MOLECULAR ONCOLOGY 10 (2016) 408—417

QQU

available at www.sciencedirect.com ) ‘ lecular
==z (Jncology

ScienceDirect . i

www.elsevier.com/locate/molonc

Review

Clinical and biological significance of circulating tumor cells in @CmssMark

cancer*

Takaaki Masuda, Naoki Hayashi, Tomohiro Iguchi, Shuhei Ito,
Hidetoshi Eguchi, Koshi Mimori*

Kyushu University Beppu Hospital, Department of Surgery, Japan

ARTICLE INFO

ABSTRACT

Article history:

Received 5 October 2015
Received in revised form

29 January 2016

Accepted 29 January 2016
Available online 10 February 2016

Keywords:

Circulating tumor cells
Epithelial markers
Epithelial-to-mesenchymal
transition

Cancer stem cell
Premetastatic niche

During the process of metastasis, which is the leading cause of cancer-related death, cancer
cells dissociate from primary tumors, migrate to distal sites, and finally colonize, eventually
leading to the formation of metastatic tumors. The migrating tumor cells in circulation, e.g.,
those found in peripheral blood (PB) or bone marrow (BM), are called circulating tumor cells
(CTCs). CTCs in the BM are generally called disseminated tumor cells (DTCs). Many studies
have reported the detection and characterization of CTCs to facilitate early diagnosis of
relapse or metastasis and improve early detection and appropriate treatment decisions.
Initially, epithelial markers, such as EpCAM and cytokeratins (CKs), identified using immu-
nocytochemistry or reverse transcription polymerase chain reaction (RT-PCR) were used to
identify CTCs in PB or BM. Recently, however, other markers such as human epidermal
growth factor receptor 2 (HER2), estrogen receptor (ER), and immuno-checkpoint genes
also have been examined to facilitate detection of CTCs with metastatic potential. More-
over, the epithelial-to-mesenchymal transition (EMT) and cancer stem cells (CSCs) have
also received increasing attention as important CTC markers owing to their roles in the bio-
logical progression of metastasis. In addition to these markers, researchers have attempted
to develop detection or capture techniques for CTCs. Notably, however, the establishment
of metastasis requires cancer-host interactions. Markers from host cells, such as macro-
phages, mesenchymal stem cells, and bone marrow-derived cells, which constitute the pre-
metastatic niche, may become novel biomarkers for predicting relapse or metastasis or
monitoring the effects of treatment. Biological studies of CTCs are still emerging. However,
recent technical innovations, such as next-generation sequencing, are being used more
commonly and could help to clarify the mechanism of metastasis. Additionally, biological
findings are gradually being accumulated, adding to our body of knowledge on CTCs. In this
review, we will summarize recent approaches to detect or capture CTCs. Moreover, we will
introduce recent studies of the clinical and biological importance of CTCs and host cells.
© 2016 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights
reserved.
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1. Introduction

In the field of cancer research, liquid biopsy has attracted
much attention as a new screening or monitoring tool for pa-
tients with cancer. Liquid biopsies are noninvasive tests using
blood or fluids that can detect circulating tumor cells (CTCs) or
the products of tumors, such as fragments of nucleotides or
proteins that are shed into biological fluids from primary or
metastatic tumors. Such biopsies are expected to be informa-
tive or easily accessible tools to provide comprehensive infor-
mation regarding cancers beyond conventional biopsies.
Moreover, these biopsies may enable us to collect information
reflecting different phases of the metastatic process and may
help clinicians to achieve early diagnosis of malignancies or
accurately predict metastasis or recurrence. This methodol-
ogy has developed gradually since it was first proposed by
Mandel and Metais (1948) around 70 years ago because the ac-
curacy of diagnosis must be at least as good as that of conven-
tional biopsy.

There are 3 materials that may be detected in liquid biopsy:
CTCs, cell-free DNA (cfDNA), and exosomes (Figure 1). CTCs
are circulating cancer cells that are shed into vessels from tu-
mors and have the potential to develop metastatic lesions.
cfDNA is short, fragmented DNA released from cancer cells af-
ter apoptosis or necrosis (Bettegowda et al, 2014
Schwarzenbach et al., 2011). The study of cfDNA is an active
area of cancer research because cfDNA can provide large
amounts of information regarding the patient’s cancer and
can be analyzed comprehensively using next-generation
sequencing. Finally, exosomes, a hot topic in the field of

Liquid biopsy
Primary tumor

-

circulation

o CTC without metastatic potential

o CTC with metastatic potential

<O crc with EMT
© crsc

& CTCs cluster

cfDNA

X
. Exosome

intercellular communication, are small membrane-
enveloped vesicles containing functional biomolecules (i.e.,
protein, RNA, and DNA) that can be transferred to recipient
cells (Raposo and Stoorvogel, 2013). Tumor-derived exosomes
are thought to function to prepare a favorable microenviron-
ment at future sites of metastasis (called the premetastatic
niche) (Hoshino et al., 2015). Moreover, exosomes are expected
to be useful biomarkers because they are remarkably stable in
fluids.

Currently, CTCs have some advantages over cfDNA and
exosomes in clinical applications. For example, CTCs can be
identified morphologically, and molecular characterization
of CTCs can be performed using a variety of modalities (Ilie
et al., 2014). It is possible to detect cancer cells by virtue of
DNA alterations, such as somatic mutations and copy number
aberrations, using cfDNA or exosomes. However, these
methods are technically difficult and expensive owing to the
low amounts of these materials in circulation. Furthermore,
the biological signatures of CTCs, such as the epithelial-to-
mesenchymal transition (EMT) or cancer stemness, which
are thought to dictate tumorigenic or metastatic phenotype
and resistance to therapies in circulating systems, can be use-
ful in clinical and diagnostic applications. Thus, CTCs have
the potential to provide large amounts of biological
information.

In this review, we will focus on CTCs in the peripheral
blood (PB) or bone marrow (BM), which have been well studied
and are currently being used in the clinical setting. Addition-
ally, we will discuss detection methods and the clinical and
biological significance of CTCs in cancer.

Premetastatic niche

Metastatic tumor

Mesenchymal cells

Figure 1 — Circulating biomarkers in tumor metastasis. Cancer cells dissociate from primary tumors, migrate to distal sites, and finally colonize at

the premetastatic niche, where mesenchymal cells facilitate metastasis by communication between cancer cells and mesenchymal cells using

intercellular messengers, such as exosomes.
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2. Markers of CTCs in the PB or BM and clinical
significance of these CTCs

2.1 Epithelial markers

Epithelial markers are effective targets that can be used to
detect CTCs because most epithelial cells in the PB or BM are
believed to be derived from epithelial malignancies, i.e.,
cancer.

1) Immunocytology

Immunocytology with antibodies for epithelial markers,
such as EpCAM or cytokeratins (CKs), is a common method
used for detection of CTCs. The CellSearch system (Veridex,
Warren, NJ, USA), an automated enrichment and immunocy-
tochemical detection system for CTCs, was developed in
2002 (Allard et al.,, 2004). This system defines “CTCs” as
EpCAM+/CK+/CD45- cells. Cristofanilli et al. (2004, 2005) and
Hayes et al. (2006) first reported the detection and clinical ap-
plications of CTCs using this system and showed that CTCs
were a significant indicator of prognosis and effectiveness of
treatment in metastatic breast cancer. Moreover, based on
these previous studies, this system was approved as a method
to “monitor breast cancer treatment and indicate its effective-
ness” by the United States Food and Drug Administration and
now can be used clinically to monitor patients with metastatic
breast, colorectal and prostate cancer (Ignatiadis et al., 2014).

Many reports have described the clinical significance of
CTCs identified using the CellSearch system. In patients
with metastatic breast cancer, 911 of 1944 eligible cases
(46.9%) were shown to have 5 CTCs in 7.5 mL PB; the presence
of these CTCs was associated with decreased progression-free
survival (PFS) and overall survival (OS) (Bidard et al., 2014).
Riethdorf et al. (2007) reported that CTCs could be detected
in approximately 70% of patients with metastatic breast can-
cer. Moreover, Rack et al. (2014) showed that CTCs could be
used as an independent prognostic factor in early breast can-
cer. Hiraiwa et al. (2008) demonstrated that the presence of
CTCs could predict disease progression and chemothera-
peutic effects in patients with gastrointestinal cancers. In
lung cancer, Tanaka et al. (2009) reported that the CTC count
was higher in patients with lung cancer than in patients
without malignant disease (30.6% versus 12.0%, respectively)
and that the CTC count was higher in patients with distant
metastasis in a cohort of 150 patients with lung cancer. In
gastric cancer, Okabe et al. (2015) showed that CTCs were pos-
itive in 18.4% of patients with gastric cancer; additionally, the
detection of CTCs was an independent predictor of short PFS
in patients with advanced gastric cancer. In nonmetastatic
colorectal cancer (CRC), pre-operative CTC detection was re-
ported to be an independent prognostic marker (Bork et al.,
2015). In testicular germ cell tumors, the presence of CTCs in
the PB was shown to be correlated with clinical stage in 41%
of CTC-positive patients with metastasized tumors and in
100% of patients with relapsed and chemotherapy-refractory
disease (Nastaly et al., 2014). Similar results were reported in
esophageal cancer (Reeh et al., 2015) and squamous cell carci-
noma of the oral cavity (Grover et al., 2014). However, the

detectability of CTCs depends on the type of malignancy
(Bao et al., 2013). Furthermore, some large-scale meta-ana-
lyses have shown the prognostic significance of CTCs detected
using the CellSearch system in metastatic breast cancer or
CRC (Bidard et al., 2014; Lv et al., 2015; Huang et al., 2014). In
contrast, a recent large study using this system showed that
there was no prognostic significance of CTCs in CRC (Sotelo
et al., 2015). Pantel et al. (2012) reported that the CellSearch
system gave false-positive results in patients with benign
colorectal diseases, such as inflammatory colon diseases,
and demonstrated that further molecular characterization of
circulating epithelial cells was needed for the use of this
CTC testing modality (Pantel et al., 2012).

The BM is a secondary organ in which CTCs may be found
(Joosse et al., 2015). Several studies have shown the prog-
nostic significance of CTCs in the BM of patients with breast
cancer. Of 4703 patients, 31% were positive for CTCs using
immunocytochemistry, and the positive rate of CTCs was
inversely related to disease-free survival (DFS) or OS in breast
cancer without overt metastasis (Braun et al., 2005).
Wiedswang et al. (2003) also showed that 13% of 817 cases
of breast cancer without overt metastasis were positive for
CTCs wusing immunocytochemistry and that the CTC-
positive rate was inversely related to DFS. In 178 cases of
metastatic breast cancer, CTCs were predictors of poor prog-
nosis (Hartkopf et al., 2014). According to these solid data, the
presence of CTCs in the BM at the time of diagnosis of breast
cancer is thought to be associated with a poor prognosis.
With respect to CRC, a large-scale meta-analysis of CTCs in
the BM or PB of patients with metastatic CRC also showed
that the detection of CTCs was associated with DFS and OS
(Groot Koerkamp et al., 2013).

2) Reverse transcription polymerase chain reaction (RT-PCR)

Another representative detection method for CTCs is RT-
PCR, which can be used to detect the mRNA expression of
epithelial markers, such as EpCAM or CKs (Becker et al.,
2009). We have also reported the identification of CTCs and
their clinical significance in the PB or BM of patients with
gastric, colorectal, and breast cancers using RT-PCR for epithe-
lial markers such as carcinoembryonic antigen (CEA), CK-7,
and CK-19 (Masuda et al., 2005; Mimori et al., 2008; Mori
et al., 1995; 1996a, b; 1997; 1998). These assays are sensitive;
however, false positive results may occur due to pseudogenes
or transcripts from nonmalignant cells. Multiplex PCR, such as
the AdnaTest (AdnaGen AG), could overcome this limitation
(Fehm et al.,, 2009). This system is based on detection of 3
cancer-associated transcripts, including estrogen receptor
(ER) and human epidermal growth factor receptor 2 (HER2)
status, by RT-PCR after immunomagnetic enrichment of can-
cer cells (Fehm et al., 2009). The AdnaTest is used to detect
CTCs in the BM in patients with CRC (Musella et al., 2015) or
breast cancer (Cabinakova et al., 2015; Fina et al.,, 2015;
Hartkopf et al., 2016).

3) Oligonucleotide aptamers

Aptamers are synthetic oligonucleotide ligands that are
composed of RNA or single-stranded DNA oligonucleotides
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and have high specificity and affinity for their targets by recog-
nizing specific structures. In contrast to protein antibodies,
aptamers exhibit unique chemical and biological characteristics
based on their oligonucleotide properties. Therefore, they are
expected to be more suitable for the development of novel clin-
ical applications than the conventional detection techniques
described above (Dickey and Giangrande, 2015; Sun et al,
2014). Zamay et al. (2015) developed aptamers that bound to
CK-positive and -negative tumor elements in the PB of patients
with lung adenocarcinoma and squamous cell carcinoma.

Despite some shortcomings, CTCs detected by the Cell-
Search system are thought to be useful biomarkers for diag-
nosis (Beije et al., 2015). However, CTCs have not yet been
fully accepted in clinical practice for guiding treatment deci-
sions in individual cancer patients because of problems asso-
ciated with sensitivity and specificity (Hardingham et al,,
2015). As discussed below, further studies are needed to over-
come these limitations.

2.2. Additional markers that can be used to characterize
the malignant phenotype of CTCs

Epithelial markers are theoretically available for the detection
of all CTCs. However, not all CTCs will lead to the formation of
metastatic lesions (Wicha and Hayes, 2011). Additional spe-
cific markers that can detect only CTCs with metastatic poten-
tial may be better for use in clinical applications. The
following have been reported as additional markers to detect
CTCs in high-grade malignancies.

1) HER2: HER? is a member of the human epidermal growth
factor receptor (HER/EGFR/ERBB) family. The amplification or
overexpression of HER2 plays a critical role in the develop-
ment and progression of certain aggressive types of breast
cancer or gastric cancer.

In recent years, HER2 has been used clinically as a
biomarker and molecular therapeutic target for approxi-
mately 30% of patients with breast or gastric cancer (Ahmed
et al., 2015). The prognostic significance of HER2-positive
CTCs in breast cancer has been evaluated using enrichment
and separation of epithelial cells such as the CellSearch sys-
tem elsewhere. The patients with HER2-positive CTCs were re-
ported to have poorer PFS compared with those with HER2-
negative CTCs (Wulfing et al., 2006; Munzone et al., 2010).
Riethdorf and colleagues (2010) reported that HER2-positive
CTCs were observed in 14 of 58 (24.1%) CTC-positive patients
with breast cancer, including 8 patients with HER2-negative
primary tumors using the CellSearch system. Fehm et al.
(2010) also found that HER2-positive CTCs could be detected
in patients with HER2-negative primary tumors (CellSearch
system: 25/78 [32%], AdnaTest BreastCancer: 28/57 [49%]).
Therefore, Riethdorf et al. (2010) suggested that the evaluation
of HER? status in CTCs could help to determine the appro-
priate treatment in patients with breast cancer, which may
lead to improvements in current treatment strategies.

2) ER: ER is expressed in approximately 70% of patients with
breast cancer; these cases are referred to as ER-positive can-
cers. The ER status is determined by immunohistochemical
analysis of cancer tissues. Two hypotheses have been pro-
posed to explain why ER induces tumorigenesis. First, binding
of estrogen to the ER stimulates proliferation of mammary

cells, resulting in increased cell division and DNA replication,
thereby leading to mutations. Second, estrogen metabolism
produces genotoxic waste. Notably, ER-positive breast cancers
have the most favorable prognosis of all subtypes (Crowe et al.,
1991), and ER-positive cancers typically respond to endocrine
therapy (ET). However, approximately 20% of patients with
ER-positive disease do not benefit from therapy and exhibit
further metastatic progression. Babayan et al. (2013) found
that CTCs frequently lacked ER expression in patients with
metastatic breast cancer who had ER-positive primary tumors.
Furthermore, Paoletti et al. (2015) showed that the ET index of
CTCs based on the expression of multiple parameters (ER, BCL-
2, HER2, and Ki67) could predict resistance to ET. Therefore,
determination of the ER expression status of CTCs would be
useful in decision making regarding the use of ET.

3) Programmed death ligand 1 (PD-L1): Immune response
represents a complex phenomenon based on a balance be-
tween activator and inhibitor pathways that regulate tumor-
infiltrating lymphocytes. PD-L1 binds PD-1 to reduce the
cellular immune response by inducing T-cell tolerance which
helps prevent autoimmunity (Patel and Kurzrock, 2015). This
system is considered to promote tumor progression. An anal-
ysis of 196 tumor specimens from patients with renal cell car-
cinoma demonstrated that high expression of PD-L1 in tumors
was associated with increased tumor aggressiveness and a
4.5-fold increased risk of death (Thompson et al., 2004). Pa-
tients with ovarian cancer having higher expression of PD-L1
exhibit significantly poorer prognosis than patients with
lower expression of PD-L1, and PD-L1 expression is inversely
correlated with the intraepithelial CD8+ T-lymphocyte count,
suggesting that PD-L1 on tumor cells may suppress antitumor
CD8+ T cells (Hamanishi et al., 2007).

Ali et al. (2015) conducted the large-scale clinical analysis of
PD-L1 expression in breast cancer by immunohistochemistry,
and found that PD-L1 on tumor cells was expressed in just
1.7% (66/3916 cases) of breast cancer and 7.9% (24/302 cases)
of basal-like breast cancer which belongs to triple-negative tu-
mors. However, Mazel et al. (2015) performed flow cytometric
and immunocytochemical analysis and showed that PD-L1
was frequently expressed on metastatic cells circulating in
the PB of patients with hormone receptor-positive, HER2-
negative breast cancer. Moreover, they found that 11 of 16
(68.8%) patients with CTCs were PD-L1 positive. Thus, PD-L1
may be useful as an additional marker of CTCs.

2.3. CTCs with cancer stem cell (CSC) properties

CSCs are believed to develop cancers through the stem cell
processes of self-renewal and differentiation into multiple
cell types. Such cells are hypothesized to persist in cancers
as a distinct population and cause recurrence and metastasis.
CSC markers are expected to be useful targets for CTCs. These
cells are termed circulating tumor stem cells (CTSCs) (Grover
et al.,, 2014).

1) Aldehyde dehydrogenase 1 (ALDH1): Kasimir-Bauer
assessed the expression of the stem cell marker ALDH1 in
CTCs from patients with primary breast cancer using the
AdnaTest BreastCancer system. They found that 5% of CTC-
negative patients were positive for ALDH1. However, there
was no association between the presence of CTCs and
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ALDHI1 expression and the prognosis of breast cancer (Aktas
et al.,, 2009; Kasimir-Bauer et al., 2012).

2) EpCAM+/CD44+/CD47+/MET + cells: Baccelli et al. (2013)
reported that metastasis-initiating cells containing CTC popu-
lations expressed EpCAM, CD44, CD47, and hepatocyte growth
factor tyrosine kinase receptor (MET) by flow cytometry. MET
has been suggested to activate a migration and putative inva-
sion program (Trusolino et al., 2010). In a small cohort of pa-
tients with metastases, the number of EpCAM+/CD44-+/
CD47+/MET + CTCs, but not of bulk EPCAM + CTCs, correlated
with lower overall survival and an increased number of meta-
static sites (Baccelli et al., 2013). However, CTCs isolated using
the epithelial cell surface marker EpCAM in hepatocellular car-
cinoma showed CSC properties, and their presence was associ-
ated with a higher incidence of recurrence (Sun et al., 2013).

3) CEA/CK/CD133 mRNA-positive cells: CD133 (also known
as Prominin-1) is a key marker of CSCs in CRC (O’Brien et al.,
2007; Ricci-Vitiani et al., 2007). We found that the detection
of CEA/CK/CD133 mRNA by quantitative RT-PCR in the PB
was a useful tool for determining which patients with CRC
were at higher risk for recurrence and poor prognosis. In
particular, CEA/CK/CD133 mRNA status has significant prog-
nostic value in patients with Dukes’ stage B and C (linuma
et al., 2011).

2.4. CTCs with mesenchymal cell properties

The EMT is a process through which epithelial cells lose their
cell polarity and cell—cell adhesion and gain migratory and
invasive properties to become mesenchymal cells. Initiation
of metastasis requires invasion, which is enabled by the
EMT; however, the EMT is not always needed for tumor cell
motility (Aceto et al., 2014) and, recently, EMT was reported
to be dispensable for metastasis but contribute to chemore-
sistance (Fischer et al., 2015; Zheng et al., 2015). Anyway,
mesenchymal markers would be potential targets of CTCs.
Bitting et al. (2013) developed a method to isolate CTCs using
a mesenchymal-based capture method with the CellSearch
system (OB-cadherin-positive cells).

Pecot et al. (2011) assessed the population of complex
aneuploid CTCs that did not express CK or EpCAM epithelial
antigen in patients with breast, ovarian, or colorectal cancer.
They found a conversion to an EMT phenotype in the captured
cells (Pecot et al.,, 2011). Recently, Yu et al. (2013) reported that
mesenchymal CTCs occurred as both single cells and multi-
cellular clusters, expressing known EMT regulators, including
transforming growth factor (TGF)-p pathway components and
the FOXC1 transcription factor. Moreover, the EMT was sug-
gested to have a role in the blood-borne dissemination of hu-
man breast cancer (Yu et al., 2013). According to these
findings, the EMT leads to loss of epithelial characteristics
and to acquisition of mesenchymal features, which may hind-
er the detection of CTCs using epithelial markers.

We recently identified a novel CTCs marker, Plastin3
(PLS3), which is expressed in cancer cells with either the
epithelial or mesenchymal phenotype (Sugimachi et al.,
2014; Yokobori et al., 2013). PLS3 is expressed in CTCs with
an EpCAM + epithelial phenotype and in EpCAM-
mesenchymal cells (Yokobori et al., 2013). We recently re-
ported the clinical significance of PLS3 mRNA expression in

the PB of various cancers, such as CRC (Sugimachi et al.,
2014; Yokobori et al., 2013) and breast cancer (Ueo et al.,
2015). The PLS3 gene encodes an actin bundling protein that
may be important for processes enabling tumor cells to form
metastases, such as escape from anoikis, resistance to chemo-
therapy, increased cancer stemness, and induction of the EMT
(Yokobori et al,, 2009). Interestingly, aberrant PLS3 gene
expression may be caused by DNA copy number gains in
CTCs from primary tumors (Sugimachi et al., 2014). Multivar-
iate analysis showed that the frequency of PLS3-positive
CTCs was independently associated with poor prognosis.
The association between the frequency of PLS3-positive
CTCs and prognosis was particularly strong in patients in
Duke’s B and C categories (Yokobori et al., 2013). This finding
is important for determining which patients should receive
adjuvant chemotherapy even in cases of Duke’s B CRC
because more than 10% of cases of Duke’s B CRC exhibit recur-
rence without adjuvant chemotherapy.

Liu et al. (2014) reported that breast CSCs (BCSCs) exist in
distinct mesenchymal-like (CD24-/CD44+) and epithelial-like
states (ALDH+) and that mesenchymal-like or epithelial-like
BCSCs are localized at the cancer invasive front or more cen-
trally, respectively. Additionally, they proposed that the plas-
ticity of BCSCs endows these cells with the capacity for
and metastasis. It may be necessary to
target alternative CSC states to detect or eliminate these clin-
ically important CTCs.

invasion

3. Molecular and biological characteristics of CTCs

Analysis of the molecular and biological characteristics of
CTCs has been a challenging task within the last few decades
because CTCs are very rare. However, methods for analysis of
CTCs have become more feasible with the development of
enrichment techniques for CTCs and single-cell analysis
methods using next-generation sequencers.

Baccelli et al. (2013) first developed a xenograft assay using
CTCs from patients with metastatic breast cancer and verified
the tumorigenicity of CTCs. Moreover, they identified the exis-
tence and phenotype of metastasis-initiating cells (MICs) in
CTCs. MICs expressed EpCAM, CD44, CD47, and MET, which
could be biomarkers for relapse or metastasis, as described
above (Baccelli et al., 2013). Additionally, Hodgkinson et al.
(2014) demonstrated that CTCs from patients with metastatic
small-cell lung cancer were tumorigenic in immunodeficient
mice. Toyoshima et al. (2015) also used immunodeficient
mice inoculated with CTCs from patients with advanced
gastric cancer and showed that the CD44+/&" fraction among
CTCs exhibited distinct tumorigenicity. Cayrefourcq et al.
(2015) established a permanent cell line from CTCs from pa-
tients with metastatic CRC and characterized these cells at
the genomic, transcriptomic, proteomic, and secretomic
levels. They reported that the CTC line displayed an interme-
diate epithelial/mesenchymal phenotype, stem cell-like prop-
erties, and an osteomimetic signature; furthermore, this cell
line could induce endothelial cell tube formation and form tu-
mors in xenografts.

Khoo et al. (2015) cultured CTCs from metastatic breast
cancer and showed that these cells exhibit DNA copy number
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increases in the FGFR1, Myc, CCND1, HER2, TOP2A, and ZNF217
genes using fluorescence in situ hybridization (FISH) analysis.
They also examined phenotypes in these cells, e.g., tumorige-
nicity, as analyzed using sphere formation assays, and the
EMT phenotype, as analyzed by immunostaining (Khoo
et al,, 2015). Kanwar et al. (2015) performed copy-number
profiling of CTCs from breast cancer and identified 3 signa-
tures of recurrent gains in CTCs: the dormancy-related signa-
ture, tumor-aggressiveness related signature (mainly on
chromosome 19), and common signature (on chromosome
19913.13 and 21g21). Neves et al. (2014) performed compara-
tive genomic hybridization (aCGH) using CTCs from patients
with metastatic breast cancer and identified amplification in
the cyclin D1 locus. Additionally, Polzer et al. (2014) performed
aCGH using single CTCs from patients with metastatic breast
cancer and found genomic disparity of potentially high rele-
vance between primary tumors and CTCs. Steinert et al.
(2014) described a genomic analysis of single CRC-derived
CTCs by aCGH, mutational profiling, and microsatellite insta-
bility analysis and found mutational heterogeneity between
primary tumors and CTCs in CRC. Moreover, Ni et al. (2013)
also reported copy number variations among single CTCs
from patients with lung cancer using exome sequencing.

Lohr et al. (2014) performed a comprehensive analysis of
CTCs genomes from patients with metastatic prostate cancer
using whole-exome sequencing and identified 10 early trunk
and 56 metastatic trunk mutations.

The elucidation of these molecular and biological features
of CTCs will allow us to understand the mechanisms of cancer
metastasis, which may lead to the identification of real bio-
markers of early diagnosis or therapeutic molecular targets
to prevent metastasis.

4. Host-side factors indicating poor clinical
outcomes

The “premetastatic niche” has attracted attention as a new
concept of metastasis or recurrence. Based on this concept,
the primary cancer is thought to emit signaling molecules
that prime certain organs for cancer metastasis. Host cells
such as hematopoietic progenitor cells in the BM or endothe-
lial progenitor cells in the PB are recruited to future metastatic
sites, namely the premetastatic niche, by signals from pri-
mary cancer cells. Then, isolated cancer cells from primary
cancers are guided to the premetastatic niche by chemokines
from the host cells (Kaplan et al., 2005; Lyden et al., 2001).
Mimori et al. (2008) provided supportive data obtained by
quantitative PCR for vascular endothelial growth factor recep-
tor 1 (VEGFR1) and CKs in the PB or BM of patients with gastric
cancer. Therefore, markers of premetastatic niche-related
host cells, such as surface markers of BM-derived cells or che-
mokines and their receptors, may be useful biomarkers for the
prediction or detection of metastasis or recurrence.

Recently, we reported that FBXW?7 expression in the host
environment is a key determinant of cancer metastasis using
FBXW7-deficient mice. Metastasis was found to be enhanced
in mice lacking FBXW7 in the BM compared with that in con-
trol mice. Deletion of Fbxw7 from murine BM-derived stromal
cells induced accumulation of NOTCH and consequent

transcriptional activation of CCL2. The increased production
of CCL2 by these cells likely promoted the formation of meta-
static niches through recruitment of monocytes and macro-
phages. Inhibition of CCL2/CCR2 signaling reduced the
frequency of metastasis in FBXW7-deficient mice (Yumimoto
et al.,, 2015). These findings suggest that the FBXW7/NOTCH/
CCL2 pathway plays a central role in the regulation of cancer
metastasis through controlling the formation of the premeta-
static niche. Therefore, studies aimed at detecting host-side
markers may provide important insights into the functions
and characteristics of the premetastatic niche.

5. Conclusion

Identification of CTCs is clinically and biologically important
and may facilitate the early detection and treatment of meta-
static cancer. Moreover, further elucidation of the features of
CTCs may provide important insights into the mechanisms
of metastasis, one of the leading causes of cancer-related
death. Recent technological innovations, such as next-
generation sequencing for the detection of DNA from CTCs
or cfDNA in circulation, may provide large amounts of data
regarding the molecular features of CTCs. However, if we
aim primarily at eliminating cancer cells with metastatic po-
tential, which would contribute to improving the survival of
patients with cancer, targeting cellular markers of CTCs would
likely be the most successful strategy based on currently avail-
able technologies and methods.
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