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Abstract

The mechanism of the relationship between pretumor changes in the bronchial respiratory epithelium and
the risk of progression of non-small cell lung cancer (NSCLC) remains unclear. It has been suggested that
the relationship between reactive changes in the bronchial mucosa and NSCLC progression may be caused
by the functional status of monocytic-macrophage cells as important participants in inflammation, which
determines both the risk of premalignant changes in the epithelium and malignant progression. The purpose
of the study was to investigate the phenotypic profile of peripheral blood monocytes and macrophages
induced from monocytes in vitro depending on the state of respiratory epithelium in NSCLC patients. Material
and Methods. The study included 39 patients with newly diagnosed NSCLC. Based on the morphological
examination of small bronchi taken at the distance of 3—5 cm from the tumor, patients were divided into the
following groups depending on the type of pretumor changes: no pretumor changes (n=6), isolated basal
cell hyperplasia (BCH) (n=13), combination of BCH and squamous metaplasia (SM) (n=3), combination of
unchanged epithelium and focal BCH (n=17). The phenotypic features of peripheral blood monocytes and
in vitro-induced macrophages were assessed before treatment using flow cytometry. Results. The state of
the respiratory epithelium in NSCLC patients prior to the start of anticancer treatment was associated with
the phenotypic features of peripheral blood monocytes, but not with the profile of macrophages induced
from them. Distortion of the response of induced macrophages to the polarizing stimuli was observed in
NSCLC patients: the cultured cells responded to both M1 and M2 inducers (LPS and IL-4, respectively) with
a phenotype shift to M2, while the CD206 marker expression varied depending on the presence and type
of pretumor changes. Conclusion. The phenotypic profile of peripheral blood monocytes was associated
with the state of the respiratory epithelium in NSCLC patients before anti-tumor treatment, but not with the
phenotypic features of induced macrophages.

Key words: non-small cell lung cancer, monocytes, macrophages, pretumor changes, progression, basal
cell hyperplasia, squamous metaplasia, polarization.
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AHHOTauusa

MexaHn3M B3avMOCBSI3U NPeaonyXoneBblX U3MEHEHUA B PeCnupaTopHOM anuTenuM GPOHXOB C PUCKOM
NporpeccmMpoBaHnst HEMeNKOKINeTo4Horo paka nerkoro (HMPJT) octaetcsa HesicHbIM. Mpegnonaraetcs, 4To
CBS13b MeXAy PEaKTUBHbBIMU N3MEHEHUSIMUN B CITM3NCTON BpOHXO0B 1 nporpeccupoBaHnem HMPJT moxeT 6bITb
obycnosrneHa yHKUMOHaNbHBIM CTAaTyCOM KIETOK MOHOUMTapHO-MakpodaranbHOW NMHUK, SBMASHOLLMXCA
BaXKHbIMW y4aCTHUKaMM MPOLECCOB BOCManeHuns, KOTopoe onpeaensieT Kak puck NpeaonyxoneBbiX U3MeHeHNIN
B AMUTENuK, Tak 1 NPOrpeccMpoBaHne 3rokavyecTBEHHOro HoBoobpasoBaHus. Lienb nccnepoBaHus — n3yde-
HVe beHOTUNUYECKoro NPodmIs MOHOLMTOB NepndeprUHecKor KpoBM U Makpodaros, MHOYLMPOBaHHBIX N3
MOHOLIUTOB in Vitro, B 3aBUCUMOCTM OT COCTOSHUS PECnUpaTopHOro anutenus y 6onbHbix HMPI1. MaTtepuan
v MeToAbl. B nccnenosanme BkntoyeHo 39 6onbHbIX C BNepBble AnarHocTnpoBaHHbiM HMPJ1. Ha ocHoBaHmn
pe3ynsTaTtoB MOPAdONOrMYeCKOro NCcnegoBaHns Mernkmx 6POHXOB, B3ATbIX HA pacCTOsHUN 3—5 CM OT onyxonw,
B 3aBYCMMOCTU OT BapmaHTa npegonyxoneBbiX U3MeHeHUn 0onbHbIe Obiny pasgeneHbl Ha CrieayroLwwme rpynmbi:
OTCYTCTBME MPEenonyxoreBbIX U3MeHeHUI (N=6), n3onmpoBaHHasi 6asanbHokneTouHasa runepnnasms (bKI)
(n=13), codetanne BKI™ n nnockoknetouHon metannasum (MM) (n=3), coyeTaHne HEM3MEHEHHOIO ANUTENNS
n ovaroon BKIN (n=17). OueHka eHOTMNNYECKNX OCOBEHHOCTEN MOHOLMTOB Nepudepruyeckon KpoBu 1
WHOYLMPOBAHHBIX in Vvitro makpodaroB NpoBoAmMnacb A0 Hadarna npoTUBOOMYXONEBOro fevyeHns 0onbHbIX
METOAOM NPOTOYHOM unTomeTpumn. PesynbtaTtbl. COCTOSHME pecnupaTtopHOoro anutenus y 6onbHeix HMPI
[0 Hayana NpoTMBOOMYXOMNEBOrO NIeYEHUs aCCOLMMPOBAHO C (PeHOTUNNYECKNMU OCOBEHHOCTSMU MOHOLIMTOB
nepudepryecKor KpoBU, HO He € NPocueM MHOYLMPOBAHHBLIX U3 HUX Makpodaros. Y 6onbHbix HMPJT oT-
MEYEHO MCKaXKeHne OTBEeTa MHOYLMPOBAHHbLIX MakpodaroB Ha nonspuayowmne CTuMynbl: Kak Ha M1-, Tak 1
Ha M2-uHgykTopbl (LPS u IL-4, cOOTBETCTBEHHO) KyNbTUBMPYEMbIE KIETKM OTBEYanu cABUrom deHoTmna B
M2-cTopoHy, npu aToM akcnpeccusa mapkepa CD206 BapbupoBana B HEKOTOPOM AMana3oHe B 3aBUCUMOCTH
OT Hanmuuus 1 BapuaHTa NPefonyxoneBbiX N3MeHeHu. 3akntoveHne. PeHoTUNUYeckMin Npounb MOHO-
LUTOB Nepucepuyeckon KpoBM acCoOLMUPOBAH C COCTOSIHUEM peCcnMpaTopHOro anutenusa y 6onbHbix HMPJ1
[0 Havara npoTMBOOMYXONEBOro NIEYEHNs!, HO He C (PeHOTUNNYECKMMU OCOBEHHOCTAMN UHAYLIMPOBAHHbIX
mMakpodaros.

KntouyeBble crioBa: HeMENKOKIEeTOYHbIW pakK JIerkoro, MOHOLMTLI, Makpodaru, npeaonyxoseBble U3MEHEHMS,
nporpeccupoBaHue, 6a3anbHOKIIETOUHas rMnepniasus, NIOCKOKNeTOYHasA MeTannasus, nonsapusaums.

Introduction

Non-small cell lung cancer (NSCLC) accounts for
approximately 85 % of all lung cancers [1]. Despite
high advances in the diagnosis and treatment of lung
cancer, the overall 5-year survival rate for NSCLC
remains low, reaching 68 % in patients with stage IB
and ranging from 0 % to 10 % in patients with stages

56

IVA-IVB [2]. One of the main causes of death in lung
cancer is the high risk of progression after antitumor
treatment. The ability to predict the risk of NSCLC
progression is an urgent goal of modern oncology.
The prognostic value of the respiratory bronchial
epithelium at a distance from the primary tumor was
described in earlier studies [3]. The presence of basal
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cell hyperplasia in the bronchial epithelium at a dis-
tance from the primary tumor is associated with a high
risk of hematogenous metastasis, and its combination
with squamous metaplasia increases the risk of local
recurrence [3]. The mechanism underlying the identi-
fied phenomenon remains unclear. The relationship
between reactive changes in the bronchial mucosa and
NSCLC progression may be caused by the functional
status of monocytic-macrophage cells as important
participants in inflammation, determining both the risk
of pretumor changes in the epithelium and malignant
progression.

Currently, the role of monocyte-macrophage
lineage cells in cancer pathogenesis has been well
determined. Monocyte-macrophage lineage cells are
known to be highly plastic, i.e., their phenotype can
change under the influence of various factors of the
internal environment and microenvironment. Thus, in
response to LPS and IFN-y, monocytes/macrophages
undergo classical M1 activation, while alternative
M2 activation is induced when exposed to 1L-4/
IL-13. Classically activated M1 and alternatively
activated M2 macrophages have anti-inflammatory
and pro-inflammatory activity, correspondingly [4].
The role of tumor-associated macrophages (TAMs) in
the pathogenesis of malignant growth is known to be
determined by their functional polarization. High in-
filtration of M 1-macrophages in tumor islets has been
shown to be associated with increased overall survival
in NSCLC. High infiltration of M2-macrophages in
stroma and tumor islets was associated with decreased
overall survival [5].

The surface molecules, such as TLR-2, TLR-4,
CD80, CD86, MHC-II (HLA-DR) are known to be the
markers of M1 polarization [6]. The M2 macrophages
can be identified by the expression of surface markers,
such as mannose receptor CD206, CD163, CD209,
FIZZ1 and Ym1 [6].

The role of monocytes in the pathogenesis of malig-
nant growth is primarily related to the replenishment of
various cell populations of tumor microenvironment,
including TAM [7]. It has been suggested that the status
of monocytes in peripheral blood can determine the
properties which tissue macrophages will exhibit in
tumors [8]. The pool of peripheral blood monocytes
is heterogeneous: 3 major populations of monocytes
are identified: classical (CD14+CD16-,), non-classical
(CD14dimCD16+,) and intermediate (CD14+CD16+)
monocytes. As a model for studying the properties of
macrophages in molecular biology, the method of their
induction from peripheral blood monocytes by in vitro
cultivation in the presence of various soluble factors
is widely used [9-15].

The purpose of this study was to investigate the
phenotypic differences of peripheral blood monocytes
and in vitro induced macrophages in NSCLC patients
depending on the pretumor changes of the bronchial
respiratory epithelium.
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Material and Methods

The study included 39 patients with first-time
diagnosed non-small-cell lung cancer, stage I-III,
(T1-4N0-3M0), who were admitted for treatment
to the Cancer Research Institute of Tomsk NRMC
of the RAS in the period from 2019 to 2022. The pa-
tients included 31 men and 8 women. The mean age
of the group was 59.3 = 17.3 years (42 to 81 years).
Squamous cell cancer was verified in 18 patients,
adenocarcinoma in 20 patients, and mixed type in 1
patient. All patients signed an informed consent to
participate in the study. Venous heparinized blood and
lung tissue samples 3—5 cm away from the primary
tumor locus served as the study material. Patients were
divided into groups depending on pretumor changes
in the respiratory bronchial epithelium. The study
was performed in accordance with the Declaration of
Helsinki, 1964, and with the permission of the local
ethical committee of the institute.

Morphological verification of pretumor changes

of bronchial epithelium in small bronchi

in patients with NSCLC

Evaluation of morphological changes in bronchial
epithelium in NMSL patients was performed on small
bronchial tissue samples taken during the operation at
the distance of 3—5 cm from the primary tumor. Tissue
samples were fixed in 10 % formalin for 18-24 hours
and then were embedded in paraffin. Sections of 5
um thickness were prepared from the fixed samples.
Micropreparations were stained with hematoxylin and
eosin solutions according to the standard protocol.
Morphological examination was performed using an
Axio Scope Al light microscope (Carl Zeiss, Germa-
ny). Based on the cytological evaluation, the patients
were divided into the following study groups:

1) NSCLC patients without pretumor changes in
the respiratory epithelium (N), (n=6);

2) NSCLC patients with isolated basal cell hy-
perplasia (BCH+SM-) associated with a high risk of
hematogenous metastasis (n=13);

3) NSCLC patients with the combined presence of
BCH and squamous metaplasia (BCH+SM+), associ-
ated with the risk of local recurrence, (n=3);

4) NSCLC patients with a combination of un-
changed epithelium and focal basal cell hyperplasia
(N+BCH) in the respiratory epithelium (n=17).

Extraction of mononuclear cell fraction

from peripheral blood

Venous blood was collected into heparin-treated
vacutainer tubes in the morning on an empty stomach
in an amount of 20 ml from each patient. Heparinized
blood in a 1:1 ratio was mixed with a wash medium
consisting of RPMI-1640 medium (PanEco, Russia)
to which L-glutamine, penicillin, and streptomycin
were previously added (PanEco, Russia). Mononuclear
cells obtained on a density gradient (p=1.077g/L) were
diluted in complete culture medium to a concentration

o7
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Table 1/Tabnuua 1

Clinico-morphological parameters of patients with non-small cell lung cancer
KnuHuko-mopdonorvyeckme napameTpbl NALMEHTOB C HEMEJKOKIeTOYHbIM PaKOM F1erkoro

Clinico-morphological parameters/ N/ ) BCH+SM-/ BCH-+SM+/ N+BCH/
Knunuko-mMopdonoruueckue HewusmenenHsIi Coueranue bKI" n

ApaMETpEL - W3omuposannas BKIT M Ouarosas BKI"

Age, years/Bospacr, et 63,7+99 61,8 +8,5 75,0£5,2 56,5+ 17,1

Sex/ITon
Male/Myx 5(83,3 %) 11 (84,6 %) 2 (66,7 %) 13 (76,6 %)
Female/2Ken 1 (16,7 %) 2 (15,4 %) 1 (33,3 %) 4 (23,5 %)
Stage/Cranus

I 3 (50,0 %) 7 (53,8 %) = 5(31,3 %)

II 1 (16,7 %) 2 (15,4 %) 1 (33,3 %) 51,3 %)

111 2 (33,3 %) 4 (30,8 %) 2 (66,7 %) 5(31,3 %)

Tumor size/Pa3mep omyxonu
T1-2 6 (100,0 %) 9 (69,2 %) 2 (66,7 %) 7 (41,2 %)
T34 - 4 (30,8 %) 1(33,3 %) 10 (58,8 %)

Table 2/Ta6bnuua 2

Molecular markers of the main populations and types of macrophage polarization used in the study
MonekynsipHble Mapkepbl OCHOBHbIX NONYNALUIA U TUNa Nonspu3aumm makpodaros, UCNOJb30BaHHbIE B

paboTte
Antigen/ Conjugated Fluorochrome/ Clone/ Marker/
AHTUTEH KoHbIOrupoBaHHBI (IH00pOXpoM Knon Mapxkep
CD45 PerCP DI Tota} leukocyte Izlarker/
OO0umii Mapkep JEUKOIUTOB
CD14 FITC MSE2 Monocyte/macrophage marker/
Mapkep MOHOIIUTOB/MaKkpo(haros
CDI6 APC-H7 3G8 Monocyte/macrophage marker/
Mapxkep MOHOIIMTOB/MaKpo(haros
CD68 PECy7 Y1/82A Macrophage marker/Mapkep Makpodaros
CD163 AlexaFlour 647 GHI61 M2 marker of anti-inflammatory monocytes/macrophages/
Mapkep M2 poTHBOBOCHAIHUTEIBHBIX MOHOLIUTOB/MaKpoharoB
CD206 PE 192 M2 marker of anti-inflammatory monocytes/macrophages/
Mapkep M2 npoTHBOBOCTIAITUTEIbHBIX MOHOLIUTOB/MaKkpodaros
HLA-DR APC-Cy7 1243 M1 marker of proinflammatory monocytes/macrophages/

of 2x10°¢ cells/ml (DMEM medium, L-glutamine,
penicillin, and streptomycin, 10 % heat-inactivated
fetal calf serum (Sigma).

Induction of macrophages from peripheral blood
monocytes

The isolated mononuclear cells in the amount of
2x10%in 1 ml of complete culture medium were placed
in a well of a 24-well flat-bottomed plate for cell culti-
vation (Greetmed). Three samples were placed for each
assay: 1 — a control sample, 2 — an M1-macrophage
induction sample, and 3 — an M2-macrophage induc-
tion sample. Macrophage colony-stimulating factor of
macrophages (M-CSF) was added to all wells in the
dose of 20 ng/ml. After 5 days of cell incubation in a
5 % CO, atmosphere, 100 ng/ml lipopolysaccharide
(LPS, Sigma) was added to the second sample, as an
inducer of M1-macrophages and 10 ng/ml interleu-
kin-4 (IL-4, Sigma) was added to the third sample,
as an inducer of M2-macrophages. After 24 hours of
incubation, the fraction of cells that did not adhere to

58

Mapxkep M1 mpoBocnaguTeIbHBIX MOHOIIUTOB/MaKpo(aros

the plate was removed by washing. The adherent cells,
macrophages, were separated from the bottom of the
well with a scraper, collected in tubes with complete
culture medium, fixed, and then stained to study the
induced macrophage phenotype.

Evaluation of the phenotype of monocytes

and in vitro induced macrophages

Phenotypic features of populations of macrophages
induced from monocytes were studied by state-of-
the-art method flow cytofluorometry. The monocyte
and macrophage markers studied in the work are
presented in Table 2. All antibodies were obtained
from BD (USA).

To 1x10° induced macrophages, 5 uL of antibodies
to the antigens indicated in Table 1 were added accord-
ing to the manufacturer’s recommendations. Analysis
without staining (negative control) and analysis with
isotypic antibodies (positive control) were performed
in parallel. Phenotypic features of induced macrophage

SIBERIAN JOURNAL OF ONCOLOGY. 2023; 22(4): 55-64
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CD206+ monocytes CD14+16-HLA-DR+ monocytes
CD206+ MOHOLMTBI CD14+16-HLA-DR+ MOHOLUTBI
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Fig. 1. Phenotypic features of monocytes in NSCLC patients depending on the variant of pretumor changes: a) proportion of cells

expressing CD206+; b) MFI of HLA-DR molecule expressed by CD14+16 monocytes (p — significance level of differences; MFI —

mean

fluorescence intensity measured in standard units; «N» — unchanged respiratory epithelium; «BSH+SM-» — isolated basal cell hyperpla-
sia; «BCH+SM+» — combination of basal cell hyperplasia and squamous metaplasia basal cell hyperplasia; «N+BCH» — combination of
unchanged epithelium and focal basal cell hyperplasia)
Puc. 1. ®eHoTunnyeckme ocobeHHOCTU MoHOUMTOB Y 6onbHbIX HMPI1 B 3aBUCHMOCTM OT BapuaHTa NpefonyxoneBbiX MU3MEeHEHWIA:
a) Jons KneTok, akcnpeccupytowmx CD206+; 6) MFI monekynbl HLA-DR, akcnpeccupyemoin CD14+16-MoHoumTamu (p — ypoBeHb

3Ha4ymMmocTu pasnuuun; MFI —

MeavaHa MHTEHCUBHOCTU chntoopecLeHunn, nsmepsiemas B YCNOBHbIX eAnHnUax; «N» — HensMeHeHHbIN

pecnupaTopHblit anuTenuin; «BSH+SM-» — nsonunposaHHas 6asanbHokneToYHas runepnnasusi; «BCH+SM+» — coyetaHne 6asanbHo-
KINETOYHOW rMnepnnasum 1 NiockokneTouHon metannasum; «N+BCH» — coyeTaHne HEU3MEHEHHOTO ANUTENUS C o4aroBow 6asanbHokIe-
TOYHOW rnepnnasven)

populations were analyzed on a BDFACSCantoll flow
cytofluorimeter.

To stain monocytes, antibodies were added to 100
ul of whole blood and incubated for 20 min in the dark
at room temperature. The erythrocytes were then lysed
with Lysing Solution (BD). Samples were incubated
for 15 min in the dark and washed 2 times with Cell
Wash. Phenotypic features were then analyzed.

The data were visualized and analyzed us-
ing FACSDiva Version 6.1.3 software. In whole
blood samples a CD45+ monocyte was gated,
from which CD14+CD16+classic subpopulation,
CD14+CD16+intermediate subpopulation and CD14-
CDl16+nonclassic monocyte subpopulation were
identified based on expression of CD14 and CD16
molecules. In each of these subpopulations, the pro-
portion of CD68+, CD163+, CD206, and HLA-DR+
cells, as well as their subpopulations, twice positive
for these markers were determined. For induced in
vitro macrophages, the entire pool of CD45+ cells
obtained after collection of the adherent fraction was
examined, assuming that this pool contained only
monocytic-macrophage cells after the manipulations
performed (isolation on a density gradient and removal
of the nonadherent fraction). The gating strategy was
then performed according to the algorithm described
for monocytes. The mean fluorescence intensity (MFI)
in the population of interest, which reflects the density
of the expressed marker, was also assessed.

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2023; 22(4): 55-64

Statistical analysis

Statistical analysis was performed using Statistica
version 12 for Windows (StatSoft Inc). Normal distri-
bution was confirmed using the Kolmogorov-Smirnov
and Shapiro-Wilk tests, depending on the sample size.
The studied parameters were not distributed according
to the normal law, so descriptive statistics were pre-
sented in the form of medians (Me) and interquartile
range (Q1:Q3). Mann-Whitney test for independent
samples was used to identify significant differences
between monocyte and in vitro induced macrophage
parameters. Differences in comparison groups were
considered significant when the level of significance
(p<0.05) was reached. Data at the level of statistical
trend were also discussed (p<0.1).

Results

Association between the phenotypic profile

of peripheral blood monocytes in NSCLC patients

and the variant of pretumor changes in the

respiratory epithelium

Peripheral blood monocytes from NSCLC patients
were significantly more likely to have the M2-polar-
ized CD206+ phenotype in the group of patients with
unchanged epithelium 40.3 [30.3-59.5] % compared
to the group of patients who had isolated BCH in the
respiratory bronchial epithelium 24.8 [13.7-53.2] %,
(p=0.018) (Fig. 1A). There was also an increase in
the CD206+ monocyte population in the group of
patients with a combination of BCH and SM of 55.5
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CD68+163- macrophages
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Fig. 2. Phenotypic features of in vitro induced macrophages without
the addition of polarization inducers in NSCLC patients depending
on the variant of pretumor changes (p — significance level of dif-
ferences; «N» — unchanged respiratory epithelium; «BSH+SM-» —
isolated basal cell hyperplasia; «BCH+SM+» — combination of basal
cell hyperplasia and squamous metaplasia basal cell hyperplasia;
«N+BCH» — combination of unchanged epithelium and focal basal
cell hyperplasia)

Puc. 2. ®eHoTunuyeckne ocobeHHOCTUM UHAYLMPOBAHHBIX in
vitro makpodaroB 6e3 AobaBneHVs MHOYKTOPOB Monspusaumun y
6onbHbIXx HMPJ1 B 3aBMCMMOCTM OT BapuaHTa NpefonyxoneBbixX
N3MeHeHUN (p — ypoBeHb 3Ha4YMMOCTK pasnunyni; «N» — Hensme-
HEHHbIN pecnMpaTopHbIv anutenuin; «kBSH+SM-» — nsonuposaHHasi
6aszanbHokneToyHas runepnnasusi; «kBCH+SM+» — coueTaHue ba-
3anbHOKMETOYHON TMMNEPNNa3vm 1 NIOCKOKNETOYHOW MeTanasuu;
«N+BCH» — coyeTaHne HeW3MEHEeHHOro aNWUTENusA C O4aroBOmn
6a3anbHOKNETOYHON runepnnasven)

[44.5-94.3] % compared with the group of patients
with focal BCH of 27.5 [1.50—44.5] % (p=0.028).

Increased expression of HLA-DR molecule re-
sponsible for antigen presentation and induction of
immune response in a subpopulation of classical
CD14+16- monocytes was a distinctive feature of
NSCLC patients with unchanged epithelium 14590
[7937-17322] s.u. compared with the group of patients
with focal BCH in the respiratory bronchial epithelium
of 5127 [3377-7315] s.u. (p=0.053, Fig. 1B).

Study of the phenotypic profile of model mac-
rophages differentiated in vitro from monocytes of
NSCLC patients with different variants of pretumor
changes of respiratory epithelium

Macrophages cultured without addition of polar-
ization inductors had no statistically significant differ-
ences in comparison groups. However, at the level of
statistical trend, it was noted that in patients with the
presence of isolated BCH in the bronchial epithelium,
macrophages had the CD68+163- phenotype more
frequently — 0.6 [0.2—-1.6] % compared to NSCLC
patients who had the combination of unchanged
epithelium with focal BCH 0 [0.0-0.2] % (p=0.092)

(Fig. 2).
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Fig. 3. Phenotypic features of in vitro induced macrophages with
LPS addition in NSCLC patients depending on the variant of pre-
tumor changes (p — significance level of differences; MFI — mean
fluorescence intensity measured in standard units; «N» —unchanged
respiratory epithelium; «BSH+SM-» —isolated basal cell hyperplasia;
«BCH+SM+» — combination of basal cell hyperplasia and squamous
metaplasia basal cell hyperplasia; «N+BCH» — combination of un-
changed epithelium and focal basal cell hyperplasia)

Puc. 3. ®eHoTunuueckne ocCOBGEHHOCTU UHAYLIMPOBAHHBIX in Vitro
makpodparo npu gobasneHun LPS y 6onbHeix HMPI1 B 3aBucu-
MOCTV OT BapuaHTa MNpeaonyxoneBblX U3MeHeHu (p — ypoBeHb
3HauMMocTu pa3nununii; MFI — megmaHa MHTEHCMBHOCTU chritoopec-
LeHUMK, namepsiemasi B yCrnoBHbIX eanHuuax; «N» — HemaMeHeH-
HbI pecnupaTopHbI anuTenuin; «BSH+SM-» — nsonupoBaHHas
OasanbHokneToyHasa runepnnasus; «BCH+SM+» — coueTaHue
6a3anbHOKIETOYHON rMMnepnnasum 1 NIoCKOKNETOYHOW MeTanna-
3un; «N+BCH» — coyeTaHne HeM3MeHEHHOro ANUTENUS C 04aroBom
6a3anbHOKNETOYHON runepnnasven)

Phenotypic features of macrophages depending
on the variant of pretumor changes of respiratory
epithelium during incubation with LPS

Cell cultivation in the presence of LPS — inducer of
M1 -polarization was followed by expressive differenc-
es in the expression of M2-polarization marker CD206
on the surface of induced macrophages depending
on the state of the respiratory epithelium. Thus, the
maximum level of expression of this molecule was
noted in patients with the presence of isolated BCH
(6389 [4296-7075] s.u.); when BCH and SM were
combined, this index was 4387 [4142-4631] s.u.;
with unchanged epithelium — 2570 [2350-3048] s.u.;
and reached the minimum values in focal BCH on the
background of normal epithelium — 1654 [1441-4282]
s.u., (p=0.018) (Fig. 3).

Phenotypic features of macrophages depending
on the variant of pretumor changes of respiratory
epithelium during incubation with IL-4

Addition of the M2 polarization inducer 1L-4
to the macrophage culture medium was followed
by almost the same expression rates of the CD206
molecule as when LPS was added, except for patients
with a combination of BCH and SM: they showed
an increase in the mean fluorescence of this marker
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Fig. 4. Phenotypic features of in vitro induced macrophages with IL-4 addition in patients with NSCLC depending on the variant of pretu-
mor changes: a) share of cells with CD14-16+ phenotype; b) MFI of CD206+ phenotype (p — significance level of differences;

MFI — mean fluorescence intensity measured in standard units; «N» — unchanged respiratory epithelium; «BSH+SM-» — isolated basal
cell hyperplasia; «cBCH+SM+» — combination of basal cell hyperplasia and squamous metaplasia basal cell hyperplasia;
«N+BCH» — combination of unchanged epithelium and focal basal cell hyperplasia)

Puc. 4. ®eHoTMnM4eckme ocobEHHOCTY UHAYLMPOBAHHbIX in Vvitro makpodaros ¢ gobasneHvem IL-4 y 6onbHbeix HMPJ1 B 3aBMCUMOCTM OT
BapuaHTa NpeaonyxoneBbiX U3MEHEHWUIA: a) AoNs KneTok, ¢ peHotunom CD14-16+; 6) MFI doeHotnna CD206+ (p — ypoBeHb 3HaUNMO-
ctv pas3nuumin; MFI — megrnaHa MHTEHCMBHOCTY Ort0OpECLIEHLMM, U3MepsieMas B YCNOBHbIX eanHuLax; «N» — HeM3MeHeHHbIV pecnvpa-
TOpHbIN anuTenuii; «BSH+SM-» — nsonupoBaHHas 6a3anbHokneTouHas runepnnasus; «BCH+SM+» — coyeTaHve 6a3anbHOKNETOYHOM
rMnepnnasum u NIocKokneTouHon metannasum; «N+BCH» — coyeTaHe HEU3MEHEHHOTO AMUTENNS C 04aroBov 6a3anbHOKNETOYHOW
rmnepnnasmven)

to 7427 [4711-10137] s.u. (Fig. 4). The presence of
IL-4 in the cultivation medium caused an increase in
the CD14-16+ subpopulation of cells exhibiting the
phenotype of non-classical monocytes, in samples
from patients with the presence of pretumor changes
in the respiratory epithelium compared with those
in patients with unchanged epithelium, reaching a
level of statistical significance with the focal BCH
group against a background of normal epithelium
(5.3[0.3-18.8]% and 20.9 [10.5-26.4] %, (p=0.022))
(Fig. 4).

Discussion

Itis known that pretumor changes on the background
of chronic inflammation in respiratory epithelium are
an important stage of malignant transformation [16].
Pretumor changes in bronchial epithelium go through
several stages: basal cell hyperplasia, squamous
metaplasia, dysplasia (mild, medium and severe)
and carcinoma in situ [16]. In fact, the presence
of persistent or progressive high-grade dysplasia
(moderate or severe) is a marker of increased risk for
lung cancer. However, there are currently insufficient
effective tools to detect these pretumor changes with
the highest risk of progression to carcinoma in situ.

On the opposite of that, monocyte-macrophage
cells — tissue macrophages and monocytes as their
plastic resource — are known to be important partici-
pants in both inflammation and tumor progression. It
is possible that pretumor changes of respiratory epi-
thelium can be determined by functional features of
both tissue macrophages and circulating monocytes,
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which can transfer the properties acquired at earlier
stages of life cycle to differentiating macrophages by
epigenomic changes [17]. This phenomenon becomes
particularly important under conditions of malignant
growth, when monocytes become a resource for TAM
[18].Thus, the properties of circulating monocytes
can be associated not only with the state of bronchial
epithelium at a distance from the tumor node, but also
with its prognostic value, since the monocyte proper-
ties determine the functional profile of TAM in the
tumor and, accordingly, its malignant potential.

This study revealed phenotypic differences between
monocytes and in vitro induced macrophages in
NSCLC patients in the groups with different variants of
pretumor changes at a distance from the primary tumor
node. In particular, when considering the prevalence
of CD68+163- phenotype among in vitro induced
macrophages without the addition of polarization
inducers, we can note that in general the medians in the
groups of patients with the presence of morphological
changes in the respiratory epithelium are lower than
in patients with unchanged epithelium.

For correct interpretation of the revealed phenotypic
features of monocytic-macrophage cells it is necessary
to have an understanding of the relationship between
the phenotypic features and the functional orientation
of this group of cells. Some groups of authors
suggest using molecules such as CD80, CD86,
HLA-DR, CD40, CD38, TLR4, etc. as markers of
M1 polarization. Similarly, there are several markers
used by different authors for M2 polarized cells.
The most frequently mentioned are CD163, CD206,
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CD204, less frequently MARCO-receptor, CD169,
stabilin-1, CD36, CD9, etc. [19-21]. In this study, an
increase in the population of macrophages expressing
the HLA-DR marker as well as macrophages lacking
the expression of M2 polarization markers — antigens
CD163 and CD206 — should be considered a sign of
M1 polarization.

This work demonstrated that the presence of
pretumor changes is indeed associated with the
features of the inflammatory infiltrate, particularly the
functional and phenotypic characteristics of monocyte-
macrophage cells.

It should be noted that in NSCLC patients the
response to polarizing stimuli is distorted: both to M1
and M2 inducers the cultured cells respond with a shift
of the phenotype to the M2 side. Addition of the M1
polarization inducer LPS to the macrophage cultivation
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