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LINKS OF FUNCTIONAL ACTIVITY OF MACROPHAGES IN MICE
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Background: Recent studies have shown the potential of using different approaches for immunotherapy in cancer treatment. Mac-
rophages (Mph) are one of the promising targets for immunotherapy. Aim: To investigate changes in the functional activity of Mph
in mice with Ehrlich carcinoma by nitric oxide (NO)/arginase (Arg), IRF4/IRF5 and STAT1/STAT6 ratios caused by adminis-
tration of lectin from B. subtilis IMV-7724. Materials and Methods: From the 2" day after Ehrlich carcinoma inoculation into
female Balb/c mice, lectin from B. subtilis IMV B-7724 (0.02 mg/mouse) was administered for 10 days. The peritoneal Mph were
isolated on days 14, 21, and 28 after tumor transplantation and their functional state (NO production, Arg activity and cytotoxic
activity) was examined. The levels of mRNA expression of transcription factors STAT-1, STAT-6, IRF5, IRF4 were evaluated.
Results: In lectin-treated animals with Ehrlich carcinoma, the functional state of Mph (NO/Arg ratio, index of cytotoxic activity)
was maintained at the level of intact mice exceeding the values in untreated animals with Ehrlich carcinoma at late terms of tumor
growth (21, 28 days). Analysis of mRNA expression levels of transcription factors in these animals showed a significant increase
(p < 0.05) in the ratio of STAT1/STATG6 on the day 21 and IRF5/IRF4 on day 28 of tumor growth compared to that in untreated
mice. Conclusions: Administration of lectin from B. subtilis IMV B-7724 to mice with Ehrlich carcinoma led to the prevalence
of Mph exhibiting the functional properties of M 1 type at late-term tumor growth. The transcription factors of the STAT and IRF
signaling pathways are involved in the process of Mph polarization induced by lectin from B. subtilis IMV B-7724.
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Macrophages (Mph) play an important role in the
innate immune response against infectious agents,
maintaining homeostasis, tissue repair and differentia-
tion. Mph are a heterogeneous cell population that can
be divided into two subgroups: M1 and M2. M1-type
Mph (classically activated) play an important role in the
innate immune response to pathogen invasion. M2-type
Mph (alternatively activated) normally play an impor-
tant role in tissue repair. The nature of the functioning
of Mph is regulated to a large extent by the extracellular
signals, so, not surprisingly, the state of microenviron-
ment is closely related to the state of their polarization.
In particular, if a malignant neoplasm arises, tumor-
associated macrophages (TAM) can perform opposite
functions, depending on the signals they receive from
the cells of the tumor microenvironment: M1 Mph exert
antitumor properties, while M2 promote tumor progres-
sion. Such a well-known property of Mph as plasticity
provides their rapid response to external stimuli and
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allows them to polarize into M1 or M2 type in response
to various signals of the microenvironment (cytokines,
metabolic products, microbial signals, etc.). In this case,
Mph are able to change their functional properties and
acquire the phenotype of cells of another type. It is the
ability of TAMs with protumoral functions to reprogram
(from M2 to M1) that makes them interesting targets for
antitumor therapy [1, 2]. The plasticity of Mph and their
ability to change their properties under the influence
of external signals have long attracted the attention
of researchers. Significant results have been achieved
in determining possible ways to reprogram the properties
ofthese cells: signaling molecules, transcription factors,
epigenetic changes, miRNA spectrum, which underlie
the polarization of Mph.

Various mechanisms of TAMs reprogramming have
been studied using monoclonal antibodies (mAbs),
cytokines, miRNAs, and Toll-like receptor agonists
(TLRs). In particular, the TLR7 ligand (imiquimod) acts
mainly by increasing the number of infiltrating CD43*-
lymphocytes. In addition, imiquimod induces nuclear
translocation of NF-kB in J774A Mph, leading to the syn-
thesis of pro-inflammatory proteins tumor necrosis factor
a (TNFa), interleukin (IL)-6, IL-12 and CCL2. Synthetic
unmethylated cytosine guanine oligodeoxynucleotides
(CpG-ODN), which are bind by TLR9, showed highimmu-
nostimulatory activity. These molecules have been shown
to act by enhancing the production of proinflammatory
cytokines (TNFa, IL-6, and IL-12) by Mph by activating
the transcription factor nuclear factor kappa B (NF-kB)
in these cells. The combination of CpG-ODN with other
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therapeutic agents, such as anti-CD40 mAbodies, has
shown promising results in TAM repolarization in pre-
clinical models of experimental malignant glioma [3].
The possibility of local activation of innate immune cells
and prevention of TAM polarization to the M2 phenotype
using synthetic CpG-ODN oligonucleotides has been
shown in experimental studies on the B16 melanoma
model [4].

In addition to TLRs agonists, various chemical
compounds can be used to reprogram TAMs. In par-
ticular, it was found that the flavonoid-like compound
vadimezan, which has been the subject of numerous
preclinical studies and clinical trials, repolarizes Mphinto
the M1 phenotype [5].

Experimental studies on the mechanisms of mac-
rophage activation have shown that the enzyme phos-
phoinositide-3-kinase y (PI3Ky), which normally controls
processes such as apoptosis, metabolism, cell growth
and proliferation, is also involved in activating theimmune
response. The consequence of selective deletion of the
PI3Ky gene is the activation of NF-kB with simultaneous
inhibition of CCAAT/enhancer-binding protein C/EBPS
in Mph. In combination with anti-PD-L1, a decreaseinthe
level of PIBKy expression contributed to tumor regression
and increased survival of mice with carcinomas of the
head and neck, lungs, breast [6]. A similar result was ob-
tained in the study of the role of serine/threonine protein
kinase 1 in the processes of TAM activation in pancreatic
adenocarcinoma [7].

Another way to reprogram Mph is to use mAbs
against CD40. Experimental and clinical studies have
shown anincrease in the antitumor activity of Mph when
using antibodies against CD40. Binding of mAb against
CD40 with corresponding receptors on the plasma
membrane of Mph led to an increase in their antitumor
activity due to increased secretion of NO and TNFa.
It has been experimentally proven that antibodies against
CD40 activate TAMs and block the growth of pancreatic
carcinoma, glioma and melanoma [8].

A number of studies have been conducted on the
role of miRNA in TAM reprogramming. miRNA-33 directly
controls the polarization of Mph by acting on the energy
sensor and a key integrator of cellular energy homeo-
stasis — AMP-activated protein kinase, reducing the
oxidation of fatty acids and polarizing Mph to the M1 phe-
notype. In vivo, the use of anti-miRNA-33 in mice with
knockout of low-density lipoprotein receptors on a high-
fat diet resulted in the accumulation of FOXP3* Treg lym-
phocytes and M2 Mph. Overexpression of miRNA-125a-
5p promoted the expression of M2 markers by acting
onthe transcription factor KLF13, whichis involved in the
activation of T lymphocytes. Increased miR-26a expres-
sioninamouse hepatocellular carcinoma modelinhibited
tumor growth, which is inversely correlated with M-CSF
expression and macrophage infiltration into tumor tissues
of patients with hepatocellular carcinoma [9].

The influence of thymus hormones on Mph polariza-
tion is also shown. Thymosin alpha 1 has been shown
to activate the immune system by several mechanisms,
including stimulation of T cell differentiation, activation

of NK cells, dendritic cells, and Mph. There are stud-
ies that show that thymosin alpha 1 is able to activate
TAM M2 and reprogram them to proinflammatory Mph,
which produce significant amounts of IL-1, TNF-a, ROS
and NO. As a result, inhibition of tumor growth and in-
creased survival in mice with Dalton’s lymphoma were
observed [10].

The effect of products of bacterial origin on Mph has
been studied to a much lesser extent. An in vitro study
demonstrated the ability of 3-glucan to reprogram im-
munosuppressive TAMs into M1 phenotype cells with
significantimmunomodulatory activity. This process was
accompanied by reprogramming of Mph metabolism
with increased glycolysis, Krebs cycle and glutamine
utilization. Repolarization of M2 TAMs in M1 phenotype
under the action of B-glucan is mediated by canonical
Syk-Card9-Erk pathway dependent on the C-type lectin
receptor dectin-1. Further studies were performed in vivo
in a model of Lewis lung carcinoma. It has been shown
that oral administration of -glucan to mice was accom-
panied by activation of the T-cell response, the pres-
ence of cells with the M1 phenotype among TAMs and,
accordingly, a significant inhibition of tumor growth [11].

Therefore, the plasticity of Mph, the ability to change
their properties under the influence of external stimuli
makes these cells an interesting target for attempts
to reprogram TAMs in the direction of proinflammatory
antitumor phenotype and determines one of the strate-
gies of modern immunotherapy.

The aim of the work was to investigate changesin the
functional activity of Mph of mice with Ehrlich carcinoma
by ratio of NO production to arginase activity (NO/Arg),
IRF4/IRF5 and STAT1/STAT®6 ratios caused by adminis-
tration of lectin from B. subtilis IMV-7724.

MATERIALS AND METHODS

Bacteriallectin. The lectin was produced by a spore-
forming gram-positive saprophytic bacteria B. subtilis
IMV B-7724 (deposited in the collection of the DK Zabo-
lotny Institute of Microbiology and Virology of the National
Academy of Sciences of Ukraine, Kyiv) [12]. The lectin
was obtained from the culture fluid of the microorganism
as described in [13]. After purification and lyophilization,
the substance was stored in a powder form at —20 °C.

Animals. Male Balb/c mice 2—-2.5 month old weight-
ing 19-20 g, bred at the vivarium of R.E. Kavetsky Institute
of Experimental Pathology, Oncology and Radiobiology
were used in the study. The use and care of experimen-
tal animals have been performed in accordance with
standard international rules on biologic ethics and the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes [14] and was approved by Institutional Ani-
mal Care and Use Committee. In total 36 animals were
used, of which 12 as intact control (IC) and 24 were
transplanted with solid variant of Ehrlich carcinoma cells.
Tumor cells were injected intramuscularly into the hind
limb (5 « 10° cells/mouse).

The design of the experiment. Animals were di-
vided into groups: IC (n = 12); CTG — control of tumor
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growth, tumor-bearing mice that were not injected
with lectin (n = 12); Lectin — tumor-bearing mice that
were injected with lectin (n = 12). From the 2nd day
after tumor grafting mice from Lectin group received
subcutaneous injection of lectin from B. subtfilis IMV
B-7724 (0.02 mg per day) for 10 days. The mice (4 ani-
malsinjected with lectin, 4 tumor-bearing and 4 intact per
one observation point) were sacrificed on days 14, 21 and
28 after the tumor transplantation. Mph from peritoneal
cavity were isolated and subjected to functional activity
analysis. The nitric oxide (NO) production, arginase (Arg)
activity, cytotoxic activities (CTA) of the Mph were stud-
ied. Data onthe tumor-bearing mice were compared with
the intact mice of the same strain, sex and age (referred
asthe IC). Besides, on 21" and 28" days after the tumor
transplantation mRNA expression levels of TFs STAT-1,
STAT-6, IRF5, IRF4 in Mph were evaluated.

Isolation and cultivation of Mph. Mice were eutha-
nized, and 3 ml of ice-cold PBS supplemented with hepa-
rin (5 U/ml)was injected into the abdomen. The fluid was
withdrawn and the abdomen was washed twice with the
same volume of heparin-containing PBS. The resulting
cells suspension was centrifuged (550 g for 10 min), and
the cell pellet was resuspended in 1 ml of 0.9% NaCl so-
lution supplemented with 2.0% penicillin-streptomycin.
The peritoneal exudate cells were counted and cultured
in 96-well flat-bottomed plates for 2 h (37 °C, 5% CO.,,
100% humidity). After that, non-adherent cells were
removed, and the adherent cells were washed two times
with 0.9% NaCl and taken for further investigation. In all
subsequent studies, Mph were cultured at 37 *C in a hu-
midified atmosphere with 5% CO, in complete culture
medium: RPMI-1640 (Sigma, USA), 10% fetal calf serum,
(Sigma, USA), and 40 ug/ml gentamicin.

CTA assay. CTAwas determined by MTT-assay [15].
Autologous Ehrlich carcinoma cells were used as target.
The target cells (2 + 10* cells/well) in RPMI-1640 me-
dium supplemented with 10% fetal bovine serum and
antibiotics, were placed in a flat-bottom 96-well plates
where Mph (4 - 10° cells/well) were adhered beforehand,
and incubated for 18 h in a 100% humidity atmosphere
with 5% CO, at 37 °C. Control wells contained target
cells or adhered Mph. 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 0.9% NaCl solution. After
that, 0.12 ml of 2 M KOH and 0.14 ml of dimethyl sulfox-
ide (50% solution) were added into each well. Optical
density was measured at A =545 nmvs A =630 nmusing
a microplate ELISA reader (StatFax-2100, USA). Each
sample was done in triplicate. Cytotoxic activity index
(CTAIl, %) was calculated by the formula: CTAI=[1 —
(ODmph+tc - ODmph)/(ODtc - ODbIank)] : 100%1 where
OD;,» — optical density of wells in which only adhered
Mph were incubated; OD,, — optical density of wells
in which only tumor cells were incubated; ODpnc —
optical density of wells in which tumor cells and Mph
were incubated; OD,,.« — optical density of wells with
the culture medium only.

NO production. Cell suspensions (2 + 10° cells/well)
were placed in a volume of 200 ul in 96-well flat-bottom
tissue culture plates and cultured for 24 h. Each experi-
mentwas done in duplicate. At the end of the incubation
period, supernatants were collected and NO production
was assessed by the accumulation of nitrite (as stable
metabolite of NO) by Griess reaction [16]. An aliquot
of culture supernatant (100 pl) was mixed with an equal
volume of Griess reagent (Acros Organics, Belgium)
and incubated for 1 h at room temperature in the dark.
The reaction products were colorimetrically quantified
at A=550 nm. The standard curve plotted by the results
of measurements of the solutions containing known
concentration of NaNO, was used for converting the ab-
sorbance to micromolar concentrations of NO expressed
in UM NO, per 10° cells.

Arg activity. Arg activity was determined based
on urea measurement [16]. Mph were lysed by double
freezing and melting. Then 50 pul of 50 mM Tris-HCI
(pH 7.4) and 10 pl of 50 MM MnCI, were added to each
sample. Samples were heated at 56 °C for 10 min, and
upon addition of 100 ul of 0.5 M L-arginine (pH 9.7) heat-
ed for further 30 min (37 °C). The reaction was stopped
with 800 pl of acidic mixture (1:3:7, 96% H,S0,:85%
H3PO,:H,0). Then 40 ul of a-isonitrosopropriophenone
(Sigma-Aldrich) was added to the solution, which was
heated for 30 min (95 °C) and incubated for 30 min
at4 °C. Urea concentration was measured spectrophoto-
metrically at A = 550 nm. Values of optical density were
converted to mass of urea based on calibration curve
of standard urea solution. Arg activity was calculated
as described in [17]. One unit of Arg activity means the
amount of the enzyme hydrolyzing 1 uM of arginine per
1 min. Results are expressed as units/10° cells.

gRT-PCR. Total RNA was isolated from 2 - 10°Mph
using NucleoZOL (MACHEREY-NAGEL GmbH & Co.
KG, Germany) according to manufacturer’s protocol.
cDNA synthesis was performed using RevertAid Re-
verse Transcriptase, RiboLock Inhibitor, ANTP mix and
Oligo(dT) primer (Thermo Scientific, USA). gqRT-PCR
was held on sequence detection system 7500 (Applied
Biosystems, CA, USA) using Maxima SYBR Green/ROX
qPCR Master Mix (Thermo Scientific, USA) and following
forward (For) and reverse (Rev) list of primers: IRF4: For
5-GGATTGTTCCAGAGGAGCC-3’, Rev 5 -GGGCATA-
ATCCCTCCAGCTC-3’, IRF5: For 5 -CCTCAGCCG-
TACAAGATCTACGA-3", Rev 5'-GTAGCATTCTCTG-
GAGCTCTTCCT -3, STAT1 For 5 -TCCTTCTGGCCTTG-
GATTGA -3, Rev 5°-ACCGTTCCACCCATGTGAA -3',
STAT6 For 5-AGATGAGGCTTTCCGGAGTCA-3",
Rev 5°-CCCATATCTGAGCTGAGTTGCA -3°, TBP For
5'-CCAATGACTCCTATGACCCC -3°, Rev 5 -GTTGTC-
CGTGGCTCTCTTATTC -3'. The target genes Ct values
were normalized to Ctvalue of internal control gene (TBP)
using ddCt method.

Statistical analysis. Statistical significance was
evaluated by nonparametric Mann-Whitney U test
and correlation analysis was determined according
to Spearman’s correlation using Prism software Version
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8.0. Statistical significance between examined groups
was assessed as p < 0.05.

RESULTS AND DISCUSSION

Polarization of peritoneal Mph of Balb/c mice was
evaluated according to their functional status (NO pro-
duction levels and Arg activity) and mRNA expression
of transcription factors (STAT-1, STAT-6, IRF5, IRF4)
ondays 14, 21 and 28 after transplantation of solid Ehrlich
adenocarcinoma.

On day 14 of tumor growth, in peritoneal Mph of un-
treated mice, a decreased NO production and simultane-
ously increased Arg activity were observed, as evidenced
by a 1.6-fold decrease in the NO/Arg ratio compared
to intact animals. In the group of animals injected with
lectin, the level of this index was significantly higher (p <
0.05) compared with CTG group (10.83 a.u. vs 8.4 a.u.),
although it did not reach the level of IC (Fig. 1).

Subsequently, under the introduction of lectin, the
level of the NO/Arg ratio significantly exceeded (p <
0.05) theindices of animals of the CTG group (13.85 a.u.
vs5.98a.u.and 12.45 a.u.vs6.38 a.u. at 21 and 28 days
of observation, respectively) and was at the level
of IC group (Fig. 1).

The data obtained indicate that the use of lectin
from B. subtilis IMV B-7724 contributed to the preserva-
tion of the initial functional state of peritoneal Mph of mice
with grafted tumors throughout the observation period.
Thatis, inthe late stages of tumor growth in mice treated
with lectin, cells with the M1 phenotype prevailed in the
population of peritoneal Mph.

Similar dynamics was observed in the study of the
specific CTA of peritoneal Mph of mice with Ehrlich ad-
enocarcinoma at different terms of tumor growth (Table).

Table. Index of specific CTA (%) of peritoneal Mph of Balb/c mice with Ehrlich
carcinoma

Terms of tumor growth, days
Group 1 21 28
IC 25.6+1.9
CTG 25.0+4.1 16.9+1.4' 16.8+0
Lectin 20.4£25 321 £2.2'2 38.5+4.5"?2

Notes: 'p < 0.05 compared with IC; 20 < 0.05 compared with CTG

In the early stages of tumor growth, no significant
differences were observed between the specific CTA
of peritoneal Mph of mice that received or did not receive
lectin B. subtilis IMV B-7724. From the 21 day of tumor
growth in the group of untreated animals, this index de-
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creased significantly (p < 0.05 compared with intact mice).
Under the use of bacterial lectin on days 21 and 28 of tumor
growth (complete course of treatment), the index of CTA
of peritoneal Mph was significantly (p < 0.05) higher than
the corresponding values of untreated and intact mice.
The latter may also indicate long-term preservation of cells
with the M1 phenotype among peritoneal Mph of mice
injected with the lectin.

The dynamics and direction of the detected changes
were also assessed at the mRNA expression level of STAT
and IRF transcription factor on days 21 and 28 of tu-
mor growth, as they are known as regulators of Mph
polarization to M1 (STAT1 and IRF5) or M2 phenotype
(STAT6 and IRF4) [18-20].

Similarto the NO/Arg ratio, the assessment of the M1/
M2 polarization direction was assessed by the STAT1/
STAT6 and IRF5/IRF4 mRNA ratio. On day 21 of tumor
growth in mice of the Lectin group (1 day after the last
administration of lectin) there was a significant increase
in STAT1/STAT6 ratio compared with that in the CTG
group (7.14a.u. vs 2.65a.u., p < 0.05) (Fig. 2, a). That
is, changes in the STAT1/STAT6 ratio in Mph samples
exert the same dynamics as their functional parameters
(NO production, CTA). Instead, due to the action of lectin,
the IRF5/IRF4 ratio on day 21 of tumor growth did not
differ from that in the CTG group (Fig. 2, b).

Analysis of the STAT1/STAT6 and IRF5/IRF4 ratio
on day 28 of tumor growth (7 days after the last lectin
administration) revealed the opposite trend. In particular,
there was no significant difference in STAT1/STAT6 ratio
in the group of mice treated with lectin, compared with
the CTG group (Fig. 3, a). In contrast, the IRF5/IRF4 ratio
in Mph of lectin-treated animals was significantly higher
than thatin control animals (5.2 a.u. vs 1.07 a.u., respec-
tively, p < 0.05) (Fig. 3).

Thus, the results of the evaluation of the functional
activity of peritoneal Mph of mice treated with bacterial
lectin, indicate their gradual polarization in the M1 di-
rection. Instead, the results of analysis of STAT1/6 and
IRF5/4 transcription factor mRNA expression levels are
ambiguous. We can assume that on day 21 of tumor
growth, Mph are polarized in the M1 direction due
to the activation of STAT1 transcription factors. Given
that NO synthase belongs to the list of targets of STATT,
we obtained high values of the NO/Arg ratio on the 21®
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Fig. 1. Changes in NO/Arg ratio in peritoneal Mph isolated from Balb/c mice with Ehrlich adenocarcinoma: a — 14 day of tumor
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day (due toincreased NO levels) in Mph of mice from the
Lectin group possibly due to the effect of lectin on the
level of STAT1 expression. Regarding the terminal stage
of tumor growth (28 days), high levels of NO/Arg ratio
and preservation of CTA of Mph under the treatment with
the lectin also indicate the prevalence of type M1 Mph.
Polarization of cells at this stage may be due to activa-
tion of transcription factors of the IRF signaling pathway.

The functions (dysfunctions) of the IRF5 signaling
pathway in autoimmune diseases and cancer are closely
related to the level of its expression. In the case of auto-
immune diseases, polymorphism in the /RF5 gene leads
to increased expression of IRF5. IRF5 expression is often
suppressed (or absent) in malignant cells [21]. In a study
ofthe expression of transcription factors of the IRF5 signal-
ing pathway in human immune cells (Mph, dendritic and
natural killer cells), it was found that IRF5 is expressed
at a higher level in Mph possesing M1 phenotype com-
pared to that in M2. Similar results were obtained in the
study of changes in the polarization of Mph isolated
from the bone marrow of C57BI/6 mice under the in vitro
action of granulocyte-macrophage colony-stimulating
factor (GM-CSF), which is responsible for the induction
of M1 type cells. Incubation of Mph with GM-CSF led
to a significant increase in the expression of IRFS mRNA
and IRF5 protein, synthesis of proinflammatory cytokines
and expression of surface markers of M1 Mph. The results

confirmed the importance of IRF5 as a marker of proin-
flammatory Mph [22]. A number of studies suggest the
possibility of activation of the IRF5 signaling pathway
in Mph under the influence of inflammatory factors, such
as GM-CSF and interferon (IFN)-a/B [23].

Among other factors influencing the polarization
of Mph, bacterial lipopolysaccharide (LPS) should
be mentioned. It has been shown that binding of LPS
to TLR4 on Mph activates IRF5, which in turn causes
anincrease inlL-12 expression and inhibition of IL-10 [24,
25]. The pathway of Mph activation in response to LPS via
the TLR4 receptor and the autocrine production of IFN-,
which initiates the pathway of activation of STAT1 and
STAT2 transcription factors via phosphorylation, have
been demonstrated. The consequence of this process
is the polarization of Mph into M1 type [26].

Given the above, we can assume that the predomi-
nance of cells with M1 phenotype in the peritoneal Mph
population in mice with Ehrlich carcinoma treated with
lectin may occur due to direct binding of bacterial lectin
to TLR4 onthe cell surface, and due to the influence of fac-
tors of the tumor microenvironment. These include tumor
cells, stromal cells (fibroblasts, endothelial and immune
cells) and some components of the extracellular matrix,
suchas collagen, fibronectin and others. Cytokines, in par-
ticular GM-CSF and IFN, can be the key factorsinfluencing
the effect of microenvironment on the Mph polarization
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process. Itis known that GM-CSF is produced in response
to certain stimuli by a wide range of non-immune cell
types, including fibroblasts, keratinocytes and endothelial
cells. In addition, due to the activation of innate immune
processes, activated T- and B-lymphocytes, Mph, mast
cells, vascular endothelial cells and fibroblasts in response
to cytokine stimulation are able to secrete GM-CSF [27,
28]. Inmice, GM-CSF is produced mainly by lung epithelial
cellsand congenital lymphoid cells presentin the intestine.
Thus, GM-CSF plays a key role in the differentiation of Mph
of lung and intestinal tissue and controls the process
of their polarization [29].

On the other hand, most cells of innate immunity
inthe process of forming aresponse to infectious agents
or transformed cells of the body are capable of produc-
ing IFN. The ability of IFN type | (IFN-a/B) to regulate
the effector functions of natural and adaptive immu-
nity, influencing the activation, differentiation, migration
of different types of immune cells (dendritic, NK, Mph,
T- and B-lymphocytes) is considered important for the
formation of the antitumor response [30]. IFN-B is pro-
duced by fibroblasts, and leukocyte IFN-a — by leu-
kocytes, especially Mph and dendritic cells. The latter
were previously even called “natural cells that produce
IFN” [31]. But further studies have disproved the relation
of IFN-a production only to dendritic cells. Indeed, the
populations of cells responsible for the production of type
IIFN are different depending on the type of pathogen, its
tissue tropism and the route of infection [32].

Due to the progression of the tumor process via ac-
cumulation of suppressor factors, the immune response
is suppressed, the number of cells with anti-inflammatory
and protumor properties increases, including M2 Mph.
Thisis exactly the effect we observedin Balb/c mice inthe
late-term growth of Ehrlich carcinoma. On day 28 of tumor
growth, regardless of the niche of functioning (isolated
from the peritoneal cavity, spleen, tumor), all Mph by their
functional properties belonged to the M2 type [33]. The
treatment of mice with the lectin allowed achieving the
prevalence of the M1 type Mph at late terms of tumor
growth. Given the information on the interferonogenic
properties of lectins produced by related strains of B. sub-
tilis [34], we can assume that the lectin from B. subtilis IMV
B-7724 may support Mph activation indirectly by inducing
the production of IFN-y in lymphocytes, NK cells. In this
case, possibly, the transcription factors of the STAT signal-
ing pathway may be involved. Itis known that STAT 1, which
is responsible for the polarization of Mph in the M1 direc-
tion, is activated in response to IFNa, IFNy release and
TLR signaling [35].

In addition, our previous studies have shown the
ability of lectin from B. subtilis IMV B-7724 at low con-
centrations (0.02 and 0.05 mg/ml) to stimulate in vitro
peritoneal Mph of intact Balb/c mice. Under the influence
of lectin there was a significant increase in NO produc-
tion, a decrease in Arg activity, which is characteristic
of Mph with the M1 phenotype. The changes in the
expression of transcription factors of the STAT signaling
pathway were similar to those in the combined effect
of LPS and IFN-y [36].

In conclusion, the results showed the ability of lectin
from B. subtilis IMV B-7724 to change the polarization
of Mph in the direction of M1 and to maintain for a long
time the induction of a significant number of cells with
proinflammatory properties not only in vitro but also
in vivo. In the process of Mph polarization under the
influence of the studied lectin, the transcription factors
ofthe STAT and IRF signaling pathways are involved. The
mechanisms of activating effect of the lectin on effector
cells of antitumor immunity require further study.
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BMNJIUB NEKTUHY BAKTEPIAJIBHOIO
NMOXOAXXEHHSA HA KJTIOHOBI JIAHKHN
®YHKLIOHANTbHOT AKTUBHOCTI MAKPODATIB
MULLEA 3 KAPLUHOMOIO EPJIIXA

A.B. Yymax, H.I Dedocosa, B.M. Illep6ina, H.JI. Yepemuenxo,
O.M. Kapaman, B.®D. Yexyn

Incmumym excnepumenmanvHoi namoaoeii, onkoaoeii i padiobionoeii
im. P €. Kaseuvkoeo HAH Ykpainu, Kuie, Ykpaina

CtaH nutaHHs: JOCNioXEeHHs1 OCTaHHIX POKIB 4EMOHCTPYIOTh
NepCcrneKkTMBHICTb BUKOPUCTaHHS PI3HMX HANPSAMKIB iMyHOTEpa-
nii B NlikyBaHHi OHKONOTi4YHMX XBOpUX. OQHMMUK 3 NEPCNEKTUB-
HUX MilleHen ans imyHoTtepanii € makpodarn (Md). TpmsaloTb
MOLWYKN MOXJIMBUX areHTiB On9 akTmeauii Ta nigTpUMaHHA
npo3sananbHuX BNacTUBOCTEN LMX KNITUH HA TN MNyXJIMHHOIrO
npouecy. Merta: pocnigntn 3MiHM QYHKUiIOHANIbHOT aKTuB-
HOCTI Makpodaris Muwen 3 kapumHomor Epnixa 3a piBHeEM
cniBBigHoOWeHHs okcuay as3oty (NO)/apriHasHoi akTUBHOCTI
(Arg), IRF4/IRF5 Ta STAT1/STAT6 npu gii nextuny B. subtilis
IMB B-7724. Martepianu Ta metoau: Y OOCNIOXEHHI BUKO-
pucToByBann mMuwen-camuub Balb/c 3 kapumHomoto Epni-
xa. 3 2-ro gHsA nicns npuwenieHHs NyxaMHU YacTuHI TBapuH
BBOOWNM NeKTUH B. subtilis IMB B-7724 (0,02 mr/muiiy) npo-
Tarom 10 gHiB. Ha 14-, 21- Ta 28-11 geHb nicns nepewenneH-
HA NYXIVHW BUAINSAn neputoHeanbHi Md Ta gocnigxysanu
ix dyHKUioHanbHWM cTaH (nNpoaykuito NO Ta apriHasHy akTuB-
HIiCTb (Arg), LMTOTOKCUYHY aKTMBHICTb). Ha 21- Ta 28-i1 oeHb
nicna TpaHcnnadTauii nyxnvHm 8 M@ ouiHioBanu piBHi ekcnpe-
cii MPHK TpaHckpunuinHnx daktopis STAT-1, STAT-6, IRF5,
IRF4. PesynbTatu: 3a yMOBM 3aCTOCYyBaHHS GakTepianbHOro
NEKTUHY Ha BigdaneHi TepMiHv pocTy nyxnnHu (21-, 28- nobu)
NOKa3HUKU, WO XapakTepusyloTb YHKLiOHaNbLHWn ctaH Md
(piBeHb cniBBigHOWweEHHS NO/Arg, iHOEKC UMTOTOKCUYHOI aK-
TUBHOCTI) 36epiranncst Ha piBHi iIHTaKTHUX MULLIEI Ta AOCTOBIpP-
HO (p < 0.05) nepeBuLLYBanM NOKa3HMKM TBAPWUH, SKMM HE BBO-
OV NeKTUH. AHani3s piBHiB ekcripecii MPHK TpaHCKpunuinHux
$akKTopiB y LMX TBAPWH Noka3as 3Ha4yHe 36inbLueHHs (p < 0.05)
nokasHuka cnisBigHoweHHa STAT1/STAT6 Ha 21-wy Ta IRF5/
IRF4 — Ha 28-my po6UM pPOCTY MYyXJIMHU MOPIBHAHO 3 Takum
Yy MULLEN, 9KMM HEe BBOOWNM NeKTUH. HaBeaeHri AaHi ceigyatb
npo 36epexeHHs nonspusauii neputToHeansHx Md y muei
3 NyXJAnHaMmu, Ski OTPUMYBaNn NIEKTUH, B HANpsaMKy M1-Tuny.
BucHoBku: BBeJeHHS MuyLwam 3 KapuuHOMOIo Epnixa nektnnHy
B. subtilis IMV B-7724 npn3Boanno Ao NpeBantioBaHHSA Ha Bifl-
[aneHnx TepMmiHax NyxJnHHoro pocty Mo, aki nposBnsioTb
dyHKUioHanbHI BnactmueocTi M1-tuny. Y npoueci nonspuaadii
Mo nig BNAMBOM [OCNIOXKYBAHOIO NIEKTUHY 3a4isiHI TpAaHCKpUN-
LiriHi dakTopu curHanbHux wnsxis STAT Ta IRF.

Knio4yosi cnoBa: neputoHeanbHi makpodaru, M1 ta M2 nons-
pusauis, nektuH B. subtilis IMV B-77, dyHKUiOHanbHWUA CTaH,
TpaHcKpunuinHi pakTopwu, kapumHoma Epnixa.



