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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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Аннотация

Механизм взаимосвязи предопухолевых изменений в респираторном эпителии бронхов с риском 
прогрессирования немелкоклеточного рака легкого (НМРЛ) остается неясным. Предполагается, что 
связь между реактивными изменениями в слизистой бронхов и прогрессированием НМРЛ может быть 
обусловлена функциональным статусом клеток моноцитарно-макрофагальной линии, являющихся 
важными участниками процессов воспаления, которое определяет как риск предопухолевых изменений 
в эпителии, так и прогрессирование злокачественного новообразования. Цель исследования – изуче-
ние фенотипического профиля моноцитов периферической крови и макрофагов, индуцированных из 
моноцитов in vitro, в зависимости от состояния респираторного эпителия у больных НМРЛ. Материал 
и методы. В исследование включено 39 больных с впервые диагностированным НМРЛ. На основании 
результатов морфологического исследования мелких бронхов, взятых на расстоянии 3–5 см от опухоли, 
в зависимости от варианта предопухолевых изменений больные были разделены на следующие группы: 
отсутствие предопухолевых изменений (n=6), изолированная базальноклеточная гиперплазия (БКГ) 
(n=13), сочетание БКГ и плоскоклеточной метаплазии (ПМ) (n=3), сочетание неизмененного эпителия 
и очаговой БКГ (n=17). Оценка фенотипических особенностей моноцитов периферической крови и 
индуцированных in vitro макрофагов проводилась до начала противоопухолевого лечения больных 
методом проточной цитометрии. Результаты. Состояние респираторного эпителия у больных НМРЛ 
до начала противоопухолевого лечения ассоциировано с фенотипическими особенностями моноцитов 
периферической крови, но не с профилем индуцированных из них макрофагов. У больных НМРЛ от-
мечено искажение ответа индуцированных макрофагов на поляризующие стимулы: как на М1-, так и 
на М2-индукторы (LPS и IL-4, соответственно) культивируемые клетки отвечали сдвигом фенотипа в 
М2-сторону, при этом экспрессия маркера CD206 варьировала в некотором диапазоне в зависимости 
от наличия и варианта предопухолевых изменений. Заключение. Фенотипический профиль моно-
цитов периферической крови ассоциирован с состоянием респираторного эпителия у больных НМРЛ 
до начала противоопухолевого лечения, но не с фенотипическими особенностями индуцированных 
макрофагов. 

Ключевые слова: немелкоклеточный рак легкого, моноциты, макрофаги, предопухолевые изменения, 
прогрессирование, базальноклеточная гиперплазия, плоскоклеточная метаплазия, поляризация. 

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 

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-γ, monocytes/macrophages 
undergo classical M1 activation, while alternative 
M2 activation is induced when exposed to IL-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 M1-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.

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 
µm 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 A1 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 (ρ=1.077g/L) were 
diluted in complete culture medium to a concentration 
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of 2×106 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 
2×106 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 % CO2 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 

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 1×106 induced macrophages, 5 μL 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 

Table 1/Таблица 1

Clinico-morphological parameters of patients with non-small cell lung cancer

Клинико-морфологические параметры пациентов с немелкоклеточным раком легкого

Clinico-morphological parameters/
Клинико-морфологические 

параметры

N/
Неизмененный  

эпителий

BCH+SM-/
Изолированная БКГ

BCH+SM+/
Сочетание БКГ и 

ПМ

N+BCH/
Очаговая БКГ

Age, years/Возраст, лет 63,7 ± 9,9 61,8 ± 8,5 75,0 ± 5,2 56,5 ± 17,1
Sex/Пол

Male/Муж 5 (83,3 %) 11 (84,6 %) 2 (66,7 %) 13 (76,6 %)
Female/Жен 1 (16,7 %) 2 (15,4 %) 1 (33,3 %) 4 (23,5 %)

Stage/Стадия 
I 3 (50,0 %) 7 (53,8 %) – 5 (31,3 %)
II 1 (16,7 %) 2 (15,4 %) 1 (33,3 %) 5 (31,3 %)
III 2 (33,3 %) 4 (30,8 %) 2 (66,7 %) 5 (31,3 %)

Tumor size/Размер опухоли 
Т1–2 6 (100,0 %) 9 (69,2 %) 2 (66,7 %) 7 (41,2 %)
Т3–4 – 4 (30,8 %) 1 (33,3 %) 10 (58,8 %)

Table 2/Таблица 2

Molecular markers of the main populations and types of macrophage polarization used in the study

Молекулярные маркеры основных популяций и типа поляризации макрофагов, использованные в 
работе

Antigen/
Антиген

Conjugated Fluorochrome/
Конъюгированный флюорохром

Clone/
Клон

Marker/
Маркер

CD45 PerCP 2D1 Total leukocyte marker/
Общий маркер лейкоцитов

CD14 FITC M5E2 Monocyte/macrophage marker/
Маркер моноцитов/макрофагов

CD16 APC-H7 3G8 Monocyte/macrophage marker/
Маркер моноцитов/макрофагов

CD68 PECy7 Y1/82A Macrophage marker/Маркер макрофагов

CD163 AlexaFlour 647 GHI/61 M2 marker of anti-inflammatory monocytes/macrophages/
Маркер М2 противовоспалительных моноцитов/макрофагов

CD206 PE 19.2 M2 marker of anti-inflammatory monocytes/macrophages/
Маркер М2 противовоспалительных моноцитов/макрофагов

HLA-DR APC-Cy7 L243 M1 marker of proinflammatory monocytes/macrophages/
Маркер М1 провоспалительных моноцитов/макрофагов
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populations were analyzed on a BDFACSCantoII flow 
cytofluorimeter.

To stain monocytes, antibodies were added to 100 
µl 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-
CD16+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.

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 

Fig. 1. Phenotypic features of monocytes in NSCLC patients depending on the variant of pretumor changes: а) 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)
Рис. 1. Фенотипические особенности моноцитов у больных НМРЛ в зависимости от варианта предопухолевых изменений: 
а) доля клеток, экспрессирующих CD206+; б) MFI молекулы HLA-DR, экспрессируемой CD14+16-моноцитами (p – уровень 

значимости различий; MFI – медиана интенсивности флюоресценции, измеряемая в условных единицах; «N» – неизмененный 
респираторный эпителий; «BSH+SM-» – изолированная базальноклеточная гиперплазия; «BCH+SM+» – сочетание базально-

клеточной гиперплазии и плоскоклеточной метаплазии; «N+BCH» – сочетание неизмененного эпителия с очаговой базальнокле-
точной гиперплазией)
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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)
Рис. 2. Фенотипические особенности индуцированных in 
vitro макрофагов без добавления индукторов поляризации у 
больных НМРЛ в зависимости от варианта предопухолевых 
изменений (p – уровень значимости различий; «N» – неизме-
ненный респираторный эпителий; «BSH+SM-» – изолированная 
базальноклеточная гиперплазия; «BCH+SM+» – сочетание ба-
зальноклеточной гиперплазии и плоскоклеточной метаплазии; 
«N+BCH» – сочетание неизмененного эпителия с очаговой 
базальноклеточной гиперплазией)

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)
Рис. 3. Фенотипические особенности индуцированных in vitro 
макрофагов при добавлении LPS у больных НМРЛ в зависи-
мости от варианта предопухолевых изменений (p – уровень 
значимости различий; MFI – медиана интенсивности флюорес-
ценции, измеряемая в условных единицах; «N» – неизменен-
ный респираторный эпителий; «BSH+SM-» – изолированная 
базальноклеточная гиперплазия; «BCH+SM+» – сочетание 
базальноклеточной гиперплазии и плоскоклеточной метапла-
зии; «N+BCH» – сочетание неизмененного эпителия с очаговой 
базальноклеточной гиперплазией)

[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).

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 IL-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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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
It is 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, 

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, 

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: а) 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; «BCH+SM+» – combination of basal cell hyperplasia and squamous metaplasia basal cell hyperplasia; 

«N+BCH» – combination of unchanged epithelium and focal basal cell hyperplasia)
Рис. 4. Фенотипические особенности индуцированных in vitro макрофагов с добавлением IL-4 у больных НМРЛ в зависимости от 
варианта предопухолевых изменений: а) доля клеток, с фенотипом CD14-16+; б) MFI фенотипа CD206+ (p – уровень значимо-

сти различий; MFI – медиана интенсивности флюоресценции, измеряемая в условных единицах; «N» – неизмененный респира-
торный эпителий; «BSH+SM-» – изолированная базальноклеточная гиперплазия; «BCH+SM+» – сочетание базальноклеточной 

гиперплазии и плоскоклеточной метаплазии; «N+BCH» – сочетание неизмененного эпителия с очаговой базальноклеточной 
гиперплазией)
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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 

medium was followed by almost the same indicators 
of CD206 molecule expression as addition of IL-4, 
providing M2 polarization. The presence of isolated 
basal cell hyperplasia, including its combination with 
squamous metaplasia, is followed by inhibition of 
M1-polarization.

Conclusion
This study reveals the relationship of phenotypic 

profile of monocytes but not induced from them in vitro 
macrophages with the presence and variant of pretumor 
changes in the respiratory bronchial epithelium of 
NSCLC patients. Further work using new generation 
sequencing techniques is required to better understand 
the mechanisms of association between the functional 
profile of monocyte-macrophage cells and the state of 
the respiratory epithelium.
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