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Abstract

Introduction. Ovarian cancer (OC) is the third most common gynecological cancer with the worst prognosis
and highest mortality rate. The progression of OC can be accompanied by the detrimental functions of the
components of the tumor microenvironment, including tumor-associated macrophages (TAMs). The purpose
of the study to analyze distribution and morphological phenotype of TAMs in tumor tissue of patients with
high-grade serous ovarian cancer (HGSOC). Material and Methods. Formalin fixed paraffin embedded
tissue sections were obtained from ovarian cancer patients after tumor resection. The protein expression of
general macrophage marker CD68 and M2-like markers CD206, CD163 and stabilin-1, belonging to scavenger
receptors, was analysed by immunohistochemical staining in tumor tissue. Histological assessment of TAM
distribution was performed by pathologist. Inmunofluorescent analysis/confocal microscopy was applied to
establish the co-expression of CD68 with the main macrophage scavenger receptors. Results. We were able
to find giant CD68-positive macrophages with foamy cytoplasm in ovarian tumor tissue. The accumulation of
these TAMs was specific only for patients with advanced stage (llIC and IV stages). The presence of foam-
like TAMs had a statistical tendency to be associated with ovarian cancer progression, including metastasis
and recurrence. The distribution of stabilin-1-positive macrophages was matched to CD68 expression in
almost all cases, as was shown by IHC. Confocal microscopy confirmed that stabilin-1 was expressed in at
least 50 % of giant TAMs. IF analysis of tumor samples also demonstrated co-expression of other scavenger
receptors, CD163 and CD36, in foam-like cells. Similar to IHC, in most samples the expression of CD206 in
TAMs of foam-like morphology was limited. Conclusion. For the first time we demonstrated the accumulation
of giant macrophages with fluffy foam cytoplasm in the tumor tissue of treated patients with advanced ovarian
cancer. Such macrophages express diverse scavenger receptors (stabilin-1, CD163, CD36), thus indicating
a high clearance activity of giant TAMs.
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AHHOTauus

BeegeHue. Pak anyHnkoB (PH) 3aHumaeT 3-e MeCcTo cpeam rmHeKONOrM4ecknx 3rokayecTBeHHbIX HOBOOO-
pa3oBaHUl 1 MeeT Hanbonee HebnaronpuUSTHBIM MPOrHO3 C CaMOW BbICOKOW CMepPTHOCTBIO. lMporpeccu-
poBaHue PHA MOXeT conpoBOXAAaTbCSH aKTUBHBbIM BOBMEYEHMEM B OMYyXONEBYI NPOrpeccuio KOMMNOHEHTOB
OMNyXOneBOro MUKPOOKPYXXEHUS, B TOM YMCne onyxorneaccoumnpoBaHHbix makpodaros (OAM). Llenb uc-
crieAoBaHusl — NpoaHanvM3npoBaTb pacnpeaeneHne n mopdgonormdeckui deHotun OAM B onyxonesou
TKaHM BONbHbIX CEPO3HBIM PAKOM SAMYHMKOB BbICOKOW cTeneHu 3nokavyectseHHocTn (HGSOC). MaTtepuan m
MeToAbl. [1apaduHoBbIE Cpe3bl ONyXONeBOW TKaHU NOMyYeHbl NOCMe onepaLunii No NOBOAY paka SUYHMKOB.
C NoMOLLbI0 UMMYHOTMCTOXMMUYECKOTO OKPaLUMBaHUS B OMYXOSIEBON TKaHW aHanM3npoBanu 6enkoByto aKC-
npeccuto obero mapkepa makpodaros CD68 n M2-nogobHeix mapkepos CD206, CD163 u ctabunuHa-1,
npuHaanexaLumx K ckaBeHaxxep-peventopam. lNictonornyeckas oueHka pacnpegeneHns OAM nposogumniace
naTornoroaHaToMoM. MIMMyHObrTyopeCLEHTHBIN aHanma/koHoKanbHyr MUKPOCKOMMUIO NPUMEHANM Ans ycTa-
HoBreHmns koakcnpeccum CD68 ¢ OCHOBHbIMM CkaBeHOXep-peLenTopamu makpodaros. PesynbTtaThbl. B TkaHu
OMyXonun si4HMKa Mbl 06Hapymunu ruraiTckne CD68-no3nTuBHbIE Makpodaru ¢ NEHUCTON LIUTOMNNAa3MOMN.
HakonneHune atux OAM 6bIN0O XxapakTepHO AN NaLMEeHTOK C pacnpoCTPaHEHHbIM OMyXOreBbIM MPOLECCOM
(INC wn IV cragnn). Hannume OAM C NeHWUCTOW LUUTONNa3MON Ha YPOBHE CTAaTUCTUYECKOW 3HAa4YMMOCTK ac-
COLMMPOBANOCh C NPOrpeccrpoBaHMEM paka SMYHUKOB, BKIOYAs MeTacTasMpoBaHue u peLanBmpoBaHue.
PacnpegeneHne ctabunmH-1-no3nTUBHBIX MakpodaroB NPakTUYECKM BO BCEX Cry4vasix COOTBETCTBOBAsO
akcnpeccun CD68, uto Gbino nokasaHo metogom UIMX. KoHdokanbHass MUKpOCKONUSA NOATBepauna, yYto
cTtabunuH-1 akcnpeccupyetcs no kpaviHen mepe B 50 % rurantcknx OAM. MMmyHOgnyopecLeHTHOe oKpa-
LuMBaHme 0bpasLoB ONyxonu Takke NPOAEMOHCTPUPOBANIO KO-3KCMPECCHIO OPYrMX CKaBEHOKep-peLienTopoB,
CD163 n CD36, B kneTkax ¢ neHucTon umtonnasmon. Mo gaHHeiM UIMX-uccneqoBaHusa 1 KOHOOKanNbHOM
Mukpockonum akcnpeccusa CD206 8 OAM ¢ neHucTon umutonnasmon B 60nbLIMHCTBE 06pa3LoB NpakTU4eCcKn
oTcyTcTBOBana. BeiBogbl. BnepBbie npogeMOHCTPYPOBaHO HAKOMMEHNE TMFaHTCKUX MakpodaroB C PbIXIon
NEHNCTON LMTONNa3MON B OMyXOneBow TkaHu 60nbHbIx pakoM au4HukoB IIIC v IV ctaguun. Takme makpodaru
aKCnpeccupyoT pasHoobpasHble ckaBeHmpkep-peLuenTopsl (cTabunuH-1, CD163, CD36), 4yto yka3biBaeT Ha
BbICOKYH KIMMPEHCHYH aKTUBHOCTb ruraHTckmx OAM.

KnioueBble crnoBa: pak SIMMHUKOB, OMyX0sieaccoLMMpoBaHHbIe Makpodaru, KNeTku ¢ NeHUCTom
LMTONNa3MOii, CKaBEeHAKep-peLenTopbl.

Introduction

Ovarian cancer (OC) is the third among most
common gynecological cancer after cervical and en-
dometrial cancers and has the worst prognosis with the
highest mortality rate [1, 2]. In 2020, 313,959 cases
of ovarian cancer were detected, representing 3.4 %
of all cancers in women and 207,252 deaths occurred
[3]. The urgency of the OC research derives from the
large number of issues associated with late-stage di-
agnosis, difficulties in choosing treatment tactics, low
treatment efficacy and a high proportion of relapses
[1, 4, 5]. There are no effective criteria for diagnos-
ing OC in the early stages, and screening tests have
limited sensitivity. Therefore, up to 70 % of OC cases
are detected at late stages [6]. More than 80 % of pa-
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tients with advanced OC recur and die within 5 years
[7]. However, the life expectancy of patients with the
early stages of OC (stages I-11) is very favorable, and
the five-year survival rate of such women is 92 % [8,
9]. Tumors usually respond to the first-line standard
platinum/taxane-based chemotherapy. Despite this,
the development of relapses associated with multidrug
resistance is detected within a short period of time in
70 % of patients. It can be accompanied by the detri-
mental effect of therapeutic agents on the components
of the tumor microenvironment (TME), including
tumor-associated macrophages (TAM) [10].

TAMs are key cells of the innate immunity in
tumors. In most cancers, including breast cancer,
ovarian cancer, prostate cancer, lung cancer, gastric
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cancer, glioblastoma, and melanoma, TAM infiltration
positively correlates with metastasis and short-term
survival [11]. In ovarian cancer, the ratio of anti-tumor
(M1)/pro-tumor (M2) TAMs has a prognostic value
for predicting metastasis and recurrence, as shown in
several patient cohorts [11-13]. However, plastic adap-
tation of macrophages to structural tumor development
leads to TAM heterogeneity, which can significantly
depend on tumor type, tumor microenvironment, and
the location of TAMs in particular intratumoral com-
partments [11, 14, 15]. The major markers of TAMs
belong to the scavenger receptors and include com-
mon marker of macrophages CD68, and M2 markers
with pro-tumor polarization CD206, CD163, CD204,
MARCO, stabilin-1, and others [16, 17].

In some cancers macrophages obtain the phenotype
of foam cells, where the intracellular lipid content
exceeds macrophage's capacity to maintain lipid
homeostasis, triggering lipid droplet formation and
the foamy appearance [18-21]. Studies showed that
foam cells tend to lose immune functions and induce
tissue damage [18, 22, 23]. Foamy cells have been
extensively studied in atherosclerosis and tuberculo-
sis, however the role of these cells in cancer has only
begun to be explored recently [19].

In the present study we analyzed M2-like TAM
distribution and morphological phenotype in tumor
tissue of patients with high-grade serous ovarian
cancer (HGSOC). We were able to find foam-like
CD68-positive macrophages with characteristics of
incomplete endocytosis in advanced stage patients. We
described the phenotypic profile of these cells.

The purpose of the study to analyze distribution
and morphological phenotype of TAMs in tumor tis-
sue of patients with high-grade serous ovarian cancer
(HGSOOQ).

Material and Methods

Clinical samples

The study included 42 patients with histologically-
verified high-grade serous ovarian carcinoma (HG-
SOC), treated at the Department of Gynecological
Oncology, Cancer Research Institute of Tomsk Na-
tional Research Medical Center (Tomsk, Russia) from
2015 to 2021. The study was carried out according to
Declaration of Helsinki (from 1964, revised in 1975
and 1983) and was approved by the local committee
of Medical Ethics of Tomsk Cancer Research Institute;
all patients signed informed consent for the study. The
clinical and pathological parameters of OC patients are
presented in Table 1.

Neoadjuvant chemotherapy regimens included
standard platinum/taxane-based chemotherapy (cis-
platin/carboplatin and paclitaxel/docetaxel). The
chemotherapy response score (CRS) was used for the
assessment of histological effect in ovarian cancer
after neoadjuvant chemotherapy (NACT). All patients
underwent surgical treatment. In adjuvant regime, pa-
tients received chemotherapy by the same schemes.
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Immunohistochemical analysis

Formalin fixed paraffin embedded (FFPE) tissue
sections were obtained from all ovarian cancer patients
after tumor resection. Immunohistochemical analysis
(IHC) was carried out by the standard method. Briefly,
the slides with the samples were placed in xylene
and alcohols for deparaffinization. Antigen unmask-
ing was performed using EDTA buffer with pH 9.0
with heating. A protein block (Abcam, UK) and a
hydrogen peroxide block (Spring BioScience, USA)
were then used sequentially. Incubation with primary
antibodies pre-diluted in 1 % BSA was carried out in
a humid chamber. Antibodies to general marker of
TAMs include monoclonal mouse anti-CD68 (1:100,
clone KP1, NBP2-44539, Novus Biologicals, USA),
and to specific M2-like subpopulations include rabbit
anti-CD163 (1:250, ab182422, Abcam, USA), goat
anti-CD206 (1:20, AF2534, R&D Systems, USA),
and anti-stabilin-1 rabbit polyclonal antibody RS-1
(1:1000) [24]. To visualize the antigen-antibody reac-
tion, rabbit anti-goat IgG (1:250, VB2932894, Invit-
rogen, USA) or poly-HRP anti-mouse/rabbit system
(Bond oracle IHC system, TA9145, Leica Biosystems,
Germany) were used. The nuclei were counterstained
with hematoxylin.

Digital IHC analysis and quantification

Tumor tissue slides were scanned by using the
Leica Aperio AT2 histoscanning station (Leica, Ger-
many) and ScanScope software (Aperio ScanScope
XT Leica). QuPath software (free from https://qupath.
github.io) was used to analyze and quantify marker
expression. Individual tumor regions were selected
and analyzed using the cell detection and cell inten-
sity classification. “Cell: DAB OD mean” was used
for the analysis of both membranous and cytoplasmic
staining of a selective antibody. Intensity thresholds
were set to further subclassify cells as being nega-
tive, weak, moderate or strongly positive for CD68,
CD163, CD206 and stabilin-1 staining based upon
mean nuclear DAB optical densities. The results of
analysis were presented with H-score parameter that
was automatically calculated by Qupath software for
each tissue section.

Immunofluorescent staining

and confocal microscopy

Immunofluorescent staining was performed using
monoclonal mouse anti-CD68 (1:100, clone KP1,
NBP2-44539, Novus Biologicals, USA); mono-
clonal rabbit anti-CD163 (1:250, clone EPR19518,
ab182422, Abcam, USA), monoclonal rat anti-CD68
(1:50, clone FA-11, GTX41864, GeneTex, USA), and
monoclonal mouse anti-CD36 (1:50, clone 185-1G2,
MAS5-14112, ThermoFisher scientific, USA). The
following combinations of secondary antibodies were
used: Cy3-conjugated anti-rabbit, AlexaFluor488§-
conjugated anti-mouse, AlexaFluor647-conjugated
anti-goat and AlexaFluor647-conjugated anti-rat
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Table 1/Tabnuua 1

Clinical and pathological parameters of OC patients
KnuHuko-naTonornyeckue napameTpbl NaLMeHTOK C PakoOM siMMHUKA

Clinical and pathological parameters/
Knunauko-natonoruyeckue napamMmerpbl

Number of patients/
KonnuecTBo manueHToK

Age, years/Bo3pacr, et 61.2+13.2
Stage/Cramust
I 2 (4.8 %)
I 4 (9.5 %)
111 22 (52.4 %)
v 4 (33.3 %)
NACT/HAXT
Treated /IIpomieammx edeHne 29 (69.0 %)

Untreated /He nporureamux nedeHue

13 (31.0 %)

Response to NACT/O¢ddexr or HAXT

CRS1 5(17.2 %)

CRS2 12 (41.4 %)

CRS3 12 (41.4 %)
Ascites/Aciut

Yes //Ta 20 (47.6 %)

No /Het 15 (35.7 %)

Unknown /Heu3zsectHo 7 (16.7 %)

Carcinomatosis/Kanmepomaro3

Yes /Jla
No /Het

28 (66.7 %)
14 (33.3 %)

Recurrence/Perunne

Yes /Jla
No /Het

16 (38.1 %)
26 (61.9 %)

Progression/IIporpeccupoBanue

Yes /Jla
No /Her

9(21.4 %)
33 (78.6 %)

Foam-like macrophages/I[Tenoo0pa3Hbie Makpodaru

Yes /la
No /Her

antibodies (all donkey, Dianova, Germany, dilution
1:400). Samples were mounted with Fluoroshield
Mounting Medium with DAPI (#ab104135, Abcam,
USA) and analyzed by confocal microscopy. Confocal
laser scanning microscopy was performed with Carl
Zeiss LSM 780 NLO laser scanning spectral confocal
microscope (Carl Zeiss, Germany), equipped with 40x
objective. Data were acquired and analyzed with Black
Zen software. All three- and four-color images were
acquired using a sequential scan mode.

Statistical analysis

Statistical analysis was performed using STATIS-
TICA 8.0 for Windows. The Mann-Whitney test was
implemented to compare two independent groups.
Fisher Exact Probability Test was applied for the as-
sociation of recurrence with the presence of foam-like
cells. Data are presented as mean+tstandart deviation
(M*SD) (Table 1). Results were considered to be sig-
nificant with p<0,05. Data with marginal significance
(p value <0.1) were also discussed.
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20 (47.6 %)
22 (52.4 %)

Results

We characterized TAM morphology and amount
in tumor tissue of HGSOC patients. Firstly, the ex-
pression of general macrophage marker CD68 and
the main M2-like markers including CD163, CD206,
and stabilin-1, was assessed by quantitative [HC. All
analyzed markers belong to scavenger receptors, that
are essential for TAM function [25]. Ligands for scav-
enger receptors include modified LDL, phospholipids,
apoptotic cells, amyloid proteins, ferritin, hyaluronan
(HA), heparin, and others [25]. TAMs actively display
endocytosis altering extracellular landscape of TME
and regulating tumor development [26].

Tissue slides were scanned and then the expression
of TAM markers was analyzed. The level of protein
expression of CD68, CD206, CD163 and stabilin-1
was quantified using the cell detection and cell in-
tensity classification. Statistical analysis based on the
comparison of two independent groups did not show
significant differences in the expression of CD6S,
CD206, CD163 and stabilin-1 for the ovarian cancer
stages, the present of recurrence, metastasis, and as-
cites, and for NACT response (p>0.05).

SIBERIAN JOURNAL OF ONCOLOGY. 2022; 21(2): 45-54
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Fig. 1. Microphoto. Immunohistochemistry. The distribution of CD68-positive macrophages in tumor tissue. (A) intratumoral located
macrophages with uniform and diffuse disposition, with increased amount around/inside necrosis focus and invasive front; (B) uniform
disposition inside whole tumor area; (C) discrete macrophages or small groups of macrophages in stroma; (D) irregular intratumoral
location of macrophages. x40
Puc. 1. Mukpodoto. UIMX-uccneposanue. Pacnpeaenenve CD68-no3nTuBHbLIX Makpodaros B OrMyxoneBow TkaHu. (A) BHYTPMOMyXo-
nesble Makpodarm ¢ paBHOMEPHbIM 1 AN dY3HbIM PACMONOXEHNEM C YBENMMYEHHbBIM HAKOMMEHNEM BOKPYI/BHYTPU o4yara Hekposa 1
dpoHTa nHBasuu; (B) paBHoMepHOe pacnonoxeHue B npedenax scewv onyxonu; (C) otaenbHble Makpodaru unmn HebonbLume rpynmbl
Makpodparos B cTpome; (D) HepaBHOMepHOE BHYTPUOMYXONEBOE pacnonioxeHne makpodaros. x40

Then we analyzed the distribution and morpho-
logical features of TAMs. The distribution of CD68-
positive TAMs varied greatly between tumors, but no
correlation with clinical and pathological parameters
was demonstrated. Tumors displayed diverse TAM
content: a) intratumoral located macrophages with
uniform and diffuse disposition, with increased
amount around/inside necrosis focus and invasive
front; b) irregular intratumoral location of mac-
rophages; ¢) discrete macrophages or small groups of
macrophages in stroma; d) uniform disposition inside
whole tumor area; e) abundant accumulation of giant
foam-like macrophages in stroma (Fig. 1). We were
interested in the accumulation of giant CD68-positive
macrophages that resemble foam-like cells. These
TAMs have fluffy foamy granular cytoplasm, some-
times with inclusions. This morphology is the outcome
of lipid over-intake and was found to be inherent to
macrophages in atherosclerosis and tuberculosis, as
well as in some cancers such as colorectal and renal
cancers [21, 27, 28].

The presence of these macrophages in tumor was
found in almost 50 % of patients (20/42 cases). Inter-
estingly, all of them have advanced ovarian cancer:
9 patients with stage 3C and 11 patients with stage
4. Among 20 patients with giant fluffy macrophages,
18 patients underwent NACT, with different initial
histological response (CRS1-CRS3). In most cases,
foam-like macrophages form big aggregates in stroma
surrounding tumor cells (Fig. 2A-C). In some patients,
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foam-like CD68+ cells are located in small aggregates
or as discrete cells (Fig. 2F). Such cells can be merged
and form 2 and 3-nuclei cells, resembling epithelioid
cells (activated macrophages with pale foamy cyto-
plasm) [29]. The location of giant macrophages with
cytoplasmic vacuolation around tumor cells after
chemotherapy can indicate that they can have charac-
teristics of incomplete endocytosis [30]. The presence
of foam-like TAMs had a tendency to be associated
with ovarian cancer progression, including metastasis
and recurrence (Fisher’s exact test, p=0.058). Further
IHC analysis allowed us to reveal that foam-like
macrophages express scavenger receptor stabilin-1 in
almost 100 % of cases (Fig. 3A). Stabilin-1-positive
cells had the same morphology and location in tumor
tissue. The expression of other M2 marker CD163 was
almost the same, but CD206 expression was absent in
many samples (Fig. 3B and C).

These observations prompted us to perform im-
munofluorescent analysis to reveal the co-expression
of CD68 and most common macrophage scavenger
receptors (CD206, CD163, CD36, and stabilin-1).
Using four-colour IF images we confirmed the co-
expression of stabilin-1 in CD68+ macrophages (Fig.
3A). Stabilin-1 was expressed in at least 50 % of gi-
ant TAMs. IF analysis of several tumor samples also
demonstrated co-expression of other SRs, CD163 and
CD36, in foam-like cells (Fig. 3B). Similar to [HC, in
most samples we did not find the expression of CD206
in TAMs of foam-like morphology (Fig. 3A).
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Fig. 2. Microphoto. Immunohistochemistry. The distribution of large foam-like CD68+ macrophages in tumor tissue of HGSOC. (A) and
(B), big aggregates of foam-like macrophages surrounded tumor cells. (C) and (D), fluffy macrophages in fibrosis around tumor cells. (E)
— medium aggregates of foam-like macrophages. (F) — small aggregates or discrete cells with foam-like morphology. x40
Puc. 2. MukpodoTo. UIMX-uccnepgosanue. Pacnpeanenenue kpynHbix CD68+ Makpodaros ¢ NEHUCTON LIMTONMAa3Mol B OMyXOneBo TKaHU
HGSOC. (A) n (B) — 6onbLune ckonneHust MakpodaroB C MEHUCTOW LIMTOMNIA3MOMN, OKpyxatoLwux onyxonesble kneTku; (C) n (D), pbix-
nble Makpodaru B hnubpose Bokpyr onyxonesbix KneTok; (E) — cpegHune arperatbl Makpodaros ¢ neHucTon uutonnasmon; (F) — menkue
arperaTbl UM OUCKPETHbIE KNETKM C NeHoobpasHoi Mopdonorunein. x40

Discussion

Foam macrophages are cells with extensive amount
of fluffy looking cytoplasm. This morphology is due
to aberrant lipoprotein metabolism and accumulation
of LDL or cholesterol either via macropinocytosis or
scavenger receptor-mediated pathways (mostly by
SRA and CD36) [31]. In our study for the first time we
found the aggregates of giant macrophages with foamy
cytoplasm in patients with advanced ovarian cancer.
Cancer cells were able to activate adipocytes and other
stromal cells to lipolyze their triglyceride storage re-
sulting in release of fatty acids (FA) outside of cells,
that was linked to an increased risk of developing lung
cancer, gastric cancer, thyroid cancer, rectal cancer,
colon cancer, and ovarian cancer [27, 32]. Excessive
amount of FA in intratumoral milieu prompts TAMs to
uptake FA through SR-mediated phagocytosis, which
in turn leads to formation of lipid-laden TAMs [28].
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In colorectal cancer, the formation of lipid droplet-
bearing CD68"CD206" TAMs was specifically found
in tumor tissue, but not in adjacent benign tissue,
indicating that specific quality of TAMs could serve
as a parameter to predict the prognosis of cancer [28].
Moreover, the lipid droplet-dependent FA metabolism
was shown to induce the immunosuppressive phe-
notype of TAMs, and targeting lipid droplets with
chemical inhibitors impaired tumor growth in vivo
[28]. A correlation between the presence of large
tumor-associated macrophages (L-TAMs) in colorectal
cancer metastasis and poor outcomes was observed.
The presence of L-TAMs correlated to low 5-year dis-
ease-free survival rates, while in case of small TAMs
(S-TAM) the survival rate was higher [20]. Transcrip-
tomic analysis demonstrated that the gene profile of
L-TAMs was associated with lipid metabolism; how-
ever, S-TAMs had a distinct profile characterized by

SIBERIAN JOURNAL OF ONCOLOGY. 2022; 21(2): 45-54
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Fig. 3. Microphoto. Immunohistochemistry. Representative images of M2 foam-like macrophages in tumor tissue of HGSOC. (A)
Stabilin-1-positive TAMs located in fibrosis tissue surrounding tumor cells. (B) CD163-positive TAMs located in fibrosis tissue surround-
ing tumor cells. (C) The absence of CD206 expression in foam-like macrophages. x40
Puc 3. MukpodoTo. UIMX-uccneposanue. Mpumepbl neHoobpasHbix M2 makpodaros B onyxoneson TkaHn HGSOC. (A) CtabunuH-1-
nonoxutensHole OAM, pacnonoxeHHble B (hnBpO3HOM TKaHW, OKpy»atoLLer onyxonesble knetku. (B) CD163-nonoxuTensHbie OAM,
pacnonoxeHHble B pMOPO3HON TKaHW, OKpy>xatoLLet onyxonesble kneTku; (C) OtcyTcTeme akcnpeccun CD206 B neHoobpasHbiX Makpo-
cbarax. x40

w *
\_‘ "?v.’m;“

Fig. 4. Multicolor immunofluorescent analysis of scavenger receptor co-expression in CD68-positive macrophages. (A) Co-expression of
CD68, CD206 and stabilin-1 in tumor samples from a patient with ovarian cancer. (B) Co-expression of scavenger receptors CD163 and
CD36 in tumor samples from a patient with ovarian cancer. Scale bars correspond to 50uM
Puvc. 4. MHorouBeTHbI UMMYHOMIOOPECLIEHTHBIV aHanM3 Ko-akcnpeccun ckaBeHmkep-peLientopos B CD68-no3nTnBHbIX Makpodarax
(A) Ko-akcnpeccusi CD68, CD206 n ctabunmHa-1 B obpasuax onyxonu nauneHTkn ¢ pakom sindHuka; (B) Ko-akcnpeccus ckaBeHaxkep-
peuenTtopoB CD163 n CD36 B o6pa3uax onyxonu naumneHTkM ¢ pakom sindHuka. Lkana coorBetcteyeT 50uM

inflammatory gene expression. In single-cell analysis
S-TAM and L-TAM signatures were also differentially
enriched in individual clusters [20].

An increase of lipids, which co-localized with
CD68 staining in tissue sections of patients with
breast, colon, and prostate cancers, was observed
[33]. CD11b*CD68" macrophages isolated from colon
cancer tissues displayed significantly more lipid ac-
cumulation compared with macrophages from normal
tissues. In addition, an increased lipid accumulation in
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TAMs from multiple myeloma patients’ bone marrow
was positively and significantly associated with the
progression of monoclonal gammopathy of undeter-
mined significance to multiple myeloma [33].
Conditioned medium from papillary renal cell
carcinoma (pRCC) cultures skewed human mono-
cytes toward the M2 macrophage phenotype. These
macrophages became enlarged and loaded with lipids,
adopting the foam cell morphology found in pRCC
tissue. The formation of these cells was linked to the
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expression of IL-8, CXCL16, and chemerin by pRCC
primary tumor cells [21].

In a study of 30 non—small cell lung carcinomas
after neoadjuvant therapy the formation of foam cells/
giant cells was stated to be a histologic feature of tumor
regression along with coagulative necrosis, fibrosis,
and mixed inflammatory infiltrate [34]. Pretreatment
non-small cell lung cancer tissue samples from all
patients with hyperprogression showed tumor infil-
tration by M2-like CD163"CD33*PD-L1" clustered
epithelioid macrophages [35].

In the present study giant foam-like TAMs displayed
high scavenging activity, that was confirmed by high
expression of scavenger receptors, including stabilin-1,
CD36 and CD163. The expression of CD206 was
limited almost in all foam-like CD68+ macrophages.
Although CD206 participates in endogenous and
exogenous molecule clearance as scavenger receptor,
there is no data about the involvement of CD206 in
lipid metabolism, as was shown for other scavenger
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Tomckoco HUMI].

Kongpnukm unmepecos

Aemopul 3aa61510M 00 OMCYMCMEUU KOHDIUKING UHMEPECO8.

bnazooapnocmu

Pabomul nposoounuce na 0bopyoosanuu Tomcko2o pecuonanrbHoco yeHmpa KouleKmueHo20 nOAb3068aAHUS
(TPLIKII) u yenmpa KonniekmugHo2o nonv3oanus « Meouyurnckas cenomuxay Tomcrkoeo HUMI].
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