs with mul-
tifocal tumors, portal vein thrombosis and the Child status.

The EpCAM-based enrichment method after density gra-
dient centrifugation was comprehensively assessed by Guo
et al. [24] who spiked healthy blood with a serial dilution
of HepG2 cells and reported that as few as 10 cells in 5 ml
blood could be detected using RT-PCR with primers spe-
cific for AFP. In clinical samples, the positive detection
rate ranged from 53 to 93 % depending on the Child-Pugh
class with a total positive detection rate of 73 %. Yang
et al. [25] used flow cytometry to assess the distribution of
CD45— CD90+ cells in 34 blood samples from liver
cancer patients resulting in a detection rate of 90 %, but
none in normal subjects or patients with cirrhosis. Xu et al.
[26] reported the development and validation of an Ep-
CAM-independent magnetic cell separation system medi-
ated by the interaction of ASGPRI1 being exclusively
expressed on hepatocytes with its ligand. CTCs were then
identified by Hep-Par-1 staining. An average of 24 £ 19
CTCs per 5 ml blood was detected in 81 % of HCC
patients, suggesting that the variation ranged from 1 to 9
tumor cells per ml in the examined patients. Fan et al. [27]
combined an in vivo flow cytometry technique with a GFP-
transfected HCC mouse model to monitor CTC dynamics
continuously and noninvasively using the ear artery. Based
on multiple calculations, they reported a detection rate of
7.81 CTCs per ml blood and thus a 1.8-fold higher sensi-
tivity than whole blood analysis using conventional flow
cytometry. Liu et al. [29] investigated the expression of
intercellular adhesion molecule 1 (ICAM-1) in HCC blood
samples using flow cytometry. They found that 0.3 % of
the cells in an HCC blood sample were CD45— ICAM-1+
cells and that those cells displayed greater sphere-forming
and tumorigenic capacities and increased expression of
stemness-related genes compared to CD45-ICAM- cells.
The first report to identify the stem cell-like characteristics
of EpCAM-positive CTCs and their prognostic significance
using the standardized CellSearch System in HCC patients
was published by Sun et al. [28]. Preoperatively, they
detected EpCAM-positive cells in 66.7 % of the cases (82
out of 123) ranging from 1-34 cells per 7.5 ml blood and
hypothesized that a preoperative count of >2 might be an
independent prognostic indicator for recurrence. Also
Schulze and colleagues used the CellSearch System to test
for EpCAM-positive tumor cells in the peripheral blood of
59 HCC patients. Their study resulted in a detection rate of
30.5 % and a significant association of quantifiable epi-
thelial CTCs with overall survival, BCLC staging, vascular
invasion and the serum-based tumor marker AFP [30, 31].
Nel et al. [18] applied a negative CTC selection technique
by depleting hematopoietic cells using immunomagnetic
beads directed against CD45 and subsequent multi-immu-
nofluorescence staining to detect various CTC subpopula-
tions in patients with HCC. The described method is based
on individual CTC profiles and subsequent cell type ratios
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various approaches including immunomagnetic bead
selection. Furthermore, the additional staining of other cell
surface molecules such as CD44 may increase the speci-
ficity in identifying circulating CSCs [37]. In the treatment
of solid malignancies, tumor recurrence and resistance to
therapy during systemic or local-ablative approaches are
the main obstacles. While tumors with high turnover and
rapid proliferation respond well to available cytotoxic
agents, HCC shows a different behavior. Up to now, sys-
temic treatment in HCC has failed to reach good response
rates and significant survival benefits [38]. CSCs may
escape therapeutic approaches by being composed of qui-
escent slow-cycling subpopulations that will not respond to
antiproliferative agents [39]. Although EpCAM+/CK19+
cells seem to be the mainstay of CSCs in liver cancer, these
cells are not the only ones with proven stemness and
therefore tumor-forming characteristics [40]. Viatour and
colleagues [40] used a mouse model to show that deleting
three members of the retinoblastoma 1 (Rb1) gene family,
namely Rb, pl107, and p130, therefore inactivating a path-
way generally silenced in human HCC by a diversity of
host mechanisms, results in the development of liver
tumors with histopathological features and gene expression
profiles similar to human HCC. Therefore, they proved that
in their mouse model cancer initiation was associated with
a specific expansion of CSC populations. Measuring liver
cancer stem cells in the bloodstream of patients before
local ablative or systemic treatment and after the initial
cycle may contribute valuable information to the clinician
for identifying those patients who will respond to treatment
and those with a prolonged time to progression. CSCs
themselves may also be an important target for new treat-
ment strategies as the classical approach targeting rapid
proliferative cells also influences healthy cell populations
leading to the typical side effects of systemic treatment
such as neutropenia, significant gastrointestinal mucositis
and diarrhea (Sorafenib) or dramatic changes in the skin
constitution leading to hand-foot syndrome and therefore
limiting cancer patients activities of daily life (ADL).
Moreover, targeting the active and proliferative cell pop-
ulation of the tumor may only result in a short gain—bulk
reduction—but a long-term loss since these cells are not the
tumor-forming population [41]. An innovative methodol-
ogy in CSC-targeted therapy is the siRNA-mediated
downregulation of signaling pathways involved in carci-
nogenesis. Yamashita et al. [42] reported that silencing of
EpCAM using RNA interference in Hep3B cells resulted in
growth inhibition. Another approach to target CSCs is the
use of monoclonal antibodies directed against CSC surface
markers and conjugated to an antitumor or cytotoxic drug
[43]. Smith et al. [44] reported a decreased proliferation
rate of Hep3B cells and delayed tumor growth in a SCID
mouse model after targeting CD133+ cells with anti-

CDI133 antibody conjugated to monomethyl auristatin.
Yang et al. [34] showed that treatment of CD90+ CD44+
cells with an antibody against CD44 prevented tumor
metastasis in a nude mouse model. A brief summary of
current CSC markers for liver cancer and relevant targeted
therapeutic approaches were reported by Lee et al. [45]. It
has been shown that human mesenchymal stem cells
(MSC) have the ability to migrate to and proliferate within
tumor sites [46]. Therefore, MSCs might be utilized as
cellular vehicles to deliver therapeutic genes introduced by
viral vectors. First studies targeting stem cells using
transduced MSC resulted in tumor growth suppression in
mouse models [47]. But before viral-based treatments are
ready for prime time, serious issues such as the immuno-
genicity of viral vectors have to be resolved. Furthermore,
the lack of specific CSC markers will result in inhibition of
non-CSCs. Presently, targeting of CSCs is not yet fully
understood. Development of localized treatment combina-
tions targeting CSCs directly in the liver may be promising
as it will not only result in bulk reduction but probably also
reduce the small tumor-forming cell subpopulation.
Although CSC analysis may not be usable for treatment
decisions at the moment, identifying and characterizing the
individual tumor cell composition and the constitution of
circulating non-hematopoietic stem cells in the blood of
patients before therapy may add important information to
the process of personalizing therapy. Patients with
increased numbers of CSCs may not benefit from systemic
or even local ablative approaches as they do not respond to
treatments that rely on antiproliferative effects. Identifica-
tion of these cells is already possible and should be eval-
uated during prospective treatment of patients with liver
cancer.

Conclusions

So far, scientists and clinicians have focused on identifying
and quantifying certain subgroups of CSCs or CTCs. They
relied on either defined surface markers or differences in
the size of individual cell populations. These approaches
have several limitations as they only represent small parts
of the picture; therefore, changes in these cell populations
during treatment may at most implicate success in bulk
reduction but, as reality shows, no real survival benefits. To
get a clearer picture of the individual cell composition and
the constitution of the circulating non-hematopoietic cells,
more holistic approaches need to be taken urgently.
Therefore, all non-hematopoietic subpopulations circulat-
ing in the bloodstream need to be analyzed. The correlation
of cell profiles of the primary chemo-naive tumor and
during curative or palliative treatment with clinical
responses will improve our understanding of the roles that
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CTCs and circulating CSCs play in HCC. To this aim, large
collaborative groups are needed to reach sufficient patient
numbers and different clinical courses. However, the nec-
essary techniques are already available. Clinicians should
focus less on refining automated quantification of certain
subgroups and more on understanding the association of
circulating non-hematopoietic cells with the primary
chemo-naive tumor and the correlation of changes in the
individual tumor cell composition, the CTC and CSC
profiles, during treatment with the patient’s response.
However, before applying CTC analysis in personalizing
patient care, there has to be consensus on the gold standard,
especially since the development in detection of CTCs over
the last 10 years has been dramatic (Table 1).
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