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Annomayun. MenaToHNH TIPENCTaBIAET cO00i MHIOIAMUH, CHHTE3UPYEMbIH U3 HE3aMEHUMON aMHHOKHC-
noTe!l Tpunrodana. Ha cucteMHOM ypoBHE OH MPOM3BOAUTCS NMPEUMYIIECTBEHHO SMU(HU30M, a Ha JIOKAIEHOM —
OOJIBIIMHCTBOM OpPraHOB M TKaHeW. ['OpMOH perynmpyer MIMPOKUH CIIEKTp OMOJIOTHYECKHUX peaknuil B HOpME U
IIPY TATOJIOTUH U 00JafiaeT BRIPAKEHHON aHTHOKCHAAHTHOM, IPOTHUBOBOCTIANUTENBHON U MPOTUBOOIYXO0JIEBOM
aKTHBHOCTBIO. Taxke oH sBisieTcs S(PPEKTUBHBIM PETYIATOPOM MMMYHHOH CHCTEMBI, OJTHAKO MMEIOIMecs] Ha
CEerOJHSIIHUK JIeHb JaHHbIE 10 MpoliieMe KpaiHe MPOTHBOPEUMBBI, 0COOCHHO 3TO KacaeTcsi OCHOBHBIX d(dek-
TOPOB aIalTUBHOTO MMyHHTeTa — T-TuMdounToB. C 0HON CTOPOHBI, B (PU3HOJIOTHYECKUX YCIOBUIX WIIH TPH
UMMYHOJE(QHUIUTHBIX COCTOSHMAX 3P (PEeKTs MenaToHMHA, KaK IPaBHUIIO0, CTUMYJIHMPYIOLINE: OH YCHIINBAET IIPO-
maepaTuBHBIA oTBeT T- M B-mumdonuros, mossimaer npoaykiuio Thl-IMTOKMHOB M MHTHOMpYET amomnTo3
TUMGOLUTOB, HHIYLIUPYEMBIH pa3IndHbIME cTUMYJIaMu. C APYToi CTOPOHBI, UMEETCS HE MEHbBIIEE KOJINYECTBO
paboT, AEMOHCTPUPYIOIINX HUMMYHOCYIIPECCUBHYIO aKTHBHOCTh MEJIATOHHMHA, B YACTHOCTH, IOJABJICHHE IIPO-
JYKIHU HPOBOCHAIUTENBHBIX LUTOKHHOB. PaspelreHne 3TUX NPOTHBOPEUYMH M SBJISETCSA LENbI0 HACTOSILETO
0630pa. IIpu 3TOM B paboTe crenaHbl aKLIEHTHI Ha Ba NPUHIUIIHAIEHBIX MOMEHTA. BO-TIEpBBIX, OCHOBHAS YacCTh
HMMYHOCTHMYJIHPYIOIIKX 3()(HEeKTOB MOMyueHa B dKCIIEpHMEHTax iN Vitro, Toraa Kak HMMYHOCYIPECCHBHBIX —
in Vivo, a MOCKOJBbKY MEIAaTOHHH KOHTPOJHUPYET CHHTE3 MEeIOro psiga APYrHX TOPMOHOB THITOTAISIMO-
runou3apHo-aJpeHaNbHON W/WIM TOHAJAIBHONW OCel, MHOTHE U3 KOTOPBIX CaMH SIBJIAIOTCS 3(QEKTUBHBIMH
HMMYHOMOYJIATOPAMH, €T0 HEMOCPEeNCTBeHHBIC 3((EKThI iN VIVO MOTYT OMOCpPEIOBAThCS W HHBEIHPOBATHCS
JPYrUMH TOpMOHaMH. B0-BTOPBIX, TMM(GOLUTHI SKCIPECCUPYIOT TPH BbICOKOAQPHUHHBIX perenTopa Ajs Mela-
TOHMHA — ABa MeMOpaHHbIX, MT1 u MT2, u aaepusiif, RORa, a Taxxke nensiit psg HU3KOCTICIU(PHYHBIX MHUIIIE-
HEW, ¥ Bce ¢ pa3Hoi adUHHOCTHIO K MeNaTOHNHY. CBSI3bIBaHNE Pa3HBIX PEIEITOPOB 3aIlyCKaeT, MO-BUANMOMY,
pas3IMyHbIe CUTHAJIbHBIE MeXaHN3Mbl. COOTBETCTBEHHO, (PM3HOJIOTHIECKHUE, [TATOJIOTHYECKUE U (hapMaKoIoTHye-
CKHE KOHIICHTPAIlMN MEJIaATOHWHA MOTYT MMETh Pa3Hble HMMYHOMOAYIHpYIomue 3pQeKTsl, U Mpu OLEHKE AeH-
CTBHSI MEIaTOHMHA HA UMMYHHYIO CHCTEMY Ba)KHO COOTHOCHUTH KOHILIEHTPAallUM FOPMOHA C COCTOSIHUEM peLeln-
TOPHOTIO anmnapara UCCIEAyEMBIX KIETOK.
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Abstract. Melatonin is an indoleamine synthesized from the essential amino acid tryptophan. At the system
level, it is produced mainly by the pineal gland, and at the local level, by most organs and tissues, including the
gastrointestinal tract, liver, kidneys, lungs, skin, tissues of the reproductive system, and many others. The hor-
mone regulates a wide range of biological reactions in health and diseases, and has a pronounced antioxidant,
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anti-inflammatory and antitumor activity. Along with this, melatonin is an effective regulator of the immune
system, however, the data available to date on the problem are extremely contradictory, especially for the main
effectors of adaptive immunity - T-lymphocytes. On the one hand, under physiological conditions or under im-
munodeficiency conditions, the effects of melatonin are usually stimulatory: it enhances the proliferative re-
sponse of T- and B-lymphocytes, increases the production of Thl-cytokines, and inhibits apoptosis of lympho-
cytes induced by various stimuli. On the other hand, there are no fewer works demonstrating the immunosup-
pressive activity of melatonin, in particular, suppression of the production of pro-inflammatory cytokines. The
resolution of these contradictions is the goal of this review. At the same time, the work focuses on two funda-
mental points. First, the main part of immunostimulating effects was obtained in experiments in vitro, while im-
munosuppressive effects were obtained in vivo, and since melatonin controls the synthesis of a number of other
hormones of the hypothalamic-pituitary-adrenal and / or gonadal axes, many of which are effective immuno-
modulators themselves, it direct effects in vivo can be mediated and offset by other hormones. Second, lympho-
cytes express three high-affinity melatonin receptors: two membrane receptors, MT1 and MT2, and a nuclear
one, RORa, as well as a number of low-specific targets, all with varying affinities for melatonin. Binding of dif-
ferent receptors apparently triggers different signaling mechanisms. Accordingly, physiological, pathological and
pharmacological concentrations of melatonin can have different immunomodulating effects, and when evaluat-
ing the effect of melatonin on the immune system, it is important to correlate the hormone concentrations with
the state of the receptor apparatus of the cells under study.
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BBenenune

Menaronun (N-aueTnii-5-MeTOKCUTPUIITAMUH) — TOPMOH, KOTOPBIA CEKPETUPYETCs MPEUMYIIECTBEHHO DIIU-
($u30M U SABISETCS OAHUM U3 CaMBIX MHOTO(YHKIIMOHAIBHBIX PEryJSITOPOB B OpPraHW3Me: OH KOHTPOJHPYET
PUTMBI CHa ¥ OOIPCTBOBaHMS, PENPONYKLUHUIO W KOCTHBI MeTaboyM3M, a Takke HEpBHYIO, CepIeYHO-
COCYIUCTYIO, MUIIEBAPUTENBHYI0O U SHAOKPHHHYI0 cucTeMbl [Mahmood, 2019; Ferlazzo et al., 2020]. Kpome
TOTO, MEJATOHWH 00JalacT aHTHOKCHIAHTHBIMH, MPOTHBOBOCIIAIHUTEIHFHBIMHU, MPOTHBOOITYXOJECBHIMHU CBOM-
crBamu [Cutando et al., 2012; Tan et al., 2015; Favero et al., 2017] u sBisieTCs MOTEHIUAIBHBIM TEPANICBTHYE-
CKUM CPEICTBOM IIPH JICYCHUH CEepACYHO-COCYIUCTHIX 3a00JieBaHMA, HEHpPOIEreHEepaTUBHBIX PACCTPOUCTB U
HapyuieHuii Metabonu3ma [Srinivasan, Cardinali, Srinivasan, 2011; Cardinali et al., 2011; Sun, Gusdon, Qu,
2012; Linetal., 2013; Xu et al., 2019; Spinedi, Cardinali, 2019; Shen et al., 2022].

Hapsiny ¢ 3THM, TOPMOH y4acTByeT B pab0oTe UMMYHHON CHCTEMbI: IMMYHOKOMIIETEHTHBIE KJIETKH 3KCIIPEC-
CHPYIOT crieliu()uuecKre peLenTophl JJsi MENaTOHHHA, a TaKKe ero Hecrnenuduieckrue MulleHu, 1 3QGeKTHBHO
PEryIupyroTCcsS TOPMOHOM, YTO MOATBEP)KICHO MHOTOYHCIEHHBIMH paboramu [Drazen et al., 2000; Guerrero,
Reiter, 2002; Pozo et al., 2004; Ragonda, Diederich, Ghibelli, 2010]. Ho eciu B OTHOLIEHHH METaTOHHH-
3aBHCHUMOHN PETYJAIMH KJIETOK HeCHenU()UIECKOro MMMYHHUTETa OONBIIMHCTBO HCCIIEIOBATENCH €INHOTYITHBI
[Calvo, Gonzalez-Yanes, Maldonado, 2013; NaveenKumar et al., 2020], To gaHHBIE 1O BIWSHUIO TOPMOHA Ha
3¢ dexTopsl aganTUBHOTO HMMYHHUTETA, B YaCTHOCTH, Ha T-muMdoruTel, kpaitHe npotuBopeunBs! [Raghavendra
et al., 2001; Arias et al., 2003; Carrillo-Vico et al., 2013; Gupta, Haldar, 2013; Alvarez-Sanchez et al., 2015]. 1
pa3pennTs 3TH MPOTUBOPEUUS MOXHO, OYEBUIHO, TOJHKO C YIETOM HAIMYHS U YPOBHS KCIIPECCHH MUIICHEH
JUTSL MENTATOHUHA B UCCIICYEMbIX KJIETKAX — HIMEHHO TaKOH aHaIH3 ABIISCTCS MPEAMETOM HACTOSIIETO 0030pa.

MeaToHHH-3aBHCHMAs] peryjasauusi .]'II/[M(l)OIII/ITOB

Pouib MenaTOHHMHA B PEryJIsIIMM UMMYHHOW CHCTEMBI M, B YaCTHOCTH, OCHOBHBIX 3()(EeKTOPOB alallTHBHOTO
UMMYHHUTETa, JTUM(OLNTOB, U3BECTHA JaBHO. TeM He MEHee, MMEIOIINeCs Ha CErOAHSIIHUK JIeHb JaHHBIE MO
npo0JieMe BBI3BIBAIOT OOJIbIIE BOIIPOCOB, YeM 0TBETOB. C OJTHOI CTOPOHBI, TIOKa3aHO CTUMYJIMPYIOIEee JeHCTBUE
TOPMOHA KaK Ha paHHHE 3Talbl aKTHBALMU JIMMQOIMTOB, TaK M Ha MX (YHKIHOHAIBHYIO AU(PQPEPEHINPOBKY.
Tak, MenatoHMH ycuinmuBaeT mponykimio IL-2, skcnpeccuro peuentopa st IL-2 (IL-2-3aBUcHMBIA CHUrHAN
HeoOxoauM Juis uHayKiuu nponudeparun) [Garcia-Maurino et al., 1997; Carrillo-Vico, Lardone, Naji, 2005;
Gupta, Haldar, 2013] n npommdepatuBhuslii otBet T- 1 B-mmmdormros [Drazen et al., 2000; Raghavendra et al.,
2001; Arias et al., 2003; Gupta, Haldar, 2013]. Boniee Toro, B 3kcriepuMeHTax in Vitro mokasana coOCTBEHHAs
NpOayKLUs MenaToHHHA T-nuMmdonyuraMy B OTBET Ha IMOJHMKIOHAIBHYIO aKTHUBAIMIO, TIPHYEM B KOJIMYECTBAX,
NPEBBIIAIOINUX €r0 BEepXHUI (DU3MOJIOTHUECKHI YpPOBEHb, M Y4YacTHE TAKOrO SHAOTEHHOI'O MEJaTOHHWHA B
Ka4yecTBe ayTOKPHHHOTO WJIM MapakpHHHOTO (hakTopa B MHAYKUUK cuHTe3a T-kierkamu IL-2 u IL-2-penentopa
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[Carrillo-Vico et al., 2004, 2005; Lardone et al.,, 2006, 2010; Naranjo et al., 2007] — »To mo3BoJsIET
paccMaTpuBaTh TOPMOH B KauecTBe OOJMTaTHOTO O3HAOTEHHOro KoctuMmynstopa T-muMdornuros. B
HOATBEPXKICHUE OTUX JaHHBIX BBUBJICHO TOPMOH-3aBHCHMOE IOBBIIICHHE OKCIIPECCHH aKTHBALMOHHOTO
mapkepa sumporuros CD69 [Garcia-Maurino et al., 1997], koctumynupyroiieit MeMOpanHoii Mosekyinsl CD28
u mapkepa T-kierounoi aktupanuu p2l wamBHbiMH CD4*T-mumdponuramu [Yoo et al., 2016], a Taxke
mapkepoB nponudepanun Ki67 u Bcel2 anturen-cnenuduunbiMua  T-numdormramu [Yoo et al.,, 2016].
O/HOBPEMEHHO TI0Ka3aHO CTHMYJIHMpYIOIee JAeHCTBUE MEJIaTOHHHA M Ha (QYHKIMOHAIBHYIO Tu(depeHInpoBKY
T-xemnepos (Th): on moBsiman npoaykuuio kimoueBoro Thl-umtokuna IFNy [Garcia-Maurino et al., 1997,
1999], a Mbl B HemaBHE#t paboTe BBISIBUIN TOPMOH-3aBUCUMYIO CTHUMYIIHIO nuddeperimpoku T-xenmepos,
npoayuupyromux  IL-17  (Th17) [Kykmuna, I'ne6esmuna, Hekpacosa, 2015]. Hapsgy c¢ aTuMm,
NPOAEMOHCTPHPOBAaHA CIIOCOOHOCTH MeENAaTOHMHA HWHIHOMPOBATh amoNTo3 JIMM(OIHUTOB, HHIYLUPYEMBIH
pasnmmunbBIME cTuMysiamu [Espino et al., 2011; Espino, Rodriguez, Pariente, 2013], uto Takke BHOCHT BKJIaI B
AKTHUBAIMIO KJIETOK. DTH 3PQEKThl MOAKPEIUIIOTCS M AaHHBIME IN ViIVO: y rpeisyHoB Funambulus pennantii
9K30T€HHBI TOPMOH IIOBBIIIAN T-3aBHCHUMBI MIMMYHHBIA OTBET, YCHJIMBAsk PEAKIHIO THUIICPYYBCTBHTEILHOCTH
3aMeJUIEHHOTO THIIA, M BRI3BIBAI OnacTTpanchopmanuio cruieHonntoB [Gupta, Haldar, 2013], a B mccnenoBannu
Ha [OBlUIsITax-Opoiepax npomudepanns THMHYSCKHX T-TUMQOLMTOB IO3UTHBHO KOppelIHpoBaia ¢
KOHLIEHTpAllell MeJIaTOHWHA B IUIa3Me, TOr/la KaK MUHEAIDKTOMHS, COIPOBOXKIABLIASCS CHIDKEHUEM YPOBHS
rOpPMOHA B IMPKYJISALUH, CHIDKAIA T-KIETOUHYI0 Npoiudepaluio, Kak U 0J0Kana MeIaTOHHHOBOTO PElenTopa
MT1 [Chen et al., 2016].

C npyroit cTOpOHBI, IMEETCSI He MEHbIlIee KOJINYECTBO padoT, AEMOHCTPUPYIOIMX NMMYHOCYIPECCUBHYIO
AKTMBHOCTh MeJaTOHWHA. B "acTHOCTH, MenaToHMH cHIpKaeT npoaykuuio IFNy CD4*T-mumdonuramu B 0TBET
Ha TOJIMKJIOHAJIEHYIO aKTHBAIMIO €X ViVO, HO moBbIIaeT ypoeHb |L-4 u IL-10, ciBuras tMTOKMHOBBII NPOGHIb
B HampasieHun Th2-tuma [Raghavendra et al., 2001], a B pabote Alvarez-Sanchez ¢ koseraMu CTUMYJISLHS
MOHOHYKJICAPHBIX KJIETOK JHM(Oy3i1oB ayroantureHom PMOG Ha ¢(oHe ropMOHa NPHBOIMIA K CHHKCHHUIO
yucina TNF-nozutuBHbix CD4*T-nmumpounTos, He Bauss Ha yposenb |L-17*CD4* u IFNy*CD4*T-nmumdoruros
[Alvarez-Sanchez et al., 2015]. B To e Bpewmsi, Farez ¢ coaBTopamu MpPOJEMOHCTPUPOBAIN CIOCOOHOCTH
MenatoHnHa wuHrubupoBats auddepeHunupoBky HawBHbix CD4'T-kneroxk B Th1l7 in vitro B Thl7-
HOJIIPU3YIONIMX YCIOBHSAX, HE OKa3biBasi BIMsHUS Ha passutue Thl, Th2 u kmaccuueckux Treg [Farez et al.,
2015]. B skcmepumenTax in VivVO BBeJEHHE 3K30TE€HHOTO MEJNATOHMHA MBIIIAM COIMPOBOXIAIOCH CHIKEHHEM
ypoBHsi IFNy u ogHOBpemennbiM moBeiieHueM |L-4 B ceiBopoTke [Shaji, Kulkarni, Agrewala, 1998], a taxxe
camkenneM nponykimu IFNy u TNF CD4*T-nmumdonnramu ex vivo [Alvarez-Sanchez et al., 2015]. A y mbimiei,
CTUMYIHPOBaHHBIX ayToaHTHreHOM MOG, SK30TeHHBIM MENATOHHH CHWKan 4wncieHHocth I[FNy*CD4*,
TNF*CD4* u IL-17*CD4*T-nmumdonmtos B [ITHC [Alvarez-Sanchez et. al., 2015], a taxxe IL-17*TFNy*CD4* u
IL-17*GM-CSF*CD4*T-numdoruroB B cenezenke, mumdoysnax u B [THC [Farez et al., 2015].

[pu ananu3e NpUBEACHHBIX BHIIIC JaHHBIX 0OpaniaeT Ha ce0s BHUMaHHUE, YTO HEMOCPEICTBEHHbIE 3P (EKTHI
rOPMOHA B OTHOIICHUH JIMM(OIMTOB, KaK MpaBuio, crumysupytomnue [Drazen et al., 2000; Arias et al., 2003;
Espino, Rodriguez, Pariente, 2013], Torma kak OCHOBHAsI 4aCTh UMMYHOCYNPECCUBHBIX 3((HEKTOB MOIyveHa B
9KCIepUMeHTax iN Vivo. 1 B 3TOM CBSI3M Ba)KHO YYUTBIBATh, YTO MEJIATOHUH KOHTPOJIUPYET CHHTE3 LEJIOro psiaa
JPYTUX TOPMOHOB THIOTAISIMO-THIIO(MH3apHO-aIpSHATBHON /WM TOHAJalbHON OCei, MHOTHE M3 KOTOPBIX Ca-
MU SBISIFOTCS 3 (eKTUBHBIME UMMYHOMOTy siTopamu [Gupta, Haldar, 2013], mostomy aeiictBre MenatoHmHa in
VIVO MOTYT OTIOCPEIOBATHCS W HHUBEIUPOBATHCS APYTHMH TOPMOHAMH, B YACTHOCTH, TAKMMH MOIIHBIMH HMMY-
HOCYIPECCOpamH, Kak TIIFOKOKOPTUKOH/IbI HITH TOJIOBbIE CTEPOUIHBIE TOPMOHBL. O/IHAKO Pa3u4Hs B METOANYE-
CKHUX TI0/IX0/IaX HE MO3BOJIIOT IOJHOCTBIO Pa3peliuTh MPOTHBOpeUHs B A PeKTaXx MeJaTOHWHA B OTHOLICHUU
JTUM(OIUTOB — I ITOTO HEOOXOAMMO pa3o0paThCs C BOIMPOCOM O CHENHU(PUIECKUX M HECTeHU(UIECKUX MU-
IICHAX TOPMOHA B TMM(OHUTHBIX KIETKAX.

.JII/IM(l)OlII/ITapHI)Ie pPeuenTopsl 1Jisdt MEJIATOHUHA U Hecneumbnqecmle
BHYTPHKJICTOYHBIC MUIIICHU

Y MIICKONHTAONINX HICHTH(QHUIMPOBAHO JBa THINA BBICOKOA(D(UHHBIX MEMOpaHHBIX pPELENTOPOB IS
MmenatonnHa, MT1 u MT2 [Reppert, Weaver, Ebisawa, 1994; Reppert et al., 1995; Dubocovich, Markowska,
2005]. B HemaBHUX paboTax OBUIM MPEACTABICHBI CTPYKTYPBI 3THX PELENTOPOB, MOJYYCHHBIC PEHTICHOBCKOI
Kpucrauorpadueil 1 KpHO3JIeKTpOHHOU Mukpockonueit [Johansson et al., 2019; Okamoto et al., 2019; Stauch et
al., 2019]. MT1 u MT2 sBastoTcs TUNUYHBIMH G OeNIOK-CBSA3BIBAIOLIMMH PELENTOpaMu, UMErIUMH 55%
unentuaroctr [Dubocovich, Markowska, 2005]. O6a pererrropa AefiCTBYIOT B OCHOBHOM 4epe3 HHTHOUTOPHBIC
G-6enxu, Gi, mogaBsis aJleHUNATIIMKIIA3Y U, KaK CJIEACTBHE, BbI3bIBas CHUKeHHE YpoBHs CAMP U aKTMBHOCTH
cAMP-3aBucumoii nporennkuHassl PKA B kierke [Comai, Gobbi, 2014; Emet et al., 2015], a gus MT2
MOKA3aHO JIEHCTBHE W uepe3 I'yaHWIATHUKIAsHyro cuctemy [Dubocovich, Markowska, 2005; Comai, Gobbi,
2014]. MT1 u MT2 umetor pasuyio apduaaocts k Menaronuny — 80.7 u 383 pM, coorBercrenno [Kato et al.,
2005]. O6a perenTopa NIMPOKO MPEICTaBICHH B UMMYHHOU CHCTEME, B TOM 4YHUCIIe Ha MeMOpaHe JTMM{OIUTOB
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[Pozo et al., 2004; Ekmekcioglu, 2006; Lardone et al., 2011; Espino, Rodriguez, Pariente, 2013; Kuklina, 2014;
Kyknuna, I'ne6esmuna, Hekpacosa, 2015; T'meGesmuna u ap., 2019a, b].

Hapsimy ¢ mMeMOpaHHBIMEH peulenTopaMy, HACHTH(HUIMPOBAH BBICOKOA((GUHHBIN SOCpHBIA penentop st
MEJIATOHHUHA — 3TO TPAHCKPHUIIINOHHBIA (paKkTOp, MpHUHANJICKAIINH CEMEUCTBY aCCONMUPOBAHHBIX C PETHHOEBOH
KucoTol ophanHbIx perentopos (retinoic acid-related orphan receptor, ROR), RORa [Wiesenberg et al., 1995;
Lardone et al., 2011], xorss B Hacrosliee BpeMsi HENMOCPEICTBEHHOE B3ammojeilcTBue ropmoHa ¢ RORa
ocrapuBaetcs [Slominski et al., 2014]. Tak, B 1995 r. . Wiesenberg ¢ kosmneramu uaeHtuduipposain RORa
Kak sIepHbIi penentop ainst MenaronnHa [Wiesenberg et al., 1995], onpenenus ¢ moMomipo KiIacCHYECKOTo
CKAITYAPJIOBCKOTO aHajKM3a KOHCTaHTy Juccouuanuu Juisi B3aumoaeiicteus RORa ¢ menaronnnom (Kd = 1.71
nM). B 2011 r. P.J. Lardone ¢ komneramu «nepeotkpbuin» RORa kak penenrtop ans menatonuHa [Lardone et
al., 2011], moxa3as ©a T-mumdornmraproit mwHMKH Jurkat, dYTO MEJTATOHWH KONPEUHITUTHPYETCS
(MMMYHOOTOTTHHT) U Kookanuszyercs ¢ RORao (nMMyHO]ITyOpecieHTHBIN aHan3), a TakKe B HAHOMOJISIPHBIX
KOHIICHTPAIMAX BBI3bIBACT Tepepacnpeneneane RORa BHYTpH KIETKH, PETHCTPUPYEMOE ¢ IOMOIIBIO JIa3epHOH
ckaHHUpymomeil korpokanpHOM Mukpockonuu [Lardone et al., 2011], 9To, XOTS U KOCBEHHO, HO yOEAHTEIHEHO
yKa3pIBaeT Ha B3ammozeicTrue ropmoHa ¢ RORa. Oxnako B 2014 r. A.J. Slominski ¢ xoieraMu He BBISBHIH
cnerduaeckoro cBa3piBaHus MenaroHnHa ¢ RORo B xozxe kpucraiuorpaduueckoro MUCCIeIOBaHUS JTUTAHA-
cs3biBatoniero gomeHa RORa, a Taxke (QyHKIMOHAJIBHOTO aHaiIM3a CHOCOOHOCTH MENIaTOHWHA HAIpPSMYIO
perynupoBate RORa [Slominski et al., 2014]. Cieayer OTMETUTb, YTO, HECMOTpPS Ha BHICOKHH METOAMYECKHUIM
YpOBeHb, paboTa UMEET KaK MHHUMYM J[Ba CJIa0bIX MOMEHTA: BO-TIEPBbIX, aBTOPbI HUKaK HE OOBSICHSIOT U HE
YIIOMUHAIOT paboThl CBOMX IPEIIECTBEHHUKOB, OLCHUBIINX KOHKPETHBIE MapaMeTphl JIMTaH[-pelenTOPHOro
B3aUMOJICHCTBUS; BO-BTOPBIX, IIPEICTABICHHbIE B CTaThe pPE3YJbTaThl (YHKIHOHAIBHBIX TECTOB SIBHO
HeyOeNTEeNbHBl — MENAaTOHWH HCIOJB30BaH B pabOTe B MHKPOMOJISIPHBIX KOHIIGHTPAaIMUSX, B KOTOPBIX OH
Hecnenn(pIeck B3aMMOAEHCTBYET ¢ PYIMMHU BHYTPHUKJICTOUHBIMH MUIIECHSIMHU, KOTOPBIE OyIyT paccMOTpPEHbI
HIDKE, U 3(GQEKThl MEIaTOHWHA, OMOCPEAYEMbIe 3TUMH MMIICHSIMH, BEPOSITHEE BCETO, MPOCTO TEPEKPHIBAIOT
RORa-3aBucuMoe nefictBue ropMoHa. Tak mim WHade, BOmpoc o ToM, siBisercs u RORo crmenudmaeckum
peLenTopoM Jjisi MEaTOHKUHA, 10 CHX TOp octaercst oTKphIThiM [Ma et al., 2021]. OxHako He3aBUCHMO OT TOTO,
perymupyer au MenatoHMH RORo Hampsmyio wiam Takas peryiisiusi OrocpenyeTcs OpyrHMH (aKTopamu
(Hanpumep, curHajgamu ot MeMmOpaHHbIX peunentopoB MT1/MT2), yuacrue RORo B peanuzanmu sddexron
MEJIATOHUHA MTOITBEPKACHO MHOTOYHCICHHBIMU HcciienoBanmsimMu [Lardone et al., 2011; Kyknuna, ['nebe3auna,
Hekpacoga, 2015; Garcia et al., 2015; Farez et al., 2016; I'ne6e3auna u ap., 20193, b; Ding et al., 2019; Huang et
al., 2020; Li et al., 2020; Zang et al., 2020]. Baxxno orMetutb, ut0 ROR0 MMeeT HEMOCPEACTBEHHOE OTHOIIIEHHE
K IMMYHOPETYIISIIIME — OH BBISBIISCTCS Kak B MuenonaHbix [Pozo et al., 2004], Tak u B mumdonausix [Lardone et
al., 2011; Kyknuna, I'ne6e3nuna, Hekpacosa, 2015; I'neGe3nuna u ap., 20193, b] kieTkax u CIy>KUT OJIHUM U3
JIBYX KIIFOUEBBIX TPAHCKPHIIIMOHHBIX (DaKTOPOB, OTBETCTBEHHBIX 32 AUGPEPEHIMPOBKY U (HYHKIIMOHUPOBAHHUE
T-xennepos, npoxayuupytomiux IL-17 (Th17), mapsgy ¢ RORyt [Yang et al.,, 2008; Kojima, Muromoto,
Takahashi, 2012]. Axkruaunust RORa mpomotupyer muddepenimposky Thl7 u 3HAYMTENBHO yCHUIMBAET
npoaykiuro [L-17A u IL-17F, Torga xak nepunur 3Toro Gakropa COmpoBOXKIAETCS CHIDKEHHEM dKcnpeccun 1L-
17 in vitro u in vivo [Yang et al., 2008; Kojima, Muromoto, Takahashi, 2012]. Kpome toro, RORa siBisieTcs
HETaTHBHEIM perynsTopoM aktuBaruu Treg [Du et al. 2008].

[ToMuMoO TpoYero, B MUKPOMOJISIPHBIX KOHIIEHTPALMSAX MEIATOHWH MOXKET B3aWMOZEHCTBOBATH C JPYTUMH
BHYTPUKJICTOYHBIMH MHUIICHAMH, TAKAMU KaK KaJbMOJYJIHH, TIyTaTHoH TpaHcdepasa [Leon et al., 2000; Ra-
dogna, Diederich, Ghibelli, 2010] wimu xuHOH-pemykTaza 2, wHAeHTHOUIMPOBAHHAS KaK €IIe OJIHH,
UTOIMIa3MaTHIECKUil penentop maas Mmenaronnna, MT3 [Calamini et al., 2008]. A mockoibKy yKa3aHHbBIE
(haKTOpBI SBJIAIOTCS OOJIUTaTHBIMHE ISl OPraHu3Ma, OOJIBIIMHCTBO KJIETOK CIIY)XaT MOTEHINAIbHBIMA MULICHSIMH
JUISL MEJIATOHUHA, XOTs Hu3Kas ahGUHHOCTB 3THX (haKTOPOB JieNaeT BO3MOKHBIM TaKO€ B3aMMOJIEHCTBHE TOJIBKO
TIPY KOHIIEHTPALUSIX MENAaTOHHHA, 3HAYUTEIGHO IPEBBIIAONNX (HU3HO0T0THIECKHE.

B nenom, uTo kacaercs TMMQOLUTOB, 3T KIETKH 3KCIIPECCUPYIOT KAK MUHUMYM JiBa BhICOKOa(GUHHBIX pe-
Henrtopa Juis Menaronnna — memOpannsie MT1 u MT2 [Reppert, Weaver, Ebisawa, 1994; Reppert et al., 1995],
a gt T-xennepro#t monymsitmu Th17 u anst wactu perynstoprsix T-numbonmros (regulatory T cells, Treg)
MeMOpaHHBIM perenTopam fobaeisiercs sinepHbiidi, RORa [Wiesenberg et al., 1995; Lardone et al., 2011]. U Bce
cnenn(uvecKre perenTopsl UMEIT pazHyro ah(GUHHOCTh K MEJIATOHUHY: MEXIYy MEMOpPaHHBIMU PEleITOpaMiu
pasuuiia B 5 pas [Kato et al., 2005], uTo cOOTBETCTBYET (PM3HOIOIHIECKUM KOJ€0aHUSAM YPOBHS TOPMOHA B Te-
YEeHHUE CYTOK, a appUHHOCTH SJEPHOrO Ha JBa TOPsAKA HUXKE, 4eM MeMOpaHHbIX. KpoMe Toro, B MUKpOMOJISIp-
HBIX KOHLEHTPALUSIX MEJIATOHHH CHOCOOEH CBS3BIBATHCS C JIPYTUMU BHYTPUKIETOUHBIMH MUIIEHSIMH, TAKUMU
KaK XMHOH-pe/lyKTa3a 2, UICHTU(QHUIIUPOBAaHHAS KaK €lIe OJIUH, [[UTOIUIa3MaTUYECKUI PeenTop AJIsl MEIaTOHH-
Ha, MT3 [Calamini et al., 2008], wmn kaxemomymun [Leon et al., 2000; Radogna, Diederich, Ghibelli, 2010],
TaKKe NMPHUCYTCTBYIONIME B TUMQPOLUTAX ¥ yYacTBYIOIINE B aHTUICH-3aBUCHMOW aKTHBAalMHU KJeTOK. CBsI3bIBa-
HHE Pa3HBIX PELENTOPOB 3aIyCKaeT, MO-BUANMOMY, pa3jIMuHble CUTHAJIBHbIE MEXaHW3MBI, IPUBOSIINE K pa3-
HBIM TocnencTBusiM. Kak ciencreue, ¢usnonorndeckue, narojgorndeckue M (papMakoJornieckue KOHIEHTpa-
IIMM MEJIaTOHWHA MOTYT MMETh COBEPLIEHHO pa3Hble MMMYHOMOAyJupyomue 3(pQeKTs, U MpoTHBOpEUHs B
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JaHHBIX I10 JIEHCTBUIO MEJIATOHMHA Ha NMMYHHYIO CUCTEMY MOTYT OBITh CBA3aHbl, B TOM YHCJIC, 1 C OTHUM (baK—
TOM.

3aKiouyeHue

Hanmnume y num@ornuToB OOJBLIIOro KOJIMYECTBA MHMIIEHEH Uil MeNaTOHWHA ¢ pasHoil apduHHOCTBIO K
TOPMOHY CBHJETENILCTBYET O TOM, YTO KJIIOYEBBIM MOMEHTOM, OINPEEISIONMM HalpaBICHHOCTh 3(PQEKToB
TOPMOHA B OTHOIICHUH THX KJIETOK, SIBIISICTCS €ro KOHIEHTparus. IIpr 3ToM Ba)XKHO YUHTHIBATE U COOCTBEHHYIO
MPOAYKIMIO MEJNATOHWHA JHUMQONIHUTAMH, BO3PACTAIONIYI0 TMPH AaKTHBAIMM W TPEBBIIIAIONIYI0  €ro
(u3HoIoTHYECKHe YPOBHH B 3KcriepuMenTax in vitro [Carrillo-Vico et al., 2004; Carrillo-Vico, Lardone, Naji,
2005; Lardone et al., 2006, 2010; Naranjo et al., 2007], TOCKOJIBbKY MEIATOHHMH, CHHTE3UPYEMBI JTNM(OITHTAMH,
MOJKET MacKHPOBaTh 3(PPEKTH KaK YHIOTEHHOTO TOPMOHA, CEKPETUPYEMOTo >MH(HU30M, TaK U 3K30TeHHOTO0. He
CITy4aiiHO CTHMYJHUPYIOIIHIA 3(PEKT TOpMOHa B OTHOMIEHNH mpoaykiuu T-mumbormramu IL-2 u IFNy in vitro
BBISIBJISJICS TOJIBKO JUIsSl HEAKTHBUPOBAHHBIX KJIETOK WM B Cllydae ci1a0oil akTHBalMu, U 118 PU3HOJIOTHIECKUX
KOHIleHTpamii Menaronuna [Garcia-Maurino et al.,, 1997]. U aHanu3 Apyrux OaHHBIX MOATBEPXKIAET 3TO
NPEANOJIoKEHHE: CTUMYIHUpYoNIe 3Q(eKTs TOpMOHA BBISIBISIIOTCS B OCHOBHOM B (DU3MOJIOTUYECKHUX YCIOBHUSX
WK IPH IMMYHOAC(UIMTHBIX cocTosHuAX [Garcia-Maurino et al., 1997; Drazen et al., 2000; Arias et al., 2003],
TOr/la KaKk MMMYHOCYIIPECCUBHAsI aKTHBHOCTh MEJIATOHWHA YacTO JEMOHCTPUPYETCS B YCIOBHUSX W30BITOUHOMN
akTuBaruu umMmyHHOU cucremsl [Carrillo-Vico et al., 2005; Wu et al., 2012]. C 3Tux m0o3unUil He BBITISIST
Hepas3pelMMbIMU [TPOTUBOPEYHS B IAHHBIX O TOPMOH-3aBUCHMON peryssiun nuddepeHimposku kiaetok Thl7:
MBI [TOKA3alIi CTUMYJIHpYIoIIee NeicTBHE A (PU3UOTIOTHUSCKUX U HU3KUX (PapMaKOJIOTHISCKAX KOHIICHTPANH
menaronnHa [Kyknuna, ['nme6Gesmuna, Hekpacoma, 2015; I'me6Gesmuna u np., 2019b], yknaapiBarommxcs B
muara3oH ah(GUHHOCTH €To CIe(UIECKIX PEerenTopoB, B TO BpeMs Kak B pabore M.F. Farez ¢ coaBropamu,
MPOJIEMOHCTPUPOBABILEH HHIUOUTOPHBIE 3(D(DEKThI MENATOHMHA, TOPMOH HCIIOJIBb30BaH iN Vitr0 B KOHIIEHTPALUH
500 Hr/mi, KOTOpasi HECONMOCTaBUMa HU C (PU3UOJIOTUUECKUMH, HU C (PapMaKoJIOTHIECKUMU YPOBHSIMU TOPMOHA.
A B MHUKPOMOJISIDHBIX KOHLEHTpalMaxX J(PQEeKTl MeJaTOHWHA peal3ylTcs NPEeHMYLIECTBEHHO 4Yepes
Hecnienuguueckue (Hu3koadpuHHbIE) MUIIICHH, TaKWEe KaK XMHOH PeIyKTa3a 2 WK KalbMOJIYJUH, — K CIIOBY, B
psize UccieoBaHuil MEJIaTOHUH B TaKKX /103aX 3((EeKTHBHO MOAaBIsET NPOIH(PEPALHIO OIyX0JIEBbIX KIETOK H
HHIYIEpYeT ux anonro3 [Sanchez-Barcelo et al., 2005; Pariente et al., 2017], To ectb aeMoHCTpUpPYET 3D HEKTHI,
MPOTUBOMOJIOKHBIE MHOTOKPAaTHO MOATBEPXKICHHBIM 3(ddexTaMm g  (UHOIOTMYECKUX KOHLEHTPALHi
ropMoHa. BakHO Takke OTMETHTH, uTo mpu obOcyxkaeHnu RORa-3aBHCHMOTO NEHCTBHS MENATOHHHA HYXKHO
YYUTHIBaTh OrpaHWUYeHHYIO sKcmpeccrmio RORo B nmmMornmrax — OH sBIseTCS OOMUTAaTHOH MOJCKYJIOH B
kietkax Thl7, mis KoTopeIX Ciry)kuT AuddepeHnnpoBoYHBIM (HaKTOPOM, a TaKXKe B YaCTH PETYIATOPHBIX T-
KJIETOK, HO HE IPEJCTABICH B OCTAJBHBIX T-XENIMepHbIX MOMysinusaX, Takux kak Thl wmu Th2, u He mMoxer
OTI0CpeIOBaTh TOPMOHAIBHBIE 3()(EKTH B 3TUX KIIETKAX.

B menom, o6cyxaast u mporHo3upys 3¢ ¢GeKTs MenaToHnHa B T-muMponnTax, CleAyeT YIUTHIBATh IBa OC-
HOBHBIX MOMEHTA: BO-TIEPBbIX, HAJIMYKE Y ITUX KJIETOK TPEX THUIOB CHEUU(PHUECKUX PELENTOPOB U MHOXKECTBA
Hecnenn(prIeckux MUIIEHEH Uil TOPMOHa, ¢ pa3HOM a(MHHOCTBIO M Pa3HBIMU CUTHAJILHBIMU MEXaHH3MaMH,
YTO ONpEJENsieT MPIMYIO 3aBUCUMOCTD 3((EKTOB TOPMOHA OT €r0 KOHICHTPAIMH, & TAK)Ke OT HAJTUYUS U YPOB-
HsI 9KCIIPECCHH COOTBETCTBYIOIIMX MHUIICHEH; BO-BTOPBIX, yUacTHe MEJTaTOHHWHA iN VIVO B CHHTE3e IeJI0T0 psiaa
JPYTUX TOPMOHOB, MHOTHE U3 KOTOPBIX SIBJISIOTCS 3(Q(PEKTUBHBIMU UMMYHOPETYJISITOPAMH M MOTYT KaK yCHITU-
BaTh, TAaK ¥ HUBEIMPOBATh 3()(HEKTH cCaMOro MellaTOHHHA.

CnMcoK HCTOYHHKOB

1. I'ne6e3muna H.C. u ap. MosekynsipHble MEXaHU3MbI KOHTPOJIS Ju(depeHInpoBKH peryasTopHbXx T-
JUM(OIMTOB SK30TCHHBIM MesTaTOHUHOM // Jloknaasl Akagemun Hayk. 2019a. T. 484, Ne 2. C. 224-227.

2. I'ne6e3zquna H.C. u np. Bkiman pa3HBIX THIIOB METaTOHHHOBBIX PELENTOPOB B TOPMOH-3aBUCHMYIO Pery-
asto auddeperHnuposku T-mumdonunTos, npoayuupyronmx 1L-17 (Thl7) // Poccuiickuii IMMYHOJIOTHYSCKUT
xyprair. 2019b. T. 13, Ne 2. C. 751-753.

3. Kyxmuna E.M., I'ne6eznuna H.C., Hekpacosa 1.B. Pons Menaronuna B koHTpose muddepenumposku T-
JIUM(OLUTOB, TPOAYLUPYIOIKUX HHTepneiikuH-17 (Th17) // BroaneteHs 3KCHEPUMEHTANBHOH OHOJIOTHH U Me-
munueel. 2015. T. 160, Ne 11. C. 604-607.

4. Alvarez-Sanchez N. et al. Melatonin controls experimental autoimmune encephalomyelitis by altering the
T effector/regulatory balance // Brain Behav Immun. 2015. Vol. 50. P. 101-114.

5. Arias J. et al. Effect of melatonin on lymphocyte proliferation and production of interleukin-2 (IL-2) and
interleukin-1 beta (IL-1 beta) in mice splenocytes // Invest. Clin. 2003. Vol. 44, Ne 1. P. 41-50.

6. Calamini B. et al. Kinetic, thermodynamic and X-ray structural insights into the interaction of melatonin
and analogues with quinone reductase 2 // Biochem. J. 2008. Vol. 413(1). P. 81-91.

7. Calvo J.R., Gonzalez-Yanes C., Maldonado M. D. The role of melatonin in the cells of the innate immuni-
ty: areview // J. Pineal. Res. 2013. Vol. 55, Ne 2. P. 103—120.

199


https://pubmed.ncbi.nlm.nih.gov/?term=Calamini+B&cauthor_id=18254726
https://pubmed.ncbi.nlm.nih.gov/?term=Calvo+JR&cauthor_id=23889107
https://pubmed.ncbi.nlm.nih.gov/?term=Gonz%C3%A1lez-Yanes+C&cauthor_id=23889107
https://pubmed.ncbi.nlm.nih.gov/?term=Maldonado+MD&cauthor_id=23889107

8. Cardinali D.P et al. Melatonin and the metabolic syndrome: physiopathologic and therapeutical implica-
tions // Neuroendocrinology. 2011. Vol. 93, Ne 3. P. 133—-142.

9. Carrillo-Vico A. et al. Evidence of mle synthesis by human lymphocytes and its physiological signifi-
cance: possible role as intracine, autocrine and/or paracrine substance // FASEB J. 2004. Vol. 18. P. 537-539.

10. Carrillo-Vico A., Lardone P.J., Naji L. Beneficial pleiotropic actions of melatonin in an experimental
model of septic shock in mice: Regulation of pro-/ anti-inflammatory cytokine network, protection against oxida-
tive damage and anti-apoptotic effects // J. Pineal. Res. 2005. Vol. 39. P. 400—408.

11. Carrillo-Vico A. et al. Melatonin: buffering the immune system // Int. J. Mol. Sci. 2013. Vol. 14, Ne 4. P.
8638-8683.

12. Chen F. et al. Effect of melatonin on monochromatic light-induced T-lymphocyte proliferation in the
thymus of chickens // J. Photochem. Photobiol B. 2016. Vol. 161. P. 9-16.

13. Comai S., Gobbi G. Unveiling the role of melatonin MT2 receptors in sleep, anxiety and other neuropsy-
chiatric diseases: a novel target in psychopharmacology // J. Psychiatry Neurosci. 2014. Vol. 39. P. 6-21.

14. Cutando A. et al. Role of melatonin in cancer treatment // Anticancer Res. 2012. Vol. 32, Ne 7. P.
2747-2753.

15. Ding S. et al. Melatonin stabilizes rupture-prone vulnerable plaques via regulating macrophage polariza-
tion in a nuclear circadian receptor RORa-dependent manner // J. Pineal. Res. 2019. Vol. 67. P. e12581.

16. Drazen D.L. et al. In vitro melatonin treatment enhances splenocyte proliferation in prairie voles // J. Pin-
eal. Res. 2000. Vol. 28, Ne 1. P. 34—40.

17. Du J. et al. Isoform-Specific Inhibition of RORa-Mediated Transcriptional Activation by Human FOXP3
/1 J. Immunol. 2008. Vol. 180, Ne 7. P. 4785-4792.

18. Dubocovich M.L., Markowska M. Functional MT1 and MT2 melatonin receptors in mammals // Endo-
crine. 2005. Vol. 27. P. 101-110.

19. Ekmekcioglu C. Melatonin receptors in humans: biological role and clinical relevance // Biomed. Phar-
macother. 2006. Vol. 60, Ne 3. P. 97-108.

20. Emet M. et al. A Review of Melatonin, Its Receptors and Drugs // The Eurasian Journal of Medicine.
2016. Vol. 48 (2). P. 135-141.

21. Espino J. et al. Protective effect of melatonin against human leukocyte apoptosis induced by intracellular
calcium overload: relation with its antioxidant actions // J. Pineal. Res. 2011. Vol. 51, Ne 2. P. 195-206.

22. Espino J., Rodriguez A.B., Pariente J.A. The inhibition of TNF-a-induced leucocyte apoptosis by mela-
tonin involves membrane receptor MT1/MT2 interaction // J. Pineal. Res. 2013. Vol. 54, Ne 4, P. 442-452,

23. Farez M.F. et al. Melatonin Contributes to the Seasonality of Multiple Sclerosis Relapses // Cell. 2015.
Vol. 162. P. 1338-1352.

24. Farez M.F. et al. Anti-inflammatory effects of melatonin in multiple sclerosis // Bioessays. 2016. Vol. 38.
P. 1016-1026.

25. Favero G. et al. Melatonin as an Anti-Inflammatory Agent Modulating Inflammasome Activation // Int. J.
Endocrinol. 2017. Vol. 2017. P. 1835195.

26. Ferlazzo N. et al. Is Melatonin the Cornucopia of the 21st Century? // Antioxidants. 2020. Vol. 9, Ne 11.
P. 1088.

27. Garcia J.A. et al. Disruption of the NF-kB/NLRP3 connection by melatonin requires retinoid-related or-
phan receptor-o and blocks the septic response in mice // FASEB J. 2015. Vol. 29. P. 3863-3875.

28. Garcia-Maurino S. et al. Melatonin enhances I1L-2, IL-6, and IFNy production by human circulating CD4*
cells: a possible nuclear receptor-mediated mechanism involving T helper type 1 lymphocytes and monocytes //
J. Immunol. 1997. Vol. 159. P. 574-581.

29. Garcia-Maurino S. Melatonin activates Thl lymphocytes by increasing IL-12 production // Life Sci.
1999. Vol. 65 P. 2143-2150.

30. Guerrero J.M., Reiter R.J. Melatonin-immune system relationships // Curr. Top. Med. Chem. 2002. V. 2.
P. 167-179.

31. Gupta S., Haldar C. Physiological crosstalk between melatonin and glucocorticoid receptor modulates t-
cell mediated immune responses in a wild tropical rodent, funambulus pennant // J. Steroid. Biochem. Mol. Biol.
2013. Vol. 134. P. 23-36.

32. Huang H. et al. Melatonin prevents endothelial dysfunction in SLE by activating the nuclear receptor ret-
inoic acid-related orphan receptor-a // Int. Immunopharmacol. 2020. Vol. 83. P. 106365.

33. Johansson L.C. et al. XFEL structures of the human MT2 melatonin receptor reveal the basis of subtype
selectivity // Nature. 2019. Vol. 569 (7755). P. 289-292.

34. Kato K. et al. Neurochemical properties of ramelteon (TAK-375), a selective MT35. 1/MT2 receptor ag-
onist // Neuropharmacology. 2005. Vol. 48. P. 301-310.

35. Kojima H., Muromoto R., Takahashi M. Inhibitory effects of azole-type fungicides on interleukin-17
gene expression via retinoic acid receptor-related orphan receptors o and y // Toxicol. Appl. Pharmacol. 2012.
Vol. 259. P. 338-345.

200


https://pubmed.ncbi.nlm.nih.gov/?term=Cardinali+DP&cauthor_id=21358175
https://pubmed.ncbi.nlm.nih.gov/?term=Carrillo-Vico+A&cauthor_id=23609496
https://pubmed.ncbi.nlm.nih.gov/?term=Cutando+A&cauthor_id=22753734
https://pubmed.ncbi.nlm.nih.gov/22753734/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/10626599/
https://pubmed.ncbi.nlm.nih.gov/16527442/
https://pubmed.ncbi.nlm.nih.gov/?term=Espino+J&cauthor_id=21470303
https://pubmed.ncbi.nlm.nih.gov/21470303/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/23397952/
https://pubmed.ncbi.nlm.nih.gov/23397952/
https://pubmed.ncbi.nlm.nih.gov/29104591/

36. Kuklina E.M. Melatonin as potential inducer of Th17 cell differentiation // Medical Hypothesis. 2014.
Vol. 83. P. 404-406.

37. Lardone P.J. et al. Melatonin synthesized by Jurkat human leukemic T cell line is implicated in IL-2 pro-
duction // J. Cell. Physiol. 2006. Vol. 206. P. 273-279.

38. Lardone P.J. et al. Blocking of melatonin synthesis and MT (1) receptor impairs the activation of Jurkat T
cells // Cell. Mol. Life. Sci. 2010. Vol. 67. P. 3163-3172.

39. Lardone P.J. et al. Melatonin synthesized by T lymphocytes as a ligand of the retinoic acid-related orphan
receptor // J. Pineal Res. 2011. Vol. 51. P. 454-462.

40. Leon J. et al. Structure-related inhibition of calmodulin-dependent neuronal nitric-oxide synthase activity
by melatonin and synthetic kynurenines // Mol. Pharmacol. 2000. Vol. 58, Ne 5. P. 967-975.

41. Li Z. et al. Melatonin inhibits apoptosis in mouse Leydig cells via the retinoic acid-related orphan nuclear
receptor a/p53 pathway // Life Sci. 2020. Vol. 246. P. 117431.

42. Lin L. et al. Melatonin in Alzheimer’s disease // Int. J. Mol. Sci. 2013. Vol. 14. P. 14575—-14593.

43. Ma H. et al. ROR: Nuclear Receptor for Melatonin or Not? // Molecules. 2021. Vol. 26, Ne 9. P. 2693.

44, Mahmood D. Pleiotropic Effects of Melatonin // Drug Res (Stuttg). 2019. Vol. 69, Ne 2. P. 65-74.

45. Naranjo M.C. et al. Melatonin biosynthesis in the thymus of humans and rats // Cell. Mol. Life Sci. 2007.
Vol. 64, Ne 6. P. 781-790.

46. NaveenKumar S.K. et al. Melatonin restores neutrophil functions and prevents apoptosis amid dysfunc-
tional glutathione redox system // J. Pineal. Res. 2020. Vol. 69, Ne 3. P. e12676.

47. Okamoto H.H. et al. Cryo-EM structure of the human MT1-Gi sighaling complex // Nat. Struct. Mol Bi-
ol. 2021. Vol. 28 (8). P. 694-701.

48. Pariente R. et al. Participation of MT3 melatonin receptors in the synergistic effect of melatonin on cyto-
toxic and apoptotic actions evoked by chemotherapeutics // Cancer Chemother Pharmacol. 2017. Vol. 80, Ne 5.
P. 985-998.

49. Pozo D. et al. mRNA expression of nuclear receptor RZR/RORa, melatonin membrane receptor MT1,
and hydroxindole-O-methyltransferase in different populations of human immune cells // J. Pineal. Res. 2004.
Vol. 37. P. 48-54.

50. Raghavendra V. et al. Melatonin provides signal 3 to unprimed CD4(+) T cells but failed to stimulate
LPS primed B cells // Clin. Exp. Immunol. 2001. VVol. 124. P. 414-422.

51. Ragonda F., Diederich M., Ghibelli L. Melatonin: a pleiotropic molecule regulating inflammation // Bio-
chem. Pharmacol. 2010. Vol. 80. P. 1844-1852.

52. Reppert S.M. et al. Molecular characterization of a second melatonin receptor expressed in human retina
and brain: the Mellb melatonin receptor // Proc. Natl. Acad. Sci. USA. 1995. Vol. 92, Ne 19. P. 8734-8738.

53. Reppert S.M., Weaver D.R., Ebisawa T. Cloning and characterization of a mammalian melatonin receptor
that mediates reproductive and circadian responses // Neuron. 1994 Vol. 13, Ne 5. P. 1177-1185.

54. Sanchez-Barcelo E.J. et al. Melatonin-estrogen interactions in breast cancer // J. Pineal. Res. 2005. Vol.
38, Ne 4. P. 217-222.

55. Shaji A.V., Kulkarni S.K., Agrewala J.N. Regulation of secretion of IL-4 and IgG1 isotype by melatonin-
stimulated ovalbuminspecific T cells // Clin. Exp. Immunol. 1998. Vol. 111. P. 181-185.

56. Shen S. et al. The role of melatonin in the treatment of type 2 diabetes mellitus and Alzheimer's disease //
Int. J. Biol. Sci. 2022. Vol. 18, Ne 3. P. 983—994.

57. Slominski A.T. et al. RORa and ROR v are expressed in human skin and serve as receptors for endoge-
nously produced noncalcemic 20-hydroxy- and 20,23-dihydroxyvitamin D // FASEB J. 2014. Vol. 28. P. 2775—
2789.

58. Spinedi E., Cardinali D.P. Neuroendocrine-Metabolic Dysfunction and Sleep Disturbances in Neuro-
degenerative Disorders: Focus on Alzheimer's Disease and Melatonin // Neuroendocrinology. 2019. Vol. 108, Ne
4. P.354-364.

59. Srinivasan V., Cardinali D.P., Srinivasan U.S. Therapeutic potential of melatonin and its analogs in Par-
kinson’s disease: focus on sleep and neuroprotection // Ther. Adv. Neurol. Disord. 2011. Vol. 4. P. 297-317.

60. Stauch B. et al. Structural basis of ligand recognition at the human MT1 melatonin receptor // Nature.
2019. Vol. 569, Ne 7755. P. 284-288.

61. Sun H., Gusdon A.M., Qu S. Effects of melatonin on cardiovascular diseases: progress in the past year //
Curr. Opin. Lipidol. 2016. Vol. 27, Ne 4. P. 408—413.

62. Tan D.X. et al. Melatonin as a Potent and Inducible Endogenous Antioxidant: Synthesis and Metabolism
// Molecules. 2015. Vol. 20, Ne 10. P. 18886—18906.

63. Wiesenberg 1. et al. Transcriptional activation of the nuclear receptor RZRa by the pineal gland hormone
melatonin and dentification of CGP52608 as a synthetic ligand // Nucleic. Acid. Res. 1995. Vol. 23. P. 327-333.

64. Wu C.C. et al. Melatonin enhances endogenous heme oxygenase-1 and represses immune responses to
ameliorate experimental murine membranous nephropathy // J. Pineal. Res. 2012. Vol. 52, Ne 4. P. 460—469.

201


https://pubmed.ncbi.nlm.nih.gov/?term=Le%C3%B3n+J&cauthor_id=11040043
https://pubmed.ncbi.nlm.nih.gov/?term=Ma+H&cauthor_id=34064466
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahmood%20D%5BAuthor%5D&cauthor=true&cauthor_uid=30060265
https://www.ncbi.nlm.nih.gov/pubmed/30060265
https://pubmed.ncbi.nlm.nih.gov/17334663/
https://pubmed.ncbi.nlm.nih.gov/28956121/
https://pubmed.ncbi.nlm.nih.gov/28956121/
https://pubmed.ncbi.nlm.nih.gov/7568007/
https://pubmed.ncbi.nlm.nih.gov/7568007/
https://pubmed.ncbi.nlm.nih.gov/7946354/
https://pubmed.ncbi.nlm.nih.gov/7946354/
https://pubmed.ncbi.nlm.nih.gov/15813897/
https://pubmed.ncbi.nlm.nih.gov/?term=Shen+S&cauthor_id=35173531
https://pubmed.ncbi.nlm.nih.gov/?term=Spinedi+E&cauthor_id=30368508
https://pubmed.ncbi.nlm.nih.gov/?term=Cardinali+DP&cauthor_id=30368508
https://pubmed.ncbi.nlm.nih.gov/?term=Sun+H&cauthor_id=27075419
https://pubmed.ncbi.nlm.nih.gov/?term=Gusdon+AM&cauthor_id=27075419
https://pubmed.ncbi.nlm.nih.gov/?term=Qu+S&cauthor_id=27075419

65. Xu L. et al. Melatonin differentially regulates pathological and physiological cardiac hypertrophy: Cru-
cial role of circadian nuclear receptor RORa signaling // J. Pineal. Res. 2019. Vol. 67. P. e12579.

66. Yang X.O. et al. T helper 17 lineage differentiation is programmed by orphan nuclear receptors ROR al-
pha and ROR gamma // Immunity. 2008. Vol. 28. P. 29-39.

67. Yoo Y.M. et al. Pharmacological advantages of melatonin in immunosenescence by improving activity of
T lymphocytes // J. Biomed. Res. 2016. Vol. 30. P. 314-321.

68. Zang M. et al. The circadian nuclear receptor RORa negatively regulates cerebral ischemia—reperfusion
injury and mediates the neuroprotective effects of melatonin. BBA // Mol. Basis Dis. 2020. Vol. 1866. P.
165890.

References

1. Glebezdina N.S. et al. Molecular Mechanisms of Control of Differentiation of Regulatory T-Lymphocytes
by Exogenous Melatonin. Doklady Biochemistry and Biophysics. V. 484 (1) (2019a): pp. 13-16.

2. Glebezdina N.S. et al. [Contribution of different types of melatonine receptors to hormone-dependent
regulation of T lymphocytes producing IL-17 (Th17) differentiation]. Rossijskij immunologiceskij Zurnal. V.
13(2) (2019b): pp. 751-753. (In Russ.).

3. Kuklina E.M., Glebezdina N.S., Nekrasova 1.V. Role of Melatonin in the Regulation of Differentiation of
T Cells Producing Interleukin-17 (Th17). Bull. Exp. Bio. Med. 160(5) (2016): pp. 656-658.

4. Alvarez-Sanchez N. et al. Melatonin controls experimental autoimmune encephalomyelitis by altering the
T effector/regulatory balance. Brain Behav Immun. V. 50 (2015): pp. 101-114.

5. Arias J. et al. Effect of melatonin on lymphocyte proliferation and production of interleukin-2 (IL-2) and
interleukin-1 beta (IL-1 beta) in mice splenocytes. Invest. Clin. V. 44(1) (2003): pp. 41-50.

6. Calamini B. et al. Kinetic, thermodynamic and X-ray structural insights into the interaction of melatonin
and analogues with quinone reductase 2. Biochem. .J. V. 413(1) (2008): pp. 81-91.

7. Calvo J.R., Gonzalez-Yanes C., Maldonado M. D. The role of melatonin in the cells of the innate immuni-
ty: a review. J. Pineal. Res. 2013. V. 55(2) (2013): pp. 103-120.

8. Cardinali D.P et al. Melatonin and the metabolic syndrome: physiopathologic and therapeutical implica-
tions. Neuroendocrinology. V. 93(3) (2011): pp. 133-142.

9. Carrillo-Vico A. et al. Evidence of mle synthesis by human lymphocytes and its physiological signifi-
cance: possible role as intracine, autocrine and/or paracrine substance. FASEB J. V. 18 (2004): pp. 537-539.

10. Carrillo-Vico A., Lardone P.J., Naji L. Beneficial pleiotropic actions of melatonin in an experimental
model of septic shock in mice: Regulation of pro-/ anti-inflammatory cytokine network, protection against oxida-
tive damage and anti-apoptotic effects. J. Pineal. Res. V. 39 (2005): pp. 400-408.

11. Carrillo-Vico A. et al. Melatonin: buffering the immune system. Int. J. Mol. Sci. V. 14(4) (2013): pp.
8638-8683.

12. Chen F. et al. Effect of melatonin on monochromatic light-induced T-lymphocyte proliferation in the
thymus of chickens. J. Photochem. Photobiol B. V. 161 (2016): pp. 9-16.

13. Comai S., Gobbi G. Unveiling the role of melatonin MT2 receptors in sleep, anxiety and other neuropsy-
chiatric diseases: a novel target in psychopharmacology. J. Psychiatry Neurosci. V. 39 (2014): pp. 6-21.

14. Cutando A. et al. Role of melatonin in cancer treatment. Anticancer Res. 2012. V. 32(7) (2012): pp.
2747-2753.

15. Ding S. et al. Melatonin stabilizes rupture-prone vulnerable plaques via regulating macrophage polariza-
tion in a nuclear circadian receptor RORa-dependent manner. J. Pineal. Res. V. 67 (2019): pp. e12581.

16. Drazen D.L. et al. In vitro melatonin treatment enhances splenocyte proliferation in prairie voles. J. Pine-
al. Res. V. 28(1) (2000): pp. 34-40.

17. Du J., Huang C., Zhou B., Ziegler S.F. Isoform-Specific Inhibition of RORa-Mediated Transcriptional
Activation by Human FOXP3. J. Immunol. V. 180(7) (2008): pp. 4785-4792.

18. Dubocovich M.L., Markowska M. Functional MT1 and MT2 melatonin receptors in mammals. Endo-
crine. V. 27 (2005): pp. 101-110.

19. Ekmekcioglu C. Melatonin receptors in humans: biological role and clinical relevance. Biomed. Pharma-
cother. V. 60(3) (2006): pp. 97-108.

20. Emet M. et al. A Review of Melatonin, Its Receptors and Drugs. The Eurasian Journal of Medicine. V.
48(2) (2016): pp. 135-141.

21. Espino J. et al. Protective effect of melatonin against human leukocyte apoptosis induced by intracellular
calcium overload: relation with its antioxidant actions. J. Pineal. Res. 2011. V. 51(2) (2011): pp. 195-206.

22. Espino J., Rodriguez A.B., Pariente J.A. The inhibition of TNF-a-induced leucocyte apoptosis by mela-
tonin involves membrane receptor MT1/MT2 interaction. J. Pineal. Res. V. 54(4) (2013): pp. 442-452.

23. Farez M.F. et al. Melatonin Contributes to the Seasonality of Multiple Sclerosis Relapses. Cell. V. 162
(2015): pp. 1338-1352.

202


https://www.ncbi.nlm.nih.gov/pubmed/29504099
https://pubmed.ncbi.nlm.nih.gov/12703182/
https://pubmed.ncbi.nlm.nih.gov/12703182/
https://pubmed.ncbi.nlm.nih.gov/?term=Calamini+B&cauthor_id=18254726
https://pubmed.ncbi.nlm.nih.gov/?term=Calvo+JR&cauthor_id=23889107
https://pubmed.ncbi.nlm.nih.gov/?term=Gonz%C3%A1lez-Yanes+C&cauthor_id=23889107
https://pubmed.ncbi.nlm.nih.gov/?term=Maldonado+MD&cauthor_id=23889107
https://pubmed.ncbi.nlm.nih.gov/?term=Cardinali+DP&cauthor_id=21358175
https://pubmed.ncbi.nlm.nih.gov/?term=Carrillo-Vico+A&cauthor_id=23609496
https://pubmed.ncbi.nlm.nih.gov/?term=Cutando+A&cauthor_id=22753734
https://pubmed.ncbi.nlm.nih.gov/22753734/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/10626599/
https://pubmed.ncbi.nlm.nih.gov/16527442/
https://pubmed.ncbi.nlm.nih.gov/?term=Espino+J&cauthor_id=21470303
https://pubmed.ncbi.nlm.nih.gov/21470303/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/23397952/
https://pubmed.ncbi.nlm.nih.gov/23397952/

24, Farez M.F. et al. Anti-inflammatory effects of melatonin in multiple sclerosis. Bioessays. V. 38 (2016):
pp. 1016-1026.

25. Favero G. et al. Melatonin as an Anti-Inflammatory Agent Modulating Inflammasome Activation. Int. J.
Endocrinol. V. 2017 (2017): pp. 1835195.

26. Ferlazzo N. et al. Is Melatonin the Cornucopia of the 21st Century? Antioxidants. 2020. V. 9(11) (2020):
pp. 1088.

27. Garcia J.A. et al. Disruption of the NF-kB/NLRP3 connection by melatonin requires retinoid-related or-
phan receptor-a and blocks the septic response in mice. FASEB J. V. 29 (2015): pp. 3863-3875.

28. Garcia-Maurino S. et al. Melatonin enhances IL-2, IL-6, and IFNy production by human circulating CD4*
cells: a possible nuclear receptor-mediated mechanism involving T helper type 1 lymphocytes and monocytes. J.
Immunol. V. 159 (1997): pp. 574-581.

29. Garcia-Maurino S. Melatonin activates Th1l lymphocytes by increasing IL-12 production. Life Sci. V. 65
(1999): pp. 2143-2150.

30. Guerrero J.M., Reiter R.J. Melatonin-immune system relationships. Curr. Top. Med. Chem. V. 2 (2002):
pp. 167-179.

31. Gupta S., Haldar C. Physiological crosstalk between melatonin and glucocorticoid receptor modulates t-
cell mediated immune responses in a wild tropical rodent, funambulus pennant. J. Steroid. Biochem. Mol. Biol.
V. 134 (2013): pp. 23-36.

32. Huang H. et al. Melatonin prevents endothelial dysfunction in SLE by activating the nuclear receptor ret-
inoic acid-related orphan receptor-a. Int. Immunopharmacol. V. 83 (2020): pp. 106365.

33. Johansson L.C. et al. XFEL structures of the human MT2 melatonin receptor reveal the basis of subtype
selectivity. Nature. V. 569 (7755) (2019): pp. 289-292.

34. Kato K. et al. Neurochemical properties of ramelteon (TAK-375), a selective MT1/MT2 receptor agonist.
Neuropharmacology. V. 48 (2005): pp. 301-310.

35. Kojima H., Muromoto R., Takahashi M. Inhibitory effects of azole-type fungicides on interleukin-17
gene expression via retinoic acid receptor-related orphan receptors o and y. Toxicol. Appl. Pharmacol. V. 259
(2012): pp. 338-345.

36. Kuklina E.M. Melatonin as potential inducer of Th17 cell differentiation. Medical Hypothesis. V. 83
(2014): pp. 404-406.

37. Lardone P.J. et al. Melatonin synthesized by Jurkat human leukemic T cell line is implicated in IL-2 pro-
duction. J. Cell. Physiol. V. 206 (2006): pp. 273-279.

38. Lardone P.J. et al. Blocking of melatonin synthesis and MT(1) receptor impairs the activation of Jurkat T
cells. Cell. Mol. Life. Sci. V. 67 (2010): pp. 3163-3172.

39. Lardone P.J. et al. Melatonin synthesized by T lymphocytes as a ligand of the retinoic acid-related orphan
receptor. J. Pineal Res. V. 51 (2011): pp. 454-462.

40. Leon J. et al. Structure-related inhibition of calmodulin-dependent neuronal nitric-oxide synthase activity
by melatonin and synthetic kynurenines. Mol. Pharmacol. V. 58(5) (2000): pp. 967-975.

41. Li Z. et al. Melatonin inhibits apoptosis in mouse Leydig cells via the retinoic acid-related orphan nuclear
receptor a/p53 pathway. Life Sci. 2020. V. 246 (2020): pp. 117431.

42. Lin L. et al. Melatonin in Alzheimer’s disease. Int. J. Mol. Sci. V. 14 (2013): pp. 14575-14593.

43. Ma H. et al. ROR: Nuclear Receptor for Melatonin or Not? Molecules. V. 26(9) (2021). pp. 2693.

44. Mahmood D. Pleiotropic Effects of Melatonin. Drug Res (Stuttg). V. 69(2) (2019): pp. 65-74.

45. Naranjo M.C. et al. Melatonin biosynthesis in the thymus of humans and rats. Cell. Mol. Life Sci. V.
64(6) (2007): pp. 781-790.

46. NaveenKumar S.K. et al. Melatonin restores neutrophil functions and prevents apoptosis amid dysfunc-
tional glutathione redox system. J. Pineal. Res. V. 69(3) (2020): pp. €12676.

47. Okamoto H.H. et al. Cryo-EM structure of the human MT1-Gi signaling complex. Nat. Struct. Mol Biol.
V. 28(8) (2021): pp. 694-701.

48. Pariente R. et al. Participation of MT3 melatonin receptors in the synergistic effect of melatonin on cyto-
toxic and apoptotic actions evoked by chemotherapeutics. Cancer Chemother Pharmacol. V. 80(5) (2017): pp.
985-998.

49. Pozo D. et al. mRNA expression of nuclear receptor RZR/RORa, melatonin membrane receptor MT1,
and hydroxindole-O-methyltransferase in different populations of human immune cells. J. Pineal. Res. V. 37
(2004): pp. 48-54.

50. Raghavendra V. et al. Melatonin provides signal 3 to unprimed CD4(+) T cells but failed to stimulate
LPS primed B cells. Clin. Exp. Immunol. V. 124 (2001): pp. 414-422.

51. Ragonda F., Diederich M., Ghibelli L. Melatonin: a pleiotropic molecule regulating inflammation. Bio-
chem. Pharmacol. V. 80 (2010): pp. 1844-1852.

52. Reppert S.M. et al. Molecular characterization of a second melatonin receptor expressed in human retina
and brain: the Mellb melatonin receptor. Proc. Natl. Acad. Sci. USA. V. 92(19) (1995): pp. 8734-8738.

203


https://pubmed.ncbi.nlm.nih.gov/29104591/
https://pubmed.ncbi.nlm.nih.gov/?term=Le%C3%B3n+J&cauthor_id=11040043
https://pubmed.ncbi.nlm.nih.gov/?term=Ma+H&cauthor_id=34064466
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahmood%20D%5BAuthor%5D&cauthor=true&cauthor_uid=30060265
https://www.ncbi.nlm.nih.gov/pubmed/30060265
https://pubmed.ncbi.nlm.nih.gov/17334663/
https://pubmed.ncbi.nlm.nih.gov/28956121/
https://pubmed.ncbi.nlm.nih.gov/28956121/
https://pubmed.ncbi.nlm.nih.gov/7568007/
https://pubmed.ncbi.nlm.nih.gov/7568007/

53. Reppert S.M., Weaver D.R., Ebisawa T. Cloning and characterization of a mammalian melatonin receptor
that mediates reproductive and circadian responses. Neuron. V. 13(5) (1994): pp. 1177-1185.

54, Sanchez-Barcelo E.J. et al. Melatonin-estrogen interactions in breast cancer. J. Pineal. Res. V. 38(4)
(2005): pp. 217-222.

55. Shaji A.V., Kulkarni S.K., Agrewala J.N. Regulation of secretion of IL-4 and 1gG1 isotype by melatonin-
stimulated ovalbuminspecific T cells. Clin. Exp. Immunol. V. 111 (1998): pp. 181-185.

56. Shen S. et al. The role of melatonin in the treatment of type 2 diabetes mellitus and Alzheimer's disease.
Int. J. Biol. Sci. V. 18(3) (2022): pp. 983-994.

57. Slominski A.T. et al. RORa and ROR 1y are expressed in human skin and serve as receptors for endogenous-
ly produced noncalcemic 20-hydroxy- and 20,23-dihydroxyvitamin D. FASEB J. V. 28 (2014): pp. 2775-2789.

58. Spinedi E., Cardinali D.P. Neuroendocrine-Metabolic Dysfunction and Sleep Disturbances in Neuro-
degenerative Disorders: Focus on Alzheimer's Disease and Melatonin. Neuroendocrinology. V. 108(4) (2019):
pp. 354-364.

59. Srinivasan V., Cardinali D.P., Srinivasan U.S. Therapeutic potential of melatonin and its analogs in Par-
kinson’s disease: focus on sleep and neuroprotection. Ther. Adv. Neurol. Disord. V. 4 (2011): pp. 297-317.

60. Stauch B. et al. Structural basis of ligand recognition at the human MT1 melatonin receptor. Nature. V.
569 (7755) (2019): pp. 284-288.

61. Sun H., Gusdon A.M., Qu S. Effects of melatonin on cardiovascular diseases: progress in the past year.
Curr. Opin. Lipidol. V. 27(4) (2016): pp. 408-413.

62. Tan D.X. et al. Melatonin as a Potent and Inducible Endogenous Antioxidant: Synthesis and Metabolism.
Molecules. V. 20(10) (2015): pp. 18886-18906.

63. Wiesenberg I. et al. Transcriptional activation of the nuclear receptor RZRa by the pineal gland hormone
melatonin and dentification of CGP52608 as a synthetic ligand. Nucleic. Acid. Res. V. 23 (1995): pp. 327-333.

64. Wu C.C. et al. Melatonin enhances endogenous heme oxygenase-1 and represses immune responses to
ameliorate experimental murine membranous nephropathy. J. Pineal. Res. V. 52(4) (2012): pp. 460-469.

65. Xu L. et al. Melatonin differentially regulates pathological and physiological cardiac hypertrophy: Cru-
cial role of circadian nuclear receptor RORa signaling. J. Pineal. Res. V. 67 (2019): pp. e12579.

66. Yang X.O. et al. T helper 17 lineage differentiation is programmed by orphan nuclear receptors ROR al-
pha and ROR gamma. Immunity. V. 28 (2008): pp. 29-39.

67. Yoo Y.M. et al. Pharmacological advantages of melatonin in immunosenescence by improving activity of
T lymphocytes. J. Biomed. Res. V. 30 (2016): pp. 314-321.

68. Zang M. et al. The circadian nuclear receptor RORa negatively regulates cerebral ischemia—reperfusion
injury and mediates the neuroprotective effects of melatonin. BBA. Mol. Basis Dis. V. 1866 (2020). pp. 165890.

Cratba noctynuna B pepgakumio 11.04.2023; opobpeHa nocne peueHsmposaHusa 11.05.2023; npuHATa K Nyb6anKauum
02.06.2023.
The article was submitted 11.04.2023; approved after reviewing 11.05.2023; accepted for publication 02.06.2023.

WHdopmaumsa 06 aBTopax

E. M. KyknuHa — a-p. 610N, Hayk, BEAYLLMIA HAayYHbI COTPYAHWK N1abopaTopun MMMYHOPEryAaLMK;

H. C. Tnebe3anHa — KaHA. 610N, HAayK, MAAALLINIA HAYYHbIN COTPYAHWK N1abopaTopum UMMYHOPEryaaLmN.
Information about the authors

E. M. Kuklina — doctor of biology, leading researcher of laboratory of immunoregulation;

N. S. Glebezdina — candidate of biology, junior researcher of laboratory of immunoregulation.

BKnap aBsTOpOB:

KyknuHa E. M. — Hay4HOe pyKOBOACTBO, KOHLLENUMA UCCeA0BaHUA, HANUCAaHUE NCXOLHOIO TEKCTA, UTOTOBbIE BbIBOZAbI.
FnebesanHa H. C. — odopmneHune, sopaboTKa TeKcTa.

Contribution of the authors:

Kuklina E. M. — scientific management, research concept, writing the source text, conclusions.

Glebezdina N. S. — design, revision of the text.

ABTOpPbI 3aAB/AIOT 06 OTCYTCTBUM KOHIMKTA MHTEPECOB.
The authors declare no conflicts of interests.

204


https://pubmed.ncbi.nlm.nih.gov/7946354/
https://pubmed.ncbi.nlm.nih.gov/7946354/
https://pubmed.ncbi.nlm.nih.gov/15813897/
https://pubmed.ncbi.nlm.nih.gov/?term=Shen+S&cauthor_id=35173531
https://pubmed.ncbi.nlm.nih.gov/?term=Spinedi+E&cauthor_id=30368508
https://pubmed.ncbi.nlm.nih.gov/?term=Cardinali+DP&cauthor_id=30368508
https://pubmed.ncbi.nlm.nih.gov/?term=Sun+H&cauthor_id=27075419
https://pubmed.ncbi.nlm.nih.gov/?term=Gusdon+AM&cauthor_id=27075419
https://pubmed.ncbi.nlm.nih.gov/?term=Qu+S&cauthor_id=27075419

