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Abstract—Immune privileges of cancer stem cells is a well-known and widely studied problem, as presence of such cells
in tumors is associated with refractoriness, recurrence, and metastasis. Accumulating evidence also suggests presence of
immune privileges in non-pathological stem cells in addition to their other defense mechanisms against damaging factors.
This similarity between pathological and normal stem cells raises the question of why stem cells have such a potentially
dangerous property. Regulation of vital processes of autoimmunity control and regeneration realized through interactions
between immune cells, stem cells, and their microenvironment are reviewed in this work as causes of formation of the
stem cell immune privilege. Deep mutual integration between regulations of stem and immune cells is noted. Consider-
ing diversity and complexity of mutual regulation of stem cells, their microenvironment, and immune system, I suggest

the term “stem system”.
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INTRODUCTION

Advances in surgical techniques and, in particular,
transplantation techniques have led to the need of ani-
mal models for taining purposes. This led, naturally, to
detection of rejection reactions of allogeneic grafts and
discovery of immune privileges. For example, the first
references on immune privileges date back to the late
19th century [1, 2], when an ophthalmologist observed
that the mouse skin graft planted in the anterior cham-
ber of a dog’s eye showed longer survival. In his work,
Shirai showed engraftment of cancer cells planted from
a third-party donor into brain as opposed to rejection
when planted in other tissues [3]. Another work [4]
showed that transplantation of a fragment of autologous
spleen into brain together with tumour cells leads to the
death of the latter. It was also shown that prior immuni-
sation of recipient leads to rejection of skin graft in the

mouse brain [5]. Transplantations are still providing an
important link allowing in vivo study of details of im-
mune privileges during interaction of complex systems
of the organism, complementing the methods of mod-
ern molecular biology and bioinformatics.

Initially, the main hypothesis explaining formation
of immune privileges in organs was assumption of exis-
tence of a region isolated from immune cells. However,
the demonstrated migration of peripheral immune cells
across the intact blood-brain barrier and active regula-
tion of macrophages and lymphocytes by neurons and
glia [6] have forced researchers to reconsider the view of
immunoprivilege as a property of the organ area isolated
from immune system. Moreover, the brain territory can
be distinguished as a special immune territory [7]. It is
also widely known that disruption of the integrity of one
eye can trigger an immune response and attack in the
contralateral eye [8]. In addition to barrier mechanisms,

Abbreviations: CSCs, cancer stem cells; GFP, green fluorescent protein; HSCs, hematopoietic stem cells; MCs, mesenchymal cells;
MHC, major histocompatibility complex; MSCs, mesenchymal stem cells; MUSEs, multilineage differentiating stress-enduring

cells; T-regs, regulatory T lymphocytes.
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special attention is paid to microenvironment inside the
eye, as well as to participation of immune cells and, in
particular, regulatory T-lymphocytes (T-regs) as key fac-
tors in formation of the immunoprivileged territory of
the eye [9, 10]. Current evidence suggests that CD8 and
CD4 T-reg subpopulations both in the anterior chamber
of the eye itself and in the spleen are involved in the for-
mation of immune privilege in the eye [10]. For placenta
and fetus, one theory of their immunoprivilege is also
associated with the layer of T-regs expressing factors
HO-1, LIF, TGF-f3, and IL-10 [11]. Immunogenicity of
the autologous semen shown in pig [12] also implies that
testes are immunoprivileged. The mechanisms of im-
mune privileges in testes include both cellular barriers
built by Sertoli cells [13] and cytokine regulatory mech-
anisms that suppress immune response [14, 15]. Mela-
nocytes are able to migrate into hair follicles, where they
are not subjects to destruction by the immune system
in the heterotypic transplantation [16]. This allows hair
follicles to be classified as immunoprivileged regions of
the body [16, 17]. Mechanisms of immune privileges are
also found in articular cartilage [18-20].

The use of immune privilege mechanisms by tumors
is of particular interest [21-24]. Immunosuppressive tu-
mor microenvironment can vary considerably, exploiting
a broad spectrum of regulation involving expression of
signalling cytokines, metabolic alteration of microenvi-
ronment, immune checkpoints on cancer cells, and in-
volvement of immune cells polarised as anti-inflamma-
tory [23, 25-28]. While the mechanisms studied and the
amount of literature data on them vary widely, a com-
plete review of the mechanisms for which involvement in
the formation of immune privileges in cancer has been
demonstrated requires separate consideration.

The accumulated experimental data allow to identify
a wide range of both mechanisms of immune privileges
and areas of the organism with immune privileges that
are not limited to barrier organs. The strength of im-
mune privileges is not an absolute concept and can vary
greatly depending on many factors [29, 30]. Depending
on the strength of immune privileges, intermediate terms
can be distinguished. For example, immune evasion re-
flects the ability to temporarily avoid immune response,
which is manifested in a relatively longer survival of al-
logeneic grafts, but inability to avoid immune response
completely [31].

IMMUNE PRIVILEGES OF STEM CELLS

Earlier studies demonstrate evasion of stem cells
from the cytotoxic action of immune cells for the he-
matopoietic stem cells [32], embryonic stem cells [33],
and further for the mesenchymal [34] and neural stem
cells [35]. It was shown in the studies that the decreased
expression of major histocompatibility complex (MHC)
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molecules removes surveillance from the cytotoxic
CDS8" lymphocytes, and that natural killer (NK) cells do
not attack stem cells regardless of MHC expression.

Recent work [36] demonstrates immune privileg-
es as an intrinsic property of the stem cells considered
in this work. The work used transgenic mice expressing
green fluorescent protein (GFP) in the LGR5" stem
cells and CD8" cytotoxic T lymphocytes with the T-cell
receptor affinity to GFP peptides in the composition of
the MHC I complex, which destroy the GFP-produc-
ing cells in vivo. The authors did a thorough work and
showed that it is possible to isolate subpopulations of
stem cells that are not subject to immune surveillance
in the hair follicles and muscle, but not in the gut, ova-
ries, or breast. The quiescent state has been highlighted
as a defining property of the stem cell subpopulations
that escape immune surveillance. Expression of the
major histocompatibility complex class I (MHC I) and
2-microglobulin (B2m) is reduced in the resting stem
cells. They also showed a significant decrease in the ex-
pression of receptors and transcription factors Irf3, Irf5,
Statl, and Stat3 that respond to inflammation. The au-
thors showed that this stem cell subpopulation does not
activate effector T cells and is not affected by the im-
mune system, but that these properties are lost when
the stimuli activate proliferation of the resting stem cell.
Absence or significant reduction of MHC I on the cell
surface should lead to NKs activation and destruction
of such cells, which was not observed in the described
work. This implies existence of other mechanisms pro-
tecting resting stem cells from immunity.

Based on the results presented above [36], of par-
ticular interest are the long-repopulating hematopoiet-
ic stem cells (HSCs), which rarely divide and mainly
remain in a quiescent state [37]. Immunogenicity of the
total mass of allogencic bone marrow cells is not in
doubt [31, 38], but this does not exclude the possibility
of the presence of minor cell populations that are im-
munoprivileged. Thus, in the work on mice it was shown
that the niche CD150M¢" T-regs are involved in forma-
tion of immune privileges of the allogeneic HSCs [39].
At the same time, the authors show participation of the
niche T-regs in protecting HSCs from oxidative stress
and keeping them in a resting state by means of adenos-
ine generated by the CD39 receptors on the T-reg sur-
face. However, the authors do not consider the stem cell
dormancy and immune privilege as the cause and effect.

Subpopulation of mesenchymal stem cells (MSCs),
which serve as a source of stroma both in the bone mar-
row and in organs and tissues throughout the body,
is also of considerable interest due to their immuno-
suppressive activity and their tendency to be dormant
in vivo [40, 41]. Opinions of the reaserchers on the im-
mune privileges of mesenchymal cells (MCs) differ sig-
nificantly. Despite the background and demonstration
of the significant immunomodulatory potential [34],
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MCs and MSCs have been classified as cells lacking
immune privileges [31, 42-45]. However, works demon-
strating immune privileges of the resting stem cells
[36, 39], including cancer cells [46, 47], lead to the op-
posite conclusion accepting association of the mesenchy-
mal cell phenotype with immune privileges [48]. In our
recent work, we have shown the immune privileges of
MSCs [49]. We used a model of ectopic hematopoie-
sis taking the transgenic Nestin-GFP mice expressing
GFP in stem cells under control of the nestin promot-
er as a bone marrow donor, and placing the graft un-
der the kidney capsule of isogenic wild-type mice with
a complete uncompromised immune system. Immune
privileges have also been reported for the multilineage
differentiating stress-enduring (MUSEs), identified as
an SSEA-3* subpopulation of MCs [50]. Allogeneic and
xenogeneic MUSEs injected intravenously into rabbits
without immune suppression have been shown to sur-
vive for several weeks [51]. Despite the differences in
approaches to phenotyping subpopulations, similarities
in the functional characteristics of SSEA-3* MUSEs
and NES-GFP* MSCs [40, 49, 50] suggest that they
represent one common subpopulation. According to the
literature, MUSESs express nestin [52]. Previously, based
on our results and the literature data, we pointed out the
relationship between the nestin expression and popula-
tion of the immunoprivileged cells [49]. Such nestin-ex-
pressing stem cells are found in various parts of the
adult organism and organs of various embryonic origins:
both exemplified by the immunoprivileged cells we have
studied, in particular MSCs, and other immunoprivi-
leged stem cells such as the muscle stem cells and hair
follicle stem cells [49], as well as stem cells from other
immunoprivileged territories: testis [53], cartilage [54],
brain [55], and retina [56]. The question of nestin in-
volvement in the mechanisms of immune privileges was
not directly addressed in our work, as well as the ques-
tion of immune privilege mechanisms in general [49].
Nestin is a type VI intermediate filament [57], which
is known as a stem cell marker [57]. Along with other
intermediate filaments, nestin participates in a num-
ber of key signalling pathways for both normal and can-
cer stem cells [58]. Increased nestin expression has been
identified as a negative prognostic factor for a number
of cancers of epithelial, mesenchymal, and neural ori-
gin: colorectal cancer, hepatocellular carcinoma, var-
ious cancers of the central nervous system, non-small
cell lung cancer, breast cancer, melanoma, and multi-
ple myeloma [59]. Moreover, nestin is associated with
the immature tumour phenotype and cancer stem cells
(CSCs) [60]. Nestin overexpression is associated with a
more aggressive course and metastasis of the tumours
and their refractoriness to therapy [61]. The question
whether nestin is a direct regulator in the processes of
immune privilege formation or is only a passive marker
associated with stemness regulation remains open.

KARPENKO

Additional arguments about the commonality of
stem cells of different tissues come from the works de-
voted to adult pluripotent stem cells [62-65]. Such plu-
ripotent cells have an eventful history of their study
using different protocols and are referred to in the lit-
erature under different names MAPC/spore-like cell/
STAP/MUSE/VSEL [62]. VSELs are very small em-
bryo-like stem cells and are positioned as precursors of
tissue-specific stem cells. Such cells have been shown to
participate in the reparative processes: their number and
release into peripheral blood increase under the action
of tissue damage factors. MUSEs demonstrate the abil-
ity to cross-differentiate between the directions of ger-
minal sheets [52, 66]. Thus, for the small subpopulation
of MCs, which can be found in connective tissues of al-
most all organs, the authors demonstrated the ability of
the cells to differentiate in all three directions of germ
layers, their self-maintenance, and their migration to
the areas of damage [52]. It has been shown that such
stem cells migrate into tissues during embryogenesis, do
not directly participate in the tissue formation, and re-
main quiescent in the adult organism [64, 67-70]. At the
same time, such stem cells are resistant to radiation and
chemotherapeutic effects [71-73]. In the experiments on
allogeneic and xenogeneic transplantations of MUSEs,
it has been shown that they have immune privileges
[50, 51]. Thus, we can generalise that subpopulations
of the stem cells of different organs and tissues of the
adult organism have many common functions and
characteristics. It is unlikely that many different and in-
dependent mechanisms have evolutionarily emerged for
the same functions, but a rigorous test of this hypothesis
is necessary.

The resting state of stem cells is identified as a key
characteristic, regulation of which is performed by mul-
tiple mechanisms and is associated with the functions
of self-maintenance, differentiation, and activation in
response to damage [65, 74-79]. Disruption of regula-
tion of the stem cells resting state is often accompanied
by their depletion and is associated with the degenera-
tive pathologies and aging [80-83]. Thus, association
of the stem cell dormancy with immune privileges [36]
and, moreover, participation of T-regs in the mainte-
nance of dormancy [39] indicate deep integration of
immune privilege mechanisms into stem cell regulation.

STEM SYSTEM

The functions and characteristics of stem cells de-
scribed above are largely determined endogenously by
epigenetic marks, metabolic products, internal signalling
cascades, RNA interference and other cellular mech-
anisms [58, 84-86]. At the same time, stem cell and its
environment constitute a complex system of their mutu-
al regulation [87, 88]. From the practical point of view,
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Fig. 1. Schematic representation of the idea of generalising stem cells, their microenvironment, and their regulatory mechanisms into a stem
system. The dotted lines separate the areas of interactions, marked in the right part. The centre captions indicate the main elements involved
in the interactions, including both cells and various non-cellular components. The arrows in the left part indicate the processes occurring between

the highlighted regions of interaction.

separation of stem cells from their niche is problematic
due to disruption of cellular regulation [36, 63, 89-92].
Culturing of the isolated stem cell subpopulation re-
quires special solutions [93]. For example, culturing tech-
niques aimed at keeping muscle stem cells quiescent have
been demonstrated to be effective in increasing subse-
quent therapeutic effects in mice [94]. These methods
involve local regulation of stem cells through a niche
that includes a matrix and a special growth medium.
Metabolic products contribute significantly to the reg-
ulation of stem cells and their environment [39, 95].
Ligand—receptor intercellular contacts and nanotubes,
which provide direct exchange of cytoplasmic contents,
also play an important role in the regulation of stem cells
and their environment [96-99]. In addition to stem cell
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progeny, immune and other stem cell niche cells play an
important role in stem cell maintenance [39, 100, 101].
Microvesicles secreted by MSCs, which contain both a
membrane repertoire of receptors and ligands capable
of interacting at the cell surface and an internal con-
tent with its intracellular diversity of signalling mole-
cules, are capable of interacting with targets elsewhere
in the body [102-104]. The example of muscle stem
cells demonstrates their transition to the state of read-
iness to respond to damage in another part of the body,
and for VSELs their exit into the peripheral blood [69,
105]. The above examples mention only a small part
of the studied mechanisms, while demonstrating exis-
tence of a complex network of regulation related to stem
cell functions (Fig. 1). Terminologically, it is appropriate
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Fig. 2. Schematic representation of the idea that in a number of cancers it is possible for a set of traits necessary for cancer stem cell survival

to be acquired through stemness rather than through independent events.

to speak about the existence of a stem system responsible
for regulation of its cellular and other components. This
system fulfils the function of supporting cellular compo-
sition of organs of an adult organism, reacts with repara-
tive response in a case of damage, and co-regulates with
immune system (Fig. 1). The term “stem system” will
allow a more accurate reflection of the structure of the
object of study, which should have a favourable effect on
the overall preception. At the same time, separation of
the concepts of stem cell and stem cell niche is of funda-
mental importance in understanding their functioning.
Schemes of experiments capable of distinguishing con-
tribution of the individual cells or their subpopulations
can offer a fundamentally new perspective on the ob-
ject of study [49, 65, 88]. So, for example, MC abbrevi-
ation provides better distinction from MSC abbreviation.
We identified such distinction as the key point that al-
lowed us to show immune privileges of the mesenchy-
mal stem cells among the general population of mesen-
chymal cells lacking immune privileges [49].
Generalisation of stem cell features in an organism
and recognition of immune privileges as the base prop-
erty of stem cell subpopulations gives a new perspective
on the processes of oncogenesis. CSCs are known to be
associated with refractoriness to therapy, metastasis, and
recurrence [106, 107]. The literature demonstrates sys-
temic similarities between the CSCs and normal stem
cells, manifested as deep quiescent state, ability to mi-
grate and differentiate, hypoxia resistance, self-mainte-
nance, and nestin expression [49, 57, 58, 60, 64, 66, 106].

Immune system is able to exert suppressive effects on
cancer cells and inhibit cancer development [108, 109].
Presence of immune privileges in CSCs as stem cells
confers meaningful advantages to pathological cells,
as demonstrated in experiments [46, 110]. As shown in
our work with non-pathological stem cells [49], long-
term survival of the cancer stem cells and preservation
of their functions to give metastasis when the immune
system is suppressed has been demonstrated [46]. As for
non-pathological stem cells, studies have highlighted
the role of T-regs and the resting state of CSCs in for-
mation of the CSC immune privileges [46, 47, 110, 111].
Thus, cancer cells may gain a range of stem cell-specific
advantages, including immune privileges, through a shift
to the stem state rather than independent sequential
accumulation (Fig. 2).

A separate risk factor associated with immune priv-
ileges is the possibility of sheltering infectious patho-
gens from the action of the immune system [112]. Infec-
tion of stem cells and their niches leads to disruption of
stem system functions manifested as clinical pathologies
in the form of fibroses, impaired hematopoiesis, bone
and cartilage disorders, and damage to barrier functions
in brain vessels [112].

Existence of such potentially dangerous mechanism
as stem cell immune privileges must be evolutionarily
balanced by the equally significant reasons in order not
to be rejected in the evolutionary process. Control of
autoimmunity is a suitable significant reason. In addi-
tion to the central control mechanisms of autoimmunity,
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Fig. 3. Schematic representation of the possible role of immune privileges in regulation of the stem and immune systems as a result of evolu-

tionary balance.

peripheral control mechanisms exist in the body [113,
114]. The main peripheral control executors are con-
sidered to be T-reg, but involvement of other immune
control mechanisms has also been noted. Immune privi-
leges of stem cells may be part of such mechanisms [29]
(Fig. 3). This assumption is supported by the fact that
during the inflammatory process, MSCs do not simply
evade the action of immune cells, but become activat-
ed by secreting chemokines that attract immune cells
[115, 116]. Involvement of stem cells in the process of
peripheral control of immunity may be due to the high
value of such cells and the need to protect them. Also,
peripheral control may be necessary in addition to the
central control, especially for the complex, long-lived
organisms that could accumulate mutational differences
in the genome of peripheral tissues and in the central
immune system during life time [117].

In addition to autoimmune control, interaction
between the stem system and the immune system is es-
sential at the site of injury [118]. Properly orchestrated
activation of repair and inflammatory programmes is an
important biological regulation [102, 119, 120]. Interplay
between these functions seems even more compelling for
the evolutionary equilibrium, and it may utilise the same
mechanisms as the control of autoimmunity (Fig. 4).

Participation of immune system in regulation of
stem system has been noted not only in active patho-
logical processes, but also in the norm with participa-
tion of T-regs and macrophages. Existence of the tissue
T-regs with expression profile and transcriptome sim-
ilar to that of stem cells has been demonstrated [120].
T-regs has been shown to be involved in the tissue repair,
maintenance of stem cell resting state, and differentia-
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tion [39, 121, 122]. For the T-regs resident in hair fol-
licle stem cell niches, JAG1 signal expression has been
shown, demonstrating involvement of the Notch signal
transduction in both immune and stem cell regulation
[123-126]. For macrophages, their role in the repair
processes of various tissues has been shown, and their
dysfunction leads to dysregulation of stem cell differenti-
ation and fibrosis [119, 127, 128]. Macrophages also sup-
port MSCs by reducing oxidative stress through recy-
cling of depolarised mitochondria [101]. Involvement of
immune cells in stem cell maintenance in normal cells

Regeneration Inflammation

Evolutionary
balance

Fig. 4. Schematic representation of the balance between regeneration
and inflammation as part of the evolutionary balance between stem
and immune system mechanisms.
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demonstrates the depth of mutual integration between
the stem and immune systems.

In turn, stem cells, along with immunosuppressive
effects, are able to stimulate the inflammatory response.
In particular, the MSCs activated by inflammatory sig-
nals release chemokines that attract immune cells to the
area of damage, where stem cells could modulate their
further activity [115, 116]. The hormone procalcitonin
produced by MSCs is one of the best and earliest mark-
ers of various groups of infectious diseases [112, 129].
Procalcitonin levels are significantly elevated well before
the C-reactive protein levels rise, which is utilised in
intensive care units. MSCs also express functional Toll-
like receptors (TLRs) that activate migration, differen-
tiation, cytokine and chemokine secretion in response
to the pathogen-associated ligands [130]. It has been
shown that such MSCs, depending on environmental
signals, can lose their ability to inhibit T lymphocytes by
disrupting the Notch signalling pathway through activa-
tion of TLR3 and TLR4 [131]. Moreover, a set of genes
specifically activated in the stem cells confer intrin-
sic protection against viral infections [86]. Thus, MSCs
have a complex pattern of behaviour and can both block
immune response and actively participate in it.

The presented examples of mutual regulation of the
stem and immune systems are not exhaustive. For ex-
ample, the effect of hypoxia, which often follows injury,
has been noted to both suppress immunity and main-
tain stem cells [95, 111, 132]. Also, adenosine plays an
important role in the regulation of both systems [133].
Moreover, various cells, including stem cell progeny
or dendritic cells, are involved in the regulatory mech-
anisms [88, 134]. As can be seen from the literature re-
view, stem cell immune privileges are due to recruit-
ment of T lymphocytes from circulating blood, their
reprogramming, resting state, and other mechanisms
that simultaneously regulate both immune response
and stem cell maintenance. Thus, the immune privi-
leges of stem cells are deeply integrated into regulation
of stem system, which, as already noted, is regulated
by a variety of mechanisms acting both by intercellular
contact and through systemic and local mechanisms in-
volving immune and other cells as intermediates, form-
ing the complex system discussed in the review (Fig. 1).
Detailed consideration of the mechanisms deserves a
separate analysis, and the most studied mechanisms
may be the subject of separate reviews.

An important conclusion is that there is a close and
complex relationship between the stem and the immune
systems. Understanding the mechanisms of this relation-
ship would allow application of complex approaches in
the translational medicine and in the already existing
therapies. The use of mesenchymal cells and their prod-
ucts to suppress autoimmune pathologies could be such
example [50, 103, 135]. In transplantology, mesenchy-
mal cells and their non-cellular products can be used for

KARPENKO

prevention and treatment of the graft-versus-host reac-
tions [115, 136]. Another example is the stimulation of
stem niches and their mechanisms of peripheral defence
against autoimmunity instead of general immunosup-
pression, which could be accompanied by complica-
tions of the infection [137]. Experiments in mice with
T-regs carrying an artificial chimeric antigenic recep-
tor against a given MHC I show potential in combat-
ing graft rejection [138]. Inflammatory processes play
a key role in triggering regeneration, but their exsessive
activity slows down regeneration [133]. Understanding
the mechanisms of immune regulation of regeneration
processes may offer tools for therapeutic control over
the immune system and new solutions for regenerative
medicine [133, 139, 140]. Considering that the presence
of immune privileges in the norm is the result of a com-
plex coregulation of different mechanisms, in the case of
cancer it may be necessary to inhibit different signalling
pathways on a patient-specific basis to achieve greater
efficacy of personalised therapy [27, 141, 142].

Integration of a new mechanism into the system
creates a potential breakdown point. For each mecha-
nism, there are reasons fot its existence that outweigh the
risks associated with it, otherwise it would be rejected
by natural selection. Such deep integration of the stem
system and the immune system means there is evolution-
ary necessity and complex fine-tuned regulation. As can
be seen from the review, fundamental importance of the
immune privileges of non-pathological stem cells and
especially of MSCs cannot be overemphasized. Indeed,
MSCs are distributed throughout the body and show a
strong contribution to immune regulation [67, 102, 103,
115, 116]. Interaction between the stem and the immune
systems plays an important role in various aspects of
damage regeneration and control of autoimmunity [17,
39, 66, 101, 103, 119, 122]. The immunoregulatory prop-
erties of MSCs have been utilised in the supportive trans-
plantation therapy, and regenerative potential of MSCs
has been used in the regenerative medicine [66, 102,
104, 115, 136]. Also, immune privileges may be involved
in the development of cancer and infectious diseases
[46, 47, 110, 112]. Thus, the issue considered in this re-
view addresses a wide range of medical problems includ-
ing those not discussed in this review.

CONCLUSIONS

Association of immune privileges with the basic
property of resting stem cells offers a perspective on reg-
ulation of autoimmunity, infectious diseases, regenera-
tive medicine, transplantation, and oncology. Thus, in
a number of cases, stemness of cancer cells could pro-
vide a range of benefits, including protection from im-
munity. This insight may prove important for treatment
of cancer cases complicated by the presence of CSCs.
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Studies of the stem cell-immune cell interactions suggest
existence of a complex network of mutual regulation,
disruption of which could lead to cancer, autoimmune
pathologies, organ tissue dysfunction, and accelerated
aging. Based on the presence of a complex network of
stem cell regulation, I propose to use the term “stem sys-
tem”, which includes both regulation of stem cells them-
selves and their microenvironment, and mechanisms
of their interaction with the immune system. The term
“stem system” provides more accurate description of the
structure of the object of study, which will have a favour-
able effect on the overall perception. The study of the
mechanisms of regulation of the stem and the immune
systems opens wide opportunities for research, the results
of which would provide better understanding of their bio-
logical nature and application of the findings in medicine.
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