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IN VIVO STUDY OF POTENTIAL MECHANISMS
OF MACROPHAGE REPOLARIZATION
ON THE BACKGROUND OF TUMOR GROWTH

Aim. To study the activity of antitumor immunity effectors and to analyze possible mechanisms of peritoneal Mph
M1/M2 repolarization of Balb/c mice under the influence of lectin from B. subtilis IMV B-7724 in the dynamics of the
model tumor growth. Materials and Methods. Studies were performed on Balb/c mice; Ehrlich adenocarcinoma (ACE)
was used as an experimental tumor. Lectin from B. subtilis IMV B-7724 was administered to ACE-bearing mice at a dose
of 1 mg/kg of body weight, 10 times. Immunological testing was performed on days 21 and 28 after tumor grafting.
The functional activity of peritoneal macrophages (Mph), natural killer (NK) cells, cytotoxic lymphocytes (CTL),
and cytokine levels (IFN-y, IL-4) were studied by the standard methods. mRNA expression levels of transcription fac-
tors STAT-1, STAT-6, IRF5, and IRF4 in Mph were evaluated. Results. The administration of lectin from B. subtilis IMV
B-7724 to mice with solid ACE led to the preservation of the initial functional state of peritoneal Mph M1 during the ex-
periment. The bacterial lectin ensured the preservation of the cytotoxic activity of CD8* T-lymphocytes and a significant
(p < 0.05) increase in the NK activity (by 2.7 times compared to the intact animals and by 12.9 times compared to the un-
treated mice). A strong positive correlation was noted between the levels of the functional activity of Mph and CD8*
T-lymphocytes of animals with tumors and the indices of the antitumor effectiveness of bacterial lectin. The indirect
polarization of Mph was evidenced by a strong positive correlation between the level of the NO/Arg ratio (which char-
acterizes the direction of Mph polarization) and the cytotoxic activity of CD8* T-lymphocytes, NK cells, and the expres-
sion of STAT1/STAT®6 (the 21st day) and IRF5/IRF4 (the 28th day). Conclusion. In ACE-bearing mice, repolarization
of the peritoneal Mph toward M1 can occur not only due to the direct action of bacterial lectin on the cellular receptors
but also with the involvement of other effectors of antitumor immunity (NK cells, T-lymphocytes). The transcription
factors of the STAT and IRF signaling pathways are involved in the polarization process.

Keywords: peritoneal macrophages, M1/M2 polarization, natural killer cells, cytotoxic lymphocytes, transcription fac-
tors, Ehrlich adenocarcinoma.

Macrophages (Mph) are among the key effector | tory Mph M1 and the alternatively activated Mph
cells of antitumor immunity. In the modern clas- | M2 with anti-inflammatory and reparative pro-
sification, the classically activated pro-inflamma- | perties are most often distinguished. The division

Citation: Fedosova N, Chumak A, Cheremshenko N, Karaman O, Symchych T, Voyeykova I. In Vivo study of potential
mechanisms of macrophage repolarization on the background of tumor growth. Exp Oncol. 2024; 46(1): 30-37. https://
doi.org/10.15407/exp-oncology.2024.01.030

© Publisher PH «Akademperiodyka» of the NAS of Ukraine, 2024. This is an open access article under the CC BY-NC-
ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

30 ISSN 1812-9269. Experimental Oncology 46 (1). 2024



In Vivo Study of Potential Mechanisms of Macrophage Repolarization on the Background of Tumor Growth

of Mph into M1 and M2 is based on the expres-
sion of specific surface markers, the spectrum
of produced factors, and the functions performed
by these cells.

The classical pathway of Mph activation is ini-
tiated by microbial products (in particular, li-
popolysaccharide (LPS)), interferon-y (IFN-y),
and tumor necrosis factor (TNF-a). Mph M1 are
characterized by increased production of pro-in-
flammatory cytokines (TNF-a; interleukins IL-1,
IL-6, IL-12) and nitric oxide synthase 2 (NOS 2).
Such a spectrum of produced cytokines promotes
the activation of effector cells of both natural (na-
tural killer cells (NK cells)) and adaptive (CD4",
CD8" T-lymphocytes) immunity and their invol-
vement in the inflammatory process. A high le-
vel of the inducible nitric oxide synthase (iNOS)
ensures the production of nitric oxide (NO) and
reactive oxygen species (ROS) by Mph M1 which
play a significant role in the direct cytotoxic ef-
fect 1, 2].

An alternative pathway of Mph activation is due
to the influence of IL-4, IL-13 and IL-10. Mph
M2 produce high levels of anti-inflammatory cy-
tokines (IL-10, IL-4, IL-13), transforming growth
factor beta (TGF-f), and epidermal growth factor
(EGF). These factors contribute to immunosup-
pression necessary to stop inflammation. During
cancer development, Mph with M2 phenotype and
protumoral properties prevail 3, 4].

Mph polarization is a regulated process media-
ted by several key molecular signaling pathways.
Primary stimulating signals from TLRs, recep-
tors for particular cytokines (IFN-yR, IL-10R, and
IL-4Ra) are important for the activation of the
STAT/IRF signaling pathway. Their mediators are
signal molecules — interferon regulatory factors
(IRF), signal transducers, and transcriptional ac-
tivators (STAT) [5].

The activation of Mph M1 occurs due to the ef-
fect of LPS and IFN-y on the corresponding sur-
face receptors TLR4 and IFN-yR. The binding
of LPS or other microbial products to TLR4 results
in the activation of the receptor-associated adap-
ter proteins MyD88 followed by the transcription
of the NF-kB-p65/p50-dependent genes. NF-kB
regulates gene expression of pro-inflammatory
cytokines (including TNF-a, IL-1f, IL-6, IL-12,
and cyclooxygenase 2) and chemokines (CXCL10,
CXCL11). The effect on TLR4 also leads to the ac-
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tivation and translocation of IRF3 and IRF5 in the
nucleus and the initiation of signaling cascades
of M1 polarization. The IFN-y/JAK/STAT1 signa-
ling pathway is believed to be a key component
in the modulation of the Mph M1 phenotype. The
binding of IFN-y to IFN-yR induces an increase
in the expression level of the transcription fac-
tor STAT1 and activates the transcription of the
STAT1-dependent genes that regulate the pro-
duction of pro-inflammatory cytokines, chemoki-
nes, and antigen-presenting molecules (MHC II).
Some studies of the features of the expression
of transcription factors of the IRF family in cells
of the immune system have shown that IRF5 is ex-
pressed at a higher level in Mph with the M1 phe-
notype. This regulatory factor is activated under
the influence of all the stimuli listed above (LPS,
IFN) and plays a central role in the initiation of the
inflammatory process. IRF5 mediates the high-
level synthesis of the pro-inflammatory cytokines
IL-6, IL-12, IL-23, and TNF-a [6—8].

The induction of the alternative pathway of Mph
activation occurs under the influence of IL-4/
IL-13 or IL-10 cytokines on the surface recep-
tors. As a result of the activation of the corre-
sponding signaling pathways involving JAK1 and
JAK3, the transcription factors STAT6, IRF4 (via
IL-4Ra), and STAT?3 (via IL-10R) translocate into
the nucleus and activate the expression of the cor-
responding genes. In particular, STAT6 and IRF4
control the synthesis of arginase 1 (Argl), Yml,
Fizzl, CCL17, and CD206, which are the markers
of Mph M2 [9, 10]. That is the signs of Mph M1 po-
larization are the activation of transcription fac-
tors STAT1, STATS5, IRF3, and IRF5. The polari-
zation of Mph M2 is accompanied by activation
of STAT3, STAT6, and IRF4.

As far as Mph are highly plastic cells sensitive
to the signals of the surrounding microenviron-
ment, their repolarization could be used for the
therapeutic purposes. By applying certain sti-
muli, it is possible to achieve reprogramming
of Mph M2, the number of which increases during
tumor growth, and to ensure the predominance
of Mph M1, which is necessary for an antitumor
response [11—13]. The understanding of the spe-
cificity of the Mph activation mechanisms can
become the basis for the development of M1-di-
rected repolarization of these cells for the purposes
of antitumor immunotherapy.
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The ability of the bacterial lectin from B. sub-
tilis IMV B-7724 to change the polarization state
of Mph of the Balb/c mice has been demonstrated
in our previous studies [14, 15]. In order to deter-
mine a possible mechanism of Mph repolarization
under the influence of bacterial lectin ex vivo, their
functional state was assessed by determining the
levels of NO production, Arg activity, and mRNA
expression levels of transcription factors STAT1
and STAT6. It was demonstrated that the effect
of B. subtilis IMV B-7724 lectin on Mph is accom-
panied by a significant increase in the levels of NO/
Arg ratios and STAT1/STAT6 mRNA expression
and is comparable to the effect of the combined
action of LPS and IFN-y [14]. Similar results were
obtained in vivo when studying the effect of bac-
terial lectin on the changes in the polarization
of peritoneal Mph of mice in the growth dynamics
of Ehrlich adenocarcinoma [15]. The obtained
ex vivo results may indicate Mph polarization to-
ward pro-inflammatory M1 due to the direct ef-
fect of lectin on their surface receptors (in par-
ticular, TLR4). However, when evaluating the re-
sults of in vivo studies, one should take into ac-
count that the immune response is a complex
multicomponent process and the effect of lectin
on Mph can be not only direct but also be media-
ted through the soluble factors (cytokines, che-
mokines, etc.) produced by other cells of the im-
mune system. Therefore, the aim of the study was
to analyze possible mechanisms of the peritoneal
Mph M1/M2 repolarization in Balb/c mice under
the influence of lectin from B. subtilis IMV B-7724
in the dynamics of the model tumor growth.

Materials and Methods

The study was carried out on female Balb/c mice
2—2.5 month old weighting 20—22 g, bred at the
vivarium of the R.E. Kavetsky Institute of Expe-
rimental Pathology, Oncology and Radiobiology
(IEPOR). The use and care of the experimental ani-
mals have been performed in accordance with the
standard international rules on biologic ethics and
the European Convention for the Protection of Ver-
tebrate Animals Used for Experimental and Other
Scientific Purposes [16] and was approved by the
Institutional Animal Care and Use Committee.

A solid variant of Ehrlich adenocarcinoma
(ACE) was used as a model of tumor growth. Can-
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cer cells were provided by the Bank of Cell Lines
from Human and Animal Tissues, [IEPOR NASU.
Tumor cells were injected intramuscularly into
the hind limb (5 x 10° cells/mouse).

As an agent with immunomodulatory proper-
ties, we used bacterial lectin from B. subtilis IMV
B-7724, spore forming, aerobic, and gram-positive
bacteria. The lectin was isolated from the cultural
fluid as described in [17]. Then it was freeze-dried
and stored as a powder at —20 °C.

The scheme of the experiment. The animals
were distributed in 4 groups: IC — intact control
(n =10); ACE — control of tumor growth, tumor-
bearing mice that were injected with 0.9% NaCl
solution (n = 15); ACE + lectin — tumor-bearing
mice that were injected with lectin (n = 15). Lectin
was used in a dose of 1 mg/kg of body weight per
one administration. The complete course consis-
ted of 10 administrations of lectin; the cumulati-
ve dose reached 10 mg/kg of body weight. Immu-
nological testing was performed on days 21 and
28 after tumor grafting. The cytotoxic activity
(Mph, NK, and cytotoxic T-lymphocytes — CTL),
production of NO and arginase (Arg) activity
(Mph), and cytokine levels (IFN-y, IL-4) in serum
were investigated. Besides, on the 21th and 28th
days after the tumor transplantation, the mRNA
expression levels of STAT-1, STAT-6, IRF5, and
IRF4 in Mph were evaluated.

The antitumor effect was evaluated by the calcu-
lated indexes of tumor growth inhibition (TGI, %)
and increased survival time (ST, %) of animals
as described in [18].

Cytotoxic activity (CTA) was determined by
a MTT-assay [19]. ACE cells were used as a tar-
get for the peritoneal Mph and CTL; K562 cells
were used as a target for NK. In brief, target cells
(2 x 10* cells/well) in the RPMI medium supple-
mented with 10% fetal bovine serum (Sigma, USA)
and antibiotics, were placed in flat-bottom 96-well
plates, where Mph (4 x 10° cells/well) or lympho-
cytes (1 x 10° cells/well) were adhered beforehand,
and incubated for 18 h in a 100% humidity atmo-
sphere with 5% CO, at 37 °C. The control wells
contained target cells or effector cells only. Then
0.01 mL of MTT solution/well (5 mg/mL, Sigma,
USA) was added, and incubation continued for
2 h. The plates were centrifuged (550 g for 15 min)
and washed twice with a 0.9% NaCl solution. Af-
ter that, 0.12 mL of 2 M KOH and 0.14 mL of di-
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methyl sulfoxide (50% solution) were added in-
to each well. The optical density was measured
at A = 545 nm vs. A = 630 nm using a microplate
ELISA reader (StatFax-2100, USA). Each sample
was done in triplicate. The cytotoxic activity in-
dex (CTAI, %) was calculated by the formula:

CTAI = [1 - (ODeffector+tC - ODeffector)/
(ODy; ~ ODy,)1-100%,

where OD g .. is the optical density of the wells
in which only effector cells were incubated, OD,_
is the optical density of the wells in which only tu-
mor cells were incubated, OD . . ... is the optical
density of the wells in which tumor cells and eftec-
tor cells were incubated, and OD,, , is the optical
density of the wells with the culture medium only.
NO production was measured by the stan-
dard Griess reaction [20]. In brief, cell suspen-
sions (2 x 10° cells/well) were placed in a volume
of 200 pL in 96-well flat-bottom tissue culture
plates and cultured for 24 h. Each cell culture was
investigated in duplicate. At the end of the incu-
bation period, supernatants were collected and
NO production was assessed by the accumula-
tion of nitrite (as stable metabolite of NO) by the
Griess reaction. The aliquot of culture supernatant
(100 uL) was mixed with an equal volume of Griess
reagent (Acros Organics, Belgium) and incuba-
ted for 1 h at room temperature in the dark. The
reaction products were quantified by colorimetry
at A = 550 nm. The standard curve plotted by the
results of measurements of the solutions contai-
ning known concentration of NaNO, was used for
converting the absorbance to micromolar concent-
rations of NO expressed in uM NO,™ per 10° cells.
Arg activity was determined based on urea
measurement [21]. Mph were lysed by double free-
zing and thawing. Then 50 pL of 50 mM Tris-HCl
(pH 7.4) and 10 uL of 50 mM MnCl, were added
to each sample. Samples were heated at 56 °C for
10 min, and upon addition of 100 pL of 0.5 M L-ar-
ginine (pH 9.7) heated for further 30 min (37 °C).
The reaction was stopped with 800 pL of acidic
mixture (1:3:7,96% H,SO, : 85% H,PO, : H,0). Then
40 pL of a-isonitrosopropriophenone (Sigma —
Aldrich) was added to the solution, which was
heated for 30 min (95 °C) and incubated for 30 min
at 4 °C. Urea concentration was measured by spec-
trophotometry at A = 550 nm. The values of opti-
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cal density were converted to mass of urea based
on the calibration curve of standard urea solution.
One unit of Arg activity means the amount of the
enzyme hydrolyzing 1 uM of arginine per min.
The results are expressed as units/10° cells.

Cytokine levels (IFN-y and IL-4) in serum were
determined by the immunoassay using commer-
cial test systems BD OptEIA Set Mouse IFN-y and
BD OptEIA Set Mouse IL-4 (BD Biosciences, USA).

qRT-PCR. The total RNA was isolated from
2 x 10° Mph using NucleoZOL (MACHEREY-NA-
GEL GmbH & Co. KG Germany) according to the
manufacturer’s protocol. cDNA synthesis was per-
formed using RevertAid Reverse Transcriptase,
RiboLock Inhibitor, dNTP mix and Oligo(dT)
primer (Thermo Scientific, USA). qRT-PCR was
held on sequence detection system 7500 (Applied
Biosystems, CA USA) using Maxima SYBR Green/
ROX gqPCR Master Mix (Thermo Scientific, USA)
and the following primers:

STAT1 — forward 5" -TCCTTCTGGCCTTGGAT-
TGA-3",

reverse 5'-ACCGTTCCACCCATGTGAA-3",
STAT6 — forward 5'-AGATGAGGCTTTCCG-
GAGTCA-3",

reverse 5'-CCCATATCTGAGCTGAGTTGCA-3",
TBP — forward 5'-CCAATGACTCCTATGACC-
CC-3',

reverse 5' -GTTGTCCGTGGCTCTCTTATTC-3".

The target genes' Ct values were normalized
to the Ct value of the internal control gene (TBP)
using a ddCt method.

Statistical analysis was carried out by the
nonparametric Mann — Whitney U test, and
correlation analysis was conducted according
to Spearman's correlation using Prism software
Version 8.0. The difference between examined
groups was considered significant if p < 0.05.

Results and Discussion

The analysis of tumor growth indices has shown
that the lectin treatment of mice with transplanted
ACE resulted in the significant inhibition of the
primary tumor growth by 53.2% compared to the
untreated animals with a 1.8-fold increase in their
average ST (p < 0.05).

The evaluation of a number of parameters of the
peritoneal Mph activity (NO production, Arg ac-
tivity, and cytotoxic activity) showed that the use
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No/Arg
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IRF5/4 CTA Mph
=
4
STAT1/6 ’ CTA CTL
IFNy/IL-4 CTA NK
— 2l day — 28day —— Intact control
a

No/Arg
300

IRF5/4 CTA Mph
STAT1/6 CTA CTL
IFNy/IL-4 CTA NK
— 21 day — 28day —— Intact control
b

Changes in the immunological parameters of mice with transplanted ACE treated (b, the ACE + lectin group) or not
treated (a, the ACE group) with bacterial lectin. The parameters are given as percentages of the parameters of the intact

control, the levels of which are taken as 100%

of the lectin contributed to the preservation of the
initial functional state of Mph of mice with the
transplanted solid ACE throughout the entire ob-
servation period. All the indices were determined
at the level of the intact control and exceeded
those of the animals of the ACE group (Figure).
That is at the terminal stages of tumor growth
(the 21st and 28th days after tumor transplanta-
tion), in the population of peritoneal Mph of mice
of the ACE group, cells with the functional proper-
ties of M2 prevailed (Fig. a), while in mice of the
ACE + lectin group, Mph with the M1 properties
were prevailing (Fig. b).

The polarization state of Mph in these animals
was also determined by the level of the mRNA
expression of the STAT and IRF transcription fac-
tors. The direction of Mph polarization was eva-
luated based on the ratio of the STAT1/STAT6
and IRF5/IRF4 mRNA expression levels, taking
into account that the M1 phenotype is character-
ized by the expression of STAT1 and IRF5, while
M2 — by STAT6 and IRF4. On the 21st day of tu-
mor growth, a significant increase in the STAT1/
STAT6 ratio was observed in mice of the ACE +
lectin group compared to that in the ACE group
(p < 0.05). On the 28th day, this indicator de-
creased to the level of the intact control and there
was observed a significant increase in the level
of IRF5/IRF4 (p < 0.05) (Fig. b).

Analyzing the obtained data, it can be assumed
that after the administration of lectin from B. subti-
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lis IMV B-7724 to mice with solid ACE, the signifi-
cant antitumor effect was probably caused by the
preservation of the initial functional state of the
peritoneal Mph M1 throughout the entire period
of tumor growth. At the same time, the polariza-
tion of Mph M1 on the 21st day of tumor growth
occurred due to the activation of transcription
factors of the STAT signaling pathway, and subse-
quently, an increase in the expression of the IRF
signaling pathway factors was observed.

Polarized Mph M1 produce a significant num-
ber of pro-inflammatory factors (IL-1, IL-6, IL-12,
IL-23, and TNF-a), which affect other effector
cells of the immune system. In particular, IL-12
is known as an immunoregulatory cytokine that
plays a key role in ensuring a cellular immune re-
sponse. Under the influence of IL-12 the differen-
tiation of CD4" T cells to T helper type 1 (Thl)
occurs, and cytotoxic CD8* T-lymphocytes and
NK cells are activated. The activation of Th1l and
NK cells is accompanied by an increase in the pro-
duction of IFN-y by these cells, which in turn leads
to the polarization of Mph M1 through the IFN-y/
JAK/STAT1 signaling pathway [22—24]. Taking
into account the given data, we investigated the
effect of bacterial lectin on the cytotoxic activity
of CD8" T-lymphocytes and NK cells and the con-
tent of cytokines IFN-y and IL-4 in the peripheral
blood serum.

In the animals that were not treated, the indica-
tors of the cytotoxic activity of the NK cells and
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CD8* T-lymphocytes in the late periods of tumor
growth were significantly lower than those in the
intact mice by 1.9 and 1.8 times on the 21st day
and 4.8 and 4.7 times on the 28th day, respec-
tively (Figure, a). The administration of bacte-
rial lectin resulted in the preservation of the cyto-
toxic activity of CD8" T-lymphocytes at the level
of the intact control and led to a significant in-
crease in the NK activity on the 28th day of tumor
growth. The cytotoxic activity of NK cells at this
time point exceeded the indicators of the intact
animals by 2.7 times and mice of the ACE group
by 12.9 times (p < 0.05). The IFN-y content in the
blood serum of the experimental animals also
changed in a similar way (Figure, b). The data ob-
tained suggest that the activation of cells of CD8*
T-lymphocytes and NK cells can be mediated
by the influence of pro-inflammatory cytokines
produced by Mph M1.

Then we determined correlations between the
modulation of indicators characterizing the specific
and non-specific links of antitumor immunity and
the indicators characterizing the antitumor activi-
ty of bacterial lectin. A strong positive correlation
was noted between the levels of functional activity
of Mph and CD8* T-lymphocytes and TGI and the
increased ST of animals with tumors (Table 1). That
is the antitumor effectiveness of lectin largely de-
pends on the functional state of these cells.

The assessment of the relationships between
the indicators of the functional activity of Mph,
NK and CD8" T-lymphocytes and the mRNA ex-
pression levels of STAT/IRF transcription factors
demonstrated the likelihood of an indirect way
of polarization of pro-inflammatory Mph M1 un-
der the influence of bacterial lectin (Table 2).

In particular, a strong positive correlation was ob-
served between the NO/Arg ratio (which charac-
terizes the direction of Mph polarization) and the
cytotoxic activity of Mph, CD8* T-lymphocytes,
NK cells, the ratios of STAT1/STAT6 (the 21st day)
and IRF5/IRF4 (the 28th day).

The role of NK cells in the process of Mph po-
larization is suggested by a strong positive corre-
lation between the indicators of the cytotoxic ac-
tivity of these cells, the level of IFN-y synthesized
by them and the level of the expression of the tran-
scription factor STAT1 in Mph. The obtained data
are in line with the role of above-described IFN-y/
JAK/STAT1 pathway of mutual activation of Mph
and NK through the production of cytokines (IL-12,
IFN-y) [22—24]. The revealed strong positive cor-
relations between the cytotoxic activity of CD8*
T-cells and such indicators of Mph M1 polarization
as the levels of NO/Arg and STAT1/STAT6 ratios
may also indicate the mutual influence of these cells
in the antitumor immune response.

Table 1. Correlation (r) between the changes
in some immunological parameters of mice
with ACE treated with bacterial lectin and

the indicators of its antitumor effectiveness

Immunological TGl index Index
parameters Day21 | Day28 of ST increase
CTA Mph 0.80 0.89 0.85
CTA NK 0.35 0.34 0.57
CTA CD8" T-cells 0.99 0.94 0.95
IFN-vy/IL-4 0.11 0.15 0.33
NO/Arg 0.88 0.94 0.98

Note: Statistically significant correlations at p < 0.05 are
indicated in bold.

Table 2. Correlation (r) between the changes in some immunological parameters

of mice with ACE treated with bacterial lectin

CTA Mph CTA NK CTA CD8* T-cells | STAT1/STAT6 IRF5/IRF4
Index
21 28 21 28 21 28 21 28 21 28
CTA Mph 1 1 0.96 0.73 0.67 0.99 0.85 0.99 0.12 0.85
CTA NK 0.96 0.73 1 1 0.44 0.64 0.965 0.61 0.15 0.98
CTA CD8* T-cells 0.67 0.99 0.44 0.64 1 1 0.18 0.99 0.81 0.78
STAT1/STAT6 0.85 0.99 0.96 0.61 0.18 0.99 1 1 0.41 0.75
IRF5/IRF4 0.12 0.85 0.15 0.98 0.82 0.78 0.41 0.75 1 1
IFN-y/IL-4 0.86 0.50 0.97 0.96 0.20 0.39 0.99 0.36 0.39 0.88
NO/Arg 0.90 0.99 0.75 0.85 0.92 0.99 0.99 0.68 0.54 0.78
Note: Statistically significant correlations at p < 0.05 are indicated in bold.
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During cancer progression, a gradual change
in the polarization of Mph from pro-inflammatory
M1 to protumoral M2 occurs due to the influence
of the factors of the tumor microenvironment.
Mph M2 produce a number of suppressor factors
(Arg-1, IL-10) and suppress the activity of cyto-
toxic lymphocytes, activating other types of cells
with immunosuppressive properties (T-regulatory
lymphocytes, bone marrow suppressor cells, and
MDSC). Such processes lead to a decrease in an-
titumor immune surveillance resulting in tumor
progression [25, 26]. However, it should be taken
into account that the polarization of Mph M1/
M2 is a reversible process and depends on the sig-
nals of the microenvironment. Mph M2 can be re-
polarized into Mph M1 in response to the stimu-
lation by certain cytokines (for example, IFN-y
or TNF-a). It has been shown that cytokines such

as IL-4 and IFN-y can cross-regulate the process
of macrophage polarization to the M1 or M2 phe-
notype. Therefore, CD4" T-lymphocytes (Thl)
and NK cells, which are able to produce IFN-y,
can also be involved in the process of activation
of M1 macrophages in a STAT1-dependent way
[23, 24, 27].

To sum up, the obtained results allow us to con-
clude that in in vivo conditions, Mpf repolariza-
tion also occurs at the systemic level, under the
influence of factors of other effector cells of anti-
tumor immunity (CD4* T-lymphocytes and NK
cells). The ability of lectin to support the induction
of a significant number of cells with proinflam-
matory properties for a long time can be used
to develop anticancer immunotherapy approac-
hes, expanding the arsenal of new natural antitu-
mor immunotherapeutic agents.
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TOCTIIKEHHA IN VIVO TIOTEHIIMHNX MEXAHI3MIB
PEITOJIAPU3AIIIT MAKPO®ATIB HA T/ IYXJIMHHOTO POCTY

Merta. [JocmiguTy ak TMBHICTD e(peKTOPIB IPOTUITYXTMHHOTO IMYHITETY Ta [IpOaHaTi3yBaTy MOXX/IVBI MeXaHi3M1t 3MiHN
HanpsaMky M1/M2 nonsipusanii neputoHeanpuux Makpodaris (M) y muutest ninii Balb/c B aunamini MogensHoOro
IYX/IMHHOTO IIPOLIeCY 3a YMOBY BIUIUBY JIeKTUHY B. subtilis IMB B-7724. Marepianu Ta MeTomu. [JociKeHHA TpoBe-
IeHo Ha Myax iHii Balb/c; B AKocTi excriepuMeHTaNbHOI MOJIEIBHOI Ty X/IMHY BUKOPUCTaHa afieHoKapuyHoMma Eprixa
(AKE). JlekTuH BBOYUIV MUIIIAM 3 IIyX/IHAMM B Pa3oBiit fo3i 1 Mr/kr Bary, 10 BBefieHb. IMyHOMIOTiUH] BOCTimKeHHA
nposoannu Ha 21 ta 28 gobu pocty myxanHu. BusHavanu mapamerpu QyHKIIOHAIbHOI aKTUBHOCT] EPUTOHEATbHIX
Mo, npupopunx xmitnu-kinepis (ITKK), unroroxcuuannx T-nimporuris (IITJI), a Takox BmicT rurokinis (IFN-y,
IL-4) y cuposarni kposi. OuintoBanu piseHb excrpecii MPHK Tpanckpunuiitanx ¢akropis STAT-1, STAT-6, IRF5,
IRF4 B M. Pesynbratu. Beenenns nektuny B. subtilis IMB B-7724 mumtam i3 conifgHoo AKE cripusino s6epeskeHHI0
BUXIZHOTO (YHKI[iOHA/JIBHOTO CTaHY NepuTOHeanbHUX M¢ M1 mpoTAroM ycboro mepiofly eKCrepMMEHTY. 3acTocy-
BaHH:A 6aKTepiaJIbHOTO JIEKTUHY 3a0e3IIeuyBaso TaKoX 30epeskeHH IMTOTOKCHYHOI akTiBHOCTI CD8* T-nimdonutis
Ta cyrTeBe (p < 0,05) 36inbinenns akTuBHOCTi IIKK (mOpiBHAHO 3 iHTaKTHUMM TBapyHAMU y 2,7 pasa, a Muiamu 3 AKE,
AKVIM He BBOJAV/IM JIEKTUH, — y 12,9 pasa). Bimmivanu cuibHy IO3UTUBHY KOpe/ALilo MK NOKa3HUKaMU (YHKLIiOHA/Ib-
Hoi aktuBHOCTI M ta IITJI Muess 3 MyX/aMHaMy Ta IIOKa3HMKaMM HPOTUITYXIMHHOI epeKTUBHOCTI OaKTepialbHOro
7eKTUHY. IIpo MOXX/IMBICTh OIIOCEpeIKOBAHOIO NULAXY aKTUBALil Md cBif4nTDb BMAB/IeHA CIIbHA TO3UTYBHA KOPE/LALiA
Mix piBHeM criBBigHomeHHsT NO/Arg (sike XapaKTepusye HaIpsIMOK mossipu3ariii M) Ta IUTOTOKCHYHOIO aKTUBHICTIO
LITJL, IIKK, excrpecieto STAT1/STAT6 (21 mo6a) ta IRF5/IRF4 (28 mo6a). BucHoBok. Y mumreit 3 AKE penonsapusa-
11is1 mepuToHeanbHUX M y HanmpsaMKy M1 Moxke BizbyBaTucs He jullie 3a PaXyHOK IpsAMOI Aii 6akTepiabHOrO TeKTHUHY
Ha KJITHHHI pellenTopy, a TAKOX IIif BIVIMBOM (aKTOpiB IHIIMX KT THH-edeKTopiB npoTunyxmuHoro imyHirery (ITKK,
T-nim¢oryrn). ¥ nporec nonapusanii M M1 sanydeni Tpanckpunuiiizi ¢paxropu curHanpuux nvrixis STAT Ta IRE

KmouoBi cnoBa: mepurtoneanpni makpodaru, M1/M2 nonapusauia, opupopHi KilepHi KITMHM, IMTOTOKCUYHI
nimboruTy, TpaHCKpuULiiHi pakTopn, ageHoKapunHOMa Eprixa.
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