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Abstract. Knowledge of the mechanisms underlying the
spread of cancer at the cellular and molecular levels is
expanding rapidly. However, the central regulators governing
the initiation and the rate of tumor growth remain poorly
established. The fundamental principles of innate and adap-
tive immunity may explain how immune cells generate a
specific response to tumor tissue. In the current review, the
functional features of the immune system that contribute to
the maintenance of normal tissue homeostasis, as well as
their disruption in malignant transformations, were analyzed.
Experimental and clinical studies previously demonstrated
the involvement of regulatory T-cells in the process of tumor
metastasis in a tissue-specific manner. An understanding of
the cross talk between lymphoid and tumor cells may provide
an insight into cancer evolution in terms of the mechanisms of
T-cell competency formation. Elucidating the mechanisms of
tumor progression via central immune regulation has impli-
cations for the development of novel therapeutic agents that
target immune checkpoints.
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1. Introduction

Elucidation of the mechanisms underlying the metastasis of
solid tumors may improve patient outcomes, as the majority of
cancer-associated mortalities are due to tumor progression and
dissemination (1). Previous studies have investigated the role
of immunity in tumor biology; however, the immune-mediated
maintenance of tissue homeostasis (TH) in cancer has not
been thoroughly explored (2-4). Tumor progression may be
influenced by the immune system (2,3). However, the role of
tissue-specific factors in the outcome of adaptive immune
responses remains unclear (4). Advances in molecular biology
have allowed the investigation of the mechanisms involved in
intercellular interactions. Consequently, there is an increased
understanding of the factors involved in these interactions,
allowing a comprehensive description of tissue development
to be made. A number of immune cells, cytokines, growth
factors and enzymes create a favorable microenvironment for
maintaining a steady state in tissues (5,6). However, which of
these are essential in maintaining a favorable tissue micro-
environment remains unknown. The interchange of signals
at the tissue level is maintained by constant synthesis of
various short-lived molecules, including cytokines, integrins
and selectins, and exosomes (7,8). TH is therefore a complex
process. The present review attempted to analyze the functions
of the immune system, not including its protective role against
infection, and establish whether it has a morphogenetic or
regulatory function in maintaining TH (9,10). Consequently,
the present review focused on regulatory T cells, due to the
tissue-specific manner these cells operate in (11,12). Although
T cells reside in tissues, they are functionally monitored by
the thymus, and provide feedback on TH from the peripheral
to the central immune system by their homing capacity (13).
Elucidating the central immune regulation of tumor tissue
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evolution may aid in the development of novel immune
therapies.

2. Data sources and searches

PubMed (www.ncbi.nlm.nih.gov/pubmed), Google Scholar
(scholar.google.com), Scopus (Www.scopus.com/home.uri)
and Web of Science (login.webofknowledge.com) databases
were searched in November 2017 using a combination of
key words and text words related to ‘solid tumor spread’ and
‘central immune regulation mechanisms’ of this process. The
search was not restricted by date. The main Medical Subject
Headings in PubMed were as follows: i) Neoplasm/metastasis;
ii) neoplasms/immunology; and iii) T-lymphocytes/immu-
nology. The inclusion criteria were as follows: i) Peer-reviewed
published articles; ii) original research articles; iii) reviews;
iv) meeting abstracts; v) proceedings papers; and vi) book
chapters containing information pertaining to the central
immune regulation of tumor spread/metastasis. Documents
that were not published in the public domain were excluded. A
total of 90 articles which were selected by both authors were
included in the current study. Disagreements were resolved
through consensus.

3. Central immune regulation in maintaining homeostasis
of normal tissue

The immune system detects pathogen invasion, fights against
infection, prevents malignant transformations and contributes
to permanent tissue renewal and remodeling following damage
to the tissue (10,14). The thymus is a central immune organ
that serves a principal role in post-natal human life by main-
taining the development and homeostasis of T cells (15,16).
The regenerative capacity of the thymus undergoes a
significant decline in the postnatal period compared with its
prenatal activity; however, it continues to perform a pivotal
role in T-cell arrangement in adulthood (17). Stem cells of the
thymic epithelium are constantly generated throughout the
lifespan of a human and their pool is dynamically regulated
by signals from the periphery in response to tissue require-
ments (18). The thymus generates clones of regulatory cells
during the process of T-cell development, which occurs due
to the recognition of self-antigens (19). Thymically derived
regulatory cells (T-regs) are considered to serve important
roles in maintaining and re-establishing of normal TH (20,21).
The immune system has a functional presence in every
tissue and organ, as immune cells have the unique ability to
travel between compartments (11). Each organ has a micro-
environment that participates in feedback mechanisms in
which dendritic cells present tissue major histocompatibility
complex (MHC) antigens for recycling lymphocytes (22).
The continuous recycling of lymphocytes from the blood
into tissues is a highly sophisticated bi-directional process
that reflects the homing capacity of migrating cells (19). The
migrating lymphocytes patrol the tissues, thus maintaining
homeostasis by a directional transfer of information, which
is beneficial for tissue development (7,10,23). The destina-
tion of the lymphocytes is predetermined by T-cell receptors
(TCRs), which are located on the surface of migrating cells
that interact with the appropriate ligands of high endothelium
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venules for penetration into the tissue (12). TCRs are designed
to recognize different MHC molecules, which are presented by
the majority of cells in the body (24). Using specific receptors,
lymphocytes assess the antigenic immunity in body tissues,
and the binding specificity of the TCRs is important in the
process of recognition (25,26). Consequently, the movement
of lymphocytes into the lymphatic system and blood circula-
tion, as well as their migration into the tissue, is an organized
process (11). The endothelial cells of capillaries are not passive
membranes that follow physical and chemical laws, rather they
select for active traffic into tissues by target-binding to the
receptor by antigen-antibody interaction (12). T-lymphocyte
migration directed by TCRs is conducted by ligand-integrin
interactions with adhesive molecules of blood vessel endothe-
lium (27). Immune surveillance of peripheral tissues by T cells
is performed in response to homeostatic chemokines that are
constitutively expressed in healthy tissues to recruit lymphoid
cells in certain tissue sites (28).

Tissue disturbance due to injury or inflammation results
in the secretion of cytokines, triggering the hyperactive
expression of specific integrins on the surface of endothelial
cells. The lymphocytes connected to the integrins adhere to
the endothelium, enter between adjacent endothelial cells
and exit the bloodstream (27). Simultaneously, lymphocytes,
macrophages and other lymphoid cells, including neutrophils
and monocytes, penetrate through the intercellular gaps
and re-enter the circulation. Lymphatic tissue is constantly
renewing its cell population in order to continuously recycle
lymphocytes (14,29). Recirculating lymphocytes are a
major part of the population of small lymphocytes, the
majority of which are T-lymphocytes (30). T-lymphocytes
are characterized by their rapid migration, which enables
them to constantly move between the blood and peripheral
organs (31,32). As such, small lymphocytes are an extremely
mobile cell population. Due to their mobility, lymphocytes
are able to penetrate into intercellular spaces (33). Subsequent
to passing through the vessel endothelium, lymphocytes may
interact with intercellular matrix proteins and tissue cells. The
complex interactions among lymphocytes, residing immune
cells, stromal components and tissue-specific factors influence
the outcome of the immune responses at the tissue level (14).
As a result, all functioning tissues have active lymphocytes
located around postcapillary venules (11,34). The zone of
interaction between endothelial cells, lymphocytes and tissue
structures is termed the immune regulatory zone, or the
immune regulatory compartment of an organ (34,35). Previous
studies demonstrated that the majority of tissue lymphocytes
are T-lymphocytes, which originate from the double-positive
helper/suppressor population, and are currently defined as the
regulatory population (13,36). Through a homing mechanism,
T-lymphocytes undergo a settling stage in the tissue, where
they acquire their immunological specificity (11).

The thymus is an important site for the development of
T-regs during the positive selection process of clones that are
tailored to the tissue in which they complete differentiation (37).
Following this process, T-regs join the lymphatic system and
blood circulation. Circulating lymphocytes form a pool of cells
carrying receptors that are specific for the particular tissues
that created this clone (11). Once the migration process has
started, a functional complex that includes an adjustable tissue



SPANDIDOS
EJ PUBLICATIONS

T-cells recruitment from
Thymus

Blood capillary

ONCOLOGY LETTERS 17: 5311-5318, 2019

Tissue space

5313

T-cell recirculation
e et P (homing)

Lymphatic capillary

Key:

@ = T-lymphocyte reg

@ j" - Dendritic cell

4

- - Normal tissue cells

@ - Tissue macrophage

- Blood vessel endothelium

- Lymphatic vessel endothelium

- Extracellular matrix

Figure 1. Principal components of immune regulatory compartments in functioning tissue. This diagram illustrates that any functioning tissue is a highly
organized peripheral division of the immune system with a stable contingent of residing components (tissue macrophages, dendritic cells, extracellular matrix)
and a mobile component (recycling regulatory T-cells that are functionally monitored by the thymus).

and regional lymph nodes is formed. It provides a selectivity of
migration, termed homing (12). Such selectivity is associated
with effector lymphocytes acquiring novel properties dictated
by the local tissue microenvironment (38,39). Therefore, any
regenerating/renewing healthy tissue that is non-inflamed drives
the preferential recruitment of a highly restricted repertoire of
specific T-regs for its continued development (13).

One issue that remains is concerned with the manner in
which recirculating T-cells perform the morphogenetic func-
tions of the immune system. Cell-to-cell interactions assist
multicellular organisms to function as a stable system (40).
Informational support by the transfer of genetic material in the
form of exosomes to developing tissue is an immunoediting
function of T-cells (41), although the transmission mechanism
of information pertaining to regeneration has not been fully
elucidated. Previous studies have indicated that cells can
communicate via the direct exchange of genetic patterns in
the form of exosomes and apoptotic bodies (7,40,42). The
processes of cell-to-cell communications via exosomes are
a potential driving factor of phenotypic changes and cellular
plasticity during tissue regeneration (43). Therefore, specific
genetic messages are designed to be embedded into accepting
cells for their differentiation with subsequent tissue develop-
ment. The required level of exosomes is provided by cell
activation and apoptosis, which underlies the effector mecha-
nisms of immune cell action (44). The genetic information
contained within exosomes in the form of DNA or RNA can

influence the target cell by triggering activation, differen-
tiation or even by promoting apoptosis (40). In the immune
system, exosomes from T cells can directly fuse with accepted
tissue cells, releasing relevant functional information (45). The
involvement of lymphocytes in the regulation of tissue devel-
opment has clearly been demonstrated by their presence in the
microenvironment of differentiating hematopoietic cells of the
bone marrow (46). Furthermore, T-regs have been shown to
serve an important role in maintaining the homeostasis of skin
and various mucosal surfaces, from which epithelial tumors
have been identified to form (13,47).

In summary, any functioning tissue is a highly organized
peripheral division of the immune system with a stable contin-
gent of residing cells and a mobile component comprised of
recycling regulatory T cells that are functionally monitored by
the thymus. These T cells provide a feedback reaction to the
thymus as a central part of the immune system. T-regs actively
participate in the generation of adaptive immune responses.
The processes of the migration and recirculation of immune
cells, and their active interactions with other tissue structures
ensure the maintenance of TH (Fig. 1).

4.Immune regulation in case of tumor tissue manifestation
and metastatic spread

One topic of note is what happens to the highly sophisticated
hierarchy of TH regulation in the extreme case of its imbalance,
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i.e., during malignant transformation of tissue. Since tumor
cells originate from normal ones, the key principles of immune
regulation are preserved in the transformed tissue. Therefore,
immune mechanisms that regulate tumor tissue function may
be the same as in cases of normal non-metastatic tissues (48).

When tumors develop, the new tissue evolves and the meta-
static potential of the rapidly dividing cells (cellular clones)
constantly increases. Clinically, metastasis is the last stage of
tumor progression. Prior studies revealed that the process of
cancer spreading is not random, and follows domestic rules
and mechanisms in the ‘host-tumor’ system (49-51). This was
confirmed when certain cancer types elected to metastasize
over their preferred target tissues (52). Previous studies have
provided supporting evidence of the importance a common
mechanism involved in the regulation of tumor progression:
i) Tumor cells acquire metastatic properties prior to migra-
tion from the site of the primary tumor (53); ii) the systemic
circulation of tumor cells may subsequently remain latent for
an extended period of time (54) and the presence of tumor
cells in the blood is not indicative of metastasis (55,56); iii) the
formation of metastatic niches in the form of restructured
stroma in tissues distant from the site of the primary tumor
begins prior to the dissemination of malignant cells (2,57); and
iv) the enhanced vascularization of blood and lymph vessels
in tumors contributes to the process of metastasis (58,59).
Clonal polymorphism, genetic instability of tumor cells and
a hypoxic microenvironment contribute to the expression
of multiple angiogenic factors in malignant tissues (60-62).
Nevertheless, it has been postulated that stimulation of vessel
growth in tumors occurs via the same mechanism as that in
normal tissue (63). As such, blood vessels treat the tumor as
an extra cell mass, which requires nutrition and elimination
of the products of tissue metabolism (64). The aforemen-
tioned process supports the hypothesis that the influence of
the host on the formation of the tumor microenvironment is
a factor that determines when the metastatic process is initi-
ated as the formation of metastatic niches begins before the
spread of malignant cells, and neoangiogenesis contributes
to the process of metastasis. However, the central regulatory
mechanisms that activate selected tumor cells for metastatic
initiation remain poorly defined.

T-regs with the phenotype cluster of differentiation
(CD)4+*CD25*forkhead box P3* (FOXP3*) imitate mediators of
immune editing (surveillance) (65-67). Novel immune check-
point inhibitors recognize that T-regs serve a key role in tumor
development (68). Therefore, elucidating the associations of
T-regs and tumor cells may provide insight into the modula-
tion of the host response to the malignant transformation of
tissues (66). T-reg density within tumor lesions and the recur-
rent imbalance of its contents in the blood has been associated
with the clinical outcome of patients in a number of types
of cancer, including breast, cervical, endometrial, ovarian,
colorectal and pancreatic cancer (69-71). Tumor-specific
T-regs may originate in the thymus during T-cell development
and are recruited to the tumor lesion in a preferential manner
from the diverse systemic pool of T-regs (19,48).

The phenotype, differentiation status and function of regu-
latory immune cells depend on the anatomical compartment
in which the cells reside. Even immune cells that originated
from the same precursors, but which reside in different tissues,
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have diverse functions as they are instructed by different,
organ-specific factors (11). Consequently, different types of
tissue have different antigens that activate the immune system
and generate regional immune responses, which is associated
with the relative stability of the tissue. In cases of tumor trans-
formation due to immune escape mechanisms, the immune
system may maintain homeostasis in the newly-formed anatom-
ical site, i.e., the tumor. Therefore, the immune system allows
the tumor to grow rather than destroy it (65,72), suggesting a
mechanism of how tumor tissue development, and progression
may coexist with the normal function of an organ (2,64). Tumor
cells are constantly exposed to immune cells during each
phase of the metastatic process, suggesting that the immune
cells may restrict their development (73). However, previous
studies have revealed that tumor-infiltrating immune cells
may instead promote the metastatic cascade (2,3,72). T-regs
may serve a role in increasing the number of surviving tumor
cells in circulation and metastatic sites; however, the precise
mechanisms underlying this process remain unknown (2).
The thymus orchestrates the arrangement of T-cell clones
and predetermines the function of T-cell populations on the
periphery (27,74). A prior study that observed changes in the
thymus during experimental carcinogenesis revealed that the
development of malignant tumors in the colons of rats was
correlated with significant fluctuations in the morphology of
the thymus, highlighting the role of central immunological
regulation in tumor biology (75). These variations were mani-
fested in the differentiation and apoptosis of thymus cells, as
well as changes to the components in the microenvironment
of the thymus cells. Notably, significant transformations in the
thymus, including an increase in the number of thymic cells,
active T-lymphocytes and changes in the microenvironment
were observed during the precancerous stage in the intestinal
mucosa (75). The aforementioned study reported that colonic
cancer had a greater impact on the thymus morphology. It
manifested in the elevation of proliferation and differentiation
of thymocytes into mature forms with their subsequent traffic
to the colonic mucosa (75). Experimental data regarding
the increased egress of mature thymocytes and their migra-
tion into peripheral circulation are consistent with clinical
data reporting an increased T-reg lymphocyte population in
the peripheral blood of patients with solid tumors including
melanoma and breast, lung, gastric, ovarian, head and neck,
tumors (65,70,76). Furthermore, T-reg lymphocytes have been
detected in lymph nodes containing micrometastases, but not
in healthy lymph nodes (77). The detection of T-reg lympho-
cytes and the formation of new lymphatic vessels precede
the detection of metastatic lesions in the regional lymph
nodes (78). T-lymphocyte clones migrate and infiltrate a solid
tumor (70). According to numerous studies, they are mainly
represented by the same regulatory thymic subpopulation of
lymphocytes, which has been discussed previously (48,79,80).
The process of malignant transformation of tissue is
accompanied by the formation of T-lymphocyte clones
designed for that tissue. These lymphocytes begin to differen-
tiate in the thymus and complete the differentiation process in
the tumor tissue, which is actively involved in the generation
of immune signals required to maintain tissue develop-
ment (81). Consequently, the tumor tissue may be considered
as a peripheral compartment of the immune system whose
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Figure 2. Schematic of the central immune regulation of homeostasis in normal and tumor tissue in the case of clinical tumor manifestation. Lymphocytes
begin to differentiate in the thymus and complete their differentiation at the periphery tissue compartment where they migrate due to their homing capacity.
As a result, the organ affected by the tumor consists of tumor and normal tissues infiltrated by T-reg lymphocytes designed for the particular tissue type.
These clones are similar in their T-reg phenotype and differ only in the direction of migration to the appropriate tissue which is dictated by unique set of
MHC-antigens. T-reg, thymically derived regulatory cell; MHC, major histocompatibility complex; CD, cluster of differentiation.

regulatory zone includes vessels, endothelial cells, circu-
lating and settled pools of T-reg lymphocytes, tumor cells
and components of the extracellular matrix. Therefore, the
affected organ consists of tumor and normal tissues. Each of
these tissue types has a zone infiltrated by T-reg lymphocytes
designed for this tissue type. There are clones for tumor and
normal tissues in the peripheral circulation of an organism
with cancer. Phenotypically these clones are similar, all
being T-reg CD4* FOXP3" cells (79,82). However, they differ
in the direction of migration to the appropriate tissue, which
expresses its own unique set of histocompatible antigens
(Fig. 2).

An increased number of T-regs in tumor tissues is associ-
ated with a higher degree of differentiation and an improved
prognosis (69-71,76), suggesting that T-regs serve a role in the
pace of tumor progression. A previous study in patients with
breast cancer assessed T-reg lymphocytes profiles in samples
of tumor tissue following the administration of neo-adjuvant
chemotherapy, and a significant reduction in T-regs among
infiltrating tumor tissue lymphocytes was detected (83). This
suggests the possibility of using T-reg lymphocytes as a

prognostic marker for response to chemotherapy and demon-
strates a direct association between tumor regression and a
reduction in the population of T-reg lymphocytes (70,84,85).

Novel immunotherapies may have a greater impact on T-reg
lymphocyte subpopulations than traditional chemotherapy
agents (68,86). The clinical application of targeted antitumor
drugs against cytotoxic T-lymphocyte associated protein 4
and programmed cell death 1 lymphocyte receptors, termed
immune checkpoint inhibitors, has demonstrated efficacy in
a subset of patients with aggressive solid tumors, including
disseminated melanoma, renal cell carcinoma and non-small
cell lung cancer (86,87). Furthermore, patients demonstrated
partial or complete tumor regression following the administra-
tion of the aforementioned immune therapies, which persisted
following the cessation of therapy, which was renewed as
an identical treatment if disease progression occurred (87).
Novel immunotherapies have increased the potential avail-
able targets of anticancer drugs, providing insights into the
mechanisms underlying tumor development and progression.
Preceding studies have identified novel agents that target
lymphocytes and alter the immunological microenvironment
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of tumors, thus promoting tolerance and changes to the apop-
totic program in tumor tissues (81,88,89). Tolerance may be
considered as the deprivation of the informational support
from the host to the tumor (90). This data implicates T-regs in
the process of tumor progression and the presence of central
immune mechanisms that govern tumor spread (2,3). In spite
of the fact that the tumor promoting role of tumor-infiltrating
immune cells at each step of the metastatic cascade has been
stated, interactions between tumor and immune cells are tradi-
tionally considered in the context of tolerance or suppression
by the immune system only at the tissue level without the
evaluation of central, i.e. thymic, regulation of immune cell
behavior (2,3,88). Previous studies investigating malignant
tissue revealed central mechanisms of immune regulation
that define the character, direction and outcomes of cellular
interactions at the tissue level (2,48). As this novel therapeutic
strategy with checkpoint inhibitors has demonstrated, a func-
tional blockade of the lymphocytes regulating homeostasis in
tumor tissue leads to tumor regression due to the deprivation
of immunological support from the host (86,90). Therefore,
there is a requirement for selective therapeutic agents that
target the population of tumor-associated T-regs and not other
T-regs in the body.

5. Conclusion

The current review summarizes the data on the participation of
the immune system in the process of tumor growth and metastatic
spread. Previous studies have demonstrated the importance of
the role of recirculating and tissue-residing immunocompetent
cells in tumor progression. However, even a detailed phenotypic
specification of lymphoid cells and analysis of their interactions
does not completely describe the tumor spread regulation without
considering the central part of T-cell competency formation.
Central regulation mechanisms provide insight into the predes-
tination and direction of immune reactions in tumor tissue. We
believe that enough data pertaining to the regulatory levels of
tumor metastasis is available to attempt to influence the process
of tumor spread globally, by changing the speed and direction
through therapies that target not only tumor cells, but also the
regulatory mechanisms of the immune system. For example, the
targeted impact on the adaptive immune response with immune
checkpoint inhibitors is a successful strategy in immune system
interventions in patients with cancer. Finally, elucidating the
mechanisms of tumor metastasis with regard to immunological
regulation may aid the identification and development of novel
therapeutic strategies. A limitation of the present review is that
it is purely narrative. Insight into the process of tumor spread
through the prism of central immune regulation may be of interest
to clinicians, and an in-depth explanation of the mechanisms
underlying the efficiency and toxicity of novel immune therapies
with checkpoint inhibitors is a topic for future research.
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