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Pesiome. [opMOH MeJTaTOHUH 001a1aeT IIUPOKUM CIIEKTPOM OMOJIOrMYeCcKUX 3((HeKTOB 1 peryaupyeT pa-
0OTY TTPaKTUYECKHN BCEX OPTAHOB M CUCTEM OpraHn3Ma. B UMMyHHOI crcTeMe BaxKHEHIIIeil MUIIIEHBIO Mela-
TOHUHA SIBJISTIOTCSI OCHOBHBIE 9(D(DEeKTOPHI aAaITUBHOTO UMMYHUTETA — T -TUMQOIINTHI: OHU IKCITPECCUPYIOT
crienuIecKrie MeJaTOHMHOBBIE pelenTopbl — MeMOpaHHbie, MT1 u MT2, u snepnsblii, RORa (Bce ¢ pa3-
HOU ap(pUHHOCTHIO K TOPMOHY), a TaKXKe Psili BHYTPUKJIETOYHBIX MOJIEKYJI, HeCTIeLIUMDUUECKU CBSI3bIBAIOIINX
MEJIaTOHWH B BBICOKMX KOHIIEHTpalusx. bojiee TOoro, B UCCIeNOBAHUSIX i1 Vitro MHOTUMHU aBTOpaMM TTOKa-
3aHa COOCTBEHHAsI MPOAYKINS MeJaToOHMHA T-1mMmdonruTaMy B OTBET Ha MOJIMKIIOHAJIBHYIO aKTUBAIINIO, a
TaKKe yJacTHe TaKOro SHIOTCHHOIO MeJJaTOHMHA B KaueCTBEe ayTOKPUHHOTO WJIX ITapaKpUHHOTO (hakTopa B
uHaykiuu cuHte3a T-kierkamu 1L-2 u IL-2-peuenrtopa (IL-2R), npuyem B peanuzaiiuio 1aHHbIX 3 deKToB
OBUTM BOBJICUEHBI KaK MeMOpaHHbIC, TaK U sIZICPHBINA pellenTopsl it MenaToHnHa. [Tockonbky 1L-2/1L-2R-
3aBUCHUMBII CUTHAJI SIBJISICTCSI KJTIOUEBBIM COOBITHEM B MHIYKIINHU ITPOJIUdEepaTuBHOTO O0TBeTa T-TMMGMOIINTOB,
COOCTBEHHBII MEJIaTOHUH, TI0-BUANMOMY, HATIPSIMYIO 3aIcICTBOBAH KaK MUHUMYM B KJIOHAJIBbHOM 3KCITAaHCUU
ATUX KJIETOK. MBI B HACTOSIIIEN paboTe ucciaenoBaiu BKaa T-KJIeTOUHOIO MeJJaTOHUHA B PETYJISILIUIO CIIeIy-
IOIIIETO 3Tana akTuBauu T-1uM@GOIIMTOB, a UMEHHO, B nuddepeHIUpPOoBKY T-xennepHsbix nomyastuuit Th17 u
Treg. [Toka3zaHo, 4To 6J10Kama 1 MEMOpPAHHBIX, U SIACPHOTO MEJIaTOHUHOBBIX PELICIITOPOB HE BHI3BIBACT CTATH -
CTUYECKU 3HAYNMBIX M3MeHeHU B tuddepenumpoBke Th17, XoTs TeHAEeHLIMS K CHIDKEHUIO (PMKCUPOBAJach.
B To ke Bpemsi, ypoBeHb CD4*FoxP3*T-kjieTok cHMXajcs Ha (poHe HECeNEKTUBHOM OJI0Kaabl MEMOpPaHHBIX
PELEeNITOPOB IS TOPMOHA, a KOHLIEHTpAllMs COOTBETCTBYIOIIETO Treg-accoumupoBaHHoro nutokrnHa TGF-[3
B CyIlepHaTaHTaX aKTUBUPOBAHHBIX KYJIBTYp CHIDKAIACh KaK B ClIydae HeCeJIeKTUBHOM O610Kkaner MT1/MT2,
TakK U 1pu cesieKTuBHOM 610kane MT2. [TomydyeHHbIe JaHHBIE CBUNIETEBCTBYIOT O TOM, YTO METATOHUH, TPO-
nyuupyemblii T-1uMmdolmTaMu B KyJIbType, MOKET BHOCUTD BKJIad B KOHTPOJIb UG hepeHIMPOBKU HAUBHBIX
CD4*T-knerok B Treg in vitro, npyuueM AeiCTBME TOPMOHA ONIOCPEIyeTCsI MEMOPaHHBIMU MEJTaTOHUHOBBIMU
penenTopamu. Hammane y T-1uMbOIIMTOB OOIBIIOTO KOoaWdecTBa pasHoadOUHHBIX MUIICHEH ST Mela-
TOHWHA OTIPE/EIISIET KJIIOUEBYIO POJib KOHIIEHTPAIlUM TOPMOHA B ero addeKTax B OTHOIIEHUU 3TUX KJIETOK.
IToaTOMY Ba’kHO YYMUTHIBaTh COOCTBEHHYIO MPOAYKIIUIO TOPMOHA JUMGOLUTAMU, MOCKOJbKY T-KJIeTOUYHBIN
MEJIaTOHWH MOXET MacKMpPOBaTh 3(h(HeKThl 9K30TeHHOTO TOPMOHA WJIW MIPETISITCTBOBATD €T ICHCTBUIO 32 CYET
KOHKYPCHTHOTO CBSI3BIBAHUSI C TOPMOHAJIBHBIMH PEIICTITOPAMHU.
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Abstract. The hormone melatonin is involved in regulation of functioning of almost all organs and systems
of the organism. In the immune system, T lymphocytes are an important target of melatonin: they express
specific melatonin receptors with different affinities — membrane MT1 and MT2 and nuclear RORa, as well
as intracellular molecules that nonspecifically bind melatonin at high concentrations. Moreover, many in vitro
studies reveal their own production of melatonin by T lymphocytes in response to polyclonal activation and its
involvement as autocrine or paracrine factor in the induction of IL-2 and IL-2 receptor (IL-2R) synthesis by
T cells, with melatonin receptors involvement in implementation of these effects. Since IL-2/IL-2R-dependent
signal is a key event in T lymphocytes proliferative response induction, intrinsic melatonin seems to be directly
involved at least in the clonal expansion of these cells. In this work, we investigated the contribution of T cells’
melatonin to regulation of the next stage of T lymphocyte activation, namely, the differentiation of T helper
populations Th17 and Treg. It was shown that blockade of both membrane and nuclear melatonin receptors did
not cause statistically significant changes in Th17 differentiation, although the trend was fixed for a decrease.
Simultaneously, CD4"FoxP3*T cells level decreased under the nonselective blockade of membrane hormone
receptors, and Treg-associated cytokine TGF-f3 concentration in activated cultures supernatants decreased
both in case of MT1/MT2 nonselective blockade and M T2 selective blockade. The data indicate that melatonin
produced by T lymphocytes in culture can contribute to the control of naive CD4*T cell differentiation into
Treg in vitro, and the hormone effects are mediated by membrane melatonin receptors. The presence of a large
number targets with different affinities for melatonin in T lymphocytes determines the key role of the hormone
concentration in its effects on these cells. And when interpreting data on melatonin-dependent regulation
of Treg, it is important to take into account the hormone’s own production by lymphocytes, since T cells’
melatonin can mask the exogenous hormone effects or interfere with its action due to competitive binding to

hormone receptors.
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Introduction

The hormone melatonin, synthesized at the system
level mainly by the pituitary gland, has multifunctio-
nal biological and pharmacological effects, including
antioxidant, antitumor, anti-inflammatory, antiviral,
antibacterial, neuroprotective ones [5]. It determines
the functioning of the nervous and endocrine systems
of the organism, and is also able to effectively regulate
immune responses due to receptor-dependent and
receptor-independent mechanisms [5]. The obvious
target of the hormone in the immune system is the
main effectors of the adaptive immunity, namely,
T lymphocytes: they express at least two high-affi-
nity membrane receptors for melatonin, MT1 and
MT2 [15], and for the T helper population Thl7, as
well as for some regulatory T lymphocytes (Treg), the
presence of a nuclear receptor RORa is shown [11].

Furthermore, at micromolar concentrations, me-
latonin is able to bind other intracellular targets,

such as quinone reductase 2, identified as another
cytoplasmic receptor for melatonin, MT3 [1], or
calmodulin [13] — both factors are also present in
T lymphocytes and are involved in the activation
signaling. Consequently, melatonin effectively
regulates T lymphocytes; its action has been con-
vincingly demonstrated both for the early stages of
activation of these cells, including IL-2 production,
proliferative response [2, 6, 8] and apoptosis [3], as
well as for the functional differentiation of T helper
populations, such as Thl, Th2 [6, 14], Thl7 and
Treg [4, 7, 9].

Moreover, in vitro studies, many authors have
shown the production of melatonin by T lymphocytes
themselves in response to polyclonal activation, in
amounts exceeding its upper physiological level, as
well as the involvement of such endogenous melatonin
as an autocrine or paracrine factor in the induction of
IL-2 synthesis and IL-2 receptor (IL-2R) expression
by T cells: blockade of hormone synthesis in the cell
with a tryptophan hydroxylase inhibitor caused a
decrease in the level of both factors, which was reversed
by the addition of exogenous melatonin [2, 10, 12].
The involvement of both membrane (MT1/MT2)
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and nuclear (RORa) receptors for melatonin in the
implementation of these effects has been shown [2].
Since the I1L-2/IL-2R-dependent signal is a key event
in the induction of T lymphocyte proliferative response,
intrinsic melatonin seems to be directly involved at
least in the early stages of these cells’ activation. And
given the ability of the hormone to effectively regulate
the functional differentiation of T lymphocytes, in
particular, the development of T helper populations, it
was important to evaluate the possible involvement of
own T cell’s melatonin in this process.

The aim of this work is to determine the contribution
of intrinsic melatonin produced by T lymphocytes to
the differentiation of Th17 and Treg cells.

Methods and materials

We used leukocytes from healthy donors (n = 10,
mean age 38.30%1.95 years). All donors signed the
informed consent form for participation in the study.
The study was approved by the Ethics Committee
of the IEGM Ural Branch of the Russian Academy
of Sciences (protocol No. 15 dated May 20, 2022)
and conducted in accordance with the provisions of
the Declaration of Helsinki on research involving
humans. Leukocytes were isolated from heparinized
venous blood by density gradient centrifugation in
ficoll-verografin (p = 1.077 g/cm?®). We used naive
CD4*T lymphocytes fractionated with commercial
isolation systems (BioLegend, USA). CD4*T cells
(1 x 10° cells/mL) were cultured for 48 hours in RPMI
1640 medium (Gibco, UK) with 1 mM HEPES
(Sigma-Aldrich, USA), 2 mM L-glutamine (Serva,
Germany), and 40 U/ml gentamicin (Pharmacia,
Sweden) at 37 °C and 5% CO, without activator
(spontaneous variant) and under the polyclonal
activation (activation system based on monoclonal
antibodies to CD3/CD28, Invitrogen, USA).

The contribution of specific melatonin receptors
to the implementation of the effects of the hormone
was determined by inhibitory analysis, using the
corresponding antagonists for membrane receptors —
non-selective (luzindole — for MTI1/MT2) and
selective (4-P-PDOT — for MT2; both Tocris
Bioscience, USA), and for the nuclear melatonin
receptor RORa, small interfering RNAs (siRNA,
OriGene, USA: three types of RORa-specific siRNA
and scrambled siRNA as a negative control). sSiRNA
transfection was carried out using lipofectamine
(Invitrogen, USA), and the effectiveness of their action
was confirmed by assessing the expression of RORa
in cells, both at the mRNA level, by polymerase chain
reaction (RT-qPCR), using the SingleShot™ SYBR®
Green One- Step Kit (Bio-Rad, USA) and at the
protein level by flow cytometry using anti-RORa*PE
monoclonal antibodies (R&D Systems, USA).

Cell expression of transcription factors RORyt
(Th17 differentiation marker) and FoxP3 (Treg
marker) was determined at the end of 48-hour
cultivation (by flow cytometry using monoclonal
antibodies: anti-CD4*FITC, anti-RORyt*PerCP,
anti-FoxP3*PE (Novus Biologicals, R&D Systems,

BioLegend, USA)). The synthesis of the key cytokines
of the studied subpopulations, IL-17A and TGF-J3,
was assessed by their level in culture supernatants
(enzymatic immunoassay, R&D Systems, BioLegend,
USA). Statistical analysis was carried out using
STATISTICA10.0software. Significance of differences
between groups was assessed using Student’s t-test.
The results are presented as the mean and its standard
error (M*m). The reported percentages of Th17 and
Treg cells, as well as the concentration of IL-17A and
TGF-B in culture supernatants, are normalized with
respect to the corresponding control (unstimulated or
stimulated).

Results and discussion

Blockade of specific membrane receptors for
melatonin did not reveal statistically significant
changes in the differentiation of Th17 lymphocytes
when assessing both the content of CD4*RORyt*T
cells in culture and the level of IL-17 in culture
supernatants, although a downward trend was
recorded. At the same time, the level of CD4*FoxP3*T
cells decreased in the presence of non-selective
hormone membrane receptor antagonist (percentage
of CD4*FoxP3*T cells normalized to control:
luzindole — 0.724+0.07 vs control — 1.0; p < 0.05),
but only in a spontaneous variant. The concentration
of the corresponding Treg-associated cytokine
TGF-pB in the supernatants of cultures of activated
CD4"T cells decreased as in the case of non-selective
blockade of MT1/MT?2 (the level of TGF-f in the
supernatants of CD4*T cell cultures, normalized with
respect to control: luzindole — 0.90%+0.02 vs control —
1.0; p < 0.05), and with selective blockade of MT?2
(the level of TGF-B concentration in supernatants
of CD4*T cell cultures, normalized with respect to
control: 4-P-PDOT — 0.89£0.03 vs control — 1.0; p <
0.05). Under the blockade of intracellular melatonin
receptor RORa using siRNA specific to RORa-
mRNA, no statistically significant differences in the
percentage of CD4"RORyt™ and CD4*FoxP3* T cells
in culture were found.

Conclusion

We have shown that melatonin produced by T
lymphocytes in culture can contribute to the control
of differentiation of naive CD4*T cells into Treg
in vitro, and the effects of the hormone are mediated
by membrane melatonin receptors. The presence
in lymphocytes of a large number of targets for
melatonin with different affinities for the hormone
indicates that the key factor determining the presence
and direction of hormone effects in these cells is its
concentration. And when interpreting the results, it
is important to take into account self production of
melatonin by lymphocytes, which increases upon
activation and exceeds its physiological levels in
experiments in vitro [2, 10, 12], since melatonin syn-
thesized by lymphocytes can mask the effects of both
an endogenous hormone secreted by the pineal gland
and an exogenous one.
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