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OCOBEHHOCTU UBMEHEHWW YPOBHSA 3KCMNPECCUU
PELLIENTOPOB TNFo. U ®YHKUMOHAJIbHOIO OTBETA
KJIETOYHBIX JIMHUA NPU CTUMYISILIUU PASJTUMHBIMMU

AO3AMU LNTOKUHA

Jlonaraukopa I0.A,, sKykosa 10.B., Anbpinesckasa A.A.,, Obaeyxosa VLA,
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Pe3iome. TNFa gaBisieTcss mpoBoCaIMTEIbHBIM IMTOKMHOM, Tepeaadya CUTHaJI0B KOTOPOrO OCYIIECT-
Basiercsd yepes perentopsl Tumna 1 (TNFRI1) u tuna 2 (TNFR2). TNFRI1 o6p14HO onocpeayeT anonTos,
BBDKMBaHME KJIETOK M CEKPEINI0 IUTOKMHOB, B TO BpeMsI Kak TNFR2 n36upareabHO omocpeayeT BhIKH -
BaHME KJIETOK U CEKPelMI0 IUTOKMHOB. B HEKOTOPHBIX Caydasix IMpU aKTUBAILIUU PEIIETITOPOB ITPOUCXOIUT
n3MeHeHue (hyHKIIMOHAJIbHOTO OTBETa KJIETOK Ha IPOTUBOITOJIOXHBINA. AKTHUBAILIMS CUTHAJIBHBIX ITyTEM
MMeeT CBOU ITYCKOBBIE MEXaHU3MBI, OTJIMYAIOIINECS IPHU B3aNMOIECCTBUU MEXIY pa3HBIMU (DOPMaMHU 1M -
TOKMHA U pa3HBIMU (popMaMU pelLIeNTOPHBIX KOMILIEKCOB, a TaKXKe IMPU M3MEHEHUM COOTHOIICHMS pas3-
JIMYHBIX TUTIOB pelenTopoB. M3ydeHue MeXaHU3MOB PETYJISIIIMM B CUCTEME JIMTaH/I-PELeTITOP SBISETCS
IPHOPUTETHOM 3amaueil MHOTUX MCcliefoBaHWI. B maHHO# pa®oTe IMoKa3aHO T0303aBHUCUMOE BIUSHUC
TNFo Ha 3Kkcnipeccuio HIUTOKMHOBBIX PElIeNTOPOB U U3MeHeHUe (PYHKIIMOHATBHOIO OTBETA OIMYyXOJIEBbIX
KJIETOYHBIX IMHUI pa3JIMYHOTO MPOUCXOXKIEHUs. [JIsT 3TOro B MCClieA0BaHUU TTPOBOAMIIN CPABHUTEIHLHYIO
OIIEHKY BKCIPECCUMN U KO-3KCIIPECCUU PELICITOPOB, (a3 KICTOUYHOTO MUKJIA W aIlloIITOo3a KJIETOYHBIX JIH-
HUI 0e3 CTUMYJISIIUU U cTuMyJinpoBaHHBIX TNFa B KoHlleHTpauusax 5 u 50 Hr/mia. Beu1o BBISIBIIEHO, YTO
IIs1 KJeTouHoi muHun K562 xapakTepHbI 60Jjiee BhIpa)keHHbIC U3MEHEHUS KO-3KCITPECCUU PELENTOPOB,
KOTOpbIe HaOmoganuch npu KoHHmeHTpamu TN Fo 50 Hr/Mi1 mo cpaBHEHUIO KaK ¢ KOHTPOJBHOM TPYIIIO,
Tak U ¢ rpynnoili 5 Hr/mu. CHUXXKEHUE OTHOCUTEJIILHOTO COAepKaHUS KJIETOK, KCIIPECCUPYIOIIUX TOIb-
kKo TNFRI1, coueTasioch CO CHUXKEHMEM MPOLIEHTa KJIETOK B alloNnTo3€, YTO MOATBEPXKAAET JIUTepaTypHbIe
TaHHBIC O POJIU JaHHOTO pelieITOpa B pa3BUTUU artonto3a. [Ipu 3ToM n3MeHEeHM I INIOTHOCTU SKCIIPECCUN
TSI OTOU KJIETOYHOM JIMHUM He Habmonanock. s kietouHoit tuHun ZR75-1 Hanbonpiiee KOJIMIeCTBO
2 deKToB ObLTO BBISIBIEHO TakKe 115 KoHleHTpauuu TNFa 50 Hr/mi1. YBennueHrue OTHOCUTEIBHOTO CO-
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JIepKaHus KJIETOK, aKcnpeccupyooimx Toabko TNFR2, couetanoch ¢ yBeaInMyeHUEM amnorTo3a, OJHaKO
MJIOTHOCTb 9KCHPECCUU JAHHOTO TUIA pelienTopa Oblia HU3KOM, YTO MOTJIO MOBJIMSTh Ha MEPEKITIOUYEHUE
CUTHAJIbHBIX MyTeil B CTOPOHY MPOanoONTOTUYECKUX. TakuM obpa3om, Hallle MCCAeNOBaHUE IMO3BOJIMIIO
BBISIBUTh OCOOCHHOCTU M3MEHEHHU 3KCIIPECCUM M Ko-3Kcrpeccun perentopoB TNFo, XxapaKTepHBIX OIS
KJICTOUHBIX JIMHUM pa3INIHOIO MPOUCXOXKICHUS, a TAK:Ke U3MEHEeHUEe (PyHKIIMOHAJIBHOI'O OTBETa KIETOK
B OTBET Ha CTUMYJISILIMIO pa3JIMUHbIMU J03aMU LIUTOKKWHA. Bce 3TO MO3BOJISIET paclIUPUTh ITPeICTaBACHUS
O PeTYISITOPHBIX MEXaHU3MaX B CUCTEME [IUTOKMH-PEIICIITOP.

Karouesnie crosa: pakmop Hekposa onyxoau arvga, kaemoutvle AUHUL, Peyenmopsl pakmopa Hekpo3a onyxoau 1-eo muna,
peuenmopusl paKkmopa HeKpo3a onyxoau 2-20 muna, anonmos, NA0OMHOCMb IKCAPECCUl Peyenmopos

FEATURES OF CHANGES IN THE EXPRESSION LEVEL

OF TNFo RECEPTORS AND THE FUNCTIONAL RESPONSE
OF CELL LINES UPON STIMULATION WITH VARIOUS DOSES
OF CYTOKINE

Lopatnikova Yu.A,, Zhukova Yu.V., Alshevskaya A.A.,
Obleukhova I.A., Kireev F.D., Belomestnova I.A., Sennikov S.V.

Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation

Abstract. TNFa is a pro-inflammatory cytokine that is signaled through type 1 (TNFR1) and type 2
(TNFR2) receptors. TNFR1 normally mediates apoptosis, cell survival, and cytokine secretion, while TN FR2
selectively mediates cell survival and cytokine secretion. But in some cases, when receptors are activated, the
functional response of cells changes to the opposite. Activation of signaling pathways has its own triggers,
which differ in the interaction between different forms of cytokine and different forms of receptor complexes,
as well as changes in the ratio of different types of receptors. The study of the mechanisms of regulation in
the ligand-receptor system is a priority task for many studies. This work shows the dose-dependent effect of
TNFa on the expression of cytokine receptors and changes in the functional response of tumor cell lines
of various origins. For this, a comparative assessment of the expression and co-expression of receptors, cell
cycle phases and apoptosis of cell lines without stimulation and stimulated with TNFa at concentrations of
5 and 50 ng/mL was carried out. It was found that the K562 cell line was characterized by more pronounced
changes in receptor co-expression, which were observed at a TNFa concentration of 50 ng/mL compared to
both the control group and the 5 ng/mL group. The decrease in the relative content of cells expressing only
TNFR1 was combined with a decrease in the percentage of cells in apoptosis, which confirms the literature
data on the role of this receptor in the development of apoptosis. At the same time, no changes in expression
density were observed for this cell line. For the ZR75-1 cell line, the largest number of effects was also found
for a TNFa concentration of 50 ng/mL. An increase in the relative content of cells expressing only TNFR2
was combined with an increase in apoptosis; however, the expression density of this type of receptor was low,
which could affect the switching of signaling pathways towards proapoptotic ones. Thus, our study allowed
us to reveal the features of changes in the expression and co-expression of TNFa receptors characteristic of
cell lines of various origins, as well as changes in the functional response of cells in response to stimulation
with different doses of cytokine. All this allows us to expand our understanding of the regulatory mechanisms
in the cytokine-receptor system.

Keywords: tumor necrosis factor alpha, cell lines, tumor necrosis factor receptor 1, tumor necrosis factor receptor 2, apoptosis, receptor
expression density
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Introduction

TNFo is a pro-inflammatory cytokine that
is signaled through type 1 (TNFRI) and type 2
(TNFR2) receptors. TNFR1 is ubiquitously expressed
on most cell types. TNFR2 expression has been
predominantly described for immune cells. TNFR1
and TNFR2 have structurally different intracellular
domains that activate different signaling pathways.
TNFRI1 normally mediates apoptosis, cell survival,
and cytokine secretion, while TNFR2 sclectively
mediates cell survival and cytokine secretion [4].
However, in some cases, when the receptors are
activated, the functional response of the cell changes
to the opposite. These processes depend on several
possible variants of signaling, which are currently
being actively studied [7]. The triggering of signaling
pathways, in turn, has its own triggers. One of the
activation mechanisms can be the interaction between
different forms of cytokine and different forms of
receptor complexes, as well as a change in the ratio of
different types of receptors [2, 3, 5].

Another mechanism is conformational changes
in the receptor, which lead to signaling switching
[6]. Finally, regulation may depend on changes in
the ligand-receptor ratio. When the threshold level
of receptor expression density is reached, switching
of signaling pathways is possible [8]. Despite a large
number of hypotheses, there is no common under-
standing of how the functional response of TNF
receptors is mediated. The study of the mechanisms of
regulation in the ligand-receptor system is a priority
for many studies, but there are still many questions
regarding the effect of cytokine on the distribution
of various types of receptors and their expression
density on cells, as well as the functional response
to stimulation with various doses of the cytokine.
Thus, the aim of our study was to study the effect of
stimulation with different concentrations of TNF on
the co-expression and absolute number of receptors on
cells in combination with the assessment of apoptosis
and cell cycle phases.

Materials and methods

The object of the study is the culture of human cell
lines: ZR-75-1 (breast carcinoma, ascitic fluid); and
K562 (chronic myelogenous leukemia, pleural fluid).
All cell lines were provided by the Institute of Cytology
of the Russian Academy of Sciences (St. Petersburg,
Russia).

Cell cultivation was carried out in culture flasks
(TPP, Switzerland) using RPMI-1640 medium con-
taining 10% fetal bovine serum (FBS) (HyClone,
USA), 2 mM L-glutamine (BioloT Ltd., Russia),

5 x 10 M 2-mercaptoethanol (Sigma-Aldrich, USA),
80 ng/mL gentamicin (KRKA, Slovenia), 10 mM
HEPES buffer (Sigma-Aldrich, USA), 100 ug/mL
of benzylpenicillin (JSC “Biosintez”, Russia), in an
incubator in a humid atmosphere at 37 °C and CO,
concentration of 5%.

Evaluation of the dose-dependent effect of TNFa

To assess the dose-dependent effect of TNFa,
cells were cultured for 72 hours in the absence and
presence of recombinant TNFa at concentrations of
5 and 50 ng/mL in plates (TPP, Switzerland) at the
optimal density for each cell line. Cells were cultured
in an incubator in a humid atmosphere at 37 °C and
5% CO,.

Estimation of expression density and co-expression
of receptors

Quantitative expression of TNFR1 and TNFR2
receptors was assessed by flow cytometry using a
commercial kit of BD QuantiBRITE PE calibration
particles (BD Biosciences, USA).

Two combinations of monoclonal antibodies were
used to assess co-expression of TNFa type 1 and 2
receptors (TNFR1 and TNFR?2) on cells:

TNFRI1-Phycoerethrin (R&D System, USA) and
TNFR2-Allophycocyanin (R&D System, USA); and
TNFRI1-Allophycocyanin (R&D System, USA) and
TNFR2-Phycoerethrin (R&D System, USA).

Therelativeabundanceofdouble-negative (TNFR1-
TNFR2"), double-positive (TNFRI1*"TNFR2") and
cells expressing only TNFR1 (TNFR1*TNFR2") and
TNFR2 (TNFR1'TNFR2%) cells was determined as
the average between the two experiments. The analysis
was performed on a FacsVerse flow cytometer (BD,
USA).

Assessment of cell cycle phases and apoptosis

For intracellular DNA labeling, 7-aminoactino-
mycin D (7-ADD) (BD Biosciences, USA) was
used. The analysis was performed on a FacsVerse flow
cytometer (BD, USA).

Statistical analysis

Statistical processing of the results was carried
out using the GraphPad Prism version 8 application
package and Microsoft Excel version 2010.

Kruskal—Wallis rank analysis of variance was used
to assess the difference between groups. Differences
were considered statistically significant at p < 0.05.

Results and discussion

Co-expression of receptors

The study evaluated the dose-dependent effect
of TNFa on receptor co-expression. Cell lines were
incubated with TNFa at doses of 5 and 50 ng/mL
and without TNFa. Evaluation of changes in co-
expression was carried out after 72 hours.

For the cell line ZR 75-1 (Figure 1), a statistically
significant decrease in the percentage of double-
positive cells was observed for all concentrations of
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Figure 1. Co-expression of receptors on K562 and ZR 75-1 cell lines upon stimulation with TNFq. at a dose of 5 and

50 ng/mL and without addition of TNFa

Note. Data are presented as medians normalized to mean values. *, indicate significant (p < 0.05, Kruskal-Wallis test for multiple comparisons).

TNFo compared with the control group from 66.9%
to 41.2% at a concentration of 5 ng/mL (p = 0.0039)
andupto 39.9% at 50 ng/mL (p =0.013). Also, thiscell
line was characterized by an almost two-fold increase
in the percentage of cells expressing only TNFR2
from 23.7% to 46.7% at a concentration of 5 ng/mL
(p = 0.002) and up to 48.7% at a concentration of
50 ng/mL (0.0062) compared to the control group.
At the same time, the indicator between groups with
a concentration of 5 and 50 ng/mL did not have
significant differences.

For the K562 cell line (Figure 1), more pronoun-
ced changes were detected. The percentage of cells
expressing only TNFR1 decreased for a concentration
of 50 ng/mL from 40% to 30% (p =0.0189) com-
pared with the control, while the percentage of cells
expressing only TNFR2 increased from 8.6% to
13.9% (p = 0.0098). The percentage of cells with

ZR 75-1
15000+

*

1

number of receptors

TNFR1 TNFR2

double-negative cells was lower at 5 ng/mL compared
to controls (13.3 and 20%, respectively) (p = 0.0096)
and 50 ng/mL (25.1%) (p = 0.0046). Further, the
study evaluated the change in the expression density
of TNFRI1 and TNFR2 receptors on cells with the
addition of TNF at concentrations of 5 and 50 ng/mL
and without TNE

Changes in receptor expression density were
significant only for the ZR75-1 cell line (Figure 2).
There was a significant decrease in the amount of
TNFR2 in the 5Sng/mL group, both compared with the
control (2661 and 6788, respectively (p = 0.002) and
compared with the 50 ng/mL group (6184 p =0.003).
For the K562 cell line, statistically significant dif-
ferences were not found. Next, the functional res-
ponse of cells was evaluated, during which changes in
the relative numbers of cells in various phases of the
cell cycle and apoptosis were evaluated.

K562

mm 0 ng/mL
50000+ = 5 ng/mL
400004 J_& B33 50 ng/mL
30000+
200004
10000+

0-

TNFR1 TNFR2

Figure 2. Density of receptor expression on K562 and ZR75-1 cell lines upon stimulation with TNFo at a dose of 5 and

50 ng/mL and without addition of TNFo

Note. Data are presented as medians. *, indicate significant (p < 0.05, Kruskal-Wallis test for multiple comparisons).
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Figure 3. Phases of the cell cycle and apoptosis in K562 and ZR75-1 cell lines upon stimulation with TNFa at a dose

of 5 and 50 ng/mL and without the addition of TNFo

Note. Data are presented as medians. *, indicate significant (p < 0.05, Kruskal-Wallis test for multiple comparisons).

The cell line ZR75-1 (Figure 3) was characterized
by an increase in the percentage of cells in apoptosis
from 1.1% to 2.8% (p = 0.0224) for the group with
50 ng TNFa stimulation compared to the control.
For the K562 cell line, the opposite picture was
observed; in the 50 ng group, the percentage of cells
in apoptosis decreased compared to the control from
1.7 to 0.8% (p = 0.0003). As a result of the study, it
was found that the K562 cell line is characterized by
more pronounced changes in receptor co-expression,
which were observed at a TNFo concentration of
50 ng/mL compared to both the control group and the
5 ng/mL group. The decrease in the relative content
of cells expressing only TNFR1 was combined with a
decrease in the percentage of cells in apoptosis, which
confirms the literature data on the role of this receptor
in the development of apoptosis [8]. At the same time,
no changes in expression density were observed for
this cell line.
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