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ABSTRACT

The aim of the study was to evaluate the expression of scavenger receptors (CD163, CD204, CD206) on
macrophages in patients with pulmonary tuberculosis, depending on the clinical form of the disease and sensitivity
of the pathogen to anti-tuberculosis drugs.

Materials and methods. 64 patients with pulmonary tuberculosis (TB) were examined: 26 patients with
disseminated pulmonary tuberculosis (DTB) and 38 patients with infiltrative pulmonary tuberculosis (ITB). Of
these, 42 patients secreted Mycobacterium tuberculosis (MBT) sensitive to basic antituberculosis drugs (ATBD),
and 22 patients secreted MBT resistant to first-line anti-TB drugs. Material for the study was venous blood.

To isolate monocytes from the whole blood in order to transform them into macrophages, Ficoll density gradient
centrifugation with a density of 1.077 g / cm® was used followed by immunomagnetic separation of CD14+
cells. Monocytes were cultured in the X-VIVO 10 medium with gentamicin and phenol red with the addition of
macrophage colony-stimulating factor (M-CSF) (5 ng / ml) at a concentration of 1x10° cells / ml with stimulators:
interleukin (IL)-4 (10 ng / ml) and interferon (IFN) y (100 ng / ml). Immunophenotyping of macrophages was
performed using monoclonal antibodies to CD163, CD204, and CD206 on the Beckman Coulter CytoFLEX LX
Flow Cytometer. The analysis of the obtained data was carried out using the CytExpert 2.0 software. The results
were analyzed using statistical methods.

Results. Switching the phenotype of macrophages from the M1-like proinflammatory phenotype to M2-like anti-
inflammatory one contributes to the chronic course of pulmonary TB, dissemination, and persistence of infection.
In the present study, we analyzed the features of the expression of CD163, CD204, and CD206 scavenger receptors
on macrophages in patients with pulmonary TB. An increase in the number of macrophages carrying markers of
the M2 subpopulation (CD163, CD204, and CD206) on their surface was noted, regardless of the clinical form of
pulmonary TB and drug resistance of M. tuberculosis.

Conclusion. Studying the mechanisms underlying M1 or M2 activation of macrophages is necessary for a deeper
understanding of the immunopathogenesis of TB and the role of innate immunity cells in protecting the body from
mycobacteria. The analysis of the expression of scavenger receptors CD163, CD204, and CD206 on macrophages
allowed to conclude that, in pulmonary TB, especially in patients with drug resistant M. tuberculosis and infiltrative
TB, regulatory mechanisms that suppress the activation of innate immunity are implemented together with
polarization of macrophage differentiation towards the M2 phenotype. It may be the cause of immune deficiency
induced by the pathogen.
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PE3IOME

Hesb paboTsl — OLIeHKA SKCHpeccuu ckaBeHmkep-penentopos (CD163, CD204, CD206) na makpodarax y 60b-
HBIX TYOEpKYJIC30M JIETKHX B 3aBUCHUMOCTH OT KIMHUYECKOH (OpMbI 3a00JICBaHUS M 4yBCTBUTEIBHOCTH BO30Y /11~
TeJIst K IPOTUBOTYOEPKYJIE3HBIM CPEICTBAM.

Marepnainl n Metoabl. O0cnenoBansl 64 nanuenTa ¢ Tyoepkyinesom jerkux (Th): 40 MyxuuH U 24 SKSHIIUHEL,
N3 KOTOPBIX 26 YeNOBEK C JMCCEMHHHPOBaHHBIM TyOepkyie3om yerkux (ATB) m 38 — ¢ mHQUIBTpAaTHBHBIM
TyOepkynezom aerkux (UTB). M3 uux Obuio 42 nanumenta, Beiaesionx Mycobacterium tuberculosis (MBT),
YyBCTBHUTEJILHBIE K OCHOBHBIM NPOTUBOTYOepKyie3HbM cpeactBaM (I1TC), u 22 nanuenta, Beyenstonmx MBT,
YCTOMYUBBIE K JIGKAPCTBEHHBIM CPEJCTBAM OCHOBHOTI'O psijia MPOTHBOTYOEPKYNIe3HOH Tepanuu. Marepuaiom uc-
CJI€ZIOBaHMUS SIBJISIACH BEHO3HAs! KPOBb.

J11st BBIZIETICHUSI MOHOITUTOB U3 LIEJIBHOM KPOBH C LENBI0 UX TpaHC(OpPManK B Makpo(ard NCIIOIb30BaId METOL
ueHTpU(yrupoBanust B rpagueHte ¢Gukouia mwioTHOCThio 1,077 r/cM® ¢ mocienyromieii “MMyHOMArHUTHON
cenapanueir CD14+ xirerok. MOHOIMTHI KyJIbTUBHPOBAIN B IOJHON muTaTensHoi cpene X-VIVO 10 with gen-
tamicin and phenol red ¢ no6aBieHneM KomoHUECTHMYyNHUpYyIOmero dakropa Makpodaros (M-CSF) (5 ur/min) B
koHIeHTparmu 1 x 10° kierok/mi co crumyisitopamu: narepaeiikuaom (IL) 4 (10 ur/mn) u uarepdeponom (IFN) y
(100 ur/m). UmmyHOdeHOTHIIHPOBaHE MAaKpO(aroB IIPOBOAMIHN C HCIIOIb30BAHUEM MOHOKIIOHAIBHBIX AaHTUTEI
k CD163, CD204, CD206 na mporounom muromerpe Beckman Coulter CytoFLEX LX. AHanu3 moixydeHHBIX
JTAHHBIX OCYIIECTBILSUTH MPH TOMOIIH mporpaMmuoro npuiokenus CytExpert 2.0. [Tomyuennsle pe3ynbpTaThl aHa-
JIM3UPOBAIN CTATUCTHYECKUMHU METOIaMU.

PesyabTatsl. [lepexirouerne gpeHoTuma Makpoharos ¢ mpoBOCHaIUTEIbHOT0 M1 Ha MPOTHBOBOCIATIUTEILHBIN
M2, ycTaHOBIEHHOE HAaMH B XOJi¢ HACTOSIIIETO MCCIIEIOBAHMS, CIOCOOCTBYET XPOHNIECKOMY TEIEHHIO TyOepKy-
J71e3a JIETKHUX, TUCCEMUHAINN 1 IEPCUCTEHINH HHPEeKIuH. MBI poaHaTN3UPOBAIN 0COOCHHOCTH SKCIPECCHH CKa-
BeHKep-penentopoB CD163, CD204 u CD206 na makpodarax y O0NbHBIX TyOepKyJie30M JeTKuX. AHAIH3 IKC-
MIPECCHU CKaBEHKEP-PEIETITOPOB Ha Makpodarax moka3al 3HaunMoe yBennuenue yrnciaensoctu CD163, CD204
1 CD206-1103UTHBHBIX KIIETOK y 00nbHBIX Th He3aBUCHMO OT KIMHUYECKOH (OpMBI 3a00JIeBaHNS U JIEKAPCTBCH-
HoOU uyBcTBUTENbHOCTH M. tuberculosis x IITC mo cpaBHEHHIO C TPYyMIION 30POBBIX JOHOPOB.

3akiouenne. VccienoBanne MeXaHU3MOB, JIeKaluX B ocHoBe M1- win M2-aktuBanun Makpodaros, Heo0Xo-
MO JTst ©oJiee rryGOKOro MOHMMaHUsI UMMYHONIATOreHe3a TyOepKyne3HOit HH(EKIMU U POJTH KIETOK BPOXK/ICH-
HOI'0 UIMMYHHTETA B 3aLIUTE OpPraHM3Ma OT MUKOOAKTepUil. AHAIM3 KCIIPECCHH CKaBeHIkep-penentopos CD163,
CD204 u CD206 Ha makpodarax mo3BoJINII HaM IPUHTH K 3aKITIOYEHHIO, YTO TIPH TyOepKyIie3e Jerkux, 0COOCHHO
y OOJBHBIX C JIEKapCTBEHHOU yCTOH4YMBOCTBIO M. tuberculosis n nipun MHQUIBTpaTUBHOW (opMe 3aboseBaHus,
PEATH3YIOTCS MEXaHU3Mbl PETYJISINY, OAABISAIONINE aKTHBALUIO BPOXKACHHOTO MMMYHHTETA, C TOJpU3aLHeil
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i depeHpoBKH Makpodaros B HanpasieHHH M2-(eHoTuIIa, 4T, BEPOSITHO, SBJISIETCS IPUIHHON GopMupoBa-
HUSI IMMYHOIC(UIITA, HHAYLHPOBAHHOTO BO30YAUTEICM.

KuiroueBble ciioBa: makpodaru, TyOepKyIie3 JISTKUX, BPOJKACHHBIH HMMYHUTET, AMMYHHbIH OTBET, CKaBeHDKEp-
peuentopsr, IL-4, [FNy, CD163, CD204, CD206

Kondaukt unrepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIHAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIeH CTaThH.

Hcrounuk ¢punancupoBanus. lcciaenoBaHnue BBHIONHEHO NMpH (HUHAHCOBOH momuepixkke CoBeTa Mo TpaHTam
[Ipesunenta Poccuiickoit denepannu ans Bexymmx HaydHbix mion (HII-2690.2018.7) u PODU B pamkax
Hay4yHOTro mpoekta Ne 19-315-90018.

CoorBercTBue mnpuHUMOAM 3THKH. OT KakJIOro oOCIEOBAaHHOIO OBLIO TONYYeHO JOOPOBOIBLHOE
MH(QOPMUPOBAHHOE COTIaCHE Ha MPOBEJIEHHE HCCenoBaHus. MccnenoBanie 0JJ00pEHO JTOKAIbHBIM STHIECKUM
xomuteToM CubI'MYV (mportoxon Ne 5648 ot 27.11.2017).

Jos nurupoBanus: Uypuna E.I'., [Tomosa A.B., Ypazosa O.U., [1ateimesa M.P., Kono6osaukosa 10.B., Uymako-
Ba C.I1. Dxcnpeccus ckaBenmxep-penentopos CD163, CD204 u CD206 Ha Makpogarax y O0JIBHBIX TyOepKyIe30M
nerkux . broanemens cudbupckou meouyunvl. 2022;21(4):140-149. https://doi.org/10.20538/1682-0363-2022-4-140-
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INTRODUCTION

Macrophages play a crucial role in the defense
of the body from Mycobacterium tuberculosis. They
are involved in both innate and adaptive immune
responses and also regulate remodeling and repair
processes in damaged tissues [1, 2]. Macrophages
are characterized by versatility and plasticity; they
are capable of switching a functional phenotype in
tissues [3—6]. This heterogeneity is determined by
the ability of macrophages to implement different
activation programs in response to different stimuli,
such as cytokine signals, damage-associated
molecular patterns, or pathogenicity patterns in the
body.

According to the recent WHO Global Tuberculosis
Report, there was a decline in deaths from tuberculosis
(TB) in 2018: 1.5 million people died in comparison
with 1.6 million in 2017. However, the incidence of
TB remains high: about 10 million people worldwide
were diagnosed with TB in 2018 [7]. M. tuberculosis
develops resistance to anti-tuberculosis drugs
(ATBD), which is an important problem. A variant
of extensively drug-resistant tuberculosis (XDR-
TB), when M. tuberculosis does not respond to any
of the existing antibiotics, has been registered in 117
countries [8].

Dysregulation of the immune response during the
development of pulmonary tuberculosis (TB) occurs
even at its earliest stages, primarily at the stage of
macrophage activation and antigen presentation to
T-helper cells. Macrophages play an important role

in successful immune defense when M. tuberculosis
components penetrate into mucous membranes
of the respiratory tract. M1 macrophages trigger
acute lung inflammation and rapidly activate the
mechanisms of innate immunity, inflammatory and
cytotoxic T-cell responses. It causes the development
of acute destructive, clinical and pathogenetic
forms of pulmonary TB, such as infiltrative and
disseminated TB [9]. Later an immune control of the
M. tuberculosis infection depends on the direction of
the macrophage differentiation and the effectiveness
of the inflammatory response implemented by CD4+
type 1 T-helper cells (Th1l) [10-12]. Switching the
phenotype of macrophages to the M2-like anti-
inflammatory one leads to chronic and persistent
TB infection. Mechanisms of innate immunity in
pulmonary TB require more detailed consideration,
first of all, through analyzing the receptor profile of
macrophages. The scavenger receptors of monocytes
and (or) macrophages, which include CD206 mannose
receptor, scavenger receptor A — SR-A (CD204),
and CD163 membrane marker, are of the greatest
interest [12, 13—16]. Many questions remain open
related to the plasticity, polarization, and activation of
macrophages in various clinical forms of pulmonary
TB and depending on the resistance or sensitivity of
M. tuberculosis to ATBD.

Therefore, the aim of the study was to evaluate the
expression of scavenger receptors (CD163, CD204,
CD206) on macrophages in patients with pulmonary
TB depending on its clinical form and sensitivity of
the pathogen to ATBD.
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MATERIALS AND METHODS

We examined 64 patients (40 men and 24 women)
aged 23-50 years (average age 43.10 £ 10.00 years)
with newly diagnosed pulmonary TB. The disease
was diagnosed at Tomsk Phthisiopulmonology
Medical Center. The diagnosis was established based
on the past medical history, clinical presentation of the
disease, as well as the results of the X-ray examination
of the lungs and bacteriological and microscopic
examination of the sputum. All patients were examined
before the initiation of anti-TB chemotherapy. The
clinical form of the disease was diagnosed using an
X-ray examination of the lungs. In most patients, both
lungs were affected by the pathological process. In ITB,
the examination detected one or more heterogeneous
infiltration shadows (3—6 cm in diameter) in the lungs.
In DTB, multiple small- and medium-sized foci with
heterogeneous structures were detected. Bacterial
excretion (MTB+) was registered in all patients.
Mycobacterium tuberculosis (MTB) was identified
by Ziehl — Neelsen stained sputum smear microscopy
as well as by fluorescence microscopy of auramine-
stained sputum smears. To determine the species of
M. tuberculosis and MBT sensitivity to ATBD, the
absolute concentration method and sputum culture in
Lowenstein — Jensen and Finn-2 solid nutrient media
were used.

TB patients were divided into two groups
depending on the clinical form of the disease: 26
patients with disseminated pulmonary tuberculosis
(DTB) and 38 patients with infiltrative pulmonary
tuberculosis (ITB). In all examined TB patients,
the causative agent had drug sensitivity to basic
ATBD. This criterion was used to identify 42
patients secreting M. tuberculosis (MBT), sensitive
to the basic ATBD, and 22 patients secreting MBT
resistant to the first-line drugs (isoniazid, rifampicin,
streptomycin, ethambutol). Exclusion criteria for
TB patients to participate in the study were: 1)
cancer, diabetes mellitus, allergies and autoimmune
diseases, viral hepatitis, and HIV; 2) treatment with
ATBD and immunosuppressants. The comparison
group consisted of 30 healthy donors (20 men and 10
women) aged 23—50 years (average age 41.31 + 7.47
years) without past medical history of pulmonary TB.
All patients signed an informed consent to participate
in the study.

Immunomagnetic separation of blood monocytes.
The material for the study was venous blood taken
from healthy donors and patients with pulmonary TB.

Blood sampling was carried out once, during the most
intense phase of the disease, before the initiation of
the anti-TB chemotherapy. To isolate monocytes from
the whole blood for their further transformation into
macrophages, the method of magnetic separation of
CD14+ monocytes (MACS MultiStand, Germany)
was used according to the manufacturer’s instructions
for the Monocyte isolation kit, Miltenyi Biotec
GmbH (Germany). 30 ml of whole venous blood was
collected into vacuum blood collection systems with
an anticoagulant (K3-EDTA). The blood was diluted
with phosphate — buffer saline (PBS) at a ratio of 1:1
and layered on 15 ml of the Ficoll cushion with a
density of 1.077 g/ cm?. The samples were centrifuged
for 30 min at 0.016 g. The resulting mononuclear
fraction was collected and washed from PBS twice.
After that, 5 ml of PBS was added and mixed; then the
number of mononuclear cells was counted using the
automated cell counter Scepter 2.0 (Merck Millipore,
Germany). The cell suspension was centrifuged, the
supernatant was removed, and the appropriate volumes
of MACS Separation Buffer (containing bovine serum
albumin (BSA), EDTA, and 0.09% sodium azide) and
CD14+ magnetic particles (Micro Beads, Germany)
were added based on the number of cells, and the
suspension was incubated for 40 min. The resulting
suspension underwent positive magnetic separation
according to the manufacturer’s protocol (Miltenyi
Biotec, Germany).

Cultivation of macrophages in vitro. Monocytes
were cultivated in the X-VIVO 10 complete growth
medium with gentamicin and phenol red (Lonza,
Switzerland) at a concentration of 1 x 10°cells / ml
with the addition of macrophage colony stimulating
factor M-CSF (5 ng / ml; R&D Systems, USA).
Recombinant cytokines IL-4 (10 ng / ml; PeproTech,
USA) (for M2 macrophage activation) and IFNy
(100 ng / ml; PeproTech, USA) (for M1 macrophage
activation) were used for additional cell induction.
The samples were cultured for 6 days in the CO,-
incubator set to 7.5% CO, at 37 °C without additional
stimulation and with the addition of cytokines for M1
and M2 macrophage activation.

Immunophenotyping of macrophages.
Macrophage phenotyping was performed on day
6 of cultivation. To collect cells, a plate with a cell
culture was placed on ice and held for 10 minutes,
and then the cells were harvested using a cell scraper
(Cell-scraper, USA). For immunophenotyping of
macrophages, monoclonal antibodies to CD163,
CD204, and CD206 (eBioscience, USA) were added.
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Cell suspensions were measured on the Beckman
Coulter CytoFLEX flow cytometer (Beckman
Coulter, USA). The obtained data were analyzed
using the CytExpert 2.0 software application
(Beckman Coulter, USA).

SPSS Statistics 17.0 and Microsoft Excel were
used for statistical analysis of the obtained results. The
data were presented as the median and the interquartile
range Me (Q ~Q,). To perform a comparative analysis,
the non-parametric Mann — Whitney test with the
Benjamini — Hochberg correction was applied.
The results of statistical analysis were considered
significant at p < 0.05.

RESULTS

Expression of CD163, CD204, and CD206
scavenger receptors on macrophages transformed
in vitro from CD14+ blood monocytes in TB
patients depending on the clinical form of the
disease

The analysis of the expression of scavenger
receptors on macrophages showed a significant
increase in the number of CD163- and CD206-
positive cells in TB patients compared with the group
of healthy donors, regardless of the clinical form of
the disease and sensitivity of M. tuberculosis to ATBD
(Table 1, 2; Fig. 1, 2).

Table 1

The expression of scavenger receptors on macrophages in patients with pulmonary tuberculosis depending on the clinical
form of the disease, %, Me (0-0.)

Markers of macro- Groups of examined Conditions for in vitro cultivation of macrophages
phages persons No stimulation IL-4 stimulation IFNy stimulation
13.24 (7.41-16.71)
Healthy donors 12.43 (6.51-22.33) 411 (i' 1)7(;181'34) p,=0.511
P p,=0014
26.70 (14.74-38.02)
A 44.23 (24.14-64.35) 48.55 (27.31-59.54) p,=0.010
CD163 ITB patients p,=0012 p,=0.015 p.=0.011
p,=0.027
26.30(17.11-41.72) 27.83 (16.01-34.73)
. 40.81 (25.42-61.27) p,=0.025 5
DTB patients = o p,=0.010
p,=0.010 p,=0.027 o014
p,=0.011 P
Healthy donors 11.31 (6.75-20.14) 8.05 (4.11-17.76) 10.26 (7.11-19.33)
3 40.83 (24.35-59.21) 32.19 (16.14-50.36)
ITB patients 24.52 (1:4'02(7) 414'36) p,=0.017 p,=0.010
= p,=0.037 p,=0.013
CD204 19.62 (11.38-35.17)
- -~ p,=0.017
DI patens 636 (602 203 891 (563 21.30) oot
P, =% P, =% p,=0.045
p,=0.037
Healthy donors 17.16 134 4.4111 (i' (1)5(; 197.37)
_ ! 3 .
(9.17-28.43) (6.35-22.45) b= 0035
. 57.59 (28.12-68.18) 58.27 (27.01-66.22) 46.31 (26.45-61.27)
CD206 ITB patients p,=0014 p,=0.037 p,=0.020
33.01 (18.34-52.43) 29.37 (19.17-44.36) 23.44 (1:3'012;7’46)
DTB patients p,=0.021 p,=0.012 P
= 0.021 .= 0.021 p,= 0014
= 2 p,=0.012

Note: the level of statistical significance of differences compared with healthy donors — p,; in ITB patients — p,; in in vitro cell cultivation with no

stimulation — p,; in in vitro cell cultivation with IL-4 (M2 stimulation) —p,.

After adding IL-4 to the cell culture (M2
macrophage activation), the expression of CD163 in
ITB patients did not significantly change in comparison
with its value in the absence of cytokine stimulation.

In the group of healthy donors, the number of CD163-
positive macrophages in M2 macrophage activation
was 3.2 times lower relative to the number of cells in
M1 macrophage activation (when cells were induced
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by IFNy). In DTB patients, the CD163 expression on
macrophages was almost 1.5 times lower than that
in the absence of stimulation both in M1 and M2
macrophage activation (Table 1, Fig. 1).

70 1
60 4
50 4
40 4
30 .
20
oL
2

0

HD IPTB DPTB
Omo Omi COm2
Fig. 1. The expression of the CD163 scavenger receptor on
macrophages in patients with pulmonary tuberculosis, Me
(0~0,): HD — healthy donors, ITB — infiltrative pulmonary
tuberculosis, DTB — disseminated pulmonary tuberculosis,
DR TB - drug-resistant pulmonary tuberculosis, DS TB —
drug-sensitive pulmonary tuberculosis, MO — cell culture of
macrophages without stimulation by cytokines, M1 — cell
culture of macrophages stimulated by IFNy, M2 — cell culture

of macrophages stimulated by IL-4 (here and in Fig. 2, 3)

DS-PTB DR-PTB

In cytokine stimulation, the number of CD206-
positive macrophages in ITB patients did not change
significantly in comparison with its basal level. In
healthy donors and DTB patients, the expression of
the CD206 molecule on macrophages significantly
decreased in response to the IFNy stimulation of cells,
compared with the intact culture (Table 1, Fig. 2).

%
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2

HD IPTB DPTB
COmo w1 Om2

0

DS-PTB DR-PTB

Fig. 2. The expression of the CD206 scavenger receptor
on macrophages in patients with pulmonary tuberculosis,

Me (Q,-0Q))

In patients with ITB, the induced expression of
the CD204 scavenger receptor on macrophages more
significantly increased after IL-4 stimulation of the
cell culture than after IFNy stimulation, compared
with that in the intact cell culture. In the case of 1L-4
stimulation, it increased by 5.1 times compared with
its value in healthy donors and by 4.6 times compared
with DTB patients. In DTB patients, the number of
CD204-positive macrophages increased to a greater
extent (by more than 2 times) in response to IFNy
stimulation of cells compared with that in the control
group and after IL-4 stimulation (Table 1, Fig. 3).

%
70
60
50
40
30
20

i

0

HD IPTB DPTB DS-PTB DR-PTB
Fig. 3. The expression of the CD204 scavenger receptor
on macrophages in patients with pulmonary tuberculosis,

Me (0,0,

Expression of CD163, CD204, and CD206
scavenger receptors on macrophages transformed
in vitro from CD14+ blood monocytes in TB
patients depending on drug sensitivity of the
pathogen to ATBD

The expression of M2 macrophage activation
markers in TB patients, depending on the sensitivity
of the pathogen to ATBD, was analyzed. It was found
that the highest expression (basal and with stimulation
by both cytokines) of the CD163 molecule on
macrophages was observed in patients with DR TB.
In DS TB patients, the cytokine-stimulated CD163
expression did not significantly change compared
with the basal level, but it was higher (as in DR TB
patients) than in healthy donors (Table 2, Fig. 1).

In cell cultivation without stimulation and with
stimulation by cytokines, patients with DR TB
also had the maximum number of CD206-positive
macrophages. It was higher than in the control group
and in patients with DS TB. However, in DR TB in
both M1 and M2 stimulation by cytokines, the number
of CD206+ macrophages was smaller than in the
unstimulated cell culture (Table 2, Fig. 3).
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Similarly, the highest expression of CD204 on
macrophages was registered in DR TB. When cells
were cultured without stimulation, the expression was
higher than in the control group and in patients with
DS TB. At the same time, it remained at the same
level when cells were induced by cytokines. However,

after adding IFNy to the macrophage culture (M1
macrophage activation), patients with DS TB showed
an increase in the expression of the CD204 receptor —
by 1.6 times compared with its basal level and by 3.1
times compared with M2 macrophage activation and
the control group (Table 2, Fig. 2).

Table 2

The expression of the scavenger receptors on macrophages in patients with pulmonary tuberculosis depending on the sensitivity

of M. tuberculosis to ATBD, %, Me (Q,-0,)

Markers . Conditions for in vitro cultivation of macrophages
Groups of examined persons - - - - - -
of macrophages No stimulation IL-4 stimulation IFNy stimulation
12.43 4.11 13.24
CD163 Healthy donors © 51_'22 33) (2.17-8.34) (7.41-16.71)
: ' p,=0.012 p,=0.015
32.52 27.25 30.56
DS TB patients (24.45-51.23) (18.12-32.65) (21.65-40.28)
p,=0.031 p,=0.012 p,=0.024
54.23 48.77 47.32
‘ (44.23-60.56) (37.56-56.44) (39.11-51.22)
DRTB patients p,=0.021 p,=0.024 ,=0.035
p,=0.012 p,=0.043 p,=0.044
11.31 8.05 10.26
Healthy donors (6.75-20.14) (4.11-17.76) (7.11-19.33)
31.33
© 29'223 11) 10.26 (25.440‘8'3112)
DS TB patients .54-29. ’ p,=0.
CD204 p,=0.032 (6.23-18.25) p;: 0.012
p,=0.032
31.23 32.44 28,56
DR TB patients (22.56-40.12) (23.56-44.36) (23.54-44.2)
p,=0.034 p,=0.025 b =0.037
p,=0.011 p,=0.023 o
441
17.16 13.40 (2.15-9.37)
Healthy donors (9.17-28.43) (6.35-22.45) p,=0.017
p,=0.035
1013 3643 (16 2435 47)
DS TB patients (29.14-65.45) (26.17-51.45) A
CD206 = 0012 = 0,07 p,=0.015
L L p,=0.014
7736 58.36 53.27
. (56.45.83.12) (33.47-75.16) (30.45-65.44)
DR TB patients = p,=0.010 p,=0.014
p,=0.031 " "
p.=0.022 p,=0.025 p,=0.042
2 p,=0.013 p,=0.014

Note: the level of statistical significance of differences compared with values in healthy donors — p,; in DS TB patients — p,; in in vitro cell
cultivation with no stimulation — p.; in in vitro cell cultivation with IL-4 (M2 stimulation) — p,.

DISCUSSION

High efficiency of innate immunity activation
in TB plays a crucial role in the development of
the disease and its outcomes. Abnormalities in the
immune response induction are often associated with
the development of tolerance to the antigen already
at the stage of its presentation. In this case, instead of

macrophage activationand differentiationinto M1 cells,
a tolerogenic and anti-inflammatory M2 phenotype is
formed. Mobilization of monocytes and their entry
into the systemic circulation from the bone marrow
are always caused by an increased antigenic load and a
need for resident macrophages for the immune system
during lung inflammation. More and more studies on
the macrophage population heterogeneity indicate that
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a timely switch of the macrophage phenotype from
the M1-like proinflammatory phenotype to the M2-
like anti-inflammatory one and vice versa affects the
clinical outcome of TB [17-20].

The analysis of the expression of scavenger
receptors on macrophages showed, in general, an
increase in the number of cells carrying markers of
the M2 phenotype (CD163, CD204, and CD206) on
their surface, regardless of the clinical form of the
disease and sensitivity of M. tuberculosis (Table 1, 2,
Fig. 1-3).

We registered the largest number of CD163-
positive macrophages in ITB patients, especially in
M2 macrophage activation. In case of M1 macrophage
activation, on the contrary, the number of CD163+
macrophages decreased compared with that in the
absence of cytokine stimulation of cells. In DR TB, the
number of CD163-positive macrophages was higher
than in DS TB in both the intact culture of cells and in
the cells stimulated with [L.-4 and IFNy (Table 1, 2, Fig.
1). It is known that the hemoglobin scavenger CD163
receptor is expressed by monocytes and mainly by M2
macrophages [21]. The surface CD163 receptor on
macrophages functions as an innate immunity receptor
for recognizing patterns of bacterial pathogenicity.
Its overexpression may be a mechanism to reduce an
acute severe inflammatory response [22]. It is logical
that macrophages expressing CD163 should have a
regulatory and regenerative potential in order to timely
suppress the immune response that damages tissues.

When evaluating the CD204 expression on
macrophages in TB patients, we determined its highest
intensity in ITB compared with DTB. In DTB, the
CD204 expression increased only in M1 macrophage
activation. Drug sensitivity or drug resistance of MBT
did not affect the expression of the CD204 molecule —
it increased in both cases (Table 1, 2, Fig. 2).

CD204 is a scavenger receptor A (SR-A). It is
mainly expressed on macrophages, dendritic cells,
and epithelial cells of the respiratory tract. It is a
multifunctional receptor with a big ligand-binding
potential [23, 24]. The CD204 molecule recognizes
modified lipid proteins, apoptotic cells, and pathogen-
associated molecules [25]. Studies of CD204 knockout
mice have shown that the CD204 expression plays
an important role in polarizing the differentiation of
macrophages towards the M2 phenotype by inhibiting
TLR signaling [26].

The CD206 molecule is a C-type lectin or mannose
receptor type 1 (MR1), which is usually expressed on
tissue macrophages, dendritic cells, and endothelial

cells. It binds structures with a high mannose content
on the surface of potentially pathogenic bacteria,
viruses, and fungi [27]. The CD206 molecule plays
an essential role in immune homeostasis. Cells in the
microenvironment of malignant tumors have high
expression of this receptor. An increase in CD206-
positive tumor-associated macrophages is associated
with a poor disease prognosis and indicates the
development of chronic inflammation in metastatic
niches [28]. In the examined patients, the CD206
expression on macrophages was the most significant
in ITB and DR TB. However, in the latter, the number
of CD206-positive cells decreased when the culture
was induced with both M1 and M2 stimulators (Table
1, 2, Fig. 3).

There is evidence in the literature that the population
of macrophages involved in the fight against M.
tuberculosis is heterogeneous [29, 4]. Studies have
examined various mechanisms by which the antigen
transforms M1 macrophages into M2 macrophages
with immunoregulatory activity, creating a favorable
environment for its existence. The study conducted
on a model of the staphylococcal lung infection
in mice concluded that Staphylococcus aureus
induced the Aktl signaling pathway (Aktl — protein
kinase B), shifting the phenotype of macrophages
from the anti-microbial M1 phenotype towards the
functionally dormant MO phenotype [30]. Another
work showed that M. tuberculosis secretes LAM
(lipoarabinomannan) and ESAT-6 virulence factors,
which inhibit M1 macrophage activation by blocking
maturation of phagolysosomes and activation of
nuclear factor kB (NF-xB) [17].

Therefore, high expression of scavenger receptors
on macrophages in pulmonary TB may be associated
with predisposition of patients to the implementation
of regenerative and anti-inflammatory functions of
macrophages and their polarization towards the M2

phenotype.

CONCLUSION

Studying the mechanisms underlying the Ml
or M2 macrophage activation is necessary for a
deeper understanding of TB immunopathogenesis
and the role of innate immune cells in protecting
the body from MBT. The analysis of the expression
of CD163, CD204, and CD206 scavenger receptors
on macrophages allowed to make the following
conclusion. In pulmonary TB, especially in DR TB and
ITB, there are regulatory mechanisms that suppress
the activation of innate immunity with polarization
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of macrophages towards the M2 phenotype. It might
cause immune deficiency induced by the pathogen.
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