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Cancer metastasis and recurrence are the leading causes of cancer-related death. Tumor cells which
leave the primary or secondary tumors and shed into the bloodstream are called circulating tumor cells
(CTC). These cells are the key drivers of cancer dissemination to surrounding tissues and to distant
organs. The use of CTC in clinical practice necessitates the deep insight into their biology, as well as into
theirrolein cancer evasion of immunesurveillance, tumor resistance tochemo-radio-andimmunotherapies
and metastatic dormancy.

Aim. The purpose of the work was to review the current knowledge on the CTC biology, as well as the
prospects for their use for the diagnosis and targeted treatment of metastatic disease.

Methods. The work proposed the integrative literature review using MEDLINE, Biological Abstracts
and EMBASE databases.

Results. This review summarizes and discusses historical milestones and current data concerning CTC
biology, the main stages of their life cycle, their role in metastatic cascade, clinical prospects for their use
as markers for the diagnosis and prognostication of the disease course, as well as targets for cancer
treatment.

Conclusions. Significant progress in the area of CTC biology and their use in cancer theranostics
convincingly proved the attractiveness of these cells as targets for cancer prognosis and therapy. The
effective use of liquid biopsy with quantitative and phenotypic characteristics of CTCs is impeded by the
imperfection of the methodology for taking biological material and by the lack of reliable markers for
assessing the metastatic potential of CTCs of various origins. The variety of mechanisms of tumor cells
migration and invasion requires the development of complex therapeutic approaches for anti-metastatic
therapy targeting CTCs. Efforts to address these key issues could help developing new and effective
cancer treatment strategies.

Key words: circulating tumor cells; circulating tumor microembols; metastasis; epithelial-
mesenchymal transition; minimal residual disease.

Cancer is the second leading cause of death
in the world after cardiovascular diseases.
Experts estimate that cancer rates have risen
to 2.7 million cases (all types of cancer except
non-melanoma skin cancer) and led to 1.3 mil-
lion deaths in 2020 in the European Union [1].
The Cancer Statistics 2020, published in the
peer-reviewed journal of the American Cancer
Society CA: A Cancer Journal for Clinicians,
reported 180,690 cancer cases and 6,065,20
deaths, which is about 4,950 cases and more
than 1,600 deaths daily [2]. In Ukraine,

incidence of cancer per 100 000 population
is ~384.7 cases according to the data from
Bulletin of National Cancer Registry of
Ukraine (No 21).

The main cause of death in ~80% of
cancer cases is the development of relapses
and metastases. This actualizes the search
for reliable markers for the assessment
and prediction of the course of oncological
pathology, as well as for the development
of methods and means of prevention and
treatment of cancer recurrence and metastatic
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disease. Attractive candidates for the role of
such markers are tumor cells that separate
from the primary node and circulate in the
blood and lymphatic vessels — the circulating
tumor cells (CTC). That is why CTC are
called “pioneers” of tumor origin, which are
responsible for the metastatic spread of cancer.

The study of the CTC biology is important
both in terms of improving the knowledge
about the biology of cancer, and applying
the acquired knowledge in clinical practice
for the development of targeted treatments
for cancer. The problem of studying the CTC
dates back to antiquity, i.e., since the time of
Hippocrates, when such pathology as cancer
was first established, the search for effective
treatments of which is still relevant today.
The importance and prospects of this scientific
area is evidenced by the long period of its study
with the growing number of publications in
the scientific literature and the involvement
of specialists in various fields of biology
and medicine: from cytologists, geneticists
and biochemists to biophysicists, molecular
biologists and immunologists.

This review summarizes and discusses
historical milestones and current data
concerning CTC biology, the main stages of

their life cycle, the significant role of CTC in
metastasis, the methods of their study and
clinical prospects for their use as markers
for the diagnosis and prognostication of the
disease course, as well as targets for cancer
treatment.

Historical milestones in the study
of circulating tumor cells

The ability of a malignant neoplasm to
spread systematically was first mentioned
in ‘Humoral Theory’ of Hippocrates — the
“father of medicine”, who described not only
the term “cancer” but also singled out its
ability to grow, be surrounded by blood vessels,
and its immune infiltration (Fig. 1) [3].

The long period from the death of
Hippocrates to the Middle Ages was famous
for a number of works devoted to the study of
tumors and the problem of cancer treatment,
which are still questionable in their usefulness.
It was not until the middle of the 18th century
that Henri Le Dran (1685-1770), a leading
French physician, realized that cancer was
not only a systemic disease, as Hippocrates
believed, but was local with gradual
progression. In 1757, Le Dran suggested that
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Fig. 1. Chronological periodization on the study of circulating tumor cells from ancient times to the present

From left to right: Hippocrates (460—370 BC), Henri Le Dran (1685-1770), Joseph Récamier (1774—
1852), Bernhard von Langenbeck (1810-1887), Rudolf Virchow (1821-1902), Karl Thiersch (1822-1895),
Thomas Ramsden Ashworth (bef. 1830-1876), H. C. Engell (1921-2011), Judah Folkman (1933-2008),
Lance A. Liotta (born July 12, 1947), Peter C. Nowell (1928—-2016), Napoleone Ferrara (born 26 July 1956),
Pantel Klaus (born 3 August 1960), new era of CTC research, which is characterized with the most sensitive
methods of detection (1998—currently). Red threshold signifies a big step towards understanding a significance
of tumor angiogenesis
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surgery should take place before the tumor
could metastasize through the lymphatic
system and affect other parts of the body [4].

Recamier (1829) and later Thiersch (1865)
were among the first to report the invasion of
malignant cells into the veins and lymphatic
vessels of a patient with basal cell carcinoma
of the skin (BCC). In 1841, Langenbeck’s
experimental data obtained by microscopy
provided conclusive evidence for the presence
of tumor cells in the bloodstream.

In 1858 Virchow’s generally accepted
theory emerged. It explained metastasis by
tumor emboli arrest in the vascular network.
Eleven years later, Thomas Ashworth, who
performed an autopsy on a patient who had died
of metastatic cancer, reported the presence
of circulating cells in his subcutaneous vein,
similar in morphology to the primary tumor
cells. This observation provided further
evidence of the ability of individual tumor cells
to migrate to blood vessels ete. [5—9].

The work of Engell et al., 1955 on the
detection of tumor cells in peripheral blood
in cancer patients, is considered to be more
“mature” in this scientific direction. This
research group found that in 61% of cases of
tumor cells in blood samples, their presence
was associated with a low degree of tumor
differentiation (< G3). Because 51% of
patients who survived 5 to 9 years after tumor
resection had circulating tumor cells, Engell
suggested that “these cells must spread into the
bloodstream before or during surgery” [10].

The next step in the progress of the theory
of circulating tumor cells was the elaboration
of experimental models of metastasis in the 70s
of the previous century. However, metastases
were generally considered at this time as a late
event in the development of epithelial tumors.
Subsequently, Pantel et al. [11, 12] using the
methods of immunohistochemistry, concluded
that there is a common phenomenon of early
spread of isolated tumor cells for non-small cell
lung cancer. In addition, this scientific group
has shown that in carcinomas of the breast
and gastrointestinal tract, most disseminated
tumor cells in the bone marrow of patients
are at rest.These scientists also performed
an important observation on the detection in
histological specimens of tumors of lung cancer
patients without metastases. It was found out
that a significant proportion of cytokeratin-
positive cells were present compared with
specimens of patients with metastases.

A rather interesting theory was proposed by
Nowell (1976), known as the “model of somatic
evolution” [13]. According to this model,

metastatically competent disseminated cells are
considered as central players in the extremely
complex phenomenon of metastasis, where
genetic variability and selection of the most
aggressive and adapted clones in tumor tissue
determines the consistent of the population of
malignantly transformed cells and the ability of
individual representatives to spread.

Further in a series of pioneering
experiments, Folkman et al. [14, 15] identified
the critical role of angiogenesis in the
metastatic cascade. Folkman himself theorized
that tumors need constantly new blood vessels,
and thus trigger certain mechanisms of their
formation to provide rapidly proliferating cell
mass with the necessary oxygen and nutrients.
This was the beginning of a scientific field
devoted to the study of tumor angiogenesis.
However, the scientist’s ideas were not
approved by the scientific community until
in 1980 when Napoleone Ferrara, a scientist
at the biotechnology company Genentech,
discovered the vascular endothelial growth
factor (VEGF), a cytokine that stimulates the
formation of new blood vessels.

Folkman’s scientific research was
continued by Liotta, who proved that there
is a balance between factors that stimulate
angiogenesis and inhibits this process. They
are both secreted by the tumor cells themselves
and cells of the tumor microenvironment.
By modeling a course of fibrosarcoma in
mice daily, the scientist observed a linear
correlation between the density of perfusion
vessels and a growth of the proportion of tumor
embolus cells (four or more). The studies above
have shown that vascularization of tumor
tissue and the concomitant process of tumor
complexes entering the bloodstream are closely
related and critical events in the initiation of
metastasis[16, 17].

These and many other experimental works
and clinical observations have initiated a new
era in the study of malignant tumors, associated
with the investigation of the origin, phenotypic
and functional characteristics, detection
methods and clinical significance of CTC.

Epithelial-mesenchymal transition
in the life story of the circulating
tumor cells

Tumor is a localized mass of malignant
cells that contains transformed cancer cells,
stromal cells, and cells that infiltrate the
tumor. In the process of malignancy, tumor
cells acquire a number of common properties:
the potential to proliferate in the absence of
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exogenic growth factors, the ability to resist
pro-apoptotic stimuli, the capacity to stimulate
angiogenesis, etc.

Genetic instability of tumor cells is caused
by constant errors in chromosome segregation
during mitosis, as well as external selective
pressure of the microenvironment, including
immune surveillance with the need to adapt
to it. By acting together, these factors create
a basis for the formation of a heterogeneous
population of primary tumor cells [18, 19].

Different cells in such heterogeneous
population are specialized on the development
of one or another tumor property, which
determines their fate in the pathological
process. For example, an exceptional ability
to proliferate locally using autocrine signals
guarantees a tumor cell the fate of the cell that
creates a mass of the primary tumor, i.e., the
destiny of the bulk tumor cell.

A small part of the cells of the heterogeneous
population of the primary tumor in a course
of their development acquires completely
different properties. They lose intercellular
contacts, but instead gain the ability to invade
the local microenvironment, they intravasate
into blood and lymphatic vessels, from which
these cells extravasate back into the tissue.
Such characteristics are typically unsuitable for
local clonal expansion, that is why these cells
became ‘travelers’, or CTCs, due to their feature
to initiate foci of tumor growth at a distance
from the primary tumor. One of the key events
in the life cycle of the CTC is the epithelial-
mesenchymal transition (EMT), which was
identified by Hanagan and Weinburg as one of
cancer features [20].

EMT was discovered in 1982 by Greenberg
and Hay [21]. It is the process of a complete
loss of the epithelial features and an
acquisition of a mesenchymal phenotype by
former epithelial cells.

Epithelial cells are characterized by a
flat, cubic, cylindrical shape, they are also
distinguished by polarity, that is the part of
the cell which is located in the area of contact
with the basement membrane, differs in a
structure from the apical part. The epithelial
cells are connected by tight junctions (TJs),
gap junctions, adhesive (containing a stretched
actin belt) and desmosomal contacts, which
cause both linearization of location and tight
fit of cells to each other [22].

In contrast to epithelial cells, mesenchymal
cells are spindle-shaped and are connected
by weak integrin focal contacts with the
glycoprotein matrix. At the same time, the
mesenchymal morphology of cells guarantees
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their ability to move. In order to migrate
elsewhere, the cell must first get through the
surrounding tissues, and then appear in the
delocalized areas of the basement membrane.
Movement in such conditions is used with the
help of specialized structures — invadopodia,
which are formed as the result of a membrane’s
evagination (protrusion) [23].

Despite the detailed description of
morphological and functional differences
between epithelial and mesenchymal cells, a
precise list of phenotypic characteristics that
distinguish these cells still remains unformed,
and the existing one is contradictory [24].

During EMT activation, epithelial cells
lose apico-basal polarity due to spontaneous
polymerization of actin fibers and the
movement of microtubules. This process
requires a rupture of cellular connections
(occlusal and adhesive contacts), delocalization
of proteins and subsequent reorganization of
the cytoskeleton to obtain cellular plasticity
[256—-2T].

Such rearrangements occur when a signal is
received from Rho and Racl proteins belonging
to the GTPase family, which are localized in
the posterior and anterior parts of the cell,
respectively. Activation of Racl mediates
cell polarization and lamellipodia formation,
while high Rho GTPase concentrations
increase the level of actomyosin contractility
[28, 29]. Further events are followed by
the expression of mesenchymal markers —
vimentin, N-cadherin, F-actin, nuclear beta-
catenin and others, whereas such markers
as cytokeratins 8, 18 and 19, E-cadherins,
Mucin-1, occludins, desmoplakinins are
thought to be purely epithelial (Fig. 2).
Although EMT is subject to a general program,
this process is characterized by flexibility and
variability, depending on cell type, tissue
microenvironment, and the extremely complex
multicomponent and closely interconnected
set of transcriptional and posttranscriptional,
translational and posttranslational signaling
pathways, including Hadgehog-, Wnt-,
TGF-B-, bone morphogenetic protein (BMP)—,
SMAD-depending (and independing), etc. [30].
EMT is a reversible process. The reverse process
is called mesenchymal-epithelial transition
(MET) [31-33]. Normally, MET is characteristic
of pluripotent stem cells [34, 35].

The problem of signaling, which regulates
EMT, still remains the least studied. However,
today, depending on the biological conditions
in which epithelial-mesenchymal transition
occurs, there are three functional subtypes
of this process. The first is associated
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with embryogenesis (gastrulation period),
implantation and organ development in
Vertebrates. This type of EMT results on
theformation of different types of cells, which
can be exposed to MET with the derivation of
secondary epithelial cells during embryogenesis.
Distinctive features of this type of EMT are the
absence of fibrosis and cell invasion.

The second type of EMT is associated
with wound healing, tissue regeneration and
fibrosis of the internal organs. The result of
EMT of this type, is formation of fibroblasts
and other related cells, which are necessary for
tissue repair after wounds and inflammatory
injuries. This type of EMT is characterized
by the presence of fibrosis, but not invasion.
The third type of EMT is inherent in the
tumor process, during which the generated
cells retain epithelial features simultaneously
with the acquisition of mesenchymal
characteristics, as well as tumor cells of
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the mesenchymal type as the consequence.
Distinctive features of EMT of this type are
invasion and metastasis [36, 37].

The study of the third type of EMT revealed
new changes that are induced by this process,
but which are not always observed (inhibition
of epithelial phenotype gene expression
with simultaneous increase in mesenchymal
gene expression and resistance to apoptosis
and cellular aging), and the fact that EMT
is a dynamic process with the existence of
intermediate metastable states.

The third type of EMT is associated with
oncogenesis. It can be considered as an aberrant
variant of this process. In this pathological
condition, the ability of mesenchymal tumor
cells to avoid activation of anoikis (process
of apoptotic cell death that occurs due to
insufficient cell-matrix interaction) and
immune surveillance are associated with genes
activated by EMT [38—40].
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Fig. 2. The epithelial-mesenchymal transition (EMT) and CTC strategies for the dissemination:

A — in health condition (embryogenesis, implantation and organ development), epithelial cells lose their
phenotypic markers and connections with the cell matrix, and gradually acquire mesenchymal phenotype
and form membrane invaginations for the ability to move freely; B — incancer, tumor cell high mutagenesis
along with signals from the microenvironment create the necessary prerequisites for the EMT and tumor cell
dissemination using different strategies: I — single CTC moves independently and uses platelets to create
protective shield; IT — Single CTCs can use NET extrusion by activated neutriphils in order to create circulating
tumor microemboli (CTM) straight in the blood; III — CTM can be formed within the primary tumor before
entering the blood flow. In order to move freely throughout small blood vessels, cells in the microemboli “line
up” in the chain without losing adhesive bonds; IV — CTC can also disseminate throug the lymphatic vessels;
MMP — matrix metalloproteinases; NET — neutrophil extracellular trap; ROS — reactive oxygen species;
PMN — perivascular metastatic niche; PT — primary tumor
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The course of EMT during tumor
progression is supported by the involvement
of cytokines (VEGF, PDGF and TGF-f), which
are secreted by cells of the microenvironment,
including tumor-associated macrophages
(TAM) — resident tumor macrophages
polarized to the M2 phenotype. It is now
known that TAMs are activators of malignant
progression of the primary tumors. They
are involved in the activation of metastasis
and make a significant contribution to the
adhesive integrity of the tumor stroma. A
distinctive feature of TAM with this capacity
permitting is the high level of expression of
the transcription factor ZEB1, which provides
activation of tumor metabolic pathways of
these phagocytes [41-43].

Transcription factors ZEB1, ZEB2,
TWIST1, Snail, Slug, SIX1, E47, ELFS5,
FOXC2, GRHL2, p53, p63 etc. of the tumor
cells are components of signaling pathways
involved in the process of their epithelial-
mesenchymal transition. After phosphorylation
by protein kinases, these transcription factors
and the corresponding co-regulators inhibit
the expression of epithelial phenotype genes
in the tumor cells. This leads to the formation
of a mesenchymal phenotype with reduced
expression of epithelial adhesion molecules
(EpCAM) and cytokeratins (CK), promotes
invasion, dedifferentiation and the ability to
intravasate into lymphatic and blood vessels
[44]. This is how the CTC population appears.

In addition to transcription factors,
anothertrans-regulatory elements — miRNA —
also participate in complex EMT phenomenon.
Moreover, transcription factors interact with
miRNA in this sophisticated process, and
can create a feedback or feed-forward loop
providing cross-gene regulation network [45].
Deep insight into this network may provide
a new therapeutic opportunity in cancer
treatment.

The primary tumor contains cells that
are at different stages of EMT with diverse
invasive, metastatic properties and various
degrees of differentiation. Tumor cells at
varied stages of EMT are localized in different
microenvironments and in contact with
different stromal cells. In particular, cells with
the most pronounced mesenchymal phenotype
proliferate near endothelial cells and immune
cells with an inflammatory metabolic profile.

Tumor cells at this stage secrete large
amounts of chemokines to recruit immune cells
and stimulate angiogenesis, thus contributing
to the formation of a unique inflammatory and
highly vascularized niche. The most effective in
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the circulation, as well as in the colonization of
the distant metastatic niche and the development
of metastases, are CTC, which express a mixture
of epithelial and mesenchymal phenotypic
markers (EMT-CTC) [46].

The life cycle of the CTC requires from
them an extreme stress resistance, which is
provided by the special genetic, phenotypic and
metabolic properties of these cells.

The unique properties of CTC

By definition, CTC are a type of malignant
cells that separate from both primary tumor
that exists in a body and reaches a few
millimeters, and the secondary tumor [47].
CTC enter the blood or lymph through the
dense walls of blood vessels, spreading further
to other parts of the human body, which
become secondary foci of tumor growth [48].

There are different biological phenotypes
of CTC: epithelial, mesenchymal, stem cell-like
or cells with a mixed phenotype, depending on
the stage of EMT [49, 50].

CTC has certain characteristics regardless
of the stage of EMT, which distinguish
them from stationary tumor cells and allow
them to perform their assigned functions of
dissemination of the tumor process under the
action of numerous stressors:

- ability to separate from tumor tissue;

- ability to resist anoikis activation after
separation;

- ability to migrate to blood and lymph
vessels;

+ ability to maintain viability under
hemodynamic stress;

- ability to avoid immune surveillance;

- ability to attach and proliferate in a new
tissue microenvironment.

Where do cells with such an exceptional
set of properties in the composition of tumor
tissue come from? According to the generally
accepted hypothesis, CTC originate from stem
tumor cells (Cancer Stem Cells, CSC) and differ
from them in some features acquired as a result
of unique mutations [51, 52].

The circulating tumor cells inherit from
the CSC an ability to self-renewal and remain
dormant (anabiosis can last from several
years to decades), as well as the ability
to differentiate into cells with different
phenotypes, which enables them to initiate
tumor growth in the secondary location. There
are several mechanisms for acquiring the
following unique properties by CTC:

- genetic or internal mechanisms (high
level of mutagenesis with aberrant gene
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expression, redistribution of gene expression
induced by EMT, “stem-like” properties
inherited from CSC);

- influence of the tissue microenvironment
of the primary tumor (tumor-associated
hypoxia, tumor exosomes, cytokine profile
produced by TAM, myeloid-derived suppressor
cells (MDSC) and tumor-associated fibroblasts
(TAF));

- influence of circulating blood micro-
environment (immunosuppressive, promiga-
tory cytokine profile, interaction with platelets,
neutrophils, monocytes, natural killer cells
(NK), regulatory T cells (Treg), etc.);

+ clustering.

Increased mutagenesis and aberrant gene
expression in circulating tumor cells result in
overexpression of dormancy-related genes,
genes associated with increased survival (e. g.,
survivin gene), and immunosuppressive genes
(e. g., PDL-1) [53]. Recently, special attention
has been paid to the influence of the circulating
blood microenvironment and clustering of CTC.

An important event happens when CTC,
by undergoing hemodynamic pressure in the
circulating blood, change their metabolism.
It is followed by increased generation of
reactive oxygen species (ROS) [54, 55]. ROS-
dependent signaling enhances the expression
of antioxidant enzymes (superoxide dismutase,
catalase and glutathione peroxidase), and
promotes the transmission of mitogenic
signals, which contribute together to the
survival of the circulating tumor cells
under stress. In addition, ROS have an
immunosuppressive effect and promote the
differentiation of naive T cells to Treg, and
immature myeloid cells — to MDSC [56].

Despite the stress resistance acquired upon
mutations and aberrant gene expression, CTC
still need to secure movement to the tissue
niche and form metastases in the aggressive
microenvironment of circulating blood. EMT
gives CTC the ability to separate from the
primary tumor and to invade surrounding
tissue using so-called mesenchymal movement
pattern, which involves the destruction
of the extracellular matrix. Vasoactive
mediators, such as VEGF, produced by
microenvironmental cells, in particular
TAM, increase vascular permeability, which
promotes intravasation of the circulating
tumor cells. TAM reconstruct the ECM, which
facilitates the movement of CTC to the vessel
[67]. Taken together, all this leads to a single
CTC entering the bloodstream. Besides, tumor
cells that have already passed through EMT
but are encounting microenvironmental or

xenobiotic stress (e.g. cytotoxic agents), can
use mesenchimal-amoeboid transition (MAT)
in order to evade the stress. MAT is the most
primitive and most efficient movement
mechanism, that does not involve destruction
of the extracellular matrix and is based on
highly deformable cell morphology. This tumor
cell migration plasticity allows them to adapt
to different environmental conditions and
to disseminate to long distance [58, 59]. It is
logical to assume that the simultaneous effect
on mesenchymal and amoeboid motility may
be more effective in preventing the process of
metastasis [61].

The cells that have separated from the
tumor mass and move alone have a higher
migration rate, but they are effectively
attacked by the immune surveillance system,
experience greater hemodynamic pressure and
have an increased risk of anoikis activation
[61]. Due to this, less than 0.1% of single
CTCs remain viable 1-2.5 h after circulation.
The mechanism to avoid such rapid death is
the clustering of circulating tumor cells — the
formation of dense conglomerates of cells, or
tumor microemboli, which include a minimum
of 3, maximum 100, usually — 20-30 cells.

Currently, it is supposed that CTC
microemboli can be either formed with in
the primary tumor before entering the blood
flow or within the circularly system [62]. At
the same time, the rather large size of the
cluster set up before entering the circulatory
system does not prevent it from moving freely
throughout small blood vessels due to the
ability of cells in the microemboli to “line up”
in the chain without losing adhesive bonds
(Fig. 2). Intercellular bonds in circulating
tumor microemboli (CTM) are formed by
placoglobin (y-catenin, which is a member
of the Armadillo family of proteins and
a paralog of P-catenin, an intracellular
component of adhesive and desmosomal
contacts), which also provides additional
stress resistance of clusters during their
transit into the blood [63, 64].

The composition of the microemboli is
heterogeneous at the genetic, transcriptomic,
proteomic and metabolic levels and contains not
only tumor cells but also tumor stroma cells,
such as TAM [65]. The latter make a significant
contribution to the adhesive integrity of
the structure. The formation of CTM is also
possible in the circulatory system. Circulating
neutrophils become important partners of the
tumor cells in this structure. It concerns those
neutrophils which are activated before NET
extrusion or NETosis — the release of a network
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containing mitochondrial or nuclear DNA, and
the components like antimicrobial peptides,
reactive oxygen species, enzymes, etc. into the
extracellular space [66—68].

In spite of the large number of works
concerning the study of the role of stromal
cells in CTM, both the list of functions
and phenotype of these cells have been
insufficiently studied [69]. A crutial role in
the structure of CTM is played by platelets
that surround them in the form of the so-called
“shield”. Thrombocytes provide protection
against the recognition of tumor cells by
immunocompetent cells, prevent their lysis by
NK cells.

When CTM moves, it is later “stuck”
in the capillaries, which serve as a kind of
“catcher” of malignant cells, platelets lead to
a state of hypercoagulation and the formation
of vascular thrombi, which are a hallmark of
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hematogenous spread of malignant tumors.
In addition, the release of platelet granules,
which contain vasoactive, antiapoptic and
other biologically active mediators, is a way
of apoptotic resistance of CTM cells, promotes
their survival and increases metastatic
potential many times [70, 71].

The movement of single CTC in the
circulating system can be identified with
the movement of cars during a rally, where
the winner is the one who overcomes the
path “from point A to point B”, which is not
always associated with a high level of safety.
Coordinated CTM migration is reminiscent of
car traffic provided that the prescribed traffic
rules are followed and a mandatory stop at
the red light — it is slower but secured by
coordinated community action and provides
more guarantees of reaching the final
destination (Fig. 3).
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Fig. 3. Interpretation of the movement of single circulating tumor cell vs tumor microemboli:

A — The circulating tumor cell, which was recently shed from a primary tumor and actively moves through
the blood flow has lack of survival mechanisms and thus successfully recognizes and attacks by the main cells
of immune antitumor surveillance (CD8+T-cells and NK cells). This way the majority of single-moving CTC
risk to be either subjected to the mechanical damage or anoikis in the blood circulation.The same events are
happening when audience watches live streaming of Formula 1. It is often questionable whether a F1 car can
survive a rally stage, because driving at the high speed enhances probability of the car crash. B — the circulating
tumor microemboli have high potency to survival during the transit in the blood stream due to molecular and
cellular mechanisms. Being coated with thrombocytes, CTM are endowed with an ability to avoid direct attack
of NK-cells and continue their migration to the capillaries. But this unimpeded access has the other side, since
small vessels own a bandwidth limit. This results in CTM being stuck inside the capillary. The circulating tumor
microemboli movement resembles the car traffic at a steady speed where stopping at a red light is the basic law
of survival according to main principle — ‘run silent, run deep’
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The formation of microemboli gives CTC
the properties of “stemness” — maintaining a
differentiated phenotype, the ability to divide
and self-renewal through overexpression
of transcription factors Hadgehog, Wnt,
TGF-p and chemokine CXCL12. Binding sites
for transcription factors associated with
“stemness” and proliferation are specifically
hypomethylated in CTC clusters, including
binding sites for OCT4, NANOG, SOX2, and
SIN3A[72, 73].

The initiation of metastasis, which is
marked by the appearance of CTC in the
circulation, is associated with a significant
increase in the number of NK — important
effector cells of antitumor surveillance. CTM
clasterization significantly contributes to their
resistance to NK cytotoxicity. CTC themselves
and partner cells of the microenvironment
in CTM produce a significant amount of
immunosuppressive mediators, such as IL-
10, prostaglandin E2, etc., which inhibit the
expression of activator immunoglobulin NK
receptors responsible for their antitumor
activation [69, 74].

CTM formation is accompanied by
overexpression of CD44, a non-kinase
transmembrane glycoprotein. CD44 binds to
hyaluronan within a tissue metastatic niche
and activates numerous signaling pathways
associated with activation of proliferation,
survival of circulating tumor cells, and
alteration of their cytoskeleton which
enhances invasive movement [66]. This allows
the CTC to acquire the status of disseminated
tumor cells (DTC) and to initiate the next
stage of their life cycle — the formation of a
metastatic tumor foci.

Disseminated tumor cells

A small population of tumor cells,
including CTC and disseminated tumor cells
(DTC), which persists in the patient in a
state of complete morphological remission
after treatment, causes the so-called minimal
residual disease (MRD) [75]. DTC are
responsible for the post-extravasation stage
and can be found in distal organs and all the
tissues, including bone marrow [76].

DTC are a heterogeneous population of cells
that share both epithelial and mesenchymal
characteristics. DTC can be found singly or
as clusters formed of 10-20 cells [77]. The
peripheral blood sample, due to the fact that
the DTC is an extremely rare component,
contains at most 1 disseminated tumor
cell per 1 ml [78]. The main morphological

characteristics of the DTC are a large nucleus
with granulation or stippling, strong or uneven
staining for cytokeratin and cytokeratin
filaments [79].

Circulating throughout the body, DTC
are able both to enter and exit target organs
without initiating tumor growth [80]. In
order to form micrometastases ranging in size
from 0.2 to 2 mm in tissues and organs remote
from the primary location, DTC must adapt
to the microenvironment of the metastatic
niche [81, 82].

The microenvironment of the tumor
consists of cellular and extracellular
components. In the growth zone of the primary
formation, the fraction of tumor cells is about
half mass of the tumor, the rest are non-
malignant cells of the microenvironment. In
areas of metastasis, the proportion of tumor
cells is incomparably little in relation to the
number of non-malignant tissue elements,
so the DTC face an extremely difficult task
to adapt to such a potentially aggressive
microenvironment. Given this, 80% of DTC
are able to survive extravasation, 3% can
reach the stage of micrometastases, and less
than 0.02% are able to form secondary foci of
metastasis [83].

DTC have a potential to reach any organ or
tissue. However, recurrence of tumor growth
usually develops in a limited number of
tissues and organs. Moreover, different types
of tumors are characterized by metastasis
only in certain organs and tissues, which are
probably suitable for the formation of the most
favorable metastatic niche.

The perivascular metastatic niche (PMN)
microenvironment, where DTC from the
circulations arrive, is evolutionarily adapted
to sustain the viability of stem tissue elements
of the adult organism for a long time [84].
Evolutionarily formed physiological features
of PMN are successfully used by DTC.
These cells stay in a long latent period with
subsequent reactivation of tumor growth.
DTC form a direct link with stromal cells,
which are a valuable reservoir of potentially
promethastatic soluble mediators [85, 86].

The largest number of studies in this regard
concerns DTC detected in the bone marrow
and the role of their microenvironment for the
persistence, latent phase and further reactivation
of these cells [87—89]. In addition to the bone
marrow, investigations of tissue metastatic
niche often involve the brain and lungs. The
long-term survival of DTC in the bone-marrow
depends on the formation of gap junctions with
osteogenic niche cells that is osteoblasts. The
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one of the functions of osteoblasts is to serveas
a calcium reservoir for the future activation of
DTC from dormancy [90, 91].

In the brain, DTC occupy the tissue niche
of pericytes or Rouget cells: they disrupt
the blood—brain barrier (BBB) and migrate
along the surface of brain capillaries in the
space between pericytes. Brain DTC resemble
pericytes in their morphology [92, 93]. In the
lungs, airway smooth muscle cells become
forced DTC partners in the colonization of this
metastatic niche [94, 95].

In all instances, the extracellular matrix
molecules play a key role in the successful
homing of DTC in the metastatic niche [96].
DTC of various origins are characterized by
overexpression of certain adhesion molecules,
which determine their affinity for cells in
the metastatic niche, that overexpress the
corresponding ligands. For example, airway
myocytes overexpress collagen III, the receptor
for which (CD167a), in turn, is overexpressed
in tumor cells characterized by pulmonary
metastases [97].

It should be noted that an important factor
in successful DTC homing is MET. DTCs that
complete MET with coordinated re-expression
of E-cadherin may occupy distant organs, form
small preangiogenic metastases, or larger
vascularized metastases [98—100].

After successful homing in a metastatic
tissue niche, DTC enter a state of metastatic
dormancy in which they can remain for a very
long period of time in order to survive and
relapse, sometimes decades later. Metastatic
dormancy precedes the development of a
secondary tumor. Its main features are growth
arrest and resistance of malignant cells to
therapy [81, 101].

Maintenance of metastatic dormancy is
ensured by three important components:
angiogenic dormancy, immune-mediated
dormancy and intrinsic latency mechanisms
of the DTC. Angiogenic mechanisms are
largely regulated by hypoxia in the DTC
microenvironment. The hypoxic environment
of the metastatic niche causes overexpression
of HIFlo and activation of the tumor
angiogenesis [102].

Immune-mediated mechanisms include
the possibility of the DTC to avoid immune
surveillance (recognition and killing by
cytoxic CD8 + T cells and natural killers) by
mechanisms that are still at the research stage
[103]. The internal mechanism of DTC latency
is their “arrest” in the GO phase with the full
stop of proliferation. This process occurs
without enhancing cell death [104].
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The question of how these three programs,
which form the preconditions for the
development of tumor recurrence, relate
over time and which of them is of paramount
importance and, therefore, should become the
main target for the development of approaches
for the prevention and treatment of cancer
recurrence, remains open. A key feature of
DTC in metastatic dormancy is their ability
to maintain a high degree of epigenetic and
transcriptional plasticity and to reactivate
various programs in order to stop growth and
survive.

Successful homing, dormancy, and lack
of proliferation make DTC insensitive to
chemotherapeutic factors. Additional resistance
of DTC to cytotoxic agents is provided by
integrin signaling, which is ensured by close
contacts with the corresponding extracellular
matrix ligands in PMN. All of this allows the
DTC to survive for a long time at dormancy
state in a colonized metastatic niche.

Later, the life story of DTC passes to the
stage of an exit from the state of dormacy
and activation of tumor growth. The triggers
for the transition of dormant DTC to the
phase of tumor growth activation is still
unknown. Some assumptions are made about
the existence of internal and external DTC
reactivation triggers. One of the hypothetical
internal triggers for the DTC to exit metastatic
dormancy is their overexpression of CD36 —
a fatty acid translocase and one of the
macrophage scavenger receptors capable of
binding collagen and thrombospondin [105].
Cumulative absorption of fatty acids involving
CD36 provides a substrate for B-oxidation
of lipids, a highly efficient method of
generating ATP required DTC to exit from
dormancy [106].

An important external trigger for DTC
reactivation is tissue inflammation, which in
turn can be triggered by a variety of events
and factors. Inflammation is known to be
accompanied by recruiting into the area of
its development the circulating myeloid cells
(neutrophils, monocytes, etc.), which causes
the remodelling of the ECM and the activation
of dependent signaling of DTC in a dormant
state.

These signaling cascades cause the
activation of DTC proliferation and their
metabolic activation. This is accompanied by
the transformation of the state of immune
balance in the metastatic niche (when the
cytotoxic activity of antitumor immune
effectors inhibits the growth of the tumor
nodule) to the so-called immune editing —
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changing the metabolic profile of immune
cells from antitumor to pro-tumoral. Immune
editing results in the formation of a tumor
microenvironment, which promotes not only
the growth of the tumor nodule, but also
provides further drug resistance of tumor
cells. For instance, smoking or bacterial
infection in the lungs with lipopolysaccharide
exposure causes the recruitment of neutrophils
with activation of the NET extrusion.
Neutrophil elastase, matrix metalloproteases
and other enzymes that are part of NET
mediate the ECM remodeling followed by the
activation of laminin IIT and a3p1 integrin-
dependent DTC signaling pathways, which
increased a proliferative activity of these cells
[77,107].

The study of numerous unexplored
issues in the life cycle of CTC and further
DTC requires the development of adequate
model systems that will reproduce the entire
metastatic cascade in vivo in the patient’s with
the maximum proximity.

Preclinical models in the study of CTC

Preclinical models for the study of CTC
can be divided into two categories: isolation
and cultivation of CTC ex vivo, followed by
the investigations of their biology and drug
susceptibility testing; modeling the behavior
of CTC in the metastatic cascade using murine
models [108, 109].

Ex vivo technologies are a good alternative
to animal models, which are time- and labor-
consuming, as well as quite costly. This type
of clinical study was introduced to study
the biology of the metastatic cascade in
colon cancer, as well as breast, prostate and
lung cancer. However, this methodology
has also a number of disadvantages and
limitations [68, 110].

The CTC are present in small amounts in
the peripheral blood — approximately 1 CTC
per 7.5 ml of blood sample volume in patients
with metastatic cancer [111]. According to
other estimates, the frequency of CTC ranges
from 1 to 10 cells among 5 billion erythrocytes,
10 million leukocytes, 200-500 platelets in 1
ml of peripheral blood, which is equivalent
to finding a needle in a haystack [112-114].
The difficulty in isolating CTC is due to their
significant heterogeneity and non-identified
phenotypic profile. There is also a lack of
information on the most valid markers for
cells with the highest metastatic potential, the
detection and study of which is diagnostically
and prognostically significant [116, 117].

A wide range of methodological approaches
is used to identify CTC. Enrichment strategies
can be based on both biological properties
(expression of membrane markers) and
physical characteristics (size, density,
electric charge) and are usually combined
with identification methods based on the
detection of membrane markers (e.g.,
immunofluorescence, immunohistochemistry,
FISH, etc.) or expression of specific genes,
which are identified by real-time PCR or
quantitative PCR.

Isolation of CTC can be based on their both
positive selection among normal blood cells and
negative selection with leukocyte depletion.
However, the use of ex vivo technologies does
not allow imitating the entire metastatic
cascade, the components of which are CTC.
These methods are more suitable for studying
the CTC molecular biological characteristics
and screening of targeted drugs [118-120].

The murine models, which are used to
study CTC in the metastatic cascade, are
divided into several types or groups. The
first group includes models of spontaneous
metastasis [121, 122]. These models are based
on orthotopic transplantation of tumor cells
(e.g., transplantation of prostate cancer cells
into the prostate gland of male mice) followed
by monitoring of disease progression over
time. The unquestionable advantage of this
methodological approach is the ability to model
all stages of the tumor process from the growth
of the primary tumor to the development of
metastases.

The second group combines animal models
based on intravenous injection of tumor cells
[1283-125]. The advantage of these models
is their shorter duration, because there is no
stage of development of the primary tumor.
Despite the fact that tumor cells introduced
in this way are potentially able to spread to
all tissues and organs, in reality they form a
foci of tumor growth where they first enter
the capillary bed. Therefore, the disadvantages
of this approach are the lack of ability to
predictively model metastasis in a particular
organ. In addition, the absence of the primary
tumor stage makes the reproduction of the
pathophysiology of the process incomplete.

Both described groups of methods for
modeling the metastatic process use syngeneic
tumor cells. The third group consists of
genetic engineering models (GEMM), based on
the manipulation of the expression of proto-
oncogenes or oncosuppressor genes, and includes
transgenic models and models based on gene
knockout [126, 127]. These models allow us to
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investigate the role of genes associated with the
formation of CTC and their ability to acquire DTC
status and initiate the recurrence of the tumor
process. However, genetic manipulations in such
models affect all cells, such as a target organ
or tissue, and thus do not replicate the natural
course of events during the sporadic development
of cancer that occurs due to the accumulation of
genetic changes in a single cell.

The most eye-catching from the point of
view of interpretation of pathophysiology
of metastatic cancer are the models based
on xenotransplantation of tumor cells, i.e.,
on introduction of human tumor cells to
immunodeficient (immunocompromised) mice
(PDX) [128-130]. Such models of metastatic
tumor growth are created by orthotopic
or subcutaneous transplantation of fresh
surgically removed samples of human tumor
tissue, rather than cultured tumor cells. This is
the only type of model that allows personalized
study of the metastatic cascade.

In spite of the undoubted advantages of
this methodological approach, it has a number
of disadvantages as well. Firstly, the creation
of immunodeficiency in animals deprives the
opportunity to study the participation of the
immune system in the studied processes by
experimenter and thus excludes from the study
an important element of the pathophysiology
of the metastatic cascade. Furthermore,
such models do not allow the investigations
of immunotherapeutic approaches in the
treatment of metastatic disease.

Secondly, there is a significant variability
in the engraftment of xenogeneic grafts, which
depends on the type of tumor, the degree of its
differentiation, etc. Thirdly, it is not always
possible to obtain fresh tissue material for
transplantation. Finally, in these models,
achieving a detectable amount of CTC in the
circulation sometimes takes a considerable
period of time. Despite such significant
limitations, xenotransplantation technology
is widely used to study the biology of the
metastatic cascade in breast cancer, melanoma,
lung and prostate cancer, etc. The use of
xenotransplantation of the enriched population
of CTC obtained from peripheral blood samples
from patients is an approach to improving this
technology [131, 132]. However, there is also
an obstacle to this improvement. The point is
that for many cancers, isolation of CTC from
the blood is a significant problem because of
their extremely small number.

Nowadays, the solution to the problem of
modeling the metastatic cascade for the study
of the biology of CTC and DTC is a unification
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of all these methodological approaches and the
combined efforts of specialists in various fields
of biology and medicine.

Applications of the CTC
in clinical strategies

Assessment and prediction of the disease
course are of paramount tasks in oncology,
as they allow stratify patients in order to
develop an optimal treatment protocol and
prevention of recurrence and metastasis.
This problem requires the use of non-invasive
methods, as invasive procedures, such as fine-
needle aspiration biopsy, are traumatic, not
representative of the disease as a whole and
pose a risk of dissemination of the malignant
neoplasm.

The appearance of liquid biopsy has
opened up new perspectives for diagnosing
and predicting recurrence and metastasis
of cancer. Liquid biopsy — the analysis of
tumors using biomarkers circulating in
fluids such as blood — attracts considerable
attention of specialists, despite the fact that
this methodological approach has not entered
the arsenal of standard tools in clinical
oncology yet. The method of liquid biopsy
analyzes various components of the tumor,
which are released into the blood and other
biological fluids, such as circulating nucleic
acids (circulating tumor DNA (ctDNA), cell-
free RNA (cfRNA)), tumor exosomes and
CTC[133].

cfRNA includes mRNA and miRNA [134,
135]. Sequencing of ¢cfRNA, which is found
in the serum and plasma of cancer patients,
especially miRNA, allows to obtain unique
genetic information about the tumor. For
example, circulating levels of miR-375 are a
diagnostic marker for several types of cancer,
including liver cancer, colorectal cancer and
lung cancer [136].

ctDNA includes nuclear and mitochondrial
DNA. Nucleic acids are released into the
biological fluids including blood as a result
of apoptosis or necrosis of tumor cells. High
levels of free nucleic acids and the presence
of specific mutations can be used as reliable
biomarkers to determine the development and
progression of the disease. In different types
of tumors, ctDNA is characterized by specific
changes in integrity and methylation, some
changes in microsatellites and mutations. The
main part of cell-free DNA (cfDNA), which is
found in blood plasma, is the DNA of normal
cells. ctDNA is only a small fraction of it.
However, in terms of quantitative indicators,
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this biomarker exceeds the indicators of CTC,
which has a clear advantage.

Like CTC, ctDNA can characterize the
stage of a tumor and even its metastatic
potential, leading to a lengthy debate about
the comparative characteristics of these two
types of liquid biopsy. Nevertheless, the
detection and analysis of CTC in liquid biopsy
samples still has a number of advantages. In
particular, the quantitative characteristics
of ctDNA are insufficiently diagnostically
and prognostically relevant, because the level
of this circulating nucleic acid increases, for
example, during pregnancy or during the
physiological activation of hematopoiesis
[137]. In addition, the ctDNA study does not
make it possible to assess the sensitivity of the
tumor to drugs, immunotherapy, etc.

The quantitative indicators of CTC in the
blood correlate with the overall survival and
disease free survival in many types of tumors
[138]. For some tumors (stomach, lung, breast
cancers, etc.), the number of CTC increases
with an enlargement of the tumor size and with
the development of distant metastases [139].
Diagnostic and prognostic significance of
liquid biopsies with the determination of CTC
is enhanced by its complementary proteomic
analysis of isolated cells.

Determining the phenotypic characteristics
of CTC allows to assess their metastatic
potential and the risk of disease recurrence. For
example, the presence of HER2-positive CTC in
breast cancer biopsy specimens indicates a high
risk of distant metastases and reduced overall
survival [140]. The most promising phenotypic
characteristics of the CTC in terms of their
diagnostic and prognostic significance are
markers of different stages of EMT and signs
of “stemness” of these cells. In particular, the
presence of transcription factors associated
with EMT, such as Twist, Snail, ZEB-1, etc.,
as well as the detection of the so-called hybrid
phenotype of CTC (cytokeratin + / vimentin +
/ CD45-) characterizes them as EMT-CTC and
is a marker of their high metastatic potential
[141]. Newly recognized markers of cell
stemness and EMT along with well documented
phenotypic characteristics might comprise a
good set for cancer theranostics [142].

The expression of EMT-CTC markers of
CTC increases the prognostic value of liquid
biopsy with their detection [143] and predicts
the risk of metastasis. The expression of
certain phenotypic markers of CTC allows
characterize the sensitivity of the tumor to
chemo- and immunotherapeutic agents as
well. For example, the expression level of

PD-L1 is a prognostic marker of response to
immunotherapy with PDl/PD-L1 pathway
inhibitors [144, 145].

Despite significant advances in the
development of liquid biopsy techniques
in CTC analysis to predict metastasis and
recurrence of oncopathology, there are
some reports of the ineffectiveness of this
methodological approach for some cancers.
For instance, Chen et al. report the lack of
prognostic value in assessing the quantitative
and phenotypic characteristics of CTC for
predicting the course and metastasis of
hepatocellular carcinoma [146]. Yet, one of
the reasons for the negative result may be the
imperfect pre-analytical procedures used by
this study group, as Sun et al. report that the
quantitative and phenotypic characteristics of
CTC isolated from the tumor efferent vessels
and postpulmonary peripheral vessels differ
significantly. According to the authors of this
publication, the quantitative characteristics
of CTC in the hepatic vein and peripheral
vessels can be used to predict the development
of metastases of hepatocellular carcinoma in
the liver and lungs, respectively [147].

It is possible that higher prognostic value
can be achieved by a combination of different
types of liquid biopsy. Furthermore, there
are reports of new candidates for the role of
biomarkers of metastasis in liquid biopsy
specimens. Lin et al. and Lei et al. detected
circulating tumor endothelial cells (CTEC) in
liquid biopsy specimens, which the authors of
those publications believe are the result of an
endothelial-mesenchymal transition (Endo-
MT) process. Both research groups emphasize
that aneuploid CD31+ CTEC, along with CD31-
CTC, constitute a unique pair of circulating cell
biomarkers for predicting tumor metastasis [148].

From the point of view of the clinical
perspective, new treatment strategies focused
on the mechanisms of formation and residence
of CTC deserve some attention. For example,
an anticoagulant therapy used in cancer
patients and animal models of tumor growth
may reduce the risk of tumor metastasis by
minimizing CTM arrest in the PMN of the
metastatic niche. Due to the fact that platelets
promote the circulation and homing of CTM,
experimental studies show the effectiveness of
therapeutic strategies aimed at inhibiting the
interactions of these structures. In addition,
animal models have shown the effectiveness
of genetically modified and functionalized
platelets to control MRD [53].

A new step towards the development of
a methodology for the clinical use of CTC
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biology is the development of a photoacoustic
method for detecting the minimum number of
these cells in patients with melanoma with the
possibility of their further elimination using
laser pulses [149].

Immunotherapeutic approaches are
promising from the point of view of
development of treatment modalities
targeting CTC. As it was mentioned earlier,
the cells of the immune system in the
microenvironment of the primary tumor
contribute to the formation of CTC and
their EMT, as well as they are a part of CTM
and contribute to their viability both in the
circulatory system and in the metastatic
niche. An additional argument in favor of
the development of targeted immunotherapy
to combat CTC is the fact that they are
able to avoid immune surveillance. Tumor
growth models have shown the effectiveness
of several immunotherapeutic approaches
against CTC. The first is the use of PD-1/
PD-L1 signaling cascade inhibitors.
Blockade of these signaling pathways
makes CTC sensitive to cytotoxic effects of
tumor-specific CD8 + T lymphocytes [150].
Still, it should be noted that not all tumor
cells, including CTC, are characterized by
overexpression of PD-L1, so the impact
on this checkpoint in this case may not be
effective enough. An attractive candidate
for the role of a target for immunotherapy
targeting CTC is CD47 is one of the so
called “do not eat me” signals, which is
overexpressed on the surface of majority
tumor cells and prevents their phagocytosis
by macrophages [151]. Lian et al. ombined
in their study the blockade of both ligands,
which resulted in a profound inhibition of
metastasis of breast cancer in mice [152].

The next immunotherapeutic approach
involves the use of monoclonal antibodies
to specific and functionally important CTC
membrane receptors. For example, antibodies
against CD44 inhibit the adhesion of CTC and
CTM in the metastatic niche to the ECM [153],
whereas antibodies against EpCAM perform
the functions of opsonins and make CTC
sensitive to both macrophage phagocytosis
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and antibody-dependent cellular cytotoxicity
(ADCC) mediated by natural killers [154].
The use of leukocytes functionalized with
E-selectin or TRAIL prevents the adhesion
of CTC and CTM to vascular endothelium in
PMN and is also considered as a promising
immunotherapeutic approach for the
prevention of metastasis, directed against
CTC[155].

These and other innovative approaches give
a hope that the theranostic potential of CTC is
much greater than what we know today.

Conclusions

Summing up recent advances on the
biology of CTC and the prospects for their
use in cancer theranostics, it should be noted
that significant progress in this area of
science, even more convincingly proves the
attractiveness of these cells as targets for
cancer therapy, including cancer relapse and
its metastasis from the standpoint of precision
and personalized medicine.

Endowed with numerous mutations and
aberrant gene expression, migration plasticity
and properties of stem cells, the capacity
to avoid immune surveillance, having an
immunosuppressive effect and maintaining
long-term latency without losing all these
properties, CTC embody all the pathological
changes that distinguish malignant cell
from normal cell. For this reason, probably,
the traditional antiproliferative therapy
concedes individualized therapy targeted at
these cells, which is believed is the future of
oncology. For the purpose of embodiment an
individualized therapy in reality, it is still
necessary to solve a very difficult task — to
accept a challenge entitled “catch me if you
can” ran by CTC.

The authors thank Yehor Pashkevych for
technical support in figure design.

The literature review was supported by the
project funded by the Ministry of Education
and Science of Ukraine (State Registration
No0.0119U0100168).



Reviews

REFERENCES

. BettioM.,CarvalhoR.N.,DimitrovaN.,DybaT.,
Flego M., Giusti F., Martos C., Neamtiu L.,
Nicholson N., Randi G., Nicholl C. European
Commission, Joint Research Centre (JRC),
Ispra, Italy. EMJ Oncol. 2019, 7 (1), 48—49.
Abstract No ARO5. https://www.emjreviews.
com/oncology/abstract/measuring-the-can-
cer-burden-in-europe-the-european-cancer-
information-system-ecis/

. Siegel R. L., Miller K. D., Jemal A. Cancer
statistics, 2020. CA: A Cancer Journal for
Clinicians. 2020, 70 (1), 7-30. https://doi.
org/10.3322/caac.21590

.Galmarini C. M. Lessons from Hippocrates:
Time to Change the Cancer Paradigm. In-
ternational Journal of Chronic Diseases.
2020, V. 2020, P. 4715426. https://doi.
org/10.1155/2020/4715426

.LeDran H. F. Mémoire avec un précis de
plusieurs observations sur le cancer. Memo-
ries de l’academie royale de chirurgie. 1757,
V. 3, P.1-54.

. Récamier J. C. Recherchessurletraitement du
cancer sur la compression methodique simple
ou combinee et sur I’histoire generale de la
meme maladie, 2nd ed.1829. Gabon, Paris.

. Thiersch K. Der Epithelial krebs, namentlich
der Hand. 1865. Engelmann, Leipzig.

. Langenbeck B.On the development of cancer in
the veins, and the transmission ofcancer from
man to the lower animals. Edinb. Med. Surg. .
1841, 55 (147), 251-253.

.Virchow R. Cellular pathologie. Nutr. Rev.
1858, P. 23-25.

. Ashworth T. R. A case of cancer in which cells
similar to those in the tumors wereseen in the
blood after death. Aust. Med. J. 1869, V. 14,
P.146-149.

10. Engel H. C. Cancer cells in the blood; a

five to nine year follow up study. Ann.
Surg. 1959, 149 (4), 457-461. https://doi.
org/10.1097,/00000658-195904000-00001

11. PantelK.,SchlimokG.,BraunS.,KutterD.,Lin-

demann F., Schalle, G., Funke I., IzbickidJ. R.,
Riethmiiller G. Differential expression of
proliferation-associated molecules in indi-
vidual micrometastatic carcinoma cells. J.
Natl. Cancer Inst. 1993, 85 (17), 1419-1424.
https://doi.org/10.1093/jnci/85.17.1419

12. Pantel K., Izbicki J., Passlick B., Angst-

wurm M., Hdiussinger K., Thetter O., Rieth-
miiller G. Frequency and prognostic signifi-
cance of isolated tumour cells in bone marrow
of patients with non-small-cell lung cancer
without overt metastases. Lancet. 1996, 347
(9002), 649-653. https://doi.org/10.1016/
s0140-6736(96)91203-9

13. Nowell P.C. The clonal evolution of tumor cell

populations. Science.1976,194(4260),23—-28.
https://doi.org/10.1126 /science.959840

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Folkman J. Tumor angiogenesis: therapeu-
tic implications. N. Engl. J. Med. 1971, 285
(21), 1182-1186. https://doi.org/10.1056/
NEJM197111182852108

Folkman J., Watson K., Ingber D., Hana-
han D. Induction of angiogenesis during
the transition from hyperplasia to neo-
plasia. Nature. 1989, 339 (6219), 58-61.
https://doi.org/10.1038,/339058a0
LiottaL.A.,SteegP.S.,Stetler-Stevenson W.G.
Cancer metastasis and angiogenesis: an im-
balance of positive and negative regulation.
Cell. 1991, 64 (2), 327-336. https://doi.
org/10.1016,/0092-8674(91)90642-c

Liotta L. A., Kleinerman J., Saidel G. M.
Quantitative relationships of intravascular
tumor cells, tumor vessels, and pulmonary
metastases following tumor implantation.
Cancer Res. 1974, 34 (5), 997-1004.
Prasetyanti P. R., Medema J. P. Intra-tu-
mor heterogeneity from a cancer stem cell
perspective. Mol. Cancer. 2017, 16 (1), 41.
https://doi.org/10.1186/s12943-017-0600-4
Albini A., Bruno A., Gallo C., Pajardi G.,
Noonan D. M., Dallaglio K. Cancer stem cells
and the tumor microenvironment: interplay
in tumor heterogeneity. Connect. Tissue
Res. 2015, 56 (5), 414—425. https://doi.org/
10.3109/03008207.2015.1066780
FouadY.A.,Aanei C.Revisiting the hallmarks
of cancer. Am. J. Cancer Res. 2017, 7 (5),
1016-1036.

Greenburg G., Hay E. D. Epithelia suspended
in collagen gels can lose polarity and express
characteristics of migrating mesenchymal
cells. J. Cell Biol. 1982, 95 (1), 333—339.
https://doi.org/10.1083/jcb.95.1.333

Jalal S.,Shi S.,AcharyaV.,Huang R.Y., Vias-
noffV., Bershadsky A.D.,TeeY.H. Actin cyto-
skeleton self-organization in single epithelial
cells and fibroblasts under isotropic confine-
ment. J. Cell Sci. 2019, 132 (5), jcs220780.
https://doi.org/10.1242/jcs.220780
Karamanou K., Franchi M., Vynios D., Breézil-
lon S. Epithelial-to-mesenchymal transition
and invadopodia markers in breast cancer:
Lumican a key regulator. Semin. Cancer
Biol. 2020, V. 62, P. 125-133. https://doi.
org/10.1016/j.semcancer.2019.08.003

Liao T. T., Yang M. H. Hybrid Epithelial/
Mesenchymal State in Cancer Metastasis:
Clinical Significance and Regulatory Mecha-
nisms. Cells. 2020, 9 (3), 623. https://doi.
org/10.3390/cells9030623
NersesianS.,WilliamsR.,Newsted D.,ShahK.,
Young S., Evans P. A., Allingham J. S.,
Craig A. W. Effects of Modulating Actin Dy-
namics on HER2 Cancer Cell Motility and Me-
tastasis. Sci Rep. 2018, 8 (1), 17243. https://
doi.org/10.1038/s41598-018-35284-9

19



BIOTECHNOLOGIA ACTA, V. 14, No 4, 2021

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

20

Chaffer C. L., San Juan B. P., Lim E., Wein-
berg R. A. EMT, cell plasticity and metasta-
sis. Cancer Metastasis Rev. 2016, 35 (4),
645-654. https://doi.org/10.1007/s10555-
016-9648-7

Peixoto P., Etcheverry A.,Aubry M., Missey A.,
Lachat C., Perrard J., Hendrick E., Delage-
Mourroux R., Mosserd., BorgC., FeugeasJ.P.,
Herfs M., Boyer-Guittaut M., Hervouet E.
EMT is associated with an epigenetic signa-
ture of ECM remodeling genes. Cell Death Dis.
2019, 10 (3), 205. https://doi.org/10.1038/
s41419-019-1397-4

Ridley A.J. Rho GTPase signalling in cell mi-
gration. Curr. Opin. Cell Biol. 2015, V. 36,
P. 103-112. https://doi.org/10.1016/
j.ceb.2015.08.005

Kazanietz M. G., Caloca M. J. The Rac GT-
Pase in Cancer: From Old Concepts to New
Paradigms. Cancer Res. 2017, 77 (20), 5445—
5451. https://doi.org/10.1158/0008-5472.
CAN-17-1456

Gonzalez D. M., Medici D. Signaling mecha-
nisms of the epithelial-mesenchymal tran-
sition. Sci. Signaling. 2014, 7 (344), re8.
https://doi.org/10.1126/scisignal.2005189
Nieszporek A., Skrzypek K., Adamek G.,
Majka M. Molecular mechanisms of epi-
thelial to mesenchymal transition in tumor
metastasis. Acta Biochim. Pol. 2019, 66 (4),
509-520. https://doi.org/10.18388/
abp.2019 2899

Ribatti D., Tamma R., Annese T. Epithelial-
Mesenchymal Transition in Cancer: A His-
torical Overview. Transl. Oncol. 2020, 13 (6),
100773. https://doi.org/10.1016/j.tra-
non.2020.100773
JollyM.K.,WareK.E.,GiljaS.,SomarellidJ .A.,
Levine H.EMT and MET: necessary or permis-
sive for metastasis? Mol. Oncol. 2017, 11 (7),
755-769. https://doi.org/10.1002/1878-
0261.12083

Pastushenko 1., Brisebarre A., Sifrim A.,
Fioramonti M., Revenco T., Boumahdi S.,Van
Keymeulen A., Brown D., MoersV., Lemaire S.,
DeClercqS.,MinguijonE.,BalsatC.,SokolowY .,
Dubois C., De Cock F., Scozzaro S., Sopena F.,
Lanas A., D’Haene N., Blanpain C. Identifi-
cation of the tumour transition states occur-
ring during EMT. Nature. 2018, 556 (7702),
463—-468. https://doi.org/10.1038/s41586-
018-0040-3

Derynck R., Weinberg R. A. EMT and Cancer:
More Than Meets the Eye. Dev. Cell. 2019,
49 (3), 313—-316. https://doi.org/10.1016/j.
devcel.2019.04.026

Claudia Tanja Mierke. Physics of Cancer,
Volume 1: Interplay between tumor biol-
ogy, inflammation and cell mechanics.
Published October 2018. Copyright © IOP
Publishing Ltd. 2018. CHAPTER 1. Ini-

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

tiation of a neoplasm or tumor. https://doi.
org/10.1088/978-0-7503-1753-5ch1

Kim D. H., Xing T., Yang Z., Dudek R., Lu Q.,
Chen Y. H. Epithelial Mesenchymal Transition
in Embryonic Development, Tissue Repair and
Cancer: A Comprehensive Overview. J. Clin.
Med. 2017, 7 (1), 1. https://doi.org/10.3390/
jem7010001

Faheem M. M., Seligson N. D., Ahmad S. M.,
Rasool R.U.,Gandhi S.G., Bhagat M., Goswami
A. Convergence of therapy-induced senescence
(TIS) and EMT in multistep carcinogenesis:
current opinions and emerging perspectives.
Cell Death. Discov. 2020, V. 6, P. 51. https://
doi.org/10.1038/s41420-020-0286-z

Jordan N. V., Johnson G. L., Abell A. N.
Tracking the intermediate stages of epithe-
lial-mesenchymal transition in epithelial
stem cells and cancer. Cell Cycle. 2011, 10
(17), 2865-2873. https://doi.org/10.4161/
cc.10.17.17188

Cao Z., Livas T., Kyprianou N. Anoikis and
EMT: Lethal “Liaisons” during Cancer Pro-
gression. Crit. Rev. Oncog. 2016, 21 (3—4),
155-168. https://doi.org/10.1615/CritRev-
Oncog.2016016955

Wei C., Yang C., Wang S., Shi D., Zhang C.,
Lin X., Liu ., Dou R., Xiong B. Crosstalk be-
tween cancer cells and tumor associated mac-
rophages is required for mesenchymal circu-
lating tumor cell-mediated colorectal cancer
metastasis. Mol. Cancer. 2019, 18 (1), 64.
https://doi.org/10.1186,/s12943-019-0976-4
YangC.,DouR.,WeiC.,LiuK.,ShiD.,ZhangC.,
Liu ., Wang S., Xiong B. Tumor-derived
exosomal microRNA-106b-5p activates
EMT-cancer cell and M2-subtype TAM in-
teraction to facilitate CRC metastasis. Mol.
Ther. 2021, 29 (6), 2088—2107. https://doi.
org/10.1016/j.ymthe.2021.02.006

Cortés M., Sanchez-Moral L., de Barrios O.,
Ferndandez-Aceriero M. J., Martinez-Campa-
nario M. C., Esteve-Codina A., Darling D. S.,
Gyorffy B., Lawrence T., Dean D.C., Postigo A.
Tumor-associated macrophages (TAMs) de-
pend on ZEB1 for their cancer-promoting
roles. EMBO J. 2017, 36 (22), 3336—3355.
https://doi.org/10.15252/embj.201797345
XuR.,Wond.Y.,.KimC.H.,Kim D.E.,Yim H.
RolesofthePhosphorylationof Transcription-
al Factors in Epithelial-Mesenchymal Transi-
tion. J. Oncol. 2019, V. 2019, P. 5810465.
https://doi.org/10.1155/2019/5810465
Alidadiani N., Ghaderi S., Dilaver N., Bakh-
shamin S., Bayat M. Epithelial mesenchymal
transition Transcription Factor (TF): The
structure, function and microRNA feedback
loop. Gene.2018,V.674,P.115-120. https://
doi.org/10.1016/j.gene.2018.06.049
Mohammed S. I., Torres-Luquis O., Walls E.,
Lloyd F. Lymph-circulating tumor cells show



Reviews

47.

48.

49.

50.

51.

52.

53.

54.

55.

distinct properties to blood-circulating tu-
mor cells and are efficient metastatic precur-
sors. Mol. Oncol. 2019, 13 (6), 1400-1418.
https://doi.org/10.1002/1878-0261.12494
Kolostova K., Pospisilova E., Pavlickova V.,
Bartos R., Sames M., Pawlak I., Bobek V. Next
generation sequencing of glioblastoma circu-
lating tumor cells: non-invasive solution for
disease monitoring. Am.dJ. Transl. Res. 2021,
13 (5), 4489-4499.

Kowalik A., Kowalewska M., Gozdz S. Current
approaches for avoiding the limitations of
circulating tumor cells detection methods-
implications for diagnosis and treatment
of patients with solid tumors. Transl. Res.
2017, V. 185, P. 58-84.el15. https://doi.
org/10.1016/j.trsl.2017.04.002

Christou N., Meyer J., Popeskou S., David V.,
Toso C., Buchs N., Liot E., Robert J., Ris F.,
Mathonnet M. Circulating Tumour Cells,
Circulating Tumour DNA and Circulating
Tumour miRNA in Blood Assays in the Dif-
ferent Steps of Colorectal Cancer Manage-
ment, a Review of the Evidence in 2019.
Biomed. Res. Int. 2019, V. 2019, P. 5953036.
https://doi.org/10.1155/2019/5953036
Millner L. M., Linder M. W.,Valdes R. Jr. Circu-
lating tumor cells: a review of present methods
and the need to identify heterogeneous pheno-
types. Ann.Clin. Lab. Sci. 2013, 43 (3), 295—-304.
Plaks V., Kong N., Werb Z. The cancer stem
cell niche: how essential is the niche in regu-
lating stemness of tumor cells? Cell Stem.
Cell. 2015, 16 (3), 225-238. https://doi.
org/10.1016/j.stem.2015.02.015

Agnoletto C., Corra F., Minotti L., Baldas-
sari F., Crudele F., Cook W. dJ. J., Di Leva G.,
d’Adamo A. P., Gasparini P., Volinia S. He-
terogeneity in Circulating Tumor Cells: The
Relevance of the Stem-Cell Subset. Can-
cers (Basel). 2019, 11 (4), 483. https://doi.
org/10.3390/cancers11040483

Wang W. C., Zhang X. F., Peng J., Li X. F.,
Wang A. L., Bie Y. Q., Shi L. H., Lin M. B.,
Zhang X. F. Survival Mechanisms and In-
fluence Factors of Circulating Tumor Cells.
Biomed. Res. Int. 2018, V. 2018, P. 6304701.
https://doi.org/10.1155/2018/6304701
Krog B. L., Henry M. D. Biomechanics of the
Circulating Tumor Cell Microenvironment.
Adv. Exp. Med. Biol. 2018, V. 1092, P. 209—
233. https://doi.org/10.1007/978-3-319-
95294-9 11

Sprouse M. L., Welte T., Boral D., Liu H. N.,
Yin W., Vishnoi M., Goswami-Sewell D., Li L.,
Pei G., Jia P., Glitza-Oliva I. C., Marchetti D.
PMN-MDSCs Enhance CTC Metastatic Prop-
erties through Reciprocal Interactions via
ROS/Notch/Nodal Signaling. Int.J. Mol. Sci.
2019, 20(8), 1916. https://doi.org/10.3390/
ijms20081916

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

ChoiH.Y.,.YangG.M.,Dayem A.A.,Saha S.K.,
Kim K., Yoo Y., Hong K., Kim J. H., Yee C.,
Lee K. M., Cho S. G. Hydrodynamic shear
stress promotes epithelial-mesenchymal
transition by downregulating ERK and
GSK3p activities. Breast Cancer Res. 2019,
21 (1), 6. https://doi.org/10.1186/s13058-
018-1071-2

Dianat-Moghadam H., Azizi M., Eslami-S Z.,
Cortés-Herndandez L. E., Heidarifard M.,
Nouri M., Alix-Panabieres C. The Role of
Circulating Tumor Cells in the Metastatic
Cascade: Biology, Technical Challenges, and
Clinical Relevance. Cancers (Basel). 2020,
12 (4), 86. https://doi.org/10.3390/can-
cers12040867
AlexandrovaA.Y.,ChikinaA.S.,SvitkinaT.M.
Actin cytoskeleton in mesenchymal-to-amoe-
boid transition of cancer cells. Int. Rev. Cell.
Mol. Biol. 2020, V. 356, P. 197-256. https://
doi.org/10.1016/bs.ircmb.2020.06.002

Wu J. S., Jiang J., Chen B. J., Wang K.,
Tang Y. L., Liang X. H. Plasticity of cancer
cell invasion: Patterns and mechanisms.
Transl. oncol. 2021, 14 (1), 100899. https://
doi.org/10.1016/j.tranon.2020.100899
Chen L., Bode A. M., Dong Z. Circulating Tu-
mor Cells: Moving Biological Insights into
Detection. Theranostics. 2017, 7 (10), 2606—
2619. https://doi.org/10.7150/thno.18588
Jones B.C., Kelley L.C., Loskutov Y. V., Mari-
nak K. M., Kozyreva V. K., Smolkin M. B.,
Pugacheva E. N. Dual Targeting of Mesen-
chymal and Amoeboid Motility Hin-
ders Metastatic Behavior. Mol. Cancer
Res. 2017, 15 (6), 670-682. https://doi.
org/10.1158/1541-7786.MCR-16-0411

Yu M. Metastasis Stemming from Circulating
Tumor Cell Clusters. Trends Cell Biol. 2019,
29 (4), 275-276. https://doi.org/10.1016/j.
tcb.2019.02.001

Giuliano M., Shaikh A., Lo H. C., Arpino G.,
De Placido S., Zhang X. H., Cristofanilli M.,
Schiff R., Trivedi M. V. Perspective on
Circulating Tumor Cell Clusters: Why It
Takes a Village to Metastasize. Cancer
Res. 2018, 78 (4), 845-852. https://doi.
org/10.1158/0008-5472.CAN-17-2748
Aktary Z., Alaee M., Pasdar M. Beyond cell-
cell adhesion: Plakoglobin and the regulation
of tumorigenesis and metastasis. Oncotar-
get. 2017, 8 (19), 32270-32291. https://doi.
org/10.18632/oncotarget.15650

Lim S. B., Yeo T., Lee W. D., Bhagat A. A. S.,
Tan S.dJ.,Tan D.S.W.,Lim W.T., Lim C. T. Ad-
dressing cellular heterogeneity in tumor and cir-
culation for refined prognostication. Proc. Natl.
Acad. Sci. USA. 2019, 116 (36), 17957-17962.
https://doi.org/10.3390/ijms21072653
Amintas S., Bedel A., Moreau-Gaudry F., Bou-
tind., Buscail L., Merliod. P.,Vendrely V., Da-

21



BIOTECHNOLOGIA ACTA, V. 14, No 4, 2021

67.

68.

69.

70.

71.

72.

73.

4.

75.

76.

22

bernat S., Buscail E. Circulating Tumor Cell
Clusters: United We Stand Divided We Fall.
Int.J. Mol. Sci. 2020, 21 (7), 2653. https://
doi.org/10.3390/ijms21072653
Castro-Giner F., Aceto N. Tracking cancer pro-
gression: from circulating tumor cells to metas-
tasis. Genome Med. 2020, 12 (1), 31. https://
doi.org/10.1186/s13073-020-00728-3

Mentis A. A., Grivas P. D., Dardiotis E., Ro-
mas N. A., Papavassiliou A. G. Circulating
tumor cells as Trojan Horse for understand-
ing, preventing, and treating cancer: a criti-
cal appraisal. Cell Mol. Life Sci. 2020, 77
(18), 3671-3690. https://doi.org/10.1007/
s00018-020-03529-4

Micalizzi D. S., Maheswaran S., Haber D. A.
A conduit to metastasis: circulating tumor cell
biology. Genes. Dev.2017,31(18),1827-1840.
https://doi.org/10.1101/gad.305805.117
Anvari S., Osei E., Maftoon N. Interactions
of platelets with circulating tumor cells con-
tribute to cancer metastasis. Sci. Rep. 2021,
11 (1), 15477. https://doi.org/10.1038/
$41598-021-94735-y

Jiang X., Wong K. H. K., Khankhel A. H., Ze-
inali M., Reategui E., Phillips M. J., Luo X.,
Aceto N., Fachin F., Hoang A. N., Kim W.,
Jensen A. E.,. Sequist L. V., Maheswaran S.,
Haber D. A., Stott S. L., Toner M. Microflu-
idic isolation of platelet-covered circulating
tumor cells. Lab. Chip. 2017, 17 (20), 3498—
3503. https://doi.org/10.1039/c71c00654c
YangL.,ShiP.,ZhaoG.,.Xud.,PengW.,.Zhangd.,
Zhang G., Wang X., Dong Z., Chen F.,
Cui H. Targeting cancer stem cell path-
ways for cancer therapy. Signal Transduct.
Target. Ther. 2020, 5 (1), 8. https://doi.
org/10.1038/s41392-020-0110-5

Gkountela S., Castro-Giner F., Szczerba B. M.,
Vetter M., Landin J., Scherrer R., Krol I.,
Scheidmann M.C., BeiselC.,StirnimannC.U.,
Kurzeder C., Heinzelmann-Schwarz V., Ro-
chlitz C., Weber W. P., Aceto N. Circulating
Tumor Cell Clustering Shapes DNA Meth-
ylation to Enable Metastasis Seeding. Cell.
2019, 176 (1-2), 98-112.e14. https://doi.
org/10.1016/j.cell.2018.11.046

Lei M. M. L., Lee T. K. W. Cancer Stem Cells:
Emerging Key Players in Immune Eva-
sion of Cancers. Front. Cell Dev. Biol. 2021,
V. 9, P. 692940. https://doi.org/10.3389/
fcell.2021.692940

Nicolini A., Rossi G., Ferrari P., Carpi A.
Minimal residual disease in advanced or
metastatic solid cancers: The GO0-G1 state
and immunotherapy are key to unwind-
ing cancer complexity. Semin. Cancer Biol.
2020, S1044-579X(20)30075-4. https://doi.
org/10.1016/j.semcancer.2020.03.009
Tjensvoll K., Nordgdrd O., Skjeveland M.,
Oltedal S.,Janssen E.A. M., Gilje B. Detection

7.

78.

79.

of disseminated tumor cells in bone marrow
predict late recurrences in operable breast
cancer patients. BMC Cancer. 2019, 19 (1),
1131. https://doi.org/10.1186/s12885-019-
6268-y

Risson E., Nobre A. R., Maguer-Satta V., Agu-
irre-Ghiso J. A. The current paradigm and
challenges ahead for the dormancy of dissem-
inated tumor cells. Nat. Cancer. 2020, 1 (7),
672—680. https://doi.org/10.1038/s43018-
020-0088-5

Marconato L., Facchinetti A., Zanardello C.,
Rossi E., Vidotto R., Capello K., Melchiotti E.,
Laganga P., Zamarchi R., Vascellari M. De-
tection and Prognostic Relevance of Circu-
lating and Disseminated Tumour Cell in Dogs
with Metastatic Mammary Carcinoma: A Pi-
lot Study. Cancers (Basel ). 2019, 11 (2), 163.
https://doi.org/10.3390/cancers11020163
O’Sullivan B., Brierley J., Byrd D., Bosman F.,
KehoeS.,KossaryC.,PiiierosM.,VanEyckenE.,
Weir H. K., Gospodarowicz M. The TNM clas-
sification of malignant tumours-towards
common understanding and reasonable
expectations. Lancet Oncol. 2017, 18 (7),
849-851. https://doi.org/10.1016/S1470-
2045(17)30438-2

80. Aguirre-Ghiso J., Sosa M. Emerging Topics

81.

82.

83.

84.

85.

on Disseminated Cancer Cell Dormancy
and the Paradigm of Metastasis. Ann.
Rev. Cancer Biol. 2018, V. 2, P. 377—
393. https://doi.org/10.1146/annurev-
cancerbio-030617-050446

Kilickap S., Aktas B. Y., Ozisik Y. Y. (2019)
Bone Marrow Micrometastases and Circu-
lating Tumor Cells. In: Aydiner A., Igci A.,
Soran A. (eds). Breast Disease. Springer,
Cham. https://doi.org/10.1007/978-3-030-
04606-4_ 13

Piranlioglu R., Lee E., Ouzounova M., Bol-
lag R. J., Vinyard A. H., Arbab A. S., Maras-
co D., Guzel M., Cowell J. K., Thangaraju M.,
ChadliA., Hassan K. A., Wicha M. S., Celis E.,
Korkaya H. Primary tumor-induced immu-
nity eradicates disseminated tumor cells in
syngeneic mouse model. Nat. Commun. 2019,
10 (1), 1430. https://doi.org/10.1038/
$41467-019-09015-1

Marcuzzi E., Angioni R., Molon B., Cali B.
Chemokines and Chemokine Receptors: Or-
chestrating Tumor Metastasization. Int.
J. Mol. Sci. 2019, 20 (1), 96. https://doi.
org/10.3390/ijms20010096

Rafii S., Butler J. M., Ding B. S. Angiocrine
functions of organ-specific endothelial cells.
Nature. 2016, 529 (7586), 316—325. https://
doi.org/10.1038/naturel 7040

Rycaj K., Li H., Zhou J., Chen X., Tang D. G.
Cellular determinants and microenviron-
mental regulation of prostate cancer me-
tastasis. Semin. Cancer Biol. 2017, V. 44,



Reviews

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

P. 83-97. https://doi.org/10.1016/j.sem-
cancer.2017.03.009

Dasgupta A., Lim A. R., Ghajar C. M. Circu-
lating and disseminated tumor cells: har-
bingers or initiators of metastasis? Mol.
Oncol. 2017, 11 (1), 40-61. https://doi.
org/10.1002/1878-0261.12022

Zhang W., Bado I., Wang H. Lo H. C.,
Zhang X. H. Bone Metastasis: Find Your
Niche and Fit in. Trends in Cancer. 2019,
5 (2), 95-110. https://doi.org/10.1016/j.
trecan.2018.12.004

Sowder M. E.,Johnson R.W.Bone as a Prefer-
ential Site for Metastasis. JBMR Plus. 2019,
3 (3), e10126. https://doi.org/10.1002/
jbm4.10126

Esposito M., Guise T., Kang Y. The Biology
of Bone Metastasis. Cold Spring Harb. Per-
spect. Med. 2018, 8 (6), a031252. https://
doi.org/10.1101/cshperspect.a031252
Haider M. T., Smit D. J., Taipaleenmdki H.
The Endosteal Niche in Breast Cancer Bone
Metastasis. Front.Oncol. 2020, V. 10, P. 335.
https://doi.org/10.3389/fonc.2020.00335
Liu C., Zhao Q., Yu X. Bone Marrow Adipo-
cytes, Adipocytokines, and Breast Cancer
Cells: Novel Implications in Bone Metasta-
sis of Breast Cancer. Front. Oncol. 2020, V.
10, P. 561595. https://doi.org/10.3389/
fonc.2020.561595

Carvalho R., Paredes ., Ribeiro A. S. Impact
of breast cancer cells” secretome on the brain
metastatic niche remodeling. Semin. Cancer
Biol. 2020, V. 60, P. 294-301. https://doi.
org/10.1016/j.semcancer.2019.10.011
Seano G. Targeting the perivascular niche
in brain tumors. Curr. Opin. Oncol. 2018,
30 (1), 54-60. https://doi.org/10.1097/
CC0.0000000000000417

Maru Y. The lung metastatic niche. J. Mol.
Med. (Berl). 2015, 93 (11), 1185-1192.
https://doi.org/10.1007/s00109-015-1355-2
Sharma S. K., Chintala N. K., Vadrevu S. K.,
PatelJ., Karbowniczek M., Markiewski M. M.
Pulmonary alveolar macrophages contribute
to the premetastatic niche by suppressing an-
titumor T cell responses in the lungs. J. Im-
munol. 2015, 194 (11), 5529-5538. https://
doi.org/10.4049/jimmunol.1403215
KaiF.,DrainA.P.,WeaverV. M. The Extracel-
lular Matrix Modulates the Metastatic Jour-
ney. Dev.Cell. 2019, 49 (3), 332—346. https://
doi.org/10.1016/j.devcel.2019.03.026

Lee Y. C., Kurtova A. V., Xiao J., Nikolos F.,
Hayashi K., Tramel Z., Jain A., Chen F., Chok-
shi M., Lee C., Bao G., Zhang X., Shen J.,
Mo Q., Jung S.Y., Rowley D., Chan K. S. Colla-
gen-rich airway smooth muscle cells are a meta-
static niche for tumor colonization in the lung.
Nat. Commun. 2019, 10 (1), 2131. https://doi.
org/10.1038/s41467-019-09878-4

98.

99.

100

101.

102.

103.

104

105.

106.

107.

Zhuyan J.,Chen M., Zhu T., Bao X., Zhen T.,
Xing K., Wang Q., Zhu S. Critical steps to tu-
mor metastasis: alterations of tumor micro-
environment and extracellular matrix in the
formation of pre-metastatic and metastatic
niche. Cell Biosci. 2020, V. 10, P. 89. https://
doi.org/10.1186/s13578-020-00453-9

Ren G., Esposito M., Kang Y. Bone metasta-
sis and the metastatic niche. J. Mol. Med.
(Berl). 2015, 93 (11), 1203-1212. https://
doi.org/10.1007/s00109-015-1329-4

. Melzer C., von der Ohe J., Hass R. Breast
Carcinoma: From Initial Tumor Cell De-
tachment to Settlement at Secondary Sites.
Biomed.Res.Int.2017,V.2017,P.8534371.
https://doi.org/10.1155/2017/8534371
Manjili M. H. Tumor Dormancy and Re-
lapse: From a Natural Byproduct of Evo-
lution to a Disease State. Cancer Res.
2017, 77 (10), 2564-2569. https://doi.
org/10.1158/0008-5472.CAN-17-0068
Meléndez-Rodriguez F., Urrutia A. A., Loren-
deau D., Rinaldi G., Roche O., Bogiircii-Sei-
del N.,Ortega Muelas M., Mesa-CillerC., Tu-
riel G.,BouthelierA., Hernansanz-AgustinP.,
Elorza A., Escasany E., Li Q., Torres-Capel-
liM.,TelloD.,FuertesE.,Fraga E.,Martinez-
Ruiz A., Pérez B., Aragones J. HIF1o Sup-
presses Tumor Cell Proliferation through
Inhibition of Aspartate Biosynthesis. Cell
Rep. 2019, 26 (9), 2257-2265.e4. https://
doi.org/10.1016/j.celrep.2019.01.106
Vinay D. S., Ryan E. P., Pawelec G., Ta-
lib W. H., Stagg J. Elkord E., Lich-
tor T., Decker W. K., Whelan R. L.,
Kumara H., Signori E., Honoki K., Geor-
gakilas A. G., Amin A., Helferich W. G.,
Boosani C. S., Guha G., Ciriolo M. R.,
Chen S., Mohammed S. I., Kwon B. S. Im-
mune evasion in cancer: Mechanistic basis
and therapeutic strategies. Semin. Cancer
Biol. 2015, 35 (1), S185-S198. https://doi.
org/10.1016/j.semcancer.2015.03.004

. Pein M., Oskarsson T. Microenvironment
in metastasis: roadblocks and support-
ive niches. Am. J. Physiol. Cell Physiol.
2015, 309 (10), C627-C638. https://doi.
org/10.1152/ajpcell.00145.2015

Pascual G., Avgustinova A., Mejetta S., Mar-
tin M., Castellanos A.,AttoliniC.S., Berengu-
erA., Prats N., Toll A., Hueto J.A., Bescos C.,
DiCroce L., Benitah S.A. Targeting metasta-
sis-initiating cells through the fatty acid re-
ceptor CD36. Nature. 2017, 541 (7635), 41—
45. https://doi.org/10.1038 /nature20791
Phan T. G., Croucher P. I. The dormant can-
cer cell life cycle. Nature Rev. Cancer. 2020,
20 (7), 398-411. https://doi.org/10.1038/
s41568-020-0263-0

Masucci M. T., Minopoli M., Del Vecchio S.,
Carriero M. V. The Emerging Role of Neu-

23



BIOTECHNOLOGIA ACTA, V. 14, No 4, 2021

108.

109.

110.

111.

112.

113.

114.

115.

116.

24

trophil Extracellular Traps (NETs) in Tu-
mor Progression and Metastasis. Front. Im-
munol. 2020, V. 11, P. 1749. https://doi.
org/10.3389/fimmu.2020.01749

Tayoun T., Faugeroux V., Oulhen M., Aber-
lenc A., Pawlikowska P., Farace F. CTC-
Derived Models: A Window into the Seed-
ing Capacity of Circulating Tumor Cells
(CTCs). Cells. 2019, 8 (10), 1145. https://
doi.org/10.3390/cells8101145

Kitz J., Lowes L. E., Goodale D., Allan A. L.
Circulating Tumor Cell Analysis in Pre-
clinical Mouse Models of Metastasis. Diag-
nostics (Basel ). 2018, 8 (2), 30. https://doi.
org/10.3390/diagnostics8020030
Sobral-Filho R. G., DeVorkin L., Macpher-
son S., Jirasek A., Lum J. J., Brolo A. G. Ex
Vivo Detection of Circulating Tumor Cells
from Whole Blood by Direct Nanoparticle
Visualization. ACS Nano. 2018, 12 (2),
1902-1909. https://doi.org/10.1021/
acsnano.7b08813

QiaoY., Lid.,ShiC.,.WangW.,QuX.,XiongM.,
Sun Y., Li D., Zhao X., Zhang D. Prognos-
tic value of circulating tumor cells in the
peripheral blood of patients with esopha-
geal squamous cell carcinoma. OncoTargets
and Therapy. 2017, V. 10, P. 1363-1373.
https://doi.org/10.2147/0TT.S129004
Shen Z., Wu A., Chen X. Current detection
technologies for circulating tumor cells.
Chemical Society Reviews. 2017, 46 (8),
2038-2056. https://doi.org/10.1039/c6e-
s00803h
VanderToomE.E.,VerdonedJ.E.,Gorin M.A.,
Pienta K. J. Technical challenges in the
isolation and analysis of circulating tumor
cells. Oncotarget. 2016, 7 (38), 62754~
62766. https://doi.org/10.18632/oncotar-
get. 11191

Li S., Plouffe B. D., Belov A. M., Ray S.,
Wang X., Murthy S. K., Karger B. L., Iva-
nov A. R. An Integrated Platform for Iso-
lation, Processing, and Mass Spectrom-
etry-based Proteomic Profiling of Rare
Cells in Whole Blood. MCP. 2015, 14 (6),
1672-1683. https://doi.org/10.1074/mcp.
M114.045724

Keller L., Pantel K. Unravelling tumour
heterogeneity by single-cell profiling of
circulating tumour cells. Nat. Rev. Can-
cer. 2019, 19 (10), 553—-567. https://doi.
org/10.1038/s41568-019-0180-2
Campos-Carrillo A., Weitzel J. N., Sahoo P.,
Rockne R., Mokhnatkin J. V., Murtaza M.,
Gray S. W., Goetz L., Goel A., Schork N.,
Slavin T. P. Circulating tumor DNA as
an early cancer detection tool. Pharma-
cology & Therapeutics. 2020, V. 207,
P. 107458. https://doi.org/10.1016/j.
pharmthera.2019.107458

117.

118.

119.

120.

121.

122.

123.

124.

125.

126

127.

Kelley S. O., Pantel K. A. New Era in Liquid
Biopsy: From Genotype to Phenotype. Clin.
Chem. 2020, 66 (1), 89-96. https://doi.
org/10.1373/clinchem.2019.303339
Ferreira M. M., Ramani V. C., Jeffrey S. S.
Circulating tumor cell technologies. Mol.
Oncol. 2016, 10 (3), 374—394. https://doi.
org/10.1016/j.molonc.2016.01.007
ChoH.,Kimd.,Song H.,Sohn K.Y.,Jeon M.,
Han K. H. Microfluidic technologies for cir-
culating tumor cell isolation. The Analyst.
2018, 143 (13), 2936-2970. https://doi.
org/10.1039/c7an01979¢

Sharma S., Zhuang R., Long M., Pavlovic M.,
KangY., Ilyas A., Asghar W. Circulating tu-
mor cell isolation, culture, and downstream
molecularanalysis. Biotechnology Advances.
2018, 36 (4), 1063-1078. https://doi.
org/10.1016/j.biotechadv.2018.03.007
Guerin M. V., Finisguerra V., Van den
Eynde B.d., Bercovici N., Trautmann A. Pre-
clinical murine tumor models: a structural
and functional perspective. eLife. 2020,
V. 9, e50740. https://doi.org/10.7554/
eLife.50740

Kerbel R. S. A Decade of Experience in
Developing Preclinical Models of Ad-
vanced- or Early-Stage Spontaneous Me-
tastasis to Study Antiangiogenic Drugs,
Metronomic Chemotherapy, and the Tu-
mor Microenvironment. Cancer J. 2015,
21 (4), 274-283. https://doi.org/10.1097/
PP0.0000000000000134

Welch D. R. Technical considerations for
studying cancer metastasisin vivo. Clin. Exp.
Metastasis. 1997, 15 (3), 272-306. https://
doi.org/10.1023/a:1018477516367
GoodaleD.,PhayC.,PostenkaC.O.,Keeney M.,
Allan A. L. Characterization of tumor cell
dissemination patterns in preclinical mod-
els of cancer metastasis using flow cytom-
etry and laser scanning cytometry. Cyto-
metry A. 2009, 75 (4), 344—-355. https://
doi.org/10.1002/cyto.a.20657

Allan A. L., Vantyghem S. A., Tuck A. B.,
Chambers A. F., Chin-Yee 1. H., Keeney M.
Detection and quantification of circulating
tumor cells in mouse models of human breast
cancer using immunomagnetic enrichment
and multiparameter flow cytometry. Cy-
tometry A. 2005, 65 (1), 4—14. https://doi.
org/10.1002/cyto.a.20132

.Kersten K., de Visser K. E., van Milten-

burg M. H., Jonkers J. Genetically en-
gineered mouse models in oncology re-
search and cancer medicine. EMBO Mol.
Med. 2017, 9 (2), 137-153. https://doi.
org/10.15252/emmm.201606857

Olive K. P., Politi K. Translational thera-
peutics in genetically engineered mouse
models of cancer. Cold Spring Harb. Pro-



Reviews

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

toc. 2014, 2014 (2), 131-143. https://doi.
org/10.1101/pdb.top069997

Hashizume R., Gupta N. Patient-derived
Tumor Models for Diffuse Intrinsic Pon-
tine Gliomas. Curr. Neuropharmacol. 2017,
15 (1), 98-103. https://doi.org/10.2174/1
570159x14666160523144117
RebeccaV.W.,Somasundaram R., Herlyn M.
Pre-clinical modeling of cutaneous melanoma.
Nat. Commun. 2020, 11 (1), 2858. https://
doi.org/10.1038/s41467-020-15546-9
LeeT.W.,LaiA.,HarmsJ.K.,Singleton D.C.,
Dickson B. D., Macann A., Hay M. P., Jamie-
son S. Patient-Derived Xenograft and Or-
ganoid Models for Precision Medicine Tar-
geting of the Tumour Microenvironment in
Head and Neck Cancer. Cancers. 2020, 12
(12), 3743. https://doi.org/10.3390/can-
cers12123743

Lallo A., Schenk M. W., Frese K. K., Black-
hall F., Dive C. Circulating tumor cells and
CDX models as a tool for preclinical drug de-
velopment. Transl. Lung Cancer Res. 2017,
6 (4), 397-408. https://doi.org/10.21037/
tler.2017.08.01

Tellez-Gabriel M., Cochonneau D., Cadé M.,
Jubellin C., Heymann M. F., Heymann D.
Circulating Tumor Cell-Derived Pre-Cli-
nical Models for Personalized Medicine.
Cancers. 2018, 11 (1), 19. https://doi.
org/10.3390/cancers11010019

Alimirzaie S., Bagherzadeh M., Akbari M. R.
Liquid biopsy in breast cancer: A comprehen-
sive review. Clin. Genet. 2019, 95 (6), 643—
660. https://doi.org/10.1111/cge.13514
Schwarzenbach H., Hoon D. S., Pantel K.
Cell-free nucleic acids as biomarkers in can-
cer patients. Nat. Rev. Cancer. 2011, 11 (6),
426-437. https://doi.org/10.1038 /nrc3066
Schwarzenbach H., Nishida N., Calin G. A.,
Pantel K. Clinical relevance of circulat-
ing cell-free microRNAs in cancer. Nat.
Rev. Clin. Ooncol. 2014, 11 (3), 145-156.
https://doi.org/10.1038 /nrclinonc.2014.5
Pardini B., Sabo A. A., Birolo G., Calin G. A.
Noncoding RNAs in Extracellular Fluids as
Cancer Biomarkers: The New Frontier of
Liquid Biopsies. Cancers.2019,11(8),1170.
https://doi.org/10.3390/cancers11081170
Eslami-S Z., Cortés-Hernandez L. E., Cayre-
fourcq L., Alix-Panabiéres C. The Diffe-
rent Facets of Liquid Biopsy: A Kaleido-
scopic View. Cold Spring Harb. Perspect.
Med. 2020, 10 (6), a037333. https://doi.
org/10.1101 /cshperspect.a037333

Fici P. Cell-Free DNA in the Liquid Biopsy
Context: Role and Differences Between
ctDNA and CTC Marker in Cancer Manage-
ment. Methods Mol. Biol. 2019, V. 1909,
P. 47-73. https://doi.org/10.1007/978-1-
4939-8973-7 4

139.

140.

141

142.

143.

144.

145.

146.

147

Maly V., Maly O., Kolostova K., Bobek V. Cir-
culating Tumor Cellsin Diagnosis and Treat-
ment of Lung Cancer. In Vivo. 2019, 33 (4),
1027-1037. https://doi.org/10.21873/in-
vivo.11571

Liang D.H.,HallC., Lucci A. Circulating Tu-
mor Cells in Breast Cancer. Recent resultsin
cancerresearch. Fortschritte der Krebsforsc-
hung. Progres dans les recherches sur le can-
cer. 2020, V. 215, P. 127-145. https://doi.
org/10.1007/978-3-030-26439-0 7

. Cortés-Herndndez L. E., Eslami-S Z., Alix-

Panabieéres C. Circulating tumor cell as the
functional aspect of liquid biopsy to un-
derstand the metastatic cascade in solid
cancer. Mol. Aspects Med. 2020, V. 72,
P. 100816. https://doi.org/10.1016/j.
mam.2019.07.008

Mushtaq M., Kovalevska L., Darekar S.,
Abramsson A., Zetterberg H., Kashuba V.,
Klein G., Arsenian-Henriksson M., Kashuba E.
Cell stemness is maintained upon concur-
rent expression of RB and the mitochon-
drial ribosomal protein S18-2. Proc. Natl.
Acad. Sci. USA. 2020, 117 (27). https://doi.
org/10.1073/pnas.1922535117

LiuT.. XuH., Huang M., Ma W., Saxena D.,
Lustig R. A., Alonso-Basanta M., Zhang Z.,
O’RourkeD.M.,Zhang L.,GongY.,KaoG.D.,
Dorsey J.F.,FanY.Circulating Glioma Cells
Exhibit Stem Cell-like Properties. Cancer
Res. 2018, 78 (23), 6632—-6642. https://doi.
org/10.1158/0008-5472.CAN-18-0650
Okabe T., Togo S., Fujimoto Y., Watanabe
J., Sumiyoshi I., Orimo A., Takahashi K.
Mesenchymal Characteristics and Predic-
tive Biomarkers on Circulating Tumor Cells
for Therapeutic Strategy. Cancers. 2020,
12 (12), 3588. https://doi.org/10.3390/
cancers12123588

GuanX.,MaPF. LiC.,.WuS.,HuS.,Huang .,
SunX.,Wangd.,LuoY.,CaiR.,FanY.,LiQ.,
Chen S., Zhang P., Li Q., Xu B. The prognos-
tic and therapeutic implications of circulat-
ing tumor cell phenotype detection based on
epithelial-mesenchymal transition markers
in the first-line chemotherapy of HER2-
negative metastatic breast cancer. Cancer
Commun. (Lond). 2019, 39 (1), 1. https://
doi.org/10.1186/s40880-018-0346-4
ChenY.,LiS.,LiW.,YangR.,Zhang X.,YeY.,
Yu J., Ye L., Tang W. Circulating tumor
cells undergoing EMT are poorly correlated
with clinical stages or predictive of recur-
rence in hepatocellular carcinoma. Sci. Rep.
2019,9(1), 7084. https://doi.org/10.1038/
$41598-019-43572-1

.SunY.F.,.GuoW.,XuY.,ShiY.H.,GongZ.J.,

Ji' Y., Du M., Zhang X., Hu B., Huang A.,
Chen G.G., Lai P.,,Cao Y., Qiu S.J., Zhou J.,
Yang X. R., Fan J. Circulating Tumor Cells

25



BIOTECHNOLOGIA ACTA, V. 14, No 4, 2021

from Different Vascular Sites Exhibit Spa-
tial Heterogeneity in Epithelial and Mesen-
chymal Composition and Distinct Clinical
Significance in Hepatocellular Carcinoma.
Clin. Cancer Res. 2018, 24 (3), 547-559.
https://doi.org/10.1158,/1078-0432.CCR-
17-1063

148. Lin P. P. Aneuploid Circulating Tumor-De-
rived Endothelial Cell (CTEC): A Novel Versa-
tile Player in Tumor Neovascularization and
Cancer Metastasis. Cells. 2020, 9 (6), 1539.
https://doi.org/10.3390/cells9061539

149. Galanzha E. I., Menyaev Y. A., Yadem A. C.,
Sarimollaoglu M., Juratli M. A., Nedose-
kin D. A., Foster S. R., Jamshidi-Parsian A.,
Siegel E. R., Makhoul I., Hutchins L. F.,
Suend.Y.,Zharov V. P. In vivo liquid biopsy
using Cytophone platform for photoacous-
tic detection of circulating tumor cells in
patients with melanoma. Sci. Transl. Med.
2019, 11 (496), eaatb5857. https://doi.
org/10.1126/scitranslmed.aat5857

150. Han Y., Liu D., Li L. PD-1/PD-L1 pathway:
current researches in cancer. Am. J. Cancer
Res. 2020, 10 (3), 727-742.

151. Zhang W., Huang Q., XiaoW.,Zhao Y., PidJ.,
Xu H., Zhao H., Xu J., Evans C. E., Jin H.
Advances in Anti-Tumor Treatments Tar-

geting the CD47/SIRPa Axis. Front. Im-
munol. 2020, V. 11, P. 18. https://doi.
org/10.3389/fimmu.2020.00018

152. Lian S., XieR.,YeY.,.LuY.,ChengY., Xie X.,
Li S., Jia L. Dual blockage of both PD-L1
and CD47 enhances immunotherapy against
circulating tumor cells. Sci. Rep. 2019, 9 (1),
4532. https://doi.org/10.1038/s41598-
019-40241-1

153. Chen C., Zhao S., Karnad A., Freeman J. W.
The biology and role of CD44 in cancer
progression: therapeutic implications. .
Hematol. Oncol. 2018, 11 (1), 64. https://
doi.org/10.1186/s13045-018-0605-5

154. Leone K., Poggiana C., Zamarchi R. The
Interplay between Circulating Tumor Cells
and the Immune System: From Immune
Escape to Cancer Immunotherapy. Diagnos-
tics (Basel). 2018, 8 (3), 59. https://doi.
org/10.3390/diagnostics8030059

155. Zhong X., Zhang H., Zhu Y., Liang Y., Yuan
Z,Lid.,Lid., Li X.,JiaY.,,He T., Zhu J.,
SunY., Jiang W., Zhang H., Wang C., Ke Z.
Circulating tumor cells in cancer patients:
developments and clinical applications for
immunotherapy. Mol. Cancer. 2020, 19 (1),
15. https://doi.org/10.1186/s12943-020-
1141-9

ODUPRYJIOBAJIBHI ITY XJIMHHI
KJITHHHU: HA YOMY MU SYIITMHUJINCS?
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KuiBcbKoro HarioHaJIbHOTO YHiBEPCUTETY
imeni Tapaca IlleBuenka

E-mail: skivkalarysa964@gmail.com

MeracTradyBaHHA Ta PeIUIUB PAKy € OC-
HOBHUMW NPUYMHAMU CMEPTHOCTI y XBOPUX
Ha OHKOJIOTiuHY maTtoJjorifo. IlyxmauHaHI KiriTh-
HU, AKi BIIOKPEMJIIOIOTLCA BifJ mMepBUHHOI abo
BTOPUHHOI NIYXJUHY i IOIMUPIOIOTHCA V KPOB,
Ha3WBAIOTh MUPKYJIIOBAJIbHUMYU NYXJIUHHUMUI
raituaamu (IIITK). BoHu xapaKTepusyoTh Mi-
HiMaJbHY 3aJHUIIKOBY XBOPOOY i € KJIIOUYOBUMU
pPyUIiAMY TOIMUPEHHS NYXJWHU y OPUJIeryai
TKAaHWHU Ta BigmajaeHi opranu. Bukopucranus
IIIK gia giarHOCTUKMY i JIIKYBaHHS OHKOJIOTiY-
HOI maroJjiorii y KJIiHiUHiN nmpaKkTuIili morpedye
TIUO0O0KOTO PO3YMiHHA iXHBOI 6iojorii, a TaK0MXK
PoOJIi B YHUKHEHHI ITyXJWHOI iMyHHOIO HaTJIs-
Iy, cTifikocTi g0 Ximio- Ta iMmyHOTeparrii Ta ¢e-
HOMEHY METaCTATUUYHOTO CIIOKOIO.
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MeTacTasupoBaHue U PEIUINB PaKa ABISIOTCA
OCHOBHBLIMHU IIPUYNHAMY CMEPTHOCTU ¥ OOJBHBIX C
OHKOJIOTHYECKOIi maTosorueii. OmyxoJieBbie KJIeT-
KU, KOTOPbBIE OTAEJAIOTCA OT HePBUYHOMN MU BTO-
PUYHOM ONYXOJM U PACIPOCTPAHAIOTCA B KPOBb,
HA3bIBAIOTCA MUPKYJIUPYOIIUMHU ONYXO0JEBbIMU
riaetkamu (ILIOK). 9Tu KiaeTKu xapakTepusymoT
MUHUMAaJbHYIO OCTATOUYHYIO 00J€3Hb U SBJIAIOT-
csA KJIOUYEeBLIMU JBUTATENAMHI PACIPOCTPAHEHUA
OITyXOJIV B OKPYJKaIoIlle TKaHU U OTAAJeHHBIE OP-
ranbl. Ucnonb3oBanue [JOK nnsa numarHocTuku u
JIeYeHUsI OHKOJIOIMYECKOM MaTOJOTUY B KINHUYE-
CKOM ITpaKTHKe TpedyeT riry00KOoro MOHUMAaHUA UX
OMOJIOTHH, a TAKIKE POJIU B YCKOJIb3aHUU OITYXOJIU
OT UMMYHHOT'O OTBETa, YCTOMUYNBOCTUA K XUMHO- 1
UMMYyHOTepanuu u eHoMeHa MeTaCTaATUYeCKOTO
TIOKO4.
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Mema. Oryan cyyacHUX 3HaHb 111040 6ioJo-
rii ITITK, a TaKosK IIepCIIeKTUB IX BUKOPUCTAH-
H IJIA JIaTHOCTUKY Ta CIIPAMOBAHOTO JiKyBaH-
HsI METaCTATHYHOI XBOPOOH.

Memodu. KomnnexkcHuii orasaj jgiTepary-
pu i3 BacrocyBanuaMm 6as3 manux MEDLINE,
Biological Abstracts ra EMBASE.

Pesyavmamu. B ornani ysarajibHeHO i Ipo-
aHaJi30BaHO icTOpUYHI BimomocTi Ta cydacHi
maHi moxo 6iosiorii CTC, ocHOBHUX eTalniB ixX-
HBOTO KUTTEBOTO IUKJY, POJi Y MeTacTaTuyd-
HOMY KacKaji, KJIiHIiYHUX IepCIeKTUuB iX BU-
KOPUCTAaHHSA AK MapKepiB IJd SJiarHOCTUKHU Ta
MIPOTHO3YBaHHA Iepebiry 3axBoplOBaHHA, a Ta-
KOMK MillleHel OJis JiKyBaHHSA paKy.

BucHosku. 3HaUHUN IIporpec y raaysi 6io-
gorii IIITK Ta ix 3acTocyBaHHS y T€PaHOCTH-
i paKy IepeKOHJUBO JOBOAUTH JEEBICTH MUX
KJITUH AK MillleHe# 114 IIPOTHO3Y i JiKyBaHHSA
MeTacTaTudHol XBopobOu. EdherTuBHOMY BU-
KOPHUCTaHHIO PigKoi Oiomcii 3 KisbKicHOIO Ta
(enoTunoBoro xapaktrepuctukoio I[ITK mepe-
IIKO/YKAa€e HeJOCKOHAJIICTh METOHO0JIOTi] B3ATTA
Giosroriunoro marepianay i BigcyTHicTh Hami-
HUX MapKepiB IJd OIiHIOBAHHA MeTacTaTHU-
Horo noreHmniaay I[IIK pisHOro moxomKeHHd.
PizrnomaniTTa MmexanidmiB mirparmii Ta iaBasii
OYyXJIUHHUX KJIITHH moTpedye po3pobIeHHS
KOMILTEKCHUX TePaleBTUYHUX MiAXOMiB IJIs aH-
TuMmeTacTaTuuHoi Tepanii momno IITK. Sycum-
Jisl, OpieHTOBAHI HA BUPIIIEHHS I[UX OCHOBHUX
MIATaHb, MOYKYTh CIPUATH PO3POOJIEHHIO HOBUX
e(eKTUBHUX CTPATErill IIKyBaHHA PaKy.

Knwou4osi cnosa: MUPKYIIOBAIbHI TyXJIUHHI KJIi-
TUHU, MUPKYIIOBAJbHI TyXJINHHI MiKpoeMboJin,
MeTacTa3yBaHHs, eIIiTeIINHO-Me3eHXIMHUH IIepe-
Xim, MimiMaabHAa 3aJIMIIIKOBA XBOpooa.

IJenv. O630p COBpeMEHHBIX 3HAHUI 110 OMOJIO-
ruu ITOK, a Taxk'Ke mepCneKTUB UX KCIOJIb30Ba-
HUSA AJI8 [UATHOCTUKY U HAIIPABJIEHHOT'O JIEUeHU A
MeTacTaTUu4decKoi 60JIe3HNU.

Memodvi. KoMnaeKCcHBIH 0630p JauTepary-
pBI ¢ ucnoab3oBanueMm 6a3 ganabix MEDLINE,
Biological Abstracts u EMBASE.

Pesyavmamut. B 0630pe 0600111eHEBI U ITPOaHAa-
JIMBUPOBAHBI MCTOPUYECKUE CBEJEHUSA U COBpPE-
MeHHBIe JaHHBIe, Kacawmuecsa 6uoaoruu [1OK,
OCHOBHBIX 9TaIllOB UX KU3HEHHOTO ITUKJIA, POJIU
B METacTaTUYeCKOM KacKaje, KIMHUUYECKUX TIep-
CHEKTUB UX UCIIOJb30BaHUA B KAUECTBE MaPKEPOB
IJIsl TUATHOCTUKY W IIPOTHO3UPOBAHUA TeUEHUS
3a00J€eBaHUs, a TaK)Ke MUIIeHeH OJd JieueHUusd
paka.

Bv1800bL. 3HaUNTEIBHBIN IIpOrpecc B 006J1acTu
o6uosoruu IIOK u ux mcnosb30BaHUA B TEPAHOCTHU-
Ke paka y0equTeJIbHO OKAa3bIBAET IeHCTBEHHOCTD
9TUX KJIETOK B KauecTBe MUIIIEHell [Jid MPOTrHOo3a
U JIeUeHUS MeTacTaTUUYecKoro 3abosieBanus. Id-
(heKTUBHOMY MCIIOJIb30BAHUIO JKUJKOI OMoICuu
C KOJIMYECTBEHHOI 1 (peHOTUNUUECKOI XapaKTe-
puctukoii IIOK npensaTcTBYIOT HECOBEPIIIEHCTBO
METOJ0JIOTUY B3ATHUA OMOJIOTUUECKOTO MaTepraa
U OTCYTCTBUE HAZEKHBIX MapPKEPOB JJIA OIleHKU
meTactatuyeckoro nmoreunuanaa IIOK pasauuno-
ro mpoucxoxaenusa. MHOrooOpasue MexXaHU3MOB
MUTPAIUY U UHBA3UU OIIYX0JEBbIX KJIETOK TPeoy-
eT Pa3dpaboTKU KOMIIJIEKCHBIX TePAlleBTUUECKUX
IIOAXOMOB IJA aHTHUMETACTATUUECKOMN Tepamunu,
Haneaenno# Ha IIOK. Ycunusa, mampaBiieHHbBIE
Ha peIllleHVe dTUX OCHOBHBIX BOIIPOCOB, MOTYT
cII0coGCTBOBATH Pa3paboTKe HOBBIX 3(PMEKTUBHBIX
cTpaTeruii jieueHnA paKa.

Knwouesvle cnosa: TUPKYIUPYIOITAE OITYXO0JIEBbIE
KJIETKU; IUPKYJUPYIOIINE OITyXOJieBble MUKPO-
5M00JIBI; MeTacTasMpOBAHUE; JBIUTEJIUATbHO-
Me3eHXMMAaJbHBIA IIepexofi; MHUHUMAaJbHad
ocTraTouHas 00JIe3Hb.
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