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Abstract—Inflammatory infiltration of tumor stroma is an integral reflection of reactions that develop in response to any
damage to tumor cells including immune responses to antigens or necrosis caused by vascular disorders. In this review, we
use the term “immune-inflammatory response” (IIR) that allows us to give an integral assessment of the cellular composi-
tion of the tumor microenvironment. Two main types of IIRs are discussed: type 1 and 2 T-helper reactions (Thl and Th2),
as well as their inducers: immunosuppressive responses and reactions mediated by Th22 and Th17 lymphocytes and capa-
ble of modifying the main types of IIRs. Cellular and molecular manifestations of each IIR type are analyzed and their gen-
eral characteristics and roles in tissue regeneration and tumor growth are presented. Since inflammatory responses in a
tumor can also be initiated by innate immunity mechanisms, special attention is given to inflammation based on them. We
emphasize that processes accompanying tissue regeneration are prototypes of processes underlying cancer progression, and
these processes have the same cellular and molecular substrates. We focus on evidence that tumor progression is mainly con-
tributed by processes specific for the second phase of “wound healing” that are based on the Th2-type IIR. We emphasize
that the effect of various types of immune and stroma cells on tumor progression is determined by the ability of the cells and
their cytokines to promote or prevent the development of Th1- or Th2-type of IIR. Finally, we supposed that the nonspe-
cific influence on the tumor caused by the cytokine context of the Th1- or Th2-type microenvironment should play a deci-
sive role for suppression or stimulation of tumor growth and metastasis.
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Inflammation plays an important role in the initia-
tion and development of tumors [1, 2]. First, the inflam-
matory response can be a background for reactive and
neoplastic changes in the epithelium. Second, the inflam-
mation is accompanied by production of proinflammato-
ry mediators (cytokines and reactive oxygen and nitrogen
species) that can induce genetic instability [3, 4]. Third,

the inflammatory response type essentially determines
features of the tumor, including its ability for invasion and
metastasis [5]. Malignant tumors can grow only under
conditions of adequate angiogenesis and formation of
connective tissue, i.e. of the tumor stroma. Key events for
angiogenesis and stroma formation are hypoxia and
secretion by the tumor cells of some cytokines that mobi-

Abbreviations: CCL, C-C motif ligand; CTL, cytotoxic lymphocytes; CXCL, chemokine (C-X-C motif) ligand; DAMP, damage-
associated molecular pattern; DC, dendritic cells; EMT, epithelial—-mesenchymal transition; GM-CSF, granulocyte-macrophage
colony-stimulating factor 2; IFN, interferon; IIR, immune-inflammatory response; IL, interleukin; ILC, innate lymphoid cells;
MDSC, myeloid-derived suppressor cells; NK, natural killers; NOS, nitric oxide synthase; PAMP, pathogen-associated molecular
pattern; PGE2, prostaglandin E2; TAM, tumor associated macrophages; TCR, T-cell receptor; TGF-f, transforming growth fac-
tor B; Th, T helper; TLR, Toll-like receptor; Treg, regulatory T cell; VEGE, vascular endothelial growth factor.
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lize from the bone marrow progenitors of endothelium,
fibroblasts, and macrophages into the tumor.

Inflammatory infiltration is a manifestation of a
complex of processes caused by mechanisms of the innate
and adaptive immune responses. The inflammation is
expressed essentially depending on the tumor cell ability
to secrete proinflammatory cytokines [6]. Whether the
tumor cells maintain the “dormant” state for a long time
or become a clinically observable growing tumor due to
proliferation significantly depends on events occurring in
the stroma and on the type of the inflammatory response.

The ability for formation of inflammatory response
was produced during evolution for compensation of
infectious or traumatic damage and development of tissue
regeneration. This was provided by cellular and molecu-
lar mechanisms capable of destroying pathogens, purify-
ing the damaged regions from necrotic tissue elements,
and of stimulating fibroblasts for generation of connective
tissue and surface epithelium to proliferate and cover the
tissue defect [7]. Finally, in the case of damage, the ade-
quacy of the inflammatory response is determined by suc-
cessful tissue regeneration.

In description of processes in the stroma, tumors are
often presented as “wounds that do not heal” [8]. This
approach is reasonable because inflammation underlies
both tissue regeneration and remodeling of the tumor
stroma. Tissue regeneration has three phases: the inflam-
matory phase, organization phase (production of connec-
tive tissue and epithelization of the skin or mucosa dam-
ages), and tissue remodeling [9]. The first and second
phases of tissue regeneration are manifested by inflam-
matory responses. The first phase proceeds as acute
inflammation during which immune mechanisms, espe-
cially phagocytosis, purifies the damaged tissue region
from pathogens and dead tissue elements. The second
phase of tissue regeneration manifests itself as a produc-
tive inflammation and is characterized by generation of
granulation tissue (angiogenesis), mature connective tis-
sue, proliferation, and differentiation of the surface
epithelium. Numerous growth factors produced by
macrophages and lymphocytes during wound healing
stimulate the proliferation of epithelial stem cells [10].
The development of tissue regeneration depends on the
adequacy of inflammatory responses in the zone of dam-
age. The second and third phases of tissue regeneration
can occur only under conditions of well-timed termina-
tion of the first inflammation phase [11]. There are many
data indicating that in malignant tumors just these
processes underlie stroma formation and remodeling and
the acquisition by the tumor cells of the ability for inva-
sion and progression. Processes similar to those observed
during tissue regeneration (“wound healing”) either pre-
vent stroma formation and tumor development due to
inhibition of angio- and fibrogenesis or promote tumor
progression due to stimulation of fibrosis, angiogenesis,
proliferation of epithelial stem cells, and epithelial—mes-
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enchymal transition (EMT). Because these mechanisms
are physiologically purposed for involvement in tissue
repair, we think that all events that develop during the
inflammatory response under various situations, includ-
ing inflammation during tumorigenesis, should be con-
sidered from the point of view of their influence on tissue
regeneration. Therefore, in this review we focus our
attention on the relation between inflammation and the
immune response type, the role of inflammation in situ in
progression of malignancies, mainly of carcinomas, and
on the inflammation similarity to pathophysiological pro-
totypes that manifested themselves during tissue regener-
ation.

IMMUNE-INFLAMMATORY RESPONSES
WITHIN TUMOR STROMA

The presence of inflammatory infiltration in tumors
is doubtless. Such infiltration is significantly stronger or
weaker in different cases. Inflammation can be induced in
tumors by various causes, in particular, by a pathogen. It
is known that some tumors can be infected with persisting
bacteria or viruses [12, 13]. In such cases the inflamma-
tion is underlain by the innate immunity mechanisms and
is initiated by interaction of pathogen-associated molec-
ular patterns (PAMPs) with Toll-like receptors (TLRs) of
the tumor epithelium and then is enhanced due to their
interaction with TLRs of macrophages and neutrophilic
leukocytes. The development in the tumor stroma of an
infection-unrelated inflammation seems to be more like-
ly. It is known that tumor cells can be under conditions of
hypoxia; moreover, a focal necrosis is frequently observed
in some tumors. Therefore, the involvement of stress-
associated molecular patterns (SAMPs) and of damage-
associated molecular patterns (DAMPs) should be con-
sidered, which can activate the innate immune response.
These mechanisms can explain the presence of innate
immunity cells in the inflammatory infiltrate. Moreover,
the infiltrate also contains cells responsible for adaptive
immunity responses. In some tumors antigens have been
found, including those capable of leading to development
of adaptive immunogenesis and specific immune
responses in situ [14]. This is confirmed by morphological
data: in addition to diffuse or focal inflammatory infiltra-
tion of the tumor stroma, tertiary lymphoid structures
(TLS) including T and B zones can be formed within it
[15].

Because inflammatory infiltration of the tumor stro-
ma is a manifestation of effector immune responses of
innate or adaptive immunogenesis, we think that the term
“immune-inflammatory responses” (IIR) can be used. In
accordance with the literature data, we think it is reason-
able to consider some types of immune-inflammatory
effector responses, which seem to be realized also within
the tumor stroma. First, these responses can be divided
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into innate (antigen-independent) and adaptive (antigen-
dependent) IIRs. In each group, we can pick the Th1-like
type IIR associated with production of proinflammatory
Thl cytokines (type 1 T-helper) and Th2-like type IIR
associated with production of anti-inflammatory Th2
cytokines. These IIR variants can be corrected and sup-
plemented by Th17- and Th22-type responses and by
immunosuppressive responses mediated by T-regulatory
lymphocytes (Treg) and myeloid-derived suppressor cells
(MDSCQ).

To identify these IIR types, it is reasonable to use the
determination of the cellular composition and of mole-
cules that demonstrate the specific activity of these cells.
The key cells whose identification within the stroma will
help to characterize the type of the immune-inflammato-
ry response are CD4" T lymphocytes. CD4" T cells are
represented by the following subtypes: Thl, Th2, Th9,
Th17, Th22, Treg, and follicular Th cells (Tth) [16]. Each
subtype can be characterized by its ability to produce a
certain set of cytokines and by expression of transcrip-
tional factors (table).

The most important IIR participants in the tumor
stroma are macrophages (M0, M1, M2, etc.), dendritic
cells, fibroblasts, neutrophils, B lymphocytes, natural
killers (NK), mesenchymal stem cells, myeloid cells-sup-
pressors, etc. [18].

Thus, based on the presence of various cell types and
on their production of specific cytokines, one can deter-
mine the IIR type within the tumor stroma and study
their role in tumor progression.

INFLAMMATION MEDIATED BY INNATE
IMMUNITY MECHANISMS

The innate immune system consists of different cells
including dendritic cells, lymphocytes, macrophages, and
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granulocytes. These cells are involved in the development
of inflammation and tissue regeneration and interact with
the adaptive immune system [19]. The innate immunity
responses are activated mainly by TLRs capable of recog-
nizing PAMP and DAMP ligands and are located on dif-
ferent cells including epitheliocytes. Thus, macrophages
and neutrophils are accumulated in places where the cor-
responding ligands bind with TLRs. The TLR-possessing
neutrophils interact with PAMPs and additionally secret
proinflammatory cytokines that increase inflammatory
infiltration [19]. It should be noted that in the human
body monocytes and neutrophilic leukocytes are sources
not only of proinflammatory cytokines. It has been shown
in vivo that interleukin 10 (IL-10) produced by different
cells of the innate immune system, including dendritic
cells, macrophages, and neutrophils, inhibits secretion of
proinflammatory cytokines [20]. M2 and N2 leukocytes
can be sources of IL-10 [21].

Innate lymphoid cells (ILC) are important partici-
pants in developing inflammation in tissues. These cells
consist not only of classical cytotoxic NK cells and lym-
phoid tissue inducing cells (LTi cells), but also include a
recently described population of noncytotoxic ILC. All
cells of the ILC family (including the ILCI1, ILC2, and
ILC3 subpopulations) are characterized by a classic lym-
phoid morphology and by the absence of expression of
surface linear molecules (Lin") that are inherent in lym-
phoid elements involved in adaptive immunogenesis [22].
ILCs are constitutively present in tissues and can be acti-
vated under the influence of cytokines and growth factors
produced by local epithelial and myeloid cells. Thus, 1L-
12, IL-15, and IL-18 lead to activation of NK cells and
ILC1, whereas 1L-2, IL-4, IL-25, IL-33, the thymus
stromal lymphopoietin (TSLP), IL-9, and TNFSF15
(tumor necrosis factor ligand superfamily member 15)
can activate ILC2. As discriminated from this, IL-1f3 and
IL-23 stimulate the ILC3-mediated response [22]. ILC1

Differentiation signals and markers of CD4* T Iymphocytes

Cell Differentiation signal Transcription factors Surface markers

type and marker cytokines

Thi IL-12, IFN-y Thet, STAT1, STAT4 and Runx3 CXCR3, IFN-y

Th2 IL-4 GATA-3, STAT6 and STATS IL-33R, IL-4, IL-13 and IL-5

Th9 TGF-pB, IL-4 BATF, STAT6 IL-9

Th17 | IL-6, TGF-B, IL-1p and (IL-23, IL-21) | RORyt, STAT3, Batf, Runxl and RORa | CD161, IL-17A, IL-17F and GM-CSF
Th22 | IL-6, IL-13 and TNFa AhR CCR4, CCR6, CCRI10 and 1L-22
Tth IL-6, IL-21 Bcl-6, Ascl2 CXCRS5, PD-1 and IL-21

Treg TGF-B, IL-2

Foxp3, STATS

IL-10, TGF-

Note: In the table, data of the review by Caza et al. [17] are given. Designations: Tbet, T-box transcription factor; STAT, signal transducer and acti-
vator of transcription; Runx, runt-related transcription factor; GATA-3, GATA binding protein 3; BATF, basic leucine zipper transcription
factor; ROR, retinoid acid-related orphan receptor; AhR, aryl hydrocarbon receptor; Bcl-6, B-cell lymphoma 6 protein; Ascl2, Achaete-
scute homolog 2; PD-1, programmed cell death protein 1; Foxp3, forkhead box P3. Key transcription factors regulating differentiation of T

helper subpopulations are printed in bold.
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are noncytotoxic Lin™ cells capable of producing interfer-
on gamma (IFN-y) and tumor necrosis factor (TNF)
[23]. As differentiated from ILCI1, ILC2 produce
cytokines associated with the Th2-immune response (IL-
4, IL-5, IL-9, and IL-13) and the epidermal growth fac-
tor ligand and promote type-2 inflammation [24].
Depending on stimuli, ILC3 in turn can produce 1L-17A,
IL-17F, IL-22, granulocyte-macrophage colony-stimu-
lating factor 2 (GM-CSF), and TNE, as well as stimulate
chronic inflammation [25]. It should be noted that in the
spectra of secreted cytokines and transcription factors,
ILC1, ILC2, and ILC3 subpopulations are very similar to
the corresponding subpopulations of Th cells. However,
unlike the T helper subpopulations, these cells do not
need antigenic stimulation for functioning.

In “innate type” inflammation foci, naive dendritic
cells (DC) can be polarized to different type DCs (DC1
and DC2) capable of initiating specific (adaptive) immu-
nity to antigens of pathogens or tumors. In the human
body, DC1 can polarize naive CD4" T lymphocytes to
Th1 lymphocytes, whereas DC2 mediate the polarization
of Th2, Th17, and Treg lymphocytes [26]. CD1c* DCs
have been shown to express TLR1-8 and display high
plasticity, secreting various sets of cytokines including IL-
la, IL-1pB, IL-12p40, IL-12p70, IL-6, IL-7, TNF-a, IL-
8, IL-10, and IFN- [27, 28].

Role in tissue regeneration. It is known that in mice,
TLR4 and, to a lesser degree, TLR2 can regulate wound
healing indirectly, mediated through expression of trans-
forming growth factor B (TGF-f) and C—C motif ligand
5 (CCL5) [29]. On the contrary, in the human body ILC2
and ILC3 but not ILC1 are involved in tissue regeneration
and remodeling [19] mediated through expression of
genes such as amphiregulin, decorin, asporin, and der-
matopontin [30].

Involvement in tumor growth. It should be noted that
tumor epithelial cells possessing TLRs can initiate, simi-
larly to normal cells, the “innate type” inflammation in
response to PAMPs of bacteria and viruses that occasion-
ally infect the tumor. DAMPs released during necrosis of
tumor elements can be especially significant for develop-
ment of the “innate type” inflammation. Thus, it is
known that TLR3, TLR4, and TLR9 are expressed on
tumor cells of patients with breast cancer [31].
Modulation of the microenvironment through TLRs can
be a mechanism of tumor cell progression. It has been
shown that a signal transmitted through TLRs stimulates
the releasing by the tumor cells of cytokines and
chemokines associated with the immune response, in
particular IL-8 [32].

However, the interaction of PAMP and DAMP lig-
ands with TLRs on tumor cells can not only initiate
immune responses, but directly promote the unfavorable
course of malignization. Thus, activation of TLR4 pro-
motes the avf3-integrin-mediated adhesion and invasion
of the MDA-MB-231 tumor cell line [33]. In hepatocel-
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lular carcinoma, another mechanism of TLR-induced
tumor progression is EMT triggering both directly [34]
and with involvement of the stroma cells [35].

It is known that the innate immune system cells
(myeloid cells such as tumor-associated macrophages
(TAMs), type 2 neutrophils (N2), DCs, and MDSCs)
have in vivo proangiogenic features and promote progres-
sion of malignancies [36]. The activity of CD8" cells spe-
cific to tumor antigens can be inhibited by DCs within the
tumor microenvironment [37]. However, it is also
thought that DCs within the microenvironment are
defective because they cannot provide a full-value
immune response to the tumor-associated antigens [38].

Some studies have demonstrated that innate lym-
phoid cells are involved in tumor growth in vitro. Thus,
CCR7'CD4 ILC3 promoted the proliferation of
melanoma cells expressing CCL21 [39]. However, anoth-
er study revealed the ILC3-mediated regression of B16
melanoma cells due to expression of 1L-12 [40].

Data on the contribution of innate immunity cyto-
toxic responses to tumor development are contradictory.
Innate immunity cells, such as T cells expressing the T-
cell receptor aff (TCR), NK cells, y6 T cells, and natural
T-cell killers (NKT cells) that are subtypes of the lym-
phoid population not only influence tumor growth
through production of IFN-y and TNF-a leading to
aging of the tumor cells, but also eliminate p53-express-
ing tumor cells using antigen-nonspecific mechanisms
[41]. NK and NKT cells are known to infiltrate the stro-
ma, but there are some data indicating that they do not
have contact with the tumor cells [42]. Moreover, it is
believed that in some cases NK cells are unable to cause
death of tumor cells because of their anergic phenotype
arising under the influence of the tumor-derived trans-
forming growth factor (TGF-B) [43]. However, the pres-
ence of such cells is a good prognostic marker in various
carcinomas (e.g. carcinoma of stomach, colon, lungs,
kidneys, and liver) [42].

ROLE OF Th22 LYMPHOCYTES
IN DEVELOPMENT OF IIR

General data. In the context of IIR development,
special attention should be given to Th22 lymphocytes
and IL-22 produced by them. In the human body, Th22
lymphocytes are derived from naive ThO lymphocytes
under the influence of lymphotoxin o and IL-6 and are
characterized by expression of CCR4 and CCRI10
chemokine receptors. Similarly to Thl and Th17 cells,
Th22 lymphocytes produce IL-17A, IL-17F, and I1L-22
[44, 45]. However, 1L-22 is also produced by other lym-
phocytes of the innate and adaptive immune systems: by
Thl and Th17 lymphocyte subpopulations and by ILCs,
NK, NKT, and yd T cells [44, 46]. Cells not belonging to
the hematopoietic system do not produce 1L-22 [47].
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Therefore, 1L-22 is unique because it is produced only by
immune cells, which, however, do not have receptors to it
[44, 48], but acts only on non-immune cells. 1L-22
receptors (IL-22R1 and IL-10R2) are expressed mainly
on epithelial cells. IL-22R1 is produced also in tissues
forming external barriers [49].

Role in tissue regeneration. IL-22 plays an important
role in maintenance of homeostasis in the intestinal, liver,
and pulmonary epithelium [49]. Under in vitro condi-
tions, 1L-22 stimulates the proliferation and migration of
keratinocytes but inhibits their differentiation. 1L-22R1
and IL-10R2 expression on keratinocytes is stimulated by
IFN-y and TNF that suggests an increase in the effects of
I1L-22 [50]. In a mouse model of tissue regeneration, the
signaling pathway activated by IL-22 was shown to lead to
myofibroblastic differentiation of fibroblasts and stimula-
tion of intercellular matrix gene expression [51]. Studies
on the expression profile of Th22 lymphocytes revealed
the presence of a fibroblast growth factor (FGF1), which
is powerful mitogen acting on various types of cells
including endothelial cells, and FGFS5, which is associat-
ed with differentiation of some cells [52]. Moreover, it was
supposed that Th22 cells can play a role in remodeling
and repair of the epithelial barrier because they can
express CCL7 involved in production of fibers [53] and
produce CCL15 and CCL23 (splice variant 2) involved in
angiogenesis, as shown in the human fibrosarcoma
HT1080 cell line [54].

Involvement in tumor growth. It was shown in a
mouse model of inflammation and colon cancer that 1L-
22 promotes tumor development [55]. IL-17 stimulates
production of proangiogenic factors [56] supporting
tumor development [57]. In the high grade hepatocellular
carcinoma, an increased expression of IL-22 was found in
patients with poor survival [58].

Th1-TYPE IMMUNE-INFLAMMATORY
RESPONSE

General data. Formation of the Thl-immune
response is mainly determined by characteristics of the
antigen, the type of dendritic cell presenting the antigen,
and by the cytokine profile of cells involved in ThO lym-
phocyte polarization. Th1l lymphocyte differentiation is
mainly induced by IL-12 and IFN-y. CD4" Th1 lympho-
cytes produce IFN-y, IL-2, and lymphotoxin o, which
mediate the “cellular” immunity [59]. In the human
body, Thl lymphocytes can activate monocytes and NK
cells by secreting IFN-y and significantly increase their
ability to eliminate intracellular pathogens. The Thl
immune response results in formation of a pool of the
antigen-specific CD8" cytotoxic cells (CTL). These cells
recognize specific antigens on the cell surface together
with main histocompatibility complex (MHC) class I, are
activated, and secrete a set of apoptosis-related cytokines
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such as perforin, granzyme, lymphotoxin o, [FN-y, and
fragmentin [60].

In addition to lymphocytes, M1 macrophages are
key cells of the Th1-type IIR. These “classically activated
macrophages” are characterized by a high level of IL-12
secretion and by a low level of IL-10 secretion. The most
important function of M1 macrophages is their phagocyt-
ic activity. A macrophage acquires the M1 phenotype in
response to the Thl cytokines: IFN-y, TNE and of some
bacterial components, e.g. lipopolysaccharide (LPS)
[61]. In the human body, the C-X-C chemokine receptor
3 (CXCR) plays a key role in macrophage polarization to
the M1 type [62]. M1 macrophages are characterized by
production of such proinflammatory factors as IL-6, IL-
12, 1L-23, and TNE Moreover, M1 macrophages have
high expression of the MHC class Il molecules that is
necessary for antigen presentation [62]. Due to these fea-
tures, macrophages are a connecting link between the
innate and adaptive immune systems. Besides, activated
macrophage with M1 phenotype can produce CXCL-10
(chemokine (C-X-C motif) ligand), which is an attrac-
tant for CD8* and CD4" Thl cells. An important specif-
ic feature of M1 macrophages is their ability to express
the inducible nitric oxide synthase (iNOS), reactive oxy-
gen species (ROS), and to produce I1L-12, which activates
NK and Th1 cells [62].

In some studies, neutrophils, similarly to Th1/Th2
and M1/M2, are subdivided into N1/N2 subpopulations
localized in the stroma of human tumors [21]. The neu-
trophil subpopulations are characterized by different
expression markers, which include cytokines and
chemokines. TGF- inhibition increases the number of
hypersegmented neutrophils, their N1 polarization (high
expression by neutrophils of TNE intercellular adhesion
molecule (ICAM-1), and CD95), and antitumor activity.
Phagocytosis and production of reactive oxygen species
are key functions of N1 neutrophils. Moreover, N1 neu-
trophils in the human body often produce chemoattrac-
tants for Thl cells including CCL3, CXCL9, and
CXCL10, and proinflammatory cytokines, such as 1L-12,
TNF-a, GM-CSEF, and vascular endothelial growth fac-
tor (VEGF) [63, 64].

Role in tissue regeneration. The Th1-type IIR is spe-
cific for the first phase of tissue regeneration. The abnor-
mal function of this IIR and its incompleteness inhibit
tissue repair processes. A persisting cellular infiltrate of
the proinflammatory Thl-type mainly consisting of neu-
trophils and M1 macrophages was shown to disturb the
healing of chronic ulcers in humans [65]. Deregulation of
production of proinflammatory cytokines, such as IL-13
and TNE prolongs the inflammatory phase of wound
healing, whereas Thl Iymphocytes have an antifibrotic
action due to formation of IFN-y [66].

Involvement in tumor growth. It has been shown that
in RIP1-Tag2 mice, Thl cells induce production of
antiangiogenic chemokines CXCL9 and CXCLI10 via
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INF-y and TNF that results in an inhibition of neoangio-
genesis in a tumor [67]. Studies in mouse models have
shown that CXCR3 expression promotes recruiting of NK
cells, CD4" Thl cells, and cytotoxic CD8* T lympho-
cytes into the tumor [68]. It has been shown in samples of
human breast, pancreas, bladder, stomach, colon, and
ovaries carcinomas that a high number of CD8" T cells in
the tumor microenvironment supported by CD4" Thl
cells correlates with a favorable prognosis [43]. These
events can be one of the antitumor mechanisms of Thl
lymphocytes. It is known that in human tumors M1
macrophages and dendritic cells functioning together
with Thl lymphocytes can produce antiangiogenic fac-
tors. The M1-dependent polarization of CD8" T lym-
phocytes leads to arising of CTLs, which can bind with
antigens on the tumor cell surface and then kill this cell
due to releasing of granzyme B and perforins [69]. The
study by Shen et al. revealed that in human intestinal
mucosa, tumor-associated neutrophils N1 (N1 TAN)
promote an increase in the antitumor activity of CD8* T
lymphocytes [70].

However, the results of some studies suggest a possi-
ble promoting effect of the Thl-type response on tumor
growth. Thus, it was observed in different solid tumors
that all cytokines secreted by M1 macrophages are asso-
ciated with unfavorable outcome [2]. Moreover, the adap-
tive transfer of Th1 lymphocytes was shown to promote
relapses in experimental animals [71]. CD8" T lympho-
cytes promote formation of neoplasms in the chemically
induced skin carcinogenesis in mice [72].

Thus, cooperation of Thl Ilymphocytes, M1
macrophages, and N1 neutrophils creates a proinflam-
matory microenvironment and provides phagocytosis of
pathogens and development of the first phase of tissue
regeneration. This cooperation can prevent the second
phase of tissue regeneration and, in most cases, inhibits
the growth and progression of malignant tumors.

Th2-TYPE IMMUNE-INFLAMMATORY
RESPONSE

General data. Th2-type IIR is associated with Th2
lymphocytes, B lymphocytes, M2 macrophages, and N2
neutrophils. The development of Th2-type IIR is also
supported by fibroblasts. The differentiation of Th2 lym-
phocytes is mainly induced by IL-4. In the human body,
Th2 cells can produce 1L-4, IL-5, IL-6, 1L-9, IL-10, and
IL-13. Moreover, Th2 lymphocytes express membrane-
bound CD40 ligand (CD40L), which interacts with
CDA40 receptor (CD40R) on B lymphocytes and activates
B cells that is accompanied by synthesis by these cells of
cytokines and proliferation with production of antibody-
generating plasma cells [59].

In the human body, the differentiation of M2
macrophages is mainly induced by IL-4 produced by Th2
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cells, eosinophils, and basophils. M2 macrophages pos-
sessing “anti-inflammatory” activity are termed “alterna-
tively activated macrophages” [62]. M2-type macro-
phages can be subdivided into M2a, M2b, M2c, and M2d
subtypes. It has been shown in vifro that Th2 cytokines,
such as IL-4 and IL-13, can stimulate macrophage tran-
sition into M2a, the IL-1R ligand and LPS-containing
immune complexes induce polarization of M?2b
macrophages, whereas IL-10 promotes M2c subtype for-
mation. M2 differentiation can also be induced by para-
sites, immune complexes, complement, apoptotic cells,
macrophage colony-stimulating factor (M-CSF), 1L-13,
IL-10, and TGF-B [62, 73]. IL-10 secreted by M2
macrophages and Th2 lymphocytes was shown to
enhance expression of the programmed cell death-1
receptor ligand (PD-L1) that finally results in reduction
of cytotoxicity and suppression of CD8* cell proliferation
in the human body [74].

Role in tissue regeneration. The type-2 IIR is specif-
ic for the second phase of tissue regeneration. During the
early phase of inflammation, macrophages and neu-
trophils prevent the development of infection and tissue
necrosis, but during transition of the wound healing to the
second phase — the proliferation — macrophages acquire
the anti-inflammatory M2-phenotype. The growth fac-
tors produced by them, e.g. TGF-, promote the recruit-
ing of fibroblast progenitors into the neighboring tissue,
their activation, and transformation to myofibroblasts
(activated fibroblasts) expressing a-smooth muscle actin
(a-SMA). Myofibroblasts are responsible for the com-
plete closure of the wound. It has been shown in various
in vivo and in vitro models that 1L-4, IL-13, platelet-
derived growth factor (PDGF), and osteopontin are also
involved in fibrogenesis [73]. Moreover, VEGF produc-
tion mediates the recruitment of endothelial cell progen-
itors, which are involved in the formation of new vessels
[75]. The ability to induce EMT is a key feature of the
myofibroblast/activated fibroblast as a key stage of the
repair of the injured epidermis and mucosa epithelium
[73].

The role of macrophage polarization in tissue regen-
eration is usually studied in vitro in cell cultures and in
vivo in mouse models. Thus, M2 macrophages are shown
to promote wound healing and tissue repair due to syn-
thesis of high levels of anti-inflammatory cytokines IL-10
and TGF-p and of low levels of IL-12, that suppresses the
inflammatory response [76].

Involvement in tumor growth. B lymphocytes and
antibodies and cytokines produced by them play an
ambiguous role in tumorigenesis because of their func-
tional heterogeneity. Some effects of B lymphocytes pro-
mote tumor progression. The detection of B cells in the
ascitic fluid in human ovary cancer correlates with poor
prognosis, and the number of these cells decreases in
chemotherapy [77]. It has been shown in 4T1 carcinoma
of the breast that B lymphocytes synthesizing TGF-f and



548

IL-10 can promote differentiation and recruiting of
Tregs, which strengthens the immunosuppressive
microenvironment of the tumor [78]. In patients with
colorectal cancer, B cells inhibit the cytotoxic response of
T cells. Antitumor antibodies activating granulocytes and
macrophages can promote the tumor invasive growth
through modification of the intercellular matrix and stim-
ulation of angiogenesis [79].

However, antitumor effects of a B lymphocyte sub-
population with the CD27 phenotype of memory cells
were also observed. The infiltration of human ovary can-
cer stroma by these cells combined with CD8" T cells is a
favorable prognostic factor [80]. An increase in peritu-
moral infiltration of B lymphocytes after the injection of
IL-12 into the tumor correlates with increased survival of
patients with head and neck cancer [81]. It is believed that
the presence of B lymphocytes in the tumor is associated
with more favorable prognosis of the disease if these cells
are structural components of the tertiary lymphoid struc-
tures [82, 83].

Hypoxia or necrosis can cause accumulation in the
tumor of tumor-associated macrophages (TAMs) due to
such hypoxia-induced factors as VEGF and endothelial
monocyte-activating polypeptide 11 (EMAP2) [84].
TAMs have the M2 phenotype and belong to the M2d
subtype [62]. In the human body, TAMs with the M2
phenotype have low ability to present antigens and can
suppress the “cellular” Thl response, releasing such
immunosuppressive factors as TGF-B, IL-10, and
prostaglandin E2 (PGE2). They are also capable of
secreting growth factors (epidermal growth factor (EGF)
and IL-6) and angiogenesis factors (VEGF and TGF-a)
and of producing matrix metalloproteinases (MMPs),
which destroy the extracellular matrix (ECM), and
chemokines, which can attract cells participating in
inflammation (CCL17, CXCL8, CCL18, or CCL22)
[62].

Different chemokines and their receptors, e.g.
CCR2/CCL2, CCR5/CCL5, CXCR2/CXCL5, and
CXCR4/CXCL12, can promote tumor progression
through increasing the formation, recruiting, and sup-
pressive activity of TAMs and MDSC. Thus, CCLS5 shifts
the balance between various types of cells increasing the
presence of TAMs, which secrete proangiogenic factors,
suppress the antitumor response, and inhibit the antitu-
mor activity of T cells [85].

The stimulation of polymorphonuclears (PMN) by
TGF-p polarizes them to the N2 phenotype (N2 TAN)
with an increased expression of arginase and CCL2 and
CCLS5 chemokines. N2 TANs suppress the cytotoxic
reaction of the CD8* T lymphocytes that allows the
tumor cells to escape immune supervision. Thus, N2 neu-
trophils demonstrate their pro-tumor features. It has been
shown in in vivo models that MMP-9, oncostatin M,
CXCLS8 (IL-8), and Bv8 produced by neutrophils are
associated with the promotion of angiogenesis [86].
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There are data indicating the ability of tumor-associ-
ated fibroblasts to maintain tumor growth and metastasis
through recruiting immune cells, such as TAMs, myeloid
suppressor cells, and Treg lymphocytes. Experiments in
vivo in mouse 4T1 breast carcinoma have shown that the
removal of TAMs from the microenvironment leads to
immune response polarization towards Thl [87]. An
increase in the TAM density is observed on the invasive
front of human cholangiocarcinoma [88].

Thus, the main effects of the Th2-type immune-
inflammatory response promote the development of the
productive phase of the inflammatory response, termina-
tion of the tissue regeneration, and under conditions of
tumorigenesis lead to formation of a microenvironment
that mainly maintains tumor growth and progression.

IMMUNOSUPPRESSIVE RESPONSES
MEDIATED BY Tregs, MDSCs, AND DCs

General data. Under certain conditions, the develop-
ment of immune-inflammatory responses is modified by
participation of Tregs, MDSCs, and DCs. Tregs express
the transcription factor Foxp3 and are a subtype of T cells
necessary for maintenance of the human immune system
homeostasis. It is believed that under normal conditions
these cells prevent the immune system response against
self-antigens; moreover, that these cells can suppress the
activity of the myeloid cell subpopulation [89].

The Treg population includes cells different in pheno-
type, profile of secreted cytokines, and suppression
mechanisms. In the human body, such populations of
Tregs as CD8" Tregs, CD4" Tregs, and y8 Tregs have been
described. Under the influence of TGF-f3 combined with
the TCR-mediated stimulation, naive CD4" T cells can
differentiate into Tregs [89]. Using some mechanisms,
Tregs can suppress the proliferation and effector func-
tions of many cells of the immunity system: CD4, CDS,
NKs, NKTs, DCs, macrophages, and B cells. First,
Foxp3* Tregs can suppress effector T cells due to secre-
tion of inhibitory cytokines, such as 1L-10 and TGF-p1.
Second, CD25"e" Foxp3-positive regulatory T lympho-
cytes competitively bind IL-2 and thus deprive the
Foxp3-negative T cells of the proliferative stimulus.
Finally, Tregs can directly eliminate the effector T cells
via the perforin/granzyme-dependent pathway [90]. In in
vitro experiments, the suppressive effect of Tregs depend-
ed on the presence of intercellular contact at a short dis-
tance [91].

Tregs can suppress effector functions of Th17 lym-
phocytes. CD45RA* and CD45RA™ Tregs suppress the
proliferative activity of Th17 cells and production of 1L-
17, IL-22, and CXCLS8. CD45RA" Tregs also suppress
antifibrotic effects of Th17 lymphocytes [92].

Thus, the Treg population is heterogenous. First,
Tregs are different in suppressive effects on CD8* lym-
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phocytes and other effector T cells. Second, there are
Tregs either associated or unassociated with antigen
recognition. Third, Tregs are subdivided into suppressors
and non-suppressors.

Role in tissue regeneration. It has been shown in
Ragl-deficient mice that the regulatory CD4°CD25" T
cells promote tissue regeneration, suppressing inflamma-
tion in situ [93]. It seems that the main functions of Tregs
are termination of the acute phase of inflammation aris-
ing in tissue damage and transition to the second phase —
tissue regeneration. This function is based on the in vivo
ability of TGF-B to initiate the differentiation of
CD4"CD25"Foxp3™ Tregs, which, in turn, secrete the
“anti-inflammatory” Th2 cytokines IL-10 and TGF-$
that can promote fibrosis [§9].

Involvement in tumor growth. Tumor cells of various
human carcinomas were shown to  attract
CD4"CD25*Foxp3* T lymphocytes due to such
chemokines as CCL22, CCL5, CCL28, and CXCLI12 and
to stimulate secretion of cytokines by Tregs [94]. It was
also shown in the mouse breast carcinoma D2F2 cell line
that injection into the tumor of flagellin interacting with
TLRS5 accelerates the tumor growth, which was associat-
ed with a decrease in IFN-y production and increase in
the number of Tregs [95]. Increased number of Tregs in
the tumor microenvironment and in peripheral blood is
related to tumor progression particularly metastasis and
considered as a poor prognostic factor [§9].

In tumorigenesis, the role of Tregs is ambiguous.
Tregs infiltrating the tumor stroma in patients with hepa-
tocellular carcinoma inhibit the CD8" T cellular response
[96]. In patients with breast cancer, Tregs actively sup-
press such effector immune cells as NKs, CD8, and
CD4°CD25™ T cells [89, 97]. In the tumor, Foxp3 cells
can be subdivided into suppressor and non-suppressor
populations based on the expression level of CD39, which
is responsible for the suppressive activity of the cells.
Non-suppressor Foxp3* Tregs can secrete proinflamma-
tory cytokines and are associated with more favorable
prognosis in the case of human colorectal cancer [98].
Synergism of some effects of the “proinflammatory”
Th2-type stromal microenvironment of the tumor and
the presence of Tregs in the stroma explains the unfavor-
able prognostic significance of these cells in the cancer.

Another subpopulation of suppressor cells, which is
termed myeloid suppressor cells, is a heterogeneous pop-
ulation including macrophages, progenitors of myeloid
cells, immature granulocytes, and dendritic cells.
MDSCs inhibit T-cellular responses and functions of NK
cells via the NKp30 receptor. In patients with hepatocel-
lular carcinoma, MDSCs induce an immunosuppressive
effect due to induction of regulatory T cells and suppres-
sion of functions of NK cells [99].

Role in tissue regeneration. M DSCs are known to dis-
play not only suppressive but also pronounced proangio-
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genic effects. The angiogenesis and immune suppression
are significantly determined by participation of the same
molecular and cellular mediators [100]. Among blood
monocytes, inflammatory/classic (CCR2" Ly6C"&") and
resident/non-classic (CCR2 Ly6C'") monocytes are dis-
tinguished. VEGF-A expressed by the inflammatory sub-
population of monocytes, which are recruited through
CCR2, plays a decisive role in the early formation of ves-
sels in vivo, whereas VEGF-A of epidermal origin medi-
ates vascularization during the late phase of wound heal-
ing [101].

Involvement of tumor growth. Myeloid suppressor
cells can mediate the immune suppression in tumors.
Thus, MDSCs can induce the development of Tregs and
polarization of macrophages to the TAM-like phenotype
both in vitro and in vivo [102]. It is thought that the main
effect of the tumor-associated myeloid cells in the pri-
mary tumor and, possibly, in metastatic tumors is just the
immune suppression and defense of the tumor cells from
the immune response. In the human body, Gr1*CD11b"
myeloid cells produce TGF-f, which suppresses func-
tioning of cytotoxic CD8* T lymphocytes and inhibits the
natural cytotoxicity cells, B lymphocytes, and dendritic
cells [103]. MDSCs inhibit the activity of CD8" T cells
also through the expression of NOS and arginase [104].

DCs. There are numerous data on plasticity of DCs,
which can acquire tolerogenic or immunogenic pheno-
types depending on the microenvironment signals [105].
Subpopulations of immature DCs that do not have co-
stimulating molecules and cytokine signals induce toler-
ance of the antigen-specific CD4* and CD8" T lympho-
cytes. However, it has also been shown that in human,
myeloid and plasmacytoid DCs can synergically induce
the cytotoxicity of NK cells [106].

Thus, immunosuppressive Tregs, similarly to the
MDSCs and DCs within the tumor stroma, can promote
survival of the tumor cells and their growth and progression.

ROLE OF Th17 LYMPHOCYTES
IN IMMUNE-INFLAMMATORY RESPONSES

General data. In the human body, Th17 lymphocytes
are differentiated from the naive CD4" T cells under the
influence of TGF-f and IL-6 and for a long time exist in
the presence of IL-21 and IL-23 [107]. Some observa-
tions have indicated that under certain conditions the
activation by PAMPs of signaling pathways through TLRs
results in differentiation of Th17 lymphocytes. Thus, ini-
tiation of the signaling pathway in naive human CD4" T
lymphocytes through TLR2, TLR3, TLR4, and TLR9
promotes the Th17 response [108, 109]. Under natural
conditions, the Th17 lymphocyte subpopulation is the
main source of IL-17A [108].

In addition to IL-17, Th17 lymphocytes produce
TNE, IL-6, 1L-22, IL-21, and IL-26, but they do not
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secrete [FN-y or IL-4 [108]. Due to the action of 1L-17
on tissues, the production by human endothelial cells of
cyclooxygenase-2 (COX-2)/PGE2 and iNOS can be
increased [110]. Note that PGE2 acts on naive T cells
through the signaling pathways mediated by PGE2 recep-
tors (EP2 and EP4) that lead to stimulation of the IL-23
and IL-1 expression [108].

Th17 lymphocytes produce the CCL20 chemokine,
which causes recruitment of neutrophils and monocytes
into sites of T cell activation. Proinflammatory Thl7
lymphocytes are involved in protection against extracel-
lular bacteria [108].

Role in tissue regeneration. It was shown in the
model of skin wound healing in C57BL/6 mice and in
experiments on human tissues iz vitro that Th17 cytokines
(IL-22, IL-17A, and IL-17F) decelerated wound healing
[111]. In another study, Th17 lymphocytes were shown to
prevent fibrosis development in humans, similarly to Thl
cells [92].

Involvement in tumor growth. It has been shown that
Th17 lymphocytes can both promote and prevent tumor
growth. Some studies demonstrated an increase in the
number of lymphocytes with the Th17 phenotype in the
tumor microenvironment, as well as the ability of IL-17
to stimulate the production of proinflammatory cytokines
and proangiogenic factors maintaining the tumor devel-
opment [112]. On the other hand, it has been observed in
experiments that the adaptive transfer of Th17 lympho-
cytes leads to regression of melanoma [71].

A high degree of tumor infiltration with Th17 lym-
phocytes in patients with colon and pancreatic cancer
correlates with unfavorable prognosis [112]. In patients
with high grade hepatocellular carcinoma and poor sur-
vival, the number of Th17 lymphocytes in the tumor was
increased and their expression of 1L-22 was strengthened
[58]. On the contrary, a decrease in the number of Th17
lymphocytes in ovarian tumor was associated with better
survival of the patients [112]. Moreover, Th17 lympho-
cytes are known to be involved in formation of TLSs
[113], whose appearance is associated with more favor-
able course of various carcinomas [15]. In esophageal
cancer, the presence of Thl7 lymphocytes in the
microenvironment is associated with favorable prognosis
[114].

Some action mechanisms of Th17 lymphocytes have
been described that can mediate the tumor progression.
Thus, the secretion of IL-17 leads to stimulation of
angiogenesis in colorectal cancer due to production of
VEGF by the tumor cells [115]. Moreover, 1L-17 can
promote tumor growth of B16 melanoma cell lines and of
MB49 bladder carcinoma through the IL-6-Stat3-signal-
ing pathway [116]. The antitumor influence of Th17 lym-
phocytes can be realized through the activation of cyto-
toxic T lymphocytes in the tumor, production of IFN-y
and TNEF, IL-21 and IL-12 and of GM-CSF [117]. The
ambivalence of Th17 lymphocytes can be based on differ-
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ences in the phenotypes of these cells, which are regulat-
ed on the level of activation of signaling pathways of pro-
tein kinase B (PKB) and protein kinase called mam-
malian target of rapamycin (mTOR) [118].

The stroma of most malignant tumors is unequally
infiltrated with different leukocyte forms. From the
standpoint of pathology, it is a persistent chronic inflam-
mation. Tissue regeneration (“wound healing”) is a
pathophysiological prototype revealing the essence of
immune-inflammatory responses occurring within the
tumor stroma. That is why the tumor is called an “open
wound”. The second phase of “healing” characterized by
angiogenesis, fibrogenesis, and formation of the extracel-
lular matrix occurs with involvement of M2 macrophages,
activated fibroblasts, and on damage of the epithelium —
with development of EMT under the influence of TGF-f3.
All these events are specific for the Th2-type of the
immune-inflammatory response. The second phase of
repair can be successfully realized only upon termination
of the first “inflammatory” phase of “healing”, which is
characterized by phagocytosis of pathogens and necrotic
debris by M1 macrophages and N1 neutrophils and by
synthesis of IFN-y promoting the completion of phago-
cytosis. These processes characterize the Thl-type
immune-inflammatory response. In the case of a success-
ful “wound healing”, the Thl- and Th2-type immune-
inflammatory response phases change regularly. It seems
that under these conditions one of the main mechanisms
responsible for the change of rather antagonistic forms of
immune-inflammatory responses is the macrophage plas-
ticity, particularly M1 transformation into M2. The abili-
ty of macrophages for autocrine regulation mediated by
IL-10 synthesis seems to be a mechanism for switching
the Th1 immune-inflammatory response to the Th2-type.

Some studies have shown that the local Th1 response
is favorable for the cancer outcome, whereas the Th2
response and presence in the peritumoral infiltrate of T
regulatory lymphocytes is associated with poor prognosis.
The identity is obvious of the events specific for the first
phase of “wound healing” and inhibition of the tumor
progression, on one hand, and of those specific for the
second phase and stimulation of tumor invasion and
metastasizing, on the other hand. Moreover, the more
sufficient are responses of the innate and adaptive
immune systems, the more likely the Th1-type response
within the tissue regeneration will be replaced by the
Th2-type with the corresponding unfavorable conse-
quences if these processes are developed in the tumor
stroma as a result of its damage due to any cause.

Speaking to the point, stroma infiltration is an inte-
gral reflection of adaptive immune effector responses to
antigens of the tumor and of the inflammation initiated
by the innate immunity mechanisms. The inflammatory
infiltrate cells are the most important component of the
tumor microenvironment. The immune-inflammatory
response initiated by the innate immunity mechanisms is
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triggered by DAMPs of the necrotic tumor tissue. This
necrosis can be caused by an abnormal angiogenesis, vas-
cular thrombosis, immune destruction, and cell death
caused by radio- or chemotherapy. RAMPs of microor-
ganisms occasionally infecting the tumor can be another
cause.

On consideration of different aspects of the immune
system and inflammation roles in the progression of
malignant tumors, attention is usually focused on sub-
populations of lymphocytes, macrophages, neutrophils,
and fibroblasts, as well as on cytokines, chemokines,
adhesion molecules, etc. In connection with such
approach, definite molecules are chosen as therapeutic
targets and prognostic and predictive markers. Although
it is implied that molecular and cellular events occur
within definite variants of immunogenesis or inflamma-
tion, such approach extremely lacks the generalizations.
However, it seems that diagnosis of the immune-inflam-
matory response type, as a whole would be more produc-
tive. Since at different times the immune-inflammatory
response can be represented by different cells and mole-
cules, at a certain moment “diagnostic” cells and mole-
cules can be temporarily absent that can be falsely inter-
preted as “unfavorable” or “favorable” factors.
Therefore, the consideration of the immune-inflamma-
tory response type as a target for the therapy or as a prog-
nostic factor can significantly reduce errors on the assess-
ment of significance of the stromal immune-inflammato-
Iy responses.

Most researchers believe that favorable effect is
mediated by developing specific cytotoxic immune
responses. This idea is supported by numerous data on the
presence in tumors of antigens capable of inducing the
immune response. However, it is well known that more
often spontaneous immune responses are not sufficiently
effective. Therefore, we think that the favorable effect is
more likely associated with the Thl-type “proinflamma-
tory” immune response in the microenvironment inde-
pendently of the presence or absence of specific immune
responses to the tumor antigens. It seems that the set of
cytokines secreted by the cells involved in the Thl-type
immune-inflammatory response leads to antagonistic
suppression of the Th2-type immune response with par-
ticipation of M2 macrophages, N2 neutrophils, and the
tumor-associated fibroblasts. The Th2-type anti-inflam-
matory phenotype of immune-inflammatory response,
which promotes the tumor progression, creates in the
tumor favorable conditions for development of tissue
repair and epithelial—mesenchymal transition that is nec-
essary for invasion and metastasis of the tumor cells.
Effects of Th17 and Treg cells, unlike effects of Th1 and
Th2 lymphocytes, are ambiguous and depend on their
ability to promote or to prevent the development of these
variants of immune-inflammatory responses.

Thus, it is very likely that the observed favorable
effect of the tumor microenvironment with the Th1-type
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immune-inflammatory response is mainly based on non-
specific mechanisms unrelated with recognition of the
tumor antigens and is manifested in the antagonistic
influence on the development of the Th2-type immune-
inflammatory response.
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