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Pe3ome. TNFo — 11efioTpOIHbIM LIUTOKWH, OTHOCSIILUICS K BaXKHBIM BOCHAJIUTEIbHBIM MeauaTopam
psna 3a0o07eBaHUI U pealn3yolInii CBOM OMoJorndeckue (pyHKIUMU Yepe3 ABa €ro pa3JIndHbIX peliernTopa,
TNFR1 1 TNFR2. BaxxHoe 3HaYeHMe B pea3aliii oTBeTa KiieTku Ha aeiictBue TNFo nMmeeT usmMeHeHune
COOTHOIIICHUSI JTaHHBIX TUIIOB PEIIETITOPOB, CIIOCOOCTBYIOIIEE CMEILICHUIO OajlaHCca MEXKIy MPOaronNTOTUYC-
CKHUMM U IIpoJaudepaTUBHBIMIA CUTHAIBHBIMU ITyTssMU. [IpoTekarliiue B opraHu3Me MaToJIOTHYeCKUe Mpo-
ecchl MOTyT U3MeHsITh ypoBeHb aKcrnpeccu TNFR1 n TNFR2 Ha kieTkax, BOBJIeUSHHBIX B pa3BUTHE 3a-
0oJIeBaHUsI.

Llens vicclienoBaHusl — U3y4eHHUE YPOBHS KOBKCIpeccuu peuernTopoB 1-ro u 2-ro tuna K TNFa Ha oc-
HOBHBIX CYOITOITYJISIIMSIX KJIETOK ITepudepruIecKoil KPOBU y OOJBHBIX PEBMATOMIHBIM apTPUTOM U OPOHXU-
QJIbHOUW aCTMOM.

Jns olleHKM ypOBHSI KOIKCIIpecCUU pelienTopoB 1-ro u 2-ro tuna kK TNFa ucnonb3oBanach lieabHast
KPOBb YCJIOBHO-3IOPOBBIX TOHOPOB OOJILHBIX PEBMATOMIHBIM apTPUTOM M OPOHXMAJILHOI acTMOi. OlieHKa
(EHOTUNMYECKUX XapaKTEePUCTUK MTPOBOAMIACH METOJOM IIPOTOYHOM IIMTOMETpUHU. JIsT OMHOBPEMEHHOTO
orpeaesieHus KoinuectBa pelienntopoB TN Fou Tumos 1 1 2 Ha pa3auyHBIX CYONOMyISLMSAX TMTPOBOIUIIN IBOM-
HOE MeUeHMe MapHBIX 00pa31oB. [locie HIMTOMETPUICCKOTO aHaIN3a TTOACTYMTHIBIN KOJIUIYECTBO PEIICHTO-

poB 1-To 1 2-T0 TUTIA, a TAKXKE MPOLEHT KaxXI0M (PpaKIInu.
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Haub6osee BbIpaxkeHHbIMU UBMEHEHUSIMU B COOTHOILLIEHU U TTPOLIEHTa KJIeTOK, aKcnpeccupyrommnx TNFR1
u TNFR2, otnnyanace nonynsauust B-numdbonuron. dasa nonyassuuu T-1uMdOUUMTOB XapakKTepHbI ObLINU
pasnuus 1o MPOLEHTY KJIETOK, aKcTpeccupyloiux Toabko TNFRI1, y 6oabHBIX PA 1 BA 110 cpaBHEeHMIO CO
300POBBIMUY JOHOPAMU U MEKIy co00ii. JIJII MOHOLIMTOB XapaKTepeH OOJIBIINI MPOLIEHT IyOJIb OTPUILIATEIb-
HBIX KJ1eTOK 1Tpu BA 1 PA o cpaBHEHUIO CO 310pOBBIMU ToHOpaMu. [1oaydeHHBIe JaHHBIC CBUACTCILCTBYIOT
0 pas3nuuuu B Tipoduiie Koakcnpeccuu perentopoB 1-ro u 2-ro tuna K TNFo ipu PA u BA kak 1o cpaBHe-
HMIO CO 3JI0OPOBBIMU TOHOPAMM, TaK U MEXKY JaHHBIMU 3a00JIEBAaHUSIMU.

OCHOBHBI€ MO UMMYHHBIX KJI€TOK aKTUBHO BOBJICUEHBI B ITaTOreHe3 KaK peBMaTOUJIHOIO apTpHr-
Ta, TaK U OpOHXUAJIbHOU aCTMbI U MOJyYEHHbIE PE3yAbTaThl MOTYT CBUIETEIbCTBOBATH O BO3MOXKHOCTSIX 3TUX
KJIETOK MO-pa3HoOMYy oTBeuaTh Ha neiictBue TNFo mpu n3aMeHeHUM COOTHOIIICHUS TIPOIICHTa 1 KOJIUYeCTBa
pPelenTOpOB Ha UX MOBEPXHOCTU.

Karouesuie cnosa: knemounas UMMYHOAO2US, UMMYHHAS PeyaAsyus, KOIKCNpPeccus, peuenmopsl paKkmopa HeKpo3a onyxoau,
peemamoudnblii apmpum, 6pOHXUANbHAS ACMMA

CO-EXPRESSION OF MEMBRANE-BOUND TUMOR NECROSIS
FACTOR-o RECEPTORS IN MAJOR SUBPOPULATIONS OF
IMMUNOCOMPETENT CELLS IN HEALTHY INDIVIDUALS

AND PATIENTS WITH RHEUMATOID ARTHRITIS AS WELL AS
BRONCHIAL ASTHMA

Zhukova Yu.V.2 Alshevskaya A.A.% Kireev F.D.?, Chumasova O.A.%,
Shkaruba N.S.2 Sizikov A.E.?, Lopatnikova Yu.A.?, Demina D.V.2,
Karaulov A.V.», Silkov AN.2, Sennikov S.V.2

@ Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation
b 1. Sechenov First Moscow State Medical University, Moscow, Russian Federation

Abstract. A pleiotropic cytokine TNFa is an important inflammatory mediator of a number of diseases;
its biological functions are fulfilled through two different receptors, TNFR1 and TNFR2. Changes in
the ratio between these types of receptors shifting the balance between the pro-apoptotic and proliferation
signaling pathways play a crucial role in eliciting the cell response to TNFa. The pathological processes in
the body can alter the levels of TNFR1 and TNFR2 expression on the cells involved in disease development.
Therefore, this study was aimed at investigating the level of co-expression of type 1 and 2 TNFa receptors in
the major subpopulations of peripheral blood cells in patients with rheumatoid arthritis (RA) and bronchial
asthma (BA). The greatest changes in the percentage of cells expressing TNFR1 and TNFR2 were revealed
for the B-lymphocyte subpopulation. For the T-lymphocyte subpopulation, there were some differences in
the percentage of cells expressing exclusively TNFR1 in RA and BA patients compared with those in healthy
subjects, as well as between the RA and BA groups. A higher percentage of double-negative monocytes was
observed in patients with BA and RA compared to healthy subjects. These findings indicate that the co-
expression profile of TNFR1 and TNFR2 receptors in patients with RA and BA differ within these groups
as well as compared to that in healthy subjects. These immune cell populations are actively involved in the
pathogenesis of both rheumatoid arthritis and bronchial asthma, so the results may indicate that these cells
might show different responses to TN Fa as the percentage and the number of receptors on their surface vary.

Keywords: cellular wummunology, immune regulation, co-expression, tumor necrosis factor receptors, rheumatoid arthritis, bronchial
asthma
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The study of expression and co-expression in
patients was supported by the grant from the Russian
Science Foundation (project No. 20-75-10051).
Development of the evaluation protocol and co-
expression parameters was supported by the grant
of the President of the Russian Federation for State
Support of Young Russian PhD scientists No. MK-
2433.2020.4.

Introduction

TNFaisapleiotropic cytokine playinga crucial role
in maintaining immune homeostasis and contributing
to disease development [1]. This cytokine is one of
the important inflammatory mediators in a number
of diseases such as autoimmune, cardiovascular, and
allergic diseases, cancer, etc. [6]

It is believed that the biological functions of
TNFa are fulfilled through its two different receptors,
TNFRI1 and TNFR2 [5, 6]. Along with the cytokine
TNFa per se, these receptors significantly contribute
to the development of immune-mediated diseases [7,
10]. Changed ratio between the different receptor
types shifting the balance between the pro-apoptotic
and proliferation signaling pathways play a crucial
role in eliciting the cell cytokine response. It is
noteworthy that the pathological processes occurring
in the body can alter the expression levels of different
receptor types, which may be one of the mechanisms
explaining why immunocompetent cells exhibit
different responses. This was supported by a number
of publications showing that the major immune cell
subsets differ in their expression and co-expression
levels in healthy subjects and in patients with
immune-mediated diseases being also associated with
inflammation severity [2, 8, 9].

Co-expression of different types of TNFa re-
ceptors has been studied only for few diseases, so
it seems rather promising to broaden the range of
investigated pathologies and compare data both with
those for healthy subjects and between the groups of
patients with diverse diseases. The findings obtained
in this study will contribute both to understanding
the foundations of the cytokine network function
and elaborating novel approaches to the diagnostics
and prediction of the course of immunopathological
conditions due to identified changes compared to
healthy subjects. Therefore, the aim of this study was
to investigate the co-expression level of type 1 and
type 2 TNFa receptors on the major peripheral blood
cell subsets in patients with rheumatoid arthritis (RA)
and bronchial asthma (BA).

Materials and methods

The co-expression levels of type 1 and 2 TNFa
receptors were assessed using whole blood samples
from otherwise healthy subjects with rheumatoid
arthritis and bronchial asthma receiving treatment

at the Clinic of Immunopathology of the Research
Institute of Fundamental and Clinical Immunology.

The study involved 46 apparently healthy subjects
aged 18-77 years (median (IQR): 35.6 (30-54) years),
including 16 (34.8%) males and 30 (65.2%) females;
64 patients with rheumatoid arthritis aged 22-83 years
(median (IQR): 55 (45-65) years), predominantly
including females (54 (85.4%)) and 10 males; as
well as 22 patients with bronchial asthma aged 22-70
years (median (IQR): 46 (32-49) years), including 16
(72.7%) females and 6 males.

Fasting venous blood samples were collected from
the median cubital vein under sterile conditions into 6
ml vacuum tubes containing K3-EDTA anticoagulant
(EDTA tripotassium salt, Vacuette K3-EDTA, Grei-
ner Bio-One GmbH, Austria)

Sample preparation was performed by using BD
FACS Lysing Solution (Catalog # 349202; BD, USA)
according to the manufacturer’s protocol.

Flow cytometry

The phenotypic traits were assessed by flow
cytometry on a FACSVerse cytofluorometer (BD,
USA) using anti-human CD3 APC/Cy7, anti-human
CD19 PE/Cy7, anti-human CDI14 PerCP, anti-
human TNFRI-PE, anti-human TNFRII-PE, anti-
humanTNFRI-APC, and anti-humanTNFRII-APC
monoclonal antibodies (R&D Systems, Minneapolis,
MN). The data on fluorescence intensity were
processed and calculated by using the FacsDiva
software (BD, USA).

In order to simultaneously quantify type 1 and 2
TNFo receptors on different cell subpopulations,
sample pairs were double-labeled (TNFRI"TNFR2-,
TNFRI'TNFR2*, TNFR1'TNFR2*, and TNFRI1-
TNFR2-). Each sample containing a certain quantity
of rhTNF (or a control sample without TNF) was split
and placed into two tubes to be stained with TNFRI1-
PE and TNFR2-APC or TNFR2-PE and TNFRI1-
APC.

After the cytometric analysis, the quantity of
TNFRI1 (for the TNFRI*TNFR2- and TNFRI1*
TNFR2 fractions) was counted in the tubes con-
taining TNFR1-PE and TNFR2-APC. The quan-
tity of TNFR2 (for the TNFRI'TNFR2* and
TNFRI'TNFR2" fractions) was counted in the
tubes containing TNFR2-PE and TNFRI1-APC. The
percentage of each fraction was determined as the
mean value for two samples.

Statistics

Statistical analysis of the data was performed using
the STATISTICA 7.0 software (StatSoft, USA). The
data are presented as the median values normalized to
the mean values. Independent samples were compared
and statistical significance of the differences was
determined using the Kruskal—Wallis non-parametric
ANOVA test by ranks with multiple comparisons of
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Figure 1. Percentage of cells carrying the receptors among
monocytes in healthy donors and patients with BA and RA
Note. The data are presented as the medians normalized to the mean
values.”, healthy subjects vs BA patients (p < 0.05); #, patients with RA
and BA (p < 0.05).
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Figure 2. Percentage of cells carrying the receptors among
B-lymphocytes in healthy donors and patients with BA and
RA

Note. The data are presented as the medians normalized to the
mean values. *, healthy subjects vs BA patients (p < 0.05); **, healthy
subjects vs RA patients (p < 0.05); #, patients with RA and BA

(p <0.05).

the medians (when comparing identical parameters
for different subpopulations.)

Results and discussion

Earlier studies focused on expression of TNFRI1
and TNFR2 on the major mononuclear cell subsets
(such as the total monocyte pool, total B-cell and
T-cell pools), revealed that expression levels of
receptors for immunomodulatory cytokines differ
in healthy subjects and in patients with rheumatoid
arthritis, atopic dermatitis, and pulmonary tuber-
culosis [3, 4], thus indicating that not only the para-

T-lymphocytes
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Figure 3. Percentage of cells carrying the receptors among
T-lymphocytes in healthy donors and patients with BA and
RA

Note. The data are presented as the medians normalized to the mean
values.*, healthy subjects vs BA patients (p < 0.05); **, healthy subjects
vs RA patients (p < 0.05).

meters of produced mediators and soluble receptors
are changed during inflammatory diseases, but exp-
ression of membrane-bound receptors on the surface
of immunocompetent cells is affected as well. In
order to deeper understand a role played by the ratio
between TNFR1 and TNFR2, we compared the
percentage of cells carrying receptors on the major
subsets of immunocompetent cells in healthy subjects
and in patients with RA and BA.

It was found that the main subpopulations
(monocytes, B-lymphocytes, the total T-lymphocyte
pool, and the regulatory T-cells) in patients with BA
and RA significantly differed both in terms of co-
expressed TNFR1 and TNFR2 between the groups
of patients with such diseases compared with healthy
subjects.

In monocytes (Figure 1), significant difference
in percentage of double-negative cells were revealed
between patients with BA and healthy subjects (2.1 vs
15.6; p <0.0001), as well as between patients with RA
or BA (9.3 vs 2.1; p=0.0094).

Healthy subjects and patients with BA significantly
differed in percentage of double-positive cells (21.2 vs
33.3; p = 0.0011). The percentage of cells carrying
solely TNFR1 differed in healthy subjects and in
patients with BA (57.3 vs 48.4; p < 0.0001) as well as
patients with BA and RA (48.4 vs 54.2; p = 0.0006).

Differences in the percentage of B-lymphocytes
(Figure 2) are typically observed between healthy
subjects and patients with BA and RA. The percentage
of double-negative cells was higher in patients with BA
(50.8 vs 28.8; p < 0.0001); in contrast, the percentage
of double-positive cells was higher in healthy subjects
(10.4 vs 4.6; p = 0.0069). The percentage of cells
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expressing solely TNFR2 was significantly higher in
healthy subjects compared to that in patients with
BA (57.8 vs 26.9; p < 0.0001) and RA (57.8 vs 27.6;
p < 0.0018). Groups of patients with BA and RA
differed in percentage of double-positive cells (4.6 vs
18.7; p = 0.0005). The percentage of cells expressing
solely TNFRI1 differed between healthy subjects and
patients with BA (2.8 vs 10.5; p = 0.0006) and RA (2.8
vs 12.5; p <0.0001).

For the T-lymphocyte subpopulation (Figure 3),
the significant changes involved only variation in the
percentage of cells expressing solely TNFR1 between
healthy subjects and patients with BA (3.5 vs 9.4;
p <0.0001) and RA (3.5vs 8.0; p=0.0012).

Conclusion

The study showed that the peak changes in the
number of cells carrying TNFa receptors were
observed in the B-lymphocyte subpopulation: the sig-
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