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Abstract

Background. Prostate cancer (PCa) is the most common human cancer worldwide. In the progression of
prostate cancer, the total number of macrophages in the tumor tissue is associated with poor prognosis and
increased risk of metastasis. However, the heterogeneity of intratumoral macrophages at various stages
of PCa development, and the role of tumor-associated macrophages (TAMs) have been insufficiently
investigated. The aim of the study was to analyze the morphological features, size and number of TAMs
in PCa tissue samples, and to reveal their correlation with clinical data of patients. Material and Methods.
Immunohistochemical analysis of 36 paraffin blocks of patients with PCa (pT2a-3bN0-1M0) was performed
using antibodies to the scavenger receptor CD68. Results. Foamy CD68+ macrophages were found in the
tumor tissue. The indicator “number of macrophages per total number of fields of view with macrophages”
was the lowest in patients with a Gleason score of 6 (5.8) (11.0 — in patients with a Gleason score = 8).
Macrophages formed larger clusters in patients with severe PCa. Small but not large macrophages were
significantly more common in patients with lymph node metastases (48 vs 24 in the NO group; p=0.14). The
number of small macrophages (smaller than 100 um?) increased in a series of patients with Gleason scores
of 6, 7 and = 8 (24, 47.5, 72, respectively, p=0.052). Conclusion. As the tumor process progressed and the
risk of biochemical recurrence increased, there was a trend towards an increase in the total area of large,
foamy TAMs, presumably rich in lipids, as well as wider distribution of small macrophages with a tendency
to form clusters. We hypothesize that foamy macrophages are involved in the further recruitment of small
TAMs, subsequently leading to metastasis and tumor progression.

Key words: prostate cancer, tumor-associated macrophages, giant macrophages, tumor progression.
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AHHOTaUuA

BBeageHue. Hanbonee pacnpoctpaHeHHbIM Cpean My>X4YnH BO BCEM MUpe SBMSAETCS pak npeacraTenbHON
xenesbl (PMX). B nporpeccrpoBanum PIMK obLuee konmyecTBo makpodaroB B OMyXOneBow TKaHW accoLum-
POBaHO C MIIOXUM MPOrHO30M Y MOBbILLEHHBLIM PUCKOM MeTacTa3npoBaHms. OgHaKko reTeporeHHOCTb BHYTPUO-
nyxoneBbix MakpoaroB Ha pas3nuyHbIX CTagansX pasBUTUS 3aboneBaHns 1 posb OMyXONb-aCCoLMMPOBaHHbIX
makpodaros (OAM) npu pake npocTaTbl M3yvyeHbl HegocTaToyHo. Llenb nccnepoBaHusa —
aHanm3 Mopdorormiyecknx 0cobeHHOCTeN, pa3Mepa U KonuyecTBa MakpodaroB B obpasuax TkaHen PIK
1 BbISIBMEHME B3aVMOCBHA3N UX Cybnonynsumi ¢ KNMHUYECKMIN AaHHbIMY naumeHToB. MaTepuan u meToabl.
VIMMYHOTMCTOXMMMYECKNIA aHanM3 napadunHOBbLIX BrIOKOB onyxoneBon TkaHu 36 naumeHToB ¢ PIMX ctagun
pT2a—3bN0-1MO0 npoBoagunu ¢ UCNonb3oBaHWEM aHTUTEN K ckaBeHmkep-peuenTopy CD68. PesynbTathl. B
ONyXOneBoW TkaHW 0BbHapyxeHbl «neHncTbie» CD68-no3nTrBHBLIE Makpodari. AHanmn3 nokasaTtens «KonMYecTBO
makpodparoB Ha 0bLLee KONMYECTBO MNONEN 3peHns ¢ Makpodaramm» NPOAEMOHCTPUPOBAr POCT 3HAYEHUIA NO
Mepe NporpeccrpoBaHns onyxonesoro npotecca. OH okasarncsa caMmbiM HA3KUM y MauMeHTOB ¢ CyMMoW 6annoB
no wkane MucoHa 6 — 5,8 n cambiM Beicokum — 11,0, y naumeHToB ¢ 6annom no wkane mucoHa = 8. Makpodaru
obpasoBbiBany 6onee KpymnHble CKONMEHUs Y NaLMeEHTOB ¢ Tsxxenoi popmon PIXK. Merkue (MeHee 100 Mkm?),
HO He kpyrHble (6onee 100 Mkm?) Makpodary BCTpeYanich 3HaYUTENLHO Yalle y NauueHToB C MeTactasamu
B numdoyanbl — 48 npotus 24 B rpynne NO (p=0,14). KonnyectBo Menkmx MakpodaroB Bo3pacrano B psay
nauneHToB ¢ CymMMol 6annos no wkane MmvcoHa 6, 7 n = 8 — 24; 47,5; 72 cootBeTcTBeHHO (p=0,052). 3aknto-
yeHue. [1o Mepe nporpeccupoBaHuUsi OMyXONeBOro NpoLiecca 1 NoBbILLIEHWS pUcka OMOXMMNYECKOTo peumanea
OEMOHCTPUPOBaNMCh TEHAEHLMS K YBEMMYEHNIO OBLLIEN NNOLLaaM KpYMHbIX, NeHMcTbix OAM, BeposATHO, GoraTbix
nunuaaMu, a Takke Gonbluee pacnpocTpaHeHNe MenKnX, CEKPETUPYHOLLMX MakpodaroB U CKIIOHHOCTb K 00-
pa3oBaHuio KNacTepoB. BeposiTHO, NneHUCTbie Makpodarn NpYHNUMaloT yyacTue B AanbHEeWLeM NpUBIeYeHnm
MErKMX, YTO B AanbHeneM BefeT K METAacTa3npoBaHMI0 1 OMyXONneBow NPOrpeccuu.

KniouyeBble cnoBa: pak NnpeAcTaTesnibHOM Xeresbl, OnyX0sb-aCCoOLUUMPOBaHHbIE MAakpodaru, FMraHTcKue
Makpodaru, onyxosneBasi NPOrpeccus.

Introduction

Prostate cancer (PCa) is the most common cancer
among men worldwide, with approximately 1,600,000
cases and 366,000 deaths annually [1]. The incidence
and mortality of PCa tends to increase due to an ag-
ing population and urbanization, thereby placing a
significant social and financial burden on the global
health care system [2]. Despite significant progress in
therapy, prostate cancer remains a serious problem for
men, mainly due to unwarranted treatment of initially
benign disease and inadequate therapy for metastatic
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prostate cancer [3]. The lethality of progressive disease
is due to the lack of therapeutic regimens capable of
producing a stable response to therapy, which is due
to the extreme heterogeneity of the tumor on the ge-
netic and cellular-biological levels. Evidence suggests
that the inflammatory microenvironment, especially
tumor-associated macrophages (TAMs), are involved
in prostate carcinogenesis and act as an important
modulator of further malignant progression, metastasis
and overall therapeutic response [4]. In turn, both the
presence of the tumor itself and anticancer therapy can
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affect the programming of monocyte TAMs precursors
[5, 6]. Studies on cohorts of patients of different ethnic
groups indicate that the total number of macrophages
in the tumor mass is associated with poor prognosis
and increased risk of metastasis [7]. However, the
heterogeneity of intratumoral macrophages in prostate
cancer at different stages of disease development has
not been sufficiently studied.

The aim of the investigation is to analyze the
spectrum of macrophage characteristics (morphologi-
cal features, size and amount) in prostate cancer tissue
samples and to search their interrelation with clinical
data of patients.

Material and Methods

Aretrospective analysis of tumor tissues of patients
with prostate cancer, who underwent surgical treatment
in the Clinic of Bashkir State Medical University in
the time period from 2014 to 2018, was performed.
The study included 36 patients with pT2a—3bN0-1MO0.
Tissue samples in paraffin blocks were obtained from
the Biobank of Bashkir State Medical University.
The study was conducted in accordance with the
requirements of the Declaration of Helsinki and was
approved by the local ethical committee of the Federal
State Medical University BSMU of the Ministry of
Healthcare of Russia on 17.01.2017, protocol Ne 1.
General characteristics of clinical data of patients are
presented in Table 1.

One paraffin block containing at least 50 % of
tumor tissue was pre-selected for each patient. The
selection was performed by a pathomorphologist, for
which hematoxylin and eosin stained sections from
each block were prepared.

Subsequent immunohistochemical staining of sec-
tions of paraffin blocks was performed at the Institute
of Transfusion Medicine and Immunology, Faculty of
Medicine, Mannheim, Heidelberg University (Man-
nheim, Germany). Slices deparaffinized with xylene
and ethanol and rehydrated were placed in Tris/EDTA
buffer (pH 9.0) and heated in a water bath to 95°C
for antigen recovery. After blocking endogenous
peroxidase and nonspecific staining, samples were
incubated for one hour with primary antibodies to
CD68 (Zytomed systems # MSKO005-55, dilution
1:100). The preparations were then incubated with
secondary mouse HRP antibodies (Dako # K4001),
AEC+substrate chromogen (Dako # K3461) and
stained with hematoxylin solution (Himalaun) and
incubated under a coverslip in aqueous medium (Fara-
mount Mounting Medium, Dako # S302580-2). Tumor
tissue sections incubated with primary antibodies to
IgG1 served as a control for specific staining.

Stained sections were visualized using a Leica
DMRE light microscope, x10 or x40 objective and x10
eyepiece. Staining of granular cytoplasmic structures
or cell membranes of monocytic/macrophage origin in
any intensity was considered positive for CD68.

Areas containing tumor tissue were examined
on each preparation. From each patient, 10 random
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fields of view within the tumor tissue were analyzed
at x400 magnification. The following parameters
were analyzed: presence of macrophages, stained with
CD68 (yes/no); shape (rounded, irregularly shaped
with outgrowths), size (large/small). The obtained
images were analyzed using Image J program and
Color Deconvolution plugin. The number of CD68§-
positive cells, the area of each CD68+ cell, and the
area of the image occupied by cells for each field of
view were taken into account, since prostate tissue
contains lumens. The following characteristics were
then calculated in MS Excel for each patient:

1. Total number of CD68+ cells per 10 fields of
view.

2. Average number of CD68+ cells per
preparation.

3. Total area occupied by CD68+ cells per 10 fields
of view.

4. Average area of CD68+ cells.

5. Proportion of the area covered by CD68+ cells
from the area of all cells, %.

6. Number of visual fields with CD68+ cells.

7. Number of visual fields with CD68+ cells larger
than 100 pm?,

8. Number of visual fields with CD68+ cells less
than 100 um? in size.

9. Number of macrophages per total number of
visual fields with macrophages.

10. Total number of macrophages greater than 100
um? in size.

11. Total number of macrophages less than 100
um? in size.

12. Area of macrophages larger than 100 pm?.

13. Area of macrophages less than 100 um? in
size.

14. Total area of macrophages less than 100 pm?/
total area of macrophages greater than 100 pm?.

Comparisons for all indices were made for the fol-
lowing groups of patients: 1) without lymph node me-
tastases at the time of surgery, NO, or with metastases,
N1; 2) with a total Gleason score of 6 (3 +3), 7 (3 +
4ord4+3),810(4+4,4+5,5+40r5+5);3)with
a biochemical recurrence risk score of “low”, “in-
termediate”, “high”. Data distribution analysis using
Kolmogorov-Smirnov test for all groups showed de-
viation from normal distribution in some groups. The
median and interpercentile interval for each indicator
were calculated using GraphPad Prism (V 6.01). To
assess the statistical significance of the observed differ-
ences, we further used nonparametric Mann-Whitney
tests to compare the 2 groups and Kruskal-Wallis tests
for three groups.

Results

Our first step was to search for clusters of tumor-
associated macrophages and characterized their mor-
phology in the tumor tissue of patients with prostate
cancer. The analyzed marker CD68 is highly specific
for macrophages, belongs to scavenger receptor family,
and is expressed on almost all TAMs [8]. The distri-
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Table 1/Tabnuua 1

General characteristics of patients clinical data
OO6LwWwan xapakTepucTUKa KINMHUYECKUX AaHHbIX

Parameter/ITapametp

Number of patients (n=36)/
KomryectBo 6051bHBIX (N=36)

Age, years, mean/Bo3pacr, JieT, cpenHee 66
Risk of biochemical recurrence/Pruck OnoXuMHUECKOTO periINBa
Low/Huzkwuii 13
Intermediate/ITpomexyTOUHBII 8
High/Bsicokwuii 15
Gleason score/Cymma 6ayiioB 1o mkaie [mcona
3+3 13
3+4 6
4+3 4
4+4 6
4+5 4
5+4 1
5+5 2
Spread outside the capsule/PacnipocTpanenne 3a peaesl Karcyibt
Yes/Jla 19
No/Her 17

Prostate specific antigen, ng/ml before surgery, mean (range)/
[ICA, ur/mn iepen onepamnueii, cpeaee (pa3max)

21,120 (0,243-76,100)

Hormone therapy before surgery/I'opMoHanbHas Tepamusi 10 Onepain

Yes/la 0
No/Her 36
Hormone therapy after surgery or orchidectomy/I'opMoHanbHas Tepanus MOCIE ONepaiy UK OPXUIAIKTOMES

No/Her 22

Yes/Jla 10

No data/Het manHbIX 4

Radiation therapy before surgery/JlydeBas Tepamnus 10 Omepaiuu
Yes/Jla 0
No/Her 36
Radiation therapy after surgery/JlydeBas Tepanus mocjie onepaniu
Yes/Jla 8
No/Her 28
Metastases in lymph nodes at the time of surgery/MeTacTa3bl B muM(oy3/1ax Ha MOMEHT OTlepalnu

NO 23

N1 13

Distant metastases 1-3 years after surgery/OtaaneHHble MeTacTasbl 4epe3 1—3 rofa mocsie oneparimn

Yes/Jla 4

No/Her 28

No data/Her nannbix 4

Survival rate for October 2020/BruknBaemocts Ha OKTS0ps 2020 T
Yes//la 30
No/Her 6

bution of CD68+ cells in tumor tissue was heteroge-
neous, with no statistically significant correlation of
macrophage infiltration with clinical and pathological
parameters. The following TAMs localization in pros-
tate cancer patients’ tissues was observed: intratumoral
macrophages diffusely located in tumor parenchyma,
diffuse stromal localization around tumor parenchyma,
macrophages in gland ducts of tumor and non-tumor
tissue, single or their accumulations (Fig. 1).

The morphology and pattern of macrophage dis-
tribution was heterogeneous in each patient: — there
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were both areas with large “foamy” round-shaped mac-
rophages in ducts outside tumor tissue (Fig. 2A 1), and
massive clusters of irregularly shaped macrophages lo-
cated in clusters inside tumor tissue (Figure 2A2). Fig-
ure 2B1 shows a rounded large “foamy” macrophage
with a coarse-grained cytoplasm structure, a similar
morphology found when the macrophage is localized
inside the ductus. When examining a tissue sample of
the same patient, there is a distribution of medium-
sized macrophages in the parenchyma (Fig. 2B2).
It is worth noting the presence of spindle-shaped
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Fig. 1. Microphoto. IHC study, distribution of CD68+
macrophages in the tumor tissue, (A) intratumoral
macrophages diffusely located in the tissue, (B)
macrophages with predominant localization in the
ducts of the tumor gland, (B) macrophages located
in the stroma around the tumor parenchyma; (D)
large, “foamy” macrophages in non-neoplastic
lacunae; x40
Puc. 1. MukpodoTto. UIMX-uccneposaHue, pacnpe-
neneHne CD68+ makpodaroB B OnyxoneBon TKaHu,
(A) BHYTpUHonyxonesble Makpodaru, Anddy3Ho
pacnornoxeHHble B TkaHu, (b) — makpodaru ¢
NnpenMyLLeCTBEHHON fokanusaumen B MPOToKax xe-
nesbl onyxonu, (B) makpodaru, pacnonaratowmecs
B CTPOME BOKpYT napeHxuMbl onyxonu; (I) kpyn-
Hble, «MEHNCTbIE» MaKpodarv B HEOMyXOmneBbIX
nakyHax; x40

Fig. 2. Microphoto. Distribution of CD68+ macrophages in prostate adenocarcinoma tissue according to IHC staining, x40
Puc. 2. MukpodoTo. PacnpegeneHne CD68+ makpodparoB B TkaHV ageHoKapLMHOMbI NpeAcTaTenbHOM xenesbl No 4aHHbIM
UM X-okpalumBaHus; x40

macrophage bands in the examined samples, diffusely
located in tumor tissue, locally abundantly infiltrating
tumor area (Fig. 2B2).

The largest “foamy” macrophages were observed in
tumor parenchyma of patient Ne 9 (Fig. 3A), here we
detected macrophages measuring 600—710 um?, hav-
ing round shape with a pronounced granular structure,
which formed clusters of more than 15 cells. Patient 17
also had macrophages larger than 600 pm? in the tumor
parenchyma (Fig. 3B), but not forming clusters.

In the next step we assessed the number and size
of each CD68+ cell on 10 field-of-view images with
tumor tissue from each patient, followed by calcula-
tion of the spectrum characteristics. The results are
presented in Table 2.

Although there were no statistically significant dif-
ferences between the clinical groups of patients, a num-
ber of trends are noteworthy. For example, the total

CUBWPCKWM OHKONOMUYECKWW XKYPHAT. 2022; 21(6): 81-90

number of CD68+ cells increase as the tumor process
progresses. In the group with lymph node metastases
the total number of macrophages was significantly
higher, 68 against 42 in the group without lymph node
metastases. The same index increases in a number of
patients with a Gleason score of 6.7 and more than §:
38, 64.5 and 74, respectively. The risk of biochemical
recurrence correlates with the sum of Gleason scores
and the number of macrophages increases in the tis-
sues of patients at intermediate (64.5) and high risk
(74) compared to the low risk group (38).

The total area occupied by CD68+ cells was also
greater in N1 patients (6009 um?) than in NO patients
(2698 um?). In patients with low-differentiated prostate
cancer the area (Gleason score > 8) and high biochemical
risk of recurrence was also the highest (5792 pm? in both
groups), while in the group with a Gleason score of 6 and
low risk of recurrence it was 2219 um? in both groups.
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Fig. 3. Microphoto. “Foamy” CD68+macrophages of patients No. 9 (A), No. 17 (B), Gleason score 4 + 4, x40
Puc. 3. MukpodoTo. «[MenncToie» CD68+makpodaru naumeHToB Ne 9 (A), Ne 17 (B), oueHka no wkane MMucoHa 4 + 4; x40

The average area of CD68+ cells, the proportion of
the area of all cells occupied by CD68+ macrophages,
the number of visual fields with CD68+ cells, the
number of visual fields with CD68+ cells over 100
um?, the number of visual fields with CD68+ cells
under 100 pm?, and the ratio of the total area of less
than 100 um? to the total area of macrophages over
100 um? showed no significant differences between
the compared groups.

At the same time, the parameter “number of
macrophages per total number of visual fields with
macrophages” demonstrated an increase in values with
the progression of the tumor process. It was lowest in
patients with a Gleason score of 6 (4.8) and highest
(10.0) in patients with a Gleason index > 8. Thus,
macrophages formed larger clusters in patients with
advanced BPH.

It is important to note that the total number of mac-
rophages larger than 100 um? did not practically differ
between the groups. Whereas small macrophages were
significantly more frequent in patients with lymph
node metastases (48 vs 24 in NO group; p=0.076). In
addition, the number of small, apparently secreted
macrophages increased in the series of patients
with Gleason scores of 6, 7, and > 8 (24, 47.5, 72,
respectively, p=0.052), and as the risk of biochemi-
cal recurrence increased (24, 47.5, 72, respectively,
p=0.079). Noteworthy is the increase in the number of
macrophages, predominantly at the expense of small
secreting cells less than 100 pm?2 in size.

Both the areas of macrophages larger than 100
um? and the areas of macrophages smaller than 100
um? increased slightly as the prostate cancer pro-
gressed (Table 2). This observation requires further
investigation.

Discussion

Our findings revealed characteristic single large
“foamy” macrophages and clusters of similar mac-
rophages in prostate cancer tissues, and correlations
with clinical findings in patients were determined.
The morphology of “frothy” macrophages is the most
interesting, they are relatively large, their cytoplasm
is loose and granular. Probably, such morphological
features are a consequence of excessive internalization
of lipids or lipoproteins. According to the published
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data, this is inherent to atherosclerotic macrophages
and is also found in colorectal cancer [9—11]. Increased
uptake and oxidation of fatty acids in tumor tissue
may contribute to the secretion of proinflammatory
cytokines from these cells, such as CXCL10, IL-1f and
IL-10, which may subsequently increase the recruit-
ment of effector T cells and natural killer (NK) cells
or induce tumor cell migration [12—14].

Majority literature sources categorize the main
polarization vectors of macrophages into two phe-
notypes: classically activated, proinflammatory
macrophages M1 and alternatively activated, anti-
inflammatory, pro-tumor macrophages M2. However,
it is worth noting that there are many intermediate
variants [15], and the existing classifications are rel-
evant in characterizing their role in cancer. Currently,
biomarker systems are being developed to identify
functional subpopulations of tumor-associated mac-
rophages, which include both scavenger receptors and
chitinase-like proteins [7, 16, 17]. Tumor-associated
macrophages (TAMs) resembling M2 phenotype are
involved in stimulation of angiogenesis, invasion and
extravasation of tumor cells [18]. The metabolism of
tumor-associated macrophages is a mixed form of M 1
(glycolysis) and M2 (fatty acid oxidation) metabolism
[19] It was shown that the number of M2-like TAMs
positively correlates with increased tumor size, rapid
proliferation and decreased overall survival in many
cancer types, including prostate cancer [7]. Due to
the fact that cancer cells have the ability to activate
adipocytes, which leads to triglyceride lipolysis, and
release free fatty acids in the intratumor environment
[20], TAMs are induced to absorb fatty acids through
phagocytosis, which in turn leads to lipid-laden TAMs
[11]. Similar giant macrophages have been found, for
example, in tumor tissue of ovarian cancer [21] Recent
studies have begun to evaluate metabolically activated
resident tissue macrophages, which cope with a high
lipid load of dying hypertrophic adipocytes in adipose
tissue in obese patients, which phenotypically differ
from M1/M2 classifications [22]. It has been found
that these cells are associated with the progression of
triple-negative breast cancer [23]. Besides, recent stud-
ies describe macrophage subtypes in the prostate gland
possessing a combination of M1 and M2 macrophage
characteristics in various combinations [24, 25]. It is
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important to note that macrophage subtypes in tumor
and non-tumor tissue did not differ, which reflects
the possibility of tumor tissue factors influencing the
distant non-tumor environment [25].

CD11b+CD68+ macrophages isolated from col-
orectal cancer tissue contained higher amount of lipids
in comparison with macrophages in normal tissue [11]
Lipid accumulation in tumor-associated macrophages
of myeloma patients obtained from bone marrow is
significantly associated with disease progression [24].
Our study has revealed that the size of large phagocytic
cells continues to increase as the tumor progresses
that may reflect the process of undigested lipid accu-
mulation. It is known that during tumor progression
macrophages can change their phenotype, accompa-
nied by the recruitment of new monocytes from the
bloodstream. Increased number of small macrophages
relative to large, actively phagocytosing cells, com-
bined with increased number of small macrophages
may be one of the reasons of immune control failure
and tumor progression.

Besides, according to literature data, in a number
of studies it was shown the correlation of increased
number of macrophages and their density in tumor tis-
sue with more aggressive behavior of tumor and more
unfavorable outcomes in prostate cancer [27-29]. Other
data found an inverse correlation between the number
of CD68+ OAM infiltrates in total tumor tissue and
clinical TNM stage, while OAM density in the cancer
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BKIAl ABTOPOB

Januiako Kcennsi BraqiuMupoBHa: BEINOITHEHHE IMMYHOTHCTOXHMHUECKHUX HUCCIIEIOBAHUH, 00paboTKa JaHHbIX.
EnunxeeBa Kagpus MibaapoBHa: aHanu3 JaHHBIX, HAITHCAHUE CTAaThHU.

Kaoupos Unbaap Pangosuy: Habop 6HOIOrHYecKoro MaTepuaa.

MaxkcumoBa Cepaduma FOpbseBHa: 06paboTKa KITMHUYECKUX JaHHBIX.

Bumnsikos /Imutpuii CepreeBu4: moAroToBka naroMop(onorndeckoro Marepuana.

Koxbimkoscka FOaus eoprueBHa: KoHIENTyanu3amys 1 peJaKTHPOBAHUE.

IlaByoB Bajsentun HukonaeBu4: KOHUENTyaIn3alus U pelakTUPOBAHUE.

Qunancuposanue

Hccenedosanue svinonneno 3a cuem epanma Munucmepemea nayxku u gvicuteco obpasosanusi Poccuiickoi
Dedepayuu « [ enemuueckoe u InuceHeMuULecKoe pedaKxmupo8anie OnYXoie6blx KiIemok U MUKPOOKPYIHCEHUS C
yenvio onoxuposanus memacmasuposanusay Ne 075-15-2021-1073 (saxcnepumenmot) u npoepammot «llpuopu-
mem 2030y (knunuueckue oanmvie).

Kongpnuxkm unmepecos

Aemopbl 3as61510m 06 OMCYMCMEUU KOHMIUKMA UHMEPECOS.
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