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Abstract—This review considers the role that immune inflammatory responses (11Rs) play in tumor develop-
ment and progression. Intratumoral IIR heterogeneity is presumably due to simultaneous differentiation and
activation of certain T helper (Th) subpopulations and macrophages in various loci of the tumor, their phe-
notypic plasticity, and their antagonism of Th1 and Th2 responses. Evidence is provided to demonstrate that
the IIR type in the tumor microenvironment determines the probability of the epithelial—mesenchymal tran-
sition (EMT), the emergence of invasive properties in tumor cells, the formation of tumor and premetastatic
niches, and chemosensitivity. It is hypothesized that the effect of IIRs on tumor cells depends on the IIR type,
which determines the cell and cytokine spectrum in the tumor microenvironment, rather than on the effi-
ciency of specific immune responses to tumor antigens. Lastly, it is assumed that more efficient targets for
IIR guidance are not provided by single molecules, but rather by the signaling pathways that can permanently
prevent the Th2-type 1IRs or suppress inflammatory reactions in the tumor.
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INTRODUCTION

Inflammatory infiltration of the stroma is an
important component of the microenvironment of a
malignant tumor. Many attempts were made to iden-
tify its role in the acquisition of invasive and metastatic
properties by tumor cells and to use the findings to
predict disease outcome and to optimize treatment. A
certain amount of progress has been made in the field.
The extent of lymphoid infiltration in breast cancer
and the formation of tertiary lymphoid structures in
breast and lung cancers were shown to be significant
for prognosis. The immune phenotypes of cells
involved in inflammatory infiltration and the propor-
tions of various T cell subpopulations and macro-
phages were proposed for use as prognostic markers in
cancers of various localizations.

There is ample evidence characterizing the roles of
various inflammatory cells, as well as the cytokines
and growth factors they produce in the epithelial—
mesenchymal transition (EMT) and the acquisition of
invasive properties and metastatic potential by tumor
cells. According to current views, the multicomponent
responses of the T helper 1 (Thl) and Th2 types,
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which develop together with innate-type inflamma-
tion, are the most important components of the
diverse set of cellular and molecular events that took
place during immune inflammatory responses (I1Rs)
in the tumor microenvironment (Fig. 1). IIRs are
thought to develop as follows in the tumor. Toll ligands
(damage-associated molecular patterns (DAMPs) and
pathogen-associated molecular patterns (PAMPs))
originate from dying tumor cells or, less often, patho-
gens and interact with Toll-like receptors (TLRs) on
tumor cells, thus triggering a signaling cascade leading
to NF-xB activation. In turn, this potentiates the pro-
duction of proinflammatory cytokines (interleukin-1
(IL-1), tumor necrosis factor o. (TNF-o), and 1L-6)
in tumor cells, and the cytokines stimulate the synthe-
sis of cyclooxygenase 2 (COX-2) and IL-8. COX-2
increases the level of prostaglandins (PGs), which
increase the vascular permeability and exudation. IL-8
acts as a chemokine and forces monocytes and granu-
locytes to leave circulation, leading to inflammatory
infiltration. Infiltration cells also possess TLRs and
synthesize 1L-1, TNF-o, and IL-6 in response to
PAMPs and DAMPs, thus enhancing and maintaining
nonspecific inflammation in the tumor. The phenom-
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Fig. 1. Development of 1IRs in the tumor microenvironment.

enon is essentially a manifestation of an innate inflam-
mation response. This inflammatory response pro-
vides a basis for the development of specific IIRs.
Dendritic cells are polarized depending on the types of
antigens and Toll ligands. Entering a regional lymph
node, dendritic cells act together with cytokines,
which are different for each particular Th variant, to
ensure polarization of ThO cells to Th1, Th2, Th17, or
regulatory T cells (Treg). In addition to the Thl and
Th2 classical polarization variants, Th polarization
may be induced by cytokines of an antagonistic Th
type. For example, IL-1 was shown to play a role not
only in Th1 polarization (Ben-Sasson et al., 2009) but
also in Th2 polarization (Bruchard et al., 2015). Secre-
tion of IL-1b and TNF-« is possible in both M1 and
M2 macrophages (Martinez and Gordon, 2014). I1L-6,
which is produced in macrophages, is involved in Th2
polarization and inhibits Th1 polarization (Diehl and
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Rinson, 2002). Thl responses are most likely favor-
able, being capable of suppressing tumor growth and
metastasis, while Th2 responses exert an adverse
effect, stimulating cancer progression (Tashireva
etal., 2017).

The above IIR types are modified by cytokines
produced by other immune cells, including Treg,
Th17, and myeloid-derived suppressor cells (MDSCs).
The mechanism of such effects can be better under-
stood by analogy with regeneration of connective tis-
sue after damage. Th1 reactions with their proinflam-
matory potential facilitate the first phase of regenera-
tion. Th2 reactions, which terminate inflammation,
underlie the second regeneration phase, which is char-
acterized by activated angiogenesis, connective tissue
formation, and stimulated cell locomotion and prolif-
eration in epithelial regions adjacent to the damage
site (Tashireva et al., 2017). As a result, second-phase
2018
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regeneration processes restore connective tissue and
the epithelial layer at the damage site (e.g., when the
skin or gastric mucosa is damaged).

There is evidence that immune processes affect the
outcome of chemotherapy. Relevant data were used to
design antitumor immunotherapies, but their efficacy
is limited to particular cancer types. Prognostic crite-
ria proposed as a result lack sufficient sensitivity and
specificity. The difficulties are probably objective in
nature. First, intratumoral heterogeneity and pheno-
typic plasticity of certain Th subpopulations and mac-
rophages make it difficult to interpret the results of
studying inflammatory infiltration of the tumor
stroma. It should be noted that both phenomena,
especially the heterogeneity of inflammatory
responses within the tumor, are still not fully under-
stood.

This review considers the above issues and dis-
cusses possible strategies aimed at controlling sponta-
neous inflammatory responses in the carcinoma
microenvironment.

HETEROGENEITY OF IMMUNE
INFLAMMATORY RESPONSES
IN THE TUMOR STROMA

The intratumoral heterogeneity, particularly sub-
stantial differences in tumor cell subpopulations, is
well known and is the subject of intense research,
while scarce data are available for the heterogeneity of
inflammatory responses controlled by the surround-
ing non-tumor cells, as well as its biological and clini-
cal significance. However, an integral evaluation of
the tumor is of low efficiency without consideration of
the heterogeneity of inflammatory responses in the
tumor stroma, because many scenarios are possible for
the parenchyma—stroma interplay and may include
variants that are optimal for invasive growth and
metastasis and those that inhibit these processes. IIR
heterogeneity has been indirectly reported in many
studies. In particular, it is manifested by the simulta-
neous harboring of several subpopulations of lympho-
cytes and macrophages, e.g., Th1l and Th2 or M1 and
M2, in the tumor (Kohrt et al., 2005; West et al., 2011;
Zhang et al., 2015; Tashireva et al., 2017).

The significance of IIR heterogeneity in the tumor
stroma is supported by the prognostic value of several
quantitative ratios, such as CD4*/CD8*, Th2/Thl
(Kohrt et al.,, 2005), and CD68" macro-
phages/CD3*CD20" lymphocytes (Galon et al., 2014;
Eiré et al., 2012).

The phenotypic differences among immune cells in
the stroma of the primary tumor are possibly a mani-
festation of intratumoral heterogeneity. Our findings
indicate that intratumoral morphological heterogene-
ity in invasive breast carcinoma of no special type (IC
NST) is represented by different morphological struc-
tures: tubular, solid, trabecular, alveolar structures,
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and discrete groups of tumor cells and is associated
with tumor progression (Zavyalova et al., 2006; Ger-
ashchenko et al., 2013). In particular, breast tumors
that contain alveolar structures show higher risk of
Ilymph node metastasis (Zavyalova et al., 2013).

A decrease in CD8* T cells around discrete groups
of tumor cells and in microenvironment distant from
any tumor structures was found to be an important
prognostic factor in predicting distant, but not lymph
node, metastasis and tumor relapse (Tashireva et al.,
2015).

The heterogeneity of inflammatory responses was
associated with the relapse rate in breast carcinoma
(Perelmuter et al., 2010). Our earlier study showed that
small lymphocytes and histiocytes decrease in number
when the plasmocyte response increases around tra-
becular structures and that the changes are associated
with a higher rate of lymph node metastasis in breast
cancer (Perelmuter et al., 1997).

Antagonism of Thl and Th2 IIRs

Cell polarization to Thl or Th2 phenotypes is reg-
ulated at the cytokine level. The proinflammatory
cytokines IL-1, TNF-o, IL-12, and interferon vy
(IFN-vy), which are produced predominantly by M1
macrophages, potentiate ThO cell polarization to Th1l
and suppress the Th2 response. In contrast, the anti-
inflammatory cytokines I1L-10, IL-4, and IL-13,
which are produced predominantly by M2 macro-
phages, shift ThO cell differentiation towards Th2 and
inhibit Th1 polarization (Murphy and Reiner, 2002).

Macrophages act not only as a source of IL-10 but
also as its target. IL-10 inhibits the production of the
proinflammatory cytokines IL-6, 1L-8, and TNF in
response to monocyte stimulation with endotoxin or
IFN-v. In addition, IL-10 suppresses the macrophage
ability to present antigens to T cells (Lu et al., 2014). A
macrophage-dependent autocrine regulation of IL-10
probably underlies one of the mechanisms responsible
for the IIR switch from Thl to Th2.

Certain cytokines are capable of changing the
course of Thl and Th2 IIRs. For example, IL-17A
decreases the production of the chemokine C—C
motif ligand 17 (CCL17) in dendritic cells and thereby
prevents Th2 recruitment to an inflammation focus
(Schnyder-Candrian et al., 2006). 1L-4 is capable of
inducing the growth factor-independent 1 (Gfi-1)
transcriptional repressor, thus optimizing the differen-
tiation conditions for Th2 cells (Zhu et al., 2002) and
suppressing differentiation of Th17 and Treg-induced
cells (Zhu et al., 2009). Secretion of Th2 cytokines by
CD4* natural killer T (NKT) cells inhibits infiltration
by CD8" T cells (effector cells of the Thl immune
response) in hepatocellular carcinoma (Bricard et al.,
2009).

Thus, Th1 and Th2 IIRs are antagonistic at the lev-
els of both gene and cytokine expression. It should also
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be noted that proinflammatory cytokines are secreted
not only by M1 macrophages, which are involved in
Th1 IIRs, but also by M2 macrophages; i.e., the latter
synthesize both anti-inflammatory and proinflamma-
tory cytokines. We think that proinflammatory cyto-
kines are synthesized in M2 macrophages as well,
because the migration of effector cells into the inflam-
mation focus has to be sustained in inflammatory
reactions of any type.

Phenotypic Plasticity of T Cells

The phenomenon of T-cell phenotypic plasticity is
probably of importance in chronic inflammation, pro-
viding a mechanism of IIR-type switching. However,
relevant data are scarce, and transformations were
demonstrated only for Th17 into Thl (but not the
reverse) and Th2 into IL-9-producing cells (Bluestone
et al., 2009). Direct transformations of Thl into Th2
or Th2 into Thl seem to be prohibited (Grivennikov
et al., 2010).

The variable Treg capability of suppressor func-
tions can be considered a special form of T-cell plas-
ticity. The interaction of PAMPs and DAMPs with
TLRs on the Treg surface substantially changes the
function of Treg cells to decrease or increase their sup-
pressor activity. The secretion of IL-6 and IL-1 by
dendritic cells after TLR stimulation blocks the sup-
pressor functions of Treg (Bettelli et al., 2006). A
TLRS ligand may totally abolish the Treg suppressor
function in humans. The effect is independent of den-
dritic cells but requires that the TLR8—MyD8&88I—
RAKA4 signaling pathway be active in Treg cells (Peng
et al., 2005). Flagellin (a protein of bacterial flagella)
acts via TLRS to stimulate suppressor activity of Treg
cells; the effect is accompanied by upregulation of
Foxp3, which is a key transcription factor of Treg cells
(Crellin et al., 2005). Lipopolysaccharide (LPS) abol-
ishes Treg activity in certain cases (Yang et al., 2004).
However, the effects of LPS may vary. There are
observations that TLR4 stimulation with LPS causes
proliferation and increases activity of Treg cells (Cara-
malho et al., 2003).

Experiments showed that Treg cells with low-level
IL-2Rao expression become unstable and lose Foxp3
expression when exposed to IL-2 deficiency (Komatsu
et al., 2009). The central proinflammatory cytokine
TNF-a is capable of activating mouse Treg cells by
stimulating their TNFR2 (Chen et al., 2007). Gluco-
corticoids increase the Foxp3tCD4+*CD25" cell count
in mice in vivo (Chen et al., 2006), thus suppressing
the immune response. A similar Treg reaction is pos-
sible to occur in long-term severe stress provoked by
oncological disease or chemotherapy and radiother-
apy. Some of the Foxp3* Treg cells are capable of los-
ing Foxp3 expression and acquiring the phenotype of
effector memory T cells producing TNF-y (Zhou
et al., 2009).
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Plasticity of Treg cells is evident from their capabil-
ities of losing the suppressor function and being repro-
grammed into Th17 in the presence of TGF-f and IL-6
(or IL-1 and IL-23) (Yang et al., 2008). Treg cells
reprogrammed into Thl7 start to express two tran-
scription factors (FoxP3 and ROR-gt) simultaneously
and become capable of producing IL-17, which is a
key cytokine of Thl7 cells. In addition, human
CD4"FoxP3*CCR6™ Treg cells can differentiate into
cells that secrete IL-17 in response to T-cell receptor
(TCR) stimulation in the presence of IL-1b, 1L-2,
I1L-21, IL-23, and human serum (Peng et al., 2005).

Activated Treg cells that display low-level FoxP3
expression, lack the suppressor function, and produce
IL-17 in greater amounts than any other CD4" T-cell
population were observed in humans (Miyara et al.,
2009). Natural Treg cells can be stimulated to secrete
IL-17 and to downregulate FoxP3 expression on expo-
sure to IL-6/IL-1/IL-23 (Yang et al., 2008).

Functional Plasticity of Macrophages

There is ample evidence that the M1 and M2 mac-
rophage subtypes are not stable, but their phenotype
depends on the combination of factors present in par-
ticular tissues. Thereby, macrophages can show com-
plex phenotypes (Martinez and Gordon, 2014). The
ability to transform from M1 to M2 seems to be of
importance for the transition from a proinflammatory
Thl IIR to an antagonistic anti-inflammatory Th2
IIR. This mechanism possibly underlies the transition
from the inflammatory phase of tissue repair to the
second, productive phase, in which connective tissue
is generated and tissue defects are epithelized.

The plasticity that macrophages display on activa-
tion with various cytokines is so high that a common
nomenclature of various functional cell types is still
lacking (Martinez and Gordon, 2014). The in vitro
data on macrophage plasticity require verification
in vivo. LPS and IL-21 were shown to induce changes
from the M2 to the M1 macrophage phenotype (Zheng
et al., 2013; Das et al., 2015). The opposite macrophage
polarization from the proinflammatory M1 to the anti-
inflammatory M2 phenotype was also described and is
mediated by many factors, such as the presence of
apoptotic cells in the inflammation focus, cytokines,
and activation of kinases (JNK, JAK, and PI3K).
MicroRNAs and long noncoding RNAs (IncRNAs)
also sustain macrophage polarization (Das et al.,
2015). There are data that IL-12 introduced into the
tumor in vivo leads to a phenotypic conversion of
tumor-associated macrophages from anti-inflamma-
tory M2 to proinflammatory M1 (Watkins et al.,
2007). In vitro studies showed that IFN-y-mediated
activation of CD40 is necessary for the efficient repro-
gramming of tumor-induced M2 macrophages in acti-
vated M1 macrophages producing IL-12 (Heu-
sinkveld and van der Burg, 2011). The macrophages
Vol. 8
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developed in response to prostaglandin E2 and 1L-6
are capable of transformation into M1 phenotype
when influenced by CD4* Thl cells (Heusinkveld
etal., 2011).

The above data demonstrate that T cells and mac-
rophages possess high plasticity, thus determining
diverse stromal IIRs. On one hand, their plasticity
allows the tumor to change the T-cell and macrophage
phenotypes to its own benefit; on the other, plasticity
provides a basis for the design of drugs and treatments
for a desirable reprogramming of IIRs.

Changes That Tumor Cells Induce in Stromal IIRs

The efficiency of stromal IIRs and the efficacy of
immunotherapy are limited, because the tumor is
capable of suppressing the specific immune response
via several mechanisms. Overexpression of the
HER2/ErbB2/Neu receptor induces phosphorylation
of the signal transducer and activator of transcription
(STAT1) in certain tumors, leading to inhibition of the
Th1l immune response (Laoui et al., 2013). In addi-
tion, tumor cells can inhibit T-cell function directly,
by expressing transmembrane inhibitory molecules
(e.g., CD95L or PD-L1) or indirectly, by acting syn-
ergistically with Treg cells (Miischen et al., 2000; Wolf
et al., 2003). PD-1 is expressed on CD8", CD4", and
B cells. It acts as a receptor for PD-L1 and mediates
inhibition of the specific immunoresponse. PD-L1 is
expressed in tumor cells of many cancers, which are
thereby capable of affecting activated T and B cells
through their PD-1 receptors (Dong et al., 2002). To
suppress this adverse reaction, drugs were designed on
the basis of monoclonal antibodies that block the PD-1
ligand on tumor cells. Two such drugs, nivolumab and
pembrolizumab, have been approved by the Food and
Drug Administration (FDA) (Twomey et al., 2017).
Their indications include unresectable melanoma and
squamous and non-squamous cell lung carcinomas
that progress after treatment with platinum-based
chemotherapy. In addition, several other drugs are
currently under testing in large-scale clinical studies.

It is clear that the above drugs are incapable of cur-
ing the patients in full. An objective response is
observed in only 35% of patients (Gettinger et al.,
2015), and metastasis-free and overall survival
increases by only 2—4 months on average (Fenchel
et al., 2016; Addeo, 2017). The efficacy depends to a
great extent on the portion of tumor cells that express
PD-L1. For instance, an objective response to
nivolumab was reported for 28.4% of patients with
PD-L1 expression in more than 5% of tumor cells,
23.8% of patients with PD-L1 expression in 1-5% of
tumor cells, and 16.1% of patients with PD-L1 expres-
sion in less than 1% of tumor cells (Sharma et al., 2017).

An interesting question is what subpopulation of T
cells act as targets of PD-L1. PD-L1 inhibitors are
known to increase the Th1/Th17 immune response

BIOLOGY BULLETIN REVIEWS  Vol.8 No.5 2018

435

and to suppress Th2 in peripheral blood (Dulos et al.,
2012). Special studies were not performed to under-
stand how the drugs affect the composition of the
tumor microenvironment in humans in vivo. In mice,
PD-1 inhibition was shown to increase the amount of
CD8* lymphocytes in lymphoid organs (Im et al.,
2016). At the same time, there are data showing that
the Th2 response is increased by PD-1 inhibitors
(Zhou et al., 2016). A favorable effect is therefore pos-
sible to expect if PD-1 inhibition suppresses Th2 IIRs
in the tumor and thus allows the development of a Th1
response. An opposite situation may stimulate tumor
progression. An opposite effect of PD-L1 inhibitors is
possibly responsible for their relatively low efficacy.
Finally, tumor cells are capable of changing expression
or masking tumor-associated antigens (TAAs), ren-
dering them less accessible for effector cells (Milani
et al., 2014).

A new mechanism was described for the elimina-
tion of CD8" T cells from intratumoral circulation.
VEGF-A, IL-10, and PGE2 of tumor origin act
together to induce CD95L expression on endothelial
cells, while CD95L is not expressed in the normal
endothelium. This causes the death of effector CD8*
T cells, but not Treg cells, which express a FLICE-like
inhibitory protein (Motz et al., 2014).

Dendritic cells may inhibit antitumor immunity in
cancers (Ma et al., 2012). Several mechanisms medi-
ate the effect. As the tumor progresses, immature den-
dritic cells find their way into tumor-draining lymph
nodes, where Treg proliferation is stimulated selec-
tively (Ghiringhelli et al., 2005). Tumor-associated
dendritic cells were found to express costimulating
molecules to low levels (Chaux et al., 1996). Several
tumor-derived factors, such as gangliosides, neuro-
peptides, and nitric oxide, reduce the lifespan (Shurin
and Lotze, 2009) and increase apoptosis (Esche et al.,
1999) of dendritic cells. In addition, the tumor cell
cytokine HMGBI1 increases dendritic cell apoptosis
and stimulates cell growth, invasion, and angiogenesis
in carcinomas. The process is associated with lym-
phatic metastasis in colorectal cancer (Kusume et al.,
2009).

Antitumor Efficiency of Spontaneous IIRs

Progress in evaluating the significance of sponta-
neous lymphoid infiltration in breast cancer has been
made in large-scale randomized clinical studies in
recent years. An international working group devel-
oped criteria to evaluate lymphoid infiltration in
breast cancer (Salgado et al., 2015b). The molecular
subtype of breast cancer is of importance for the prog-
nostic significance of tumor-infiltrating lymphocytes
(TILs). TILs are more often found in ER-PR-HER2~
and HER2" breast cancers (Savas et al., 2016). A linear
dependence was observed between an increase in the
TIL amount and an increase in relapse-free survival in
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patients with triple negative breast cancer. The average
TIL percentages are 10% in ER*HER2~ tumors, 15%
in HER2* tumors, and 20% in ER"HER2~ tumors.
Tumors with 50—60% lymphocytic infiltration are
classed as lymphocyte predominant breast cancer.
However, a direct association with survival was
demonstrated for any TIL amount (Denkert et al.,
2010; Loi et al., 2013). TILs are thought to include
mostly tumor-specific T cells in breast cancer (Savas
et al., 2016).

Tertiary lymphoid structures (TLSs) found in the
tumor are also of prognostic significance. Like lymph
nodes, these structures provide room, immediately in
the tumor, for antigen presentation and induction of a
specific immune response with generation of polar-
ized Th cells, CD8" or CD4" effector cells, and anti-
gen-specific B cells (Dieu-Nosjean et al., 2014). Dif-
ferentiated B cells, plasma cells varying in extent of
maturation, and memory cells were observed to leave
TLSs in the tumor stroma (Germain et al., 2015). Th17
cells play a certain role in TLS formation (Grogan and
Ouyang, 2012). In contrast, Treg cells suppress TLS
formation. The presence of TLSs in the tumor is pre-
sumably always associated with a better overall survival
(Dieu-Nosjean et al.,, 2014). Antigen-dependent
mechanisms possibly underlie the association. For
example, B cells from TLSs are capable of binding
with tumor antigens and triggering either antibody-
dependent cell cytotoxicity or complement-dependent
cytotoxicity (Germain et al., 2015).

Based on immune cell contents in the tumor, col-
orectal cancer staging was developed to supplement
the common TNM classification. In 2012, Jerome
Galon was the first to propose such a classification,
which is now known as TNM-immune (TNM-I). The
Immunoscore (I, ranging from 0 to 4) is evaluated by
counting the densities of two lymphocyte populations,
cytotoxic and memory T cells (CD3/CD45RO,
CD3/CDS8, or CD8/CD45R0), in two tumor sites,
the center and the invasive margin. Because the pres-
ence of cytotoxic T cells, memory T cells, and Thl
pathway cells is associated with a better survival, I =4
suggests a good prognosis (Galon et al., 2014).

Sabatier et al. (2011) studied the expression of
genes for 28 kinases in lymphocytic infiltrate cells
from breast cancer patients by microarray technology.
All breast tumors were divided into two subtypes,
highly immune and weakly immune. Clinical and
morphological factors and, in particular, the presence
and character of lymphocyte infiltration, did not differ
between the two groups, but the 5-year survival was
91% in the highly immune group and 49% in the low-
immune group. To better understand the differences
between the groups, the expression of 532 genes was
profiled in addition to the study of the 28 kinase genes.
The expression of immunity-related genes was found
to differ between the two clinically and morphologi-
cally uniform groups. The activation of kinome genes
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suggested the presence of an activated lymphocytic
infiltrate in highly immune patients. Lymphoid cells
of the stromal infiltrate displayed upregulated expres-
sion of the genes responsible for lymphocyte survival
(IL2RG, IL23RB, and IL7R), genes of Th1-associated
receptors (/LI2RBI1, ILI5SRA, ILISBP, and IL2IR),
Thl transcription factor genes (STAT1, STAT4, and
TBX21), genes of certain interferon-inducible mole-
cules (GVINI, ISG20, GBP2, IRF1, IRF4, IRF7, and
IRFS), and genes of cytotoxic granules and pore-
forming molecules (VAMPI, GZMA, GZMB, GZMH,
GZMK, GNL, PRFI1, CFLAR, CASP1, and CASP10).
In addition, upregulation was observed for a gene set
characteristic of memory cells: IL16, XCL1, CCLS5,
CXCLY9, CXCR3, CCL19, CCR7, and CXCR6 (helper
and cytotoxic T cells) and CXCL 13 and CXCRS5 (acti-
vated B cells). The cells were found to contain tran-
scripts for proteins involved in lymphocyte migration
or activation: ITGAL and ITGB2 heterodimers,
ITGA4, ITGAX, ITGB7, SELL, SELP, SELPL, and
CD69 (Sabatier et al., 2011). As can be seen, all groups
of upregulated genes are related to the Th1 response.

However, Th2 IIRs are not always unfavorable.
The M1/M2 macrophage ratio is not an optimal prog-
nostic factor for predicting the course of the tumor
disease in colorectal cancer. Edin et al. (2012) showed
that infiltration with NOS2* M1 macrophages is associ-
ated with a favorable prognosis. Despite this, the M1/M2
ratio was not a significant prognostic factor because the
presence of CD163" M2 macrophages was also associ-
ated with a better prognosis (Edin et al., 2012).

Another study showed that infiltration of a breast
tumor by CD68%, CD4*, and CD8" cells has a prog-
nostic value for the overall survival and that a high
CD68/CD80c. mRNA ratio in tumor tissue correlates
with total morphological regression after a course of
neoadjuvant chemotherapy in early breast cancer
(DeNardo et al., 2011). An important association with
survival in human breast carcinoma was observed for
the intratumoral presence of CD4* Tfh cells, which
occur in peritumoral TLSs. A comparison of breast
tumors with extensive or minor lymphocytic peritu-
moral infiltration showed that the presence of Tfh
cells secreting the CXCL13 B-cell chemoattractant
correlates with extensive infiltration and the presence
of TLSs. Moreover, higher contents of IFN-y-produc-
ing Thl, CD8* T, and B cells in the tumor and a more
favorable prognosis were associated with the presence
of tumor-infiltrating Tfh cells (Gu-Trantien and Wil-
lard-Gallo, 2013).

In contrast to the above findings, the overall sur-
vival was lower when Th2 IIRs prevailed in the tumor
microenvironment. For example, CD4" cells isolated
from a breast tumor were shown to produce high levels
of Th2 immune response cytokines, including I1L-4
and IL-13, which play an important role in regulating
TAM activity; their presence was associated with a
poor prognosis (Treilleux et al., 2004).
Vol. 8
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Kohrt et al. (2005) showed that high CD4"/CD8"
and high Th2/Thl ratios in tumor-infiltrating lym-
phocytes suggest poorer prognosis in breast cancer.
Another research team observed that a higher CD68
content and a higher CD68* macrophage/CD3+*CD20*
Ilymphocyte ratio in the invasive component are
directly associated with a likely decrease in relapse-
free survival in breast cancer (Eir6 et al., 2012). Den-
dritic cells present in the infiltrate of a primary breast
tumor correlate with unfavorable outcome, suggesting
their contribution to disease progression in breast can-
cer (Treilleux et al., 2004).

Thus, a predominance of cells corresponding to
Th1 IIRs in the stroma is mostly associated with favor-
able prognosis, while a predominance of Th2 1IRs is
most likely associated with poor outcome.

1IRs and Tumor Progression

The mechanisms that underlie tumor progression
include the epithelial-mesenchymal transition
(EMT), invasive growth, and the formation of premet-
astatic niches at sites of future metastases. The roles
that cells of an inflammatory infiltrate of the tumor
play in the processes are considered below.

The Role of Various IIRs in EMT

EMT is a key event in both reparative regeneration
and the acquisition of an invasive phenotype by tumor
cells (Zeisberg and Neilson, 2009). EMT is initiated
by four main stimuli (cytokines, growth factors,
hypoxia, and extracellular matrix components) and
proceeds via five signaling pathways (TGF-[3, Wnt—f-
catenin, BMP, Notch, and Hedgehog) (Gonzalez and
Medici, 2014). Cells involved in regulating EMT usu-
ally belong to the above Th2 IIR type and include Th2
Ilymphocytes, M2 macrophages, and fibroblasts. The
fact that TGF-B (a cytokine of the Th2 immune
response) is a key molecule in EMT indicates that
EMT is possible in the Th2 IIR. In addition, 1L-4 and
IL-17A (key cytokines of the Th2 and Th17 immune
responses, respectively) are known to act synergisti-
cally with TGF- to increase EMT (Ji et al., 2013).

As for the role of IL-22 in EMT, this cytokine was
not shown to affect expression of epithelial and mesen-
chymal genes in the bronchial epithelium of asthma
patients. However, 11.-22 acting together with TGF-1
facilitates expression of EMT transcription factors
(Snail and Zeb) and significantly changes cadherin
expression (Johnson et al., 2013).

The activation of the IL-8/IL-8R axis is possibly
associated with EMT. It is noteworthy that IL-8 is
secreted by tumor cells in the EMT state. Moreover,
IL-8 promotes EMT in adjacent tumor cells (Fer-
nando et al., 2011). Because 1L-8 is induced in cells
undergoing the TGF-B-induced EMT, IL-8 synthesis
is probably secondary to EMT (Bates et al., 2004).
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Fig. 2. Roles of macrophages in MET and invasive growth.
* Nonspecific cytokines are those that are produced by
both M1 and M2 macrophages. ** Specific cytokines are
those that are produced by either M1 or M2 macrophages.

Ectopic expression of IL-6 was observed in the
MCF-7 breast cancer cell line and was accompanied
by downregulation of E cadherin and induced expres-
sion of vimentin, N cadherin, Snail, and Twist. The
findings made it possible to conclude that IL-6 is
capable of inducing EMT (Sullivan et al., 2009).

Cancer-associated fibroblasts (CAFs) are known to
secrete several growth factors, including those of the
fibroblast growth factor (FGF), hepatocyte growth
factor (HGF), and TGF superfamily, which play an
important role in EMT (Thiery, 2002). Metallopro-
teinase secretion by CAFs also promotes EMT. EMT
underlies mesenchymal-type invasion of carcinoma
cells. CAFs were shown to facilitate tumor invasion by
inducing EMT (Bhowmick et al., 2004; Mueller and
Fusenig, 2004; Kalluri and Zeisberg, 2006).

There are data showing that M2 macrophages act
through the TLR4/IL-10 signaling pathway to stimu-
late EMT in pancreatic cancer cells. Cocultured with
M2 macrophages, these cells acquire a fibroblast-like
morphology and elevated expression of the mesenchy-
mal markers, vimentin and Snail, at both mRNA and
protein levels (Liu et al., 2013). EMT most likely
develops locally, in the invasive front of the tumor
rather than in cells within multicellular structures
(Brabletz et al., 2005; Spaderna et al., 2006; De Wever
et al., 2008b). Type 2 inflammatory cytokines act as
classical inducers of EMT and subsequent mesenchy-
mal-type invasion. However, nonspecific proinflam-
matory cytokines (IL-1, IL-6, IL-8, and TNF-«) are
also capable of playing a role in EMT, since they are
produced by any macrophage subpopulation (Fig. 2).
Nonspecific proinflammatory cytokines possibly act
together with anti-inflammatory cytokines in EMT.



438

For instance, IL-6 increases the EMT induced in
tumor cells by TGF-B (Shintani et al., 2016).

Thus, EMT development is predominantly associ-
ated with Th2 IIRs, although proinflammatory cyto-
kines may also induce EMT. It is still an open question
as to whether EMT variants initiated by different trig-
gers are equal, primarily, in terms of level, reversibility,
and acquired cell motility.

Invasive Growth and IIRs

Invasive growth is currently explained with two cell
migration models, namely, collective (group) and
individual migration, whereby tumor cells spread to
surrounding tissues. Collective invasion proceeds via a
mesenchymal (fibroblast-like) mechanism, while sin-
gle cell (individual) migration relies on both mesen-
chymal (fibroblast-like) and amoeboid mechanisms
(Friedl and Alexander, 2011; Krakhmal et al., 2015).

How does the type of I1IRs occurring in the tumor
stroma affect the invasive properties of tumor cells?
The data accumulated to date indicate that the Th2-
IIR type of the microenvironment correlates with both
collective and individual invasion. In particular, this
was demonstrated for TGF-f, which may facilitate
collective cell migration in breast cancer (Matise et al.,
2012). Using proteolytic enzymes, fibroblasts, which
form a Th2 IIR infiltrate in the tumor together with
other cells, modify the extracellular matrix and create
a path to allow collective migration of carcinoma cells
(Gaggioli et al., 2007).

This type of invasion is additionally considered
fibroblast-like, because the malignant cells that utilize
the mesenchymal motility variant acquire an elon-
gated, spindle-shaped morphology and resemble
fibroblasts (Zijl van, et al., 2011). This transformation
of a malignant epithelial cell is a manifestation of
EMT. The role of inflammatory infiltrate cells in the
EMT has been considered above (Fig. 2).

Certain cells of the microenvironment promote the
acquisition of invasive properties by tumor cells
(Elinav et al., 2013). For example, many infiltrating
CD4/CD25*% and CD4/CCR4 were observed in
patients with metastatic cancer (Coézar et al., 2005). It
is known additionally that myofibroblasts, which are
activated fibroblasts, differ from fibroblasts in being
capable of stimulating human colorectal carcinoma
cell invasion in a 24- to 48-h experiment with type |
collagen or matrigel. Myofibroblasts stimulate not
only tumor cell invasion but also hematogenic and
lymphogenic metastasis (De Wever et al., 2008a). The
role that the inflammatory microenvironment plays in
triggering amoeboid individual invasion is poorly
understood.

Thus, any factor that induces EMT (see above) is
capable of initiating mesenchymal invasive growth,
including both collective and individual migration.
This is most likely associated with Th2 IIRs.
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The IIR Type in the Induction of Chemoattractant
Synthesis and the Formation of Tumor
and Metastatic Niches

Paget (1989) proposed a “seed and soil” hypothe-
sis, which is now the most productive in studying the
mechanisms of metastasis. Tumor cells that are capa-
ble of secreting proinflammatory cytokines or
responding to them have a higher metastatic potential
(Rollins, 2006). Lyden and colleagues (Kaplan et al.,
2005) advanced a hypothesis that the formation of
metastases is preceded by the formation of the so-
called premetastatic niches with an optimal cell and
molecular microenvironment (“soil”) distant from the
primary tumor. The process occurs because the tumor
produces a number of chemoattractants (LOX, MIP2,
VEGFA, TGF-a, and TNF-).

The tumor niche forms in the primary tumor. Sim-
ilar to the premetastatic niche, the tumor niche
ensures the optimal conditions for the growth of trans-
formed cells. As a key process in the formation of the
tumor and premetastatic niches, precursor cells are
recruited from bone marrow, and the optimal condi-
tions are created for their differentiation and prolifer-
ation (Barcellos-Hoff et al., 2013). According to
Lyden’s concept, the tumor niche forms synchro-
nously with the growth of the primary tumor. Tumor
cells and cancer-associated fibroblasts secrete chemok-
ines, such as TGF-P, IL-6, and CXCL12, which facil-
itate the formation of the niche. For example, hepato-
cellular carcinoma and stellate cells secrete the factors
that cause migration of mesenchymal stem cells of a
bone marrow origin into the tumor microenvironment
both in vitro and in vivo (Garcia et al., 2011).

The formation of a premetastatic niche was assumed
to be due to a chronic inflammation, which acts as a
preniche and lacks clinical manifestation. Inflamma-
tion provides the conditions for recruiting precursors of
premetastatic niche-forming cells from the blood and
lymph (Perelmuter and Manskikh, 2012).

A question arises as to whether the stromal IIR type
is capable of affecting the tumor potential to develop a
metastatic phenotype (i.e., facilitating the generation
of “seeds” and the formation of premetastatic niches,
“s0il”).

The association of IIRs with premetastatic niche
formation is possibly due to the initiated synthesis of
proinflammatory cytokines, selectins, and chemok-
ines (Keibel et al., 2009). The Th2 type of microenvi-
ronment favors metastasis. This is related to the cell
composition of the microenvironment and its property
to stimulate EMT. It was shown that CD4* Th2 cells
induce breast cancer progression and metastasis by
stimulating the production of proangiogenic and pro-
metastatic factors in tumor-associated macrophages
(TAMs) (DeNardo et al., 2009). The M2 macrophage
count and a high M2/M1 ratio were found to predict
liver metastasis in colorectal cancer (Cui et al., 2013).
Vol. 8
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Thus, Th2 IIRs in the tumor probably facilitate the
production of several chemoattractants, which may
create a necessary microenvironment in the tumor
and may form premetastatic niches.

Stromal IIRs and Chemotherapy Effects

The intensity and type of IIRs play an important
role in antitumor therapy. There is an association
between the extent of lymphoid infiltration and the
effect of chemotherapy. The presence of TILs is asso-
ciated with a beneficial effect of anthracycline treat-
ment in HER2" breast cancer (West et al., 2011).
Another study demonstrated that the presence of
CD8* T cells is associated with a beneficial effect of
epirubicin, regardless of the histological type of breast
cancer. Tumor cell death is thought to be of an
immune nature (Mattarollo et al., 2011).

The IFN signaling molecule STAT1 was found to
play a role in doxorubicin and lapatinib treatment of
HER2/Neu-positive breast carcinoma (Hannesdottir
et al., 2013). Lapatinib acts as a ErbB2/HER2/Neu
and ErbB1/EGFR double inhibitor and affects the
immune reactivity. Doxorubicin and lapatinib
increase the myeloid infiltrate (tumor-associated
macrophages and monocytes) in the tumor, although
CD8* T cells are partly involved in the process as well
(Laoui et al., 2013). Hannesdéttir et al. (2013)
observed that lymphocytes may appear in the tumor
with paclitaxel treatment. In addition, the same
researchers reported that de novo infiltration with
IFN-y-producing CD4* and CD8* T cells occurs in
breast cancer after lapatinib and doxorubicin treat-
ment. West et al. (2011) demonstrated that the pres-
ence of TILs expressing cytotoxic cell markers is
directly associated with a favorable outcome of anth-
racycline therapy in patients with ER-negative breast
cancer.

The efficacy of neoadjuvant chemotherapy with
carboplatin combined with anthracyclines and taxanes
was higher in patients with lymphocyte predominant
breast cancer (LPBC) with a TIL content >60%. This
was manifested as a higher rate of complete patholog-
ical response (pCR) in triple negative and HER2-pos-
itive breast cancers (Denkert et al., 2015). HER2-pos-
itive cancer with high TILs has favorable prognosis on
neoadjuvant chemotherapy with lapatinib and trastu-
zumab regardless of whether pCR is achieved (Sal-
gado et al., 2015a).

Tumor infiltration with T-bet* Th1 cells after neo-
adjuvant chemotherapy with trastuzumab—taxane is
possibly an independent prognostic factor suggesting
better outcome in HER2-positive breast cancer
(Ladoire et al., 2011a). A high FoxP3*/CD8* cell ratio
in the tumor infiltrate is an independent factor associ-
ated with a poor outcome of platinum-based chemo-
therapy. Observations make it possible to assume that
the presence of CD8" and FoxP3* Treg cells in the
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peritumoral infiltrate represents a prognostic factor
that predicts the response to neoadjuvant chemother-
apy with platinum drugs in patients with small cell
lung cancer (Liu et al., 2012). Ruffell et al. (2012)
showed that the CD8/CD4 T-cell ratio in tumors of
breast cancer patients receiving neoadjuvant chemo-
therapy is higher than in tumors resected from patients
without this therapy. Ladoire et al. (2011b) demonstrated
that the CD8/FoxP3 ratio provides an independent
prognostic factor predicting a better survival in breast
cancer patients after neoadjuvant chemotherapy.

Thus, the presence of cells with a Th1 IIR pheno-
type in the tumor microenvironment is associated with
favorable outcome of neoadjuvant chemotherapy
according to the literature data.

DISCUSSION

Although the concept of Thl and Th2 immune
response variants and corresponding IIRs does not
exhaust the total diversity of cell and molecular events
that occur in the tumor microenvironment, we think
that this concept is still the most productive. The func-
tional antagonism of the effects exerted by cytokines of
the Th1 and Th2 spectra suggests that only one of the
IIR variants can occur in a tumor locus at each
moment of time. Two conditions are to be met for
cytokines to affect their target cells: there are proper
receptors on the target cells, and they are in close prox-
imity to cytokine source cells. The latter condition is of
importance, because cytokines can travel only a limited
distance in the intercellular matrix. T-cell and macro-
phage plasticity play an important role in determining
the character of the inflammatory microenvironment,
promoting the development of different stromal II1Rs
and their intermediate variants.

Thus, theoretically, the following factors create the
prerequisites for 1IR heterogeneity: (1) conditions in
the tumor favor the initiation of differentiation for dif-
ferent Th cells, (2) antagonistic effects are exerted by
cytokines of the Thl and Th2 spectra, (3) phenotypic
plasticity is characteristic of lymphocytes and macro-
phages, (4) proper receptors are essential for cytokines
to exert their effects on target cells, and (5) the para-
crine effect of cytokines on their target cells is limited
by the distance that the cytokines are capable of trav-
eling in the intercellular matrix. At present, scarce,
experimental findings have accumulated to support
IIR heterogeneity in the tumor.

In view of the antagonistic relationship between the
major types of IIRs, it is possible to expect that cell
and molecular events resulting in a Th1 IIR in a par-
ticular tumor locus will prevent a Th2 IIR in the adja-
cent tumor regions within the effective distance of
Thl-spectrum cytokines. If a Th2 IIR initially devel-
ops far away from the first tumor locus as a result of the
proper antigen specifics, proper dendritic cell polar-
ization, and conditions allowing ThO polarization to
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Table 1. Effects of Th1 immune inflammatory responses

Expected effects
Cells Effector molecules
inflammation wound healing tumor progression
1LC1 IFN-y, TNF-f (Bern- | Stimulation (Bernink | Stimulation of phase 1 | Inhibition
ink et al., 2013) etal., 2013)
Thl IFN-v, IL-2 and TNF-| Stimulation (Zhang Stimulation of phase 1 | Inhibition (Wieder
B (Zhu and Paul, 2010) | et al., 2014) et al., 2008)
CD8 Perforins and gran- Stimulation Stimulation of phase 1 | Inhibition (Fridman
zymes (Zhu and Paul, etal., 2012)
2010)
M1 macrophages 1L-6,1L-12,1L-23, Phagocytosis, attrac- | Stimulation and pro- | Inhibition

N1 neutrophils

Th17

Tfh

CD27" B lymphocytes

TNF-a, iNOS and
ROS, (Sica and Man-
tovani, 2012)

TNF-a, IL-12,
ICAM-1, FAS, CCL3,
CXCL9 and CXCL10
(Fridlender et al.,
2009)

IL-22, IL-17A, IL-17F
(Paris et al., 2012)

Can produce Thl, Th2,
and Th17 cytokines,
such as [IFN-yand IL-
21 (Gu-Trantien and
Willard-Gallo, 2013)

tion of CD8 and Th1l
cells, activation of NK
and Th1 cells (Sica and
Mantovani, 2012)

Stimulation (Scapini
et al., 2000; Fridlender
et al., 2009)

Stimulation (Paris
et al., 2012)

Increase amounts of
IFN-y-producing Thl
cells and CD8* T cells
(Gu-Trantien and Wil-
lard-Gallo, 2013)

longation of phase 1
(Barrientos et al., 2008,;
Sindrilaru et al., 2011)

Stimulation and pro-
longation of phase 1,
prevention of fibrosis
(Barrientos et al., 2008;
Crome et al., 2010;
Sindrilaru et al., 2011)

Stimulation and pro-
longation of phase 1,
prevention of fibrosis
(Crome et al., 2010;
Paris et al., 2012)

No data

Inhibition (Scapini

et al., 2000). Facilita-
tion of antitumor activ-
ity of CD8* cells (Shen
et al., 2014)

Associated with favor-
able prognosis (Lu
etal., 2011)

Associated with favor-
able prognosis

Provide favorable prog-
nostic factor together
with CD8" T cells
(Nielsen et al., 2012)

Th2, then Thl IIRs will be impossible within the
effective distance of Th2-spectrum cytokines. Thus,
tumor cell structures are exposed to the effects of Th1
IIRs in the first locus and Th2 IIRs in the second.
Therefore, Nx loci with different types and intensities
of IIRs may be expected to occur within the tumor;
therefore, they have different effect on tumor progres-
sion. Evaluation of the effects of Th1- and Th2-like
IIRs shows that the former underlie the first inflam-
matory phase of reparative regeneration and are more
likely to prevent fibrosis and EMT and to inhibit
tumor progression, including the acquisition of inva-
sive properties and a metastatic potential (Table 1).
Th2-like IIRs underlie the second phase of reparative
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regeneration. This phase is characterized by the gener-
ation of granulation tissue and mature connective tis-
sue, allows EMT, and promotes the development of
invasive and metastatic properties in tumor cells
(Table 2).

Since the morphology of a lymph node at a partic-
ular moment of time is an integral reflection of
numerous synchronous immune responses that arise
to a variety of antigens and employ different immune
mechanisms, the inflammatory infiltration of a tumor
is an integral reflection of numerous IIR scenarios
with different initiation mechanisms. Contributions
may vary among possible scenarios, and the predomi-
Vol. 8
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Table 2. Effects of Th2 immune inflammatory responses
Expected effects
Cells Effector molecules
inflammation wound healing tumor progression
ILC2 IL-4, IL-5, IL-9 and Production of anti- Stimulation of phase 2 | Are associated with
IL-13 (Neill et al., 2010) |inflammatory cytokines |(Rak et al., 2016) tumor progression
(Neill et al., 2010)
Th2 1L-4, 1L-5,1L-6,1L-9, |Suppression of Thl Maintenance of phase 2 | Stimulation (Fridman
IL-10 and IL-13 (Shen |inflammation, produc- |(Wynn, 2008) etal., 2012)
etal., 2014) tion of anti-inflamma-
tory cytokines (Shen
et al., 2014)
M2 IL-10, IL-4 and IL-13, | Production of anti- Stimulation of phase 2 Stimulation of tumor
TGFb, PGE2, EGF, inflammatory cytokines |(Ferrante and Leibo- growth (Allavena et al.,
1L-6, CXCLS8, VEGF, (Sica and Mantovani, vich, 2012) 2008)
TGFo.and MMPs (Sica |2012)
and Mantovani, 2012)
N2 CXCR4, VEGEF, Inhibition of CD8* Stimulation of phase 2 | Stimulation of tumor
gelatinase, 1L-8 (Gregory and Houghton, | growth (Gregory and
and MMP9 (Fridlender 2011) Houghton, 2011)
etal., 2009)
Myofibroblasts | FGFs, HGF, TGF-3 Production of anti- Stimulation of phase 2 Promote tumor growth
and SDF-1 (Hinz, 2016) | inflammatory cytokines | (Hinz, 2016) by stimulating Th2
(Hinz, 2016) immunogenesis (Erez
et al., 2010)
Treg IL-10 and TGF-B1 Suppression of CD4, Stimulation of phase 2 | Stimulation of tumor
(Bilate and Lafaille, CdS8, NK, NKT, DC, (Murphy et al., 2005) growth. Inhibition of
2012) macrophage, and B-cell CDS8 (Huang et al., 2012)
activities (Bilate and
Lafaille, 2012)
MDSCs IL-10, IL-6 and TGF-B | Suppression of NK Stimulation of phase 2 | Stimulation of tumor
(Shipp et al., 2016) activity and induction of | (Motz and Coukos, growth. Inhibition of
Treg (Shipp et al., 2016) |2011) CDS8 (Bronte et al.,
2003)
Th22 IL-17A, IL-17F, IL-22, | Production of anti- Stimulation of phase 2 Stimulation of tumor
FGF1, FGF5, CCL7, inflammatory cytokines |(McGee et al., 2013) growth (Numasaki et al.,
CCLI15 and CCL23 (Akdis et al., 2012) 2003)
(Akdis et al., 2012)
Th17 1L-17A, IL-17F, IL-21, | Production of anti- Stimulation of phase 2 | Stimulation of tumor
1L-22, bFGF, HGF inflammatory cytokines |(Numasaki et al., 2003) |growth (Numasaki et al.,
and VEGF (Akdis et al., | (Akdis et al., 2012) 2003)
2012)
B lymphocytes | TGF- and IL-10 Production of anti- Maintenance of phase 2 | Stimulation of tumor

(Gorosito Serran et al.,
2015)

inflammatory cytokines
(Gorosito Serrdn
etal., 2015)

growth (Gorosito Serran
etal., 2015)
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nance of one scenario may create an illusion of
homogenous inflammation in the tumor.

A comparison of the manifestations currently
known for Thl- and Th2-like IIRs occurring in the
stroma of epithelial cancers indicates that aggressive
properties of cancer cells are associated with Th2-like
inflammation, which underlies the second phase of
reparative regeneration with connective tissue genera-
tion and epithelization of skin and mucosa lesions
(Eming et al., 2007; Arnold et al., 2015). The cellular
and molecular events occurring in Th2-like inflam-
mation that are characteristic of the second regenera-
tion phase favor EMT and the mesenchymal mecha-
nism of collective and individual invasion. There are
grounds to believe that Th2 IIRs in the tumor micro-
environment facilitate the synthesis of chemokines,
which are necessary for the formation of premetastatic
niches at sites of future distant metastases.

The published data demonstrate that the presence
of cells with proinflammatory phenotypes (Th1l and
M1) in the tumor microenvironment after neoadju-
vant chemotherapy is associated with a favorable out-
come and a lower metastasis rate. The association
indicates again that suppression of the Th2 phenotype
of the microenvironment (the antagonistic effect of a
predominant Thl response) deprives tumor cells of
stromal support, which is essential for the acquisition
of locomotor and metastatic properties, thus decreas-
ing their potential to produce metastases after neoad-
juvant chemotherapy.

To control stromal IIRs, the following important
regularities of IIRs and their significance for tumor
progression should be taken into account.

Tumor cell damage of any nature causes the
changes that are characteristic of productive inflam-
mation, which underlies wound healing.

If persistent, the first inflammation phase (wound
healing), which is characterized by Th1 response, pre-
vents the second regeneration phase and tumor pro-
gression, the stimulation of which is associated pre-
dominantly with the second phase.

Tumor progression is promoted to the greatest
extent by processes characteristic of the second phase
(wound healing), which is based on Th2 IIRs.

Specific immune responses to tumor antigens, the
stimulation of innate inflammation, and the activation
of iLT, Th22, Th17, Tfh, B cells, macrophages, and
fibroblasts are factors that affect tumor progression,
because they may facilitate or suppress IIRs of the
anti-inflammatory Th2 type.

IIRs are heterogeneous in the tumor, because dif-
ferent Th and macrophage subpopulations most likely
differentiate in the tumor, phenotypic plasticity is
intrinsic in macrophages and T cells, and Th1 and Th2
responses are antagonistic.

Since both stromal IIRs and tumor cells are hetero-
geneous, different tumor—microenvironment rela-
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tionships develop at different sites of the tumor, differ-
ing additionally in the likelihood of stimulation or
inhibition of invasive and metastatic properties of the
tumor.

CONCLUSIONS

In view of the above, the effect of stromal IIRs on
tumor cells seems to depend on the efficiency of spe-
cific immune responses to a lesser extent than on the
IIR type, which determines the cellular and cytokine
spectra in the tumor microenvironment.

The following strategies seem promising for antitu-
mor therapy based on the effect on the immune system
and inflammatory reactions in the tumor.

(1) Induction of Thl specific immune responses
and inhibition of Th2 responses. The method has its
limitations, because the corresponding antigens must
be present in the tumor, tumor antigens are weakly
immunogenic, and Th1l IIRs are difficult (if possible
at all) to maintain for a long time without their trans-
formation. Moreover, because tumor cells are capable
of affecting their microenvironment, T cells and mac-
rophages recruited into tumor tissue are affected by
various tumor factors, which may change the poten-
tially inhibitory phenotype of the cells.

(2) The design of anti-inflammatory treatment to
suppress any inflammatory reaction in the tumor
stroma. An especially appealing strategy is the use of
effective anti-inflammatory drugs in combination
with surgical resection of the tumor, chemotherapy,
and radiotherapy. With means to efficiently affect the
key components of inflammatory reactions available,
the strategy will make it possible to distort the condi-
tions that favor acquisition of invasive and metastatic
properties by tumor cells and to prevent the formation
of the tumor and premetastatic niches.
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