
Research Article Open Access

Paltsev et al., Immunol Curr Res 2017, 1:1

Review Article Open Access

Immunology: Current Research Im
m

un
olo

gy: Current Research

Volume 1 • Issue 1 • 1000102
Immunol Curr Res, an open access journal

Keywords: Organs ectopia; Immune cells; Pathology; 
Neuroimmunoendocrine system

Abbreviations: CD: Cluster of Differentiation; CGRP: Calcitonin 
Gene Related Peptide; CTACK: Cutaneous T-cell Attracting 
Chemokine: DCs: Dendritic Cells; GIT: Gastro Intestinal Tract; HLA: 
Human Leukocyte Antigen; HSC: Hepatic Stellate Cell; ICAM: Intra 
Cellular Adhesion Molecule; IgA: Immunoglobulin of class A; IL: 
Interleukins; INF: Interferon; KGCs: Kashchenko-Gofbauer Cells; KIR: 
Killer Inhibitory Receptor; KC: Kuepfer Cell; LC - Langerhans Cell; 
LFA-1: Leucocyte Function Associated-1 protein; LP – α: Lipoprotein; 
LSEC: Liver Sinusoidal Endothelium Cell; MALT: Mucosa Associated 
Lymphoid Tissue; MDSC: Myeloid Derived Suppressor Cells; MMP: 
Matrix MetalloProteinase; mRNA – matrix RiboNucleic Acid; NK cells: 
Natural Killers Cells; NKT: Natural killer T-cells; NO: Nitric Oxide; 
pDC - plasmacytoid Dendritic Cells; SP: Substance P; TNF: Tumor 
Necrosis Factor; VEGF: Vascular Endothelial Growth Factor

Introduction
The functional community of the nervous, immune and endocrine 

systems is expressed in maintaining the body's homeostasis at the 
molecular-cellular level. When analyzing the similarities in the 
organization of the nervous and immune systems, first of all, attention 
is paid to the fact that all of these systems consist of a large number of 
phenotypically different cells organized into complex networks. Within 
the network, cells are interconnected and function on the principle of 
feedback. As early as the 1970s, it was shown that the administration 
of supernatants from immune cell cultures to animal models induced 
an increase in the level of corticosterone (a pituitary hormone) in 
the blood plasma and reduced the synthesis of norepinephrine in 
the rat brain [1]. Currently, information on the relationship of the 
immune system cells with the tissues of various organs is constantly 
expanding, which indicates the importance of the functional activity 
of immunocompetent cells at the level of signal molecules in the 
tissues of the nervous, endocrine, reproductive and other systems. For 
example, Ridder K et al. supposed, that leukocytes enter the brain and 
extracellular vesicles released in short distance to the target cell are able 
to bind and release their content. This direct signaling of immune cells 
to the brain is independent of microglia [2]. The aim of this review is 
to summarize the data on ectopic organs of immunocompetent cells.

Pineal gland resident immune cells

It is shown that participation of similar elements of 
neuroimmunnendocrine regulation interactions reduces the risk of 
various disorders, compensating for the deficiency or hyperproduction 
of some regulatory molecules due to the corresponding changes in the 
others. The pineal gland (epiphysis) is a prominent example of this 
phenomenon. It is known that the lymphoid component occupies 20% 
of the epiphysis tissue, this fact allows to consider the pineal gland as 
a possible peripheral part of the immune system, which value in the 
organism increases with aging [3-6]. The lymphoid component of the 
epiphysis is represented by mature T and B lymphocytes, but most part 
of the organ is occupied by low-grade lymphocyte precursors. With 
age-related thymus involution, its functions are delegated to lymphoid 
tissue of other organs, one of which can be the pineal gland [7]. There 
are 4 main subpopulations of immune cells in the human and animal 
epiphysis: CD4+ (T-helpers), CD8+ (cytotoxic T cells), CD5+ (activated 
low-grade lymphocytes) and CD20+ (B-lymphocytes) [5,8].

Macrophages are one of the cells populations in the pineal gland 
involved as a mediator of immune modulating effects of pinealocytes. 
These cells regulate the morphofunctional state of the pinealocytes and 
the serotonin maintenance in vitro, as well as increase the expression 
of cytokines and components of the main complex of the class II 
histocompatibility system. 

Periventricular structures of the brain located outside the blood-
brain barrier are affected by various biologically active substances. 
One of these structures of the brain is the pineal gland, which has 
been studied in the aspect of its immunoregulatory functions. The 
epiphysis secretes some hormones, including melatonin, that stimulate 
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the immune system to produce certain cytokines. A large number of 
lymphoid tissues in the pineal gland allow assuming the existence of 
new mechanisms of neuroimmunoendocrine interactions in this part 
of the brain. The presence of lymphoid tissue suggests the existence 
of interaction mechanisms between lymphocytes and other types of 
pineal gland cells, including mutual influence on circadian rhythms 
in both systems: the immune and endocrine. Since the synthesis of 
melatonin in the pineal gland is associated with the time of day, it is 
assumed that the activity rhythms and dividing immune cells also 
have a temporal dependence. Evidence pineal gland effects on periodic 
changes in the immune system have been identified for avifauna and 
mammals [9-11]. The interactions between the neuroendocrine and 
immune systems suggest that there are feedback mechanisms between 
them, implemented through a variety of immune factors, although the 
cellular and molecular mechanisms of this feedback are not currently 
studied enough [12,13].

Female reproductive system resident immune cells

Placenta resident immune cells: The placenta is a unique organ 
that simultaneously performs 2 multidirectional functions: on the one 
hand, it ensures the fetus's safety from the mother`s immune system, 
and on the other - shows high immune activity and protects the fetus 
from the pathogenic effect of heterogeneous antigens of viral and 
infectious nature permeating the maternal organism.

Macrophages, dendritic cells (DCs), natural killers (NK cells), 
and cytotoxic T-lymphocytes were verified in the villous chorion of 
the full-term placenta [14-16]. In the late placenta of young women, 
the ratio of immune cells in the chorionic villus is 5:1:1:0.2, where 
NK cells are the most numerous subpopulation, followed by cytotoxic 
T cells and placental macrophages in the equal proportions, and the 
smallest subpopulation is DCs [17]. Possibly, the ratio of different 
subpopulations of immune chorionic villi cells optimally provides an 
immune response, the major components of which are destruction 
of damaged and transformed cells carried by NK-cells, control of 
heterogeneous agents provided by placental macrophages chorionic villi 
and protection semi allogenic fetus from maternal immune aggression 
supported by T - suppressors. In this case, DCs are the link between 
placental macrophages of chorionic villi and T-lymphocytes, providing 
activation of T suppressors and participating in the presentation of 
antigens.

According to some authors, placental macrophages of chorionic 
villi - Kashchenko-Gofbauer cells (KGCs) account for up to 40% of all 
non-fibrotic placenta cells and are practically the only population of 
immunocompetent cells in chorionic villus. CD14, CD68 and CD206 
are specific markers for macrophages which were detected not only 
in placental macrophages of chorionic villi, but also in cells similar 
to DCs and fibroblasts [18]. Placental macrophages participate in 
the development of the immune response and the activation of the 
inflammatory response by the synthesis of TNFα tumor necrosis factor 
[19]. It is possible that an increase in their number may be a prerequisite 
for the development of the pathological course of pregnancy.

DCs related macrophages derived from bone marrow hematopoietic 
stem cells, being a branch of the myeloid-monocytic hematopoietic 
lineage. Their number in the villous chorion of the placenta is negligible. 
However, they play an important role in the formation of the immune 
status of the placenta. In contrast to macrophages, DCs have not only 
an antigen presenting function with respect to mature T lymphocytes, 
but also are able to activate T-cell differentiation. The similarity of 
DCs and macrophages suggests the existence of a close interaction 

between them, in which the properties of one cell population are 
supplemented by the properties of another. For example, DCs, unlike 
macrophages, have a set of co-stimulating molecules (CD80, CD86) 
inducing a primary immune response but incapable of phagocytosis. 
There is evidence that macrophages are able to differentiate into DCs 
[20]. Currently, the marker of inactive mature DCs is CD83, whereas 
the activation of DCs is indicated by the CD35 marker.

According to our data, single CD35+ cells are localized 
predominantly in the stromal component of stem and intermediate 
villi, as well as in lumina stromal channels [15]. As well as for KGCs, an 
increase in the number of DC in the chorionic villi of the terminated 
placenta is correlated with the age of women [21].

NK cells are a subpopulation of immune cells lacking T- and 
B-lymphocyte markers, and constitute 10-15% of the total number of 
lymphocytes. The origin of NK cells is still unclear. Apparently, NK 
cells belong to an independent line of differentiation of lymphocyte 
precursors. Morphologically, NK-cells are large granular lymphocytes. 
In some cases, the functions of this type of cells can perform T- and 
B-lymphocytes and macrophages. NK cells are one of the most 
numerous subpopulations of immune cells in the placenta in the early 
stages of its development [22]. A significant place among the NK cells 
is the K-cell subpopulation, which carries out antibody-dependent 
cellular cytolysis. Another specific for NK-cells is killer inhibitory 
receptor (KIR) suppressing cytotoxicity allowing NK-cells recognize 
normal and transformed cells.

T-lymphocytes are another subpopulation of immune cells of the 
villous chorion of the placenta. The main function of T-lymphocytes 
is the recognition of peptide fragments of foreign proteins embedded 
in autologous molecules of histocompatibility. T cells, unlike B 
lymphocytes, do not recognize the foreign cells and the modified cells 
own organism.

T-lymphocytes are another subpopulation of immune cells of the 
villous chorion of the placenta. The main function of T-lymphocytes 
is the recognition of peptide fragments of heterogeneous proteins 
embedded in autologous molecules of histocompatibility. T-cells, in 
contrast to B-lymphocytes, recognize not heterogeneous cells, but 
altered cells of the organism. During recognition T-lymphocytes 
activated and differentiated into cytotoxic T cells and regulatory 
T-helper cells. CD4 and CD8 molecules increase the bond with the 
antigen receptor by the action of it. T-lymphocytes are not numerous 
subpopulations of immune cells in a full-term placenta compared to 
the NK-cells and macrophages. According to some reports [23], the 
presence of T-lymphocytes in the chorionic villi during inflammation 
associated with their migration from the blood, but normally they are 
not detected in the placenta, it means that T lymphocytes are not resident 
cells of the placenta. According to other data [24], cytotoxic T-cells 
were verified in the chorionic villus of the mature placenta in young 
primiparous women, but T-helper was not detected. Furthermore, it 
was shown that with aging the quantity of cytotoxic T-lymphocytes 
increase in placenta.

Studies on the verification of various subpopulations of immune 
cells in the chorionic villi of the mature placenta suggest a mechanism 
according to which the immune cells of the villous chorion, on the one 
hand, perform a protective function and, on the other hand, restrain the 
immune aggression of the maternal organism against the semiallogenic 
fetus. Probably, this duality is achieved by a difference in the functions 
that perform four basic subpopulations of mature immunocompetent 
cells in the placenta.
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It is known that NK cells are able to synthesize some cytokines 
and granulocyte-macrophage stimulating factor, regulating the activity 
and proliferation of placental macrophages of chorionic villi and 
participating in the early phase of the immune response [25]. In turn, 
placental macrophages of chorionic villi are able to regulate the activity 
of the T-cell link.

The described interactions between immune cells of the placenta 
have not been studied enough but evidence suggests a complex cascade 
of molecular reactions resulting in the functional integrity of placenta 
immune cells, aimed at maintaining of normal pregnancy development.

The importance of immunocompetent cells of the villous chorion 
of the placenta in the mechanisms of immune defense against 
heterogeneous agents and the preservation of tolerance between the 
tissues of the maternal and fetus organisms are confirmed by a wide 
spectrum of their subpopulations, verified in the placenta at various 
stages of its development. Violation of complex molecular interactions 
between different types of immune cells of the placenta at different 
stages of its development might be one of the causes of the pathology 
of pregnancy. 

Endometrium resident immune cells: It is shown that the immune 
system is actively involved in the process of implantation, adhesion and 
invasion of trophoblast during normal pregnancy [26].

Some authors have shown that immune cells can induce 
differentiation of endometrium in preimplantation period regardless of 
the endocrine system [27].

The endometrium is a highly tissue system consisting of specialized 
cells of the parenchyma and stroma multicomponent. Gland 
epitheliocytes are specialized cells of the parenchyma. The stroma 
matrix is represented by a set of immunocompetent and specific 
endometrial stromal cells, vessels and interstitial substance. The stroma 
contains a small amount of lymphocytes, representing 10-25% of all 
endometrial cells.

The amount of lymphocytes, macrophages and mast cells 
dynamically vary during the menstrual cycle in the endometrial tissue 
diffusely infiltrating the stroma. Macrophages are present throughout 
the menstrual cycle. Their number increased by the end of the cycle, 
accounting for about 20-30% of the total population of lymphoid 
cells. Macrophages have phenotypic differences, and their subtypes 
express different metalloproteinases (MMP-9, membrane MMP-MT1-
MMP) - the enzymes involved in the process of extracellular matrix 
reconstruction.

Macrophages are the source of vascular endothelial growth factor 
(VEGF), as well as produce a wide range of regulatory molecules 
that are able to stimulate the production of metalloproteinases and 
proinflammatory cytokines in the endometrium. Interleukins IL-1, IL-
2, IL-12 are the main cytokines-regulators of the local cellular antigen-
specific immunity synthesized by macrophages and interferon INF-α. 
Their activation occurs during development of inflammation with the 
subsequent production of a high level of prostaglandin E2 and tumor 
necrosis factor. The functions of macrophages are inhibited by high 
doses of progesterone. 

NK-cells are phenotypically unique population of immune cells in 
the endometrium, which form a significant part of the total population 
of lymphocytes in the stroma of the endometrium, and are different 
from those in the peripheral blood. Cytokines IL-10 and IL-15 are 
expressed in normal endometrium and able to stimulate the production 
and subsequent production of INF-γ and IL-10.

Disorders of the immune status in women with endometriosis 
(increased activity of B-lymphocytes, reduced activity of T cells, 
the appearance of autoantibodies in the substrates of endometriosis 
lesions), along with the previously known etiopathogenic mechanisms 
indicate immunological determinacy of the disease. Recent years 
among the immunological causes responsible for the decline in 
reproductive function the activation of B-lymphocytes (CD19+CD5+) 
cells are emphasized, the main function of which is related to the 
production of autoantibodies to hormones important for the normal 
development of pregnancy: estradiol, progesterone, chorionic 
gonadotropin. Normal levels CD19+СD5+ cells in peripheral blood is 
from 2 to 10%, the number of more than 10% is considered pathological 
[28]. Changing the immune status of endometriosis is local and is 
expressed in increasing number of NK-cells with cytotoxic activity 
(CD3+CD8+ CD16+), capable of producing the cytokines IL-4 and IL-
10, which play an important role in the regulation of autoimmunity. 
It is assumed that NK cells can exercise self-aggression in relation to 
the endometrium in endometriosis. The smallest population in the 
endometrium is T-lymphocytes (approximately 10% of endometrial 
cells). Thus, different types of immunocompetent cells are verified in the 
endometrium, the number of which varies in normal and pathological 
conditions [29]. Normally, the maternal organism should maintain 
immunological tolerance to the fetus, however an inflammation foci is 
formed associated with endometriosis, inside which there are complex 
of dynamic processes that are a signal for inclusion in the inflammatory 
response of the immune system. This process is accompanied by an 
increase in the number of T-lymphocytes, macrophages, CD16+ NK 
cells and activated cytotoxic CD57+ NK cells producing embryotoxic 
cytokines, the increase in which leads to abortion in early stages or to 
infertility.

Ovaries resident immune cells: Locally disposed 
immunocompetent cells play an important role in the regulation of 
ovarian function [30]. Normally, leukocytes (eosinophils, neutrophils, 
macrophages-monocytes and lymphocytes) are present in the ovarian 
tissue and act as modulators of their function through various 
secreted factors. Conditions for immune-endocrine interactions in 
the ovaries are conducive due to their anatomical structure and type 
of vascularization, which allows free migration of leukocytes. During 
the middle follicular phase of the menstrual cycle, a large number of 
macrophages and single neutrophils are found in the ovary stroma. 
There is an increased amount of neutrophils and macrophages before 
ovulation at the maximum level of luteinizing hormone in the tissue of 
the ovaries. A cluster of neutrophils forms around the site of the follicle 
rupture immediately after ovulation.

The number of macrophages varies during the menstrual cycle. 
Small amounts of B-lymphocytes and NK-cells are determined in the 
ovaries, which density does not change before ovulation. Cytotoxic 
T-lymphocytes are detected in the follicular before ovulation. The 
granules and atresial body follicle contains a small number of T-cells. A 
small number of T-cells was determined in the forming corpus luteum 
and increase significantly at its regression. CD45RO+ - memory T cells 
are detected in all structures where T-lymphocytes are present [31].

Leukocytes in the ovaries synthesize numerous cytokines that are 
important regulators of steroidogenesis and maturation of gametes. 
IL-1 and TNFα. are the major cytokines produced by the ovaries. Both 
molecules stimulate ovulation with the participation of a luteinizing 
hormone [32].

Nitric oxide (NO) regulates IL-1 action in the ovary, as a potential 
vasodilator and the main mediator of the antitumor and bactericidal 
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activity of macrophages. NO stimulates the anti-apoptotic effect of IL-1 
in follicle cell culture. The concentration in the serum of TNFα and the 
factor of the colony stimulating factor of granulocytes and macrophages 
also depends on the phase of the menstrual cycle.

Various cell types, including monocytes, endothelial cells, 
fibroblasts, mesothelial cells and endometrial stromal cells are able to 
produce IL-8, which has a pronounced angiogenic effect and promotes 
neutrophil migration. It is considered that IL-8 determines the 
neutrophil migration to follicles immediately before ovulation. IL-8 is 
expressed by neutrophils and endothelial vascular theca cells carrying 
autocrine-paracrine mechanism of regulation of neutrophils migration 
to the ovary.

It was shown that a variety of signaling molecules involved in 
the cascade of inflammatory reactions - prostaglandins, leukotrienes, 
bradykinin, histamine and cytokines play an important role in the 
ovulation process [33]. Cytokines that are secreted by the constantly 
presented leukocytes and endothelial cells in the ovaries promote 
activation and migration of leukocytes circulating in the blood to it. 
Macrophages and lymphocytes within the processes of folliculogenesis, 
the formation of the corpus luteum and its degradation have a paracrine 
effect on the surrounding endocrine ovarian cells.

Thus, immunocompetent cells consist in close connection with the 
cells of female reproductive system, so the maturation of oocytes occurs 
not only under the influence of hormones, but also under the control of 
the immune cells, but immunocompetent cells express receptors to sex 
hormones [34]. Violation of such a relationship is a prerequisite to the 
formation of pathological processes.

Bronchopulmonary system resident immune cells 

Alveolar macrophages account for 80-90% of all cells of the 
Broncho alveolar fluid. Neutrophil leukocytes constitute 2-3% of the 
total number of all cells of bronchopulmonary system. Macrophages are 
antigen presenting cells, capable for reacting with T lymphocytes. Lung 
macrophages actively participate in the formation of specific immunity 
by synthesis of cytokines and mediators that play a role the immune 
response regulators [35]. These substances induce proliferation, 
differentiation and effector function of lymphocytes. At the same time, 
influence predominates that allows avoiding uncontrolled growth of the 
inflammation reaction. Another important function of macrophages is 
the presentation of antigens. Antigens after processing in macrophages, 
together with class I/II antigens of the histocompatibility complex 
via the T-cell receptors, are presented on СD4+ Т-lymphocytes. That 
leads to the activation of СD4+ Т-lymphocytes. They start to produce 
cytokines interacting with B-cells leading to the synthesis of specific 
antibodies [36].

In addition to alveolar macrophages, macrophages located in the 
respiratory tract, tissue macrophages, intravascular and pleural ones 
are present in the lungs. The macrophages of the respiratory tract 
phagocytose pathogens caught with inhaled air. In combination with 
the mucociliary protective mechanism, they form the most important 
protective barrier [37].

Tissue macrophages are located in the interstitial space. Their 
number approximately corresponds to the number of alveolar 
macrophages. Pulmonary intravascular macrophages are mature 
tissue macrophages penetrating the pulmonary circulation. They 
express leukocyte integrin LFA-1 (leucocyte function associated-1), 
which is able to bind to the endothelial adhesion molecule ICAM-1 
(intracellular adhesion molecule) [38]. Intravascular macrophages 

phagocytize microorganisms, penetrated into the bloodstream of lungs. 
Pleural macrophages are under anaerobic conditions and resemble 
peritoneal ones, but they have been studied much less than other types 
of macrophages.

Thus, alveolar macrophages provide the first line of defense of 
the body against the introduction of heterogeneous microorganisms 
through their ability to phagocytize, recruit and activate other cells, as 
well as to maintain and restore the lung parenchyma. At all these stages, 
the functional state of alveolar macrophages is exerted by modulating 
regulatory peptides synthesized by endocrine cells in the lungs, allowing 
the regulation of in situ.

Gastrointestinal tract resident immune cells

The inductive and the effector zone may be isolated in the immune 
system of the gastrointestinal tract (GIT) [39,40]. The first consists 
of Peyer's patches, appendix, and regional lymph nodes, the second - 
from the lamina propria and epithelial cells of the intestinal mucosa. 
Recognition, antigen presentation and formation of a population of 
antigen-specific T- and B-lymphocytes occur in the inductive zone, 
and the synthesis of immunoglobulins by B-lymphocytes, cytokines, 
T-lymphocytes and NK cells by T-cytotoxic cells i.e., their effector 
functions occur in the effector zone.

It has been shown that Peyer's plaques play an extremely important 
role in the immune system of the digestive tract [41]. Peyer's plaques 
like all lymphoid formations consist of T- and B-zones with the presence 
of germinal centers in the B-zone. Their cellular composition is not 
significantly different from that of any peripheral lymph node. They 
are characterized by a unique morphological structure - the follicular-
associated epithelium, which the main feature is the so-called M-cell. 
This cell has short cytoplasmic processes and forms an intraepithelial 
pocket, wherein there are macrophages, DCs, T-and B-lymphocytes 
in addition to the M-cells. The main function of M-cells is selective 
absorption of antigens.

It is established that Peyer's plaques of the small intestine are the 
source of plasmatocytes synthesizing immunoglobulins of class A 
(IgA). This provided a basis for the allocation of a special, relatively 
autonomous body immunity - associated lymphoid tissue with 
mucous membranes (mucosa-associated lymphoid tissue - MALT). 
MALT-lymphocytes migrate, populating characteristic for each 
population habitats with inclusion of the immune response to antigenic 
stimulation in all mucous membranes of the body. This allows you to 
make a fundamentally important conclusion that MALT stimulation 
can activate the immune system of any of the mucous membranes - 
pulmonary, gastrointestinal, genitourinary tract and other organs [42]. 
MALT is a powerful system for the protection of the digestive tract. It 
should be noted that the lymphoid tissue is 25% of the total mass of the 
digestive tract mucosa. Three types of lymphoid tissue are distinguished 
in the wall of the stomach and intestine: intraepithelial lymphocytes, 
diffusely located lymphocytes and plasma cells of the lamina propria. 
MALT is functionally similar to the peripheral lymphoid tissue of the 
spleen and lymph nodes. However, it should be noted that the local 
immune system is less developed in the stomach than in the intestine, 
so antigens not only penetrate it, but are also actively absorbed by the 
blood through the mucous membrane [43].

Despite the fact that MALT can be regarded as an independent 
system, there is a multifaceted interaction between it and the general 
immune system of the body. Since the intestine is the entrance gate to 
numerous pathogenic pathogens and, in addition, constantly interacts 
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with antigens contained in food, the early contact of the MALT 
system with antigens has a decisive influence on the further response 
development of the entire immune system. When analyzing the 
interaction between the MALT system and the general immune system 
of the body, it must also be borne in mind that lymphocytes circulating 
between the regional immune system and the general immune system 
of the organism are involve in this interaction.

Lymphocytes of the efferent link of the intestine immune system 
targeted to participate in immune responses of two basic types. Firstly, 
they must provide immune protection of the organism from pathogens 
threatening it using the generation of antigen-specific immune 
response, and secondly, suppress the local as well as the systemic 
immune response to ingesting food antigens.

Cytokines are directly involved in the regulation of the immune 
response. The main role in pathogenesis is given to imbalance of 
cytokines with pro-inflammatory and anti-inflammatory (regulatory) 
action with inflammatory and immunoinflammatory (autoimmune) 
diseases, including ulcer disease and inflammatory bowel diseases. 
Imbalance of proinflammatory and anti-inflammatory cytokines is 
a consequence of a violation of the ratio of different cell populations 
in the mucosa of the gastrointestinal tract and their pathological 
antigenic activation. In the normal mucosa of the gastrointestinal 
tract, the content of T-cell subpopulations, and accordingly, the ratio of 
proinflammatory and anti-inflammatory cytokines is balanced, which 
provides an adequate immune response to antigenic irritation [44].

The synthesis profile of cytokines is under genetic and hormonal 
control. Development of immune inflammation in the inflammatory-
destructive lesion of the gastrointestinal tract is associated, first of 
all, with a violation of the balance of interleukins in the direction of 
the predominance of the production of pro-inflammatory cytokines. 
The reasons for this dysregulation are not completely known, but it 
can be supposed, this is due to an abnormal immune response in the 
persistence of one or more antigens and impaired interaction within 
the MALT system.

The presence of powerful local immunity is a reliable barrier to the 
penetration of pathogenic microbes into the internal environment of 
the organism and the development of the infectious process. Therefore, 
a high degree of organization of the immune system is particularly 
important in the digestive tract, as it is the first line of defense against 
invasion of microbes and allergens. Activation of different immune 
cellular subpopulations that is so widely represented in the digestive 
tract with the synthesis of the corresponding cytokines can occur 
depending on the nature of the antigen and on the genetic determinacy 
of the immune response, which defines different variants of the immune 
response of the organism.

Liver resident immune cells 

The liver is the source of pluripotent stem cells capable of 
self-maintenance and differentiation, as well as immature T- and 
B-lymphocytes during embryogenesis. Some populations of immune 
cells mature and undergo differentiation in the liver. Close linkage 
between the liver and the immune system is maintained in the adult 
body (Figure 1).

The leading role of the liver is to maintain optimal level of 
vitamins, microelements, proteins, amino acids, lipotropic factors, 
excess or deficiency of which affects the content and the activity 
of T-lymphocyte and is the cause of disorders of both cellular and 
humoral immune responses, and determines the effect of liver on the 

violation of immunological reactivity [45]. For example, a high content 
of cholesterol and low density lipoprotein in the serum inhibits the 
transformation of lymphocytes in response to the presence of mitogen, 
reduces the phagocytic activity of polymorphonuclear leukocytes.

Liver is the main source of some complement system components, 
so one of the special cases of reducing protein-synthetic liver function 
is the decrease in the intensity of antigen-antibody responses, as well as 
antibody-dependent cell-mediated cytotoxicity [46,47].

Recently it has been shown that hepatocytes and other liver cells are 
capable of activating T-lymphocytes. Among the cellular populations 
that induce T-cell tolerance, sinusoidal endotheliocytes have a special 
role, since they involve the functions of macrophages and antigen 
presenting cells. In this respect, sinusoidal endotheliocytes resemble 
immature DC. Moreover, Kuepfer cells (KS) which constitute 20-30% 
of the lining hepatic sinusoids are typical macrophages.

The liver has a set of different types of antigen presenting cells able 
to interact with CD4+ T-cells [48]. It consists of dendritic cells, KS, 
sinusoidal endothelial cells, stellate cells, and possibly hepatocytes at 
least in the areas of inflammation. It has been reported that stimulation 
of CD4 T-cells by these hepatic antigen presenting cells provides 
immune tolerance of the liver [49].

The functional state of granular cells determines the intensity of the 
immune response to many antigens. The lack of immune reactions in 
the territory of a healthy liver is provided by the inhibiting factors of the 
microenvironment (humoral immunosuppressive factors - thermolabile 
proteins with different molecular weights). If the structure of the organ 
is damaged, which is accompanied by various diseases, it becomes 
possible to contact antigen-presenting cells with T-lymphocytes and 
develop immune responses [50] (Figure 1).

With many diseases of the liver and age-related dysfunction, 
the composition of blood lipoproteins is significantly impaired. 
Reduction of α-lipoprotein (LP) and the increase in β-lipoprotein and 
pre-β-lipoprotein contributes to the formation of antibodies to the 
β-lipoprotein and the appearance of autoimmune-antibody complexes 
LP, which triggers the autoimmune process in the liver.

Different subsets of the innate and adaptive immune cells are 
indispensable for normal liver regeneration after partial hepatectomy. 
Among these cells, liver macrophages produce IL-6 and TNF-α and 
initiate the regeneration process after partial hepatectomy. Besides, 
liver DCs upregulate their IL-10 expression level while downregulate 
their IFN-γ level, thus facilitate liver regeneration. In addition, liver 
eosinophil-derived IL-4 also promotes the regeneration process. 
Furthermore, γδT cell-derived IL-17 and ILC1-derived IL-22 are both 
necessary for normal regeneration. On the other side, NK and NKT 
cells play inhibitory roles in liver regeneration, and this is mainly 
dependent on the IFN-γ they secrete. Besides these innate immune 
cells, conventional αβT cells can secrete lymphotoxin and stimulate 
liver regeneration. Abbreviations: TNF-α, tumor necrosis factor-α; 
IFN-γ, interferon-γ; ILC, innate lymphoid cell (Figure 2).

Features of immunological reactions of the liver play an important 
role in the development and metastasis of tumors in it, which often 
complicate the development of age-related pathology [51-53]. Study of 
different populations of liver cells showed that hepatocytes can inhibit 
the supervision of the tumor cells from nonparenchymal cells. There are 
other ways of influencing the liver for immunological reactivity associated 
with changes in its functions - secretory, excretory, detoxification, and 
others. For example, it has been established that bilirubin and bile acids 
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epithelial origin factors ENA-78, and GRO, activating neutrophil 
and chemotactic protein monocytes MCP-1, pro-inflammatory IL-1 
and -6, TNF-α, colony-stimulating factors, such as granulocyte-
macrophage, granulocyte and monocyte-macrophage, as well as IL-
7. Signal molecules increase the inflammatory response acting on 
endothelial cells of the skin. Thus, keratinocytes trigger the primary 
"antigen-independent" inflammation, transforming external signals 
into the secretion of cytokines and chemotactic factors that exert an 
auto- and paracrine effect, and changing the expression of adhesion 
molecules. The initial phase of inflammation can be transformed into 
an amplification phase and the "antigen-dependent" associations of 
keratinocytes with T-lymphocytes and antigen-presenting cells. At this 
stage, activated keratinocytes acquire the ability to present antigens 
due to the appearance on their surface of MHC class II molecules 
and costimulatory molecules of group B7 - CD80, CD86 and CD40. 
However, keratinocytes do not always express the complete set of 
molecules required for the presentation of the peptide antigen even in 
the conditions of activation.

Immune functions of mast cells of the skin according to modern 
concepts are manifested in hypersensitivity reactions. Skin mast cells 
capable of recognizing antigens of certain microorganisms (respiratory 
viruses, human immunodeficiency virus, mycoplasmas, enterobacteria, 
mycobacteria tuberculosis) via surface receptors, as well as products of 
an inflammatory reaction, which develops when their implementation 
(e.g., nucleotides). Moreover, mast cells can phagocytize bacteria, 
process and present their antigens (at least antigens of gram-negative 
bacteria, including Salmonella typhimurium and Escherichia coli).

Particular importance in the modulation of mast cell functions 
is given to the substance P (SP). This substance is well known as 
the classic mediator of the triad of skin inflammation symptoms - 
erythema, edema and itching. The SP source is the end of nerve fibers, 
as well as some skin cells. SP, like neurokinin A, can exert its effects 
directly by binding to NK cell receptors expressed by endothelial cells. 
However, it seems that its main effect is mediated through histamine 
release and TNF-α mast cells upon binding of NK-cell receptors on 
their surface. Histamine, in turn, causes vasodilation, acting on the 
smooth muscle cells of the vessels through the H1 receptor, and TNF-α, 
enhancing the expression of E-selectin by endotheliocytes, increases 
the ability of leukocytes to enter the inflammation zone. Moreover, SP 
modulates cytokine expression by mast cells, selectively stimulating the 
expression of mRNA and TNF-α and as a consequence, the synthesis of 
the corresponding protein.

Calcitonin - gene-related peptide (CGRP) is represented in the 
skin in significant quantities. Although there is no clear data on its 
role in the interaction of mast cells and endings of nerve fibers, there 
are prerequisites for such an assumption. First, CGRP is identified 
immunohistochemically in the unmyelinated nerve fibers of the dermis 
in contact with mast cells. Secondly, dura mast cells are highly sensitive 
to this neuropeptide. Therefore, it can be assumed that CGRP has similar 
effects on dermal mast cells. This assumption is supported by the results 
of comparatively recent studies in which the CGRP secretion induced 
by ultraviolet radiation results in the release of histamine, TNF-α, and 
IL-10, known immunosuppressive effects, by mast cells [54].

Langerhans cells (LC) is a subpopulation of dendritic cells of bone 
marrow origin, located in the epidermis and constituting 2 to 8% of all 
epidermal cells. These cells were described as early as 1868; however, 
the study of their morphological and functional properties is still an 
important aspect of understanding the immunological functions of the 
skin. They belong to the macrophage - monocytic - histiocytic line and 

Note: Resident cells of the liver ("teachers" including hepatocytes, Kuepfer cells 
interact with immune cells ("students") form a complex regulatory network that 
is responsible for immune tolerance (DC -Dendritic cell, KS - Kuepfer cells, 
HSC - hepatic stellate cells, LSEC - Liver sinusoidal endothelium, NK - natural 
killers, NKT - natural killer T cells, MDSC -myeloid-derived suppressor cells [51]

Figure 1: Regulatory network of immune cells of the liver.

Figure 2: The relationship of macrophage activation, cytokine secretion, and 
liver regeneration [52].

can alter the functional activity of immunocompetent cells and affect 
the overall reactivity of the organism, and the involvement of the liver 
in IgA transport largely determines the intensity of local immunological 
reactivity in the mucosa of the gastrointestinal tract and other organs.

Skin resident immune cells 

Skin cells are able to initiate a systemic response to received 
antigens. As an immune organ, the skin is capable of isolation, pressing 
and presentation of antigens and the development of a local immune 
response. The skin contains immunocompetent cells of bone marrow 
origin, e.g. resident histiocytes, mast cells, Langerhans cells, lymphocytes 
and granulocytes, capable of generating regulatory peptides identical to 
those in the central nervous, immune and endocrine systems.

Keratinocytes are the main cells of skin with direct action of 
damaging agents, bacterial factors and products of inflammation 
which activated and acquire the features of immunocompetent cells. 
Activated keratinocytes secrete IL-8 and CTACK (Cutaneous T-cell 
- Attracting Chemokine), projecting attractants for T-lymphocytes, 
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play a central role in the initiation of the immune response (Figure 3).

It has been established that the epidermis contains clusters of LC 
forming a branching system inside the spiny layer, due to the large 
number of dendritic processes. LC leave the skin through the lymphatic 
vessels and migrate to the lymph nodes. The action of TNF-α is the 
impetus for this process. Morphological feature of LC is the presence 
on their membrane CD1 molecules, considered a marker of immature 
cortical thymocytes and CD4, characteristic for the T-helper cells. It 
was established that the skin resting LC actively perceive and process 
the antigen, but have a poor ability to present this cells to T-helpers and 
cause their activation, whereas the ratio of activity is the opposite in 
proliferating LC (and, probably, in the form of DC, which is acquired by 
LC after admission to the lymph node). In this regard, it is considered 
that LC perform binding and antigen treatment in the epidermis, 
whereas the procedure for representing the antigenic peptide to 
T-helpers is carried out by migrating LC in the lymph node (Figure 3).

Antigens associated with the immune response are expressed only 
by LC in the normal epidermis. LC induce antigen-specific activation of 
T-cells and promote the generation of cytotoxic T-lymphocytes. Due to 
the antigen-presenting capacity, these cells play a crucial role in contact 
sensitization and immune defense against viruses. LC also take part in 
the process of skin transplant rejection.

Mast cells of the skin play an important role in the allergic reactions 
and secretion of vascular-active substances, in vessel reactions, in the 
migration of T-lymphocytes, in the implementation of immediate-
type hypersensitivity reactions. In contrast to the lymphoid organs of 
the body's immune system and a number of peripheral organs of this 
system (intestines, lung tissue), where there are extensive scattered 
lymphoid foci, large clusters of lymphoid tissue are not found in the 
skin. Only isolated reports have been published about the presence of 
small accumulations of lymphocytes in areas of skin transitional to the 
mucous membranes. They are considered as the innate immune centers 
[55,56].

Lymphocytes perform their functions in the skin by constant 

recirculation. Most of the lymphocytes in healthy skin are located in 
2-3 rows around postcapillary venules of the superficial vascular plexus. 
Only a small number of lymphocytes reveal in the intact epidermis. 
T-lymphocytes make up 90% of all lymphocytes of the skin and are 
located mainly in the epidermis and upper layers of the dermis, a small 
part of B-lymphocytes is found in the middle and deep layers of the 
dermis. Some authors did not find B-lymphocytes in normal skin at 
all [57].

It has been found that the lymphocytes in the perivascular areas 
consist of almost equal number of T-helpers, T-suppressors and the 
helper-suppressor index is 0.93-0.96. Most of these cells are found 
to be activated, as evidenced by the expression on their surface 
of the immunoassociation antigens: HLA-DR and IL-2 receptors. 
Intraepidermal T-lymphocytes are referred primarily to the suppressor-
cytotoxic subpopulation. It is suggested that lymphocytes migrating 
into the epidermis perform functions identical to intraepithelial GIT 
lymphocytes [58].

With antigenic stimulation of the skin, the influx of lymphocytes 
into it sharply increases. It is believed that a small number of antigen-
specific T-lymphocytes can remain in the places of the former 
sensitization for a long period, as the substrate specific immunological 
memory. Clinically, this is manifested by the reaction of inflammation 
in allergic contact dermatitis and recurrences of fixed erythema [59].

The skin contains a large number of immunoregulatory mediators. 
The most studied metabolites of arachidonic acid are leukotrienes 
and prostaglandins, as well as cytokines, which begin to synthesize 
keratinocytes in response to damage. Initially, they were thought to be 
synthesized by T-cells and macrophages, then it was found out that they 
were also produced by structural skin cells-fibroblasts, keratinocytes 
and endothelial cells. Cytokines bind keratinocytes to lymphocytes, 
phagocytes and granulocytes and are critical elements in the skin 
response to damage or infectious-viral damage. Among cytokines, 
there are both immunostimulating and immunosuppressive factors, as 
well as agents that promote T-cells proliferation and differentiation and 
suppress T-cells responses.

A factor activating NK-cells was isolated as an independent 
cytokine produced by epidermal cells. It is produced not only by 
normal keratinocytes, but also by multiple lines of malignant cells. 
The role of this factor is to stimulate the NK-cells. The activation 
factor of granulocytes (epidermal granulocyte activating factor), 
which stimulates the ability of these cells to oxidative processes in 
them, has also been obtained. Using epidermal cytokine chemotaxis 
is of immunocompetent cells regulated to the skin, their cooperation, 
differentiation of a part of T-lymphocytes occurs, their proliferation 
and cytotoxicity are induced.

The ability of the skin's epithelium to influence the differentiation 
and proliferation of T-lymphocytes makes it possible to be considered 
the skin as an organ that performs certain functions similar to those of 
the thymus. The similarity of epidermal skin cells and thymus epithelium 
was proved by histochemical, enzymological methods, and also by the 
immunofluorescence reaction. Common heteroantigens are found in the 
basal cells of the epidermis and the hormonal epithelium of the thymus. 
The cell surface antigen was found in Hassall`s corpuscles characteristic 
of the basal layer cells of the epidermis and antigens specific for spinosum, 
granular and horny layers were identified in the deeper layers of these 
cells. Components similar to antigenically components of the intercellular 
structures of the epidermis were found in extracellular structures located 
among the cells of the Hassall`s corpuscles. This is no accident that nude 

Note: DC: dendritic cells; NKT: cytotoxic T cells; pDC: plasmacytoid dendritic 
cells [55]
Figure 3: The role of langerhans cells and dendritic cells in the development 
of the immune response in the epidermis. 
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mice lack hair and there is an inadequacy of the epidermis. The immune 
system of the skin has features of both a local immune response, and 
involves integration into the overall immune system of the body. During 
the rest period it has minimal activity (keratinocytes does not function as 
immunocytes in this case). Thus, the skin is the source of a large number 
of immunocompetent cells, which allows it to carry out a number of 
important immunological functions, such as the recognition of antigens, 
differentiation of immature cells into T-lymphocytes beyond thymus and 
immunological surveillance of tumor cells.

Conclusion
In the literature, there is a sufficient amount of data on 

immunocompetent cells in various organs and tissues, while their 
numbers and diversity vary. Any violation of the outer boundaries 
integrity of the body leads to the activation of immunocompetent 
cells, the immune system not only generates a local aggression towards 
a heterogeneous agent, but also contributes to the immunological 
memory in the whole organism. Immunocompetent cells, as well 
as various types of cells that are not included in the immune system 
but perform immunological functions, take part in the synthesis 
and secretion of numerous biologically active substances into the 
internal environment of the organism, ensuring the maintenance of 
homeostasis in the body and acting in unity with the nervous and 
endocrine systems. Violation of the functional activity of the endocrine 
and nervous systems causes a change in the composition and activity of 
the immune cells subpopulation that leads to various pathologies of the 
immune system.
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