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UNNIOCTPALIUU K CTATBE «COMOCTABJIIEHUE PA3HbBIX METOA0OB OLIEHKW KNETOYHOIO UMMYHUTETA K BUPYCY SARS-CoV-2»
(ABTOPbI: AOPUIOHOBA 3.3., TONTbIFMHA A.., BOrONMIOEOBA A.B., CEMUKWHA E.JN. [c. 1431-1440])

ILLUSTRATIONS FOR THE ARTICLE "COMPARISON OF DIFFERENT TECHNIQUES FOR EVALUATION OF CELLULAR IMMUNITY
TO SARS-CoV-2 VIRUS" (AUTHORS: AFRIDONOVA Z.E., TOPTYGINAA.P,, BOGOLYUBOVAA.V., SEMIKINAE.L. [pp. 1431-1440])
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PucyHok 2. Mpumep uccnegoBaHus KIeToYHOro MMMyHuTeTa Metogom ELISpot

Mpumeyanue. A - cnoHTaHHbIN ypoBeHb Ha TecT-cucteme Human IFN-y ELISpot. B — aHTUreH-MHAyLMpOBaHHLIN yPoBEHb Ha TecT-cucteme Human
IFN-y ELISpot. B - cnoHTaHHbIIi ypoBeHb Ha TecT-cucteme Corona-T-test. I — aHTUreH-MHAYLIMPOBaHHbLIN YpoBeHb Ha TecT-cucteme Corona-T-test.
Figure 2. Example of cellular immunity study using the ELISpot method

Note. A, spontaneous level on the kit “Human IFN-y ELISpot”. B, antigen-induced level on the kit “Human IFN-y ELISpot”. C, spontaneous level on the kit “Corona-
T-test”. D, antigen-induced level on the kit “Corona-T-test”.

WINKOCTPALIMU K CTATBE «OCOBEHHOCTW NMPEAHANUTUYECKOIO 3TANA MPU KONTMYECTBEHHOM ONPEAENTIEHAW TREC/KREC
B MNEPUDEPUYECKOU KPOBWU» (ABTOPbI: CAUTTANIMHA M.A., OCTAHKOBA 10.B., CEIbIX A.B., TOTOJNAH APET A. [c. 1441-1452])

ILLUSTRATIONS FOR THE ARTICLE "FEATURES OF THE PRE-ANALYTICAL STAGE IN QUANTITATIVE DETERMINATION OF TREC/KREC
IN PERIPHERAL BLOOD" (AUTHORS: SAITGALINA M.A., OSTANKOVA YU.V., SEDYKH A.V., TOTOLIAN AREG A. [pp. 1441-1452])

PucyHok 1. MpaBunbHoO B3ATLIN MaTepuan

Mpumeyanue. MATHa KPOBM HaHECEHLI PaBHOMEPHO, Oymara nponuTaHa ¢ 06enx CTOpoH,
NOBEPXHOCTb He NOBPeXAeHa.

Figure 1. Correctly collected material

Note. Dried blood spots are applied evenly, the paper is soaked on both sides, the surface is not damaged.
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PucyHok 2. Ownbku B3aTUA MaTepuana

Mpumeyanue. A - KPOBb HAHOCMIM MHCTPYMEHTOM (LLINPULIEM UMK BO3aTOPOM) MO KPYry, UMUTMPYS NPaBUIbHO B3ATLIA MaTepuan, NPUKOCHOBEHME
WHCTPYMEHTa K MOBEPXHOCTU KapTbl CO3Aano uapanuHbl 1 o6pasoBano MernKue 6yma)|(Hb|e KpoBsiHble KaTbIWKK, NpONUTKa 6ymaru HenonHas. b - KpoBb
HaHeceHa HECKOJIbKUMU ManeHbKUMU Kannsamu, 6ymara He nponuTaHa, a «<Hama3aHa», KOJin4ecTBO MaTepuana HeaoCTaToO4HoO. B- HeJoCcTaTo4yHoe
KOJNIN4eCTBO KPOBHU, NATHA KPOBU Gnengle ¢ bonee TeMHbIM KOnbLOM Mo nepmpepwu: He3HauuTenbHbI 06LeM KpoBH d)VISVI‘-IeCKVIM BO3.qel7ICTBVIeM
pacnpeaenunu no BCen OKPYXHOCTU, UMUTUPYA NPaBUNbHO B3ATbIN marepuan. [ — MHOrocnonHoe HaHeceHue matepuana u owwnbka BbICYLWUINBAHUA:
KPOBSIHOE MATHO 3aCKOPY3/10€, KMATOE», C/IOM NPONUTAHHOM KPOBbLIO OyMaru HanonsarT Apyr Ha Apyra, 06pa3ys yToNLeHNUs NOBEPXHOCTH (BanuKy,
XONMUKM).

Figure 2. Errors in collected material

Note. A, blood was applied with a tool (syringe or dispenser) in a circle, simulating correctly collected material, touching the tool to the surface of the card created
scratches and formed small paper blood pellets, the impregnation of the paper was incomplete. B, blood is applied in several small drops, the paper is not soaked,
but “smeared”, the amount of material is not enough. C, insufficient amount of blood, dried blood spots are pale with a darker ring along the periphery: a small
volume of blood was distributed over the entire circumference by physical force, simulating correctly collected material. D, multi-layer application of material and
drying error: dried blood spot is crusty, “crumpled”, layers of blood-soaked paper creep on top of each other, forming surface thickenings (rollers, mounds).
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NEPCMNEKTUBbI PABBUTUA ADANTUBHON MEOULIMHCKON

MMMYHOJIOI'MA
Hecreposa II.B., Taraypmurxosa H.C.

DIAOY BO «Poccuiickuii yrusepcumem opyucool Hapodos umenu Iampuca Jlymymobur», Mockea, Poccus

Pesiome. [1poliecchl agantaliu UMMYHHOM CUCTEMbI YeJIOBEKA K HETaTUBHBIM BHYTPEHHUM W BHELLIHUM
BO3ICUCTBHUSIM, B TOM YHCJIe K CTPECCOPHBIM, MH(MEKIIMOHHBIM, (haKTOpaM BHEITHEN cpellbl, KOHTPOIUPY-
FOTCSI M OCYIIECTBIISTIOTCSI HEHPOMMMYHOSHIOKPUHHBIM KoMIuiekcoM (HWUBK). ITpu HopmambHOM (DYHK-
nuonupoBannu HMUOK cymecTByer B3amMomeiicTBie HEPBHOM, MIMMYHHOM M SHIOKPUHHOM CHUCTEM, 4TO
MO3BOJISIET UMMYHHOU crcTeMe (DYHKIIMOHUPOBATh HOPMaTbHO, OCTABaThCs YCTOMYMBOM K pa3IMIHBIM He-
raTUBHBbIM U MHAYLMPYIOIIUM BIAUSIHUSM, MNPOSIBIASITHL CBOU aJaNTallMOHHbIE BO3MOXKHOCTHU, COXpaHss Tpu
3TOM CITOCOOHOCTH OTPaXKaTh aTaKM pa3IMYHBIX ITATOT€HOB, HUBEJINPOBATh AJUICPIUUECKHUE M ayTOUMMYHHBIC
peakin. [1pu HapylreHUsIX HopMasibHOTO hyHKIIMoHnpoBanus HMUBOK cTpamaror amanralimoHHBIE TTPOIIEC-
Chl B UMMYHHOI CHCTEME, B3aMOACHCTBNE MMMYHHOI, HEPBHOM M SHIOKPUHHOM CHUCTEM, YTO MPUBOIUT
K BOBHMKHOBCHUIO CTOMKMX HapyIIeHUH (PpyHKIIMOHUPOBAHUS UMMYHHOI CUCTEMBI M MOXKET MaHU(DECTH -
poBaTh (GOPMHUPOBAHUEM 0OJIe3HEH UMMYHHOM CHCTEMBI, B TOM YHCJIE IIPUOOPETCHHOTO MMMYHOIeUIInTA.
Hamu o6ocHOBaHA HEOOXOIMMOCTE CO3IaHMS HOBOT'O IIEPCIIEKTUBHOTO HAYyYHOTO HAIIPABJICHUS — aIallTUB-
Hasl MEIUIIMHCKAs UMMYHOJIOTHSI, B OCHOBE KOTOPOTO JICKUT M3ydeHNEe OCOOCHHOCTE HapyIIeHN (DyHK-
OUOHMPOBAHUS MMMYHHOUM CHCTEMBI YeJIOBEeKa IPU OCTPOM MJIM XPOHMYSCKOM BO3ICUCTBUM HETaTMBHBIX
BHYTPEHHMX M BHEIITHUX, CTPECCOPHBIX, MH(PEKIIMOHHBIX 1 IPYTUX, B TOM YHMCJIe YPOAHNCTUICCKNX (haKTO-
POB, B pe3yJIbTaTe Yero IIPOUCXOINUT «CPBIB amallTAIMOHHBIX BO3MOXHOCTET MMMYHHOW CUCTEMbBI» U, KaK
pe3yJsIbTaT, BOSHUKAIOT 00JIE3HM UMMYHHOU CHUCTEMBI, B TOM YHCJE TIPUOOPETeHHBIE NMMYHOIES(MUIINTHI 1
CBSI3aHHBIC ¢ HUMU Pa3IMIHble UMMYHO3aBHUCHUMBIC 3a00jieBaHMs. Lleapro amanTUBHOW MEOUIIMHCKON M-
MYHOJIOTUH SIBJISIETCS pa3paboTKa aJTOpUTMa KOMIUIEKCHOW ITMAarHOCTHMKM W CO3MaHWE WHTETPAllMOHHBIX
MEXIUCHUUIUIMHAPHBIX, B TOM YKCJIe UMMYHOTEepaneBTUYEeCKMX MOAX0/10B, aIallTUBHO BO3JAEUCTBYIOIMX HA
IpUOOPETeHHBIC HAPYIICHUST (PYHKIIMOHUPOBAHUSI MMMYHHOI CUCTEMBbI — MHTETPAIIMOHHON MeanKaMeH-
TO3HOM KOPPEKIIMU UMMYHHOI CUCTEMBI, TIPOBOANMOM ITPU PAa3IMIHBIX UMMYHO3aBUCHUMBIX 3a00JIeBAHUSIX.
OCHOBHOI1 3ama4eil IBISICTCSI TAPTeTHOE BOCCTAHOBJICHNE aIcKBATHOTO OTBETAa UMMYHHOM CCTEMBbI Ha M€ -
FOILIMICS HETUITMYHO MPOTEKAIOIINUA OCTPHINA I XpOHNYECKUI MH(MEKIIMOHHO-BOCTAIMTEIHFHBIN TIPOIIece,
a Takke HMBEJIUPOBaHME HapYIICHUN HEpBHOUW M SHIOKPUHHOM crucTeM, Bxoasmmx B HUBDK, ¢ manbHeit-
IIIMM BOCCTAaHOBJICHUEM UX COaJTaHCUPOBAHHOTO B3amMoaeiicTBHs. [1omoOHBINI MHTETpAllMOHHBIN TTOIXOMI
CITOCOOCTBYET BOCCTAHOBJICHUIO HOPMAJIbHOTO (DYHKIIMOHUPOBAHUS UMMYHHOM CUCTEMBI, (POPMUPOBAHUIO
TMO3UTUBHON KIIMHNYECKOI 3(h(heKTUBHOCTHU 1 BHIXOMY ITAIIMCHTOB B IJIUTEIBHYIO KIIMHUTUECKYIO PEMUCCHIO.
Hpyroii 3amadeii amanTHBHON MEIUIIMHCKOM MMMYHOJIOTUH SIBISCTCS CO3MaHNE IIEPCIeKTUBHBIX MHHOBAIIM-
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Hecmepoesa U.B., Tamaypuwuxosa H.C.
Nesterova 1.V., Tataurschikova N.S.
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OHHBIX IMAarHOCTUYECKUX TEXHOJIOTUI 1, Ha 3TOM OCHOBE, pa3pad0TKa HOBBIX MHTETPAIIMOHHBIX IIPOTrPaMM
IUTST TAPTETHOTO BOCCTAHOBJICHUS MOBPEXICHUN MMMYHHOUM CHCTEMBI, a TaKXKe€ HEpPBHOW M 3HIOKPUHHOM
CHCTEM Y UMMYHOKOMITPOMETUPOBAHHBIX ITAIIMEHTOB, CTPANAIOIINX Pa3IMIHBIMA UMMYHO3aBUCUMBIMH 3a-
OOJIeBaHUSIMU.

Karouesnie cnosa: adanmuenas meouyUHCKas UMMYHOAO02US, UMMYHOOeQUUUM, UMMYHO3Aa8UCUMble 3a001€6aAHUs, UHME2PAUUOHHAS
npoepamma, KoppeKkuus UMMYHHOU CUCIeMbl, HeUPOUMMYHOIHOOKPUHHbII KOMIAEKC

PROSPECTS FOR THE DEVELOPMENT OF ADAPTIVE
MEDICAL IMMUNOLOGY
Nesterova 1.V, Tataurschikova N.S.

P. Lumumba Peoples’ Friendship University of Russia, Moscow, Russian Federation

Abstract. The processes of adaptation of the human immune system to negative internal and external
influences, including stress, infectious, environmental factors, are controlled by the neuroimmunoendocrine
complex (NIEC). The normal functioning of the NIEC is the close interaction between the nervous, immune
and endocrine systems. The normal NIEC allows the immune system show its adaptive capabilities, remain
resistant to various negative influences, while maintaining the ability to repel attacks of various pathogens,
neutralize allergic and autoimmune reactions. In case of violations of the normal functioning of the NIEC,
adaptive processes in the immune system, the interaction of the immune, nervous and endocrine systems suffer,
which leads to persistent violations of the functioning of the immune system and can manifest the formation
of diseases of the immune system, including acquired immunodeficiency. We have justified the need to create a
new promising scientific direction — adaptive medical immunology, which is based on the study of the features
of disorders of the human immune system under acute or chronic exposure to negative internal and external,
stressful, infectious, urban factors, resulting in a “breakdown of the adaptive capabilities of the immune system”
and, as a result, the diseases exist of the immune system, including acquired immunodeficiency and related
immune-dependent diseases. The aim of adaptive medical immunology is to develop an algorithm for complex
immunodiagnostics and to create integrative interdisciplinary programs for correction immune system,
including immunotherapeutic approaches that affect acquired disorders and restore an adaptive activities of
the immune system. The main task is the restoration of an adequate response of the immune system to the
existing atypically occurring acute or chronic infectious and inflammatory process, as well as the leveling of
disorders of the nervous and endocrine systems with restoration their balanced interaction in the NIEC. Such
an integration approach contributes to the restoration of the normal functioning of the immune system, the
formation of positive clinical efficacy and the exit of patients into long-term clinical remission. Another task
of adaptive medical immunology is the creation of promising innovative diagnostic technologies and, on this
basis, the development of new integration programs for targeted restoration of damage to the immune system,
as well as the nervous and endocrine systems in immunocompromised patients suffering from various immune-
dependent diseases.

Keywords: adaptive medical immunology, immunodeficiency, immune-dependent diseases, integration program, correction of
the immune system, neuroimmunoendocrine complex

HEPBHOW, UMMYHHOI U SHIOKPMUHHOU CUCTEM, 4YTO
MO3BOJISIET UMMYHHOI cucTeMe (PyHKIIMOHUPOBATH
HOPMaJIbHO, OCTaBaThbCs YCTOMYMBOU K PasjMyHbIM
HEraTUBHBIM W MHAYLUPYIOIIUM BIWSHUSIM W, Ta-

BeegeHve

IMpouecchl amanTallMu UMMYHHOM CUCTEMBI 4e-
JIOBeKa K MO3UTUBHBIM U HETaTUBHBLIM BHYTPEHHUM

¥ BHEITHUM BO3IEHCTBUSIM, B TOM YUCJIE K BIIMSHI-
sIM (aKTOpPOB BHEIIHEUW Cpeabl, KOHTPOJIUPYIOTCS
M OCYILIECTBIISTIOTCSI HEWPOMMMYHOIHIOKPUHHBIM
komriekcoM (HUBDK). INpm HOpMampHOM (DYHK-
unonupoBanun HUBDK cyiiectByeT TOHKOE, HO
OUYeHb 4YeTKoe (PU3MOJIOTMYECKOe B3aMMOJIECTBUE

KUM 00pa3oM, MpPOSIBISITh CBOM aJalTallMOHHBIE
BO3MOXHOCTH, COXpaHSISI TPU ITOM CITOCOOHOCTH
OTpaxaTh aTaku Pa3IUYHBIX [MATOT€HOB, HUBEJIU-
poBaTh ajyiepruyeckue U ayToMMMYHHBIE peaKIIUu.
Tlpu HapylieHusIX HOpMaJabHOTO (DYHKIIMOHUPOBA-
Hust HUDK Hapyuiarotcs agantaliMoOHHbIE TTPoLiec-
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Cbl B UMMYHHOI CUCTEME, MOCKOJIbKY HapylaeTcs
(GU3MOJIOrMYecKoe B3aUMOAEUCTBUE UMMMYHHOM,
HEPBHOM M 3HAOKPUHHOW CUCTEM, UTO MPUBOJUT K
BO3HMKHOBEHUIO CTOMKUX HapyLIEHUN (QyHKIIO-
HUPOBAHUSI UMMYHHOM CUCTEMBI, YTO MOXET MaHU-
decTupoBaTh (opMHpoBaHUEe O0Je3HEeN UMMYHHOM
CUCTEMBI, B TOM UHMCJIe TPUOOPETEHHOTO UMMYHO/E-
dunuura.

I[MpuuynHaMu HapyIIeHUNW HOPMAJIBHOTO (HYyHK-
nnonupoBanust HUDK gaBasiioTcst 4acTo mMoBTOPSIIO-
LIUECS, TOCTATOYHO PETYJISIPHbIE U AJIUTEbHbIE 10-
BpeXXIarolre BO3ACUCTBYSI HEraTUBHOIO XapakTepa,
B MEPBYIO OUYepellb CTPECCOPHBIE, a TakKke (PaKTOPhI
BHEIIHEN cpelibl, KOTOpbIE OKa3bIBAIOT AUCPETYJIs-
TOpPHBIE BJIMSIHUS HA HEMPOUMMYHOIHIOKPUHHBIN
KOMILUIEKC MHAUBUAYyMa. BciencTtBue 3Toro Hapy-
maetcsl padoTa HEpPBHOM, UMMYHHOI 1 3HIOKPUH-
HOM cucTeM H3-3a BO3HUKIIEro nucbagaHca B UX
B3auMonelicTBuil. Tak, Hampumep, CUIbHBIA TICU-
XOOMOLIMOHAJIbHBIM CTpecC MHAYLMUPYET Hapylle-
HHE NPOTUBOBUPYCHOU MMMYHHOM 3allIMTBI, U YEPE3
HECKOJIbKO 4YacoB Yy TallMEHTAa XPOHUYECKOMW Tep-
nec-BUPYCHON MH@EKIIMel BO3HUKAIOT OCTpas UiIu
000CTpeHUE XPOHUUYECKON MH(pEKLN, BbI3BAHHO
BIIT'l nnu BIIT2 Ha ¢oHe cpbhiBa amanTallMOHHBIX
BO3MOXHOCTE UMMYHHOI cucTeMbl. JIpyroii mpu-
Mep CBUAETEIbCTBYET O TOM, UTO SHIOKPUHHBIN TUC-
OajiaHC B IIePHO/I OBYJISILIUY, BOSHUKIIIUI Y 3KSHIIIH,
CTpaIalolIMX XPOHUUYECKUM T€HUTAJIbHbBIM T€PIIECOM
YIIOPHO-PELIMANBUPYIONIETO TEYEHUSI, TPUBOAUT
K O0OCTpEHUSIM 3TOU BUPYCHOU WHGEKIUU BCIIEI-
CTBUE HApYLICHWM TIPOTUBOBUPYCHOW WMMYHHOW
3alIUThbI, CIIPOBOLIMPOBAHHO HETATUBHBLIM U3MEHE-
HMEM rOpMOHaIbHOTO (POHa.

PaznuyHble HETUNMUYHO MPOTEKAIOIIUE OCTphIe
TSDKEJble WU  pelUIWBUPYIOIIME XPOHUYECKUE
UH(EKIIMOHHO-BOCTIAVIUTENbHbBIE 3a00JI€BaHUS C
HEOOBIYHBIM MM HETUIMMYHBIM TEYEeHUEeM TaKxkKe
BO3HUKAIOT MPU HapYIICeHWW HOPMAJbHOTO (PYHK-
nnonupoBanust HUDK. OTanynrenbHOM 4epToii Ta-
KOM OCTPO¥ MJIM XPOHUYECKOM IMaTOJIOTUU SBJISIETCS
OTCYTCTBME aJIcKBaTHOTO OTBETa Ha TPaAULIMOHHYIO
CTaHAAPTHYIO TE€paIluio B paMKaxX KIMHUYECKUX pe-
KoMmeHaauuii. Kpome Toro, mpu cpbiBe agarnTanu-
OHHBIX BO3MOXXHOCTE€A MMMYHHOW CUCTEMBI, IpU
MPEACYIIECTBYIOIIEN TEHETUYECKOU NpPeapacriono-
KEHHOCTU MOXET MPOU30UTH Ae0I0T MaHUdecTauumn
WId OOOCTpEHME aUIEPrUYeCKUX, ayTOMMMYHHBIX
3a00JIeBaHUI WM ayTOBOCHATUTEIbHBIX CUHIPO-
MOB.

K coxasieHu10, OCTpbIii 1 XpOHUYECKUI CTpECC B
YCIOBUSIX COBPEMEHHOI ypOaHM3allMU CTall «O0bIU-
HBIM siBieHUeM». Ha aToM (poHe cHUKaeTcsl amar-
TallMOHHBIN TTOTEHUMAT WUMMYHHOU CHUCTEMBI, YTO
NPUBOAUT K HeaAeKBaTHOMY pearupoBaHMUIO Ha
BHEJIpeHNE MaTOreHOB MeXaHU3MOB BPOXAEHHOTO U
NpUOOPETEHHOIO UMMYHMTETA, T. €. K OCJIa0JICHUIO

IPOTUBOMMKPOOHOI 3amuTrhl. BcaenctBue dero
BO3HUKAIOT Pa3MYHble HETUNIMYHO ITPOTEKAIOIINE
OCTpble M XPOHUYECKHE MHOEKIIMOHHO-BOCIIAIN-
TenabHble 3a6oneBanus [1, 12]. Tlo manHeiMm BO3,
0KO0J10 75% null, NpOXXMBAIOLINUX B Pa3HbIX CTpaHax,
CTpagaroT XOTS ObI OMHUM XPOHUYCCKUM 3a00JIeBa-
HHUEM, a THOTIA ¥ HECKOJBKIMH.

B cBs3M ¢ BBIIIEM3I0XEHHBIM ITPOCMAaTPUBACT-
Csl HacylllHasi He0O0XOIMMOCTh B pa3pabOTKe HOBBIX
MOAXOMOB K NTUAarHOCTUKE U KOMIUIEKCHOMY Jeue-
HUIO, HAIpaBJIEHHOMY Ha BOCCTAaHOBJIEHHWE HOpP-
MajibHOTO pyHKIIMoHupoBaHust HUOK u, B nepByio
ouepellb, Ha peCTaBPpalIMIO amanTalliOHHBIX BO3MOX-
HOCTeli MMMYHHOW CHCTEMBI. DTO CTal0 BO3MOX-
HbIM MpPU KCHOJIb30BaHUM pPa3pabOTaHHBIX HaMM
paHee MHTErpalMOHHBIX TMPOrpaMM KOPpPeKLUU —
peadbuiuTali UMMYHHOUR CUCTEMbI Y UMMYHOKOM-
IIPOMETHUPOBAHHBIX MAIIMCHTOB, OEeTeil M B3POCIBIX,
C Pa3IUIHBIMU HETUTTMIHO MPOTEKAIOIITNMI MH(PEK-
LIMOHHO-BOCIAJIMTEIbHBIMU 3a007eBaHusIMU. Pa3-
paboTaHHbIE HaMU MHTErpallMOHHbIE ITPOTPaAMMBbI
NPOJAEMOHCTPUPOBAJIM BBICOKYIO KIMHUKO-UMMY-
HOJIOTUYeCcKy10 2(HEKTUBHOCTh KaK Y UMMYHOKOM-
TIPOMETHUPOBAHHBIX IETC, TaK W Y B3POCIIBIX C TIPU-
0o0peTeHHBIMU UMMYHOAebunTaMu [3, 5, 6, 14].

[lo HamIMM maHHBIM, TJIAHOMEpPHAsT W, MPU HE-
00XOIMMOCTH, JOCTAaTOYHO IMTEJIbHASI MHTEerpal-
OHHas ajgarnTHBHAasT MeAUKAaMEHTO3Hasl Teparus, B
TOM 4YMCJIE UMMYHOTEpanusi, ClocoOCTBYET HOpMa-
JIM3aUY agalTallOHHOTO ITOTeHIINAajIa UMMYHHOM,
HEPBHOW W SHIOKPMHHON CHCTeM, OOecIeYnBacT
BOCCTAHOBJICHHEC 1 HOpMaJIM3aluilo (OYHKIMOHU-
pOBaHUSI UMMYHHOM CHUCTEMBI U CIIOCOOCTBYET MO-
CTUKEHUIO CTOMKOW KIIMHUYECKOU peMHuCCUu Mnpu
HETUITMYHO TIpOTeKalolnX WHGEKIMOHHO-BOCIIA-
JIUTEbHBIX 3a001€BaHUSIX, paHEe HEe OTBeYaBIIMX Ha
Tepanuio B paMKaxX KIMHUYESCKUX PeKOMEHIANH |3,
4,5,6,7, 14].

IIpuoOperennbie UMMyHOAeUIMTBI — 00JI€3HH
HMMYHHO# CHCTEMbI

IIpuoGpereHHbIe WM BTOPUYHBIE WMMYHO/E-
GUIUTBEI — 3TO BCeTHa OIIpelIeICHHBINA XapaKTep-
HBIN KIWHUYESCKUI (DEHOTHUII, TTOCKOJIbKY ITallieH-
Thl C MIPUOOPETEHHBIM MMMYHOAS(PUILIMTOM HUMEIOT
BecbMa SpKHUE KIMHUYECKME MPU3HAKW TOTO, 4TO
pas3inyHble MHOEKIIMOHHO-BOCHAIUTEbHbIE 3a00-
JIeBaHMsI TIPOTEKaT HEOOBIYHO — HETUITMYHO, a UX
2KaJ00bl ¥ KIIMHUYECKNE CUMIITOMEI OOJIC3HU U «HE
YKJIaIBIBAIOTCSI B OOBIYHYIO KJIIMHUYECKYIO KapTHUHY
00JIe3HU», TIPU 3TOM IIPOBOAMMAS Tepallis B paMKax
pa3pabOTaHHBIX U YTBEPKACHHbIX M3 PD cranmap-
TOB MJM KJIWHUYECKUX PEKOMEHJAlUili He ToMora-
€T CHPaBUThCS C MHPEKIMOHHO-BOCHAJIUTEIbHBIM
MPOILIECCOM M HE JaeT BBIPAsKeHHOUN KIMHUYECKOI
appexkTuBHOCTH. OTMEUACTCST «<HSOTBEYaeMOCTb» Ha
MPOBOAMMOE JICYCHUE, KOTOPOE, KaK IMMPaBUJIO, YaCTO
He 3aKaHYMBaeTCs MOJHBIM BbI3nopoBiaeHueM. [1po-
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BEJICHHOE JIeYeHNE B MOCTEAYIOIIEM He TIPeayTpexk-
JTaeT peHuanBa WHOEKIIMOHHO-BOCHAIUTEIHFHOTO
3aboneBaHua [2].

[TpuobpereHHbIe UMMYHOIE(ULIUTHI — 3TO BCET-
Jla ornpeaeseHHasl KJIMHUYecKasi KaTeropusi, uMero-
1ast BeCbMa XapaKTepHbIe TPU3HAKW TOTO, YTO MM-
MYHHAasI cuCTeMa MHAWBUAYyMa KOMIIPOMETHPOBaHa
M HE CIIPABJISICTCS C aHTUTEHHOM HArpy3KO0ii TOTo MJIN
WHOTO BUIa (0aKTepuu, BUPYCHI, TPUOBI, aJUIEPTCHBI,
MYTHPOBABIIIME U OITYyXOJIEBbIE KJISTKM U T. [I.), YaIlle
BCEro ¢ MHMEKIIMOHHBIMU aHTUTeHAMM, MpPEACTaB-
JICHHBIMM TMaTOT€HHOW WJIM YCIOBHO-ITATOTEHHOM
(aopoii, 4TO MPOSIBASIETCS HETUITMYHO MPOTEKA0-
IIAMHA OCTPBIMHM MJIM XPOHUYCCKUMM WH(PEKIINTOH-
HO-BOCHAJIUTSIBHBIMHA 3a0ojieBaHUsIMU. B ocHOBe
KIIMHUYECKUX MPOSIBICHU TPUOOPETEHHOTO UMMY-
HoneduIUTa, KaK IMpaBUIo, JIEKUT NPUOOpPETEeHHOE,
TPaH3UTOPHOE WJIM JUIMTEIBbHO CYIIecTBYloliee (OT
3-6 MecsiteB 10 3-6-10 u Gosee JieT) MOBPEXIECHUE
MUMMYHHOI CHCTeMBI KOJIUYECTBEHHOIO MIN (PYHK-
IMOHAJIBHOIO XapakTepa — cBOeoOpa3Has, Jabopa-
TOPHO BRISIBAsIeMast, opMysia UMMYHHOIO nedeKTa
WM KOMILIEKCAa MMMYHHBIX aedekToB. I[Tpuobdpe-
TeHHbIE WMMYHOIE(hUIINTHI, OO0YCITOBJIEHHBIE aHO-
MaJIbHBIM (YHKIIMOHUPOBAaHUEM WMMYHHOM CH-
CTeMBI, XapaKTePU3YIOTCS TTOJTHON MW YaCTUIHOU
HEIOCTATOYHOCTBIO (PYHKIIMOHUPOBAHUS €€ pa3Idd-
HBIX 3BeHbeB. OHI MOTYT BO3HUKATh B JIIOOBIC TIEPH-
Obl MOCTHATAJbHOIO PAa3BUTHS: KaK MOCJe POXKIe-
HUST peObeHKa, TaK M B TPOILIECCe POCTa U Pa3BUTUSI
opraHusma, B JJ1000M TIepHrojie IETCKOTO BO3pacTa, B
FOHOIIIECKOM, 3PEJIOM, MTOKHMIOM 1 CTapUYeCKOM BO3-
pacte. IlprobpeTeHHBIE MMMYHOOS(UIIUTHI B KO-
HEUYHOM cYeTe OOYCIaBIUBalOT (DYHKIIMOHAILHYIO
HealeKBaTHOCTh UMMYHHOTO OTBETa Ha aHTUTEHHYIO
(ATl') Harpy3ky, a CyTb MMMYHOIATOreHe3a 1000
(opMBI BTOPUYHOTO TPUOOPETEHHOTO WUMMYHOJE-
duLmMTa 3aKII0YacTCST B HEBO3MOXHOCTU TTOJTHOM
vy HertonHou AT smmvunanmu [2]. [MauueHT, ctpa-
Aol MPUOOpPEeTEeHHBIM UMMYHOIE(PUILIUTOM, ac-
COLIMMPOBAHHBIM C HETUIMWYHO IIPOTEKAIOIIMMU
MH(MEKIIMOHHO-BOCTIAJIMTEILHBIMU ~ 3a00JIeBaHUsI -
MU, — UMMYHOKOMIIPOMETHUPOBAHHBIN MAIIUCHT.

K cdakTopam prcka, mpoOBOLIMPYIOIIAM pPa3BUTHE
MPUOOPETEHHBIX UMMYHOIS(hUIINTOB, OTHOCSITCS:

—  KOHTaKThI C YaCTO OOJICIOIIMMU BUPYCHBIMU
U OGakTepUabHbIMU MHMEKIMIMU JULAMU U3 MU-
KpPO- 1 MaKPOOKPYKEHMUSI;

—  MpOXWBAHUE B YCIIOBUSIX HEOJIATOMPUSITHO-
IO KOJIOTUYECKOTO BO3ICUCTBUSI, B TOM YHCJIC BTV~
sSTHUEe ypOaHU3allnN;

—  HapylUIeHUS NUTaHUS;

—  HapylieHus MmeTaboau3ma;

—  pasju4YHbIe SHIOKPUHOIIATUH;

—  00JIE3HU HEPBHOM CUCTEMBI.

K mpmymrHHO-3HAYMMBIM HETAaTUBHBIM ITOBPEXK-
JaroIuM pakKTopam Jallle BCETO OTHOCSTCS:

—  pecnHMpaTopHBIE BUPYCHBIE U OaKTepuallb-
Hble MTH(EKIINN;

—  reprec-BupycHbie uHdexkuuu (BUT'1, BUT2,
BOJI, BOb, BUI'6, BUI'7, IMB);

—  TSKeJible THOUWHBbIE WHQPEKUuMn (cercuc,
ocTpas OeCTPYKIHUS JIETKUX, OCTPHIA TeMaTOTreHHBIN
OCTEOMMUEIIUT, OCTPHIA TIEPUTOHUT U T. 1I.);

—  TSDKeJible TPUOKOBBIE MH(EKIINN;

—  OCTpBIM WJIM XPOHUYECKUU MCUXOIMOLIMO-
HaJIbHBINA U DU3UYECKUlt cTpecc;

— mautenbHoe npuMmeHeHue HITBIT;

— anautenbHoe npuMeHeHue 'KC;

—  HEKOpPpeKTHOe TPMMEHEHUE IpernapaToB C
MMMYHOCYTIPECCUBHBIM ICUCTBHEM;

—  HEKOpPPEeKTHOe IIpHMEHEeHUE Ouojoruye-
CKHUX MperapaToB Ha OCHOBE MOHOKJIOHAJbHBIX aH-
TUTEJ, TapreTHO OJIOKMPYIOLIMX JeHCTBUE MPOBOC-
NaJIMTEJIbHBIX IIMTOKNHOB;

—  JIy4eBas Tepammus;

—  XUMHOTeparus;

—  CIUICGHAKTOMWSI.

Hepenko nMeer MecTo OgHOBpEeMEHHOE BO3/Eli-
CTBHE HECKOJIbKUX (paKTOPOB pUCKA U UHAYLIUPYIO-
IIIX HETAaTUBHBIX (DAKTOPOB, UTO YCKOPSIET BOZHUK-
HOBCHUE U YCYTYOJISIET KaK ITOBPEXKICHUS UMMYHHOM
CUCTEMBI, TaK M KIMHUYCCKUE TIPOSIBJICHUS TIPUO0-
PETEHHOT0 UMMYHOIe(UIIUTA.

Ha ¢onHe npuobpereHHbIX MMMYHOAE(HUILIMTOB
MOTYT BO3HMKATh pa3IMUHble WMMYHO3aBUCUMBIE
VI WUMMYHOOIIOCPEIOBaHHbBIC 3a00JIeBaHUs: He-
TUMIMYHO MPOTEKAIOLIME OCTPble U XPOHUYECKUE
MH(EKIIMOHHO-BOCIIAIMTEIbHBIC, aJlJIepTUIeCKue U
ayTOMMMYHHbBIE 00JIE3HU WJIM UX COYETaHUs, XapaK-
TepU3yloluecss pa3udyHbIMU BapyuaHTaMU KOMOP-
ougHocTh. HekoTopble U3 3THUX MNATOIOTHMYECKUX
COCTOSTHU MpHU IIPUOOPETCHHOM MMMYHOAC(HUILINTE
00BEeIMHEHBI ¢ AMHBIM UMMYHOTIATOTEHE30M.

Tak, mipu mprnoOpeTeHHOM UMMYHOIe(PUILIATE T1a-
LUEHT MOXKET CTpaaaTh Pa3IMYHbBIMU MTHMEKIIMOHHO-
BOCIAJIUTEIbHBIMU 3200JIeBAHUSIMU BUPYCHOM 3TU-
ojjorun: peKyppeHTHbIMU OPBU ¢ yacToTOi1 OCTphIX
51130408 OT 4-6 1o 20-24 u Gojiee B o U peLu-
IUBUPYIOIIUMI WJIN YIOPHO-PEHIUINBUAPYIOITNMUT
XPOHUYECKUMU TepIieC-BUPYCHBIMM MHOEKIIUSIMU:
XPOHUUYECKON TepneTUYecKoi WH@eKIuei opoHa-
30(almagibHON JOKaIU3aluU, XPOHUYECKUMU Tep-
NeTUYECKUMIU aHTMHAMU, OOYCJIOBJIEHHBIMU B TOM
YHCJIe TepIiec-BUPYCHBIMU WHMEKIIUSIMH, BBI3BaH-
HBIMU BHpycoM DmmTeiiHa—bapp, nmroMmeraaioBu-
PYCOM, BUPYCOM Y€JIOBEUYECKOI0 repreca 6-ro Tua,
U/WIN XPOHWUYECKUMMU TepHeTUYECKUMU CTOMAaTH-
TaMU YIIOPHO-PELUAUBUPYIOLLIETO TeUEHUSsI, XPOHU-
YEeCKUM TEeHUTAJbHBIM T'epHecoM YIIOPHO-pPeLUIn-
BUPYIOIIETO TCUCHMS, IMAIIMJIOMAaTO30M TOPTaHU U
T. 1. YacTo ormedaeTcss KomopouaHocTh. [TogoOHbIe
COCTOSIHUSI UMEIOT eIMHBI MMMYHOIIaTOTeHE3: pa3-
JIMYHbIC MOHO- WJIM KOMOWHUpPOBaHHbBIE Hapylle-
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HUSA (QYHKIIMOHUPOBAHUS MEXaHU3MOB ITIPOTUBOBH-
PYCHOII MMMYHHOM 3aIllUTHI: MMOPaKeHNUE CHUCTEMBI
UHTepGhEepPOHOB — WHTeGHEPOHOIIATUM, ACCOIIUM-
poBaHHBIEC C Ie(PeKTOM MHAYLHPOBAHHON MPOMYK-
muu IFNa u IFNy, nedpuuut T-1UTOTOKCUYECKUX
auMdonunToB U T-xenrnepos, AePULIAT U CHUKEHUE
(YHKIIMOHAJIPHOW aKTUBHOCTH €CTECTBEHHBIX KUJI-
nepHbix kieTok (EKK) u T. n. [7].

B T0 xe BpeMsI IIpu TpHUOOPETEHHBIX UMMYHO]IE -
GbuIMTaxX MOTYT CTPagaTh MEXaHU3Mbl JIMMUHALIUIA
He BUPYCOB, a OaKTepuil, YTO MPUBOAUT K BO3ZHUK-
HOBEHMIO OCTPBIX WM XPOHUYECKUX HETUITUIHO
MPOTEKAIOIINX MH(DEKITMOHHO-BOCTIAJIMTETbHBIX
3a00JIeBaHNIT OpodapUHTEAIbHOM 30HBI: XPOHU-
YeCKMX TOH3WINTA, (DapuMHTUTA, OTUTA, PUHUTA,
THOITHOTO ITAaHCUHYCUTA C YaCTBIMU OOOCTPEHUSIMU,
noBTOpHbIMU ITHeBMOHUsIMU, XOBJI, xpoHuyecku-
MU YIIOPHO-PEUMAUBUPYIOIIUMHA 3a00JI€BAaHUSIMU
YPOT€HUTAJIBbHOTO TPaKTa U T. I. Y OAHOTO W TOTO Xe
OOJBHOTO C TIPUOOPETEHHBIM KUMMYHOIEDULIUTOM
MOTYT HaOJII0maTbCsI OMHOBPEMEHHBIC ITOPaKeHUs
HECKOJbKHUX OpraHoB u cucteM. HapylieHus mpotu-
BOOaKTepUaJbHOM MMMYHHOM 3alllMTHI 4Yallle BCEero
accoluupoBaHbl ¢ aedekToM 3¢ deKTOpHOI (aro-
OUTApHOU (PYHKIIMHM HEUTPODUIBHBIX TPaHyIOL-
ToB (HI'), HeliTporieHMeit BTOPUUYHOIO XapakTepa,
dopmupoBanueM HI' ¢ HeraTuBHO TpaHCHOPMUPO-
BaHHBIM (DEHOTUIIOM M/WIN C OeDUIIMTOM CeKpe-
TopHOTrO IgA, chiBopoTouHbIX IgG, IgM, IgA u T. 1.

JlocTaTO4HO 4YacTo MpU IMPUOOPETEHHBIX UMMY-
HoaebuUTax HabOJIIOJAI0TCS COYETaHUS BUPYCHBIX
M OaKTepUaTbHBIX HETUITMYHO IIPOTEKAIOIIUX WH-
(EeKIIMOHHO-BOCTIAJINTEIIFHBIX 3a0oJieBaHUil. B Ta-
KUX CJlydasX HMMYHOIIAaTOTeHe3 IIPUOOPEeTEeHHBIX
MUMMYHONIE(PULIMTOB CBsI3aH ¢ KOMOMHUPOBAHHBIMU
HapylIeHUIM WMMYHHBIX MEXaHU3MOB, KaK ITpO-
TUBOBUPYCHOM, TaK W MPOTUBOOAKTEPUATHLHON 3a-
IIUTHI.

IIpn 1OHOOHBIX KOMOPOUIHBIX COCTOSTHUSIX
pexkyppeHTHble OPBU uyepe3 2-3 gHA mociie KOH-
TakTa C PEeCHUpaTOpPHbBIMU WM Tepliec-BUpycaMu
npaktuyecku Bcerma (B 89-95% ciydaeB) oOCIIOXK-
HSIIOTCSI  00OCTpEHUEM XPOHWYECKUX OaKTepuaib-
HBIX WH(MEKIMOHHO-BOCITAJIMTEIBHBIX — 3a00JIeBa-
HUI opoHa30(hapuHICATbHON 30HBI: XPOHUICCKUMU
pUHUTAMU OaKTepHUaJbHOM ATHUOJOTUM YIIOPHO-pe-
LHUAMBUPYIOIETO TEYEHUsI, XPOHUUYECKUMU TOH-
3WUIMTaMA C YaCTBIMU OOOCTPEHUSIMM, XPOHUYE-
cKUMHU (apuHTUTAMU C YaCTBIMU OOOCTPEHUSIMM,
XPOHNYCCKUMM THOWHBIMM CUHYCUTAMH WJIW TaH-
CUHYCUTAMU YIIOPHO-PEIUINBUPYIOIIETO TCUCHUST,
XPOHUYECKUMU THOMHBIMM OTUTAMU C YaCTHIMU
peuuauBamMu, XxpoHuyeckumu oponxutamu, XOBJI,
TTHEBMOHUSIMU U T. 1.

Bce BhllIeniepeyncieHHbIE MUMMYHO3aBUCHUMBIC
3a00JIeBaHUS SIBJISIOTCS «MHIUKATOPHBIMHU 00JIe3-
HIMW» — <«KIMHUYCCKMMU MacKaMW» WMMYHOIIa-

TOJIOTUH, CHOPMHUPOBABIIMMUCA Ha (DOHE IIPUOO-
PETEHHOTO UMMYHOIe(hUIINUTA, a B UX OCHOBE JIeXKaT
MOHO- WJIM KOMIUIEKC Pa3jIWYHbIX MMMYHOIATOTe-
HETUYECKU 3HAUYMMBbIX HapylleHuii. B nerckom Bo3-
pacTte KIMHUYECKNE CUHIPOMBI MOTYT BOJIIOLIMOHM -
poBaTh BO BPEMEHU, KaK B CTOPOHY «yIIPOIICHUS»,
TaK M B CTOPOHY «YCJIOKHCHMsI». DTa SBOJIIOLINS HE-
M30EKHO COMPOBOXIACTCS CMEHOMN <«KIMHUYCCKUX
MacoK».

C OaHOI CTOPOHBI, CYILIECTBYIOT TPUOOPETEH-
Hble UMMYHOAe(MUIINTHI, BO3HUKIIINE BCJICICTBUEC
BO3ICUCTBUSI CaMbIX pa3HOOOpPa3HBIX HETaTMBHBIX
noBpexnamimnx ¢gakropos. C npyroii CTOpOHBI, MO
maHHbIM BO3, mpuoOpeTeHHBI WMMYHOACGHUIIUT
4acTo SIBJSIETCSI OMHOU U3 MPUYUH XPOHU3ALIMU pa3-
JIMYHBIX NH(HEKIIMOHHO-BOCHATUTEIbHbBIX 3a00J1eBa-
HUI, TIOCKOJIbKY UMMYHHAasI cUCTeMa KOMITIPOMETH-
poBaHa M HEe B COCTOSTHUY CIIPABUTHCS C TTATOTCHHOM
M YCIOBHO-TIATOTEHHOU (DIOpOM TpHM IIeJIOM psiie
XpOHUYECKHMX 3a00JieBaHMUIi. TakuM oO6pa3oM, B 3TOi
CUTyalluM TIOSIBJISIETCSl TaK Ha3bIBaEeMbIil «3aMKHY-
TBIM KPyT», PA30MKHYTh KOTOPBI BO3MOXXHO TOJBKO
NpU BOCCTAHOBJIEHUW MOJHOLIEHHOW MPOTUBOWUH-
(EeKIIMOHHOU UMMYHHOI 3aIl[UATHI.

B 1o xe Bpems Bcerma ciaemayeT MIOMHUTH O TOM,
YTO Ha TIEPBOM 3Talle KOMIUICKCHON HMarHOCTHU-
KM Bpay JOJKEH CHayajla YYUThIBaTh XapaKTepHbIe
>KaJIoObI MalueHTa, MPOBECTU MOUCK KIMHUYECKUX
KPUTEPHEB WMMYHOKOMITIPOMETUPOBAHHOCTH, yKa-
3BIBAOIIMX Ha HAIMYWE MPUOOPETEHHOTO MMMYHO-
neduinTa, BBISIBUTH WHOYLHUpPYIOMEe (aKTOpbl, 1
TOJILKO TIOTOM, Ha BTOPOM 3Tarie — IIPOBECTU II0JI-
HOILICHHYIO J1abOpaTOpPHYIO HMMYHOIUArHOCTUKY,
YTOOBI OLIEHUTb COCTOSTHUE MUMMYHHOW CUCTEMBI U
uHTephepoHOBOTO cTaTtyca. [Ipu aToM HE0OXOnUMO
YYUTBIBaTh, B KaKOM IIeproae OOJC3HU, acCOIUM-
POBaHHOI C MPUOOPETECHHBIM MMMYHOOS(HUIIATOM,
OBLJIO TIPOBEACHO MMMYHOIMATHOCTUYECKOE HCCIe-
JIOBaHUE, He 3a0bIBasi 00 OCOOEHHOCTSIX pearupo-
BaHUsI HOpMaJbHO (DYHKIIMOHUPYIOIIE NMMMYHHOMK
CUCTEMBI Ha OCTPbII WM Ha 0OOOCTPEHUE XPOHUYE-
CKOTro MH(PEKIIMOHHO-BOCITAJIMTEILHOTO IpoIiecca.
ITockonbKy TIpM WMMYyHOIEePUIIMTAX WMMYHHBIN
OTBET Ha OCTPBbIii MH(MEKIIMOHHO-BOCITAJIUTEIbHBIN
MPOILIECC CO CTOPOHBI UMMYHHOI CUCTEMBbI YaCTO Ha-
PYLIEH U UMMYHHasl CUCTeMa MOXET 1eMOHCTPUPO-
BaTh COCTOSTHUE «HEOTBEYAEMOCTHU», T. €. OTCYTCTBUE
M3MEHEHUI B UMMYHHOU cucteme. [Ipm 3Tom mipm
HEKOTOPHIX AedeKTax (PyHKIIMOHUPOBAHUS UMMYH-
HOI cucTeMbl (HEHTpOIIEeHUsI, HapyIlIeHUsT (Paromnu-
TapHOII aKTUBHOCTH) €€ OTBET C YPOBHS JAedulnTa,
HampuMep, Mpu THOWHOI OakTepruaibHOU MHDEK-
WU, C TPYJOM JOTSITUBAET 10 YPOBHS HOPMaTbHBIX
napamMeTpoB. M 3To yxKe maToyIoTHsl, IOCKOJIBKY 3a-
TpyOHEHA 3JIMMWHAIINS TTaTOTeHHOM (DIOPHI U THOM-
HO-BOCHAJIUTEIBHBIN IIPOLIECC HE PEerpeccupyer.
Takoil malMeHT HYKIaeTCsl B TAPreTHOM UMMYHOMO-
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TyJIMpYIONIE Teparny, HalpaBJIeHHOW Ha BoOcCCTa-
HOBJICHHE KoaudecTBa U 3(pGeKTOPHBIX (QYHKIIN
HEUTPOMDUIBHBIX TPAHYJIOUUTOB WM TIPOBEACHUS
3aMECTUTEIbHON MMMYHOTEpPAiuid BHYTPUBEHHBI-
MM MMMYHOTJIOOyJIMHaMu. [Ipu amjiepruyeckux 3a-
0oJieBaHUSIX 00s13aTEJILHOM SIBASIETCS KOMILIEKCHAasI
aJJTepTOAMAarHOCTHKa, a Py MOAO03PSHNY Ha HaJIU-
Yyre ayTOMMMYHHBIX 3a00JIeBaHUII — AUArHOCTUKA
COCTOSTHUSI ayTOUMMYHUTETA.

MHOTruMHU KJIMHUYECKUMU UMMYHOJI0TraMu1 ObLIN
cliedaHbl TOMBITKYA KjaaccuUUUpoOBaTh IPUOOpe-
TeHHbIE BTOpUYHbIe UMMYyHoaeduuThl. [Tprnodpe-
TeHHBbIE 3HAHWS W MUPOBOI OMNBIT B OOJIACTH IHA-
THOCTUKM U JIeUeHMs IepBUYHBIX WMJI mo3Bommim
BIUIOTHYIO TIOJIOMTH K PEIICHUIO BOIIPOCa KJIACCH-
dunMpoBaHus TIPUOOPETEHHBIX HAPYIIEHUI (PYHK-
LMOHUPOBAHUS UMMYHHOI CUCTEMBI.

Knaccudukanuss BTOpuaHbIX MMMYHOAE(UIUTOB

OnmHa M3 MEePBBIX MOMNBITOK CUCTEMAaTHU3UPOBATh
BTOPUYHBIC UMMYHOIS(UIIUTHBIC COCTOSTHUS ObLIa
caemaHa B 1979 romy HaydyHOI T'PYMIION 3KCIICPTOB
BO3. Cucremaruzamnus ObLla MpOBeACHA C YIETOM
MPUYMH BOSHUKHOBEHUS: TPOTO30MHbIE UH(MDEKIINU;
OakTepuaabHble MeIJICHHbIE WHGEKIIMU (JIeTipa, Ty-
Oepkyne3, cudwinuc 1 Ap.); BUPYCHble UHMEKIINUY;
rpuOKoBbIe 3a00JieBaHUs; UH(DEKIIUU U TeIbMUHTO-
3pl; HAPYILICHUS] NMUTAaHUS (MCTOIIICHNE, KaXCKCHS,
HapyllleHUs] BCachblBaHUs); NPyTUe MaTOJIOTUYECKUE
COCTOSTHUS (OHKOJOTMYecKMue 3aboJieBaHUsI, 0oJie3-
HH TI0YEK, YPEeMUs, XpOHUYECKasl IToUyeuHast HelIo-
CTaTOYHOCTb, 0O0JIe3HW OOMeHa BelleCTB, XPOHU-
yeckue 3a0oJieBaHUsI T€YeHU, OXKOTroBasi 0OJIe3Hb);
TSDKEJIbIC XUPYPTAYECKHEe TpaBMbI M ITOCJICOIICpa-
IIMOHHbBIC OCJIOXHEHUS, OCJIOXHEHUSI HAapKO3a; Jie-
KapCTBEHHbIE BO3MIEHCTBUSI, HEKOTOPbIC JieueOHbIE
BO3ICUCTBUS (PEHTIEHOBCKOE OOJIydeHHUE, Tepartvst
KOPTUKOCTEPOMIAMH, IIUTOCTATUKAMH, THUMIKTO-
MUSI, IpeHaxX TPYAHOTO IIPOTOKa); Bo3melcTBUEe (DI~
3UYECKUX (DAKTOPOB (MOHU3UPYIONIAST paauaIius,
KOPOTKOBOJIHOBOE 3JICKTPOMarHUTHOE U3JTy4eHUE);
XuMuueckre @akTopbl (BellecTBa OEH30JBHOTO U
TOJIYOJIOBOTO PSIAOB); OOJBIIMHCTBO XPOHUYECKUX
3a00JieBaHUIA.

Janee MHOTOYMCICHHBIMU aBTOpaMU B Halleit
CTpaHe OBLIM CHCJIAHBI MOIBITKM CHCTEeMaTU3MPO-
BaTh, KJIacCU(PUIMPOBATh BTOPUYHBIE MMMYHOIEC-
(GUILIMTHBIE COCTOSIHUSI, B OCHOBHOM IO NPUYMHAM
BO3HUKHOBEHMS M MeXaHM3MaM TToBpexaeHust. Ol-
HAaKoO, Ha HaIll B3IJISIA, OHU HE OTBEYAIM 3aIIpocam
NpPaKTUKN M HEJOCTAaTOYHO OPHEHTUPOBAIM Bpada
Ha OCYIIECTBJIICHUE JICUCOHBIX MEPOIIPUSTHUIA.

C HallIei ToOYKu 3peHus, AJIsi BBIOOpa oNnTUMalb-
HOM TaKTUKM TIPOBEICHUS MMMYHOTepaIiuu, 3ame-
CTUTEIIBHOTO WJIN ITO3UTUBHOIO WMMYHOMOIYJIU-
pYIOIIEro XapakTepa, BakKHO YCTAHOBHUTH IIPUUNHY
BO3HUKHOBEHMSI, YPOBEHb, XapaKTep, KOMOMHALIUN
BTOPUYHBIX ITOBPEXKICHNIT WMMYHHOM CHCTEMBI, C

OpHMEHTAIINEeH Ha KIIMHUYECKUE TTPOSBIICHUS UMMY-
HomedUIIUTa B KaXKIIOM KOHKPETHOM cJTydae.

bonee 20 ner Hazam HamMu OblIa TIpeAIOXKEHaA
KJTaccu@UKanus BTOPUYHBIX MMMYHOACHUIIMTHBIX
COCTOSIHUM, KaK 0000IIeHe CBOETO HAKOMJIEHHOIO
OMbITa, KOTOpas TOCTETIEHHO IpeTepIlieBaia OIpe-
IeleHHbIe n3MeHeHus. [locneaqauit BapnmanT Kiac-
cuduKaluy TPpUOOPETCHHBIX BTOPUIHBIX UMMYHO-
nedunutoB onyoaukoBaH B 2002 u B 2022 rr. [2, 7]
(puc. 1).

Kpowme Toro, yautsIBaaIuch MPUINHBI BOSHUKHO-
BEHUS TIPUOOPETEHHBIX MMMYHOIE(PUIINTOB, a TaK-
Ke TIOBpEXKIAIoNe W WHAYHUPYIOIINE (DaKTOPHI,
KIIMHUYECKUE TIPOSIBICHUS UMMYHOKOMITPOMETUPO-
BaHHOCTU IpU MHGEKIIMOHHO-BOCHAIUTEIbHBIX 3a-
0oJIeBaHMSIX, XapaKTep X TeYeHUsI, YPOBHU U BUIIbI
MOBpEXAeHUI UMMYHHOMI cucTeMbl (puc. 1) ¢ olieH-
KO COYETaeMOCTH HTUATHOCTUPYEMBIX Ie(DEKTOB
(GYHKIIMOHUPOBAHUS UMMYHHO# CHCTEMBI.

IIpn KOHTaKTe ¢ MAaTOTeHOM HEKOMIIPOMETUPO-
BaHHasi MMMYHHasl CHCTeMa YejJOoBeKa pealu3yeT
CTEPEOTUITHBIII UMMYHHBII OTBET Ha (pOHE pa3BUTHUSI
OCTPOTO BUPYCHOTO WJIM OCTPOTO OaKTepuaIbHOTO
MH(EKIIMOHHO-BOCITAIUTEILHOTO IIpoliecca, B 3a-
BHUCHMOCTH OT BHUa ITaTOTCHa.

Tak, mpu KOHTaKTe C BHUPYCHBIMM IIaTOT€Ha-
MU TIepBbIMM pearupyior cuctema IFN (ageksar-
HO BMPYCHOI1I Harpy3ke IOBBIIIAETCS JOKajdbHasl U
cucrtemHast npoaykims IFNo/B, B 6onee mosmHue
cpoku Bo3pactaeT npoaykuus [FNy), neHnputHbie
KJIeTKN, CO 2-TO IHS YBEJIIMYWBACTCS KOJIMYECTBO
HECKOJIbKMX CYOITOIYJISIIMUA €CTECTBEHHBIX KWJI-
JIEPHBIX KJIETOK, UX (bYHKILIMOHAJIbHAsI aKTUBHOCTD,
B 3aBUCMMOCTH OT II€PBUYHOIO WJIM BTOPUYHOIO
KOHTaKTa C BUPYCHBIM IMAaTOT€HOM B TedyeHHe 2-5
JITHEH YBEIMINBACTCS KOTUIECTBO IIMTOTOKCUIECKIX
T-mamdonnuro CD3*CD8* 1 nx aKTUBUPOBAaHHBIX
dopm CD3*CDS8*CD25", CD3*CD8"HLA-DR*, a
TaKXKe €CTECTBEHHBIX KWUICPHBIX T-1uMGOIMTOB
CD3*CD56". OTBeT €O CTOPOHBI TyMOPaJbHOIO
3B€HA 3aBHCUT OT IIEPBUYHOTO WJIW BTOPUYHOTO
KOHTaKTa ¢ JaHHBIM BHUPYCOM U, B 3aBUCUMOCTH OT
3TUX OOCTOSITENLCTB, pa3BUBaeTCs yepe3 3-5-7 nHeii:
MOBBIIIAIOTCS YPOBHU CHIBOPOTOYHBIX IgM, a nanee
IgG, yepe3 2-3 nHS TOSBISIOTCS clienUdUuUYecKre
IgM k BupycHoMy aHTureHy (Al'), a B OoJjiee mmo3a-
HUE CPOKM — yepe3 5-7 u OoJjiee nHel crieuuduye-
ckue IgG k BupycHomy Al [3, 7].

IIpu KoHTakTe ¢ GakTepuUaJbHLIMU TaTOreHaAMU
MEPBbIMU pPearupyroT HEUTpodUIbHBIE TI'paHyJIO-
IIUTHI, TIOBBIIIAETCS YPOBEHb MPOBOCTIAIUTEIBLHBIX
I[IUTOKWHOB, 4epe3 2-3 JHS aKTUBUPYIOTCSI MOHO-
LUTHI, a Tajice — TyMOpaJIbHOE 3B€HO, — B 3aBUCH-
MOCTH OT OOCTOSITEIBCTB, TYMOPAJIbHBII OTBET pas3-
BUBaeTcs 4yepe3 3-5-7 mHei: MOBBIIIAIOTCS YPOBHU
ceiBopoTouHbIX IgM, a nanee IgG, yepes 2-3 aHs 110-
aBJsIIOTCS crieuuguueckre IgM k 6akTepuaibHOMY
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NPUOBPETEHHbIE/BTOPUYHBIE UMMYHOOE®ULIUTBI
JlokanbHble (Ha YpOBHE CAM3NUCTBIX) /UMK CUCTEMHbIE
MOHO-KOMBMHWUPOBaHHbIE
OCTpble Unu NepeucTUpyroLme-xpoHnyeckue (Hecteposa U.B., 2022)

ACQUIRED/SECONDARY IMMUNODEFICIENCY
local (at the level of mucous membranes) and/or systemic
mono-combined acute or persistent-chronic (Nesterova 1.V., 2022)

/

[leekTbl B cucTeme
nHTepdepoHos (IFN)
Defects in the interferon
system (IFN)

[letekTbl PYHKLUMOHMpOBaHNS

Defects in the functioning

T-3BeHa

of T chain

JedekTbl yHKLMOHMPOBAHMS
rymopanbHoro 38eHa

Defects in the functioning
of the humoral chain

4

HedekTbl yHKLMOHMPOBAHMS
€CTECTBEHHbIX KINEPOB

Defects in the functioning
of natural killers

JedekTbl yHKLMOHMPOBAHMS (haroLUTOB: HENTPOPUIBbHBIX
rpaHynoLMTOB/MOHOLMTOB
Defects in the functioning of phagocytes: neutrophilic
granulocytes/monocytes

PucyHok 1. KpaTkas knaccudmkauus npuobpeTeHHbIX UMMYHOAEMLUTOB C YYETOM NOBPEKAEHUI OCHOBHbIX 3BEHBLEB

npoTtu BOMH(beKLWIOHHOFO UMMYHUTETaA

Figure 1. Brief classification of acquired immunodeficiency, taking into account damage to the main chains of anti-infectious

immunity

antureny (Al'), a B Oojiee mO3nHUE CPOKU — Yepe3
5-7 n 6onee nHeit — creundpuueckue IgG Kk bakre-
puanbHoMy Al. B TeyeHue mepBbIx 2-3 AHEN mocie
KOHTaKTa ¢ 6akTepuaibHbIM Al MOBBIIIAETCSI KOJIU-
YeCTBO M (DYHKIIMOHATbHASI aKTUBHOCTH T-XeepoB
CD3*CD4*, u B yactHoctu Thl, mpoayuupyrommx
NpPOBOCHAIMTEIbHBIE IMTOKUHEI |2, 3, 6].
OTCyTCTBYE CTEPEOTUITHOTO OTBETa IMPU KOHTAK-
T€ C BUPYCHBIMM WJIM OaKTepUaIbHBIMU ITaTOreHAMU
MOXKET SIBASTBCSI CBUACTEIILCTBOM HAIWUMS «3aMa-
CKHUPOBAaHHOTO» MPUOOPETEHHOTO UMMYHOAChUIIM-
Ta. boJjiee TOro, OTCyTCTBUE aIeKBAaTHOIO CTEPEOTUI -
HOTO OTBETa UMMYHHOII cucteMbl U cucteMbl [FN
IpU KOHTAKTaX ¢ BUPYCHBIMU WX 0aKTepHUaTbHBIMU
naToreHamMu, Ha (pOHe KOTOPBIX Pa3BUJICS TSXKEbIi
WH(EKIIMOHHO-BOCTIAIMUTEbHBIN mpoliecc, T. €. 00-
HapyXeHHe TIPU MPOBEACHUN MMMYHOINATHOCTUKM
«J1a00paTOPHO HEU3MEHEHHOTO» MMMYHHOTO CTa-
Tyca, — CBUIETEJbCTBYET O COCTOSIHUM <«Ilapajiu3u-
ca» HealeKBaTHO (DYHKIMOHMPYIOIMIEH MMMYyHHOI
cucteMbl. MMHBIMHM clioBaMHM, MMMYHHasl CcHUCTeMa
WHIVMBUIYyMa pearupyeT Ha KOHTAKT C IMaTOreHa-
MU B «paMKaX CBOMX BO3MOXHOCTEH»: NMpPU 3TOM
CYILIECTBYET «(EHOMEH IIONBITKA OTBeTa WMMYH-
HOI cucTeMbl Ha MHMEKIMOHHBINA IIpoliecc». Tak,
HEKOTOphIe ITOKa3aTesIM, XapaKTepU3YIOIIue IIpr-
OOpEeTeHHBbI UMMYHOASDULIUT TIpU MNPOBEICHUU
MUMMYHOJIUATHOCTUKHN, C «ypOBHS AeUIIATA» «IO-

TATUBAIOT 10 YPOBHSI» HOPMbI Ha (hDOHE KOHTAaKTa C
HaToTeHaMM.

JnutenbHass TEPCUCTEHILIMSI  PECIMPATOPHBIX
BUPYCOB Y UMMYHOKOMITPOMETUPOBAHHBIX TallUEH-
TOB C MNPUOOPETEHHLIMU MMMYHOJEe(PUIIUTAMU Ha
¢doHE UMEIOIIMXCS 09aroB XpOHUIECKON MHMEKIINNT
BEPXHUX M HWXHMX IbIXaTeJIbHBIX MyTeil MPUBO-
JIUT K Pa3BUTHUIO OaKTEpUaATbHBIX OCIOXHEHUU MpuU
OPBU u rpunme. Cneayer NoAYepKHYTh, YTO MPU
OCTPOM M XpOHMYECKOM BUPYCHOM peCIUPATOPHOU 1
reprnec-BUPYCHOU MHMEKIINU OOJBIIYIO POJb Urpa-
eT HapylleHue OapbepHbIX (MYHKIUNA TOBPEXICH-
HOTO 3MUTEIUS AbIXaTEJAbHbBIX MyTEU BPOXIEHHOTO
VI TIPUOOPETEHHOTO XapakKTepa, YTO MPUBOIUT K
YBEJIMYCHUIO TMPOHUIIAEMOCTU OapbepHBIX CIU3M-
CTBIX IJISI aJUIEPreHOB, BEIIECTB C TOKCUYECKUMMU
CBOMCTBAMU U CIIOCOOCTBYET BO3HUKHOBEHUIO -
MEepYYBCTBUTEIIBHOCTY HMPPUTAHTHBIX PEIETITOPOB
MOJCJM3UCTOrO CJIos OpPOHXOB M OOyciaBiMBaeT
oponxoobctpykuuio npu OPBU. MHorumu asTo-
paMu MOKa3aHO, YTO PEeCNUPATOPHBIE BUPYCHBIE
WHQEKIINU TPOBOILIMPYIOT O0OCTpPEeHUE KPYIJIOTO-
JVUYHOTO AJUJIEPrUYECKOro pUHUTA, OPOHXUAIBLHOM
acTMbl Y MAlMEHTOB, CTPadalolIUX 3TUMU ajiep-
TMYECKUMU 3a00JeBaHUSMU. A TIpenpacnooXeH-
HOCTB K PEKYPPEHTHBIM pEeCITUPaTOPHBIM BUPYCHBIM
UH@EeKIUIM Ha (oHEe HapylIeHUsT MPOTUBOBUPYC-
HOW MMMYHHOI 3alllMThl, B TOM YHUCJe MPU AUCPe-
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TYJSITOPHBIX HAPYIICHUSX B CUCTEME MHTeP(hEPOHOB
(IFN), ycyry0sisier KIMHUYECKUE TMPOSIBICHUS KakK
aJJIePTUISCKOTO PUHUTA, TaK M OPOHXUATIbHOM acT-
MbI [9]. PamoM aBTOpOB ycTaHOBJIEHO, YTO Hanuboiee
XapaKTepHbIMU HapYIIEHUSIMU TPU COYETAaHUU WUH-
(beKIIMOHHO-BOCHAIUTENILHBIX 1 aJUIEPTUYECKUX 3a-
0oJieBaHMIA PeCTTMPATOPHOTO TPAKTA SIBJISTIOTCS TAC-
6amaHc T-KJIETOYHOTO 3BeHA, BHICOKAasl aKTUBHOCTh
MPOBOCHAIUTEIBHBIX IIMTOKWHOB, ITHUCPETYIISIIUS
uHTepdepoHOreHe3a, CHMXEHUE (aroluTapHOU U
aHTUOAKTEpUAILHON aKTUBHOCTU HEUTPOMUIOB Yy
70-88% O6oabHBIX. Cpeay JUIl C aIeprUYeCKUMU
0O0JIe3HIMM BEPXHUX W HIZKHUX IBIXaTCIBbHBIX ITyTCH
OTMEYaeTCsl IMMPOoKasi pacIpOCTPpaHEHHOCTh MH(pU-
oupoBaHUs reprec-Bupycamu. CoueTaHUE TaKoOit
AUJIEPTAYECKOM IIaTOJIOTUM M PELUUIMBUPYIOLIECH
BIIT'1-undexkuum xapakTepusyeTcsl BbICOKON 3a-
oosieBaemocThio OP3 u TpebOyeT mpoBeaecHUs pea-
OMJIMTAIIMOHHBIX MEPOTIPUSATUI C MCTIOTb30BAaHUEM
IPOTUBOBUPYCHBIX 1 MMMYHOMOIYJIMPYIOIINX TIpe-
napatos [9, 10, 11, 15].

K ocoGeHHOCTSIM HapylieHWil MMMYHHOR CcHU-
CTEMBI B PYIINE YacTO U JUIUTEJIbHO OOJICIOLIHUX e~
teit (YIADB) otHocsatca Hapymenuss IFN-craryca:
neduuut IFNao u IFNy, B mepByto ouepenp Ux UH-
IYLIMPOBAHHOW MPOAYKIIMU, ACCOLIMUPOBAHHON C
HU3KUMU YPOBHSIMU CBIBOPOTOYHBIX [FNo 1 [FNy,
CHMKEHME YpOBHs SIgA, nm3olimma, HapyllleHUe B
T- u B-3BeHbSIX UMMYHHO# CUCTEMBI, Ie(PULIUT KO-
JuyecTBa U aedeKThl 2bdEeKTOpHON DYHKIIUN HEeli-
TPOGWILHBIX TPAHYIOIIMTOB.

IMToka3aHO, 4TO Cpear OCHOBHBIX IPUIMH 3aTSK-
HOT'O TEUCHUS peCIIMPATOPHON ITaTOJIOTUN W HeTIpe-
peIBHOTO perauBrupoBaHus OP3 y nereii B HacTOsI-
1Iee BpeMs1 Haubosiee BaxKHbIMU siBJIsiioTed [1, 2, 11]:

—  HeraTMBHBIE aHTe-/MOCTHAaTaIbHbIC (haKTO-
DBI, BIUSIIONIE Ha pabOTy 0aphepHBIX OPTaHOB;

—  CONYTCTBYIOLIME ajuiepruyeckue 3abosieBa-
HUS;

—  POCT PEe3UCTEHTHOCTU MAaTOTeHHOU U YCIOB-
HO-TIAaTOreHHOW MUKPOQJIOphl K aHTUOAKTepUallb-
HBIM MperapaTaM;

—  yXyAllleHWe YPOBHSI 3M0POBbs JETCKOTO Ha-
CEJICHUS B IISJIOM B CBS3U C HAPYIICHUSIMU (PYHKII -
OHUPOBAHUSI UMMYHHO# CUCTEMBI I OTKJIOHCHUSIMU
B GU3UYECKOM pa3BUTUU AETE;

—  HeraTUBHOE SITPOT€HHOE BO3MIEHCTBUE, CBSI-
3aHHOE C Ype3MepHBIM MCIIOJIb30BaHUEM JIeKap-
CTBEHHBIX ITPEITapaToB.

Be3ycnoBHO, K HETATUBHO BIUSIOIINM (haKTOpam
OTHOCSITCSI BO3pacT JeTeli, Ce30HHOCTh, COCTOSTHUE
JUM(OTIOTOYHOIO KOJIblIAa U MHAUBUIYIbHBIE 0CO-
OEHHOCTU MX MYKO3aJbHOI'O MMMYHUTeTa. Y nerei
paHHEro Bo3pacTa 0COOEHHO BaXKHBI HE TOJIBKO Mpe-
MOpPOUAHBIN (POH, HO M TECHBIM KOHTAKT B MUKPO-
KOJUIEKTUBE C WHOUIIMPOBAHHBIMUA POIUTEIISIMU,
YJIeHaMHM CEMbU M B MaKpPOOKPYKCHUM KOHTAaKT C

MHOUIIMPOBAaHHBIMU IEThbMHM B OETCKUX KOJIICKTH-
Bax. M3BeCTHBI «BO3pacTHBIE ITePUOIbI UMMYHOJIO-
TMYECKMX TIpOBajioB»: 3 rojaa, 7 JIET, IyOepTaTHBIN
nepuoa Kak (hU3MOJOTrMYEeCKUd MMMYHOIE(UIINT,
Kor/ia MYKO3aJIbHbIi UMMYHUTET BBITTOJTHSIIOT «CTO-
poxeBbie GYHKIUW» HE BIOJHE 2DMHEKTUBHO U TIPU
5TOM CTpadaroT ero dapbepHble GyHKIUM. C OTHONU
CTOPOHBI, PEHUIUBHUPYIOIINE 3a00IeBaHUST HIDKHUX
JIbIXaTeJIbHBIX ITyTeil SIBJISIIOTCS mpenTedyeili OpoH-
XOCIla3Ma B BO3pAacCTHOM Iiepuoje Tocje 7 JIeT, C
JIPYyTOii — BBICKA3bIBaeTCSI MHEHUE, YTO 3TO TPEHU-
pytouii hakTop JJ1sI UMMYHHOM CUCTEMBI, CTIOCO0-
CTBYIOIIUI TPOGUIAKTUKE Pa3BUTHUS TSKEJIBIX ajl-
neprudyeckux 3adonesanuii [10, 11].

IIpu oTCYyTCTBUM KJIMHUYECKUX IMPOSIBJICHUM TO-
BOPUTHb O BTOPMYHOM MMMYHOAeDUIIUTE HE TIpei-
CTaBJISIETCSI BO3MOXHBIM. Hanmmune y denoBeka
TOJIBKO M3MEHEHHBIX WU CHIDKEHHBIX TToKa3aTesiei,
XapaKTePU3YIOIIUX pabdo0Ty WMMMYHHON CHUCTEMBI,
0e3 KIMHUYCCKUX TIPOSIBJICHUI, B IIEPBYIO OUYepeb,
pPa3IUYHbIX MHQMEKIMOHHBIX CUHAPOMOB, CJEAYyeT
paccMaTpuBaTh, KaK COCTOSIHUE «pUCKa Pa3BUTHUS
KJIIMHUYECKUX TPOSIBJIEHUI 3TOTO COCTOSIHUSI» B
KPUTUYHON JUISI UHAWBUIYYyMAa CUTYallUU (CUJIbHBIN
TICUXO3MOIIMOHAJIBHBIN CTpecC, MOJIUTpaBMa, OXKO-
T, TIPEACTOSIIME OIlepaTUBHBIC BMEIIATEIbCTBA,
JUTUTEJIbHBIA HAapKO3, XMMUO- WU Jy4eBasl Teparnusi
u T.1.). Takue auina, Kak IeTu, TaK U B3pOCble, HyX-
JIAfOTCsl B JMCHAHCEPHOM HAOJIONeHUN KIMHWYE-
CKOTO MMMYHOJIOTa, COOJIONEHUN PalMoOHAIbHOTO
pexxuma MuTaHusi, paboThl, OTAbIXa U CHA, BUTAMMU-
HOoTepanmuuu. B KpUTWMYHBIE MEPUOABI XU3HMU 3THU
JIMLIA HY>K/1AI0TCsT B TPOBEIEHUW UMMYHOTTPOodUIaK-
TUKU U peadbuInTalui UMMYHHOM CUCTEMBI.

AnanTuBHass MMMYHOTPONHASI Tepanus B JieYeHUH
aJanTAlMOHHBIX PACCTPOMCTB UMMYHHOW CHUCTEMbI

B wMexmyHapomHOM KoHceHcyce 2020 roma
(WAidid) B OTHOIIIEHUU IOCTYIMHBIX MOAXOAOB K
npodunakTuke peKyppeHTHbIX OPU y nereii, B Tom
YUCJIe CTPafaloIInX aTOMMYeCKUMU/alIepruiecKm-
MU 3a00JIEBaHUSIMU, a TAKXKE OPOHXUAIBHOI acTMOM
00CyXnaetrcsi HeOOXOIMMOCTh MCITOJIb30BAHUS WM-
MyHOMOAYJIMpytoliei Teparun [13].

ITo MHEeHMIO 3KCIIEPTOB, CpPeArd HEIaBHO IIpE.I-
JIOXKEHHBIX Mep HMMYHOTEepalius SBISETCS Tep-
CNEeKTUBHOW Tpu wucrojib3oBaHuu OM-85 (b6ak-
TepuaJibHblii nu3at — auoduausatr — 40,00 wmr:
CTaHAAPTU3UPOBAHHBIN TMOGUIN3aT OaKTepUaTh-
HbIX J3atoB (Haemophilus influenzae, Streptococcus
pneumoniae, Streptococcus viridans, Streptococcus
pyogenes, Klebsiella pneumoniae, Klebsiella ozaenae,
Staphylococcus aureus, Moraxella catarrhalis) — 7 Mr
MMEETCST JIOCTAaTOYHOE KOJIMYECTBO XOPOIIIO TIPOBE-
JMEHHBIX KJIMHWYECKUX WCHBITAHUM, TOATBEepXKIa-
omnx 3¢ dekTuBHOCTS podrmiaktuku OPU. Uto
JKEe KacaeTcsl MCIOJb30BaHUSI MPOOMOTUKOB, TO C
TOUKM 3peHusl aBTopoB KoHceHcyca HesICHO KaKue
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OakTepruu MOTYT O0ECIIeUYUTh HAWJIYUIlIUe pe3ysbTa-
THI U KaKasl TO3UPOBKA U rpadUK MX BBEIACHUS SIB-
a0t Hanbosiee 3pPeKTUBHBIMU. OcCTaeTcst OT-
KPBITBIM BOIIPOC AO3MPOBKU U TpadrKa BUTaMHHA
D, T. K. cpoKU U A03bI BBEICHUSI TaKXKe HE SICHbI IS
aBTOPOB, HECMOTPSI HA HEKOTOPbIe MHOTOOOEIIaI0-
1mue pesyabrathl 3¢ dekTuBHOoCcTU. [ToKa, BO BpeMs
OXUIAHWUS TIOIYYCHMs] HOBBIX KIMHWUYECKUX ITaH-
HBIX, YCUJIMS Bpauyeil MOJKHBI OBITh HAIIpaBJICHBI Ha
yCTpaHEeHME BO3ACUCTBUS BPEAHBIX (PAaKTOPOB OKPY-
JKalolle cpenbl, 0J1aronpusITCTBYIOIIMX BO3HUKHO-
BeHUIO peKkyppeHTHbIx OPBU, BakuMHaLuIO IeTei,
KOTJa 3TO BO3MOXHO /MU ITOKa3aHO, a TakKKe Ha
CHUCTEMaTHUICCKOEe TTPUMEHEHUE TPATUIIUOHHBIX M-
TOIOB MPOMDMIAKTUKHA MHMEKINI, TAKNX KaK MBITHES
DPYK, HaIllpuMep, TIOCKOJIBKY BCE BhIIIECTIEPECUICHHOE
C TOUKM 3peHus1 aBTopoB KoHceHcyca ocTaeTcs Hau-
JIYYIIUMUA MepaMU JUIST TIPEOOTBPAIlCHUST TTOBTOP-
HBIX WHQEKIWUA y OeTeid, IMOIBEPKEHHBIX pPEKyp-
peataeix OPBU [15].

CrnemyeT 0ocob0 OTMETUTH, UuTO B Poccuiickoit
Ddenepaumn 1aBHO 03a00YeHBI MTPOOIEMOI peadbu-
JIMTalMd HMMMYHOKOMIIPOMETUPOBAHHBIX JeTeil U
B3POCJIBIX, CTpPagalolInX pas3IMYHBIMA HETUITMIHO
MPOTEKAIOIINMU OCTPHIMUA U XPOHUYECKUM MHMEK-
OUOHHO-BOCTIAJIMTCIbHBIMU 3a0oJieBaHusIMu. [lo-
CKOJIBKY, B OTJIMYME OT CTPaH HAJbHETO 3apyOeKbs,
Ie 4acTo B JICYCHUN UMMYHOACHUIIUTOB IPUMEHSI-
0T OGakTepualbHbIe JUM3aThl, MUIOTUMOMA (MMYHO-
PWKC), WHO3WH-TIPOHOOEKC, BEAYIIMMHU YICHBIMU-
WMMYHOJIOTAMU Halllell CTpaHbl CO3/1aH JOCTAaTOYHO
OOJBIION CHEKTP MMMYHOTPOITHBIX IIPEHapaToB C
NMMYHOMOIYJIMPYIOIIEeH aKTUBHOCTHIO, TOYCYHOE-
TapreTHOe AEMCTBUE KOTOPBIX HAIpaBJICHO Ha KOp-
PEKIIMIO TMPUOOPETEeHHBIX HapyLIeHU nedeKTHO
GYHKIMOHUPYIOIEH MMMYHHOU CUCTEMBI M CHUCTE-
MBI THTeP(PEpOHOB y MALIMEHTOB ¢ IPUOOPETEHHBI-
mu ummyHomedpunurom (MmyHodaH, Budepon,
Tumanun, Tumoren, Llnkimodepon, Jiukonua, Io-
nmokcuaoHuii, beranevikun, Ponkoneiikun, KC®D,
TabpurnoouH u . a.). Umeercs 60ab1110€ KOJIUUYECTBO
HAyJYHBIX MCCICIOBAHUI, ITOCBIIICHHBIX BOIIPOCAM
BOCCTAHOBJICHUSI UMMYHHOW CUCTEMBI M CHUCTEMBI
HUHTEepGEPOHOB Y MMMYHOKOMIIPOMETUPOBAHHBIX
MaUeHTOB, JACTE M B3POCIBIX, CTPATAIOIINX TaK1-
MU OOJIe3HSIMM MMMYHHOI CMCTE€Mbl, KaK IIpUO0-
peTeHHble MMMYHOIEe(GULUTHI, Ha (POHE KOTOPHIX
pa3BUBAIOTCI HETUITMYHO MPOTEKAOIINe MH(MEKIIN-
OHHO-BOCITAJIMTEJIbHBIE TIPOIIECChI, KOTOPHIE B PsIIe
cJIydaeB MOTYT KaK COYETAThCS C aJJIepTUICCKUMU,
TakK 1 MaHU(ECTUPOBATh ayTOMMMYHHBIMH 3a00JIe-
BaHugIMH [2, 12].

I1pu HaIMYMK MOBBILIEHHON TPEBOXXHOCTU, Ha-
PYLIEHUSX CHa, ITOCTUH(MEKIIMOHHOIO CUHIpOMAa
XPOHUYECKON YCTAJIOCTH, MSTKMX KOTHUTHUBHBIX
pPaccTpOiiCTB Y UMMYHOKOMITPOMETHPOBAHHBIX Ta-
UEHTOB C MIPUOOPETEHHBIM UMMYHOAC(hHUIINTOM, Ha

¢oHE KOTOPOTO UMEIOT MECTO Pa3TMIHbIC UMMYHO-
3aBUCUMBIC — OIIOCPEIOBaHHBIC 3a00JIcBaHUS TIPU
OTCYTCTBMU MOJHOLIEHHOTO OTBETa Ha IIPOBOIUMYIO
MMMYHOTPOITHYIO Teparuio, C LEJbI0 YIydIIeHUs
3 HEKTUBHOCTU KOPPEKIIMM WMMYHHON CHUCTEMBI
pU MPOBEACHUY TMMYHOMOIYJIVPYIOIISH Teparnu,
psii  aBTOPOB IIPOJEMOHCTPUPOBAT TTO3UTHUBHYIO
KIMHUYECKYI0 3((PEKTUBHOCTD TIPU JTOITOTHUTEIb-
HOM BKJIIOYCHMU B HWHTETPALIMOHHYIO IIporpaM-
My KOppeKIMM HMMMYHHOW CUCTeMBbl HpUMEHE-
HUE amarTOreHOB PaCTUTEIBLHOTO (2JIEYTEPOKOKK,
KEHBb-IIIEHb) WJIN CUHTETUICCKOTO MPONCXOXKICHUS
(OKCUATIIIAaMMOHMS MeTWI(DeHOKCcHaleTaT — Tpe-
Kpe3aH U TeTpaMeTUI-TeTpa-a3a0UIIMKIIO-OKTaHI-
oH-aganToJ). [TocneaHuii mpemnapar nposiBiasieT CBOe
neiictBue 4yepe3 4 OCHOBHbIE HeHpOMeIuaTOpHBIE
cucteMbl: GABA-, X0IMH-, CEDOTOHUH- U aApeHep-
TUYECKYIO, CITOCOOCTBYS UX COIAaHCMPOBAHHOCTH U
MHTETpaui, 0Ka3bIBacT YCIIOKAMBAIOIIIE 1 HOOTPOII-
HOE JeiCTBHe, YIydlllaeT KOTHUTUBHBIC (DYHKIIMU,
BHUMaHME U YMCTBEHHYIO pab0TOCOCOOHOCTD. [1pu
OTCYTCTBUHU ITO3UTUBHOIO KJIWMHMYECKOro acddekra
HeoOXoarMa TOMOIIb y3KMX CIEIUaJIMCTOB — He-
BPOJIOTOB, ITICUXOTeparieBTOB. HeoOxommMbIM 1O-
MOJTHEHUEM K KOMIIEKCHOW MHTEeTPallMOHHOM TTpO-
rpaMMe KOPPEKIIMM WMMYHHOUM CHCTEMBI B psiic
cJIydyaeB SIBJISIETCS JIeUEHUE Pa3IUUYHbIX S9HIOKPHUHO-
naTtuii (HapylleHuit acTporeHHoro ¢oHa, Ha doHe
KOTOpBIX cTpamaeT T-KJIIeTOUHOe 3BEeHO MMMYHHOM
cucteMbl (aepuuurt T-xeamnepoB), TUIIOTUPEO3a Ha
¢doHE ayTOMMMYHHOTO TUPEOUINTA, CaXapHOTO aHa-
Oera 1 m 2 TMIIA U T. 1.), OCYILISCTBISIEMOE CIIELIN-
aJIUCTOM — BDHIOKpHHOJoroM. IlpuMeHeHUe MexX-
JTHUCILIMIUTMHAPHOTO TTOX0a OKa3bIBaeT MO3UTUBHOE
MOJIyJIMpYIOIllee BO3IEWCTBME KaK Ha WMMYHHYIO
CHCTEMY, TaK M Ha HEPBHYIO U SHIOKPUHHYIO CUCTE-
MBI, BOCCTaHaBIMBasl OajJaHC MX B3aMMOOTHOIICHUIA
B «HCHPOMMMYHHOHIOKPUHHOM KOMILJICKCE».

Ilpy TakoM HMHTErpallMOHHOM MEXIUCILIUTILIN-
HapHOM MOJIX0/IE K JICUSHUIO MTPUOOPETEHHBIX UMMY -
HOIE(MUITUTOB CTAHOBUTCS BO3MOXHBIM TTOJTyYeHUE
MO3UTUBHBIX KIMHUISCKUX 3PDOEKTOB MMMYyHOMO-
IYyIUPYIOIEH Tepanmnuud y HUMMYHOKOMITPOMETHPO-
BaHHBIX MAIIMCHTOB: YJIyJIIaeTCs O0Ilee COCTOSIHUE
nanueHTa, OBICTpee MPOUCXOAUT 3ShEPEKTUBHAS
SJIMMUHALIMS BO30OYyIUTENsT MHGMEKIMU, yMEHbIIa-
eTCST BBIPAXKEHHOCTDb U TSKECTh KIIMHUYECKUX TTPO-
SIBJICHUI 0OJIE3HU B OCTPOM TIEPUOJIE, COKPAIIIAIOTCS
CPOKM BBI3OOPOBJICHUS, ITPOUCXOINT IIPEOTOTICHNE
PE3UCTEHTHOCTU K JIEKApCTBEHHBIM IIperapaTaM,
HacTynaeT YCKOpPeHHas KIMHUKO-UMMYHOJOIuYe-
cKasl peMUCCHsl, UMEET MECTO ITpeaoTBpallleHrue pe-
UIUBOB MHGMEKIINY, TTPU XPOHNIECKON MHOEKIITNN
HaOII0/1aeTCsT CYIIECTBEHHOE YBETWUYCHUE TIPOIOT-
KUTEJIbHOCTH PEMHUCCHM, a TaKXKe YBEIIMUMBACTCS
JIUINTEJIbHOCTh KJIMHUYECKM OJIarormoJydHOro Iepu-
olla MEXIYy OOOCTPEHUSIMU PEeUMAUBUPYIOIICH WH-
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dexuuu, perpeccupyet CUHAPOM XPOHUYECKOH ycTa-
JIOCTU U MSITKMX KOTHUTUBHBIX PAaCCTPOUCTB [15].

AnanTuBHAas KJIMHUYECKAs UMMYHOJIOTHS — HOBOeE
nmepcrneKTHBHOE HAYYHOE HATIPABJIEHHE

Ha ocHoBe pa3paboTaHHBIX HAMU paHEe «MHTe-
TPallMOHHBIX MPOrpaMM KOPPEeKIUU — peaduimTa-
LU UMMYHHOU CUCTEMbI» CO3IaHO HAyYHOE HaIlpaB-
JICHUE «aJallTUBHasI MEOUIIMHCKAs UMMYHOJIOTHSI».
Llenpro amanTUBHOW METUIIMHCKON MMMYHOJIOTUN
SABJISIETCSI M3y4eHME OCOOEHHOCTE HapylIeHUWt
(GYHKUIMOHUPOBAHUSI MMMYHHOI CHUCTEMbl HUMMY-
HOKOMIIPOMETUPOBAHHBIX TMALIMEHTOB IIPU OCTPOM
WA XPOHUYECKOM BO3AEUCTBUM HETAaTUBHBIX BHY-
TPEHHUX W BHCITHUX, CTPECCOPHBIX, MH(MEKIIMOH-
HBIX U IPYTUX, B TOM YUCJIe ypOAaHUCTUIECKUX, (paKk-
TOpOB, Ha (DOHE KOTOPHIX BO3HUKAIOT Pa3IUIHBIC
NPUOOPETEHHbIE MMMYHOIEMUIIMTHI 1 CBSI3aHHbBIE
C HUMU MUMMYHO3aBUCUMBbIE 3a00JieBaHUS, a TaKXKe
CO3/JaHUE HOBBIX UHTETrpallMOHHBIX MPOTpamMM, Ha-
npaBJieHHbIX Ha BocctaHoBieHne HUWDK. Takoii
TMOOXOM, C HaIlleil TOYKU 3PCHMsI, HJOKEH CII0CO0-
CTBOBaTh YJIYUIICHUIO 3MOPOBbSI M Ka4eCTBa XKU3HU
UMMYHOKOMITPOMETHPOBAHHBIX MAllMEHTOB C pa3-
JIMYHBIMA WMMYHO3aBUCUMBbIMU 3a00JIeBAaHUSIMU,
B MEPBYIO OYepellb, C HETUMMUYHO MPOTEKAIOIIUMU
MH(MEKIIMOHHO-BOCTIAJIMTEIbHBIMU, B TOM 4YHUCJE
HEeMPOMMMYHOBOCITAIUTCIBHBIMU TIPOIIECCAMU, DH-
TOKPUHOMNATUSIMU U C TIPUOOPETEHHBIM UMMYHO/IE-
duiurom. s peanu3aluuu yKadaHHOM 1ieJu ObLia
HeoOxoauMMa pa3paboTKa HaydYHO-OOOCHOBAHHOTO
MEXIUCHUIUIMHAPHOIO TIOAXOAa K CO3JaHUI0 ajl-
TOpUTMa KOMIUIEKCHOM HUArHOCTUKUA WMMYHHBIX,
HEBPOJIOTUYECCKUX M SHIOKPUHHBIX PACCTPOMCTB U,
Ha 9TOM OCHOBE, CO3/IaHNE HOBBIX MHTETrPallMOHHBIX
TeparneBTUUECKUX MTPUEMOB, HaIlpaBJeHHbIX Ha OJ-
HOBpPEMEHHOE BOCCTAaHOBJIEHUE HOPMAJILHOTO B3au-
MOJICICTBUSI HEPBHOM, UMMYHHON W 3HAOKPUHHOW
cucreM HMUBOK, a Takke Ha pecTraBpallMio amariTa-
OUOHHBIX BO3MOXKHOCTEHA WMMMYHHOI CHUCTEMBI C
IIOCTENIEHHOM MOCJIEI0BAaTEIbHOU HOpMaJIU3alluend
GYHKIMOHUPOBAHUSI MYKO3aJbHOIO W CUCTEMHOI'O
UMMYHUTETa, HEPBHOW U SHIOKPUHHOU CHUCTEM, Ha
¢oHe aKTUBHOW SIMMUHALIMU TIPUYUHHO-3HAYU-
MBIX WH(EKIIMOHHBIX MAaTOTEHOB U TapaJlieIbHOTO
BOCCTAaHOBJICHUSI HApYIICHHOTO MHMKPOOMOIICHO3a
CJIM3UCTBIX U KOXKM.

bosbiioe 3HaueHUe MpPU 3TOM MMEET KOPPEKT-
HOE MPOBEJCHUE alalITUBHOM WHTErPallMOHHON Me-
JMUKAMEHTO3HOU KOPPEKIIMU WMMYHHOW CUCTEMBI,
KOTopasl IOOJDKHA HOCHUTH IuddepeHIMPOBaHHBIN
XapakTep IIpU Pa3IMYHBIX MMMYHO3aBUCUMBIX 3a-
0OJIeBaHMUSIX W 3aBUCHUT OT BHUAA U TJIYOMHBI Hapy-
IIEHUN WMMYHHOUW CHUCTEMBI KOJIMUYECTBEHHOTO W
Ka4yeCcTBEHHOro xapakrtepa. HeoOXonuMbIM yCI0OBU-
€M MpOBeAeHUS afalTUBHOU MHTErpallMOHHOUN Me-
IUKAaMEHTO3HON KOPPEKIIMHM WMMYHHOM CHCTEMBI
SIBJISICTCST TIPOBEICHME TapTeTHON MOHO- MJIHM KOM-

OMHUPOBAHHON MMMYHOMOIYJUPYIOLIEN Teparnuu,
JNIECTBUE KOTOPOW HampaBJIEHO Ha BOCCTAHOBJIE-
HHME aAeKBAaTHOTO OTBETA MMMYHHOW CHUCTEMBI Ha
UMEIOILIUUCI HETUIIMYHO MNPOTEKAIOIIUNA OCTPbIA
WJIM XPOHUYECKUI MHMEKIIMOHHO-BOCHAJIMTEIbHBIN
MpOoILIECC, a TAaKXKE MapalyIeJbHOE TEpAleBTUYECKOE
HUBEJINPOBAHUE HAPYILIEHU HEPBHOUW U SHAOKPUH-
HOW CUCTEM, BXOIAIIUX B HEUPOUMMYHOIHAOKPUH-
HBIII KoMmIuiekc. BoccraHoBieHue dusnonornye-
cKoro OanaHca BO B3auMMOACHCTBUSIX MMMYHHOM,
HEPBHOU U HIOKPUHHOU CUCTEM HOKHO CHOCO0-
CTBOBaThb (POPMUPOBAHUIO TMO3UTUMBHOU KIIMHUYE-
CKOM 3(p(PeKTUBHOCTU U BBIXOAY MAlLlMEHTOB B JJIU-
TEJAbHYIO KJIMHUYECKYIO PEMUCCUIO, 3HAUYUTEJIbHOMY
YAYUYIIEHUIO UX KayecTBa XKU3HU U MPOdUIaKTUKE
BO3HUKHOBEHUS HOBBIX MH(MEKIIMOHHBIX MHU30/10B.

3aknoyeHune

MBEI 1T0jTaraeM, 4TO peayiii CETOAHSIITHUX THEeM
CO3MaI0T MPEANOChUIKA IS CO3MaHUSI HOBOTO TIep-
CIIEKTUBHOT'O HAyYHOTO HampaBJIcHUS: ATalTUBHAs
MEOUIIMHCKAS MMMYHOJIOTHSI.

MupoBbIM HaydYHbIM U BpaueOHbIM COOOILIECTBOM
B International Classification of Diseases — ICD-11
(MexayHaponHoii kjaccudukaumu Ooje3Hein —
MKB-11) B pyopuke 04 3apernctpupoBanbl bones-
HM MMMYHHOI CHCTEMbI, CPEIM KOTOPBIX, HaPSIy
C TCPBUYHBIMM WMMYHOACGUIIUTAMM, TOSBUINCH
NoJapoOHO KiaccuUIMPOBaHHBIE TTPUOOPETEHHBIE
NMMYHOIE(MUIINTEI, ayTOMMMYyHHBIC 3a00JIeBaHUS
U ayTOBOCITAJIUTEIbHBIC CUHIAPOMBI, aJJIepTUISCKIE
peaxKIInuy U T. II.

OTedyecTBEHHBIMUA W 3apyOeXXHBIMHU HCCIIeIOBA-
TeJISIMU MPOJAEMOHCTPUPOBaHA HEOOXOAUMOCTb CO3-
JTaHUSI HOBBIX KOMILICKCHBIX ITOJIXOMOB K JICYCHUIO
MPUOOPETEHHBIX WMMYHOAEHUIIMTOB, aCCOLIMUPO-
BaHHBIX HE TOJBKO C HETHITMYHO ITPOTEKAIOIINMU
MH(EKIIMOHHO-BOCIIAIMTEIbHBIMU 3a00J1€BaHUSIMU
BUPYCHOW, OaKTepualibHOW W TPUOKOBOU STUOJIO-
TMU Yy UMMYHOKOMITPOMETUPOBAHHbBIX MAllEHTOB,
HO M Yy UMMYHOKOMITPOMETHUPOBAHHBIX ITAlIMCHTOB
C HEUPOMMMYHOSHIOKPUHHBIMU HapYILICHUSIMMU,
BO3HUKAIOIINMM Ha (pOHE aTUITUIHO ITPOTEKAIOIINX
aKTUBHBIX Treprnec-BupycHbIx wuHGpekuuii (BIIT'1,
BBb, BUI'6, IIMB), BeI3bIBaIOIINX HEHPOUMMYHO-
BOCHaJIeHNe, KOTOpoe MaHU(pECTUPYET CUHIPOMOM
XPOHUYECKOU YCTalOCTU/MUAITUYECKUM MUET0IH-
1uedaaInuToM.

Panee Hamu paszpab®oTaHbl, BHEApPEHBI U OMY-
OIMKOBaHBI WHTETPALIMOHHBIC IPOTrpaMMBbI peadu-
JIMTallM UMMYHHOM cucTteMsl |3, 4, 5, 6, 7, 8, 14],
HampaBJ€HHbIE Ha €€ KOPPEKIUIO MpUu MNpuoodpe-
TEHHBIX UMMYHOACGUIIUTAX C Pa3IUYHBIMU HETHU-
NAYHO TNPOTEKAIIUMU WHQEKIIMOHHO-BOCITAI-
TeJILHBIMU 3a00JIEBaHUSIMU. DTU WHTETPallMOHHBIC
NporpamMMbl XOPOIIO 3apeKOMEHAOoBaIu cebsl Tpu
HOBTOPHBIX/peKyppeHTHBIX OPBU 1 xpoHmyeckmx
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PELIMINBUPYIONINX TePIIeC-BUPYCHBIX MHMPEKIINIX Y
T W B3POCHBIX, IPU PEHUINBUPYIOIINX XPOHU-
YeCKUX MHOEKIIMOHHO-BOCTIAIMTEIbHBIX 3a00/1eBa-
HUSIX OPTaHOB MAJIOro Ta3a y XEHILUH ACTOPOIHOIO
BO3pacTa, MPU aTUIIMYHBIX XPOHUYECKUX aKTUBHbBIX
repriec-BupycHbIX nHbekuusx (BOb, BUI'6, LIMB),
aCCOIMUPOBAHHBIX C HEHPOMMMYHOBOCITAJICHUEM,
MaHUMECTUPYIOIINM  CHHIPOMOM  XPOHWYECKOI
YCTAJIOCTU U MUAITUYECKUM MUeT03H1IehaTuToMm |3,
4, 7]. IonyyeHHas1 B pe3yjbraTe IMPOBEASHHBIX HC-
CJIENOBAaHUII MO3UTUBHAS KIMHUKO-UMMYHOJIOTH-
yeckas 3(ppeKTUBHOCTD TTocie IpuMeHeHns MHaTe-
TPAlMOHHBIX IIPOTPaMM KOPPEKIINU-peadIuTaLInN
WUMMYHHOI CUCTEMBI Y MMMYHOKOMITPOMETHUPOBaH-
HBIX MMallMEHTOB C HETUIIMYHO MPOTEKAIOIIMMU NH-
(eKIMOHHO-BOCHAIUTEILHBIMU 3a00JIEBAHUSIMUA Ha
(doHEe MPUOOPETEHHBIX UMMYHOAC(MUIINTOB TEMOH-
CTpUpYET OOHAIEKUBAIOIINE PE3YIIBTATHI.
AnanTtuBHasT MCOAUIIMHCKAsT MMMYHOJIOTHS TIpeI-
rnmoyiaraeT pa3paboOTKy HOBOTO MEXIUCIIMILUIMHAP-
HOTO MOAXO0la K JIEYEHUIO ITallMEHTOB C IIPUOO-
PETEHHBIMU HUMMYHOICHDUIIUTAMUA W Pa3IUIHBIMUA

HEeAPOUMMYHOIHAOKPUHHBIMU HapyILIEeHUSIMU.
JIns mocTUM>KeHUsI TTOCTaBJICHHOM 1ieJiIi HeoOXOomu-
MO CO3JaHME€ YETKOIro ajropuTMa KOMIUIEKCHOM
JIMAarHOCTUKW MMMYHHBIX, HEBPOJIOTUYECKUX U IH-
MOKPUHHBIX HapyIIeHUI/pacCTpONCTB U, Ha BTOH
OCHOBE, — pa3paboTKa HOBbIX MHTErPallMOHHbBIX UM-
MYHOTeparneBTUYEeCKUX 1 pa3HOOOPa3HbIX JeUeOHbIX
MPUEMOB, HATIPaBJICHHBIX HA OOAHOBPEMEHHOE BOC-
CTaHOBJIEHWE HOPMaJbHOIO (YHKIIMOHUPOBAHUS
VMMYHHOM, HEPBHOM 1 SHIAOKPUHHOM CUCTEM IPU
pa3IMYHBIX UMMYHO3aBUCUMBIX 3a00JIEBAaHUSIX, ac-
COLIMMPOBAHHBIX C SHIOKPUHOMNATUSIMU U C HEUPO-
MMMYHOBOCHAJIMTEIbHBIMU TIPOLIECCAMU Y UMMYHO-
KOMITPOMETUPOBAHHBIX MAllMEHTOB.

Ocraercs elle 04YeHb MHOTO HepElLIeHHbIX TMPOo-
0JeM B BOIIpOCax JIEUEHUS CJIOXHBIX UMMYHOKOM-
MPOMETUPOBAHHBIX ITTAlIMCHTOB, U 3TU ITPOOIECMBI
TpeOyIOT CBOETO He3aMeIMTENbHOTO pelieHus. [1o-
JjlaraeM, 4TO CO3/laHWe TaKOTO HayyHOTO Hampablie-
HMSI, KaK aJanTUBHaAs MeAULIMHCKAsT UMMYHOJIOTHS,
MOMOXET B PeLIEHUN 3TUX TPYAHBIX MEXANCLIMUTLIU -
HapHBIX TIPOOIEM.
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CUHAPOM AKTUBALUUN TYYHHbIX KNIETOK: HOBOE
MWPOBO33PEHUE

Mugprorxosa H.B.!, Kaauanmuaa H.M."2

'@I'BY «Bcepoccuiickuil yenmp sxcmpentoil u paduayuontoil meduyunst umenu A.M. Huxugpoposa» MYC Poccuu,
Cankm-Ilemepbype, Poccus

2@I'BOY BO «Ilepsviii Cankm-Ilemepbypeckuii 20cydapcmeeHHblil MeOUyUHCKUL YHUGEPCUMEm UMEHU AKA0eMUKd
H.11. Ilasrosa», Cankm-Ilemepodype, Poccus

Pesrome. Cuaapom akTuBanuu TydHBIX KIeToK (CATK) sgBiasgeTcs TSLKEIbIM pelUIMBUPYIOIINM 3a00-
JIeBaHUEM, TPEOYIOIIMM CTAalIMOHAPHOTO JICUCHMSI, B KIMHNYECCKOW KapTUHE KOTOPOTO MPUCYTCTBYIOT MPU-
3HaKMW aHadmiIakcuu. B cTatbe mpemcTaBiIeHB IMAaTHOCTUYCCKIE KPUTSPHUHU, TTO3BOJISTIONINE T depeHII -
poBaTh CATK OT mpyrux TsSKebIX, MMCIOIINX CXOIHYIO CUMIITOMATUKY COCTOSIHUI, a TaKKe OOCYXKIICHBI
JIOKaJIbHBIC (DOPMBI aKTUBAILIMK TYYHBIX KJIETOK.

KoHceHcycHOI rpynmmoi ycTaHOBICHBI YeTKHe KpuTepnu 11t nuarHoctuku CATK. DTu coriracoBaHHBIE
KPUTEPUH BKITIOYAIOT SIMU30ANYCCKOE (peIMIUBUPYIOIICE) TTOSBICHNES TUITMIHBIX CUCTEMHBIX CUMIITOMOB,
KOTOpBIE BBI3BIBAIOTCSI MEIMATOPAMM TYIHBIX KJIETOK M 3aTPparMBalOT KaK MUHHUMYM 2 CHCTEMBI OPTaHOB;
yBeJIMYEHUE YPOBHS TPUIITa3bl B CBIBOPOTKE KPOBU, IO KpaitHeir Mepe Ha 20% 1m0 CpaBHEHUIO ¢ UHAUBU-
IyaJbHBIM MCXOMTHBIM YPOBHEM TPHIITA3bl TLTIOC 2 HT/MJI TPUIITa3bl B TeueHME 3-4 4acoB IIOCJIe PeaKIInu;
TMOJIOKUTEJIFHBIN OTBET Ha IIperapaThl, KOTOPbIE JTMOO HalleJIeHb HA MeIMaTOPhl TYYHBIX KJIETOK, JIM0O Ha
nx 3 OEKTHI.

Kiaccudpukanms CATK HOCUT 3THOIOTMUEeCKHUI XapaKTep U MOApa3aessieTcss Ha TTIepBUYHBIN (KJIOHATb-
Hb1i1) CATK, Bropumunbiiit CATK u unnonatnyeckuit CATK. ITepBuunbiit CATK onpenesnsieTcst KIToHaIbHOM
9KCMAHCHEH TYIHBIX KJIETOK U SIBASICTCS CUCTEMHBIM MacTolnTo3oM. [1pu Bropmanom CATK HOpMmabHBIE
TYYHBIE KJICTKM aKTUBUPYIOTCS M3BECTHBIMU TpUrTepamMu, HarpuMep IgE. Ecim Hu KitoHanbHAST 3KCITaHCHS,
HU TPUITEP aKTUBALIUY TYYHBIX KJIETOK HE MOTYT OBITh UIEHTU(MDULUPOBAHBI, COCTOSIHUE OMPEAELSIETCS KaK
unuornatnyeckuit CATK.

Oco6m1it nHTepec K CATK npuBnekiia HoBast KopoHaBupycHast mHpekuusgs COVID-19, 6b110 BbhIcKa3aHO
TIPEaNoaI0oXKEeHNE, YTO TsoKenbiid BapraHT TeueHnss COVID-19 obycnosien ckpbiteiM CATK, ogHako Kpu-
Tepun CATK y 3THX mamneHTOB He BOCIIPOU3BOAWINCE. [1py HAIMYMK JIOKAJIBHBIX CUMITTOMOB, HAIIpUMEpP
KpaITMBHUIIBI, TU00 IIpU MOpakeHUMW | opraHa, HaIlpuMep W30JIUPOBAHHBIC KEJTYTOUHO-KUIIICIYHBIC CHM-
TITOMBI, 1 TIOTO3PEHNM Ha aKTUBAIIAIO TYYHBIX KJIETOK B OCHOBE ITaTOre¢He3a ObIT BBEIEH TSPMUH «PAaCCTPOit-
CTBO aKTHBAIIMM TYYHBIX KJIETOK». TaKKe B CTaThe OOCYKIECHBI HECKOJIBKO Pa3IMIYHBIX MEINATOPOB, KOTOPHIC
TIpeaIararoTcs Iy UCToib3oBaHms B nuarHoctuke CATK.
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Mukprokoea H.B., Karununa H. M.
Mikryukova N.V., Kalinina N.M.

OnHako runepauarHoctuka CATK BiedeT 3a co00il pUCK TMPOIMYCTUTh OCHOBHYIO IMATOJIOTHIO, HE CBSI-
3aHHy10 ¢ CATK, u Tpebyet nuddepeHIMaibHON NTMAarHOCTUKU € PsSIAoM 3aboneBaHuii. I1lpu orcyrcTBUU
TSKEJIBIX TIPUCTYNOB (C TUIOTOHUEHR U 10KOM) BeposiTHOCTh CATK B 11e10M oueHb HU3Kas. be3ycinoBHO,
MaIlMeHThl ¢ MAacTOIIUTO30M W/WiIM moATBepxkaeHHoU [gE-3aBucumoii aieprueii uMeroT 6oJiee BHICOKMIA
puck pa3Butus CATK, HO KIl0UeBbIM JUATHOCTUYECKUM MapKepoM SIBJISIETCS CBSI3aHHOE C COOBITUEM MO-
BbllIeHUe TpunTasbl TK Mo cpaBHEHUIO C UCXOJHBIM YPOBHEM, UBMEPEHHOE B OECCUMITOMHOM MHTEpBaJe.
Kornma nmoBellieHre YPOBHSI TPUIITA3bl TOCTUTAET OIpeesieHHOro nopora (20% oT UCXOTHOTO YPOBHSI TLTIOC
2 Hr/MuT), BecbMa BeposiTeH nuarHo3 «CATK».

Knrouesuie crosa: CMHapOM akmueauyuu my4HolX KJAemok, paccmpoﬁcmeo akmueayuu mMy4HolX KAemokK, my4Hole Kiemku,
mpunmasa, cucmemHulil macmouumos, XxpoHu4ecKkasa KpanusHuua

MAST CELL ACTIVATION SYNDROME: ANEW OUTLOOK
Mikryukova N.V.2 Kalinina N.M.»"

¢ A. Nikiforov Russian Center of Emergency and Radiation Medicine, St. Petersburg, Russian Federation
b First St. Petersburg State 1. Pavlov Medical University, St. Petersburg, Russian Federation

Abstract. Mast Cell Activation Syndrome (M CAS) is a severe relapsing disease requiring inpatient treatment,
with clinical pattern including the features of anaphylaxis. The article presents diagnostic criteria aimed for
differentiation of MCAS from similar severe conditions as well as discusses local forms of mast cell activation.
The consensus group has established distinct criteria for diagnosing MCAS. The agreed criteria include episodic
(recurrent) occurrence of typical systemic symptoms caused by release of mast cell mediators and involve, at
least, two organs; an increase in serum tryptase level by, at least, 20% over individual baseline tryptase plus
2 ng/mL tryptase during 3-4 hours of the pathological reaction; a positive response to drugs that either target
mast cells mediators, or their effects. In principle, the classification of MCAS is based on its etiology being
subdivided into primary (clonal) MCAS, secondary MCAS, and idiopathic MCAS. The primary MCAS is
determined by clonal expansion of mast cells and is considered systemic mastocytosis. In secondary MCAS,
normal mast cells are activated by the known triggers, e.g., IgE. If neither clonal expansion nor a trigger for
mast cells activation are identified, the condition is defined as idiopathic MCAS.

The new COVID-19 infection has attracted particular interest in MCAS, since the severe course of
COVID-19 was thought to develop due to latent MCAS, but the criteria for MCAS in these patients were not
reproduced. In the presence of local symptoms, such as urticaria, or in cases of single-organ involvement, e.g.,
isolated gastrointestinal symptoms, and suspected mast cell activation being basic to pathogenesis, the term
mast cell activation disorder was introduced. Moreover, the article discusses several different mediators that are
proposed as markers in the diagnosis of MCAS.

However, over-diagnosis of MCAS entails the risk of missing the underlying pathology, which is not
associated with MCAS, and requires differential diagnosis with a number of diseases. In the absence of severe
attacks (with hypotension and shock), the likelihood of MCAS is generally very low. Of course, the patients
with mastocytosis and/or confirmed IgE-dependent allergy are at higher risk of developing MCAS, but a
key diagnostic marker is an event-related increase in mast cells tryptase from baseline determined over the
asymptomatic period. The diagnosis of MCAS is highly likely if the tryptase level rises above a certain threshold
(20% of baseline plus 2 ng/mL).

Keywords: mast cell activation syndrome, mast cell activation disorder, mast cells, tryptase, systemic mastocytosis, chronic urticaria

B mtocienHee BpeMst CHHIPOM aKTHUBAILIMK TYIHBIX
knetok (CATK) ctaHOBUTCS «mOMyasipHbIM» 3a00-
JneBaHueM. JIoKTopa HampaBiIsSIOT K aJuIeprooraM-
uMMyHosioraM ¢ nogo3peHueM Ha CATK, maiueH-
TBl CaMU HaXoOiAT MH(OpMaLKI0 00 3TOM IPO3HOM
M OYEHBb PACIIPOCTPAaHEHHOM, ITO MX MHEHUIO, CUH-
apome. TydHble KJIETKU JIOKAJIU3YIOTCS B CIIM3UCTOM
000JTOYKE U COCOMHUTEILHOM TKaHW BO BCEX Opra-

Hax, BKJIIOYas JbIXaTeJbHbIE MyTH, pacrnojarasch B
MECTax KOHTaKTa C BHEIIHEN Cpeloid, B MECTax IIPO-
HUKHOBEHUSI aHTUTreHa. [1pu ux akTMBalMu MpoucC-
XOMISIT HApyILIEHUsI BO MHOXKECTBE OPTaHOB U CUCTEM,
Kak IIpejcTaBjieHo B Tabauie 1.

Tyunsie kietku (TK) — 210 hukcupoBaHHBIE B
TKaHSIX MHOTOYHKIIMOHATbHbBIE KJIIETKU UMMYHHOM
CUCTEMbI, MPOAYLMPYIOIIUE PsIA MPOBOCHAIUTEb-
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Cunopom akmueayuu my4Hbvix KAemoK
Mast cell activation syndrome

HBIX ¥ Ba30aKTUBHBIX MEIMATOPOB UM IIMTOKWHOB,
NPUHUMAOIIME YIaCTUE B Pa3IMYHBIX MTaTOJIOTUYC-
ckux cocrostHustx [ 12]. MUx dusuonornueckue hyHkK-
LMY BKJIIOYAIOT PEryJisaLMIO Ba3oAUIaTalluU, COCY-
INCTOTO TOMEOCTa3a, BPOXICHHBIX U amallTUBHBIX
MMMYHHBIX peakliuii, aHTuoreHe3a v AeTOKCUKALIUU
gana. [lpu akTuBaluy Ty4HbIe KJIETKHA BBICBOOOXKIIA-
0T OpeaBapuTeibHO C(OOPMUPOBAHHBIN T'MCTaAMUH,
npoTeassbl (xMasa, TpUITa3a U KapOoKCUIIeNTUaa3a
THNa A), a 3aTeM 1 IIPOBOCIIATUTEIbHBIC [IUTOKUHBI,
Bkomtoyad I1L-1, IL-6, neitkorpuers 1 TNF [1].

W3 cexperopHbix rpanyi TK o-Ttpunrasa B dpu-
3UOJIOTUYECKUX YCJIOBUSIX BBICBOOOXKHAETCS C ITO-
CTOSIHHOM HU3KOM CKOPOCTHIO, UYTO MPUBOIUT K HU3-
KOl MCXOOHOM KOHIIEHTpalluM 3TOTO (hepMEeHTa B
ceiBopoTKe. Bo BpeMst aHadr1akTMYeCcKoro anu3ona
nepekpectHoe cBs3biBaHUe FceRI cornpoBoxkaaeTcs

MAaCCHUBHBIM U OBICTPHIM BBEICBOOOXIEHWEM MEIV-
atopoB TrpaHyn u ¢pepmeHToB nu3 TK. Kpome Toro,
BO BpeMsI JIETPaHyJSIIUK KJICTOYHAS ITOBEPXHOCTH
U uuToruiazmaTudeckue Mmemopanbsl TK nepecrpan-
BafOTCS, a MEOAUATOPHI JIMITUIHOTO ITPOMCXOXKICHUS
NPOAYLUPYIOTCSI U CEKpeTUpYIOTCs [36].

Bruto mokazaHo, YTO MEPUBACKYJISIPHBIC TYYHBIS
KJIETKM WCCJIEAYIOT KOXHBIE KPOBEHOCHbBIE COCY/IbI,
00pasys pUIOMOANH, MPOHUKAOIIIME Yepe3 IHI0Te-
JIMAJIbHBIC TIPOMEKYTKUA U 3aXBaThIBAIOIINEC MMMY-
HornooyauH E (IgE) u3 kpoBeHOCHBIX cocynoB [9],
9TO TakKke MoxkeT mo3BoJmTh TK 3axBaTeiBaTh Opy-
rue uMpKyaupylomue MoJiekyibl. Takke TK Moxer
noayyath IgE oT mepuBacKyasIpHO pacroiaoXeH-
HBIX JICHAPUTHBIX KJIETOK C ITOMOIIBIO MUKPOBE3M-
Kya [10]. TK y4yacTBylOT B CUCTEME BPOXKIAECHHOTO
UMMYHUTeTa (3allliTa XO3STMHA OT MHMEKIIMOHHBIX

TABJTULA 1. CUMOTOMbI CATK COrMTACHO MOBANIbHOMY KOHCEHCYCY-2 CUHAPOMA CATK [2] C UBMEHEHUAMU
TABLE 1. MCAS SYMPTOMS ACCORDING TO THE GLOBAL CONSENSUS-2 SYNDROME OF MCAS [2] WITH MODIFICATIONS

OpraHbl 1 cUcTeMbI
Organs and systems

CMnTOMBI
Symptoms

KOHCTVITyLl,I/IOHaanI:Ie

YTomnsaemMocTb, nMxopaaka, o03HOO, noTeps Beca, yBenmyeHue Beca

Constitutional Fatigue, fever, chills, weight loss, weight gain

PuHUT, cuHycuT, an3ocmus / aHocmus, WyM B yluax, noteps cnyxa,
JIOP-opraHbl aucreB3us/areB3us, 6onb B ropne
ENT organs Rhinitis, sinusitis, dysosmia / anosmia, tinnitus, hearing loss, dysgeusia/ageusia,

sore throat

HepBHas cuctema
Nervous system

FonoBHbIe 605K, MUTPeHU, CNYTaHHOCTb CO3HaHUs, TpeBora, Aenpeccus,
6ecCcoHHM1LA, Cyaoporn, CUHAPOM 6eCrnOoKOUHbIX HOT
Headaches, migraines, confusion, anxiety, depression, insomnia, seizures, restless
leg syndrome

CeppaeyHo-cocyamucTas
cucrtema
Cardiovascular system

Bonb B rpyau, cepauebueHne, rmnoToHUs, oproctaTMyeckasi FrMnoTeH3us,
nabunbHOCTb apTepuanbHOro AaBreHUs U YacTOTbl CEPAEYHbIX COKpaLLeHUN
Chest pain, palpitations, hypotension, orthostatic hypotension, lability of blood
pressure and heart rate

ObixaTenbHasa cuctema
Respiratory system

Kawenb, ogbllwka, ABNeHUsa bpoHxocnasma
Cough, shortness of breath, bronchospasm

YporeHutanbHasa cuctema
Urogenital system

YacToTa, CpOYHOCTbL, AN3YpUA, Ta3oBasA 6orb
Frequency, urgency, dysuria, pelvic pain

XKenyao4yHo-KuLIeYHbIN TPakKT
Gastrointestinal tract

WUaxora, auccarus, komok, 6onb B rpyau, Aucnencus, TOWHoOTa, pBOTa,
B34yTHUe XUBOTa, NULLEeBas HeMnepeHOCUMOCTb, 6orb B XUBOTe, Auapes,
3anop, NoBbileHNe TPpaHCaMUHa3, renatoMeranus
Heartburn, dysphagia, lump, chest pain, dyspepsia, nausea, vomiting, bloating,
food intolerance, abdominal pain, diarrhea, constipation, increased transaminases,
hepatomegaly

CnioHHbIe Xene3bl MpunyxnocTtb
Salivary glands Swelling
Numdpatnyeckas cuctema NumdrapeHonatus
Lymphatic system Lymphadenopathy

Koxa
Skin

Mpunuesbl, 3yA, KpanMBHULA, reMaHIMOMbI, Y3€eJlKU, CbiMNb, anoneuus
Hot flashes, pruritus, urticaria, hemangiomas, nodules, rash, alopecia

OnopHo-gBUraTensHas
cucrtema
Musculoskeletal system

Mwanrun, apTpanruu, runepMo6unbLHOCTb CyCTaBOB
Myalgia, arthralgia, joint hypermobility
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MaTOTeHOB, HEMTpaIn3aIys TOKCMHOB) U B aIalTHB-
HOM MMMYHHOM oTBeTe [31], mpe3eHTUpysT aHTUTeH
M B PETYJISIIIMU OTBETOB T-KJIETOK JaxKe B OTCYTCTBUE
npe3eHTauuu aHtureHa [21]. Mukai K. u coaBT.
nokazanu poyib TK B ayTouMMyHUTETE M BOcHaie-
Huu [19].

TepMUH «CMHAPOM AaKTUBAIIMU TYYHBIX KJIETOK»
OMNUCHIBAET COCTOSTHHE, KOTOPOE, IO JaHHBIM AKa-
IeMHUU aJuIeprum, acTMbl M mMmyHosornu CIIHA
(AAAAI), «IIposIBASIETCSI CIIOHTAaHHBIMHU SITU301U-
YEeCKMMM TMpU3HAKaAMU U CUMITOMaMu CHUCTEMHOM
aHaWIaKCUM, OIHOBPEMEHHO ITOpaxKarolleil Kak
MUHUMYM JIB€ CUCTeMBl OPraHOB M BO3HMKAIOIIEH
B pe3yJibTaTe CEKPEelMu MEAMaTOPOB TYUHBIX Kile-
TOK» [39].

Koncencycnas rpynna Espornibl u CIIIA ycTaHo-
BIJIa YETKME KPUTEPUM KOHCEHCYCa JJIsl TUarHOCTH -
ku CATK. OTu cornacoBaHHbIE KPUTEPUU TTPUHSITHI
Hay4YHO# 0OIIIECTBEHHOCTHIO U BKITIOYAIOT:

1. DOnuzoauyeckoe (peLuuaMBUpPYIOLIEe) MOSIB-
JICHHE TUITMIHBIX CUCTEMHBIX CUMIITOMOB, KOTOPEIC
BbI3bIBaloTCsT MeauaTopamMu TK 1 3aTparuBaioT Kak
MUHUMYM 2 CUCTEMbI OPTaHOB;

2.  YBeluMuyeHUE MEIMaTOPOB TYYHBIX KIIETOK,
MPEAINOYTUTEIbHO YPOBHS TPUNTA3bl B CHIBOPOTKE
KPOBH, KOTOPOE PACCUUTHIBAETCS IO (hopmyJie: mo-
BoIlieHre Ha 20% 10 CpaBHEHUIO ¢ MWHIWBUIYaJb-
HBIM MCXOIHBIM YPOBHEM ILTIOC 2 HI/MJI TPUIITA3HI,
MoJIydeHHOE B TeueHUue 3-4 yacoB nmocje peakluu;

3.  CyllecTBeHHBI OTBET Ha MpenapaTbl, KOTO-
pble IO HalleJIeHbI HA MEIUATOPHI, TIPOUCXOISIINE
u3 TK, nu6o Ha ux adpdexrsl (Harpumep, 6J10KaTO-
PBI THCTAMHHOBBIX PEIICTITOPOB) M/WIN TTOAABIISIOT
aktuBanuio TK [34].

Takum ob6pa3zoM, Mpexie YeM Mbl TUarHOCTUPYEM
CATK, HeoOX0oanMO T0XKAAThCs pe3yJibraTa orpeae-
JICHWST YPOBHSI TPUIITa3bl B CHIBOPOTKE M OTBETa Ha
HeMeJIeHHYIo Tepanuio. [loaToMy cHawana ycra-
HaBJIMBACTCSI HEITOCPEICTBECHHBIN TUarHO3 «aHau-
JIaKCHsI», Y TOJIBKO ITOCJICAYIOIIasl OlIEHKA MCIOJIb-
3yeMbIX JIADOPATOPHBIX IOKa3aTeaeil IMOATBEPAUT
(unu He noaTBepauT) CATK. OnHako KJII0OUeBBIM U
TMIEPBBIM KPUTEPUEM SIBJISTIOTCS TSIKEJIbIE, PEIIUTNBU -
pylollire CUMITTOMBI aHa(PUITaKCUH.

Korma mnarnos «CATK» ycTaHOBIIeH, Cleaylo-
IIIAM Ba>KHBIM II1aTOM SIBJISIETCSI OTIpeNieICHHUE DTUO-
sgoruu u knaccudpukauus CATK.

Knaccudpuxkausas CATK HocUT aTHOJIOTMUeCKUT
XapakTep M ToApasnelisieTcsl Ha MEepBUYHBIN (KJI0-
HanbHbIll) CATK, Bropnunsiii CATK u naguomnaru-
yeckuit CATK.

IMepBuunniii CATK ompenensieTcsl KJIOHaNbHOM
skcrnaHcueli TK u 0oOycnoBiaeH CylIeCTBYIOLIUMU
myTtauusmu B reHe KIT, komupymoolieM penenTop
dakTopa pocra TK. Myraumst D816V u/mim abep-
panTHas skcrpeccuss CD25 na CK, T. e. cucteMHBbIit
mactouuto3 (CM) unm moHOKIoHambHBIN CATK.

IMpu Bropuunom CATK HopmanbHble TK akTuBu-
pYIOTCS U3BECTHBIMU TpuUrrepamu, Harpumep, IgE.
Ecnu Hu KioHaNIbHASI 9KCMAaHCUS, HU TPUTTEp abep-
paHTHOI akTuBauuU TK He MOryT ObITh UACHTUDU-
LUPOBAaHbI, COCTOSIHUE OMpPEAeIsIeTcs KaK Uauona-
tuueckuit CATK [30].

JduarHoctuka CM BBITIOJIHSIETCS JIMOO C MTOMO-
mpio aHanusa myrauuii KIT (B Hacrosiiiee Bpems
B 3HAYMUTEJbHOI CTENEeHM OrpaHUUYMBAECTCS ITOUC-
KOM C MOMOIIBIO MOJUMEPA3ZHOUN LIEMHOU peaklivuu
MyTauuii KomoHa 816, mouTH Bcerga MPUCYTCTBY-
OIIMX TIPU MAacCTOIIMTO3€, HO PEAKO OOHApyKUBa-
embix ipu CATK), mubo ¢ ITOMOIIBI0O MPOTOYHOM
HUTOMETPUM IS KOBKCIIPECCHMM Ha IIOBEPXHOCTHU
TK CDI117 (BHEKJIETOUYHBIN TOMEH TpaHCMeMOpaH-
Hoit Tupo3uHkuHasbl KIT, nomuHupylomuii pery-
gsaropHbiit asemeHT TK) Bmecte ¢ CD25 (a-uenb
peuentopa IL-2, mpeuMyllIecTBEHHO 3KCIIPECCU-
pyemass T-xknerkamu) u/mau CD2 (0ObBIYHO Moe-
KyJla TIOBEPXHOCTHOI aare3Mu) OrpaHUYMBACTCS
T-/NK-numdoruramn) [4].

VY nauueHToB ¢ BTopudHbIM CATK TyuHbIE KJIET-
KU OOBIYHO MPUCYTCTBYIOT B TKAHSIX B HOPMAJIbHBIX
KOJIMYECTBaX WJIM MOTYT OBITh YBEJIMUCHEI (peaKTUB-
Hasl TUIIepIIa3us TYYHBIX KJIETOK) B OTBET Ha BOC-
MaJUTEIbHYIO cpeny. MHUIUUPYIOMIU TPUTTep I
aKTUBALUM TYYHBIX KJIETOK MOKET ObITh OIOCPEI0-
BaH IgE (ruiia, 1ekapcTBo, S MepernoHYaTOKPbLIbIX
WJIM UHTAJISIHT) U MOXeT ObITh WACHTU(MULMPOBAH
npu oOCIeAOBaHUM Ha aJUIepPrui0. TpUITephl aKTH-
BallMM TYYHBIX KJICTOK, He orocpeaoBaHHBIe IgE,
BKJTIOYAIOT JIEKapPCTBEHHBIC TIPeIapaThl, (pu3ndecKue
CTUMYJIbI, B TOM 4ucje (U3NIEeCKue yIpakKHEHUs,
CTpecC, OCTPbI€ WJIM XPOHUUYECKUE MHMEKIIUU, SIbI
WU APYroe BOCHAJIUTEIbHOE I HEOIUIAaCTUYECKOE
3abosnieBanue. Yepes MAS peuentop-X2, cBsizaH-
b1 ¢ G-0enrkoM (MRGPRX?2) TygHbIe KJIETKH CITO-
COOHBI OOHAPYKMBaTh U pearupoBaTh Ha pa3INUYHbIC
Tpurrepsl, Bkiitouas: Substance P (SP), nekapctBa u
KOMITOHEHTHI si1a. TydHble KJIeTKU TakKe UMEIOT pe-
LEeNTOPbI pacO3HABAHUSI 00Pa30B, PELIENTOPHI KOM-
miaeMeHTa U perenTtopsl IgG, KOTopble MOTYT JIeii-
CTBOBAaTh KaK CEHCOPHI OKPYXKAIOIIETO BOCHAJICHMSI.
Y HEeKOTOPHIX MAaIlEHTOB, HECMOTPSI Ha TIIATEIbHOE
o0OcJienoBaHue, YeTKasl MpUYrMHa 3MMU30/I0B aKTUBAa-
LIMM TYYHBIX KJIETOK HE OOHApYy>K1BaETCsI.

B HekoTopbix 13 aTHX ciydyaeB CM anarHoCTUpPY-
FOT TIPY MOCJIeIYIONIEeM HaOTIONCHUN WIN BBISBIISIIOT
IIPY TOBTOPHBIX UCCIICTOBAHMSIX.

Takum o6pa3oM, OOTBIIMHCTBO MALIMEHTOB, Y KO-
TOpBIX AuarHoctTupoBaH BropuuHbiii CATK, cTpana-
10T OT Jiexanieit B ocHoBe IgE-3aBucumolii ajuiepruu.
OnHako B HEKOTOPBIX ciiydyasix NpucyrtctByeT IgE-
He3aBHCHMasl aJUICprysl WM Momo3peBaeMasi, HO He
MMOATBEepXIeHHAsI ajuieprusi (OTCYTCTBUE ajIepreHa
n/wm cnenuduaeckuii IgE x anneprenam). B pen-
KHUX CJIlydasiXx BBISIBJISIIOT ayTOMMMYHHOE 3a0oJjieBa-
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HME, XPOHUUYECKYI0 MHMEeKINIO, HEeOoMIacTuiecKue
WU TIpeTHeoILTacTHIecKue 3aboseBanms. Korma oc-
HOBHOC 3a00JIcBaHNE He OOHAPYKMBACTCS, CTABUTCSI
nuarHo3 «unuonatudeckuit CATK».

TTanimeHT MOXeT cTpagaTh KakK MEPBUYHBIM, TakK
u BTopuuHbiM CATK, uTo npencrasisieT coboil cu-
TyalllMio BBICOKOTO pucka. Hampumep, y HEKOTOPBIX
HanueHTOB MoxXeT ObITh CM, a TakKe ajuteprust Ha
MYSTMHBIA WJIA OCUHBIN 51, Takue manmeHThl HyK-
nalpTcs B crieunduueckoil Tepanuu. B yactHocTH,
MOMHMMO JIeUeHUsI MMpernapataMyu aHTUMEIUaTOPHOTO
TUIIa, 9TUM OOJILHBIM YacTo TpedyeTcs creuudpuye-
ckas (IMoXXU3HEeHHas ) UMMYHOTepanus Win JiedeHue
omanu3ymadom [8].

Eme pa3 paccMoTpuM 3Tanbl AMAarHOCTUKU
CATK: 6onpimmHcTBO TTalueHToB ¢ CATK cTpanaror
OT MOBTOPSIIOIIUXCS ATU30A0B TSKEJIOW TMIOTEeH-
3un (aHapunakcun). IlapeHTaM ¢ MHOXKECTBEHHOM
HETIepeHOCUMOCTbIO XUMUYECKUX BEIIECTB U OKpPY-
XarIlIen cpeabl WM MHOXECTBEHHOW MNUIIEBOU
HETMePpEeHOCUMOCThIO HE CJICAYeT CTaBUTb ITHUATrHO3
«CATK». Bo Bcex cnydyasx clienyeT MpOBOIUTH Je-
TajnbHOe obcienoBaHue. Ilpu TakoM oOciieqoBaHUM
MOTYT OBITh BBISIBJIEHbI MOpPaXK€HUSI KOXMW, TUITUY-
Hble JUJISI MacTOLIMTO3a, TeHepalu30BaHHasl ChIMb
VI IPU3HAKU aTOITMYECKOTO IepMaTuTa.

Hanee Bpad oIpeneiseT, SIBISICTCS JU PeakKiiuvs
CHUCTEMHOI 1 3aTparuBaeT Ju 2 Win 00yiee CUCTEMBbI
OpPraHoB, SBJISIETCS JU CUMIITOMATUKa 3MU3011Ye-
CKOW M pelUIMBUPYIOLIEN U MOTYT JIU 3TU TTU30/IbI
ObITh cBs3aHbl ¢ TK M MeauaTopamMu, MpoOUCXOsI-
M u3 TK. TTocieaHee umeeT 60bI10€ 3HAUEHUE
¥ TpeOyeT M3MEepPeHUST UCXOTHOTO YPOBHS U CBSI3aH-
HOTO C cOOBbITHEM YpOBH# crneumduueckux aus TK
MEeIUaTOPOB, TAKMX KaK TPUIITa3a B CBIBOPOTKE KPO-
BU. Korga Bo BpeMsl IpUCTyIa YPOBEHb TPUIITA3bl
CYILIECTBEHHO MOBBIIIAETCSI, peaKlMo MOXHO pac-
cMaTpuBaTh Kak cBsi3aHHYI0 ¢ CATK.

Ha cnenyromem sramne nuarHo3 «CATK» Moxert
OBITh TTOATBEPKICH ITyTEM JIEMOHCTpAIUU YIydIlle-
HMUSI CUMIITOMOB (M TIpoduIaKTU4ecKoro 3 dekra)
npenapaToB, HarpabjieHHbIX npotuB TK wnu ad-
(GeKTOoB, BbI3BaHHBIX MeauaTopamu TK, Hampumep,
BBI3BAaHHBIX THCTAMHUHOM CUMITTOMOB C MCITIOJIb30Ba-
HHEM OJIOKATOPOB TMCTAMUHOBBIX PEIICITOPOB.

HakoHnen, 1mocie mnoaTBepXKASHUS HaJIUYUs
CATK craenyet onpeaejuTb OCHOBHYIO 3THOJIOTHUIO.
Kak ynomuHanoch paHee, nanueHTsl ¢ CATK mo-
IryT cTpagath oT IgE-3aBucumoii amieprum w/vijim
CKPBITOrO MacTolmnTo3a. KpoMme TOro, 3T ImaimeH-
TBHI MOTYT CTpamaTh OT MHTOKCUKAIINI, TAIIEBOU HE-
MEePEeHOCUMOCTHU UJIU ayTOMMMYHHOTO 3a00JIeBaHMSsI.
Ecau tpurrep CATK He oOHapyxkeH, Bpad ycTaHaB-
auBaeT npuarHo3 «uanonartnyeckii CATK».

Bo MHOTUX CilydasiX BbISIBJISIIOTCSI TUTTUYHbBIE 1151
CATK mpu3HakKy ¥ CUMOTOMBI, HO KPUTEPUHN KOH-
ceHcyca He To3BoistoT auarHoctuposath CATK.

DTO MAlIMEeHTHI C TSLKEIBIMU CUMITTOMaMM aHadu-
JIJAKCUU, HO HE pearupymolirue Ha MeaIuaTOpHO-Ha-
npaBJeHHbIe TIperapaThl WM He OOHAPYKUBaIOIINe
JVUArHOCTUYECKM 3HAYMMOI'O MOBBILIEHUSI YPOBHS
TpUNTa3bl. Y APYTUX MAllMEHTOB YPOBHU TPUMTA3bI
YBEITMUMBAIOTCS He3HAYNTEIIBHO. Y 3THUX MMAllUCHTOB
eJIecoo0pa3sHO M3MEPUTh NIPyrue MeauaTophl, Ta-
kue Kak ructamut, PGD2 wiu LTE4.

Cyl11eCcTBYeT psia pa3IMYHbIX COCTOSTHUIA, TIPU KO-
TOPBIX 0a3ajibHbBIM YPOBEHb TPUITA3bl B CHIBOPOTKE
KpPOBM HEMHOTO MOBBIIIEH. Takoe MOBBIILIEHUE He
00s13aTEJIbHO CBSI3aHO C MTOBBIIEHHBIM PHUCKOM pa3-
Butusg CATK. Ckopee, MOBBIIIEHHBIN 0a3aabHBIN
YpPOBEHb TPUIITa3bl MOXKET OBITH OOHAPYKEH Yy 3/10-
POBBIX JIIONIEN, Y TEX, Y KOTO €CTh CEMENHasd rurnep-
TpUITa3zeMusl, y MalUEeHTOB ¢ 6beccuMMNTOMHBIM CM
M Yy TeX, KTO CTpadaeT KJIOHAJbHbIM MUEJIOUIHBIM
HOBOOOpAa30BaHWEM, HE IIPUHAIJICKAIINM K JTUHUN
TK, Takum Kak muenouaHbli jeiiko3. Kpome Toro,
cJierka ITOBBIIIEHHbIN 0a3alibHbI YpOBEHb TPUIITA-
3bl BBISIBJISICTCS Y MALIMEHTOB ¢ TEPMUHAJIbHOM CTa-
Jreit 00JIe3HU MOYEeK U Y TeX, KTO CTpagaeT XpoOHUuYe-
CKOW TJINCTHOW MHBA3UEM.

VY mauMeHTOB ¢ CeMEMHO#W TUIepTPUNTA3eMU-
el HemaBHO OBUIA WICHTUMUIINPOBAHBI yBEIMYC-
Hue uyuciaa konuii reHa TPSABI, komupyioiiero
o-Tpunrasy [16, 23].

Oco06nbiit uHTepec K CATK mnpuBieksia HoBast KO-
poHaBupycHas uHdpekuus COVID-19. HekoTtopsie
aBTOPBI MPEANOJIAraT, YTO TSDKEIBIM BapUaHT Te-
gyenust COVID-19 obycnosiex ckpeiTeiM CATK [3].
TK aktuBupytorcss kKopoHaBupycoM SARS-Cov-2,
BbI3bIBaloIIUM MHbekuo COVID-19, yto mpuBo-
JIUT K BLICBOOOXKAEHMIO pa3IMUYHbIX MEIMaTOPOB, Ta-
KUX KaK OMOTeHHbIE aMUHbI (HATIPUMED, TUCTAMUH),
npoTeassl (HalpuMep, TPUIITa3a U XuMa3sa), IIMTOKI-
Hbl (Hanpumep, 1L-33, IL-6 u TNF), siiko3aHouabt
(HampuMep, TIpocTarjaaHIuHbBI U JJEHKOTPUEHBI), Te-
napuH M (akTOpbl POCTa, HEKOTOPbIE M3 KOTOPBIX,
KakK BC€ yallle CYMTAeTCsl, UTPAIOT KJIIOUEBYIO POJIb B
Pa3BUTHUU TUTIEPBOCHAJIEHUS MPU TSKEJIOM T€UYEHUU
3aboneBanus COVID-19 [14, 33].

Kpome aktuBanuu TK nmaroreH-accoumupoBaH-
HBIMU MOJIEKYJISIDHBIMU TIaTTEPHAMU TTOCPEICTBOM
aktuBaluu Toll-momo6HBIX peuenTopoB, TK skc-
MPEeCCUPYIOT PEHUH-AaHTHUOTEH3MHOBYIO CHCTEMY,
KTOIPOTEA3y, MPEeBpaIAONIy0 aHTUOTEH3UH-TTpe-
Bpamammuii GepMeHT 2, HEOOXOAUMBIH 151 CBSI3bI-
BaHUSI SARS-CoV-2, 4To NpUBOAUT K CETEKTUBHOM
CEeKpel MPOBOCHAIMTEIBHBIX MEAUATOPOB 03 BbI-
CBOOOXKIEHUST TUcTaMUHa uiau TpunTasbl. TK moryt
cuHepreTuyecku ctumyauponatbess SP u 1L-33 ns
BBICBOOOXIeHUST OoJibliux kKoaudectB VEGF wnu
TNF cHoBa 6e3 cekpeuuu TMCTaMWHA WA TPUMTa-
3bI [25].

HesBposornueckass cumMnToMaThKa 4YacTO BCT-
peuaercsa kak npu CATK, tak m mpu Oone3Hu
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COVID-19, u XOTd cuuTaeTcs, 4TO OCTPbI€ U IO-
JIOCTpbIE HEBPOJIOTMYECKHE 3aboJieBaHUS MpU 3a-
oosesanun COVID-19 B OCHOBHOM CBSI3aHBI C
KoaryJjsdiueit, BBI3BAaHHOI BOCITaJICHUEM, aBTOPHI
IpPEANoIarajoT, 4To XpPOHWYECKHWE HeHporcuxma-
TPUYIECKNUEC CUMITTOMBI MOTYT OBITh B OOJIBIIICH CTe-
TIeHU CBSI3aHBI ¢ 000CTpeHneM (1, BEpOSITHO, paHee
cymectBoBaBmmM) CATK [3]. OmHako nmeiicTBuU-
TEeJILHO paHee CYIIeCTBOBABIINI HEBPOJOTHUICCKUIA
kputepuit CATK 6bu1 u3meneH [34, 35] myrem uc-
KITFOUYCHMSI HEBPOJIOTUYECKIX CUMIITOMOB U aKIICH-
TUPOBAaHUSI BHUMAaHUs Ha YPOBHE TPUIITa3bl B ChI-
BOPOTKE KpoBU. OIHAKO UCCIETOBAHUS CUMIITOMOB
MacCTOLIMTO3a TToKa3aiau, 4yTto dosiee 90% manmeHTOB
coo0IIIaIu O «TyMaHe B rojioBe» [29] Kak o cBoei
OCHOBHOM KaJloOe M O «CTpecce» KaK O KJIIYEBOM
Tpurrepe [22]. B nononHeHue K y>Ke 00Cy>KIaBILINM-
Csl MOTEHUMAIbHBIM TPUTITEpPaM CJIEAYeT BKIIOUUTH
3 deKThl MmIeceHn U MUKOTOKCUHOB MPU HEPBHO-
ncuxuyecknx 3abosieBanusx [20, 26]. Hampuwmep,
JIPOXKN CTUMYJIMPYIOT TYYHBIE KIIETKNA K CEKPEINU
IL-6 u TNF 06e3 gerpanyasouu [30].

Takum o0pa3oM, CyLIECTBYeT KOoropra IaldeH-
TOB, KOTOPBIE HE UMEIOT UICHTU(MUIIUPYEMBIX TIPH-
YUH, HE UMEIT ajuiepreH-creuuduyeckux IgE u
He OOHapyXXWBAIOTCSl KJIOHAJbHbIE TYUYHbIE KIETKU
Ha ocHoBaHuu mytauuu D816V KIT. bojiee Hu3KmMit
TOPOT CTUMYJISILIMY WJIH JTaXKe «<HOpMaIbHasI» CeKpe-
OUST METUAaTOPOB TYYHBIX KJIETOK, HO C aHOMAaJIbHOM
peakmueii OKpyXKalIInx TKaHel (Harmpumep, aedi-
OUT KaTaboandecKnx (DEPMEHTOB, TaKMX KakK IHa-
MUHOKCHAA3a U TUCTaMUH-N-MeTuiaTpaHcdepasa).
Bostee Toro, HecTaOWIBHBIC TYYHBIC KJIETKA MOTYT
COXPaHSITh «META0OJMYSCKYIO MaMsITh» O ITPOILIBIX
TpUITEpax, 4YTO MOOYKIaeT UX pearupoBaTh ObICTpee
M aKTHUBHEE Ha BO3ICHCTBUE TEX XK€ UJIU IPYTUX TPUT -
TepoB, AaxKe €CJIM UCXOIHBIN TPUTTEP MOXKET OOJIbIIIe
HE MPUCYTCTBOBaTh. OOTHUM 13 TAKUX IIPUMEPOB MO-
XKeT OBITh CITOCOOHOCTh CTpecca Yepe3 KOPTUKOTPO-
nuH-punu3uHr-ropMmod (CRH) akTtuBupoBaTh Ty4-
Hble KJeTKU s aetictBusi IgE nnm HelipoTeH3nMHa
(NT) [30].

bazoduiibl MOryT yyacTBOBaTh B aJlIePruyeCcKUX
W IPYyTUX BOCITAJIMTENBLHBIX IIpolleccaxX TakK 3Ke, Kak
u TK. OpgHako He Bce ajljiepruyeckKue 3M130/1bl 00sI-
3aTeJIbHO 3aTparuBaloT 00a BUaa KJIETOK, Aaxe eClIu
peaxius Tskesas u cucteMHasl. bosiee Toro, HeKo-
TOpbIC MEIUATOPHI, BEI3BIBAIOIIVEC KIMHUICSCKN 3HA-
YUMBIC PEaKIINU, B TIEPBYIO oUepeab CHHTE3UPYIOTCS
u BbicBoOOX1at0Tcsl TkKaHeBbIMU TK. CriocoOHOCTh
TK u 6a30punoB cekpeTUupoBaTh MEAUATOPHI aHa-
¢mIakcum B OTBEeT Ha CIleM(pUUISCKUN aHTUTCH,
3aBUCHUT OT HECKOJIBKIMX (haKTOPOB, BKJIIOYast OCHOB-
HO€ coCTOsiHME (3abojieBaHUE), KOJUYECTBO U TUIT
3aIefiCTBOBAHHEBIX PeIIeNITOPOB. Ha TsoKecTh pesyib-
TUPYIOIIEH peaKIIny Takke BIMsieT KojamdecTBo TK
(1 6a30(MIIOB), BOBJICUYCHHBIX B COOBITHE, TIPUPOIA
1 KoJinuecTBo IgE-peakTUBHBIX ajiepreHoB, KOJIM-

yecTBO IgE, Hanu4YMe conyTCTBYIOIIMX 3a00JICBAHUI,
JIPYTUe COCTOSIHUS MallMeHTa. COMYTCTBYIOIINE (pak-
TOpbI (ATKOTOJIb, HUKOTUH, HAPKOTUKHU), TUI U KO-
JINYECTBO KOAKTUBUPYIOIIUX LIUTOKMHOB U XEMOKMU -
HOB, a TaKXXe PeaKTUBHOCTb CCTEM OpPraHoB Ha 3TU
Mmeauatopbl. AkTuBauus TK MoXXeT mpou3onTu npu
psine GU3NOTOTUUESCKUX M MTAaTOJIOTUIECKIX COCTOSI -
Huii. IgE-onocpenoBanHas ayuiepruyeckast peakius
B KpallHUX CJIy4yasiX MOXET IIPUBECTU K CUCTEMHOM
aHaUJIaKCUU U MOXET pa3BUThCs, Koraa yucio TK
BesinKo, korna TK HaxomsTcsl B «rUIepakTUBUPO-
BaHHOM» COCTOSTHMM WM KOTHa COITYyTCTBYIOIIME 3a-
OoJieBaHMS ACIAIOT IMallMeHTa MEHee TOJIEPAaHTHBIM
K cooblTusM aktuBanuu TK. 3a mocinennue 50 ner
KJIMHWYECKUE CUMIITOMBI, BO3HUKAIOIIME B PE3yb-
taTe aktTuBauuu TK, B OCHOBHOM OMNUCHLIBAJIUCH B
KOHTEKCTe ajulepruyeckux 3abosieBaHuii. OmHako
B mocyienHee BpeMs aktuBanuio TK takke paccma-
TPUBAIOT B KOHTeKcTe maToiornu TK [35].

AxtuBanus TK 0ObIYHO ompenensercss BbICBO-
ooxaeHuemM MeauaTtopoB, U, B ciaydyae CATK, mbl
¢dokycupyeMcsl Ha TOBBILLIEHUU YPOBHSI TPUIITA3bl
B CbIBOpOTKe. OaHAKO YPOBHM TpPUIITa3bl B CHIBO-
pOTKE MOTYT BBOIMTH B 3a0JTyXKIEHHUE, ITOCKOJBKY
TY9HBIC KJIETKM MOTYT CEKPETHPOBAaTh MHOIHE Me-
UATOPbl, OCOOEHHO LIMTOKUHbI U XEMOKMHBbI, 0€3
TpunTa3sbl [24]. Coo0111a10Ch O MOBBILLIEHUN YPOBHS
SP B ceiBopoTKe nauueHToB co CM [17]. Bbuio nmo-
Ka3aHo, YTO MPU OTCYTCTBUU KAKOTO-JIMOO BOCIIAIU -
TeJILHOTO 3a00JIeBaHMsI CBIBOPOTOYHBINM 1L-6 Koppe-
JIMPYET C TSDKECThIO 3a00JIeBaHMs M TIPOTHO30M IIPH
CM. Takum o6pa3oM, HECMOTPSI Ha TO, YTO TpUIITa3a
cneuuduyHa IJIs1 TYYHBIX KJETOK M HCIIOJIb3YeT-
ca i1 nuarHoctuku CM, y mallMeHTOB, HE MMel0-
IIMX BBICOKMX IMOKa3aTeJeil TpunrTasbl, IO MHEHUIO
Theoharides T.C., TpebyeTcst usMepeHue APyrux Me-
INATOPOB TYUYHBIX KJICTOK B CHIBOPOTKE, OCOOCHHO
IL-6 u IL-31, metabosutoB PGD2 u LTE4 nipu ort-
CYTCTBMU KaKMX-JINOO APYIMX BOCHAIUTEJIbHBIX 3a-
o6osieBaHuii [30].

Takum oOpazoM, UAEHTUUKALUS IPYTUX MEIU -
aTOPOB TYYHBIX KJIETOK, KOTOPBIC MOTYT OBITH WC-
noJib3oBaHbl npu auarHoctuke CATK, gBnsiercs
00J1aCThIO aKTUBHBIX UCCICIOBAHUI, M MTOKA HEJIb3S
yOeIUTENbHO TOBOPUTH, UTO Nokazareau SP, IL-1(,
IL-6, IL-31, TNF nnu VEGF gBisioTcs «gocTaTod-
HO» crneuuduuHbiMU A8 TK, 4ToObl JOCTOBEPHO
muarHoctupoBath CATK. Bo3MokHO, YTO HEKOTO-
pbie MmenuaTopbl TK, XoTs 1 001a1al0T HEAOCTATOU-
HOM CHeHUMUUHOCTBIO ST AUArHOCTUYECKUX IIe-
Jieli, TeM He MeHee CyMMapHO MOTYT MOJIE€3HbIMU 1151
MOHUTOPUHTIA TepareBTUYeCKO 3(PPEeKTUBHOCTH,
no KpaitHeit Mepe y yactu naureHToB ¢ CATK.

Takcke ObLTU TTPETOXKEHBI TabOpaTOpHbIE O0CIie-
nmoBaHUs 1jist oleHKM aktuBanuu TK u 6a3zoduinos.
HanexHbie mapameTpsl akTuBauuu 6azoduiios u TK
BKJIIOYalOT aHanu3 ypoBHeir CD63 u/unu CD203c
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Ha KJIeTOUYHOI moBepxHocTu. Ob6a 6esika (aHTUTEHBI)
yYBeJIMYUBaIOTCS Ha noBepxHocTU ciuuThix FceR TK
n 6aszoduiaoB. OgHAKO B TO BpeMs KakK 0a30(pUJIIbI
JIETKO MOTYT OBITh MCITOJIb30BaHBI IS MCCJIEIOBA-
Huii, TK He moctymHbl 6e3 ouorncuu. Kpome Toro,
MHOTHE ITOBEPXHOCTHBIE AHTUTE€HBI, CBSI3aHHBIE C
aktuBalmeit, Bkmodas CD63 u CD203c, akTuBupy-
FOTCSI Ha OMYXOJICBBIX MTOKOSIIINXCST TYYHBIX KJISTKaX
npu CM. Takum o6paszom, Tunupoanue TK peko-
MEHAYEeTCS ISl AMarHOCTUKM WK ucKiodeHuss CM
y mauueHToB ¢ CATK [37].

CyIIecTBYIOT TIpUMEPbl CUHEPTETUYECKOTO Aeii-
CTBUS pa3IMYHBIX TpUrrepoB. HekoTopbiMu aBTOpa-
MU coobmaiock, uto kKomomHauss CRH u NT oka-
3BIBACT CUHEPIeTUUECKOE MEHCTBUE B CTUMYJISIIUHA
cekperun VEGF 6e3 tpunrtassl, a NT u SP yBenu-
yuBaioT skcnpeccuto CRHR-1 Ha TyyHBIX KJleTKax
genoBeka [5, 6, 11]. bonee Toro, SP yBenuuuBaeT
akcrpeccuto peuenropa IL-33 ST2, a 1L-33 yBenu-
yuBaeT akcrpeccuto perentopa NK-1 Ha TydyHbIX
KJIETKax JejoBeKa [24].

MHorumu aBTOpamMu oOcyxaaeTcsl BIusHue SP
Ha nerpanyisuuio TK 1 6a3ohuios 1 cmocoOHOCTh
neiicTBoBaTh Kak ceHcubwnuzaTop TK, ycunupas ux
YyBCTBUTEJIBHOCTh K Pa3JIMYHBIM TpUITEepaMm. Takxke
¥ B HallleM MCCJIeIOBaHNU MU3yJaiach pojib SP B ma-
TOTeHEe3e XpOHMYeCcKoM KparmuBHUIIBI (XK), olieHKa
B3auMOCBsI3M SP ¢ Tpurrepamm KpanuBHUIIbI, Ha-
CJIEACTBEHHOCTbIO, COIIYTCTBYIOILEW IATOJOTUEMN.
bbUIO BBISIBIEHO CTAaTMCTUYECKW OOCTOBEPHO 3Ha-
yuMoe TIOBbIIeHWe SP Tpu cOmyTCTBYIOIINX ayTO-
UMMYHHOM THPCOMIUTE, YPOTCHUTAIBHON MAaTOJIO-
TUu, 3a00JIeBaHUSIX JKEJIYTOUYHO-KUIIICYHOTO TPaKTa,
MUIIEBOM, JIEKAPCTBEHHOM HEIEPEHOCUMOCTU U
B TpyIIe IalueHTOB, OMMCHIBAIOIIMX CTPecc, Kak
Tpurrep oboctpenus XK (p < 0,05).

W naxkonen, B 2022 roay Valent P. u coaBT. nipen-
JIOXKWIN TJI00aJIbHYIO KJIacCU(UKALINIO HapyIIeHUN
aktuBauuu TK, rme pasoOpaiu TaKTUKY BeIACHUS
nanueHToB, Yy KoTophix akTtuBalus TK momo3pena-
Jach, HO He cootrBeTcTBoBana Kputepusm CATK.
BbuT npeaioxkeH TepMUH «PacCTPOMCTBO aKTUBAIINN
Ty4HbIX KJ1eToK» (PATK). ¥V Takux maumeHToB MOTYT
OBITh JIOKAJIbHBIC CHUMIITOMBI, HAIIpUMEp KpaItviB-
HUIIA. Y APYTUX IMallMeHTOB CUMIITOMBI MOTYT OBITH
JIETKUMM U ITOpaxkaTh TOJBKO 1 opraH wiu ObITh He-
TunuuHbiMu 111 CATK. Hanpumep, usonupoBaH-
HBIE KEJIYTOYHO-KUIICUYHBIE CUMIITOMBI (CITa3MBbl,
nuvapesi, 3arop, NUIIEeBasi HEIEPEHOCUMOCTh), U30-
JIUPOBAHHBIC KOXHBIC CUMIITOMBI (IIPUJIUBBI, 3V,
OTeK, HE ypTUKapHasl CHIITb) WM W30JIUPOBAHHBIC
HEBPOJOTMYECKUE WIU TICUXUYECKUE CHUMITOMBI
(ronoBHasi 00Jb, YTOMJISIEMOCTb, TyMaH B TOJIOBE,
JIeTIpeccusi, CyIoporu, 04aroBbleé HEBPOJOTUYECKUE
CHUMIITOMBI, TICUX03). B OOJBIIMHCTBE TaKuX CJIy-
YaeB YPOBHU TPUITA3bl B CHIBOPOTKE U APYTHX Me-
nuaTopoB, Tpoucxonsinx u3 TK, cylmecTBeHHO He

YBEIUUMBAIOTCS (IMarHOCTUYECKOE YBEJIIMUCHUE IO
CPaBHEHUIO C UCXOIHBIM YPOBHEM MHAWBUAYYMa He
IIOCTUTAETCS) BO BPEMSI CUMIITOMAaTUIECKOTO COOBI-
Tua [38]. TiaTtenbHbIM 00pa3oM TpedyeTcsl TIPOBO-
INTH (G hepeHIINATEHYIO IUATHOCTUKY ¢ KOXKHBIMU
3a00JIeBaHUSIMU, TIPOSIBISTIOIIMMUCS KPalTMBHUIICH
XKeJyAOUYHO-KUIIEeUHBIMU pacCTpOiCTBaMU, HeMNepe-
HOCHMOCTBIO WM OTBpallleHUEM K IHUIIEe, XPOHUYEe-
CKMMHU BOCHAJIMTEAbHBIMU (PEBMATOJOTMYECKUMMU)
3a00JIEBAHUSIMU, OCTPBIMU WJIW XPOHUUECKUMU MH-
(PEKUUSIMU, DHIOKPUHOJOTMUECKMMU 3a00JIeBaHU-
SIMU, 3a00JICBAaHUSIMHU CYCTaBOB, MHTOKCUKAILISIMU,
HEeBPOJOTMYECKUMU 3a00JIeBaHUSIMU, OTpaBJICHUSI-
MU, TTO00YHBIMU 3 DEKTaMM JICKAPCTB, IICUXOJIOT M-
YECKMMU U TICUXUIYECKUMU COCTOSTHUSIMU U MHOTUM
npyrum. [unepauarnoctuka CATK Biieder 3a coboit
PUCK HaJIMYMsI OCHOBHOTIO 3a00JieBaHUS, HE CBSI3aH-
Horo ¢ CATK, u 3aiepXKy B YCTAaHOBJIEHUMU ITOTO
nuarHosa [2].

JlaHHO€ yTBEp:XKIEeHUE ITOATBEPXKIAeT WCCIEA0-
BaHue Buttgereit T. u coaBT. B 2021 I.: TOJIBKO y 2 U3
100 mauureHTOB, HaMpaB/JeHHBIX C MOJO3PEHUEM Ha
nanonatudyeckuii CATK, nuarHo3 mMor ObITH MOA-
TBEP>KJIEH B COOTBETCTBUM C TpeMsl OTpeAesIsTIOIIU -
MU Kputepusimu [7].

3aKnoyeHne

Kaxk yrmoMmHamoch paHee, YBEIMUYNBACTCS YHUCIIO
NaUeHTOB, CYMTAIOIINX, YTO UX CUMIITOMBI CBSI3a-
Hbl ¢ aktuBauueii TK u CATK. OgHako Haubosee
BEPOSITHO, UTO OHU CTPAIAIOT OT APYruX (YacTo He-
BBISIBJIEHHBIX) TTPOOJIEM WM COCTOSIHUI WJIM CTpa-
IaloT OT MEHee Tsikesoit (popmbl aktmBamum TK.
Valent P. u coaBT. B 2019 . mpea1oXuiu OTBETUTh Ha
CJIEIYIOIINE BOIIPOCHI IJISI TIOBBIIIICHUST BEPOSITHOCTH
CATK:

1. TloBTOpPSIOTCS JTM CUMIITOMBI B BUIC TSKE-
JIBIX MPUCTYMNOB, TPEOYIOIINX HEMEIJICHHOTO ME-
OUHCKOTO BMEIIATEILCTBA 1/WJIA TOCTIUTATN3AN?

2. TlpuBomuiau Ju CUMIITOMBI K aHa(UIIaKTH-
YeCKOMY IIIOKY, TPEOYIOIIeMYy TOCITUTATN3ALINN ?

3. MHsmepsuics au ypoBeHb TPUIITa3bl B CHIBO-
POTKe KPOBH 0, BO BpeMSI U MTOCJIE TTPUCTYITOB?

4.  VIy9IImiauch U CUMIOTOMBI IIPU HETIPEPHIB-
HOM JIeYEHU U aHTUTMCTaMUHHBIMU MpenapaTtaMu?

5.  VYMeHbBIIMIACH JIM YaCTOTA TSKEJIBIX IIPUCTY-
MOB IIOC/e MpreMa CTePOUI0B WJIU aHTUTMCTaMUH-
HBIX IIpernapaToB?

6. JuarHoctupoBaHa iu IgE-3aBucumas ain-
neprus?

7. TlpexpaTuJiMCh WJIU YMEHBIIMJIUCH JTU MOU
MPUCTYIIBI IOCe Havasia ipuemMa oManusymaoa?

Ecau Ha G0ABIIMHCTBO 3TUX BOIPOCOB OTBETUThH
«1a», BeposiTHOCTL CATK noBosbHO Bbicoka. Eciu
Ha OOJBIIMHCTBO 3TUX BOIIPOCOB OTBETUTH «HET»,
CATK oyeHb MaTOBEPOSITHO WU MOXKHO MpaKTUve-
CKU UCKITIOUNTH. [1p1 OTCYTCTBUU TSDKEIBIX IIPUCTY-

1295



Mukprokoea H.B., Karununa H. M.
Mikryukova N.V., Kalinina N.M.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

noB (C TUMTOTOHUEN U 1IOKOM) BeposiTHOCTb CATK B
1IeJIOM OueHb HU3Kas [32].

IMatieHTH ¢ MacCTOIIMTO30M W/WJIN ITOATBEPK-
neHHou IgE-3aBucumoii ajuieprueii mmerT Oosee
Bbicokuil puck pa3Butusi CATK. Ognako CATK He
clienyeT ycTaHaBJIMBaTh KaK JMArHo3 MCKJIIOYEHMUS
M TOJbKO Ha ocHOBaHUU cuMnToMoB. CATK — 310
YeTKO OIIpeleICHHOe peaKoe 3aboieBaHUE, KO-
TOpOE Yallle BCero BO3HUKAET y MmanueHToB ¢ IgE-
3aBUCUMOIi ajiieprueit u/unm CM, HO peaKo MOXKeT
BO3HUMKaThb U Ha (poHe APYyrux coctosiHuii. B Heko-
TOPBIX CIIy4asix OCHOBHOE 3a0oJjieBaHME HEe OOHAa-
pY:KUBaeTCs, YTO MPUBOIUT K AUATHO3Y <«HMIUOIA-
tnyeckuit CATK». KimouyeBbIM IHMAarHOCTUYECKUM

MapKepOM SIBJISICTCSI CBSI3AaHHOE C COOBITHEM ITOBBI-
IIICHWE TPUIITA3hI ITO CPABHEHUIO C NCXOTHBIM YPOB-
HEeM MHAVWBUIYyMa, U3MEPEHHOE B OECCUMIITOMHOM
nHTepBaje. Korma MmoBBIIIIEHNE YPOBHS TPUIITA3bI
JIIOCTUTaeT ompenesieHHoro rmopora (20% ot ucxom-
HOTO YPOBHS TUTIOC 2 HT/MJT), BeChbMa BEPOSITCH I1a-
rHo3 «CATK» [32].

OnHako JaHHbIE HEKOTOPBIX HCCIENOBaHUIA, B
TOM 4YMCJIC M HAIIeTO, TTOKa3bIBaIOT HEOOXOAUMOCTD
JTabHelIIero n3ydeHust Meauaropos TK, Harpumep
SP 1151 CcTmo1b30BaHUS B AUATrHOCTUKE KaK JTOKaJIb-
HbIX popm TK (XK), Tak 1 TaKOTO TSIKEI0ro 3adoJe-
BaHus kak CATK.
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POJ1b NOJIMMOP®U3MA 'EHOB TOLL-LIKE PELENTOPOB
B MATOMEHE3E HOBOU KOPOHABUPYCHOWU UHOEKLUU
Begaoraazos B.A., dukos VLLA., Ramimmit A.A., Arzamosa FO.M.

Hucmumym « Meduuyunckas axademus umenu C.U. Teopeuesckoeo» DITAOY BO «Kpvimckuil hedepanvhbiii
yHusepcumem umenu B.H. Bepnadckoeo», e. Cumebeponons, Pecnyoauxa Kpvim, Poccus

Pesome. O030p COOEpKUT B cede MaHHbBIE PA3TUYHBIX JIUTEPATYPHBIX UCTOYHUKOB, HAIOIIUX MPEACTaB-
nenue o poau Toll-momooHBIX pertentopoB (TLR) — cBoero poma ceHCOpOB, UTPAIOIINX KITFOYEBYIO POJIb B
CUCTEMHOM pearupoBaHUM KakK Ha OakTepuaibHYIO0, TaK U Ha BUPYCHYIO MH(MEKIIUIO, B ITaTOreHe3e HOBOM
kopoHaBupycHolt nHbekuu (COVID-19, SARS-CoV-2). C nossienuem COVID-19, npunsBuieit mac-
IITa0bI TAHAEMHUU, MHTEePEC N3YyUeHUS «(DaKTOPOB-TIPEIUKTOPOB» TSKeCTU MHMEKIIMOHHOTO ITpo1ecca IIpu-
0o0pesT HOBBIM BUTOK. DIMUAEMUU MPOILIBIX JIET, BBI3BAHHBIC BUPYCOM TSIKEJIOTO OCTPOr0 PeCcUupaTOpHOro
cunapoma (TOPC, SARS-CoV), a Takxke KOpOHaBUPYCOM OJIMKHEBOCTOUHOI'O PECIUPATOPHOrO CUHAPOMA
(MERS-CoV), HECKOJIbKO MOMOIJIM MOHSATh CTENIEHb UMMYHHOTO pearupoBaHUs MPU JaHHBIX UHOEKIUSIX,
a TaKKe KaKylo TaKTUKY 10 OTHOIIIEHUIO K BO30YIUTEIISIM JAHHOTO CeMeiicTBa HEOOXOIMMO ITPEAIIPUHSITD 1 C
KaKUMM OTIAJICHHBIMU ITPOTHO3aMM BCIBIIIKHY, BbhI3BaHHON SARS-CoV-2, BO3MOXHO BIOCIEACTBUU CTOJ-
KHyTbhcs. Kaxknabiit u3 10 cBoiicTBeHHbIX yesioBeKy TLRS pacro3HaeT ornpeneieHHYIO CTPYKTYpY B COCTaBe
0aKkTepraTbHOTO/BUPYCHOTO WJIM IpUOKOBOTO TatoreHa. BozneiictBue Ha TLR akTuBUpyeT BocTIauTE hb-
HBI CUTHAJIbHBIN KacKald 4yepe3 IMOCPEeIHUKOB — BHYTpUKJeTouHble TIR-10MeHEBI ¢ yuacTreM aganTepHbIX
6enkoB. Kackan peakiinii mpuBOAUT K MPOAYKIIMK BasKHEUIINUX B (hDOPMUPOBAHUM TTPOTUBOBUPYCHOTO OT-
BeTa cyOcTaHLMI (MHTEpGhEepPOHBI, TPOBOCHAINTEIIBHBIC IIMTOKWHEI, IPYTie OCIKOBBIC CTPYKTYPHI, IIPSIMO
VI OITOCPEIOBAHHO MPOSIBIISIIONINE TTIPOTUBOBUPYCHBIE CBOICTBA). MI3MeHeHUsI, BJIEKYIIEe CHIKEHHYIO/
MOBBILIEHHYIO KCITPECCUIO TeHOB, Koaupyoliux Toll-peuenTopsbl, TOIUMOPMU3MbI JTaHHBIX TEHOB U ApYyTUe
MoaudUKalMu HaCJIeACTBEHHOTO arlapara, Tak Wi MHaYe KOHTPOJIMPYIOIIEero paboTy UMMYHHOU CUCTe-
MBI, OyIyT 00OyC/IaBIMBATh CHUKEHHBIN JIN00, HA000POT, TUTICPBOCHAIMTEIIFHBIN OTBET HA BHEIPHUBIIYIOCS B
opraHuaM MHpeKk1no. BeposTHO, 4TO ¢ MOMOIIIbIO TEHETUYECKOM reTepOreHHOCTH MOXKHO TaKxKe YaCTUYHO
OOBSICHUTDH LIMPOKUI COEKTP cpear KiauHudeckux mnposisieHuit COVID-19 undexkuuu B nomyasiuuu. Ta-
KUM 00pa3oM, CYIICCTBYET MOBBIIIEHHBIN MHTEPEC K U3YICHUIO 3TUX PEIETITOPOB, CTEIICHN X 3KCIIPECCUN
Ha MPOTSKEHUU BCero MHMEKIIMOHHOIo nmpoiiecca, noauMopdusmMa reHos, konupytomux TLR, a cnenosa-
TEJIbHO, K BO3MOXHOCTHU MCIHOJIb30BAHUS KIMHUYECKUX U JJaO0PaTOPHbBIX TECTOB IS KAYECTBEHHOM U KOJIH-
YeCTBEHHOU MX OIIEHKH, a TAKXKe TAaKTUK BHIOOpA U MIEPCTIEKTUB NAILHEHWIIIETO JICUCHUST B KaXKIOM KOHKPET-
HOM CJIyvae.
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ROLE OF TOLL-LIKE RECEPTOR GENE POLYMORPHISM
IN PATHOGENESIS OF NEW CORONAVIRUS INFECTION

Beloglazov V.A,, Yatskov L.A.,, Kamshiy A.A., Agzamova Yu.M.

S. Georgievsky Medical Academy, V. Vernadsky Crimea Federal University, Simferopol, Republic of Crimea, Russian
Federation

Abstract. The review article contains data from literature which concern the role of Toll-like receptors
(TLRs), immune sensors that play a key role in the systemic response to both bacterial and viral infections,
e.g., in pathogenesis of a new coronavirus infection (COVID-19, SARS-CoV-2 infection). With advent of
COVID-19, which has reached the scale of a pandemic, the interest in studying predictive factors for the severity
of the infectious process has acquired a new cycle. The previous epidemics caused by severe acute respiratory
syndrome virus (SARS-CoV), as well as the Middle East respiratory syndrome coronavirus (MERS-CoV),
helped us to understand the degree of immune response in these conditions, as well as to suggest medical
approaches to the pathogens of this family, i.e., which measures should be taken, and what long-term forecasts
may be encountered for the SARS-CoV-2 outbreaks. Each of the 10 human TLRs recognizes a specific structure
within a bacterial /viral or fungal pathogen. The effect on TLR activates the inflammatory signaling cascade via
mediators, i.e., intracellular TIR domains mediated by adapter proteins. These reactions lead to the production
of the most important antiviral response substances. The factors that lead to reduced/increased expression
of TLR genes include gene polymorphisms which control the functioning of the immune system in some
ways, thus causing a reduced, or hyperinflammatory response to an infectious agent. Genetic heterogeneity is
likely to explain, at least partially, the wide range of clinical manifestations of COVID-19 infection in general
population. Therefore, there is an increased interest in studies of these receptors, the degree of their expression
throughout the infectious process, the polymorphisms of the TLR-encoding genes, and, consequently, the
opportunity of using clinical and laboratory tests for their qualitative and quantitative assessment, as well as

selection and prospects of further treatment in each personal case.

Keywords: COVID- 19, TLR, coronavirus, polymorphism, expression, inflammation

JbIxatenpbHasi cUcTeMa 4ejloBeKa — OJHa U3 ca-
MBbIX JOCTYITHBIX MUILEHEH IS 1IeJIoro psima OakTe-
PUAJIbHBIX, BUPYCHBIX ar€HTOB, a TAKXKe T'PUOKOB [6].
PecriuparopHoe 3aboseBaHUe, BBI3BAHHOE HOBOM
reHepanueit mramMmmoB cemelictBa Coronaviridae wn
noayuyusiiee B 2020 roay obuiiMaaibHOEe Ha3BaHUE —
COVID-19 wuHdekuuu, TOTPSICIAO YeJIOBEUYECTBO
emte B 2019 roay, a xk 2020-My pacrpocTpaHUIOCh
HaCTOJIPKO, YTO MPUHSUIO MAacIITaObl TaHAECMUU.
HauaBiuuch Ha ypoBHE HEOOJIBILIOIO ropojaa YxaHb
onHoi u3 mpoBuHuMN Kuraiickoit HapomgHoii Pe-
cny6guKu, WHOEKIUs AOCTUIIA IIUPOT, MOTPedo-
BaBIIIMX HOBBIX TTOJXOJ0B B JICUEHUHW, OpTaHU3AIUH,
ONTUMU3AILIMU TTPEAOCTABISIEMON MEIUIIMHCKOM MO0~
MOIIIU COTPYTHUKAMHU 3IPABOOXPAHEHUS PA3TIMIHBIX
3BeHbeB [27, 37, 40].

Y GONBIIMHCTBA MAIMEHTOB, NH(MOUIIMPOBAHHBIX
SARS-CoV-2, nHaOmomaeTcsl JIETKOE TeYyeHUe WH-
(GeKIIMOHHOIO TpoIecca, OTHOCUTEIBHO OBICTPO
KyIMpyemMoe HeCIeIn(UIecCKUM CHUMIOTOMaTHIe-
CKMM 1 TAaTOTCHETUYCCKUM JICUCHHEM, Y HEKOTO-
PBIX K€ — COCTOSIHME OBICTPO YXyIIIaeTcs Ha (hoHe
HEKOHTPOJIMPYEeMOTO BOCHAJIIMTEBHOTO IIpoIlecca,
OCJIOXKHSIIOIIIETOCS ITMTOKMHOBBIM INTOPMOM, YTO

TpeOyeT TOCTIMTAIM3ANH TTallieHTa, B TOM YMCJIE U
B OTIeJIeHUEe MUHTeHCUBHOM Tepanuu [35].

®daxkTopaMu pUCKa, OTITYAIOIIMMU TEUYCHHE KO-
poHaBupycHoil nHpekuun COVID-19, cuurarorcs:
TMOXWJIONW BO3pacT MalleHTa, 0epeMEHHOCTb, TaKHe
COCTOSHUS, Kak OpoHxuanbHass actma (BA), cep-
JIETHO-COCYIMCThIC 3a00JIeBaHMsI, CaxapHBI Iua-
OeT, TTOBBIIIIEHHAs Macca Tejla 1 oxxupenwue [20, 24].
Bricokast BapnabeIbHOCTh CUMIITOMOB Cpeayr MH(M-
MPOBAHHBIX TAIIMEHTOB NPHUOIU3UTEIHFHO OIHON
BO3PAacTHOI KaTeTOPUH U C HAOOPOM MOTOOHOI CO-
IYTCTBYIOIIIEH ITaTOJIOTUM HaBejIa Ha MBICJIb O CYIIIe-
CTBOBAaHWUU NIPYTOii, HEe MOAUDUIIMPYEMON OCOOEH-
HOCTU OpraHu3Ma, KOTopas 3TH pa3Indyus u OymeT
obycnasnuBath [37]. I[ToaTOMy Ha HaHHBIA MOMEHT
peub UAET U O TEHETUUECKU OOYCIOBJIIEHHBIX COCTO-
STHUSIX, KOTOPbI€ TaK WM MHAYe MOTYT Mpeaonpeae-
JISITh O0Jiee TSKEbIi ncxon 00JIe3HU.

ITeHeTnyeckue noJuMOpU3IMBI UTPAIOT 3a4aCTYIO
YyTh JM HE KJIIOUEBYIO POJIb B BOCIIPUMMYMBOCTHU/
PE3UCTEHTHOCTU K Pa3IWyHbIM UHMEKIUIM, B TOM
yucjae U BUpycHou atuosioruu [33, 35, 37]. Bcero B
HacTosIlee BpeMsl ObLIO BhISIBIEHO 0K0J10 40 reHoB,
CBSI3aHHBIX C TTOBBIIICHHONW BOCIIPUMUMYMBOCTBIO K
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BUPYCHBIM MHGEKIUSIM, U3 HUX 21 accolmmpoBaH
¢ oostee TskeapiMu nucxonamu camoii SARS-CoV-2-
nHbekunu. HekoTopble KOTUPYIOT OEJIKOBbIE MOJIE-
Kysbl Toll-mogoOHBIX pelenTOPOB, APYyrue peaiusy-
0T ce0st yepe3 C-JIeKTUHBI, TPEThU PETYIUPYIOT CTe-
MeHb BbIPA0OTKHU psijia IUTOKMHOB [ 18].

C 1eablo y3HaBaHUSI MOJIEKYJISPHBIX CTPYKTYD
(Tak Ha3bIBa€MBIX ITATTEPHOB) MATOTEHOB U UMMYH-
HOM 3alIUTHI OT HUX B OpraHM3Me YeJIOBeKa CyIle-
CTBYET MoaMMopdHasi, HO JOBOJbHO CTPOIHAsI CHU-
cTeMa CITeIM(PUISCKUX CUTHAJIBHBIX PElEenTOpPOB
(nmarrepH-pacno3Haioummx peuentopoB, PRR), ko-
TOpbIE DKCIPECCUPYIOTCSI B OCHOBHOM Ha MOBEPX-
HOCTHU KJIETOK MUesiouaHoro psina [28]. Dta dyHK-
WS OTBeICeHA BPOKICHHOMN CCTeMe MMMYHUTETA, B
YaCTHOCTM pa3HbIM KiaccaM Toll-TTomoOHBIX peliemn-
TopoB (manee — TLR) — nepBast iuHUS UMMYHHO
3amuThl. Ha maHHBIIT MOMEHT MACHTUMOUIIMPOBAHO
o KpaitHeir Mepe 13 pa3HOBUIHOCTEN JTaHHOTO Ce-
MeiicTBa peuenTopoB (M3 Hux 10 mpuHamIekamx
4eJ0BeKy), Kaxaas rnepcoHuduImpoBaHa Ajs y3Ha-
BaHUSI TOTO VI MHOTO CTPYKTYPHOTIO KOMITOHEHTA
qykepogHoro naroreHa [2, 12]. Pa3geneHsl oHu Ha
rpymmbl: TpaHcMeMOpaHHble cTpyKTypbl (TLR2,
TLR4, TLRS5, TLR6 u ap.), a TakkKe BHYTPUKIETOY -
vele (TLR3, TLR7, TLRS) [28].

Tak, m1s1 OCHOBHOIO KOMIIOHEHTa KJICTOYHOM
CTEHKU TpaMOTPHULIATEIIBHBIX OaKTepUil — JIUIIOIO-
nucaxapunaa (LPS) B yenoBeueckoM opraHu3Mme cy-
mectByeT perieritop TLR4 [7]. JaHHBIN perenTop
MpeacTaBlisieT 0coOyIO IIEHHOCTh B KaUeCTBE 00beKTa
M3Y4YeHMs IIPU HOBOI KOPOHABUPYCHON MHMEKIINNU,
B CBSI3U C TTIOJTy9YCHHBIMM paHee TaHHBIMY O BIIMSTHUN
LPS Ha natoreHeruueckue 3BeHbsI SARS-CoV-2, a
TaK>Ke OBIJIM BBISIBJICHBI TTOBBILIEHHBIC YPOBHU KOC-
BCHHBIX MapKepoOB CHUCTEMHOM SHIOTOKCHMHEMUM
y mamueHToB B octpoMm nepuoae COVID-19 [8, 9].
TLR9Y pacrio3HaeT HEMETUIMPOBAHHbBIE TTaAPbI TUHY-
KIIeoTuIoB muTo3MH,/TyaHnH (CpG), a TakKe HapsIIy
¢ TLR 7-ro u 8-T0 TIOPSIIKOB — CTPYKTYPHI Karicuaa
U TeHoMa BUpPYCcHBIX areHToB. TLR2 omno3HaeT nemn-
TUOOTIMKAHBI TTOBEPXHOCTU TPaMITOJIOXKUTEITEHBIX
OaxkTepuil, TUmoapabMHOMaHHAH (TJIUKOJIUITHI, Xa-
paKTEpHbIN A1 MpeAcTaBUTENE pojJa MUKOOAKTE-
puit), TMIONPOTEUHBI, IUMONENTUALI [2].

O ponr mommMophuU3MOB, a TaKKe HapyIICHUS
9KCIIPECCUM CUTHaJbHBIX Toll-peuiernmrTtopoB B Ka-
YeCTBE <«IIPEIUKTOPOB OoJjiee TSKEJIOro TeUeHUs U
HEeOJIaronmpusITHOTO TPOTHO3a KJIMHUYECKUX HCXO-
IOB» B IMTEpaType UaeT peub o cericuce [11], OpoH-
XOJISTOUYHBIX 3a00J€BaHUM pa3IUYHON STUOJIOTUU
(6ynb TO OoCcTpBIe pecriupaTOpHbIE BUPYCHBIE MH(EK-
muu [1] umu BA [13, 15]), u naxxe BHyTpUyTpOOHO-
ro WHOUIMPOBAHUS U ACCOLIMUPOBAHHBIX C HUM
npexaeBpeMeHHbIX poaoB [3]. OnuH U3 BapuaHTOB
moaudumrposaHHoro Toll-peuenTtopa 3-i rpymnmbl

aCCOLIMUPOBAH C HEKOTOPHIMU ayTOMMMYHHBIMU 3a-
0O0JIeBaHUSIMM, B YACTHOCTA ayTOMMMYHHBIM THIIO-
TUPEO30M U Oosie3HbI0 AfgarcoHa [29]. Moauduka-
uuu reHa TLR — Arg753GIn u T597C obHapyxuiu
cpeny MaWeHTOB, CTpamalolInX WHGEKIel, BbI-
3paHHoM Candida albicans, M. tuberculosis, iuTomMe-
raJJoBUPYyCOM, a TaKKe BUPYCOM IepIieca mpocToro 2
tuna [26, 38, 41]. [Tonumopdusmbl TLR9 — G1174A,
G1635A, A2848G accoumupoBaHbI C CHUCTEMHOW
KpacHOI1 BOJITYaHKOM, MH(beKLMel, BeizBaHHO HIV-1
Y MHOTUMM Ipyrumu 3abosieBaHusmu |14, 23]. Ilo-
OYyJSIAOHHbIE WCCIAENOBaHUS, W3y4dalollue CBSI3b
HaJIMYUS TTOJIUMOPGHU3MOB M U3BMEHEHU B CTCTICHU
MUMMYHHOI PE3UCTEHTHOCTU, MPOBOAMUIUCH B OT-
HOIIEHUM U TaKWX WHQEKIIMOHHBIX 3a00JIeBaHMIA,
KakK JICHIIMaHNO3, Malsapusi, GUIIpUo3 U MHOTUX
npyrux [28]. CaMbIMU 3HAYMMBIMU OJHOHYKJICOTH I~
HbIMU noiuMopduamamu cumtatot: 1602S (TLR1),
R677W (TLR2), P554S (TLR3), D299G (TLR4),
F616L (TLR5), S249P (TLR6), Q11L (TLR7), M1V
(TLRS), G1174A (TLR9), G1031T (TLR10) [21]. B
CB$I3U C BblllIecKa3daHHbIM, Toll-mogoOHbIe pelernTo-
PHI ¢ HEJaBHETO BpeMeHM HadyaJll pacCMaTpUBaTh He
TOJIBKO KaK TIPEIUKTOPHI HEOJaronpusiTHOTO IpO-
THO3a, HO U KaK MUIIIEHU TIpU pa3paboTKe MPOTHUBO-
BUPYCHBIX Ipenaparos [5, 25].

BocnpunmunBocts Kk uHPekuun COVID-19,
pa3BUTHE CaMOro UH(EKIIMOHHOTIO Mpoliecca, a Tak-
K€ TSKECTh TEYEHUsI acCOIMMPOBAHbBI C TTOJUMOP-
Gdbu3MaMiI TEHOB CJCAYIOIIMX 3BEHHbEB MMMYHHOI
cucteMbl: Toll-mono6HbIe perientopsl (TLR), yeno-
Beueckuit JerikouutapHbiit antureH (HLA) T u 11
KJIaCCOB, UTOKUHBI M XEMOKUHBI, a TAKKe KIIETOU-
HBIC CTPYKTYPHBI, IPUHUMAIOIINE HETTOCPEACTBEHHOE
yJacTue B CBSI3bIBAHUM BUPYCHOI YaCTUILBI U TPO-
HUKHOBEHUU €€ B KJIETKY XO3siMHa — aHTMOTEH3WH-
npeBpamammmnii GepmeHT-2 (ACE2) 1 TpaHcMeM-
OopaHoBas cepuHoBas mporeaza (TMPRSS) [9, 10,
36].

B X-xpomocome CymiecTBYeT psii TCHOB U pery-
JIITOPHBIX 3JIEMEHTOB BPOXKISHHOI'O M IPUOOPETEeH-
HoOTo (aganTUBHOr0) UMMYHUTETOB. Peub naet Tak-
Xe 1 o0 reHe, koaupymwoluii cuHte3 TLR7, KkoTopblit
Hapsay ¢ TLR 3-ro Tumna urpaet oTnpaBHYIO pojib B
pacriodHaBaHuM BupycHoit PHK u mHunmauumn cuH-
Te3a uHTepdepoHa. MMeroTcs: HEeMHOTOUMCIIEHHbIE,
OMHAKO CHpaBeIIUBBIC NTaHHBIC, YTOOBI IOJAarath,
YTO HM3Kasl 3KCIIPEeCCHUsi JaHHOTrO IeHa, BJIEKYIIlasi
32 COOOUM CHUXEHHYIO MPOAYKIIUIO U aKTUBHOCTb
untepdeponHoB I u I, GyneT accolmupoBaHa ¢ TSKe-
M popmamu nHpeKuu COVID-19 y My>X4uH u,
COOTBETCTBEHHO, 00Jice BBICOKOU CMEPTHOCTHU CPeIU
MY>KCKOTO TT10JIa IO CPaBHEHMUIO C XXKeHCKUM [39].

OmHako Ha JaHHBIM MOMEHT OBLIO BBISICHEHO, UYTO
HE TOJIBKO CTEIIeHb IKCIIPECCUU T€HOB COOTBETCTBY-
FOIIMX PEeLENTOPOB OYIET BIUSATH Ha TSXKECTh U (pop-
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my TeyeHust nHbekuuu COVID-19, HO U uUx reHe-
TUYECKM 00YCJIOBIEHHBIN noaumopdusM. K rakomy
BBIBOIY MPUIILJIU, YYUTHIBasI, YTO HE TOJIBKO IMallieH-
TBI C KOMITJIEKCOM M3BECTHBIX (haKTOPOB PUCKa ITe-
pexwiin Tskesble GopMbl 3a00€BaHUsI, HO TTO00-
HOE BCTPEYaJIoCh M CPeIM MAIllEHTOB CPETHUX JIET
C OTCYTCTBUEM OO TOCHUTAIMU3ALMU KaKUX-HUOYIb
3HAYMMBbIX Mpeapacroararoimmux ¢gakropon [30, 44].

Tak, B mccieqoBaHNM AOMMAHACMUYECKOTO IIEPHUO-
na, cpenu 112 manmeHToB (63 13 KOTOPBIX C HEOCTOXK-
HEHHBIM TeUeHUEM U 49 — TpUIIIT-acCOUMUPOBAHHOMN
TTHEBMOHMEH) OBUIO MPOBENCHO TCHETHMYCCKOES MC-
CI€OOBAaHUE C IIOMOIUBID IOJUMEPA3HOM LIEITHON
peakny C OJIMTOHYKJICOTUIHBIMU IpaiiMepamu,
B pe3yJbTaTe Yero BBISICHMIIOCH, YTO y ITAllMCHTOB
KaK C HEOCJIOXHEHHOU (opMmoii, TaK M C TPUII-
aCCOLIMMPOBAHHOM MHEBMOHMEH ObLIM OOHAPYKEHBI
KOMOMHaMKU MyTaluii reHoTuros Toll-penenTopoB
2-10, 3-TO U 4-TO TIOPSIIKOB; TOCTOBSPHO YaIlle cpe-
IU 3a00JeBIIUX BBISIBISIETCS MYTaHTHBIM asieib
299Gly TLR-4 u koMOMHALMU MOOIUMOPDOU3MOB
Arg753GIn TLR-2, Leu412Phe TLR-3, Asp299Gly
TLR-4; a yactora 412Phe TLR-3 Gb11a Bbillle cpeau
MalKMeHTOB C OCJOXHEHHOU (opMOIi I'pPUIIIIO3HOM
uHdpexkuuu [31].

K coxameHuto, caM MexXxaHMU3M, OOYCIaBIUBAIO-
LM CTeMeHb TSKECTU TeYeHUsI MHMEKIIMOHHOTO
mpoliecca, BCIEACTBUE FeHETUYECKOM TOJIOMKM Ja-
JIEKO HE BCerma M3BEeCTeH, Ha JaHHBIII MOMEHT JIO-
CTOBEPHBIM CUMTACTCS HMCKIIOUUTEILHO HaJIudne
TakuxX accouuanuii. Tak, Ha OCHOBaHWUMU OJIHOTIO
uccienoBaHusl, npoBeaeHHoro cpeau 1319 wura-
megHIEeB ¢ noarBepxkaeHHoi ITLP SARS-CoV-2
BbI3BAHHOI MHGQEKINE, y MalMeHTOB 3KCIIEpU-
MEHTAJIbHOIM TPYIIBI CPEeAW BapUaHTOB peELIETITOpa
TLR 3-to mopsinka ObLT oIpenesicH (PyHKIIMOHATb-
Hblil moauMopdusm L412F (rs3775291; ¢.1234C>T);
CTAaTUCTUYECKM 3HAYMMO CUMTATh €r0 OJTHUM W3
«(paKTOPOB TSLKECTH» KOBUIHOUW MHMEKIINU, KOTO-
PBIii O0YCIaBIMBAaET BBICOKYIO BOCIIPUMMYMBOCTH
M PUCK TSDKEJIOro MCXola, BIUIOTh MO JIETaJbHOTO.
DKCIIepUMEHTATLHOU TPYIIITON CYNTAJINCH TTallieH-
TBI, HY:>KIAIOIIECs B SHIOTPaxeaTbHON MHTYyOAIINN
M UcKyccTBeHHOI BeHTU iy jerkux (UBJI), nnu
pecrpaTopHOil Trommepkke ¢ momomsio CPAP/
BiPAP, koHTpoOJibHAas TpyIIia — NallMEHTHI, HE HYX-
JaIONINecs] B TOCIUTAIN3AINU, C JETKUMH CUMIITO-
MaMU WU BoBce 0e3 Hux [37].

IMponukass B kiaetky, SARS-CoV-2, momumo
nuTorutazMatudeckux PHK-penenTopoB, cBsI3bpIBa-
eTcs U ¢ 3HAocoManbHbIMU Toll-penientopamu 3-ro
u 7-ro, a Takxke 8-ro U 9-ro NOpsIAKOB, UTPAIOIIUX
HEeHTPAJIIbHYIO pPOJIb B pacIIO3HaBaHUM BHPYCHOI
PHK. 3a atum cneayet nponykims uHtepgepoHa —
OOHOIO0 M3 OCHOBHBIX CYOCTaHLMU MPOTUBOBUPYC-
Holt BpoxkaeHHoM 3a1uuThl — [ v I1 TunoB u 6oabioe

KOJIMYECTBO psla IIPOBOCHATUTCIBHBIX ITUTOKM-
HoB — TNFa, IL-1 u IL-6. I1epenaya curHajioB oT
OCJIKOBBIX CYOCTAHLIMIA Ha TIOBEPXHOCTU KJIETOK
MPOMCXOIUT 3a cUeT (haKTopa TPAHCKPUIIIIMU «Karl-
na-6era» (NF-xB) m uaTepdepona (INF) — pery-
nsitopHoro (akrtopa 2 (IRF3). UMeHHO 3a cueT ak-
TUBALIMU 3TUX KOMIIOHEHTOB U peaiu3yeTcsl CUHTE3
HeOOXOAUMBIX IMTOKMHOB U caMa MMMYHHasl peak-
ous [19, 22, 23, 37].

IMonumopdpusM TeHOB, KOAUPYIOIIUX JaHHBIE
MOJIEKYJIbI, JTIOJDKEH CHMXKATh DKCIIPECCUI0 CaMOro
peliernTopa Ha ITOBEPXHOCTH MMMYHOKOMITETCHTHBIX
KJIETOK, U, KaK CJASACTBUE, IIPUBOAUTD K YXYIIICHUIO
pacrio3HaBaHUsI CaMOIro BHUpYyca, YTO HEOOXOAUMO
IUTST MTHIYKIIMA UMMYHHBIX TIPOLICCCOB C IIEJIBIO DI~
MUHAIIMK ITaTOreHa 3 opranusMa. Kpome toro, maH-
HbI TonuMopdu3M cHukaeT npoaykuuio TNFa.
dakTOop HEKpO3a OMyXoJHu-aibda TPOayIUPYETCS
NMMYHOKOMITIETCHTHBIMI KJIETKAaMU, B YaCTHOCTH
MOHOLIMTaMU U MakpodaraMu 1 MHOTUMM IPYTUMU;
npy MHMEKIIMOHHOM Mpollecce B OpraHu3Me yda-
CTBYeT B pEaKIUsIX NECTPYKLIUM U OTHOBPEMEHHO
perapann; WHAYIUPYET IIpoliecc ayTodaruu, BbI-
MOJIHSS 3alIUTHYIO pojb [37].

Nuayuupyemblii  (pakTOpoM HEKpo3a OITyXOJU
anbda mporecc ayrodarnu (OOUH U3 OCHOBHBIX Me-
XaHU3MOB 3alllMThl KJIETOK BO BpeMsi MHMEKIIMOH-
HOTO Mpoliecca) TakxKe OyaeT HapyllieH. AyTodarus
SBJISIETCS (DU3MOJIOTUIECKUM IIPOIIECCOM, KOTOPBIH
MO3BOJISIET KJIETKAM OpraHM3Ma aaeKBaTHO pearupo-
BaTh Ha MOBPEXICHUE ITyTeM pa3pylIeHUsT U DJIUMU-
Hany TUCOYHKIIMOHAJIBHBIX OpraHeJJI, arperaton
HETpaBWJIBHO CBEPHYTHIX OCJIKOB, a TaKXKe MHKPO-
opraHu3MoB. B oTBeT Ha MoBpeXaeHUe KIETOUHbIE
KOMITOHEHTHI, 3aKJIIOUYEHHbBIE B ayTOo(harocoMaabHyI0
BaKyoOJIb, ITOABEPTraloTCs Pa3pyIIeHUIO U ITIepepadoT-
ke ¢ BoiaeaeHneM AT® u noagep>kaHUsT OCHOBHBIX
KJIETOYHBIX (DYHKIAI YIIEJIEBIINX COCEIHUX CTPYK-
Typ. Kak ObI10 cKazaHO paHee, B 3TOM IIpoilecce
yuactByeT U1 TNFo, Hapsiny ¢ HEKOTOPbIMU UHTEP-
JIEKMHAMM U COOTBETCTBYIOILIMM MYJIOM UMMYHHBIX
kietok [21, 32, 42]. Takum oOpa3oM, UHTUOUPOBA-
HHUE TaHHOTO TIpoIecca IIPUBOAUT K HAKOIUICHUIO
HeNMMU3MPOBaHHBIX ayToarocoM M OjoKaae BUPYC-
HOTO KJIMpeHca. Bece 310, Hak1anbIBasich IIOBEPX M-
MYHHOM IMCHYHKIIUU U HeaZeKBaTHOTO KOJTUYEeCTBa
BOCTHIAJIMTEJIBHBIX IIMTOKMHOB, OOYCJIaBJIMBAeT eIlle
oonee TsoKenyo hopmy uHbekuuu COVID-19 y na-
LIMEHTOB JaHHOW Kateropuu [37].

CTaTUCTUYECKH OTIPEIeSICHO, 9YTO OoJiee BEICOKAasI
yacToTa BCTPEYaeMOCTHU ajuiesieil moaumMopdusma,
peyb 0O KOTOPOM IIlJIa BhIIIe, HAOII0IaIach y eBpO-
neriteB 1 a3uatoB (0ko10 30,01% u 25,97% cootBeT-
CTBEHHO), TOpa3ao MEHbIas pacipoCTpaHEeHHOCTh
cpenu monyasiuu appuKaHCKUX cTpaH (B OCHOB-
HOM K 1ory ot Caxapsl; 10 0,88%) [37].
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AHTHUOTEH3UH 1-7 Tpoayuupyercsd B 310pOBOM
OpraHm3Me Ha TOCTOSTHHOM YpPOBHE B IIOYKax, a
TakKKe B JIETKHMX;, MIPaeT POJb JIOKAJIHHOTO MMMY-
HocyIpeccopa (MHTUOMpPYeT WHQWIBTpAIUIO BOC-
NaJuTeIbHBIMU KJI€TKaMM), PETyJIUpPYyeT BbIACICHUE
MPOTUBOCIIAIUTEIbHBIX, a TAKXKE CHIKAET BHIPAOOT-
KY IIPOBOCITATUTETbHBIX HUTOKMHOB — IL-6 1 TNFa,
HopManusyeT ypoBeHb NF-«B, cHuxas, Takum 00-
pa3oM, CcuJly BOCHAJIUTEJILHOTO OTBETa B IIEJIOM.
Peanmusyer mpoTuBoCHaINTEIbHYIO (DYHKIINIO OH 3a
cueT MHruoupymuero aeiicTeus Ha Toll-mogoOHbII
peuentop 4 Bapuauuu/MAPK/NF-xB. U3 ato-
ro CJIeAyeT, YTO Te ATHUYECKUE I'PYIIIbI, HAIIpUMEpP
HaceneHus1 MpaHa, cpeayd KOTOpbIX Haubosiee pac-
MpPOCTpaHEHbl OINpeAeeHHbIEe OIHOHYKJICOTUIHbIE
nojumopdusmMel B reHax TLR4, OynyT B OoJjiblieit
CTETICHU TTOABEPIKEHBI TSLKEIBIM KIMHUISCKUM MC-
XoJaM BCJICACTBHEC MH(PUIIMPOBAHUS, B TOM YHCIIC U
SARS-CoV-2 [4, 17, 34, 43].

C Tmakumu Mmommpukanuamu TLR4, kak
Asp299Gly u Thr3991le, cpeny BEIOOPKU MAllMEHTOB
n3 Erunra, BeISIBJIEHA B3aMMOCBSI3b C TSIKECTBIO Ca-
Mol MHGEeKIUU (BCJIEACTBUE HEKOHTPOJIUPYEMOTO
BOCHAJICHUsI), YPE3MEPHO ITOBBIIICHHBEIM YPOBHEM
OUTOKMHOB B KPOBHM ITalleHTa (B YaCTHOCTU BBICO-
kue nokaszarenn I1L-6, a Takke XeMOKMHOB 1 UHTEP-
(depoHOB, U, KakK CJeICTBUE, (opMHUpOBaHUE IU-
TOoKMHOBOro mrtopma ¢ ucxomoMm B OPJIC), a Takxke
0oJiee BLICOKMM PUCKOM JieTaJIbHOro ucxoza [35].

KpymHbIl aHaIN3 TUTEpaTyphI ITO BOIIPOCY «POJIb
TeHETUKH U TeHEeTUIECKM-0ITIOCPEIOBAaHHAS CTEIICHD
TSDKECTH WHMEKIIMOHHBIX 3a00JIeBaHMWIA, B YacT-
HOCTM HOBOI KopoHaBupycHoii COVID-19 wuH-
deKIn» TeMOHCTPUPYET, YTO HE TOJHKO MYyTallUH
onpeneneHHoro Buaa TLR o0yciaBauBaioT TSKeCThb
KJIIMHUKW U COCTOSIHUS TTallMeHTa IToCye 3apakeHus
uHpexumeit. CylecTBYIOT COOOIIEHUS U O «IT0JIOM-
Kax» B T€HaX, KOTUPYIOIINX 3JIEMEHTHI CUTHAJIbHBIX
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nyTeil, a TakKe TaK Ha3biBaeMbIX amarntepoB Toll-
peuentopoB. K takum otHocsTcst, HanpuMep, TRIE
TRAF3 u TBKI1 — cBoeoOpa3Hble MNOCPETHUKU
MEXIy aKTUBUpOBaHHBIM Toll-perienTopom u dak-
TOpaMu, MTPOJYKTaMU UMMYHHOTO OTBETa, a TaKXke
CTPpYKTypaMu ux cuHrtesupyomumu. CoolliaeTcs
TaKXKe U O MyTallUsX, CBSI3aHHBIX C TeHaMu MXA,
WHTUOMPYIOIIMMU  BHYTPUKJIETOYHBI TpaHCHOPT
npoHukirero Bupyca, u OAS-1, uHrubupyromero
TPaHCASLIAIO0 BUPYCHBIX O€JIKOBBIX CTPYKTYp [18].

3aKnoyeHne

HakoruieHHbI Ha JaHHBIA MOMEHT OIIBIT U3y4e-
HUS BIUSTHUS OMHOHYKJIEOTUIHbBIX TOJUMOP(HU3ZMOB
TEHOB, KOAUPYIOUIUX KITIOYEBBbIE MOJIEKYJIbl BPOXK-
JNIEHHOTO0 WMMYHWUTETa, Ha BapuabeJIbHOCTb KIU-
Huyeckoit kaptuHbl SARS-CoV-2, B nepcrnekTuBe
JIOJDKEH MOMOYb BBIICIUTH TPYIMITbl MAIUEHTOB C
BBICOKUM PUCKOM TSIKEJIOTO TEUEHUST U JIETAIbHOTO
MCXOJa, OTHAKO BCE XK€ TPeOyeTC st NaibHelIIIee yIiry-
OJIeHHOE M3y4yeHUe JAaHHOTO HalpaBJIeHUs] B pas-
JIMYHBIX nomyJisiiusix. K Tomy ke, B CBSI3U ¢ KOJIOC-
caJbHBIM KoJinyecTBOM mepedoseBinx COVID-19,
3HAYUTEJbHBI WHTEpPEC TMPEACTABISIET WCCIEIO0-
BaHUE 3aBUCUMOCTHU IIPOSIBICHUS] TTOCTKOBUIHOTO
nepuoga OT HaJIWYUA OAHOHYKJIEOTUIHBIX ITOJIM-
MOpGhU3ZMOB TeHOB, Koaupyoluux Toll-momooHbie
petenitopbl. Oco00 1IEHHBIMU JAaHHbIE UCCIIEIOBa-
HUSI MOTYT CTaTh TakKXe W MOTOMY, UTO, K COXaje-
HUI0, UCKJTIOUUTh PUCK MOSIBICHUS HOBBIX IIITAMMOB,
BO3MOXHO, U 00Jie€ BUPYJIEHTHBIX U, COOTBETCTBEH-
HO, MOTOMY Oo0Jiee TSIKEJIO MOAIAI0IINXCS JIEYEHUTO,
MBI HE MOXKEM, TaK 4TO HaibHelIIee N3y4eHue 3TOTO
HampasJIeHUs] MOTYT B OyaylieM OOyCJIOBUTH Jy4-
IIYIO TIOATOTOBJIEHHOCTh MEIUIIMHCKUX KaapOB TIPU
BCTpeuYe C HOBbIMU (hOpMaMU MMaTOTEHOB.
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KHEKOTOPbIM ACINMEKTAM UMMYHOCYNPECCOPOB
N UX ASPO30JIbHOW AIOCTABKE B JIEFKUE NPU NIEYEHUU
COVID-19

KoosLiguckuin B.JI.

DI'RY «Hayuno-uccaedosamenvckuil uncmumym nyasmononroeuu DedepanrvHoeo meouxo-ouonoeuecKoeo a2eHmcemaea
Poccuu», Mockea, Poccus

Pesome. KitoueBoiM maTtoreHeTMdeckKuMm 3BeHOM COVID-19 gBnsirorcsi HapylieHUsT UMMYHHOTO TO-
MeOCTa3a, KOTOPbI€ YacTO IPOSIBIISIIOTCS TMIEPUMMYHHBIM OTBETOM Ha IaTOreH, IMPUBOISIINM K TSIKEJIO-
MY HEKOHTPOJIMPYEMOMY BOCHAJICHUIO B JIETKMX, OCJIOXHEHMSIM U JieTaabHOMY ucxoay. COOTBETCTBEHHO,
OIpeNe/ICHHbIN TepaneBTUYSCKUIA IMTOTEHIMAI 3aI0XKEH B CPEACTBaX pa3HbIX (papMaKOJIOTMYECKUX IPYIIIL C
pa3IMUYHBIMU MEXaHU3MaMM NEHCTBUSI, HO UMEIOIIUMU HEKOTOPYIO OOIITHOCTh MO HAIIPaBJICHHOCTU MOaa-
BJICHUSI MMMYHHOTO OTBETa, UTO HE PEIKO OTPAXKEHO B KjlacCU(UKALUIX O0bSANHSIOIIMM HOHITUEM UM-
MyHocynpeccopbl. Hanbosiee nepcrneKTUBHBIMUY M3 HUX SIBJISIIOTCS UMMYHOOMOJIOTMYECKUE TIpenaparthl, K
KOTOPBIM OTHOCSITCSI MOHOKJIOHAJIbHbIE aHTUTEJIA, a TAKXKE CPEICTBa IypUHEPIrMYeCcKoi peryassuun. Mme-
FOTCSI €IMHUYHBIC TTOMNBITKY UCIIOJb30BaHUS IIyTEM IIPUMEHEHMST OMPEACICHHOIO MOAX0Aa «KJIACCUYECKUX»
MMMYHOCYIPECCOPOB, LIMTOCTATUKOB U MHTMOMTOPOB KaJbIIMHEBPUHA, HAIIEAIIUX MECTO B TpPaHCILIAH-
TOJIOTMM Y OHKOJIOTMM, HO OT IIPUMEHEHMsI, KOTOPBIX C LICJIbIO JICYSHUsI HEKOHTPOJIMPYEMOTO BOCHAICHUSI
JbIXaTeJbHBIX MyTeil OTKAa3a/JIMCh €llle B KOHIIE MPOIILJIOr0 CTOJCTHS. A3PO30JbHbINM MyTh BBEACHUS JieKap-
CTBEHHbIX CPEACTB ONITUMU3UPYET JiedeHHEe KaK 1o 3((OEKTUBHOCTU UX BO3ICICTBUSI, TaK U 110 YMEHbILICHUIO
MoOOYHBIX 2(PPEKTOB M HAXOAUT COOTBETCTBYIOIIEE MpUMeHeHre Mpu ucronb3oBaHnun M C ¢ 1ieabio 1eueHust
HEKOHTPOJMPYEMOTO BOCTIAJICHUS IbIXaTeJIbHBIX IMyTeli. OMHaKo aHaIM3 BO3MOXHOCTE! MOJ00HOr0 CrieKTpa
MMMYHOCYTIPECCOPOB U MX a3pO030JIbHOI HOCTaBKM B jierkue npu jJedeHun COVID-19 He ocymiecTBisiics,
YTO U SIBUJIOCH 1I€JIbI0 HACTOSIIIIE PaOOTHI.

AHAaJI13 B METOIOJIOTMYECKOM IIJIaHe IIPOBOJIUJICS C MCIOJIb30BaHUEM Pa3IMYHbIX 0a3 JaHHBIX OMOMEIN -
LMHCKOM HaydHOIT MHMOopMaLmu, BKIoJas Takue, Kak: Index Medicus, PubMed, Embase, Cohrane peectp
knmHn4Yeckux uccnegopanmii Clinical Trials gov u maTeHTHBIEe O0a3Hbl.

B pesynbraTe maHa orieHKa 3MdeKTUBHOCTH BO3aekcTBUS pa3nnuHbiX noarpynmn MC npu COVID-19, B
TOM UMCJIE TPU MHTAJISIIMOHHOM UX BBEICHUU B AbIXaTeIbHbIC ITyTU. [IpoaHanmn3npoBaHa poJib LIECHTPaJIbHO-
ro peryasaTopa MMMYHHOTO OTBeTa, peryasiTopHbIX T-kieTok B matoreHese COVID-19, oxapakTepu3oBaH Ux
TepareBTUYECKUI ITOTEHIIMAJl B 3aBUCMMOCTH OT (pa3bl U TSLKECTU 3a00j1eBaHusI, 103bl IperapaTa. OTpaxe-
HbI METO/Ibl Y MOAXO/Ibl MCIIOJIb30BaHMSI UMMYHOCYIIPECCOPOB, IMIPEUMYILECTBA U HeaocTaTKu. OnpeaeaeHbl
1I€J1eCO00Pa3HOCTD U IEePCIIEKTUBBI UX TPUMEHEHUSI.
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B 3akimoueHun ormedaercs, 4To 3(POEKTUBHOCTD IIMTOCTATUKOB M MHTMOMTOPOB KaJbIIMHEBPUHA MPU
JIeYeHUM BocmaJieHus AbixaTefbHbiX nyteit mpu COVID-19 ocTtaercs HenmoaTBepXIeHHOW U Oecriepcnek-
TUBHOI. BoJbllne HaaeX bl B 3TOM IUIaHE TTOJaloT OMOJIOTMYeCcKre TIpernapaThl, BKJII04ast MOHOKJIOHATbHbIE
aHTHUTEJIa U CPENICTBA ITyPUHEPTUIECKON PETYIISIINH.

Karouesoie cnosa: COVID- 19, éocnanenue, uumokuHol, Yumocmamuku, UHSUOUMOPbL KAAbYUHEBDUHA, UMMYHOCYNPECCOpbL,
MOHOKAOHANbHbIE AHMUMENA, NYPUHEPSUHECKASL Pe2yAAlUls, d3PO301b, pecyaamopHole T-Kkiemku

SOME REFLECTIONS ON IMMUNOSUPPRESSANTS AND
THEIR DELIVERY TO THE LUNGS BY AEROSOL IN THE
TREATMENT OF COVID-19

Kobylyansky V.L

Research Institute of Pulmonology, Federal Medical and Biological Agency of Russia, Moscow, Russian Federation

Abstract. Disorders of immune homeostasis represent the key pathogenetic link of COVID-19, which often
manifests as a hyperimmune response to the pathogen, leading to severe uncontrolled inflammation in lungs,
followed by complications and death. Accordingly, a certain therapeutic potential is provided by different
pharmacological drugs with distinct mechanisms of action, This class of drugs should, however, act in common
direction by suppressing the immune response, thus being often classified as immunosuppressants (IS). Of
them, the most promising are immunobiological preparations, which include monoclonal antibodies, as well as
purinergic regulatory agents. There are several attempts to use the “classical” IS by a certain way, e.g., cytostatics
and calcineurin inhibitors which found clinical application in transplantology and oncology. However, their
usage for treatment of uncontrolled inflammation of respiratory tract was abandoned by the end of XX century.
Meanwhile, the aerosol route of drug administration optimizes treatment, both in terms of their effectiveness,
and the reduction of side effects thus promoting usage of IS for treatment of uncontrolled airway inflammation.
Previously, the analysis of therapeutic opportunities for some IS delivered as aerosols to the lungs in COVID-19
therapy was not carried out, thus bein the purpose of our work. Methodological analysis was carried out using
various databases of biomedical scientific information, including Index Medicus, PubMed, Embase, Cohrane
Clinical Trials gov registry and patent databases.

The efficiency of the impact of various IS subgroups in COVID-19, including their administration
by inhalations into the respiratory ways, was assessed. The role of regulatory T cells considered the central
regulator of immune response, in pathogenesis of COVID-19 was considered, and their therapeutic potential
was characterized, dependent on phase and severity of the disease as well as drug dose dependence. Methods and
approaches to the use of IP, advantages and disadvantages are discussed. The expediency and future prospects
of their application are considered.

One may conclude that the effectiveness of cytostatics and calcineurin inhibitors in the treatment of airway
inflammation in COVID-19 remains unconfirmed and seems to be unpromising. Meanwhile, biological
preparations, including monoclonal antibodies and purinergic regulatory agents, offer great promise in this
respect.

Keywords: COVID- 19, inflammation, cytokines, cytostatics, calcineurin inhibitors, immunosuppressants, monoclonal antibodies,
purinergic regulation, aerosol, regulatory T cells

pPaTOPHBIN JTUCTPECC-CUHAPOM C BBICOKOI JIeTasTh-
Hocteio [27]. bonee 50% mnauuentoB COVID-19
HYXIAIOTCSI B PECITMPATOPHON MOAIEPXKKE U3-3a MO-
JOOHOTO MMMYHHOTO OTBETa, MpeIpacroiaraloiiero
K Pa3BUTHIO TSDKEJIOW pacIIpOCTpaHEHHOW MTHEBMO-
Huu [21]. [ToaTomy cTpaterust neuenuss COVID-19,

BeeneHue

CniocooHocTh SARS-CoV-2 BbI3BIBaTh TSKETYIO
MMMYHHO-BOCITAJIMTEIbHYIO PEaKiiio OOYCIOBIIM-
BaeT TPYAHO KOHTPOJMpPYEeMOE JiedeHUE, IJIUTE/Ib-
Hble TOCIIUTAJIM3ALMU U BbICOKUI YPOBEHb CMEPT-
HOCTU. XapaKTEepHOH OCOOEHHOCTbIO IMaTOreHes3a

COVID-19 sgBnsgercss HaTMYNe TOBBIIIICHUS YPOBHS
LUTOKUHOB, HEPEIKO IO KPUTUYECKOIO ypPOBHS [1,
28]. TlogobHoe cocTosiHUE OOYCJIOBJIMBAET CUCTEM-
HOE TIOBPEXACHNE MUKPOCOCYIOB C MOJMOPTaHHOMN
HEJIOCTATOYHOCTBIO W BBIPAXKEHHBIN OCTPHII pPEeCIT-

MOMUMO TPOTHUBOBUPYCHOH, IIpemycMaTpUBacT Ha-
MpaBJIeHHOCTh Ha KYIMPOBaHME MEIMATOPOB BOC-
najeHusi U TpeOyeT COBEPIICHCTBOBAHUS B 3TOM
IUIaHe, TaK KaK UMEIOIIMEeCs CITOCOOBI 1 TTOAXOOBI He
YHOOBIIETBOPSIIOT KIMHUIIUCTOB.
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C 2TOli MO3UIIMK UHTEPEC TIPEICTABIISIOT pa3Ind-
HbI€ KJIACChl XUMUYECKUX COSAMHEHUN U OMOIOIr1-
yecKue TIperiaparbl, o0jafalolue pa3HbIMU MeXa-
HU3MaMM AECUCTBUS U CTEIIEHBIO BIMSHUS HA T€ WU
WHBIC 3B€HbSI MMMYHOICHE3a W IO3BOJISTIONINE €ro
KOPPEKTUPOBATh, OKa3bIBasl CYIIPECCUBHBIN a(hheKT,
B pe3yJIbTaTe Yero MxX M OTHOCIT K MMMYHOCYIIpEC-
copaMm (MC) [5]. OObIYHO UMM CUMTAIOT Mperaparhl,
npuMeHsieMble ¢ 1950-x rogoB B TpaHCIJIAHTOJIO-
TMU U JUISI XUMUOTEparnu, a TakKKe MCIOIb3yeMble
B PEBMATOJIOTUM IJIsI JISYSHUsI BACKYJIUTOB, TICOpHA-
TUYECKOTO apTpUTa U BoTYaHOUHOTO Hedputa. UMu
SIBJSIIOTCS IIUTOCTATMKM, BKJIIOYAS aIKUPYIOIINE
coelMHeHus (HanpuMep, Hukiodochamua, meada-
JaH), aHTUMeTa0oJUThl (METOTpeKcaT) U MHIUOU-
TOpHI KaJdbIWHEBpUHA (HUKIocnoprH). CoriacHo
CYLIECTBYIOIIUM Kiaccudukauusm, Kk MC oTHocsT
Takske OMOJIOTMYECKUE TIpenapaThl, BKIIFOYAsT MOHO-
kinoHabHble aHTUuTes1a (MKAT), B yacTHOCTU TOLIU -
JM3yMa0, a TaKKe CPeNCcTBa ITypeHePTUISCKOM pery-
asauuuun (CITP), B TOM 4yuciie aneHO3WH, U ApYyrue,
YYUTBIBAS IIOTOOHYIO UX HAIIPABJICHHOCTD ACCTBUS,
o0ecrneuynBapIIlylo TOJaBJIeHUE TUIIEPUMMYHHOMU
peakiii CO CTOPOHBI OpraHa-MHIIICHU Ha MaTOTeH.
W ecnu aHamM3 BO3MOXKHOCTEH MCIIOIB30BaHUST HE-
KoTopbix MC OTHOCUTENILHO KOpPpPEeKLMU HEKOH-
TPOJIUPYEMOTO BOCIIJICHUST B IbIXaTEJIbHBIX ITyTSIX
(AIT), nMerolIero MecTo Npu TSKEIoil OpoOHXUaTb-
HOI1 acTMe, HeTaBHO MPOBEACHEI [2], TO KacaTeJIbHO
COVID-19 oH He ocylIeCTBIISLICS.

Ileanio HacTosimeii padoThl sSIBUICS aHAIU3 2(h-
dexTuBHOCTH MC U3 pa3HbIX IpyIIl (hapMaKoIoru-
YeCKMX IIpelrapaToB U UX a3pO30JIbHOI TOCTaBKU B

My6nukaumn, naeHTUNULMPOBaHHbIE
yepe3 nowck B 6asax AaHHbIX
Publications identified through database searches
(n=101)

nerkue rpu JjedyeHuu COVID-19 u olieHKa 1enecoo-
OpPa3HOCTU U MEePCIEKTUBHOCTU UX UCITOJIb30BaHUSI.

JU1st aHaM3a UCOIb30BaUCh JIMTepaTypHbIE UC-
TOYHUKM, BKIIIOYAsi OPUTUHAIBHBIC MCCICAOBaHMS
1 0030pHBIe paboThl, HaillieHHbIE B 0a3ax JaHHBIX
PubMed, Embase, Cochrane, Index Medicus, or-
KPBITBIX UCTOYHUMKAX IO MaTeHTaM, a Takxke Clinical
Trials.gov ¢ UCIOAB30BAaHUEM TAKUX KIIOUEBBIX CJIOB
u ciaoBocodetaHuii, kak COVID-19, BocnaneHue,
OUTOKWHBI, ILIMTOCTATUKW, WHTUOWUTOPHI KaJIbLIV-
HEBpUHA, WMMYHOCYIIPECCOPHI, MOHOKJIOHAIbHbBIC
aHTHUTEJIa, ITypUHEPrUUecKasl peryJIsiius, a3po30Jb,
peryasitopHble T-knetku. B aHanu3 Obuid BKITIO-
yeHbl 60 myOnukanuu (puc. 1). AHaIUM3UpPOBaAIUCh
TMOJTHOTEKCTOBBIC JIMTepPaTypHbIE MCTOYHUKHN C CY-
JKEHMEeM Ha KakKIOM 3Talle, a 3aTeM BhIOpaHHbBIC TaH-
HBIe OBUIM CTPYKTYPUPOBAHBI M MCIIOJIB30BAHBI IJIsI
MOJATrOTOBKM 0OO30pPHOM CTaThU.

HMMyHOCYnpeccopbl M KX a3P030JIbHAS JOCTABKA B
nerkue npu Jedenuu COVID-19

K nexomopoim namoeenemuueckum ocobeHnocmam
COVID-19

JIuire KpaTKo KOCHEMCSI HEKOTOPBIX MTPUHITATIU -
aJIbHBIX OCOOCHHOCTEI, BO MHOTOM OIIPEIEISFOIIMX
TepareBTUYECKYIO CTPATETUIO JIsI JaHHOM MaToJio-
ruu. C nmo3uumu pasHbix KoHuenuuii COVID-19
npeacTaBiisieT co0oit AByxda3Hoe 3aboaeBaHue [52].
PanHsst ha3za xapakTepusdyeTcss MHTEHCHUBHOW pe-
naukauuein Bupyca SARS-CoV-2, npuBonsiein K
NpSIMOMY MOBPEKACHUIO TKaHel, Ha (pOHE ITMPOKO
SKCIPECCUN OCHOBHBIX CBSI3aHHBIX C WHMEKINEH
renoB uenoBeka ACE2, TMPRSS2 u CTSB/L B
TKaHSX PECIMPATOPHOTO U XKETYAOUHO-KUIIIEYHOTO
TpakTa. [locienyromas, no3aHss (asa, xapakrepu-

[ononHuTenbHble nyGnmukaLum,
VOEHTUULMPOBAHHBIE Yepe3 pyrie UCTOYHWKNA
Additional publications identified through other sourest
(n=14)

Mybnukaumu nocne yaanexust ayénukatos
Publications after removing duplicates
(n=87)

A

[MyGnukamm, npoLLeLIne CKPUHUHT
Publication past screening
(n=80)

MckntouerHble nybnmkaLmm

\

[MonHOTEKCTOBbIE CTaTbK, OLEHEHHbIE Ha MPUEMEMOCTb
Full-text articles assessed for eligibility
(n=T71)

—_— Exclusion of publications
(n=9)
VcknioyeHHble NOMHOTEKCTOBbIE
cTaTbi

Excluded full-test articles

A

(n=11)

[My6nukaLmu, BKIMKOYEHHbIE B KAYECTBEHHBIIA CUHTE3
Publications included in the qualitative synthesis
(n=60)

PucyHok 1. Cxema ot6opa ny6nukaumi
Figure 1. Scheme for selecting publications
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3yeTcsl HEKOHTPOJUPYEMBIM TUITEPBOCTIATUTEIBHBIM
COCTOSTHHEM, IIMTOKWHOBBIM IIITOPMOM U IITUPOKUM
opraHotpornu3dmMoM SARS-CoV-2. BT1o cocTosiHue
XapaKTepU3yeTcs] TUTEPIIUMTOKMHEMUEN, BKITIOYast
dakTOop HEKpo3a OMyXOJU-0, TPAaHYJIOLUTAPHO-Ma-
KpodarajabHbIi KOJTOHUECTUMYIUPYIOIIUiA (hakTop,
1L-6 u IL-1, HTepdepoH-y, U MOBPEXICHUEM TKa-
HEl, a TakkKe aKTUBAallME CUCTeMbl CBEPThIBAHUS,
MPUBOSAIIEH K TTPOTPOMOOTUIECKOMY COCTOSTHUIO.
COOTBETCTBEHHO, OCHOBHBIMM  COCTAaBJISTIOIIUMU
crpareruu jeueHuss COVID-19 gBnasitoTcst npekpa-
IIeHUEe TIPOrPECCUPOBaHUSI PEIUIMKAIIMU BUpYyca
SARS-CoV-2 u paHHee KyNnUpOBaHUE €ro TUrep-
BOCHAJIUTEbHON (ha3bl, OMpPEAESIoNIeil TIXKeCTb
COCTOSIHMSI MallMeHTa U ero JieTaJlbHOCTh. B azy
peruiMKaluuu BUpYyca, BEpoOsiITHO, OymyT OoJjiee a@-
(beKTMBHBIMU TIPOTMBOBUPYCHBIC MperapaThbl, KO-
TOpbI€ TIPOIOJIKAIOT co3naBaThesi. B a3y rumnepso-
CTAJUTEJIBHOTO COCTOSIHUSI OOJIbIIIE MOTYT MOMOYb
MPOTUBOBOCTIAJIUTEIbHBIE — TIperaparbl, KOTOpPbIe
JlaJIeKO He Bceria MPUHOCIT OXUIAaeMbIid pe3yIbTaT
M MOTYT COMPOBOXIATh CEPbE3HBIMU ITOOOYHBIMU
appekramu. B 3TOM MmaHe MpeacTaBiasSIOT UHTEPEC
NC, yunutbiBasg 11€71€CO00Pa3HOCTh BIUSIHUS C UX
TMOMOIIILIO Ha TUTIEPUMMYHHBIN OTBeT. Ho mpexie
yeM TeperTh KOCHEMCSI OCOOEHHOCTEU LIeHTpasb-
HOTO PEryJIsiTOpa UMMYHHOTO OTBETA, PETYJIITOPHBIX
T-xnerok (Treg), ABASIOMIMXCS Oa3UCHBIM 3BEHOM,
obecrneyrBapIMM UMMYHHBIE TOMEOCTa3 U MMe-
OIIMM TIPSIMOE OTHOIIIEHUE K IpobjieMe, KOTOpOit
MOCBdIlleHa HacTosias padbora. AHaauM3 MoKasai,
Kak IMPOJIeMOHCTPUPOBAHO Ha pUCyHKe 2, uTo Treg,

COOCTBYIOT MOAABJICHUIO IITMTOKMHOBOTO IIITOPMA,
0oJiee JICSTKOMY TEUYCHUIO BUPYCHOW MHEBMOHUU U
OCTPOTO TTOBPEXKICHMS JETKUX, B TOM YMCJIC U MPU
COVID-19 [36, 54]. [ToaTOoMy CTeIleHb PEKPYTH-
poBanus Treg B jerkue mamueHToB ¢ COVID-19
MOXKET OIIPENe/sATh TsKecThb 3aboneBaHus. Ha 3To
YKa3bIBalOT (pakThl O TOM, YTO Yy TTAllUEHTOB C Oojee
3HAYUTEJBHBIM KOJIMYECTBOM 3TUX KJIETOK OOJIEC3HB
MpPOTEKaeT JieTye W y BhI3AOPaBINBAIONINX ITallCH-
ToB ¢ COVID-19 3kcnipeccusi TpaHCKPUMIILIMOHHOTO
dakropa FoxP3 B mupkynupyrommx Treg, sBisio-
LIErocs UX MOJIEKYJISIPHBIM MapKepoM, Oblia B 4,4
pasa Bblllle, YeM Yy HeMHMUIIMPOBAHHBIX JIoaeit [47,
59]. B to Bpems Kak Treg yBeIuumBalOTCs TIPU JIeT-
koit COVID-19, 3HauMTeIbHOE CHIDKCHUE MMEET
MECTO y TMAallMEeHTOB B KPUTUYECKOM COCTOSIHUM U
npu tskesion COVID-19 [30, 56]. Hapsiny ¢ aTum B
HEKOTOPBIX MCCICAOBAaHUSIX, IIPOBEACHHBIX paHHEeE,
He Habmoganoch nameneHuii Treg [31]. Takas mpo-
TUBOPEUYUBOCTb MOXET OBITh CBsSI3aHA C Pa3IUIHBIMU
KPUTEPUSIMU, HCIIOJb3YeMbIMU TIpU HIACHTH(hUKA-
nuu Treg, mMpoBeAeHUEM HCCIIENOBaHUN Ha pa3HBIX
dazax 3aboJieBaHUS U C pa3HOI CTEIIEHBIO €TI0 TsKe-
ctu. Tak, 1mokazaHo, YTO Ha paHHEU CTaauu pa3BU-
TUsI UH(DEKIIMY MOBBIIIEHHOE KOJMYSCTBO aKTUBH-
poBaHHBIX Treg MOXET CHU3UTh ITPOTUBOBUPYCHYIO
3allIUTy, OKa3blBasi UMMYHOCYIIPECCOPHBI 3 deKT
Ha 3alllUTHbIE UMMYHHBIC KJIETKU W TOHABISS UM-
MYHHBII 0oTBeT TpoTuB SARS-CoV-2 (puc. 2A).

Ho mnonasnsioniee OOJBIINMHCTBO MCCIeIOBaHUIA
CBUJICTEJbCTBYIOT 00 akTMBalLUU 1reg y MaluMeHTOB
¢ COVID-19, uro npeacrapisieT co00ii MO CyTH 3a-

obJiajalolme CyrnpecCoOpHbIM (EHOMEHOM, CITO- IIUTHBIN MexaHu3M. OH obecrnieuynBaeT 3a cYeT MH-
VMMYHHblE * UMMyHoCynpeccus
A (A) > Treg — KJ'IeTK)I//I (Th1, immznosﬁpfession
(pattan CD8, CTL) — | + MpOTUBOBUpPYCHas —_— MH[*).M WpoBatue
asa) ; s saumTa infection
(carly phasa Thi, DB CTL Wil protect
of COVID-19) (Th1, ,CTL) ¢ antiviral protection
* MPOBOCTANUTENbHbIE
B (B) >Treg LNTOKMHbI
(nosasas nposocnan- proinflammatory . BOCCTAHOBUTESbHbIE
(pasa, neras TerbHbIE KNETKM —» | Cytokines / —_ LMTOKAHOBBI —_ npovecchl | BbI3NOPOBIIEHME
COVID-19) proinflammatory * TpoTMBOCTANUTENb- A " 'i'(".TOp'V: restoration recovery
(late phasa, cells Hbl€ LIUTOKMHbI cytokine storm processes
easy v antiinflammatory \/
COVID-19) cytokines
B (C) <Treg —_— A * NpoBoCNannTENb- A A noBpeXaeHue nerkux,
(no3pHsis nposocnanu- HbIE LIMTOKAHBI LATOKMHOBBIA OPAC, HapyLueHus
(hasa, TerbHble KNeTkn | | promﬂammatory —_— LITODM —» | PereHepaumn |_ |  reTanbHOCTb
TRKEnas proinflammatory cytokines toki P t lung damage, mortality
COVID-19) cells + MpoTUBOCTNMTE b cytoine storm ARDS, violations
(liate phasa, HbI€ LUTOKWHEI regeneration
difficult antiinflammatory !
COVID-19) cytokines

PucyHok 2. Ponb Treg B natoreHese COVID-19 (cxema)

Mpumeyanue. A CTpenika BBepX — aKTVIBaLIVIﬂ/BO3paCTaHVIe; ¥ CTpernka BHU3 — nogaBrieHNe/CHKEHME.

Figure 2. Role of Treg in the pathogenesis of COVID-19 (scheme)

Note. 4 up arrow, activation/increase; ¥ down arrow, suppression/reduction.
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TUOMPYIONIETo BO3ICHCTBUS HAa TPOBOCTIAIUTEILHbBIC
KJIETKU, BKIoYasd Makpodaru u T-mumbouuTsl, u
ONTUMU3AIU OaslaHCa TTPOBOCITAIMTEIbHBIX U TTPO-
TUBOBOCHAIUTEBHBIX IIMTOKWUHOB OCJIa0JieH1e BOC-
NaJINTEJIBHBIX PeaKIINiA ¥ MoTralleHe [IUTOKIMHOBO-
ro mTopmMa, BeaylIuX K BbI3NOpOBIeHUIO (puc. 2b).
CHuxenue Treg Ha mo3aHeit daze COVID-19, ru-
nepBocHajieHusl, 1 OCOOEHHO HUX HCTOIIEHUE TMOJ
BIMSIHUEM KaKOro-jiubo HampaBJI€HHOIO BO3Ieii-
CTBUSI XapaKTepu3yloTcst 00paTHbIM 3 dekTom. [Tpu
3TOM UMEIOT MECTO AKTUBALUS TPOBOCHAIUTEbHBIX
MMMYHHBIX KJI€TOK M TIOBBIIIIEHHasI BBIpAa0OTKA MPO-
BOCHAJIMTEJIBHBIX IIMTOKMHOB, UTO OOYCJIOBIMBACT
WU YCYTYOJIsIeT IMTOKMHOBBIN IIITOPM 1 MTOBPEXKIC-
HUE COOCTBEHHBIX TKaHE!, IMIPUBOAS K OCTPOMY pe-
crimpatopHoMmy auctpecc-cuHapomy (OPIC), Hapy-
IICHUSIM TIPOIIECCOB pereHepallnu,/pernapainud U He
penko K cMeptH (puc. 2B, 3A). UMeHHO coOoTHOIIIEe-
HHE OBYX OCHOBHBIX IToAMHOXecTB T-kimetok CD4,
MUMMYHOCYIIPECCOPHBIX Treg M IMpOBOCHAINTEIFHBIX
kietok Th17, Bo MHOTOM onpeaesieT Xoa BOCIaau-
TenbHOTO TIporiecca. CMmelleHne GajaHca 3THX KJe-
TOK B ctopoHy Th17 umeer mecto nmpu COVID-19,
TEeM CaMBIM CTUMYJIHPYS IIPOMYKIUIO OPYTUX IIPO-
BOCITJIMTEJIbHBIX ITMTOKMHOB W CIOCOOCTBYSl pas-

BUTHUIO TUNPEBOCHAIIMTEIBHBIX PEaKIIU WU YCYTy-
OJIEHUIO X U Pa3sBUTUIO LIMTOKUHOBOIO IIOKa [54,
55]. 1 HaoOOpOT, CTUMYJISILIMS U TIOBbIIeHUe Treg
CO CMellleHMeM OajlaHca B CTOpPOHY 1reg cHMKaeT
BOCHIAJIMTEJIBHBIC PEaKIIMM, CITOCOOCTBYS Pa3BUTHUIO
BOCCTAaHOBUTEJLHBIX, pEeTeHEepaTOPHBIX IIPOIIECCOB
¥ TIOBBIIICHUIO YACTOTHI BBI3MOPOBIICHMS, CHIKEC-
Huto JeranbHOcTH (puc. 2b, 3B). YoenurenbHbIM
OOATBEPXKACHUEM  ITOJOOHOMY  NPEICTaBIICHUIO
SBJISIETCSI, HaNpumep, (PakT CYIIECTBEHHOU ITOJIO-
SKUTEJTbHOW MMMYHOJIOTMYECKOW TMHAMUKA U KJTU-
HUYECKOW KapTUHBI TIPU HAIIPaBIEHHOM TIPSIMOM
CTUMYJIMPYIOIIIEM BO3IEUCTBUY HA MEXaHU3MBbI BOC-
najieHusl, HeTrocpeAcTBeHHO Kacatoluuecs Treg. ITo-
JIOOHOE BO3IEHCTBHE OCYIIECTBIISITIOCHh aIONTUBHBIM
nepeHocoM ajmoreHHbix HLA-coBmectumbix Treg,
MOJIyYEHHBIX U3 MYMOBUHHOM KPOBU, a TAKXKE C MO-
MOIIIbIO peKOMOUHAHTHOTO IL-2, KOTOpHhIii siByIsIeTCS
JUTSI HUX HE TOJIBKO (haKTOPOM POCTa, HO U BbIXKMBa-
Hus [23]. BO3MOXHOCTb 3TOr0 MOKET ObITh UCIOJIb-
30BaHa 11 addextuBHoi Tepanuu COVID-19, yto
MPOJIEMOHCTPUPOBAHO Ha pUCyHKe 3B.
IluTocTaTHKN ¥ MHTHOMTOPHI KAJIbIIMHEBPUHA
ITonbITKM HMCIIONB30BaHUS TIperapaToB JaHHBIX
TPYNI C IIEJAbK0 KOHTPOJS Hald BOCHAIUTCIbHBIM

BOCManUTENbHbI
npoBoCHanuTenbHbIe APOLSCE
Treg - KneTkv — ) A (A)
' ' inflammatory
proinflammatory cytokines
UcTowarowee/nopasnsiouiee process
BO34eicTBUe
HU3KIE [O3bl LUTOCTATVKOB
1 MHTMBMTOPOB KamnbLMHEBPUHA,
MKAT « Treg, ocTpoe BocnaneHue u fip.
Debilitating/Suppressive effect
low doses of cytostatics and inhibitors of calcineurin, npoTuBooNyXornesble athdek- }
mCAT and Treg, acute inflammation, etc. TOPHbIE KNETKN, AEHAPUTHBIE onyxonesbin
Treg - KNeTKi, Makpocharm npoLiece B (B)
antitumor effector cells, tumor process
dendritic cells, macrophages
npoBocnanuTenbHble BOCManuTENbHbIiA
KNeTkn npovjecc
MNosbIwarowee/cTuMynupytouee Treg - proinflammatory inflammatory B (C)
BO3A€iiCTBUE cytokinemia process
MoreHHbHE Treg MynoByHbI KpOBU,
pekoMOuHaHTHbIA IL-2, MKAT K IL-6, TNF
1 ap. uutokuHam), I'KC cpeactaa P, But. D v np.
Enhancing/Stimulating impact
allogeneic umbilical cord blood Tregs,
recombinant IL-2, mAb to IL-6, TNF onyxonesble onyxonesbiit
and other cytokines), GCS, Vit. D, etc. Treg —> | atdexTopHble kneTkw npolecc r (D)
tumor effector cells tumor process

PucyHok 3. TepaneBTMYECKUI NOTEHLMaN MoaynupyowWwmx Bo3aencTBuil Ha Treg npy COVID-19 u oHkonaTonorum (cxema)
Mpumeyanue. A cTpenka BBepX — aKTUBaLMA/BO3pacTaHue; ¥ CTPenka BHU3 — noAaBrieHue/CHukeHue; A — npu BocnaneHuu, b — npu
oHkonoruu; A, B — npu Bocnanenuun npu COVID-19; B, I' — npu oHkonoruw.

Figure 3. Therapeutic potential of modulating effects on Treg in COVID-19 and oncopathology (scheme)

Note. 4 up arrow, activation/increase; ¥ down arrow, suppression/reduction; A, for inflammation, B, for oncology; A, C, for inflammation with

COVID-19; B, D, for oncology.
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npoueccoMm B Il Havanoch eme B 70-e roabl Mpo-
IIUTOTO CTOJIETUSI C TIpernapaToB CUCTEMHOTO Jeii-
CTBUSI, TPAAWUIIMOHHO WCHOJIb3YeMBIX IS JICUYCHUS
3JIOKA4eCTBEHHBIX 3a00JIEBaHUIT U B TPaHCIJIAHTO-
Joruu [4]. K HUM MOXHO OTHECTU aJIKMPYIOLLIME LU~
TOCTaTMKM, OOJamarolie aHTUIPOJuGhepaTUBHBIM
IeiicTBUeM, B YaCTHOCTU HuKiIodocdaH m Menada-
JIaH, I THTUOUTOPHI KAJIbIIMHEBPUHA, ICUCTBYIOIINE
Ha WMMYHOMUIMHBI, HampuMep, LIMKIOCIIOPUH.
OmHako WX TepalleBTUYECKUI ITOTCHIIMAJ OKa3a-
Cs1 HEAOCTATOUYHBIM, HE MO3BOJIsIsl KOMIIEHCUPOBATh
ux mnobouyHble 3hdekThl. C LEeabl0 YMEHbIICHUS
MOCJIEMIHUX Ha TIPOTSLKEHUM OSCSATUIICTUM paspa-
0ATBHIBAINCH PA3IMYHBIC TCXHOJIOTUU a3PO30JIbHON
JIOCTaBKU B JIeTKHME JaHHBIX TpernapaToB, oOecrie-
YUBaIOIIME MOBBIIEHUE X JOKAIbHbBIX KOHIIEHTpa-
Ui 1 TepaneBTUIYCCKUX CBOMCTB U CHIDKCHUE TEM
caMbIM 3 EeKTUBHBIX 103. i 9TOro y4uThbiBaiICs
LeJblil psin (akTopoB, OT KOTOPBIX 3HAYUTEIBHO
3aBUCUT CTEIICHb IMMPOHUKHOBECHUS WHTAIMPYEMOTO
a3p030J1d U 3G(OEKTUBHOCTh BO3ICUCTBUS JaHHBIX
nperapaToB, BKJIloYash a’poJMHAMUYEeCKHe CBOM-
CTBa BO3IYXOHOCHBIX ITyTeil I MHTIMPYEMOTO a3po-
30711, (PU3MKO-XMMHUYECKNE CBOMCTBA WHTAISTHTA,
PEXXUM WHTAISIIINU 110 OBIXaHWIO U pabOTe MHTAISI-
Topa, XapakTep MaTojaoruu u ap. OgHako, HECMOTPsI
Ha 5TO, OCTajlach HEIIOATBEPXKIEHHON 3(PdheKTUB-
HOCTb JICUCHUS] HEKOHTPOJMPYEMOTO BOCTAJICHUS
B JIT ¢ moMolIbio LIMTOCTATUKOB U MHTUOUTOPOB
KajblrHeBpruHa, 1 ¢ Hadaja 2000-x romoB ucclie-
JIOBAHMS 1O UX BO3ACUCTBUIO C IIEIBIO KOPPEKINU
BocrnajgeHus B IIT nmpu actMe ObLIM MpekpallleHbl B
cuity 6ecriepcrieKTuBHOCTH [2]. MckimioueHue cocTa-
BIUIM €IMHUYHBIC PAOOTHI, B KOTOPHBIX IIPOU3BEACHBI
TMOMBITKY WCIOJIb30BaHUS IIUTOCTATUKOB B 3HAYM-
T€AbHO CHUKEHHBIX 103aX C 1LIeJIbI0 HUBEJIUPOBAHUS
MOOOYHBIX 3(PPEKTOB MPU COXpaHEHUN MMMYHOCY-
npeccuBHoro BiugHUA [10]. [Ipm sTomM mcxomHOE
KOJMYECTBO BBOAMMOIO B JIErKHMe MperapaTta CHU-
»KaJIoCh He 3a CYeT MOBbIIEeHUS 3(P(PEKTUBHOCTU €T0
BO3ICUCTBUS, TOCTUTAEMOTO Pa3HBIMU CIIOCOOAMU,
KaK 2TO OCYILECTBJISLIOCH B BBIIIE OTPaXKE€HHBIX YCO-
BEPIIIEHCTBOBAHHBIX a3PO30JbHBIX TEXHOJIOIHMSIX, a
IyTeM IIPOCTOrO pa3BeleHMs IperapaTra, YTo, Ha-
000poT, CHUXKAIO 3(PPEKTUBHOCTD €TO BO3ACUCTBUS.
TIpu 3TOM He YIYNTHIBAJIOCh BIIMSTHIE BCEX T€X BHIIIIE
MEePeUYrCICHHBIX (haKTOPOB, OT KOTOPBIX 3aBUCUT
3 deKT BO3ACUCTBUS 3TUX IIpeIrapaToB, YTO 3Ha-
YUTEJIFHO CHIDKAET UX TepareBTUUECKOE BIMSIHUC U
MoJApoOHO pacCMOTpPeHO HamMu paHHee [2]. Hapsmoy
C OTUM COXpPaHSETCS HEWCCIeIOBaHHOW KaHIIEPO-
TeHHOCTh JAaHHBIX IIPEITapaToB MPU KPaTKOCPOUHOM
WCTIOJIBb30BAHUN UX B HU3KMX H03aX, XOTSI OHU BXO-
IISIT B CaMyI0 aKTUBHYIO, 1-10 IPYMITy KaHIIEPOTESHOB,
OTHOCUTEIILHO KOTOPO#l 1 HEOOXOOMMO YIUTHIBATh,
4TO JaXke caMble Majible J03bl LIUTOCTATUKOB 00J1a1a-
FOT HEOOPAaTUMbIM U KYMYJISITUBHBIM JIeiicTBUEM [6,
11, 19]. OmHako TOZOOHBIN TOAXOM IIPEIIOXKEH
takke U as JedeHuss COVID-19 Hapsay ¢ TeM, 4To
WMEIOTCSI NPUHLIMWITHATBHBIE COMHEHUS OTHOCH-

TEJILHO 11€J16CO00Pa3HOCTU 3TOr0 U PeKOMEHAAlMU
€ro Heucrojb3oBaHusi. BMecte ¢ TeM HEOOXOIMMO
nMeTh B BUIy To, 4To COVID-19 3HauuTE THHO OTIIN-
JaeTcsl OCOOCHHOCTSIMU TTaTOTeHe3a M BO3IECTBHE
LUTOCTaTUKOB MPU MAHHOIM IaTOJOTUM, COIJIAaCHO
nx apMakomMHAMUKE, HampaBiICHO Ha ABe (hasbl
3a0o0eBaHus, xapakTepHbix 111 COVID-19. Ilpe-
KIIe BCero, oHO Kacaetcs paHHell ¢pazsl COVID-19
1 OPUEHTUPOBAHO Ha MHTMOMPOBAHUE PEIUIMKAILIUN
BHUpYCa, 9TO TpeOyeT 3HAUMTEILHOTO, B pa3bl, ITOBHI-
IICHUST NX KOHIICHTPAIN, COMPSKEHHOTO C CEPhe3-
HbIMM TOOOUYHBIMU 3 dekTamu [41]. Toraa kak npu
paccMaTprMBaeMOM MOOXOJE, IpearycMaTpUBAIOIIEM
WCITOJIb30BaHNE, HA00OPOT, HU3KUX 103, TIOJJ00HOE
1ieJIeBOe BO3ACUCTBHE AAHHBIX IperapaToB UCKIIIO-
JaeTcsl, HUBEIUPysd TeM caMbIM 3(deKT, a clieno-
BaTeJIbHO, W CMBICJT X IIpUMEHEHUs. B oTimmume ot
COVID-19, npu OpoHXUaJlbHOW acTMe MoJ00HOe
BO3ICUCTBHE HE IIPEeIyCMaTpUBAETCSI B CUJIY CYIIEe-
CTBEHHOTO OTJIMYMS e¢ ImaToreHe3a. MaJjo Toro, Bo3-
JIefiCTBUE HU3KUX 03 UTOCTATUKOB MOXKET MIPaTh
0o0paTHYI0 HETaTUBHYIO POJIb TakKXke U Ha MO3THEH
daze COVID-19, xapakrepusyromieiicss HEKOHTPO-
JIMPYeMBIM TUIIEPBOCITAIUTEIBHBIM ~ COCTOSTHUEM.
Tak, pe3yabTaTbhl pabOT pa3IUYHBIX HCCIeI0BaTe-
JIeli, KaK IIpaBUJIO, YKa3bIBaIOT Ha MCTOIleHuEe Treg
(pyHKIIMS KOTOPBIX MOAABIATH (PU3UOJIOTHUYSCKIE
M TIaTOJIOTMYECKE MMMYHHEBIE peaKI) MOoHd BO3-
JIEeMCTBUEM HM3KHX 03 LIUTOCTAaTUKOB (puc. 3A),
YTO MOXKET MHAYIIMPOBATH MTPOBOCTIAJIMTEIILHBIC 11~
TOKWHBI, UMMYHHYIO TUTIEPPCaKTUBHOCTD U ayTONMM-
MyHuTeT [22, 25, 40, 57] (puc. 2B). Kak u3BecTHO,
VIBTPAaHU3KME O3Bl IIMTOCTATUKOB, B YaCTHOCTH
Mendaiana, 61okupyloT uens 1L-2R v npoBeneHue
curHana gis 1L-2, a ciaemoBaTesibHO, CEJIEKTHUBHO
MHruoupyroT Treg mockoibky 1L-2 aBnsieTcst aiass HUx
¢daKTOpOM He TOJILKO pPOCTa, HO M BbDKMBaHUA [7].
IIpn >TOM aHAJOTUYHO 3TO KacaeTcs W APYTUX I10-
BEPXHOCTHBIX KJIETOYHBIX PELIENTOPOB, B YAaCTHO-
ctu TNFR II u Fas-peuenropa. T. e. 3mech umeer
MECTO aKIICHTMpOBaHHAas W30MpaTeSIbHas DIIMMU-
Halus Treg, CIIoCOOCTBYIOIIAsl YCUJICHUIO ITPOBOC-
TMaJIUTEJBbHOTO JEVCTBUS, HE JOMTYCTUMOTO B JAaHHOW
CUTyallUM, YYUTHIBas MNPUHIMNITAATGHYIO TTOJIOXU-
TEeJIbHYIO poJib Treg B KyIIMPOBAaHUM BOCIAJICHUS.
Kpome Toro, ucromieHue Treg He TOAbKO MellIaeT
pa3pelIeHNI0 BOCITAJICHUSI, HO 1M HapylIaeT JIeToY-
HBI 3MIUTENUI 1 ero penapauuto [37, 48]. OqHako B
paccMmaTpuBaeMbIX paboTax, MCIOIb3YIOIIUX HU3KKE
03Bl IIMTOCTAaTUKOB, AEKJIAPUPYETCS MOJIOKUTEIb-
HBIU 3(pPeKT OTHOCUTEITLHO MPOIIECCOB BOCHAICHUS
W pereHepanuy. YKazaHUe B 3KCIIEpPUMEHTAITBLHOMU
paboTe Ha AeMPECCUBHOE BIMSIHUE HAa BOCHAIUTEb-
HBI nporecc B JAI1 HM3KMX M03 ATOCTATUKOB HE
HaXOJIUT MOATBEPXKICHUS, TaK KaK PAKTUUESCKH BCE
MocJeayIone dKCIepuMeHTalbHbIe UCCASIOBaHUS
nmo COVID-19 cBuaeTensCTBYIOT 00 obpaTHOM [22,
25, 40, 57]. YoenutenbHble JaHHBIE 00 WHUILIMUAPY-
JOIIEM BJIWSTHUM Ha BOCIHAJUTEIBHBIN IpoOLecC TPy
ucroiieHUM Treg moaydeHbl Ha MOAECIN CUCTEMHOIO
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BOCITJICHUSI TIPU CETICUCE M OCTPOM TMCTPECC-CUH-
npowme [17, 37, 48, 58] (puc. 2B). UcrtomeHue Treg
OPUBOIMIO K M3MEHEHUIO 3Kcrnpeccur 49 reHoB B
KJIeTKax MMHEeBMOUMTOB Il M CHIDKEHUIO CKOPOCTH
nposudepanu  SMUTENUS TOCe TMOBPEXKICHUS,
TOTJa KaK UX COBMECTHOE KYJIbTHUBUPOBAHUE C Mep-
BUYHBIMH ITHeBMouMTamMu Il ycunmmBaiao pereHepa-
TopHbIe Tipouiecchl [37, 38]. [MoaTBepKaeHUO poiu
ucromampliiero addexra Treg cooOTBETCTBOBAIO OT-
CYTCTBUE KJIMHUYECKUX 0Ka3aTeIbCTB (D (DEKTUB-
HOCTU HM3KHUX J03 IIperrapaToB HE TOJIBKO IIPU M-
TOKMHOBOM IITOPME WJIM OCTPOM PECITMPaTOPHOM
nuctpecc-cuHapome npu COVID-19, Ho u mpu
3HAYUTEJIFHO 00JIce HM3KOM YPOBHE LIUTOKUHEMHN,
CTIOCOOHOI CONPOBOXIATh BOCIIAJICHUE, HATIpUMeED,
npu 6poHxHaabHOMI actMe [2, 56]. [ToaTOMY ITONBIT-
KM HEKOTOPBIX MCCIIEIOBaTEICH MCITOJIB30BaTh 1M~
TOCTAaTUKM TI0 aHAJIOTUM C OpOHXWATBLHOUW acTMON
nnsa nedeHust COVID-19, gapnsiolieiics 0osee Ts-
XKeJIoll U mpoOJeMaTUYHONM MaToJOTrueit, 0COOEHHO
C HaJIM4YMeM TOTO K€ psiga HEeZOCTaTKOB, pacCMO-
TPEHHBIX BBIIIE HA MOJEIIM aCTMBI, 1 HE M3yUYeHHO-
CTBbIO U TMIPOTUBOPEUMBOCTHIO B3IJISII0B OTHOCUTEb-
HO TIaTOT¢He3a TJaHHOM MaTOJIOTUM, SIBJISIOTCS SIBHO
Heuenaecoodpa3dHbiMu [39]. K ToMy ke HeoOxoaumMo
YUYUTBIBaTb, YTO HCIOJb30BaTh MpPU JEUYEHUU BOC-
najauresibHoro mnpouecca B Il MaeHTUYHBINA ITOA-
Xoq IJIs pa3HbIX 3a0oieBaHuit, BKiIodass COVID-19,
OpOHXMAJILHYIO acTMY, OpPOHXOZKTaTUUYeCKylo 00-
JIE3Hb BPSII JIM MOXKHO, TaK KaK OHU TTPUHIIMINATb-
HO OTJIMYAIOTCS MEXIY COOOI1 IT0 MaTOreHe3y, XOTs 1
MMEETCST HEKOTOpPasT CXOXKECTh MEXKITy HUMHU, B 4acT-
HOCTH IO HAJIMYMIO TUTIEPLIUTOKMHEMUU.
BeposiTHO, €IMHCTBEHHOM TOUYKOI MPUIOKEHUS
HHU3KUX 03 IUTOCTAaTUKOB W WHTHMOUTOPOB Kajlb-
HUHEBPUHA SIBJIsIeTCsl OHKomaroygorus. [lpu sToMm,
C OJIHOI CTOPOHBI, YUUTHIBACTCS Pojb Treg B moma-
BJICHUH TTPOTUBOOITYXO0JICBOTO MMMYHUTETA, OLICHI-
BaeMasl IpHu UX OOJIBIIOM KOJIWYECTBE KaK IPOTHO-
CTUUYECKU IUIOXOM (haKTOpP B pa3BUTUU MHOT'UX TUIIOB
omyxoie (MeJTaHOMBI, TUIOCKOKJICTOYHOIO paka
TOJIOBHI M IIIEW, paKa IMYHUKOB M KOJOPEKTaJIbHOMI
kapuuHoMmbl) (puc. 3I'). C opyroii — yuuTbIBaloTCs
TakK>kKe UMMYHOMO/IYJIMPYIOIINE CBOMCTBA MOAOOHBIX
JTO3 TaHHBIX ITpeTiapaToB, KOTOPBIe UCTOIIAOT Treg 1
CITOCOOCTBYIOT T€M CaMbIM UMMYHHOW aKTUBALlUN U
BOCCTAaHOBJICHUIO TIPOTUBOOMYXOJIEBOIO UMMYHUTE-
Ta u perpeccuu omryxoiu (puc. 3b). T. e. Bo3meiicTBue
HU3KUX J03 LIUTOCTATUKOB MMEECT pa3HOHAIIpaBJIeH-
HBI 3 dEKT MpU OCTPOM BOCITaJICHUU U OHKOJIOT M-
YEeCKOM IIpoliecce, YCyryOJIsis mepBoe U IeCTBYS BO
BTOPOM cJIydae. DTOMY He COOTBETCTBYIOT IIPEACTaB-
JICHUSI HEKOTOPBIX EIWHWYHBIX MCClIeaoBaTelIei,
CUUTAIOIINX, YTO JaHHBIN 3(P(PEKT HOCUT OJHOHA-
TIpaBJICHHBIN XapaKTep IJIsl 3TUX pPa3HBIX ITaTOJIOT M-
yecku nporueccoB [7]. [Ipu aToM moguepkHeM, YTO
uzdouparteabHasg snuMuHauus Treg mpu gaym HU3KUX
103 [IUTOCTAaTUKOB U MHTMOMTOPOB KaJIbIIMHEBPUHA
SIBJISICTCSI PUCKOM TaK Ha3bIBaCMBIX HEXXeIAaTeTbHBIX
MMMYHOOITOCPEIOBAHHBIX PeaKLMii M MOXKET TIpH-

BECTU K OITACHBIM JUISI XXU3HU ayTOMMMYHHBIM WJIU
BOCHAJIMTEJIBHBIM OCJIOXKHEHUSIM [39, 43].

MOHOK/IOHAJIbHBIE AHTUTEJIA U CPEACTBA MypPUHEP-
THYECKO Peryisaun

BMmecTe ¢ TeM HeoO6XoAMMO UMETh B BUAY, UTO 3a
MOoCJIeIHUE TOAbl MOSIBUJIMChH CPENICTBA, B YaCTHOCTHU
MKAT, Hanpsimyio u crieuuuyecku 0JIOKUPYIOLINE
WU ITyTEM PETYIISIIAN MEKKIIETOUYHBIX B3aMMOJICTi-
CTBUI MoAudUUMPYIOIIME BIUSHUE IPOBOCIIAIM-
TenabHBIX 1L, TMIEpmpomyKIuss KOTOPBIX SIBIASCTCS
KJIFOYEeBBIM 3B€HOM B MATOTeHE3e¢ IUTOKWMHOBOTO
wtopMma [14]. ITpeun3noHHbBIIA TMITOUMMYHHBIN 3¢~
(eKT, oKa3bIBaEMbIii C MX IMOMOIIbIO, paccMaTpu-
BaeTcsl Kak 3(M@EeKTUBHBIN CIIOCO0 KOpPpeKIUU
MaHHOTO THUIIEPUMMYHHOTrO cocTosHus (puc. 3B).
AHTaroHucTtsl [L-perenTopoB OTHOCUTENIBHO XOPO-
1110 IEPEHOCSTCS, HO TPOTUBOITOKA3aHbl MPY FUMep-
YYBCTBUTEJBHOCTU K HUM M JIUIIaM C HapyIICHUSIMUA
¢dyHKUIMKM nedeHHW. JaHHOEe HampaBiIeHHE B MEIM-
uuHe oTHocuTteabHO Tepanuu COVID-19 ¢ ucnoJib-
3oBaHueM MKAT TonbKo mojydyaeT pa3BUTUE, YUU-
ThIBasi, 4To narodusuonorus COVID-19 muzyyeHa
HemocTaTouyHO. OTHAKO YCTAaHOBJICHO, YTO Bemyllee
3HaYeHne B OPMHUPOBAHUM LIMTOKMHOBOTO IIITOPMa
urpatot IL-6 u IL-1B, dpakTop HEKpo3a OMyXoau u
uHTepdEepoH-yY U Jpyrue LUUTOKUHBI. bBiokuposa-
HHMe UUMTOKMHOB ¢ nomoiubio MKAT cnocoGcTByeT
HOpMaJIM3allud MMMYHHOTO TOMeOCTa3a W aKTHB-
HOCTU BOCHAJIMTEJILHOIO IIpoliecca, UMesi HEKOTO-
PYIO QHAJIOTUIO C AHTUPEBMATUYECKOM CTpaTerueiu
neyeHus [44]. Bmecte ¢ TeM pe3yJbTaThl pa3ind-
HBIX MCCJIeOBaHM, Kacamommuxces 3(pdekTnBHOCTA
MKAT, xapakTepu3yloTcsi HEOJHO3HAYHOCThIO. Tak,
OTHOCUTEJILHO HanboJjiee N3y4YeHHOTO U aKTyaJIbHO-
IO U3 HUX IT0 MEXaHU3MY JICiCTBHS, OJIOKMPYIOIIETO
peuenTop IL-6, Touuanszymad, IO JaHHBIM OJHUX
uccienoBaTesieil, SBHO UMEET MECTO IMOJOXKUTEIb-
HBIN 3 dexT [42], Torna Kak Mo APYruM pe3ysibra-
TaM, TaHHBIA 3 MEKT I10 MOKA3aTeIIM CMEPTHOCTHU
He orMevaloT [24]. 1o JaHHBIM PETPOCIIEKTUBHOTO
KOTOPTHOTO MCCJIETOBAHUS OTEYECTBEHHBIX YUYEHBIX,
Kak OoJjiee paHHee BBeJeHME TOLMIM3ymMaba y He-
MHTYOMPOBAaHHBIX MAIlUEHTOB C TSDKEJION (hopMoit
COVID-19 nmHeBMOHUEN, TaK U TO3AHSST UHDY3US
npernaparta nocie Hayana MBJI He conpoBokaanuch
CHIKEHUEM JIETAIBHOCTU OT BceX mpuduH [3]. Bepo-
SITHO, TaKast HCOOHO3HAYHOCTh CBSI3aHA C Pa3TMIUSI-
MU B METOJOJIOTUY DTUX UCCIIEIOBAHUI U yIETe OCO-
OEHHOCTEll IaTOJOrMYecKoro mpoiiecca, Ha (hoHe
KOTOPBIX BBOAWJICS ToUMIU3ymMab. Tak, Hammpumep,
YCTAaHOBJICHO, UYTO HA OTBETHYIO PEaKIINIO IIPH BO3-
JIEMCTBUM TaHHOTO TIperapaTa BJIMSIOT MOPOTOBbIE
ypoBHU C-peakTUBHOIo Oejka, KoTopas OTJUYaeT-
Csl OT peaKIuy B OTBET Ha KOPTUKOCTEPOUIbI, YTO
yKa3bIBaeT Ha I1IeJIECOOOPa3HOCTh COBMECTHOTO Ha-
3HA4YeHUs JaHHBIX MpenapatoB [15, 32]. [Ipu stom
KOPTUKOCTEPOUIbI 3HAYUTEbHO CHIKAIOT CMEPT-
HOCTBb TOIZa, KOTJAa y TMalreHTa HaOJfogaeTcs WH-
TEHCUBHAsl CUCTEMHasl BOCHAJIMTEJIbHAS pPeaKIilus,
olleHMBaeMasl 0 OTHOCUTEIbHO BBICOKOMY COAEP-
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xkaHuto C-peakTuBHOro 6enka. Ho B To ke BpeMs
MMeJIO MECTO yKa3aHue Ha, BO3MOXHO, 00Jie BBICO-
KYI0 CMEPTHOCTh IIPU WX Ha3HAUYCHWW TAIlMEHTaM C
HU3KOW CUCTEMHOUW BOCTIAIMTEIBHOW peaKIMen mo-
cJie TIONpaBKM Ha OCHOBHBIE (haKTOPHBI PHUCKA, yXKe
onucaHHbIe B auteparype [32]. Hapsmy ¢ atum, TO-
OWIM3yMad IIPOIEMOHCTPUPOBAT ITOJIOXUTCIbHBIN
3 (deKT y mammneHTOB CO 3HAYMTEILHO OoJiee HU3-
KHUM TIOPOTOBBIM 3HadeHUEeM C-peaKTHBHOTO Oeyrka
0 CPaBHEHHUIO C KOPTUKOCTEPOUIAMH. DTO ITIpEII-
noJiaraeT 1 000CHOBBIBAeT 00Jie€ ONTUMAJIbHBIM CO-
BMECTHOE Ha3HayeHMe JaHHBIX IIperaparoB. Takoe
IpeacTaBlIeHNe HAXOAUT MOATBEPXKACHNE B TaHHBIX
BO3, oTpaxkeHHBIX BbIIIE U YKA3bIBAIOIINX HA TTOBBI-
meHue 3(pGeKTUBHOCTHU JICUCHUS IIPU COYSTAHHOM
npumeHeHun MKAT M KOPTHMKOCTEpPOUAOB, 4TO,
OYEBUIHO, CBSI3aHO ¢ OoJiee IIMPOKUM JIMaras3o-
HOM BJIMSTHUSI, OXBATBIBAIOIINM Pa3HBIE ITOPOTOBBIC
ypoBHU C-peakTUBHOTO OejKa.

YuuteiBas yacTbie MyTallMM BUpYca, OIpeeIcH-
HYIO 11eJ1€CO00Pa3HOCTh BUISIT B COBMECTHOM MC-
noJib3oBaHuM pa3Hbix MKAT. Tak, ynmpaBieHueM I10
CaHUTapHOMY HaI30py 32 KA4eCTBOM MUIIEBHIX IIPO-
nykToB 1 MeauKaMeHToOB CILIA BeimaHO pa3pelreHune
Ha WCMoJib30BaHUE: OaMylaHMBUMAaO-3TeceBUMaO0,
Ka3upuBUMaO-uUMAEeBUMa0, COTpoBUMAO, THKcare-
BUMaO-cuiraBumMad u o6errenoBumabd. IlepBbie Tpu
omoOpeHbl mjist JedeHus mnaiueHToB ¢ COVID-19
JIETKOM U CpeHEN CTENEeHU TSKECTU, KOTOPhIE MOO-
BEpPKEHBI BBICOKOMY PHUCKY HPOrpeCcCUpPOBaHUS
COVID-19 ¢ mepexomom B TsEKeIylo ¢hopMy U/Uianu
TOCTIUTAJIN3allIM, TOTAA KaK KacHMPUBUMAaO-MMIEC-
BUMad U OamMJIaHMBHUMAO-3TeceBUMAaO IpeaiararoT
HMCIIOJIb30BaTh IJIs ITAlIMEHTOB, HEJABHO IIepeHeC-
mux COVID-19, ¢ ocnabieHHBIM UMMYHUTETOM, HE
npuBUTHIX [16]. OmHAaKoO, COIIacHO OOHOBJIEHHIO,
3(pPHEKTUBHOCTH COBMECTHOT'O UCIOJIb30BaHUS OaM-
JaHMBUMaba M 3TeceBUMaba, a Takke KaCUpUBU-
Maba u nMaeBMMaba MpoTuB BapraHTa «OMUKPOH»
MajioBeposiTHa. IIpenriomaraercst, YTo HanmOOIbIIasK
AKTUBHOCTB OYIET COXpaHAThCS y IIpelrapaTa CoOTpo-
BuMad. B Poccuu nopoOHbIe mpenapaTthl moka He 3a-
peructpupoBaHbl. IX Ha3HaUYeHUE BO3MOXHO TOJIb-
KO C corjlacusi BpaueOHO KOMUCCUM TIPU HAJTUIUU
pas3pelleHusl Ha BpeMEHHOEe OOpallleHHE.

BaxHo oTmMeTuTh, UTO aHTaroHUcThl IL-penen-
TOpOB 00JIaTal0T KOMIUIEKCOM pa3HOHAIIPaBJICHHBIX
TMOJIOKUTEIBHBIX TePaneBTUICCKUX BIUSIHUN, MO-
TYIIUX KOPPEKTUPOBATh pa3HbIC 3BCHbBs ITaTOr¢HE3a
COVID-19, ero ocnoxHeHus. Tak, BHYTPUCOCYIN-
cTast aKTUBAIMsI WM WX arperamust U1 TpoM003 — OBa
BaXHBIX ITATOTEHHBIX (PakTopa, OOYCIOBICHHBIX
COVID-19. TIlomuMo y4yacTus B pPEKpPyTUHIE U
TPpaHCMUTPALM UMMYHHbBIX KJI€TOK B BOCITaJICHHYIO
TKaHb, aKTUBUPOBAHHbBIC TPOMOOIIUTHI TaKXKe BbI-
CBOOOXXIAIOT MHOXKECTBO BOCHAJIUTEIbHBIX MOJC-
KyJ, KOTOpPbIC MOAACPKUBAIOT aKTUBAIIMIO U PEKPY-
TUPOBaHNEC UMMYHHBIX KJICTOK, a TAKKE YBEJIMICHUC
TMPOHUIIAEMOCTH COCYIOB W IIPOBOCITAIUTEIILHYIO
cpeny [29]. TpoMOOLMTHI 3KCIPECCUPYIOT BoOcMa-

JINTEJIbHbIE 1 UMMYHHBIC PEakKILMK, B TOM YHCIE U
VHTEPJENKUHOBBIE U JIEMKOTPUEHOBBIE PELIETITOPI
U, COOTBETCTBEHHO, MCIIOJIB30BAHNE WX aHTarOHU-
CTOB MOKET OKa3bIBaTh IMOJIOKUTEIbHBIN TepareB-
TUueckuii a3¢p@deKT, 0COOEHHO B COUETAaHUM C aHTU-
TpoMOoUTapHLIMU Tipenapatamu [8]. Ilpu sTOoM
OHU MOTYT CHIDKATh MOBPEXKACHNE HE TOJIBKO TKAaHU
JIETKOTO, HO W HEPBHOM CUCTEMBI, TIOYEK U JPYTUX
OpPraHoOB U CHUCTEM, KOTOPbIC YacCTO IPOSIBISIIOTCS
ocnoxHeHussmMu ipu COVID-19.

HccrienoBanusi OTHOCUTETBHO a3p030JIETepanum
Ha OCHOBE aHTUTEJ MOATBEPAUIU, UTO 3TO dhdeK-
TUBHBII M 0e30ITaCHBIN MMOAX0 K MPOoGUIIaKTUKE U
JICYCHUIO 3a00JIeBaHUII OBIXaTeIbHBIX MyTeil. BBe-
JMIeHUEe HEUTPAJIM3YIOIIMX aHTUTE]T Ha MOJIC/IN ITHEB-
MOHHMM C MCIOJIb30BaHUEM BHUpyca I'pHUIIa WHTpa-
Ha3aJIbHBIM M a3pO30JIbHBIM ITYTSIMU UX JTOCTABKH B
JIETKME TTOKa3aJjIo JIyJIIylo 3allInTy 1 00Jiee BBICOKUI
TepareBTUUYeCcKuii 3(pPEKT Mo CPpaBHEHUIO C CUCTEM -
HBIMU ITyTSIMHU ¥ TIO3BOJIMJIO KOHTPOJIMPOBATH ITO3/I-
HIOIO CTaauIo MH(MEKIINU C TIOMOIIBIO0 3HAYUTETHHO
CHUXKEHHOM 103kl BBeieHHOTro npenapara [35]. I[Tpu
3TOM OlLieHKa 3(@EeKTUBHOCTU a’pO30JbHON [10-
crasku MKAT B /II1 cBumerenbcTBOBaIa, YTO LiE-
JIeBble KOHIIEHTpAllMM BBOIMMOTO Mperapara, B JBa
pa3a mpeBbllIaId T€, KOTOPbIe JOCTUTAIOTCS IIOCie
BHYTPUBEHHBIN JOCTaBKU M SIBIISIIOTCST (hapMaKoJIo-
ruyecku 6osiee NEMCTBEHHBIMU U dD(HEKTUBHBIMU,
HECMOTPSl Ha YMEHbIIIEHWE MCXOAHOIo KOJIMYecTBa
mnpenapara, BBOIUMOTO CHCTEMHBIM NyTeM U CBO-
JISIIETO Ha HET BO3MOXKHOCTb IMOOOYHbBIX 3(h(PEKTOB.
B utone 2021 roga 66110 COOOIIEHO 00 UHTATISIIMOH -
HOM nipuMeHeHUn HoBoro MKAT, neMmoHCcTpUpylo-
IIIeM BBICOKYIO ap(PUMHHOCTH K ITUITIOBUIHOMY O€JI-
Ky Bcex LITaMMOB Bupyca, mis JedeHuss COVID-19,
AUG-3387, apisionierocsi NpoayKToM COBMECTHOI
JIesTeIbHOCTU KoMmItaHuii Augmenta Bioworks u
TFF Pharmaceuticals Inc. OH mpenHa3zHauyeH s
JedyeHus yxxe nHGuuupoBaHHbIx SARS-CoV-2, ko-
TOpbIC MMEIOT BBICOKHUI PUCK TSKEJOro 3aboJjieBa-
HHS, HO €llle He ObUIM TOCHUTAIN3UPOBAHBI, a TaK-
xe mist npodunaktuku uHdbeknuu SARS-CoV-2
y JIMIL C BBICOKMM PUCKOM TSIXKEJIOro 3aboJjieBaHUSI.
BTOo IpeaycMaTpuBaeT pa3padoTKy TEXHOJIOTUU TOH-
KOTUICHOYHOW 3aMOPO3KU JUISI TPOU3BOJICTBA CYXUX
BBICOKOJIMCIIEPCHBIX (CPeIHEeMAacCOBbI a’poanHa-
Muyeckuii nuamerp — 3,4+0,73 MKM) MTOPOILIKOBBIX
COCTaBOB TSI MHTAISTIIMOHHOM TOCTaBKU HEIIOCPE/I-
CTBEHHO B HamboJjiee CKOMIIPOMETUPOBAHHbBIC BUPY-
coM tepmuHanbHbie 1T [13].

B mmocnenHee BpeMs ImproOpeTaeT IMOmyJISIpHOCTD
WCTIOJIb30BAaHUSI CPENICTBA MTyPUHEPTUYECKOU pery-
assumu (CITP) ¢pusuoornyeckux 1 nmaToJJornyeckmux
MIPOLICCCOB U peaKIilvii, BKItoJasi BOCIIaJICHUE, OITy-
XOJICBBIM POCT, peakIMM OTTOPKEHUS TpaHCIUIaH-
Tara W Jp., KOTOPOE OCYIIECTBIIsIETCs Oyiarogapst
MypPUHEPrUYECKO CUTHAJIbHOIM cucTeme. JlaHHas
cucTeMa BBITIOJTHSIET KITIOUEBYIO POJIb B PETYIISIIIMU
MEXKJIETOUYHBIX B3aUMOICHCTBUIA B MHKPOIIUPKY-
JIITOPHOM pYyCJe M TIPEACTaBIISIET COOOI cucTemy
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B3aumoneiictBust ATD u ero MeTaboIUTOB C COOT-
BETCTBYIOIIMMU DPELIEITOPAMU — MOBEPXHOCTHBIMU
peLeTITOPHBIMHU MOJIEKYJIaMH, YIYACTBYIOIIMMU B Pe-
TyJMpoBaHUM ypoBHs BHekJieTouHO AT®. IMocnen-
HSISl ydJacTBYeT B MHUILMMPOBAHWM BOCHAJICHUU 3a
CUET pa3HbIX MEXaHU3MOB, BKJIIOYasi YCKOPEHUE aK-
TUBAaIUM T-KJIETOK, MOBBIIICHNE CUHTE3a M CeKpe-
LMY TIPOBOCHATUTENbHBIX HTMTOKUHOB [20]. [ToaTomMy
cpeacTBa, obGnamarouive 3@dexkTamMmu, TMPOTUBOIIO-
JOXHBIMU BaustHUI0O AT® 3a cueT MHTMOMPOBAHUS
COOTBETCTBYIOIIIMX PELENTOPOB, pacCMaTpUBAIOTCS
Kak BecbMa 3(p(eKTUBHbIE 1JII WHAKTUBUPOBAHUS
BOCHAJIMTEJIBHOTO IIpoliecca M C IMO3UIIMU HEKOTO-
peIX Kitaccudurkaumit n otHocsaTesa K MUC [5]. B pe-
3yaekTate Bo3aecTBust mogooHbix CITP, B yacTHOCTU
aleHO3UHa, OTPaHUYMBAETCSI UMMYHHBIM OTBET, TaK
KaK TIOMaBJISICTCS aare3ms JICMKOILIMTOB K 3HIOTEe-
JIMAIBHBIM KJIETKaM MUKPOUUPKYJISITOPHOTO pycia,
CHMKaeTcs repegadya BHYTPUKIIETOUHBIX CUTHAJIOB K
HelTpoduiaM M UX aKTUBAIIMS, a CJIeI0BaTEILHO, U
MPOAYKIIMS aKTUBHBIX (hOpM KHUCTIOpoaa HeTpou-
JlJaMU Y YTHETaeTCsl CUHTE3 U CEKpelMsl TPOBOCaN -
TeJbHBIX HIMTOKUHOB [12, 34]. Bce 3T0 B KOHEYHOM
WTOTE CITOCOOCTBYEeT KYIIMPOBAHMUIO BOCHAJICHUS
(puc. 3B) 1 CHUKEHUIO TOTPEOHOCTU B KOPTUKOCTE -
pounax, CTojdb yMecTHbIX mis Tepanuu COVID-19.
Hapsiny ¢ 3TuM aieHO31MH CIToCOOCTBYET BBIXOY ITPO-
TuBOBOocHaauTeabHoro 1L-10 u3 MOHOLIMTOB, a Tak-
JKe 3aIlycKaeT MpoAyKIMIo dhakTopa pocTa dHAOTe-
JISI COCYIOB, SIBJISIIOILIETOCS MOIIIHBIM WHIYKTOPOM
aHTMOreHe3a U COCYAMCTON IIpoHHIIaeMoctu [26].
bBosbMHCTBO maHHBIX 3((HEKTOB peanrnusyeTcs 4e-
pe3 A2-pelenTopbl, KOTOPbIE SKCIPECCUPYIOTCS TPU
BOCHAJIMTEJIPHOM IIPOIIECCE B Pa3IUIHBIX KJISTKaX
UMMYHHOI CHUCTeMBbI, BKJIoYas JUMQMOLUTHI, Ma-
Kpodaru, IeHAPUTHbIE KIETKU, rpaHyJouuTbl. Cy-
npeccuBHBIN 2(@PEeKT ageHO3MHAa B 3HAYUTEIbHOM
Mepe OITOCpeIOoBaH depe3 3TU peHenTopbl (A2A m
A2B) (A2AR/A2BR), 4TO MpoAEMOHCTPUPOBAHO HaA
mopenu cercuca [9]. Takum obpa3oM, B 3TOM ciiydae
3ameiicTByeTcs Treg, poib KOTOPBIX SIBISICTCS KITIO-
4eBoil B paboTe MexaHM3Ma UMMYHHOTO TOMEOCTa3a
¢ 00010103aBMCHUMBbIM BIUsSIHUEM Treg U aneHO3MHa.
OHU TeHEepUPYIOT BHEKJIETOUHBINA aaeHO3UH, KOTO-
PBIN YBEIMIMBAET KOJIMYECTBO Treg M CITOCOOCTBYET
MOBBILIEHUIO WX WMMMYHOPETYJSITOPHON aKTUBHO-
CTU, a CJIeNOoBaTeJIbHO, U HMMMYHOCYIPECCUBHOIO
s dekTa 1 CHUKEHUIO BocItasieHus [46].
IToguepkHem, uto CIIP, B yacTHOCTU aA€HO3MH,
Takke o00JagaloT KOMIUIEKCOM ITOJIOXKUTEIbHBIX
TepaneBTUUYCCKUX BIUSHUN, PaCIIUPSIONINX BO3-
moxHoctu jedeHuss COVID-19. Tak, nampumep,
TPaHCHOPT aJeHO3UHA MOXET OBbITh HampaBieH Ha
MOBBILIEHUE €T0 YPOBHS U CHIDKEHHE aKTUBAalIUMU
TPpOMOOLIMTOB, YMEHbIIIEHHE TPOMO03a 11 OC1a0IeHUST
BOCHAJICHUS TSI YAYYIIEHUSI Pe3yJIbTaTOB Teparuu
COVID-19, npu KOTOPOM 3HAUYUTEIbHbBIN yIEJIbHBIN
BEC CMEpTeil CBSI3aH C HapyIIeHHEM CBEpPTHIBAHUS
KpoBU U TpoMbOo3a [49, 50]. Eme ogHUM Ba>KHBIM
MEXaHW3MOM JIeHCTBUSI aJeHO3MHAa SIBISIETCS TO,

4TO OH aKTUBUPYET pelenTopbl A2B Ha anmukaabHOMI
MeMOpaHe PpeCHUTYATHIX KJIETOK, BEBI3BIBas M3Me-
HEHMS BO BHYTPHMKIICTOUHBIX BTOPUYHBIX MECCEH-
JKepax, KOTOPbIe CIIOCOOCTBYIOT BBICBOOOXKICHUIO
XJIOPUI0B U UHTMOUPYIOT abcopOuuio HaTpus. B pe-
3yjabTate Bojaa nonanaet B mpocset AT, mpoucxoaut
PECTUTYLIVSI X ICPULIMJIMAPHOTO CJIOST, CTUMYJIAPY -
eTcs yacTtoTa OueHus1 pecHudek [ 18, 33]. DTo, B cBOIO
ouepenb, CHOCOOCTBYET HOpPMalM3alldd MYKOLIM-
JIMapHOTO KJIUPEHCA, HapYyIICHUSI KOTOPOTO, B TOM
quCIIe ¥ IO TIPUYNHE HapYIIeHUN MypUHEPTUICCKOMN
PeTYJISILUU, SIBJISIIOTCS BEAYIIIMM ITaTOreHETUIECKUM
3BEHOM KaK MpU XPOHUYECKOI OOCTPYKTUBHOI Ma-
TOJIOTUM JIETKUX, BKJIIOYas OPOHXMAJBHYIO acTMy
n XOBJI, Tak ¥ pu OCTPOM MOpPaKEHUU JIETKUX, B
yactHocTH ipu COVID-19 [53]. Tem Gosee uto nipu
COVID-19 uMerotcs cyliecTBEHHbIE TPEanoChUIKU
IUTST HApYIIIeHUs B3aUMOISCTBUS MyKOIMIMAPHOTO
W aJIbBEOJSIPHOTO KIIMPEHCOB, 0O0ECIICYMBAOIICTO
snumuHanuio Bupyca SARS-CoV-2, yto e1iie B 60J1b-
IIeN CTeNeH! CIOCOOCTBYET €ro MPOHMKHOBEHUIO B
JAIT v matoreHHoMy BoszaeictBuio [1]. Mcnosb3ys
peryisiTopHble 3 (GeKThl aaeHO3MHA Ha MEINATOPBI
BOCHAJICHUSI C IIEJIbI0 €r0 YMEHBIICHUS 1 YJIydIle-
HMSI TPOTHO3a, A UCKJIIOUEeHUSsT TTOOOYHBIX 3 dheK-
TOB ObLJIa BHEAPEHA MHTAISIIIMOHHAS TEXHOJIOTHSI €TO
neyieBoii moctaBku B Jjerkue rmpu COVID-19. B pe-
3yJIbTaTe yIAJIOCh YMEHBIIUTD TSKECTh BOCTIAJICHUS
U COKPATUTh MPOJOJKUTEIbHOCTDh MPEObIBAHUS Ma-
LIMEHTOB JAHHOI'O KOHTUHIEHTa B cTallMoHape [45].
OmHako TOZOOHBIC MCCICIOBAHUS HOCIT COMHUY-
HBbII U IPEABAPUTEIbHBIN XapakTep U IMPOBEACHBI HA
OTHOCHUTEJIbHO HEOOJbIION rpymne 00oabHbIX. B Ha-
CTosIIIIee BPEMsI OCYIIIECTBIISIIOTCSI Oojiee MaciuTao-
HBIe KIMHUYECKUE UCITHITAHUSI TaHHOTO Ipernapara
C 1LIeJIbI0 O0JIee OOBEKTUBHOM OLICHKHU €T0 TIpaKTUJe-
CKOM nepcnekTuBsbl [51].

TaknM 006pa3oM, MMeeT MECTO CYIIeCTBEHHOE
noBBIIIIeHNE 3(MMOEKTUBHOCTA JICUCHHUS W TIPEIyC-
MaTPUBAIOTCS JAJBHEUIIINE ero MepPCIIeKTUBBI B Te-
parmuu COVID-19 npu ucnons3oBanuu MC, npen-
ctaBieHHble MKAT u CITP.

3aKnyeHne

HUcnonwzoBanue MC st eyeHus1 BoCcHaJeHUs
B JIIT mpu COVID-19 aBnsietcs BaxkabiM. OHO BO
MHOI'OM MOXET OMNpPEee)siTh COCTOSIHUE LEeHTPallb-
HOIO peryiasiTopa UMMYHHOIo oTBeTa, Ireg, U ero
B3aUMOOTHOLLUEHUSA C APYTMMU COCTaBILIOLIMMU
MaTOJIOTUYECKOTO IIpoIecca, OT KOTOPBIX 3aBUCHUT
nCcXon 3a00JIeBaHUS, UYTO CBSI3aHO ¢ a3oil M TS-
XKeCThlo 3aboyieBaHUs, 40301 mpernapata. OmQHaKO
BO3MOXHOCTH WX CYIIECTBEHHO BapbupyloT. He-
cooTBeTcTBUE 3(P(deKTa LUTOCTATUKOB U MHIU-
OMTOPOB KaJbLIMHEBPUHA, IIpeArojaracMoMy Ha-
pAmy C BEpPOSTHOCTHIO TTOOOUYHBIX 3(PPEKTOB U HEe
M3YYEHHOCTbIO XapaKTEPHOIO [Jis LIMTOCTATUKOB
KapLUMHOIEHHOTO BJIMSHUS IPU KPaTKOCPOYHOM
WX WCIIOJIb30BAHWUM B HU3KUX 103aX, B TOM YHC-
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Jie U MpU MPSIMOM MHTAISIIMOHHOM BO3JIEHCTBUM, WHHOBALIMOHHBIM TMOAXOAOM. JTO obOecrneyuBaeT
YKa3bIBAalOT Ha OTCYTCTBME 1I1€JIECOO0pPA3ZHOCTH UX JieueOHOoe MpsMoe, TTPelM3MOHHOE BO3AeiCTBIE Ha
npuMeHeHus1. [lepcreKTUBHBIMM B 3TOM INIaHe mpoliecchl BocmaneHus rmpu COVID-19, o6manaro-
MNPEICTABIISIOTCS BO3BMOXHOCTA IPUMEHEHUS OMO-  1llee TepaneBTUYECKUM MYJIBTUKOMILJIEKCOM U OM-
Joruyeckux mpemapatoB, Bkimouyas MKAT, CIIP Ttumusupylolee nepcoOHU(GDULIUPOBAHHBINA MOAXO
Ha OCHOBE yueTa poJsiu Treg, 4To MpEeACTaBIsIeTCs IPU JCUYCHUMU.
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NPOTUBOOMNYXOJIEBbIE U UMMYHOMOAYJIUPYIOLLIUE

SODEKTbl OKCUFEHOTEPANMUNA
Ceanennos B.JL!, Top:kuea A.B.2, Cenemuona I'.B.2

'@I'BHY «Poccuiickuii Hayunbiil yenmp xupypeuu umenu akademurxa b.B. Ilemposeckoeo», Mockea, Poccus
2@I'BHY «Hayuno-uccredosamenvckuii uncmumym )yHOAMEHMAALHOU U KAUHUYECKOU UMMYHOA0UU»
Hosocubupck, Poccus

Pe3iome. M3BecTHO, 4TO UIIEMUST ¥ TUTIOKCHSI B OITYXOJIEBOM MUKPOOKPYKEHUHN CTTOCOOCTBYET OITyXOJIe-
BOI1 TIporpeccui. et Kuciaopoaa CABUTaeT METa00IM3M PaKOBBIX KJIETOK OT OKMCIUTEILHOTO (hocdo-
punupoBaHus K aspooHoMy (addekt BapOypra) 1 aHa3pOOHOMY TJIMKOJU3Y. DTOT U3MEHEHHBIN YIJIEBOI-
HBIl 0OMEH XapaKTepU3yeTCsl HU3KOM 9HEpreTUUeckKoit a(peKTUBHOCTHIO M YPE3MEPHBIM UCTIOJIb30BaHUEM
TTIOKO3BI. B yCIOBMSIX THTIOKCUY B 37I0KQYECTBEHHBIX KJIETKAX 0cjlabeBaeT aHTUOKCUAAHTHAS 3allliTa U, CO-
OTBETCTBEHHO, TTOBBIIIACTCS UX YYBCTBUTEIBHOCTh K MPSIMOMY TOKCUYECKOMY NEHCTBUIO aKTUBHBIX (hopM
kuciopona (APK). Ha mpakTrKe HachIIIIEHUE OMyXOJISH KUCIOPOIOM OOBIYHO JOCTUTACTCS IIPUMEHECHUEM
BOJIOPACTBOPUMOTIO 030Ha WJIu runepbapudeckoii okcureHamueii. AOK 1 cBoGoaHbIe paarKaibl BEI3bIBAIOT
MOBBIIIEHHYIO TEKy4YeCTb MeMOpaH (JIurornepokcuaanusg GocdoaunuaoB), MOBPEXIAIOT IHEPTETUYECKYIO
GYHKIMIO MUTOXOHIPUI U BBI3BIBaOT okucianuteabHoe nospexaeHue JJHK n PHK. IMokaszano, yro ADK,
TeHepUpyeMble B Pe3yIbTaTe OKCUIATUBHOTO B3pbIBAa, CIIOCOOHBI YCUJIMBATH TIPOTUBOOITYXOJIEBbIN 3D deKT
XUMUOJIydeBou Tepanuu. ITokazaHo, yto ADK, nmpoayLupyeMble MMMYHHBIMU KJIETKAMU, CITOCOOHBI IIPSIMO
MHTUOMPOBATH OITyXx0yeBbIil pocT. Kpome Toro, ADK obecrneunBaioT JOMOJHUTEITLHYI0O UMMYHOCTUMYJISI -
LIMIO TIOCPEICTBOM MHAYKLIMU MyTareHe3a B OIYXOJIU U ITOSIBJICHUSI UMMYHOIEHHBIX HeoaHTUreHoB. ADK
CTIOCOOHBI TaKXe YCUJIUBATH MPOTUBOOITYXOJIEBYI0O UMMYHHYIO 3alllUTY 3a CUET CTUMYJISIIIUM TIPOAYKIITUU
WMMYHHBIMU KJIeTKaMu UHTepdepoHa-y, hakTopa Hekpo3a omyxonau-o, 1L-2 u IL-6. C apyroii cTOpoHBI,
A®K MoryT oKa3blBaTh HETATUBHOE BJIMSTHUE HA TIPOTUBOOIYXOJIEBBIIT UMMYHUTET. B yacTHOCTH, OHU MO-
ryT: 1) crmoco6CcTBOBAaTh HAKOIUICHUIO peryasiTopHbIX T-kinetok (Treg) m MUeTOMAHBIX CYTIPECCOPHBIX KJle-
TOK B OITyXOJIEBOM MWKPOOKPYXEHWUM, 2) TIOIACPXUBATh (PYHKIIMOHATBbHYIO aKTUBHOCTH aJIbTEPHATUBHO
akTUBUpPOBaHHBIX (M2) makpodaroB u (N2) HelTpoduUJIOB U 3) HApyIIATh MPE3eHTALMIO0 UMMYHOTEHHBIX
aHTUTEHOB IEHAPUTHBIMU KJIeTKaMU. Tak, ObII0 MoKa3aHO, YTO OTHOCUTENIFHO HU3KMe KoHIleHTparnn ADK
CITOCOOHBI MOAAEPXKUBATh aKTUBALINIO, Mpoaudepalnio U nuddepeHIUPoBKY T-1UMEOOLIUTOB, TOrma Kak
Beicokue koHIleHTpanun ADK obnanaot oopatHbiM addekrToMm. EcTh ocHOBaHMS ToaraTh, 4TO MaKCH-
MaJIbHO BO3MOXHBIN KJIMHUYECKUN 2(hhEeKT OKCUTEHOTEparuy MOXKET ObITh JOCTUTHYT B CJIydae €€ OJHO-
BPEMEHHOTO WJIH TTOCIE0BATEIbHOTO KOMOMHUPOBAHUSI C UMMYHOTEPATIeBTUYECKUMU BMEIIIaTEeIbCTBAMMU.
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TakuM 0Opa3oM, Ha OCHOBaHUWM IIPEICTAaBICHHBIX JaHHBIX AeIacTCs 3aKITI0UCHUE, UTO:

— aKTUBHBIC (DOPMBI KMCJIOPOIa, MHAYLIMPOBAaHHBIE OKUCIUTEIBHBIM CTPECCOM, MOTYT OBPEKIATh OITy-
XOJIEBBIC KJICTKM, HE OKa3bIBasl IIPA 3TOM CYIICCTBEHHOTO BIUSTHIS Ha HOPMaJTbHBIC KJIETKH;

— KUCJIOpOAHAs Tepanusi CIIOCOOHA yCUJIMBATh IIPOTUBOOMYXO0JIeBbie 3(h(heKThl XMMHOIYIEBOI Tepalinu;

— KUCJIOPOAHYIO TepaIluio 11eJeCo00pa3Ho coYeTaTh ¢ MMMYHOTepanueil 1Jisi JOCTVXKEHUST MaKCUMallb-
HOTO MPOTUBOOITYX0JIEBOro 3(pdeKTa ¢ MUHUMATbHBIMU MOOOYHBIMU 3P PeKTaMu.

Kurouesnie crosa: onyxonv, 2unokcus, aKkmughbie (opmvl KUCA0POOQ, OKUCAUMENbHbLIL CIPeCcC, XUMUOAYHe8as Mepanus,
UMMYHOMePanus, 2unepoapu4eckas OKCU2CHAyUs, umemusi-penep@ysus, onyxonee0e MUKPOOKDYICeHUe

ANTITUMOR AND IMMUNOMODULATORY EFFECTS
OF OXYGEN THERAPY
Seledtsov V.I Dorzhieva A.B.», Seledtsova G.V."

¢ B. Petrovsky Russian Research Center for Surgery, Moscow, Russian Federation
b Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation

Abstract. It is well known that ischemia and hypoxia in the tumor microenvironment promote tumor
progression. Oxygen deficiency in tumor microenvironment polarizes cancer cell metabolism from oxidative
phosphorylation to the aerobic mode (Warburg effect) and anaerobic glycolysis. This altered carbohydrate
metabolism is characterized by low energy efficiency and excessive glucose consumption. Under hypoxic
conditions, the antioxidant protection of malignant cells becomes weaker, thus causing a sufficient increase
of their susceptibility to direct toxic effects of reactive oxygen species (ROS). In clinical practice, oxygen
saturation of tumors is usually achieved by using water-soluble ozone or hyperbaric oxygen. The ROS are
shown to be produced by oxidative burst, thus being able to enhance antitumor effects of chemoradiotherapy.
The immune cell-derived ROS were shown to directly inhibit tumor growth. In addition, ROS provide
additional immune stimulation through the induction of mutagenesis in the tumor cells and production
of immunogenic neoantigens. ROS may also enhance antitumor immune defense by inducing synthesis of
interferon-y, tumor necrosis factor-a, IL-2 and IL-6 by immune cells. Moreover, ROS may exert a negative
effect on antitumor immunity. In particular, they are able to: (I) favor the recruitment and accumulation of
regulatory T cells (Treg) and myeloid-derived suppressor cells (MDSCs) in the tumor microenvironment;
(IT) promote accumulation of alternatively activated (M2) macrophages and (N2) neutrophils, and,
(IIT) impair presentation of immunogenic antigens (Ag) by dendritic cells. We suggest that the maximal
clinical effect of oxygen therapy could be achieved in case of its simultaneous or sequential combination with
immunotherapeutic interventions.

The authors conclude that:

— oxidative stress-induced reactive oxygen species may preferentially damage tumour cells without signi-
ficantly affecting normal cells;

— oxygen therapy may potentiate anti-tumour effects of chemoradiotherapy;

— oxygen therapy could be effectively combined with immunotherapy to achieve maximal anticancer effects
with minimal side effects.

Keywords: tumor, hypoxia, active oxygen radicals, oxidative stress, chemo-radiation therapy, immunotherapy, hyperbaric
oxygenation, ischemia reperfusion, reactive oxygen species, tumor microenvironment

BBe fIeHne raeT MeTaboJIU3M PaKOBBIX KJIETOK OT OKHCIUTEIb-
Horo ¢ochopunupoBaHusi K a3pooHoMy (3ddeKT

HM3BecTHO, YTO MUKPOLMPKY/ISATOPHBIC HApyLIe-  BapGypra) M aHa3pOOGHOMY IIMKOIHU3Y. B oTcyTCTBHIE
HHS ¥ OIYXOJIEBOE BOCMAJIEHNE NIPUBOIAT K AePU-  kycaopoaa NUpyBaT BOCCTAHABIMBAETCS IO JaKTaTa
LUTY KUCJIOPOAAa B OMYXOJIEBOM MUKPOOKDPYXKEHUU [OCPEACTBOM aHadpPOOHOro IJIMKOJM3a, TAKUM O0-
(OMO). B cBo10 ouepenb, 1ePULIAT KUCIOPOAA CABUM-  pa3oM, o0Xolsi oOpa3oBaHME alleTUI-KodepMmeHTa
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Kucaopoo 6 mepanuu onkonoecuueckoii namoaoeuu
Oxygen in the treatment of malignancies

A U ero nanpHeliliee okuciaeHue o uukiay Kpebdeca
1o CO, u H,0 [28]. DTOT U3MEHEHHBII yTIIeBOTHBIN
o0OMEH XapaKTepHu3yeTcsl HU3KOW DHEPreTUYecKoit
2(HEKTUBHOCTBIO M Ype3MEepPHBIM HCIIOIb30BAHM -
eM rmoko3bl [33]. OmyxoJieBble KJIETKM HaKarlu-
BalOT MOJIOYHYIO KHUCJIOTY, KOTOpasi CIOCOOCTBYET
KJIETOYHOMY allM03y M B COUYETAaHUU C TUITOKCHUEN
CTUMYJIMPYET TPAHCKPUIIIINIO TPOTYMOPOTCHHOTO
dakTopa, MHIAYLMPYEeMOro TMIIoOKcuei daxkropa 1A
(HIF1A, hypoxia-inducing factor 1A), KOTOpBbIii,
B CBOIO OYepenb, MHAYIHUPYET TPAHCKPUIIINIO HE-
CKOJIbKUX T€HOB, KOIUPYIOUIMX TIMKOJIUTUYECKUE
(depMeHThl TeKCOKMHa3a, ajbaoJaida, (pochodpyk-
TOKWHA3a M JIAKTaTACTUAPOTreHa3a), OIOCPEIYIOIINe
alarTUBHbIE KJIETOYHbIE peakI[MM Ha TUIOKCUYe-
ckuit crpecc [35]. Kpome toro, HIFIA akTuBupyet
TPAaHCKPUMIINIO TEHOB HECKOJBKUX aHTHMOTCHHBIX
(GaKTOpOB, B YACTHOCTU (paKTopa pocTa IHAOTEIUS
cocynoB (VEGF, vascular endothelial growth factor)
u ero peuenrtopa (VEGFR) u, Tem caMbiM, cTUMY-
JIUPYET B OITyXOJU aHOMaJIbHBIM POCT COCYIOB. DTHU
coCylbl HE CMOCOOHBI obecneuynBaTh HOPMaabHOM
KPOBOCHAOXKEHHE OITyXOJICBOM TKaH!, TO3TOMY OIy-
XOJIb JIaXK€ C BBICOKOM BaCKYJISIpU3aLIUEA COICPKUT
TUITOKCUYHBIE obyacTu [28].

Bricokmii ypOBeHb MIIEMUH U TUIIOKCUU B OIy-
XOJIM CIOCOOCTBYET €€ MPOrpecCUu U SIBASIETCS] He-
071aronpusATHBIM MPOrHOCTUYECKUM akTopoM. Ha-
npuMep, mapliuajibHoe 1aBieHue Kuciaopona (PO,) B
OMyXOJI1 MOJIOYHOM XeJie3bl COCTaBJIsSIeT B CPEIHEM
10 MM pT. CT. (JUISI CpaBHEHUS B HOPMaJIbHOUW TKaHU
MOJIOUHOM KeJje3bl > 60 MM pT. cT.) [28, 49]. B ueiom
TUITOKCHUSI CIOCOOCTBYET OTOOPY OIMYXOJIEBBIX KJIETOK
C TIOBBIILIEHHOW aHTU-aNOTITOTUYECKOW YCTOMYUBO-
cThiO [28].

JuTtesbHass TUITOKCUS TTPUBOIUT K 3HAYUTEb-
HOMY CHUWXEHUIO TIPOAYKIIMM AaHTUOKCUIAHTOB B
OMmyXo0JeBhIX KiTeTKax. CHIKeHME COIepKaHUSI aHTU-
OKCHJIAaHOTOB B KJIETKaX Pe3KO MOBBIIIAET YyBCTBU-
TEJILHOCTh 3TUX KJIETOK K OKUCITUTEILHOMY CTpeccy.
YcTaHOBIEHO, YTO WHOYLIMPOBAHHBIM aKTUBHBIMU
(dhopMaMM KUCIOPOJa OKUCIUTEIbHBIN CTpecc moaa-
BJISIET 3JTOKAYECTBEHHBIN POCT U MOBHIIIIAET YYBCTBU -
TEIBHOCTD OITYXOJIM K AIEUCTBUIO KaK XMMHUOJIyIeBOM
Tepanuu [44], Tak 1 UMMYHOTEepaneBTUYECKOTO Jie-
yeHus [47]. Huxxe Mbl 06CyIUM MeXaHU3MBbI TIPOTU-
BooIryxoJieBbIX 3¢ dpekToB ADPK u ouepTM HUIILY U
MEePCIIeKTUBbI UCTOJb30BaHUS KUCIOPOIHOU Tepa-
MU B KOMIUIEKCHOM JISYEHUU paKa.

IIpoTuBOOMyX0/I€BbIe IMTOTOKCHYECKHE CBOCTBA
ADK

ADK o00pa3yioTcsi TpeMMYyIIeCTBEHHO B MMU-
ToXoHAPUSAX. OHU BKITIOYAIOT B Ce0ST CYNEPOKCUII
(*O,-), mepexkucy Bomopoaa (H,0,), ruapokcuiib-
Hblil pagukan (*OH-), cunmietHslii kuciopon (10,),

anbda-kuciaopon (o-0), a TakKe aKTUBHbIE (DOPMBI
a30Ta Takue, Kak okcua azora (NO*), nmokcum azoTa
(NO,*), n niepokcuHutput (ONOO-). ADK 3amy-
CKAaIOT LIETTN PeaKIINii, TPUBOISIINX K ITOBPEXKICHUIO
JHKu PHK, a takzke oKrcJIeHUIO O€1KOB 1 JIMTINI0B
(mepekucHoe okuciieHue aununos) [36, 51]. BaxHo
OTMETUTH, YTo ADK 06pa3yloTcst He TOJBKO B MaTO-
JIOTMYECKUX, HO U HOPMAJIbHBIX YCIIOBUSX, SIBISSICH
BaXXHBIMU (DU3UOJOTUYECKUMU TPOIYKTaMU HOP-
MaJIbHOM XKU3HEIeITCIbHOCTU KIIETOK. DTU IPOAYK-
Thl YCWJIMBAIOT aKTUBHOCTHh N1f2, KOTOPHIN, B CBOIO
ouepenb, CTUMYIMPYET TPAHCKPUIILIUIO TEHOB, KO-
PYIOIINX PSII aHTUOKCUIAHTHBIX (DEPMEHTOB TaKUX,
KaK CYNEPOKCUIINCMYTa3a, TJIyTaTMOHIIEPOKCUIA-
3a, TJIyTaTUOH-S-TpaHc(depas3a. KaTajiaza, IreMOK-
cureHa3a-1, NADPH-xuHoHoKcuaopeaykrasa, a
TaKxKe OCJIKM TeTJIOBOTO 1IoKa [22, 28, 45]. Otu ripo-
JIYKThI 3aIIAIIAI0T KJIETKU OT MOBPEKAAIOIIEero aeii-
ctBusd ADK 1 cBOOOIHBIX paguKajioB, IpeBparias
nX B 0e3BpeIHBIC MOJICKYJIbI (HAaIIpuMep, BOIY).
Nmemuto-penepdpysuto (UP) wunum peokcure-
HaIlMOHHOE TOBPEXICHNE TKaHW MOXKHO paccMa-
TPUBATh KaK MOJIECIHFHYIO CUCTEMY OKHMCINTEIHBHOTO
ctpecca. MP-nmoBpexxaeHne BO3HUKAET TPU BOCCTa-
HOBJICHUM TIPEpBAaHHOIO KPOBOCHAOXCEHUSI TKaHU,
HampuMep, TIpu WH}apKTe MUOKapaa, WHCYIBTE,
JUCHYHKIIMU KeJTyTOUHO-KUIIIEYHOIO TpaKTa, CUH-
JIpOMe CUCTEeMHOM BOCHAJIUTEIBHOMN peaKIIu! 1 CUH-
JIpOMe TTOTUOPTaHHO! TUCHOYHKIINH.
BayTpuonyxoneBasi TMIIOKCUS OCla0JIsIEeT aHTU-
OKCUJAHTHYIO 3alllMTYy OITyXOJEBBIX KJIETOK [2, 25,
39, 43, 53] 1 TeM caMBbIM 3HAYUTEIILHO MOBBIIIAIOT
YYBCTBUTEJIBbHOCTb 3TUX KJIETOK K IIUTOTOKCUYECKO-
my neiictBuio ADK, oOpa3ymommxcs B OTBET Ha OK-
cureHanuio onyxoiu. ADK 1 cBoGOaHbBIE paIyKaIbl
BBI3bIBAIOT TTOBBILIEHHYIO TeKy4yecTbh MeMOpaH (Ju-
nonepokcuaaus ¢GochoaUIraoB), MOBPEXIAIOT
SHEPreTUICCKYI0 (DYHKIINIO MUTOXOHIPUI W BBI3BI-
BaroT okucaurtenabHoe nospexaeHue JHK u PHK.
IIpsimast peakKTOre HHOCTh MaJIOHOBOTO AUaIbIAeTuIa
MPUBOAUT K MyTauusM, casuraromum B IHK pamku
cuutbiBaHus [10, 55]. OnocpenoBanHoe ADPK okuc-
JieHUe 0eJIKOB BbI3bIBAET 00pa30BaHUE MEXOETKOBBIX
TIOTICPEYHBIX CBSI3eil M (pparMeHTanio 0eaKoB. Ta-
KuM obpaszoM, ADK criocoOHbI MHAYLIMPOBATh pa3-
HOHAaINpaBJIeHHOE ITOBPEXIEHNE KIIETOUHBIX CTPYK-
TYp, ITO3TOMY KJIETKUA HE MOTYT IOCTUYb a0COTIOTHOM
YCTOMYUBOCTU K orocpenoBaHHO ADPK 1MTOTOK-
cUYHOCTU. YTOOBI BbI3BIBATHL T'MOEb KJIETOK, I10-
BpexxneHus, Bei3BaHHBIe ADPK, MOKHBI TOCTUTATH
onpeae/IeHHbIX MOPOroBbIX YPOBHel. B cpaBHeHUM
C HOPMaJTbHBIMU KJIETKAMH OITYXOJIEBBIC KJIETKI 00-
JIamaioT 0oJiee BEICOKOUW METabOIMIEeCKON 1 IIPOII-
(depaTUBHOI aKTUBHOCTbHIO, TTOSTOMY OHU HOKHBI
Jerde (OBICTpee) OOCTUTATh KPUTUUECKUX YPOBHEH
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BbI3BaHHBIX ADK moBpexaecHUit. deiiCTBUTEIIBHO,
B HECKOJIBKUX 3KCIIEPUMEHTAIBHBIX MOJIECIISIX OBLIO
nokasaHo, 4yto ADK MoryT pa3pyiiate ONyxoJjieBbie
KJIETKM, HE OKa3bIBasl, MPU ITOM, CYIIECTBEHHOTO
BIUSHUS Ha HOpMaJibHble KieTku [11, 28, 45, 52].
DTU JaHHBIE CTPOro MOATBEPXKAAIOT TOT (PaKT, YTO
B CPaBHEHUM C HOPMAJIbHBIMU KJIETKAMM, OITyXOJIe-
BbIC KJIETKM TOpa3mo 0oJjiee UyBCTBUTEIBHBI K TOK-
cnueckomy Aericteuio ADPK. HyxHo Takke MMeTh B
BUIY, YTO HOpMaJIbHbIE KJIETKU, KaK MPaBUIIO, JTyd-
III¢ B CpaBHEHMHU C OIYXOJICBBIMHU KJIETKaMM CHa0-
JKaloTCsl KUCIOPOAOM KPOBU, U, BCJEICTBUE YEro,
OHU TOCTOSIHHO TMOJJIEP>KUBAIOT BHIPAOOTKY aHTH-
OKCHUIAHTHBIX MOJIeKyJd, HewTpanusyommnx ADK.
TeopeTnyeckr OKCUTEHAIIMST OITYXOJIM JOJKHA TP~
BOAWUThL K WHruouposaHuio axktuBHoctTu HIF-1a
B ONYXOJCBOM TKaHM M, TEM CaMbIM, CHIKaTb
OIYXOJIEBbIA HEOAHTMOTeHEe3 U MeTacTa3upoBaHUeE.
JeiicTBUTENIbHO, B MOJIEIN HEMEJIKOKIETOUYHOTO
paKa JIeTKOTo OBLI0 TOKa3aHO, YTO ruIiepdapuIccKas
okcureHauus (I'bO) nonaBaser aktuBHocTh HIF-1a
Y TOPMO3UT OITyXOJIEBYIO porpeccuio [54].

OKcureHanys B TPaJIUIMOHHOM JIeYeHHH OIMyX0Je-
BBIX 3200JIeBAHMIA

OzoHotepanusi 1 'BO TpaaulIMOHHO MCOONb-
3yIOTCS IS JICUEHUsT 3a00JIeBaHUM, TIPUBOISAIINX K
TKaHeBo# uiemuu. O30H (O;) MpeacrasiseT codoit
dopmy kucIOpOIA C TPEMST aTOMaMHU U IByMsI HeCIa-
PEHHBIMU 3JIeKTpoHaMHu. PacTBopmMOCTh 030HaA B
BOJE Y I1a3Me TpeBbiiaeT B 10 pa3 BOOAHYIO pacTBO-
puMocTb kuciopona. [lepea ncnoab3oBaHUEM 030-
HUPOBAHHBIN (PU3MOJIOTUYECKUI pacTBOP OOBIYHO
CMEIINBAIOT ¢ KpoBblo ManueHTa [12]. TokcuuHoCTh
¥ kKuHn4deckre 3¢hGheKThl 030HA 3aBUCST TIaBHBIM
0o0pa3oM OT ero KOHLIEHTpalluU U cnocoda JO0CTaBKU
B OIyX0JIEBOE MUKPOOKpYykeHue. O30HOoTepanus He
NPUMEHSIETCS ITyTEM MPSIMOTO BIBIXaHUS, TTOCKOJIb-
KY O30H 3HAUYUTEJILHO YBEJIMYUBACT COIPOTUBICHUE
IbIXaTeJIbHBIX MyTeil 0e3 U3MEHEHUST JJaCTUUYHOCTHU
JIETOYHOW TKaHUW, IIPUBOAS K HEIIPOU3BOJIBHOMY
TOPMOKEHMIO BIOXa U APYTUM HApyLIEHUSIM (PyHK-
uuu Jerkux [7]. TpaHcdy3ust HaChIILIEHHONH 030HOM
KPOBM MOXET TIOBBIIIATh OKCUTEHAIIMIO OIYXOJU
6e3 moBBIIICHUST apTepuaibHOTO PO,. XOTSI 030H
HEMOCPEACTBEHHO HE KOHTAaKTUPYET C OITyXOJIeBbI-
MU KJIETKaMHu, OH OKa3bIBaeT IPOTUBOOITYXOJIEBOE
IeficTBUE TJIaBHBIM 00pa3oM 4epe3 BTOPUIHBIC MeC-
ceHxepnl (Takue Kak O,, H,O, u 4-ruapokcuHoHe-
Hayib) [11]. TToCKOABKY O30H SIBISIETCS CTUMYJISITO-
pOM TpaHCMeMOpaHHOro nmoroka O,, 030HOTepaIusI
TakXe CIOCOOCTBYET YBEJIMYECHMUIO BHYTPMKIIETOU-
Horo ypoBHs O, [29].

B kadecTBe anbrepHATUBBI, O30HOTEPAIIMS MO-
JKET IMPUMEHSIThCSI ITyTeM BBEACHUSI O30HUPOBAHHOM
BOJIbl HETIOCPEICTBEHHO B OITYXOJIEBYIO 30HY in situ.

TTokazaHo, 94TO TaKoe BBEIEHUE MOXKET IIPUBOIUTH K
JTI0303aBUCUMOI MHTUOUIINK Tpoaudepaniu U He-
KPO3Y OITyXOJIEBBIX KJIETOK, CYILIECTBEHHO He 3aTpa-
rUBasi TIPU 3TOM XKUBHENESATEeIbHOCTh HOPMaTbHBIX
KJIETOK [27, 28]. B MeIUILIMHCKOI TIpaKTUKEe TaKXKe
HUCMOJb3YeTCsI peKTajlbHOE BBEAECHUE O30HUPOBAH-
HOTO pacTBopa. JlocTaBka KMCJIOpOJa MOXET OBbITh
OCYIIIECTBJICHA Yepe3 HOCOBYIO MOJIOCTb. BO3MOXKHBI
Takke BapuaHTbl BBEACHUS O30HUPOBAHHOTO pac-
TBOpa B TUIEBPAJIbHYIO U OPIOIIHYIO TTOJIOCTU. MBI
MpearoaraeM, 4To IIepOpabHBII IIPUEM O30HU-
pPOBaHHOI BOALI MOT Obl 3(P(EKTUBHO MUCMOJb30BaH
MpY JICYUSHUU OITYXOJIe BEpXHUX OTHAEIOB KeTy 104 -
HO-KHUIIIEYHOT'O TpaKTa M paka redyeHn. OgHaKO MBI
HE HallUTM OIMyOJIMKOBAHHBIX JAHHBIX O MEepopaib-
HOM HCITOJIb30BaHMU O30HA B MTPAKTUYECKOU OHKO-
Jornu. BaxkHO TO, UTO JIOKAJIbHOE BBEICHNE O30HM-
POBaHHOTO paCcTBOPA HE HECET PUCKOB AMOOJIM3ALIU
KPOBEHOCHBIX COCYIOB [5, 45].

I'bO 3akmouaercs B BBepeHun unctoro (100%)
KMCI0poJa MOoJ MOBbILIEHHBIM gaBjieHueM (B 1,5-3
pasa BbIllle HOPMaJIBLHOTO aTMOC(HEPHOro IaBJe-
Hus1). 'O mosemmaeT ypoBeHb O, B IuiazMe, yiayd-
IIaeT TeMOIJIO0UH-He3aBUCUMBIN mnepeHoca O, B
HOpMaJIbHble M OITyXoJieBble TKaHU [6,16]. Bbuio
noKa3aHoO, 4TO, KaK U O30H, Tuiepbapuyeckuii O,
Cnoco0eH TOBpeXaaTh pPaKOBbIE KIETKU IOCPe-
crBoM A®K-3aBucumble MexaHusMoB [16]. T'BO
criocobOHa: 1) cHmXaTh Mpoaudepalnio pPaKOBBIX
KJIETOK; 2) oKa3bIBaTb aHTUAHTMOTEeHHbIN 3P PeKT;
3) cHMXaTh arpecCUBHOCTh OIMyXOJu; 4) yJIydiiaTh
pe3yJabTaTUBHOCTL paguoxumuoreparnuu [1, 17, 30],
a TaK>Ke CIyla’kMBaTh HETaTUBHOE BAUSTHUE TUTTOKCUU
Ha T-kjaeTouHblit UMMYHUTET [19].

B npunnune, nHramsmuu O, (He O;), MIMUPOKO
HUCMOJb3yeMble B KJIMHUYECKOW MpakTUKE, MOTJIU
ObI OBITH MCITOJIB30BAHBI JIST JICUEHUST pa3HbIX (hopM
paka. Teopetmuecku, >PdeKTbl MHTAISIIIMOHHOTO
O, I0/KHBI ObITh aHaJOTMYHBI 3ddekTtam ['BO u
OIOCPENOBATHCSI UYepe3 CTUMYISIIUIO OKUCITUTEThb-
Horo ¢pochoprnupoBanHus 1 nmpoaykuu APK B mu-
ToxoHApusax. OOJHAKO B OTKPBITON JUTepaType HET
JMIAHHBIX, TIOATBEPXKIAIOIINX BO3MOXHOCTH 3(dek-
TUBHOTO NPOTHBOOITYXOJIEBOTO IIPUMEHECHMS MHTa-
JsiuroHHoro O,.

TeopeTnyecku XOpOIIIO BaCKYISIPU3UPOBAHHBIE
YYaCTKU OIIYXOJIU IOJDKHBI OBITh OTHOCHUTEIBHO
ycToMuuBEl K neiictBuio ADPK 3a cyeT BhIpaOOTKU
aHTUOKCUIAHTOB, MHakTUBMpYyomux ADK. B aToii
CBSI3 OKKIIIO3UMsI KPYITHBIX KPOBEHOCHBIX OITyXO-
JIEBBIX COCYJIOB B COUYETAaHUU C MOCJEOYIOIIE OK-
cUTeHOTeparnueil TpencTaBIsIeTcss MepCIeKTUBHBIM
METOIIOM JieueHHsI. B Takux cirydasix TUIIOKCHSI, BbI-
3BaHHasi OKKJIIO3UEN cOCynoB, OyaeT Mpu3BaHa CHU-
JKaThb BBIPAOOTKY AaHTUOKCUIAHTOB B OITYXOJIEBBIX
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KJIETKaxX 1, TEM CaMbIM, MTOBbIILIATh X YYBCTBUTEJIb-
HOCTBb K ITOCJICAYIOIIEMY TOKCUYECKOMY IEHCTBUIO
kuciaopoaa. CXoaHbI MOAXOH MOT Obl ObITh UCTOJIb-
30BaH MpU Ha3HAYEHUU MpenapaToB-UHTMOUTOPOB
HEOBACKYJISIPU3ALIN.

LIMTOTOKCUYHOCTh XMMUOJIyYEBO Tepaliuu B
3HAUYUTEJIBHOW CTETIeHU CBSI3bIBAIOT C YCUJIEHUEM
BHYTpUKJeTouHOI npoayknnu ADK m cBOOOTHBIX
panukKanaoB. B rumokcuyeckux ycJIOBUSIX OITyXOJie-
Bble KJIETKU MOTYT OBITh B TpU pa3a Ooyiee yCcTOM-
YUBHI K JIY4EBOM M XMMHUOTEPAIUM B CPaBHCHUM C
OMyXOJEBbIMU KJIETKaMU, HaXOISIIMMUCS B Cpele,
HacblleHHON KuciaopoaoMm [11, 18, 20]. OueBuaHoO,
4YTO UCKYCCTBEHHASI OKCUTE€HALIUS OMYXOJIU JOJIKHA
NpUBOIUTE K Tpupocty ypoBHst ADK B omyxose-
BBIX KJIETKax W, TEM CaMbIM, YCUJIUBATh LIUTOTOK-
cudeckuii 3pPeKT XMMHUOJIydeBoil Tepann. B aToit
CBSI3U BaXXHO OTMETUTh, YTO COBpPEMEHHasi OHKO-
Jlorusi JonyckaeT KOMOMHUPOBAHHOE MPUMEHEHUE
OKCUTCHAIIMU OITyXOJIU C Ppa3IMYHBIMUA BapyuaHTaMM
xumuoayudeBoii tepanuu [10], ocHOBBIBasiCb B OC-
HOBHOM Ha HEOXHWJAHHbIX HAOTIONEHUSIX TOTO, YTO
OKCUTEHOTEepanusl CIIOCOOHA CHMXKATh ITOO0OYHBIC
MHTOKCUKAILIMOHHbIE 3 DEKThl XMMUOTEPANU, TEM
caMbIM TIPEIOCTaBJIsIsI TOTOJHUTEIbHBIE BO3MOX-
HOCTHU UISI ONITUMU3ALIMK (YCUJICHUSI) CUCTEMHOTO
JneyeHus [42].

OkcureHanysi B iMMYHOTEPANEeBTUYECKOM JIeYeHNH
OIYyX0JIEBbIX 3200J1eBaHNI1

Tunokcusi pe3kKo CHUXKaeT MMMYHOTepamneBTU-
YeCKMEe BO3MOXKHOCTU JIEYEHUSI OMyXOJEBOro 3a00-
neBaHus. IlokaszaHoO, YTO THITOKCHSI CIIOCOOCTBYET
HakorieHn1o BOMO nMMyHOCYTPpeCCOPHBIX MUEJIO-
uaHbix KjaeTok (MDSCs, myeloid-derived suppressor
cells) u perynstopabix T-kinetok (Treg), ”HTHOUpPyeT
T-KJIeTOYHYIO aKTUBALIMIO, a TAaKXKe CHUXKAET KO-
yecTBO LUTOTOKCHMYeckux T-kierok [13]. [Toatomy
TIPEICTABIISICTCS  1IeJeCO00pa3HbIM  KUCIOPOIHYIO
Tepanuio KOMOMHUPOBATh C UMMYHOTEpamnuein mis
TOTO, YTOObI MaKCUMabHO 3(MMOEKTUBHO MPOTUBO-
JIEIICTBOBAaTh MMMYHOCYIIPECCUBHBIM 3h(eKTaM T'r-
MOKCHUMU.

CornacHO COBPEMEHHBIM MPEICTABICHUSIM, OITy-
XOJIb TTOCPEACTBOM CTUMYJISILIMM BOCTIAJICHUSI M peTe-
HepaTMBHOIO UMMYHUTETA cO37aeT OJaronpusiTHbIE
YCIOBUS U1 CBOero pa3Butus. [losTomMy jeueHue
3amylleHHbIX ¢GopM paka AOJIKHO B 00s13aTeIbHOM
MOpPsiAKE BKII0OYATh B C€0s1 TPOTUBOBOCTIAIUTEILHYIO
Tepanuio, HalmpaBIEHHYIO Ha <«OXJIAXAEHUE» 4Ype3-
MepHO BocnajieHHoM ormyxoiu. ITokazano, uro AOK
MOTYT CHOCOOCTBOBaTbh HAaKOIJIEHUIO MMMYHHbBIX
KJIETOK B BOCITAJIUTEbHBIX ouarax [26, 40]. C apyroii
CTOPOHBI, MOJTYyYEeHBI YOSIUTEIbHBIC TOKa3aTeIhCTBA
Toro, yto AMDK ob6agaroT aHTUBOCITAIUTEILHBIMUA
cpoiictBamu [30]. TlpoTuBOoCmanuTENbHBIE MeXa-

HI3MBI neiicTBuss ADK 11oKa 9eTKO He OITpeIeICHEL.
Bo3MoxkHO, OHI 00YCIOBIEHBI CTOCOOHOCTHI0O ADK:
1) ynydimath KpoBooOpalleHue [5]; 2) tHruoupoBaTh
CUHTE3 TpocTarjfaHauHoB [32]; 3) cTUMyaMpoOBaTh
BbIpaOOTKY aHTMOKCUIAHTOB B MMMYHHBIX KJIETKaX
u 4) cHuxaTh auuao3 B OMO [15, 45].

IMTokazaHo, yto ADPK, mpomyimpyemMble TMMYyH-
HBIMU KJIETKaMU, CIIOCOOHBI MPSIMO MHTUOHUPOBATH
nporpeccupoBaHue onyxoiim [24]. ADOK takke moryT
YCWJIMBATh IPOTUBOOITYXOJICBYIO UMMYHHYIO 3aIlIUTy
3a CUET CTUMYJISIUMUA MPOAYKIMU WHTepdepoHa-y,
dakTopa HeKpo3a OIyXOJU-O., WHTepJIeHKUHA-2
(IL-2) u IL-6 |26, 28, 45], a Tak:Ke 3a CYET YCUJICHUS
AKTUBHOCTH TIPOTUBOONYXO0JIEBBIX T-TMMMOLIUTOB 1
HaTypaJbHBIX KuiepoB [28]. Kpome Toro, kmcito-
pOMIHas Tepamnusl MOXET 00eCIeUUTh TOTOJHUTEIb-
HYI0 TMMYHOCTUMYJISILIMIO TTOCPEACTBOM WHIYKIINHA
MyTareHe3a B OITyXOJIHM, KOTOPBIM IPUBOAUT K ITO-
SIBICGHUI0O HOBBIX MMMYHOI'€HHBIX HEOaHTUICHOB.
CremyeT, OMHAKO, UMETh B BUAY, 9TO ADK crtocoOHbI
TakKe HEraTUBHO BJIUSATH Ha IIPOTHUBOOITYXOJICBBIM
UMMYHUTET. B 9acTHOCTH, OKMCIUTEIBLHBIN CTpecc
MOXeT: 1) crmocoO6cTBOBAaTh HAKOTIEHUIO PETYJISITOP-
HbIX T-kneTok (Treg) 1 MUETOMIHBIX CYITPECCOPHBIX
kietok B OMO; 2) moaaepxxuBaTth GYHKIIMOHATb-
HYI0 aKTUBHOCTh aJILTCPHATUBHO aKTUBUPOBAHHBIX
(M2) makpodaros u (N2) HerTpoduaos, moaaep-
JKUBAIOIIMX OMYXOJeBbII pOCT; a TakXke 3) HapyllaThb
Mpe3eHTAIlMI0 UMMYHOT€HHBIX aHTUTECHOB JICHIPUT-
HBIMU KJIETKaMHU [26].

daxkTnueckn momMmHUpYyoIIee BimsHue ADK
(MOJIOXKUTEBbHOE MJIM OTPULIATEIbHOE) HA UMMYHM-
TET, 3aBUCUT OT UX J03bl. Kak ObLIO MmokKa3aHO pa-
Hee [26, 50], OTHOCUTEIBHO HU3KHNE KOHIIEHTPALIUU
A®K crocoOHBI TTOIIepKUBATh aKTUBALUIO, IPO-
Judepannio u aupdepeHUUpoBKy T-TUM@OLUTOB,
TOrJa Kak Beicokue KoHueHTpannu ADK obinamaror
obpatHbIM 3 dexkToM. B yacTHOCTH, HU3KUE YPOB-
H1 ADPK B OMO ycmwimBamoT (GYHKIMOHATHLHYIO
aktuBHOCTb Thl- m Thl7-knetok [3], B TO Bpems
Kak BbeIcOKMe ypoBHU ADK mommep>KWBaroT >KU3-
HecnocobHocTh Th2-kimeTtok [14]. Teopetmueckw,
JUTIST TIOJIyYeHUST MaKCUMaJdbHOTO MPOTUBOOITYXO-
JieBoro 3ddeKkTa HU3KOMO03HYI0 OKCUTEHOTEPAnIo
clielyeT codeTaTh ¢ MMMYHOTepamueil, yCUJIMBao-
e KUCIOPOTHYI0 MMMYHOCTUMYJISIIIAIO, a BBICO-
KOIIO3HYIO OKCHUTEHOTCPANUIO CJCAyeT IOMOTHSITH
UMMyHOTEparuen, CHWXAIOUIEH  KHUCIOPOIHYIO
UMMYHOCYIIpeccHio. B TIpuHIUITE, YPOBEHb OKMC-
JIMTEIIBHOTO CTpecca MOXKHO peTyJIMpoOBaTh aHTHU-
okcumaHTamu. B yacTHocTH, ObLIO TOKa3aHO, 4YTO
N-aneTwImucTenH COCOOEH MOAIePXKUBATh XKU3HE -
CIOCOOHOCTD 1 (PYHKITMOHATIbHYIO aKTUBHOCTD JIIM-
douuTtoB, nHOWIBTpUpYtoiue omnyxob (TIL) [38].
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MHTMOUTOPHl MMMYHHBIX KOHTPOJBHEIX TOYEK
o0ecreyniu PEBOTIIOLIMOHHBIN TPOPHIB B COBPEMEH -
Holi oHkojiorun [34]. UMeloTcss maHHBIE O CHUHEP-
retmyeckoM 3¢ deKTe JTeKapCTBEeHHOW aKTHBALIUU
mutoxoHapuit (1 ipoaykiu ADK) n aHTUTETBHOM
uHruouuuein PD-1 Ha cTUMynsuuio MpoOTUBOOITY-
xoJieBoro T-kiaeTtogyHoro umMmmyHureta [8]. B npyrom
HUCCJIeJOBAHUM TTOKa3aHa NpsiMasi KOPPEISIUs MeX-
JIy CITOCOOHOCTBIO OITYyXOJI€BbIX KJIETOK MOTPEOJISATh
KHUCJIOPOA M WX YYBCTBUTEIBHOCTBIO K (DYHKIIMO-
HaJibHOU Otokane PD-1 [37]. DTu naHHbBIe MO3BOJISI-
IOT MPEAINoJOXUTh HaIU4ue MPOTUBOOITYXOJIEBOTO
CUHEpru3Ma KOHTPOJMPYEMOI OKCUTECHOTepaIruu
HE TOJBKO C MHTUOMPOBAHUEM MMMYHOCYIIPECCOP-
HBIX MOJIEKYJl, HO U C APYIMMU MMMYHOTepareB-
TUYECKUMM BMmelnareabcTBamMu (puc. 1). B memom
STU BMEIIATEIbCTBA MOJDKHBI OBITh HAIIPABIICHBI
Ha CTUMYJISILUIO orlocpenoBaHHbIX Thl-kieTkamu
MMMYHHBIX peakliii, KOTOpble, B CBOIO O4Yepelb,
YCUJIMBAIOT ITPOTUBOOITYXOJIEBYI0O aKTMBHOCTb NI1-

KWCNOPOOHAA TEPAMKUA / OXYGEN THERAPY +

O3oHoTtepanus / Ozone therapy

lMnepnapuyeckas okcureHauws / Hyperbaric
oxygenation

KucnopogHas nHransuus / Oxygen inhalation

rpaHyjouuToB u MIl-MakpodaroB, CTUMYIUPY-
IOT IUTOTOKCHUYECKYI0 aKTMBHOCTb €CTECTBEHHBIX
KWJUICPHBIX KJIETOK, a TaKKe CO3HaloT HEOoOXOIu-
MbI€ YCJIOBUSI IUISI TE€HEpallMU ITUTOTOKCUUYECKUX
T-numpouutos [41]. B nonosiHeHUEe K 3TOMY, OKCU-
reHaunss OMO MoXeT 00ecreurTh SHEPTETUIECKYIO
MOIIEPKKY IIPOTUBOOIYXOJICBBIM WMMYHHBIM Me-
XaHU3MaM 3a CUYET YCUJICHUST BIpAaOOTKM aieHO3MH-
Tpudocdara (ATD) B uMMyHHBIX KiaeTKax [40].
TuneprepMust (MM TepMOTEpaIIns) — 3TO UMMY-
HOTPOITHBI HEWHBA3UBHBIM METOI JICUCHUST paka,
YacTo TPUMEHSIEMbIi B COYETAaHUU C XUMUOJIyde-
Boli Teparnueid. [umeprepMusi noapasaessieTcss Ha
JIOKQJIbHYIO, PETMOHApHYIO U OOIIyI0 (HarpeBaHUe
Bcero Tena). IlokazaHa CBsI3b TMIEPTEPMMUUYECKUX
peakuuii opranusma c¢ nponykuueir AOK [21, 48].
Ymepennas rutieprepmust (39-41 °C) BeI3BIBaeT Tep-
MOTOJIEPAHTHOCTh — aJallTUBHOE COCTOSIHWME Opra-
HU3Ma, XapaKTepU3YIOIeeCs MOBBIILIEHHOM YCTOM-
YUBOCTBIO K JCUCTBUIO ITOBBIIICHHBIX TEeMIIEPaTyp

UMMYHOTEPAMWA / IMMUNOTHERAPY

Bnokaza MMMyHOCYNPeCCOPHBIX MOMEKyI
Blockade of immunosuppressive molecules

MeankameHTO3Hasi IMMYHOCTUMYTISILUS
Drug-mediated immunostimulation

AnonTuBHas KNETOYHas UIMMyHOTepanus
Adoptive cellular immunotherapy

Muneptepmus / Hyperthermia

MPEQOTBPALLEHME (U1 TOPMOXEHWUE) ONYXONEBOW NPOPECCUU

PREVENTION (OR INHIBITION) OF TUMOR PROGRESSION

CHuxerme naktaTHoro aungo3sa / Decreasing lactic acidosis

Ycunenne BHyTpukneTouHon npogykumn A®K / Enhancement of intrancellular ROS production
[MoBbILIEHME YyBCTBMTENBHOCTM OMYXOMK K LMTOTOKCUYECKMM Bo3gencTausaM / Increasing the sensitivity of the tumor to cytotoxic effects

CHimkeHve nHayLmMpyemoro onyxonbto BocnaneHns / Reducing tumor-induced inflammation

lMogaBneHwve onyxoneBoil HeoBackynsipusawuv / Suppression of tumor neovascularization

CTmMynaums NpOTMBOONYXOMEBbIX MMMYHHBIX peakuyi / Stimulation of antitumor immune responses

chyHOK 1. Komﬁuuwpoaauuaﬂ Ouonornyeckas Tepanua onyxoneBbIX 3aboneBaHuii

MpumeyaHue. OKcureHauns onyxonu B KOMGMHALMM C UMMYHOTEPaneBTUYECKUMM BO3AEHCTBUSMU MOXET GbITb MCMONb30BaHa

Ans ycunenus Bbipabotku AOK 1 noBbIWeHUs YyBCTBUTENBHOCTH ONYXONM K LIUTOTOKCUYECKUM BO3AEHCTBUAM, ANs NOAaBNEHUs
MHAYLMPYEMOTO ONYXOJibH BOCMANEHUs U CHUXEHUS NTAaKTaTHOTO auMao3a, a Takke Ans TOPMOXEHUS NPOLIeCCOB HeoBacKynsipu3aLumm
1 YCUNEHNs NPOTMBOOMNYXONEBbLIX UMMYHHbIX peakuuit. [loapo6Hoe on1caHue B TEKCTe.

Figure 1. Schematic representation of a combined biological cancer therapy paradigm based on various forms of oxygen therapy

and immunotherapy

Note. We maintain that such combination protocols would be safe and effective in down-regulating tumour-protective inflammation, lactate
acidosis and neovascularisation, while on the other hand enhancing anti-tumour immunity, intracellular ROS production and tumour sensitivity
to immunotherapy-induced cytotoxicity. See detailed explanation in the text.
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Kectkas runeprepmus (42 °C U Bblllie) BBI3BIBAET
B KJIETKax TEIJIOBOI CTpecc, KOTOPbI CTUMYIUPYET
MUTOXOHApHAIbHYIO Ipoaykiuio ADPK 1 BbI3bIBacT
noBpexkaeHNne KieTok [4]. CoBMecTHOe IIpUMEHEHNE
OKCUTEHOTepaIreid U TUIIEPTEPMUU MOXKET YIyd-
1IaTh MUKPOLIUPKYJISILIAIO U, TEM CaMbIM, 0bJieryaThb
nocrtaBky kuciaopona B OMO. TeopeTtuyecku, Takast
JIe4eOHast KOMOMHAIINS JOKHA CTUMY/INPOBATh MU-
rpauuvo UMMYHHBIX KJIeTOK B OMO, a TakKe yCUIU-
BaThb ILIMTOTOKCUYECKOE NEHWCTBUE XUMMOTEpPAIlUu.
B cooTBeTCTBUM C 3TUM MOPEANOI0XKEHHEM OBLIO
noka3aHo, uyto I'BO, coBMmerieHHasI ¢ TUIIEPTEPMU-
eil, MOXeT yCUJIUBaTh UTOTOKCUYecKue 3(hDEKThI
KapOoIUIaTUHBI B MBIIIMHONA MOJEIU KapLMHOMBI
SCCVII [31]. Kpome TOro, ycTaHOBJIEHO, YTO IIO-
BBHIIICHHBIC TEeMIEPATYyPhl CTUMYJIUPYIOT WMMYH-
Hble peakuuu B OMO, a Tak:Ke TOBBILIAIOT OOIILYIO
MMMYHHYIO peakKTUBHOCTb. B yacTHOCTH, ymepeH-
Hasl TUMEPTEPMUSI CIIOCOOCTBYET CO3PEBAaHUIO MCH-
IPUTHBIX KJIETOK 1 ITOBHIIMAET T-KJISTOUHYIO peak-
TUBHOCTh. Takash TUMEPTEPMMST TaKXKe YCUJIMBAET
MPOTUBOOITYXOJIeBYyl0 akKTUBHOCTb NK-kiaetok [9,
42]. Komounauusa runeprepmun ¢ 'bO okazanach
3(pheKTUBHOU B JICUCHUM PACIIPOCTPAHEHHOTO paKa
xkenaynka [23]. BaxkHo To, 4TO UMMYHOCTUMYJIUPYIO-
mias runeptepmust (39,5-40,5 °C) He UMeeT ¢ cepbes-
HBIX TTOOOYHBIX 3(PPEKTOB.

W3 cka3aHHOTO BHIIIC CISAYET, YTO OKCUTCHOTE-
parnust o61amaeT BLICOKUM, TTOoKa ellle 10 KOHIla He-
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BJINAHUE NMUKOAEJIUHA HA CCR6* Cybrnonynauuu
T-XEJINEPOB, NOJIAPU3OBAHHbIX B PEHOTUMN Th17

Tumranosa B.IL!, 3amopuna C.A.'% Boukosa M.C."2, Illapaunuaa K.JO.!,
Y:xsuwok C.B.}, Kponanesa M.JI."2, Paes M.B."2

! Hnemumym 5K0a0euu U eeHemuku MUKpoopeanusmos Ypaivckoeo omoenenus: Poccuiickoii akademuu nayx — guauan
DIbYH «llepmckuii hedepanvhbiii uccredosamenvckuil yenmp Ypanvcikoeo omoenenus: Poccuiickoit akademuu Hayk»
2. Ilepmo, Poccus

2@IAOY BO «Ilepmckuii 2ocyOapcmeeHHblil HAUUOHAAbHbLIL UCCAC008AMENbCKULL YHUsepcumem», . Ilepms, Poccus

Pesiome. [ukomennHbl, 6K peNpPOAYKTUBHOIO TPaKTa, OTJIMYAIOLIMECS MIMKO3WJIMPOBAHUEM U 00-
JIafalole UMMYHOMOIYIMPYIOIIUMU (DYHKLIMSIMU, IPEACTABIISIIOT MHTEPEC B CBSI3U C UX POJIbIO B (DOPMU-
poOBaHUM MMMYHHOI TonepaHTHOCTU. MHTepneitkuH-17-npoayuupyomue T-xennepwl (Th17), Hecyiiue
noBepxHOCTHBIN Mapkep CCR6, sBISIOTCS reTepOreHHOM KJIETOYHOM MONYJISIMEN ¢ TOBBIIICHHON Iia-
CTUYHOCTBIO U (YHKIMOHAJIbHOM auxoToMueil. C OQHOI CTOPOHBI, 3TU KJIETKM ITOAACPXKUBAIOT aHTUMMU-
KPOOHBI 1 IIPOTUBOrPUOKOBBIIA UIMMYHUTET, COCTAB MUKPOOUOTHI, a C IPYroii — y4acTBYIOT B IIaTOICHE3e
ayTOMMMYHHBbIX 3a00JIeBaHMIi, OTTOPXXEHUM TPAHCIUIAHTATa U OCJIIOXHEHUSX OepeMeHHOcTH. HecMoTps Ha
JIOCTAaTOYHO BBICOKUI1 HAyYHbIM MHTEPEC K MNIMKOIAEINHY KaK K UMMYHOMOIYJISITOPY, €ro IpsiMbie 3G eKTh
Ha npoBocranuTenbHble Th17 He usyyanuck. [ToaToMy 11e1bI0 Hallleil pabOThI ObIO MCCIEI0BATh BIMSIHUE
PEKOMOMHAHTHOIO IIMKOJEIMHA YejloBeka Ha Thl7-nonsipyu3alinio HauBHBIX T-XenrepoB yesioBeKa, olle-
HMBas1 9KCIIpeCCUIo UMK ToBepXHOCTHBIX MoJieKyal CCR6, CCR4 n CXCR3. HauBHblie T-xemeps! moJjis-
pusoBanu B Thl7 in vitro mpu nomoniu akruBatopa TCR ¥ HIUTOKMHOB B TeueHue 7 OHEl ¢ noOaBjIeHUEM
MIMKOAEIMHA B KOHLEHTPALIMSIX, XapaKTePHbIX JUIsI IIEPBOTO-BTOPOro TPUMECTPOB OepeMeHHOCTHU. Tlocie
aToro onpenestiu npoueHT nonysiuun CD4*CCR6" kinetok (Th17), u ee CCR4*CXCR3- (Th17/Th22) u
CCR4CXC3* (Th17.1) cyonomynsimii. Kpome Toro, mpu moMOIIN MYJIBTUTIIEKCHOTO aHaIN3a OMPeaesIsiin
KOHLIEHTPALUIO LIMTOKMHOB 1 XEMOKMHOB B cyliepHaTtaHTax Kyjabryp Thl7-nonsipuzoBanHbix T-xerepos.
PekOMOMHAHTHBIN [JIMKOAEJIMH B KOHLIEHTPALUSIX, COOTBETCTBYIOLIMX TAKOBBIM Ipu 6epemeHHocTu (0,2,
2 u 10 mxr/mn), He usMmensu1 rpoueHT CD4"CCR6" Kj1eTOK B KyJabType U IMpoayKuuio uMu 1L-17 u gpyrux
HUCCIeAyeMbIX TUTOKMHOB. OnHako B KoHUeHTpauuu 10 Mxr/mia oH cHukan goiao Th17.1 (CCR6TCCR4-
CXCR3") n yBenmuumBai KoHIeHTpamuio 1L-2 B kymbsrype T-xemmepoB. [ToMrnMo 3TOro, yCTaHOBIIEHO, YTO
DIMKOAEANH B KOHLEHTPALMKU 2 MKI/MJI HPOSIBISET U30UPATEIbHYIO allONTOTUYECKYI0 aKTUBHOCTh B OT-
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HowmeHuu Th17.1. B cuny onrcaHHO BOBJIEYEHHOCTH 3TUX KJIETOK B MATOJIOTMYECKUE MPOLIECChI, JaHHbBIN
3 deKT MUKoaeTMHA MOXKET MPEACTABISATh UHTEPEC C TOUKU 3peHUs1 OrodapMalleBTUK1, HO MeXaHU3M 00-
Hapy>XXeHHOTO U30MpaTeIbHOTO ASMUCTBUS 3TOr0 OejiKka 0epeMEHHOCTU TPeOyeT JaibHEeHIero ucCcaeJ0BaHus.

Knrouesvie cnosa: enuxoodeaun, IL-17, Th17, CCR6* T-xeanepot, PP14, PAEP

EFFECTS OF GLYCODELIN ON CCR6* CELL SUBPOPULATIONS
OF Th17-POLARIZED HELPER T CELLS

Timganova V.P.?, Zamorina S.A.>*, Bochkova M.S.»?, Shardina K.Yu.?,
Uzhviyuk S.V.2, Kropaneva M.D.**,Rayev M.B.»"

@ Institute of Ecology and Genetic of Microorganisms, Perm Federal Research Center, Ural Branch, Russian Academy
of Sciences, Perm, Russian Federation
b Perm State University, Perm, Russian Federation

Abstract. Glycodelins, the glycosylated proteins of reproductive tract are characterized by immunomodulatory
functions, are of interest because of their role in the development of immune tolerance. Interleukin-17-
producing T helpers (Th17) bearing the surface marker CCR6, are a heterogeneous cell population with
increased plasticity and functional dichotomy. On the one hand, these cells support antimicrobial and
antifungal immunity and microbiota composition; on the other hand, they are involved in the pathogenesis of
autoimmune diseases, graft rejection, and pregnancy complications. Despite the scientific interest in glycodelin
as an immunomodulator, its direct effects on pro-inflammatory Th17 have not been studied. Therefore,
the aim of our work was to investigate the effect of recombinant human glycodelin on Th17 polarization of
naive human T helper cells cells by assessing surface expression of CCR6, CCR4, and CXCR3 molecules.
Naive T helper cells were polarized for 7 days in vitro to Th17 cells with a TCR activator and cytokines for 7
days, supplemented with glycodelin at concentrations appropriate for the 1 and 2" trimesters of pregnancy.
The percentages of CD4*CCR6" cell population (Th17 cells), and their CCR4*CXCR3- (Th17/Th22) and
CCR4-CXC3* subpopulations (Th17.1) was then determined. Moreover, the levels of IL-17, IL-2, and other
cytokines/chemokines were determined in the culture supernatants of Th17-polarized T helper cells. Treatment
with recombinant glycodelin at concentrations equivalent to those in pregnancy (0.2, 2, and 10 ng/mL) did not
alter the percentage of CD4*CCR6™ cells in culture, or their I1L-17 production. However, at a concentration
of 10 ug/mL, it caused a decrease in Th17.1 (CCR6"CCR4-CXCR3") percentage in the T helper culture, and
increased the production of IL-2. In addition, glycodelin was found to have selective pro-apoptotic activity
against Th17.1 if applied at 2 ug/mL. Given the known involvement of these cells in pathological processes,
the observed effect of glycodelin could be of interest from a biopharmaceutical perspective. However, the
mechanism of the revealed selective effects of this pregnancy protein needs further investigation.

Keywords: glycodelin, IL-17, Th17, CCR6"T helpers, PP14, PAEP

The study was funded by the Russian Foundation
for Basic Research under grant no. 19-29-04055 mx
and by the Perm Scientific and Educational Center
"Rational Subsoil Use", 2023.

Introduction

Scientific interest in pregnancy (placental)
glycoproteins has not diminished for decades [10,
17, 49]. First of all, these molecules arefascinating in
the context of basic research on the phenomenon of
immunological tolerance between mother and fetus.
Moreover, the effects of these molecules on various
cells of the immune system open the way to the world of

a promising industry — biopharmacy [39]. Glycodelins
are human glycoproteins that belong to the lipocalin
superfamily [63] and bind small hydrophobic
molecules, cell surface receptors, and soluble
macromolecules [12]. Four isoforms of glycodelin (A,
C, E S) are secreted in reproductive organs and exhibit
sex-specific glycosylation that regulates important
phases of human reproduction [34, 61, 62, 79]. The
immunosuppressive effect of glycodelin has been
known for along time and is interpreted by researchers
as one of the mechanisms that allow to protect a semi-
allogenic fetus from the mother’s immune system [5].
However, the discovery of previously unknown
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subpopulations of immunocompetent cells involved in
pro- and anti-inflammatory responses, including those
at the maternal-fetal interface, presents researchers
with new challenges. In addition, the demand for
mild, side-effect-free immunosuppressants and the
booming biopharmaceutical market are opening the
way for new research on glycodelin. Since bacterial
protein expression systems are still the most productive
and available, recombinant forms of glycodelin are
more promising for use as biopharmaceuticals [27].

IL-17 producing helper T cells (Th17) differs from
other subpopulations of T helper cells by a certain
dichotomy of their functions [59, 67]. On the one
hand, they protect against mucosal pneumococcal
infections, eliminate extracellular infections, main-
tain the composition of the microbiota and provide
antifungal immunity [8, 19, 30, 35, 36, 80]. On the
other hand, Th17 are involved in the pathology of
autoimmune diseases (psoriasis, rheumatoid arthritis,
multiple sclerosis, inflammatory bowel disease) and
transplant rejection, and are associated with pregnancy
complications and tumor development [18, 19, 58,
70]. An increase in Th17 count during pregnancy
indicates pathological changes and may lead to
preterm delivery or miscarriage [58]. It has been
shown that the inflammatory hypoxic conditions
that led to neuropathology in mouse offspring were
due to IL-17RA signaling, as IL-17RA-/- mice were
protected from disease, supported by clinical data of
high Th17 cell numbers in children diagnosed with
autism spectrum disorder [23]. This duality is largely
determined by the so-called “plasticity” of these cells.
The observed plasticity of Th17 is determined by the
epigenetic regulation of key transcription factors and
cytokines that set the polarization state [55]. When the
cytokine milieu changes, they can transdifferentiate
into other Th-like subpopulations. For example,
when they begin to produce IFNy, Thl7 take on
the characteristics of Thl cells [66]. Now such cells
are referred to as pathogenic Thl7 [73]. There is
evidence that these cells (also called Thl7-derived
Thl) play an important role in the pathogenesis of
chronic inflammatory diseases with autoimmune
character [15, 31].

Although there are many articles on the
immunomodulatory effects of glycodelin, its impact
on the Thl7 proinflammatory subpopulation have
been studied in only a few research papers. For
example, in a 2012 study, macrophages treated with
GdA in co-culture with autologous lymphocytes
had no significant effect on intracellular 1L-17 levels
of T helper cells [32]. Studies on the direct effect of
glycodelin on Th17 and its subpopulations according
to the expression of chemokine surface receptors have
not been performed yet.

If glycodelin retains its immunosuppressive pro-
perties, it could be used in biomedicine as a bio-
pharmaceutical for the treatment of post-transplant

complications [9, 56] and autoimmune diseases [46].
Therefore, the aim of this study was to investigate the
direct effects of the recombinant form of glycodelin
on Th17 polarization of CD4" cells.

Materials and methods

The research was conducted in accordance with
the Declaration of Helsinki of the World Medical
Association and the Council of Europe Protocol to
the Convention on Human Rights and Biomedicine
and approved by the Ethics Committee of the
Institute of Ecology and Genetics of Microorganisms,
Ural Branch of the Russian Academy of Sciences
(IRB00010009) on August 30, 2019. Written informed
consent was obtained from all participants.

The main stages of the experiment were as follows:
Isolation of naive T helpers from peripheral blood
mononuclear cells, their cultivation under Thl7-
polarizing conditions (TCR activator* a complex
of cytokines and antibodies) with the addition of
glycodelin (or glycerol) at various concentrations,
analysis of lymphocyte viability and proliferation,
determination of the percentage of the Th17-enriched
population and its subpopulations, determination of
the cytokine profile in the culture supernatants.

Study groups

Written informed consent was obtained from
all subjects who participated in the study. Venous
blood samples were obtained from healthy donors
(nonpregnant women, n = 6, 25-39 years old) by
venipuncture with vacuum tubes (BD Vacutainer™,
Greiner-bio-one, Austria).

Peripheral blood mononuclear cells (PBMCs)
were isolated by density gradient centrifugation
(Diacoll 1077, Dia-m, Russia, = 1.077 g/cm?). The
maximum time between blood sample collection and
density gradient separation was 30 minutes.

Glycodelin

We used recombinant human glycodelin (PAEP)
protein from E. coli, MBS718444, with His tag,
synthesized on demand from the website https://www.
mybiosource.com/recombinant-protein/glycodelin-
paep/718444.

For the experiment, we used the concentration of
glycodelin corresponding to its level in the peripheral
blood of a woman during physiological pregnancy
(0.2 pg/mL — I and III trimesters; 2 ug/mL — II
trimester), as well as in a concentration of 10 pg/mL
corresponding to its concentration in the amniotic
fluid (I trimester) and endometrial tissues [14, 24].

Isolation and culture of naive CD4" cells

Naive CD4" cells were obtained from PBMCs
by negative immunomagnetic separation (MACS®
MicroBeads and MS Columns, Miltenyi Biotec,
Germany). The purity of isolated naive T cells was
confirmed by CD45R0, CD45RA and CD62L
staining (CD45RA-FITC, CD45R0-PE (BioLegend,
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USA) and CD62L-APC (Miltenyi Biotec, Germany)
and a CytoFLEX S Flow Cytometer (Beckman
Coulter, USA). The average percentage of naive
(CD45R0-CD45RA*CD62L") cells was ~70% from
single lymphocytes.

Th17 polarization

Isolated naive CD4" cells (1 x 10¢cells/mL, 200 uL)
in serum-free complete medium (TexMACS™
medium (Miltenyi Biotec) supplemented with
10 mM HEPES, 2 mM L-glutamine (both from ICN
Pharmaceuticals, USA) and penicillin-streptomycin-
amphotericin B (BI, Israel)) were cultured in 96-well
plates in a humidified CO, incubator at 37 °C and 5%
CO, for 7 days without medium change.

Cultures without glycodelin served as controls. The
purchased drug (initial concentration 0.83 mg/mL)
contained 50% glycerol. Purification of the drug by
dialysis could lead to a loss of protein, a change in the
concentration of the solution, and a reduction in the
storage time of the drug, which was highly undesirable.
It was decided not to purify the drug from glycerol, but
to perform controls for each glycodelin concentration
with the corresponding glycerol concentration. The
glycerol concentrations in the controls were 0.01,
0.14, and 0.73%, respectively.

The viability of the cells after 7 days of incubation,
as determined by zombie aqua staining (ZA)
(Invitrogen, USA), was 73.28+8.36%. Glycerol and
glycodelin did not affect cell number or viability.

Topolarize CD4" cellsinto Th17 cells, weused TCR
activator (T Cell Activation/Expansion Kit human,
Miltenyi Biotec, Germany), IL-1B (20 ng/mL), IL-6
(30 ng/mL), IL-23 (30 ng/mL), TGF-p (2.25 ng/mL)
cytokines; anti IL-4 (2.5 pg/mL) and anti IFNy
(1 pg/mL) antibodies (Miltenyi Biotec, Germany) as
recommended by Miltenyi Biotec.

Flow cytometry

After 7 days of culture, we determined the frequency
of Thl7-enriched population as a percentage of
ZA CD3*CD4"CCR6* cells. To evaluate the rate of
subpopulations within this population, we assessed
the percentage of CCR4"CXCR3-, CCR4"CXCR3"*,
CCR4CXCR3- CCR4CXCR3* cells in the ZA-
CD3*CD4*CCR6" gate (Figure 1).

[ZA-] CD3 PB450-A/ SSC-A

Sample preparation for surface staining was
performed according to the antibody manufacturer’s
instructions (Miltenyi Biotec, Germany). Stained
samples were analyzed by a six-color flow cytometry
assay using a CytoFLEX S (Beckman Coulter, USA).
The antibodies used were mouse IgG1 anti-human
CXCR3-PE-Vio615 (clone REA 232), CD4-PerCP
(clone VIT4), CCR4-PE-Vio 770 (clone REA279),
CCR6-APC (REAI190) (all Miltenyi Biotec,
Germany) and CD3-Pacific Blue™ (clone UCTHI1)
(BioLegend, USA).

The threshold between positive and negative cells
was determined using fluorescence minus one (FMO)
controls. Flow cytometry data were analyzed using
Kaluza Analysis 2.0 software (Beckman Coulter,
USA).

Proliferation analysis

A differential gating method was used to determine
the proliferation status of cells [74]. The differential
gating method is based on the simple idea that cells,
whether proliferating or apoptotic, change their
size and granularity and thus the light scattering
parameters [4, 74]. Thus, in the two-parameter light
scatter plot (FSC-A / SSC-A), proliferating cells shift
to the right and upward, while apoptotic cells shift to
the left. The cells form fairly distinct populations that
can be gated, and you can calculate what percentage
of the total number of cells ends up in each gate. This
method was previously described in our article [71],
and in a subsequent article [72], we showed that
the percentage of proliferating cells obtained by
differential gating correlated with the percentage of
Ki67* cells.

Data were collected using a CytoFLEX S flow
cytometer and analyzed using Kaluza Analysis 2.0
software (Beckman Coulter, USA).

Determination of the cytokine profile of culture
supernatants

To determine the level of cytokines I1L-1(3, IL-2,
1L-4, IL-5, 1L-6, 1L-7, 1 1L-8, L-10, IL-12 (p70),
IL-13, 1IL-17, G-CSF, GM-CSEF, 1FNy, MCP-1,
MIP-1a, TNFa in culture supernatants used a
commercial Bio-Plex Pro™ Human Cytokine Grp |
Panel 17-Plex kit (BioRad, USA).

[CD4*CCR6] CCR4 PC7-A/ CXCR3 ECD-A
[CCR6'CCR4'CXCR3":

3

Th17.1: 1304, 27.95% |

795, 47.28%, §1.82%

(x10%

SSC-A

[T cells] CCR6 APC-A/ CD4 PERCP PC5.5-A
- CD4'CCR' 4665, 18.81%

11807, 38.74%

CD4 PERCP PC5.5-A

CXCR3 ECD-A

8% . 88 4

CCR6'CCR4'CXCR3": |
655, 14.04%

(Classical Th17: 899, 19.27%

0 = 10t 10*
CD3 PB450-A

00 10° o
CCR6 APC-A

1 « 20000 40000 10* 0t 10’

CCR4 PC7-A

40000 20000 o

Figure 1. Example of successive gating of Th17-enriched subset and its subpopulations
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The results were read on a MAGPIX multiplex
analyzer (BioRad, USA) using Luminex xMAP
technology using XPONENT 3.1 software. Standard
curves were constructed using a five-parameter
logistic (5PL) analysis method. The obtained data
were processed using the Belysa™ Immunoassay
Curve-Fitting Software (Merck KGaA, Germany).

The results for the cytokines IL-1f and IL-6 are not
presented in the article because these cytokines were
introduced into the cultures for Th17 polarization.
The concentrations of 1L-4 and [FNy may also not
reflect the true picture because antibodies against
these cytokines were added to the cultures according
to the cell polarization protocol.

Statistics

Statistical data analysis was performed with
GraphPad Prism 8 using the Friedman test with
Dunn’s multiple comparisons test. Data are pre-
sented as medians and first and third quartiles —
Me (Q,,5-Q,-5). Differences were considered signi-
ficant at p < 0.05.

Results

The direct effect of glycodelin on viability,
proliferation and apoptosis of Th17-enriched population
of Th17-polarized CD4" cells

Glycodelin at physiological (0.2, 2 and 10 pg/mL)
concentrations [14, 24] had no effect on cell viability
as determined by Zombie Aqua (ZA) staining and
flow cytometry analysis. The average percentage of
viable (ZA-) cells in all cultures with GD was 73.22-
75.74 and was not significantly different from that
in negative control cultures, which was 76.04 (65.2-
80.52) (Me (Qy,5-Qy75)). The differential gating
data are consistent with these results. There were no

differences in the number of apoptotic and dead (with
reduced size and granularity) cells between control
and experimental cultures (data not shown). Controls
mimicking the concentration of glycerol impurity
in glycodelin (0.015, 0.15, and 0.73% glycerol
corresponding to 0.2, 2, and 10 ug/mL glycodelin,
respectively) also showed no differences.

When the effect of glycodelin on the proliferation
of CD4*T cells associated with their Th17 polarization
was evaluated, no changes in the frequency of
proliferating T helpers were detected in GdA-trea-
ted cultures according to the differential gating
method. Importantly, no changes in the percentage
of proliferating cells were detected in glycerol-treated
controls. There is evidence that glycerol can reduce
the proliferation activity and viability of cultured
cells [77], but apparently the percentages included
in the GD preparation that we used as additional
controls were low enough for such effects to occur.

Although glycodelin did not affect the proliferation
of CCR6'Thl17-enriched T helper cells, there was
a statistically significant decrease in the percentage
of proliferating cells in the CCR4 CXCR3*Th17.1-
enriched subpopulation in cultures with 2 ug/mL
glycodelin compared with the control with glycerol
(Figure 2). On the contrary, the percentage of
apoptotic cells in this subpopulation increased
significantly (Table 1). Thus, in our study, glycodelin at
a concentration of 2 ng/mL had a selective apoptotic
effect on the Thl7.1-enriched subpopulation.
Interestingly, the higher concentration of glycoprotein
studied did not maintain this effect (Table 1).

The effect of glycodelin on percentage of IL-17-
producing T helpers and their subpopulations

In 2005, IL-17 producing T helpers were separated
into a distinct subpopulation and shortly thereafter

TABLE 1. PERCENTAGE OF APOPTOTIC CELLS IN DIFFERENT SUBPOPULATIONS OF CCR6* T HELPERS, Me (Q, ,:-Q, 5),

n=6
Subpopulations of CD4*CCR6* Controls with glycerol Glycodelin (ug/mL)
cells 0.2 2 10 0.2 2 10

8.458 10.53 7.717 9.435 11.04 10.38
;rg(;;lﬂg)?CR&) (7.143- (6.907- (7.157- (7.166- (7.232- (6.955-
12.720) 13.330) 14.500) 11.110) 15.380) 13.370)

Th17.1 24.06 20.67 19.19 25.04 (fggg 2212
(CCR.4'CXCR3*) (9.580- (9.458- (10.22- (9.482- 38-74) (8.575-
31.060) 25.380) 24.09) 38.460) p= 0'015 35.410)
10.20 9.899 9.839 9.351 10.23 8.849
CCR4 CXCR3 (7.151- (6.477- (7.481- (7.672- (8.774- (7.553-
13.730) 11.970) 11.840) 15.060) 12.660) 11.630)

51.92 53.34 53.08 52.35 51.58 55.89

CCR4*CXCR3* (35.34- (28.25- (33.25- (37.16- (45.00- (26.24-

60.51) 68.76) 68.20) 62.41) 69.22) 60.37)

Note. Controls with glycerol: 0.2, 2, and 10, controls with glycerol concentrations corresponding to the indicated glycodelin
concentrations. p < 0.05 value according to the Friedman test with Dunn’s multiple comparison test is shown.
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Figure 2. Percentage of proliferating cells in the CCR4
CXCR3* gate of CD4*CCR6* cells according to differential
gating data

Note. n = 6; medians, Me (Q,,:-Qy 75), and maxima are shown.

The x-axis, glycodelin concentration (ug/mL). The y-axis, percentage
of live (ZA) proliferating cells according to the differential gating
method. CN (negative control), culture without GD and glycerol.

CG 0.2, CG 2 and CG 10, corresponding controls with glycerol.
p-values < 0.05 according to the Friedman test with Dunn’s multiple
comparison test are shown.
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Figure 3. Percentage of CCR6'T helpers in a Th17-polarized
culture with different concentrations of glycodelin

Note. n = 6; Me (Qq 5-Q, 75), minima and maxima are shown.

The x-axis, glycodelin concentration (ug/mL). The y-axis, percentage
of CCR6" cells in ZACD3*CD4* gate. CN (negative control), culture
without GD and glycerol. CG 0.2, CG 2 and CG 10, corresponding
controls with glycerol.

were found to carry a CCR6 molecule on their sur-
face that serves as a receptor for the chemokine
CCL20 and promotes cell migration to sites of
inflammation [1, 16, 47, 76]. Moreover, regulatory
T cells also express CCR6 on their surface [78].
However, when these cells enter the proinflammatory
milieu, they begin to express the transcription factor
RORgt (RORC), develop a Th17-like phenotype, and

%

pg/mL

40 | p=00226
1
30 .
20 -
10 7/
0 T 2 T L L T T T
CN CG0.2 0.2 CG2 2 CG10 10 pg/mL

Figure 4. Effect of glycodelin on the percentage of CCR4-
CXCR3* (Th17.1) cells within the CCR6* population of Th17-
polarized CD4* cells

Note. n = 6; Me (Qq,5-Q,75), minima, and maxima are shown.

The x-axis, glycodelin concentration (ug/mL). The y-axis, the
percentage of Th17.1 from ZA-CD3*CD4*CCRG6"* gate. CN (negative
control), culture without GD and glycerol. CG 0.2, CG 2 and CG 10,
corresponding controls with glycerol. p-value according to the Friedman
test with Dunn’s multiple comparison test is shown.
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Figure 5. Effect of glycodelin on IL-2 concentration in
supernatants of Th17-polarized T helper cultures

Note. n = 6; Me (Q,,:-Q, 75), minima, and maxima are shown.
The x-axis, glycodelin concentration (ug/mL). The y-axis, IL-2
concentration (pg/mL). CN (negative control), culture without glycerol
and glycodelin. CG 0.2, CG 2 and CG 10, corresponding controls with
glycerol. p-values according to the Friedman test with Dunn’s Multiple
Comparison Test are shown.
produce IL-17 [11, 13, 28, 29]. Since the link between
the ability to produce IL-17 and the expression of
CCR6 in human T cells has been established, this
marker could indicate the pro-inflammatory function
of all T helpers in situ [2, 64].

In a heterogeneous population of CCR6'T hel-
pers, subpopulations can be distinguished based on
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the expression of the chemokine receptors CCR4 and
CXCR3 [57].

CCR6"CCR4"CXCR3- (Th17/Th22) cells
produce high levels of IL-17A and little IFNy, express
RORC, and produce 1L-22. CCR6"CCR4*CXCR3"*
(double-positive) cells produce both IL-17A and
IFNy. CCR6"CCR4-CXCR3* (Th17.1) cells pro-
duce high levels of IFNy and low levels of IL-17A.
Thl17.1 (CCR6'CCR4'CXCR3") cells have been
reported to be present both in peripheral blood and
at sites of inflammation in autoimmune diseases
such as rheumatoid arthritis, multiple sclerosis, and
inflammatory bowel disease [7, 44, 54]. There is also
a subpopulation within CCR6'Th cells that do not
express CCR4 or CXCR3 receptors (double-negative
cells) [48]. The double-positive and double-negative
(CCR4"CXCR3 and CCR4-CXCR3") cells within the
CCR6" subset are thought to be Th17 progenitor cells
or Th17 in a transitional stage [6].

We evaluated the effect of glycodelin on Thl7
polarization of T helper cells by determining the
percentage of CD4"CCR6" cells in the total CD3"
population. We also determined the percentage of
CCR6-expressing cell subpopulations based on their
CCR4 and CXCR3 surface molecule expression.

No effect of GD on the number of CD4" CCR6*T
Ilymphocytes was detected at any of the concentrations
studied (Figure 3). The proportion of CD3*CD4" cells,
CD3*CD4"CCR4* cells, and CD3*CD4"CXCR3*
cells was also not altered (data not shown).

However, a significant (p = 0.0226) decrease in
the percentage of CCR6'CXCR3*CCR4 (Thl7.1-
enriched) subpopulation was observed in the culture
with 10 pg/mL of GD compared with the control
with glycerol (Figure 4). The same concentration
of glycodelin resulted in a significant increase in the
proportion of double-positive CXCR3*CCR4" cells,
but only compared with the negative control (data not
shown).

As for the Th17/Th22-enriched CCR4"CXCR3-
and DN CCR4-CXCR3- subpopulations of CCR6T
helpers, their abundance was not affected by the
addition of GD to CD4* cell cultures.

The influence of glycodelin on cytokine and
chemokine production of Th17-polarized T helpers

The concentrations of cytokines, chemokines, and
colony-stimulating factorsin Th17-polarized T helper
culture supernatants with glycodelin are shown in
Table 2. The polarization scheme we used resulted in
enrichment in culture supernatants of mainly 1L-2,
IL-17, TNFa, MIP-1b, and 1L-8 (data not shown).
The effect of glycodelin on cytokine production was
manifested only in a statistically significant increase in
the concentration of IL-2 in the culture with 10 pg/mL
glycodelin compared with the corresponding control
(Table 2, Figure 5).

Discussion

The suppressive effect of native glycodelin on
proliferation has been demonstrated previously [50,
53]. In 2001, direct antiproliferative and apoptotic
effects of glycodelin from amniotic fluid and Pichia
pastoris on PBMC and T lymphocyte cell lines
Jurkat 1 MOLT-4 were demonstrated. Moreover,
glycodelin had an apoptotic effect mainly on activated
T lymphocytes [42].

Later, it was shown that the presence of sialic
acids in the structure of oligosaccharides and the size
of glycans, as well as the availability of the protein
backbone of the molecule are responsible for the
apoptotic activity of glycodelin [21, 22, 25, 41].
In addition, the apoptotic effect of glycodelin A is
thought to be related to its lectin activity and mediated
by the CD7 galectin-1 receptor [68].

However, there is evidence that recombinant
glycodelin from E. coli does not bind to T cells and
has no apoptotic effect on T lymphocytes, likely due
to an incorrect conformation of the molecule [25, 37].

In our study, this recombinant glycodelin had no
pronounced apoptotic and antiproliferative effect
on the total population of T lymphocytes (data not
shown) and on their CCR6" subpopulation. However,
a weak apoptotic effect was observed on Thl7.1, a
similar subpopulation of these cells. In 2011, Lee
and colleagues showed that glycodelin induces death
only in Thl cells by binding to Th1l and Th2 [33].
Thus, we see that the effect of glycodelin on different
subpopulations of T cells can be differentiated.
Probably, the tertiary structure of glycodelin from
E. coli does not correspond to that of the native
protein, but we cannot exclude the possibility that the
binding sites that determine its apoptotic activity are
partially conserved.

There are data that Thl7.1 enriched and DP
subpopulations of CCR6* cells produce more IFNy
and express a higher proportion of the transcription
factor TBX1 than Th17/Th22 enriched and DN
subpopulations [7]. While there is some evidence
for a negative role of the Th17.1 subpopulation in
the development of autoimmune diseases, reducing
the number of these cells could potentially be
beneficial [15, 31].

Previously, under the influence of native
glycodelin, the effect of reducing the expression of
the chemokine receptor CXCR3, which is expressed
in Thl, but not CXCR4, which is typical of Th2,
was shown. It has also been shown that the selective
effect of glycodelin abolishes the suppression of Th2
transcription factor GATA3 expression [38]. In our
study, the recombinant variant of glycodelin did not
affect the expression of CCR6, CCR4, CXCR3,
CXCR4 by T cells in general, but in partial agreement
with the above data, it decreased the expression of
CXCR3 in the CCR6"CCR4- cell population.
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TABLE 2. GD EFFECT ON CYTOKINE/CHEMOKINE PROFILE OF Th17-POLARIZED CD4* CELL CULTURE SUPERNATANTS,
Me (Qg25"Qy75), N =6

Controls with glycerol Glycodelin (ug/mL)
Cytokine (pg/mL)
0.2 2 10 0.2 2 10
11255 13046 12766 10385 11272 (?g’;gg
IL-2 (11204- (10337- (9614.7- (9643.8 (11131- 36098)
12702) 14406) 13326.0) 11080.0) 11501) _
> p=0.03
o
ks 263.33 258.03 268.57 247.19 247.19 268.57
3 IL-7 (260.00- (212.59- (187.27- (224.51- (241.66- (247.19-
& 268.57) 278.84) 268.57) 247.19) 258.03) 273.74)
95.00 100.10 89.55 94.91 102.65 102.65
IL-12p70 (84.01- (97.53- (86.81- (92.25- (84.01- (92.25-
105.15) 119.55) 110.07) 112.48) 110.07) 102.65)
300.00 297.32 299.93 416.38 466.46 364.78
o G-CSF (285.38- (282.38- (246.05- (389.26- (410.69- (258.24-
< 322.48) 372.68) 329.83) 593.26) 533.63) 510.37)
©
>
-E 2268.30 1725.56 2101.72 2356.94 2078.65 1567.45
] GM-CSF (2058.6- (1603.2- (1656.0- (1977.7- (1610.1- (1456.1-
g’ 2273.4) 2273.8) 2571.9) 2966.5) 2536.6) 1616.9)
:‘3 1612.5 1558.3 1560.1 1614.3 1589.1 1499.3
IL-5 (1585.5- (1551.0- (1556.5- (1589.1- (1460.0- (1495.6-
1678.1) 1646.3) 1617.9) 1621.4) 1664.0) 1583.7)
890.20 923.88 860.67 953.30 775.99 660.79
> IFNy (518.25- (505.18- (500.81- (604.90- (524.78- (587.63-
o 1151.80) 936.50) 925.98) 1003.60) 902.84) 890.20)
E 2500.0 3229.6 2068.5 2935.64 2716.45 2905.13
g IL-17 (2326.5- (1767.6- (1508.9- (1948.5- (1703.9- (2029.2-
= 2981.7) 4016.3) 2706.9) 3654.7) 4018.9) 3667.9)
E 172678 208941 197352 195926 213213 243328
TNFa (164210- (140581- (176613- (184072- (212575- (213239-
248920) 253531) 234335) 247644) 239306) 248172)
120.00 123.81 123.23 121.49 120.90 120.73
> IL-4 (116.65- (123.57- (118.87- (M7.77- (116.48- (120.23-
o 124.64) 124.88) 129.59) 128.46) 128.55) 124.56)
©
E 180.00 186.27 189.32 228.35 177.09 149.11
& IL-10 (133.23- (120.32- (108.84- (93.80- (102.20- (128.41-
€ 220.92) 244.58) 190.08) 283.85) 247.52) 312.51)
€ 5353.3 7157.9 4103.7 6977.7 7500.0 4890.8
< IL-13 (4500.0- (4023.3- (3573.1- (6033.4- (6314.9- (4171.2-
16836.0) 16823.0) 9351.1) 7183.6) 8648.8) 6172.2)
536.13 541.00 546.29 483.54 460.59 602.59
MCP-1 (414.41- (317.47- (409.52- (414.65- (436.77- (392.83-
w 556.08) 585.81) 591.78) 544.94) 545.47) 615.72)
_8 29194 29825 28194 30388 31001 27265
S MIP-1B (22657- (28441- (27632- (27769- (25242- (24643-
g 32102) 31651) 33352) 31909) 31564) 29731)
=
© IL-8 46993 50122 51563 51303 58329 59368
(CXCLS8) (40000- (43563- (44962- (49107- (51019- (58199-
50724) 50801) 54544) 55412) 59923) 65101)

Note. As for Table 1.
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Our data contradict previous studies on GD
describing the inhibitory effect of this protein on 1L-2
production. In particular, it has been shown that in
CD4*T lymphocytes, deprivation of the growth factor
IL-2 leads to inhibition of proliferation, a decrease in
Bcl-2 expression, or an increase in Bax, resulting in
mitochondrial stress and cell death [65].

IL-2, a potent growth factor for lymphocytes, has
long been considered only to enhance the functions
of these cells. Blocking antibodies against IL-2R have
been used to suppress graft rejection [40]. However,
later studies have shown the important role of 1L-2
in the development, expansion and functioning
of regulatory T cells responsible for suppressing
the body’s autoimmune reactions [43]. Thanks to
these studies, a different approach to the therapy of
GVHD and autoimmune diseases has been formed,
based not on blocking the production of IL-2 or
signal transduction pathways from receptors to this
cytokine, but, on the contrary, on therapy with low
doses of IL-2 [69]. Thus, an increase in 1L-2 under
the effect of a high concentration of recombinant
glycodelin may favor the formation/expansion of
Tregs, which is a favorable factor from the standpoint
of transplantation immunity. However, this effect of
glycodelin needs further investigation because of the
discrepancy between our data and the studies of other
teams.

The effects of glycodelin on T cells are not limited
to its apoptotic activity. This protein has a pleiotropic
effect on various subpopulations of T cells [33, 38]. The
recombinant GD, which is derived from the Human
Embryonic Kidney 293 (HEK 293) cell line and has a
similar structure to amniotic glycodelin, increased the
number of myelin-specific Tregs and their expression
of the transcription factor FoxP3, while suppressing
effector T cell differentiation in vitro. It also doubled
the number of CD25"e"GITR"e"FoxP3*T cells [45].
Studies on the immunosuppressive effects of glycodelin
have shown that it can suppress T cell receptor
signaling [51, 52]. GdA also suppresses the surface
expression of CD25 (IL-2Ra) and consequently the
production of IL-2, which together with the decreased
expression of eomesodermin (Eomes) contributes to
the attenuation of CTL cytolytic activity [65].

The only molecular target identified for GdA
on T cells is CD45 tyrosine phosphatase [51].
Glycodelin-A binds to the CD45 receptor on T lym-
phocytes and inhibits Thl cytokine secretion and
T cell differentiation [20, 38, 51]. It is suggested that
the mechanism of its action may not be related to the
oligosaccharides on the surface of the molecule [22,
25, 41].

Summing up, we studied for the first time the
direct effect of recombinant FE. coli-derived glycodelin
on the Thl7-enriched lymphocyte subpopulation.
We found a selective apoptotic effect of glycodelin

at a concentration of 2 pug/mL on the Thl17.1 cell
subpopulation. Interestingly, when glycodelin was
added to the culture at a concentration of 10 ug/mkL,
a decrease in the percentage of the same cell
subpopulation was observed in the culture of Th17-
polarized naive T lymphocytes. However, no effects
of this molecule were observed on the percentage of
the total CCR6" subpopulation of T helpers, on their
apoptosis, and on the production of IL-17 by these
cells.

Previous studies have not demonstrated binding of
the recombinant form of E. coli-derived glycodelin to
T cells or its apoptotic effect [25, 37, 47]. As mentioned
above, the protein backbone of the glycodelin mo-
lecule is involved in the implementation of its immu-
nosuppressive effects [22, 25]. Therefore, the reason
for the absence of pronounced effects might be not
so much the absence of glycosylation as defective
disulfide bonds leading to altered folding of the
protein molecule [27]. The fact that some effects are
nevertheless present could be due to the fact that the
structure of the native molecule is partially preserved
by recombinant glycodelin, allowing it to interact with
T cells. In our opinion, there is also the possibility
that the observed effects are mediated by residual
monocytes present in the T helper culture, because it
has been shown that a similar glycodelin can bind to
human monocytes via a specific receptor [32, 37].

This indirectly confirms the fact that we observed
a significant decrease in IL-17 and abrogation of an
increase in concentrations of other proinflammatory
cytokinesintheblood serum of glycodelin-injected rats
in the rat model of local allograft transplantation [3].
There are also promising studies on the use of soluble
mutant recombinant glycodelin in the allograft nude
mouse model [9, 60]. Glycodelin has been shown to
reduce the number of activated CD4* and CD8" cells
and suppress the expression of granzyme-B, EOMES,
IL-2 and pro-inflammatory cytokines [9]. As we can
see, a protein thought to be unique to primates also
has immunosuppressive effects in rats, supporting
the suggestion by Keil and colleagues that glycodelin
is a highly conserved glycoprotein in mammals [26].
Thus, the great prospects for the use of glycodelin
as a biopharmaceutical cannot be dismissed. Work
should continue to clarify the dependence of the
immunosuppressive properties of this molecule on its
structural features.

Conclusion

Recombinant glycodelin at concentrations
equivalent to those during pregnancy (2, 0.2, and
10 ug/mL) did not alter the frequency of CD4*CCR6"
cells, IL-17 and other cytokines/chemokines studied
that are produced by Th17-polarized helper T cells.
However, glycodelin at a concentration of 2 pug/mL
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increased the proportion of apoptotic Th17.1 cells
and 10 pg/mL decreased the proportion of Th17.1
cells (CCR6"CCR4-CXCR3") and increased 1L-2
production in CD4*Thl7-polarized cell cultures.
The Thl17.1 subpopulation is considered to be
one of those involved in pathological processes in

autoimmune diseases and in complications of
pregnancy. Thus, this effect of glycodelin could be
of interest from a biopharmaceutical point of view,
but the mechanism of the demonstrated selective
action of this pregnancy protein requires further
investigation.

References

1. Acosta-Rodriguez E.V,, Rivino L., Geginat J., Jarrossay D., Gattorno M., Lanzavecchia A., Sallusto F.,
Napolitani G. Surface phenotype and antigenic specificity of human interleukin 17-producing T helper memory
cells. Nat. Immunol., 2007, Vol. 8, pp. 639-646.

2. Annunziato F, Cosmi L., Santarlasci V., Maggi L., Liotta E, Mazzinghi B., Parente E., Fili L., Ferri S,
Frosali E, Giudici E, Romagnani P, Parronchi P, Tonelli E, Maggi E., Romagnani S. Phenotypic and functional
features of human Th17 cells. J. Exp. Med., 2007, Vol. 204, pp. 1849-1861.

3. BochkovaM.S., Timganova V.P, Shardina K.Yu., Uzhviyuk S.V., Loginova N.P., Troinich Ya.N., Zamorina S.A.
Effect of glycodelin on the cytokine profile of rats with allogeneic transplantation of bone marrow cells. Bulletin of
Experimental Biology and Medicine, 2022, Vol. 173, no. 5, pp. 2-6. (In Russ.)

4. Bohmer R.M., Bandala-Sanchez E., Harrison L.C. Forward light scatter is a simple measure of T-cell
activation and proliferation but is not universally suited for doublet discrimination. Cytometry, 2011, Vol. 79A,
pp. 646-652.

5. Bolton A.E., Pockley A.G., Clough K.J., Mowles E.A., Stoker R.J., Westwood O.M., Chapman M.G.
Identification of placental protein 14 as an immunosuppressive factor in human reproduction. Lancet, 1987,
Vol. 329, pp. 593-595.

6. Cerboni S., Gehrmann U, Preite S., Mitra S. Cytokine-regulated Th17 plasticity in human health and
diseases. Immunology, 2021, Vol. 163, pp. 3-18.

7. Dankers W, den Braanker H., Paulissen S.M.]., van Hamburg J.P.,, Davelaar N., Colin E.M., Lubberts E.
The heterogeneous human memory CCR6* T helper-17 populations differ in T-bet and cytokine expression but all
activate synovial fibroblasts in an IFNy-independent manner. Arthritis Res. Ther., 2021, Vol. 23, 157. doi: 10.1186/
$13075-021-02532-9.

8. deLuca A. IL-22 defines a novel immune pathway of antifungal resistance. Mucosal. Immunol., 2010, Vol. 3,
pp. 361-373.

9. Dixit A., Balakrishnan B., Karande A.A. Immunomodulatory activity of glycodelin: implications in allograft
rejection. Clin. Exp. Immunol., 2018, Vol. 192, pp. 213-223.

10. Dong M., Ding G., Zhou J., Wang H., Zhao Y., Huang H. The effect of trophoblasts on T lymphocytes:
possible regulatory effector molecules-a proteomic analysis. Cell Physiol. Biochem., 2008, Vol. 21, pp. 463-472.

11. Duhen T, Duhen R., Lanzavecchia A., Sallusto E, Campbell D.]. Functionally distinct subsets of human
FOXP3* Treg cells that phenotypically mirror effector Th cells. Blood, 2012, Vol. 119, pp. 4430-4440.

12. Flower D.R. The lipocalin protein family: structure and function. Biochem. J., 1996, Vol. 318, pp. 1-14.

13. Halim L., Romano M., McGregor R., Correa I, Pavlidis P., Grageda N., Hoong S.J., Yuksel M., Jassem W.,,
Hannen R.E, Ong M., Mckinney O., Hayee B., Karagiannis S.N., Powell N., Lechler R.I., Nova-Lamperti E.,
Lombardi G. An atlas of human regulatory T helper-like cells reveals features of Th2-like Tregs that support a
tumorigenic environment. Cell. Rep., 2017, Vol. 20, pp. 757-770.

14. Halttunen M., Kdmairiinen M., Koistinen H. Glycodelin: a reproduction-related lipocalin. Biochim. Biophys.
Acta., 2000, Vol. 1482, pp. 149-156.

15. Harbour S.N., Maynard C.L., Zindl C.L., Schoeb T.R., Weaver C.T. Th17 cells give rise to Th1 cells that are
required for the pathogenesis of colitis. Proc. Natl. Acad. Sci. USA, 2015, Vol. 112, pp. 7061-7066.

16. Harrington L.E., Hatton R.D., Mangan P.R., Turner H., Murphy T.L., Murphy K.M., Weaver C.T. Interleukin
17-producing CD4" effector T cells develop via a lineage distinct from the T helper type 1 and 2 lineages. Nat.
Immunol., 2005, Vol. 6, pp. 1123-1132.

17. Harris S.J., Anthony EW., Jones D.B., Masson G.M. Pregnancy-specific-beta 1-glycoprotein: effect on
lymphocyte proliferation in vitro. J. Reprod. Immunol., 1984, Vol. 6, pp. 267-270.

18. Heidt S., Segundo D.S., Chadha R., Wood K.J. The impact of Th17 cells on transplant rejection and the
induction of tolerance. Curr. Opin. Organ Transplant., 2010, Vol. 15, pp. 456-461.

19. Hoe E., Anderson J., Nathanielsz J., Toh Z.Q., Marimla R., Balloch A.,Licciardi P.V. The contrasting roles of
Th17 immunity in human health and disease. Microbiol. Immunol., 2017, Vol. 61, pp. 49-56.

20. Ish-ShalomE., Gargir A., Andre S., Borovsky Z., Ochanuna Z., Gabius H.]J., Tykocinski M.L., Rachmilewitz J.
02,6-Sialylation promotes binding of placental protein 14 via its Ca2*-dependent lectin activity: insights into
differential effects on CD45RO and CD45RA T cells. Glycobiology, 2006, Vol. 16, pp. 173- 183.

1338



2023, T. 25, Ne 6 Bausnue eauxodeauna na Thl7-noaspuszayuro
2023, Vol. 25, No 6 Effects of glycodelin on Th 17 polarization

21. JayachandranR.,Radcliffe C.M.,Royle L., Harvey D.]J., Dwek R.A.,Rudd PM., Karande A.A. Oligosaccharides
modulate the apoptotic activity of glycodelin. Glycobiology, 2006, Vol. 16, pp. 1052-1063.

22. Jayachandran R., Shaila M.S., Karande A.A. Analysis of the role of oligosaccharides in the apoptotic activity
of glycodelin A. J. Biol. Chem., 2004, Vol. 279, pp. 858-8591.

23. Jones K.L., Croen L.A., Yoshida C.K., Heuer L., Hansen R., Zerbo O., DeLorenze G.N., Kharrazi M.,
Yolken R., Ashwood P, van de Water J. Autism with intellectual disability is associated with increased levels of
maternal cytokines and chemokines during gestation. Mol. Psychiatry., 2017, Vol. 22, pp. 273-279.

24. Julkunen M., Rutanen E.M., Koskimies A., Ranta T., Bohn H., Seppala M. Distribution of placental protein
14 in tissues and body fluids during pregnancy. BJOG, 1985, Vol. 92, pp. 1145-1151.

25. Karande A.A., Mukhopadhyay D., Jayachandran R., Sundarraj S., Alok A. Mechanism of the immu-
nomodulatory activity of glycodelin. Indian J. Physiol. Pharmacol., 2005, Vol. 49, pp. 271-283.

26. Keil C., Husen B., Giebel J., Rune G., Walther R. Glycodelin mRNA is expressed in the genital tract of male
and female rats (Rattus norvegicus). J. Mol. Endocrinol., 1999, Vol. 23, pp. 57-66.

27. Kesik-Brodacka M. Progress in biopharmaceutical development. Biotechnol. Appl. Biochem., 2018, Vol. 65,
pp. 306-322.

28. Kim B.S., Lu H., Ichiyama K., Chen X., Zhang Y.B., Mistry N.A., Tanaka K., Lee Y.H., Nurieva R., Zhang L.,
Yang X., Chung Y., Jin W,, Chang S.H., Dong C. Generation of RORyt* Antigen-Specific T Regulatory 17 Cells from
Foxp3* Precursors in Autoimmunity. Cell. Rep., 2017, Vol. 21, pp. 195-207.

29. Koenen H.J.PM.,, Smeets R.L., Vink PM., van Rijssen E., Boots A.M.H., Joosten I. Human CD25"¢"Foxp3r
regulatory T cells differentiate into IL-17-producing cells. Blood, 2008, Vol. 112, pp. 2340-2352.

30. Kolls J.K., Khader SA. The role of Th17 cytokines in primary mucosal immunity. Cytokine Growth Factor
Rev., 2010, Vol. 21, pp. 443-448.

31. KotakeS., NankeY., Yago T., Kawamoto M., Kobashigawa T., Yamanaka H. 2016. Elevated Ratio of Th17 Cell-
Derived Thl Cells (CD161(+)Th1 Cells) to CD161(+)Th17 Cells in Peripheral Blood of Early-Onset Rheumatoid
Arthritis Patients. Biomed. Res. Int., 2016, Vol. 2016, 4186027. doi: 10.1155/2016/4186027.

32. Lee C.L, Lam E.Y,, Lam K.K,, Koistinen H., Seppild M., Ng E.H., Yeung W.S., Chiu P.C. Glycodelin-A
stimulates interleukin-6 secretion by human monocytes and macrophages through L-selectin and the extracellular
signal-regulated kinase pathway. J. Biol. Chem., 2012, Vol. 287, pp. 36999-37009.

33. Lee C.L., Chiu PC.N., Lam K.K.W,, Siu S.0O., Chu LK., Koistinen R., Koistinen H., Seppild M., Lee K.E,
Yeung W.S.B. Differential actions of glycodelin-A on Th-1 and Th-2 cells: a paracrine mechanism that could produce
the Th-2 dominant environment during pregnancy. Hum. Reprod., 2011, Vol. 26, pp. 517-526.

34. Lee C. L., Lam K.K.W,, Vijayan M., Koistinen H., Seppala M., Ng E.H.Y., Yeung W.S.B., Chiu P.C.N. The
pleiotropic effect of glycodelin-A in early pregnancy. Am. J. Reprod. Immunol., 2016, Vol. 75, pp. 290-297.

35. LuY.J, Gross J., Bogaert D, Finn A., Bagrade L., Zhang Q., Kolls J.K, Srivastava A., Lundgren A., Forte S.,
Thompson C.M, Harney K.E, Anderson PW,, Lipsitch M., Malley R. Interleukin-17A mediates acquired immunity
to pneumococcal colonization. PLoS Pathog., 2008, Vol. 4, e1000159. doi: 10.1371/journal.ppat.1000159.

36. Marques J.M., Rial A., Munoz N., Pellay F.X., Van Maele L., Leger H., Camou T, Sirard ].C., Benecke A,
Chabalgoity J.A. Protection against Streptococcus pneumoniae serotype 1 acute infection shows a signature of
Th17- and IFN-gamma mediated immunity. Immunobiology, 2012, Vol. 217, pp. 420-429.

37. Miller R.E., Fayen J.D., Chakraborty S., Weber M.C., Tykocinski M.L. A receptor for the lipocalin placental
protein 14 on human monocytes. FEBS Lett., 1998, Vol. 436, pp. 455-460.

38. Mishan-Eisenberg G., Borovsky Z., Weber M.C., Gazit R., Tykocinski M.L., Rachmilewitz J. Differential
regulation of Th1/Th2 cytokine responses by placental protein 14. J. Immunol., 2004, Vol. 173, pp. 5524-5530.

39. Moldogazieva N.T., Mokhosoev I.M., Terentiev A.A. Pregnancy-Specific bl-Glycoproteins: combined
biomarker roles, structure/function relationships and implications for drug design. Curr. Med. Chem., 2017, Vol. 24,
pp. 245-267.

40. Morris J.C, Waldmann T.A. Advances in interleukin 2 receptor targeted treatment. Ann. Rheum. Dis., 2000,
Vol. 59, pp. i109-i114.

41. Mukhopadhyay D., SundarRaj S., Alok A., Karande A.A. Glycodelin A, not glycodelin S, is apoptotically
active. Relevance of sialic acid modification. J. Biol. Chem., 2004, Vol. 279, pp. 8577-8584.

42. Mukhopadhyay D., Sundereshan S., Rao C., Karande A.A. Placental protein 14 induces apoptosis in T cells
but not in monocytes. J. Biol. Chem., 2001, Vol. 276, pp. 28268-28273.

43. Nelson B.H. IL-2, Regulatory T cells, and tolerance. J. Immunol., 2004, Vol. 172, no. 7, pp. 3983-3988.

44. Nistala K., Adams S., Cambrook H., Ursu S., Olivito B., de Jager W., Evans ]J.G., Cimaz R., Bajaj-Elliott M.,
Wedderburn L.R. Th17 plasticity in human autoimmune arthritis is driven by the inflammatory environment. Proc.
Natl. Acad. Sci. USA., 2010, Vol. 107, pp. 14751-14756.

45. Ochanuna Z., Geiger-Maor A., Dembinsky-Vaknin A., Karussis D., Tykocinski M.L., Rachmilewitz ]J.
Inhibition of effector function but not T cell activation and increase in FoxP3 expression in T cells differentiated in
the presence of PP14. PLoS One, 2010, Vol. 5, e12868. doi: 10.1371/journal.pone.0012868.

46. Pan H.E, Leng R.X., Zhang N., Tao J.H., Ye D.Q. Role and therapeutic potential of Glycodelin A in systemic
lupus erythematosus. Rheumatol. Int., 2011, Vol. 31, pp. 563-565.

1339



Tumeanosa B.I1. u op. Meoduyunckas Ummynonoeus
Timganova V. P. et al. Medical Immunology (Russia)/Meditsinskaya Immunologiya

47. Park H., Li Z.,, Yang X.O., Chang S.H., Nurieva R., Wang Y.H., Wang Y., Hood L., Zhu Z., Tian Q., Dong C.
A distinct lineage of CD4 T cells regulates tissue inflammation by producing interleukin 17. Nat. Immunol., 2005,
Vol. 6, pp. 1133-1141.

48. Paulissen S.M., van Hamburg J.P., Dankers W., Lubberts E. The role and modulation of CCR6* Th17 cell
populations in rheumatoid arthritis. Cytokine, 2015, Vol. 74, pp. 43-53.

49. Piccinni M.P,, Maggi E., Romagnani S. Role of hormone-controlled T-cell cytokines in the maintenance of
pregnancy. Biochem. Soc. Trans., 2000, Vol. 28, pp. 212-215.

50. Pockley A.G., Bolton A.E. The effect of human placental protein 14 (PP14) on the production of interleukin-1
from mitogenically stimulated mononuclear cell cultures. Immunology, 1990, Vol. 69, pp. 277-281.

51. Rachmilewitz J., Borovsky Z., Riely G.J., Miller R., Tykocinski M.L. Negative regulation of T cell activation
by placental protein 14 is mediated by the tyrosine phosphatase receptor CD45. J. Biol. Chem., 2003, Vol. 278,
pp. 14059-14065.

52. Rachmilewitz J., Riely G.J., Huang J.H., Chen A., Tykocinski M.L. A rheostatic mechanism for T cell
inhibition based on elevation of activation thresholds. Blood, 2001, Vol. 98, pp. 3727-3732.

53. Rachmilewitz J., Riely G.J., Tykocinski M.L. Placental protein 14 functions as a direct T cell inhibitor. Cell.
Immunol., 1999, Vol. 191, pp. 26-33.

54. Ramstein J., Broos C.E., Simpson L.J., Ansel K.M., Sun S.A., Ho M.E., Woodruff P.G., Bhakta N.R,,
Christian L., Nguyen C.P,, Antalek B.]., Benn B.S., Hendriks R.W.,, van den Blink B., Kool M., Koth L.L. IFN-gamma-
producing T-helper 17.1 cells are increased in sarcoidosis and are more prevalent than T-helper type 1 cells. Am. J.
Respir. Crit. Care Med., 2016, Vol. 193, pp. 1281-1291.

55. Renaude E., Kroemer M., Loyon R., Binda D., Borg C., Guittaut M., Hervouet E., Peixoto P. The Fate of Th17
Cells is Shaped by Epigenetic Modifications and Remodeled by the Tumor Microenvironment. Int. J. Mol. Sci., 2020,
Vol. 21, 1673. doi: 10.3390/ijms21051673

56. Riquelme P, Haarer J., Kammler A., Walter L., Tomiuk S., Ahrens N., Wege A.K., Goecze 1., Zecher D.,
Banas B., Spang R., Fandrich F, Lutz M.B., Sawitzki B., Schlitt H.J., Ochando J., Geissler E.K., Hutchinson J.A.
TIGIT* iTregs elicited by human regulatory macrophages control T cell immunity. Nat. Commun., 2018, Vol. 9,
2858. doi: 10.1038/s41467-018-05167-8.

57. Rivino L., Messi M., Jarrossay D., Lanzavecchia A., Sallusto E, Geginat J. Chemokine receptor expression
identifies Pre-T helper (Th)1, Pre-Th2, and nonpolarized cells among human CD4* central memory T cells. J. Exp.
Med., 2004, Vol. 200, pp. 725-735.

58. Saito S., Nakashima A., Shima T., Ito M. Th1/Th2/Th17 and regulatory T cell paradigm in pregnancy. Am.
J. Reprod. Immunol., 2010, Vol. 63, pp. 601-610.

59. Sandquist I, Kolls J. Update on regulation and effector functions of Th17 cells. FIO00Res., 2018, Vol. 7, 205.
doi: 10.12688/f1000research.13020.1.

60. Schiefner A., Rodewald E, Neumaier I., Skerra A. The dimeric crystal structure of the human fertility
lipocalin glycodelin reveals a protein scaffold for the presentation of complex glycans. Biochem. J., 2015, Vol. 466,
pp. 95-104.

61. Seppild M., Koistinen H., Koistinen R., Chiu P.C., Yeung W.S.B. Glycosylation related actions of glycodelin:
gamete, cumulus cell, immune cell and clinical associations. Hum. Reprod. Update, 2007, Vol. 13, pp. 275-287.

62. Seppiald M., Koistinen H., Koistinen R., Chiu P.C.N., Yeung W.S.B. Glycodelin: A Lipocalin with Diverse
Glycoform-Dependent Actions. In: Madame Curie Bioscience Database [Internet]. Austin (TX): Landes Bioscience;
2000-2013.

63. Seppild M., Taylor R.N., Koistinen H., Koistinen R., Milgrom E. Glycodelin: a major lipocalin protein of the
reproductive axis with diverse actions in cell recognition and differentiation. Endocr. Rev., 2002, Vol. 23, pp. 401-430.

64. Singh S.P,, Zhang H.H., Foley J.E, Hedrick M.N., Farber ].M. Human T cells that are able to produce IL-17
express the chemokine receptor CCR6. J. Immunol., 2008. Vol. 180, pp. 214-221.

65. Soni C., Karande A.A. Glycodelin-A interferes with IL-2 / IL-2R signalling to induce cell growth arrest, loss
of effector functions and apoptosis in T lymphocytes. Hum. Reprod., 2012, Vol. 27, pp. 1005-1015.

66. Stadhouders R., Lubberts E., Hendriks R.-W. A cellular and molecular view of T helper 17 cell plasticity in
autoimmunity. J. Autoimmun., 2018, Vol. 87, pp. 1-15.

67. Stockinger B., Omenetti S. The dichotomous nature of T helper 17 cells. Nat. Rev. Immunol., 2017, Vol. 7,
pp. 535-544.

68. SundarRaj S, Soni C, Karande AA. Glycodelin A triggers T cell apoptosis through a novel calcium-
independent galactose-binding lectin activity. Mol. Immunol., 2009, Vol. 46, pp. 3411-3419.

69. Tahvildari M., Dana R. Low-Dose IL-2 Therapy in transplantation, autoimmunity, and inflammatory
diseases. J. Immunol., 2019, Vol. 203, pp. 2749-2755.

70. Tesmer L.A., Lundy S.K,, Sarkar S., Fox D.A. Th17 cells in human disease. Immunol. Rev., 2008, Vol. 223,
pp. 87-113.

71. Timganova V., Bochkova M., Khramtsov P., Kochurova S., Rayev M., Zamorina S. Effects of pregnancy-
specific B-1-glycoprotein on the helper T-cell response. Arch. Biol. Sci., 2019, Vol. 71, pp. 369-378.

72. Timganova V.P, Zamorina S.A., Litvinova L.S., Todosenko N.M., Bochkova M.S., Khramtsov P.V,
Rayev M.B. The effects of human pregnancy-specific B1-glycoprotein preparation on Th17 polarization of CD4*
cells and their cytokine profile. BMC Immunol., 2020, Vol. 21, 56. doi: 10.1186/s12865-020-00385-6.

1340



2023, T. 25, Ne 6
2023, Vol. 25, No 6

Bausnue eauxodeauna na Thl7-noaspuszayuro
Effects of glycodelin on Th 17 polarization

73. van Langelaar J., van der Vuurst de Vries R.M., Janssen M., Wierenga-Wolf A.E, Spilt .M., Siepman T.A.,
Dankers W., Verjans G.M.G.M., de Vries H.E., Lubberts E., Hintzen R.Q., van Luijn M.M. T helper 17.1 cells associate
with multiple sclerosis disease activity: perspectives for early intervention. Brain, 2018, Vol. 141, pp. 1334-1349.

74. Vesela R., Dolezalova L., Pytlik R., Rychtrmocova H., Mareckova H., Trneny M. The evaluation of survival
and proliferation of lymphocytes in autologous mixed leukocyte reaction with dendritic cells. The comparison of
incorporation of 3H-thymidine and differential gating method. Cell. Immunol., 2011, Vol. 271, pp. 78-84.

75. Voo K. S., Wang Y.-H., Santori ER., Boggiano C., Wang Y.-H., Arima K., Bover L., Hanabuchi S., Khalili J.,
Marinova E., Zheng B., Littman D. R., Liu Y.-]. Identification of IL-17-Producing FOXP3* Regulatory T Cells in
Humans. Proc. Natl Acad. Sci. USA, 2009, Vol. 106, pp. 4793-4798.

76. Walch-Riickheim B., Mavrova R., Henning M., Vicinus B., Kim Y.J., Bohle R.M., Juhasz-Boss I,
Solomayer E.E, Smola S. Stromal Fibroblasts Induce CCL20 through IL6/C/EBPf to Support the Recruitment of
Th17 Cells during Cervical Cancer Progression. Cancer Res., 2015, Vol. 75, pp. 5248-5259.

77. Wiebe ].P, Dinsdale C.]J. Inhibition of cell proliferation by glycerol. Life Sci., 1991, Vol. 48, pp. 1511-1517.

78. Yamazaki T., Yang X.O., Chung Y., Fukunaga A., Nurieva R., Pappu B., Martin-Orozco N., Kang H.S,,
Ma L., Panopoulos A.D., Craig S., Watowich S.S, Jetten A.M., Tian O., Dong C. CCR6 Regulates the Migration of
Inflammatory and Regulatory T Cells. J. Immunol., 2008, Vol. 181, pp. 8391-8401.

79. Yeung W.S., Lee K.E, Koistinen R., Koistinen H., Seppala M., Ho P.C., Chiu P.C. Effects of glycodelins on
functional competence of spermatozoa. J. Reprod. Immunol., 2009, Vol. 83, pp. 26-30.

80. Zhang Z., Clarke T.B., Weiser ].N. Cellular effectors mediating Th17- dependent clearance of pneumococcal

colonization in mice. J. Clin. Invest., 2009, Vol. 119, pp. 1899-1909.

ABTOpBI:

Tumeanoea B.II. — k.6.H., HayuHbLil COMPYOHUK
Aa60pamopuu KAemouHol UMMYHOA02UU U
HanobuomexHoaoeuu, Hncmumym 3K0n02ul U eeHemuKu
MUKDPOOpeanuszmos Ypanvckozo omoenenus Poccuiickoii
akademuu nHayk — ¢uauar PIBYH «Ilepmckuii
gedepanvhblil uccaredosamensvckuil yeHmp Ypaivcko2o
omaenenus Poccuiickoii akademuu nayk», e. I[lepmo, Poccus

3amopuna C.A. — 0.6.H., 6edyujuii Hay4Hblil

compyoHuK 1a60pamopuy KAemouHoU UMMYHOA0UU

u HaHoOuomexHoaoeuu, Hucmumym skonoeuu u
2eHeMUKU MUKPOOP2AHUZMO8 YPaabCcKoeo omaoeneHus
Poccuiickoii akademuu nayx — guauar ®IbYH
«llepmckuii ghedepanvruiil uccredosamenbckuil yeHmp
Ypanvckoeo omdenenus Poccuiickoii akademuu Hayk»;
npogheccop Kageopvr MUKPOOUONOSUU U UMMYHOA0UU
DIAOY BO «llepmckuii eocydapcmeerHblil HAUUOHAAbHBLI
uccaedoeamenwvckuii ynusepcumem», e. Ilepmo, Poccus

bouxosa M.C. — k.6.1., HayuHbLil compyOHUK aabopamopuu
KAeMO4HOU UMMYHOA02UU U HAHOOUOMEXHOA02UU,
Hncmumym 3Ko0a0euu u 2eHemuKu MuKpoopeanusmos
Ypanvckoeo omodenenus Poccutickoii akademuu

Hayk — ¢uauan PI'BYH «Ilepmckuii hedepanvhvbiil
uccaedosamenvekuil yeHmp Ypanbckoeo omoenenus
Poccuitickoii akademuu Hayk»; cmapuiuii npenodasamend
Kagedpor murkpobuonoeuu u ummyHnonroeuu PrA0Y BO
«llepmckuii eocydapcmeenmblil HAUUOHAAbHYLIL
uccaedogamenwvckuil ynusepcumem», e. Ilepmo, Poccus

Authors:

Timganova V.P., PhD (Biology), Research Associate,
Laboratory of Cellular Immunology and Nanobiotechnology,
Institute of Ecology and Genetic of Microorganisms, Perm
Federal Research Center, Ural Branch, Russian Academy
of Sciences, Perm, Russian Federation

Zamorina S.A., PhD, MD (Biology), Leading Research
Associate, Laboratory of Cellular Immunology and
Nanobiotechnology, Institute of Ecology and Genetic

of Microorganisms, Perm Federal Research Center, Ural
Branch, Russian Academy of Sciences; Professor, Department
of Microbiology and Immunology Perm State University, Perm,
Russian Federation

Bochkova M.S., PhD (Biology), Research Associate,
Laboratory of Cellular Immunology and Nanobiotechnology,
Institute of Ecology and Genetic of Microorganisms, Perm
Federal Research Center, Ural Branch, Russian Academy

of Sciences; Senior Lecturer, Department of Microbiology and
Immunology Perm State University, Perm, Russian Federation

1341



Tumeanosa B.I1. u op.
Timganova V. P. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

Ilapouna K. IO. — unxcenep-uccaedosamens rabopamopuu
KAeMOUHOI UMMYHON02UU U HAHOOUOMEXHON02UU,
Hnemumym sKo0102uu u eeHemuKu MUKpPOOPeaHU3MO8
Ypanvckoeo omodenenus Poccutickoli akademuu

Hayk — ¢uruan OI'BYH «Ilepmckuii pedepanvibiii
uccnaedosamenvckuil yeHmp Ypanvckoeo omoeneHus
Poccuiickoii akademuu Hayk», e. [lepms, Poccus

Yorceurox C. B. — unosicenep-uccaedosamens nabopamopuu
KAeMOUYHOU UMMYHOAOUU U HAHOOUOMEXHOA02UU,
Huemumym sKo0n02uu u 2eHeMuKYU MUKPOOP2AHUZMOB
Ypanvckoeo omdenenus Poccuiickoii akademuu

Hayk — guauar PI'BYH «Ilepmckuii hedepanvriviii
uccaedogamenseKkuil ueHmp Ypanockoeo omoenerus
Poccuiickoit akademuu nayk», e. Ilepmo, Poccus

Kponaneea M.JI. — k.6.H., Maadwiuil Hay4Hublii
compyOHuK A1ab6opamopuu KAemo4Hol UMMYHOA02UU

u HaHobuomexnoaoeuu, Mncmumym sKono0euu

U 2eHeMUKU MUKPOOP2AHU3MO8 YPanbCcKoeo omoeneHus
Poccuiickoil akademuu nayk — guauar OIbYH
«llepmckuil gpedepanvrutii uccredosamenvckuil yeHmp
Ypanvckoeo omodenenus Poccuiickoii akademuu Hayk»;
accucmenm Kageopv. MUKPOOUON0UU U UMMYHOA0UU
DIAOY BO «Ilepmckuii eocydapcmeentvlii HAUUOHANbHBLL
uccaedogamenwvckuil ynusepcumem», e. Ilepms, Poccus

Paee M.b. — 0.6.1., 3a6edytouuii rabopamopueil
KAEMOUHOU UMMYHOAOUU U HAHOOUOMEXHOA02UU,
Huemumym skon0euu u 2eHemuKyu MUKpPOOP2AHU3MO8
Ypanvckoeo omodenenus Poccuiickoii akademuu

Hayk — guauar PIBYH «Ilepmckuti hedepanvriviii
uccnedosamenvckuil yeHmp Ypasockoeo omoenerus:
Poccuiickoii akademuu nayk»; npogheccop Kagheopul
mukpobuonoeuu u ummynonoeuu PIAOY BO «Ilepmckuii
20cy0apcmeeHHblil HAUUOHANbHBLI UCCAe008aMeNbCKUL
YHugsepcumem», e. Ilepmwv, Poccus

Shardina K. Yu., Research Engineer, Laboratory of Cellular
Immunology and Nanobiotechnology, Institute of Ecology and
Genetic of Microorganisms, Perm Federal Research Center,
Ural Branch, Russian Academy of Sciences, Perm, Russian
Federation

Uzhviyuk S.V., Research Engineer, Laboratory of Cellular
Immunology and Nanobiotechnology, Institute of Ecology and
Genetic of Microorganisms, Perm Federal Research Center,
Ural Branch, Russian Academy of Sciences, Perm, Russian
Federation

Kropaneva M.D., PhD (Biology), Junior Research Associate,
Laboratory of Cellular Inmunology and Nanobiotechnology,
Institute of Ecology and Genetic of Microorganisms, Perm
Federal Research Center, Ural Branch, Russian Academy

of Sciences; Assistant Professor, Department of Microbiology
and Immunology, Perm State University, Perm, Russian
Federation

Rayev M.B., PhD, MD (Biology), Head, Laboratory

of Cellular Immunology and Nanobiotechnology, Institute

of Ecology and Genetic of Microorganisms, Perm Federal
Research Center, Ural Branch, Russian Academy of Sciences;
Professor, Department of Microbiology and Immunology Perm
State University, Perm, Russian Federation

Ilocmynuna 09.09.2022
Ilpunama x newamu 20.02.2023

Received 09.09.2022
Accepted 20.02.2023

1342



Meoduyunckas ummyHonoeus
2023, T. 25, Ne 6,
cmp. 1343-1352

Medical Immunology (Russia)/
Meditsinskaya Immunologiya
2023,Vol.25, No6, pp. 1343-1352

Opucunaavnvie cmamou
Original articles

vOT-KJIETKW Y NTAUMEHTOB C ONMYXO0JI9MUN NOJIOCTU HOCA

U OKOJIOHOCOBBIX MA3YX

Huxeropogosa J1.B. % Koasaaua 3K.B.2, Moposzosa H.A.2,
3adpanckas M.M.-2

! Benopycckas MeOUUyUHCKas aKkaoemus NocaeouniomHo2o oopazoeanus, 2. Munck, Pecnyboauka Beaapyce
2 Mexcdynapoonulii eocyoapcmeennbiil sxonoeuteckui uncmumym umenu A.Jl. Caxaposa Beaopycckoeo
eocyoapcmeennoeo ynusepcumema, 2. Mumnck, Pecnyoauka beaapyco

3 PecnyOauKaHCKUll Hay4HO-NPAKMUMECKUN YeHMpP OHKOA02UU U MEOUYUHCKOU Paduoa0euy UMEHU

H.H. Anexcanodposa, Munckuil paiion, a/e Jlecnoii, Pecnybauka beaapyco

Pesiome. MiMmMmyHoiorndyeckue akTopbl MOTYT UTPaTh BaXKHYIO POJIb B KaUeCTBE MPEIUKTOPOB WX MPO-
THOCTMYECKUX OMOMapKepPOB IIPU OHKOMATOJIOTMISCKUX IpoIieccax. B mocnenHee BpeMs B KaueCTBE ITepCIIeK-
TUBHBIX 3(P(hEeKTOPHBIX KJIETOK JUISI UMMYHOTEPAIlMU 3JT0Ka4YeCTBEHHBIX HOBOOOpa30BaHMI pacCMaTpUBaeTCS
MOMYJISIMS Hekaccuyeckux yOT-1uMGbOIMTOB, COUETAIOIIMX CBOMCTBA BPOXKIEHHOTO U MPUOOPETEHHOTO
UMMyHHUTeTa. B maHHOI1 paboTe mpeacTaBiIeHa CTPYKTYpHO-(GYHKIIMOHAIbHAS XapaKTepUCTUKA CyOITOITyJIs-
it ydT-nmumdo1nToB, BoBIeKatomuxcs: B hOpMHUpOBaHUE TPOTUBOOITYXOJIEBOTO UMMYHUTETA y AIUEHTOB
CO 3JIOKAQYeCTBEHHBIMU U JIOOPOKAUYEeCTBEHHBIMM OITYXOJISIMU TTOJIOCTU HOCA M OKOJIOHOCOBBIX Tasyx. Llemn
HUCCIIEIOBAHUST — OLIEHUTD CYOIOMYJISIIIMOHHBIN cOCTaB U (DYyHKIIMOHAIbHBIE 0COOEHHOCTH YO T-KIIeToK y na-
LIMEHTOB ¢ HOBOOOPa30BaHUSIMU MOJOCTU HOCA M OKOJJOHOCOBBIX Ma3yX JJIsi XapaKTePUCTUKU MEXaHU3MOB
KJIETOYHOTO MMMYHUTETA TIPH OITyXOJIb-aCCOLIMUPOBAHHOM ITAaTOJIOTMYECKOM IIpoliecce.

Marepuanom uccieqoBaHus siBUIach nepudepudyeckas BeHo3Hast KpoBb 21 manuenTa (13 My>K4uH 1 8
KEHIIMH, cpeaHuii Bo3pact 63,0 (56,0-69,0) eT) ¢ HOBOOOPA30BaHUIMM ITOJOCTU HOCA U OKOJIOHOCOBBIX
naszyx v 10 ycioBHO 300pOBbIX TOHOPOB. PeHOTUTT TUM(OUTHBIX KJIETOK U BHYTPUKIIETOYHYIO TTPOAYKIINIO
LIUTOKUHOB OLIEHUBAIU C UCITOJIb30BAaHUEM MOHOKJIOHAIBHBIX aHTUTE U METOIa IIPOTOYHO LIUTOMETPUMH,
BHEKJICTOUHYIO IMPOIYKIIMIO ITUTOKMHOB MCCJIEIOBAIM B CylepHaTaHTaX KyJbTyp METOIOM MUMMYyHOdep-
MEHTHOI'O aHa/In3a.

YcTaHOBIEHO yBeIMUYEHME O0IIero KoanuecTna YO T-KIeToK y MallMeHTOB € MJIOCKOKJIETOUHBIM PaKOM U
n3MeHeHre cooTHomeHusT Vo2t /Val*T-kieTok B nepudeprnyeckKoil KpoBU KakK y MallMeHTOB CO 3JI0Kaye-
CTBEHHBIMU, TaK U JOOPOKAYECTBEHHBIMM OITYXOJISIMU IMOJIOCT HOCA ¥ OKOJIOHOCOBBIX TTa3yX MO CPaBHEHUIO
CO 3IOPOBBIMU JOHOpPaMH. B 00erx mcciaeayeMbIX TpyInax MallueHTOB BEISIBICHO ITOBBIIICHNUE YPOBHS (hoC-
(boaHTUTEeH-UHAYLIMPpYeMOil akTUBalMU YO T-KJIETOK B COUETAHUM CO CHUKEHUEM MHIEKCOB CTUMYJISILIUU U
Pa3TUYHBIM IIMTOKWUHOBBIM MPOMUIeM: y MallMeHTOB C TTOCKOKJIETOUHBIM PaKOM OTMEYaloCh yBEeTUUYeHUE
BHyTpUkJierouHoil npoaykuuu [FNy B ydT-kieTkax, B TO BpeMsl KaK y MTallMEHTOB ¢ UHBEPTUPOBAHHOM Ma-
MWLIOMON nepepacnpeaeieHue cyononyasaiuii ydT-1umMbOouUTOB CBSI3aHO ¢ MPEUMYIIIECTBEHHON MPOIyK-
nueii IL-17. I1pu atom npoueHT ydT-mumdbouutoB, cuHTtesupyomux [FNy, koppeanpoBai ¢ ero KOHIEH-
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Tpalleil B cyliepHaTaHTaX KJICTOUYHBIX KYJIBTYp V MAlUEHTOB CO 3JI0KAa4eCTBEHHBIMI HOBOOOPAa30BaHUSIMU
MOJIOCTU HOCa 1 0KOJIOHOCOBBIX Ima3yx (R =0,61; p < 0,05).

IMonyyeHHbIe TaHHBIE CBUIETEILCTBYIOT O BOBJIeUeHUU YO T-TUM(OIIMTOB B TTATOTEHE3 3JI0KAY€CTBEHHBIX
U1 J00POKAYECTBEHHBIX OITyXOJIeii K MOTYT SIBJISIThCSI (PyHIAMEHTAIbHOM OCHOBOM 151 AaIbHEMIIIErO OIIpeae-
JICHMSI BO3MOXHBIX IIPEIMKTOPOB OITyXO0JIb-aCCOLUMMPOBAHHOM BOCIAIMTEIbHOM PEAKLIUU M MAJTUTHU3ALIUN.

Knrouesvie caosa: onyxoau nosocmu Hoca, Onyxoau 0K0AOHOCOBbIX NA3YX, Aumgouodnvie kaemiu, yd T-aumepoyumot, IFNy, IL-17,
usoneHmeHun nupoghocgpam

vOT CELLS IN PATIENTS WITH TUMORS OF THE NASAL CAVITY
AND PARANASAL SINUSES

Nizheharodava D.B.>*, Kolyadich J.V.©, Marozava N.A.¢,

Zafranskaya M.M.»P

@ Belarusian Medical Academy of Postgraduate Education, Minsk, Republic of Belarus
b International Sakharov Environmental Institute of Belarusian State University, Minsk, Republic of Belarus
¢ N. Alexandrov National Cancer Centre of Belarus, Minsk District, Republic of Belarus

Abstract. The immunological factors can play an important role as predictive and prognostic biomarkers in
oncopathology. Recently, non-conventional innate-like ydT-lymphocytes have received a lot of attention as a
promising effector cell population for cancer immunotherapy. This study describes structural and functional
subpopulations of ydT lymphocytes involved in antitumor immunity in patients with malignant and benign
tumors ofthe nasal cavity and paranasal sinuses. The aim of the study was to estimate y3T cell subsets composition
and functions in patients with neoplasms of nasal cavity and paranasal sinuses in order to characterize cellular
immunity in tumor-associated pathological process.

The peripheral venous blood was obtained from 21 patients (13 men and 8 women, average age of 63.0
(56.0-69.0) y. 0.) with neoplasms of nasal cavity and paranasal sinuses, and 10 healthy donors. Lymphoid cells
phenotype and production of intracellular cytokines were investigated using monoclonal antibodies and flow
cytometry, production of extracellular cytokines was measured using enzyme-linked immunosorbent assay kits.

The increase of total y8T cells number in patients with squamous cell carcinoma accompanied by changes
in V82*/V31*T cells ratio in peripheral blood of both patients’ groups with malignant and benign nasal cavity
and paranasal sinuses tumors were revealed as compared to healthy donors. The upregulated yoT cell response
to phosphoantigen induction in combination with reduced indices of stimulations were shown in the both
patients groups but cytokine profile was different, i.e., the elevated IFNy production has been determined in
patients with squamous cell carcinoma. However, in patients with inverted papilloma, redistribution of y6T cell
subsets has been associated with IL-17-producing yoT cells. Moreover, the percent of IFNy*ydT lymphocytes
did correlate with IFNy concentration in cell culture supernatants of patients with malignant nasal cavity and
paranasal sinuses neoplasms (R = 0.61; p < 0.05).

The revealed data suggest an involvement of yoT lymphocytes in malignant and benign tumor pathogenesis
and may provide a fundamental basis for further detection of possible tumor-associated inflammation and
malignization predictors.

Keywords: nasal cavity, paranasal sinuses, neoplasms, lymphoid cells, y3T lymphocytes, IFNy, IL-17, isopentenyl pyrophosphate

|ntroducti0n malignant tumors of NC and PNS detected at stage
_ . -1V [18, 22].
Nasal cavity (NC) and paranasal sinuses (PNS) One of the issues is the absence of biomarkers or

neoplasms account for approximately 5% of the upper predictors that contribute to the early detection of
respiratory tract tumors. About half of these tumors the malignant process and, therefore, late diagnosis

are benign, mainly squamous and inverted papilloma ©f malignant NC and PNS neoplasms. According
to numerous studies, neoplasm has a dual effect
on the immune system: on the one hand, the local
tumor microenvironment is characterized by
which squamous cell carcinoma (SCC) comprises changes in immune cells populations and immune
approximately 75%. More than 76% of patients have control check-points including the interaction of

(IP), and the remaining are malignancies amounting
for 1-3% of malignant tumors of all localizations, of
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co-inhibitor receptors (cytotoxic T Ilymphocyte-
associated antigen 4, programmed death-1, T cell
immunoglobulin domain and mucin domain 3,
lymphocyte activation gene 3, etc.) on lymphocytes
with their ligands, on the other hand, tumor factors
production induces an imbalance and leads to
immunosuppression contributing to tumor cellsescape
from immunosurveillance [4, 7]. These molecular
events determine a certain lymphoid cells subsets
composition in the systemic circulation as well as local
infiltration into the tumor, the functional potential of
which can be characterized by cytotoxic reactions
and also contribute to the immunosuppression [11].
In view of the immune system involvement in the
tumor pathogenesis, it seems important to search
for immunological biomarkers, which may include
T lymphocytes with T cell receptors (TCR) composed
of y and & chains (y8T lymphocytes).

Over the past decade, unconventional innate-like
voT lymphocytes have received a lot of attention as
attractive effector cells for cancer immunotherapy [ 16,
33]. Being a minor T cell population in peripheral
blood (0.5-10% of all T lymphocytes), they are
abundant in the mucosa within intraepithelial
lymphocytes (up to 50%) and participate in protective
immunity against tumors and infectious organisms
providing immunosurveillance. Their high and quick
antitumor activity is characterized by non-MHC-
restricted antigen recognition, cytotoxic potential,
antigen-presenting function, abundant cytokine and
chemokine secretion capacity [15, 28].

In recent years, there have been a number of
reports about diverse roles of ydT lymphocytes
in tumor immunity owing to their structural and
functional heterogeneity [13, 16, 32]. Compared to
antigenic receptors of afT and B lymphocytes, the
great yoT cells potential to various ligand-binding
sites formation comes from the high polymorphism of
yOTCR, the variable domains of which are encoded
with 3 main V8-genes and at least 6 Vy-genes, resulting
in high ydT lymphocytes heterogeneity. Moreover,
similar to af3T lymphocytes y3T cells are able to
polarize into y8T1 cells (secreting interferon y (IFNy)
and tumor necrosis factor o (TNFa)), ydT1/17 cells
(secreting IFNy and interleukin (IL) 17), ydT17 cells
(secreting IL-17 only), yd0T2 cells (secreting 1L-4),
follicular B helper y6Tgy, cells (secreting 1L-4, 1L-10)
and regulatory fork head box P3* (FoxP3*) ydTreg
cells. It was demonstrated that ydT1 cells (express
CD56" phenotype and are involved in cytolytic
reactions) and ydTyy, cells (enhance B lymphocyte
maturation and antibody formation) have the both
a direct and indirect antitumor effect, while ydT17
cells, FoxP3*ydTreg cells show protumorigenic effect
due to the immunosuppression [28, 32].

Thus, the determination of ydT lymphocytes
specific immunological features in benign and
malignant NC and PNS neoplasms is of actual interest
and may be considered as a basis for detailing and
systematizing new methods for diagnosis and therapy

as well as developing an algorithm for their application
in preventing disease complications and relapses.

In this article, the characteristic of yoT cell subsets
composition and functions in patients with NC and
PNS neoplasms is presented for the first time, aimed
at y0T mediated cellular immunity assessment in
tumor-associated pathological process.

Materials and methods

The peripheral venous blood was obtained from
21 patients with NC and PNS neoplasms (13 men
and 8 women, average age of 63.0 (56.0-69.0) y. 0.)
hospitalized at N.N. Alexandrov National Cancer
Centre of Belarus. All subjects were divided in three
groups: group 1 — 10 patients with SCC; group 2 —
11 patients with IP; group 3 consisted of 10 healthy
donors. Clinical and demographic characteristics of
patients and healthy donors are presented in Table 1.

Peripheral blood mononuclear cells isolation and
cultivation

Peripheral blood was collected in sterile heparin
tubes, diluted 1:1 with physiological saline, layered
onto a Histopaque-1077 density gradient (Sigma,
Germany) and centrifuged for 30 min at 300 g at
4 °C. The resulting interphase ring of peripheral
blood mononuclear cells (PBMC) was washed twice
in physiological saline for 10 min at 300 g and 4 °C.
PBMC were cultured in RPMI-1640 medium (Bio-
Whittaker, USA) completed with 10% fetal calf
serum (Gibco, Germany), 2 mM L-glutamine (Bio-
Whittaker, USA), 1% antibiotic-antimycotic (Gibco,
Germany), 100 U/mL IL-2 (Fluka, Germany) during
3 days (for further estimation of y3T cells cytokines
production) and in the presence or absence of 20 uM
isopentenyl pyrophosphate (IPP, Sigma, Germany)
during 6 days (for further estimation of y8T cells
proliferation rate) as previously described with minor
modifications [20].

Flow cytometry method

Immunophenotyping of peripheral blood lymphoid
cells

The populations of lymphoid cells in whole
peripheral blood were determined using the
next CYTO-STAT tetraCHROME monoclonal
antibody panels: CD45-FITC/CD4-RD1/CDS§-
ECD/CD3-PC5 and CD45-FITC/CD56-RD1/
CDI19-ECD/CD3-PC5 (Beckman Coulter, USA).
vdT lymphocytes subsets were identified in whole
peripheral blood using a DuraClonelMTCRs
monoclonal  antibody  panel: y3TCR-FITC/
afTCR-PE/HLA-DR-ECD/V3ITCR-PC7/CD4-
APC/CDS8-AF700/CD3-AF750/V32TCR-PB/
CD45-KrO (Beckman Coulter, USA). Monoclonal
antibody reagents were added according to the
manufacturer’s instructions to 100uL of the venous
blood specimen, and reaction mixtures were incubated
at 20-25 °C for 15 min in the dark. Then red blood
cells were lysed with Versalyse solution (Beckman
Coulter, USA) for 10 min. Results were analyzed on
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TABLE 1. CLINICAL AND DEMOGRAPHIC CHARACTERISTICS OF PATIENTS AND HEALTHY DONORS

Gender, Age Disease stage Disease
Groups Diagnosis n male / ge, 9 duration,
y. o. (TNM system)
female months
stage | (20%)
Squamous cell 58.0 stage Il (20%) stage 6.0
Group 1 carcinoma 10 13 (56.0-71.7) 11l (20%) (4.0-10.0)
stage IV (40%)
. 64.0 5.0
Group 2 Inverted papilloma 11 6/5 (50.5-67.5) - (2.0-18.0)
Group 3 Healthy donors 10 5/5 49.0 - -
P y (44.0-61.0)

Note. TNM, Tumor, Node, Metastasis system; n, patients’ number in a group; y. o., years old.

10000 CD3*T lymphocytes or 1000 yoT lymphocytes
using a 10-channel Cytoflex flow cytometer (Beckman
Coulter, USA).

Intracellular cytokine detection

IFNy and IL-17 syntheses were evaluated in
3-days PBMC cultures as previously described
with minor modifications [31]. For quantitative
intracellular cytokines determination, 4 ng/mL
phorbol 12-myristate 13-acetate (Sigma, Germany),
1 pg/mL of ionomycin calcium salt and 10 pg/mL
brefeldin A (Cayman Chemicals, USA) were added
in the last 4 hours of cell culture activation. Then
PBMC were stained with monoclonal antibodies
to surface CD3-FITC and yd§TCR-PC7 (Beckman
Coulter, USA) at 20-25 °C for 15 min in the dark,
fixed with 4% paraformaldehyde (Sigma, Germany),
permeabilized with 2% Triton X (Sigma, Germany),
and then intracellular staining was performed using
monoclonal antibodies IFNy-PE (Beckman Coulter,
USA) and IL-17A-PerCP (R&D Systems, USA).
Results were analyzed on 1000 y3T lymphocytes using
flow cytometer.

v T cells proliferation rate

ydT cells proliferation rate was estimated in 6-days
PBMC cultures stained with monoclonal antibodies
to surface CD3-FITC and ydTCR-PC7 (Beckman
Coulter, USA). PBMC cultures without IPP were
used as controls. Results were analyzed on 1000
voT lymphocytes using flow cytometer. The index of
stimulation (IS) was calculated as the ratio of IPP-
stimulated y3T cells number to the unstimulated
cultures in conventional units (c. u.).

ELISA extracellular IFN detection

IFNy concentration was determined in the cell-
free culture supernatants using commercial human
ELISA kit “y-Interferon-EIA-BEST” (Vektor-Best,
Russia) according to the manufacturer’s instruction.

Statistical method

Statistical data processing was performed using
Statistica 8.0 (StatSoft Inc., USA). The median
(Me), 25" and 75" percentiles were used as descriptive
statistics of the studied groups. Significant differences
between investigated groups were determined by
nonparametric criteria: Mann—Whitney U test and

Wilcoxon test; p-values < 0.05 (*) and p < 0.01 (*%)
were considered as statistically significant.

Results

Lymphoid cells population in patients with malignant
and benign NC and PNS neoplasms

The absolute and relative numbers of peripheral
blood lymphocytes populations in patients with NC
and PNS neoplasms and donors are presented in Table
2. Patients from group 1 were characterized by changes
in the following classical lymphoid cell populations:
decreased CD3*CD4*T helpers (p < 0.01) as well
as increased CD3*CD8*T lymphocytes (p < 0.05)
have been detected as compared to healthy donors.
Meanwhile, the total number of CD3*T lymphocytes,
CD19"B cellsand CD56"NK cells in patients with SCC
did not significantly differ from those in groups 2 and 3.
By contrast, the significantly increased relative number
of ydT lymphocytes was found in patients with malignant
NC and PNS tumors as compared to the both patients
with IP as well as to healthy donors. The quantitative
parameters of peripheral blood lymphocytes subsets in
patients with IP did not statistically differ from those in
healthy donors (Table 2).

In view of significant changes and involvement of
non-classical y0T lymphocytes in patients with NC
and PNS tumors, a further analysis of y3T cells subsets
and potential functions was performed.

vO8T cell subsets in patients with malignant and
benign NC and PNS neoplasms

Three subpopulations of 3T lymphocytes
depending on the expression of the TCR & chain were
investigated in patients with NC and PNS neoplasms.
The original flow cytometry dot-plots of ydT cells
numbers are presented in Figure 1 and displayed a
pattern of typical subsets composition in investigated
groups.

As seen from the original dot-plots of V31*T and
Vé2*T cells numbers in patient S. with a confirmed
diagnosis of SCC from group 1 (Figure 1A) and in
patient N. with a confirmed diagnosis of IP from
group 2 (Figure 1B), V82*/V31*T cells ratio has
been decreased as compared to healthy donor R.
Like that, V17T cells subset prevailed in patient S.
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(47.33%, Figure 1A), and V382*/V31'T cells ratio
reached 1,1, while in healthy donor R. V&2*T cells
subset dominated (94.63%, Figure 1C), and V&2*/
V81T cells ratio made 23.9. Meanwhile, in patient
N. with IP with decreased V52*T cells subset number
(72.02%) as well as V82*/V31*T cells ratio (3.9), an
increase of the both V81*T cells and V51-/V32'T cells
(corresponds to V33*T cells) subsets was observed
(Figure 1B).

The statistical analysis of y3T cells subsets number
in investigated groups revealed the significantly
decreased V82*T cells number and the increased
Vo1*T cells percentage as well as the tendency to
increase of Vo1-Vd2T lymphocytes (V33*T cells) in
peripheral blood of patients with both malignant and
benign NC and PNS tumors as compared to healthy
donors (Figure 1D).

vST cells proliferation response to IPP in patients
with malignant and benign NC and PNS neoplasms

For the assessment of functional status, the
voT lymphocytes number was determined in 6-days
PBMC cultures under IPP-stimulated conditions.
The increased y3T cells percentage in response
to phosphoantigen was shown in the both groups
of patients (p < 0.05) as well as in healthy donors
(p < 0.01) (Figure 2, significance is not shown). But
the number of [PP-stimulated ydT cells in PBMC
cultures of patients with SCC was significantly higher
(21.6 (10.3-32.4) %) than in patients with 1P (11.5
(3.8-19.6) %) or healthy donors (12.3 (8.9-26.6) %).
Nevertheless, the indices of stimulations in the
both groups of patients were significantly reduced
ISg0upr = 1.87 (1.69-2.35) c.u. and IS,,,, = 2.10
(1.88-3.11) c. u.) as compared to healthy donors

TABLE 2. LYMPHOID CELLS IN PERIPHERAL BLOOD OF PATIENTS WITH NC AND PNS NEOPLASMS AND HEALTHY

DONORS, Me (Q0.25'Qo_75)

Patients with NC and PNS neoplasms Healthy donors
Lymphoid cells Gr01:1p=11(3$SC) Grc:1U|=3 125(|P) G;(;uro3 p-value
1 2 3

Lymphocvtes. % 30.50 36.00 36.00 N s

ymphocytes, 7o (23.50-35.25) (27.50-51.00) (31.00-44.00) S
Lymphocytes, 2.03 2.70 2.62 n s
x 10°/L (1.37-2.86) (1.88-3.53) (2.23-3.08) o
CD3'T cells, 72.81 70.52 70.53 N s
% (68.86-79.02) (65.21-75.33) (68.22-76.76) o
CD3*T cells, 1.32 2.09 1.91 s
x 10°/L (0.94-1.89) (1.38-2.50) (1.67-2.17) o
CD3*CD4* 53.13 60.32 64.41 <0.05
T cells, % (49.34-64.83) (54.98-62.73) (60.30-69.71) P1a =0
CD3*CD4* 769.42 1152.95 1172.99 N s
T cells, x 10°/L (502.57-1150.03) (818.77-1284.44) (1013.61-1363.15) o
CD3*CD8* 40.57 30.97 29.25 <0.05
T cells, % (26.51-44.65) (28.14-33.83) (25.10-33.07) P1s =D
CD3*CD8* 454.27 651.77 561.30 s
T cells, x 10°/L (378.06-646.46) (367.62-784.22) (418.69-714.54) e
y8TCR*CD3* 5.82 3.49 3.32 P < 0.05
T cells, % (3.76-7.24) (2.72-6.24) (1.93-5.17) pis < 0.05
y8TCR*CD3* 68.01 72.53 55.81 s
T cells, x 10°/L (30.43-101.12) (41.56-123.44) (35.95-104.42) o
CD19'B cells, 8.35 10.34 9.03 s
% (5.38-9.42) (5.93-11.06) (7.56-10.92) e
CD19'B cells, 168.64 251.34 222.49 s
x 108/L (75.28-248.99) (146.54-339.12) (194.44-332.79) o
CD56* 17.57 18.25 15.25 s
NK cells, % (12.39-19.56) (12.49-22.48) (11.48-18.54) o
CD56* 290.96 419.85 401.56 N s
NK cells, x 10°/L (229.02-423.22) (302.16-638.14) (250.99-491.42) e

Note. SCC, squamous cell carcinoma; IP, inverted papilloma; n, patients’ number in a group; p-value, statistically significant test result;
n. s., not significant; CD, cluster of differentiation; TCR, T cell receptor; NK cells, natural killer cells.
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Figure 1. y8T cells subsets (%) in peripheral blood of patients with NC and PNS neoplasms and healthy donors

Note. (A-C) Original dot-plots from flow cytometer of typical V61*T and V52

*T cells distribution in investigated groups (X-axis, V81*T cell receptor

expression; Y-axis, V32T cell receptor expression). (D) Descriptive statistics of y3T cells subsets number. TCR, T cell receptor; PB450, pacific

blue dye; PC7, phycoerythin-cyanine 7 dye; *, p < 0.05; **, p < 0.01 as com
group 2, patients with inverted papilloma; group 3, healthy donors.
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Figure 2. Proliferation rate of y8T cells (%) in stimulated
(IPP) and unstimulated (medium) 6-days PBMC cultures
Note. *, p < 0.05 as compared to group 3; medium, unstimulated
PBMC cultures; IPP, PBMC cultures stimulated with isopentenyl
pyrophosphate; group 1, patients with squamous cell carcinoma; group
2, patients with inverted papilloma; group 3, healthy donors.

pared to group 3; group 1, patients with squamous cell carcinoma;

(IS oups = 2.88 (2.58-3.15) c. u., respectively, p < 0.01
and p < 0.05).

vOT cells functional subsets in patients with
malignant and benign NC and PNS neoplasms

One of the main characteristics of ydT lympho-
cytes is their inherent ability to very rapidly secrete
pro-inflammatory cytokines [23]. In this regard,
the functional maturity of y8T lymphocytes was
characterized by their ability to produce intracellulary
either IFNy or IL-17, followed by the determination of
IFNy*ydT lymphocytes, IFNy* IL-17"y3T lymphocytes
or IL-17"y8T lymphocytes in 3-days PBMC cultures
from patients with malignant and benign NC and
PNS tumors and healthy donors.

The main source of IFNy among T cells was a
subpopulation of ydT lymphocytes (Figure 3) whereas
CD3*T cells synthesized IFNy at low levels (group 1:
7.8 (5.2-11.2) %; group 2: 4.3 (3.9-4.7) %; group 3:
5.2 (4.6-6.2) %). A significant increase of spontaneous
intracellular IFNy production by y3T lymphocytes
was observed in group 1 as compared to the control
group (Figure 3), while the significant differences
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in the population of CD3*T lymphocytes were not
established.

Moreover, IFNy"ydT Ilymphocytes correlated
with IFNy concentration in supernatants of patients
with malignant NC and PNS neoplasms (R = 0.61;
p < 0.05), which varied from 22.7 to 1396.2 pg/mL.
At the same time, the percentage of y3T lymphocytes
spontaneously synthesizing the both IFNy and 1L-17
was increased in patients with malignant and benign
tumors as compared to the controls (p < 0.05). The
number of YSTCR*IFNy*IL-17*T cells in patients
from group 2 was significantly higher than in group 1
(Figure 3). In addition, in patients with benign
tumors, the number of y3T lymphocytes producing
only IL-17 was higher than in group 1 or healthy
donors (Figure 3).

Discussion

Recently, the immune system has been established
to play a key role in the control of tumor growth
and progression [14]. In view of this, the phenotype
of main lymphoid cells subsets was investigated in
peripheral blood of patients with malignant and
benign tumors of NC and PNS. The revealed CD4/
CDS8 ratio decrease characterizes the redistribution of
T cells towards cytotoxic profile in patients with SCC.
Thus, the activation of the classical T cell immunity
with a pronounced cytotoxic potential is observed
in patients with malignant NC and PNS neoplasms
reflecting the formation of antitumor immunity and
was previously reported by many authors [8, 12, 17].

In this regard, our attention essentially focused
on non-classical y8T cells, which were discovered
three decades ago and still remain an enigmatic
population of lymphocytes [26, 30]. y8T cells perform
a wide variety of functions, but some discrete subsets
have more restricted effector properties with strong
evidence for functional plasticity in the periphery
during immunopathological process [23, 32]. The
elevation of ydT cells relative number was detected
in peripheral blood of patients with SCC. So, taking
into account that y3T cells structural and functional
features can be used as possible biomarkers of NC and
PNS neoplasms, the subsets composition, proliferative
ability and cytokine profile were further investigated.

According to literature data, three subpopulations
of ydT lymphocytes are distinguished depending on
the expression of the TCR & chain: a) V81*T cells that
populate mainly gastrointestinal epithelium, skin,
spleen, liver, and also are found in a small amount in
peripheral blood (< 30%) recognizing lipid-presenting
MHC-like molecules of the CDI1 family or stress-
induced molecules MICA/B, ULBP; b) V32*T cells
that predominate in peripheral blood (> 70%) and
are activated by microbial phosphoantigens ((E)-
4-hydroxy-3-methyl-but-2-enyl pyrophosphate)
or phosphoantigens of transformed cells (IPP); ¢)
V83*T cells, which are localized in the liver and
gastrointestinal epithelium, express the degranulation

40 - mgroup 1
Egroup 2
= 30 ogroup 3
o}
o)
IS
2 20 - * *
2 *
3
'—
w 10 1
WSTCRIFNY  ySTCRIL-A7a*  ydTCRIFNyIL-A7a"

Figure 3. IFNy and IL-17 synthesis in y8T lymphocytes

(%) of patients with malignant and benign NC and PNS
neoplasms

Note. *, p < 0.05 as compared to group 3; group 1, patients with
squamous cell carcinoma; group 2, patients with inverted papilloma;
group 3, healthy donors; TCR, T cell receptor; IFNy, interferon v; IL-17,
interleukin 17.

marker CD107a and are identified in patients with
chronic viral infection (cytomegalovirus, HIV), B cell
leukemia and lymphoma [28, 33].

Our results showed changes in ydT lymphocytes
subsets characterized by the significantly decreased
number of V32*T cells and the increased amount
of V&1'T cells as well as the tendency to increased
V81-V82 T lymphocytes (VO3*T cells) in peripheral
blood of patients with both malignant and benign
NC and PNS tumors as compared to healthy donors.
Previously, Wu D. et al. have reported a redistribution
of y8T lymphocytes subsets between peripheral blood
and tissue under oncopathological conditions because
of changes in the cytokine microenvironment [28].
Taking into account that V52T lymphocytes mainly
recognize phosphorylated antigens generated in
mevalonate pathway and accumulate in tumor cells,
as well as F1-ATPase expressed on the surface of
tumor cells and stress-induced molecules (MICA
and MICB, UL16-binding protein) [26], a decrease
in V32T cells number in the peripheral blood results
from cells migration into tissues for their effector
functions implementation.

Previous studies demonstrated that V82*T lym-
phocytes subset has a pronounced antitumor
potential, can inhibit cell proliferation, angiogenesis,
lymphangiogenesis and induce apoptotic death of
cancer cells [13, 15]. The role of Vo1*T lymphocytes
in malignant neoplasms pathogenesis is still being
debated. Incontrastto V62* T cells, Vo1 Tlymphocytes
exhibit a more expressed regulatory function and
are involved in immunosuppression due to the
following mechanisms: inhibition of dendritic cell
maturation as well as activation and differentiation of
afT lymphocytes into effector cells; IL-17-mediated
angiogenesis and myeloid-derived suppressor cells
(MDSC) recruitment; transforming growth factor 3
(TGF-B) production and promotion of epithelial-
mesenchymal transition [5, 16, 25, 27]. In this regard,
malignant cancer cells avoid immunosurveillance,
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that results in invasion and metastasis. However, some
authors demonstrated that the antitumor cytolytic
effect of V31*T lymphocytes in certain tumors is much
higher than that of V32*T lymphocytes [29]. In turn,
the role of V83T lymphocytes has not been studied in
oncopathology, and the data concerning V383*T cells
cytotoxic properties are contradictory [32].

Thus, elevated V81*T and V&3*T lymphocytes
numbers in the peripheral blood, on the one
hand, can reflect an increased activation of these
subsets, and on the other hand, indicate an unfa-
vorable microenvironment that leads to the im-
munosuppression and then to the tumor formation.

Moreover, y3T lymphocytes redistribution was
accompanied by changes in their functional status.
Thus, in patients with SCC, the proliferative potential
of y8T lymphocytes in response to phosphoantigen
IPP was significantly higher than in patients with
IP or healthy donors. The recognition of tumor
cells by y8T lymphocytes is known to occur through
a host of cell surface receptors for self and non-
self ligands, including TCR recognition of tumor
antigen and stress ligand receptors, such as NKG2D,
FCylIl (CDI16), FasL, TRAIL and DNAM-1
(CD226) [6]. V82T lymphocytes recognize tumor-
derived phosphorylated prenyl metabolites in a
TCR-dependent manner, which may accumulate
intracellularly as a by-product of dysregulated
tumor metabolism. IPP is one of well-studied
phosphoantigen, which can accumulate in cancer
cells as a result of the elevated metabolic flux through
the mevalonate pathway of cholesterol biosynthesis [ 1,
9, 19]. Non-peptidic antigens are not presented in the
context of classical MHC and are instead presented
through a non-polymorphic type I transmembrane
protein called butyrophilin 3A1 (BTN3A1). But the
mechanism of activation of V82*T cells by BTN3A1-
bound phosphoantigen remains controversial [19].
Non-MHC-restricted, possessing innate-like recog-
nition kinetics V32*T cells are an attractive candidate
for cancer immunotherapy and have been targeted
in clinical settings using aminobisphosphonate
drugs — potent inhibitors of the mevalonate pathway.
Thereby, aminobisphosphonates not only promote
direct antitumor effects but also lead to a build-
up in endogenous isoprenoid metabolites resulting
in activation and proliferation of type 1 cytotoxic
effector yoT cells with antitumor potential to produce
IFNy, TNFa, perforin and granzymes [6]. Despite
the detected high level of ydT cells proliferation rate
in response to IPP in patients groups, the indices
remained reduced that possibly reflects the exhaustion
of y8T cells functions as a result of chronic stimulation
with tumor antigens.

Together  with  phenotypic heterogeneity
yoT lymphocytes demonstrate functional plasticity,
whichisdeterminedbyboththeanatomicallocalization
and the presence of an inflammatory or tolerogenic
signal of the microenvironment [13]. Inthisregard, the
cytokine profile (IFNy or IL-17) of ydT lymphocytes

in patients with NC and PNS neoplasms was further
investigated. An increased spontaneous intracellular
and extracellular IFNy production respectively in
yOT cells and PBMC cultures was found in patients
with SCC. By secreting large amounts of IFNy,
voT cells participate in controlling infection or tumor
progression through the activation of macrophages
and cytotoxic lymphocytes and provide antitumor
immunosurveillance [23]. But in the both groups
of patients, IL-17-producing ydT cells were also
detected, which may play a pathogenic role, as their
main function is extremely fast neutrophil recruitment
at the site of inflammation. The established differences
in IL-17-producing y3T cells in patients with
malignant and benign NC and PNS neoplasms may
reflect an active change in the functional potential
of yoT lymphocytes from IFNy-mediated antitumor
to IL-17-mediated protumorigenic or migration of
IL-17" cells in tissues. IFNy"IL-17"y3T cells have
also been characterized in patients with malignant
and benign NC and PNS neoplasms. Although their
precise physiological relevance is still to be established,
IFNy*IL-17*y8T cells can clearly be a distinct
component of y3T cells response in scenario of tumor
immunity. Sheridan et al. showed that IFNy*IL-
17*ydT cells lack of CD27 and become memory
phenotype providing enhanced protection against
recall infection [24]. Thus, IFNy*IL-17y3T cells may
potentially play host-protective versus pathogenic role
in a distinct microenvironment.

ydT lymphocytes are known to participate in
antitumor immunosurveillance via the following
mechanisms: direct cytotoxicity mediated by
perforins and granzymes; FasL. and TRAIL expression
and elimination of Fas® and TRAIL-R* tumor
cells; CD16-mediated antibody-dependent cellular
cytotoxicity; the ability to present tumor antigens;
rapid and early production of IFNy and TNFa,
which enhance the cells antitumor activity and
inhibit tumor angiogenesis [10, 23, 32]. However,
in recent years, there have been publications about
the protumorigenic activity of ydT lymphocytes. In
particular, IL-17*ydT lymphocytes, being the main
source of IL-17 in the tumor microenvironment,
can contribute to angiogenesis by inducing vascular
endothelial growth factor synthesis, increasing the
MDSC population and MDSC-mediated depletion of
CDS8*T lymphocytes [3], as well as tumor progression
because of tumor-associated inflammation and
immunosuppression, including 1L-10 and TGF-
production [2, 28]. In addition, IL-1p and IL-17
secreted by IL-17"ydT lymphocytes stimulate the
expansion and polarization of neutrophils, which
in turn acquire the ability to suppress cytotoxic
CDS8*Tlymphocytesand contribute to metastases [21].

Conclusion

The activation of the classical and non-classical
T cell immunity with an expressed cytotoxic potential
is observed in patients with SCC, which is typical for
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antitumor immunity development. In both groups
of patients with malignant and benign NC and PNS
neoplasms, YT lymphocytes demonstrate phenotypic
heterogeneity characterized by the increase of
Vo1*T and V83T lymphocytes as well as by the
exhaustion of ydT cells proliferation. At the same
time cells functional plasticity differed between study
groups: yOT lymphocytes of patients with SCC are
characterized by predominantly IFNy production
that mediates antitumor immunity, while in the group
with IP the prevalence of IL-17 synthesis is detected

that is typical for protumorigenic microenvironment.
The revealed data point the involvement of
vdT lymphocytes in malignant and benign tumor
pathogenesis and may provide a fundamental basis
for further identification of possible tumor-associated
inflammation and malignization predictors. But for
the application of ydT lymphocytes parameters as
biomarkers for diagnosing NC and PNS neoplasms,
there is a need for their further investigation including
the correlation with patients’ clinical data.
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9KCMNMPECCUA UHTUBUTOPHbBIX PELENTOPOB
T-KNETKAMU NEPUDEPUYECKON KPOBU Y BEPEMEHHbIX
C NPE3KJIAMIMNCUEMN

Cmeranenko E.A., Xounna H.A.,, Jlenauua 0.10.}, Tuxonosa M.A.L,
Baropos E.B.}, [Tacman H.M.%, Yepusix E.P.1

'®@IbHY «Hayuno-uccaedosamenvckuli UHCMumym @yH0ameHmanbHoll u KAUHUMECKOU UMMYHOA02ULY,
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2@DIAOY BO «Hosocubupckuii HayuoHAAbHbLL UCCAC008AMEAbCKUL 20CY0aPCMEeHHbLI YHUSEPCUMem»,
2. Hosocubupck, Poccus

Pe3siome. [TepecTpoiika UMMYHHOWM CUCTEMbI MATepU, HallpaBJIeHHAsl HA OrpaHMYeHe UMMYHHOI'O OTBETa
MPOTUB (DeTabHbIX AHTUTEHOB, SIBJISIETCSI YCJIOBUEM YCHEIIHOKM O€peMEHHOCTH M OCYILIECTBIISIETCSI C BOBJIE-
yeHueM pa3audHbiX MexaHu3MoB (Thl/Th2-nepexkntoueHust, aKCrmaHcuu Treg, MHAYKIIMU aHePTUU 1 aIlon-
To3a T-muMdounToB, pa3zBuTUs T-KJIETOYHOrO UCTOLIECHUS ), 3aITyCK KOTOPBIX OCYIIECTBIISICTCS C y4acTUEM
MHIMOUTOPHBIX pelienTopoB. COOTBETCTBEHHO, 3KCIPECCUsi MHTMOMTOPHBIX PELIENTOpOB Ha T-KieTkax,
BkJitouast Moiekyibl PD-1, CTLA-4 u Tim-3, MmoxXeT oTpakaTb 3(p(heKTUBHOCTb UMMYHHOM agarnTaluu 1 ee
HapylieHus npu naroigoruu 6epemeHHocTu. [Mpesknamrcus (I19), maToreHe3 KOTOPOii CBI3BIBAIOT € OCJa-
OJieHMEeM MMMYHOJIOTUYECKOI TOJIEPAaHTHOCTHU, SIBJISIETCSI TPO3HBIM OCJIOXKHeHMe recraun. COOTBETCTBEH-
HO, U3MEHEHMSI B 9KCIIPECCUU MHIMOUTOPHBIX PELIENITOPOB Ha T-KJIE€TKaxX MOTYT SIBJISITbCSI OMOMapKepamMu
MaTOJIOTUYECKOM recTallui M MOTeHIMATbHBIMU TeparneBTUUYECKMMU MUIIeHsIMU. [lenbio paboThl SIBUJIOCH
M3ydeHUe 3KCIPECCUM MHTMOUTOPHBIX MOJIeKya Ha T-kieTkax nepudepudeckoit Kposu mpu [19. B uccre-
JoBaHue pekpyTupoBaiu 29 6epeMeHHbIX ¢ I1D 1 36 KeHIIUH C OTCYTCTBUEM I'eCTAllMOHHBIX OCIOXHEHMIA
BO BTOPOI1 MOJIOBUHE OepeMeHHOCTU. bepeMeHHbIe MCCaeayeMbIX I'PYIIN ObLIM COIMOCTABUMMBI IO CPOKaM
rectaliuy, KOJU4eCTBY OepeMeHHOCTEN U rapuTteTy poaoB. KOHTpoJIbHYIO Ipymmny cocTaBuIn 28 hepTUib-
HBIX JK€HIIMH, uMelomux aeteit. OTHocuTenbHoe coaepxxanue CD8*PD-1*, CD8"CTLA-4*, CD8*TIM-3*,
CD8*PD-1*"TIM-3*, CD4"PD-1*, CD4*CTLA-4*, CD4*TIM-3*, CD4*PD-1"TIM-3*T-KJIeTOK KpPOBU
OLIEHUBAJIM METOJOM IMPOTOYHOI 1mToMeTpuu. I[lokazaHo, YTO HEOCIOXHEHHAass OEpPeMEeHHOCTh aCCOLIMU--
poBaHa ¢ ycuieHueM akcrpeccun T-kinerkamu PD-1 n Tim-3, 4To mposiBisieTcsi Bo3pacTaHMEM OTHOCH-
TeabHoro cogepxkanust CD4*Tim-3*, CD8"PD-1* u PD-1"Tim-3*T-numdouutos. [1pu I[1D, HanpoTus, oT-
MeuaeTcs CHuKeHue akcrnpeccun T-knetkamu PD-1 1 Tim-3, B yactHocTn yMeHblieHue noau CD4*Tim-3*
u CD8*PD-1" knetok; orcyrcTtBue Bo3pactaHusi PD-1"Tim-3" kieTok (Ipu cpaBHEHUU ¢ HEOCIOXKHEHHOM
recrauueii) u yBeandenue CTLA-4% knerok B nonynsiuuu CD4" numdponuroB. M3meHeHUs1 aKcripeccun
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UHTMOUTOPHBIX PELIENITOPOB accourupoBaHbl ¢ TsxkecTblo [19. CHumxkenue CD4"Tim-3" u CD8*PD-17T-
KJIETOK HauboJjiee XxapakKTepHO IJIs1 MalurMeHTOK ¢ ymepeHHoit 19, a Bo3pactanue CD4*CTLA-4 T-kjeTok
IUTST OepeMeHHBIX ¢ TspKenoi [139. Takske mpoaeMOHCTPpUPOBaHA COIMPSLKEHHOCTh M3MEHEHUI B 9KCIIPECCUN
UHTMOUTOPHBIX MOJIEKYJT U cpokamu MaHudectauuu [19. OTimunTenbHOl 0cOOeHHOCThIO paHHel 1D sB-
nsietcst cHuskeHue noau CD8*CTLA-4* knetok u 6oJiee BhipaxkeHHOe Bo3pactaHue CD4*CTLA-4* keTok,
a mo3mHe I1D — ymenbsmenne CD4"PD-1* kiteTok 1 60Jjiee BeIpaxkeHHOe cHkeHre CD4+Tim-3" kieTok.
TTonydyeHHBbIe pe3ybTaThl CBUAETEIBCTBYIOT 00 U3MeHeHuU aKkcnpeccuun Moaekysl CTLA-4, PD-1 u Tim-3
Ha T-knerkax y 0epemMeHHbIX ¢ [1D u conpsizKeHHOCTU 3TUX UBMEHEHMUI C TSIXKECThIO U CpoKaMU MaHuecTa-
mu [1D.

Knroueswie cnosa: uneubumophoie PD-1, TIM-3, CTLA-4 uek-nounm monexynvt, T-kaemku, 6epemeHHOCb, NPEIKAAMNCUS

EXPRESSION OF INHIBITORY RECEPTORS ON
PERIPHERAL BLOOD T CELLS IN PREGNANT WOMEN WITH
PREECLAMPSIA

Smetanenko E.A.?, Khonina N.A.2 Leplina O.Yu.?, Tikhonova M.A.%,
Batorov E.V.2, Pasman N.M.”, Chernykh E.R.?

¢ Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation
b Novosibirsk National Research State University, Novosibirsk, Russian Federation

Abstract. Maternal adaptation of the immune system aimed at limiting the immune response to fetal antigens
is a necessary condition for a successful pregnancy. It involves various mechanisms (Th1/Th2 switching, Treg
expansion, induction of anergy and apoptosis of T lymphocytes, development of T cell depletion) that are
induced through the ligation of inhibitory receptors. Accordingly, the expression of inhibitory receptors on
T cells, including PD-1, CTLA-4, and Tim-3 molecules, may reflect the effectiveness of immune adaptation
and its impairment in pregnancy pathology. Preeclampsia (PE), the pathogenesis of which is associated with
the impairments of immunological tolerance is a major complication of pregnancy. Accordingly, changes in the
expression of inhibitory receptors on T cells may be biomarkers of abnormal gestation and potential therapeutic
targets. The aim of this work was to study the expression of inhibitory molecules on peripheral blood T cells
in women with PE. The study recruited 29 pregnant women with PE and 36 women with uncomplicated
pregnancies in the second half of pregnancy. Pregnant women of the study groups were comparable in terms
of gestational age, number of pregnancies and parity of childbirth. The control group consisted of 28 fertile
women with children. Relative content of CD8*PD-1*, CD8"CTLA-4", CD8*TIM-3*, CD8"PD-1"TIM-3*,
CD4*PD-1%, CD4*"CTLA-4*, CD4'TIM-3*, CD4*PD-1"TIM-3*T cells in blood were analyzed by flow
cytometry. It has been shown that uncomplicated pregnancy is associated with increased expression of PD-1
and Tim-3 T cells, which is manifested by an increase in the relative content of CD4*Tim-3*, CD8*PD-1*
and PD-1"Tim-3*T lymphocytes . In PE, on the contrary, there is a reduction in the expression of PD-1 and
Tim-3 by T cells, in particular, a decrease in the proportion of CD4*Tim-3* and CD8*PD-1" cells; the absence
of elevated levels in PD-1"Tim-3* cells (compared to uncomplicated gestation) and an increase in CTLA-4*
cells within CD4" lymphocytes. Changes in the expression of inhibitory receptors are associated with the
severity of PE. A decrease in CD4*Tim-3* and CD8*PD-1*T cells is most typical for patients with moderate
PE, and an increase in CD4*CTLA-4T cells for pregnant women with severe PE. The relationship between
changes in the expression of inhibitory molecules and the onset of PE has also been demonstrated. A distinctive
feature of early PE is a decrease in the proportion of CD8*CTLA-4" cells and a more pronounced increase in
CD4*CTLA-4" cells, while late PE is associated with a decrease in CD4"PD-1* cells and a more pronounced
decrease in CD4*Tim-3" cells. The results obtained indicate a changes in the expression of CTLA-4, PD-1 and
Tim-3 molecules on circulating T cells in pregnant women with PE and the association of these changes with
the severity and the onset of PE manifestation.

Keywords: inhibitory PD-1, TIM-3, CTLA-4 checkpoint molecules, T cells, pregnancy, preeclampsia
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Hneubumopnote peyenmopwt T-Kaemok npu npesxiamncuu

T cell inhibitory receptors in preeclampsia

BeeneHue

YcnemrHoe  BBEIHAIIWBAHWE — ITOJIYaJIZIOTEHHOTO
ioga TpedyeT aganTallii UMMYHHOU CUCTEMBI Ma-
TepHu, KOTopasl HaIpaBjieHa Ha OTpaHUYEeHUE UMMYH-
HOTO OTBETa MPOTHUB (PETATBHBIX AHTUTCHOB (IIpH
COXPaHEHUM CIIOCOOHOCTU pacIio3HaBaTh U YHUY-
TOXaTh MH(EKIMOHHbBIE MaTOTeHbI) U OCYILIEeCTBIISI-
eTCAI C BOBJICUCHHWEM pPa3IUIHBIX MEXaHU3MOB —
Th1/Th2 nepekimodeHus, 5KCTIAHCUU PETYJISITOPHBIX
T-xnerok (Treg), MHAYKLWM aHEPTUM M aronTo3a
T-numdountoB, pa3Butusl T-KJIETOYHOIO MUCTOILIEC-
Hus [1]. BaxxHeri1yo poJib B 3aycKe yKa3aHHbIX Me-
XaHU3MOB OTBOAUTCS MHTUOUTOPHBIM PELIEIITOPaM,
KOTOpBIE TPEIACTABIISIIOT KOCTUMYJISITOPHBIC MOJIe-
KyJibl, TIPOBOJSIILIME CUTHAJIBI HETaTUBHOI peryJis-
uuu [12, 17]. Haubomnee xopo1io nu3ydeHHbIMU UHTU -
OMTOPHBIMU pellenTopaMy Ha T-KJTeTKax SIBJISTIOTCSI
mosekyiasl PD-1 (Mosiekyia mporpamMMupoBaHHOMN
KieToyHoi cmeptu — 1, CD279), CTLA-4 (accoiu-
MPOBAHHBIN C IMTOTOKCUIECKUMU T-TrMpoimTaMmm
antureH 4, CD152) u Tim-3 (T-kjieToYyHbIli UMMY-
Hor1o0yauH MyuuH 3, CD366). AKTUBaLus yKa3aH-
HBIX pellenITopoB Ha 3ddexTopHbix T-mmMbormTax
BBI3bIBACT IOJaBIeHUE Mpoaudepaliuu, MPOIYKIIUU
Thl-u Th17-UMTOKMHOB, IUTOTOKCUUYECKOM aKTUB-
HOCTH ¥ BbIKUBaeMocTH JTUMpouToB [14]. TToBbI-
IIIEHHAs 9KCIPECCUsi U 0COOEHHO KOIKCIPECCUsI UH-
TMOUTOPHBIX PELIENTOPOB Ha 3Tare GopMUpOBaHUS
T-KJIeTOK maMsITH OTpaXkaeT Takke INCGHYHKIIMO-
HasbHOe cocTtossHue T-numdouuton (T-kaeTouHoe
HUCTOIIIEHUE), KOTOpOe SIBISIETCS eIlle OMHUM Me-
XaHU3MOM oOrpaHuyeHus1 3PGEeKTOPHbIX (DYHKIMMA
T-knerok [18, 26]. KpoMe Toro, cBs3bIBaHUE ITHUX
PELIENITOPOB C JIUraHaaMu Ha Treg mMpUBOIMUT K yCHU-
JICHUIO TIpoaudepanii U CyIIpecCOpHO aKTUBHO-
cTu nocaeaHux [31].

YyacTe MHTMOUTOPHBIX PELICITOPOB B UMMYH-
HOI TICpecTpoiiKe Mpu OSpeMEHHOCTU ITOATBEPIK-
JnaeTcsl JaHHBIMU O TOBBILIEHHOW B3KCIpPEecCUu U
koakcnpeccun CTLA-4, PD-1 n Tim-3 geuuayalib-
HbBIMU T-KJIeTKaMu IIpy HOpMaIbHOI rectannu [14],
CHMXKEHUM SKCOPECCUU YKa3aHHBIX MOJIEKYJ IpU
NPUBBIYHOM HEBBIHAILIMBaHUM [28], a TaKKe DKCIIe-
PUMEHTaIbHBIMU JTaHHBIMU O TIPePHIBAHNH aJIJTOTCH-
HOI OEepeMEeHHOCTU y MbIlIeill Mpu OJOKUPOBAHUU
CUTHAaNbHBIX MYTEN C yKazaHHbBIX peuentoposn [30].

CremyeT OTMETUTD, YTO OCHOBHOC BHUMAaHME TP
MCCJIeJOBAHUU UHTMOUTOPHBIX PELIENITOPOB YACICHO
IeuuayalbHbIM T-KaeTKaM, MMOCKOJIbKY B3aUMOIeii-
CTBHE UMMYHHBIX KJICTOK MaTepH ¢ (heTaTbHBIMU aH-
TUT€HAMU MPOUCXOMUT B MEPBYIO OUYepeb Ha IpaHu-
e MaTb-1uion. OgHAKO COCTOSIHME TOJIEPAHTHOCTU
TOJDKHO TIOAJIE PKUBATHCSI HE TOJIBKO Ha JIOKAITEHOM,
HO Y CUICTEMHOM YPOBHE, ITOCKOJIbKY aHTUTE€HbI TPO-
¢dobraacTa MPUCYTCTBYIOT B LIUPKYIASILUAM U MOTYT
akTuBUpOBATh Iepudepnaeckue T-kietku [21]. Co-
OTBETCTBEHHO, U3MEHEHUsI B DKCIIPECCUU WHTUOU-

TOPHBIX PELENTOPOB Ha LIMPKYJIUpYyIommx T-KieTkax
MOTYT SIBJISITBCSI MapKepaMy UMMYHHOM aganTalinu,
a MpU IaTOJOTMU — OTpaXaTh HAPYIIEHUS] UMMYH-
HBIX B3aNMOOTHOIIICHUN MEXKIy MaTePhIO 1 TUIOIOM.

Oco0Oblii MHTEpeC B 3TOM IJIaHE MpeacTaBiisieT
HWCClIeOBaHNE AKCIPECCUM WHTUOUTOPHBIX MOJIC-
KyJn Ha T-kjeTkax nepudepuyeckoii KpoBu y oepe-
MeHHBIX ¢ mpeaknamncueii (I19). 1D aBnsercsa Hau-
0oJiee TPO3HBIM OCJIOXKHEHHEM TrecTallii, KOTOpoe
CBSI3BIBAIOT CO CPBIBOM HMMMYHOJIOTUYECKOUW ToJe-
PaHTHOCTU U aKTUBAIIME MMMYHHOI CUCTEeMBI [25]
U MOXET ObITh OOYCJIOBJIEHO U3MEHEHUEM DKCITpec-
CUU WHTUOUTOPHBIX perenTopoB. IIpm sToM, yum-
ThIBasi, 4To 1D pasBuBaeTCs BO BTOPOIl ITOJIOBUHE
OepeMeHHOCTH, KOorma 3a00p JelMIyaTbHOU TKaHU
MpeaCcTaBIsieT BBICOKWMU PUCK IS MaTepu U ILIO-
Ila, ¥cclemoBaHne Iepudepudeckux T-KIIeTOK ISt
CKpPUHMHIA OEpEeMEHHBIX C OTSITOIIIEHHBIM aHaMHe-
30M TIpENICTaBIsIETCS 00sIee MPEATOYTUTETbHBIM.

Panee HaMu ObLIO TMOKa3aHO, YTO KEHIIWUHBI C
HEOCJIOXKHEHHON TrecTaluel XapaKTepU3ylTCs BO
BTOpPOIi TIOJIOBMHE OEpPEeMEHHOCTU ITOBBIILIEHHOM
akcnpeccueir PD-1 u Tim-3 Ha nepudepuyeckux
T-xeTkax 10 cpaBHEHMIO ¢ (hepTUIbHBIMU Hebe-
pemeHHbIMU [1]. TTpu 3TOM BOIpoC O TOM, KakK Me-
HSIETCSI 9KCIIPEeCCHsI YKa3aHHBIX MOJIEKYJ Ipu [19,
OCTaeTCsl OTKPBITBIM, IMOCKOJIbKY AaHHbIE Ha 3TOT
CUeT HEMHOTOYNCJICHHBI M IPOTUBOPECUYMBEL. YUU-
ThIBasl BbIIIECKAa3aHHOE, HACTOsIasi padboTa ObLia
nocBsiIeHa n3ydeHuio skcnpeccun CTLA-4, PD-1
u TIM-3 Ha T-kneTkax nepudepudeckoii KpoBU y
OepeMeHHbIX ¢ T1D.

Matepuans! 1 MeTogbl

it TipoBeieHUs WCClenoBaHUU Obut cdop-
MUPOBaHbI TpU Tpymnnbl. OCHOBHYIO TPYIIITY COCTa-
BWIM OepeMeHHble ¢ mnpeskiuamricueit (I19), rpymn-
My CpaBHEHHUS — OepeMEHHBIE C HEOCJOXHEHHOI
recramyeil, KOHTPOJbHYIO TpyImny — (GepTuibHbIC
HebOepeMeHHbIe. PekpyTupoBaHue OepeMEHHbIX B
HUCClIeOBaHME MPOBOAMIOCH W3 YMCJa >KEHIIWH,
TMPOXOIMBIINX OOCJIeMOBAHUE B POMWIBHOM IOME
I'bY3 I'Kb Ne 1. Kputepusimu otbopa SIBISLUINCH
Bo3pacT ot 18 nmo 45 net, cpok recrauum 6oiee 20
Helesib, OJHOMOoJasi 0epeMEHHOCTb M OTCYTCTBUE
MPU3HAKOB aKTUBHOW PONOBOI AEATEIBHOCTA BO
BpeMs1 o0clienoBaHus U 3a0opa KpoBu. uartnos I1D
0a3upoBajics HAa OCHOBAaHWUM BBISIBJICHUS KJIMHUYE-
CKMX 1 J1a0opaTopHbIX KpuTtepues [1D — moBbIlIeH-
HOTO CHUCTOJIMYECKOIO apTepUaIbHOTO JTaBJIEHUS
(AD) > 140 MM pT. CT. u/MIU gUacToImIeckoro AJl
> 90 MM pT. cT ¥ ipotenHypuu (> 0,3 T/71 B CyTOUHOM
moue). Kpurepuem tsexesoit 1D SBISIIOCH TTOSIBIIC-
HUE OTHOTO U3 HUXKENEPEUUCICHHBIX ITPU3HAKOB —
CHUCTOJIMYECKOE apTepualibHOC IaBJICHHE BHIIIC
160 MM PT. CT. WJIIM AMACTOJMYECKOE apTepHUaIbHOE
napjaeHue Bblie 110 MM pT. CT. mpU ABYX uU3Mepe-
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HUSIX, IPOU3BENEHHBIX B TeUeHUEe 6 4acoB; IIPOTEU-
Hypust — 06ojee 5 r/cyT; onurypust — meHee 500 mi/
cyt; oteku III-1V creneHu; HeBpoJiorMuyecKue WJin
3pUTEJIbHBIC HApPYIICHMS; OTEK JIETKUX; IUaHO3;
0O B BMMUTacTPUM WM TIpaBOM Itojpedephe; Ha-
pyIlIeHre padboThI TTIeYeHH (ITOBBIIIICHE aKTUBHOCTH
ACT, AJIT 6onee 70 ME/); BeIpaxkeHHasl TUIIONPO-
temHeMus1 McHee 50 r/1I; TPOMOOIIMTOIICHUSI MEHES
100 x 10°/;1; yXynlieHue COCTOSIHUS TUIOAA I10 JaH-
HBIM KapAUOTOKOTpaMMbl. B KOHTpPOIJILHYIO TPYIITY
OTOMpaIN COMOCTAaBUMBIX TT0 BO3pacTy (hepTUIbHBIX
HebepeMEeHHBIX, Y KOTOPbIX B aHaMHe3¢e ObLIn Oepe-
MEHHOCTH U poaibl. UMMyHOJIOTHYECKOe UCCIeIoBa-
HUE TIPOBOJMJIOCH TTOCJIe TTOJyYeHUsT TUCbMEHHOTO
MH(GOPMUPOBAHHOTO JOOPOBOJIBLHOIO COTJIACHS.

BOKCIpeccuo UHIMOUMTOPHBIX perenTopoB (PD-1,
CTLA-4, Tim-3) na T-xieTkax McCICOOBAIN IIH-
TOMIIOOPUMETPUYECKU TIyTEM OKpaIlllMBaHUs KJie-
Tok aHTU-CD4 (Pe), antu-CD8 (FITC), antu-
CTLA-4 (PE-Cy5), antu-PD-1 (APC), antu-TIM-3
(PerCP/Cy5.5) 1 COOTBETCTBYIOIIMMHU KOHTPOJIbHBI-
MU M30TUIT-CICIU(PUICCKUMUA MOHOKJIOHATbHBIMU
aHtutesamu (Bce aHtutesa BD PharMingen). Ot-
HOCHUTEJIPHOE CONIepXKaHME M CPEIHIOI MHTCHCHUB-
HocTh dawopecueHuuu (MIF) PD-1, CTLA-4,
Tim-3 onenuBanu B reiitax CD4* u CD8*T-kieToK,
ucroab3ys TporpammHoe obecnedeHue CellQuest
(BD Biosciences, CIIIA).

CraTUCTHUUECKYI0O 00pabOTKY MJaHHBIX ITPOBO-
JWIM C MOMOIIBIO IaKeTa IporpaMm Statistica 6.0
(StatSoft) u GraphPadPrism 5 (GraphPadSoftware,
Inc.). Ing OoUEeHKM 3HAUYMMOCTU Pa3IUudUil MeXmay
IBYMsI HE3aBHCHUMBIMU TPYIIIAMU HCIIOJIb30BAIN
U-kputepuii ManHa—YutHuU. /1151 BbISIBJIEHUST 3HA-
YUMBIX Pa3IMUYUi B MapHBIX BBIOOPKAX MCIOJIb30-
Banmu W-kpurtepuii BuikokcoHa mapHBIX BbIOOPOK.
1T OILIeHKM KOPPEeISIMAOHHBIX B3aUMOCBSI3Ei MC-
noJib3oBaJin KoadduiimeHT Koppeasuuu CrupMme-
Ha. JlaHHBIC B TEKCTE U B TaOJUIIC TIPEACTABIICHBI B
BUJIE MeAuaHbl U WHTEPKBAPTUILHOIO Auaria3oHa.
Paznnuus cautany CTaTUCTUYECKU ITOCTOBESPHBIMU
npu ypoBHe 3HaunMocTu p < 0,05.

PesynbTartbl

XapakTepucTHKA NANUEHTOK

Ipynner ¢ [1D U HEOCHOXHEHHOW TrecTtanuei
ObUIM MpeACTaBIeHbI COOTBETCTBEHHO 29 1 36 Gepe-
MeHHbIMU (Tads. 1). [ManMeHTKU 3TUX TpyImn ObLIU
CXOXU TI0 CpOKaM TecTallu, TPaBUIHOCTH, ITapuTe-
Ty POJIOB U YaCTOTE BCTPEUYAEMOCTU COMYTCTBYIOIIEH
AKCTpareHUTAILHON TaTonoruu. OTHOCHUTEIBHOE
cojiepKaHue OepeMeHHbIX B Bo3pacte 40 u 6oJiee geT
B 00€MX Irpymmax TakKe He pa3indaiach. YMepeHHast
dopma 1D aumarHocTupoBanach y 14 GepeMeHHBIX,
Tsokenasgs — y 15 6epeMeHHbIX. [lanimeHTKM yka3zaH-
HBIX TTIOATPYIIN HE Pa3inyaluch IO aHATU3UPYEMbIM
nokazatesnsm. Panuss manudecranus 19 (< 34 He-

Jieab) oTMedaiach y 17 6epeMeHHbIX, Mo3aHss (> 34
Henenn) — B 12 ciayyasx. bepeMeHHBIe ¢ paHHEN U
no3aHeit 1D Takke He pasiuyaluch IO BO3PaCTYy,
KOMOPOUTHOMY CTaTyCy U KOJIMYECTBY OEpeMEeHHO-
creii/pomoB. B KOHTpOIbHYIO TPYIITY BOILIH 28 He-
OepeMeHHBIX B Bo3pacTe oT 18 no 41 rona, nuMerommx
KaK KaK MUHUMYM OJIHU POJIBI B aHAMHE3e.

Ouenka T-KIIETOK, B3KCIPECCUPYIOIINX WHTHU-
OuTOpHBIE pelenTophl (pucC. 1), BBISIBMJIA YCUJICHUE
akcripeccuu Tim-3 u PD-1 Ha T-knetkax 6epemMeH-
HBIX TI0 CpaBHEHMIO ¢ (epTUIIbHBIMU HeOepeMeH-
HBIMU, YTO TPOSIBIISIOCH S-KpaTHBIM BO3pacTaHUEM
Tim-3* knerok B monynsguuu CD4-muMm@ounToB u
OoJiee yeM 2-KpaTHbIM yBeJaudeHueM PD-17 kiieTok B
nonysiuu CD8T-nmumdontos. B o6enx cybrony-
Ianusax T-1uM@GOIMTOB TaKsKe OTMEUYaIOCh JOCTO-
BEpHOE BO3pacTaHMUE KJIETOK, KOIKCIIPECCUPYIOIINX
PD-1 u Tim-3. Jona CD4*PD-1"Tim-3* knetok y
O0epeMeHHBIX B 5 pa3, a CD8*PD-1"Tim-3* kjieTok —
B 2,3 pa3a TIpeBBIIIAIa aHAJOTUYHBIN ITOKAa3aTeilb
y HebepemeHHbIX. [Ipy 3TOM coaepxkaHue KIIETOK,
Koakcnpeccupywiux PD-1"Tim-3* mosexkynbl, B
nonyiasgsuuu CD8* numdouuToB ObUIO TOCTOBEPHO
BhIIIE, YeM cpeau CD4" kiretox (p,, = 0,005).

ITo cpaBHeHUIO C HEOCJTOXHEHHOW recrauuei
y OepeMeHHbIX ¢ [ID perucTpupoBajioChb CHUXKE-
Hue skcrapeccur Tim-3 u PD-1. B wactHOCTH, HOMS
CD4*Tim-3* u CD8*PDI1" kietok B rpymie ¢ 19
ObLJ1a JOCTOBEPHO HMXKE, YeM MpPU HEOCTOKHEHHOM
o6epemeHHOCTH. [IpudyeM, eciii OTHOCUTEIILHOE KO-
mmaectBo CD4*Tim-3* KJIETOK IT0 cpaBHEHUIO C He-
OepeMeHHBIMU OCTaBaJIOCh MOBBIIIIEHHBIM, TO COACP-
kaHue CD8"PD1* KjieToK COOTBETCTBOBAJIO YPOBHIO
HebepeMeHHbIX. [Ipyroit ocobeHHOCTbIO 1D ObLIO
OTCYTCTBHUE (XapaKTEPHOTO IJIsl HCOCIOXKHEHHOI Te-
crauuu) Bo3dpactaHus CD4" u CD8*T-kieTok, Ko-
akcripeccupytomux PD-1 u Tim-3. Bmecte ¢ Tem y
XKeHIIWH ¢ [1D oTMeuanock 0ojiee BRICOKOE COIep-
xkaHue CD4*CTLA4" xkneTok.

IMockonbky 6epemeHHbie ¢ [1D B uccnenyemoii
TPYIIITe pa3TIudaiMCh IO TSXKECTH, CJICIYIOIINIA 3Tar
OBLJT TTOCBSIIEH MCCICTIOBAHNIO BO3MOXKHOM COTIpSI-
JKEHHOCTHM MEXIY 3KCIIpeccrueil MHTMOUTOPHBIX pe-
enTopoB U TsokecThio [1D (puc. 2A). CpaBHUTEb-
HBI aHaJIN3 3KCIIPECCUN WHTUOUTOPHBIX MOJCKYIT
Ha T-kneTkax OepeMeHHBbIX C YMEPEHHOM U TSIKeaoi
dopmamu I1D mokazan, yro xapaktepHoe ajis 1D
cHuxeHue skcrnpeccuu PD-1 m Tim-3, B yacTHO-
ctu ymeHbmeHue goau CD4'Tim-3*, CD8*PD-1*
n CD4*PD-1"Tim-3*T-kyeToK, OBIJIO XapaKTEpPHO
UMEHHO 151 yMmepeHHoit [19, a y 6epeMeHHBIX ¢ TsI-
xeJiofi I1D nmposBiisioch B BUAe TeHAeHLMU. B To ke
Bpems Bo3pactanme CD4"CTLA-4 ki1eTok 66110 060-
Jiee BbIpaxkeHHBIM TIpu Tsixkenoii [13. ITpu atom nons
CD4*CTLA-4 xnetok B rpynmne ¢ Tskenaoit [1D oblia
JIOCTOBEPHO BbIlIe, 4yeM npu ymepeHHoil I1D. T. e.
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TABJULA 1. CPABHUTENbHASA XAPAKTEPUCTUKA BEPEMEHHbIX C M3 U HEOCNOXHEHHON BEPEMEHHOCTbIO
TABLE 1. COMPARATIVE CHARACTERISTICS OF PREGNANT WOMEN WITH PE AND UNCOMPLICATED PREGNANCY

dkcTpa-
K 240 net Cpok KonuyecTtBo MapureT rennTansHas
onn4ecTBO o . naronorus
Mpynnbl (n) n (%) recrtaumm 6epemeHHOCTEN ponos n (%)
Groups > 40 years old | Gestational Number Childbirth .
Amount (n) n (%) age of breananc arit Extragenital
o g preg Yy parity pathology
n (%)
HeocnoxHeHHasn
6epeMeHHOCTb 36 2 (6) 1 1 12
Uncomplicated (31-37) (1,0-2,5) (1,0-1,5) (33,3%)
pregnancy
Mpeaknamncus
(113) 2 1 14
Preeclampsia 29 4(14) (30-36) (1-3) (1,0-2,0) (48,3%)
(PE)
Prvo = 0,48 - - - Prko = 0,33
p Prer = 0.48 Py = 0:62 Pu = O|19 Pu = 0|28 Prer = 0.33
YmepeHHas M3 14 1(7) 2,0 1,5 8
Moderate PE (30-38) (2,0-3,0) (1,0-2,0) (42,9%)
Taxenas M3 15 3 (20) 1,5 1,0 8 .
Heavy PE (30-36) (1,0-2,0) (1,0-2,0) (53,3%)
_ - - Prko = 0,85
=0,37 =0,15 =04
p Pu Pu Pu Deer = 0.85
PaHHasa N3 17 3(17) 2,0 1,0 8
Early PE (30-32) (1,0-3,0) (1,0-2,0) (47%)
Mo3pgHsaa N3 12 1(8) 1,5 1,0 6
Late PE (35-38) (1,0-2,5) (1,0-1,5) (50%)
_ Prke = 0,81 _ Prko= 0,83
P Py = 0,0004 Prer= 0.81 by =0.28 Prer= 0.83

MpumeyaHue. [laHHbIe NpeAcTaBreHbl B BUAe MeAvaH U UHTePKBapTUIIbHbIX Anana3oHopB unu YacTtot (%). p —
[O0CTOBEPHOCTb pasnuumii; U — kputepui MaHHa-YuTtHu; TK® — TouHbIN KpuTepuin Puwepa.

Note. Data are presented as medians and interquartile ranges or frequencies (%). p, significance of differences; U, Mann-Whitney

test; TKF, Fisher’s exact test.

XapakTep M3MEHEHUI 3KCIIPECCUM MHTMOUTOPHBIX
pelenTopoB acCOIMMPOBAJICS € TsKecThio [10.
3MeHeHNs B 3KCHPECCUU WHTUOMTOPHEIX pe-
LIENTOPOB TaKXe acCOLMUPOBAIMCHL CO CPOKaMM
manudpectauuu I19. Ilpu cpaBHeHUM OepeMeHHBIX
B TIOJATPYMIIaX ¢ paHHUM U MO3AHUM aebGioTom 1D
(puc. 2b) mocroBepHoe cHmkeHue CD4'Tim-3*
KJIETOK OTMEYAJIOCh TOJIbKO ¥ O¢peMeHHBIX C IT03/I-
Heit T19. B cuiy storo comepxanue CD4"Tim-3*
KJIETOK B rpyrmne ¢ nosaHei 1D ObL10 1OCTOBEPHO
HMKE, YeM B rpyr1ine ¢ paHHeii [19. XapakTepHoe mis
I1D cHuwxkenune CD8*PD-1* kiieTok HaOMI0IaI0CH B
o0eux TpymnImax, Ho ObLJIO OoJjiee BBIpaxKeHO y Oepe-
MeHHBIX ¢ mo3aHeit [1D. B cBolo odyepenp, 10CTOBEP-
Hoe Bo3pactanme CD4"CTLA-4" KIeToK BBISIBIISI-
JIOCh TOJIbKO mpu paHHel I1D. AHanu3 sakcnpeccuu

MHTUONTOPHEIX PELEIITOPOB B TPYyINax ¢ paHHEeH n
no3nHell [1D mo3BoMmMiI TakKe BBISIBUTH PSII OTJIM-
YUTEJIBHBIX OCOOCHHOCTEH, KOTOPBIC HE PETUCTPHU-
poBanuch B o011Iel rpyrre oepeMeHHbIX ¢ [13. Tak,
0COOEHHOCThIO paHHeit [1D aBisII0Ch JOTTOTHUTE T b-
Ho cHukeHue nojiu CD8*CTLA-4" kjieTok, a mo3/-
Heit [1D — ymenbienue CD4*PD-1" kneTok u 6oJiee
BbIpaxxeHHoe cHixkeHrne CD4*Tim-3" kjeTok.

Takum oO6pazom, HauboJIee BEIPAXKEHHOE CHIXKE-
Hue sKkcrpeccun Monekysl PD-1 u Tim-3 accounn-
poBaHo ¢ ro3aHeit [19, Torna kak panusasa [1D obu1a
COIIpsDKEHA B OOJIbIIIEH CTEIEHU ¢ pa3HOHAIIpaBIeH-
HbIM u3MeHeHueM akcnpeccunn CTLA-4, B yacTHO-
ctu Bo3pactaHuem CD4*CTLA-4% u cHuXeHueM
CD8*CTLA-4* xneTtok.
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PucyHok 1. dkcnpeccus MHIMOMTOPHbIX peLenTopoB Ha nepudpepuyeckmx T-kneTkax 6epeMeHHbIX ¢ HEOCTOXKHEHHOW

rectaumen u N3 B cpaBHeHUN ¢ HeGepeMeHHbIMU

Mpumeyanue. MpeacTaBneHo oTHocUTeNbLHOe coaepkanue CD4* u CD8* numdouutos, Hecywmx PD-1, CTLA-4 n Tim-3, B nonynsumm
MOHOHYKIeapHbIX KIeToK nepucepuyeckont KpoBr 6epeMeHHbIX C HEOCTIOXHEHHOM recTaumeit u M3 B cpaBHeHMM ¢ (hepTUNBbHBIMKU
HebepMeHHbIMK (* — p < 0,05: 4OCTOBEPHOCTL pa3nuumnii ¢ HebepeMeHHbIMU; # — p < 0,05: pasnuuusa Mexay HeOCNOXHEHHOW

6epemeHHOCTBIO 1 13).

Figure 1. Expression of inhibitory receptors on peripheral blood T cells in pregnant women with uncomplicated pregnancies and PE

compared with fertile non-pregnant

Note. The numbers of CD4* and CD8* lymphocytes expressing PD-1, CTLA-4 and Tim-3 and co-expressing PD-1 and Tim-3 are presented
(¥, p < 0.05: significant differences with non-pregnant women; #, p < 0.05: differences between uncomplicated gestation and PE).

ObcyxaeHue

ITomyyeHHBIE B HEJIOM pE3YJIbTaThl CBUACTCIIb-
CTBYIOT, UYTO O¢peMeHHBbIe BO BTOPOIi ITOJIOBUHE HEOC-
JIOXKHEHHON TrecTallii XapaKTePU3YIOTCSI OBBIIIICH-
HBIM coaepxkaHueM nupkyaupyiomux CD4*Tim-3*
u CD8*PD-1"T-numpoumtos, B ToM unuciie CD4*
n CD8*T-knerok, koskcnpeccupywomux PD-1 u
Tim-3 o cpaBHeHUIO ¢ HepPTUIBHBIMU HeOEpeMeH -
HbIMU. Pa3zButue I1D conpsikeHOo ¢ CyllleCTBEHHBIMU
U3MEHEHUSIMU B DKCIPECCUM MHIMOUTOPHBIX pe-
LETNTOPOB, B yacTHOCTU cHuxXeHuem CD4*Tim-3*
u CD8*PD-1" kJIeTOK M OTCYTCTBUEM XapaKTep-
HOTO JJisI HEOCJOXHEHHOI TecTallud BO3pacTaHUs
PD-1"Tim-3*T-kneTok B couyeTaHUU C YBeJuYe-
Huem CTLA-4-skcnpeccupyromux CD4% kieTok.
I1pn 3TOM XapakTep M3MEHEHWI B 9KCIPECCUN MH-
THOUTOPHBIX PEIIEIITOPOB COMPSIKEH C TSIKECTHIO U
cpokaMu MaHupectauuu I19. Tak, ymepeHHas 19
B OOJIbIIIE} CTEIEHW acCOLMUpPOBaHA CO CHUKEHM-
eMm akcnpeccuu PD-1 u Tim-3, a tsokenas 19 — ¢
Bo3pactaHueM 3kcripeccun CTLA-4 (B monmyassuuu
CD4* knerok). Takke MnokKa3aHO, YTO CHUXXEHUE
akcripeccuu PD-1 u Tim-3, ocobeHHO B monyasiuuu
CD4*T-kieToK, HauboJiee XxapakKTepHO 151 MO3aHe
MmaHudectauumn 1D, Torma Kak M3MEHEHUsI B IKC-
npeccun CTLA-4 — nns panneii [19.

HMHTepec K M3y4eHUIO DKCIIPECCUU WHTUOUTOP-
HBIX pelLenTopoB Ha T-KJIeTKax mpu 6epeMeHHOCTU
o0ycJioBJieH TeM (akKToM, 4YTO yKa3aHHbIE MoJe-
KyJbl BOBJIEUEHBI B peryasiuuio 6amaHca Thl/Th2
u Thl7/Tpeg KieToK, T. €. OIMOCpPEeIOBaHUE MeXa-
HU3MOB HMMMYHHOI amantauuu [24]. TTockoibKy
naTtoreHe3 I1D CBI3BIBAIOT C OCJIa0JIEeHUEM UMMY-
HOJIOTUYECKO ToJIepaHTHOCTU [24], pa3IudIHbIC
MHTHUOMTOPHEIC PEIleTITOPHI Ha T-KJIeTKaX MOTYT SIB-
JIIThCS OMOMapKepaMHU TTaTOJIOTUISCKOU reCTalliu 1
MOTeHIUATBHBIMHA TEPAITTIEBTUICCKUMH MUIICHSIMM.
JeiicTBUTENIBHO, TIPU HOPMaJIbHOW OepeMEeHHOCTH
T-KJIeTKM IenuayaibHOM TKaHW XapaKTepU3YIOTCs
MOBBILIEHHOW 2KCIPECCUEN U KOIKCIIPECCUEN MO-
aekyn PD-1 n Tim-3, yro accouuupoBaHo ¢ Th2-
denotunom [29]. I1puuem aktuBauus PD-1/PD-L1
CUTHAJIbHOTO IYTHU B UCCEIOBAHUSIX in Vitro IIpUBO-
JIUT K YTHETeHUIO TIpoayKuuu Thl-nimrtokuHoB [22].
B cBoro ouepenn, MOBBIIIIEHHAST 3KCIIPECCUM MHIH-
OMTOPHBIX pelenTopoB Ha AenuayaabHbIx CD8*T-
KJIETKaxX acCOIMUpOBaHa C WX 0ojiee HU3KUM IIM-
TOTOKCUYECKUM TMoTeHuranoMm [15, 30], yto MoxeT
OBITh OOYCJIOBIICHO MOAABICHIEM HUTOTOKCUICCKOM
aktTuBHOCTM CDS8'T-KJIeTOK MpU B3anUMOACUCTBUA
Tim-3- u PD-1 ¢ cooTBercTBylOlIMMU JUTaHOA-
mu [10, 11].

1358



2023, T. 25, Ne 6
2023, Vol. 25, No 6

Hneubumopnote peyenmopwt T-Kaemok npu npesxiamncuu

T cell inhibitory receptors in preeclampsia

A(A) D4 cog*
20
20
154 15+
#
= 104 S
) i ) il
0 T - T T T T 1 T é $ l 0 T T T T T ! T T T T LI
» > > > » > ) >
L O <& N e O < <§\®
(<) N 9) Q'\
L <
[ <wsmon. bepemeHHOCTb 3 MO ymepeHHas E O taxenas
normal pregnancy moderate PE heavy PE
B(B)
CD4* CD8*
20 1 25 -
15 207
#
_ . # 15
10 T _— *
* 10 . .
5 -
. * 5 T I é
s 0
0 T T T T T T T I T I B 'l!_ 0
N ?‘u s s > M s o
Q & N & Q 6\\?“ <& I\<\\®
L L
[ dwuavon. bepemeHHOCTb 3 M3 paHusa 13 nosgHss
normal pregnancy early PE late PE

PucyHok 2. Jkcnpeccusi MHIMOUTOPHbLIX peLenTopoB Ha nepudepnyeckux T-kneTkax y 6epeMeHHbIX ¢ pa3nnuyHon

TAXECTbIO U cpokamu MaHudecTtauum M

Mpumeyanue. A - akcnpeccust UHTMBUTOPHBIX PeLENTOPOB Y NALMEHTOK C yMepeHHou 1 Taxenoi M3 (* - p < 0,05: paznuuma
C HEOCIOXXHEeHHOM 6epeMeHHOCTLIO; # — p < 0,05: Mexay rpynnamu ¢ ymepeHHon u Tsukenoi N3). b - akcnpeccust MUHIMGUTOPHBIX
PeLenTopoB y NauMeHToK ¢ paHHel u no3aHen M3 (* — p < 0,05: pas3nuums ¢ HeocnoxHeHHON 6epeMeHHOCTLIO; # — p < 0,05: mexay

rpynnamu c paHHen u nosgxe M3).

Figure 2. Expression of inhibitory receptors on peripheral T cells in pregnant women with different severity and onset of PE
Note. A, Expression of inhibitory receptors in patients with moderate and severe PE (*, p < 0.05: differences with uncomplicated pregnancy;
#, p < 0.05: differences between groups with moderate and severe PE). B, Expression of inhibitory receptors in patients with early and late PE
(*, p < 0.05: differences with uncomplicated pregnancy; #, p < 0,05: differences between groups with early and late PE).

CBeneHUsT 00 3KCIPECCUM WHTMOUTOPHBIX pe-
HenTopoB mnepudepudecKnMmn T-KIeTKaMu TIpeli-
CTaBJICHbl €OIWHWUYHBIMUA COOOIICHUSIMU, COTJIACHO
KOTOpPBIM aBTOPHI He BBISIBMIM Bo3pacTtaHus Tim-3*
u PD-1"T-kyieTok mpu HOpMaJIbHOW OepeMeHHO-
ctu [9, 11, 32]. PacxoxaeHus ¢ HAlLIMMU pe3yJibTaTa-
MU MOTYT OBITh CBSI3aHBI C PA3JIMYNSIMU aHATU3UPYe-
MBIX KOTOPT, a TAKXKe 00pa310B KJIETOK, B YACTHOCTU
MpeaBapUTEIbHON KPMOKOHCEpBallMeil KJIETOK B 3a-
PYOEXHBIX UCCIIETOBAHUSIX.

OTHOCUTENIBHO SKCHPECCU MHTMOUTOPHBIX pe-
nenropoB T-kiietkamu 6epeMeHHbBIX ¢ [1D, Wang S.
M COABT. HEIABHO OMUCAJIN CHUXXEHME IKCIIPECCUU
Tim-3 Ha neuunayanbHbIx U nepudeprudeckux CDST-
mumornnTax [27]. JaHHbIe 0 (PYHKIIMOHATBHOM aK-
TUBHOCTU Takux CD8*Tim-3" KjieToK HEOJHO3HAU-
Hbl. C 0IHO CTOPOHBI ITOKA3aHO, UTO ACLIUIYyaIbHbIE
CDS8*Tim-3*"T-kJmeTKn XapaKTepU3YIOTCSI BBICOKOIA
cekpeuueit 1L-4 u 1L-10, a 6iokupoBanue Tim-3
CUTHAJIbHOTO IMYTU TMOJAaBASIET MPOAYKIIMIO TIPOTUBO-
BOCHAJIMTEIIFHBIX IIUTOKWTHOB 1 YCUJIMBAET MIPOAYK-
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nuto [FNy [7], ¢ npyroit — uto CD8*Tim-3* kier-
K1 6epeMeHHbIX ¢ 1D otnnuaroTcst 6oJjiee BLICOKUM
IIUTOTOKCUYECKUM TIOTEHIIMAJIOM TIO0 CPaBHEHUIO
¢ CD8'Tim-3T-knerkamu, a Ttakke ¢ CD8*Tim-
3*T-nuMmdoumTaM OepeMEeHHBIX C HEOCJIOXHEH-
Hoii rectanueii [13]. [ToxydyeHHBICe HAMUY Pe3yJIBTaThI
TakKe BBIIBMIM cHIkeHrne CD8'Tim-3* kieTok,
OOHAKO B BUIE TCHACHIWM U MPEUMYIIECTBEHHO Y
OepeMeHHBIX ¢ nmo3aHeit [1D. B To e BpeMs HamMu
BIepBbIe ToKa3aHo cHikeHue CD4*Tim-3-kneTok y
oepemeHHbIX ¢ [13D. TTockonbky Tim-3 urpaer Bax-
HYI0 posib B HeratuBHoi peryisiuuu Thl u Thl7 [4]
u skcnpeccus Tim-3 nudpdepeHumupoBaHHbiMu Thl
KJIETKaMU HeoOXoauMa UISl TMOAAaBJICHUSI pPeakluu
OTTOPKEHUST ajloTpaHcIUlaHTaTa [8], oOHapyKeH-
Hoe HamMu yMeHblneHrne CD4"Tim-3* kjieTok MoxkeT
KOCBEHHO yKa3bIBaTh Ha CMeEIeHWe OajlaHca B CTO-
POHY TOMWHHPOBAHUS MTPOBOCHAIUTEILHBIX CyOIo-
nyasunii T-xeJmepHbIX KJISTOK.

JaHHble 1uTepaTypbl 00 OCOOEHHOCTSIX PKCIIpEC-
cuu PD-1 Ha T-kietkax 6epemenHbIx ¢ [1D Takke ma-
JIOUMCJIEHHBI 1 HEOAHO3HauYHbl. Meggyes M. 1 cOaBT.
BBISIBUJIM BO3pacTaHWE OTHOCUTEILHOTO KOJTNYECTBa
meunayadbHbBIX CDS8*PD-1*T-KJIeTOK ¢ ITOBBIIICH-
HBIM IIATOTOKCUYECKUM ITOTCHIINAJIOM IIpW paHHEH
1D (B cpaBHEHMHU C HEOCIIOXKHEHHOW OepeMeHHO-
CTBIO), YTO TO3BOJIWJIO CACIATh 3aKIIIOUYCHHE O He-
coctositeibHOCTH PD-1/PD-L1 curHagbHOro mytu
Kak MexaHu3ma mHruounuum T-xaetoxk npu 19 [14].
Hanpotus, Morita K. 1 coaBT. onucajii CHUXEHHUE
skcrnpeccuu PD-1 Ha aHTUTreHCnenU@pUUYECKUX Je-
uuayanbHbIX 3 dexkTopHbIX T-KneTkax namsatu [15].
CHuxeHue akcnpeccun PD-1 MozkeT ObITh CBSI3aHO C
OTILIEIIEHUEM MeMOpaHHOI (OopMBI perenTopa [6],
CITOCOOHOr0 OKa3bIBaTh CTUMYIUpPYIOLIUI 3¢ PEeKT
Ha T-kyetkn yepe3 oaokupoBaHue PD-L1:PD-1 u
PD-L2:PD-1 curnanbHbix nyteii [20].

IMonyyeHHbIE HAMU JaHHbBIEC B 1IEJIOM COIJIACYIOT-
¢ ¢ pesyabratamMu Morita K. 1 mpu 3ToM BriepBbie
JeMOHCTpUpyloT ymeHblieHue CD8"PD-17 kieTtok B
nepudeprnIecKoil KpOBU. YUUTHIBASI, YTO aHAJIOTHI-
HbIe M3MCHEHUSI PETUCTPUPYIOTCS IIPU aKTUBAILIUK
NMMYHHOI CUCTEMBI y 6€peMEHHEBIX C BOCTIAJICHUEM
TJTalleHTHI WIK B poaax [ 18], MOXXHO IIpeaoIoXUTh,
yto cHmkeHre CD8TPD-1* kinetok B mepudepuue-
CKOIl KPOBH SIBISICTCSI OTPasKCHHEM IIPEOIOICHUS
T-KJI€TOYHOIO UCTOIICHMS M aKTUBALIUM UMMYHHOM
CUCTEMBI.

CHuxenue PD-1*% kjleTok B HallleM HcCcClienoBa-
HMM HaOJII04AJIOCh HE TOJIbKO B monysauuu CD8™,
Ho u CD4* numdouuToB (B MOArpynmne ¢ Mo3aHein
I1D), yTo B LIeTTOM corjiacyeTcs ¢ JaHHbIMU Tian M.
U COaBT., KOTOPbI€ OMUCAIN CHUXEHUE IKCIIPECCUU
PD-1 B cyononynsiiuu Thl7 u BnepBble cBs3aiu
Hapymenue PD-1/PD-L1 curHaabHOro myTH B Tie-
pudepudveckux CD4* knerkax 6epemeHHbIx ¢ 1D
¢ mucoamancom Tper/Th17 [23]. YuuTbiBast, 4TO
aktuBaluss PD-1 na CD4T-kieTkax crocoOCTByeT

Th2 nepexmnoueHuto [8], ymeHnbienue CD4"PD-17
KJIETOK Y OepeMeHHbBIX ¢ [1D MoxkeT TakKe nmpeapac-
noJiaraTh K aktuBauuu Thl oTBeTa.

Hapsiny co cHuxeHuem skcnpeccun PD-1 n
Tim-3 nonynsuusa CD4-numMpoLuToB y 6epeMeH-
HbIX ¢ 1D oTinyamach MOBBIIIEHHON 3KCOpeccueit
CTLA-4. PazHoHampaBlieHHbIe U3MEHEHUSI B DKC-
MPEeCCUY pa3HbIX MTHTMOUTOPHBIX PEIIETTTOPOB B 3TOM
cliygae MOTYT OOBSICHATHCS TeTeporeHHOCThIo CD4-
KJIETOK (BKJIIOYAIOIIUX Pa3IMYHbIEe CYOIOIyJIsSIUU
T-xennepoB u Treg) u HanboJiee BEICOKOW SKCIIPeC-
cueit CTLA-4 na Treg. ITonyyeHHbIe JTaHHbBIE COTJia-
cyloTcesl ¢ pesyisratamMmu Boij R. 1 coaBT., KoTopbie
BeigBIN Bo3pactanme CTLA-4*Treg npu paHHel u
Tsekesnol [19 [5] u Mo3BOILIOT MPEANnoaOXUTh, YTO
yBeanyeHue CD4"CTLA-4 xnetok O0OyCIOBIEHO
cyononynsuueit Treg.

BaxkXHbIM pe3yJbTaTOM HACTOSIIIIETO HCCIIeI0-
BaHUsI SIBJIsIeTCsl OOHapy>KeHHasl COMNPSLKEHHOCTh
MEXIY XapaKTepoM M3MEHCHUI B AKCIPECCUN WH-
TUOUTOPHBIX PELENTOPOB M TSIKECThIO/CPOKaMU
MmaHudecrauuu [13. CornacHo AaHHBIM JUTEpATy-
pBI HanOOJIbIIIEe BO3pacTaHUE MPOBOCTIAIMTEIBHBIX
LUTOKWMHOB HAOII0HaeTCsl y OEPeMEHHBIX C YMEpeH-
Hoit TsokecThio 10D [7]. YMenbmenune CD44YTim-3*
u CD8*PD-1*T-KJIeTOK UMEHHO y 3TOU KaTeropuu
MAIMEeHTOK KOCBEHHO MOATBEPXKIACT IIPEAIOO-
JKEHHE O TOM, UYTO CHMXKEHUe aKcrnpeccun Tim-3 u
PD-1 na T-xnetkax npu [1D conpsokeHo co cMmelie-
HUeM OajlaHCa B CTOPOHY JOMUHUPOBAHUST MTPOBOC-
MaJuTeIbHON aKTUBHOCTU.

Pe3ynbraTbl HACTOSIIETO MCCICOOBAHUSI TaKXKe
rnokasajiu, 4to nepudepuyeckue T-kaeTku Oepe-
MEHHBIX C PaHHUM U TO31HUM aebotoM [1D pas-
JIMYAIOTCSI MO 3KCIIPECCUM WUHTMOUTOPHBIX peLeIl-
TopoB. Tak, ecnu mpu paHHel [1D BbIABASIOTCS
pa3HOHAIIpaBJIeHHbIE W3MEHEHUSI B 3SKCIIPECCUM
CTLA-4 (Bospactanue CTLA-4"CD4' u cHuxe-
Hue CTLA-4"CD8* kiyieTok), TO 1ipu no3aHeii [1D —
cHukeHue akcnpeccur PD-1 u Tim-3 (ocobeHHO B
cyoromrysiimu CD4*4 kitetok). CorjlacHO HJaHHBIM
JIMTEpaTypbl, cuuTaercs, 4ro panusas [1D accoumu-
poBaHa ¢ 0oJjiee BRIpaxKeHHO aKTUBAIINEeil BPOKICH-
HOro UMMyHuTeTa [3] U ANCHYHKLIMSMU PETYSITOP-
HbIX T-xyeTok [16], a MO3AHSST — ¢ HapyUICHUSIMU
MeTaboir3Ma, BKIoYas OXupeHue u auadet [19].
IMonyyeHHbIe HAMU pe3yJbTaThl CBUIETEbCTBYIOT,
yTto 00¢ hopmbl 1D compsokeHBI ¢ M3MEHEHUSIMU
9KCIPECCUM MHTUOUTOPHBIX MOJIEKYI Ha T-KJeTKax,
IpUYeM pa3Indus B XapaKTepe U3MEHECHM yKa3aH-
HBIX MOJIEKYJI TIpY paHHel u mo3aHeit [1D MoryT sB-
JIITbCSI apTYMEHTOM B TI0JIb3y MMMYHOTIATOTE€HETH -
YeCKOI pa3HOPOIHOCTH yKa3zaHHBIX popm [1D.

3aknoyeHmne

B oTtanune oT HEOCHOXKHEHHOU OEpeMEHHOCTH,
acCOLIMMPOBAHHOM ¢ ycuieHueM akcrpeccuu PD-1
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u Tim-3 Ha nepudepuueckux T-kierkax, [1D xa- BbIsIBJIEHHbIE OCOOEHHOCTU B 3KCIIPECCUM yKa3aH-
PaKTEepU3YIOTCSI CHUKEHHOU 3KCIIpeccrueil yKazaH- HBIX MHTUOMTOPHBIX PELIETITOPOB B 3aBUCUMOCTH OT
HBIX MoJiekyn B cyononyusuusgax CD4" u CD8*T- Tsxxectu u cpokoB MaHudectauuu [1D cBuaerenb-
JTUMOOLIMTOB B COYETAHNM C YCUJIEHUEM DKCIIPECCUM  CTBYIOT O MAaTOM€HETUYECKOW 3HAUMMOCTH yKa3aH-
CTLA-4 B cyonoynsauuu CD4" T-kietok. [Ipu 3ToM  HbIX MosieKyn B pa3Butuu I[19.
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U3YYEHUE UMMYHOPEIYNATOPHOW MYHKL UK
HATYPAJIbHbIX KUJIJIEPOB B NMPOLECCE UHOEKL UM,

BbI3BAHHOM BUPYCOM NTUYLEIO rPUMMNA

IIarynosa I1.O." 2, Tagpuiaosa M.B.%, Pries A.A% Koasiranosa T.JL! 2
3aiinesa T.A., Mapkymmu C.I'.2

T®DIAOY BO «llepsviii Mockosckuii 2ocydapcmeennuiii meouyunckuii ynugepcumem umenu M. M. Ceuenosa»
Munucmepcmea 30pasooxpanenus PO (Ceuenosckuii ynusepcumem), Mockea, Poccus

2@I'BHY «Hayuno-uccredosamenvckuii uncmumym eaxuyun u cbleopomok umenu U.U. Meunuxosa», Mockea,
Poccus

Pesome. Bupyc ntuybero rpurira o61agaeT 00JbIINM MMaHAEMUYECKUM TTOTEHIIMAJIOM HE TOJbKO Cpeau
>KMBOTHBIX, HO M B YeJIOBEUECKOI MOMmyJsiuu. [JIs1 ycrenHoit 00pbObl ¢ JaHHBIM BUPYCOM BaKHOE 3Haye-
HUE TIpuoOpeTaeT u3ydyeHre MMMYHHOIO OTBETa IPOTUB BUpPYca IPUIIIa NTUIL U, B YaCTHOCTH, OCOOEHHOCTU
T-xneTouHoro uMMyHuTeTa. MU3BeCTHO, UTO B IEpHO paHHETO UMMYHHOTO OTBETa, KOraa aKTUBaluu hak-
TOPOB aJalITUBHOTO UMMYHUTETA €11I€ HE ITPOU3OIILIO0, KJIIIOUEBYIO POJib B 00pb0e C BUPYCOM T'PUIIIIA UTPAIOT
HaTypaJibHbIE KUJIJIEPhl, KOTOPbIC 001a0al0T KaK IIMTOTOKCUYECKUMU, TaK 1 UMMYHOPETYJISITOPHBIMU (DYHK-
nusMu. B maHHO paboTe u3ydaeTcsl B3aUMOJSCTBUE MEXKIY HaTypaJbHBIMU KuJiepaMu u T-xearnepaMu B
npoliecce 00pbObI C MATOTEHOM.

Llenp nccaenoBaHUsI — U3YYCHUE UMMYHOPETYISITOPHOM (DYHKIIMM HATypalbHBIX KUJIJIEPOB Y MBIILIEH JIU -
Huu BALB/c, nHOULIMpPOBaHHBIX pPa3IMYHBIMU J03aMH1 BHUpYyca IPUMIIa IITULI.

B pabGote uncmonb3oBaiu mMTaMM BUpyca nTuubero rpunmna cepoturia H5N2 (A/duck/Pennsylvania/
10218/1984), amanTupoBaHHOTro K MbIiaMm. OnpenejieHrue TUTPpa BUPYCa B JISTOYHON TKAHU MBIIIEH OCy-
LIECTBISUIOCH TIyTeM 3apakeHus1 10-mHeBHBIX KypUHbIX SMOpHoHOB (SPF) neroyHsiMu akcTpakTaMu B pas-
JIMYHBIX OECSATUYHBIX Pa3BEACHUSIX C MOCICAYIOIIe MOCTAaHOBKOM peaklMu arraoThuHauuu. OnpeaeneHue
YUCCHHOCTU HaTypaIbHBIX KWJJIEPOB 1 T-XelIepoB B Cee3eHOUYHOM TKaHU MBIIIEH MTPOBOAMIOCH METOJIOM
MPOTOYHOM LIUTOMETPUU.

[Mpu Hus3Ko# MHMekunoHHoM no3e (2,5 DU]s,) HabMoaaI0Ch MOBBIIIEHUE KOoJIMyecTBa T-XearnepoB B
ceJie3eHKEe MBIIIIei, YTO CBUAETEJILCTBOBAIO O KJIOHAJIBHOM 3KCITAHCUU JaHHOM cyoromyasiuuu. [1pu aTom
MHMEKIIMOHHHBIN MPOoIlecC 3aKaHYMBaJICS ITOJTHOM 3IMMUHALIMEl BUpyca B ierkux. [1pu yBeanyeHUM 10361
Bupyca (25 DU 5,) TakKe 0OTMEUaIoCh YBeIUUEHME CyOTIony sy T-XearnepoB, HO B JIETKUX ITPOAOIKAIOCh
pa3sMHoxXeHue Bupyca. [1pu nHDUIMpoBaHUM BEICOKOM 10301 Bupyca (250 D/l ,,) Haba0aaI10Cch CHUKEHUE
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KOJINYEeCTBA OTHOCUTEJIbHO KOHTPOJILHOM IPYITITBI MbllIel. B ierouHol TKaHM oTMevalach peTiiuKallus BU-
pyca rpumnria NTUIl Ha MPOTSKeHWW BCETO Tepuoa HaOTI0IeHUIA.

MOXHO TIPEATIONIOKUTh, YTO CHYKEHHME YUCIEHHOCTU T-XeJTepoB Mpu MHOUIIMPOBAHUY BBICOKOU JI0-
3011 BUpyca 00yCJIOBJIEHO MMMYHOPETYJISITOPHO aKTUBHOCTBIO HATYPaJIbHBIX KUJIJIEPOB, KOTOPHIE ITMMU-
HUPYIOT «UCTOIIEHHBIe» T-Xenmepsbl, (popMHUPYIOIIHECS B YCIOBUSX MOBBIIIEHHON aHTUTEHHOW CTUMYJISI-
. DTOT (PaKT CBUIETEILCTBYET O BAXKHOCTH MMMYHOPETYIATOPHOM (hyHKIIMM HATypaIbHBIX KWJLJIEPOB B
COXpaHeHUU OajlaHca MeXIy aIeKBaTHBIM YHUUTOXEHHUEM MaTOreHa U U30BITOUHBIM BOCITAJICHUEM B JIETOU -
HOI TKaHU B Mpoliecce MHMEKINU, BBI3BAHHOUW BUPYCOM TITUYLETO TPUTITIA.

Knroueswie cnosa: namypanvhvle kuanepot, T-xeanepst, T-aumepoyumot, ummyHopeeyaayus, ucmowerue T-aumgpoyumos, epunn,
supyc epunna nmuy,

IMMUNOREGULATORY FUNCTIONS OF NATURAL KILLER
CELLS IN AVIAN INFLUENZA VIRUS INFECTION

Shatunova P.0.>*, Gavrilova M.V.*, Rtishchev A.A.">, Kolyganova T.L.* ",
Zaytseva T.A.2, Markushin S.G."

a I. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation
b J. Mechnikov Research Institute of Vaccines and Sera, Moscow, Russian Federation

Abstract. The avian influenza virus (AIV) has a great pandemic potential both in animals, and in human
population. For effective struggle against this virus, it is important to study the immune response against
AlV, and, in particular, the features of T cell immunity. At the period of early immune response, when the
activation of adaptive immunity factors has not yet occurred, the natural killers, which have both cytotoxic
and immunoregulatory functions, are known to play a key role in the fight against the influenza virus. In this
study, we investigated the interaction between natural Killers and T helpers in the process of antiviral response.
The aim of this study was to study immunoregulatory functions of NK cells in BALB/c mice vaccinated with
different doses of avian influenza virus.

We used a strain of mouse-adapted avian influenza virus (AIV) of the H5N2 serotype (A/duck/
Pennsylvania/10218/1984). The determination of the virus titer in the mice lung tissue was performed by
infecting 10-day-old chicken embryos (SPF) with lung extracts at various decimal dilutions, followed by the
immune agglutination test. Quantitative determination of natural killers and T helpers (Th) in the mice spleen
tissue was carried out by flow cytometry. The amount of Th cells in mice spleens increased at low infectious
dose (2.5 EIDs,) which is explained by active clonal expansion of this cell subpopulation. The infectious disease
process ended upon complete virus elimination from the lungs. The amounts of Th cells were also increased in
a group of mice infected with intermediate infectious dose (25 EIDs,), however, being accompanied by virus
replication in lungs. When the mice were infected with a high dose of the virus (250 EID50), there was a decrease
in the Th cells number versus control group of animals, whereas replication of AIV was noted throughout the
entire observation period in the lung tissue.

The amounts of helper T cells at high doses of viral infection could be decreased due to activation of NK cells.
The activated NK cells may then eliminate exhausted helper T cells. Thus, NK cellsimmunoregulatory function
represents an important immunological factor which keeps balance between the pathogen destruction and
excessive inflammation of the lung tissue affected by the avian influenza virus.

Keywords: natural killer cells, helper T cells, immunoregulation, T cell exhaustion, influenza, avian influenza virus

HccrnenoBaHue BBITIOJHEHO C MCIIOJIb30BAaHUEM
HAygYHOTO OOOpYyIOBaHUS IIEHTpPa KOJUIEKTUBHOTO
nonb3zoBanuss HUMBC um. U.1. MeyHukoBa — nipu
¢uHaHCOBOM MToamepxkKe npoekra Poccuiickoit Me-

BeegeHve

Bupyc rpurnma nTtul HaHOCUT OOJBILON yIepOo
SKOHOMHMKE MHOTUX CTpaH, BBI3BIBASI BCIBIIIKUA
NTUYBETO TpUINa B MNTULEBOIYECKUX XO3SMCTBaXx.

nepauueii B tune MunoopHayku Poccun. Coratie-
Hue Ne 075-15-2021-676 ot 28.07.2021.

B nocneaHue roabl BUPYC MHOIoKpaTHO IPOHMKAJI
B YCJIIOBCUYCCKYIO IIOMYJIALINIO, BbI3bIBasdA 3aboseBa-
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HUS JIIOAEU, COMPOBOXIAIONIUECS JETAIbHBIM MC-
xonoMm [2]. YuuTbeiBasi 3TU JaHHbIE, HE OydeT Tipe-
YBEIMUEHMEM CKa3aTh, YTO JaHHBINA BUPYC 00agaeT
0ONBIINM MaHAEMUYECKUM MOTEHIIMAIOM [9].

EcrecTBeHHO, 4TO AJ1s1 YCHELIHOM OOpHOBI ¢ 1aH-
HBIM BUPYCOM BaxKHOE 3HAUYCHHE MPHUOOpETacT 13-
y4eHNEe MMMYHHOTO OTBETa MPOTHB BUpyca TPUIIIA
NTULL U, B YACTHOCTU, 0COOeHHOCTU T-KJIETOYHOTO
ummyHuteta [7]. U3BecTHO, 4TO B Ilepuojd paHHE-
ro MMMYHHOTO OTBeTa, KOIJa aKTHUBaIuM (PaKTO-
POB aIaNTHUBHOIO UMMYHMTETA ellle He TTPOU30IILIO,
BaXXHYIO POJIb B OOpHOE ¢ BUPYCOM TPHUIIA UTPAIOT
HaTypaJibHbIC KUJIJIEPHI, KOTOPhIC 00IadafoT KaK I~
TOTOKCUYECKUMU, TaK U HMMMYHOPETYyJISITOPHBIMU
dyakuugmu [5]. bbuto mokasaHo, 4TO HaTypallb-
HBIE KWJUICPBI CIIOCOOHBI JACUCTBOBAaTh B KadyeCTBE
peryjisiTopa amarnTUBHOIO MMMYHHOIO OTBeTa Ipu
BUPYCHBIX MHPekuusax [8]. B nccinemoBanuu, 1po-
BEICHHOM Ha MOJIEJIM MBIIIei, MHOUINPOBAHHBIX
BUPYCOM JTUMMPOLUTAPHOrO XOpUOMeHuHruTa [12],
OBILJTO BBISIBJICHO TPU BeKTopa (BapraHTa) UMMYHHOM
3allUTHI OT TTATOTeHa B 3aBUCUMOCTH OT JIO3bI 3apa-
XeHusi. B naHHO#1 pa®boTe MbI MOMNbBITAINCh UCCIIEN0-
BaTh BIUSTHNEC MMMYHOPETYISITOPHOU (DYHKIINU Ha-
TYpaJIbHBIX KUJIJIEPOB Y MBIIIIEi, MHOUIIMPOBAHHBIX
pa3IMYHBIMU A03aMU BUpyca I'pUIIIa NTULL, Ha UC-
X0 amalITUBHOI'O MMMYHHOTO ITpoliecca.

MaTepmanbl N METObI

Mbimm

DKCIeprMMeHTaIbHbIE XXUBOTHbIE — MHOpEIHbIe
Moy auHun BALB/c, camku maccoii 16-18 1, mo-
JIydeHHBbIe M3 IMUMTOMHMKaA «AHIpeeBKa» (MOCKOB-
ckast o0i., Poccus). Bce akcnepuMeHTHI BbIITOI-
HEHBI B COOTBETCTBUM C «[IpaBUiaMu IpOBENEHUSA
paboT ¢ NCITOJIB30BAHUEM BKCIICPUMEHTATBHBIX XK~
BoTHBIX» (ITpmioxenue K mpukasy Ne755 MwuHu-
crepctBa 3apaBooxpanenust CCCP ot 12.08.1977 1)
u «EBporelickoil KOHBEHIIMU O 3alllUTe MO3BOHOY-
HBIX )KUBOTHBIX, MUCITOJIb3YEMbIX LIS 9KCIIEPUMEHTOB
WM B MHBIX HAYYHBIX LHeasx» oT 18 mapra 1986 . Ha
MpOBeIeHNE WCCIIeNOBaHUS TIOJIy9eHO pa3perie-
Hue studyeckoro komurera ®I'bHY HUU BC um.
N.N. MeyHukoBa.

NndunupoBanue Mplimeii

Mbi1u 061K pa3aesieHbl Ha 4 UCTIBITYyeMble TPy -
nbl. Ocobeii 3 TIepBoii TPYNIbl MHMUIIUPOBAJIN UH-
TpaHa3aJIbHO TTOM, JIETKUM 3(UPHBEIM HApKO30M BU-
pycoM ¢ MUH(pEKIIMOHHBIM TUTpoM 2,5 DN/ ,/50 MK
(rpymiara Ne 1). Mupiiireit 3 BTOpOii TpyIIibl MTHOUIIN -
poBau BUpycom ¢ Tutpom 25 M1 5,/50 Mkt (rpymiia
Ne 2). MeiraM n3 TpeTheil TpYIITbl HMHTPaHA3aJIbHO
Boguin 250 DUJ,,/50 mxn Bupyca (rpymma Ne 3).
YeTBepTasg rpymnna OblLIa KOHTPOJBHOI, MBIIIAM
MHTpaHa3aJIbHO BBOAWJIM 10 50 MKJI (husnogoruye-
cKoro pactBopa. 2KMBOTHBIX BBIBOOWJIM M3 DKCIIC-
puMeHTa B cooTBeTcTBUM ¢ [TpaBuiamu gabopatop-

Hoi TpakTnku B Poccuiickoit @enepanym (GLP) ot
1 anpens 2016 . YueT pe3ysibTaTOB MPOBOAWIM Ha
3-u, 7-e u 14-e cyTKH.

Bupycsr

B pabGote ObLT MCMOAB30BaH LITAMM BUpyca IMTH-
ybero rpunima A/duck/Pennsylvania/10218/1984
cepotunia H5N2, agantupoBaHHbii K Mbliam [10].
Bupyc 611 nonyyeH u3 kosuiekuuu BupycoB «HU-
DM nm. H.®D. lamanen» Munsapasa Poccun.

OnpenesieHre BUPYCHOI HATPY3KH B JIETKUX MbIIIEi

Ha 3-i1, 7-1 u 14-ii neHb nociae MHTpaHa3aabHOM
WMH(OUIIMPOBAaHUS MBIIIEW YCHITUISIIA, B3BEIIMBa-
JIM Ha JJaAOOpaTOPHBIX BECax U U3BJIEKAIU JIETOUHYIO
TKaHb. M3 jlerouHoit Tkanu rotoBwin 10%-Hyio cy-
CITICH3MIO B CTYIIKaX C TEPTHIM CTeKJIIOM. TUTp Bupyca
B JISTKUX OMNpeIesIsiiv ITyTeM 3apaxkeHus: 10-mHeB-
HBIX KypUHBIX 3MOpuoHoB (SPF), monydyeHHBIX U3
nmutomHuka PI'BY CI'll «3aropckoe DI1X» BHU-
TUIT (r. Ceprues Ilocan, MockoBckasi 00JacThb,
Poccus), nerounbiMu aKcTpakTamMu B oobeme 0,2 Mt
Ha 5MOPUOH B PAa3JIMYHBIX JECATUYHBIX Pa3BeICHU-
ax. [Tocne 48-yacoBoii mukyo6anuu npu 37 °C aymaH-
TOMCHAs >XKUIKOCTb MCIIOJIb30Balach JJIs1 MOCTAaHOB-
KM peaklIMy reMarrIioTHHALIUU.

IIporounas uuromMeTpus

B kadectBe MCTOYHUKA JTUMQOIIUTOB MCIOIb-
30Bajlach ceje3eHKa. I M3BJIeUeHUsI KIIETOK U3
CEJIC3€HOYHOM MYJIbIIbl IIPUMEHSIICS II€CTUKOBBINA
MUKPOOUOJOTUYeCKuii romoreHusatop (Schuett
Biotec, Iepmanus). [Tocie nmonydyeHus myia aumMdo-
IIMTOB TIPOBOJIUJICS TIOJICUET KJIETOK B Kamepe Topsi-
eBa B IIPUCYTCTBUU KPACHUTEJISI TPUIIAHOBOI'O CUHETO.
st manmpHeiIIeil paboThl JoMycKadach KICTOYHAs
CYCIIEH3USI C CONlepKaHUEM XKUBBIX KJIETOK HE MEHee
95%. dnst BBISIBIECHMST cyonomynsiuuu T-Xearnepos
MBIIIIY UCTIOIb30BaI aHTUTena K CD3 (kitoH 17A2),
meueHHble FITC, u CD4 (knmon GKI1.5), meueH-
Hele PE (eBioscience™, CIIIA). Conepxxanne NK-
KJIETOK MBIIIN OTIPEICIISIN MIPU TIOMOIIY aHTUTEN K
CD49b (kmon DXS5), meueHusie PE (Sony, CIIIA).
10° KJIeTOK ceie3eHKM WHKYyOMpoBaiu ¢ Giyopec-
neHTHbeIMU aHTuTeamMu B PBS ¢ 1% BSA 30 mun ripu
+4 °C. ITocae yero kinetku otMmbiBaiu PBS ¢ 1% BSA
u ¢ukcuponanu 1% ITPA (Thermo Fisher Scientific,
CIIA) 30 mun npu +4 °C. B kadecTBe KOHTpPOJIS
WCITOJIb30BaJId HEOKpAIlIEeHHbIe KJIETKU CeJIe3eHKU.
ITpoTtouHyro nutomMerpuio npoBoauau Ha Beckman
Coulter EPICS XL; pe3yabraThl aHAJIM3UPOBAIU C
nomoinbio SYSTEM II (Beckman Coulter, CIIIA).

CrarucTiyeckas 00pad0oTKa JaHHBIX

[MonyyeHHbIe MaHHBIE aHAIU3UPOBAIUCH C T10-
MollbI0 porpaMMHoOro odecrieueHus OriginPro 9.1
(OriginLabCorporation). Pe3ynabraThl 11 Kaxmoit
TPyl 3KCIIEPUMCEHTAIBHBIX KMBOTHBIX BBIpaXka-
JIM Kak cpegHee S oOpasua/S mopora = cTtaHaapT-
Hoe OTKJIoHeHue (o). JAas cpaBHEeHUS pe3yJibTaToB,
MOJIyYeHHBIX TIPM Pa3HBIX YCJIOBUSIX 9KCIIEPUMEHTa,
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UCHONb30BaJIcs Kputepuilt ManHHa—YutHu. Benu-
yuHa p < 0,05 paccmaTpuBajiach Kak CTaTUCTUYECKU
3HaYMMasl.

PesynbTartsl

Jlunamuka wu3meHenus kKojumdectBa NK-KieTok
(CD3-CD49b") B cene3eHOYHOI TKAHH MblIIIeii, nH(M-
IHPOBAHHBIX PA3IMYHBIMU J03aMH BUPYCA IPHUIIINA MITHII

KonnyecTBo HaTypaJibHBIX KUJIJIEPOB B CeJIe3eHKe
MBIIIIER Kojebanmochk B mpeneiax 5,5-6,2% (puc. 1).
V MbIeit, "HGUIUPOBAHHBIX HU3KOM 103011 BUPY-
ca (2,5 DU ;,), HabMOIAIOCH MOCTENEHHOE CHUXKE-
HYE YMCIia HaTypaJdbHBIX KHJUICPOB Ha ITPOTSKEHUH
Bcero mnpoliecca HaomoaeHusa. Ha 3-it geHp mocie
VHOUIIMPOBAHYS MbI HAOJTIOIAJIN 3HAYUTEIHLHOE Ta-
JeHue (mpuoban3uTesIbHO Ha 2,3% 110 CpaBHEHUIO C
KOHTpoJIeM), Ha 7-U aeHb KojaudecTBo NK-KieTok
paBHsIOCH 2,8% M Ha 14-ii 1eHb 1ocie UHGULIMPO-
BaHud nocturniio 1,8%.

VY  Mbllied, WHQUUUPOBAHHBIX cpeaHein (25
OU/s,) u BeicoKolt (250 DU]L;,) no3oit Bupyca, Tak-
K€ HaOII0[al0Ch CHIDKEHHE 4uclia HaTypabHBIX
KWJLIEpOB ¢ 1-ro mo 3-i AeHb 1ocie MHPUIMpoBa-
Hus 10 2,8-3,4% (puc. 2, 3) ¢ MOCIeayIOLIUM II01b-
eMOM MeXay 3-M U 7-M AHSMU HaOmoneHus (1o
KoauuecTBa 4,8-5,6% y Ipylln cpeaHell U BbICOKOM
03Bl COOTBETCTBEHHO), 3aT€M OTMEUaJIOCh CHMKE-
aue NK-knerok go konmyecrsa 1,5-1,7% k 14-my
JTHIO TIOoC/Ie UH(EKIIMU.

JIuHaMuka wu3MeHeHMs1 KoJudecTBa T-xenmepos
(CD3"CD4"%) B cene3eHOYHOIl TKAHM MbliIeid, nHhU-
IMPOBAHHBIX PA3JTMYHBIMU J03aMH BUPYCA IPHUIIIIA IITHII

KomaecTBo T-xenmepoB B ceae3eHOYHOM TKaHU
MBIIIIEl KOHTPOJBHOU TpymIbl paBHsuIOCh 18,7%.
Kak BugHoO 13 pucyHka 4, B rpyIire Mbliueii, nHGU-
OUPOBAaHHBIX HU3KOM mo30il Bupyca (2,5 DUJ,),
PEeTUCTPUPOBATIOCH CHIDKCHUE UYMCIICHHOCTH T-Xe-
nepoB Ha 3-i1 geHb (16%), a 3arem HaOIIOIAIOCH
yBeJMueHue KojuuyecTBa T-XesarnepoB Iiocie 7-To

JIHS TIocje WHGEKIUMU OTHOCUTEIbHO MbIIIEH HU3
KOHTPOJILHOW TPYMITBI, YTO MOXKHO OOBSICHUTH KJIO-
HaJIbHOM 3KcnaHcue gaHHoi cyononyysiuuu. Ko-
JundectBo T-XenmnepoB Ha 7-ii ieHb paBHsUIOCH 18,8%
(puc. 4). Janee HaOMIOIAIOCH MMOBBIIIEHUE KOJIUYE-
ctBa T-xenmnepos Ha 5,3% K 14-My THIO OTHOCUTETb-
HO 7-ro mHs (puc. 4).

Ha panxeM sTane nH(EKIINT y MBIIIICH, MH(MUII-
POBaHHBIX CpemHell 10301 BuUpyca (puc. 5), HaOJrO-
TaJIOCh pe3Koe CHIDKCHUE KOJIWdJecTBa T-XemrepoB
(Ha 10%), KOTOpOE CMEHUJIOCH MOBBILIEHUEM C 3-TO
IHS TI0Cie Hadaja WHGEKIMOHHOro IIpoliecca U
MIPOI0JIKAJIOCH 1O OKOHYAHMS HAOIIOACHUS, JOCTH -
rast KoJnm4ecTna 25% KIIeTOK.

Hpyrass kapTuHa IWHAMUKU W3MEHEHMs 4Yucia
T-xennmepoB HaOMIOAANOCH Y MblIIei, MHOULIPO-
BaHHBIX BBICOKOW MHQEKIIMOHHON [1030ii BHUpyca
(puc. 6). bputo ormedeHo ¢GOpPMHUPOBAaHUE ITHMKaA
KosnuecTBa T-xenmnepoB K 3-My JHIO MOCAe Havaaa
nHGbEKIIMOHHOTo mnpoliecca (22%) ¢ MocIeay oM
pPE3KUMM CHMXXEHMUEM N0 3HAYE€HU, KOTOpbie ObLIU
HIKE OTHOCUTETbHO KOHTPOJIbHOWM rpyriisl (16,8%).
K 14-my gHio konmyecTBo T-XearnepoB NOBBIIATIOCH
1o 18,6%.

Pennmkanus BUpyca rpunmna nTuil B JIETKUX MbIIIEi,
WH(PUIMPOBAHHBIX PA3IMYHBIMU 103aMHM BUPYCA TPHUII-
Na MTHIL

Kak BuaHo 13 Tabauusl 1, npu nuHOULIUPOBAHUU
MBI HUBKUMU MHGMEKITMOHHBIMU J03aMHU TIITaM-
ma A/duck/Pennsylvania/10218/1984 (H5N2) Ha-
OromaeTcsl clraboe pa3MHOXCEHUE BHpYyca B JIETKUX
Ha 3-# OeHb Mmocjie Hadajda WHQEKIIMOHHOTO IIpO-
mecca. B mocnenyroomume THM pa3MHOXEHIUE BHpyca
HE PerUCTPUPOBAIOCH.

I1pu nHGULMPOBAaHUU MBbILIEH CpeTHUMU U BbI-
COKVMH JI03aMHM BUpYyca B JIETKUX HAOII0IaI0Ch Clla-
00¢ WM yMEepEeHHOE pa3MHOXEHIE BUPYCa MITUYBETO
TPUIINA Ha TIPOTSLKEHUM BCEro CpoKa HaOMIOICHUS
(Tabmn. 1).

TABJALIA 1. BAPYCHAS HAIPY3KA B JIEFKUX MbILLEW, p < 0,05

TABLE 1. VIRAL LOAD IN IN MICE LUNGS, p = 0.05

BupycHas Harpy3ka B nerkux moiwen, AU,

Viral load in mice lungs, EIDg,

Fpynna

Group

3-11 geHb nocne
UH¢pUUMpoBaHUA
3 day after infection

7-1 OoeHb nocne
UH¢pUUMpoBaHUA
7" day after infection

14- geHb nocne
UH(pUUMpoBaHNA
14" day after infection

Mpynna Ne 1 (2,5 3UA;,)

Control group

1 1 1
Group No. 1 (2,5 EID,) 10 <10 <10
Fpynna Ne 2 (25 3nA,,) ] ] .
Group No. 2 (25 EIDs,) 4 =10 3x10 3x10
pynna Ne 3 (250 3UL,,) , , ]
Group No. 3 (250 EID,) 1,5x10 10 10
KoHTponbkHas rpynna <10’ <10 < 10"
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Figure 1. Changes in the natural killer cells number at low
infectious dose versus the control group, p < 0.05
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Figure 3. Changes in the natural killer cells number at high
infectious dose versus the control group, p < 0.05

—a— [pynna Ne2
22,0 Group No.2

>
°
by

—a— KoHTponbHas
rpynna
Control group

o
o

YucneHHOCTb KNneTok, %
Cells amount, %

o
o

4

~
=)

0123 456 7 8 910112131415
[ / Days

PucyHok 5. U3meHeHue konuyectsa T-xennepos npu
cpegHeii UH(EKLMOHHON [03e OTHOCUTENIbHO KOHTPONbHOW
rpynnel, p < 0,05

Figure 5. Changes in the Th cells number at medium infectious
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Figure 4. Changes in the Th cells number at low infectious dose
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Figure 6. Changes in the Th cells number at high infectious
dose versus the control group, p < 0.05
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TABJALIA 2. U3SMEHEHUE MACChbI TENA MbILIEW, p < 0,05
TABLE 2. THE CHANCE OF MICE BODY MASS, p < 0.05

Macca Tena, Macca Tena, Macca Tena, Macca Tena,
rpynna Ne 1 rpynna Ne 2 rpynna Ne 3 KOHTpOnbHas
(2,5 3U0;,), r (25 3uA,,), r (250 auO;,), r rpynna, r
Body mass, group Body mass, group Body mass, group Body mass, control
No. 1 (2,5 EIDy), g No. 2 (25 EIDy,), g | No. 3 (250 EIDy), g group, g
3- AeHb nocne
UH(pUUMpoBaHUA 17,36+0,72 16,25+0,52 16,21+0,20 18,40+0,28
3 day after infection
7-1 OeHb nocne
MHUUMpPOBaHUA 17,66+1,47 18,47+0,15 17,07+0,05 18,90+0,86
7" day after infection
14-1 peHb nocne
uHdULMpoBaHUA 16,66+1,50 17,03+1,37 17,07£1,10 19,32+0,50
14" day after infection

OnmHOBpEeMEeHHO HaMU OBIJIO UCCIEIOBAHO M3Me-
HeHHe MaccChl TeJa y MH(ULIMPOBAHHBIX MbIlIEeH Ha
3-1i, 7-1i u 14-11 neHp nocie 3apaxeHus. Kak BuaHo
U3 TaOMUUBI 2, Y MbIIIEH, THOUIMPOBAHHBIX HU3-
KOW 103011 BUpyca, HaOJII0JaJIOCh HEBBICOKAS TTOTE-
ps Beca B Iepuof ¢ 7-ro mo 14-ii neHb. Y MBIIICH,
MHQUUIMPOBAHHBIX BEICOKOW U CpeIHel 103aMU BU-
pyca, OblIa OTMeUeHa He3HauyuTeIbHasl ToTepsl Beca
Ha 14-i1 IeHb TToce 3apakeHus].

ObcyxaeHue

[tamm A/duck/Pennsylvania/10218/1984 (H5N?2)
BUpYyca NTUYbETO IPUIINa MO HAIIMM HaOIIOAeHUSIM
00J1ama BhICOKOU JIETaTbHOCTBIO JJIsi Mbliiei [1].
I[TosToMy HamMu OBLIU BEIOpaHBI HEBBICOKME MHGEK-
IIMOHHBIE O3Bl JJIS1 3apakeHUST MBIIIEH, TTO3BOJISTIO-
111e HabJIIoAaTh PAa3MHOXEHUE B JIETKUX, HO UCKITIO-
Yarouue ObICTPYIO TMOEb SKMBOTHBIX.

Ha pannHeMm artane nHbeKInu y Mbliieit, nHpU-
IIMPOBAHHBIX PA3TMYHBIMU H03aMU BUpPYyca TITUYbE-
ro TpuIna, HaOIIOIATOCh CHUXEHUE KOJMYEeCTBa
HaTypaJibHbIX KWJIJIEpOB B cene3eHke (puc. 1, 2, 3),
4TO, TO-BUIAMMOMY, CBUIETEJIbCTBYET O MUTPAIAMN
JTaHHOW cyOmomyJasiMu B oyar BocnajeHus [3], a
TaKXKe O CyMPECCMBHOM BJIIMSIHUM BUpPyca HA UMMY-
HoTponHble KieTKu [4]. [TosgBaeHue nmuka Koaude-
CTBa HAaTypaJbHbIX KWJJIEPOB K 7-My THIO JJIsI TPYMIT
cpenHell U BbICOKOUW MHMEKIIMOHHBIX 103 (puc. 2, 3)
00YCJIOBJIEHO BBICOKOU Mposim(epaTuBHON aKTHB-
HOCTBIO HAaTypaJIbHBIX KUJUJIEPOB B YCIIOBUSIX BBICO-
KOl aHTureHHoil ctumyasauuu. [lpeamonaraercs,
4YTO cCHUKeHUe KoandectBa NK-Ki1eTok npu HU3KOM
Jlo3e Ha 7-1 IeHb, a Takke Ha 14-1f 1eHb BO BCeX Tpex
TPYIITAaX MBIIIE OTHOCUTETLHO KOHTPOJILHOM TPYTI-
bl OOYCJIOBJIEHO MUTpalueil HaTypajabHBbIX KUJUIE-
POB B JIETOYHYIO TKaHb.

I1pu 3apakeHUU MblllIeil B 3aBUCUMOCTU OT A03bI
VHQUUIMPOBaHUS HAOII01a7aCch pa3inuyHas AUMHAMMU -
Ka uaMeHeHus1 koauudectBa T-xenmnepoB. MHpekm-
OHHBI ITpolIecC, BbI3BAHHBIN HU3KOM 10301 BUpYca,
IIPOTEeKal B BUIE TUIIMYHOMU OCTPO BUPYCHOM HH-
dekumnu, KoTopasi 3aKkaH4YMBajaach MOJHBIM BbI310-
poOBJIEHUEM KUBOTHBIX (TabJ1. 1). [Tpu aTOM oTMeua-
JIach aKTMBHAsI KJIOHAJbHASI 3KCITaHCHUS T-XenrepoB
¢ 7-10 OHs Tocje Havyaja MH(EeKIMOHHOrOo Tpoliecca
(puc. 4).

Kak BumHO M3 puCyHKa 5, XapakTep M3MEHECHUS
KoaundecTBa T-xenrnepoB mocjie 7-ro AHs Habrome-
HUS Y MbIlIell, THOUIIMPOBAHHBIX CPeIHE 03011
BUpYCa, CXOJEH C XapaKTepOM U3MEHEHUSs KoJuye-
crBa T-xeanepoB Mpy UHGUILIMPOBAHUU HU3KOM 10-
30M.

Ilpu 3apaxkeHUU MbllIEll BBICOKOW H030i BU-
pyca Mbl He HaOJIONaIM KJIOHAJbHON 3KCHAaHCUM
T-xenmepoB, 4TO MOXKHO OOBSICHUTH dJIMMUHAIIMCH
T-xennepoB HaTypaJbHBIMU KUIepaMu. MBI Tipe-
mojaraeM, 4YTO B JaHHOM ciydyae HaOtomaeTcs 3¢h-
ekt ucrouieHuss T-TuM@POLMTOB, UMEHHO TaKUe
KJIETKU PACIO3HAIOTCS W JIM3UPYIOTCSI HATypajlbHbI-
MU Kuaepamu [8].

PerynsaropHas ¢pyHkuuss NK-KJI€TOK TECHO CBsI-
3aHa C aHTUICHIIPE3EHTUPYIOIIMMU KiaeTKaMu. [1pu
BUPYCHBIX MHQEKIMIX HaTypaJbHBIC KIJIICPhl aK-
TUBUPYIOTCS IEHAPUTHBIMU KJI€TKAMU MPU MOMOLIU
IIUTOKWHOB, BYaCTHOCTH, TIPUHAJICXKAIIINX K CeMeTi-
ctBy IL-12 [13]. Bo3neiicTBue JaHHBIX IIUTOKMHOB
npuBoauT K cekpeuuun NK-xmerkamu IFNy [1] —
IJIaBHOTO IIPOTHUBOBUPYCHOTO HuUTOKMHA. CHMKe-
HUe KoJunyecTBa T-XearnepoB MOXET ObITh BbI3BAHO
KakK MpsIMbIM Bo3aeiicTBMeM Ha T-xemepbl, TaK U
KOCBEHHO, nocpeactBom BiausiHus Ha JIK. B mepsom
cllydyae YHUUTOXeHUe T-XeamnepoB MPOUCXOAUT W3-
3a HEIOCTATOYHOTro KoinvyecTna pelentopos K [FNy
Ha UX TTIOBEPXHOCTHU [8], 4TO oMmucaHO MPU UCTOLIE-
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Hum T-kietok [6]. OmocpenoBaHHOE BIUSIHHE Ha-
TypaJIbHbIX KUJLJIEpOB Ha T-xeamnepsbl 3aKI04aeTcsl B
snumuHanmu JAK, 4To cHUKaeT mpe3eHTaluo aHTU-
reHa T-xeamnepaM U UX NOCIEAYIOLLYIO KIOHAJIBHYIO
SKCHaHcumo [8].

BeposiTHO, TIpu 3apakeHNU MBIIICH CpeaHEeN T0-
3011 BUpyca 3(pPeKT «MCTOLICHUS» Pa3BUBACTCS Clla-
00 MJIM He pa3BUBAETCS BOBCE, HO IIPEAIIOIaracTcs,
4TO TaKoe TeueHue WHpeKumnu 0oyice TYOUTEIBHO
IUIST opraHu3Ma. BeIcokasi aHTUTeHHAsT CTUMYJISIIINST
T-kyeTok npuBOAUT K OECKOHTPOJIBHOI ayToarpec-
CUM U, KaK CJICACTBUE, CTAHOBUTCS MPUIMHON HaM-
0oJiee TsIKEJBIX OCJIOXHEHUI IIoCie TPMIIa Jdaxke
IIPU CPAaBHUTEIbHO HEBBICOKOM BUPYCHOI HArpy3Ke.
Bo3MoXHO, CITBHYIO TECTPYKIIMIO JIETOYHOU TKaHU
BBI3BIBAIOT B 00JIbIIICH MEpe aKTUBUPOBAaHHbBIE KJIET-
KM MMMYHHOI CcHUCTeMbl, 4yeM Bupyc rpunmna [11].
OnumMuHanusl T-xedarnepoB HaTypaJdbHbIMU KWJLIE-
paMu He MOoMOraeT OOpOThCS C BUPYCOM, OIHAKO
UIpaeT CylIeCTBEHHYIO POJIb B CHIXKEHUU MaTOJI0T M-
YeCKOro BOCIaJCHUS U Tepexoja BOCHATUTEIbHOTO
mpoliecca B XpOHUYECKYI0 (hopmy.
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BJIMAHUE KULWEYHBIX MUKPOCUMBUOHTOB HA

nPoAYKUuio ULUTOKUHOB B CUCTEME IN VITRO

Bbyxapun O.B., IBanoBa E.B., Yaitaukosa VI.H.,
Ilepynosa H.B., Hukudopos IN.A., Yeanagenko O.E.,
bonpapenko T.A, bekneprenona A.B.

Hnemumym kaemournoeo u 6HympukiemouHo2o cumbuosza Ypanvckoeo omdenenus Poccuiickoil akademuu HayK
DI'BYH «Openbypeckuii ghedepanvhblii ucciedosamenvckuii ueHmp» Ypanvckoeo omoenenus Poccuiickoit akademuu
Hayk, e. Openoype, Poccus

Pe3iome. B coxpaHeHMM MMMYHHOrO roMeocTa3a KMIIEeYHUKA BaxKHEMIasi poJib NPUHAIICKUT UMMY-
HOPETYJISITOPHBIM CBOMCTBAaM MUKPOOUOTHI, KOTOPasi, B3aMMOJICICTBYS ¢ 00pa3pacliO3HAIOIIUMK PELICIITO-
paMM, aKTUBUPYET BHYTPUKJIETOYHbIC CUTHAJIbHbBIE CUCTEMbI, 9KCIIPECCUIO IIUTOKMHOB, MPOAYKIIMIO IIPO-
TEKTUBHBIX (PAKTOPOB M OrpaHMYMBAET BOCHAJIUTE/IbHbIC PeaKIMM B KUIlIeYHUKe. VITOTr B3auMoneiicTBuii
MUKPOOMOTHI M KJIETOK XO3sIMHA (pa3BUTHE BOCHAIUTEILHOIO IIpOLecca WK HOAAepKaHUe KUIIIEYHOTO TO-
MEO0CTa3a) 3aBUCUT OT MHOTUX (haKTOPOB, BKJIIOUASI HIOTEHIIMAIbHYIO CIIOCOOHOCTh KUIIIEYHBIX KOMMEHCAJIOB
BJIMSTh Ha LIMTOKMHOBYIO CETh OpraHM3Ma 4deyioBeka. [Ipy HapylieHUM KOJMYECTBEHHBIX M Ka4yeCTBEHHbBIX
XapaKTePUCTUK MUKPOOUOTHI (IMCOMO3) IUTOKUHOBBIN OaaHC, GOpMUPYEeMbIii 32 CUET BAUSHUS KMILIEYHBIX
MUKPOCUMOMOHTOB U MX METaOOJMTOB HAa UMMYHHbIE 1 AIIUTEIMAIbHbIE KJIECTKU KMIIEYHUKA, MOXET U3Me-
HSTBCSI, CIIOCOOCTBYSI Pa3BUTUIO PA3IMYHOM I1aTOJIOTMM YeloBeka. Llebio JTaHHOTO UCCIeA0BaHUS SIBUJIACh
OlLICHKA UMMYHOPETYJISITOPHBIX CBOMCTB 3YOMOTHUYECKUX U JUCOMOTUYECKUX KUILIEUHBIX MUKPOCUMOUOHTOB
YyeJI0BeKa I10 BJIMSTHUIO UX OECKJIETOYHBIX CYIIEPHATAHTOB Ha MPOAYKIIMIO LIMTOKMHOB B cUCTeMe in vitro. Vc-
cjienoBaHue ObLIO MPOBEAeHO Ha 49 3yOMOTHYECKUX U 77 IMCOMOTUYECKUX IITaMMaX MUKPOOPTaHU3MOB,
BBIJICJICHHBIX OT YCJIOBHO 30POBbIX ITALIMEHTOB, 00C/IeIyeMbIX Ha JUCOMO3 TOJICTOrO KUIleUHUKa. 1151 olieH-
KM UMMYHOPETYJISITOPHBIX CBOMCTB KUILIEYHBIX MUKPOCUMOUOHTOB U3Yy4e€HO BIMsSIHIE OCCKIECTOYHbBIX CyIIep-
HaATaHTOB MCCJIeyeMbIX KyJbTYp 6akTepuil 1 rpu6oB Ha nmpoaykiuio rpo- (IFNy, TNFa, 1L-17, IL-8, IL-6)
u npotuBoBocnaauTeabHbiX (IL-10, IL-1ra) HUTOKMHOB, CEKPETUPYEMBIX MOHOHYKJI€APHBIMU KJIETKAMU
nepudeprnueckoil KpoBU 3M0POBBLIX JIoJeii. MUKPOOMOTY KHUIIEUHMKA MCCIeN0oBalu 0aKTEepUOJTOTUYEKUM
MeTtoaoM. MaeHTudurkanmno BelIeIeHHBIX MUKPOOHBIX KYJILTYp IpoBoauau ¢ momoiisbio MALDI TOF MS
cepuu Microflex LT (Bruker Daltonics, [epmaHus). YpoBeHb HMTOKUHOB OTPEALISIIM UMMYHO(MEPMEHTHBIM
METOAOM C HCHOJIb30BaHUEM KoMMepuyeckux TecT-cucteM («llutokmu», Poccus). CratucTuyeckmuii aHa-
JIN3 BKJIIOYAJT: AMCKPUMUHAHTHBIN aHaInU3, KJIaCCU(MUKAIIMOHHOE IEPEBO PELICHUIA M METO KapTUPOBaHUS
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paBHOIecTBYOINX. [IpuMeHeHne MHOTOMEPHOTO CTAaTUCTUUECKOTO aHaIM3a TTO3BOJIMIIO OMPENCTUTD KPYT
HauOoJiee ”HPOPMATUBHBIX MOKa3aTesei (Cpear HMTOKMHOB U MUKPOOHBIX KYJBTYP, U3MEHSIOIIUX UX MTPO-
IYKIIMIO) IJIST OLIEHKM COCTOSIHUSI TOMeOocTa3a MpU 3y- U AUCOM03€e KUIIIEYHNKA. YCTAaHOBJICHO, YTO CylIepHa-
TaHTBI DYOMOTUICCKUX KYJIBTYP KUIICYHBIX CHMOMOHTOB XapaKTePU30BaAIMCh BEIPAXKEHHOM CITIOCOOHOCTHIO
UHIMOUPOBaTh YPOBEHb MPOBOCHATUTEIbHBIX TMTOKUHOB: IFNy, IL-8 u ctTuMynrpoBaTh CEKpeLUIo MPOTU-
BoBocHaauTeabHoro HuTokrnHa (IL-10), a auconoTudecKkue KyabTypbl — MPEUMYILIECTBEHHO MHAYLIMPOBaIU
npoBocnanutenbHble HTUTOKUHBI [L-17, [FNy, TNFa. B coxpaneHue paBHOMepHOTO OaiaHCca MeXIy Mpo- U
TPOTUBOBOCITAIUTEILHBIMU IIMTOKMHAMHY IIPU 3YOM03¢ BHOCHIA 3HAUYNMBII BKJIA[I KaK aCCOUAIINT MUKPO-
CUMOHOHTOB (MO Mepe yObIBaHUS YPOBHS (DaKTOPHBIX HArpy30K: Bacteroides spp. > E. coli > Lactobacillus
Spp.), TaK U MOHOKYJIBTYpbI ( Bifidobacterium spp. v Lactobacillus spp.), yepe3 unaykuuio 1L-10. T1pu gucouo-
3¢ KHUIIIEYHUKA YBEJIMYUBAIOCH KOJIMYECTBO acCOLMAILIMIT MUKPOCUMOMOHTOB, MHAYIUPYIOIINX CEKPEIINIO
TMPOBOCHAJIUTEIIFHBIX ITMTOKMHOB. [IpoBocCImanuTenbHBIN NpoGuiIb TUCOMOTUUECKUX KYJIBTYp (OPMHPO-
Bajics yepes3 BiausiHue Ha npoaykuuio IFNy (mo mepe yobiBaHUS YPOBHS (DAKTOPHBIX HArpy30K) accolua-
nuit Bifidobacterium spp. > Enterococcus spp. > E. coli > Lactobacillus spp., a TakxXe acconanum S. aureus >
Candida spp. Ha cexpenuio 1L-17 Baustau moHokyabrypa Clostridium spp. n accouuanus C. acnes > S. aureus >
Klebsiella spp., Ha TNFo — MOHOKYJIBTYpHI OMbuaobakTepuii 1 s1epuxuii. TakuMm o0pa3oM, Ipu 3yono3e
HOPMOOMOTa MOIEPKUBAET PABHOMEPHBIN OaJlaHC MPO- M MPOTUBOBOCIIAJIMTEILHBIX ITUTOKMHOB, a TIPU
IUCcOMO3e KUIIEYHUKA MOXET MPOMCXOAUTh CMEIlleHUE OaslaHca LIUTOKWUHOB B CTOPOHY MPOBOCHAIUTEIbHBIX
3a CYeT YCWJICHUST YPOBHSI UX CEKPEILIMU, PACIIUPEHUS CIIEKTpa JAaHHOM I'PYIIIILI IIMTOKWUHOB U YBEJIUUCHUS
KOJIMYeCTBa MOHO- 1 aCCOIUALINIT MUKPOOHBIX KYJIBTYP, BIMSIOIINX HA UX IIPOIYKIIUIO.

Kntouesvie cnosa: Kuueurnvie MUKPOCUMOUOHMbL, NPOBOCRANUMENbHbIE YUMOKUHbL, NPOMUBOBOCNANUMEAbHBLE YUMOKUHDL, 3Y0U03,
ducbuo3, Memoovl MHO2OMEPHOU CIAMUCMUKU

IN VITRO EFFECTS OF INTESTINAL MICROSYMBIONTS ON
THE CYTOKINE PRODUCTION

Bukharin O.V,, Ivanova E.V,, Chainikova LN., Perunova N.B.,
INikiforov L.A., Chelpachenko O.E. Bondarenko T.A.,
Bekpergenova A.V.

Institute of Cellular and Intracellular Symbiosis, Orenburg Federal Research Center, Ural Branch, Russian Academy
of Sciences, Orenburg, Russian Federation

Abstract. The most important role in homeostasis of intestinal immune belongs to the immunoregulatory
properties of the microbiota which activates intracellular signaling systems, cytokine expression, production of
protective factors and limits inflammatory reactions in the intestine by interacting with the pattern recognition
receptors. The outcome of interactions between the microbiota and host cells (development of an inflammatory
process or maintenance of intestinal homeostasis) depends on many factors, including a potential ability of
intestinal commensals to influence the cytokine network in human body. Due to disturbances of quantitative
and qualitative microbiota profile (dysbiosis), the cytokine balance may be changed by the influence of
intestinal microsymbionts and their metabolites on immune and epithelial cells of intestines, thus contributing
to the development of various human disorders. The aim of this study was to evaluate the immunoregulatory
properties of eubiotic and dysbiotic human intestinal microsymbionts by assessing the effects of their cell-free
supernatants on cytokine production in the in vitro system. The study was conducted on 49 eubiotic and 77
dysbiotic strains of microorganisms isolated from conditionally healthy patients examined for colon dysbiosis.
To assess immunoregulatory properties of intestinal microsymbionts, we studied the effects of cell-free
supernatants from bacterial and fungal cultures up on production of proinflammatory (IFNy, TNFa, IL-17,
IL-8, IL-6) and anti-inflammatory (IL-10, IL-1ra) cytokines secreted by mononuclear cells isolated from
peripheral blood of healthy persons. The intestinal microbiota was determined by bacteriological methods.
Identification of isolated microbial cultures was performed using MALDI TOF MS Microflex LT series (Bruker
Daltonics, Germany). The level of cytokines was determined by enzyme immunoassay using commercial test
systems (“Cytokine”, Russia). Statistical evaluation included discriminant analysis, classification decision tree
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and resultant mapping method. The multivariate statistical analysis enabled us to determine the range of the
most informative indexes among cytokines and microbial cultures that changing their production in order to
assess the state of homeostasis in eubiosis and intestinal dysbiosis. It was found that the supernatants of eubiotic
cultures of intestinal symbionts exhibited a pronounced ability to inhibit the level of pro-inflammatory cytokines
(IFNy, IL-8) and to stimulate the secretion of anti-inflammatory cytokine (IL-10), whereas the dysbiotic
cultures predominantly induced pro-inflammatory cytokines (IL-17, IFNy, TNFa). In maintaining a uniform
balance between pro- and anti-inflammatory cytokines during eubiosis, both associations of microsymbionts
(in descending order of factor loads): Bacteroides spp. > E. coli > Lactobacillus spp.), and monocultures
(Bifidobacterium spp. and Lactobacillus spp.) made a significant contribution via IL-10 induction. In cases of
intestinal dysbiosis, we found an increased number of associations between microsymbionts inducing secretion
of pro-inflammatory cytokines was. The pro-inflammatory profile of dysbiotic cultures was determined by the
influence on IFNy production (ranged in descending order of factor loads) of Bifidobacterium spp. > Enterococcus
spp. > E. coli > Lactobacillus spp. associations, as well as S. aureus > Candida spp associations. The secretion
of IL-17 was influenced by the monoculture of Clostridium spp., and by association C. acnes > S. aureus >
Klebsiella spp. Monocultures of Bifidobacteria and Escherichia exerted effects upon TNFa production. Thus,
during eubiotic state, the normobiota maintains a uniform balance of pro- and anti-inflammatory cytokines,
and, in presence of intestinal dysbiosis, a shift in the balance of cytokines towards pro-inflammatory ones
may occur due to increased levels of their secretion, an expanded spectrum of cytokines from this group, and

increased number of single bacteria and associations of microbial cultures affecting their production.

Keywords: intestinal microsymbionts, pro-inflammatory cytokines, anti-inflammatory cytokines, eubiosis, dysbiosis, multivariate

statistical analysis

BeeneHve

BBegeHue TepMMHA <«MHKPOOHMOM» ITO3BOJIAIIO
JIx. JlemepOepry «pa3IBUHYTb» MNPUBBIYHBIE paM-
KM MUKPOOUOTHI, a OPraHMU3M XO3sIMHA OIPEeAcIUThb
KaK «CYIepOpraHu3M» CO BCEM MUKPOOHBIM CO-
OOIIIECTBOM, TIOEe CHUMOMOTHYECKUE CBSI3M OKa3bI-
BalOT BJIMSHUE, KaK Ha (PU3MOJIOTHIO «XO3STMHA»,
TaK U OMNpPEJEeISIOT MePecTPOUKU MUKPOOUOTHI |2,
31]. PaccmoTpeHue MHMEKLIMU B KauyeCTBEe MOAESIU
aCCOILMAaTMBHOTO CUMOMO3a TMO3BOJMJIO MCHOJIb30-
BaTh OMOJOTMYECKUU TMOTEHLMAl MUKPOOUOTHI JJIsI
pEIICHUST BOIIPOCOB O MEXaHM3MaX B3aIMOICICTBUSI
npokapuoT u aykapuot [3]. CoBpeMeHHbIE TEXHO-
JIOTUM CEKBEHUPOBAHUSI CIIOCOOCTBOBAIMU pacCIlu-
PEHUIO MCCJIEIOBAHUM, CBSI3aHHBIX C MUKPOOUOMOM
KMIIIEYHMKA, M TIoKa3ajlu, YTO MHUKpPOOMOTa yda-
CTBYET B PETYJIMPOBAHUN MHOTHUX (DU3UOJTOTUICCKUX
cucteM xo3sgmHa [39, 48]. MwumkpoOmoTa ycTaHaB-
JIMBAaeT CUMOMOTUYECKUE TMEePEKPECTHBIE CBA3U CO
CBOMM XO3SIMHOM, IPOAYLMPYET OeJIKU U MeTabo-
JIUTBI, MOAYJUPYIOIIME KIIOUeBble (PYHKIIMU XO3SI-
MHa, BKJIIoYasl epepadoTKy MUTAaTeIbHBIX BEIIECTB,
noaaepKaHue dHEePTeTUIeCKOro roMeocrasa M pas-
BUTHE UMMYHHOI1 cucteMnl [29, 36]. Bmecte ¢ Tem
KUIIEYHUK SIBJISIETCS HE TOJIbKO MECTOM OOWTaHUS
MHOTOYMCJIEHHBIX MUKPOOPTaHU3MOB, HO W CAMBIM
OOJBIIUM UMMYHOJOTMYECKMM OPraHOM C Pa3HOoo-
Opa3HbIM MPEACTaBUTEIBCTBOM MMMYHHBIX KJIETOK,
OpPraHM30BaHHBIX B CTPYKTYPHBIC U N30JIUPOBAHHBIC
muMmbongHbie QOUTMKYIbL. OCHOBOI CMMOMOTHYE-
CKUX B3aMMOOTHOIICHUI SBIISICTCS aKICHTUBHBIN
WUMMYHUTET, KOTOPBI B (PU3UOIOTUICCKUX YCITOBM-
SIX Ha CJIM3UCTBIX 000J04YKaxX oOecreuynBaeT COCTO-

SIHU€ TOJIEPAHTHOCTU K IIPEACTABUTESIM MHINICH-
HOIl MUKPOOMOTHI, YTO SIBJISIETCSI HEOOXOMUMBIM JIJIsT
¢dopMUpoOBaHUS KUIIIEYHOTO roMeocTasa [8, 23].
M3BeCcTHO, YTO BO B3aMMOIEHCTBUM XO3STMH-MU-
KpOOMOTa 3aAeiiCTBOBAHbI METAOOIUTHI, KJICTOYHbIE
PELIETITOPLI M MOJIEKYJIBI C aHTHMOAKTepUAJIbHON U
MPOTUBOBOCHAIUTEILHON aKTUBHOCTbIO, BKJIIOYAst
OUTOKWHBI, KOTOPBIE CITOCOOHBI MOy TUPOBATH SITH-
reHeTUYEeCKUI M MMMYHHBI# oTBeT. Ilpu sybomose
BMECTE C SIUTEIMAIIbHBIMA WU UMMYHHBIMU KJIET-
KaMU 3TM CUTHAJIbHBIE MOJIEKYJIbI 00pa3yloT CEThb,
HEOOXOAMMYIO UISI TOMEOCTa3a KUIIEYHUKA U IPO-
TUBOMHMEKUMOHHOM 3amuThl. C Apyroil CTOPOHBI,
pu IMcOMO03€e 3TU 3aLIUTHbIE MEXaHU3MbI Hapylla-
1oTcsl. JItoOble KOJIMYeCTBEHHbIE WM (DYHKIIMOHATb-
HbI€ U3BMEHEHUS KUILIEYHOU MUKPOOUOTHI (I1UCOK103)
M3MEHSIOT WMMYHHBIM OTBET, ACCTaOMIM3UPYIOT
roMeocTa3 KMIIEYHUKA, OIOCPEnysl TPaHCIOKALIMIO
MMUKPOOOB 1 pa3BUTHE MHEPEKUUU (poJib AUCOMO3a
KHUIIIEUHMKA KaK «TPOSTHCKOI'0O KOHsI») [28].
LINTOKMHBI, KaK MeINaToOphl MEKKIIETOUHOM
«KOMMYHMKALIMW»,  OOCCIIEYMBAIOT  PEryJISLIMIO
UMMYHHBIX peaKIUil W CKOOPAWHUPOBAHHOE B3a-
UMOJEHCTBUE KJIETOK MMMYHHOI cuctembl [11].
B3aumogeiicTBue JHUIaHAOB MUKPOOPTraHMU3MOB C
oOpa3pacno3HaIIMMU pelierTopaMuy BeAeT K aKTH-
BaLlMK BHYTPUKJIETOYHBIX CUTHAIbHBIX CUCTEM, DKC-
NpPeCCU MUTOKWHOB U IPOIYKIIMU TTPOTEKTUBHBIX
dakTopoB [18]. Tor Takmx B3aMMOJIEUCTBUI 3aBU-
CHUT OT MHOTHX (DAKTOPOB, BKITIOUAsI TOTCHIIMATLHYIO
CIOCOOHOCTh KMILIEYHBIX KOMMEHCAJIOB BJIMSITh Ha
IIMTOKMHOBYIO CETh OpraHn3Ma 4desioBeka. Mccieno-
BaHUE B3aUMMOJEHCTBUSI KUILEYHBIX MUKPOCUMOM-
OHTOB U [IUTOKWHOBOI CETH YeJIOBEKa IPeaCTaBIIsI-
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€TCsI BaXKHBIM, ITOCKOJIBKY MU3BECTHA POJIb IMTOKMHOB
U 11cbuos3a B QOPMUPOBAHUM PA3JIMUHON MaTONO-
TUM: BOCHAJUTEJIbHBIC 3a00JIcBaHUSI KHIIEYHUKA,
MeTaboJIMUecKre HapylleHUsl, ayTOUMMYHHbIE 3a-
O6oneBaHMsI, oHKoJorus u ap. [7, 9, 13, 25]. Bmecte
C TEeM OTCYTCTBYIOT KOMIIJIEKCHbBIE WCCIEHOBaHUS
HMMYHOPETYJISITOPHBIX CBOMCTB MUKPOCUMONOHTOB
NP Pa3INYHBIX COCTOSTHUSIX MUKPOCUMOMOIICHO3a
(Py0M03/mucburo3) KullleYHUMKa 4YejloBeKa, ydacTue
OCHOBHBIX ITPEICTaBUTEICH TUCTAIFHOTO OT/Ie/Ia K1~
IICYHUKA B TIPOAYKIIUN Pa3IMIHBIX (DYHKIIMOHAb-
HBIX TPYIIN IUTOKWHOB.

YKkazaHHble MOMEHTBHI W TIpEIOIpenesIMIu Ha-
NpaBJIEHHOCTh HAaIlUX MCCAeAOBaHUI, KOTOpbIE
MOIJIM OBI CIIOCOOCTBOBATH JIyUIIIeMYy MOHUMAHUIO
POJIM MUKPOOUOTHI B MOAAEepKaHUM UMMYHHOTIO TO-
MeocTa3a KMIICYHNKA, a TaKKe M3BICKAHUIO HOBBIX
MOJAXOAOB ISl AajibHelIleil padoThl 1o 0TOOPY 3(-
(eKTUBHBIX MPOOMOTUKOB MUIIIEHb-HAIPaBJAEHHOI'O
JIEUCTBUS.

Iens wuccienoBanusi — aaThb CPaBHUTEIbHYIO
OILICHKY UMMYHOPETYJISITOPHBIX CBOMCTB 3yOMOTHYEC-
CKUX VI TUCOMOTHMYCCKUX KUIITEUHBIX MUKPOCUMOM-
OHTOB YeJIOBeKa I10 BIMSHUIO UX CYIIEPHATAHTOB Ha
MPOAYKIIMIO LIMTOKUHOB B CUCTEME N VIlro.

MaTepmanbl U METObI

IIITaMMbI MUKPOOPraHHU3MOB

Marepuanom 1J1s1 MCCAEA0BaHUS MOCIYKIN 126
dexanbHbIX IITAMMOB (49 syoroTudeckux u 77 auc-
OMOTHUYECKHUX KYJIBTYp) OOJIMraTHO-aHad®pPOOHBIX U
¢daKyIBTaTUBHO-aHA3POOHBIX ~ MHKPOOPTAHU3MOB,
BKJIIOYasi KyJabTypbl Bifidobacterium spp. (longum,
bifidum, breve adolescentis, catenulatum); Lactobacillus
spp. (fermentum, plantarum, acidophilus, rhamnosus,
ruminis, paracasei, casei); Bacteroides spp. (fragilis,
ovatus, vulgatus); Cutibacterium acnes, Clostridium
spp. (difficile, novyi); mpenctraBuTeseil cemeiicTBa
Enterobacteriaceae (Escherichia coli, Klebsiellae spp.
(pneumoniae, oxytoca), Pseudomonas aeruginosa,
Enterobacter spp. (aerogenes u cloaceae), Citrobacter
freundii, Proteus mirabilis); Staphylococcus spp.
(aureus, warneri, xylosus, epidermalis v saprophyticus);
Enterococcus faecium n Candida albicans.

MukpoOroTy KUIIEYHUKA MCCIEeIOBAIU B COOT-
BETCTBUHU C TpukazoM MwuH3apaBa PD Ne 231 (ot
9.06.2003) «O0 yTBepxXIEHWM OTPACIECBOIO CTaH-
napta «IIporokon BeneHust 60abHBIX. JcOakTepro3
KuIneyHrKa». LIITaMMBbI ObUTH BBIIEJICHEI OT YCIOB-
HO 3I0POBBIX MallMEHTOB B Bo3pacTte oT 18 no 45 net
npu 00CIeI0BaHMM Ha IUCOMO3 TOJICTOIO KMIIIEYH -
Ka gyenoBeka. B pesynprare y 20 mamneHTOB OBbLT BBI-
SIBJIEH 2yOHO3 U y 45 MalMeHTOB — JUCONO03 KUIIeU-
Huka [-III cteneHu.

WNnentndukanmio o0JIMTaTHO-aHAd®POOHBIX U
¢aKyIbTaTUBHO-aHA’POOHBIX OaKTEepuili U TPUOOB
OPOBOAMJIM C ITIOMOIIBIO BPEMSIIPOJICTHOI Macc-

criektpoMeTpun MALDI TOF MS cepun Microflex
LT (Bruker Daltonics, IepmaHust), mporpamMmMHoe
obecrieueHue Maldi BioTyper 3,0. Tlosioxurtens-
Hasl MICHTU(UKAIIMS Ha YPOBHE pOjla COOTBETCTBO-
Bajla 3HaueHuto Score > 1,7 U Ha ypoBHE BUIA —
Score = 2,0 uau BhILIE.

st mccnenoBaHUsT BAUSIHUS METaOOJUTOB MU-
KPOOPIraHM3MOB Ha CEKPELIMIO IUTOKUHOB B YCIIOBH-
SIX In Vitro UCTIOJIb30BaJIU CyTllepHaTaHThI 0aKTepUab-
HBIX KYJBTYp ¥ Tpr6oB. CyIliepHaTaHThI TTOJTyJaliv U3
24-48-yacoBoll OyJTbOHHOI KYJIBTYPhl B pe3yJibTare
IByKpaTHoro neHtpudyrupoBanus (3200 o6/MuH)
¢ TIocaeayoolIel puabTpanueii (MeMOpaHHbIC (PUTh-
Tphl ¢ nuameTpom mnop 0,22 mxm, Millipore, CILA).
KOoHTposb CTEpMIILHOCTU CyIIepHATAHTOB OCYIIECT-
BJISITA BBICEBOM Ha ITUTATEJIbHBIC CPEJIbI TTOCIIE TIPEe/T-
BapuUTeJIbHOU X 3aMopo3ku ripu -20 °C.

Bbiesienue MOHOHYKJIeapoB U3 mepudepudeckoi
KPOBH YeJIOBEKa

Mounonykiueapuble kiaetku (MHK) Bwiaensim
B CTEPWJIbHBIX YCJIOBUSX M3 TeNapUHU3UMPOBAHHOM
KpPOBU, B3TOI CTAaHIAPTHBIM METOIOM M3 JIOKTEBOM
BEHBI B BaKyyMHbIe Mpooupku (BD VacutainerTM,
Greiner-bio-one, ABcTpust) y 13 yCIIOBHO 3T0POBBIX
JIOHOPOB 000ero 1oJa (cpeaHuit Bospact — 24,0+0,6
roga). Beinenenue MHK mnpoBoauiau nmocpeacTBoM
ueHtpudyrupoanusi (400 g) Ha rpagueHTe TLIOT-
HocTu dukosui-BeporpacduH (Pharmacia, Berus)
wrotHocThio 1,077 r/cMm3. YHCTO KU3HECTTOCOGHBIX
KJIIETOK YYUTBIBAJIIM C ITOMOINbIO Kamephl [opsieBa
nocie okpacku 0,1% pacTBOpOM TPUIIAHOBOIO CH-
Hero. ToroByio B3Bech kiietok MHK moBomuinm mo
KoHIeHTpauuu 1 x 10°/M11 B KyJIbTypaJIbHOM cpelie U
WCITIOJIB30BaI JJISI COMHKYOMPOBAHMSI C OECKIIETOY -
HBIMM CyliepHaTaHTAaMW MUKPOOPTAaHU3MOB.

CouHKyOMpoBaHIEe MOHOHYKJIEAPOB C CyNepHATAH-
TaMH UCCJIeAyeMBIX KYJIbTYP MUKPOCHMONOHTOB

CoxkynsruBupoBaHue B3Becu MHK ¢ cymepHa-

TaHTaMU MCCJIEAYEMbIX MUKPOOPraHU3MOB IIPOBO-
JUIA B 96-JIyHOUHBIX ITOJMCTEPOJIOBBIX TUIAHIIE-
TaXx B COOTHOIIeHUU 1:4 (OombIT) B KyJbTypaabHOM
cpene, comepxameii RPMI («ITan®xo», Poccus),
10% WHaKTUBUPOBAHHYIO 3MOPUOHAIBHYIO TeJsi-
yplo CBIBOPOTKY (Sigma-Aldrich, CIIA), 0,01%
L-rnyramuH u 80 MKTr/MJ1 reHTaMuLiiHA. [TpoObI MH-
KyOupoBan 24 yaca BO BiaxHoU atMmocdepe ¢ 5%
CO, (8 CO, unkybatope) tipu 37 °C. UccnenoBanue
KaXIO0W KJIETOYHOM KyJAbTYpbl IIPOBOIMIN B TpEX
nyonsx. KoHTposeM cly>Kuiu TpoObl: 1. KOHTPOJIb
MHK B kynbsrypanbHOii cpeae; 2. KoHTpoab MHK
¢ nobGapjieHMeM MuUTaTeabHOU cpeabl (0yaboH lan-
nepa, HiMedia, Unaus), ucnonb3yeMoi mjist momy-
YyeHMs OYJTbOHHOM KYJIBTYPBI UCCIIEAYEMBIX KYJIBTYD
OakTepuii u rpuboB. [1o oKoOHUYaHUUM cpoKa MHKYOa-
LU KYJBTYPaJIbHYIO XKUJIKOCTh COOMPAJIU 1 3aMOpa-
xuBau (-20 °C) mis1 mocaeayoliero onpenejaeHus
KOHIIEHTpAIUU IIMTOKWHOB.

1374



2023, T. 25, Ne 6
2023, Vol. 25, No 6

Hopmobuoma u npodykuyus yuumoxunos
Normobiota and cytokine production

HccnenoBanne coaep:KaHusi MATOKUHOB B KYJIBTY-
PAJIbHON XKUIKOCTH

VYposuu mipo- (IFNy, TNFa, 1L-17, 1L-8, 1L-6)
n T1ipotuBoBocHamuTeapHbIX (IL-10, IL-1ra) 1m-
TOKMHOB B KJIETOYHBIX CyIepHaTaHTaX OIPeIesIsi-
1 UMMYHOMEPMEHTHBIM METOIOM Ha (oTomeTpe
Multiskan (Labsystems, PUHISHINS) C UCIOJB30-
BaHUEM COOTBETCTBYIOIINX KOMMEPYCCKUX TECT-
cucteM («Llutokun», Poccus). Pe3synbraT BAussHUS
OECKJICTOYHBIX CYIIepHATAHTOB KHMIIEYHBIX MUKPO-
CUMOMOHTOB Ha cekpenuio uuTroknHos MHK ore-
HUBaJIV 110 U3MEHEHUIO KOHIICHTPAIUN LIUTOKTHOB
B KYJIBTYpaJbHOI Cpejie 110 CPaBHEHUIO C KOHTPOJIb-
HbIMU TpoOaMU.

CratucTdecKuii aHAIN3

PesynbraThl TIpOBEACHHBIX MCCIEIOBAaHUI 00-
paboTaHBI METOIaMM BapUAIlMOHHOIN CTAaTUCTUKU C
WCIIOJIb30BaHMEM TMaKeTa NPUKIAIHBIX TpOrpaMMm
Microsoft Excel u STATISTICA 10.0. Beraucnsurach
cpenHss apugmerudeckass BeanynHa (M) U craH-
JapTHas OIIMOKa cpemHeid apudmeTHdecKoil (m).
JI1s1 mpoBepKM HOPMAaJILHOCTU pacHpeae/ieHus 1cC-
nonb3oBaH W-kpurepuit lllanupo—Yuika. B coydae
pacnpeneieHus, TpUOJIMKEHHOTO K HOPMaJIbHOMY,
WCIoJIb30Bann kputepuii CTbloIeHTa, B OCTallb-
HbIXx — npumeHsiim U-kputepuit MaHHa—YUTHU
JUUTST OLIEHKU 3HAYMMOCTH pa3innuuii. Paznuaust mex-
Iy BBIOOpPKaMU CUMTAIMCH 3HAYMMBIMU IIPU YPOBHE
p < 0,05. Takke ObUIM MCHOJIb30BaHbl AUCKPUMU-
HAHTHBIN aHAJIM3, METOM AepeBa PEIIeHU U METOM
KapTupoBaHUs paBHoAeicTByoLIMX [40].

PesynbTathl

AHaJI13 BIIMSTHUS CYTIEPHATAHTOB KUILIEYHBIX MU~
KPOCMMOMOHTOB Ha CEKPEIVIO IMTOKWHOB Nepude-
PUYECKMMM MOHOHYKJIeapaMU I10Ka3ajl, 4To OO0JIb-
wmHCTBO (82,1+3,6%) 1wrammoB Bifidobacterium
Spp. MHTUOMPOBAIM IPOBOCHAIUTEbHBIM LIMTO-
kuH TNFo. CymepHaTaHTBl HCCIEIyeMbIX YCJIOB-
HO-TIATOT€HHbIX  KHUILIEYHBIX MUKPOCUMOUOHTOB
MPOSIBJISUIM MIPUMEPHO B PaBHOM CTENEHU KaK WH-
TUOMPYIOIINIA, TaAK U CTUMYJIUpPYIOLINii 3ddekT. Hc-
KJTIOYEHUE COCTaBWIM IITaMMbl Entferococcus spp. u
Pseudomonas spp., cyniepHaTaHTbl KOTOPbLIX BO BCeX
HUCCIIEAYEMbIX CIIyYasX CTUMYJIUPOBAIN MPOMAYKIIMIO
MaHHOTO IIMTOKMHA (puc. 1A).

VYpoBenb TNFa B cpene KyabTMBUPOBAHUS MO-
HOHYKJIeapoB mnepudepruieckoil KpoBU 4YeioBeKa B
KoHTpoJie cocTaisia 37,12+2,15 nir/mi1. B onbITHBIX
nmpobax ypoBeHb €ro cocTtaBwi st Bifidobacterium
spp. u Lactobacillus spp. 19,2485 nr/mnm mn
51,4+23,5 nr/mn (p < 0,05 1o cpaBHEHUIO KOH-
TponeM); mist Bacteroides spp. n Clostridium spp. —
56,2+36,6 u 137,6+84,1 nir/mi (p < 0,05); mist rpa-
MOTPHULIATEIbHBIX YCJIOBHO-IIATOI€HHBIX OaKTepuii
(VIIb) — 174,2+71,7 ir/ma (p < 0,05); mist rpamIio-
noxurenbHbIX YIIb — 157,2+73,2 rir/Mmit (p < 0,05),

mrst TpuboB poma Candida — 81,2+47,3 nr/min
(p <0,05).

O1leHKa BIMSHUSI CyIIepHATAaHTOB HMCCICIYESMBbIX
KyJABTYp Ha MPOAYKLUIO IMPOBOCIAIUTEIbHOIO 1M~
TokuHa IFNy numdornramMmu mokasajia, 4To 0OJb-
LIIMHCTBO IITaMMOB (10 85,0%3,1%) ctumyanpoBain
MPOMYKIIMIO JAaHHOTO IIMTOKWHA, 2 SHTEPOKOKKHN U
TIICEeBOIOMOHAABI CTUMYJIUPOBAI BO BCEX HMCCICHY-
eMbIx ciaydasx. [lomaBiasiin CeKpeluio IUTOKWHA
IFNy cynepHaraHTbl KyJbTyp Oudugodakrepuii
(20,0+2,8%), xyrmbaktepuit (35,0+£3,1%), nakTo-
Gakrepuii (42,0+2,3%), xinebcuemn (40,0+2,7%),
3ootucroro craguiokokka (50,0£2,9%) u Kio-
crpuauii (72,7%3,1%) (puc. 1b).

Copnepxanue uutoknHa IFNy B cpene kynbru-
BUPOBaHUS JTUMMOILIMTOB B KOHTPOJE COCTaBJISIIO
18,1£1,2 ir/mi1. B onbITHBIX TPOOax YpOBEHb €0 CO-
craBua 1s1 Bifidobacterium spp. u Lactobacillus spp.
51,3%£10,2 ir/ma n 63,4%18,9 rir/ma, (p < 0,05); mis
Bacteroides spp. u Clostridium spp. — 86,3+30,1 r/mn
u 41,3%£8.,2 nir/mi (p < 0,05); mis rpaMoTpULIaTeIb-
HbBIX YIIB — 131,4£36,5 rir/mut, (p < 0,05); mist rpam-
nojioxkuTeabHbIX YIIB — 66,3+15,7 nir/mi (p < 0,05);
it TpuboB poma Candida — (77,3%15,2 nr/ma,
p <0,05).

B ortHourenun IL-6 y cyrmepHaTaHTOB BCEX MC-
ClIeMyeMbIX KYJAbTYp MPOSIBISUICS TIPUMEPHO B
paBHOI CTeMeHU KaK MHTUOWPYIOLIWM, TaK U WUH-
nuddepeHTHbI 2ddeKT, BMecTe C TeM OKOJIO
20% wuccaeayeMbIX wWITaMMOB Bifidobacterium spp.
CTUMYJIMPOBAIN CEKPeHuio JMM@OIUTaMI 3TOTO
LHUTOKMHA. YpoBeHb IL-6 B KOHTpOJIE COCTaBIISII
514,1+20,2 nor/mi. B onbITHBIX TpoOax YpOBEHb €ro
coctaBun anas Bifidobacterium spp. v Lactobacillus
spp. 386,3%38,2 mur/mn wu 336,3%28,9 nr/mua
(p < 0,05); mrst Bacteroides spp. n Clostridium spp. —
456,1%£29,2 nr/ma u 406,1£27.2 nor/mia (p < 0,05);
111 rpamorpuniaresibHbiXx YIIBb — 461,74+25,7 nir/mi
(p = 0,05); mna rpamnonoxutenbHbix YIIb —
449,2+31,2 ur/ma (p < 0,05); mrsg rpuboB ponda
Candida — 412,5£28.7 ur/miu (p < 0,05).

OueHKa TpoayKuum xeMokuHa IL-8 mumdponnm-
TaMHU B TIPUCYTCTBUHU CYIIEPHATAHTOB KUIIICYHBIX
MUKPOCUMOMOHTOB MOKa3aja, 4YTO OOJILIIMHCTBO
KyJabTyp (40-100%) oKa3blBaJIM CTUMYIUPYIOLINIA
2¢@PEKT B OTHOLIEHUU JaHHOro LuTokuHa. Cpeau
W3YyYEHHBIX IITAMMOB TOJBKO 23-25% KyabTyp OU-
dugodakTepuil 1 TaKTOOAKTEPUIL MOAABISIJIM CEKPe-
nuto I1L-8, a ocTanbHbIE KYJIBTYphI TUOO HE BIUSIA
Ha CeKpelMIo LIUTOKUHA, IM00 MHTUOUPYIOIIU 3(-
ekt HabonaICs B €IMHUYHBIX cTydasix. B KOHTpo-
ne conepxanue 1L-8 cocrasnsio 615,3£25,0 rir/mit.
B ombITHBIX TIpo6ax YpOBEHB €ro COCTaBMUT IS
Bifidobacterium spp. 626,8+113,1 rir/mi (p > 0,05);
st Bacteroides spp. — 766,8+68,7 rir/mi (p < 0,05);
Juist rpamoTtpuniatenbHbix YIIb — 935,1+147,4 ir/mn
(p < 0,05); mma rpammnosioxutenbHbix YIIb —

1375



byxapun O.B. u op.
Bukharin O.V. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

A(A)
Staphylococcus spp.
P. aeruginosa
Klebsiella spp.

C. albicans

C. acnes
Enterococcus spp.
Clostridium spp.
Bacteroides spp.
Lactobacterium spp.
Bifidobacterium spp.

I
[NANAURRNANANANARY

0% 20%

B(B) ¢ abicans
Staphylococcus spp.
P, aeruginosa
Klebsiella spp.

Enterococcus spp.
Clostridium spp.
Bacteroides spp.
Lactobacterium spp.
Bifidobacterium spp.

40%

60% 80% 100%

0% 20%

40%

60% 80% 100%

PucyHok 1. YacToTa BCTpeyaeMoCTH WITAMMOB KULLEYHbIX MUKPOCMMOWOHTOB C PasfNUyHbIM BAMAHWEM Ha NPOAYKLIMIO
npoBocnanutenbHbIx uuToknHoB TNFa (A), IFNy (B) numdoumntamu (% oT uccnegyembix WTamMmoB)

npmeqauue. . — noAaBneHne NpoayKuuu; — OTCYTCTBUE BNUAHUA; . - yBenn4yeHue npoaykuuu.

Figure 1. Frequency of occurrence of intestinal microsymbiont strains with different effects on the production of proinflammatory
cytokines TNFa. (A), IFNy (B) by lymphocytes (% of the studied strains)

Note. l, decreased of production; N, no effect; M, increased of production.

833,8+78,5 nir/mn (p < 0,05); mna rpuboB poaa
Candida — 723,8+84,9 nr/mi (p < 0,05).

AHanM3 BIUSHUS CyIICpHATAHTOB KUIIICUHBIX M-
KpocuMOMOHTOB Ha mponykumio IL-17 numdponn-
TaMM TOKa3aJl, YTO JUISI OOJBIIMHCTBA KYJbTYP ObLIT
XapakTepeH pa3HOHAaIlpaBJeHHbIN 3] deKT, Kpome
CyIlIepHATAaHTOB OM(pUIOOAKTEePHil, JTaKTOOAKTECPUA
n OakTeponaoB, okasbiBarounx B 97-100% ciyua-
eB TOoNaBJSIOIMN dDdEKT B OTHOILIEHUU AAaHHOIO
nuTokuHa. Cpenn W3y4eHHBIX InTamMmoB 19-79%
KYJABTYp KJIOCTPpUANI, KyTHUOAKTepHii, dHTepPOOaK-
Tepuii, CTapMIOKOKKOB 1 IPOXKKEBBIX I'PHUOOB ITPO-
SBJSUIA CTUMYJIMPYIOIIEe BIMSIHUE B OTHOIICHUU
IL-17. B kontpose 3HaueHue IL-17 coctaBisuio
140,34+3,3 nir/Mi1. B OIIBITHBIX IPOOAx YypOBEHB €TO
coctaBu 11 Bifidobacterium spp. u Lactobacillus spp.
59,4+29,1 nr/mi u 76,1+14,5 nr/mn (p < 0,05); mist
Bacteroides spp. u Clostridium spp. — 81,2%+12,4 rir/mn
un 166,1£35,6 ir/mi (p < 0,05); misg rpaMoTpULIATE b~
HbIx YTIb — 170,1£21,4 ir/mi (p < 0,05); 1151 rpamiio-
snoxutenbHbiX YIIB — 153,6%£24,1 ir/mi (p < 0,05);

st rpuboB pona Candida — 152,5+17,1 nr/mn
(p <0,05).

B oTHOIEHWM TIPOTUBOBOCHAIUTEIBHOTO IIM-
TokuHa IL-10 ObLIO yCTAaHOBJIEHO, YTO OOJbIIMH-
crBo wmramMMoB (18,0-100,0%) mHrubupoBaiu ce-
KpeWio TaHHOro HHUTOKWHA. CTUMYIHPYIOIINiA
s ekt Ha npoaykumio IL-10 naumpoumntaMu Bbi-
apisicss 'y 75,014,3% kynbsryp OupumoGakTepuid,
y 63,6£2,7% Oakrepoumon, y 50,0+1,8% nakro-
6akrepuit, y 20,0£1,2% xneocuemt u'y 33,0+1,5%
smepuxuii (puc. 2A). B konrpone 3nauenus 1L-10
coctaBisuin 50,3+5,56 nr/ma. B ONBITHBIX TIpO-
0ax ypoBeHb ero coctaBui ajs Bifidobacterium spp.
u Lactobacillus spp. 63,5+20,9 nr/mi (p < 0,05) u
61,1£17,9 ur/mn (p > 0,05); ansa Bacteroides spp.
u Clostridium spp. — 52,4£17,9 ir/mn (p > 0,05) u
22,3+9,7 nr/mi (p < 0,05); m1st rpaMOTpUTIATETBHBIX
VYIIb — 21,1%3,2 nr/ma (p < 0,05); ns rpamItofio-
xkuteabHbix YI1b — 32,1+14,6 nr/mi (p < 0,05); mis
rpu6oB pona Candida — 37,8+8,4 ir/mit (p < 0,05).
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PucyHok 2. YacToTa BCTpe4yaeMoCTy WITaMMOB KULIEYHbIX MUKPOCUMBUOHTOB C pa3NiMyHbIM BAUSIHWEM Ha NPOAYKLNIO
NpoTUBOBOCNANUTENbHbIX LMTOKMHOB IL-10 (A) 1 IL-1ra (B) numdoumntamu (% oT uccneayembIx LWITaMMOB)

ﬂpumeqauue. . — nopaBneHne NpPoAyKLUuu; — OTCYTCTBUE BNUAHUA; . — yBeniM4eHue npoaykuuu.

Figure 2. Frequency of occurrence of intestinal microsymbiont strains with different effects on the production of anti-inflammatory
cytokines IL-10 (A) and IL-1ra (B) by lymphocytes (% of the studied strains)

Note. ll, decreased of production; &, no effect; B, increased of production.

HM3ydeHue BAMSHUS CyllepHAaTaHTOB Ha MPOAYK-
OUIO0 APYTroro MPOTHUBOBOCITAIUTEIHEHOTO ITMTOKMHA
IL-1ra mokaszano, 4To OOJBIIMHCTBO MCCIAEAYEMBbIX
IITaMMOB TaK>Ke CHUKAJIM ero IIpoayKiuio (puc. 2b).
Bwmecre ¢ Tem 42,8+1,2% kynbryp OnduaodakTepuii
1 20,01£0,05% nakrobakTepuii CTUMYJIMPOBAIU IIPO-
IYKITAIO JaHHOTO [MIATOKWHA JTMM(OIUTaAMU.

B cpene KynsruBUpOBaHUSI KOHTPOJIBHBIX IPOO 3HA-
yeHus IL-1ra cocraBnsiu 321,3+2,4 rir/mi. B onbITHBIX
mpobax ypoBeHb ero coctaBwi st Bifidobacterium spp.
u Lactobacillus spp. 454,7£190,1 nr/mn (p < 0,05) n
389,5+107,9 rir/ma (p > 0,05); mist Bacteroides spp. u
Clostridium spp. — 184,2+74.9 rir/mn n 212,3+70,1 rir /Mo
(p<0,05); nmnga rpamorpuuareabHbix YIIb —
177,4+75,2 ir/mi (p < 0,05); WISt TpaMITOJIOXKUTETb-
HbIX YIIb — 190,2+78,6 nr/mi (p < 0,05); mist rpu-
60B pona Candida — 204,7+80,0 /M (p < 0,05).

Otmmpasich Ha IIOJIyICHHBIM (haKTUICCKUIT Ma-
Tepuaa, OBLT TIPOBEISeH KOMIUICKCHBIM aHaIu3
BIUSIHUS CyNEpHAaTaHTOB pPa3JMYHbIX BUIOB MU-
KPOCUMOMOHTOB Ha HUTOKWHOBBIN IIPOPUIL MO-

HOHYKJIeapoB mnepudepruueckoil KpoBM YeJIoBeKa.
it BbIIBJIEHUST HauOosee 3HAYMMbBIX pas3iudyuit
MEXIy BHAAMU KHUIICYHBIX MUKPOCUMOMOHTOB M
COCTOSIHMSI MUKPOCHMMOUMOIIEHO3a (dy- M IUCOUO03
IUCTAJILHOIO OTAeja KUIIEYHMKA), OLIEHMBAeMBbIX
MO CHOCOOHOCTU CYNEPHATAaHTOB OaKTEpUil W I'pu-
OOB M3MEHSATH CEKPEIHNI0 IUTOKMHOB MMMYHHBIMU
KJIETKaMU, WCITOJIb30BaId METOABl MHOTOMEPHOI
MaTeMaTUYeCKON CTaTUCTUKU: AUCKPUMWHAHTHBIN
aHaJIu3, METOJ KapTUPOBaHUSI PaBHOACUCTBYIOIIMX
M IEPEBO PEIICHUIA.

IToctpoennas nmuarpamma 3HadeHuii ROOTI1
M0 JaHHBIM JUCKPUMUWHAHTHOIO aHaJiu3a BbISIBU-
Jia CYIIIECTBEHHOE pa3inyue 3y- U AUCOUOTUYECKUX
ITAaMMOB MO LMTOKUHOBOMY Mpoduito (puc. 3).
ITockonbKy WIS KaXXIoTo IITaMMa CYIIeCTBOBaIO
CBOE pellieHre JaHHOIo ypaBHEHUs, rpacduK 3Haye-
Huit ROOT1 mo Bceii BbIOOpKE OTpakaeT IJIaBHYIO
TEHICHINIO Pa3IMuUsI MMMYHOPETYISITOPHOM aK-
TUBHOCTH CYIIEPHATAaHTOB MUKPOOPTaHMW3MOB: IS
syouotnueckux ImrtamMmoB 3HadeHusi ROOT1 xa-

1377



byxapun O.B. u op.
Bukharin O.V. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

PaKTEepU30BAINCH IIOJIOXKUTEILHBIMUA 3HAUYCHUSIMU
JTUCKPUMUHAHTHOIO KOPHS; I AUCOUOTUYECKUX
mramMmMoB 3HadyeHUsT ROOT1 B OOnbIIMHCTBE CIIy-
yaeB OBUIM HIDKE HYJIEBBIX. DTO COIIPOBOKIAIOCH
3HAYUTENbHBIM CHUKeHUeM 3HadyeHuil TNFo u ox-
HOBPEMEHHO C 3TUM MPOMCXOAUT HEKOTOPbIA POCT
3HaueHuii IL-1ra.

C mcnoibp30BaHUEM METOHAa KapTUPOBAHUS paB-
HopaeucTBytomux [40] mo 7 uMTOKMHAM Obula TO-
CTpoeHa TpexMepHas auarpamma. MeToa KapTupo-
BaHUSI HATJISITHO MPEACTaBWI pa3rpaHUYCHUE 3y- U
INCOMOTHYECKUX KYJIBTYP IT0 KOMIUIEKCY U3 7 IIUTO-
KWHOB, HO OHO He OBIJIO CTOIIPOIIEHTHBIM IUIST BCEX
mrtamMmMoB. Habitoganochk okoao 3 MCKIIOUYEHU U3
ATOro mpaBmia (T. €. YeTKOe pasrpaHUYeHUE 3y- U
INCOMOTUYECKUX M30JISITOB) IJIsI OTHSIBHBIX IITaM-
MOB OudunodbakTepuii, 6aKTEpOUIOB U KyTHOaKTeE-
puii (puc. 4).

JepeBo pellleHuii ObLIO IMTOCTPOECHO MO JaHHBIM
comep>KaHUS UCCICAYEMbIX IUTOKWHOB (€1I.) B KyJIb-
TypaJIbHOM cpejie (TT0 OTHOILIEHUIO K KOHTPOJIIO, T. €.
YPOBHIO LIMTOKMHOB B KYJIBTypaJbHOU Cpeae MHOHY-
KJIeapoB 0e3 cylepHaTaHTOB MHUKPOOHBIX KYJIBTYD)
npu 100aBJICHUU CYIIEPHATAHTOB Pa3IMYHBIX BUIOB
MUKPOOPTaHU3MOB IUISI Pa3paOdOTKA WHIYKTUBHBIX
MpaBUJI pacrio3HaBaHUsI OCOOEHHOCTEe!! UMMYHOpPe-
TYJSITOPHOTO BJIUSIHUSI KYJBTYP B 3aBUCHUMOCTU OT
MCTOYHMKA BBIIEICHUS (3yono3/mmucono3s). [Ipasmia
TeHEePUPYIOTCS MPU 00O0OIIIEHUY MHOXECTBA OTAEb-
HBIX HAOIIOIEHU, OMUCHIBAIOLIUX MTPEIMETHYIO 00-
J1aCcTh, MPEACTABICHHYI KJIMHUYECKOI BbIOOPKOIA.
@dopma pelreHus MOPEACcTaBIISIeTCsS IPEBOBUIHON

nepapxueii, MOCTPOSCHHOM ITyTEM CTaTUCTUYECKO-
rO pacIio3HaBaHMs TPYIIIT MUKPOOPTAHU3MOB Uepe3
Habop nHGOpMaTUBHBIX Noka3ateseil. OHU BBIYMC-
JISIFOTCSI HE3aBUCUMO OT OMNpeJe/ICHHBIX paHee Ipu
JIUCKPMMUHAHTHOM aHaJiu3e, YTO IMO3BOJISIET CpaB-
HUTb Pe3yJIbTaThl 000UX METOOB.

HWHuTepripeTaiisl aAuarpaMMbl JIepeBa PEIIeHUI
HCCIIeIyeMbIX MUKPOOPTaHU3MOB, BBIICJICHHBIX IIPU
3y0Mo03€e, COCTOSIIa B OIMMCAHUU ITPUPOIEI U KOMIIO-
HEHTHBIX CBSI3€il KaxKIOro YPOBHS BO3ZHUKIIICH Ipe-
BOBUIHOI CTPYKTYpHI. JlepeBO OBLIO MpeacTaBICHO
3 ypOBHSIMM, KOTOPBIC pacHagaiich HA BETBU, IIPO-
JOJDKAIOIINE EeIUThCS, U 4 JTUCTheB, KOTOPHIE YKe
JIeJICHUIO HE TTIOBEPKCHBI.

Bxnan kaxkmoro mpusHaka (coiaep:kaHue IIUMTO-
KUHOB B cpelie KyJIbTUBUPOBAHUS) B paclioO3HaBaHUE
WCTOYHUKA BBIACICHUS KYJbTYP MUKPOOPTaHU3MOB,
HEOOXOIUMBIX AEPEeBY pElIeHUIi, YPOBEHb (haKTOp-
HBIX Harpy30K OUTOKWHOB IO3BOJMIN C(HOPMUPO-
BaTh PeHTUHT WH(MOPMATUBHBIX IPU3HAKOB, XapaK-
TePHBIX IS 3YOMOTUYECKMX IIITAMMOB KMIIIEYHBIX
MUKPOCUMOUNOHTOB, IIPEICTABJICHHBLI HA PHUCYH-
Ke 5.

JlaHHble, TIpeacTaBjIeHHbIE HA pUCYHKe SA, ne-
MOHCTPUPYIOT CXOICTBO PE3yIbTaTOB HAIlICil MHTEP-
MpeTanny AUCKPUMWHAHTHOTO aHajiuW3a M JepeBa
penieHuii. [J1aBHas1 poJib B 000X CIIy4asix IIpUHAIJIC-
»Kaja OMHUM U TeM XKe MpU3HaKaM, KOTOpble UMEIU
oTpulaTe/ibHbIe (DAaKTOPHbIE HATPY3KU. 3HAYMMbBIMU
IUTSL KYJIBTYP, BbIAEIEHHBIX IPU 3yO103€e, oKa3aaucCh
MPU3HAKU, XapaKTepU3YIOIIe CIIOCOOHOCTh CyMep-

ROOT1: -0,87TNFa + 0,52 IL-ra

PVICYHOK 3. ﬂwarpamma pacnpeneneHna WTaMMoB NO LUTOKUWHOBOMY ﬂpOd)VIHIO C Yy4eTOM COCTOAHUA

MVIKpOCVIMGVIOLI,eHO3a TONCTOro KMWe4HUKa YenoBeka

Mpumeyanue. bfd - Bifidobacterium spp.; Ict — Lactobacillus spp.; betr - Bacteroides spp.; pbact — C. acnes; clst — Clostridium spp.;
entrc - Enterococcus spp.; esch - E. coli; kbs - Klebsiella spp.; psdm - P. aeruginosa; stp — S. aureus; cnd - C. albicans.

Figure 3. Diagram of the distribution of strains by cytokine profile, taking into account the state of microsymbiocenosis of the human

colon

Note. bfd, Bifidobacterium spp.; Ict, Lactobacillus spp.; bctr, Bacteroides spp.; pbact, C. acnes; clst, Clostridium spp.; entrc, Enterococcus spp.;
esch, E. coli; kbs, Klebsiella spp.; psdm, P. aeruginosa; stp, S. aureus; cnd, C. albicans.
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HaTaHTOB BIUATH Ha ypoBeHb IFNy u IL-8, a Takke
1L-10.

WHTtepripeTaniisi auarpaMMbl JIepeBa pemieHUMR
HMCCIIEAYeMbIX MUKPOOPTaHU3MOB, BBIASICHHBIX TIPU
1COMO3€ TOJICTOrO KUIIEUHUKA YeI0BeKa, COCTOSI -
Imasi B ONUCAaHWU TIPUPOIBI 1 KOMITOHEHTHBIX CBSI3Ei
KasKI0T0 YPOBHSI BO3HUKIIIECH IPEBOBUIHOMN CTPYKTY-
PBI, YCTAHOBMJIA, UTO JIEPEBO COCTOSIO U3 7 YPOBHE,
KOTOpBIE pacIlafajich Ha BETBHU, ITPOIOJIKAIOIINC
JICUTHCS, U 8 JTUCThEB, KOTOPHIC yXKe HE ICIUINCH.
Ha pucynke 5b npeacraBiaeHo yyacTue MUKPOCUM-
OMOHTOB, BBIIECJICHHBIX NP AMUCOMO03e KUIICUHNKA,
B (hopMUpPOBAaHUM LUTOKUHOBOTO MPOMUIST MOHO-
HYKJICApOB I10 JaHHBIM METO/Ia IepeBa pPeIIeHUA.

YpoBeHb (DaKTOPHBIX HATPY30K IIUTOKWHOB I10-
3BOJIMJT C(HOPMUPOBATL PEUTUHT MHGOPMATUBHBIX
MPU3HAKOB, XapaKTePHBIX I OUCOMOTUUYECKUX
IITaMMOB KHWIIIEYHBIX MHUKPOCUMOMOHTOB. 3Ha4M-
MBIMU WHOOPMATUBHBIMHA NPU3HAKAMH IJIS KYJIb-
TYp, BBIAEJIEHHBIX MpU AUcOuUo3e, okazanuch [L-17,
IFNy u TNFa, xapakrepusymooliue BbIPaKeHHOE
BIWSIHME CyIIepHATAaHTOB MCCIEAyeMbIX KyJIbTyp Ha
CEKpeLMIO YKa3aHHBIX MPOBOCHAIUTEIbHBIX IIUTO-
KWHOB.

PesynbraThl aHaIM3a KOJIWYECTBEHHBIX M Kade-
CTBEHHBIX B3aMMO3aBUCUMOCTEIl POIOBOTO COCTaBa
W HCCJIemyeMoro Habopa IIPU3HAKOB (IIPOLYKIIMS
UTOKWHOB) HAa OCHOBAaHMM MPUMEHEHHOIO B pabo-
Te METOJa «JIEPEeBO PEeIlIeHUIi», TTO3BOJIMIN PELIUTh
BOITPOC O CEM(MUIHOM BKJIaJIe HE TOJIBKO OTIC/Th-
HBIX KUIIEYHBIX MUKPOCUMOMOHTOB, HO M UX acCO-
ouanunii B popMrUpoBaHNe MUTOKITHOBOTO TTPOMUIIS
KHUIIIEYHOTO OMOTOIIa U TIPEICTaBICHBI CXeMaTUIHO
Ha pucyHke 6. MHTeprperamusi tuarpaMmbl JepeBa
pELIeHU MMOCPEACTBOM OMUCAHUS MTPUPOIbI U KOM-
MOHEHTHBIX CBS3ei KaxKIOro YPOBHSI BO3HUKIIICH
JIPEBOBUAHON CTPYKTYPHI MO3BOJIMJIA YCTAHOBUTD,
4TO MpU 3yOMO3e Co3maeTcsi paBHOMEPHEBIN OanaHC
MEXIy MpO- U IIPOTUBOBOCHAIMTEIBHBIMHU IIUTO-
kuHaMu (puc. 6). 3HaYMMBbIA BKJIaJ B HPOAYKIIMIO
NPOTUBOBOCHAIMTEAbHOTO IMTOKMHA IL-10 BHOCH-
JIX KaK accolanms MUKpoopraHnusmos (Bacteroides
spp. > E. coli > Lactobacillus spp.), TaK U OTHCIb-
HBIe M30JATHl Bifidobacterium spp. u Lactobacillus
spp. MHMOpMaTUBHBIM TIpu3HaKoM okasaycs 1L-8,
Ha CEKpEelMI0 KOTOPOTO BiIMsIa KaK acCollhalus
C. acnes > Clostridium spp. > Enterococcus spp., TaKk
W OTHOeJbHBbIe KYyIBTYpHl (Bifidobacterium spp. n
E. coli). Bnusinue na nponykuuio [FNy oka3sbiBa-
JIM BCE MCCIIeAyeMble MUKPOOPTaHU3MBI (IIperuMy-
1mecTBeHHO Bifidobacterium spp., Lactobacillus spp,
Clostridium spp. u Enterococcus spp.), 3a UCKJITIOUEHU -
eM Bacteroides spp. n C. acnes.

IIpu nucbuose TOJCTOro KMIIEYHMKA II0 JaH-
HBIM MarpamMMbl JepeBa PElIeHUI YBEIUYMBAIOCh
KOJIMYECTBO accollMalluii MUKPOCUMOMUOHTOB, BJIM-
STFOIIMX Ha CEKPELINIO TTPOBOCITAIUTEIbHBIX IIUTOKI -

IL-6

[nc61o3 IFNy
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., TNFa
17
17 [Tlnconos
Dysbiosis
mw A\
IL-10 5% |
2 2
(e IL-1ra

PucyHok 4. PacnpepeneHue wraMmMoB no KomMnnekcy m3 7
uMTOKUHOB. MeToa KapTUPOBaHUA paBHOAENCTBYHOLWUX
Mpumeyanue. Cm npumMeyaHme K pUCyHKy 3. © O- ay6uos; [
+ - ancbuos.

Figure 4. Distribution of strains by a complex of 7 cytokines.
Method of mapping resultants

Note. As for Figure 3. @ [J, eubiosis; B+, dysbiosis.
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Figure 5. Rating of informative signs of decision tree formation:
A, in case of eubiosis B, in case of dysbiosis
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HOB. HanbGonee mHGOPMaTUBHBEIMUA OKa3aJICh ITPO-
BocrnaiutesnbHble TMTOKUHBI [FNy, IL-17 u TNFa.
Ha mnpomykumio IFNy Bnusinu accoumauwmsi (1o
Mmepe yosiBanust) Bifidobacterium spp. > Enterococcus
spp. > E. coli > Lactobacillus spp., a Takxke accolLu-
auus S. aureus > Candida spp. Ha cexpeuuio 1L-17
BN MOHOKYIbTYpa Clostridium spp. 1 accolya-
ums C. acnes > S. aureus > Klebsiella spp., TNFa —
MOHOKYJBTYphl OudUuIodaKTepuii. M SIIEPUXUIA.
Oba wucciaemyeMbIX IIPOTUBOBOCHATUTEIBHBIX IIM-
TokuHa — [L-10 u IL-1ra npu aucbuose okazaauch
3HauuMbiMU. Ha cekpenuto I1L-1ra Biusiia accouu-
anus Bacteroides spp. > P. aeruginosa > Lactobacillus
spp. B mpomykmnio 1L-10 3HaYMMBIN BKJIamx BHOCH-
au Clostridium spp. B MOHOKYJIBTYpPEe U acCOLlMalusl
C. acnes > Klebsiella spp.

AHaJIN3 TOJYYEHHBIX NaHHBIX CBUICTEIBCTBY-
€T, YTO pe3yJbTaThl WHTEPHIpeTallud TUCKPUMH-
HaHTHOI'O aHaJiM3a U JiepeBa pelIeHU JOMOTHSIOT
npyr apyra. [IlpumeHeHre METOIOB MHOTOMEPHOTO
CTATUCTUYECKOI0 aHaIn3a IMO3BOJIMIIO OIIPEACINTh
Kpyr Haubosnee MHGOPMATUBHBIX (PaKTOpPOB, ydya-
CTBYIOIIMX B (POPMUPOBAHUMU KUILIEYHOTO TOMEO-
cTa3a 4ejloBeKa B YCIIOBUSIX 2dy- M AMCOMOo3a. 3Ha-
YUMYIO0 POJib (PEUTUHT) B (OpMUPOBAHUE Y- U
n1cbro3a BHOCHUIA CIIOCOOHOCTh MUKPOCUMOUOH-
TOB BJIMSTH Ha CEKPEILMIO IPOTUBOBOCHAIMTEIb-
HbIX UUMTOKMHOB IL-10 m IL-1ra. Ilpu aucouose
YBEJIMUMBAJIOCh OOIlee KOJIWYECTBO accolMaluii

Bacteroides spp.

E. coli Cutibacterium spp.

E. coli

\

Oybuos
(eubiosis)

MpoBocnanuTensHble
(infammatory)

[MpoTuBOBOCNANNTENBHbIE
(anti-infammatory)

00

Cutibacterium spp.
Klebsiella spp.

MUKPOCUMOWOHTOB, BIMUSIONINX Ha CEKPEeLUio
MMPOBOCIIAIUTEbHBIX IIUTOKUHOB, U PACLIMPSIIOCH
KOJIMYECTBO IIMTOKMHOB 3TONM (PyHKIMOHAJILHON’
rpynasl (IL-17, IFNy, TNFa) co 3HaunMbIM BKJ1a-
JIOM B pa3BuTHe Aucbuo3a.

Takum obpasom, MpUMEHEHUE METOAOB MHOIO-
MEpPHOIO CTaTUCTUYECKOro aHajum3a (IUCKPUMU-
HAHTHBII aHaJINW3, METOI KapTHUPOBAaHUS U ICPEBO
pelleHunit) mokasajo, YTo MpU 3yOuo3e co3maeTcs
PaBHOMEPHBIN OaJIaHC MEXXIY IIPO-U1 IIPOTUBOBOCHA-
JIMTETbHBIMU TIMTOKHAaMU. [1pu nucOunose TojcTo-
ro KWIIEYHWKA IMPEBaIUPYET ITPOBOCITAIUTEIbLHBIN
npoduab HUTOKMHOB 3a CYET YBEJIMUCHUS KOJUYe-
CTBa accoUMalliii MUKPOCUMOWOHTOB, CTUMYJIM-
pylommx ux cekpenuo. [losydeHHBbIE pe3ybTaThl
JIal0T OCHOBAHME ToJlaraTh, YTO BaXKHBIM (DaKTOpoOM
noaAepKaHus KUIIIEYHOTO TOMEOCTa3a B YCIOBU-
sIX 2yOuo3a SIBJISIETCSI CITIOCOOHOCTh CYIepHAaTaHTOB
KMIIEUHBbIX MUKPOCUMOUOHTOB OKa3biBaTh nudde-
PEHIIMPOBAaHHOE BO3[EHCTBUE MO HAIIPaBJICHHOCTU,
CTIIEKTPY M BBIPAXKEHHOCTH (MHIYKIIWS/MTHTUOUIINST/
OTCYTCTBHE BIMSHWSI) Ha MPOAYKIIMIO IIMTOKMHOB
pa3HbIX (GPYHKIMOHAIBHBIX TPYIII (ITPO- U TTPOTUBO-
BOCHAJIUTEIIBHBIX IIMTOKMHOB, XeMOKHWHA).

B yciioBusix nuc6rosa cyrepHaTaHThl MUKPOOpP-
TaHW3MOB Yallle OKa3blBaJud IPOBOCIIATUTEIbHBIN
addexT, ycunusas cekpeuuto [L-17, TNFo u IFNy
UMMYHHBIMHM KJIeTKaMU. [loydeHHBIE pe3yIbraThl
MOTYT OBITh MCITOJIb30BaHbI AJIsI 0OTOOpa U TECTUPO-

; Enterococcus spp.
Lactobacillus spp. L
Clostriciirh spp. Bifidobacterium spp.
Bifidobacterium spp. Lactobacterium spp.
Bifidobacterium spp. Enterococcus spp.
Lactobacillus spp. Clostridium spp.

Staphylococcus spp.
Candida spp.

Bacteroides spp. Bifidobacterium spp.
P aeruginosa Enterococcus spp.
E. coli

Lactobacillus spp.

Lactobacterium spp.
{ Cutibacterium spp.

Staphylococcus spp.
Klebsiella spp.

E. coli

Clostridium spp.

[uconos
(dysbiosis)

Clostridium spp.

Bifidobacterium spp.

PucyHok 6. Cxema chopmmpoBaHus 6anaHca LMTOKMHOB B NPUCYTCTBUW CynepHaTaHTOB MUKPOCUMOUOHTOB Npu 3ybunose

1 ancbuose TONCTOrO KULIEYHMKa YenoBeKa

I'Ipumeqauue. YcnoBHble 0003HaYeHUs: {— accouuaunum MUKpoopraHusmoB
Figure 6. Scheme of cytokine balance formation in the presence of micronatants of microsymbionts in eubiosis and dysbiosis

of the human colon
Note. Symbols: { associations of microorganisms.
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Hopmobuoma u npodykuyus yuumoxunos
Normobiota and cytokine production

BaHUS KJIMHUYECKMX IITAMMOB I10 BIMSIHUIO MX Ha
HUTOKWHOBBIN TIPOhUIIb KISTOK XO3sIMHA JIJIST CO3-
JIaHWsT HOBBIX OaKTEpUIHBIX TIpernapaToB TapreTHOro
HEMCTBUAL.

ObcyxaeHve

CTpyKTyphbl CIM3UCTBIX O0OJIOUEK KUIIICYHHUKA,
BBITIOTHSTIONINE TIOTpaHWYHBIE (DYHKOWUA, U CHUM-
onoTnueckass MuUKpodJiopa, 3aceisioiiasi 3TU CIIH-
3UCThIE, (DUIOTEHETUYECKHM U OHTOTCHETHMYECKU
SIBSIOTCS (PYyHKIIMOHAJIBHBIM €IMHCTBOM U YaCThIO
BPOXXIEHHOW WMMYHHOI cucteMmbl [14]. B3aumo-
JIEMCTBUE KUIIEIHON MUKPOOUOTHI C XO3SIMHOM OCY-
LIECTBJSIETCS BO MHOTOM MOCPEICTBOM MOCTOSTHHOM
MEepeKPECTHON CBSA3U MEKIAY UMMYHHBIMH, SIITECIN-
aJIbHBIMU KJIETKAMM KMILIEYHUKA M MMKPOOMOTOM
yepe3 CIIOXHYIO CeTh IUTOKUHOB [15]. Mcxonm Takux
B3aMMOJEMCTBUI BO MHOTOM OIIPENEISIETC Kaye-
CTBEHHO-KOJMYECTBEHHBIM COCTaBOM MUKPOOMOTHI,
NPOAYLUPYIOLICH pa3IMYHbIC OMOJTOTNYESCKU aKTUB-
HbIE MOJIEKYJIBI U COCTOSTHUEM PELIETITOPOB XO3sIMHA,
C KOTOPBIMHM PEAM3YIOTCS B3aMMOICUCTBUST «MU-
KpoOuoTa-xo3siuH» [46]. U3MeHeHre MUKPO3KOJIO0-
TUYECKOTO COCTOSTHUS OMOTOITa TUCTATbHOTO OTIea
TOJICTOTO KMIIIEYHHKA (IMcOM03) paccMaTPpUBAETCS B
Ka4eCTBE OMHOTO 13 ITAaTOTeHETUICCKIX 3BEHBEB TP
pa3IM4YHOI TaTOJIOTUU YeloBeKa, a pa3padboTka a@-
(bEeKTUBHBIX MTPODPIIAKTUICCKIX CPEICTB Ha OCHOBE
MUKPOOPTaHU3MOB SIBJISICTCSI aKTyaJIbHBIM HallpaB-
JICHEM OMOTEXHOJIOTUY Y METUIINHBI.

HenaBHue mocTuKeHUsT B M3YYEHUU B3aMMO-
IEHCTBUS MEXKOY XO3IMHOM M MUKPOOUOTOM ITOII-
TBEPXKIAIOT KIKUEBYIO POJb MUKPOOHBIX MeTabo-
JIMTOB B Pa3IUYHBIX (DU3UOJOTUYECKUX TIpolieccax,
MOCKOJIbKY OHM CJTy>KaT ITOCPEIHUKAMU B CIIOKHOM
«auaJiore» MeXIy KOMMEHCAJTbHBIMU OaKTepUSIMMU,
UMMYHHBIMH W SHIOKPWHHBIMU KJICTKAMHM XO35I-
nHa [29, 33]. CnekTp NpoaylUpyeMbIX KHUIIEUYHBI-
MU CUMOMOHTAMHM METAaOOJUTOB B IICJIOM MOXKHO
pa3nejuTh Ha TPU OCHOBHBIE TPYIINbI: METabOIM-
ThI, 0Opasylolrecs: B pe3yabTaTe MUKPOOHO (ep-
MEHTAalMW/Pa3loXeHUsT TIMIIEBbIX KOMIIOHEHTOB,
METAa0OUTHI, TIOJTYYEHHbIE OT XO3IWHA, KOTOpbIE
noaBepraloTcss MUKPOOHOU Moaudukanum, u 0mo-
CUHTE3 MUKPOOHBIX META0OJUTOB de novo [45]. On-
HUMHM U3 KIIOYEBBIX META0OJUTOB B KHUIICYHUKE
SIBJISTIOTCSI KOPOTKOILICTIOYCYHBIC KUPHBIC KUCIOTHI
(KLI2KK), obpasymoiiuecss B pe3yiabTaTe aHa3po0-
HOro MUKpoOHoro mertabosusma [47]. Haubonee
pacripoctpaHeHHbie KII2KK B kuilleyHuke — Ipo-
MUOHAT, OYyTUPAT U alleTaT, OCYLIECTBIISIIOLINE «CUT-
HaJIMHT» Yepe3 pelenTophl, CBI3aHHbIe ¢ G-0eIKOM
(GPCR), Bximouass GPR43, GPR41 u GPRI109A,
KOTOPBIE SKCITPECCUPYIOTCI KAaK UMMYHHBIMH, TaK 1
SNUTEIUANTbHBIMU KieTKamu [17, 50]. U3BecTHO, 4TO
MUKPOCUMOWNOHTHI, OOUTAIOIINE B KMIIIEYHUKE, I X
MeTabOoJIUThl COCOOHBI MHAYLMPOBATh HE TOJbKO

JIOKaJIbHBIE, HO 1 UMMYHHBIC pEaKIIui B OTHAJICH-
HBIX MecTax (opraHax) MOCPEACTBOM JIBYX OCHOB-
HBIX MEXaHU3MOB: Yepe3 TPAHCIOKAIINIO KMIIIEYHbIX
MUKPOOOB 1/MIN UX KOMITOHEHTOB VI METa0OoI-
TOB B CUCTEMHBI KPOBOTOK (TIPSIMOIT MEXaHU3M) 1
Onaromapsi JIOKaJbHOW CTUMYJSLIMM SIIUTEINATb-
HBIX, CTPOMaJIbHBIX U UMMYHHBIX KJIETOK, CUTHAJbI
OT KOTOPBIX ITPY YIaCTUU IIMTOKMHOB TIEPEIAIOTCS B
oTaajeHHbIe OpraHbl (KOCBEHHbIN MexaHu3M) [34].

B nHamieii pabote mpoBeAecHO CpaBHUTEIBLHOE MC-
cJIeOBaHUE PA3IMYHBIX BUAOB MUKPOCHUMOMOHTOB,
U30JIMPOBAHHBIX MPU Y- U NUCOMO3€ KULIEYHUKA,
MO CIIEKTPY BJIUSTHUS WX OECKJIECTOYHBIX CYyIepHa-
TAHTOB HA CEKPEUUI0 LUTOKWHOB MOHOHYKJIeapa-
MU TiepudeprdecKoil KpoBu demoBeka. CoriracHO
MOJYyYeHHBIM TaHHBIM, BBISBJICHHOE pa3HOHAIIpaB-
JICHHOE BIUSIHUE (MHOYKIIMS / MUHTUOUpOBaHUE / OT-
CYTCTBHE BJIUSIHUSI) CYIEPHATAaHTOB OaKTepuil M
rpuOOB Ha TIPOMYKIIIO Pa3TUIHBIX (DYHKIIMOHATb-
HBIX TPYMIT IIMTOKMHOB MOHOHYKJIeapaMu mepude-
PUYECKOM KPOBM YeJIOBeKa SIBJISIETCS INTaMMO- U BU-
nocrieuUYHbIM, KaK IO 4acTOTe€ BCTPEYaeMOCTH,
TaK 1 110 YPOBHIO CEKPEILINH IIMTOKWHOB. BEI10 ycTa-
HOBJIEHO, YTO CpeIM IITaMMOB 0uduI0-, JaKTOOaK-
TEpU U OaKTEpOUI0B Mpeodansaiu KyabTyphl, MO-
JIaBJsolmre npoaykiuuo uuTokuHoB TNFo, IL-6,
IL-17 u, HaOpoOTUB, CTUMYJIUPYIOIIME CEKPELUIO
IL-10 n IL-1ra. CnocoOHOCTh IITaMMOB OUMUIO-
OaKTepuil CHIKATh SKCIPECCHUIO IIPOBOCITATUTEIb-
Hbeix 1IuToKMHOB TNFa, IL-1B3, IL-6 u coBmecTHO
C JIAKTOOAKTEepUSIMHU TIPEISITCTBOBATh Pa3BUTHIO
TNFo-uHAynrupoBaHHOW MPOHUIIAEMOCTU KUIIEY-
HUKa, OTPaHUINBASI TIOBPEKICHNE MOHOCIOS, OblIa
nokazaHa Ha moaenu Caco-2 [27, 58]. Bausnue Ha
LIEJIOCTHOCTh M WHAYLUPOBAHHYIO TMPOHUIIAEMOCThb
KUMIIEYHOTO Oapbepa aBTOPHI CBSI3BIBAIOT C HAJINIM-
eM y KMCJIIOMOJIOUHBIX OaKTepUil TAKOTO MeTabOoI-
Ta, KaK alleTaT, aKTUBUPYIOIIETO MPOIEeCC YKperie-
HMS 1LIEJIOCTHOCTU KHUILIEYHOro Oapbepa. ALeTaT U
JIaKTaT, MPOAYLIMpYyeMblit OubUI00aKTepUSIMU MOCTe
dbepMeHTallMU YIJIEBOJAOB, ajiee MOTYT OBITh mpe-
00pa3oBaHbl OPYTUMHU KHIICYHBIMH OaKTCpUSIMHU B
OytupaTt, objagarlIrii TPOTUBOBOCHAIUTEIbHBIMU
cBoiictBamMu. [TpomayKiiust ZaHHBIX METa0OJIUTOB SIB-
JISIETCS1 OJHOM U3 BaXXHBIX PYHKUUN Bifidobacterium
spp. [44]. Tem cambiM cymMapHbie 3(h(dEKTH BO3-
e CTBUS METabOJINTOB HOPMOOMOTEI Ha CEKPEITIO
IUTOKWMHOB MMMYHHBIMU KJIETKAMH OOECIIeUMBAIOT
LIMUTOKWHOBBIN OajlaHC, XapaKTepU3YIOLIMICS yMe-
PEHHBIM YPOBHEM ITPOBOCTAJIMTEIILHBIX IIMTOKWHOB,
KOHTPOJIMPYEMBIM CYIIPECCUBHBIM BO3IEHCTBUEM
IL-10, mpoayuupyeMoro nmpeuMyIleCTBEHHO MOIMy-
nsuueit Treg-knetoxk [24, 51].

B paboTtax paHee HaMu OBLJIO MTOKa3aHO, YTO YpO-
BeHb U criekTp KII2KK Oudunodakrepuii Bapbu-
poBaJI B 3aBUCHUMOCTU OT COCTOSIHUSI MUKPOCHUM-
ouoneHos3a [5]. CpaBHUTENbHBIN aHaIU3 CIEKTpa
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KapOOHOBBIX KMCJIOT B cynepHaTaHTe Oudugodak-
TepUil TIpH 3y- W OUCOMO3e TOJICTOTO KHUIICYHUKA
yeJIoBeKa MoKa3aJl CHUXKEHHE YacTOThl BCTpeyaeMo-
CTU BCEX MCCJIENOBAHHbBIX KapOOHOBBIX KucjoT (C,-
C,) B cymnepHaTaHTax oudumodakrepuii mpu 2-3-i
CTeIleHN mucOro3a, 3a MCKIIOUYCHHEM YKCYCHON U
MacisiHoit kucnotT. Ilpu Tskenoii cterneHu aucouo-
3a (3-4 cTerneHb) B cyrepHaTaHTax OuduaodakTepuii
ObL1a cHUzKeHa cymMmapHasi KoHueHTpauuss KKK,
BKJII0OYasl YPOBEHb YKCYCHOM Y ITPOIIMOHOBOM KHUC-
JIOT.

B mocnemHue rogbl BOIIPOC O MEXaHU3Max, Jie-
JKaIlIMX B OCHOBE MMMYHOMOIYJIMPYIOIINX CBONCTB
oudugodakTepuii, paccMaTpuBaICs Ha Pa3IAUYHBIX
mogaensx [41, 57]. YcTtaHOBIEHO, YTO XUBbIE KIAETKU
B. longum subsp. longum GT15 npu comHKyOamm ¢
knetkamu THP-1 yBenmuuBanu skcnpeccuio MPHK
TNFa, IL-8 u IL-10 [1]. Takasg uzdbupateibHas CIio-
COOHOCTh WHOYIMPOBATh BBIPAOOTKY IIMTOKMHOB
B COUYETAaHUU CO CIIOCOOHOCTBIO PacIio3HaBaTh CO-
OTBETCTBYIOIIME IIMTOKWHBI MO3BOJISIET MPEAnoso-
XKUTb, YTO OMDUA00aKTEPUN MOTYT ObITH BOBJICYEHBI
B PETYJISIIUIO BOCITAJICHUST B KUIIICYHUKE B KAYECTBE
aKTUBHOI'O yJyacTHUKA. B nomoyiHeHue K 3ToMy ObLIO
noka3zaHo [21, 37, 38], 4TO y aBTOXTOHHBIX BUJAOB O1-
dmmobakTepuit BEIsIBICH O0esloK FN3, KomnmpyeMbIii
OJHMM W3 TeHOB, cocTaBisoolux kiaactep PFNA,
coJepKallrii JOMEHBI 1 MOTHUBBI IIMTOKMHOBBIX pe-
IIETITOPOB, CITOCOOHBIX M30MPATEIbHO CBSI3bIBATH
TNFa. Kak nipenmosaraior aBTopsbl, kiactep PFNA
MOXKET UrpaTh BaXKHYIO POJib B paclio3HaBaHUU Ou-
(bumobdakTepussMu CUTHAJIOB UMMYHHOW CUCTEMBI.

Ha ocHOBe »3KcmepuMEHTAJbHBIX M JHATEpa-
TYPHBIX HaHHBIX B padore byxapuna O.B. u coasr.
(2015) ObL1a mpeacrasiieHa poJib OudumodaKkTepuit
B (DOPMHUPOBAHUUA MMMYHHOTO TOMEOCTa3a KUIIIeU-
HHUKa 4YeJloBeKa. bbulo TokazaHo, 4TO IIepBUYHAasI
JTUCKPUMUHALIMS «4y>XKE€POJHOro MaTepuasa» oudu-
J00AKTEepUSIMU — UHULIUATIbHBIN 3Tan Nocjeayonie-
IO «CUTHAJIMHTa» B PETYJISIHIUNA MMMYHHOTO TOMEO-
cTtaza xo3simHa [4]. JanbpHeilie 3Tarnbl peryiasiuun
OCYIIECTBIISIIOTCS aKTUBAIlME TeHAPUTHBIX KIIETOK
HEeTocpeACTBEHHO OMduao0aKTepUsIMU, UX MeTa-
0oJIMTaMU C TIOCJIEAYIOIIUM BIIMSIHUEM Ha mudde-
peHuMpoBKY HauBHbIX CD4*T-muMdonuToB B CTO-
POHY PeTYJISITOPHBIX TUMGOIIMTOB U MOMIePKaHUEM
ONTUMAaJILHOTO IIUTOKWUHOBOIO OajaHca KUIIIEYHOI'O
OuoTomna JyejoBeka.

O BBICOKOII MMMYHOPETYJIUPYIOMIEH CIIOCOOHO-
CcTH OMUIO00aKTEpUil CBUACTEILCTBYIOT UCCIEI0BA-
Hus Rabe H. (2020), B KOTOpbIX ObLJIO YCTAHOBJIEHO,
9TO IETH C BLICOKUM coaepskaHueM Bifidobacteriaceae
WU KOJTOHU3UpPOBaHHBIE Bifidobacterium spp. B paH-
HeM MJIaJleHYeCTBE, UMEIOT MOHOHYKJIeapHbIe KJIeT-
KU ¢ 60Jiee BBICOKOU CITOCOOHOCTBIO MPOAYIIUPOBATH
mutokuHbl (IL-5, 1L-6, IL-13, TNF u IL-1B) mo-

cite GTA-cTUMYISIINY B TTO3THEM JIETCKOM BO3pac-
Te [43]. HannpoTuBs, KOMOHMU3aMs KUILIeYHUKA 00JIb-
UM KoauuyecTBoM FEnterococcus spp., Clostridium
Spp. U S. aureus OblJIa CBSI3aHa ¢ 0oJiee HU3KOM CIOo-
COOHOCTBIO K TIPOAYKIIMM IIUTOKMHOB B BO3pacTe 3
JIET. XapakKTepHO, UTO MHAYKIIUS CEKPELUU MOHO-
Hykieapamu [FNy He OblTa cBSI3aHa ¢ paHHE KOJIO-
HHU3alMel KUIITeYHNKAa HOBOPOXICHHBIX 0Mpumod-
Jopoii. CiaeayeT OTMETUTh, YTO 9K30MOICaXapUIbl,
CEKpeTUpyeMble MOJOYHOKMCIBIMU  OaKTEepUSIMU
(budumo- U JIaKTOOAKTEpUM), WHAYLUPYSI CUHTE3
OUTOKWMHOB, CTUMYJIUPYIOT (DarolMTapHyl0 aKTUB-
HOCTbh Makpodaros u HeliTpopuios [18, 20], ycunu-
Basi TEM CaMbIM KOJIOHU3AITMOHHYIO PE3UCTEHTHOCTh
KUIIIEYHOT'0 OMOTOMA.

AHalu3 BIMSHUS CylepHAaTAaHTOB YCJIOBHO-IIa-
TOTeHHBbIX MUKpoopranusmMoB (YIIM) noka3zai, 4yTo
JUTST OOJIBIIMHCTBA U3 HUX XapaKTepHaA CTUMYJISIIINS
ceKpelunu IpoBocnaauTeabHbIX HMTOKMHOB TNFao,
IL-8, IL-17 u cynpeccust — IL-10 u IL-1ra, yto cBU-
JIETEeJIbCTBYET O TIPe0dIaaatonieM MTPOBOCITAIUTEb-
HOM OaylaHCe y TaHHBIX MUKPOOPTaHNU3MOB. BmecTe
C TeM y OaKTepuii, U30JUPOBAHHBIX MPU AUCOMO3E,
BBICOKAsl 4acTOTa BCTPEYAEMOCTH W BbIPAXKEHHBIM
YPOBCHb WHIYIIMPYEMBIX HPOTHUBOBOCITAIMTEIIEHBIX
IUTOKWHOB OBLIM XapaKTEePHBI WIS IIITAMMOB KJ1e0-
CHMEJUT, KMIIIEeYHOM MajlouKu, 6akTeponaoB. JIpyrumu
aBTOpaMM OBIJIO YCTAHOBJIEHO, YTO CITOCOOHOCTBIO
TMOBBIIIATh 3KCIIPECCUIO ITPOTUBOBOCIAIUTEIBHOTO
uurokuHa TGF-B1 obnaganu npeumyliecTBEHHO
OyThpaT TPOAYLMPYIOIINEe KOMMEHCATbHBIE IITaM-
MBI KJIOCTPUAWI 4Yepe3 SKCIAHCUIO 1reg-KIIETOK B
kumeyHuke [35]. Tak kak B Hallei padboTe JJIst OLIeH-
K1 UMMYHOPETYIISITOPHBIX CBOMCTB KUIIICYHBIX KOM-
MEHCaJIOB HCITOJIb30BAIUCh OCCKIIETOUYHBIEC CYyIep-
HATaHTbI, MOXHO TIPEIIOJIOXUTh, YTO TPOIYKIIUS
LUTOKWMHOB MOHOHYKJIeapaMu IocCje TPSIMOro KOH-
TakTa ¢ cynepHataHTamMu YIIM moxkeTt ObITH omoc-
pemoBaHa HE TOJTBKO KapOOHOBBIMHM KHCJIOTAMU, HO
U DSIIOM JIPYTUX OMOJIOTUYECKU AKTUBHBIX MOJe-
Kysa. Tak, Ha CeKpeluuio IMUTOKMHOB U aKTUBAIIMIO
MUMMYHHBIX KJIETOK MOTYT OKa3bIBaTh BO3ICCTBHC
JIMAMUHBI MUKPOOHOI'O IPOUCXOXKACHUS; MHION U
ero Ipou3BOAHbIC, MPOAYLIUPYEMbIE OAKTEPUSIMU C
TpuntohaHa3oi, TaKUMU, KaK KUIIeYHasl Mmajouyka
W JIAKTOOAIMILIBI; CUACPOMOPHI KICOCHEII, MHIY-
nupyoomme 1L-6 1 XeMOKHMHBI; aliI-TOMOCEPHUHO-
Bble JakToHbl (3-okco-Cl12:2-HSL Pseudomonas
aeruginosa), BIMSIOIINE HA CCKPEIINIO KaK IMPO-, TaK
U IIPOBOCIAIUTEIbHBIX ILIMTOKMHOB pPa3IUuYHBIMU
MMMYHHBIMU U 3MUTEIUATBHBIMU KJIeTKamMu [6, 19,
22, 26, 53]. CynepHaTaHTbl MUKPOOPIaHU3MOB MO-
TyT TaKXe coaepxKaTb M BHEKJIETOYHBINH AT®, BbI-
CBOOOXKIAEMbIil OaKTepUsIMU M TpuOaMU, TaKUMU
Kak E. coli, Enterococcus spp. U MHOTUMU JPYTUMMU,
BKJiouyasgs n rpubbl pomga Candida. BHeKJIETOUHBIN
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MUKpOOHBINT AT®, neiicTBys Kak CUTHaJIbHAsT MO-
JIeKyJa, OMOCpEeAyeT B3aUMOMACHCTBUE C KIIETKAaMU
XO35IMHA, MOXET BJIUSITh HA aKTUBHOCTh UMMYHHBIX
KJIETOK U CEKPEeLIMIO HIUTOKUHOB [49].

YMepeHHO TTOBBITIIEHHOE COAiepKaHNe TTPOBOCTIIa-
JIMTEJIbHBIX IIUTOKUHOB SIBJISIETCSI HEOOXOUMBIM LTSI
KOHTpOJISI UH(MEKIIMU, B 3TOM TPOSIBIISIETCS TMO3U-
TUBHBINA 2DdEKT BBISIBICHHOTO pa3HOOOpa3us CTU-
MYJIMPYIOIIETO BJIWSIHUST KOMMEHCAJIOB Ha CeKpe-
o paHHuX HUTOKMHOB — TNFa u I1L-8. OmHako
cJielyeT YYUThIBATh, YTO MPU M30BITOUHON MPOMYK-
IIUU TaKOE BO3IEWCTBME KOMMEHCAIOB MOXKET TIPU-
BECTU K IMOBPEXKIEHUIO TKAaHEH, CTPYKTYPHBIMU 2J1e-
MEHTaMM KOTOPBIX SIBJISIIOTCSI KJIETKU-TIPOIYLIEHThI
uuTokrHOB [10, 54]. Heo6xoauMo y4yuThIBaTh, 4YTO
TETEPOTeHHOCTh MMMYHOMOYJIUPYIOIIUX CBOMCTB
MUKPOCMMOMOHTOB BO MHOTOM OIIOCpEIOBaHa pa3-
JIMYHBIMUA CUTHAJILHBIMU TTyTSIMU aKTUBAIlMU TEHOB
IIUTOKMHOB B UMMYHHBIX W STIUTETUATHLHBIX KJIETKAX
kuieyHuka [1, 16, 32, 52, 55, 56].

OO0cyxIeHue TOJyYeHHBIX JaHHBIX MO CPaBHU-
TEJIbHOW OIIEHKE WMMYHOPETYJSITOPHBIX CBOWCTB
KUILIEYHBIX MUKPOCUMOMOHTOB MpU 3y- U AUCOUO-
3¢ TOJICTOTO KHUIIIEYHUKA TMPEICTaBIsSIET W3BECT-
Hble TPYIHOCTHU, CBSI3aHHBIE C OOJBIIMM CIIEKTPOM
WIEHOB MUKPOOHBIX KOHCOPLIMYMOB B KUIIEYHOM
MUKPOCUMOMOLIEHO3€e, a TakKXke IITAMMOBOW CIell-
UPUIHOCTBHIO OUMOJIOTUYECKUX CBOMCTB, METabOIM-
YeCcKOro mpoduiisi, CEKpeTUPYeMbIX OMOJIOTUYECKU
aktuBHBIX MoieKkyln (KLI2KK, yuyactkoB JIHK, xo-
POTKMX MENTUAOB 3K30MOJUCAXapUIOB) U IPYTrux
MOTEHLUATbHO HWMMYHOMOIYJUPYIOIIUX MOJIEKYJI.
YuuTeiBast BblllIeCKa3aHHOE, JIJIsI BBISIBJICHUSI HAMOO-
Jiee 3HAUMMBbIX Pa3Inuruil MEeXIy BUAAMU KUIIIEYHBIX
MUWUKPOCUMOMOHTOB M UCTOYHWKA WX BbIAeIeHUS (Y-
U 11MCOMO03), OLIEHUBAEMBbIX MO CITOCOOHOCTH CyTIep-
HATaHTOB LITAMMOB OaKTepUil U rpubOOB U3MEHSITh
CEKPELMIO IUTOKMHOB UMMYHHBIMU KJIETKAMH, MbI
WCHOJb30BAJIM METOJIbl MHOTOMEPHOU MaTeMaTu-
YECKOM CTAaTUCTUKU: NVMCKPUMMUHAHTHBIA aHaJIU3,
METO/ KapTUPOBaHUS U NepeBO pelieHuil. OueHu-
Basi B 1LIEJIOM TTOJIyYEHHbIE MaTepUaIbl, CIEAYET OT-
METHUTh, YTO MPU aHAIN3€ METOJaMU MHOTOMEPHOU
CTaTUCTUKU UCCJIEyeMbIX TPU3HAKOB Y1aJI0Ch KOH-
KpeTU3MpoBaTh Kpyr Hambosiee WH(MOPMATUBHBIX
nokazaTeJiel IS OLIEHKM WMMYHOPETYJISITOPHOMU
aKTMBHOCTHM KUILIEUYHBIX CUMOMOHTOB B Pa3JIMYHbBIX
MUKPOSKOJOTUYECKUX COCTOSIHUSX (Y- U AUCONO03).

PeiitTuHr nHGOpPMaTUBHBIX MPU3HAKOB (opMuU-
pOBaHUS AepeBa PELIeHUId 10 YPOBHIO (haKTOPHBIX
Harpy3ok NOpu 23yO0uo3se/nucouose mnokxaszaia, 4YTO
3HAYMMOM JJIsI KYJIBTYP 3YOMOTUYECKUX KUIIEYHBIX
CMMOUMOHTOB OKa3ajach CIIOCOOHOCTH CyrnepHaTaH-
TOB BJIMSTH Ha YPOBEHb TMPOBOCHATUTEIbHBIX IIH-
TokuHOB IFNy, IL-8 u npoTuBOBOCHAIUTEIHHOTO
nutokuHa IL-10, a 1 AMCOUOTUYECKUX KYJBTYp —

MPEeUMYIIECTBEHHO Ha IIMTOKWHBI IIPOBOCIIATIUTEIIb-
Horo npopunsa — [L-17, IFNy, TNFa. B coxpanenue
paBHOMEPHOTO OajlaHca MeXAy MPo- U MPOTUBOBOC-
NaJIMTEJIbHBIMU IIUTOKMHAMM IIPU 3YOM03¢ BHOCH-
JIM 3HAYMMBII BKJIAd acCollMallid OaKTEepOWIOB,
KMILIEYHOI MaloukKu, JJAKTOOAM/I, a TaKXKe MOHO-
KYyJIbTYypbl OUbUI0- U JaKTOOAKTEpUM, CTUMYIU-
pytomux cekpeuunio IL-10. ITpoBocmaanTe bHBIN
npoduiab AUCOMOTUYECKUX KYJBTYp (opMupoBai-
cs 4depe3 BiausHUe Ha npoaykuuto [FNy acconma-
OUSIMHM, TIPEACTABICHHBIMU OM(pUIOO0aKTePUSIMU,
DHTEPOKOKKAMM, KUILIEYHOM MajouyKoi, JJaKTOOaK-
TEPpUSIMU, a TakKxkKe 30JOTUCTBIM CTA(PUIOKOKKOM
coBMecCTHO ¢ rpubamu poga Candida. Ha cexpeunio
IL-17 BAMSIAM MOHOKYJBTYpa KJIOCTPUAUN U acco-
nuanus KyTuOakKTepuii, 30JIOTUCTOTO CTa(pUIOKOK-
Ka, xkieocuesn, Ha TNFo — MOHOKYIBTYypBI 011~
nobakTepuii U arepuxuii. Tem caMbIM Ipu 1ucOuo3e
YBEJIMUUBAIOCh OOIlllee KOJUYECTBO accolManuit
MUKPOCUMOWOHTOB, BIUSIIOIIAX HA CEKPELIUIO TTPO-
BOCHAJIMTEIbHBIX LIMUTOKMHOB, U PACIIUPSIOCh KO-
JIMYECTBO MUTOKMHOB 3TOM (DYHKIIMOHAITBLHOU TPYIT-
nel (IL-17, IFNy, TNFa) co 3HauMMbIM BKJIaIOM
(3HaueHUs1 (aKTOPHBIX HArpy30K) B pa3BUTHE AUC-
6uo3za. O6paiaeM BHUMaHUE, UTO MPU IMCOUO03e MO
pe3yJIibTaTaM METOJIa «ACPEBO PEIICHU» YCTAHOBICH
BbICOKMi1 pedTuHT u ajist IL-10 ((pakTopHbIE HArpy3-
KU, OIpenesisiioliue pedTUHI JaHHOIo mapamerpa,
MpaKTUYEeCKN COBIagain ¢ peidtuHrom IL-17). Dt
pe3yabTaThl IMOKa3bIBalOT, UTO CMEIIeHUEe OajlaHca
LUTOKWHOB TIpU OUCOMO3€ B CTOPOHY MpOBOCHA-
JIMTEJILHOTO MPOGUIs MOXET PeaIM30BLIBAaTHCS HE
TOJILKO 4Yepe3 paclIMpeHue KOJIMYecTBa accollua-
Ouii MUKPOCUMOMOHTOB, WHIYIHMPYIOIIUX CeKpe-
WO TIPOBOCITAIUTEIBHBIX IIUTOKUHOB, HO U 4epe3
orpaHnyeHue nHaykuuu IL-10 aucOouoTnyeckumu
mwrtammamMu YIIM. OO0 ycujieHuM MpoOBOCHATUTENb-
Horo otBeTa ¢ uHaykuueir [FNy u npyrux mpoBoc-
NaJuTebHBIX LIMTOKMHOB KUlledHbIMU YIIM B yc-
JIOBUSIX NUCOMO3a CBUACTEILCTBYIOT TaKXKe PadOThI
psna aBropoB [30, 42]. Ha ocHOBaHUM 3TOT0O OBIIO
MPEeIOKEeHO UCIOJIb30BaTh YPOBEHb U CIIEKTP IMPO-
BOCHAJIMTEJIFHBIX IIMTOKMHOB KaK OMOMapKep IHC-
O6mo3a KunreyHuka [12].

B 1ienoM mpuMeHeHHE MHOTOMEPHBIX METOIOB
CTATUCTUKHU IS aHaIW3a BIUSTHUS CYIIEpPHATAHTOB
KHUIIECYHBIX MUKPOCUMOMOHTOB Ha CEKPCIIUIO MM-
MYHHBIMHU KJI€TKaMU HIUTOKMHOB ITOKa3aJ10 COMoCcTa-
BUMBbIE Pe3yJbTaThl, XapaKTepU3ylollue MpeBaJupo-
BaHME MPOBOCIAIUTEIBHOTO MPOMIIIS Y IITaMMOB
CUMOMOHTOB, BBIACICHHBIX OT JIOJEH C BbIpaxkeH-
HBIMA MUKPO3KOJIOTMISCKUMH HApPYIICHUSIMHU TOJI-
croro kuieyHnkKa. KpomMe Toro, mpu aucomose ToJ-
CTOro KHIIIEYHUKA YBEJMYMBAJIOCH KOJMYECTBO U
pa3zHooOpa3ue Mo COCTaBy acCoLUallMil MUKPOCUM-
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OMOHTOB, MHIYILIMPYIOIINX CEKPEIUIO TTPOBOCTIAIIN -
TEJIbHBIX IUTOKUHOB.

3aKnoyeHne

IlonyyeHHble B paboTe JaHHbIE CBUAETEILCTBYIOT
0 TOM, YTO OAUCOMOTHYECKAsT MUKPOOMOTA TOJICTOTO
KUIIICYHNKA YeJI0BeKa MOXKET IIPEISITCTBOBATD II0/I-
Iep>XKaHUI0 TOMEOCTATUYECKNX peaKIUili B KUIIIEeU-
HUKE 4YeJIoBeKa 4Yepe3 BIMSHUE Ha ITUTOKUHOBYIO
ceThb ¢ (pOopMUPOBAHNEM ITATOJIOTMUYECKOTO IIMTOKM -
HOBOTO MpodUJIsSI CO cMellleHreM baaHCca B CTOPOHY
MPOBOCHAJINTEIIBHBIX IIMTOKMHOB.

BrineneHue nHbOpMaTUBHBIX [J1s1 9y0OH03a U IUC-
0uo3a IIMTOKMHOB, CEKPETUPYEMbIX WMMYHHBIMU
KJIETKaMU TIpU KOHTAKTe C OECKJIECTOYHBIMU CyMep-
HaTaHTaMU KUIIIEYHBIX MUKPOCUMOMOHTOB, MOXET

CITYKUTh OOOCHOBAaHHBIM KpUTEpWEM IIpU paspa-
0OTKe TIPOOMOTUKOB, ITOCTOMOTHUKOB TapreTHOTO
JENCTBUS JISI KOPPEKUUU MUKPOIKOJIOTUIYECKUX
HapyILIeHWI B KAIIEUHUKE IIPU Pa3IMIHBIX 3a00J1e-
BaHusx. [Ipu IpoBeAecHUM MEPOIIPUSTUIL MO BOC-
CTaHOBJIEHUIO MUKPOOMOTHI IPU AUCOMO3€ BasKHbBIM
KpuTepreM 3PPEeKTUBHOCTH, HAPSIAY C U3MEHEHUEM
Ka4eCTBEHHO-KOJIMYECTBEHHOI'O COCTaBa MUKPOOP-
raHU3MOB, MOXKET ObITh M3MEHEHME LIMTOKMHOBOIO
npoduisd KUIIEYHBIX MUKPOCUMOUOHTOB. Ob6a 3Tn
KPUTEPUSL SIBJISIIOTCSL B3aMMOCBsI3aHHbIMU. ClemayeT
YUUTBIBATh U NE€PCOHUDULMPOBAHHBIN MOAXON, MO-
CKOJIBKY MUKPOOPTaHU3MBI UMEIOT IITaMMOCITICIIN -
duueckre xapakKTepUCTUKHU, a YeJOBEK — OCOOEH-
HOCTU T€HETUKM W (DU3MOJOIUU, OIIPEAEC/IsIONIe
OTBETHEIC peaKIINM XO3sIMHA Ha MPHUCYTCTBUE B KU-
IIEYHOM OMOTOITe HOPMOOUOTHI.
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YACTOTA BCTPEHAEMOCTU AHTUTEJ1 K HELICOBACTER
PYLORI CPEAN HACEJIEHUA ASEPBAN)KAHA (UPAH)

Xamen dopaxumaane Jleittadanao, Cuaa Xamzezane,

ITIapsun Capo6axii, Cesaa 3oru, Peza I'oraciay

Teopusckuii Meduyunckuii ynueepcumem, Tabpu3s, Upan

Pestome. Helicobacter pylori (H. pylori) siBnsiercst yacToit ”H(MEKIIMEN, KOTOpasi MOXET ITPUBOJIUTH K pa3-
BUTHIO TACTPUTA, SI3BbI XKETYAKA U 3JI0KAYECTBEHHHBIX OIyXoJei B 3TOi o0i1acTu. B naHHOM ucciienoBaHuU
MBI U3y4aJli CEPOTIO3UTUBHOCTD B OTHOIIeHUU H. pylori IO KaXXaoMy KJIacCy UMMYHOTJIOOYJTMHOB, a TaKXe
MX aCCOLIMALIUIO C TIOJIOM 1 BO3pacTOM B BHIOOpPKeE reHepaibHoU nonyasuuu Tadpusza (Mpan).

B pamkax aT0i1 paboTsl 00ciaenoBanbl 3733 yyacTHUKA, HATIPABJIEHHBIX B HAIITY JIJAOOPATOPUIO TSI TECTU -
poBaHus B TeueHue 2019-2022 rr. UmmyHodepMmeHTHas nuarHoctrka (MIPA) npuMeHsIiach JUIsI KOJIU4de-
CTBEHHOTO BbIsiBJIeHUSsT aHTUTe KinaccoB IgG, IgM u IgA x H. pylori. CTatucTrdeckuii aHam3 TTPOBOJIVIIN C
nomolibio Bepcuu 20 rmakera nmporpamm SPSS.

W13 3733 o6enenoBannbix auil 1235 (33,1%) 6butn MyKcKoro mojia u 2498 (66,9%) — xeHckoro. 57,9%
YYaCTHUKOB MMeJM MO3UTUBHBIE TeCThl Ha aHTUTena knacca IgG. dns antuten knaccoB IgM u IgA k
H. pylori aTOT Mokazaresb cOCTaBUJI, COOTBeTCTBeHHO, 0,3% u 11,6%. Cpennuii Bo3pacT (+SD) cocTtaBisit
40,72+16,91 rona. He BbISIBJIEHO MTOCTOBEPHOI CBS3M MEXIY ITOJIOM U IO3UTUBHOCTBIO TecToB no IgG un
IgA (p = 0,11 u 0,08 coorBeTcTBeHHO). [Ipu nccnenoBannu antuTen knacca IgM nmokazaHa Gosiee BoICOKast
4acTOTa MO3UTUBHBIX TeCTOB Y 3KeHIIUH (0,4% cpenu xeHnH v 0,2% cpenu myxxuuH; p = 0,009). Yacrora
BCTPEYAEMOCTH TOJIOKUTETbHBIX TecTOB 110 [gG Takke qoctoBepHO Bo3pactania (p-value < 0,001). IMpu ana-
JIN3e YacToT aHTUTeN K1accoB [gM u IgA oTMeueHo 3HaUUTEIbHOE MOBBIIIIEHUE YMCIIa CEPONO3UTHUBHBIX JINILL
¢ Bo3zpactoM (p = 0,005 1 < 0,001 COOTBETCTBEHHO).

JaHHOe ucciienoBaHue IMoKa3ajao, YTO YacToTa BbIsiBJIeHUsI aHTUTea K H. pylori B Tabpu3se cocTaBisieT
oKkoJ10 57%, 4TO HAXOAUTCS B Mpeneiax 3HauYeHui 1o MipaHy B 11eJIoM, HO OHa BBIIIIE, YeM B Pa3BUTHIX CTpa-
Hax. BcTpeyaeMocTh Becex KJIacCOB aHTUTEI POTUB H. pylori TOCTOBEPHO yBEIUUYUBAETCS C BO3PACTOM.

Knroueswie cnosa: Helicobacter pylori, anmumena, ceponozumusnocme, Tabpus, Hpan
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SEROPREVALENCE OF ANTI-HELICOBACTER PYLORI
ANTIBODIES IN POPULATION OF AZERBAIJAN, IRAN
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Parvin Sarbakhsh, Sevda Zoghi, Reza Ghotaslou

Tabriz University of Medical Sciences, Tabriz, Iran
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Medical Immunology (Russia)/Meditsinskaya Immunologiya

Abstract. Helicobacter pylori (H. pylori) is acommon infection which can lead to gastritis, peptic ulcer disease
and gastric-originated malignancies. In this study prevalence of seropositivity of each immunoglobulins against
H. pylori and also, their association with sex and age were evaluated in a sample of the ordinary population from
Tabriz, Iran.

In this study, 3733 individuals referred to the laboratory for Para clinical tests between 2019 and 2022,
participated. Enzyme-linked immunosorbent assay (ELISA) was utilized to detect the quantity of anti- H. pylori
Immunoglobulin G (IgG), Immunoglobulin M (IgM), and Immunoglobulin A (IgA). The statistical analysis
was conducted using the 20th version of SPSS software.

Out of 3733 participants, 1235 (33.1%) were male and 2498 (66.9%) were female. 57.9% of the participants
have positive IgG serology. Also, this index was 0.3% and 11.6% for IgM and IgA, respectively. The mean (SD)
age was 40.72 (16.91). There was no significant relationship between gender and IgG and IgA positiveness
(p-values=0.11and 0.08 respectively). For IgM, serum positiveness was higher in females (0.4% for females and
0.2% for males; p-value: 0.009). The prevalence of positive IgG was increasing significantly (p-value < 0.001).
For IgM and IgA there was a significant increase in the number of seropositive individuals with an increase in

age (p-value = 0.005; and < 0.001 respectively).

This study reveals that the prevalence of H. pylori in Tabriz is approximately 57% which is in the range
estimated to be in Iran, but in comparison to developed countries, it was higher. The prevalence of anti- H. pylori

immunoglobulins increases significantly with age.

Keywords: Helicobacter pylori, Immunoglobulins, seroprevalence, Tabriz, Iran

Introduction

Helicobacter pylori (H. pylori) is a common
infection that affects gastric tissue and can
lead to gastritis, peptic ulcer disease [11], and
gastric-originated malignancies such as gastric
adenocarcinoma and mucosa-associated lymphoid
tissue lymphoma (MALIoma) [1,6]. H. pylori
infection is usually asymptomatic; therefore, most
epidemiologic information originates from serologic-
based studies [2]. There are several invasive and
non-invasive methods to diagnose H. pylori. Invasive
methods depend on endoscopic specimens that
are used for histologic staining, polymerase chain
reaction (PCR) testing, bacterial culture, and urease
testing. Non-invasive methods include urea breath
tests and anti- H. pylori serologic assays (qualitative or
quantitative) stool antigen detecting [4, 14].

The prevalence of H. pylori infection depends
on geographic area, age, race, and socioeconomic
status [5, 12]. The distribution of H. pylori among
various populations depends on the standards of
public hygiene. It is imagined that in childhood
H. pylori is transferred by the orofecal route from
parents [16]. In developing countries, the infection
commonly accrues in children and chronic infection
continues into adulthood; however, in the developed

world infection is less in children and develops
more commonly in adulthood [2]. Risk factors for
H. pylori transmission encompass living in crowded
places, living with infected individuals, and living
in places with an unreliable supply of water [8, 12].
Age and sex are also suggested as factors associated
with H. pylori infection [9]. A meta-analysis was
conducted to quantify the relationship between
sex and H. pylori infection and reported a male
predominance of H. pylori infection both in children
and adults; however, the need for future studies was
also mentioned [7]. More prevalence of the infection
in adults was also mentioned in previous studies [19];
however, the is limited evidence regards the rate of
infection in different age groups in Iran.

For overcoming the mentioned limitations;
in this study prevalence of seropositivity of each
immunoglobulin against H. pylori and also, their
association with sex and age were evaluated in a
sample of the ordinary population from Tabriz, Iran.

Materials and methods

Ethical considerations

This study was conducted following the ethical
principles mentioned in the Helsinki declaration.
The ethics committee of Tabriz University of Medical
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Sciences reviewed and approved all aspects of the
study (n; 28577).

Participants

During this study from 2019 to 2022, 3733
individuals (either asymptomatic or symptomatic)
referred to the laboratory for paraclinical tests,
participated. All individuals were residents of Tabriz
or nearby rural areas. Before sampling demographic
information including sex and age was registered.

Sampling

Three milliliters of venous blood were drawn and
stored in a refrigerator until laboratory evaluation.
Enzyme-linked immunosorbent assay (ELISA,
Immunolab, German) method was utilized to detect
the quantity of anti-H. pylori Immunoglobulin G
(IgG), Immunoglobulin M (IgM), and Immu-
noglobulin A (IgA). The cut-off values were considered
as following: negative (< 8), equivalent (8-12), and
positive (> 12) results.

Statistics

The statistical analysis was conducted using
the SPSS software version 25. The prevalence of
seropositivity for each immunoglobulin was calculated
and compared between males and females. Also, the
trend of seropositivity in age groups was examined.
To evaluate the relationship between age and the
results of immunoglobulin assessments, individuals’
age is divided into subgroups with 10 years intervals.
The chi-square test and linear trend test were utilized
to evaluate association between the prevalence of
seropositivity and the sex and age groups respectively
with a 0.05 level of significance for the p-value.

Results

In this study, 3733 individuals participated. The
mean age of the patients was 40.72 and their median
was 41.00 and 33.1 percentage of them were male. As
it is shown in Table 1, 57.9% of the participants have
positive IgG serology. Also, this index was 0.3% and
11.6% for IgM and IgA, respectively.

As presented in Table 2, the prevalence of positive
IgG and IgA, was higher in males; however, there
was no significant relationship between gender and
IgG and IgA positiveness (p-values: 0.11 and 0.08
respectively). For IgM, serum positiveness was higher
in females (0.4% for females and 0.2% for males) and
there was a significant association (p-value: 0.009).

As it is shown in Table 3, the prevalence of positive
IgG was increasing significantly with an increase in
age (p-value < 0.001). For IgM, there was a significant
increase in the number of seropositive individuals
(p-value = 0.005). For IgA, also there was a significant
increase in the number of seropositive participants
with an increase in age (p-value < 0.001).

Also, we examine sex impact on seropositiveness
in each age subgroups. For IgG, in some subgroups
(for instance: 20-30, 60-70, > 70) we see significant
difference between male and female in which
seropositiveness is higher in males than females.

For IgM, we see significant difference between
males and females in some age subgroups (for
instance: For IgA, there is no positive case in some
age subgroups, also, in other subgroups, there isn't
significant difference between male and female.

TABLE 1. NUMBER AND RATE OF POSITIVE, EQUIVALENT, AND NEGATIVE RESULTS OF IMMUNOGLOBULIN

ASSESSMENTS
Test result IgG IgM IgA
Positive 1949 (57.9%) 8 (0.3%) 83 (11.6%)
Equivalent 417 (12.4%) 250 (10.1%) 97 (13.6%)
Negative 999 (29.7%) 2208 (89.5%) 533 (74.8%)

Note. IgG, Immunoglobulin G; IgM, Immunoglobulin M; IgA, Immunoglobulin A.

TABLE 2. NUMBER AND RATE OF POSITIVE, EQUIVALENT, AND NEGATIVE RESULTS OF IMMUNOGLOBULIN

ASSESSMENTS IN MALES AND FEMALES

Test result Sex subgroup lgG IgM IgA
. Male 634 (60.2%) 2 (0.2%) 44 (14.7%)
Positive
Female 1315 (56.9%) 6 (0.4%) 39 (9.4%)
. Male 115 (10.9%) 63 (7.6%) 41 (13.7%)
Equivalent
Female 302 (13.1%) 187 (11.5%) 56 (13.5%)
. Male 305 (28.9%) 768 (92.2%) 214 (71.6%)
Negative
Female 694 (30.0%) 1440 (88.2%) 319 (77.1%)
p-value 0.1 <0.01 0.08

Note. As for Table 1.
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TABLE 3. NUMBER AND RATE OF POSITIVE, EQUIVALENT, AND NEGATIVE RESULTS OF IMMUNOGLOBULIN

ASSESSMENTS IN DIFFERENT AGE GROUPS

Age group Test result IgG IgM IgA
Negative 101 (70.1%) 138 (88.5%) 61 (98.4%)
<10 Equivalent (10.4%) 18 (11.5%) 1(1.6%)
Positive 8 (19.4%) 0 (0.0%) 0 (0.0%)
Negative 165 (57.9%) 201 (84.8%) 50 (86.2%)
11-20 Equivalent 2 (11.2%) 36 (15.2%) 6 (10.6%)
Positive 88 (19.4%) 0 (0.0%) 2 (3.4%)
Negative 137 (32.3%) 254 (84.9%) 71 (84.5%)
21-30 Equivalent 50 (11.8%) 43 (14.4%) 7 (8.3%)
Positive 237 (55.9%) 2 (0.7%) 6 (7.1%)
Negative 190 (24.4%) 525 (88.8%) 100 (72.5%)
31-40 Equivalent 84 (10.8%) 63 (10.7%) 18 (13.0%)
Positive 504 (64.8%) 3(0.5%) 20 (14.5%)
Negative 174 (22.5%) 498 (90.7%) 117 (73.6%)
41-50 Equivalent 113 (14.6%) 50 (9.1%) 27 (17.0%)
Positive 486 (62.9%) 1(0.2%) 15 (9.4%)
Negative 121 (22.8%) 334 (93.3%) 71 (61.2%)
51-60 Equivalent 79 (14.9%) 24 (6.7%) 25 (21.6%)
Positive 330 (62.3%) 0 (0.0%) 20 (17.2%)
Negative 80 (25.1%) 187 (93.0%) 53 (66.3%)
61-70 Equivalent 28 (8.8%) 13 (6.5%) 1(13.8%)
Positive 211 (66.1%) 1 (0.5%) 16 (20.0%)
Negative 1(27.7%) 71 (94.7%) 10 (62.5%)
>71 Equivalent 6 (14.3%) 3(4.0%) 2 (12.5%)
positive 5 (58.0%) 1(1.3%) 4 (25.0%)
p-value <0.01 <0.01 <0.01

Note. As for Table 1.

Discussion

This study was conducted to assess the rate of
H. pylori immunoglobulin seropositivity in a sample
of people in Tabriz, the capital city of East Azerbaijan
Province in northwestern Iran. We found a significant
association between positive IgM results and sex,
which was more prevalent in females. Also, this study
demonstrated an increasing number of seropositive
individuals with aging.

Similar to our study, a study of H. pylori serology
in 21,429 individuals during 2 years (2012 to 2014) in
Tabriz city [13], revealed that seropositivity of H. pylori
infection in Tabriz was 63.9% which is approximately
compatible with our findings. Also, in the mentioned
study, there wasn’t a significant difference between
males and females and it was indicated that by
increasing age, the prevalence of IgG positiveness
grows progressively which is compatible with our
results.

By searching among other investigations all over
the world, it can be concluded that age has a positive
correlation with IgG positiveness which is known
as the “cohort effect”. This positive correlation is
confirmed in our and other similar studies [17].
We must notice that the sampling of this study was
taken from the ordinary population, not from highly
probable gastric patients, which can affect the result.

Many studies were designed to determine the
prevalence of H. pylori in Iran, also there is various
conclusion among these studies. This rate is reported
as 36.5% in Kurdistan [18], 44.5% in Sari [11],
and 41% in patients with gastrointestinal disorders
in Birjand [15]. According to a systematic review
performed by Zamani in 2018 [19], the prevalence of
H. pylori infection is estimated to be in the range of 55
t0 69.9% in Iran. Our results were in this range (57%)
too. This rate is higher than in developed countries
which ranged between 30 to 50% [3]. Also, it was
higher than in previous studies in other middle-eastern
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counties such as the United Arab Emirates which was
41% in a sample of asymptomatic residents [10].

Our study demonstrated a significant association
between sex and seropositivity of H. pylori IgM.
A higher prevalence of H. pylori infection was
mentioned in previous studies, too [10]. These
results contradict a recent systematic review of the
prevalence of H. pylori, which found no variations in
H. pyloriinfection between males and females [19]. To
comprehend the mechanisms through which sex may
affect the acquisition and persistence of infection,
future studies are required.

The prominent strength of our study is the high
number of participants in comparison to similar
studies, also, in this study, samples were selected from
an general population. Other strengths were age- and
sex-based analysis of all available Immunoglobulins
distinctly. Unfortunately, because of lack of data for

References

participant’s occupation, hygiene, smoking, and
socio-economic status, the correlation between these
items and H. pylori is not evaluated in this study.

Conclusion

In conclusion, our study reveals that the prevalence
of H. pylori in Tabriz is approximately 57% which is in
the range estimated to be in Iran, but in comparison
to developed countries, it was higher. The prevalence
of anti-H. pylori immunoglobulins increases signifi-
cantly with age.
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W3MEHEHWE LUTOKMHOBOI O NPODUISA KANUINAPHON
U BEHOSHOW KPOBW BOJIbHbIX NCOPUA3OM
B 3ABUCUMOCTHU OT JIEHEHUSA

Cennurosa C.B.!, Tonteirmaa A.IL' % Kosooos A.A.3, Cumoupnes A.C.!
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Pesome. [1copna3 — XxpoHMUEeCKOe ayTOMMMYHHOE 3a00JIeBaHNEC KOXM, C BOBJICUYCHUEM T-KIIETOTHOTO
3BeHa UMMyHUTeTa. LlmTokmHoBast ock mHTepaeiikuH 1L-23/1L-17/1L-22 aBasieTcst KITI0YeBOil B UMMYHOIIA -
ToreHe3se Icopuasa. IlokasaHa pojib noaceMeiicrsa 1L-36, perynupymoliero BociajeHue B Koxe. s jiede-
HUS TICOpHMa3a MCIIOJIB3YIOT TONWIeCcKIe IIperrapatsl. Lleab padoThl: M3ydeHUE N3MEHEHII B IUTOKWMHOBOM
npoduiie BEHO3HOM 1 KaMJUIIPHON KPOBHU, B3SITOM BOJIN3M o4ara IICOPUAaTUICCKOTO BOCIIAJICHUS B 3aBUCH -
MOCTH OT JICUCHHS TONUIeCKUMU TiperiapaTamu. Oo0ciaenoBaHbl 40 MallMeHTOB C AUAarHO30M TICOpHa3, Cpel-
HU Bo3pacT 43,7 jet, rpyniia la (20 ger.) moixyJyajia MeCTHOE JISYCHE MOMETa30HOM, Tpyrma 16 (20 Jger.)
moJiy4aja MECTHO Tejib, COAEpKAallUii pelenTOPHbIii aHTaroHucT 1L-36. 20 300pOBBIX, CPEAHMIT BO3pACT
46,6 roga, COCTaBWIM KOHTPOJIbHYIO Ipymity 2. KanuuisspHyio KpoBb COOMpaIv U3 Majblia KUCTU, Y 0O0JIb-
HBIX psImoM ¢ ogaroM mopakeHus 200 Mki1 B MukpoBeTy ¢ D/ITA. BeHo3HyI0 KpOBb OTOMpPAIN M3 JOKTEBOI
BEHEBI 3 MJI B BaKyyMHYI0 TpooupKy ¢ DJITA. KoHileHTpalno 15 INTOKMHOB B IJIa3Me KPOBU TSCTUPOBAIIN
MYJBTHIUICKCHBIM MeTonoM (MagPix, BioRad, CIIIA). DddeKTUBHOCTh Tepanui OLICHUBAIN C ITIOMOIIBIO
nHaekcoB PASI m DLQI. Ha moMmeHT okoHuaHms jeueHUs (14-i1 1eHb) B 00enx Trpymirax nHaeKchl PASI
n DLQI 3naunmo camsmiuchk. Ha 28-i1 nerp nHmekc PASI B rpymrie 1a BepHyIICsS K UICXOOTHOMY YPOBHIO, B
rpymme 10 ocTayicss CTabMIbHO CHIDKEHHBIM. J10 JIeUeHUS B KATMJUIIPHOM KPOBU OOJIBHBIX TICOPHUA30M YPOB-
HU BCeX IMTOKMHOB Kpome 1L-10 0bUTM 3HAYMMO MOBBIIIIEHBI IT0 CPAaBHESHUIO C TPYMIION 2, B BEHO3HOI KPOBU
OBLTH TTOBBIIICHBI YPOBHU 5 TUTOKMHOB. Yepe3 14 mHeit B rpymre la B KaMMUIIPHON KPOBU 3HAYMMO CHHU-
symuchk yposHu I1L-1, 1L-4, IL-6, 1L-21, I1L-22, IL-23, 1L-25, IL-33, a B BeHO3HO# KpoBU — TOJILKO IL-17F,
IL-21, IL-33 u TNFE Ha 28-i1 meHb KOHIIEHTpalIM1 TPaKTUYECKU BCeX IUTOKWHOB BEPHYINUCH K UICXOTHOMY
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ypoBHI0. B rpynine 16 Ha 14-if neHb B KanWJUISPHOU KPOBU 3HAYMMO CHU3WIKCH ypoBHU [FNy, IL-1, IL-4,
IL-17F, IL-21, 1L-22, 1L-23, IL-25, IL-33, a B BeHo3HO# kKpoBu — IFNy, IL-21, IL-22, IL-23, IL-33. Ha
28-i1 JeHb MPOIOKAIIOCh CHUXKEHHE KOHIIEHTPALUU JIMOO COXPaHSJICS CHUXKEHHBIA YPOBEHb YKa3aHHBIX
LIMTOKWHOB, B BeHe 3HauuMo cHu3wicst 1L-6. Takum oGpa3oM, MeTOn omnpeaesieHust mpodwisi IUTOKWUHOB
KaNWJIIPHOU KPOBU M3 30HBI ICOPUATUYECKOTO MOPAXKEHUSI MOXHO UCIIOJIb30BaTh A1 MOHUTOPUHTA (-
dexTa jeyeHUs1 y OOJbHBIX TICOPUA3OM.

Karouesvle croea: ncopuas, yumokuHsl, KANUALSPHAS KPOBb, 6EHO3HAS KPOBb, MONUYECKUe NPpenapamaolt, peuenmopHbiii
anmaeonucm IL-36, eniokokopmukouoHvle 20pMOoHb!

TREATMENT-DEPENDENT CHANGES IN CYTOKINE PROFILE
OF CAPILLARY AND VENOUS BLOOD IN PATIENTS WITH

PSORIASIS
Sennikova S.V.2, Toptygina A.P.>", Kolobov A.A.5,Simbirtsev A.S.¢

¢ G. Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russian Federation

b Lomonosov Moscow State University, Moscow, Russian Federation

¢ Research Institute of Human Hygiene, Occupational Pathology and Ecology, St. Petersburg, Russian Federation
@ State Research Institute of Highly Pure Biopreparations, St. Petersburg, Russian Federation

Abstract. Psoriasis is a chronic autoimmune skin disease with affected T-cell immunity. The interleukin
1L-23/IL-17/IL-22 cytokine axis is a key toimmunopathogenesis of psoriasis. Certain role of the IL-36 subfamily
is shown in regulation of skin inflammation. Topically applied preparations are used to treat psoriasis. Our aim
was to evaluate the treatment-related changes in the cytokine profile of venous and capillary blood collected
close to the foci of psoriatic inflammation. Forty patients with psoriasis (mean age, 43.7 years), were examined.
Group la (20 people) received local treatment with Mometasone, Group 1b (20 people) received topical gel
containing an IL-36 receptor antagonist. Twenty healthy people (mean age, 46.6 years) comprised the control
group 2. 200-uL aliquots of capillary blood were collected in a microvette with EDTA from the patients’ finger
near to the lesion area. Venous blood (3 mL) was taken from the cubital vein to a vacuum tube with EDTA.
The concentration of 15 cytokines in blood plasma was tested by the multiplex method (MagPix, BioRad,
USA). Clinical effectiveness of therapy was assessed using the PASI and DLQI indexes. Upon completion of
treatment (day 14), the PASI and DLQI indices were significantly decreased in both groups. On the 28™ day,
the PASI index in Group la returned to its original level, in group 1b it remained permanently reduced. Before
treatment, the levels of all cytokines, except of IL-10, were significantly increased in capillary blood samples of
patients with psoriasis compared to Group 2, and the levels of five cytokines were increased in the venous blood.
In group 1a, the levels of IL-1, IL-4, IL-6, 1L-21, IL-22, IL-23, IL-25, IL-33 were significantly decreased in
capillary blood after 14 days, and only IL-17F, IL-21, IL-33 and TNF showed a decrease in the venous blood
specimens. On the day +28, the concentrations of almost all cytokines returned to their original level. In Group
1b, on the 14" day, the levels of IFNy, IL-1, IL-4, IL-17F, IL-21, IL-22, IL-23, IL-25, IL-33 were significantly
decreased in capillary blood compared to altered IFNy, I1L-21, IL-22, IL-23, IL-33 in venous blood. On the
28t day, their concentration continued to decrease, or the level of these cytokines remained reduced, along with
significant decrease of IL-6 in venous samples. Thus, the method for determining cytokine profile in capillary
blood from the area of psoriatic lesions may be used for tracing the effects of therapy in psoriatic patients.

Keywords: psoriasis, cytokines, capillary blood, venous blood, topical drugs, 1L-36 receptor antagonist, glucocorticoid hormones

BBeﬂeHme W SIIUTEIMAIBHBIM KJIETKaM, 3HIOTEJINIO COCYIOB,
¢ubpobIacTaM M MHOTUM APYTUM TUIIAM KIIETOK.

CucremMa LMTOKMHOB — YHHMBEPCAJILHBINA $I3bIK BocmammTenpHass peakiivsl COMPOBOXKIACTCS BhbIpa-
MEXKJIETOYHOro oO0meHnss. OH MOHATEH HE TOJAb- SKCHHBIMH MU3MEHCHMSIMU [TUTOKWMHOBOTO MPOQUIIS.
KO BCEeM KJIeTKaM MMMYHHO# cuCTeMbl, HO Takxke [lcopma3z — xpoHMYeckoe BOcHaauTelbHOE 3aboJe-
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BaHUE KOXMW, UMeolllee ayTOMMMYHHYIO TIPUPOJTY C
BOBJIEYEHMEM, TPEUMYIIECTBEHHO, T-KJIETOUHOTO
3B€Ha MMMYHHUTETa, IPU KOTOPOM M3MEHEHUS B
I[IUTOKMHOBOM TIpodujie AOCTAaTOYHO XOPOIIO W3-
yueHsl [5, 19]. Ha gaHHBIIT MOMEHT CUMTAETCS JO-
Ka3aHHBIM, 4YTO IUTOKWHOBAsI OCh WHTEPJCHKUH
1L-23/1L-17/IL-22 sgBisieTcsl KJIIOYEBOH B HMMMY-
HormaToreHese rncopuasa [20, 24, 25]. OgHako 3TU-
MU TpeMsI MHTePJICMKMHAMH YJacTHUE [TUTOKUHOBOMN
CeTU B Pa3BUTUM IaTOJOTMYECKOrO BOCHAJCHUS B
KOKe ITpu TIcopuase He ucuepribiBaercs. Hampumep,
ObIJ1a TT0OKa3aHa POJIb CUCTEMEI IIPO- 1 IIPOTUBOBOC-
NaJUTebHBIX IIMTOKMHOB B Pa3BUTUM 3TOTO 3a00-
geBaHus [11]. OTu uccienoBaHus MOCTYXWUJIU OC-
HOBaHUWEM [JISI UCTIOJIb30BAHUST aHTUIIMTOKMHOBBIX
MOHOKJIOHAJIBHBIX aHTHUTEN IJIs JICUeHHUsI TICOpHa-
3a [6, 23]. OTHOCUTEILHO HeIaBHO ObLIa MOKa3aHa
KJTI0ueBast poJjib rmoaceMeiicta 1L-36, BKitouarolie-
ro npoBocranurebHbie 1L-36a, 1L-363 u ocobeH-
HO TTaTOTHOMOHUWYHBII 1151 Ticopua3sa IL-36y, o6pa-
3YIOLIUX TETJIO TTOJ0XUTEIbHONH 0O0paTHOM CBSI3M,
MOMICPKUBAIOIIYIO TICOPHMATHYCCKOES BOCITAJICHUE,
1 TPOTUBOBOCIIAJIMTEIbHBIM PELECTITOPHBbIM aHTa-
rouct (IL-36ra), KOTOphIii OJIOKMPYET pPELEHTOpP
nns 1L-36 u ocraHaBnuBaeT BocraysieHue [14, 30].
ITokaszano, yro myrauuu B 1L-36ra, mogasistionine
€ro aKTUBHOCTb, MPUBOAAT K KpailiHe TSKEJIbIM Te-
Hepaan3oBaHHBIM (opMmam Ticopuasa [16]. Cuwnra-
0T, 4YTO GJIOKMpOBaHMe pelientopa wist 1L-36 sBisi-
eTCs MEPCIeKTUBHBIM HampaBiIeHUEM I Tepaltiu
aTtoro 3aboneBaHus [3, 29, 31]. CienyeT OTMETUTD,
4TO CBeJIeHUST 00 N3MEHEHUN KOHIIEHTPAIIUU IIUTO-
KWHOB TIpM TICOpHa3e MOJIyYeHBI U3 BEHO3HOI KpO-
BU WA NPU KYJBTUBUPOBAHUU KJIETOK U3 KOXXHOTO
ouonTarta. [Ipn 3TOM MeCTHbIE U3MEHEHUS B LIMTO-
KWHOBOM Mpoduiie HEIMOCPEICTBEHHO B 30HE TICO-
pUATUYECKOU OJISIIIKN HUBEIUPYIOTCS YPOBHEM 111~
TOKMHOB B 1I€JIOM OpraHu3Me, a KyJbTMBUPOBaHME
KJIETOK i1 Vifro He BIIOJIHE COOTBETCTBYET COOBITUSIM
in vivo. boJjiee TOro, B3sTHME T'MCTOJIOTMYECKOro Ma-
Tepuaja U3 MCOPUATUUYECKOM OJISIIKU TpaBMaTH4-
HO M HE MOXET OBITh MCIIOJIb30BAHO TS TMHAMM-
YeCKOro HaOJIIOIeHUS B mpolecce JedeHus1. PaHee
HaMM OBLJIO MOKAa3aHO, UYTO B KaITMJISIPHOUW KPOBU,
B3SITOM PSIIOM C 0Yarom ICOpuaTUIecKOro Bocraie-
HUSI, BBISIBJISTIOTCS O0Jiee BhIpasKeHHbBIE OTKIIOHCHUS
OT 300POBOT0 KOHTPOJISI B KOHIICHTPAIIUX OOJIBIIIETO
yucjia HUTOKUMHOB, YeM B BEHO3HOM KPOBM TeX XKe
nanueHToB [4]. Tepanus aHTULIUTOKUHOBBIMU Mpe-
napaTaMy OOJIBHBIX C TICOPHA30M TaKKe TTPOBOIUTCS
cucteMHo. I[Tomumo TepaneBTuyeckoro agpdexra B
oyarax IcopuaTu4ecKoro BocTaJieH!s, Takasl Tepa-
MUsl HAapylIaeT PEryJisiiiui0 UMMYHUTETA B 1IEJIOM,
3aTpyAHsIs €ro 3almuTHbie GyHKUuKU [26]. [TosTomy
MCMOJb30BaHUE TOMUYECKUX aHTUILUTOKMHOBBIX
MperapaToB 00JIalaeT PSIIOM TIPEUMYIIECTB.

Wcxons u3 BCEro BBIIIECKA3aHHOTO, LEJbI0 HAa-
crogieil padoThl ObLJIO M3yYeHUEe U3MEHEHUI B 1M~
TOKMHOBOM TIpodujie BEHO3HOW M KalmWUISIPHOI
KpPOBH, B35ITOM BOJIM3M o4yara NnCOpruaTuieckoro Boc-
MmajaeHus B 3aBUCUMOCTHU OT JICUEHUS TOMMUYECKUMU
nperapartamu.

Matepuans! 1 MeTogbl

B pamkax mpocToro cpaBHUTEJIBLHOTO ITPOCITCK-
TUBHOTO WCCJICIOBaHUS OB o0OcienoBaHbl 40
nanueHToB (29 MyxxuuH u 11 xeHmwmH). JuarHos
OBIJT YCTAHOBJICH COIVIACHO KJIWMHUKO-aHaAMHECTUYEe-
CKUM KpuTepusiM PoccniicKux KIMHUYIECKUX PEKO-
MeHAAlUil Mo AUArHOCTUKE M JICYSHUIO TIcopuasa.
Kputepusimu BKIIIOYEHUsI B UCCIEAOBaHUE OBLIU:
KJIMHUYECKU MOATBEPKACHHBIN Mcopuas, mporpec-
cUpyIoIliasi CTaaus JIETKOW M CpeaHel CTEIeHU Tsi-
XecTtu, Bo3pacT 18-70 net. CpenHuii Bo3pacT cocra-
B 43,7+2,33 roma. st onieHKA 3D (PEeKTUBHOCTH
Tepanuu ucnojb3oBaiu uHaekc PASI (Psoriasis Area
and Severity Index). IIpu 3TOM cTeneHb BBIpaxkKeH-
HOCTH CUMITTOMOB U TUIOIIAAb MOPaXkeHUs OlICHUBaA-
eTCs BpauyoM B OajUtax, 3aTeM OajlIbl CyMMUPYIOTCSI.
Taxxe Mcrionb30Bain JlepMaTOIOTUYECKUT MHICKC
kavectBa xusHu DLQI (Dermatology Life Quality
Index), olieHKY BIUSHUS 3a007€BaHUSI HA KAY€CTBO
KWU3HU TIPOBOAUT CaM MALMEHT M Pe3yJibraT TaK-
JKe BbIpaXkaeTcsl B OayutaXx. B KOHTpOJIbHYIO TPyMITy
Bouuin 20 TpaKTUUeCKU 3A0pPOBBIX B3pocibix (14
MYKUMH 1 6 XKEHILWH), CpeaHuii Bo3pacT 46,61+2,38
roga. MccnenoBaHue ono0peHO JOKaIbHBIM 3THYE-
ckuM KomuteToM (mmpotokoa Ne 52 or 29.01.2020),
o0cieIoBaHHbIE TIOAMUChIBAIN MH(OOPMUPOBAHHOE
cormacue. Ipynma manmeHTOB ObUTa pa3necHa Ha
nBe noarpynmnbl. [ManmueHTs! rpynnbl la (20 4deno-
BEK) ToJIy4aJii craHaapTHyro tepanuio: 0,1% kpema
MOMeTa30Ha JIOKAJIbHO Ha odYaru TopaxeHus 1 pa3
B CYTKU Ha TIPOTsDKeHUM 14 mHeit. 3a mepuond Ipu-
MEHEeHUs Tipernaparta ObUIO BBISIBIEHO | Hexena-
TeJbHOE SIBJICHUE B BUIIE YYBCTBA XOKECHUSI B MECTE
HaHEeCEHUSI B MOMECHT IIepPBOTO IIPUMEHEHMS TIpe-
naparta, caMOIPOU3BOJILHO MCUE3HYBIIIEe B TEUSHUE
30 MUHYT 1 O0JIee He BO3HHUKABIIICES ITPU TTOBTOPHOM
HaHeceHUU mMperapaTta. Y TMalydeHTOB Tpynmnbl 10
(20 gyemoBeK) ObLTIa BBISIBJICHA CTOMKAST PE3UCTEHT-
HOCTh K MpPEAIIEeCTBYIONIEH Tepanmuu TOTMMYECKUMU
TTIOKOKOPTUKOMAHBIMU TIperapatraMu. B kadecTBe
HOBOIO TEpareBTUYECKOro TOAXoAa TPeIJIOXKeH
rejb, cogepxkaruii 0,4% pekombuHantHoro 1L-36ra
(RAIL-36 renp). Anmivkauusi IpOU3BOAMIACH JIO-
KaJIbHO Ha o4yarv mopaxkeHust 1 pa3 B CyTKU Ha Mpo-
TskeHuu 14 nqHeit. Tens pa3paboTaH 1 MpeaocTaBlIeH
st nccnenoBanusg OI'VIT «JocymapcTBeHHBIN Ha-
YUHO-MCCIEA0BATEIbCKUI MHCTUTYT 0CO0O0 UMCTHIX
onorperapatoB» ®MBA. Hukakux HeskeJraTeIbHBIX
SIBJICHUI 3a Tepuo MPUMEHEHUs TIperiapaTa BbIsSIB-
JIeHo He Obu1o. IlammeHTHl OleHWBaIM HaHECEHME
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npenapata kak kKomdopTHoe. [Ipemapatr ObICTpoO
BITUTBIBAJICS B KOXY, HE OCTaBJISII CJIEIOB, HE UMEN
HEMPUSITHOTO 3araxa.

KanunasgpHyio KpoBb Opanu M3 Maiblia KUCTHU
Y 3I0pPOBBIX OTHOKPATHO, a Y OOJIBHBIX IICOPHUA30M
BOJIM3U oyara ¢ KIMHUYECKUMM MPOSIBACHUSIMU 10
JneyeHud, Ha 14-it u 28-i1 meHb B oobeme 200 MKII B
mukpoBety (Microvette 200 K3 EDTA). BeHo3Hyi0
KPOBb 13 JIOKTEBOI BEHBI Opajii B TE K& CPOKM B Ba-
KyymHy10 nipobupky ¢ S TA B oobeMe 3 mi. [Tnazmy
KPOBM MOJyJalId ITyTeM OTCTaMBaHUS IIPOO KPOBU,
paznuBanu no 50 MKJI B ONpOOUPKU TUMa DIIEeH-
nopd, 3amopaxuBanu 1 xpanuiau npu -30 °C. Ln-
TOKWHBI B Tu1asme kposu (IL-1p, IL-4, IL-6, IL-10,
IL-17A, IL-17F IL-21, IL-22, IL-23, IL-25, 1L-33,
IFNy, TNF) onpenensini MyJIbTUIUIEKCHBIM METO-
noMm (MagPix, BioRad, CIIIA) ¢ ucnonab3oBaHUEM
KoMmMmepueckux TecT-cucteM Thl7-Plex, cormacHo
MHCTPYKILIMU ITPOU3BOAUTEIS.

IMomygeHHBIC pe3yabTaThl OBLIM TTOABEPTHYTHI
CTaTUCTUYECKUM MeTojgaM obpadboTku. st uccre-
IyeMBIX ITapaMeTPOB ObLIa MOATBEPXKICHA TUIIOTE3a
0 HOPMaJILHOCTHU pacrpeesieHusl MPU3HAKOB METO-
noMm KonmoropoBa—CmupHoBa. Berumcnsiim cpen-
Hee apudMeTrueckoe 1 omunoKy cpeaHero (M+SE),
Pa3IMYUST MEXKIY TPYIINaMU OLIEHUBAJIU C TIOMOIIbIO
napamMeTpuudeckoro t-kpurepusi CTbplofeHTa. Ypo-
BeHb p < 0,05 cunTanu 3HAaYUMBIM.

PesynbTartbl

Knunuueckyio oueHKy 3(P¢GeKTUBHOCTU TpO-
BOOMMOI TepalMy OCYIISCTBISUIA Ha OCHOBAaHUM
uHaekcoB PASI (BbIpa’keHHOCTb CUMIITTOMOB Olle-
HuBaeTcs BpauyoMm) u DLQI (BaustHue 3aboiieBaHUs
Ha KadyeCTBO KM3HU OIICHWBACTCSI TTallICHTOM).
B Ttabinuue 1 mpencraBiaeHbl MU3MEHEHMSI MHAEKca
PASI. M3 Tabauubl BUAHO, YTO HA MOMEHT BXOXK-
JIIEHUsI B UCCJIEIOBaHUE, Pa3IMYUil IO CTENIeHU BbI-
Pak€HHOCTU CUMIITOMOB MEXy rpyrnmamu la u 16
He ObLTo. Ha MOMEHT OKOHYaHUs JIeYSHUST B 00EUX
Irpymmnax BBISIBICHO 3HAUYMMOE CHIDKCHUWE WHACKCa
PASI (p < 0,05). IIpu aTOM B rpymnrne la cHUXEHUE
cocraBuio 34,43%, a B rpynne 16 — 58,11%, pasnu-
YU MEXIy IpyIiramMu la u 16 Ha 3TOM cpoke HabJIto-
neHust okazaiauch 3HaumMbIMU (p < 0,05). K 28-my
JHI0 HaOmoaeHuit (14-it meHb OT 3aBeplleHus Tepa-
nun) B rpymme la cpenauii nHneke PASI BepHyscs k
MCXOTHOMY YPOBHIO, TOTJA KaK B TpyIIie 16 MHIeKc
PASI ocrtancst ctabubHBIM Ha ypOBHE OKOHYAHUS
JICUCHUSI, pa3INums MEXIy TpyIIIaMy ObLIN 3HAYM-
Mbl (p < 0,05). CinenoBaTe/ibHO, TPU UCITOJIb30BaHUN
TOIIMYECKUX TIIFOKOKOPTUKOCTEPOUIOB KIWMHUUC-
ckuii apPeKT HabIIOgaeTCsl TOJBKO B IIpoliecce Jie-
YeHMsI, a IPU 3aBEPIICHUMN Teparuu, JOCTUTHYTHII
pe3yabTaT HUuBeaupyeTcs. B To ke BpeMsi, Ipu ucC-
noab3oBaHuu rejist RAIL-36 orMedaeTcst mpOJIOHTH-

POBaHHBIN PE3yIbTAT, COXPAHSIOLIUICA 110 KpaliHEen
Mepe 2 Hellen.

Muaekc kKavecTBa KU3HU JIePMaTOJIOTMUYECKUX
nauveHToB (DLQI) 10BOIBHO UyBCTBUTENIEH K CTa-
I OOOCTPEeHUsI U peMucCUu Icopuasza. B tabnu-
e 2 mpeaCTaBIeHbI Pe3yJIbTaThl OLIEHKU 10 UHAEKCY
DLQI. bonee BeIpaxkeHHas yIOBICTBOPECHHOCTD pe-
3yJibTaTaMM JieueHUsl Oblia B rpyIine 10, roe nuHaeKC
DLQI cHusuncs Ha 61,04%, Torma kak B rpyimne la
OTMEYEHO CHIKEHME WHIeKca Bcero Ha 18,13%,
pazauyus okazanuch 3HaduMbiMu (p < 0,05). Crne-
JOBATEIbHO, 10 MHEHMIO NaueHToB, RAIL-36 reib
IEeMCTBYeT CYIIECTBEHHO JIyYIlle, YeM TOMUYECCKUE
CTEPOUIBI.

JlabopatopHyto oOlLIeHKY 3(dEKTUBHOCTU MPO-
BOAMMOM Tepanuu OCYIIECTBISIIA MO U3MEHEHUIO
KOHIICHTpallMK 15 M3y4eHHBIX HAMU IIMTOKWHOB B
na3Me KanuuiipHOUW U BEeHO3HOU KpoBu. B Tabnu-
e 3 ImpeacTaBICHBI ICXOTHBIC YPOBHU IIMTOKMHOB B
KarnuJUISpHOM U BEHO3HOI KpOBU OOJIBHBIX TICOpUA-
30M J0 HavaJia Je4YeHMsI B CpaBHEHUH C TPYMITO 3/10-
poBbIX. /1o Hayaja JieueHUsI B KalnWUISIPHONH KPOBU
OOJIbHBIX TICOPUA30M YPOBHU BCEX MPEACTABICHHbBIX
B TabJM1e HTMTOKUHOB, KpoMe IL-10, Obutn 3HaUUMO
TOBBILICHBI TI0 CPAaBHCHUIO CO 3MOPOBBIM KOHTPO-
JIeM, Toraa Kak B BEHO3HOU KPOBM 3HAUYMMOE ITOBBI-
IIEHWE KOHLEHTPALIMU [IUTOKMHOB OBLIO BBISIBICHO
tonbpko aiag 1L-4, 1L-21, 1L-23, TNF u sCD40L, a
ypoBeHb [L-31 61 3HauumMo cHkeH (p < 0,05).

Ha pucynke 1 mpencraBieHbl U3MEHEHUSI KOH-
HEeHTpalMi ITMTOKMHOB-MAapKEPOB OCHOBHBIX CYyO-
nonynsguuii CD4*T-knetok. M3 pucyHka BUIHO,
YTO LIUTOKUHBI-MapKepbl OCHOBHBIX CYyOMOMYJISIIINiA
T-xennepoB pearupoBaiv Ha MPOBOAUMOE JCYECHUE.
OnHako B BEHO3HOU KpOBHU rpynmbl la (cM. pucy-
HOK 1B) oTmeyanoch 3HAUYMMOE CHUXEHMWE TOJIb-
ko IL-21 (umroxkumH-Mapkep Tfh) ¢ 13,78%+1,22 no
5,49+0,51 nir/mn Ha 14-i1 meHb OT Havajia JIeueHus,
HO CIYCTS 2 HeJleJIM YPOBEHb 3TOI0 IIMTOKMHA PE3KO
noaHsiacsa o 19,15+1,77 nir/mi, npeBbICUB 11 6€3 TOTO
MOBBILIEHHBII UCXOMHBIN YpOBeHb. B KanuisipHoi
KPOBH TPYIIEL 1a (CM. pricyHOK 1A) OBLIO BBISIBICHO
ooJiblie u3MeHeHuii. Tak, Ha 14-it meHb (3aBepiile-
HUE Tepariiu) BhISIBJIEHO 3HauMMoe cHkeHue [L-21
(Tfth) ¢ 55,68+5,15 mo 29,79+3,01 nir/mn u 1L-22
(Th22) ¢ 13,19%£1,11 go 6,994+0,64 rnr/mi1, HO yepe3
2 HeJeJIW TOCJIe 3aBepIICHUS JICUCHUST YPOBHU STUX
IUTOKWMHOB BHOBb BEPHYJIMCH K NCXOIHO MOBBIIIICH-
HoMy ypoBHIO. IL-23 (Th17) cuusnics ¢ 26,71£2,32
no 14,92+1,31 nir/mMa 1 octaBajicsl Ha 9TOM yPOBHE
cnycts 2 Henenu, Torna Kak IL-17A, takxke nmpony-
uupyeMmbiii Th17, octaBasncst 6e3 U3MEHEHUI MOBBI-
meHHBIM. 1L-4 (Th2), 3HaYMMO CHU3MIICS TOIBKO K
28-my nHio ¢ 15,40+1,47 rir/mi go 8,93+0,88 mr/mi
(p < 0,05). Yposens IL-10 HuKak He pearupoBall Ha
MMPOBOAMMOE JIeYeHUE HU B KalWLISIDHOM, HU B Be-
HO3HOM KPOBH.
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TABIULIA 1. UBMEHEHWE UHAEKCA PASI B NPOLIECCE
NEYEHUS (M2SE)

TABLE 1. CHANGE IN THE PASI INDEX DURING TREATMENT
(M+SE)

TABNULIA 2. UBMEHEHWE MHAEKCA KAYECTBA XM3HH
DLQI (MSE)

TABLE 2. CHANGE IN THE QUALITY-OF-LIFE INDEX DLQI
(M+SE)

OeHb OeHb OeHb OeHb OeHb
Fpynna Day Day Day Fpynna Day Day
Group 0 14 28 Group 0 14
feynnata | 9991044 | 6,55:0,55% | 9012043 | |IPYmnata 11,8620,78 9,71+1,04
Group 1a Group 1a
fpynna16 | 14 031058 | 4,62:0,30% | 447031+ | |TPynnaie 12,45+0,60 4,85+0,35
Group 1b Group 1b

MpumeyaHue. * — p < 0,05 no cpaBHEHUIO C UCXOAHbLIM
YPOBHEM.

Note. *, p < 0.05 compared to the baseline.

B xpoBu nanreHTOB rpynibl 10 Takke ObLIU BbI-
SIBJICHBI 3HAYMMbIe UBMEHEHUST IIMTOKMHOBOTO TIPO-
duis. Tak, B KanuaasipHoli kpoBu (cM. puc. 1B) Ha
14-i1 neHb (OKOHYAHME Tepanun ) 3HAYMMO CHUBUIICS
IFNy (Thl) ¢ 15,23%1,33 nr/mu g0 10,9640,97 rir/mut
M MIPOJOJIKAl OCTaBaThCsS HEOTIUYMMBIM OT YPOB-
HS Tpynmnbl 3A0poBbIX Ha 28-ii neHb (9,34+0,91
nr/mi). AHaigorudHo ypoBeHb 1L-23 (Thl7) 3Hauu-
MO cHu3WICS Ha 14-i genb ¢ 22,69%2,01 rr/mia go

MpumeyaHue. * — p < 0,05 no cpaBHEHUIO C UCXOAHBLIM
YPOBHEM.

Note. *, p < 0.05 compared to the baseline.

14,83£1,26 nr/mMy1 U OpOAOJIKAJI CHUXKATHCS, HO-
CcTUrHyB Ha 28-1i meHb ypoBHs 10,18+0,99 nr/mn
(p < 0,05), xoTa Bce ellle NpeBbIllIad 3HAYMMO YpPO-
BeHb KOHTpOJbHOI Tpynnbl (p < 0,05). Torma kaxk
KoHueHTpauus [L-17A, npyroro nMToknHa cyomno-
nynasuun Thl7, 3HaunMO He MeHsIach U HEe OTJIU-
Jajach OT KOHTPOJBLHOIO YpOBHS. B TO ke BpeMms
koHueHTpauusa [L-21 (Tfh) 3HaunMo nporpeccuBHO
cHmkaach ¢ 40,04+4,12 rir/mn mo 28,44+2,73 rir/mn

TABNNLA 3. LIUTOKUHOBBIA MPO®UIb BEHO3HOM U KANUMNNAPHOW KPOBW 3A0POBbIX U BOJIbHbIX NCOPUA3OM

(nr/mn)

TABLE 3. CYTOKINE PROFILE IN VENOUS AND CAPILLARY BLOOD OF HEALTHY PEOPLE AND PATIENTS WITH PSORIASIS

(pg/mL)

Mpynna 1a Mpynna 16 3po0poBbie
Group 1a Group 1b Healthy
Kanunnsap Bena Kanunnsp BeHna Kanunnap BeHa
Capillary Vein Capillary Vein Capillary Vein

IL-1 57,34+5,44* 1,4810,15 21,18+2,13* 1,27+0,13 1,89+0,21 1,3940,17
IL-4 15,40+1,47* 5,79+0,51* 12,59+1,22* 5,48+0,52* 2,53+0,31 2,77+0,35
IL-6 7,45+0,72* 3,75+0,33 5,68+0,55 2,79+0,26 4,13+0,43 3,22+0,33
IL-10 3,67+0,35 1,9040,18 3,36+0,32 1,74+0,17 4,24+0,53 2,1340,29
IL-17A 5,48+0,51* 1,38+0,12 2,68+0,24* 1,53+0,15 1,36+0,17 1,02+0,14
IL-17F 23,48+2,12* 9,38+1,01 25,2342,34* 11,01+1,05 12,53+1,53 11,97+1,68
IL-21 55,68+5,15* 13,78+1,22* 40,04+4,12* 14,06+1,34* 7,99+1,11 7,87+0,99
IL-22 13,19+1,11* 2,49+0,21 11,34+1,02* 2,84+0,23 4,52+0,46 3,88+0,37
IL-23 26,71+2,32* 9,37+0,89* 22,69+2,01* 10,87+1,09* 6,86+0,89 7,35+0,95
IL-25 4,68+0,43* 1,60+0,15 4,49+0,33* 1,2310,11 1,7710,23 1,11+0,18
IL-31 519,41+47,28 | 389,33+35,24* | 504,26+48,38 | 220,60+21,73*| 571,28+41,78 | 517,33+40,76
IL-33 44,19+4,12* 20,93+1,97 50,56+4,78* 21,26+1,82 19,2042,11 18,47+2,18
IFNy 16,54+1,32* 8,73+0,81 15,23+1,33* 9,33+0,91 11,6+1,28 10,031,117
TNF 10,35+0,99* 7,68+0,72* 10,2840,95* 4,85+0,43* 2,12+0,29 1,16+0,19
sCD40L 806,89+77,23* | 1454,93+98,64* | 711,51+67,31* | 504,56+49,25* | 340,34+32,13 | 334,51+31,11

Mpumeyanwme. * — p < 0,05 no cpaBHEHUIO C FPYMNMNON 340POBbIX.

Note. *, p < 0.05 compared with the healthy group.
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Ha 14-i1 genb 1 go 16,92 £1,53 nr/mi Ha 28-ii 1eHb
(p < 0,05), xoTst Bce ellle 3HAYMMO TIPEBBIIIANIA CO-
OTBETCTBYIOIIUI ITapaMeTp 3A0pOBOM rpyniibl. [lu-
TokuHBI 1L-4 (Th2) u 1L-22 (Th22) Takke cHMXKa-
JIUCh MOA JEeWCTBUEM Teparnuu, JOCTUTrast K 28-my
JHIO 3HAYMMbIX pasauyuii: 8,63%£0,82 nr/ma u
7,04+0,66 nir/MJT1 MO CPAaBHEHUIO C UCXOIHBIM YPOB-
Hem 12,59+1,22 nr/ma u 11,34%1,02 nir/mia, coot-
BercTBeHHO (p < 0,05). BaxHo, uro ypoBeHb 1L-10
(muTokMH-Mapkep Treg) He MeHsJIach B IIpoliecce
JIeYEHHUSI U HE OTJIMYajlaChb OT YPOBHSI B KOHTPOJIb-
Hoil rpynrie. B BeHo3HOI KpoBU (cM. puc. IT') KoH-
nentpauusg [FNy 3HaunMo cHu3unach Ha 14-ii neHp
¢ 9,33%£0,91 nor/mn go 6,524+0,63 nr/mia u Ha 28-ii
JIeHb 10 5,64+0,54 1ir/mi, 4To ObUIO AaxKe 3HAYUMO
HMKe YPOBHSI KOHTpoJibHO# rpynibl (p < 0,05). Ypo-
BeHBb 1L-23 3naunmo causmics ¢ 10,87%1,09 nr/ma
Ha 14-i meus no 8,44+0,82 nir/mir, a Ha 28-i IeHB
g0 7,01£0,69 1ir/mj, 4To 3HAYUMO HE OTIMYAIOCH
OT COOTBETCTBYIOIIETO ITOKAa3aTeJIsI TPYIIBI 300PO-
BbIX. Konuenrtpauus IL-21 3HaumMo cHU3UJIACh
¢ 14,06+1,34 nr/ma go 5,49+0,52 nr/mn Ha 14-i
JIIeHb U OCTaBaJicsl Ha ypoBHe 5,43+0,51 nr/mMir Ha
28-1i neHb HAOJIOAEHMS, UTO OBbLIIO 3HAUMMO HUXE
KOHTpOosibHOTO ypoBHs (p < 0,05). IL-22 Takke 3Ha-
YUMO CHU3WICSI HIXE KOHTPOJBHOIO YPOBHSI Ha
14-ii neup mo 1,66+0,15 nr/mia 1 Ha 28-i AeHb —
1,63%0,15 rir/mi (p < 0,05). Konnenrpanms 1L-4 He
MEHSIJIach B pe3ysibraTe JIeUeHUsI, OCTaBasICh TTOBBI-
meHHOM (p < 0,05). YpoBHu IL-17A n IL-10 Takke
HE MCHSUIMCH TI0 pe3yabTaTaM JICUCHUS, HE OTJIMYa-
SICh OT KOHTPOJIbHOM TPYIIIIHI.

Ha pucynke 2 npeacTtaBieHbl U3MEHEHUS MPO-
BOCHAJIMTENIPHBIX IIUTOKWUHOB. B Tpyrmre la B Ka-
NWUISIpHOW KpoBU (cM. puc. 2A) ypoBeHb IL-1J,
WCXOMHO TMPEBHIIABIINI YPOBEHb B KOHTPOJBHOI
rpyriie 6onee yeMm B 30 pa3, 3HAUMMO CHUKAJICSI Ha
14-ii nenp 1o 8,63+0,74 1r/mj, XOTs BCe ellue mpe-
BBILIAJI KOHTPOJIbHBIN ypoBeHb B 4,6 pasa. Crycrts
2 Hemelu Mocje JICYeHUSI OH BHOBb ITOIHSUICS IO
40,69+4,08 nir/mMa (p < 0,05). KoHuieHTpauust apy-
roro IpPOBOCIHAJIUTE]bHOIO LUTOKMHA, 1L-6, us-
HavyaJlbHO IIPEBBIIIABINAS COOTBETCTBYIOIIMU IT10-
KazaTeJlb KOHTPOJbHON rpymnmbl B 1,8 pa3za Takxke
cHU3mwIach Ha 14-i1 neHp mo 3,02+0,29 mir/mi, He
OTIINYasiCh OT YPOBHSI TPYIIThI 3H0POBBIX. OIHAKO
CITYCTS 2 HEICIU TOCIIE JICICHUS TaKKe TTOBBICIIIACH
g0 10,63%1,24 rr/mii, IpeBbIlIast yKe U UCXOIHbIA
ypoBeHb B 310l rpynmne. I[Ipu atom ypoBeHr TNF
OCTaBaJICs TIOBBIIIIEHHBIM M HUKAaK HE MEHSJICS B
npoiiecce JedeHus. MHTepecHO, 4TO B BEHO3HOM
KkpoBH (cM. puc. 2B) koHueHTpanus 1L-1p u 1L-6,
W3HAYaJIbHO HE OTJIMYABIIASICS OT TPYHITHI 340PO-
BBIX, HUKaK HE MEHSIJIach B IIpoliecce JiedeHUs. Tor-
na kak ypoBeHb TNF, M3HauaibHO NpeBbIIIABIINIA
KOHTpOJIbHbIE LIMGPHI B 6,6 pa3a, CHU3WICS yepe3 14
IHei mo 6,14+0,59 nr/mo, a emie yepe3 2 HeAeau —

1o 3,69+0,31 nir/mi, 3HAYMMO OTJIMYAsICh OT UCXO/I-
HOTro, HO BCE €Ille 3HAUYMMO IIPEBBIIIAST 3TOPOBHII
ypoBeHb (p < 0,05).

B rpymrie 16 B KanwuisipHO#t KpoBH (cM. puc. 2B)
OTMEUEHO 3HauMmoe CcHUxXeHue ypoBHs IL-1B ¢
21,18+2,13 nr/mn no 13,94%1,24 nr/min Ha 14-i
neHb 1 go 10,98+1,1 nr/ma Ha 28-i1 AeHb, YTO BCe
ele 3HaYMMO IIPEBBIIIAJIO YPOBEHb B KOHTPOJIBLHOM
rpynre. YpoBeHb IL-6 3HAUMMO He OTIMYaJCS OT
KOHTPOJIBHOI TPYMITHI M HE MEHSIICS B pe3yJIbTraTe
nedeHus, a KoHueHTpauuss TNF ocraBanach 3Ha4u-
MO TIOBBIIIIEHHOM, HECMOTpPS Ha JieueHue. B BeHOo3-
Holi KpoBU (cM. puc. 2I') koHueHtpauus IL-1p3 He
OTJIMYajaach OT COOTBETCTBYIOIIETO ITapamMeTpa rpyri-
nbl 300poBbiX, a TNF ocraBanach 3Ha4YMMO TOBbI-
meHHoi. O6a mapamMerpa He MEHSIJINCH B IIpoliecce
neyeHust. Konnenrpauus IL-6 ncxoqgHo He oTyiMya-
Jlach OT YPOBHSI KOHTPOJIbHOM IPYMITbI, HO 3HAYUMO
cHmxanach 1o 1,71£0,19 nr/mn Ha 28-i1 neHb Ha-
OroneHUs.

Ha pucyHke 3 mpencTtaBlIeHbl OUTOKWHBI, yda-
CTBylomMe B 3amure amurenus. [lokazaHo, 4To B
rpyrre la B KanuuisipHOi KpoBu (cM. puc. 3A) Ha
14-i1 neHb OTMEUYEHO 3HAYMMOE CHIKEHUE KOH-
uentpauuu I1L-25 u 1L-33 ¢ 4,68%+0,43 nr/mi
g0 2,69%10,24 nr/man u ¢ 44,19+4,12 nur/ma no
22,59+2,08 mr/mMy cooTBETCTBEHHO. JlOCTUTHYTBHIE
YPOBHHM 3HAYMMO HE OTJIMYAJINCHh OT COOTBETCTBY-
JOIIMX TTapaMeTpOB KOHTPOJIBHOU Ipymirbl. OmHaKO
ciycTs 2 Heleau TI0Cie JISYCHUST YPOBHU 3TUX 1IU-
TOKMHOB BHOBb NOAHSUIUCH 10 6,47%+0,59 nr/mu u
46,07%4,41 nor/mi1, 3Ha4YMMO HE OTJIMYAsICh OT UCXO/I -
Horo ypoBHs. MHTEepeCHO, YTO 3TH IUTOKWHBI BBIC-
JISTIOT TTOBPEXIEHHBIC 3MUTeINaIbHBIE KISTKU. B TO
xe BpeMst UUTOKUH IL-17F, KOoTOpbIii OTHOCUTCST K
uutokmHaMm Thl7, HO oTBeUaroIIMii TaKKe 3a 3alll-
Ty SIIMTEINAJIBHBIX KJIETOK OT MH(MEKIIUI, OCTaBajICs
MOBBIIIICHHBIM, HE pearupys Ha jedeHue. B BeHO3-
Hoit KpoBUu (cM. puc. 3b) oOHapyXeHO, HAITPOTUB,
gHauumoe (p < 0,05) cHuUXeHue KOHLEHTpaluu
IL-17F ¢ 9,38%1,01 rir/mn mo 4,97+0,51 nr/ma Ha
14-i1 penpb u 5,57%+0,52 or/ma Ha 28-ii 1eHb HAOJIO-
JIEHUsI, 4YTO OBLIO 3HAYMMO HIKE YPOBHS KOHTPOJIb-
Hoit rpynbl (p < 0,05). Takke BBISIBAEHO 3HAUUMOE
cHUeHue KoHueHTpauuu I[L-33 Ha 14-i1 geHb C
20,93%1,97 nr/ma go 14,03%+1,16 nr/mMia U nogbeM
1o 16,58+1,49 nir/mi Ha 28-i1 IeHb, YTO 3HAYMMO HE
OTJINYAJIOCh OT KOHTPOJIBbHOTO ypoBHS. KoHIIeHTpa-
s [L-25 3HauMo He MeHsIIach B OTBET Ha JICUESHUE
U HE OTJIMYaach OT YPOBHSI KOHTPOJLHOM TPYTIITHI.

B rpynne 16 koHueHtpaius [L-25 B kanuuisip-
HOM KpOBU 3HAYMMO CHM3WIAch ¢ 4,491+0,33 ir/mn
mo 2,87%+0,27 nr/mn u 2,29%+0,21 nr/min Ha 14-#
u 28-i1 neHb HaAOJNIOJEHUI COOTBETCTBEHHO (CM.
puc. 3B), Torna Kak B BEHO3HOIl KpPOBU YPOBEHb
3TOr0 LUTOKMHA HE OTJIMYaJicsd OT IloKasaTess
300POBOM TPYNIIBI M HE MEHSIJICS B TIpollecce Jie-
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PucyHok 1. lMHaMnKa KOHLIEHTPaLMii LUTOKWHOB-MapKepoB OCHOBHbIX cybnonynsuui CD4*T-numcouutoB B
3aBUCUMOCTH OT JleYeHus

Mpumeyanue. A — rpynna 1a, kanunnsapHas kpoBb. b - rpynna 1a, BeHo3Has KpoBb. B - rpynna 16, kanunnsapHas kpoBb. ' - rpynna 16,
BEHO3Hasi KPOBb.

Figure 1. Dynamics of cytokines-markers of the main subsets of CD4*T lymphocytes concentrations depending on the treatment
Note. A, Group 1a, capillary blood. B, Group 1a, venous blood. C, Group 1b, capillary blood. D, Group 1b, venous blood.
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PucyHok 2. [luHamMm1Ka KOHLEHTPaLmMil NpOBOCNAanMUTENbHbIX LIUTOKMHOB B 3aBUCUMOCTH OT JIeYeHMs
Mpumeyanue. Cm. npumeyaHne K pucyHky 1.

Figure 2. Dynamics of pro-inflammatory cytokines concentrations depending on the treatment

Note. As for Figure 1.
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PucyHok 3. luHaMuKa KOHLIEHTpaLMil LUTOKMHOB, BOBNEYEHHbIX B 3alUTY KePaTMHOLMTOB, B 3aBUCMMOCTM OT NleYeHUs!
Mpumeyanue. CM. npumeyaHue K pucyHky 1.

Figure 3. Dynamics of cytokines involved in the protection of keratinocytes concentrations depending on the treatment

Note. As for Figure 1.
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PucyHok 4. luHamuka koHueHTpaumit sCD40L u IL-31 B 3aBMCMMOCTH OT NeyeHus
Mpumeyanue. Cm. npumeyaHue K pucyHky 1.

Figure 4 Dynamics of sCD40L and IL-31 concentrations depending on the treatment
Note. As for Figure 1.
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yenus (cm. puc. 3I'). Konuenrpauus 1L-33 mpo-
TPECCUBHO CHIDXKajdach B KaNWUISIDHOW KPOBU C
50,56£4,78 nr/mia go 34,24+3,05 nr/mn Ha 14-i
meHb u go 28,15%2,31 mr/mn Ha 28-i1 1eHb, HO
BCE ellle He AOCTUTasi YPOBHSI KOHTPOJbHOI Tpym-
obl (p < 0,05). Torma Kak ypoBeHb 3TOTO IIMTO-
KMHAa B BEHO3HOH KPOBM 3HAUYMMO CHIDKaJICS C
21,26%1,82 nr/min go 14,83%1,11 nr/mn Ha 14-i
neHb 1 10 9,29+ 1,01 ir/mi, 4To ObLI0 JaKe 3HaYMMO
HMKE COOTBETCTBYIOILIETO YPOBHS TPYIIIIBI 3I0POBBIX
(p < 0,05). Yposenn IL-17F B KanuiisapHOil KpOBU
TaksKe CHIKacs ¢ 25,2312, 34 ir/mi1, mocTurasi K 28-
MYy IHIO 3HaYMMBbIX pazauuunii (19,69+1,93 nr/mi),
p < 0,05. B 1o Xe BpeMsl B BEHO3HOI KPOBU KOH-
ueHTpauust 1L-17F 3HaunMo He oTjiMyajgach OT KOH-
TPOJILHOW I'PYyIIMbl U HE MEHSJIach B Mpolecce Jeue-
HUSI.

Ha pucyHke 4 npeacrapieHa [uHaMUKa U3MEHe-
HUI IBYX OCTaBIIMXCS LIUTOKUHOB. MTHTEpecHO, 4TO
IL-31 HuKaK He MEHsIJICS B Mpollecce JIeYSHUsI HU B
rpymre la, Hu B 16. Yto kacaercsa ypoBHs sCD40L,
TO B rpynmne la oH 3HAYMMO MpEBbIlIaT YPOBEHb
KOHTPOJILHOM TPpYIINbl U JaXe ellle TMTOBbICUJICS B Ka-
NUJIISIPHOM KPOBHU 1ocJie ieueHus. B rpymme 16 ypo-
BEHb 3TOro LHUTOKMHA 3HaUYUMO (p < 0,05) cHU3MICSA
Ha 28-11 IeHb KaK B KalMMUISIPHOM, TaK 1 BEHO3HOM
KpOu.

ObcyxaeHve

OueHuBas 3(pHEKTUBHOCTD JICUSHUS M0 U3MEHe-
HugaMm nHiaekca PASI, xopoio BuaHO, 4TO 00a Tpe-
mapata IPUBOIWIM K CHUKEHUIO BBIPAXKEHHOCTU
CHUMIITOMOB 3a00JIeBaHUSI HAa MOMEHT OKOHYaHWUS
JICYEHUSsI, HO CITYCTS 2 HeAeIU IOoCje OTMEHbI Ipe-
mapaToB B IpyIIIie 1a ypoBeHb MHACKCA TPaKTUIECCKHI
BO3BpalllajICsS K UCXOIHOMY, TOrda Kak B rpyrrme 10
CHVDKEHHBIN YPOBEHb MHEKCA COXPAHSIJICS CITYCTS 2
HeJeJIU Mocie OTMEHBI Ipenapara. [1o olieHke camMu-
MU OOJIbHBIMU MHJIEKC KayecTBa KM3HU (YeM HUXKE,
TeM srydie) DLQI causuiics B rpynme 1a B 1,24 pasa,
a B rpynmne 16 — B 2,57 pa3a. DTo CBUAETEIbCTBYET O
Jy4dinieil olieHKe TalieHTaMU TTOJTydeHHOTo 3 deK-
Ta B rpyIire 10 1o cpaBHEHUIO C TPyIIoi la.

CorocTaBIIsIst pe3yabTaThl JIeUeHMsI OOTbHBIX ITCO-
pHya3oM 110 JTaHHBIM, MTOJYYEHHBIM B KalWJUISIPHON U
BCHO3HOI KpOBH, YCTAHOBWJIN, YTO B KaTWLISIPHOMN
KPOBM M3MEHEHMUsI KacauCh OOJbIIEr0 KOJIUJecTBa
OUTOKWHOB, YeM B BEHO3HOI KpoBU. B rpymme la B
KaIlWJIJISIPHOM KPOBM Ha MOMEHT OKOHYaHMS JIeue-
HUs (14 nHeil) oOHapyXXeHbl 3HAYMMBbIe CHUXKEHUS
KOHIICHTPALIMX IITMTOKMHOB-MapKEPOB OCHOBHBIX
cyononynsauuii xenmnepoB I1L-4(Th2), IL-21(Tth),
1L-22(Th22), 1L-23(Thl7), a B BeHe — TOJBKO
IL-21. YuuTtbiBasi BOBJI€UEHHOCTb 3TUX CYOIOMYJIsI-
OUii M1 MATOKUHOB B MMMYHOINATOTEHE3 Icopurasa,
TaKO€ CHMXKEHME aKTUBHOCTM CJeayeT paclieHU-
BaTh KaK TIOJIOKUTEIbHBIN TepareBTUIecKuii ag-

dekr [18]. OnHako crycTsl 2 HeaesM Mmocjae OKOH-
YaHUS JICUCHUSI KOHIICHTPAIIMK OOJMBIMMHCTBA 3TUX
OUTOKWHOB BEPHYINCHh BHOBb K ICXOTHOMY YPOBHIO.
YpoBHU mMpoBOCHATUTENBHBIX HUTOKUHOB IL-13 u
1L-6 B XanmuJuIsSIpHOM KPOBU MPOIEMOHCTPUPOBAIN
AHAJIOTUYHYIO TUHAMMKY: CHU3UIUCHh Ha 14-1i neHb
U BEPHYJIMCh K UCXOOHOMY Ha 28-1i AeHb UCCieIoBa-
HUA. LINTOKMHBI, BhIpabaThbIBacMble TTOBPEXKICHHBI-
MU kepatuHouutamu 1L-25 n 1L-33 B kanmuiuisipHOIit
KPOBHM, TaKXe CHIDKAIUCh B KOHIIE JEUCHUS U TI0JI-
HUMAaJIMCh CIYCTS 2 HeAeau. DTU pe3yabTaTbl XOPO-
IO KOPPECIIOHAUPYIOT C KIWMHUYECKOW OLEHKOM
pe3yabTaTtoB jJedeHus no uHaekcam PASI u DLQI.
AHaJIOTUYHBIC pe3yAbTaThl IPH JICYCHU MAIITNCHTOB
C TICOPHA30M TOITMYECKUMM TIIOKOKOPTUKOUIAMU
ObLIM TTOy4YeHBI paHee. Tak, ObLIO MOKa3aHO, YTO B
pesyabTaTte Tepanyuu TOMUYECKUMU TITIOKOKOPTUKO-
cTepouaMy CHMXKAETCSI TPOMYKIIMS TaKUX [TUTOKM -
HOB, Kak IL-1, IL-2, IL-3, IL-5, IL-6, IL-8, IL-11,
IL-12, TNF [10]. K coxaneHnuto, 3(pdeKT riIoKo-
KOPTUKOMIHBIX TOPMOHOB MpHU JICYSHUHN TIcopuasa
HENpPOIOKUTESICEH, YTO ObUIO TTOKa3aHO PSAOM MC-
ciaenoBareneit [2, 13, 28].

B rpynne 160 B KanuasgpHOW KPOBU B Pe3ysib-
TaTe JICUCHUSI HAOIIOMAIMCh 3HAYMMBIC CHIDKCHUS
mutokuHoB-mMapkepoB  [FNy(Thl), IL-4(Th2),
1L-21(Tfth), IL-22 (Th22), IL-23 (Th17), B BeHO3HOI
KPOBM TakKe OBLIM CHIMKEHBI BCE MEPEeUYMCICHHbIE
HUTOKUHBI, KpoMe IL-4. BaxHO, 4TO 3TO CHMXKe-
HIE HaOJII0aI0Ch HAa MOMEHT OKOHYAHUS JICUCHUS
(14-i1 meHb) M COXPAHSUIOCH CITYCTS 2 HEACIU II0-
ciie ieyeHust. CHUXKeHUE KOHLIEHTPAIUi OCHOBHBIX
LUTOKMHOB-MapKepoB cyoronyasuuii  T-KaeTok,
BOBJICUCHHBIX B IMcopuaThyeckoe BocrnaiaeHue [12],
HECOMHEHHO, CJIeyeT paclleHUBaTh KaK ITOJIOXU-
TeNbHBIN TepareBTUUeCKUil >(ddeKT, NPOJTOHTU-
pPOBaHHBIN, MO KpaliHeil Mepe, Ha 2 HeIeau I1ocie
OKOHYaHUs JiedeHus. IlpoBocmaauTeabHbIE IIMTO-
kuHbl IL-13 n 1L-6 Takke ObUIM CHUXKEHBI Ha 14-i
u 28-11 JeHb HAOMI0ASHUSI, KaK U MapKephl TTopaxke-
Hust kepatuHouuToB (IL-25 u IL-33). Ilpu como-
CTaBJICHUM M3MCEHEHWII KOHICHTpPAIWd IIUTOKTHOB
B rpymmne 10 ¢ KTMHNYeCKOM KapTUHOM 110 MHACKCaM
PASI u DLQI BbIsIBIEHO, UTO 3T MHAEKCHI 3HAYU-
MO CHMKaJIMCh Ha 14-i1 1eHb U OCTaBaJIMCh HA 3TOM
YPOBHE CITyCTS 2 HelleJii, CHHXPOHHO C U3BMEHEHUEM
LIUTOKWUHOBOTO MPOdWUIs.

HWHTepecHbIe pe3yabTaThl ObLIM TOMYYCHBI IJIsI
OUTOKWHOB, KOTOPHIE HE pacCMaTPpUBAJINCh paHee
KaK BaxkHbI€ UTPOKY B UMMYHOIIATOTeHEe3¢e IIcoprasa.
Tak u3BeCTHO, YTO B 30HE MCOPUATUUECKOrO BOCMHa-
JieHus1 ypoBeHb I L-25 mpeBbliiiaeT COOTBETCTBYIOIIMIA
YPOBEHB B 3I0POBOI KOXe, 0COOEHHO B 0a3aJIbHOM U
CcyIpaba3aJlbHOM CJI0¢ SIHMASPMUCA. DTOT LIMTOKUH
CcTUMyJIMpoBal M2 Makpodaru mjisi IpUBICUCHUS
HEeUTpouUIoB, GOPMUPYIOIINX MHKPOAOCIIECCHI
Mynpo [27]. Takke B CbIBOPOTKE BEHO3HOII KpOBU
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OOJIHBIX TICOPMA30M OBUIO TTOKAa3aHO TIOBBIIIEHUE
ypoBHs 1L-33, 110 cpaBHEHMUIO C KOHTPOJIEM, a IIpHU
JICYCHUM METOTpeKCaToM Ha (DOHE YIYUIIICHUSI CO-
CTOSIHMSI KOXKM 3TOT YPOBEHb CHIKaics [9, 21]. Dtu
JTaHHbIE, HECOMHEHHO, CBUIETEJILCTBYIOT O TOM, YTO
IL-25 u IL-33 BoBJIeYeHbl B UMMYHOIIATOT€HE3 T1CO-
pHasa, OIHAKO CYUTAIOT, YTO Y STUX [IUTOKIHOB pa3-
Has ponb. Ecam 1L-25 akTUBHO y4yacTBYeT B OCTPOM
BOCHAJICHUM 1 (HOPMUPOBAHUU TMCOPUATUUYECKOTO
BocrnajeHusi, To y IL-33, ckopee, mpoTeKTHUBHas
poab [8]. CHuKeHHMEe W3HAYaJlbHO ITOBBILIEHHBIX
KOHIICHTPAIM 3TUX IIMTOKWHOB B KaNWLISIPHOMI
KPOBM B 30HE IICOPUATUYECKOIO BOCIIAJICHUS SIBJISI-
eTCsl MPU3HAKOM I0JIOXKUTEIbHOT0 3 deKTa MpoBO-
JIUMOW Teparnuu: CHUXXeHue ypoBHs [L-25 roBoput o
CHMKEHMHU aKTUBHOCTH TICOPHATHISCKOTO BOCITaIe-
Hud, a cHmkeHne 1L-33 cBuaeTenbcTByeT 00 yMEeHb-
IIICHUH TTOBPEXICHUsI KepaTUHOLIMTOB. MHTEepecHO,
4yto ypoBeHb I1L-31, KOTOphI CYMTAIOT OTBETCTBEH -
HBIM 32 YyBCTBO 3y/ia TIPY aTOIMMYECKOM JAepMaTuTe,
HHUKaK He MEHsUICS B mmporecce jgeueHus1. [TokaszaHo,
YTO IIPU IICOPHMA3€e BHIPAXKEHHOCTD 3y1a He CBsI3aHa C
ypoBHeM IL-31, 1 ero ponb, BUIMMO, UHAS, YEM TIPU
aTOMMWYECKOM JIepMaTUTE, B TO XK€ BpeMsl MoJiaraior,
YTO 3yJ TIpU TICOpuase OOYCJIOBJIEH MOBBIIIEHHBIM
ypoBHeM IL-33 [7].

W3sBectHO, urto runeprnpoaykuus 1L-36 y 601b-
HBIX TIcopuaszoM [15] unu HemocTatoyHast 3ddex-
TUBHOCTB €T0 PEIEeNTOPHOro aHTaroHucTa [16] dpop-
MUPYIOT TMETII0 OOpaTHOU TOJIOKUTETLHON CBSI3H,
Kotopast momaepxuBaetr ocb [L-17/1L-23/1L-22
M CITOCOOCTBYET BOCIAJICHUIO KOXHU TIPU TcopHrase,

Cncok nutepatypbl / References

HO U camMu UMTOKUHBI [L-17 /1L-23 1 nx 6nonaoru-
yeckoe paeiictBue umuHayuupyercs 1L-36 [22]. Uc-
MoJIb30BaHUe JUIsT Tepanuu rcopuasa rest RAIL-36,
coepKalllero peKOMOMHAHTHBIN pelieNTOPHbBINA aH-
TaroHUCT 1L-36, KOTOPBIi SIBJISIETCS] €CTECTBEHHBIM
6sioKaTopoM perientopa st 1L-36 u paspbiBacT 3Ty
METII0, MOAIEPXKUBAIOIILYIO [ICOPUATUYECKOE BOCIa-
JIeHWe, TIPUBOAUT K HOPMAJIU3allMN IIMTOKMHOBOTO
npodwis u pazpelieHuto Bocnaaenus [1, 17].

3aknoyeHne

Hcxond 3 U3JI0KEHHOTO, MOXHO 3aK/IIOYUTh,
YTO MCCJIEIOBAHUE KAINMWJUISIDHOW KPOBHU, B3STON
0M3KO K ouary ICOPUAaTUYECKOTOo TOpPaKeHUs
KOXW, 6osiee ”H(OPMATUBHO, YeM BEHO3HOU KPOBU.
IMpennoxeHHbIT HAMU METOJ, ONpeaeaeHus npodu-
JIST HUTOKUHOB KaNTWJUISIPHOM KPOBU M3 30HBI TICOPU-
aTUYECKOTO MOPaXXEHUSI MOXHO MCMOIb30BaTh IS
MOHUTOpUHTA 3 deKTa JeueHus: y 00JbHbIX ICOPU-
a3oM. OH CyIIIECTBEHHO MEHEe TPaBMaTUYHbIN, YeM
TUCTOJIOTUYECKUI METO/I B3SITUSI KOXKHOTO Ouorrara
u 6osiee MHOOPMATUBHBIN, YeM KCCJIEIOBAHUE BeE-
HO3HOU KpOBU. BbIsIBIEHHbIE OTKJIOHEHUS B 1IMTO-
KUHOBOM Tpoduie KanwuISIpHOW KPOBU U3 30HBI
TICOPUATUIECKOTO BOCITAJIEHUST OTPaXKaloT OCOOEH-
HOCTM WMMYHOMNAaTOreHe3a Icopua3a Ha MECTHOM
YPOBHE U XOPOIIO KOPPECITOHANPYIOT C paHEE OIMu-
CaHHBIMM XapaKTePUCTUKAMU BOCITAJICHUST B TICOPU-
atuyeckou ostke. Ob6a ncciieNoOBaHHBIX MTpenapara
MPUTOIHBI IS JISYEHUS TIcoprasa, OJHAKO HEOOX0-
JIMMBbI TOTTOJIHUTEJIbHbIEC MCCIIeN0OBAHMS 151 TToA00pa
Hanbosiee 3(pPeKTUBHBIX CXeM Teparuu.

1. Komo6os A.A., CasonoBa T.A., Anekcangpos [.B., Ilerpo A.B. Mopenp mncopnasomnogo6HOTo mopake-

HUSI KOXKM y MBILIEN [PV BHYTPUKOXKHOM BBefeHnn pexomOmuantHoro VJI-36y denoseka // Poccuiicknmit um-
MyHOJIOTMYecKuit >xypHai, 2019. T. 13 (22), Ne 2. C. 807-809. [Kolobov A.A., Sazonova T.A., Alexandrov G.N.,
Petrov A.V. The model of psoriasiform dermatitis in mice induced by intradermal administration of recombinant
human IL-36y. Rossiyskiy immunologicheskiy zhurnal = Russian Journal of Immunology, 2019, Vol. 13 (22), no. 2,
pp- 807-809. (In Russ.)] doi: 10.31857/S102872210006690-4.

2. Kynrypos H.B., ®umimonkosa H.H., Koxan M.M., 3unb6ep6epr H.B., Tonbrukanosa E.II., Kykmmu VLA,
Kucenesa H.B. Ontummsanus tepanuu OONBHBIX BYIbTapHBIM IICOPMA30M C YYeTOM HAPYLICHMI JIUINTHO-
ro o6MeHa ¥ KOMOPOUHOI CepHeYHO-COCYANCTOl MaTonoruu. YuebHoe mocobue. Exatepun6bypr, 2014. 18 c.
[Kungurov N.V,, Filimonkova N.N., Kokhan M.M., Zilberberg N.V., Topychkanova E.P,, Kuklin I.A., Kiseleva N.V.
Optimization of therapy in patients with psoriasis vulgaris, taking into account lipid metabolism disorders and
comorbid cardiovascular pathology. Textbook]. Yekaterinburg, 2014. 18 p.

3. Cennukosa C.B., Tonrsirmna A.Il. CemelicTBO MHTepreiikuHa 36 KaK HOBBIN PEryyIsTOp BOCIIaINTE/Nb-
HOTO OTBeTa B 6apbepHBIX TKaHAX // MegunuHackas ummyHonorus, 2020. T. 22, Ne 1. C. 49-60. [Sennikova S.V.,
Toptygina A.P. Interleukin-36 family as a novel regulator of inflammation in the barrier tissues Meditsinskaya
Immunologiya= Medical Immunology (Russia), 2020, Vol. 22, no. 1, pp. 49-60. (In Russ.)] doi: 10.15789/1563-0625-
IFA-1880.

4. Cennukosa C.B., Tontbirnna A.Il., Cemukuna E.JI., 3akupos PIII., Axynosa C.C. CyOnonynAauyoHHbIl
COCTaB MOHOHYKJIEAPOB I [IUTOKMHOBBIN IPOd1/Ib BEHO3HOI U KaIWJUIIPHOI KPOBYU GOJIBHBIX IICOPUA30M 1 310~
poBbIX ymofielt // MepuuuHckas uMMmyHosorus, 2021. T. 23, Ne 6. C. 1333-1346. [Sennikova S.V., Toptygina A.P,
Semikina E.L., Zakirov R.Sh., Akulova S.S. Mononuclear subsets and cytokine profile of venous and capillary blood
in patients with psoriasis and healthy people. Meditsinskaya Immunologiya = Medical Immunology (Russia), 2021,
Vol. 23, no. 6, pp. 1333-1346. (In Russ.)] doi: 10.15789/1563-0625-MSA-2391.

1404



2023, T. 25, Ne 6 Junamuka yumokuHo8 npu AeveHuU ncopuasa
2023, Vol. 25, No 6 Cytokine dynamics in psoriasis treatment

5. AfoninaIS., van Nuffel E., Beyaert R. Immune responses and therapeutic options in psoriasis. Cell. Mol. Life
Sci., 2021, Vol. 78, pp. 2709-2727. doi: 10.1007/s00018-020-03726-1.

6. Armstrong A.W,, Read C. Pathophysiology, clinical presentation, and treatment of psoriasis: A review.
JAMA, 2020, Vol. 323, pp. 1945-1960.

7. Bodoor K., Al-Qarqaz F, Heis L.A., Alfagih M.A., Oweis A.O., Almomani R., Obeidat M.A. IL-33/13 Axis
and IL-4/31 axis play distinct roles in inflammatory process and itch in psoriasis and atopic dermatitis. Clin. Cosmet.
Investig. Dermatol., 2020, Vol. 13, pp. 419-424.

8. Borgia E, Custurone P, Peterle L., Pioggia G., Gangemi S. Role of epithelium-derived cytokines in atopic
dermatitis and psoriasis: evidence and therapeutic perspectives. Biomolecules, 2021, Vol. 11, 1843. doi:/10.3390/
biom11121843.

9. Borsky P, Fiala Z., Andrys C., Beranek M., Hamakova K., Malkova A., Svadlakova T., Krejsek J., Palicka V.,
Borska L., Rehacek V. Alarmins HMGBI, IL-33, S100A7, and S100A12 in Psoriasis Vulgaris. Mediat. Inflamm.,
2020, Vol. 2020, 8465083. doi: 10.1155/2020/8465083.

10. Cato A.C., Nestl A., Mink S. Rapid actions of steroid receptors in cellular signaling pathways. Sci. STKE,
2002, Vol.138, re9. doi: 10.1126/stke.2002.138.re9.

11. Chiricozzi A., Guttman-Yassky E., Suarez-Farinas M., Nograles K.E., Tian S., Cardinale I., Chimenti S.,
Krueger J.G. Integrative responses to IL-17 and TNF-alpha in human keratinocytes account for key inflammatory
pathogenic circuits in psoriasis. J. Invest. Dermatol., 2011, Vol. 131, pp. 677-687.

12. Chiricozzi A., Romanelli P, Volpe E., Borsellino G., Romanelli M. Scanning the Immunopathogenesis of
Psoriasis. Int. J. Mol. Sci., 2018, Vol. 19, no. 1, 179. doi:10.3390/ijms19010179.

13. Clark R.A. Gone but not forgotten: lesional memory in psoriatic skin. J. Invest. Dermatol., 2011, Vol. 131,
pp. 283-285. doi: 10.1038/jid.2010.374.

14. DebetsR., TimansJ.C., Homey B., Zurawski S., Sana T.R., Lo S., Wagner J., Edwards G., Clifford T., Menon S.,
Bazar J.E, Kastelein R.A .Two novel IL-1 family members, IL-1 delta and IL-1 epsilon, function as an antagonist and
agonist of NF-kappa B activation through the orphan IL-1 receptor-related protein 2. J. Immunol., 2001, Vol. 167,
pp. 1440-1446. doi:10.4049/jimmunol.167.3.1440.

15. D’Erme A.M., Wilsmann-Theis D., Wagenpfeil J., Holzel M., Ferring-Schmitt S., Sternberg S., Wittmann M.,
Peters B., Bosio A., Bieber T., Wenzel J. IL-36y. (IL-1F9) is a biomarker for psoriasis skin lesions. J. Invest. Dermatol.,
2015, Vol. 135, pp. 1025-1032.

16. Farooq M., Nakai H., Fujimoto A., Fujikawa H., Matsuyama A., Kariya N., Aizawa A., Fujiwara H., Ito M.,
Shimomura Y. Mutation analysis of the IL36RN gene in 14 Japanese patients with generalized pustular psoriasis.
Hum. Mutat., 2013, Vol. 34, pp. 176-183.

17. Ganesan R., Raymond E.L., Mennerich D., Woska J.R., Caviness G., Grimaldi C., Ahlberg J., Perez R.,
Roberts S., Yang D., Jerath K., Truncali K., Frego L., Sepulveda E., Gupta P, Brown S.E., Howell M.D., Canada K.A.,
Kroe-Barrett R., Fine J.S,, Singh S., Mbow M.L. Generation and functional characterization of anti-human and anti-
mouse IL-36R antagonist monoclonal antibodies. MAbs, 2017, Vol. 9, pp. 1143-1154.

18. Hirahara K., Nakayama T. CD4"T-cell subsets in inflammatory diseases: Beyond the Th1/Th2 paradigm. Int.
Immunol., 2016, Vol. 28, pp. 163-171.

19. Korman N.J. Management of psoriasis as a systemic disease: What is the evidence? Br. . Dermatol. 2020,
Vol. 182, 840. doi: 10.1111/bjd.18245.

20. Lowes M.A,, Kikuchi T., Fuentes-Duculan J., Cardinale I., Zaba L.C., Haider A.S., BowmanE.P., Krueger].G.
Psoriasis vulgaris lesions contain discrete populations of Th1 and Th17 T cells. J. Invest. Dermatol., 2008, Vol. 128,
no. 5, pp. 1207-1211.

21. Meephansan J., Subpayasarn U., Ponnikorn S., Chakkavittumrong P, Juntongjin P, Komine M., Ohtsuki M..
Poovorawan Y. Methotrexate, but not narrowband ultraviolet B radiation, suppresses interleukin-33 mRNA levels
in psoriatic plaques and protein levels in serum of patients with psoriasis. J. Dermatol. 2017, Vol. 45, pp. 322-325.

22. Nakagawa S., Matsumoto M., Katayama Y., Oguma R., Wakabayashi S., Nygaard T., Saijo, Inohara N.,
Otto M., Matsue H, Nunez G., Nakamura Y. Staphylococcus aureus virulent PSMa peptides induce keratinocyte
alarmin release to orchestrate IL-17-dependent skin inflammation. Cell Host Microbe, 2017, Vol. 22, pp. 667-677.e5.

23. Petit R.G., Cano A., Ortiz A., Espina M., Prat,]., Muiioz M., Severino P., Souto E.B., Garcia M.L., Pujol M.,
Sanchez-Lopez E. Psoriasis: from pathogenesis to pharmacological and nano-technological-based therapeutics. Int.
J. Mol. Sci., 2021, Vol. 22, 4983. doi: 10.3390/ijms22094983.

24. Rendon A., Schikel K. Psoriasis pathogenesis and treatment. Int. J. Mol Sci, 2019, Vol. 20, 1475.
doi: 10.3390/ijms20061475.

25. Santini S.M., Lapenta C., Donati S., Spadaro E, Belardelli E,, Ferrantini M. Interferon-o.-conditioned human
monocytes combine a TH1-orienting attitude with the induction of autologous TH17 responses: role of IL-23 and
IL-12. PLoS One, 2011, Vol. 6, no. 2, e.17364. doi:10.1371/journal.pone.0017364.

26. Schadler E.D., Ortel B., Mehlis S.L. Biologics for the primary care physician: Review and treatment of
psoriasis. Dis. Mon., 2019, Vol. 65, no. 3, pp. 51-90.

27. Senra L., Stalder R., Martinez D.A., Chizzolini C., Boehncke W.-H., Brembilla N.C. Keratinocyte-derived
IL-17E contributes to inflammation in psoriasis. J. Investig. Dermatol., 2016, Vol. 136, pp. 1970-1980.

28. Suarez-Farinas M., Fuentes-Duculan J., Lowes M.A., Krueger J.G. Resolved psoriasis lesions retain
expression of a subset of disease-related genes. J. Invest. Dermatol., 2011, Vol. 131, pp. 391-400.

1405



Cennukoea C.B. u dp.
Sennikova S.V. et al.

Meoduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

29. Tortola L., Rosenwald E., Abel B., Blumberg H., Schafer M., Coyle A.J., Renauld J.C., Werner S., Kisielow J.,
Kopf M. Psoriasiform dermatitis is driven by IL-36-mediated DC-keratinocyte crosstalk. J. Clin. Invest., 2012,
Vol. 122, pp. 3965-3976.

30. Towne J.E., Garka K., Renshaw B.R., Virca G.D., Sims J.E. Interleukin (IL)-1F6, IL-1F8, and IL-1F9 signal
through IL-1Rrp2 and IL-1RAcp to activate the pathway leading to NF-kappa B and MAPKs. J. Biol. Chem., 2004,
Vol. 279, pp. 13677-13688.

31. Towne J.E., Renshaw B.R., Douangpanya J., Lipsky B.P,, Shen M., Gabel C.A., Sims JE. Interleukin-36
(IL-36) ligands require processing for full agonist (IL-36a, IL-36f3 and IL-36y) or antagonist (IL-36Ra) activity.

J. Biol. Chem., 2011, Vol. 286, pp. 42594-42602.

ABTODBI:

Cennurxosa C.B. — acnupanm aabopamopuu yumoKuHo8
DHYH «Mockosckuii Hay4HO-UCCA008AMENbCKULL
UHCIMUMYM dNUOeMUON02UU U MUKPOOUON0UU UMEHU

I'.H. Tabpuuescrkoeo» Pocnompebnadszopa, Mockea, Poccus

Tonmoteuna A.Il. — 0.m.1., enaéHblil Hay4HbLI
compyOHUK, pyKoeooumensb 1a060pamopuu YyUmMoKuHos
DHYH «MockoscKuii HayuHO-UCCAC008AMENbCKULL
UHCMUMYM SNUOEeMUOA0UU U MUKPOOUOAO2UL

umenu I'.H. [abpuuesckoeo» Pocnompebnadiopa;
npogeccop kagedpwt ummyrnosoeuu PIbOY BO
«Mockoeckuii 2ocydapcmeeHiblil yHusepcumem umeHu
M.B. Jlomonocoea», Mockea, Poccus

Koa0606 A.A. — k.6.1., cmapuiuii HayuHbLIE COMPYOHUK
nabopamopuu xumuu nenmudoe PIYII « Hayurno-
uccnedo8amenbeKuil UHCMumym eueuersl, npognamonoeuu
u sxonoeuu yenoseka» Pedeparvroeo meouxKo-
ouonoeuneckoeo acenmcemea, Cankm-Ilemepoype, Poccus

Cumbupuee A.C. — 0.;m.1., npogeccop, uren-xopp. PAH,
Hayunotii pyxogooumens OIVII «locydapcmeennbiii
HAYYHO-UCCAe008aMENbCKUI UHCIMUMY M 0C000 YUCbIX
ouonpenapamos» PedepanbHoco MeOUK0-0U0A02UHECK020
aeenmcmea, Cankm-Ilemepoype, Poccus

Authors:

Sennikova S.V., Postgraduate Student, Laboratory
of Cytokines, G. Gabrichevsky Research Institute for
Epidemiology and Microbiology, Moscow, Russian Federation

Toptygina A.P., PhD, MD (Medicine), Chief Research
Associate, Head, Laboratory of Cytokines, G. Gabrichevsky
Research Institute for Epidemiology and Microbiology;
Professor, Department of Immunology, Faculty of Biology,
Lomonosov Moscow State University, Moscow, Russian
Federation

Kolobov A.A., PhD (Biology), Senior Research Associate,
Laboratory of Peptide Chemistry, Research Institute of Human
Hygiene, Occupational Pathology and Ecology, St. Petersburg,
Russian Federation

Simbirtsev A.S., PhD, MD (Medicine), Professor,
Corresponding Member, Russian Academy of Sciences,
Research Director, State Research Institute of Highly Pure
Biopreparations, St. Petersburg, Russian Federation

Ilocmynuaa 12.10.2022
Tpunsama x newamu 08.11.2022

Received 12.10.2022
Accepted 08.11.2022

1406



Meoduyunckas ummyHonoeus
2023, T. 25, Ne 6,
cmp. 1407-1416

Medical Immunology (Russia)/
Meditsinskaya Immunologiya
2023, Vol.25, No6, pp. 1407-1416

Opucunaavnvie cmamou
Original articles

nPOAYKUNA ULUTOKUHOB KJIETKAMU KPOBU

U OBPA3LIAMM ONYXOJIN, U EE CONPAXXEHHOCTDb
C 9KCNPECCUEWN mukpoPHK Y MALMEHTOB C PAKOM
MOJIOYHOW XXENE3bI

Crynenurknna A.A.'2 Ilepeneuaesa M.JL! % Muxaiuiosa E.C.12
Bapakcun H.A.%, Ayrenuunioc AJL.L2

@I'BOY BO «Hosocubupckuii 2ocyoapcmeenHbiil MeOUyuHcKull yuueepcumenm» Munucmepcmea
3dpasooxpanenus PD, e. Hogocubupck, Poccus

2 Hayuno-uccaedoeamensckuii UHCMUmMym MoAeKyAsaproll ouonoeuu u ouopusuxu @IBHY «Dedepanvhbiil
uccnedo8amenbCKuil yeHmp hyHOaMeHmanbHoll U MpaHcASyUOHHOU Meduyunbl», 2. Hosocubupck, Poccus
3 AO «Bekmop-becm», e. Hosocubupck, Poccus

Pesrome. O11yxoJI1 MOJTOYHOM 3KeJIe3bI UMEIOT CIOXKHYIO CTPYKTYPY M OTJIMYAIOTCSI BBICOKO reTepOTeHHO-
cThi0. MccellenoBaHme IIMTOKMHOB, OKA3bIBAIOIINX OOJIBIIIOE BAUSHUE Ha OITyXOJIeBbIe KIeTK 1 MUKpoPHK,
KOTOpBIe, TOMUMO COOCTBEHHOTO BIUSTHUS Ha POJIndepalinio 1 MUTPALIAIO HEOIUIACTUIECKUX KJIETOK, MO-
TYT BO3IEHCTBOBATh Ha pabOTy IIMTOKMHOB, CIIOCOOCTBYET YIIyOJCHUIO MOHUMAaHUS MTaTOJIOTHISCKUX ITPO-
ECCOB, IIPOMCXOISIINX TP paKe MOJIOYHOM 3KeJie3nl. Llers paboThl — aHaIN3 B3aUMOCBSI3U ITPOTYKITAH 1T -
TOKMHOB ¢ 3Kcnpeccueil miR-181a m miR-25 y manineHTOB ¢ MHBa3UBHOIM KapIIMHOMOI MOJIOYHOM Kee3bl
Hecrrenmduiyeckoro Tuna (MKHT) npu pa3ImyHBIX MOJIEKYISIPHBIX ITOATUTIAX.

[MTarmmentoB ¢ MKHT pa3menim Ha mATh HOATPYIIIT COTJIACHO MOJICKYJISIPHO-TCHETHISCKOMY TTONTHUITY
OIIYXOJIM, ONpeaeICHHOMY C ITOMOIIBI0O MMMYHOTHCTOXMMHUYCCKOTO aHajm3a peleritopa 3ctporeHa (ER),
nporectepoHa (PR), snunepmanbHoro gpaxkropa pocta 2 (HER2) u mapkepa nponudepaunu Ki-67. C nomo-
IIbI0 UMMYHO(MEPMEHTHOTO aHAIM3a OTPEACTMUIIN KOHIIEHTpAanio 14 IUTOKMHOB B CyliepHATaHTaX UMMY-
HOKOMIIETEHTHBIX KJIETOK KPOBU M OITyxonu. Dkcrpeccrio miR-181a m miR-25 mukpoPHK, BhImemeHHBIX
M3 CHIBOPOTKM KPOBH MAIIMECHTOB, OLICHUBAJIM C ITOMOIIBIO MU(MPOBOI KareJIbHOM! ITOIMMepa3HON LIeITHOM
peakuuu (uUxIILP).

IIpu moMUHaAIBHOM A TIOATUIIE KOHIEHTPAIIMM IMUTOKWHOB M 3Kcrnpeccuss miR-181a m miR-25 3nHa-
YUTEIbHO HIDKE IO CPaBHEHWIO C APYrMMU TnoaTunamu. st mauumeHTOB ¢ JioMuHanbHBIM B HER2-
OTpHUILIATEIIFHBIM TTOATUIIOM OBLIO XapaKTepHO 3HAYMTEIHFHOE ITOBBIIICHNE SKCIPECCUU 00EUX M3ydaeMBbIX
MukpoPHK, oco6eHHO 1Mo cpaBHEHUIO C IIOMUHAJIbHBIM A OATUIIOM. B TO XXe BpeMsi maliueHThI C TPOMHBIM
HETaTUBHBIM MOJICKYISIPHBIM ITOATUIIOM, HA0OOPOT, BEIICIISITINCH BRICOKUMM KOHIICHTPAIIUSIMI LIUTOKTHOB
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B cylnepHaTaHTe 00pa3lioB OIMyXoJei 1 KJIeTOK KPOBU MO CPAaBHEHUIO C OCTAJIbHBIMU MoATUIIaMU. B ob1eit
rpynre naurueHToB ¢ MKHT ObLu BhISIBAEHBI MPSIMbIE KOPPEISILIMOHHBIE CBSI3U MEXKIY SKCIIpeccueil ooenx
usydyaeMbix MUKpoPHK 1 koHuieHTpauueii ¢pakropa pocta supotenus cocynoB (VEGF) B cynepHaTanTe 00-
pa3lloB OMYXOJIN, YTO, BEPOSITHO, CBUIETEILCTBYET O B3aMHOM BIMsTHUM miR-181a 1 miR-25 u npouecce
AHTHUOTEeHEe3a B OITYXOJIU.

YpoBeHb LIUTOKMHOB B CyIIepHaTaHTaX KPOBU U OMYXOJISIX TPYU MHBA3UBHOM KaplLIMHOME MOJIOYHOM KeJie-
3bI HE TOJIbKO M3MEHSIETCS B 3aBUCUMOCTH OT MOJICKYJISIPHOTO TIOITUIIA OITyXOJIU, HO TaKKe MMEeT HEIOCpe/I-
CTBEHHBIE CBsI3U ¢ ypoBHeM miR-181a m miR-25 B ceiBopoTke KpoBu. Oco60 mpruMevaTeIbHBl 0Ka3aJIMCh
pe3yJibTaThl U3MEePEHMsI KOHLIEHTpaluii HMTOKMHOB 1 MUKpoPHK mipu momMuHanbHOM A, TtoMUHalbHOM B
HER2-oTpunare1bHOM ¥ TpOIHTHOM HETaTUBHOM MOJIEKY/ISIPHBIX ITOATUIIAX.

Knrouesuie cnosa: yumokunot, mukpoPHK, miR-181a, miR-25, pak m0104HOIL dcenesvl, UHBA3UBHAS KAPUUHOMA HECHEYUDUH1eCK020
muna, mpoiuHoi He2amuHbwLil paK, MOAEKYAAPHbIC HOOMUNbL
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Abstract. Breast tumors show a complex structure and are highly heterogeneous. The study of cytokines,
which exert great influence on tumor cells, and microRNAs, which, along with their influence on the
proliferation and migration of neoplastic cells, may affect the work of cytokines, will contribute to a deeper
understanding of pathological processes occurring in breast cancer. The aim of our work was to analyze the
relationship of cytokine production with expression of miR-181a and miR-25in patients with invasive breast
carcinoma of a non-specific type (IBC NST) with various molecular subtypes.

Patients with IBC NST were divided into five subgroups according to the molecular genetics subtype of the
tumor classified by immunohistochemical analysis of estrogen receptor (ER), progesterone (PR), epidermal
growth factor 2 (HER?2) and proliferation marker Ki-67. Using enzyme immunoassay, the concentration of 14
cytokines was determined in the supernatants of immunocompetent blood cells and tumors: 1L-2, IL-6, 1L-8,
IL-10, IL-17, IL-18, IL-1pB, IL-1ra, TNFa, IFNy, G-CSF, GM-CSF, VEGF and MCP-1. The expression of
miR-181a and miR-25 microRNAs isolated from the patients’ blood serum was evaluated using digital droplet
polymerase chain reaction (ddPCR).

In the luminal A subtype, cytokine concentrations and expression of miR-181a and miR-25 are significantly
lower compared to other subtypes. Patients with the luminal B HER2-negative subtype were characterized by
significantly increased expression of both studied microRNAs, especially when compared with the luminal A
subtype. At the same time, patients with a triple negative molecular subtype, on the contrary, were characterized
by high concentrations of cytokines in the supernatants of tumor samples and blood cells compared to
other subtypes. In the general group of patients with IBC NST, direct correlations were found between the
expression of both studied microRNAs and the concentration of vascular endothelial growth factor (VEGF)
in the supernatant of tumor samples, which may presume mutual interactions existing between miR-181a and
miR-25, and the process of angiogenesis in the tumor.

The levels of cytokines in blood supernatants and tumors in invasive breast carcinoma may vary, depending on
distinct molecular subtypes of the tumor. Moreover, they also have direct links with the levels of miR-181a and
miR-25 in blood serum. Particularly noteworthy were the results of measuring the cytokines and microRNAs
concentrations in luminal A, luminal B HER2-negative and triple negative molecular subtypes.

Keywords: cytokines, microRNA, miR-181a, miR-25, breast cancer, invasive carcinoma, non-specific type, triple negative cancer,
molecular subtypes
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Cytokines and microRNA in breast cancer subtypes

BeeneHue

BBuay cioXHOW OMOIOTMU MOJIOUHOM XKese3bl U
BBICOKOI T€TepOTEHHOCTH 3JI0KAYeCTBEHHBIX OITYXO-
JIei MOJIOYHOM XKeJe3bl, IMPOSBIISIIOLIENCS B BapbU-
PYIOIIMX TOMYJSIIUUSIX OITyXOJIEBBIX KJIOHOB, pa3-
HBIX COOTHOIIICHUSIX TOJIY KJIETOUHBIX KOMITOHEHTOB
B MMKPOOKPY>XEHUM OITyXOJIM, a TakxKe B pa3Hoi
aKcmpeccnu OmomapkepoB [21, 27|, B HacTosIee
BpeMsI MCCJIeNOBaTe I U KJIMHUIIUCTBI UCITOJIb3YIOT
KJIaccu(UKaluio, OCHOBAHHYIO Ha WMMYHOTUCTO-
XUMHYECKOM OIIeHKE OKCIPEeCCMd OMOMapKepoB
peuentopoB actporeHa (ER) u nmporectepona (PR),
BTOpPOro peuenropa ¢dakrtopa pocTa snuUAepMuca
(HER2) u mapkepa nponudepaunu Ki-67 [13]. Co-
IJIaCHO OMpPEeNeJIeHUIO0 MOJEKYJISIPHBIX TOATUIIOB,
OPUHATOMY Ha MEXIYHAPOOHOU KOHMEpEeHINU IO
paky moJioyHoi kene3bl B Cankrt-lamnene B 2013
rofay, 3JI0KaUYeCTBEHHbIE OITyXOJU MOJIOUHOU XKeje-
3Bl CJIeyeT MOAPA3NesIsITh HA MSATH ITOATUIIOB: JIIO-
muHanbHBIM A (ER", PR*/-, HER2-, Ki-67 < 20%),
momuHanbHbii B HER2-otpunarensnusiii (ER*,
PR*-, HER2, Ki-67 > 20%), nioMuHalbHbIii B
HER2-nonoxurensubiii (ER*, PRY-, HER2%), ¢ ru-
nepakcnpeccueit HER2 (ER-, PR, HER2*) u tpoii-
HOI HeraTuBHbBIN MoJieKyJisipHbIi moaTull (ER-, PR-,
HER?2") [12]. Kak npaBuio, JIOMUHaAJbHbIE TTOATU-
OBl UMEIOT OJIAaTONPUSATHBINA KIIMHUISCKU IIPOTHO3
M3-3a UX YYBCTBUTEJBHOCTU K TapreTHOIM Teparuu,
B TO BpeMs KakK y MallMeHTOB C TUIIEPIKCIIPECCU-
eit HER2 1 TpoiiHBIM HETaTUBHBIM MOJIEKYJISIPHBIX
MOATUIIaX OTCYTCTBYIOT 1I€JIeBble BapUAHThI JICUSHUSI
U UX BbDKMBAEMOCTbh HAMHOTO HUXKE MO CPAaBHEHUIO
C TallMeHTaMH, CTPadaloIIuMU JTIOMHUHAJIbHBIMUA
noarunamu [5, 9, 18].

M3BecTHO, YTO IMTOKWHEI, OCJIKH, TTepeaatolme
MHMOpMaIIIO Ha KOPOTKUE PACCTOSTHUS MMapaKpruH-
HbBIM U ayTOKPUHHBIM OOpa3oM, HWIPAIOT BaXKHYIO
pOJIb B TIpolleccaX UMMYHOMOIYJISIIMY, M HapyIle-
HUE PeryJisiliiy UX YPOBHS B KPOBU U TKAHSIX CBSI3aHO
C MOSIBJIEHUEM pa3/IMYHbIX TUIIOB OItyxoJeii [16, 28].
HccnenoBaTenu oTrMeydaroT, YTO OITYyXOJIM CIIOCOOHBI
¢dopMUpOBaTh YHUKAILHOE UMMYHHOE MUKPOOKPY-
xeHue [8, 17, 24, 32], BaxXHBIM (haKTOPOM KOTOPO-
ro SIBJISIETCS OITyXOJieBasi MHTEPCTULIMATbHAS XU~
KOCTb, OKpYyxKatolllasi OMyXoJeBble U CTPOMAaJIbHbIE
kiretkn. OHa COOEPKUT MHOXKECTBO IIMTOKWHOB,
MUTATEJbHbIX BELIECTB U APYIUX (PAKTOPOB, KOTO-
pble HEMOCPEACTBEHHO OMPEAECISIIOT UCXO] aHTUOTe-
He3a, pocTa, MeTacTa3upPOBaHMsI, OTBETA Ha TePAITHIO
onyxoseBoro ovara [11]. Mcxonst u3 mpeacraBieH-
HBIX JINTEPAaTYPHBIX JAaHHBIX, MBI IIPEATIONIaracM, YTo
KOHIIEHTPALlMU LIUTOKMHOB B KPOBU U OITyXOJIEBOI
WHTEePCTULINAIBHON KUIKOCTU TIOABEPXKEHBI [TH-
HAMMYCCKMM M3MEHEHUSIM B 3aBUCHUMOCTH OT KJIe-
TOYHOTO COCTaBa M CKOPOCTM OIYyXOJIEBOTO pOCTa
U, BEPOSITHO, MOTYT 3HAYUTEJIbHO BapbUPOBATHCH B
3aBUCUMOCTHU OT MOJICKYJISIPHOTO TTOATUIIA OITyXOJIH.

B nocnenHee Bpems MOSIBAsSIETCSI BCe OOJblle
naHHbIX 0 posu MUKpoPHK, HeGonblnMx HEKOIM-

pyroux peryiasatopHbix PHK, kak moTeHUManbHBIX
OMyXO0JeBBIX MapKepoB. OCOOCHHO B CBSI3U C TEM,
YTO 3TU MOJEKYIbl CIIOCOOHBI CTUMYJIMPOBATH WU
MHIMOMPOBaTh SKCHPECCUI0 TeHOB-MMILEHENU My-
TeM mnpsimoro cBsi3biBaHus ¢ MPHK-muliensamu un
BT Ha crabwibHocTh MPHK [19]. D10 mpuBo-
IUT K ToMy, yTo MUKpoPHK Biusior Ha pasiuyHbie
OMOJIOTMYECKUE IMPOLIECChI, TaKMe KaK PeTyJIsIUs
KJIETOYHOTO LIUKJIa, TuddepeHIMpoBKa, npojaude-
palus, aronTo3 U MUrpauus Kjietok [3] u usMeHs-
FOT pabOTy U CUHTE3 Pa3IMIYHBIX COSANHCHUI, B TOM
qucie MPOTeMHKNHA3 U IMTOKUHOB [33].

N3 wusyyaemMbIX HaydHBIM COOOIIECTBOM MHU-
kpoPHK Hamu 6butu BeIOpaHbl miR-181 u miR-25,
MOCKOJILKY M3BECTHO, 4TO 00e 3Tu MukpoPHK
OKa3bIBalOT BJIMSIHUE Ha MHOXECTBO CUTHAJbHBIX
nyTel, CBI3aHHBIX C MpOLleCCaMU MHBA3UU U TPO-
Jmudepanu OMyXOoJeW pa3IWUHBIX JIOKAJTU3allvii,
a TakxKe CBS3aHbI ¢ pabOTOM MMMYHHBIX KJIETOK [4,
23, 25]. Harle ucciaenoBaHue AOIOJHUT CYIIECTBY-
IOLILYIO KAPTUHY 00 yJ4aCTUX HEKOTOPBIX LIUTOKMHOB
U POCTOBBIX (DaKTOPOB, a Takke MiR-181 u miR-25
B MATOJIOTMYECKOM TIPOLIECCEe Y PA3HbBIX TPYIIIT MallM-
€HTOB C 3a00JIeBaHUSIMU MOJIOUHOI1 KeJ1e3bl.

Ileaslo padoTbl SIBJISUICS aHaAJIM3 B3aMMOCBSI3U
NPOAYKIMU LIMTOKUHOB ¢ 3Kcrpeccueit miR-181 u
miR-25 y manmMeHTOB ¢ MHBAa3WBHON KapIUHOMOI
MOJIOYHOM XeJie3bl HeCIeM(pUUIEeCKOro TUIa IIpH
Pa3INYHBIX MOJICKYJISIPHBIX MTOATHIIAX.

Marepuans! v MeToapb!

HcciienoBany KpoBb M 00pa3libl OMyXOJieil MO-
JIOYHOM Xeje3bl 48 XKEHIIWH, ¢ THUCTOJIOTMYECKUM
TUTIOM — WHBa3MBHAas KapInmHOMa HecIelmpuie-
ckoro tuna (MKHT) B Bo3pacte ot 23 mo 72 ner,
cpeaHuil Bo3pacT 55 neT. JluarHo3 ycTaHaBIUBaJCs
BPa4yOM-OHKOJIOTOM 1 BPauyOM-TIaTOJIOTOAHATOMOM.
3a60p KpOBU Yy BCEX UCCIICAYeMBIX ITAlIMEHTOB OCY-
IIECTBJISUIA IO ONEPAaTUBHOTO BMellaTesbcTBa. [1a-
LMEHTKaM MMPOBOIMIM MaCTIKTOMUIO Ha 6a3e OHKO-
noruyeckoro otaeneHust Kb Ne 1 . HoBocubupcka.
HeoanpioBaHTHas Tepanust He TTpoBoamiach. OKOH-
YaTeIbHBIN UArHO3 YCTaHABIWBAJICS HA OCHOBAaHUM
naToMopOJIOTUYECKOTrO UccaenoBaHus. Bee maim-
eHtbl ¢ UKHT umenu pasmep onyxonu T1-2 u G2 —
yMepeHHYy1o 1uddepeHIupoBKy onyxoau. Mccieno-
BaHUE TIPOBEICHO B COOTBETCTBUM C XETbCUHKCKOM
IeKiapanrei W omoOpeHO KOMHMTETOM IIO 3THKE
HayuHo-uccienoBaTeIbCKOro WHCTUTYTA MOJICKY-
JIIPHOU OMOJOrMu U OUO(MU3UKMU TIOApa3aeTCHUS
DOUL DTM (ripotoko Ne 2016-3). OT Kaxkaoro mna-
IIMeHTa MOJy4YeHO MH(POPMUPOBAHHOE corlache Ha
MpPOBEeACHNUE MCCISIOBAHUS U TIOJIyIeHUST 00pa3IioB
OMyXOoJei, MOANIMCAHHOE CAMUM ITallMeHTOM U 3aBe-
PEHHOE BpayoM.

IMammentoB ¢ UKHT paznenu Ha msTh MOArpyIin
COTJIACHO MOJIEKY/ISIPHO-TEHETUICCKOMY  TTONTHUITY
OITyXOJIU, OIPEACIACHHOMY C ITOMOILLbIO MMMYHOI'-
croxummueckoro aHaimsa ER, PR, HER2 u Ki-67.
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JlromunanbHbli montun A (l-g rpymnma) Obul BbI-
sBJieH y 14 malmeHToB B Bo3pacte ot 36 mo 72 jer,
cpemHUit Bo3pacT 56 jeT; moMuHaIbHEI B HER2-
OTpMLIATEJIbHBIN TOoATUIT (2-s1 TpymIra) ObLT BbI-
gaBjeH y 11 maumeHTOB B Bo3pacTe oT 23 go 74 jer,
cpenHuit Bo3pacT 54 ropa; momuHanbHblii B HER2-
TMOJIOXUTEIbHBIN TTOATUII (3-51 TpyIIIia) ObLT BHISIBICH
y 4 maumeHTOB B Bo3pacre oT 47 10 68 JieT, cpeaHni
Bospact 57 net; HER2-110/105KMTe IbHBIN TTOATHIT (4-51
rpymira) ObUT BBISIBJICH y 5 MAIIMEHTOB B BO3pacTe OT
40 o 69 yieT, cpeaHMt BO3pacT 55 JieT; a TPOHOM He-
TaTUBHBINA noaTtun (5-4 rpyrmna) ObUT BbIsiBIEH y 14
nauMeHTOB B Bo3pacTe oT 38 1o 72 JeT, cpeaHull BO3-
pacr 56 JieT.

st 3ydeHusi CIIOHTAHHON CEeKPeIM ITMTOKM-
HOB | MJ1 KPOBM B CTEPUJIBHBIX YCIOBUSIX BHOCUJIU BO
¢J1akoH, coaepxKallurii 4 MJI CTePUJILHON MOAIEePXKU-
Batoteii cpensl (DMEM), renapus (2,5 EJI/min), reH-
tamuinH (100 Mxr/mi) u L-tmotamun (0,6 Mr/mi),
uHKyoupoBasiu npu 37°C B TedeHUE CYTOK, IOCie
OKOHYAaHUSI MHKYOAIIMM KJIETKW KPOBU OCaXKIaan
ueHtpudyrupoBaHuem npu 900 g B TeueHue 15 MUH.
B T0 ke BpeMs 00pa3libl OMyX0oJieil 00beMOM 8 MM?,
MOJyYeHHbIE METOIOM TPEIaHOOMONCUN, aHAJTOTUY-
HO MHKYOMpPOBaIM B muTaTebHOM cpeae DMEM-F12
B oobeMe 1 M ripu 37 °C B TeueHue 72 4, IIOCJIE Yero
KJIETKU ocaxknanu ueHTpudyruposanuem npu 900 g,
npu 25 °C B teyeHune 15 MuH. B momydeHHBIX Cy-
IepHaTaHTaX OOpa3lloB KPOBU U OITYXOJIei oIIpe-
geystiv KoHueHtpauuu: 1L-2, 1L-6, IL-8, IL-10,
IL-17, 1L-18, IL-1B, IL-1ra, TNFa, IFNy, G-CSE
GM-CSE VEGF u MCP-1 ¢ ucnoib3oBaHueM Ha-
o6opos peareHToB AO «BekTop-bect» (Poccus).

MukpoPHK Bbigensniu ¢ ucrnoab30BaHUEM
NucleoSpin miRNA PlasmakKit (Macherey-Nagel,
IepMaHMsI) B COOTBETCTBUU C MPOTOKOJIOM ITIPOU3-
Bogutenss. OOpaTHYIO TPaHCKPUIILIHNIO POBOMMIN
¢ nomombio MiRNA-cnennUUHBIX aganTepoB U
obparHo#t TpaHckpumTadbl M-MulLV-RH («bwno-
Jabmukc», Poccust) B COOTBETCTBUU € TIPOTOKOJIOM
npousBoautesiss. Cmech MHKyoupoBaiu mipu 18 °C
B TeueHue 30 MmuH, 3ateM 1ipu 42 °C emte 30 MUH U
npu 85°C B TeueHue 5 mMuH. I[locrnemoBatesbHO-
CTU anamnTepoB ObLIM ciaenyommmu: miR-181a a:
5’-GTCGTATCCAGTGCAGGGTCCGAGGTATT
CGCACTGGATACGACACTCACCG-3’; miR-25:
5’-GTCGTATCCAGTGCAGGGTCCGAGGT
ATTCGCACTGGATACGACTCAGACCG-37;
U6: 5-GTCGTATCCAGTGCAGGGTCCGAG
GTATTCGCACTGGATACGACGGCCATGC-3".
Okcmpeccuro  MUKpoPHK  onenmBamm ¢ 1mmomo-
1IbI0 ¢ UU(PPOBON KaneJbHOW MOJIUMEPa3HOU LIeT-
Hoil peakuuu (UkITLP) u TagMan 3onmoB. s
reHepaluu Karejlb B KOHEYHOM oObeme 20 MK
ucrnonb3oBaniu 2 cynepmukc ansg ukITP (Bio-
rad, CIIA), 7 mxn kJIHK u cmech mpaiimepos,
COCTOSIIYI0 U3 5 MKJ 30HIa U 20 MKJI NpPsIMOTO
u obpatHoro mnpaiMepoB. IlocienoBaTesbHOCTH
npaiiMepoB ObUIM ciaeaylomumu: miR-181a a: mps-

moit 5'-GCCGCAACATTCAACGCTGT-3', 30Hx
5-(FAM)-TTCGCACTGGATACGACACTCACCG-(BHQI)-3;
miR-25: mpsmoit 5'-GCCGCCATTGCACTTGTCT-3',
30HI 5'-(FAM)-TTCGCACTGGATACGACTCAGACCG-
(BHQI)-3; U6: npsimoin 5-GCCGCATACAGAGAAGATTA-3,
30H1 5 -(FAM)-TTCGCACTGGATACGACGGCCATGC-
(BHQI1)-3'; u obGpatHBIi1 (0Ommii mis Bcex) 5'-
AGTGCAGGGTCCGAGGTA-3’. Tenepauust Ka-
MeJIb MPOU3BOAMIACH C ITIOMOIIIO aBTOMAaTUYECKOIO
reHepartopa Kanejqb QX200 (Bio-rad, CIIIA). Peak-
LU0 TIPOBOJVIIN TIPU CIECAYIOLIUX YCITOBUSIX: HAarpe-
Banue nipu 95 °C B teuenme 10 muH, 3aTeMm 39 1m-
KJI0B neHatypauuu 1mpu 95 °C B reueHne 30 ¢ 1 OTXKUT
npu 55 °C B TeueHue 10 muH, 3ateMm 98 °C B TeueHUe
10 MuH. 3aTeM MCIOJb30BaIU CUUThIBATEIb Karledb
QX200 v aHanM3UPOBAIU PE3YJIbTaThl B MPOTrpaMM-
HOM obGOecrreuenun Quantasoft™ (Bio-rad, CIIIA).
B xaxnplii aHaau3 ObLI BKJIOYEH KOHTPOJIb 0e3 Ma-
Tpullbl. B KauecTBe BHyTpEeHHEIr0 CTaHaapTa IJIs1 UC-
cienyeMbix MUKpoPHK ncnonb3oBanu maiyto saep-
Hyro PHK U6.

CraTucTUUeCKyl0 00pabOTKy ITPOBOOWIM C WC-
nosib3oBaHueM SPSS v. 22.0 for Windows. ITpu omipe-
NIeJICHUU XapakTepa paclpeneaeHusi JaHHbIX IMpU-
MeHsiin  ypaBHeHuUe KoamoropoBa—CMupHOBaA ¢
onpeneaeHrueM nonpasku Jlnumudopca. ITockonbKy
pacripeneiaeHUe OTIMYaIOCh OT HOPMaJIbHOTO, MPO-
BOOWJIM aHAJIU3 C UCITOJIb30BaHMEM HellapameTpuie-
ckoro U-kputepuss MaHHa—YUTHU 115 ABYX He3a-
BUCHUMBIX BBIOOPOK. 1151 CpaBHEHMST OMHOM TPYMITbI
C HECKOJBKMMHU MCIOJIb30BAJIM IIOIIPaBKYy Ha MHO-
XecTBeHHbIe cpaBHeHUsT — H-xputepuit Kpacke-
na—Yoyumca. C 1e/blo OOHapyKeHUsI B3aUMOCBSI3U
MEXAy HCCAeayeMbIMU MOoKa3aTeJsIMU IPOBOIUIN
KOPPEJISIIIMOHHBIN aHaIM3 ITyTeM BBIYMCICHUS KO-
sadduimenTa paHroBoit Koppeasuun CroupMeHa
(R). Cratuctudyeckm 3HAYMMBIMU CUUTAIM Pa3JIU-
yus npu p < 0,05. Pe3synabraThl MccliefoBaHUS MPe/-
CTaBJIEHbI KaK MeJIraHa U MHTePKBAapTWIbHBIN pa3-
Max — Me (Qg5-Qq 7s)-

Pa6oTa BeInoJIHEHA ¢ UCTTOJIb30BAHUEM 000PYI10-
BaHust LIKIT «ITporeoMHbIl aHaIu3», moaaepKaH-
Horo ¢uHaHcupoBaHueM MuHoOpHayku Poccuu
(cornamrenue Ne 075-15-2021-691).

PesynbTartbl

boiio mpoBeaeHo omnpeaeneHUe KOHLIEHTpaLUu
LIMTOKMHOB B CyliepHaTaHTe 0Opa310B OITyxoJeil ma-
uneHtoB ¢ MKHT mexny pa3HbIMM MOJEKYJISIPHBI-
mu noaTunamu. Ilpu ncnons3zoBanuu H-kpurtepust
Kpackena—Yonnuca, mMo3BOASIONIETr0 B IPUHIIMIIE
onpeneauThb, U3MEHSIIOTCS I KOHLEHTPALUU LIUTO-
KWHOB MpPU CpaBHEHUU S5 TPyIIIT NallMeHTOB, oKa3a-
JIOCh, YTO ITAlIMEHTHI C Pa3HBIMU MOJICKYISIPHBIMU
HOATUIIAMM CTATUCTUYECKU 3HAYUMO OTJINYAJIUCH I1O
koHueHTpauuu IL-8 (p = 0,015), IL-18 (p =0,011),
IFNy (p=0,007) u GM-CSF (p =0,004). ITocne yero
MpU NOMapHOM CpaBHEHUHU € TToMolIbio U-Kputepus
ManHa—YuTHM OBUIM oONpeaeaeHbl OCOOEHHOCTU
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LIUTOKWUHOBOTO TpodWJis CyliepHaTaHTOB 0Opa3loB
OMmyXoJei, MPUCYIIUX KaXIOMy KOHKPETHOMY MO-
JIEKyJIsIpHOMY moaTury (tadu. 1).

CynepHaTaHTBl 00pa3lioB OITyXoJieil 1-ii rpyIbl
(TIOMMHAJIBHOTO A MOJICKYJISIPHOTO TIOATHUIIA) Xa-
pakTepu30BAIMCh HanboJiee HU3KOM KOHIIEHTpAII-
et IL-8 o cpaBHeHMUIO ¢ ApyruMu rpynnamu. Kpome
Toro, B 1-i1 rpynmne kKoHueHTpauuu TNFoa u GM-
CSF Ob11M HUXKEe Mo CpaBHEHMIO ¢ 3-it U 5-1i rpyr-
namMu (nroMuHanbHbiIM B HER2-monoxureabHbIM
U TPOWHBIM HEraTuBHBIM mnoatunamu), a IFNy
HIDKE II0 CpaBHCHUIO ¢ 4-ii WM 5-i1 TpymmamMu
(HER2-110JIOXWUTENbHBIM W TPOWHBIM HEraTuB-
HbIM moaturiamu). g momuHanisHoro B HER2-
MOJIOXKUTEJILHOTO ToaTuIa (3-s rpyrna) XxapaktrepHa
O0osnee HM3Kasl KoHleHTpauusa IL-4 mo cpaBHeHMIO

c 1-ii u 2-i1 rpynnmaMu (JTIOMUHAJIBHBIM A U JTIIOMU-
HabHbIM B HER2-oTpuiiaTebHBIM TTOATUIIAMU),
a Takxke camasi Bblcokasl koHueHTpamus IL-10 mo
CpaBHEHUIO ¢ ocTalibHbIMU rpynmamu. [Iaras rpynmna
MallMEeHTOB XapaKTepu3yeTcsl 6ojiee BBICOKUMU KOH-
nentpauusmu: [L-17, IL-18 u VEGF no cpaBHeHu1o
¢ 1-i rpynnoii (JiioMUHaAbHBIM A TioaTuriom), I1L-18
o cpaBHeHUIo ¢ 1-it u 3-i rpynnamu, a Takke [FNy
MO0 CPaBHEHUIO C TPEMs JIOMUHAIbHBIMU MOATHUIIA-
mu (¢ 1-¥, 2-¥ 1 3-1i Tpynmamu).

YT0 KacaeTcsi KOHIEHTPALIMU I[TUTOKUHOB B Cy-
TMepHaTaHTEe KJIETOK KPOBU, PE3YIbTaThl OMpeaesie-
Hust H-kpurepus Kpackena—Yosiuca y malimeHToOB
¢ UKHT noka3anu, 4To TpyMIibl MallMeHTOB C pa3-
HBIMU MOJIEKYJISIPHBIMU MOATUTIAMU CTATUCTUYECKU
3HAYMMO Da3JIMYaIUCh TOJBKO MO KOHIEHTpaluu

TABNULIA 1. KOHLEEHTPALIMM LIUTOKVUHOB B CYNEPHATAHTE OBPA3LIOB OMYXONEW NMALMEHTOB C UKHT (nr/mn)
B 3ABUCHUMOCTY OT MONEKYNSIPHOIO MOATMMA ONYXOMNH, Me (Qq 55-Qy 1)

TABLE 1. CYTOKINE CONCENTRATIONS IN TUMOR SAMPLE SUPERNATANTS FROM PATIENTS WITH IBC NST TUMORS
(pg/mL) DEPENDING ON THE MOLECULAR TUMOR SUBTYPE, Me (Qq5:-Qy5)

LInToKuHBI 1-a rpynna 2-a rpynna 3-a rpynna 4-a rpynna 5-a rpynna
Cytokine Group 1 Group 2 Group 3 Group 4 Group 5
3,8 (2,3-4,8) 3,2 (2,7-6,6) 1,5 (1,0-1,8)
IL-4 3,2(1,7-13,1) 2,6 (1,9-3,5)
p.; = 0,029 p,s; =0,013
1921 433,7 620,8 4240
IL-8 (87,9-363,0) (325,5-671,0) (386,2-774,1) 407,6 (315,7-677,8)
(160,2-651,7)
p:,, =0,010 p.; = 0,011 p:.s = 0,006
L10 8,1(1,8-12,6) 6,2 (1,0-14,9) 19,4 (15,3-31,8) | 10,8 (3,1-12,9) 6,6 (3,6-15,8)
p.; =0,019 p,; = 0,036 ps. = 0,014 pss = 0,034
IL-17 16 (1.0-3.0) 2.9 (1,6-4,8) 3,5 (1,7-6,2) 3,9 (1,4-19,8) 4.4
p1>5= 0’012 1 b ’ Lk} 3 L ’ ’ 3 (1’9_12,4)
29,1 (7,5-85,6) 37,6 (28,6-43,4) 187.3 2839
IL-18 90,3 (46,7-279,1 ' '
p.s = 0,003 ( ) Pss = 0,044 (29,4-719,4) (101,9-1407,1)
23,2 (8,9-41,4)
IL-1B 45,5 (16,1-108,9) | 21,5(10,4-230,2) | 41,9 (19,6-140,6) | 100,6 (23,2-313,9)
p.s = 0,004
2,1(1,3-4,2) 6,9 (2,3-11,6) 4,7 (2,9-9,0)
TNFa 2,7 (1,3-4,7) 5.2 (2,5-7,2)
p., = 0,040 p.s = 0,015
5,0 (2,6-9,6) 4,4 (2,3-10,4) 4,2 (2,5-10,0) 10,6 (5,4-33,6)
IFNy 14,9 (8,4-42,2)
p..s = 0,002 p.s = 0,014 Pss = 0,044 p.4 = 0,029
6,7 (3,3-11,4) 28,1 (8,2-33,1) 33,5 (15,1-52,9)
GM-CSF 26,3 (3,6-52,1) 12,4 (9,0-26,3)
P+, = 0,005 p;s = 0,0002
951,9
VEGF (133.0-2076.3) 1904,0 1389,9 1903,2 2124,7
(1515,1-2161,9) (184,3-2384,1) (506,3-2399,7) | (1743,4-2284,7)
P+.s = 0,031

MpumeyaHue. 3Ha4YeHUs KOHLEHTPaLUA LUTOKMHOB yKa3aHbl ToNnbko npu p < 0,05; 1-a rpynna — ntoMuHanbHbIn A;
2-1 rpynna — nioMmuHanbHbi B HER2-oTpuuaTtensHbIi; 3-A rpynna — nioMvHanbHbii B HER2-nonoxurenbHbIR; 4-A rpynna —
HER2-nonoxuTtenbHbIN; 5-9 rpynna — TPOMHOW HEeraTMBHbIN MOMEKYNsipHbIA NOATUN.

Note. The cytokine concentrations are indicated only at p < 0.05; group 1, luminal A; group 2, luminal B negative; group 3, luminal B
positive; group, 4 HER2 positive; group 5, triple-negative molecular subtype.
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TABNULIA 2. KOHLIEHTPALIMM LIMUTOKUHOB B CYMEPHATAHTE KNETOK KPOBM MALIMEHTOB C WKHT (nr/mn)
B 3ABUCUMOCTM OT MOMEKYNSIPHOTO NOATUMA OMYXOMH, Me (Qq5-Q;.7¢)
TABLE 2. CYTOKINE CONCENTRATIONS IN THE SUPERNATANT BLOOD CELLS OF PATIENTS WITH IBC NST TUMORS,
DEPENDING ON TUMOR MOLECULAR SUBTYPE (pg/mL), Me (Qp.-Qy 7

LInTOKMHBI 1-a rpynna 2-a rpynna 3-a rpynna 4-a rpynna 5-a rpynna
Cytokine Group 1 Group 2 Group 3 Group 4 Group 5
L7 1,0(1,0-1,0) 1,0 1,0 1,0 1,0
P.s = 0,034 (1,0-1,3) (1,0-3,6) (1,0-2,6) (1,0-10,1)
36,1 26,4
IL-18 34,8 (28,7-46,8) (18,3-31,9) 29,8 335
(25,4-47,1) (24,0-44,9) (25,8-39,1)
p,s = 0,043
50 2,0 5,0 5,0 5,0
’ 2,0-5,0 3,7-14,8 3,7-5,0 3,4-9,2
IFNy (2.0.5.0) ( ) ( ) ( ) ( )
p,s = 0,025 p,4 = 0,039 p.s = 0,008
2,0 (2,0-2,0) 2,0 2,0 2,0 6,6
GM-CSF 5.2 = 0,004 (2,0-8,9) (2,0-23,2) (2,0-12,0) (2,0-14,0)
70,3
(26,1-74,9) (24,8-68,0) (21,9-91,5) (21,3-68,7)
p.s = 0,037

TABJTULA 3. 9KCMNPECCUA miR-181a U miR-25 B CbIBOPOTKE KPOBU MALIMEHTOB C UKHT (y. e.) B 3SABUCUMOCTH
OT MONEKYNAPHOI O NOATUMA OMYXOIK, Me (Q, 5-Q, 75)

TABLE 3. EXPRESSION OF miR-181a AND miR-25 IN THE BLOOD SERUM OF PATIENTS WITH IBC NST TUMORS (c. u.),
DEPENDING ON TUMOR MOLECULAR SUBTYPE, Me (Qq 55-Qy )

MwukpoPHK 1-a rpynna 2-a rpynna 3-a rpynna 4-a rpynna 5-A rpynna
miR Group 1 Group 2 Group 3 Group 4 Group 5
miR-181a 1,35 (0,63-3,40) 13,10 2,90 14,40 2,80
p,, = 0,005 (4,50-50,80) (0,83-39,85) (1,40-54,60) (1,50-9,40)
1,90 38,60 415 270 3,60
iR- 0,58-4,30 7,70-88,60 ’ d 2,88-25,80
miR-25 ( ) ( ) (1,05-25,33) (0.65.172,10) |— )
pi, = 0,001 p.s = 0,033 p.s = 0,034

IFNy (p = 0,028), x0T npu mapHOM CpPpaBHEHUU
¢ wucnosb3oBaHueM U-kputepuss MaHHa—YUTHU
OBLTM BBISBJICHBI XapaKTepHble OCOOEHHOCTU MpPO-
IYKIMU TSATU [ATOKWUHOB B KPOBU y TAlIMEHTOB B
3aBUCUMOCTU OT MOJIEKYJISIPHOTO TIOJITUIIA OITYXOJIU
(Tabi. 2).

YcTaHOBIEHO, YTO y MAlMEHTOB 2-W TPYIMITbI
(nmpu momuHaiibHOM B HER2-oTpuniatensHoM noa-
Turne) KoHueHtpauus IL-18 ObLta BbIIE MO CcpaB-
HeHuto ¢ 3-ii rpynmnoi (momMuHanbHbiM B HER2-
MOJOXUTEIbHBIM MOATUIIOM), a KOHUEHTpalus
IFNy O6puta HUXE IO CPaBHEHMWIO C 3TUM MOJIEKY-
JIIPHBIM MOATUIIOM, a TaKXe MO CPaBHEHUIO ¢ 4-1 U
5-i1 rpynnoii (HER2-1o0XUTEAbHBIM U TPOMHBIM
HETaTUBHBIM MOJICKYJISIPHbIMU noaTumnamMu). s
TPOWHOTO HEraTMBHOTO MOATUIIA (5-5 TpyImna) Xa-
pakTepHa Oojiee BbIcOKasi KoHUeHTpauus: IL-17 u
GM-CSF B KpoBU, IO CPAaBHEHUIO C TIOMUHAIBHBIM
A nontunom (1-s rpynmna), IFNy u VEGF no cpas-

HeHulo ¢ JoMuHanbHbIM B HER2-oTpuniareabHbIM
MOATUIIOM, COCTABJISIIOIIUM 2-10 IPYIIITY MallMeHTOB.

BBuny wnmeromieiics mH@opMaluMd O CIIOCO0-
Hoctu MuUkpoPHK okasbiBaTh BO3nelicTBUE Ha
MPHK [19, 30], yTo MOXeT NpUBOAUTHL K H3Me-
HEHMIO TIPOOYKIIMU IIMTOKMHOB, OBLIO TIpOBEIC-
HO cpaBHeHHMe bsKcmpeccur miR-181a m miR-25
MUKpOPHK B CHIBOpOTKE KPOBU MEXIY Pa3HbIMU
MOJIEKYASIpHbIMU TioaTuiiamMu nanueHToB ¢ MKHT.
Bbu moydeHsl CTaTUCTUUECKHU 3HAYUMBIC Pa3JIn-
yMsl, Kak ITpu npuMeHeHnn H-kpurepust Kpackema—
Yonnuca miR-181a (p = 0,045), miR-25 (p = 0,016),
Tak W IIPU ITAPHOM CPaBHEHUM C HMCITOJh30BaHUEM
U-kputepust ManHa—YutHu (Tads. 3).

Dxcnpeccusi obeux uccaeayeMbix MUKpoPHK
OblJTa MUHUMAJIBHOM B 1-i1 rpymiie (IIpy JJIOMUHATb-
HOM A TIOATHUTIIE), YTO TTOTYEPKMUBACT OHKOTCHHBIC
posiu aTux MukpoPHK u cornacyercs ¢ nutepatyp-
HbIMU gaHHbIMU [14, 25]. I[Ipu TpoitHOM HeraTuB-
HOM moxaTurie (5-s TpyIma) ypoBeHB 3KCIIPECCUM
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TABJINLA 4. KO3®OULIMEHTbI KOPPENALIMA MEXAY KOHLUEHTPALIMAMU LUTOKMHOB B CYNEPHATAHTE
BUONTATOB, CYNEPHATAHTE KNETOK KPOBW U 9KCMPECCUEW miR-181a, miR-25 B 3ABUCUMOCTY
OT MONEKYNAPHOI O MOATUNA OMYXONU Y BONbHbBIX UKHT

TABLE 4. CORRELATION COEFFICIENTS BETWEEN CYTOKINE CONCENTRATIONS IN THE SUPERNATANT OF BIOPSIES,
BLOOD CELL SUPERNATANT AND EXPRESSION OF miR-181a, miR-25 DEPENDING ON TUMOR MOLECULAR SUBTYPE

IN PATIENTS WITH IBC NST

MonekynsipHbI noaTun MNapbl napameTpoB R
Molecular subtype Pairs of parameters P
IL-18 blood 0,595 0,025
) IL-18 tumor 0,695 0,006
miR-181a
1-9 rpynna |L-1B tumor 0,623 0,017
Group 1 VEGF tumor 0,579 0,030
) IL-18 tumor 0,658 0,011
miR-25
VEGF tumor 0,648 0,012
2-a rpynna miR-181a VEGF tumor 0,618 0,043
Group 2
3-n rpynna miR-25 INFy tumor 0,800 0,037
Group 3

MpumeyaHue. R — koadppuLMeHT paHroBoii Koppensuun CnupmeHa, p — ypoBeHb CTaTUCTUUYECKOWN 3HAYMMOCTH.

Note. R, Spearman’s rank correlation coefficient; p, the level of statistical significance.

miR-25 ObUI BBIIIIE YeM MPH JTIOMUHAJIBHOM A TIOM-
tune (l-s rpymma), IIpU 3TOM ypPOBEHb B3KCIIpec-
cur miR-181a ObLT HUXKE, YeM TIpU JTIOMUHAJIbHOM
B HER2-oTpuuateabHOM MOJIEKYJISIPHOM MOATUIIE
(2-s1 Tpy1IIIa), 3TO MOAYEPKUBACT ITIPOTUBOPEUYNBOCTH
poau miR-181a npu MKHT, uto Takxke oTMeyaer
psii ApyTUX KccienoBarteseit [33, 36].

YuuTheIiBasi CIOXHOCTb WHTEPIIPETALIMUA Pe3yJib-
TaToB aKcnpeccun miR-181a 1 miR-25, a Takke ux
CITOCOOHOCTD TTOCTTPAHCKPUITIIMOHHO PEryJInupoBaTh
9KCIPECCHIO TEHOB 1 OKa3bIBaTh BIMSHME Ha pa3ainy-
Hbl€ MYTHU, YJaCTBYIOIIME B OHKOreHese [3], Mbl pe-
[IVJIY TIPOAHAIM3UPOBATh XapaKTep B3aMMOCBSI3U UX
9KCIPECCUM C KOHIIEHTPAIIUSIMU TUTOKMHOB. C 3TOM
LEebI0 OBUIO MPOBEAEHO orpeneneHue Koapbuim-
eHTa Koppeasauun CroupmMeHa MeXIy IIPOIyKIIMeit
LMTOKMHOB U 3Kcrpeccueit MukpoPHK y maitieHTOB
¢ UKHT ¢ pa3zHbIMU MOJIEKYJSIpPHBIMU MOATUTIAMU
(Tab. 4).

B o06weit rpynne mauveHToB ¢ MKHT ObL1u BbI-
SIBJICHBI TIPSIMBIE KOPPEJISIIMOHHBIE CBSI3M MEXIY
skcnpeccuein odeux nzydaembix MUKpoPHK u koH-
neHTpauneiit VEGF B cymepHaTanTe 00pa3moB Omy-
XOJIU, UYTO, BEPOSITHO, CBUIIETEIBCTBYET O B3aMHOM
BausHu miR-181a m miR-25 n npouecca anruore-
He3a B OITyXOJIH.

Y nauueHToB 1-it rpynmbl (¢ JIOMUHAJIBHBIM A
MOATUIIOM) OBUTY BBISIBJICHBI MPSIMBbIE KOPPEISILI-
OHHBIC CBSI3U MEXIY KOHIIEHTpallMeil IIMTOKNHOB B
cyneHpaTtaHTe ob6pa3ioB onyxoJin, a uMeHHO VEGE,
IL-18 m ypoBHeM s3kcmpeccnu obenx MukpoPHK,
KpOME€ TOTrO, OTMCYAJINCh MPSIMBbIC KOPPEISIIIMOH-
HBIE CBSI3M MEXIY YpOBHEM 3KcIpeccun miR-181a
u KoHueHTtpauueit IL-13 B cynepHaraHTe o0pa3ioB

onyxonu W KoHueHTpauuein IL-18 B cymepHaTaH-
Te KJIETOK KPOBH. Y TMallMEHTOB 2-1 TpynIibl (C JIo-
muHanbHEIM B HER2-oTpuiiaTe IbHBIM TTOATHAIIOM)
OblJla BbISIBJIEHA TIpsiMasi KOPPEJSIIMOHHAs CBSI3b
MEXIy ypoBHeM aKkcrnpeccud miR-181a u KoHueH-
tpauueit VEGF B cymepHaTtaHTe 00pa3IoOB OITyXO-
Ju. Y namueHToB 3-i rpymibl (C JIOMUHAJIBHBIM B
HER2-110103KUTENbHBIM TTIOATUIIOM) Obljia BBISIBJIC-
Ha TIpsiMasi KOPPEISIIIMOHHAs CBSI3b MEXIYy YPOBHEM
akcnpeccur miR-25 u koHueHTpauueit IFNy B cy-
NepHaTaHTe 00pa31i0B OMYXOJICH.

ObcyxaeHue

UccnenoBaHue mmokasajo, 4YTO JIOMUHAJIbHBIA A
MOJICKYJISIPHBIIA TIOATUI 3HAYMTEIILHO OTIMYACTCS
OT APYTUX ITOATUIIOB 00Jiee HU3KUMH KOHIIEHTPAII-
SIMU LIUTOKWHOB B CyNepHaTaHTE OITyXOJeil U KIETOK
KPOBH U, KpOME TOT0, HU3KNUM YPOBHEM 3KCIIPECCUN
miR-181a 1 miR-25. Oco60 npumeyaTeJbHbIM OKa-
3aJI0Ch TO, YTO CyIlepHaTaHThl O00pa3lOB OIyXoJei
JIIOMUHAJIBHOTO A MOJICKYJISIDHOTO TTOATHUIIA XapaK-
TEPU30BAJIMCh Haubosiee HU3KOWM KOHIIEHTpaluei
IL-8 mo cpaBHEHMIO C APYTMMU MOJIEKYIAPHBIMU
OOATUIIAMHM. DTO COTJIACYeTCSI C JIMTepaTypHBIMU
JAaHHBIMU, COTJIACHO KOTOPBIM CHUHTE3 U CEeKpelus
IL-8 B keTkax paka MOJIOYHOI XeJie3bl TECHO CBSI-
3aHBI CO CTAaTyCOM pEIeNTOpa 3CTPOreHa, IpH 3TOM
0onee BricoKkas akcnpeccus IL-8, xapakTepHas mjis
6azanbHOoogo0HbIX (ER-oTpunartensubix) 1 HER2-
MOJOXUTEIBHBIX ITOATUIIOB KapIIMHOM MOJIOUHOM
xeJiesnl [20, 22], 4To OTJIMYaeT UX OT JIOMUHAJIbHO-
ro A moarura, rMpu KOTOPOM HaOJII0JaeTCs BBICOKAS
skcnpeccust ER u PR. bruio BeickazaHo TIpearoso-
KeHMe, YTO TOoBbIlIeHHas KoHueHTpauus 1L-8, ce-
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KPEeTUPYEMOTO OITYyXOJIEBBIMM KJIETKAMU, WHBA3WB-
HBIMU HEUTpOGUIaAMU U CBSI3aHHBIMU C OIyXOJbIO
MakpodaraMu, MOXeT JIeiiCTBOBAaTh KaK ayTOKPWH-
HBII (paKTOp MOABUKHOCTU M POCTa, YCIIMBAsI aH-
ruoreHe3, mpoiaudepalnio U MUTPAILIMIO OITyXOJe-
BBIX KJICTOK [2], HE MCKIIOYCHO, YTO UMEHHO 3TUM
00BsICHSIeTCST Oosiee HU3KOoe TUMMMOreHHOe MeTacTa-
3WUpOBaHNE TIPH JIIOMUHAIBHOM A TIOATHUTIIC.

B 10 ke BpeMsi MaliMeHThI C TPOMHBIM HEeraTUBHBIM
MOJICKYJISIDHBIM TTOATUIIOM, HAOOOPOT BBIACIISINCH
BBICOKMMU KOHIIEHTPALIUSIMU LIMTOKMHOB B CyTIepHa-
TaHTe 00Pa3IOB OMyXOJel U KJIETOK KPOBU TTO CpaB-
HEHUIO C OCTAJIbHBIMM MOATUIIAMU, TaK ITPU TPOMHOM
HEraTUBHOM ITOATHUIIE OTMeYasjach OoJjiee BBICOKast
koHueHTpauus IL-17 m GM-CSF B cynepHaraHTax
KPOBHU U OITYXOJIU IO CPABHEHUIO C TIOMUHAJIBHBIM A
noarumnoM. CortacHO JaHHBIM IPYTUX MCCIIeIOBATe-
JIE 3TM LIMTOKWHBI CIIOCOOCTBYIOT MPOTPECcCUpoBa-
HUIO OITyXOJIU, MOMIEePXUBasi poOCT, IIPpoIrdepalnio
u murpanuio kiaetok. GM-CSF cnocobeH uHaylm-
poOBaTh CHUHTE3 MATPUKCHBIX METaJUIONIPOTEHMHA3 U
aKTUBUPOBATh SMUTEINATbHO-ME3CHXUMAIbHBINA TTe-
pexon [1]. Takxke oba 3TUX LIUTOKMHA CIOCOOHBI
NpUBJIeKaTb MUEJOUIHBIE CYIPECCOPHbBIE KICTKU U
HanpasIsATh npoaudepano Makpodaro B M2-, a
HeiTpopunoB B N2-peHoruns! [10, 31]. Dro cno-
cobcTBYeT (OPMUPOBAHUIO UMMYHOCYIIPECCUBHOTO
MUKPOOKPYKEHHsI, B KOTOPOM aKTHUBHO ITOJABJISIOT-
cs ripotuBooItyxoieBbiec CD8* T-kineTku, 94T0 B UTOTE
MPUBOIUT K OOJIee arpeCCUBHOMY TUITY OIYXOJIM, YTO
JIMITHUN pa3 ITOATBEPXKOAeT HU3KYIO CIIOCOOHOCTH
OITYXOJIU, OTHOCSIIEHCS K JIIOMUHAJIBHOMY A MOATU-
1y, K JMM(OTreHHOMY METacTa3upOBaHUIO.

Taxxke y mamuMeHTOB C TPOMWHBIM HETaTUBHBIM
TMOATUIIOM OBLIM CaMble BBICOKME KOHIIEHTpAIIUU
IFNy u VEGF B cynepHaTaHTax KpOBU U OITYXOJIU.
Bricokas koHueHTpauus [FNy npu TpoiiHOM Hera-
TUBHOM MOJIEKYJISIPHOM MOATUIIE MOXKET OBITh CJIe]I-
CTBHEM BBICOKOI NpOIU(epaTUBHON aKTUBHOCTH
OIYXOJIM, IPU KOTOPOI KJICTKM MUKPOOKPYKCHUS
OITyXOJIM B KayeCTBE OTBETHOW peaKIMK HauyuHa-
10T cexkpetupoBaTh [FNy B OoJiblIMX KOJIMYECTBAX.
OTOT LUTOKUH CIIOCOOEH aKTUBHUPOBATb CUTHAIb-
=l IyTh JAK/STAT, 4TO MpUBOANT K MHTUOMPOBA-
Huio pocta onyxonu [11, 37]. U3BectHO, uto VEGF
SBJISICTCSI KJTIOUEBBIM MEIMATOPOM aHTHOTeHe3a U
CNOCOOEH CBA3BIBATBC C PELIENITOPAMU MMOBEPXHO-
CTU DHAOTEJIMAJIBHBIX KJIETOK, KOTOPHIE BIUSIOT Ha
poct omyxosu [29]. [ToaToMy He YyOIUBUTEIBHO, YTO

Cncok nutepatypbl / References

MMEHHO MPU TPOMHOM HEraTUBHOM ITOATUIIE KIECTKU
OMYXOJIM TIPOAYLMPYIOT 3TOT IIMTOKUH B OOJBIINX
KOJIMYECTBaX UISI 00pa3oBaHUSI HOBBIX KPOBEHOC-
HBIX COCYIOB, YCHJICHUSI COOCTBEHHOTO POCTa M MO-
BBIIIIEHUST MUTPAIIMOHHOTO MOTEeHIIMaIa, 9TO ObLIO
oOHapyXXeHO UM B ApYyrux ucciaenoBaHusx [15, 35].

Yto kacaercs momuHaibHoro B HER2-otpu-
aTeJIbHOTO TTOATUIA, TO, HECMOTPSI Ha YMEpPEHHOE
TIOBBIIIICHNE YPOBHS IIMTOKMHOB B CyITepHATAHTE 00-
pa3IoB OMYyXOJIei 1 KJIETOK KPOBH, IIJISI 3TOM TPYIIITHI
MalMEeHTOB ObUIO XapaKTEepHO 3HAYUTETbHOE TOBBI-
LIeHUE BKcIpeccur odenx uzydaemblx MUKpoPHK,
OCOOEHHO TI0 CPaBHEHUIO C JIOMUHAJIILHBIM A MOJ-
TUIIOM. DTO MOXET CBUICTEIBCTBOBATH O CBSI3U
miR-181a 1 miR-25 ¢ npoimdepanueii, a UMEHHO
¢ ee mapkepoM Ki-67, KOTOpbIii, KaK U3BECTHO, TEC-
HO CBSI3aH C POCTOM OITYXOJICBBIX KJIETOK U SIBJISIETCSI
rokKasarejieM IPOrHO3a M MCXojda 3J10KaueCTBEHHOM
nporpeccum [7]. Heobxogumo Takke MOMYEPKHYThb
BEPOSITHYIO CBSI3b M3y4eHHbIX HamMu MUkpoPHK
¢ TIpondepaTUBHONM AKTUBHOCTBIO OITYXOJIU, 3TO
MMOATBEPXKAAIOT JaHHBICE O TOM, YTO SKTONWYECKas
aKcrpeccust miR-181a cnocoObCTBYeT BXOXIECHUIO B
S-dazy u nmponmdepannu KjieTok [26]. cxonst u3 no-
JIYYEHHBIX PE3yJIbTaTOB, HEOOXOAUMO MOMYEPKHYTh,
yro miR-181a m miR-25, BeposTHO, MOmIEPKUBAIOT
BeicOKyIo cekpeunto IL-18 m VEGF omnyxoneBbiMu
KJIETKaMU, ¥ MOKHO TIPEAITONIOKNUTE, YTo miR-181a n
miR-25 MoryT oka3bIBaTh BJMSHUE HA MTPOLIECC AHTU -
oreHesa yepe3 koHLeHTpauuo VEGE

3aknoyeHne

YpoBeHb LIUTOKMHOB B CyIlepHAaTaHTaX KPOBU U
OMYXOJISIX TIPY MHBA3MBHOM KapIIMHOME MOJOYHOM
KeJe3bl HE TOJAbKO M3MEHSIETCS B 3aBUCUMOCTU OT
MOJIEKYJISIPHOTO TTOATUIIA OIMYXOJIM, HO TaKXKe MMe-
€T HEeIoCpeACTBEHHbIE CBSI3U ¢ ypoBHeM miR-181a u
miR-25 B ceiBopoTKe KpoBu. Oco00 mpumevaTelib-
HBI OKa3aJINCh Pe3yJIbTaThl U3MEPEHMST KOHIICHTPA-
it uuToKnHOB U MUKpoPHK mnpu momMuHanibHOM
A, momuHaibHOM B HER2-oTpuiiate1IbHOM U TpoTi-
HOM HEraTUBHOM MOJIEKYJISIDHBIX TTOATHTAX. TakuMm
00pa3oM, peKOMEHAYETCsl UCCIeN0BaTh B3aMOIeii -
cTBUS onucaHHbIX HaMu MUKpoPHK v iuTokmnHoB y
OOJIBIIIETO YK CJIA TTAlIMeHTOB, TIOCKOJIBKY X UCITOIb-
30BaHUE PACIIUPUT W YIIIYOUT TIpeAcCTaBICHHE OO0
YHUKAJIBHBIX XapaKTEePUCTUKAX M TEeTePOTeHHOCTH
MOJIEKYJISIPHBIX TTOATUTIOB MHBAa3UBHOI KapIIMHOMBI
MOJIOYHOW XKeJIe3bl.
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CUCTEMHbIE LUUTOKUHbI Y NOXXWJ1bIX MALUUEHTOB
C ULLEMWYECKOW BONE3HbIO CEPALA NOCJIE COVID-19

B PAHHUE CPOKU BbiI3AOPOBJIEHUA
Arapros HM."% Kepuakosa H.J1.%, Herpeoenkmii B.A.?

Meoduyunckas ummyHonoeus
2023, T. 25, Ne 6,
cmp. 1417-1422

'@I'BOY BO «K0z20-3anaduwiii 20ocyoapcmeennbiii yrusepcumems, 2. Kypck, Poccus

2DIAOY BO «beneopodckuii eocyoapcmeentblil HAUUOHAAbHbLI UCCAC008amenbeKull yHusepcumem», 2. beaeopoo,
Poccus

S DIAOY BO «Poccuiickuii HayuoHAAbHbLIL UCcAed08amenbckuil meouuunckui ynusepcumem umenu H. U. [Tupoeosa»
Munucmepcmea 30dpasooxparneruss PO, Mockea, Poccus

Pesome. Pazsutne COVID-19 compoBoXxaaeTcsi BOBJI€YEHUEM B MAaTOJOTMYSCKUI MPOLIECC Pa3IMIHbIX
LUTOKWHOB, Y UX U3BMEHEHME 3aBUCUT OT BO3pacTa, COIyTCTBYIOIICH MAaTOJOTMU U HEKOTOPBIX IPYTUX (haK-
TOPOB, KOTOPbIE HEIOCTATOUHO M3YyUEHbI Y MOXUJIbIX MTAallMEHTOB ¢ UILIEMUYECKOI 0oJie3Hblo cepaua. He-
M3BECTHBIM TAaKK€ OCTAETCsl COolepxKaHMWe LIMTOKMHOB B Iia3Me KpOBU OOJbHBIX 60-74 JieT, repeHecIunx
COVID-19, B panHue cpoku BbIznoponiieHus. Lleab nccienoBaHuss — omnpeneseHrue cConepkKaHusi CUCTEM-
HBIX HIMTOKWHOB Yy TTIOXXMIBIX MAlIMEHTOB ¢ MIIeMUYeCcKoii 6oJie3Hblo cepaua rnocjie COVID-19 B panHue cpo-
Ku BbI3goposieHus. IlanueHTsr 60-74 et ¢ neMudeckoi 60e3Hbio cepana, mepedonesine COVID-19
CpelHel TsKecTU, B KojindyecTBe 40 4eJIOBEK COCTAaBMJIM OCHOBHYIO IPYIIILY, Y KOTOPbIX U3YYEHUE LIUTOKM-
HOB B IUla3Me KPOBHU IIPOBEACHO 4Yepe3 3-4 HelnesM IOocje BbI3AopoBieHUs:. KOHTPOILHOMI IPYIIION CIy-
XKUau 38 MalMeHTOB MOXKMIIOTO BO3pacTa ¢ MIIeMUYeCKOl OOJIe3HbIO cep/illa U OTpULIATeIbHBIM TECTOM Ha
COVID-19. OnpeneneHre MUTOKWHOB B 00eux Ipymax MmpoBeneHo Ha amnmnapate Becton Dickinson FACS
Canto 2 (CIIIA) MeTomoM MPOTOYHOMN IUTOMETPUM C COOTBETCTBYIOIIMM HAaOOPOM pearecHTOB. YCTaHOBJICHO,
YTO Y MOXWJIBIX TALIMEHTOB C MILLIEMUYECKOI 00JIE3HbIO cepALia yepe3 3-4 Helle M BbI3JOPOBJIEHMS NTOCJIE e
peHeceHHoro COVID-19 no cpaBHEHUIO C TTIOXWJIBIMHU TTallMEHTaAaMU C MILIEMUYECKOM 00Ie3HbIO ceplia 0e3
COVID-19 B anaMHe3e B I1a3Me KpOBU Han0o0JIee CYIIECTBEHHO U CO CTATUCTUYECKU 3HAYMMBbIM pa3InuueM
ObU10 TOBBILIEHO coaepxkaHue 1L-6, cocraBuBiiee 32,9+2,3 nr/mi, npoTuB 6,5+0,7 1r/MJj1 B KOHTPOJbHOM
rpytirie (p <0,001). ITpeBbilieHNE coaepKaHUS B TIa3Me KPOBU OOJIbHBIX OCHOBHO TPYIIITHI BBISIBJICHO U JIJIST
1L-17, koHLIEHTpaIIUsI KOTOPOTO COCTaBJIsLIa B paHHEM TIe€proie BbI3nopoBiieHus 25,4+1,9 rir/mi, Toraa kak
y OOJIBHBIX TOTO Xe BO3pacTa TOJbKO ¢ MIlIeMUYeCKou 0one3Hbto cepaua — 7,8+0,7 nr/ma (p < 0,001). Ilo-
BBILLIEHHBIMU cpeau nmauueHToB 60-74 jieT ¢ nineMudyeckoi 00Jie3HbIO cepala 1 nepeHeceHHbIM COVID-19
yepe3 3-4 Henenu nocie Bbi3goposieHus okasanuch ypoBHU TNFa u I[FNy, cocraBisiBiirie cooTBEeTCTBEH-
Ho 128,6%2,7 nr/mi u 57,6+2,8 1ir/mj1. B KOHTPOJIbHOM IpyIilie KOHLEHTPALUS JaHHBIX IUTOKMHOB ObL1a
3HAYUTEJbHO HUKe — 56,3+2,2 nr/mit u 25,9+1,7 rir/mi cootBercTtBeHHO (p < 0,001). M3MeHeHuUs1 B coaep-
JKaHUUM APYTUX M3YYEHHBIX IIUTOKMHOB OKa3aJIMCh MEHEe BhIPakeHHBIMU, a ypoBeHb 1L.-4 He umen cyie-
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CTBEHHBIX pa3INunii B 00eux rpymmax. CieaoBaTeIbHO, Y ITOXKMWIIBIX ITAlIMEHTOB ¢ UIIEMUYECKOM 00JIE3HBIO
cepaua u nepeHeceHHbIM COVID-19 uepe3 3-4 Henenu BbI3AOPOBIEHUS Harboee MOBBIIIEHHBIMU HA CU-
cTeMHOM ypoBHe siBjstiotcest 1L-6, IL-17, TNFa u IFNy.

Knroueswie cnosa: yumokunot kposu, COVID- 19, noxcunoii 6o3pacm, uuwemuueckas 601e3Hb cepoya, parHuil nepuoo
8b1300P0GACHUSL, UMMYHODEPMEHMHbII AHAAU3

SYSTEMIC CYTOKINES IN ELDERLY PATIENTS WITH
CORONARY HEART DISEASE AT EARLY RECOVERY FROM
COVID-19

Agarkov N.M.»* Zhernakova N.I.", Negrebetsky V.A.

@ South-West State University, Kursk, Russian Federation
b Belgorod State National Research University, Belgorod, Russian Federation
¢ Russian N. Pirogov National Research Medical University, Moscow, Russian Federation

Abstract. The development of COVID-19 is accompanied by involvement of various cytokines in
pathological process. Their change depends on age, concomitant pathology and some other factors that have
not been sufficiently studied in elderly patients with coronary heart disease (CHD). The content of cytokines
in blood plasma of patients aged 60-74 in the early period of recovery from COVID-19 also remains unknown.
The aim of our study was to determine the content of systemic cytokines in elderly patients with coronary heart
disease at the early stages of recovery after COVID-19. The patients aged 60-74 with CHD who had COVID-19
of moderate severity grade (n = 40) made up the main group. in which the study of The cytokine levels were
studied in blood plasma 3 to 4 weeks after recovery. The control group consisted of 38 elderly patients with
coronary heart disease and negative tests for COVID-19. of cytokines in both groups were determined by means
of flow cytometry with “Becton Dickinson FACS Canto 2 (USA)” machine using appropriate reagent sets. We
have found that, in elderly patients with CHD at 3-4 weeks after recovery from COVID-19, if compared with
elderly patients with CHD without COVID-19, the content of IL-6 in blood plasma was increased to higher
degree and at statistically significant difference, up to 32.9%+2.3 pg/mL versus 6.5+0.7 pg/mL in the control
group (p < 0.001). Excessive content in the main group was also detected for IL-17 in blood plasma which was
25.4+1.9 pg/mL at the early post-COVID-19 period, whereas it was 7.8£0.7 pg/mL (p < 0.001) in the age-
matched patients with CHD only. TNFa and IFNy levels were elevated among 60-74-year-old patients with
CHD and COVID-19 at 3-4 weeks after recovery, being 128.6+2.7 pg/mL and 57.6+2.8 pg/mL, respectively.
In control group, the concentration of these cytokines was significantly lower, i.e., 56.3+2.2 pg/mL and
25.9+1.7 pg/mL, respectively (p < 0.001). The changes in contents of other cytokines studied seemed less
pronounced, and the level of IL-4 was not significantly different between the both groups. Hence, in elderly
patients with CHD and COVID-19 at 3-4 weeks after recovery, 1L-6, IL-17, TNFa and IFNy are the most
elevated cytokines at the systemic level.

Keywords: blood cytokines, COVID- 19, old age, coronary heart disease, early recovery period, enzyme immunoassay

JIOXXHEHUSI, OCOOCHHO B IpyINax BBICOKOIO PHCKa,
K KOTOPBIM OTHOCSITCS MAIlMEHTHI C UIIIeMUYECKOit
o6onesnnio cepauna (MBC) [2, 10]. DTo cBs3aHOo ¢
TeM, 4TO, XOTsd Bo30ymuteab SARS-CoV-2, mpen-
craBasomuii ogHouenodyHeii PHK-Bupyc [5] u

BeeneHve

[MangeMust HOBOII KOPOHABUPYCHOU MHMEKIINHA,
accouuupyemas ¢ COVID-19 u oduiimaibHO npu-
3HaHHas1 BcemupHoii opranusanuei 3apaBooxpaHe-

Hug B MapTe 2020 1., coXpaHsIeT CBOIO aKTyaJIbHOCTh
M B HaCTOsIIee BpeMsi, MOCKOJbKY B Pa3iduyHbIX
cTpaHax, B ToM umciie B Poccuiickoit Memepamum,
HECMOTpPsI Ha CYIIIECTBEHHOE CHIKEHME 3a00JIeBa-
emoctu COVID-19, nanHoe 3a0oJjieBaHKE MPOAO-
JKaeT peTuCTPUPOBATHCS U BBI3BIBACT CEPhE3HBIC OC-

SIBJISTIONIIUIICS B TIEPBYIO OYEpellb PECTUPATOPHBIM
BUPYCOM, CITOCOOEH BbI3BIBATH MOBPEXAECHNE MUO-
kapna [8]. KopoHaBupyc, CBSI3bIBasiCh C pelernTopa-
MU aHTUOTEH3WHIIpEBpallapIiero (gpepMeHra-2 Ha
MOBEPXHOCTU KJIETOK, BBI3BIBA€T BUPYCHYIO MHEB-
MOHUIO C JOMOJHUTEIbHBIMU BHEJIETOUYHBIMU MPO-
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SIBJICHUSIMU U CEPhe3HBIMU OCJIIOKHECHUSIMM, BKITIO-
yasi OCTpoe TIOBpeXIAeHWE MHUOKapaa, apUTMUIO
KapOUOTEHHBIN IIOK, MPEUMYIIIeCTBEHHO Y TTallueH-
TOB ITOXMJIOTO Bo3pacTa [6]. KpoMe Toro, manneHThI
C COITYTCTBYIOIINMU CEPACYHO-COCYANCTHIMU 3a00-
JIeBaHUSIMM, TAKUMHU KaK apTepuajbHasl TUIIEPTEeH-
3ug 1 UBC, nmeror Xyammii KITMHUIeCKUU MCXOM
nocne 3apaxeHuss COVID-19 [11]. Cpeau npuuyuH
HEOJIATOTIPUSTHBIX MCXOAOB U TSIXKEJIIOTO TEYECHUS
KOPOHOBUPYCHOM MH(MEKIIMN HA3bIBACTCS ITMTOKM-
HOBBINM 1ITOpM [1, 4, 12].

B wHacrosmee BpeMst ITOKa3aHBI acCOIMALINS
MEXIY BBIPAXKEHHOCTbIO AKCIPECCUM IIUTOKMHOB
u 1skectbio COVID-19 [8], a Takke 0cOOEHHOCTU
BOCCTAHOBJICHUSI colepKaHus 46 LIMTOKUHOB Y Ia-
LIMEHTOB B Bo3pacTe oT 19 go 61 jeT B 3aBUCHUMO-
CTU OT CTEMNEeHM TsKecTu 3abojieBaHus [1]. OmHako
y Joaeit Gosiee crapuiero Bospacta — 60-74 et u
crpagawiux MBC, conepxkaHue CUCTEMHBIX 1IUTO-
KHOB nocyie nepeHeceHHoro COVID-19 B panHeM
TMeproAe BBI3AOPOBJIICHUSI OCTAETCSI HEW3BECTHBIM.
I[TosTOoMy meJbI0 JAHHOTO HMCCJEIOBAHHS SIBIISICTCS
onpeaesieHne COACPKaHUS CUCTEMHBIX LIUTOKWHOB
y noxmiibix rmanueHToB ¢ MBC mocie COVID-19 B
paHH1E CPOKHU BEI3TOPOBICHUS.

Matepuans! 1 MeTogbl

B pamMkax maHHOTO MCCIIemOBaHUS cpopMUpOBa-
Hbl JBE€ KJIMHUYECKHUE TPYMIbl, paHIOMU3MPOBAH-
HBIX II0 BO3pacCTy, IOJYy W CONYTCTBYIOIIEH MaTo-
JIOTMM: OCHOBHAas TpyIlmna — MmauueHTsl 60-74 jet ¢
NBC u ntepenecennbiMm COVID-19 cpenneit Tske-
cTU B KoJimuecTBe 40 JeloBeK M KOHTPOJIbHAs TPYIT-
na — nauueHTtsl 60-74 netr ¢ UBC B xoimuectBe 38
yesnoBek ¢ orcyrctBueM COVID-19 B aHaMHe3e 1 OT-
puuareabHbIM TecToM TTLLP.

Nudbopmanus o nepeHeceHHoM COVID-19 mno-
JydyeHa U3 opULUATBHON MEeTUILIMHCKON HOKYMEH-
Talli¥, BBITAHHON MalleHTaM I10CJIe 00CIea0BaHUS
M JIeYeHUsI B CTallMOHApHBIX yCJIOBUsIX. B ncciaeno-
BaHNE BKITIOYAJINCH TOJIBKO T€ MAIIUCHTHI, ¥ KOTOPBIX
nuarHo3 COVID-19 BepuduumpoBaH Ha OCHOBE
KIMHAYECKON CHUMNOTOMATHUKH W ITOJOXUTSIBHO-
ro tecta I1LIP ¢ Beimenenuem PHK SARS-CoV-2 B
KpOBHM OOCJICIOBaHHBIX. M3ydeHNE HUTOKMHOBOTO
npoduias y HUX IPOBOAUIOCH uepe3 3-4 Helleau To-
CJIe BBI3IOPOBJICHUSI.

Hwuarnoctuka MBC BbIMoOMIHSUIACh TTO COBOKYI-
HOCTHU pPEe3YJIbTaTOB 3JIeKTpPOKapaAuorpacuIeckoro,
axoKaparorpapuueckoro u J1abopaTopHBIX HCCIIe-
JOBaHUM ¢ HaJIUYMEeM IMaTOTHOMOHUYHBIX Hapyllle-
HUI B COepP>KaHUU CePIeIHOTO TPOIIOHUHA, SH3UM-
HBIX TTOKa3areJieil. B anamHese mauueHToB 60-74 et
HaAOJIIOJAINCh paHee TIepPeHECEHHBIC CIIydar OCTPOTO
vHpapKTa MMOKapaa, CTCHOKapAUK IMOKOsS U HaIlpsi-
JKEHUSI, OCTPOr0 KOPOHAPHOTO CUHIPOMA.

B uccrenoBanue He BKIIOYAINCHh MAIIMEHTHI C
TMEPEHECEHHBIMU B TEUYEHME IMOCJEIHEro ToJrona
OCTPBIMU PECTIMPATOPHBIMU UHMEKIIMSIMHU, TepIiec-
HOIl MH(peKIeN, BUPYCHBIM IeraTUTOM, BUPYCOM
UMMYyHOe(UIIMTA YeJIoBeKa.

OmnpeneneHue coiaepxXKaHusl LUTOKUHOB TTPOBO-
WU B IJ1a3Me KpoBU Ha annapate Becton Dickinson
FACS Canto 2 (CIIIA) MeTonoM OpPOTOYHOM IIM-
TOMETPUM C MPUMEHEHUEM CIeLMaTbHbIX HabOPOB
CBA (BD Biosciences, CIIIA).

TTariueHTHl B OCHOBHYIO U KOHTPOJIbHYIO TPYIIIbI
BKJTIOYAJIUChH TIOCJIE TIONyYEeHUSI TTMChbMEHHOTO WH-
¢dopmupoBaHHoro cornacusi. MccienoBaHue ocy-
MIECTBIISIIIOCH C COOMIOIEHUEM OOIIETIPUHSTHIX 3TH-
YEeCKUX HOPM.

ITonyyeHHBIE pe3ysbTaThl 0OpadOTaHBI B TIPO-
rpammMme Statistica 10.0, a 11 OLIEHKU JTOCTOBEPHO-
CTU pa3IWYUii MeXIy CpaBHUBAE€MbIMU TpPyIITaMU
WCIIOJIB30BAJICST KpUTEepUid y2. Pasnuuus cuuTtaivch
CTaTUCTUYECKU 3HaUYMMbIMU T1pu p < 0,05.

PesynbTartbl

B paHHUe cpoKU BBI3IOPOBICHMUS TTOCHE ITIEPEeHe-
cennoro COVID-19 y maiineHTOB MOXXUI0TO BO3pac-
Ta ¢ UBbC KOoHLIeHTpalMsi MHOTUX U3YYEHHBIX LIUTO-
KWHOB B TIJIa3Me KPOBU OCTaBajlaCh MOBBIIIICHHOMN
(tab6n. 1). KpaiiHe BBICOKMM B 3TOT IT€pPUO, OCTaBasl-
cs B IJTa3Me KPOBHM YPOBEHB ITPOBOCHAIUTEIBHOTO
1L-6, korma ero comep:kaHue B 5,1 pa3a npeBbILIaIO
AHAJIOTMYHBIN ITapaMeTp HNAalMeHTOB TaKOTO K€ BO3-
pacta ¢ UBC 6e3 COVID-19 B aHamMHe3e CO cTaTu-
CTUYECKH 3HAYMMBIM pa3IndreM MEXIy IpYITITaMu.
Cpenn noxwibix mmanmeHToB ¢ MBC n nepeHeceH-
HbiM COVID-19 cpenHeli cTeneHU TSIXKECTU B paH-
HEM TepHoAe BHI3TOPOBICHUS BBISIBJICHO BBICOKOE
coaepxaHue IL-17 mo cpaBHEHUIO C TPYMIION Malu-
entoB 60-74 net ¢ UBC 6e3 COVID-19.

OpHako BbICOKMI ypoBeHb IL-17 B miazMe KpoBu
B paHHME CpOKM BbI3noposieHus mnocie COVID-19
CTaTUCTUYECKM 3HAYMMO OTJIMYAJICS HE TOJBKO OT-
HOCHUTEJILHO BO3PAaCTHOTO KOHTPOJISI, HO U K YPOB-
Hio IL-6 Ha BbIllIeyKa3aHHBINA MEepUO HAOTIOAEHUS
(p <0,05).

CrenyeT yKa3aTh TakKe Ha 3HAUYMTEJIHBHO TTOBBI-
meHHble ypoBHU TNFo 1 IFNy B mna3me kpoBu na-
nueHToB Tozkuioro Bo3pacta ¢ UBC nu COVID-19
B paHHUE CPOKM BbI3TOPOBJICHUS MO CPAaBHEHUIO C
HanueHTaMU aHAJIOTMYHOTO BO3pacTa, CTpamarolInX
NBC, u He umeBiux COVID-19 B anamuese. [1pu
3TOM HOCTOBEPHO ITOBBIIMICHHBIC KOHIICHTPALIUN
TNFoa u IFNy B paHHeM niepuojie BbI3IOPOBICHUS
nauueHToB 60-74 ner ¢ UBC mnocie rnepeHeceHHOro
COVID-19 6b111 mpakTUYeCKM B PaBHOU CTENEHU
OTHOCHUTEJILHO TPYITIThI CPABHEHUSI.

Ha MmomeHT o6ciienoBaHMsI NALIMEHTOB MOXKWJIOTO
Bo3pacta ¢ UBC u nepeHecenHbiMm COVID-19 BbI-
COKMM OCTaBaJIOCh M COACPKAaHME ITPOTUBOBOCIMA-
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TABINLA 1. YPOBEHb LIMTOKMHOB B NNIASME KPOBU MOXWUJIbIX MALUMEHTOB C UBC MOCHE COVID-19 B PAHHUE

CPOKW BbI31OPOBINEHWA (M£m, nr/mn)

TABLE 1. PLASMA LEVELS OF CYTOKINES IN ELDERLY PATIENTS WITH CORONARY ARTERY DISEASE AFTER COVID-19

IN THE EARLY RECOVERY PERIOD (M£m, pg/mL)

MaumeHTbl 60-74 net
HasBaHue UNTOKMHOB MaumeHTbl 60-74 net ¢ UBC ¢ UBC n COVID-19
Name of cytokines Patients 60-74 years old with CHD Patients aged 60-74 with P
CHD and COVID-19
IL-2 3,410,3 5,9+0,5 <0,01
IL-3 4,2+0,2 6,7+0,3 <0,01
IL-4 4,710,4 5,1+0,4 > 0,05
IL-6 6,5+0,7 32,942,3 < 0,001
IL-7 16,410,8 21,5%1,2 < 0,001
IL-10 12,1+0,9 21,4+1,2 < 0,001
IL-15 20,240,9 29,8+1,1 <0,01
IL-17 7,8+0,7 25,4+1,9 < 0,001
IL-18 83,4123 72,5+1,8 <0,01
TNFa 56,3+2,2 128,6+2,7 < 0,001
IFNa 68,5+2,1 97,4+3,2 < 0,001
IFNy 25,9+1,7 57,6+2,8 < 0,001

JuTesibHOTrO uToKMHa — [L-10 — B mra3zme KpoBu
CO CTAaTMCTUYECKN 3HAUYMMBIM pa3INdveM K TPYIIIIe
cpaBHeHus B 1,7 pa3a. BMecTe ¢ TeM KOHLEHTpaLus
IL-4 B miasmMe KpoBM HE MMeEJIa TOCTOBEPHBIX pa3-
U4l cpeau noxuibix nanueHtoB ¢ UbC, nepedo-
geBnx COVID-19, u noxuiabix nauueHToB ¢ UBC
(p > 0,05).

JIoCcTOBEpHO TOBBILIEHHBIMU 4Yepe3 3-4 Heaelu
nociae COVID-19 y noxwunbix nauueHToB ¢ MBC
OKa3aJIMCh B m1a3zMe KpoBu ypoBHu I1L-2, IL-3, ipu-
YeM C MPpaKTUIECKU SKBUBAJIEHTHBIM ITPEBBIIICHUEM
IPOTUB BO3PACTHOTO KOHTPOJsA. I10mMOOHBII BBIBOL,
MoxHO caenath u s IL-15, IL-7, IFNao, KoHlieH-
Tpalus KOTOPBIX B IJIa3Me KPOBU ITOXMJIBIX ALV~
eHToB, nepeHecimx COVID-19, B paHHUe CcpoKu
ocTaBajlach JOCTOBEPHO TOBbIIIEHHOH. OaHaKO
KOHILEHTpalus ogHoro uutokuHa — IL-18 — y na-
uredToB 60-74 ner ¢ UBC u COVID-19 B anamHe3e
cnycTs 3-4 Heaesu nocie 3a0oaeBaHus Oblaa CTaTh-
CTUYECKU 3HAYMMO HIKE, YeM y IauueHToB 60-74
snet ¢ UBC c orcyrctBuem COVID-19 (p <0,01).

Takum obpazom, yepe3 3-4 Hedeau Mocjie nepe-
HeceHHoro COVID-19 y moXWIbIX TTallUEHTOB C
MBC B nmna3mMe KpOBU COXPAHSUIMCH MOBBIIIEHHBIE
YPOBHU OOJIBIIMHCTBA UCCIICAOBAHHBIX IIMTOKNHOB,
3a uckimouenueM I1L-4 n 1L-18. ITpu aToM Hauboaee
MOBBIIEHHBIMM B Ha3BaHHOM TpyIIie ITallMeHTOB
octaBamuch ypoBHu 1L-6, IL-17, TNFa u IFNy, ko-
TOPBIC HA HAIIl B3IJISII, MOXKHO HCITOJIb30BaTh B Kaue-
CTBE BEAYIIMX MapKepPOB BOCCTAHOBJICHMUS TTOXKMITBIX
nanueHToB ¢ MBC B paHHEM TIeproie BBI3TOPOBIIC-
HUSI.

ObcyxaeHue

BoccraHoBiaeHME CHUCTEMHOIO LIMTOKMHOBOTO
npodunsd noxuabix nanueHToB ¢ MBC nocne nepe-
HeceHHoro COVID-19 nmo ypoBHeit BO3pacTHOIO
koHTposst ¢ UBC m orcyrctBuem COVID-19 mpo-
MCXOIUT MEIIJIECHHO U Yepe3 paccMaTpuBaeMble HAMU
3-4 Henenu MUMeEET CYILIECTBEHHBIE pa3jinuusl, Kak 1
B OoJjiee paHHHE CPOKHU IIOCJIC BBI3MOPOBICHUS — 2
Henenu, korga Zhang H.X. u coaBt. [13] BbISIBWIN
B IJTa3Me manueHToB, nepedoseBmiux COVID-19 u
MMCBIINX TOIUMOPOMITHYIO COMATHUUYECKYIO TIaTO-
Joruto, B ToM uncie UBC, Gonee BbICOKHE YPOBHU
1L-2, IL-4, IL-6, 1L-10, IL-17, TNFa, IFNy, mo
CPaBHEHUIO C KOHTPOJIEM U3 3A0POBBIX ull. B cBsI3n
C 3TUM aBTOPBI CYUTAIOT, YTO MOBBIIIIEHHBIE YPOBHU
YKa3aHHBIX IIMTOKWHOB SIBJISIIOTCS HE3aBUCUMBIMU
npeaukropaMu  3PMOEKTUBHOCTH  pPeaOMIUTALIAN.
OTU pe3yJIbTaThl TAKXKe IOKAa3bIBAlOT MOCTEIEHHOE
BOCCTaHOBJICHME MMMYHHOM CUCTEMBI MOCJe TIepe-
HeceHHOTO COVID-19, a ycTOMYMBEIN TUTIEpBOCTIA-
JIMTEIbHBINA OTBET, OOYCJIOBJIEHHBII ILIMTOKWHAMU,
OoJiee 14 nHeit mpenmoyiaraeT HEOOXOAMMOCTD TPO-
IOJDKEHUST MEIWIIMHCKOTO HAOJIOACHUS TIOCTIE BBI-
MUCKY U3 CTallMOHAapa, HO IS TIOJITHOTO TOHUMAaHUS
nocneacteuii COVID-19 B acrmekTe HUTOKUHOBBIX
HapyILICHW, TI0 MHEHHWIO aBTOPOB, HEOOXOIMMEI
JIOHTUTIONUHAJIbHBIE HWCCJIEIOBAaHUSI BBI3IOPOBEB-
LIMX MalUueHToB [14].

B omHOM 13 hyHIAMEHTAJIbHBIX POCCUMCKIX MC-
CJIeIOBAHWIA, BBIMOJTHEHHBIX B BEOyIIEM HayYHOM
MeauuuMHCKOM yupexaeHun — POBYH «Cankr-
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TleTepOyprckuii  HaydyHO-MUCCAEIOBATEIbLCKUNA WH-
CTUTYT BIHUAECMHUOJIOTU W MUKPOOUOJIOTUN WME-
Hu Ilactepa», mokazaHO JOCTOBEPHOE CHUXXEHUE B
na3Me KpOBU YPOBHEN 8 LIMTOKMHOB u3 46 uccie-
JOBaHHBIX y marueHToB oT 19 1o 61 roga mocie 30-
100 mHeit BBI3TMOPOBICHUSI, 0003HAYCHHBIX aBTOpa-
MU (da30ii MOTHOTO BEI3OOPOBICHUS, IO CPAaBHEHUIO
C 3HaUYEHUSIMU KOHTpOIbHOU rpymrsl [1]. [Tpu aTom
CHUXKEHME TMpPUCYIIe IPOBOCIAIUTEIbHBIM 1IMTO-
kuHam: IL-1a — B 2-4 pasa (p = 0,0063), IL-2 — B
3,9 paza (p < 0,0001), IL-9 — B 2 paza (p = 0,0079),
IL-12(p40) — B 1,8 paza (p < 0,0001). B 3aBUCHUMO-
CTH OT TSI3KECTH 3a00JIeBaHUS B TPYIIITe peKOHBaJIeC-
LIEHTOB, MO cpaBHeHHUIO ¢ OoJbHBIMU COVID-19,
Yy KOTOPBIX 3a00JeBaHUE IMPOTEKaJI0 CO CpemaHel u
TSDKEJIOM/KpaiiHe TsDKenol ¢hopMaMM TEYSHUS, Xa-
PaKTEePHO JOCTOBEPHOE CHIDKCHUE COMCp>KaHUS NH-
tepaevikunoB IL-1a, IL-1p3, IL-2, IL-3, IL-4, IL-5,
1L-6, 1L-7, IL-9, IL-12(p40), IL-12(p70), IL-13,
1L-15, IL-17A/CTLAS8, IL-17-E/IL-25, IL-18,
1L-22, IL-27, IFNa, IFNy u TNFa. Kpowme Toro,
MIOCTOBEPHBIX PA3IMUNU B KOHIICHTPALIASIX IIUTOKI-
HOB IJIa3Mbl KPOBU peKOHBaJsieCclieHTOB yepe3 30-100
JTHEI B TPYIITaX CO CpeAHEN U TsKeJIoi/KpaliHe TsI-
xkenort dopmamu COVID-19 He BbIsSIBJIEHO.

Hpyrue nmaHHBIE O COACPKAHUU IIMTOKUMHOB B
maa3Me KPOBHU BBI3IOPOBEBINMX IAIllMEHTOB OOIIEeit
nonynssuu u1 ¢ UBC mociae COVID-19 gapagiorcs
KpaitHe ckynHbiMU [1, 13]. Tak, cpeau 7032 manu-
€HTOB C JabopaTtopHo noaTrBepxaAeHHbIM COVID-19
U ¢ conmytcTBytoneit B 592 cayvasx MbC y BbIzno-
POBEBIIMX IMAlIMEHTOB B OCTpoii (ha3e 3abosieBaHUs
(COVID-19) mo cpaBHEHHUIO C yMEPIINMM MaIlu-
eHTaMU coliepkaHue B Tiazme kposu IL-1pB, 1L-6,
IL-8, TNFo ObUIO HUXE C JOCTOBEPHBIM pa3iv-
yreM Bo Bcex caydasx (p < 0,0001) [7]. B yacTHO-
CTU, MaKCHUMaJbHO OTIWYaJIMCh ypoBHM IL-6, co-
CTaBJISIBIIME Y BbI3mopoBeBIIux 47,3+41,3 nr/mi,
npotuB 183,9+£165,9 nr/mn — y ymepiuux. Ilpak-
TUYECKN aHAJIOTUIHOE COOTHOIICHUE YCTAaHOBJICHO
u s 1L-8 — 43,6+£30,9 nr/min u 134,8%£115,3 nr/
M. MeHee CylIeCTBEHHBIMU, XOTSI U JOCTOBEPHBI-
MU, OKa3aJIMCh pa3januusl B COAEpXXKaHUU B IIa3Me

Cnmcok nutepatypbl / References

KPOBUM BBI3IOPOBEBIIMX W YMEPIIWX TAIMeHTOB C
COVID-19 IL-18 u TNFa. Ha ocHoBaHMu 3TOTO
aBTOPBI TIOJIAraloT, YTO OHU OTIPEIETUIIN COITYTCTBY-
ouue 3adojieBaHuu, B yacTHOCTU MBC, HUTOKUHBI
KpPOBM, CBSI3aHHbIE C TIOBBIIIEHHOW KIMHUYECKOMN
TSDKECThIO U ucxogamu y nanueHToB ¢ COVID-19.

ITokazaHo, 4TO yBeJIMYEHUE CEepAeUYHO-COCYIU-
CThIX 3a00eBaHult y moxwuibix ¢ COVID-19 cHuxa-
€T YacTOTY BBI3MIOPOBJICHUSI U OJTHOBPEMEHHO CIIO-
COOCTBYET BBICOKOW YacTOTE JIETAIbHBIX HCXOJOB,
OJTHOU M3 TIPUYMH KOTOPBIX BBICTYyMAET ITUTOKWHO-
Bblid mtopm [11]. TIpoBocnanuTenbHbIE LIUTOKU-
Hbl — IL-1, IL-6 1 TNFo oka3bIBalOT y NaleHTOB
¢ COVID-19 otpuniaTeIbHOE UHOTPOITHOE AEUCTBUE
Ha COKPATUTEIbHYIO CITOCOOHOCTh MUOKApIa U WH-
TyIAPYIOT MAacCCUBHBIM aIlonTo3 KapIMOMHOIIMTOB,
crioco0ctBysd 'y 00JbHbIX MBC BO3HUKHOBEHUIO
OCTpOil cepaeyHoit HegoctarouyHocTtu [9, 13]. On-
Hako B ucciaegoBannu Kaufmann C.C. u coasnrt. [10]
y nauueHToB ¢ UBC Kak BbIKMBIIMX, TaK U yMep-
IIKMX HE BBISIBJICHO KaKUX-JIM00 accouuanuii ¢ [1L-32,
1L-34, copepkaHue KOTOPHIX B TJIa3Me KPOBU OBLIO
coroctaBuMo ¢ 60abHbBIMU 63 MBC.

B 1esom e HemoCcTaTOYHOE KOJIUYECTBO HCCIIe-
JIOBaHMI, BHITIOJIHEHHBIX Ha CETOAHSIIHUN AEHb, 1O
M3MEHEHHUIO CHCTEMHOIO ILIMTOKMHOBOIO CTaTyca y
BBI3JOPOBEBIINX TallMeHTOB, B ToM uucie ¢ UBC,
HE TaeT OJJHO3HAYHOIO MPEACTaBICHUS O TMHAMUKE
LUTOKWUHOB KPOBU B Pa3HbIe CPOKM BBI3IOPOBJICHUS
U TpeOyeT IMPOBEICHMSI HOBBIX NCCACIOBaHUIA.

3aKnoyeHne

B paHHUE CPOKU BBI3IOPOBJICHMST MOKMIBIX T1a-
uueHToB ¢ MBC mnocne nepenecenHoro COVID-19
MO CpaBHEHUIO ¢ MoxXxuabiMu nauveHtamu ¢ UBC B
IUia3Me KpOBM HaOJII0IaIMCh MMOBBIIIEHHbBIE YPOBHU
3HAYMTEJbHOIO KOJIMYECTBA IIMTOKMHOB, HO HaM-
OOJIbIIINME JOCTOBEPHBIC Pa3JIM4YMsl YCTAHOBJICHBI I10
conepxanuto IL-6, IL-17, TNFa u IFNy, koTopbie
MpeiaraeTcs IpUMEHSTh B KAUECTBE BEAYIIIMX Map-
KepOB BbI3I0pOBIeHM nanyeHToB 60-74 et ¢ UBC
u COVID-19.
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MMMYHOJIOM'MYECKUE NMOKASATEJIU B OLLEHKE
NAPAMETPOB CEPL,EYHO-COCYAUCTON CUCTEMBI

CMOPTCMEHOB PA3JIN4HOU KBAJIUOUKALIUU
Msarkosa M.A., Booposa 3.B., Ilerpouenxo C.H.

DIBYH «Dedepanvhblil uccredogamensckuil yenmp npooaem Xumuveckoi Qu3uKu u MeOuyuHcKoi Xumum»
Poccuiickoii akademuu Hayk, e. Yeproeonoska, Mockosckas 06a., Poccus

Pe3iome. CBOeBpeMeHHAsT IMaTHOCTUKA U TTPOMMIIAKTUKA CePAETHO-COCYTUCTHIX 3a00JIeBaHUIT OCHOBaHAa
Ha MapKepax, BBISIBIISIONIMX NU3MEHEHUST B OpraHn3Me CITOPTCMEeHA Ha paHHUX 3Tarax. s peaqn3anum yka-
3aHHOM 3aa49¥ aKTyaJIbHO TIPUMEHEHNEe HOBBIX JJAOOPAaTOPHBIX METOOB aHaM3a. [IpoBeneHo CpaBHUTEb-
HOE oTpe/iesieHNe UMMYHOJIOTUYECKUX MapKepoB, Creln(uIeckKnx aHTUTE]T K aHTUOTEH3WHY, OpaTuKuHM-
HY, TUCTaMWHY, 10(aMUHY, CEPOTOHUHY U (DYHKIIMOHATBHBIX MOKa3aTeJiell CepIeYHO-COCYIMCTON CUCTEMBI
Y CITOPTCMEHOB pa3nuHOi KBandukaunuu. O0beKTOM MCCIIeT0BaHNS ObLT CIIOPTCMEHBI COOPHBIX KOMaH]T
P®, npoxonusiiMe B pamkax rpaduka yriyojeHHoe MenuiimHcKkoe oocinenoBanue (YMO). YUacTHUKY 9KC-
TMEpUMEHTA pa3/ieIeHbI Ha TPYIIIHI B 3aBUCUMOCTH OT BUJIa CITopTa 1 KBanudukanuu. [1peactaBuTenu rpyImmbl
«{ukmnyecknx BUIOB COOPTa» BKIIIOYAIU CIOPTCMEHOB 6e3 pa3psiaa 30 yesoBek U 29 CriopTCMEHOB KBaJU-
dukannu (Ie3p., KMC, MC, MCMK). Ipyrny «EnnHo60pcTBa» cocTaBiistiin 32 yeaoBeKa 0e3 paspsiga u 31
CTIOPTCMEHa ¢ KBaM(UKaIneir aHaJTOTMIHO yKa3zaHHoM Bbille. CriopTcMeHbl «CKOPOCTHO-CUJIOBBIX» BUIIOB
CITOpTa IpeICTaBICHbI TPYIITOi 13 31 yeoBeka 0e3 paspsiaa 1 29 cIropTcCMeHOB ¢ KBajaudukalmeit. OyHKIIm-
OHaJIbHbBIE TTApaMETPhI CePAEYHO-COCYINCTON CUCTEMBbI BKITFOYAIU aHAJIU3 YaCTOTHI CEPIIEUHBIX COKPAIIICHU,
CUCTOJIMYECKOTO apTePUATBHOTO IaBJIEHUS M AUACTOJIMIECKOTO apTepualIbHOTO NaBJIeHMS, KOTOPbIE CpaBHU-
BaJI C KOHTPOJIbHBIMU BEJTMUMHAMU, YCTAHOBJIEHHBIMU JIUISI CITOPTCMEHOB. MIMMyHOJIOTMYeCcKe TToKa3aTen
B CBIBOPOTKE KPOBU CIIOPTCMEHOB M KOHTPOJIBHOI TPYIIITBI OMPenesisiii MeTonoM TBepaodasznoro MDA, uc-
MOJIB3YsI JUTIST COPOIIMM Ha TUTAHIIIET KOHBIOTMPOBAHHBIC aHTUTEHBI aHTUOTeH3WHA, OpaIMKMHUHA, TUCTAMU-
Ha, nodamMuHa, cepoToHnHa. 151 cpaBHEHUSI TToKa3aTesiell MCTOJIb30BaIM TPYITITY KOHTpouIst 13 30 JesloBek
C OTCYTCTBHEM TTPOSIBJIEHUI KIIMHUKHU CepAeYHO-COCYIUCThIX 3a00ieBaHuii. JlnacTomyeckoe apTepruaaibHOe
JaBJICHUE JIJISI CHIOPTCMEHOB ITUKJIMYECKMX BUIOB CITOPTa M eAMHOOOPCTB ObUTO HMXKE KOHTPOJIBbHBIX BEJIMYWH,
ay CITOPTCMEHOB CKOPOCTHO-CUJIOBBIX BUJIOB CITOPTA BBIIIIE 3HAYeHU I KOHTPOJIsl. DaKT CHYKEHUST TMACTOM -
YeCcKOTO apTepUaIbHOTO AaBJICHUS JIJIsI YKa3aHHBIX BBIIIIE CITIOPTCMEHOB CBUIIETENIBCTBYET O XapaKTepHOM (-
3MOJIOTMYECKOM U3MEHEHUN MUOKap/a cep/liia, KOTOpoe HOCUT alalTUBHbBIN XapakTep. YPOBHU UMMYHOJIO-
TMYECKMX MoKazaTeJsieil K CepOTOHUHY, ToDaMUHY TSI CIOPTCMEHOB BCEX TPYITIT COOTBETCTBYIOT 3HAUCHUSIM
KOHTPOJIbHOU rpyribl. McKimtoueHne cocTaBWIN KBUTM(MUITMPOBAaHHBIE CIIOPTCMEHBI ITUKJIMYECKUX BUJIOB,
JIOCTOBEPHO OTJIMYAIOIINXCSI OT HOPMBI IO CPaBHEHMIO CO CITOpTcMeHamu 0e3 paspsina. Ot KBamdukamm

Anpec 11 epenucKu:

Ilempouenko Ceéemaana Huxonaesna

DIBYH «Dedepanvhblil uccredosamenvcKuii UeHmp
npobaem Xumuueckoi uauku u MeOUYUHCKOU XUMUu»
Poccutickoii akademuu Hayk

111024, Poccus, Mockea, ya. Asuamomopuas, 5la,
000 «THAHAPK».

Ten.: 8(495) 673-39-42.

E-mail: dianark777@mail.ru

Address for correspondence:

Svetlana N. Petrochenko

Federal Research Center for Problems of Chemical Physics
and Medicinal Chemistry, Russian Academy of Sciences
51a Aviamotornaya St, “Dianark”

Moscow

111024 Russian Federation

Phone: +7 (495) 673-39-42.

E-mail: dianark777@mail.ru

O06pa3en IUTHPOBAHUS:

M.A. Msekoea, 3.B. booposa, C.H. [lempouenxo
«HMmmyHoN0UMECKUE NOKA3amMenlU 8 OUeHKe napamempos
cepoeuHo-cocyOucmoil cucmembl CHOPMCMEH08 PA3NUHHOU
kearugpuxayuu» // Meduyunckas ummynonoeus, 2023.

T. 25, No 6. C. 1423-1430.

doi: 10.15789/1563-0625-11F-2608

© Msaekosa M.A. u coasm., 2023
Dma cmamwvs pacnpocmpansaemcs N0 AUUEH3UU
Creative Commons Attribution 4.0

For citation:

M.A. Myagkova, Z.V. Bobrova, S.N. Petrochenko
“Immunological indexes for assessing parameters

of cardiovascular system in athletes of different qualification”,
Medical Immunology (Russia)/Meditsinskaya Immunologiya,
2023, Vol. 25, no. 6, pp. 1423-1430.

doi: 10.15789/1563-0625-11F-2608

© Myagkova M.A. et al., 2023
The article can be used under the Creative
Commons Attribution 4.0 License

DOI: 10.15789/1563-0625-11F-2608

1423



Msexoea M.A. u dp. Meoduyunckas Ummynonoeus
Myagkova M.A. et al. Medical Immunology (Russia)/Meditsinskaya Immunologiya

CIOPTCMEHA He 3aBHUCEJIN JOCTOBEPHO BLICOKME MMMYHOJIOIMYECKUE MOKA3aTeM IJisd TUCTAMUHA U aHTUO-
TEH3MHAa. Y CITOPTCMEHOB, 3aHUMAOIIINXCS CKOPOCTHO-CWIOBBIMU BUJAMHU, 3HAYCHWE TTOKa3artesieii 1jist Gpa-
JUKWHUHA HE OTJIMYAJI0Ch OT HOPMBbI, a JJIs1 CHOPTCMEHOB LIMKJIMYECKUX BUIOB U €IMHOOOPCTBA JOCTOBEPHO
npesbiiao Hopmy. ITokazaHo, YTO pa3HbI YPOBEHD 1 BUJI CIIOPTUBHOM IEITEILHOCTH I1I0-CBOEMY AEMCTBY-
eT Ha TToKa3aTesId CepAeUHO-COCYAMCTON CUCTeMbI. Mi3MeHeHe MMMYHOJIOTMYECKUX TTOKa3aTesieil OTpaxkaeT
COCTOSTHUE PETYJISITOPOB CEPACYHO-COCYAUCTON crcTeMbl. COOTBETCTBEHHO, UX OJHOMOMEHTHOE yBeJIMYe-
HUE M0 OTHOIIEHUIO K KOHTPOJIIO MOXKET CBUIECTEILCTBOBaTh 00 YYaCTUM B Pa3BUTUM CEPACUHO-COCYIUCTHIX
3a00JIeBaHU. A pa3Inyuusl B MOBBIIIEHUW WX YPOBHS IS CIOPTCMEHOB, 3aHUMAIOIIUXCST €TMHOOOPCTBAMU
LIMKJIMYECKMMM U CKOPOCTHO-CHJIOBBIMM BUJIAMU, MOKa3bIBaeT 0oJiee MIyOOKUe U3MEHEHUS PETyJISITOPHBIX
CHUCTEM, CBSI3aHHBIC C JUIMTEIbHOCTBIO U YPOBHEM (bM3UYECKOM HAarpy3KU.

Knrouesvie cnosa: apmepuanshas eunepmensus, ChOpMUEHast 0estmeabHOCb, CePOMOHUH, 00QaMUH, OpaOUKUHUH, AHZUOMEH3UH,
2UCMamuH, ecmecmeeHHble AHMUmMend, UMMYHOQEPMEHMHbLIL AHAAU3

IMMUNOLOGICAL INDEXES FOR ASSESSING PARAMETERS
OF CARDIOVASCULAR SYSTEM IN ATHLETES OF DIFFERENT
QUALIFICATION

Myagkova M.A,, Bobrova Z.V., Petrochenko S.N.

Federal Research Center for Problems of Chemical Physics and Medicinal Chemistry, Russian Academy of Sciences,
Chernogolovka, Moscow Region, Russian Federation

Abstract. Timely diagnosis and prevention of cardiovascular diseases is based on markers that detect changes
in the athlete’s body at an early stage of disease. To implement this task, it is important to use novel laboratory
techniques. We have carried out a comparative determination of immunological markers, specific antibodies
to angiotensin, bradykinin, histamine, dopamine, serotonin and functional indicators of the cardiovascular
system in athletes of various qualifications. The object of study included athletes of the Russian national teams
who underwent an in-depth examination (IME) as part of medical survey. The participants were divided into
groups depending on the sport arts and qualifications. Representatives of the group “Cyclic sports” included
athletes without a category of 30 people and 29 qualified athletes (1 step, Candidate Master, Master of Sports,
etc.). The “Combat sports” group consisted of 32 people without a category and 31 athletes with qualifications
similar to those indicated above. Athletes of “Speed-strength” sports are represented by a group of 31 people
without a category and 29 athletes with qualifications. The functional parameters of the cardiovascular system
included analysis of heart rate, systolic blood pressure and diastolic blood pressure, which were compared with
control values established for the athletes. The immunological indexes were determined in blood serum of
the athletes and in subjects from control group by means of the solid-phase ELISA method using conjugated
antigens of angiotensin, bradykinin, histamine, dopamine, serotonin for absorption on the plates. To compare
the indexes, a control group of 30 people without cardiovascular symptoms was examined. Diastolic blood
pressure for athletes of cyclic sports and combat sports was below the control values, and, for athletes of
speed-strength sports, it was higher than in control group. A decrease in diastolic blood pressure for the above
subgroup of athletes may indicate characteristic adaptive physiological changes in myocardium. The levels of
immune-related indexes for serotonin, dopamine for the athletes of all groups corresponded to the control
values. The only exception concerned qualified athletes of cyclic sports, which significantly differed from the
normal values, compared to athletes without a sports category. Significantly high immunological parameters for
histamine and angiotensin did not depend on the athlete’s qualification. In athletes involved in speed-strength
sports, the levels of indexes for bradykinin did not differ from the normal values, and, for athletes in cyclic
sports and combat sports, they significantly exceeded the norm.

We have shown that different levels and types of sports activities affect the performance of cardiovascular
system in their own way. The changes in immunological parameters reflect regulatory state of cardiovascular
system. Accordingly, their simultaneous increase against the control may indicate participation in the
development of cardiovascular diseases. The differences in their levels for athletes involved in combat sports,
cyclic and speed-strength sporting activities show deeper changes in regulatory systems associated with duration
and level of physical activities.

Keywords: arterial hypertension, sports activity, serotonin, dopamine, bradykinin, angiotensin, histamine, natural antibodies, enzyme

immunoassay
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HmmyHnonoeuueckue noxkazamenu cepoe4Ho-cocyoucmoil Cucmembvl CHOPHCMEHO8

Immune indexes of cardiovascular system in athletes

BeeneHue

O1leHKa (YHKIIMOHAIBHOTO COCTOSTHUS W TI0-
TEHLMAJIbHBIX BO3MOXHOCTE OpraHru3Ma 4eaoBeKa
SIBJISIETCS aKTyaJIbHOM 3aauyeil Kak JJIsl CIIOpTa BbIC-
X JOCTYKEHMH, TaK 1 IJTST OpTaHU3aLK IIpoIiecca
PEryJISIPHBIX 3aHATUN (DUBKYJIBTYPOU HaceJeHUEM.
CoBpeMEeHHBIMU HCCJISIOBATEISIMU YCTAaHOBJICHO,
YTO TUITOAMHAMUS U CTPECC OTHOCSATCS K BaKHEIi-
muM (pakTopaM pHCKa Pa3BUTHUSI CEPACIHO-COCY-
IUCTBIX 3a001eBaHuii [7, 9]. U3BecTHO, YTO MHOTHE
BUIBI CITOPTUBHBIX YIIPaXXKHEHUI TIPUBOOAT K CHU-
KEHUIO apTepUaJIbHOTO JaBJIEHUS W YMEHBIICHUIO
pUCKa pa3BUTUSI CEPIACUYHO-COCYIMCTBIX 3aboJjieBa-
HUM, IBIISISICH MIPODMIAKTUICCKIM MEPOIIPUSITHEM
B OTHOIIEHWUM apTepuaiabHOi TunepteHsuu [10].
B cBo1o ouepenp, husnyeckre Harpy3Ky oKa3bIlBaloT
BIUSTHUE Ha MOP(OJIOTUIO W paboTy CepaeUYHO-CO-
CYAUCTOU cucteMbl cnopTcMeHoB. C ogHOI CTOpO-
HbI, TPOMCXOAUT Pa3BUTHE anarTallMOHHOM peak-
our muokapma [8, 12]. Ho, ¢ apyroii, upe3MepHbIC
dusnIecKkue W TICMXO3MOIMOHAJIBHBIC Harpy3Ku
CKa3bIBaIOTCSI HA COCTOSIHUU (DYHKIIMOHAIbHOM CO-
I7IaCOBAHHOCTU PETYJISITOPHBIX CUCTEM, TIPUBOIS
K TepeHanpsKeHuo, cOOl0 CepleyHOro puTMa u
CPBIBY aganTaluu y CmopTcMeHoB [2, 11]. PazButue
MaHHOW MATOJIOTUU COIIPOBOXKIACTCS HapyIICHUEM
TOMEOCTaTUYECKOTO paBHOBECHUs, B ITOMICPXKaHUN
KOTOPOT'O BKJIIOUEHO MHOXECTBO CHCTEM pPa3HOIro
YpOBHSI. B KOHeUHOM MTOTE B KIIMHUKE 3a00JICBaHUS
3TO TIPOSIBJISICTCS B BUAE M3MEHEHUSI MMMYHOJIOTH -
YECKUX, OMOXMMUYECKUX U APYTrUMX MapameTpos [5].
PocT peabHBIX BO3MOXHOCTE I MACTEpCTBa Y KBa-
JMUIUPOBAHHBIX CIIOPTCMEHOB B HEMaJIOM CTe-
MEeHU 3aBUCUT OT 3(P(PEKTUBHOCTU agarnTallMOHHBIX
CBOMCTB OpraHM3Ma, OIIPEICIISTIONINX PUCK Pa3BUTHS
CepIeYHO-COCYIMCThIX 3abosieBaHuii [1, 3]. Amamn-
TallMOHHBIM pecypc OpraHu3Ma Ha MOJEKYISIPHOM
YPOBHE XapaKTCPU3YETCSI COCTOSTHUEM CHCTEMBI DH-
JIOTeHHBIX OroperyJisiTopoB (DbB), obecrieunBaroLInX
OMOXMMHUYECKOE TOMeOCTaTUYeCKOe paBHOBecue [3,
5]. IIpenpacrnonoXeHHOCTh YejioBeKa K pa3JIMyHbIM
3a00JIeBaHUSIM, a TaKXkKe ero GU3NYEeCKUl U MCUX0-
SMOLMOHAJIBHBIA MOTEHIIMAA 3aBUCIT OT pPeryJisi-
TOPHBIX XapaKTepUCTUK cucTeMbl Db [5, 14]. Jdna
CBOEBPEMEHHOIN HTUATHOCTUKUA W MPOMHUIAKTUKHA
CepIEeYHO-COCYIMCThIX 3a00JieBaHUIT HEOOXOAUMO
pacrioylaraTb MapKepaMH, ITO3BOJISIOIINMU BBISIB-
JISITH Ha CaMbIX paHHMX 3Tarax U3MEHEHMs B opra-
HU3MeE criopTcMeHa. PellieHre Takoii 3agaym MOXET
obecrieuynBaThbCcsl TMPUMEHCHUEM  JIAOOPATOPHBIX
METOJOB aHaiu3a. B Hacrosiiee BpeMsi pa3pado-
TaHbl aHAJTUTUYECKME METOAbl M3MEPECHMS YPOBHS
€CTeCTBEHHbIX aHTUTEN (e-AT), XapaKTepU3YIOIIUX
COCTOSTHUE CHUCTEMbI 3SHIOTEHHBIX OWOPETYJISITO-
POB, YYacCTBYIOIIUX B MOJEKYISIPHBIX MeXaHU3Max
npouecca agantauuu [5, 6]. COBOKYIHOCTb e-AT
OoTpakaeT M peryJmpyeT WHIWBUIYAJIBHBIA MOJIe-

KYJISIPHO-KJIETOYHBI cocTaB opraHusma [5, 8]. Ux
colepkaHne HAaXOIUTCS B IIPSIMOM 3aBUCUMOCTH OT
YPOBHSI SHIOT€HHBIX MMILIEHENH. YCTaHOBJIEHO, YTO
CBOICTBA YKa3aHHBIX UMMYHOJIOTTYECKIX MapKepOB
npeTepIrieBaloT U3BMEHEHUS B KAUeCTBEHHOM U KOJIM-
YEeCTBCHHOM OTHOIIIEHWH, Ha CaMbIX PaHHUX CTaal-
X BOBHUKHOBEHMs 3abosieBaHus [3, 5]. MUcnomnb3o-
BaHUE TaKOTrO TMOJXONa B KIWHUKO-JIA0OpATOPHOM
MpaKTUKE MO3BOJISIET CO3/IaTh MPOTHOCTUYECKUE Te-
CTBI oTpeie/ieHrsT (haKTOPOB PUCKOB Pa3BUTHUS CEP-
JIEYHO-COCYIMCTOM ITaTOJIOTUMN.

Ilesp HACTOSIIET0 WCCJIEAOBAHMS 3aKJI0vaiach B
CPaBHUTEJIFHOM OINPEACICHUN MMMYHOJIOTMISCKIX
MapKepoB, CITeIN(PUISCKIX aHTUTEI K aHTUOTEH3M -
HY, OpaIUKWHWHY, TUCTAMHUHY, 1O0(aMUHY, CEPOTO-
HUHY WMYHKIIMOHAJIBHBIX MOKa3aTeeil cepaedHo-
COCYIMCTOIl CHCTEMBI Yy CIHOPTCMEHOB pa3INYHON
KBanudUuKalumu.

MaTepmanbl N METObI

Pabora BbIMoOsIHEHA Ha 0a3e KJIMHUKO-AUATHO-
CTUYECKOI Jaboparopuu <«JIuaHapk» L. MOCKBBI
(JTuensusa Ne JIO-77-01-000844 ot 10.12.2008 ).
Marepuanbsl IJIsI MCCICOOBAaHUSI TIPEOOCTABIICHBI
KiMHMKON CHOPTUBHOU MemULUHBI  «JIY>KHUKU»
. MockBa, TpOBOIAIICH B paMKax YIiayOJIeHHO-
ro MeguuMHCKoro obciemoBaHuss (YMO) ocmotp
CITOPTCMEHOB COOpHBIX KomaHa P®. Bce yuacTHU-
KM 3KCIIEpMMEHTa pas3fejieHbl Ha TPYIbl B 3aBU-
CHUMOCTH OT BHIa cnoprta n KBaymdukaunu. [pemn-
craBuTeNn rpynnbl «LlMKIMyecknx BUIOB CIiopTa»
BKJIIOUAJIU criOpTcMeHOB 0e3 pa3psaa 30 yeaoBek U
29 cnoprcmenoB kBanudukanum 1 83p. KMC, MC,
MCMK. Ipynny «EmnmHoGopcTBa» cocTtaBasuiu 32
yegoBeKa 0e3 paspsiga 1 31 cnopTcMeH KBajauduka-
uuu I B3p. KMC, MC, MCMK. CrnioprcmeHbl «CKo-
POCTHO-CHJIOBBIX» BHUIOB CIIOPTa COCTaBIUIA TPYII-
ny u3 31 yenoBeka 6e3 pa3psiga U 29 cIOPTCMEHOB
kBammukauuu 1 B3p. KMC, MC, MCMK. Ilapa-
METPBI CEPACYHO-COCYAUCTON CUCTEMbI CpaBHUBa-
JIV ¢ KOHTPOJIbHBIMU peepeHCHBIMU BEJINIMHAMM,
YCTaHOBJICHHBIMU IS CIIOPTCMEHOB [8]. AHanmu3u-
POBaJIM TaKWe MapaMeTphl, KaK YacTOTa CEPACYHBIX
cokpameHuii (YCC), cucronmyeckoe apTepraibHOE
napiaeHue (AIC) U guacToindyeckoe apTepuaibHOe
nmasimeHne (ALJL).

3abop 00pa3loB CHIBOPOTKM KPOBU JISI MCCIIe-
IOBAaHMWS y CIIOPTCMEHOB YKa3aHHBIX BBIIIE TPYIII
BBIMTOJHSUIM IO COIVIACOBAHMIO C TPEHEpPOM B Me-
PYOIBI, BKIIOYAIOIINE MPOBEACHNUE IPOLICAYPHI T0-
MOJHUTEIBHOTO TECTUPOBAHUS CIEeLMATUCTaMM.
B mMMyHOIOTMYECKUX UCCACAOBAHUSIX IJIsI CpaBHE-
HUS MOKa3aTesieil NCIOJIb30BaIN TPYIITY KOHTPOJIS,
KOTopasl BKJTIOYaJla 3JOPOBBEIX JIUII C OTCYTCTBHEM
MPOSIBJICHUI KIMHUKUA CePACYHO-COCYIMCTBIX 3a-
O6oJieBaHUI U cocTosiyia u3 30 yesloBeK OIMHAKOBOTO
BO3pacTa ¢ 00CIeayeMbIMU YYaCTHUKAMU 3KCITepH-
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MeHTa. MMMyHOXMMWYECKMIA aHaau3 TMPOBOAMIN
o pa3paboTaHHBIM paHee MeTonaM [6]. B kauecTBe
000pYAOBaHUSI HMCMOJIB30BAIU CHEKTPO(POTOMETP
¢upmbl Thermo (PunagHANS). AHAIN3 aHTUTET K
AHTUOTEH3UHY, OpagWKWHWHY, TUCTAaMWHY, moda-
MWHY, CEPOTOHUHY MPOBOAWIN C UCTIOIb30BAHUEM
mnadimeToB ¢Gupmbl Nunc (Hanus). Cratuctuue-
CKY10 00pabOTKY pe3yJIbTaTOB BBINTOJHSIN C TIpUMe-
HeHneM maketa nporpamMM SPSS 19.0 mist HaydHBIX
uccienoBaHuii. [Iyist olleHKU pe3yJIbTaTOB BLIOpaau
3HAaYEHUE BEJIWYMHBI CpenHeill apudMeTnyecKoi
(M), cranmaptHoli olnoku (m). Mcnonb3oBaiu npu
00paboTke maHHbIX kKputepuu [Mupcona, CtbioneH-
Ta—Yam4a (t). [unore3sl MpUHUMAaIU C JOCTOBEPHO-
ctbio 95% (p = 0,05).

PesynbTartbl

JaHHble 0 (YHKIMOHAIBHOM COCTOSIHUM Opra-
HHU3Ma CITOPTCMEHOB OBIIM TOJYyYeHBI B TIPOICC-
ce YMIYOJIEHHOTO MEIMIIMHCKOIO 00CIen0BaHUS
(YMO), npoBOAMMOTO B COOTBETCTBUU C IpapUKOM

TPEHUPOBOYHOIO mporecca. PaHHMMHM MapKepaMu
N3MEHEHUSI CepIeTHO-COCYINUCTON CUCTEMBI Y OOTh-
IIMHCTBA CHOPTCMEHOB BBLICOKOW KBaIM(UKALINU
MOTYT CJIYKUTb CABUIM CUCTOJIMYECKOTO apTepUalb-
HOrO JaBjieHus. M3 moy4eHHbIX JaHHBIX, IIPEACTaB-
JICHHBIX B Ta0nuIie 1, BUIHO, YTO Y BCEX CITOPTCMEHOB
CHCTOJIMYECKOE apTepuajbHOE JaBJICHUE M 4acTOTa
CepIEYHBIX COKPAIILICHUI ObLIM BbIIIE KOHTPOJBbHBIX
BeauuuH [12]. Auactonnyeckoe apTepruaibHOE J1aB-
JIEHWE Y CITOPTCMEHOB LIMKJINYECKNX BUIOB CIIOPTa
¥ €TUHOOOPCTB OBUIO HIKE KOHTPOJIBHBIX BEJIMUNH.
CHopTcMeHBI, BXOISIINE B TPYMITY CKOPOCTHO-CH-
JIOBBIX BUIOB CIIOPTA, UMEJIM TUACTOJIMYECKOE apTe-
puaJibHOE HABJICHUE BBIIIIE KOHTPOJBHBIX BEIUIMH.
CHIKEHUE 3HAYEHMST IMACTOJIUYECKOIO apTepralib-
HOTO JaBJIEHUS Y CHOPTCMEHOB LIMKINYECKIX BUIOB
cnopTa U eAMHOOOPCTB CBUAETEILCTBYET O Xapak-
TepHOM M3MEHEHUM MHUOKapa ceplla, KOTOpoe HO-
cuUT (PU3MoJIoOrnUecKuii xapakrep. st cmopTcMeHOB
CKOPOCTHO-CUJIOBBIX BHUIOB CIIOpTa IIPOMCXOIUT
VIUIOTHEHUE CTeHKU MUOKapa 3a c4eT (PUOpPO3HBIX

TABINLIA 1. OCHOBHbIE MAPAMETPbI CEPAEYHO-COCYAUCTOW CUCTEMbI CNOPTCMEHOB B 3ABUCUMOCTH

OT YPOBHA KBAIU®UKALIUU, Mtm (n = 182)

TABLE 1. MAIN CARDIOVASCULAR PARAMETERS IN ATHLETES OF VARIOUS QUALIFICATION, M+m (n = 182)

AOn AQcC pALL pALC ycc puCC
Bupbl cnopra | KBanudwukauus | (Mm pT. cT.) | (Mm pT. cT.) | (MM pT. cT.)| (MM pT. cT.) (ya/Mu) (ya/MuH)
Types of sports | Qualification DBP SBP dDBP dSBP Hyé‘ (bpm) dlﬁ"g (bpr)
(mmHg) (mmHg) (mmHg) (mmHg) P P

Lnknuyeckumn Bes paspaga
Cyclic ; 68,33+0,30 [114,0040,37 |70,75+0,01 |111,30+0,01 |[72,36+0,22 |67,91+0,08
n =30 Without rank - - Tk
Uuknuyeckun | B3p., KMC,
Cydlic MC, MCMK  {70,69+0,29 |118,27+0,39 |74,1740,04 [115,41+0,05 |76,79+0,16 |65,97+0,05
=29 1st adult, CMS, ok hk bk

- MS, MSIL
EouHoGopcTBa Bes paspsaa
Martial arts : 70,31+0,33 [113,13+0,38 |70,86+0,01 |111,43+0,02 |72,59+0,28 |67,83+0,08
=132 Without rank " - Tk
EnvHoGopcTBa | B3p., KMC,
Martial arts MC, MCMK 173 54+0,33 [118,71+0,33 |74,100,05 [115,2940,06 |75,22+0,19 |63,35+0,10
n =31 1stadult, CMS, ** b ok

MS, MSIL

CKOpPOCTHO-
cunoeble Bes paspapa |73,54+0,35 [116,13+0,25 |70,90+0,02 |111,49+0,02 [72,16+0,11 |66,98+0,06
Speed-strength Without rank Hohk hd b
n=31
CKOpPOCTHO- | B3p., KMC,
cunosble MC, MCMK  181,38+0,34 |126,550,38 |73,96+0,04 [115,16+0,05 (66,070,11 | 62,5+0,07
Speed-strength | 1%t adult, CMS, wex o ok
n=29 MS, MSIL

Mpumevanue. Al — apTepuanbHoe gnactonuyeckoe aaeneHue; A[1C — aptepuanbHoe cucTonuyeckoe gasneHue; YCC —
yacToTa cepAe4HbIX cokpalieHui; * — p < 0,05; ** — p < 0,01; *** — p < 0,001 — 4OCTOBEPHOCTL Pa3NU4nUi NO CPaBHEHUIO
C pedhepeHTHLIMM BeNIMYMHAMU; N — KOFIMYECTBO YerioBeK B BbIGOpPKe.

Note. DBP, diastolic blood pressure; SBP, systolic blood pressure; HR, heart rate; * p < 0.05; ** p < 0.01; *** p < 0.001, significance
of differences compared to reference values; n, number of people in samples.
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Immune indexes of cardiovascular system in athletes

U3MEHEeHUI, YTO B peabHOCTU U MPUBOAUT K TAKUM
nokasaTesisiM J1aBJIE€HUsS OTHOCUTEIbHO KOHTPOJIb-
HBIX BEJIMUMH. DTU (PaKThI ABJSIIOTCS MIPUYUHOMI pa3-
BUTUSI apTepUuabHOU runepteH3uu [10, 15].

BoinonHeHo onpeaenaeHue crielMpUUIECKUX UM-
MYHOJIOTMUYECKUX MapKepOB — €CTECTBEHHBbIX
aHTUTEJ K MOJIEKYJIaM peryJisiTopaM paboThl cepaey-
HO-COCYIUCTON CHUCTEMBbI Y CIIOPTCMEHOB, 3aHUMa-
IOLIMXCS Pa3IUYHBIMU BUIAMU CIIOpTa W OTJIMYAlO-
LIMXCsl YpOBHEM KBayMbukauu (TadJ. 2).

I[Ipu ompeneseHUM MMMYHOJIOTMYECKUX ITOKa-
3areyieli B TpyIlmnax o0CIeIOBaHHBIX CIOPTCMEHOB
YCTAHOBJICHBI OTJIMYMS WX 3HAYCHUI, CBSI3aHHBIC C
KBanu(pUKaLMe M BUAOM CIIOPTUBHBIX 3aHSATUI.
YPOBHUM €CTECTBEHHBIX aHTUTEJ K CEPOTOHUHY, I0-
(aMUHY TSI CIIOPTCMEHOB, 3aHUMAIOIINXCST €TMHO-
OOPCTBOM, CKOPOCTHO-CIJIOBBIMU U ITMKIIMICCKUMU
BUIAaMM CITOpTa OJM3KM K MOKa3aTeasIM HOPMBbI U
COOTBETCTBYIOT 3HAUCHMUSIM KOHTPOJBLHOU TpyII-
nbl. OgHaKO OOHApY:KEHBI TOCTOBCPHBIC OTIMYMS

OT HOPMBI JUTSI KBTM(UIITMPOBAHHBIX CITOPTCMEHOB
LUKJIAYECKUX BUIOB IO CPAaBHEHUIO CO CIOPTCME-
HaMM, HE MMEIOIIMMU pas3psga. MMmyHomorude-
CKMe TOKa3aTeJW IUIST TUCTAaMWHA M aHTHOTCH3WHA
JIOCTOBEPHO BBIIIIE HOPMBI B MIEPEYNCIICHHBIX BBIIIIE
rpymimax croptcMeHoB. [IpuyeM BO Bcex cliydasix
9TU pa3Inyus He 3aBUCENIM OT KBaJIM(UKAILIMU CTTOP-
TCMEHA. YPOBEHb MMMYHOJIOTMYSCKUX IToKa3aTeliei
K OpaIMKWHUHY TOCTOBEPHO IIPEBBIIIACT HOPMY IJIsI
CTIOPTCMEHOB IIMKJIMYECKUX BUIOB U €IMHOOOPCTBA.
Y cnopTcMEHOB, 3aHUMAIOIIUXCSI CKOPOCTHO-CUJTO-
BbIMU BUJAMM, 3HaYCHUE MOKa3aTeaeil mjisi Opamau-
KMHWHA HE OTJIMYAJIOCH OT HOPMBI.

ObcyxaeHve

HM3BecTHO, 4YTO TPEHUPOBKU CIIOPTCMCHOB,
BKJTIOYAOIINE CUJIOBEIC YITPaXKHEHMSI, MOTYT IIPUBO-
JIUTh K 3HAYUTEIIHHOMY TTOBBIIIEHUIO apTePUaATTbLHOTO
JaBJICHUSI HEMOCPEACTBEHHO B MOMEHT BBITTIOJTHEHU S
KOMILIEKCa, SIBJISTFOIIETOCS TPUTTEPOM JAJTBHEHIIIETO

TABJTULA 2. UMMYHONOIMYECKWUE NMOKASATENU (OD450 UdA) B CbIBOPOTKE KPOBU CITOPTCMEHOB
B 3ABUCUMOCTU OT YPOBHA KBANUOUKALIUW, Mtm (n = 212)

TABLE 2. IMMUNOLOGICAL INDICATORS (OD450 ELISA) IN THE BLOOD SERUM OF ATHLETES DEPENDING ON THE LEVEL

OF QUALIFICATION, M£m (n = 212)

O6cneagyemble rpynnbl 3HayeHMe MMMYHONIOrM4YecKnx nokasarenen e-AT K
Study groups Value of immunological indicators n-Ab to

Buabl cnopra KBanudukaums CEepPOTOHMH | rmcTamuH | AodaMuH | aHrMOTEH3UH | GpaaUKUHUH

Types of sports Qualification serotonin histamine | dopamine | angiotensin bradikinin
Linknuyeckun Be3 paspsina
Cyclic 3 pa3pan 0,69+0,09 | 0,66£0,20* | 0,780,13 | 0,92+0,19* | 0,87:0,18

a Without rank
n =230
Linknuyeckumn

. | B3p., KMC, MC, MCMK N . . . "
Siclzlg 1% adult, CMS, MS, MSIL 0,86+0,08* | 0,68+0,18*| 1,17+0,12*| 0,72+0,17 1,22+0,10
EnuHoGopcTBa Be3 paspsina
Martial arts 3 pa3pan 0,75:0,12 | 0,59£0,21*| 0,860,14 | 0,89:0,21* [ 1,05:0,15*
n =32 Without rank
EouHoGopcTBa
. | B3p., KMC, MC, MCMK * * *

rl\]/lirgil arts 1% adult, CMS, MS, MSIL 0,77+0,15 | 0,79+0,21*| 0,79+0,16 | 0,85+0,16 1,19+0,13
CKOpPOCTHO-
cunoBble Be3 pa3psipa " "
Speed-strength Without rank 0,79+0,11 0,85+0,27*| 0,84+0,17 | 0,90+0,14 0,89+0,20
n =31
CKOpPOCTHO-
cunosble | B3p., KMC, MC, MCMK . .
Speed-strength 1% adult, CMS, MS, MSIL 0,69+0,13 | 0,95+0,21*| 0,78+0,14 | 0,81+0,12 0,84+0,18
n=29
Mpynna koHTpons
Control group 0,59+0,08 | 0,54+0,07 | 0,77+0,10 | 0,47+0,09 0,69+0,09
n=30

Mpumeyanue. * — p < 0,05; ** — p < 0,01; ** — p < 0,001 — AOCTOBEPHOCTb Pa3nNUyui NO CPaBHEHUIO C KOHTPOJIbHbLIMU

BeNIM4nHaMu; n — KOJfin4eCcTBO 4eJioBeK B BbIGOpKe.

Note. * p < 0.05; ** p< 0.01; *** p < 0.001, significance of differences compared to reference values; n, number of people

in samples.
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pa3BUTHUSI CEPAEUHO-COCYIUCTBIX 3a0oJjieBaHUl |3,
4]. IloHnMaHWe MOJCKYISIPHBIX MEXaHU3MOB (DYHK-
IUOHAJIbHO-META0OIMUCCKNX HAPYIICHUM, IIpO-
UCXOMSIINX B OpTaHU3ME CIIOPTCMEHA, U BBISIBIIC-
HHUE MPOrHOCTUYECKUX MapKEepoOB BTOTO Mpoliecca
MOMOTaeT CHU3WTb PUCK OCJOXHEHUWI pa3TIuIHOMN
stuosiornu [8, 10]. Perynsitoppl OGMOXUMUYECKOTO
roMeocrasa, Takie Kak OMOTeHHbIE aMUHBI — CEpO-
TOHHWH, TUCTaMHWH, TOo(paMUH, IeNTUAL — OpaguKr-
HMH, aHTUOTEH3UH, YYaCTBYIOT B (DYHKIIMOHUPOBA-
HUU CepACUHO-COCYauCcTOM cuctemsl [1, 4, 12]. Tak,
AHTUOTCH3WH BXOOWUT B PEHUH-aHTHMOTCH3WH-aJTh-
JIOCTEPOHOBYIO CHUCTEMY, IIPEICTaBIISIIONIYIO CO0O0it
KOMILJIEKC TOPMOHOB, KOTOPBIC PETYIUPYIOT apTe-
pHuajgbHOE JaBJICHNUE U 00BEeM LIMPKYIUPYIOIISit KPo-
BU [4, 11, 12]. B naroreHe3e apTepuaJbHOI TUTIEP-
TEH3UU U CePACYHOI HeTOCTATOUHOCTU MPOUCXOIUT
ee aKTUBAIlMs, KOTopas 3aIlycKaeT U B AaJbHEHIIIeM
MOIEPKUBACT MTOPOYHBIN KPYT MPU ITHUX COCTOSI-
HUAX. BpagnkKnMHUH SBISIETCS TIPOIYKTOM (hepMeH-
TaTUBHBIX PEAKIINI, TIPOUCXOSIINX B KWHUH-Kaje-
KPEMHOBOM cucTeMe. B mpoTuBoBeC aHTMOTEH3UHY
OpaJVKMHWH MOBHIIIAeT BEIpAOOTKY OKCHIa a30Ta 1
Ba30IMJIATUPYIONINX MPOCTANIAHAWHOB, PaCIIUPSIS
cocynbl M yiydinas (YyHKIIMIO HIOTENUS U BbIIE-
JIeHUe TToYKaMu HaTpus u Boasl |3, §]. MoHoaMuHBI
CepOTOHUH H0(GaMWH U TUCTAMHWH, OIHOBPEMEHHO
BBIIOTHSTIONIME (DYHKIIUM OCHOBHBIX HEWpoOMemu-
aTOpOB U TOPMOHOB MOJJAEPKMBAIOT romMeocTtas [4,
15]. PazHocTOpOHHEE BAUSTHUE OTUX PETYJISITOPOB Ha
OpraHu3M OOBSICHSIETCS B3aUMOAEUCTBUEM CO CIell-
NGUISCKUMH PELIeTITOPaMU KJIETOUHBIX OPTaHEI,
3aMyCKamINX KackKaa peakluil BTOPUYHBIX MecC-
ceHmKkepoB. CepOTOHMH OTBEYaeT 3a HOPMAJIbHYIO
CBEPTHIBAEMOCTb KPOBU 1 CTAOMJIbHYIO pPabOTy KpO-
BeHOCHO# cucteMbl. DYyHKIIMKM ropMoHa godaMrHa
BKJTIOUAIOT YJIy4IlIeHe KOPOHAPHOTO KPOBOCHAOXeE -
HUA (DATAaHUE Ceplla), a TaKKe CIIOCOOCTBYET ITO-
BBIIIICHUIO MIPOLICHTA KMCJIOPOIa B KPOBU, OMBIBAIO-
e Mo3r. [McTaMuH yBeIU4MBaeT IMPOHUIIAeMOCTh
KPOBEHOCHBIX COCYIOB, BbI3bIBasi 0Opa3oBaHUE 11Ie-
JIe MeXIay SHIOTeJIMaIbHBIMU KJIETKaMM KaITWJLISI -
POB, CTUMYJIMPYS BBIXOJ OKCHMJAa a30Ta U3 DHIAOTE-
JIVsI, OKa3bIBasl IIPSIMOE pelaKCcUpylollee IeiiCTBUE
Ha cocynsl [8, 13].

YcTaHOBIEHO ydacThe TYMOpPAJIbHBIX (DaKTOPOB
UMMYHUTETa B TEUYEHMU MATOJOTMYECKUX MpPOILlec-
COB, KOTOPBIE€ COITPOBOXIAIOTCS U3MEHEHUEM TPO-
JyKIIMY €CTeCTBEHHBIX aHTUTEJT, CITOCOOHBIX CTIEITH -
¢ryecKr B3aMOIEIICTBOBATh C YKAa3aHHBIMU BBIIIIC
MoJieKynamMu — perynsaropamu [3, 5]. Ilpu onpene-
JICHUM MMMYHOJIOTUYECKUX MOoKa3aTesIeil B rpymnmax
00CJIeOBaHHBIX  CIIOPTCMEHOB,  3aHUMAaIOIIUXCS
eIMHOOOPCTBOM, CKOPOCTHO-CHJIOBBIMU U ITUKJIM-
YeCKMMU BUJAaMU CIOPTa, HE YCTAaHOBJIEHO JOCTO-
BEPHBIX OTJIMYMUI OT KOHTPOJBHBIX 3HAUYCHUWM ISt
aHTHUTEJI K CepOTOHMHY, toaMuHy. Ho,00HapyKeHbI

JIOCTOBEPHBIC OTIMYMS OT HOPMEI JIJIsI CITOPTCMEHOB
LIUKJINYECKUX BUAOB, BBICOKOW KBaluGUKALUU U
MMCIOIINX 0o0Jiee UIUTENIBbHBIM ONBIT CIOPTUBHOM
nesaTeabHOCTH. [IJIsT 3TOM XKe KaTeropuu CIopTCMe-
HOB HaOJIIOJAJIMCh CTAOWIBHO BBICOKUE TTOKAa3aTeIn
apTepMaJbHOIO JaBjieHUsl npu Harpyskax. Heobxo-
MM JTaJbHEWIIUN CTPOTUIM KOHTPOJIb CO CTOPOHBI
TpeHepa W Bpaya. BepossITHOCTH pa3BUTHS apTepH-
aJIbHOI TUIIePTEeH3MU BeJIrKa, T. K. [IepBOHaYaJIbHOE
MposIBJICHUE OpraHu3Ma Ha (U3NYEcKUue Harpy3Ku
SBJISICTCSI OTBETHOM aAalITUBHOM peaklen, Kotopas
U CTAaHOBUTCSI OAHUM M3 IJIaBHbIX KOMITOHEHTOB B
CUHApOME criopTuBHOTO cepama [10, 12].

MMMyHonornyeckue IokasaTejM TMcCTaMuHa U
AHTUOTCH3MHA JOCTOBEPHO BBIIIC HOPMBI IS BCEX
CIIOPTCMEHOB, HE3aBHMCHMMO OT MX KBaJIu(UKALIUU
M BUJa CIOPTUBHBIX 3aHITUM. [ToBbIlLIEHWE B opra-
HHM3Me€ YPOBHSI aHTMOTCH3MHA Ha MTPOTSKEHUN TN~
TEJILHOT'O Mepuoaa MPUBOAUT K UBMEHEHUIO CUHTE3a
KOJIAaT€HOBBIX BOJIOKOH, B PE3yJIbTaTe TUTICPTPODU-
PYIOTCSI TJIaIKOMBIIIIEYHbIE KJIETKU KPOBEHOCHBIX CO-
cynos. Eciu 1151 cmopTCMEHOB LMKIUYECKUX BUIOB
cropTa M eAMHOOOPCTB 3TU U3MEHEHMS HOCAT o0pa-
TUMBI aJalNTUBHBIN XapakTep, TO AJIsl CTIOPTCMEHOB
CKOPOCTHO-CUJIOBBIX BHIOB CIIOPTa,IIPOUCXOIUT
YIUIOTHEHHE CTEeHKM MMUOKapaa 3a cueT (hUOPO3HBIX
M3MEHCHUI, YTO IPUBOINUT K apTepUaTbHOU TUTIep-
teH3uu [3, 13, 15]. Ha atom ¢doHe, mig yKazaHHOI
TPymnnbl CIOPTCMEHOB, YCTAaHOBJIEHO CcHUMOaTHOE
M3MEHCHUE 3HAYCHUU WMMMYHOJIOTMYSCKUX II0Ka-
3aTejieli aHTMOTEeH3WHa U ructamuHa. JloctoBepHoe
TMOBBILIICHIE YPOBHS €-AT K TUCTAMUHY MOXHO pac-
CcMaTpuBaTh KaK KOMIIEHCATOPHYIO peakiMio, IMO-
3BOJISIIONIYIO TTOBBICUTh MPOHUIIAEMOCTb COCYAU-
CTBIX CTCHOK MEJIKMX W KPYITHBIX apTepuil, IIPUBOISI
K MaJeHUI0 apTepUuaIbHOTO JaBeHUs Tocie (husm-
yecKkoil Harpy3ku [12, 15]. YpoBeHb UMMYHOJIOTH-
YeCKMX MoKas3aTeseil st OpafluKMHUHA TOCTOBEPHO
MpeBbILIAET HOPMY [UJISI CTOPTCMEHOB LIMKJIMYECKUX
BUIOB U eIMHOOOpPCTBa. B 3TOM ciiyyae MOXHO OT-
METHUTb OJaTOTIPUSATHBIN O6ajaHC MeXKIy UMMYHOJIO-
TUYECKUMU TT0Ka3aTeJISIMU IS aHTUOTeH3WHA M Opa-
JUKWHWHA, KOTOPbIA CIOCOOCTBYeT (hUOPUHOIN3Y,
MOHABISICT POCT KJICTOK M OKa3bIBacT BBEIPAXKCHHOEC
3allUTHOE ACUCTBHUE Ha CTEHKU cocynoB. MIMeHHO
JUTSL 9TOM KaTeropuu CIOPTCMEHOB U3MEHEHUE MU-
oKapmaa cepaila HOCUT (hU3UOJIOTUYSCKUIN amanTHB-
HBII xapakTtep. g cnOpTCMEHOB, 3aHUMAIOLIMXCS
CKOPOCTHO-CWJIOBBIMU BUIIAMU YPOBEHb I1OKAa3aTe-
Jieli 111 OpafuKMHUHA HE OTJIMYAJICSI OT HOPMBI.

3aKnoyeHne

TakuM 06pa3om, aHaJIN3 UMMYHOJIOTMYECKUX 10~
KazaTeaeil — e-AT K IepeyrcAeHHbBIM BbIlIe aHTUTE-
HaM UMeeT TUarHOCTUYECKYIO 3HAUMMOCTh. M3BecT-
HO, YTO U3MEHEHME YPOBHS €-AT U KOHIIEHTPALUU
caMMX aHTUTEHOB, K KOTOPBIMU Y OTHOCSITCST MCCJIC-
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JlyeMbl€ 9HIOTE€HHBIE PETYJISITOPbI TOMeocTa3a, SIBJIsI-
IOTCSI B3aMMOCBSsI3aHHBbIMU BennunHamu [3, 8]. Co-
OTBETCTBEHHO, UX OJHOMOMEHTHOE YBEJMYECHUE 10
OTHOILLIEHUIO K KOHTPOJIIO MOXET CBUACTEIbCTBOBATh
00 X y9aCTUU B pa3BUTHUH CEPIIEUHO-COCYTUCTHIX 3a-
0oJieBaHUI. A pa3InNuKsl B MOBBIIIEHUU YPOBHS €-AT
JIJISI CIIOPTCMEHOB, 3aHMMAIOIIMXCST HUKINISCKUMU
BUIAMU, €AMHOOOPCTBAMU U CKOPOCTHO-CUIOBBIMU
BUJaMU, TIOKa3bIBalOT Oojiee TTyOOKUEe M3MEHEHUS
PETYJSITOPHBIX CUCTEM, CBSI3aHHBIE C JUIUTEJIBHO-
CTbIO U yPOBHEM (DU3MYECKOM HATPY3KU.
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Pe3iome. BoJILIIMHCTBO METOIOB OLIEHKU T-KJI€TOYHOrO0 MMMYHUTETA TPYJAOSMKHU U HEIPUTOMHBI IS
PYTUHHOI 1a00paTOPHOU TUATHOCTUKU. DTO CTUMYJIUPYET UCCIEA0BATENIE K CO3MaHUIO JOCTYITHBIX U BOC-
MPOU3BOAMMBIX TecTOB. Lleab ucciienoBaHuss — COMOCTAaBICHUE TPEX METOJIOB OLIEHKM YPOBHSI KJIETOYHOTO
MMMYHHOTO OTBeTa Ha aHTUIreHbl Bupyca SARS-CoV-2 y nepeboseBlInX U NPUBUTHIX OT HOBOI KOpOHa-
BUpycHo nHMekumnu. O6cenoBanbl: 26 yenonek, nepeHecinx COVID-19 B ierkoit WM cpeaHeTIKET0M
dopme (rpyrmra 1), 19 yeaoBek, 1BaXKIbI ITPUBUTHIX «CITyTHUKOM V», He 6oseBmmx COVID-19 (rpynma 2), 21
genoBek, nepeHecmii COVID-19 u nBaxkabl BaAKIMHUPOBaHHBIX «CITyTHUKOM V» (rpymnia 3) u 14 yemosex,
nBaxxnpl epeHecmmx COVID-19 (rpymma 4). MoHOHYKIIeapH! TiepudeprndecKoil KPOBH BBIICIISIIN Tpaaii-
€HTHBIM HIeHTpudyrupoBanuem. [1pu olieHKe TTepBBIM METOIOM MOHOHYKJIeaphl MTHKYOUPOBAHBI C S-0eJTKOM
Bupyca SARS-CoV-2, okpammBanu ¢GpJIyopeClieHTHO MEUYeHbIMU aHTUTEJIaMU, 3aTeM Ha IMPOTOYHOM IIUTO-
metpe BD FACS Canto II moacuuteiBaau npoueHt CD8M"CD107a*. Ilpu ouenke merogom ELISpot Ha
Habope Human IFN-y ELISpot npoaykuuio [FNy ctumynupoBanu S-6enkom SARS-CoV-2, uiu cMmechio
nentuaoB 6eakoB SARS-CoV-2 Ha Habope Corona-T-test. ITo ypoBHI0 akcripeccun CD107a na CD8Meh g
rpynnax 1, 2, 3 u 4 u konudectBy npoayueHToB IFNy Ha S-6emok Bupyca SARS-CoV-2 Ha Habope Human
IFN-y ELISpot 3HaunMbIx pazauuuit He ooHapyxeHo. [Tponykuus [FNy rpynnbl 3 (ruOpuaHbIA UMMYHU-
TeT) 3Hauumo Huxe (317,29119,04 ir/mi) rpynn 1 1 2 (MocTUHOEKITMOHHBIN U MOCTBAKIIMHAIBHBIA UMMY-
HuteT) 454,95420,32 u 470,77426,24 nr/ma. OTHOCUTENIbHBINA ypoBeHb |FNYy-Mpoaylupyonmx KiIeToK B
rpyrre 2 660t Bbiie (22,3443,77) npotus 16,83+2,35 B rpyrnre 1 u 15,46+1,83 B rpymnirie 3, OTHOCUTEIbHBI
ypoBeHb Tipoaykiiuu [FNy B atux rpyrmax He paznuyaiics. CTUMYISIINS TTOJTHOPa3MepHBIM S-0e1KoM 00-
HapyXWia 3HAYNMOE CHIZKCHIME KOJIMIECTBa MITeH B rpymiie 4 (mpopelBHOM nMMyHHTET) 30,594+2,29 mpo-
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TuB 58,97+4,47 B rpynre 3, a ctumyasiuus cMecbio nentuaoB SARS-CoV-2 B rpynne 4 no cpaBHEHUIO C
TPYIIOW 3 BBISIBUJIA 3HAUMMOE MOBbIIeHUe KomndecTBa | FNy-Tipoayumpyommx KiaeTok 86,72+7,20 mpoTus
69,384+5,53 u npoaykimu [IFNy 991,25+65,18 nir/ma ipotus 760,76+50,70 nir/Ma 1 B OTHOCUTEBHOM BbI-
paxenuu, 10,30%2,77 npotus 8,61£2,66 u 68,10+9,41 nporus 48,35+8,15 cooTBeTcTBEeHHO. Pe3ynbraThbl
TpeX METOMOB OIICHKM KJICTOYHOIO MMMYHHOTO OTBETa MOJOXMTEIBHO, HO C pa3HON CHJIOW KOPPEIUPYIOT
MeXy cO0OiA.

Karouegvie crosa: knemounwiit ummynumem, SARS-CoV-2, eubpudnuiii ummynumem, npopwignoi ummyHumem, ELISpot,
yumomoxkcuyeckue aumgpoyumot, CDE*

COMPARISON OF DIFFERENT TECHNIQUES FOR EVALUATION
OF CELLULAR IMMUNITY TO SARS-CoV-2 VIRUS
Afridonova Z.E? Toptygina A.P.*", Bogolyubova A.V.C, Semikina E.L.%¢

¢ G. Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russian Federation
b Lomonosov Moscow State University, Moscow, Russian Federation

¢ National Research Center for Hematology, Moscow, Russian Federation

4 National Medical Research Center of Children’s Health, Moscow, Russian Federation

¢ [. Sechenov First Moscow State Medical University, Moscow, Russian Federation

Abstract. Most techniques for evaluation of T-cell immunity are laborious and unsuitable for routine
laboratory diagnostics, thus encouraging researchers to look for accessible and reproducible tests. The purpose
of our study is to compare three methods aimed for evaluation of cellular immune response levels to the SARS-
CoV-2 viral antigens in patients who have been ill and vaccinated against a new coronavirus infection. We have
examined 26 persons who experienced mild or moderate COVID-19 (group 1); 19 people vaccinated twice
with Sputnik V, who did not have clinical COVID-19 (group 2); 21 subjects who had COVID-19 and were
twice vaccinated with Sputnik V (group 3), and 14 persons who had COVID-19 twice (group 4). Peripheral
blood mononuclear cells were isolated by gradient centrifugation. The first tested technique was performed as
follows: the mononuclear cells were incubated with the S-protein of the SARS-CoV-2 virus, and stained with
fluorescently labeled antibodies. The percentage of CD8"e"CD107a was counted by means of BD FACS Canto
II flow cytometer. When assessed by the ELISpot method with “Human IFN-y ELISpot” kit, IFNy production
was stimulated by SARS-CoV-2 S-protein, or a mixture of SARS-CoV-2 protein peptides in the “Corona-
T-test” kit. There were no significant differences in the levels of CD107a expression on CD8"e" cells between
the groups 1, 2, 3, and 4, as well as in amounts of IFNy producers against SARS-CoV-2 S-protein when using
“Human IFN-y ELISpot” kit. Production of IFN was significantly lower in group 3 (hybrid immunity),
i.e., 317.29%19.04 pg/ml compared to groups 1 and 2 (post-infection and post-vaccination immunity), i.e.,
454.95+20.32 and 470.77126.24 pg /ml, respectively. The relative level of IFNy-producing cells in group 2 was
higher (22.34%3.77) versus 16.83%2.35 in group 1, and 15.46%+1.83 in group 3, whereas the relative levels of
IFNy did not differ in these groups. Stimulation with full-length S-protein showed a significant reduction in the
number of spots in group 4 (breakthrough immunity), i.e., 30.59+2.29 vs 58.97+4.47 in group 3. Stimulation
with a mixture of SARS-CoV-2 peptides in group 4 vs group 3 revealed a significantly increased number of
IFNy-producing cells (86.72+7.20 versus 69.38+5.53) and higher IFNy production (991.25+65.18 pg/ml
versus 760.76150.70 pg/ml). Appropriate relative values were as follows: 10.30£2.77 versus 8.61£2.66, and
68.1019.41 versus 48.35£8.15, respectively. The results of three methods for evaluation of cellular immune
response correlate positively with each other, but at different significance levels.

Keywords: cellular immunity, SARS-CoV-2, hybrid immunity, breakthrough immunity, ELISpot, cytotoxic lymphocytes, CDS* cells

MYHUTETa Y KOHKPETHOI'O OOJBbHOT0 (hOPMUPYIOTCS
KJIMHUYECKHE BapHUaHTbl M MCXOAbl 3a00JIeBaHUS,

BeeneHue

XapakTepHbIMU IIPU3HAKAMM aAalITUBHOIO MM-
MYHUTETA SIBJISIIOTCSI aHTUTEHHAsT CeLM(UIHOCTD U
MMMYHoOJIoTUYeckasi mamsaTb. CIIoCOOHOCTh co3/ia-
BaTh JIOJITOBPEMEHHYI0 MMMYHOJIOTUYECKYIO TTaMsITh
obecreyrBaeT YHUKAIbHbIA MEXaHU3M 3allUThl XO-
3sIMHA TIPY TTOCIEYIOIINX KOHTAKTaxX ¢ BUpycoM [28].
B 3aBucHUMOCTHU OT 0COOeHHOCTEN (PYHKLIMOHUPOBA-
HUSI TYMOPaJTBHOTO U KJIETOYHOT'O aIallTUBHOTO M-

Bkomoyas 1 COVID-19 [10].

KitoueBast ponb B aIMMUHALIMKA BUpyca TIPU-
HaJJIeXUT uuToTokcuueckuM CD8* numdonuram.
IMpu COVID-19 CDS8" kJieTKM MOpernsiTCTBYIOT pe-
MIMKaIlMY BUpYyca B IbIXaTeJbHBIX IMyTaX. MMeHHO
CD8* numdonuT pacrio3HaeT 3apakeHHbIC BUPYCOM
KIIETKA U MO0 KOHTAKTHBIM ITyTeM 4Yepe3 B3aMO-
nerictreue FAS-FASL, nubo 3a cueT BbIOpoca co-
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JNEPXKUMOr0 IIUTOTOKCUYECKUX TPaHYyJI WHIYLUPYET
aronTo3 TaKUX KJIETOK, YHUUYTOXKAasl TAKXKe PEeTIMIIM -
pytouuiicsa Bupyc. CD4+T-xenmepbl KOOPAUHUPYIOT
IPOTUBOBUPYCHBIIT UMMYHHBINM OTBeT. MeanaTopom
npoTuBOBUpYcHOro otsBeta cumtaloT [IFNy, korto-
phIii ycunuBaeT arouTo3 MakpodgaraMu arorTo-
TUYECKNX KJIIETOK M BHPYCOB, HEHTpaIM30BaHHBIX
aHtutesamu. OtBeT CD4*T-xemnepoB oTJIMUaeTCs B
3aBUCUMOCTU OT BUZA BUPYCa, B HEKOTOPBIX CiIydya-
SIX peaKIusI SIBJISICTCS 3alIMTHOM, B IPYTUX CIIydasix
OHa MOXeT OBITh Ja)Ke OMACHOW JJs MaKpoopra-
HusMma [6]. @yHKUMOHAIbHAS AKTUBHOCTH MMMYH-
HBIX KJIETOK OIIPeAessaeTcs] CKOOPAMHUPOBAHHOMN
aKTUBHOCTBIO CUTHaIBHBIX myTeii [8]. M3mepeHue
(YHKIIMOHAIBHOTO COCTOSIHUS KJIETOYHOTO UMMYH-
HOTO OTBETa B 0Opa3lie KPOBU MalleHTa CITOCOOHO
YAYYIIUTH TPOTHO3MPOBAHNE KIIMHUYECKOTO MCX0Ia
3a00JIeBaHUS WJIM COXPAaHEHUS CUMIITOMOB (IJIv-
TeabHblii COVID), nogaepxathb pa3padoTKy BaKIIMH
¥ 0€30T1aCHBIX UMMYHOMOIYJIUPYIOIINX METOIOB Jie-
yeHus [13]. ITpogeMoHCTpUpOBaHBI (hOpMUpPOBaHIIE
UMMYHoJiorndyeckoi mamMsatu T-kiaetok u spdex-
TOPHbIE peaKIUU MPOTUB IIMPOKOIO CIeKTpa M-
TortoB Bupyca SARS-CoV-2 [9, 14, 22, 24, 29].
OueHKa MPOTUBOBUPYCHOTO T-KJIIETOYHOTO OT-
BeTa SBJISIETCS KpaliHe Ba>kKHbIM acCIIeKTOM U3yYeHUs
aIaliTUBHOTO MMMYHHMTETa B IOIIOJTHEHHE K Cepo-
JIOTUYECKUM TeCTaM. DBOJIBIIMHCTBO aHAJIM30B Ha
T-KJIeTKN TPYOTOEMKHN W HETIPUTOIHBI IS pyTUHHOMN
JJabopaTOpPHOI AUAarHOCTUKU. BBuUIY OTCyTCTBUS
€INHOM CHCTEMBI TECTUPOBAHMS XapaKTCPUCTHUK
KJIETOYHOTO MMMYHHOTO oOTBeTa npotuB SARS-
CoV-2 MHOTMMH HCCJIeIOBaTeJIbCKUMU TpyIHaMu
OPEANPUHSITHI YCUJIMS TI0 CO3TAHUIO MTOCTYIHBIX U
BocnpousBoauMbIx TectoB [15, 17]. KonuuectBo
U GYHKUIUU JTUMGOLIMUTOB HCCACAYIOT B aHAIU3€ C
npeneabHbIM pa3BeaeHueM (Limiting dilution assay),
BHYTPUKJICTOUHBIM  OKpalllMBaHMEM IIUTOKWHOB
(Intracellular Cytokine Staining), MeTogoM TeTpaMe-
poB [11] u ELISpot [27]. TTo 4yBCTBUTEJILHOCTH aHa-
nu3 ELISpot npeBocxoauT apyrvue MeTobl OIpene-
JIeHUsl aHTUreHcneuuduieckux aumMdouunton [19].
YyscTBuTteabHOCTh ELISpot mo3BosisieT 00HapyKUTh
aHTUreHcreunuuaHbie T-KIIeTKH, KOTOphbIe CeKpe-
TUPYIOT UTOKUHBI U 3PPEKTOPHBIC MOJICKYIbI, Ta-
Kue Kak rpaH3um B u nmepdopun [19]. MoHUuTOpUHT
LUTOTOKCHUUYECKUX KJIETOK ¢ momolubio ELISpot —
30JI0TOM CTaHIAPT IS OLICHKW aHTUTCHCIICIIM (e~
cKoro T-KJI€TOUHOTO UMMYHUTETa B KJIMHWUYECKUX
MCOBITAHUSIX BaKIMHHBIX MpenapaToB. Haubosee
JacTo McCItoiab3yeMbiM aHamu3oM ELISpot sasiser-
ca Tect Ha [FNy [19, 20, 25]. ELISpot moxeT ObITh
NPUMEHEH IS OMNpelesieHUs] pa3HbIX CyOITOmyJisi-
U aKTUBUPOBAHHBIX T-KJIETOK C HCIIOJb30BaHU-
eM LMTOKMHOB, Takux Kak Thl (umurokunsl [FNy,
1L-2, IL-12, w TNFa), Th2 (IL-4, IL-5, IL-10 u
IL-13) u Th17 (IL-17). Ognako IFNy cuHTe3upyloT
Thl, CD8" uutorokcuueckue auMmdountnol, NK- u
NKT-knerku [21], a Beinenenune CD8* cybnomyisi-
OUU IPUBOIUT K OOJIBIINM ITOTEPSIM KJIETOK, KaK 1

nepMeadMIN3aus IS BHYTPUKIIETOYHOTO OKpaIIlii-
BaHWSI, a NCIOJIb30BaHUE TETPAMEPOB PECTPULIMPO-
BaHO 1Mo HLA, 4To gejiaet 3TOT TECT HEeNPUTOIHBIM
TSI TIOTTYJISTIIMOHHBIX WCCIIETIOBAHUIA.

MBI TakKe TTOTBITAIMCH BHECTU CBOM BKJIAI, MC-
TOJTB3YSl XOPOIIIO WM3BECTHYIO cmocobHocTth CD8*
KJIETOK IIPY PAcCIIO3HaBaHWUM BHUPYCHBIX ITETITUIOB B
coctaBe MHC-I Ha TOBEpXHOCTH 3apakeHHOM KJIET-
K1 (DOpMHUPOBAThH CMHAIIC 1 BBIOPACHIBATH IEPGOPUH
W TPaH3UMBlI B CHHAIITUYECKYIO IIeiab. B 3TOT MO-
MEHT Ha ToBepxHOcTH Takoii CD8* KileTK1 oKa3bI-
BaeTcs moJiekysia CD107a [5]. Dkcnpeccust MOJIEKYIT
CD107a MoxeT BBICTYIIATh B Ka4eCTBE MapKepa Je-
rpanyiguun CD8* KiieTok 1mociie aHTUreHCcIe -
yecKoii ctumyasiuu [12]. Ml anpo6upoBajiv TaKo
MOAXOM K UCCIIeTOBaHUIO T-KJIeTOUHOTO UMMYHUTE-
Ta IPY UCCIeAOBAaHNM OTBETA Ha aHTUTEHBI BUPYCOB
KOpHU, KpaCHYXH U 3MUAEeMUYECKOro rmaporura [2, 3].

Iennio Hamero ucciaenoBaHus ObLIO COMOCTaBIIC-
HUE TPeX METOIOB OLIEHKU YPOBHSI KJIETOYHOIO M-
MYHHOTI'O OTBeTa Ha aHTUreHbl Bupyca SARS-CoV-2
y nepedoIeBIINX 1 MMPUBUTHIX OT HOBOM KOpPOHaBM-
pycHoIT MHGEKIIUU.

Matepuans! v MeToapb!

C cents16ps 2021 r. mo mait 2022 1. 66L10 TPO-
BEIEHO MPOCTOE OTKPBITOE CPaBHUTEIbHOE 0OCIe-
poBanue 80 B3pocibix H00poBosibLEeB. M3 Hux 26
yenosek nepeHecau COVID-19 B nerkoit unu cpen-
HeTskenol popme, umenu TTL[P-noarBepkaeHHbIN
KIMHUYECKUI OUarHo3 3a00JieBaHMS TaBHOCTBHIO
or 2 mo 12 mec. (MOCTUH(EKIIMOHHBIIT UMMYHU-
TeT, Tpymmia 1); 19 JemoBeK ObUIM TBaKIbI IPUBUTHI
«CniytHukoM V» m He 6osienn COVID-19, cpok ot
TMEepBOIl MPUBUBKU OT 3 10 9 Mec. (MOCTBAKIIMHATb-
HBIII UMMYHUTET, Tpynma 2); 21 JenoBeK IepeHec-
mn COVID-19 m ObtM aBakKabl BaKIIMHUPOBAHBI
«CniytTHUKOM V» (TMOpUIOHBINA MMMYHUTET, TPYII-
na 3); 14 gyenosek mepeHecan COVID-19 aBaxkmbl:
nepBbIii pa3 B 2020-2021 rr. ¥ TOBTOPHO — B sIHBape-
despasie 2022 r. (uraMM «OMHMKPOH»), OHM COCTa-
BUIY Tpynny 4 (mpopbIBHOM MMMYyHUTET). KpoBb 13
JIOKTEBOI1 BEHBI OpaJii yTPOM HATOIIIAaK B BAKYYMHYIO
npobupky ¢ renapuHom 4 mia. MccinenoBanue ono-
OpeHO JIOKaJbHBIM 3THYecKMM KomuTetoM MOBYH
MHHWUHWUDOM um. I'H. I'a6puueBckoro (mpoTOKOJI
Ne 58), obGciemoBaHHbBIE ITOANMMCHIBAIA WHMOPMM-
POBaHHOE corJlacue.

MoHoHyKJIeapbl neprudepruIecKoil KpOBU BbI-
NeJISIIA ¢ TIOMOIIBIO LIEHTPpUMYrupoBaHUsI Ha Tpa-
MUEHTE TIOTHOCTU (ukosui-BeporpaduH, p = 1,077
(000 «ITandDko», P®), orMmbiBaIM LEeHTpUDYTH-
poBaHueM u mobGasisuii 1 mu cpenbl RPMI-1640 ¢
nobaBiaeHuemM 2 MM L-raoramMmuHa, TeHTaMUIIMHA
u 10% >MOpUOHAJIBHOM Testubeil ChIBOPOTKU. Cy-
CIICH3WI0 MOHOHYKJICAPOB NEIWJIM Ha 3 TOPLUM.
KiteTouHBIN IMMYHHUTET Ha aHTUTCHEI BUpyca SARS-
CoV-2 onpenestid TpeMsI pa3HBIMU CITOCO0aMU.

TlepBblii crmoco®0: MOHOHYKJIEApbl BHOCHUJIU TI0
2,5 x 103 Ha JIyHKY, B IYHKH 96-TyHOUHOM CTePHIIb-
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HOW TTaHen (OTpUIaTeIbHBI KOHTPOJIb), 100aBIsI-
JIM PacTBOP MOHEHCHHA B KOHEYHOU KOHIIEHTpaluu
10 MKM ¥ MOHOKJIOHaJbHbIC aHTUTEJIA K aHTUTEHY
CD107a-PE-Cy5 B koHeuHoM pasBeneHuu 1:100,
KOHEUHbIH 00beM B JyHKe cocTtaBui 200 mxi. s
CTUMYJISILIMM MOHOHYKJIEApOB S-aHTUITEHOM BUpyca
SARS-CoV-2 ucnonab3oBaau JIyHKM TaHEIN OT Ha-
Oopa UIsT oIpeAcieHNsT aHTUTENI K S-0elKy BUpyca
SARS-CoV-2 metonom MDA, B KOTOPHIX Ha ITHO
JIYHOK CcOpOMpOBaH MOJHOPa3MEPHbI S-0eJioK,
COTJIaCHO MHCTPYKIIMM IIpou3Bomutess. Kcmonb-
3oBaH Habop «SARS-CoV-2-IgG-UDA-BECT»
(AO «Bekrtop-bect», . HoBocubupck). Ilepen Ha-
YaJloM 3KCIIepUMEHTa JYHKU ObLIM MPOCTEPUIN30-
BaHbI C TOMOIIbIO YABTPa(PUOJIEeTOBOrO O0JIy4eHUsI B
CTePUJIBHBIX YCI0BUSIX B TeueHue 30 MuHYT. [1po0OnI
uHKyoupoBanu nipu 37 °C Bo BiIaxXHOI aTMocdepe u
5% CO, 20 yacoB. [To oKOHYaHUM UHKYOAITUU KJIET-
KU DPECYCIIeHIUPOBAIU, IMEPEHOCUIU B IMPOOUPKU
JUTSE IPOTOYHOM IIMTOMETPUU M OTMBIBAJIM LIECHTPH-
dyrupoBanueM (300g 5 muH) B pactBope CellWash.
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3aTeM KJIETKH OKpaIIMBaJIM aHTUTEIaMU K aHTUTCHY
CDS8-FITC 20 munyT B TeMHOTe T1pu 4 °C, TIOBTOPHO
OTMBIBAJIU TIPU TEX XK€ YCIOBUSIX, 1 (DEHOTUITMPOBA-
JIM ¢ TIOMOIIbIo TTpoTouyHoro mutomerpa BD FACS
Canto Il (TexHosoruu 1 NporpaMMHoOe o0ecrieueHre
Becton Dickinson, CIIIA). [lnst aHaiu3a BhIASISIN
JmuM@ponaHbIN reiT, B HeM B pexkuMme FITC-SSS BuI-
JIEJISUTN TeUT TMMDOIIMTOB, BRICOKO 3KCIIPECCUPYIO-
mux antureH CD8 (CD8Me") — 510 cyGmommysimst
uuTorokcuueckux T-numdouuToB. [danee Ha rpa-
duke CD107a-PE-Cy5 npotus CDS8-FITC noacuu-
TBIBAJIM TIPOIICHT ABAXKIbI ITOJOXUTEIBHBIX KJIETOK
(puc. 1). TlomydeHHOE 4YMCIIO OTpaxkaeT MPOLEHT
OATOTOKCUYECKNX JIMM(OIIUTOB, paclO3HaBIINX
aHTUTeHBbl S-0ejKa KOpOHaBHpyca M OTBETHUBIIUX
LIMTOTOKCUYECKOM peakluen, 3aKIIo4Yarolleiicsa B
BBIICIICHUU CONEPKUMOTO IIMTOTOKCHMYSCKUX Tpa-
HYJ OTHOCUTEIbHO ob1Iero koaudyectsa CD8™ iuTo-
ToKkcruueckux T-nmumdouuToB [4].

Bropoii cnoco0b: oleHKa KJIeTOYHOro MMMYHU-
teta MetonoM ELISpot. MoHOHYKITeapbl TSI KOH-
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PucyHok 1. Mpumep oLeHkM KneToYHoro MMMyHuTeTa no akcnpecun CD107a Ha CD8" numdoumTax

Mpumeyanue. A - BbigeneHune numdonaHoro reiita R1. b - Boigenenue reiita CD8" R2. B - cnoHTaHHas akcnpeccusi CD107a Ha CD8"
numdoumtax. I - nHpyumpoBaHHas S-6enkom akcnpeccusi CD107a Ha CD8" numdpoumTax.

Figure 1. Example of cellular immunity study by CD107a expression on CD8" lymphocytes

Note. A, Determination of the lymphoid gate R1. B, Selection of the gate CD8" R2. C, Spontaneous expression of CD107a on CD8" lymphocytes.

D, S-protein-induced expression of CD107a on CD8" lymphocytes.
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TPOJBLHOM MPOGHI (2,5 x 105 Ha JYHKY) BHOCWJIU B
JIVHKY CTpHIIa OT 96-TyHOYHOI NMaHeIM CTaHIapTHO-
ro Habopa i onpeneinenus npoaykuuu [FNy me-
tonom ELISpot (Human IFN-y ELISpot, Mabtech,
HIBerust). MoHOHYKJIE€apbl OMMBITHON MPOOBI CTUMY -
JIMPOBaJIM S-aHTUTEHOM, KaK OIMCaHO BbIle (Ajs
TIEepBOro crocoda oIpeacaeHUsT KICTOYHOTO UMMY-
Hurteta). Knetku nunkyouposanu 4 yaca ripu 37 °C Bo
BiIaxxHO# atMocdepe 1 5% CO,. B mpenBapuTeIbHbIX
onbITax OBLIO TIOKA3aHO, YTO 3TOI'0 BPEMEHU JTOCTa-
TOYHO IJISI TOTO, YTOOBI MOHOIIMTEI COOpaIi aHTU-
reH. Jlajee MOHOHYKJEaphbl TIIATEJIbHO PECyCIeH-
NUPOBAJIM U IEPEHOCUJIN B IYHKHU CTpHUIIa OT Habopa
s ELISpot u ipogoskaay MHKyOUpPOBATh MPU TEX
Ke ycaoBUsIX elie 16 yacoB. [1o OKOHYaHWU UHKY-
0auuu CoAepKUMOE JIYHOK yAaJIsIJIM U ITPOMbIBAIU 5
pa3 3abydepeHHBIM pocharamMu GU3NOTOTMIECCKUM
pactBopoM (3®P) mo 20 Mk Ha ayHKY. KoHbiorar
paszBoauiau 1:200 B 6ecchiBopoTouHOM cpeae RPMI-
1640, no6asistiin o 100 MK Ha JIYHKY M MHKYOU-
poBau 2 yaca IIp¥ KOMHATHOM TeMIIepaType, CHOBa
npombiBau S pa3 3DP. Toroserit TM Bb-cybcTpat no-
6asssiv mo 100 MKJI Ha TYHKY U MTHKYOMPOBaIU Mpu
KOMHATHOM TeMIlepaTtype IO ITOSBICHUS BUIUMBIX
MSTeH, COIACHO MHCTPYKIIMKU npousBoauTtens. [1o-
CJIe 3TOr0 XXUJAKOCTb U3 IYHOK YAaJIsIv, IIPOMbIBAIU
2 paza IeMOHU3MPOBAHHOM BONOI, 3aTeM MPOTOY-
HoI1 Bomoii. Ilocite 3TOTO0 CHUMAJIM MOAMOH U IIPO-
MBIBAJIM MeMOpaHy ¢ o0paTHOI cTopoHbl. Cylimin
CTpUIBbI HA QUIBTPOBAJIbHOI OyMare B TEeMHOTE TIpU
KOMHATHOI TeMIIepaType.

Tpetuit cnoco6: olleHKa KJIETOYHOTO WMMYHU-
Teta Takxke metogoM ELISpot, ¢ ucrnonb3oBaHueM
Habopa peareHTOB AJis onpeaeaeHus T-KJIeTOUHOTro
orBeta Ha SARS-CoV-2 Corona-T-test (PI'bY
«HMMHL remartonorumn», Poccus) [25], crieuuanb-
HO pa3pabOTaHHOM JUISI OLIEHKU KJIETOYHOIO WM-
MYHUTETa K Tentuaam oenka supyca SARS-CoV-2.
g ctumynsaiuu T-muMdouuToB B 3TOM Habope
MCMOJB3YIOT CMECh IENTUIOB M3 OEJKOB KOPOHa-
Bupyca. IlocraHoBKa TecTa OCYIIECTB/ISLIACh B Ha-
et Mmoaudukanuu. st ipoBeieHUs TeCTa MOHO-
HYyKJIeapbl BHOCWJIM B JIVHKW CTpUNa 96-7TyHOUYHOI
naHesu, Bxomdue B Habop (2,5 x 10° Ha JIyHKY) B
KOHTPOJILHOM JIYHKE KJIETK WHKYOMPOBAJIN B KYJIb-
TypaJIbHOW Ccpefie, a B OMBITHYIO JYHKY IT00aBJIsUIN
cMech nentuaoB 6enkoB Bupyca SARS-CoV-2 B ko-
HEYHOU KoHUeHTpauuu | pM/MJI U MHKyOupoBanu
nipu 37 °C Bo BiaxHoit atmochepe 1 5% CO, 20 ya-
coB. [To okoHUYaHWY MHKYOAITUY COIEPKUMOE JTYHOK
ynansuii U nipombiBain 5 pa3 200 mxin 3DP, nodas-
Jsumi 110 50 MKJT Ha JIYHKY pacTBOp A, comepsKalllnii
aHtutesa K [FNy, KoHbIOTMpOBaHHBIE C OUOTUHOM,
U MHKYOMpOBau 2 yaca IMpu KOMHATHOM TemIiepa-
Type B TEMHOTE, CHOBa ITpoMbIBaiu 5 pa3 3MP. 3arem
pacTBOp B, comep:kainii KOHIEHTPUPOBAaHHBII pac-
TBOpP CTpeNTaBUANHA, KOHBIOTHPOBAHHOTO C IIIEJI0U-
Hoit pocdarazoit, pazsoaunu 1:100 6ydpepom B, no-
6aBJIsIM 110 50 MKJT B KaxKAYIO JTYHKY, THKYOUPOBAJIN
30 MUH TIp¥ KOMHATHO# TeMIlepatype B TEMHOTE 1

npoMbiBasn 5 pa3z 3®P, a 3ateM 2 pa3 IUCTUILIMPO-
BaHHOU Bomoii. [lo6aBisii pactBop C, comepKalmmia
cyocrpat mis menoaHoit ¢pocdarazer BCIP/NBTH+,
no 50 MKJI, UHKYyOMpoBaiau 15 MUH B TEMHOTE U TIPO-
MBIBaJIi IUCTWDIMPOBAHHOM, a 3aTeM IPOTOYHOMN
Bomoii. [Tocie 3Toro cHUMaIN MOMIOH 1 IIPOMBIBAIIA
MeMOpaHy ¢ 00paTHOI CTOpOHBI. CyIIWIN CTPUIIHI
Ha QUIBTPOBAILHOM OyMare B TECMHOTE ITPU KOMHAT-
HOM TeMIieparype.

IMToncueT chopMUpOBABIIUXCS TISITEH IJTST METOAA
2 1 3 OCYIIECTBIISIIU C MOMOIIbIO aBTOMAaTU3UPOBAH-
Horo ELISpot-punepa AID (AID GmbH, Iepmanmus)
(puc. 2, cM. 2-10 cTp. oboxku). [IporpammHoe obe-
CIieYeHNe TTO3BOJISIeT MOCUUTATh HE TOJILKO KOJIMYe-
CTBO ITISITEH Ha JIHE JIYHKU, HO TaK:Ke MOACUYNTATh UX
CYMMAapHYIO TIJIOIIaAb M MHTEHCUBHOCTb OKPACKU U
paccunTaTh C MOMOIIBIO BCTPOCHHBIX aJITOPUTMOB
KoHUeHTpauuio [FNy B ka0 iyHke.

PesynbraThl McciienoBaHusl ObLIU TTOJBEPTHYTHI
CTaTUCTUYECKOI oOpaboTtke. [lis Bcex mapamMeTpoB
ObUIO TIPOBEIEHO HMCCIeoBaHNEe HAa HOPMAaJbHOCTh
pacripenencHuss MetonoM KommoropoBa—CMmupHO-
Ba. JlaHHBIE TIpelcTaBJICHBI B BUAC CpPeaHEU apud-
MeTuueckoi u ee omnoku (M=ESE). /Insa cpaBHeHUSsT
TPy UCIIOJIb30BaIH t-KpuTepuii. YposeHb p < 0,05
CUMTAIN 3HAaYNMBIM. KoOppelsimnu pacCUnTHIBAIA
no metony I[IupcoHa.

PesynbTartbl

Panee ObL1O TMOKa3aHO, YTO CIIOHTAHHBINA ypoO-
BeHb aKcrpeccun Moiekyiabl CD107a ma CD8hieh
JTUM@OINTAX TPU ONPEOeICHUH KJICTOYHOIO HM-
MmyHuTeTa K S-0enky Bupyca SARS-CoV-2 He nipe-
BbIlIaeT ypoBeHb cut off = 1% [4]|. AHajgoru4Hbie
pe3yabTaThl OB MOTYYEHBI UISI KOHTPOJIBbHOM MTpo-
Obl, M B HACTOSIILIEM UCCJIEIOBAHUU YPOBEHb KJIETOU -
HOTO MMMYHUTETAa, OLIEHEHHOTO C TTOMOIIIBIO CITOCO-
6a 1, mpeacrasieH B mpoleHTax. s MeTomoB 2 U
3, ocHoBaHHBIX Ha ELISpot, crtoHTaHHBIN YpOBEHb
coctaBma 7,65+0,87 mareH Ha JayHKY. Pe3ynbrarhi,
MOJyJYeHHbIE TSI pa3HbBIX 00CIeIOBAHHBIX JINLI, pa3-
JIYaICh. B CBSI3M ¢ 3TUM pe3ysIbTaThl, HOJyYeHHBIE
metonoMm ELISpot, OpUIH TIpeacTaBIeHBI ABYMSI CITO-
cobaMu: 32 BBIYETOM CITOHTAaHHOTO YPOBHSI JIJIsT KaxK-
JIOTO 00CJIEIOBAHHOIO U KaK OTHOILIEHUE OIBITHOI'O
K KOHTPOJILHOMY YPOBHIO IIJIST KasKIOTO UCIBITYeMO-
ro (OTHOCUTEJIbHBIN Tl0Ka3aTesb). Cleayer Takxke
OTMETHUTh, UTO PE3YJIBTAThl, ITOJYICHHBIC METOIOM
ELISpot Ha AByX pa3HBIX TECT-CUCTEMAaX, HECKOJb-
KO pa3MyajucCh MO METOAMKE TPOSIBJICHUS MSITEH.
OOBEKTUBHO CJIOXWJIOCh TaK, YTO OLIEHKA KJIETOY-
HOT0 UMMYHUTETA B Tpynnax 1, 2 ¥ ITOJIOBUHEBI TPYII-
nbl 3 ObLIa OCyIlIecTBJIeHAa Ha TecT-Habope Human
IFN-y ELISpot Tonbko BTOpbIM CIOCOOOM, a BTOpast
MoJIOBMHA I'pynnbl 3 U rpymnmna 4 — Ha TecT-Habope
Corona-T-test BTOpbIM U TPETbUM CITOCOOOM. Ypo-
BCHB OTBETa Ha 3TUX HAOOpax pa3Indascs, ITO3TOMY
MBI TIPOBEJIM aHAJINU3 Pe3yJIbTaTOB, ITOJYYeHHBIX Ha
Pa3HbIX TeCT-Habopax OTACJIbHO.
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B tabnuue 1 npencraBiaeHbl pe3yJabTaThl IS TEX
00cJIeoOBaHHBIX, KOTOPbIE ObLIU MOJYy4YeHbl Ha Ha-
6ope Human IFN-y ELISpot. M3 Tabnuiisl BUIHO,
YTO pe3yJbTaThl, ITOJy4YeHHBIE IIPU OIIEHKE 3KC-
npeccun CD107a na CD8"e" numdoumnTax (rmepBblit
CIT0CO0 OLIEHKH ), KOTOPbIA XapaKTepUu3yeT CyOIIomny-
Jsuuio nurtorokenueckux CD8* numMpouToB, cro-
COOHBIX pacIio3HaTh AHTUTCHHBbIE IETEPMUHAHTBI
S-6enka Bupyca SARS-CoV-2 1 OoTBETUTH aTaKoii ¢
BBIOPOCOM COIEPXKMMOTO IIUTOTOKCUIECKUX TPaHYJI,
B rpynmnax 1, 2 u 3 3Hauumo He pazauuatorcs. I[lo
KOJIMYECTBY MSITEH, T. €. KJIETOK, OTBETUBIIINX CUHTE-
30M [FNy Ha S-6enok Bupyca SARS-CoV-2, paznu-
yuit Takxke HeT. OnHako 1o npoaykuuu [FNy rpynmna
3 (ruOpUAHBIA MMMYHHUTET) 3HAYMMO OTJIMYACTCS
(317,29+19,04 nir/mn) ot rpynim 1 u 2 (moctuHbek-
LIMOHHBIA M MOCTBAaKUMHAJIbHBIA ~MMMYHUTET)
454,95+20,32 1 470,774£26,24 1ir/mi COOTBETCTBEH-
Ho (p = 0,048). I'lpu ananuse pesyyabratoB ELISpot
B OTHOCHUTEJIbHOM BBIPAXXEHUHN BBISIBJICHO 3HAYU-
Mmoe mnpesbilieHue ypoBHS [FNy-miponyuupyromumx
KJIETOK B Tpymiie 2 (MOCTBaKIIMHAJIBHBII MMMYHU-
teT) 22,34%+3,77 npotuB 16,83+2,35 B rpynie 1 u
15,46+1,83 B rpynne 3 (p = 0,033). B T0o Xe Bpems
no ypoBHio mnponykimu IFNy paznuuuss He Obuin
BBISIBJICHBI.

B Tabmune 2 mpencraBlieHbl pe3ybTaThl, MOJY-
yeHHble Ha Habope Corona-T-test U BceMu Tpems
cnocobamu. M3 Tabauiibl BUAHO, YTO MPU OLEHKE
KJIETOYHOT'O UMMYHUTeTa 110 aKcnpeccun CD107a Ha
CD8"e" pumdpounTax UMeeTcsl TEHASHLIMS Ha MOBbI-
LIIEHVEe YPOBHS oTBeTa B rpymre 4 (IIpoOpbIBHOW M-
MYHMTET), OMHAKO 3TU pa3audus He 3HaYUMBI. [1pu
OIICHKE KJICTOYHOTO MMMYHHUTETa BTOPBIM CITOCOOOM
(CTUMYJISILIMST TTIOJTHOPa3MepHbIM S-0e1KoM) obOHa-
PYXEHO 3HAYMMOE CHMKCHME KOJMYECTBA IISITCH B

rpynne 4 30,59+2,29 nportus 58,97+4,47 B rpynmne
3 (p = 0,0034), no koHueHtpauu [FNy 310 CHU-
KeHue takke nposiBisieTcs (p < 0,05). MHTEpecHO,
YTO TIPU OTHOCUTEJIBHOM pacyeTe pazinduii MexXIy
rpymniaMu He BbIsiBJIeHO. [Ipu ucrnonb30BaHUM IS
CTUMYJISILIAM KJIETOYHOTO OTBETa CMECH IICTITUIOB
(TpeTuii croco0) BBISIBIEHO 3HAYUMOE IOBBIIIE-
HUE KOJIMYECTBa ISITEH B IPYIIIe 4 MO CPaBHEHUIO C
rpynmoii 3 (p < 0,05), u Takke no nipoxykiuu [FNy
(p = 0,043). IIpu OTHOCUTEIBHOM BBIpAXKEHUU pe-
3yJITAaTOB OOHapyKeHa TeHICHILIUSI Ha yBeJMYEeHUE
KOJIMYECTBA IISITEH B TPYIIIE 4 TT10 CPaBHEHUIO C TPYTI-
noit 3: 10,30%£2,77 u 8,61£2,66 1 3HAYNMOE TIOBbI-
menue npoaykuuu IFNy 68,10+9,41 u 48,35£8,15
(p =0,047).

M3-3a pasznmuuuii B HWCIIOJb30BAHHBIX TECT-
cuctemax ajast ELISpot, HeBO3MOXHO KOPPEKTHO
CpaBHHUTH Tpymiry 4 (OIPOPBIBHOM WMMMYHHUTET) C
rpynnoii 1 (mocTuHOEKIMOHHBIF UMMYHUTET), XOTS
3TO ObLIO ObI OYeHb UHTEpeCcHO. OTHAKO MOCKOJIbKY
rpymira 3 OblIa TIpeacTaBIcHA JUIST aHaIM3a Ha 00erX
TEeCT-CUCTEeMax, XOTSI OTO pa3HbIe JIIOAU, C OOBIION
CTEIIEHbIO HATSKKU MOXHO OTMETUTh, UTO IpyIIia
3 Ha TecTt-cucteme Corona-T-test UMeeT IpH CTU-
MYJISILIAU TTOJTHOPa3MEPHBIM S-0€JIKOM HECKOJIbKO
MeHblllee KoJindecTBo nsaTeH (58,97+4,47), yuem Ha
tect-cucteme Human IFN-y ELISpot (80,04+5,87).
Ecnu mpuHSTh TaKyI0 TCHACHIINIO, TO B TPYMIIC 4 MBI
BBISIBUJIU OBl 3HAYMMO MEHbIIIee KOJTUUECTBO ISITEeH,
yeM Brpymire 1 (p=0,012). I1pu 3ToM 110 TIpOIYKIINHT
IFNy B rpynmne 3, onpeaeieHHOU AByMS Pa3HbIMU
MeTonaMu, paziuuuii HeT. Ilpu TakoM momylieHuu
nponykiusi [IFNy B oTBeT Ha CTUMYJISLINIO S-0eTKOM
B TPYIIIE C TPOPBIBHBIM MMMYHUTETOM ObLiTa OBI 3HA-
YUMO HIXKE, YEM B IpyMIie ¢ MOCTMHMEKIMOHHBIM
(p = 0,047). IIp1 OTHOCUTEIBHOI OIIEHKE KOJIWYIE-

TABINLIA 1. ONPENAENEHWE KNETOYHOrO UMMYHUTETA MO 3KCMPECCUKN CD107a HA CD8"e" TMM®OLIUTAX
W METOOOM ELISPOT MPU MHAYKLIMUW S-BENKOM SARS-CoV-2

TABLE 1. DETERMINATION OF CELLULAR IMMUNITY BY EXPRESSION OF CD107a ON CD8"e" LYMPHOCYTES AND BY
THE ELISPOT METHOD UPON INDUCTION BY SARS-CoV-2 S-PROTEIN

ELISpot, ELISpot, IFNy,
Movnna aoconTHoe IFNy. nr/mn OTHOCUTEINbHOEe OTHOCUTEINbHOEe
gyou CD8*CD107a*, % KONU4ecTBO IFNY, —y KONU4ecTBO KOrnun4yecTBO
P ELISpot, 1. P9 ELISpot, relative |  IFNy, relative
absolute value value value
gﬁg:gﬂ ! 10,09+1,35 83,23+6,63 454,95+20,32 16,83+2,35 42,7948,09
Mpynna 2 9,45+1,48 86,25+7,12 470,77+26,24 22,34+3,77* 42,98+10,43
Group 2
g':g:;? 9,31+1,32 80,04+5,87 317,29+19,04* 15,46+1,83 45,64+8,84

Mpumeyvanume. * p < 0,05.

Note. * p < 0.05.
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TABJINLIA 2. CONMOCTABIEHUE TPEX C[TOCOBOB OMPEAENEHWA KNETOYHOO UMMYHUTETA K BUPYCY SARS-CoV-2

TABLE 2. COMPARISON OF THREE METHODS FOR DETERMINING CELLULAR IMMUNITY TO THE SARS-CoV-2 VIRUS

Cnoco6 1 Cnoco6 2 Cnoco6 3
Method 1 Method 2 Method 3
S-6enok S-6enok MenTnabl
S-protein S-protein Peptides
o 8 © 3
. | & 2 T S| ¢ o 2 : 3|8 o
Mpynna X E g E S| F_ =2 g g S| % =
Group ) 28¢e g2 2o | 58| .88¢2| &< 2o | 58°¢
~ o k=2 EE S k.2 Pro 5 IES EE S k.2 SR
S | 383 | E2 | 888 | 582 |388%| T2 | 885 | 582
o © 58 - 2 b 8§78 |wEz 4 - 2 IT O 87
o | ZES| x| BE_ | EEe |g8ET| & | BE.| Efv
o 8 383 T -88 | 68 [Megg| EL +88 | 68
o %zo_ gzw >_;acz c XS g.zw >:=‘Z
w o i LS w o uw LS
w w
Ipynna 3 10,04+ 58,97+ | 361,68+t 7,48+ 46,63+ 69,38+ | 760,76+ 8,61+ 48,35+
Group 3 1,37 4.47 18,84 1,13 9,37 5,53 50,70 2,66 8,15
Ipynna 4 12,27+ 30,59+ | 267,52+ 5,79+ 34,06+ 86,72+ | 991,25+ 10,89+ 68,10+
Group 4 2,51 2,29* 17,38 0,81 8,69 7,20* 65,18* 2,77 9,41*

Mpumeyanue. * p < 0,05.
Note. * p < 0.05.

CTBO IISITeH B rpymrie 3 Ha TecT-cucteme Corona-T-
test HUXKe B 2 pa3a, U MPU TaKOM AOITYILIEHUU B TPYII-
ne 4 66110 Obl OOHAPYXKEHO 3HAYMMOE CHUXKEHUE TI0
cpaBHeHU1I0 ¢ rpynnoit 1 (p = 0,048), a mo oTHo1IEe-
Huto ypoBHell IFNy paznnuust ObUTU Obl HE 3HAYUMMBI.
OnmHako clieyeT IMOTUYepKHYTh, YTO COITOCTaBICHUE
rpyri 1 1 4 4yucTo pacyeTHble, TOCKOJIbKY pe3yJibTra-
ThI OBUIH TTOJIYYEHBI Ha Pa3HBIX TeCT-CUCTEMaX.

Pacuer koppenstumii [InpcoHa He BBISIBIJI 3Ha-
YUMBIX KOPPEISIIUA MEeXIY YPOBHSIMHU KJIETOUHOTO
MNMMYHHOTO OTBETa, U3MEPEHHOTIO TpeMsI MCCIIeIO-
BaHHBIMU HaMU cIoco0aMM, 3a UCKITIOYCHUEM yMe-
PEHHOM MOJOXUTEIbHON Koppeasauun (r = 0,341)
MEXIY OTHOCUTCIBHBIM KOJMYCCTBOM IISITCH, WH-
IYLIMPOBAHHBIX TIETITUIHBIM KOMIUICKCOM U1 TTOJTHO-
pa3MepHBIM S-0eakoM. B To ke BpeMs1 BBISIBIICHA
CUJIbHASI TIOJIOKUTEJIbHAS KOPPESIIIMOHHAS CBS3b
MEXIy KOJIWYECTBOM TISITEH W YPOBHEM ITPOIYKIINH
IFNy npu cTUMYJISITUY TOJTHOPA3MEPHBIM S-0e1KOM
(r = 0,79) u oueHb CUJIbHAS TTOJIOXKUTEIbHAsI KOppe-
JISIUMST TIPU CTUMYJISILIMM TIETITUAHBIM KOMILJIEKCOM
(r=20,95).

ObcyxaeHue

B HameMm ucciienoBaHUM MBI COTIOCTABWIM TPU
pa3HbIX cnocoda OLEHKU KJIETOYHOTO MMMYHUTETA
Ha aHTUTEHHBIE TeTepMUHAHTBI Bupyca SARS-CoV-2
y 4 rpyrim o0ceqoOBaHHBIX C pa3HOU MCTOPUEN KOH-
TakTa C HOBOW KOpoHaBUpycHOI UHpekuueit. Cie-
NIYeT TMTOAYEPKHYTh, YTO MEPBbIN U3 UCTIOTBb30BAHHBIX
HaMU CTMOCOOOB TO3BOJSET TOACYUTATH TPOIEHT
nutoTokcuueckux CD8™ numdonuToB, cnocoOHBIX

pacrno3HaThb aHTUI€HHbIE AETePMUHAHTHI S-0esaka
KOpOHaBUpyca U OTBETUTh aTaKOil ¢ BBIOPOCOM CO-
IEep>XMMOT0 IITMTOTOKCUYECKMX TpaHyn [7]. DTta pe-
aKlvs SBJISIETCSI OCHOBHOM 3alllMTHOM peakluein
KJIETOYHOTO UMMYHMTETA, MTO3BOJISIONIEH BISIBUTH U
YHUUTOXUTh 3apaXeHHbIE KOPOHABUPYCOM KJIIETKU
opranmiMa. B pesynbraTte yHHUYTOXKACTCS pa3MHOXKA-
FOLIIMICS B KJIETKAX BUPYC U €0 KOMITOHEHTBI, X Op-
raHu3M ouuilaeTcs oT Bupyca. [1pu olieHKe pe3yib-
TaTOB, MOJYYEHHBIX 3TUM METOJIOM, MOXHO BUIETh,
YTO ypOBEHB MOCTBAKIIMHAIBHOTO KJIETOYHOTO MM-
MYHHTETa HE OTJIMYAeTCs OT MOCTUH(MEKIIMOHHOTO, a
MOBTOPHAsI CTUMYJISILIUS (TMOPUIHBIN U TIPOPBIBHOMN
VUMMYHUTET) HE TPUBOAUT K CEPbe3HOMY H3MEHEe-
HUIO YPOBHS KJICTOUYHOM 3aIlINTHL.

[Ipu omeHKe KIETOYHOIO MMMYHUTETAa METOIOM
ELISpot o nponykiiuu IFNy BbIsIBIsSIETCS cymMMap-
HbII 2 dexTt, mockoyibky IFNy Moryt cuHTe3upo-
BaTh Thl-xemmepsl, muToToKcmIccknue CD8* nmMm-
douwmtel, NK-kitetku, NKT-knetku u ydT-KIeTKu.
IIpu stom NK, NKT-knerku u ydT-knetku, mno-
BUIMMOMY, MPOSIBJISIOT ce0s1 B TeCTe KaK CIIOHTaH-
Hble TiponyueHTbl IFNy, Torma kak Thl-xenmnepb u
nurotokcndyeckue CD8* nuMbOLIUTEI CHOCOOHBI
pacIio3HaTh aHTUTCHHBIC IETCPMUHAHTHI S-0eJiKa
KOpOHaBUpYCa WU SIBJISIIOTCSI MHIYLIMPOBAaHHBIMU
nponyueHtamu [FNy [16]. Cineayer oTMeTUTh, YTO
XeJIIIepOB B KPOBU B TIPUHIIMIIE OOJIbIIIE, YEM LIUTO-
TOKCHUYECKUX KiIeToK, Thl saBiagrorcs 6oiee MoOIII-
HeiMu niponyiieHTamu [FNy, yvem CD8* numdpornn-
ThI U JaJICKO HE BCE LIMTOTOKCUYECKUE TUMGOIIUTHI,
pacrnos3HaBIile aHTureH, npoayuupyoT [FNy [21].
boitee Toro, IFNy He oka3bIBaeT MpsIMOro MPOTHUBO-
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BUpYCHOTO neiicTBusl. OH SBJISIETCSI CBOSOOpa3HBIM
IUPIDKEPOM, OpPraHM3aTOpoM MPOTUBOBUPYCHOTO
OTBETa, aKTUBUPYS KJICTKH aTallTUBHOTO U BPOXKICH-
HOro MMMYyHMUTETa Ha 60pbOy c BuUpycoM. [loaTomy
npoaykuus [FNy siBasgeTcs Iuiib KOCBEHHBIM CBU-
JleTeJieM aKTUBALM KJICTOYHOTO OTBETA M HE KOp-
penupyet npsiMo ¢ 3(PGeKTUBHOCTHIO KJIETOYHOM 3a-
LIMTHI OT BUpyca. Tem He meHee meton ELISpot mis
OLICHKH KJIETOYHOTO UMMYHUTETa BeCbMa MOIyJIsSIpeH
B 3amagHBbIX ITyOJIMKAIMSIX, MPemIaraloTcs pa3ind-
Hble ero Moaudukamuu |8, 18, 26]. MbI cortocTaBuin
2 BapuaHTa 3TOTO METOIa, IA¢ MHIYKTOpaMu KJe-
TOYHOTO UMMYHHOTO OTBeTa OBUIM CMECh ITEeNTUIOB
6enkoB Bupyca SARS-CoV-2 unu nojtHopa3MepHbIii
S-6em0Kk KopoHaBHUpyca. OKa3ajoch, YTO MPU MHIYK-
UMY MOJHOPa3MepPHbIM S-0eJIKOM B IpyIlIax ¢ T'v-
OPUIHBIM U IIPOPHIBHBIM UMMYHHUTETOM ITPOLYKIIHS
IFNy Huxe, yeM B IpyIimnax ¢ MOoCTUHMOEKIIMOHHBIM
M MOCTBAaKIIMHAIBHBIM HMMMYHUTETOM. Bo3MoXHO,
STU Pa3INUUS CBI3aHbI C MHTCHCUBHBIM TIPOIIECCOM
MyTaluu KopoHaBupyca. [IpuButbeie u OosieBlIME B
HavaJie MaHACMUH OTBEYAJIM Ha YXaHbCKUI1 BapuaHT
S-0enka, 1 UMEHHO 3TOT BapUaHT MCIOJb30BaJCs
IUIST CTAMYJISIAM KJIETOYHOTO MMMYHHUTETa, TOTIa
Kak y JIFOAe ¢ TMOPUIHBIM U TIPOPBIBHBIM UMMYHU-
TETOM 1IITAMMBbI IIPU IIEPBUYHOM U TIOBTOPHOM BCTpE-
ye ¢ KOPOHABHUPYCOM MOTJIM CHJIBHO Pa3IddaThCsl.
I1pu aTOM TOMUHAHTHbBIE KJIOHBI, COOPMUPOBAHHbIE
Ha TIepBBI KOHTAKT, MOTYT OKa3aThCSI MUHOPHBIMU
IpU TTOBTOPHOM BCTpede ¢ aHTUTeHOM. CTHMYyIIsI-
sl S-0eJIKOM YXaHBCKOTO IITaMMa MOXKET OKa-
3aThCs HE CTOJb 3 deKTUBHONU. B TO Xe BpeMs Iipu
CTUMYJISIIMUA KOMILJIEKCOM TIENITUAOB, CHELMaIbHO
ogo0paHHBIMM HAnboJIee MMMYHOTCHHBIMU 1 KOH-
CepBaTUBHBIMH TIOCICAOBATCIBHOCTIMU W3 pPa3HBIX
o6enkoB Bupyca SARS-CoV-2, BBISIBJIEHO 3HAYMMOE
MpeBBIIEHUE KOTUYECTBa IsATeH U poaykuuu [FNy
B TpyIlNe ¢ MPOPBIBHBIM MUMMYHUTETOM. Takas au-
XOTOMUSI Pe3yJIbTaTOB MOXKET CBUIETEILCTBOBATH O
CYXXEHHUM CIIeKTpa aHTUTeHCHeln(MUIEeCKUX KJIOHOB
T-mMdOILIMTOB TIpU TTOBTOPHBIX BCTpeUaxX C M3Me-
HEHHBIMU MYTallMsSIMH IITaMMaMu Bupyca. C npyroit
CTOPOHBI, KJIETOUHBIE OTBEThl HA aHTUTCHHBIE TIeTI-
THABI 00Jice KOHCEPBATUBHEIX OEIKOB KOPOHABUPY-
ca, HanpuMmep, N-0ejika, MOTYT OKa3bIBaThCsl OoJiee
3HAYNMBIMH IPU MOBTOPHBIX KOHTAKTaX C BUPYCOM,
YeM OTBETHI Ha ITOABEPKCHHBINM YaCTHIM MYTallUsSIM
S-6em0K.

Cncok nutepatypbl / References

He OBIIO BBISIBIEHO KOPPEISIIMKU YPOBHSI KJle-
TOYHOTO MMMYHHUTETa, OIIPEICJICHHOIO IO 3JKC-
npeccun CD107a na CD8"&" jpumdpouutax ¢ pe-
3yabTaTaMu, rmoaydeHHbIMU MeTogoM ELISpot, uTo,
MO-BUONMOMY, CBSI3aHO C Pa3IMUUSIMU B KJIETOU-
HBIX CyOMOMYJISIIIUSIX, OTBET KOTOPBIX OMNpeaessieT-
cs atuMu MetomaMu. Koppensimss mMexmy WHIyK-
el MMMYHHOTO OTBETa KOMIUIEKCOM MENTHUIOB U
TOJTHOPA3MEePHBIM S-0eIKOM ObLTa MOJTOKUTEIbHAS,
HO YMEPEHHOM CHIIBI, YTO OOBSICHSIETCST Pa3HBIM CO-
CTaBOM TICMITUIOB, KOTOPBI TPE3eHTUPYIOT MOHO-
OUTHI TP 3TUX IBYX PA3HBIX CITOCO0AX CTUMYJISIIIVN.
CuibHasl MOJIOXKUTEIbHAS KOPPEJSIIIUSI MEXIY KO-
JInyecTBOM MsiTeH U ypoBHeM [FNy BOosHe MOHSAT-
Ha. OgHaKo oHa MeHee |, MOCKOJBbKY €CTh 00pa3Iibl,
B KOTOPBIX C(POPMUPOBAHO MHOTO OYECHb MEIKUX
NATEH, a €CTh APYrOi BapuaHT, KOIAa MATEH HE TaK
MHOTO, HO OHU KPYITHBIE 1 THTEHCUBHO OKPAIIICHEI
(puc. 2B, T cM. 2-10 CTp. OOJIOXKKN).

3aKnoyeHne

Takum 06pa3oM, MOXKHO 3aKJIIOUUTh, YTO KJIETOY-
HBIT UMMYHHBIN OTBET UMEET MHINBUIyaTbHbIE Yep-
Thl Y pa3HbIX JIIoAeil. OTCyTCTBUE OOIIETPU3HAHHOTO
MeToHa OLIEHK! T-KJIeTOYHOTO MMMYHHTETA, TaKO-
ro, Kak UMMYHOMEPMEHTHBIN aHaIU3 JJIsI OLIEHKU
TYMOPAJIbHOTO MMMYHHUTETa, U TPYOOEMKOCTh M3-
BECTHBIX METOJIOB CTUMYJMPYET MHOIMX aBTOPOB
K COITIOCTaBJIEHMUIO 3THUX MeTomoB [18, 20, 24, 26].
Taxke TIpeANMPUHUMAIOTCS ITOMBITKA pa3pabOTKU
TECTOB 00JIee TTOAXOMSAIINX A1 OLICHKU KJIETOUHOTO
UMMYyHUTeTa K aHTureHaMm Bupyca SARS-CoV-2 [1,
23]. Pesynbrarthl, moaydeHHbIE pa3HBIMU METOAAMU,
KOPPEJUPYIOT MEeXAy COOOl B TOW WU UHOM CTemne-
HU, OTHAKO BCE €Il HEe YAaeTCsI MPUNATU K KOHCEH-
CyCy OTHOCHUTEJIbHO METOJIa OLIEHKU T-KJIeTOUHOTO
WUMMYHUTETa Ha aHTUTeHbI. TeM He MeHee UcCIea0-
BaHMEe T-KIJIETOYHOTO MMMYHHUTETa KpaifHe BaxKHO
JUTSL OLIEHKY IMTPOTUBOBUPYCHOIO UMMYHHOTO OTBETA.
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OCOBEHHOCTU NPEAHAJIUTUYECKOIO 3TANA NPU
KOJIMMECTBEHHOM ONPEAOEJIEHUN TREC/KREC
B NEPUDEPUYECKOMN KPOBH

Cairrraimmmua MLA., Ocrankosa 10.B., Ceanix A.B.!, Toroasu Aper A.b?2

Meoduyunckas ummyHonoeus
2023, T. 25, Ne 6,
cmp. 1441-1452

'@BYH «Canxm-Ilemepbypeckuii Hay4HO-UCCACO08AMENbCKUN UHCIMUMYM SNUOEMUOA02UL U MUKPOOUOA02UU UMEHU
Ilacmepa», Cankm-Ilemepbype, Poccus

2@I'BOY BO «Ilepsviii Cankm-Ilemepbypeckuii 20cydapcmeeHHblil MeOUYUHCKULL YHUGEPCUMEM UMEHU AKA0eMUKa
HU.II. ITasrosa» Munucmepcmea 30pasooxparnerus PO, Cankm-Ilemepbype, Poccus

Pe3siome. Vcrionb3zoBanue cyxux msiteH kpou (dried blood spots — DBS), morydeHHBIX 13 MSITOK MJIaeH-
eB, IMEET MHOTO TIPEUMYIIISCTB IT0 CPaBHEHUIO CO COOPOM 00pa3IIoB IIETbHOM KPOBU. DKCTparupoBaHHAasI
n3 DBS JIHK MoxXeT ObITh NCTOJIb30BaHa JJIsI BBISIBJICHUS TeHETUYEeCKMX 3a0oneBanuit metogoM I1LIP, uto
CITOCOOCTBOBAJIO Pa3BUTHIO MOIMYJISIIIMOHHOTO CKPMHITHTA HOBOPOXKACHHBIX BO BceMm Mupe. C saBapst 2023 .
B CITMCOK BBISIBIISIEMBIX 3a00I¢BaHUIT BXOIUT TPYIIIa ITepBUIHBIX MMMyHomedumToB (ITM/1), cBI3aHHBIX C
OTCYTCTBHMEM WJIN CHIDKEHHEM ypoBHel T- u/mnu B-mumbonnToB, onpeaeasieMbIX B paMKaX CKpUHIHTA 110
ypoBHsM MoJieKyll TREC nu KREC B nrepudepniyeckoif KpoBU COOTBETCTBEHHO. KOTMIeCTBEeHHBIN aHAIN3
TpebyeT 0co00TO BHUMAHMS K OMOJIOTMIeCKOMY MaTepuaiy. Llejb — OIleHUTh BIMSHUC TIPeaHaTUTUICCKOTO
3Tana Ha KoandecTBeHHBIN aHanu3 ypoBHeit TREC/KREC B niepudepmnaeckoii KpoBH.

Martepuanom ciryxwmwii 5219 oopasnos DBS, moixydeHHBIX OT MJIafgeHIeB Ha 3-4-1f JeHb XKM3HU, a TAKXKe
DBS, npurotosiieHHBIC 13 LIeabHOM KpoBH 100 YCIIOBHO 3MOPOBBIX JIMII B Bo3pacTte oT 18 mo 29 1et. MeTomoMm
ITLP-PB, mpumMmeHss TecT-cucteMsl 115 otieHKA ypoBHeit TREC n KREC B mrepudepudeckoit KpoBH, TIpo-
BOOIJIM CPaBHUTEIBHBIN aHaIn3 KonndecTBa MoieKyal TREC/KREC B KoppeKTHO 1 He KOPPEKTHO B3SITHIX
DBS oT HOBOPOXICHHBIX M B3POCIBIX JIMII, a TaKXKe B 3aBUCUMOCTHA OT 00BbeMa HAaHOCHUMOTO MaTepuraa;
KauecTBO DBS onieHMBanm BU3yaJibHO.

B mepBBIe MecsSIBI TTPOEKTa BBISBICHO 3HAYUTEIBHOE KOJIMYECTBO HENPABIJIBHO B3SITBIX 00pa3lloB —
CBBIIIIE TPETU BCEX TTOJIYICHHBIX 3a KaXKIbIii cooTBeTCcTBYIomMit Mecsir JIHK-kapt. B pesynbrate mororHm-
TEIBHOTO OOYYCHUS MEIIIepCOHalIa KOJTNICCTBO HEKOPPEKTHO B3SITOTO MaTepraia CHA3WIOCH IO YPOBHS, HE
npesbliaiiero 1% or Bcex exeMecsidHO codupaeMbix 00pas3uosB. [1pu ucnonb3zoBanuu JJHK, BeiaeneHHOM
u3 DBS ¢ ommbkamMu HaHeceHUsI, y O0JIbliieil YacTh 00pa3LoB (IJIsk HOBOPOXIEHHBIX 64%, 11 B3POCIIBIX
i 78%) He yaaBajaoCh HOJIYYUTh pe3yJibTaT. B oCcTajabHBIX CIydasix MOJIYYEeHHbIE PEe3YJIbTaThl ObLIA 3HAYM-
TeIbHO HIKe HOpMaJbHBIX ypoBHel comepxaHnust TREC/KREC, onpenesieMBIX B 3TUX e 00pa3iax IIpu
KoppekTHOoM B3situn DBS (Bo Bcex cayyasx p < 0,0001, 95% AM). O6beM KpOBU, UCIIOIb3yEeMbIii IIPU KOP-
PEKTHOM HaHECEHWH Ha KapThl [aTpu, He BIUSIT Ha TToirydaemble pe3ynbTaTel, ypoBHN TREC n1 KREC 66111
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COMOCTaBUMBI, IPY CPAaBHEHUU MeIUaH, PACCUMTAHHBIX JIS1 KaXI0U rpynmbl 00pa3lioB, 3HAYMMBbIX Pa3Jiu-
yuii He BeIsiBieHO (p > 0,05).

IMpu xonuuectBeHHOM aHanu3e ypoBHeit TREC/KREC B nepudepuyeckoit KpoBU KOPPEKTHO B3SITHIN
MaTtepuajl UMeeT NPUHUMUIMATbHOE 3HAUYeHUE JJ1s1 MOJyYeHUs] JOCTOBEPHBIX IToKa3aTeliell, B MePBYIO oYe-
pelb IS UCKJIIOYEHUS JIOXKHOIIOJOXUTENbHBIX pe3yabTaToB. UTOObI CBECTU K MUHUMYMY IOTPEIIHOCTU
MpeaHaJIuTUIECKOro 3Tamna, I KOHTPOJIsI U/WIM KOPPEKTUPOBKM OITNOOK, HEOOXOIMMO TOTOJTHUTETLHOE
00y4yeHNEe MENUIIMHCKOTO MEPCOHANa.

Karouesvie croea: neonamanvhulil CKpUHUHE, CyXUe NAMHA KPOBU, NPEAHANUMUHMECKUT IMAn, OWUOKYU 63Amusa Mamepuana,
TREC/KREC

FEATURES OF THE PRE-ANALYTICAL STAGE IN QUANTITATIVE
DETERMINATION OF TREC/KREC IN PERIPHERAL BLOOD
Saitgalina ML.A.?, Ostankova Yu.V.2 Sedykh A.V.2 Totolian Areg A.*"

@ Saint Petersburg Pasteur Institute, St. Petersburg, Russian Federation
b First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation

Abstract. The use of dried blood spots (DBS) obtained from the heels of infants has many advantages over
the collection of whole blood samples. DNA extracted from DBS can be used to detect genetic diseases by
PCR, which has contributed to the development of population-based newborn screening worldwide. Since
January 2023, the list of identified diseases includes a group of primary immunodeficiencies (PIDs), associated
with the absence or decrease in the levels of T and/or B lymphocytes, determined as part of screening by the
levels of TREC and KREC molecules in peripheral blood, respectively. Quantitative analysis requires special
attention to biological material. The aim is to evaluate the impact of the preanalytical step on the quantitative
analysis of TREC/KREC levels in peripheral blood.

The material included 5219 DBS obtained from infants on days 3-4 of life, as well as DBS prepared from
the whole blood of 100 apparently healthy individuals aged 18 to 29 years. A comparative analysis of the
TREC/KREC molecules number in correctly and incorrectly collected DBS from newborns and adults, as
well as depending on the volume of applied blood, was carried out by RT-PCR using test systems to assess the
levels of TREC and KREC in peripheral blood. DBS quality was assessed visually.

In the first months of the project, a significant number of incorrectly taken samples were identified — over
a third of all DNA maps received for each corresponding month. As a result of additional training of medical
staff, the amount of incorrectly collected material decreased to a level not exceeding 1% of all monthly samples
collected. When using DNA extracted from DBS with application errors, the majority of samples (64% for
newborns, 78 % for adults) failed to obtain a result. In the remaining cases, the results obtained were significantly
lower than the normal levels of TREC/KREC determined in the same samples with correct DBS collection
(all p < 0.0001, 95% CI). The volume of blood used when correctly applied to Guthrie cards did not affect the
results obtained, TREC and KREC levels were comparable; when comparing the medians calculated for each
group of samples, no significant differences were identified (p > 0.05).

When quantitatively analyzing TREC/KREC levels in peripheral blood, correctly taken material is
fundamental importance to obtain reliable indicators, primarily to exclude false-positive results. To minimize
errors in the preanalytical stage, additional training of medical personnel is necessary to control and/or correct
eITOrS.

Keywords: neonatal screening, dried blood spots, preanalytical stage, material collection errors, TREC/KREC

Y HOBOPOXKIEHHBIX C 1IEJIbIO BBISIBICHUST (DEHUIIKE-
ToHypuu [8]. Mcnons3oBanue DBS maer psn mpe-
MMYIIECTB 10 CPaBHEHUIO C TPaAUIIMOHHBIM COOPOM
00pa3LoB 1IeJbHOM KpoBU. B ToM unciie crabunnsu-

BeeneHue

IlepBoe mpumeHeHue cyxux nsareH Kposu (dried
blood spots — DBS), monydyeHHBIX U3 ISITOK MJia-

JIEHLIEB U1 HAHECEHHBIX Ha (PUJIBTPOBAJIbHYIO Oymary,
11 cbopa M aHain3a KPOBU, OTHOCUTCSI K Hadaily
1960-x rogos, Koraa goktop Pobept larpu mncnob-
30BaJjl 3TU 00pa3lbl 11 U3MepeHus (peHnnanTaHuHa

pyeT MHOTHME aHAJIMTHI IIPY BHICBIXaHUHM 1 00eCIIedl-
BaeT 0oJjiee IIPOCTOe XpaHEHME W TPAaHCIIOPTUPOBKY,
TIOCKOJIBKY B OOJIBIIIMHCTBE CJIydaeB HET HEOOXOMI-
MOCTH B MOPO3WJIBHBIX KaMepax WJIM CYXOM JIbIC.
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Kpome Toro, coop DBS He TpebyeT neHTpudyru-
pOBaHUS, MpeAIrojaraeT MaJIOMHBA3UBHBIN CITOCO0O
B3SITUSI KPOBU (IIPOKOJ TISITKM BMECTO BEHO3HOM
KaHIOJIN) M MEHBIINI 00beM KPOBH, YTO B COBOKYII-
HOCTHU TIO3BOJINJIO 3HAYMTEILHO YIIPOCTUTH COOp M
00paboTKy 00pa3l0oB KPOBU HOBOPOXKAESHHBIX. DKC-
TparupoBaHHas 13 cyxoi kaniau kposu JJHK nerko
MOKET OBITh UCITOIb30BaHa IJIs1 BBISIBJICHUST TCHETU-
JeCKMX 3a00JIeBAaHUN Y HOBOPOXKICHHOTO METOIOM
noJimMmepasHoit uernHoi peakuuu (ITLIP) [10]. DToT
MOJIXOJT CITOCOOCTBOBAJ Pa3BUTHIO TTOMYJISIIIMOHHOTO
CKPUHWHTA HOBOPOXAEHHBIX BO BceM Mupe [13].

OCHOBHOI1 11€J1bI0 HEOHATAJIbHOTO CKPUHIWHTA SIB-
JIsIeTCs OOHApYyKeHUE HOBOPOXKIEHHBIX C CEPbe3HbI-
MU, HO TTOANAIOIIMMUCS Teparuy 3a00JICBAaHUSIMU,
4TOOBI CIOCOOCTBOBATh CKOpeilleMy Hadally aJeK-
BaTHOTO JIEYEHMSsI, CHIDKEHUIO pUCKa OCJIOXKHEHUI
¥ HEeOJIaroNpUsITHOTO UCXO/1a, YIIYIIIIEeHUIO KauecTBa
KU3HU TauuyeHTa [1]. Bripouem, cyliecTBYIOT apry-
MEHTBI B MOJIb3Y BBISIBJICHUSI U HEU3JICUUMBIX 3200~
JIeBaHW, TJIaBHBIE U3 KOTOPBIX — TICHXOJIOTHYECKAast
TMOMOIIb CeMbE, KOTIa CMepPTh peOcHKA 00BbICHUMA,
a He HaCTyIlaeT IT0 HeU3BECTHOM MPUYMHE, a TaKXKe
BO3MOXHOCTb NaJIbHEMIIIEro pa3yMHOIO ILTaHUPO-
BaHWSI HOBOI OepeMeHHOCTU. B HacTosIee BpeMsI B
Poccuiickoit deaepanmu B paMKax HCOHATAITBHOTO
CKPUHMHTIA OIPEACIsIOT 29 HO30I0TUA.

TouyHOCTh TMATHOCTUKMA BO MHOTOM 3aBHUCHUT He
TOobKO OT noctaHoBKu [T P-aHanu3a, HO TakXe OT
YCIOBUI B3ATHS, TPAHCIIOPTUPOBAHUS U XpaHCHUS
KJIMHU4YecKoro Matepuana, skctpakuuu JHK. Tak,
HarpuMep, HECMOTPSI Ha CYIIECTBYIOIINEC KPUTSPUN
abcopObIMKM KpoBM Ha (DUIBTPOBAIILHOI Oymare, ec
pa3iuuus OT MapTUM K MapTUu KapT IaTpu Moxker
CITOCOOCTBOBATh AHAJIMTUYECKON HETOYHOCTH pe-
3ynsTaToB [9]. BOJBIMIMHCTBO WCCIIEMOBAaHUWA, BBI-
MOJHSIEMBIX MOJIEKYJISIPHO-TEHETUYECKUMU METO-
JTaMU, TTIOIpa3yMeBaloT KaYeCTBEHHYIO TMAarHOCTHUKY,
T. €. BBISIBJICHWEC TOUM WM WHOM MyTtanuu. OmgHaKoO
¢ gaBapsg 2023 roga B CIHCOK BBISBISEMBIX 3a00-
JIeBaHUM BXOOUT TIpYyMIla IMEPBUUYHBIX MMMYHOIE-
dunuro (ITMJI), cBSA3aHHBIX C OTCYTCTBUEM WJIU
cHI:KeHneM ypoBHell T- u/mwm B-nmuMdborutos B
nepudepuueckoii kposu. s onpenenenus TTH
OCYIIECTBIISTIOT KOJIMYECTBEHHBIN MYJIBTUIIIEKCHBIIN
I P-ananu3 Mosekys T-penenTOpHBIX 3KCIUA3U-
oHHbIX KoJserl (aHri. T cell receptor excision circles —
TREC) u Kanmna-aeiaeliMoOHHbIX PEKOMOMHAIIMOH-
HBIX KCHU3UOHHBIX KoJiell (aHr1. kappa-deleting
recombination excision circles — KREC), nipeacraB-
JISTIOIIMX OO0 HEeOOMbIIINEe KOMblIeBble (DparMeHThI
snucomaibHoit JIHK, oGpasyloimiuecss mpu rmepe-
cTpoiike T-KieTouHoTro M B-KJIeTOYHOTO pelenTo-
poB cooTBeTCcTBeHHO [4]. KoJImuecTBeHHBIN aHaIn3
TpeOyeT 0co00Tro BHMMAaHUS K OMOJOTrMYecKOMY Ma-
Tepuaiy.

TToapobHocTU cbopa 00pa3loB KPOBU, MEPEHO-
ca KpOBU Ha KapTy, a TakKxKe TpeOOBaHUS XpaHECHUS
U TPAHCIIOPTUPOBKMU MosydeHHbIXx DBS onucanbl B
psime MEXKIyHapOMTHBIX PEKOMEHIAIIMIA, CTAaThsX, a
TaKKe perilaMEHTUPYIOTCSI BHYTPEHHUMM JOKYMEH-
TaMU Kaxnou ctpaHbl. B Poccuiickoit Menepanmn
3TO MPUKa3 MUHUCTEPCTBA 3ApaBooxpaHeHUsT No 185
«O MaccoBoM 00cCIIeIOBAaHNUHN HOBOPOXICHHBIX HC-
Tel Ha HacJeACTBEHHbIe 3a00JeBaHusI» [2].

HecMoTpst Ha OCTaTOYHO YETKO ITPOTIMCAaHHbBIC B
MpUKa3e 1 MHOTOYMCICHHBIX MHCTPYKIIMSIX TTpaBU-
Jia B3SITUsI, HAHECEHUSI W BBICYIIMBAHUS KPOBU IJIST
nojqyyenuss DBS, mnagmmii MeTUIIMHCKUN TIEpCo-
HaJl He Bcerja ¢ HaajexalluM TIlaHueM cobtoaaeT
pekomeHmau. OmMMOKU TTPOOOMOATOTOBKU CYXOM
KaTlIM KPOBU MOTYT ITIPUBOAUTE K HEBEPHOMY PE3YiIb-
TaTy aHaJIU3a WJIX HEBO3MOXKHOCTH OCYIIICCTBUTD MC-
cnegoBaHue. [ToBTOpHBIN cOOp OMOTOTMYECKOro Ma-
Tepuaja IToApa3yMeBacT yBeIMUeHHE (PUMHAHCOBBIX
3aTpart, a TaKxKe HepelIKo 3aTpyaHEeH MU3NIecKu, TaK
KaK MaTepy ¢ HOBOPOXICHHBIMU YKe BBIIIMCAHBI U3
PO/I.IOMOB.

Iennio Hameil padoThl OBUIO OLICHUTH BIUSTHHC
NpeaHAIMTUYECKOro HTarna Ha KOJUMYECTBEHHBIMN
ananmu3 ypoBHeii TREC/KREC B niepudepunieckoi
KpPOBH.

Matepuans! n MeTogbl

B pabore mcnonb3oBanm 5219 o6pas3moB cyxoit
Karii KpoBM Ha KapTax [aTpu, MoJy4eHHBIX OT MJla-
IeHIIeB Ha 3-4-i1 meHb XU3HU B paMKax IIPOTpaMMBI
CKPUHWHIA HOBOPOXJICHHBIX U3 POIMIBHBIX JOMOB
Cankr-IletepOypra B niepuon ¢ 7 despansg 2020 r.
no 30 utoHsa 2021 1., a Takke 1LieJbHYI0 KpoBb OT 100
YCJIOBHO 3I0POBBIX YEJIOBEK B Bo3pacTte oT 18 mo 29
JieT. Bce mpouienypbl COOTBETCTBOBAIM STUUYECKUMU
cTaHgapTaMyd WHCTUTYIIMOHAJBHOTO W/WIW HallM-
OHAJILHOTO KOMUTETa MO MCCIEAOBATEIbCKON ATHU-
Ke U XeJbCUHKCKOW Aekiapanuu 1964 roma u ee
MOCJICAYIONINM HW3MEHEHUSIM WM COITOCTaBUMBIM
HOpMaM 3TuKU. Jlu3ailH mcciaegoBaHusi ObUT OHO-
OpeH JIOKaJIbHBIM 3THYeCKMM KomuteTtomMm MOBYH
«Cankr-IleTepOyprckuii  HaydyHO-UCCIEA0BATEb-
CKUI WHCTUTYT SIHUACMHUOJIIOTMA W MUKPOOMOJIO-
run uM. Ilactepa». MccnenoBaHusi MpoBOAUIU TIPU
OHUCbMEHHOM COTJIACUM MAIIWUCHTOB MJIM POIUTEIICH
NalreHTOoB.

JJIsT OIIeHKHW 9aCTOThI OIIMOOYHOTO B3SITUSI Ma-
Tepuaja OCYILICCTBISUIA BU3YaJIbHBIA MOHMTOPUHT
kapt latpu. ng cCpaBHUTENBHOU OLIEHKU pPe3ysib-
TaTOB aHaJM3a KOPPEKTHO U HE KOPPEKTHO B3SATHIX
00pa3loB ciiy4yallHbIM 00pa3oM ObLIU BbIOpaHbl 100
KapT [atpu ¢ cyxumu KanjassMu KpOBH, MTOTYyUYeHHBI-
MU OT 370POBBIX IOHOIIIEHHBIX HOBOPOXKIAEHHBIX, TJIE
OIHO MSTHO KPOBU HAHECEHO MPABIILHO, B TO BpeMsl
KakK JpYyroe MmaTHO UMeET HeTOCTaTOYHYIO IIPOIUTKY,
NpU3HAKA HEMTPAaBMILHOTO BRICYIITMBAHWS UJIA MHBIC
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omnoOku B3ATUS Matepuasa. C HCOOJb30BaHUEM
LIEJIBHOM KPOBM, TTOJIY4EHHOM OT B3POCJIbIX YCIIOBHO
3[IOPOBBIX JINI, OBLINA MTOATOTOBJICHBI ITAPHBIC CyXIe
nsTHa KPOBHM, OOHO M3 KOTOPBIX HAHOCWJIM IIpa-
BIWJIBHO, a IPyTOo€ ¢ HaMEepPEeHHBbIMU olnoOKamMu. st
OILICHKM BIMSIHUS 00BbeMa KPOBHU OBUTH ITOATOTOBIIC-
HBI CyXHe€ MATHA KPOBU U3 LIEJbHON KPOBU B3POCIIBIX
JINI C pa3InIHBIM 00BEMOM HAHOCHMOTO MaTepua-
aa (50 mxua, 100 mxu, 150 mku, 200 mki, 250 Mk,
300 MKIT).

I[Tpo6GonoAroTOBKY OCYIIECTBISIJIM CIACAYIOLINM
cnocoboM: B peakuuio BoigeneHust JJHK Gpanu 6
BbIOUTHIX 13 DBS muckoB nuamerpoM 3 MM, MOJIy-
YEeHHBIX ¢ UcIoab3oBaHUeM naHuyepa DBS Puncher
(PerkinElmer, ®unnsaus). s kaxmgoro obpasua
IyJI IMCKOB TOTOBMJIM B TPEX MOBTOpax. DKCTparv-
poBanu JIHK ¢ nmpumeHeHuem HabOopa peareHTOB
JUTST BBIIEJICHUS] HYKJIEWHOBBIX KHCJIOT W3 CYXOM
Karum KpoBu «Dkcrpa-dAHK-Bro» («Ankop-0610»,
Poccus).

Ananui npoBoauiu metoaom ITHP B pexume
peaJbHOro BpeMeHU ¢ TMOpuAM3alMOHHO-(IyopC-
LIEHTHOW JAEeTeKIMe ¢ HCHoJb30BaHUEM Habopa
pearentoB TREC/KREC-AMP PS (DBYH HUU
ITactepa, Poccus) [4]. ITHP npoBoauin Ha aMILIU-
¢duKaTope TUIAHIIETHOTO TUIMA ¢ PYHKLMENH JeTeK-
o GpIIyopecLieHIIMN B PEXKNME pealbHOTrO BpeMeH!
no kaHaimaM FAM/Green, HEX/Yellow, Cy5/Red,
ROX/Orange (CFX96, CIIIA), cornacHO MHCTPYK-
our TIpou3BoauTessa. Jas oOpasmoB, IMOJTYIEeHHBIX
OT HOBOPOXIEHHBIX, TOMOJHUTEIbHO ITPOBOIU-
JIN aHAJIM3 C WCIIOJIb30BaHUEM HAOOPOB pearcHTOB
EnLite™ TREC-KREC kit (PerkinElmer, ®uHisaH-
mus) u «<MUMMYHO-BUT» («<AbB-Tect», Poccus).

CTaTUCTUUECKYIO 00pabOTKY JaHHBIX MTPOBOIVIIN
C TTOMOIIbIO TporpammHoro odecrnieueHust GraphPad
Prizm 5 u Microsoft Excel 2010. I1lpu MHOXeCTBeH-
HOM CpaBHEHUM 3HAYCHHUI MCCIICIYeMbIX aHAIIUTOB
B HE3aBUCHUMBIX BBIOOpPKAX MPUMEHSUIM KPUTEPUit
Kpackena—Yonnuca u tect JannHa. [1pu nmonapHoMm
CpaBHEHMH BBIOOPOK MPUMEHSJIM KpuTepuii MaH-
Ha—YUTHU.

PesynbTathl 1 06CyXaeHue

Coop obpaszioB DBS 00bIYHO MPOBOAMIIN TTyTEM
MpOKaJIbIBAHUS MSITKM HOBOPOXKIEHHOTO JIAHLIETOM,
a 3aTeM Kaluld KpOBU HAHOCWJIM Ha MpPEeABAPUTE b-
HO HarieyaTaHHble KPYTM Ha COelMaJbHO M3rOTOB-
JneHHou Kapte [atpu, B uaeajie OIHOM Karuieit, Ha-
HECeHHOI B LIEHTP, PaBHOMEPHO MPOMUTHIBAIU
0003HAYECHHYIO OKpPY:KHOCTb. IlpemornpeneneHHbIi
KPYT OOJKEH OBITh OMHOPOJHO U CUMMETPUYHO 3a-
MOJIHEH, a 00€ CTOPOHBI KapThl JOJXKHBI UMETb OAUH
U TOT Xe KpacHbIil 1BeT. IIpu »TOoM HeoOXomumo
uzberaTb CBEPTHIBAHUS U pacCHOEHUs Ipenapara
KpoBU. MianiieMy MeIUIIMHCKOMY TIEPCOHaIY, OCy-
LIECTBIISIONIEMY B3sITUE OOpaslia, cieaoBaio nu3be-

raTtb MPUKOCHOBEHUI K 00J1aCTU Kpyra, 0COOEHHO J10
TOTO, KaK KPOBb OyIeT HaHeCEeHa U ITOJIHOCTHIO BBI-
COXHET. B HEKOTOpBIX ciydasx HOITyCKaJIOCh HaHe-
CeHHue KpOBHU Ha KapTy laTpu ¢ mOMOIIbIO TUITETKH,/
Jlo3aTopa: HAKOHEYHUK MUMETKU MPU 3TOM JOJKEH
OBIJT HAXOINTHCST Ha HECKOJIBKO MUJIJTMMETPOB BHILIIE
TMOBEPXHOCTH HAHECCHMsI, a HEIIOCPEACTBEHHO Ha-
HECCHUE OCYIICCTBIISUIOCh MPUKOCHOBCHUEM Kall-
JI1 KPOBM K IIEHTPY OOO3HAUYEHHOUN OKPYKHOCTH.
OueHb BaXKHO TTOJIHOCTHIO BBICYILIMTDH IISITHA KPOBU
rnepea XpaHeHUeM WY TPaHCHOPTUPOBKOM. B 1ies1oM
PEKOMEHA0Balach CyIllKa B T€YEHUE MUHUMYM 2-3
JacoB Ha OTKPBITOM MPOCTPAHCTBE MTPY KOMHATHOM
temrepatype (15-22 °C), ogHako BpeMst BHICBIXaHUS
3aBMCUT OT TMHAa OymMaru W HaHECEHHOTo oObema
KpoBu [6]. OOpa3subl Helb3s HarpeBaTh, CKJIaIbI-
BaTb APYr Ha JApyra, JOIYCKaTb IPUKOCHOBEHHE K
JIPYTUM TIOBEPXHOCTSIM, XpaHUTh B IOCTYIIC TTPSIMBIX
COJIHEUHBIX JIydeil. MI30bITOUHAsT Bjara B ITOMeIIe-
HHUU MOXET MOBIMSITh Ha KAYECTBO 00pa3IioB KPOBU
Ha Oymare, BBI3bIBasl pOCT OakTepuii, u3MeHss 3¢-
(EeKTUBHOCTh SKCTPaKLIMKU HYKJIEUHOBBIX KHUCJIOT
BO BpeMsl aHajIu3a WJIM CIIOCOOCTBYS Pa3I0KEHUIO
HecTaOMJIbHBIX aHaIUTOB. TakuM oOpa3oM, Mocie
BbICbIXaHMsT oOpa3ubl DBS cienoBaio 3allMTUTH
OT CHIPOCTH, HAaKPBHIB MX OyMaKHOW HAKIIAIKOU U
YIIaKOBaB BO BJIAarOHENPOHUIIAEMbIC MAKEThI C 3UII-
3aCTEXKKON M IMakeTaMu ¢ BjiarororjoruteieM. Ha
pucyHke 1 (cM. 2-10 cTp. 00JIOXKKM) MpeICTaB/IeH pe-
3yJIbTaT npaBujibHOro coopa DBS.

HaubGomee wyacTele ommOKA MPOOOMOATOTOBKU
(HaHeCEeHUSI KPOBU U BHICYIIIMBAHUS) IPEACTABIICHBI
Ha PUCYHKE 2 (CM. 2-10 CTP. OOJIOXKKH).

B MupoBoii mpakThKe 0OTMeYaroT CXOJHbIC OO~
KM TPOOOMOATOTOBKM CYyXOl Karid KPOBU: K MIITHAM
KPOBM HU3KOTO KayecTBa OTHOCSIT MHOTOTOYECUHBIE
00pa3nbl (HECKOJIBKO MAJICHBKUX MSITEH KPOBU WC-
TMOJIB3YIOTCS TSI TOTYYeHHSI OMHOTO 00JIee KPYITHOTO
MISITHA KPOBH ), HEAOCTATOYHOE KOJIMYSCTBO KPOBU Ha
KapTe, KpOBb, HaHECEHHasl Ha 00€ CTOPOHBI KapThl,
CJIOUCTBIE TISITHA KPOBU (MOcJienoBaTeIbHOE Hacaa-
WBaHME HECKOJIbKHX 03 KPOBM) 1, TAK Ha3bIBacMEIC,
cliaBjieHHBIE TIsITHA KpoBU (compressed blood spots),
KOTIa HeOOJBIIO 00beM KPOBH 3a CUCT BHEIITHETO
BO3MIEHICTBUSI BU3yaJlbHO 3aHMMAET BCIO TLIOIIAIb OT-
MeueHHoI okpyxHocTtu [7]. KauectBo DBS mMoxkeTr
OBbITh OLIEHEHO CYObEKTUBHO ITyTEM BU3YyaJlbHOTO OC-
MOTpa B CKPMHUHTOBOI TaO0OpaTOpUM, U IIJTSI TEX 00-
pa3ioB, KOTOPBIC HETIPUTOMHBI IIsT aHaIN3a, JOJIK-
HBI OBITH 3aIIPOIICHBI TOBTOPHBIC 00pa3nbl. OmHaKO
oTOpaKoBKa 00pa3loB HE CTaHJIapTU3UpPOBaHa, MO-
CKOJIbKY HE CYIIECTBYEeT KOHKPETHBIX YKa3aHUI I1O
onpeaeseHuI0 MUHUMAJIbHBIX KPUTEPUEB MTpUEMIIe-
MocTu KauecTBa DBS. OTcyTcTBHE KOHCEHCyca Mpu-
BOOUT K OOJIBIINM pPa3IddusIM B IIPaKTUKE: pa3HbIC
JTabopaTOpUM MPUHNUMAIOT WJIN OTKJIOHSIOT 00pa3Ilbl
pa3HOToO KadyecTBa, YTO MPUBOIMUT K ITyTaHUIIE Cpe-
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I COOPIIIMKOB MPOO OTHOCUTEIBHO TOTO, UTO TpEe.I-
CTaBIISIET cO0OOI TIpuemiemMasi TIpoda, M 3aTPyIHSCT
CpaBHEHME YacTOT IOBTOPHOIro 3abopa MaTepuala,
KOTOPOTO MOXKHO M30eXKaTh.

I1pu BU3yaspHOI OLICHKE KauyecTBa MaTepuraia Ha
MOJYYeHHBIX B paMKaxX HACTOSIIETO MCCIIeIOBaHUS
KapTtax laTpu ObLIO BBISIBJIEHO 3HAYMTEJIBHOE KO-
JIMYECTBO HEMpaBUJIbHO B3SIThIX 00pa3liOB WU 0O0-
pa3IIoB, IJISI KOTOPBIX OIHO ITSITHO KPOBU HAHECCHO
MpaBWIBHO, B TO BpeMsI KaK APYroe IsITHO UMeeT He-
JMOCTATOYHYIO TIPOITUTKY, MIPU3HAKN HETIPABUIIBHOTO
BBICYIIMBAHUS WJIW MHBIC OIMMOKM B3SITHSI MaTepHra-
na. Haubonbiiee KOJIM4YeCTBO HEKOPPEKTHO B3SITHIX
00pa3loB MPUXOAMIIOCH Ha TEPBbIEC YEThIpe Mecsiia
npoekTa (puc. 3).

CrenyeT OTMETUTD, UTO KOJIMYECTBO HEKOPPEK-
THO B3SIThIX 00PAa3110B B IIE€PBbI€ MECSILIbl HACTOSIIIEH
paboTHI, (aKTUUECKM IIPEBHINIAIONIEE TPETh BCEX
MOJTYYeHHBIX 3a KaXXIOBIii COOTBETCTBYIOIIMU Me-
cau JJHK-kapt, 6bLJI0 o1 HaC HEOXMAAHHOCTBIO.
B cBsI31 ¢ yeM 111 MEIUIIMHCKOTO MepcoHaa ObIIo
MPOBEACHO OOyJYeHMEe IT0 TPAMOTHOMY B3SITUIO, BBI-
CYLIMBAaHUIO M XpPaHEHMIO Marepuaia, a 3aTeM Ha
MPOTSDKEHUM TISITU  MECSILeB  €XEHEAEIbHO OCy-
IICCTBJISUIA KOHTPOJIb B3SITHUSI CYXOM KaIlIi KPOBU
W TIpA HEOOXOOWUMOCTU IIOBTOPHO IEMOHCTPHUPO-
BaJil MOCJIENOBATEIbHOCTb BEPHBIX MAHMITYJISIIINIA.
B pesynabraTte oOydyeHUsI KOJIUYECTBO HEKOPPEKTHO
B3SITOTO MaTepuaja CHU3WIOCH IO YPOBHS, HE Mpe-
BbIIIA0OIIEro 1% OT BceX MoayYeHHBIX 00pa3LoB.

Ilpu napamienbHOM aHajiu3e oOpasloB, Ipei-
CTaBJICHHBIX OBYMsI MSITHAMW KPOBM, OOHO M3 KO-
TOPBIX HAHECEHO HEKOPPEKTHO, OBbUIO ITI0KAa3aHO
OUEBMUIHOE pa3vuue II0Jy4aeMbIX pPe3yJIbTaToOB.
IIpn wmcrnonb30BaHUM KOPPEKTHO B3SITOTO IISITHA
kpoBu wmianeHneB ypoBHH TREC m KREC mpe-
BBILIIAJIA ITOPOrOBBIE YPOBHM U COOTBETCTBOBAIU
HOpPMaM COAEpKaHUS 3KCIU3UOHHBIX KOJIEL[ ¥ HO-
BOPOXKIECHHBIX, YKa3aHHBIX UIST KaXKIOW MCITOIb3Y-
€MOIl TecT-CUCTeMbl. Y B3POCJIbIX O0C/IeIOBAHHBIX
npu ucrnonb3oBanun JHK, skcTparupoBaHHOl 13
KOPPEKTHO COOpaHHBIX 00Pa3OB CYXOi KAl KpO-
Bu, yposHu TREC u KREC mpesbiuanu 44,9 ko-
nuii/10° xnetok u 49,9 konuii/10° KJIETOK, COOT-
BETCTBEHHO, YTO COTIJIACYeTCSI C YCTAaHOBIICHHBIMU
rpaHUYIHBIMU HOpMaMmu i aulr 18-29 et [3]. [pn
ucnionb3oBanuun JIHK, BeigeneHHOI U3 CyXUX MSITEH
KPOBH C OIIMOKAaMM HaHECEHUs MaTepHajia Ha KapTy
Tatpu, y 6oabiieit yactu o0pa3loB (1151 HOBOPOXK-
NeHHbIX n = 64, 64%, 95% JAWN: 53,79-73,36%; nns
B3pocibIX il n = 78, 78%, 95% AWN: 68,61-85,67%)
HE YIABaJIoCh ITOJIYIUTh KaKUX-JIUOO pe3yIbTaToB,
TaK KaK BBIXOJ IIPOAYKTOB aMIUIM(PUKAIINUA OTCYT-
CTBOBAJI: (PIyOpeCLIEHTHbIE CUTHAJIbI LISJIeBbIX U/ WU
HOPMHUPOBOYHBIX TEHOB HE HapacTald B XOIe peak-
OU1. DTO MOXET CBUACTEIILCTBOBATh O JIeTpamalliy

JHK B Takux oOpasuax U, COOTBETCTBEHHO, €€ He-
MOCTATOYHOM KOJIMYECTBE ST aHAJIM3A.

B ocTaibHBIX ciiyyasix ymaBaJloCh MPOBECTU aHa-
3 JJHK, skcTparupoBaHHOI M3 TakKuUX 0Opas3lioB
KpoBu, 1 paccuutatb ypoBeHb TREC/KREC B npo-
0e, OIHaKO TIOJIyYeHHBIE PEe3yJIbTaThl ObUTM 3HAYM-
TEIbHO HIKE HOPMAIbHBIX YPOBHEU COIEp>KaHUS
TREC u KREC B nepudepuueckoii kposu. Ha
pucyHke 4 TIpeAcTaBiieHa CpaBHUTEIbHAsI OLICHKA
ypoBHeii TREC, paccuuTaHHBIX IJIsI OOHUX U TeX
JKe 00pa3lioB KPOBU HOBOPOXKIEHHBIX, HAHECEHHBIX
Ha KapThl [aTpu ¢ coOoneHneM TTPOTOKOIA B3STUS
onomMatepmaia (KOppeKTHO) U C JOMYIICHUEM OIIM-
OOK.

Bo Bcex cnyuasx yposenb mosiekys1 TREC, onpe-
JeJICHHBIN B 00pa3iiax KpoBU, B3IThIX C HAPYILIEHUSI-
MU peKOMEeHIAIINii, 3HAYUTEIbHO OTJIMYAJICS OT pac-
CUMTAHHOTO B KOPPEKTHO B3STHIX O0Opasiiax KpoBU
(Bo Bcex cayuasx p < 0,0001, 95% JAW) u 6bL1 61130K
K HYJIEBOMY 3HAaYCHMIO.

VYpoBuu monekyn TREC, onpeneiaeHHBIX ¢ HC-
MOJb30BaHUEM pPa3HbIX HAO0OPOB pearcHTOB JJisl
OHOTO M TOTO e oOpa3lia KpOBU, OTJIMYAINCh IO
3HAYEHUIO, TIOCKOJIbKY pa3HbI€ TECT-CHUCTEMbl HC-
MOJB3YIOT pa3Hble ITPOTOKOJBI aHaIM3a, CIIOCOOBI
HOPMUPOBKY JaHHBIX, CAUHUIIBI U3MepeHnii. OmHa-
KO ObLiIa TToKa3aHa KOPPessius MeXIy 3HAaYSHUSIMU
TREC, paccunTaHHBIMU Ha pa3HBIX TeCT-CHUCTEMaX,
JUTSI OTHOTO M TOTO XK€ Habopa o0pa3lioB KPOBU B
TOM cJlydyae, €ciyd COOJIIOJAIUCh YCJIOBUS HaHece-
HUS KaIleJdb KpOBM Ha KapTy [aTpu m Ux XpaHEHUSI.
KoppensimoHnHasi 3aBUCMMOCTh MEXAY TaHHBIMU
OTCYTCTBOBaJia, €CJAU MPU TMPOOOMOATOTOBKE ObLIN
JonylieHbl Tpyosie ook (puc. 5). Ha pucynke 5
oToOpakeHbl 3HaAYEHUST KOI(PDUILIMEHTOB KOPPEIsi-
nuu 1y yposHeit TREC B Tex o0pa3iax KpoBu, KO-
TOpBIC COOMPAJIN C YU4eTOM peKomeHmanuii (A u B).
I1pu cpaBHeHUM 3HAYCHU, TTOJYICHHBIX C UCITOIb-
3oBaHueM TecT-cucteMbl TREC/KREC-Amp PS c
TecT-cuctemMmamMu «MMMYHO-BUT» u EnLite™,
3HaueHUs KO3 UIIMEHTOB KOPpEJsIIUA B 000UX
ciaydasix CTpeMWIncCh K 0,9, 4To rOoBOPUT O BbICOKOI
CUJIe CBSI3U MEXIY CpaBHMBaeMBIMU BBEIOOpKaMu. B
cllydyae HapylIeHHI B MIpolecce IMPOOOITOATOTOBKHA
KOppesalus MeXAy MNOJy4eHHBIMU 3HAYCHUSIMU
TREC orcyrctBoBana (puc. 5b, I).

AHaJOrMYHbIC MaHHBIE ITOJIyYeHBI MpPU OIEHKE
ypoBHeli KREC B onucaHHBIX BbIllIe 00pa3lax Kpo-
BU HOBOPOXKICHHBIX: TIPY HAPYIICHUN PEKOMEHIA-
LMt mo cOOpy M XpaHEHUIO KPOBU Ha KapTax [aTtpu
ypoBHu KREC oka3biBaiuch 3HAYUTEIIBHO HUXKE
(p <0,0001, 95% AWN) npu cpaBHEHUM C TEMMU K€ 00-
pa3iaMu B YCIOBUSIX COOIONEHUST BCEX PEKOMEHIa-
LM TPOOOIIOArOTOBKHU (puc. 6).

Ha pucyHke 7 oToOpaxkeHa KOppesiusl ypoBHe
KREC, paccuuTaHHBIX C MCHOJb30BaHUEM Pa3HBIX
TECT-CUCTEM, IS OMHOTO U TOTO e Habopa obpas-
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PucyHok 4. CpaBHeHue ypoBHel TREC, onpeaeneHHbIX ¢ UCMNONb30BaHMEM Pa3HbIX TECT-CUCTEM, B 0Gpa3sLiax KpoBu
HOBOPOXAEHHbIX, HAHECEHHbIX Ha KapTbl [aTpu ¢ cobnioaeHnemM peKoMeHaaLmMi (KOPPEKTHO) U ¢ AOMYLIEHNEM OLIMBOK

Mpumeyanue. A - TREC/KREC-Amp PS (konuii/10° knetok), HUA um.

Mactepa. b - «AMMYHO-BUT» (konuit/10° knetok), «<ABB-TecTy.

B - EnLite™ TREC-KREC kit (konuii/mkn), PerkinElmer. Yncnamu Ha gnarpammax 0603HaueHbl MeAnaHHbIe 3HaYeHNA aHanuTa.
Figure 4. Comparison of TREC levels determined using different test systems in newborn blood samples plotted on Guthrie charts

following recommendations (correctly) and with mistakes

Note. (A) “TREC/KREC-Amp PS” (copies per 10° cells), Saint Petersburg Pasteur Institute. (B) “IMMUNO-BIT” (copies per 10° cells), ABV-test. (C)
“EnLite™ TREC-KREC kit" (copies per pL), PerkinElmer. The numbers in the diagrams indicate the median values of the analyte.

LIOB KPOBU B CIIy4asiX, KOTJa COOJIIONAINCH YCIIOBUS
HaHeCeHUs KalleJlb KpOBM Ha KapTty laTpu u Korma
00pas3bl OB B3ITHl HEKOPPEKTHO.

I1pu pabote ¢ obpa3uaMu KpoBU, MOJyYEHHBIMU
ot nul 18-29 net, Takke HaOJIOIaIN 3HAYUTEIIHHOE
cHmxeHue ypoBHeit 1 TREC (p < 0,0001), u KREC
(p < 0,0001) B Tex ciyyasix, Korma ObLTM HOITYIIIE-
HBI OIIMOKM TIPU HAHECEHWM KPOBHM Ha OYMasKHBII
(GUIBLTP WM IPU €ro BhICYLIMBAaHUM (pUC. 8).

OO6pa3ibl HU3KOro KavyecTBa MOTYT CO3IaTh JIO-
MOJHUTEIbHbIE MPOOJEeMbl B IPOILIECCEe MPOBEPKMU.
B ToM umciie moBTOpPHOE B3SITHE KPOBU Y MIaAcHIIA,
3aro3aajoe cooOIleHe pe3yIbTaTOB aHaan3a U3-3a
HeoO0XOAMMOCTHU TTOIyYEeHUsI TOBTOPHOIO oOpa3iia u,
COOTBETCTBCHHO, 3aJep:KKa HarpaBJIcHUS TTalleH-
TOB C MOJOXUTEIbHBIM PE3yJIbTAaTOM CKPUHUHTA Ha
IVNATHOCTUYECKOEe OOCJIeMOBAHNE U TOCJICIYIOIIYIO
Tepanuio. KpomMe Toro, ¢ MOBTOPHBIM B3ITHEM TTPOO

yYBeJIMUUBaETCs1 00beM padbouelt Harpy3kKu U uHaH-
COBBIX 3aTpaT Kak JJabopaTOpMii, TaK U JIULI, OCYIIECT-
BIISTIOIINX B3sITHE MaTeprana. OTMedJaroT TaKKe, YTO
3aMpoc MOBTOPHOIO B3SITHSI MaTepuaia MOXET Bbl-
3BaTh CTpecCc y pebeHKa, 0eCIIOKOMCTBO poauTeseii
U COMpPOBOXAATHCI OTKA30M POAUTENEN OT Mpemo-
CTaBJIEHUSI JOTIOJIHUTEIbHOTrO obpa3sua [5]. Hekoro-
pble UCCJIeNOBAaTEU CUUTAIOT, YTO TSI MHOTHUX HE-
KOPPEKTHO B3SITHIX 00Pa3110B MOXXHO HAWTH Y4acTOK
OsITHA C JOCTAaTOYHOM HACBIIMICHHOCTBHIO KPOBBIO,
OTCYTCTBUEM LIapaIivH WM UHBIX TOBPEXAESHU MO-
BepXHOCTU Oymaru. B aTux ciydasix peKOMEeHIYyIT
UCMOJb30BaTh IS aHAJIW3a JOCTYMHBIA MaTepuan
M He 3alpalunBaTh oOpasell MoBTOpHO [12]. OnHa-
KO 3TO HEIOITYCTUMO, €CIIM 00pa31bl KPOBU JOIKHEI
MCMOJb30BAThCS IS 1ieJieli AIMarHOCTUKU WU CKPY-
HUHTOBBIX TECTOB, IJI¢ ITOJOXUTCIbHBIN pe3yabTaT
omnpenessieTcss ypoBHEM aHaJIuTa HUXKE, a He BbIIE,
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PucyHok 5. Koppensiuns ypoHeit TREC, onpeaeneHHbIX ¢ UCNIONIb30BaHUEM pa3HbIX TECT-CUCTEM U pasHbIX YCNOBUIA
noAroToBKM Npod

Mpumeyanue. A - TREC/KREC-Amp PS n «MMMYHO-BUT», cobnioneHne pekomeHgauuin npobonogrorosku. b) - TREC/KREC-Amp PS
n «MMMYHO-BUT», HekoppekTHas npobonoarotoBka. B — TREC/KREC-Amp PS u EnLite™ TREC-KREC kit PerkinElmer, cobniogeHue
pekomeHaaumii npodonoarotoBku. ' — TREC/KREC-Amp PS un EnLite™ TREC-KREC kit PerkinElmer, HekoppekTHasi npo6onoaroToBka.

Figure 5. Correlation of TREC levels determined using different test systems and different sample preparation conditions

Note. A, “TREC/KREC-Amp PS” and “IMMUNO-BIT”, compliance with sample preparation recommendations. B, “TREC/KREC-Amp PS” and
«IMMUNO-BIT", incorrect sample preparation. C, “TREC/KREC-Amp PS” and “EnLite™ TREC-KREC kit” PerkinEImer, compliance with sample
preparation recommendations. D, “TREC/KREC-Amp PS” and “EnLite™ TREC-KREC kit” PerkinElmer, incorrect sample preparation.
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PucyHok 6. CpaBHeHue ypoBHeit KREC, onpeaeneHHbIX ¢ UCNONb30BaHNEM pa3HbIX TECT-CUCTEM, B 06pa3sLiax KpoBu
HOBOPOXAEHHbIX, HAHECEHHbIX Ha KapTbl [aTpyu ¢ cobnioaeHnemM peKoMeHAaLMI (KOPPEKTHO) U C AOMYLIEHNEM OLIMBOK
Mpumeyanue. A - TREC/KREC-Amp PS (konuii/10° knetok), HUW um. Mactepa. b - «<UMMYHO-BUT» (konuii/10° kneTtok), <ABB-TecT».
B - EnLite™ TREC-KREC kit (konuii/mkn), PerkinElmer. Yucnamu Ha anarpammax 0603HaueHbl MeAnaHHbIe 3HaYeHWs aHanuTa.

Figure 6. Comparison of KREC levels determined using different test systems in newborn blood samples plotted on Guthrie charts
following recommendations (correctly) and with mistakes

Note. A, “TREC/KREC-Amp PS” (copies per 10° cells), Saint Petersburg Pasteur Institute. B, “IMMUNO-BIT” (copies per 10° cells), ABV-test.

C, “EnLite™ TREC-KREC kit" (copies per uL), PerkinElmer. The numbers in the diagrams indicate the median values of the analyte.
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PucyHok 7. Koppensuus ypoBHeit KREC, onpeaeneHHbIX ¢ UCMONb30BaHWEM Pa3HbIX TECT-CUCTEM U Pa3HbIX YCIIOBUIA

noaroToBKM Npo6

Mpumeyanue. A - TREC/KREC-Amp PS u «<AMMYHO-BUT», cobniogeHne pekomengaumni npodonogrotoeku. 6 - TREC/KREC-Amp PS
n «MUMMYHO-BUT», HekoppekTHas npo6onoarotoBka. B — TREC/KREC-Amp PS u EnLite™ PerkinElmer, cobntogeHue pekomeHaauui
npo6onoarotoBku. ' — TREC/KREC-Amp PS u EnLite™ PerkinElmer, HekoppeKkTHas npo6onogroToBka.

Figure 7. Correlation of KREC levels determined using different test systems and different sample preparation conditions

Note. A, “TREC/KREC-Amp PS” and “IMMUNO-BIT”, compliance with sample preparation recommendations. B, “TREC/KREC-Amp PS” and
“IMMUNO-BIT”, incorrect sample preparation. C, “TREC/KREC-Amp PS” and “EnLite™ TREC-KREC kit" PerkinElmer, compliance with sample
preparation recommendations. D, “TREC/KREC-Amp PS” and “EnLite™ TREC-KREC kit” PerkinElmer, incorrect sample preparation.
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PucyHok 8. CpaBHeHue ypoBHew TREC (A) n KREC (B), onpegensieMbix B 06pasuax kpoBu ntogen crapiue 18 ner,
co0OpaHHbIX Ha KapTbl [aTpy ¢ cobnioaeHMeM BCeX pekoMeHZaLmMn 1 ¢ ombkamu npu NpodonoaAroToBKe
Mpumeyanue. AHanu3 npoBeaeH ¢ ucnonb3oBaHuem Tect-cucteMbl TREC/KREC-Amp PS, HUA um. MacTepa. Yucnamu Ha gnarpammax

0003HaYeHbl MeguaHHble 3HaYEeHUs1 aHaNMTOB.

Figure 8. Comparison of TREC (A) and KREC (B) levels determined in blood samples from people over 18 years old collected on
Guthrie cards in compliance with all recommendations and with mistakes during sample preparation
Note. The analysis was carried out using the test system “TREC/KREC-Amp PS", Saint Petersburg Pasteur Institute. The numbers in the diagrams

indicate the median values of the analytes.
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Bausnue npeanasumuxu na oyenxcy TREC/KREC
Impact of preanalytics on TREC/KREC assessment

YCTaHOBJIEHHOTO TTOPOTOBOTO 3HAYEHUSI, HATIpUMED,
Npu CKPUHUHIE Ha Ae(PULUT OMOTUHUAA3BI, AePU-
LUT ITI0K030-6-docdarnernaporeHassr u [TU [7].

HecMmotpst Ha To, yTo DBS maet MHOro mpeumy-
IIIECTB Mepe BeHEMYHKIIME, n3aMepeHrne OnoMapKe-
poB B oopasuax DBS ocioxHsieTcst pssaoM Ipooem,
B TOM 4YHCJIe MaJbIMA W TIEpeMEHHBIMU OObeMaMM
KpoBU. 111 MHOTUX KOJIMYECTBEHHBIX MOKa3aTeei
MMeeT 3HaueHue o0beM IISITHA KPOBU: MCCaea0oBaTe-
JI1 HaOJIIogaIv CHIDKEHYE YPOBHEH HEKOTOPBIX aHa-
JIUTOB B CYXOU Karlle KpOBHU HEIOCTATOYHOTO OOBE-
Ma, 9YTO MOXKET OBITh CBSI3aHO ¢ OOJIbIIIEY MUTpalIuei
oOpasl1ia 1mocjie HaHeCeHUsI Ha (DUJIBTPOBAILHYIO OY-
Mary 1, ClIeHOBaTeJIbHO, C MEHBIINM KOJMYSCTBOM
KPOBM TpU B3sTUU naHya [11].

B Hacrosiieii padbote ObLIM MOATOTOBICHBI Cy-
XH€ MITHA KPOBU U3 IIEJILHOM KPOBU B3POCIBIX JIUII
C pa3TUYHBIM OOBEMOM HAHOCHMMOTO MaTepuaia
(puc. 9, cm. 3-10 cTp. 00JOKKHM) U MpOBeIeHA OLIeHKa
BIUSIHUSI oObeMa 1IEeJIbHOI KPOBU MPU MOATOTOBKE

cyxoro mnsaTHa Ha ompenaensemble ypoBHU TREC u
KREC.

Ha pucynke 10 npencraBieHO cpaBHEHUE YPOB-
Heit monekyl TREC B obGpasnax KpoBU B3pPOCIBIX
JIIofei, KOPPeKTHO HaHECEHHON Ha KapThl latpu
B pa3HBIX 00beMax C IMOCJENyIONield dKCTpaKIuei
cymmapsoii JIHK u3 cyxux nsareH kpoBu. BHe 3aBu-
CHUMOCTH OT 00beMa KpOBH (OJTHOTO M TOTO K€ 00pa3-
11a), HAHOCMMOTO Ha OyMaskHBIN DUIIBTP, TTOTydaaIn
COITIOCTaBUMbI€ pe3yabTaThl. [1pu cpaBHEHUU Meau-
aH, pPacCYMTAHHBIX JUISI KaXKIOil TpyImnbl 00paslioB,
3HAYMMBIX pa3Inuunii He BeisiBieHO (p > 0,05).

ITokazaHa focToBepHasi KOPPEJISILIYSI MEXIy 3Ha-
yeHussmu TREC, onpenenennsiMu B nipodax JHK,
9KCTParupoBaHHBIX M3 KapT [aTpm, MpONMUTaHHBIX
pa3HBIMU 00BEMaMM KPOBHU, TTOJIyYeHHOU OT OHOTO
u Toro e mHauBuayyma. KoapdumueHT Koppes-
umu R? = 0,99 cBupeTenbcTBYET 00 OYEHb BHICOKOM
CUJIE CBSI3U TTOJIyYeHHBIX JaHHBIX (puc. 11, cMm. 3-10
CTp. OOJIOXKKN).
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Pucynok 10. CpaBHeHue ypoBHe TREC B npobax KpoBu, Nony4YeHHON OT ntoaen ctapiue 18 net, npu ee KOPpPEKTHOM

HaHeceHuU Ha KapTbl [aTpy B pa3HbIX 06bemax U nocneayolen akcTpakumm cymmapHoii [JHK us cyxux kanenb KpoBu
HpumeanMe. Yucnamm 0603HaueHbI MeAunaHHble 3Ha4YeHua ana Ka)KAOVI rpynnbl 06pa3uos.

Figure 10. Comparison of TREC levels in blood samples obtained from people over 18 years old when correctly applied to Guthrie
cards in different volumes and subsequent extraction of total DNA from dried blood spots

Note. The numbers indicate the median values for each group of samples.
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PucyHok 12. CpaBHeHue ypoBHeii KREC B npo6ax kpoBu, nonyuyeHHON oT ntoaen crapuue 18 net, npu ee KOppeKTHOM
HaHeceHuM Ha KapTbl [aTpu B pa3HbIx 06bemax U nocneayolen akcTpakummu cymmapHoii [JHK us cyxux kanenb KpoBu
HpumeanMe. Yucnamm 0603HaueHbI MeAunaHHble 3Ha4YeHua ana Ka)KAOVI rpynnbl 06pa3uos.

Figure 12. Comparison of KREC levels in blood samples obtained from people over 18 years old when correctly applied to Guthrie
cards in different volumes and subsequent extraction of total DNA from dried blood drops

Note. Numbers indicate median values for each group of samples.
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AHaJIOTUYHbIE PE3YIbTaThl TTOJyUYeHBI ST YPOB-
Heit KREC: o0beM KpoBU, HaHECEHHBIII Ha KapTy
Iatpu c cobGawaeHueM peKOMEHIALUi, HEe BIIMSIET
Ha ompeaelsieMyI0 KOHIICHTPAIINIO aHAJINTa IIPU MC-
nosb3oBaHuM TecT-cucteMbl TREC/KREC-Amp
PS. Mexny cyxumMu KaruisiMu KpOBH, TTOTy4YeHHBI-
MU C MCHOJB30BAHUEM pPa3HBIX 00BEMOB OTHOIO W
TOrO Xe oOpaslia KpoBU, YCTAHOBJIEHA TOCTOBEpHAast
koppensiuus 1o ypoBHssM KREC (oTtoOpakeHo Ha
pucyHkax 12 u 13 (cM. 3-10 cTp. 00JI0KKI) COOTBET-
CTBEHHO).

BHe 3aBucumMoctu OoT oObeMa KpoBU (IJIs1 OJ-
HOTO M TOro e obpasia), HAHOCUMOI'0 Ha Oymax-
HBI QUIIBTP, TTOJTyJaIld COTTOCTABUMEBIC PE3yJIBTaThl
ypoBHs1 KREC. Tlpu cpaBHeHUM MeauaH, paccyu-
TaHHBIX JJI KaXXIOI T'pyIIbl 00pa3lioB, 3HAUYUMbBIX
paznuuuii He BbisiBieHO (p > 0,05). Koadduumenr
koppesissuuu R?2 = 0,98 cBuaeTeabCTBYeT 00 O4YeHb
BBICOKOW CUJIE CBSI3U MTOJIYYEHHBIX JaHHBIX (puc. 13,
CM. 3-10 CTp. OOJIOXXKU).

TakuMm o6pa3om, IIpu KOPPEKTHOM B3SITUU U BbI-
CyIIMBaHUM 00pa3ma KpoBU 00bEM MCIIOIb30BAHHO-
ro Matepuasa He OKa3bIBaeT BJAUSIHUS Ha PE3yJIbTaThl
aHanuza ypoBHeil TREC u KREC B nepudepuue-
ckoii kpoBu. Ilo Bceil BUAMMOCTU, CBSI3aHO 3TO C
TeM, YTO HOPMUPOBKA MAHHBIX OCYIIECTBIISIETCS C
YYETOM KOJMUYECTBa KJIETOK KPOBU B MCCJEIYyEeMOM
obOpasne. OgHako cieayeT UMeTh B BUIY, UTO cyxas
KaIUIsI KpOBU, B3sgTasl y MJIaIcHIIA B paMKax CKpH-
HUHTa, MpeAHa3HaYeHa ISl BBITTOJTHEHUS OOJIBIIIOTO
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CPABHUTEJ1bHbIW AHAJIU3 HABOPOB PEATEHTOB
A9 BbIAENEHUA AHK U3 CYXUX NATEH KPOBU

Ceapix A.B.L, Caitrranuna M.A.Y, Ocrankosa 10.B.}, Torosasu Aper A.}2

'@BYVH «Cankm-Ilemepoypeckuil HAy4HO-UCCACO08AMEALCKUN UHCMUMYM SNUOCMUOAORUY U MUKPOOUON0UU UMEHU
Ilacmepa», Cankm-Ilemepbype, Poccus

2@I'BOY BO «Ilepsviii Cankm-Ilemepbypeckuil eocydapcmeeHHblil MeOUYUHCKUL YHUGEPCUMEN UMEHU AKA0eMUKd
HU.II. ITasrosa» Munucmepcmea 30pasooxparnenus PO, Cankm-Ilemepbype, Poccus

Pesome. HeoHaTalibHbBIN CKPUHUHT — 00s3aTe/ibHAasl MpoLenypa o0CaeI0BaHUsI HOBOPOXAEHHBIX, KO-
TOpasi IO3BOJISIET BBIIBUTH HAJIWYME TCHETUYCCKUX 3abojieBaHMid. J[J1s1 MaccoBOro oOciiemoBaHMs AeTei
HMCTIOJIB3YIOT CyXHe MsATHA KPOBU. DTa TEXHOJIOTUS SIBJISIETCS Hanbosiee JOCTYITHON U yIOOHOI IS TpaHC-
TOPTUPOBKU U XpaHEHUsI OMojorudeckoro mareprana. Bermenenue JIHK — onmH 13 BaXKHBIX 3TaIlOB B MOJIC-
KYJISIPHOI TUarHOCTUKE, TOYHOCTh KOTOPOI'0 OCOOCHHO BayKHA MPU F'eHeTUYECKOM aHamm3e. Pa3mmaHbie Ha-
60psl s skerpakuun JHK mpemmaraior pa3auaHbie IIPOTOKOJIBI M peareHThI, KOTOPBIE MOTYT OTJINYAThCSI
110 3 OEKTUBHOCTUA U KAaYECTBY BBIICIICHUS.

Llenpro Hatlreit pabOTHI OBUIO TPOBEACHNE CPAaBHUTEIHFHOTO aHaJIN3a HA0OPOB PeareHTOB I SKCTPAKIINHI
JHK 13 cyxux rnsteH KpoBU.

MaTtepuraioM CIIy>KIIN 00pa3Iibl CyX0Oil KaIljii KPOBU Ha KapTax [aTpu, moixydyeHHBIEC OT 300POBBIX JOHO-
IIIEHHBIX MJIAJICHIIEB Ha 3-4 IeHb JXKU3HU B paMKax IIPOTpaMMBbI CKPpUHUHTA HOBOPOXKICHHBIX.

MeToabl ccaenoBaHUS BKITIOUAIN CIIEKTPOMOTOMETPUICCKII aHAIN3 [IJTsI OTIpeIeICHISI KOHIICHTPAILIUT
n ynctotsl JIHK, otleHmBaIu TaksKe IIpOCTOTY IIPOTOKOJIOB, ITPOIOJIKUTEIFHOCTD BBIIEICHIS, BO3MOXKHOCTD
aBTOMaTu3auuMu npouecca. Konrponb apdektuBHocTn s3kerpakumu JJHK pasHbiMu HabopaMu peareHTOB
MOTIOJTHUTEIBHO OCYIIIECTBIISIN 110 pe3ysbrataM I11[P B pexxiime pealbHOTO BpeMEHU C IIPUMEHEHUEM TECT-
cuctemsl 1is oueHku ypoBHeli TREC n KREC B mepudepndeckoit KpoB1, TaK KaK KOJIMYECTBEHHbBIN aHa-
i3 TpeOyeT OOJIbIIeit BHUMATEJILbHOCTH K MCCICAYeMOMY MaTepHaly.

IMpn omrenke ynctoTrel HK, 3KcTparnpoBaHHBIX C UCIIOIB30BAaHUEM BCEX YCTHIpEX aHATM3UPYEeMbIX Ha-
0OpOB, MOXKHO OBLJIO HAOJIIOAATH YCIICIIHYIO JAenpoTernHu3anunio oopa3uos JJHK 1 oTHocuTenbHyO 4nCTO-
1y. Cpemusist yuctora JJHK mmst Habopa «Bkcrpa-JIHK-buro» cocrasuna 2,2+0,23, musg «DKCTPA-mipent
PS» — 1,8940,23, misa «Maruollpaitm FOHW» nipn pydHOM M aBTOMaTtudeckKoM BbimeneHnu — 2,31+£0,21
un 2,85%0,09 coorBeTcTBeHHO. Cpennss koHueHTpauus JHK mis nabopa «Dkerpa-JAHK-buo» coctaBuna
15,28 mxr/mia, mist «DKCTPA-nipen PS» — 16,26 mkr/mia, mist «Marnollpaiim FOHW» nipu pyyHoM u aB-
TOMATUYECKOM BblaesieHun — 62,5 mxr/mia u 102,28 MKr/mi1, coorBeTcTBeHHO. COMIACHO NPUMEHEHHOMY
kputepuio Kpackena—Yonnuca u tecty JlanHa, 3HaunMble pa3anaust 1 no napamerpy TREC, u mo mapame-
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Tpy KREC mnpucyrctBytoT Mexay rpymnmnoit oopasuos JJHK, skcTparupoBaHHBIX C UCITOJIb30BaHUEM HA0O-
pa peareHTOB «MarHolIpaiim FOH» mipu pydHOM BEIIEICHUH, C TPYIIIIaMU 00pa3IioB, SKCTParupOBaHHBIX
npyrumu cnocobamu («MarnolIpaitm FOHWM» nipu aBToMaTU4eCcKOM BBIIECICHUN) UJIM HabopaMu «DKCTpa-
JHK-buo» u «x9KCTPA-npern PS».

B xone Hacroslero mMccienoBaHUs YEThIpe CpaBHUBAeMbIX HaOOpa peareHTOB IMPOJEMOHCTPUPOBAIU
BBICOKUH yPOBEHBb CXOIMMOCTH IMOJIyYeHHBIX JAHHBIX, YIOBIETBOPSISI BCEM HEOOXOAUMBIM MapaMeTpaM JJIst
MpPOBEIEHUS JaTbHEUIIIEr0o MOJIEKYJISIPHO-TEHETUUECKOTO aHalln3a, MOTYT ObITh NCTIOJIb30BaHbI /151 HEOHA-
TaJIbHOTO CKPUHUWHTA U B IPYTUX 00JACTIX UCCenoBaHui, Tpedyomunx sakctpakiuu JJHK u3 cyxoit karim
KpOBHU.

Karouesvie crosa: HeonamanvHbwlii CKpuHuHe, cyxue namua kpoeu, evideaernue JIHK, nepsuunvie ummynodegpuyumoi, TREC, KREC

COMPARATIVE ANALYSIS OF REAGENT KITS FOR DNA
EXTRACTION FROM DRY BLOOD STAINS
Sedykh A.V.? Saitgalina M.A.?, Ostankova Yu.V.?, Totolian Areg A.>"

@ Saint Petersburg Pasteur Institute, St. Petersburg, Russian Federation
b First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation

Abstract. Neonatal screening is a mandatory newborn screening procedure that detects the presence of
genetic diseases. Dry blood stains are used for mass screening of children. This technology is the most
affordable and convenient for the transportation and storage of biological material. DNA extraction is one
of the important steps in molecular diagnostics, the accuracy of which is particularly important in genetic
analysis. Different DNA extraction kits offer different protocols and reagents, which may vary in efficiency and
quality of extraction.

The aim of our work was to perform a comparative analysis of reagent Kits for DNA extraction from dried
blood spots.

The materials were dried blood drop samples on Guthrie cards obtained from healthy preterm infants on day
3-4 of life as part of a newborn screening program.

The study methods included spectrophotometric analysis to determine the concentration and purity of
DNA, the simplicity of protocols, the duration of isolation, and the possibility of automating the process were
also evaluated. The efficiency of DNA isolation using different reagent kits was additionally monitored by
real-time PCR results using a test system to assess the level of TREC and KREC in peripheral blood, since
quantitative analysis requires more attention to the material under study.

In assessing the purity of the nucleic acid extracted using four kits analyzed, successful deproteinization
of DNA samples and relative purity could be observed. The average DNA purity for the “Extra-DNA-Bio”
set was 2.24+0.23, for “EXTRA-prep PS” — 1.89+0.23, for “MagnoPrime UNI” with manual and automatic
isolation — 2.31£0.21 and 2.85%0.09, respectively. The average DNA concentration for the Extra-DNA-Bio kit
was 15.28 ug/mL, for the EXTRA-Prep PS kit it was 16.26 ng/mL, and for the MagnoPrime UNI for manual
and automated isolation it was 62.5 ug/mL and 102.28 ug/mL, respectively. According to the applied Kraskell-
Wallis criterion and Dunn’s test, significant differences in both TREC and KREC parameters are present
between the group of DNA samples extracted using the “MagnoPrime UNI” reagent kit for manual extraction
and the groups of samples extracted by other methods (“MagnoPrime UNI” for automatic extraction) or
“Extra-DNA-Bio” and “EXTRA-Prep PS” kits.

In the course of the present study, four comparable reagent sets demonstrated a high level of convergence of
the obtained data, satisfying all the necessary parameters for further molecular genetic analysis, can be used for
neonatal screening and in other areas of research requiring DNA extraction from a dried blood spots.

Keywords: neonatal screening, dried blood spots, DNA isolation, primary immunodeficiencies, TREC, KREC

BBG,D,eHI/Ie poxneHHbIX. [J1aBHas1 1ieab IporpaMmM MacCOBOTO
o0cyienoBaHUsST — BBISIBUTb PEIKUE T'€HETUYECKU-

Ha ceromusimiamii neHb B Poccuu, Kak 1 BO MHO-  JIeTepMUHUpPOBaHHbIe 3aboneBaHus [3]. C 2023
IUMX IPYrux CTpaHax, HEOHATalbHbIii CKPMHUHI SIB- CIHMCOK MAaTOJOTWii, HAa KOTOPbIE MPOBOIAAT HEOHa-
JISIeTCs 00sI3aTeIbHOM TIPOLIEAYPOM IS BCEX HOBO-  TaJIbHBIN CKPUHHUHT B Poccum, pacmmiper Ha 29 HO-
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30JIOTUI, BKJIIOYasli HapylleHus1 oOMeHa BElleCTB,
CIIMHAJIBHO MBIIIIEYHYIO aTpOHIO, a TaKXKe TPYIITY
nepBUIHBIX UMMyHoaeduiutoB (1T /1), cBI3aHHBIX
C OTCYTCTBMEM WJIM CHIDXKeHUEeM ypoBHei T- u/unm
B-numdponutoB B nepudepuueckoii kpopu. B Ha-
cTosiIIee BpeMsi BeAyTcsl paboThl HE TOJIBKO 10 pac-
IIMPEHUIO TIepedHs 3a00JIeBaHUI, KOTOPbIE MOXKHO
BBISIBUTh IPU CKPUHWHTE, HO U T10 YIYYIICHUIO Me-
TOJIOB IMArHOCTUKU U JICUCHUS 3TUX 3a00JIeBaHU [2,
5]. Tak, HampuMep, MYJIBTUTICKCHBII aHaJIn3 Orpe-
JeJeHUsT KOHLEHTpALMU MOJeKya T-pelenTopHbIX
aKcIM3uOHHBIX KoJjiell (aHm1. T cell receptor excision
circles — TREC) u Kanna-nenenMoHHbIX peKOMOU-
HAIIMOHHBIX 3KCIM3MOHHBIX Kojel (aHTi. Kappa-
deleting recombination excision circles — KREC),
OPEICTABIISIIONINX CO00Il HEeOOJIbIIINE KOJIbIIEBhIC
dparmeHTsl anucoManbHoi JIHK, obpasyrouiuecs
npu nepectpoiike T-kjieTouHoro u B-kiaeTouyHoro
pelenTopoB, COOTBETCTBEHHO, IMO3BOJISIET WACHTH-
duuuposath aeteit ¢ ITU, nposBastommmucs T- u
(nmm) B-xnerounbimMu muMponeHusimu [10, 13].

OCHOBHBIM TTOJIXOAOM ITPU CKPUHUHIE HOBOPOXK-
JNEHHBIX SIBJISIETCS MpsiMasl AUarHOCTHUKa, KOTopasi
3aKJIIOYaeTCsl B HEMOCPENCTBEHHOM OOHapyXeHue
MYTallMii B OIIpeleICHHBIX TeHaX. Ha maHHBIIT MO-
MEHT IIPOBOIST ONpeAeIeHNE Psiga MyTalliuii B TeHaX
CYP2IOHB, CFTR, GALT, SMN1, PAH, TSH o- u
B-cy0ObenuHuUIl, a TakKe KOJIMYECTBEHHYIO OLIEHKY
ypoBHeit Mmonekyal TREC u KREC B nepudepuue-
ckoit kpoBu [7, 8,9, 11, 13, 14, 18]. Beibop MeTona
MOJIEKYJISIPHOM TUAarHOCTUKU OTIPEIEIISIeTCs CIIell-
nUKOI MccIeyeMoil MyTallii U BKITIOUACT KaK Me-
Toxn I1LIP, Tak 1 6osnee cinoxubie JIHK-meToabI.

B coorBerctBMM ¢ npukazom M3P®D or
22.03.2006 . Ne 185 «O mMaccoBoMm 00cCen0BaHUU
HOBOPOXXIEHHBIX JIeTell Ha HacJeACTBeHHBbIE 3a00-
JIeBaHUST», 00pa3libl KPOBM HOBOPOKIAEHHBIX TTOJTY-
JaloT B BUAC CYXUX IISITEH KPOBMU Ha KapTax laTtpu
(DBS — dry blood spot) [4]. st MiiageHIICB TaHHAsS
TEXHOJIOTHSI CUMTaeTCsl 0€30ITacCHOM M MEHee TpaB-
MaTUYHOM, YeM B3ITUE LIEJIbHOM BEHO3HOM KPOBM.
Buonornueckuii MaTepuai B BUIe CyXOil KarId Kpo-
BU MMEECT IPEUMYIIECTBA B TPAHCIIOPTUPOBKE U Xpa-
HeHMU. Tak, ITOCTaBISIOTCS KapThl Iatpu B repme-
TUYHOM YIIaKOBKE IIpU TeMmIeparype oT MuHyc 20 1o
mmoc 37 °C, a XpaHsATCSI MHOTUE TOAbI ITPU TeMIIepa-
Type oT muoc 18 mo rumtoc 25 °C. JIHK, BeineneHHas
M3 TaKUX 00paslioB, OCTAETCS MTPUTOIHOM IO CBOUM
Ka4eCTBEHHBIM WU KOJWYECTBEHHBIM XapaKTepu-
CTUKaM IS TCHeTUYECKOTO aHaJln3a, YTO SIBJISIETCS
HEOOXOAMMBIM KPUTEPUEM TSI OBICTPOTO M MHGOP-
MaTUMBHOTO CKpUHUHTA [6]. TakuM oOpa3oM, HeOHa-
TaJbHbBIN CKDUHUHT ITPOBOJISIT, UCTIOJb3YSI METOAUKY
akcTpakuuu JHK 13 cyxux msiTeH KpoBU C Mocjieny-
FOIIIM MOJICKYJISIPHO-TEeHETUYECKUM aHATTU30M.

TouyHOCTh TMATHOCTUKN BO MHOTOM 3aBHUCHUT HeE
TOJILKO OT noctaHoBKU I1LIP-ananun3a, HO TakKe OT

YCIOBUI B3ATUS, TPAHCIIOPTUPOBAHUSI U XPaHCHUS
KJIMHU4YecKoro Marepuaia. Elle omHUM 3HaAYMMBbIM
IIUTSI Ka4eCTBa U pe3ysIbTaTa aHaIn3a 3TalloM SIBJISICT-
Cs1 BbIAEJIEHUE HYKJIECUMHOBBIX KMUCJIOT. DKCTpaKIIUs
JHK — 3T0 BaxkHasi cTaausl reHeTU4eCKOro aHaau-
3a, TIOCKOJIbKY KaueCTBO 1 KOJIMYECTBO BbIICICHHOMN
JHK HampsiMyio BAUSIOT Ha TOYHOCTb U JOCTOBEP-
HOCTbB pe3yJisraToB [6]. PaznuuHble HAOOPHI 1151 BbI-
nenenus JJHK Moryt BappupoBaTh MO COCTaBy pea-
T€HTOB, YCIOBHUSM 3KCTPAKIIMM, METOAAM OYMCTKM.
br110 mokazaHo 4To, Mpu KOMHATHOU TeMIieparype
adpekTuBHOCTD Bhigeaenus JJHK u3 nenrbHOi Kpo-
BU Ha 68% BEBIIIIE, YeM U3 CYXUX ITITeH KpoBH [15].
Co BpeMeHEeM CTaOMJIBHOCTb SKCTParupoOBaHHON
JHK u3 o0pa3loB LeJbHON KPOBU 3HAYUTEIHHO
naaaet, B To BpeMsi Kak kadectBo JIHK, BbiaeneH-
Hoit u3 DBS, ocraercs nipexkHum [17]. Tem He MeHee
caeayeT otMeTuTh, uto JAHK, skcrparupoBaHHas
u3 DBS, BeIXooUT MeHee YMCTO# 13-3a NpumMeceii B
oymare, yem JIHK, nmojiyueHHass 13 3aMOpOXeHHOM
neabpHoO# KpoBu [15]. B P®D npeacraBieHO OTHOCH-
TeJIbHO HEeOOJbIIOe KOJMUYECTBO HAOOpPOB peareH-
TOB, MNpeaHa3HayeHHbIX i BbigeaeHuss JHK wu3
CYXHUX TISITEH KPOBU, MO CPABHEHUIO C KOJIUYECTBOM
Habopos g noaydyeHus1 JIHK 13 nenbHO KpoBu.
Bo3HukaeT He0OX0NUMMOCTh Toadopa Haubosee 10-
CTYITHOTO, Ka4eCTBEHHOTO M HanWMEHee 3aTpaTHOI'O
no BpeMeHu criocoba skerpakuuu JJHK.

Il esbio Hameli padoThI OBLIO TIPOBEICHNE CPABHU-
TEJIbHOIO aHaJn3a HaOOPOB peareHTOB JJIsI IKCTpaK-
uuu JHK 13 cyxux nsTeH KpoBU.

MaTepuans! 1 MeTogbl

B pabore ncnoabzoBanu 30 0Opa3LioB CyXoil Kari-
JIM KpOBM Ha KapTax [aTpu, IMOJIydeHHBIX OT 3I0pPO-
BBIX JIOHOIIIEHHBIX MJIaICHIIEB Ha 3-4 NeHb XKU3HU B
paMKax IIpOorpaMMBbl CKPWHHMHTA HOBOPOXICHHBIX.
Bce mponenypsl COOTBETCTBOBAIU ATUYSCKUMU
CTaHJZAPTaMHW WHCTUTYLIMOHAJIBHOTO W/WJIM HaIll-
OHAJILHOTO KOMUTETa MO MCCICAOBATEIbCKON ATU-
Ke 1 XeJbCUHKCKOW aeknapanuu 1964 roma u eé
MOCJICAYIONINM W3MEHEHUSIM WM COITOCTAaBUMBIM
HOpMaM 3TUKU. Jlu3ailH uccaegoBaHusl ObLT OJ0-
OpeH JIOKaJIbHBIM 3THWYecKuM KomuteTtomMm MOBYH
«Cankr-IleTtepOyprckuii  HaydyHO-UCCIEAOBATEb-
CKUI WHCTUTYT SIHUACMUOJIIOTUA W MUKPOOMOJIO-
ruu uM. Ilacrepa». MccienoBaHust MpoOBOAWIU TIPU
MHUCBbMEHHOM COIVIACHHU POIMTEIICH TTallieHTOB.

st cpaBHUTEJBHOTO aHa/M3a MCIOJIb30BaIU
PSII KOMMEPYECKMX HAOOPOB pPearcHTOB IJIsI BBIIEC-
JIEHUSI HYKJIEMHOBBIX KucaoT: «Dkcerpa-JdHK-buo»
(«Ankop-6uo», Poccus), «Marnollpaiim HOHW»
(®BYH LIHHWUD, Poccus), «DKCTPA-tipen PS»
(®BYH HHMM wum. Ilacrepa, Poccust). B kaxkmom
ciayyae skcTpakuuio JJHK ocymectsastin cornacHO
MHCTPYKIIMSIM MPOU3BOAUTENST O€3 U3MEHEHUI WU
¢ HeKoTOophIMM Momudukauusmu. I[Iporecc sKc-
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tpakuuu JJTHK ¢ ncnonb3oBaHuem Habopa «MarHo-
IMpaitm FOHU» (OOO «Hekcrbuo», Poccust) ObLI
pazaesieH Ha aBTOMaTUYeCKOe U pyYHOE BbIJICJICHUE.
[1py MalIMHHOM BBIAEJEHWUM UCTIOJIL30BAJIM TPUOOD
KingFisher Flex 24 (Thermo Scientific, CIIIA).

I[TpoOOTIOATOTOBKY OCYIICCTBISUIA CIASOYIOIINM
cniocoboM: B peakmuio BeimeneHust JJHK o6pann 6
BEIONTHIX 13 DBS muckoB mmamerpoM 3 MM, MOJy-
YEeHHBIX C UcnoJib3oBaHueM maHdyepa DBS Puncher
(PerkinElmer, ®unnsons). s Kaxmoro obpasua
0001MY/ITyJ1 NTMCKOB FOTOBWJIM B YEThIPEX MTOBTOPAX,
WVCXOJIsI U3 YMCTa aHATTU3UPYeMbIX HAOOPOB TSI DKC-
tpakuuu JJHK.

Onpenenenne KonneaTpamun 1 yucToThl JJTHK

Konuenrtpauuio u uucrory JHK usmepsiin Ha
npudope NanoDrop One (Thermo Scientific, CIIIA).
CootHouienne A260/A280 mokasplBajio 3Ha4YeHUE
yucTtoThl BhiaeaeHHoi JJHK. 3naueHus1 KoHLieHTpa-
MU oNpenesav npu ajiuHe BoaHb 280 HM. B ka-
YeCTBE KOHTPOJISI MCITOJb30BaIM Oydep IS TI0LUU
JAHK, cootBercTByrolmii Kaxxaomy Hadopy. Kax-
I oOpa3sel] u3Mepsiu Tprxkabl. M3amepeHus mpo-
BOJIVJTV TIPU KOMHATHOM TeMIIepaType Mocje 10cTa-
TOYHOTO TIepeMellIMBaHUs 00pa3IIOB.

Ounenka 3¢ dekruBHocTH Bhiaeaenns JJHK

OueHky addexkTuBHocT BbigeaeHus JIHK
onpenensiiu Meronom IILP B pexume peanbHO-
ro0 BPEMEHHU C THOpUAN3ALIMOHHO-(IYOPCIEHTHOM
JIeTeKIMeld ¢ MCITOJIb30BaHMEM Habopa pearecHTOB
TREC/KREC-AMP PS (®BYH HWM Ilacrepa,
Poccus) [13]. TILIP npoBoauau Ha aMIuiMpuKkaTope
TJIAHIIIETHOTO TUTIA ¢ PYHKIINEH TeTeKIINU (DIyopec-
LEHILIMU B peXHMe pealbHOTO BPEMEHU MO KaHajaMm
FAM/Green, HEX/Yellow, Cy5/Red, ROX/Orange
(CEX96, CIIA). D heKTUBHOCTD 3KCTPAKILIMU OLIe-
HuBanu 1o yposHio mosiekyl TREC u KREC na 103
KJIETOK B TTapaJUIeJIsIX BBIACIICHUS C MCITOJIb30BaHI-
€M pa3HbIX HaOOpOB.

CraTuCcTHYECKHIA aHAJIN3

CraTUCTHUUECKYIO 00pabOTKY JaHHBIX MTPOBOIMIIN
C MOMOIIIbIO TTporpaMMHoro odecneueHuss GraphPad
Prizm 5 n Microsoft Excel 2010. [Insa oueHKu cTa-
TUCTUYECKU 3HAYMMBIX MEXKTPYIIIOBBIX Pa3Idnii B
ypoBHsIxX aHanu3upyeMbix MoJiekyl (TREC u KREC)
npuMeHsun kputepuii Kpackena—Yosuuca u tect
JlaHHa.

PesynbTathl 1 00CyXaeH1e

Ilpu cpaBHUTEJILHOM aHajii3e HAOOPOB YYUThI-
BaJIl HECKOJIbKO KpHUTepHeB: 3(MOEKTUBHOCTh 3KC-
tpakuuu JIHK, xoHueHrtpauuio u uucrory JHK,
MPOCTOTY METOOUKH, IPOAOKUTEIBHOCT BbI-
IeJICHUSI, a TakKKe BO3MOXKHOCTb aBTOMATH3allUN
npoiiecca. B kauecTBe aTaioHHOro Habopa/Habopa
CpaBHEHMSI WCIIOJb30BAIM KOMMEPUYECKHUII Ha00p
peareHToB «OKcTpa-AHK-buo» («Ankop-6uo»,
Poccus), nonyuyusiumii menuuuHckoe PY B Poccun,

npegHasHayeHHbIN 1is akerpakuuu JJHK u3 ciox-
HBIX 00pa3L0B, BKJIIOUasl CyXue MnsiTHa KpoBu, U 00e-
crieyuBatolnii appektuBHblit Boixoa JJHK. B nByx
UccaeaoBaHHbIX Habopax mist BeiaeaeHuss JHK —
pedeperHcHOM «DKcTpa-AHK-bro» («Ankop-0mo»,
Poccust) u «®KCTPA-npen PS» (ODBYH HHUU
uM. Ilactepa, Poccusi) — arperanusi HyKJI€MHOBBIX
kuciaor (HK) ocHoBaHa Ha MX CIOMPTOBOM OCaX-
JIEHUM TIOCJIe dTala JIM3KMCAa KJIETOUYHBIX MEMOpaH.
B nportokosie paboThl Habopa peareHTOB «MarHo-
IMpaiim FOHU» (OOO «Hekcrbuo», Poccusi) Ha
Ononornyeckuii odbpasell BO3AEUCTBYIOT JIM3UPYIO-
IIIMM PaCTBOPOM B ITPUCYTCTBUM YaCTUL] MAaTHUTHOI'O
copoOeHTa. Ilocie necTpyKIMU KJIETOUHBIX MEMOpaH,
pactBopeHHBIe HK CBSI3BIBarOTCS ¢ YacTUIIAMU Mar-
HETU3NPOBAHHON CUJIMKU, U, TIOCIAC OTMBIBKU IPY-
rMX KOMIIOHEHTOB JiM3aTa, 3JI0MpYyloTcs B Oydep-
HbII pacTBop. Oba Moaxoaa 3apeKOMEHI0BAIU Ce0s
KaK JOCTaTOYHO MpOCThie MeTombl BhiaeaeHns JJTHK,
yaOOHbIE ISl pYTMHHOM J1abOopaTOpHOM IMPaKTUKU,
MOCKOJIbKY He TpeOyIoT OOJIbIIUX 3aTpaT BpeMeHU
U1 TIoydeHus1 yuctoro npenapara JHK, B Tom
yucie npu padoTe ¢ LeabHOI KpoBbio. OaHaKo, ITpu
HEOOXOIMMOCTU MCMOJAb30BaHUs KapT [aTpu, Kak B
cllydya€ HEOHATAIbHOTO CKPUHUWHIA, BaXXHO YYUTHI-
BaTh 3P deKTUBHOCTL O4nuCTKU Tpenapara JHK ot
BOJIOKOH, MOTMAaAallnuX ¢ OyMaXXHbIX (DUIBTPOB, U
BO3MOXHOE BJIMSIHUE 3TUX BOJIOKOH Ha pe3yabTaT
aHamm3a. [lolydeHHBIC OaHHBIC TIPEACTABIICHBI B
Tabmurie 1.

DdheKTUBHOCTb BbIAEJEHUST TOKa3bIBaeT, Ha-
CKOJIBKO KAQUYeCTBEHHO W TOYHO ObLIa MpoBeIeHa
skcTpakuusa JAHK. /JlaHHbIA KpuTepuii 3aBUCUT OT
MHOTruUX (hakTopoB, TaKMX KakK MpoOOMOAroTOBKa,
METOJl BBIACICHUS, MOJydeHHAass KOHLIEHTpalus U
yuctota JHK. DddekTnBHOCTL BhIASTIeHNST HA0O-
pa «DKCTPA-nipen PS» (PBYH HUM um. ITacre-
pa, Poccust) Obl1a 61M3Ka K 3HAY€HUSIM BBIOpaHHO-
ro HaMHu dTaJIOHHOTO Habopa «Dkcrpa-JIHK-buo»
(«Ankop-6mo», Poccms). Habop «Maruollpaitm
IOHW» (PBYH HHU WD, Poccus) mokasa 3HAYN -
TeJbHYI0 pasHully Beixona ITLI[P-mpoaykra u oTiu-
YaJicsa OT 3TAJIOHHOTO B 2-3 pa3a. Takoe pasnmmyne B
JMIaHHBIX MOXHO OOBSICHUTH Pa3HbIMU MPUHIMITIAMU
9KCTPAKIIMU, IPUMEHSIEMbIMU B HaOOpax, OCHOBaH-
HbIX Ha copoumu HK MarHUTHBIX yacTuLax, U Ha-
0opax, MCHOJB3YIOIINX IIEJOYHYIO 3KCTPaKIIUIO C
MOATAIlHBIM yhaajieHueM npumeceil. M3BecTHO, 4TO
MarHUTHbIE YaCTULIbl 00J1a1al0T O0IbIION CBI3bIBaA-
JOIIEH CITOCOOHOCTBIO K HYKJIIEMHOBBIM KHCJIOTaM,
YTO IIO3BOJISIET MMHHUMM3UPOBATH ITOTEPU BBIXO-
na JIHK [1]. IMTonyyeHue BbICOKOM KOHLEHTpaLUU
npu BbigelieHnn HabopoM «Marnollpaiim FOHW»
(®BYH HHUMUND, Poccust) TaksKe MOKET BIMSAThH Ha
addextuBHocTh [TLIP. HecMoTpst Ha pa3Hblii BbIXOH,
HK, nponykTtel TTLP obpa3yroTcs BO Bcex ciydasix
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TABIINLIA 1. CPABHEHUE HABOPOB PEATEHTOB ANnA 3KCTPAKLIUU OHK U3 CYXUX NATEH KPOBU
TABLE 1. COMPARISON OF REAGENT KITS FOR DNA EXTRACTION FROM DRIED BLOOD SPOTS

Martollpaim MarHollpanm
AkcTpa-AHK-Buo SKCTPA-npen PS tOHU (pyunoe HOHU (aBTOMaT)
(PBYH HUU nm. BblaeneHue)
(«Ankop-6uoy, (®PBYH LUHUUND,
MapameTpbl cpaBHEeHUs Mactepa, Poccusa) | (PBYH LULHUAUD,
. Poccus) Poccus)
Comparison parameters . EXTRA-prep PS Poccus) .
Extra-DNA-Bio, . . MagnoPrime UNI
. ; (Saint Petersburg | MagnoPrime UNI :
(Alcor-bio, Russia) . ; (automatic)
Pasteur Institute) | (manual extraction) (CRIE, Russia)
(CRIE, Russia) ’
AddhekTMBHOCTL aHanNu3a
ypoBHe#t TREC/KREC
Efficiency of TREC/KREC level 1/ 0.95/1,01 3.86/7,16 2,10/3,08
analysis
*
Hucrora AHK 2,2+0,23 1,8920,23 2,31£0,21 2,85£0,09
DNA purity
KoHueHTpauua OHK* 15,28 mkr/mn 16,26 mkr/mn 62,5 mkr/mn 102,28 mkr/mn
DNA concentration* 15.28 pg/mL 16.26 pg/mL 62.5 pg/mL 102.28 pg/mL
KonuyecTtso atanos 4 4 5 5
Number of steps
20 MUHYT + 40 MUHYT +
MOOnOMKUTENLHOCTE 31 MUHYTY Npo- | npo6onoaroTtoBka
BEI ineHMﬂ 39 MuHyT 39 MuHyT 6onogrotoBka 31 MuHyTY
Ae . 39 minutes 39 minutes 20 minutes + 40 minutes +
Duration of extraction . .
31 minutes sample | 31 minutes sample
preparation preparation
40 MUHYT +
MNpoponxutenbHoCcTb
npo6onoaroToBka
BblAeneHns U3 pacyeTa
Ha 30 06pasuos 65 MUHYT 65 MUHYT 75 MUHYT 31 MuHyTy
. . 65 minutes 65 minutes 75 minutes 40 minutes + 31
Duration of extraction .
minutes sample
per 30 samples )
preparation
ABTOMaTM3aUUA _ _ +
Automation

MpumeuaHune. * — cpegHaa Yyncrorta/koHueHTpauma AHK, nonyyeHHoi npu akcTpakuuun.

Note. *, average purity/concentration of DNA obtained by extraction.

BbIACJICHUSI B JOCTAaTOYHOM KOJUYECTBE, HEOOXOa -
MOM JIJIsl aHaJIn3a MOJIyYeHHBIX TaHHBIX.
HykinenHOBBIC KMCIIOTHI UMEIOT MaKCHUMYM ITO-
IJIOLIEHMS TIPU JJIMHE BOJHBI 260 HM, OOJIBILIMHCTBO
6enkoB — npu 280 HM. OtHouieHne 260 HM K 280 HM
aBiasieTcs nokasareieM cootHoineHus JAHK n 6en-
KoB B obpasue. st unctbix oopaszioB JIHK cooTHo-
IIEHUE OITUYECKNX TUIOTHOCTEH TMOJYYEHHBIX TP
nzmepeHuun 260 HM 1 280 HM JOJDKHO OBITh B aua-
nazoHe 1,8-2. 3HauyeHust oTHouieHus 260/280 HM
MeHbIIe 1,8 o3HayaeT 3HAYUTEIbHOE IIPUCYTCTBUE
B 00pa3siie 6eJIKoB Miiu npyrux moiekyn [16]. Kpo-
Me TOro, OCTaTOUYHbI€ MPUMECU HCIOJIb30BaBILINX-
CsI B XOIe AKCTPaKIIMU BEIIEeCTB, TaKUX KakK (peHOom
WIN 3TaHOJI, TAaKXKe CHMXKAIOT oTHolueHue A260 x
A280. B cBsI3U ¢ 3TUM OCTAaTOYHOE XMMUYECKOE 3a-
Irpsi3HEHUE B pe3yJbTare IMpoLeayphbl BbIACICHUS
HYKJICMHOBBIX KMCJIOT MOXKET IMPUBECTU K JTOKHOMY
3aBBIICHUIO KOHIEHTPAIIMUA HYKJICHMHOBBIX KHUCJIOT
npu aHanuzse. KauectBo JIHK peuratonimm o6pazom

BAUsIeT Ha 3(PEKTUBHOCTh aMIIM(pUKALIUN B XOJe
nocnenytouieit [TILLP. Ha ooHapyxeHue u, TeM doiee,
KOJIMYECTBEHHbI aHATU3 CeU(PUIECKUX YIaCTKOB
JHK MoxeT oTpulaTeJbHO cKa3aTbCs (hparMeHTa-
U1 HYKJIEMHOBBIX KMCJOT Ha 3Tare 3KCTPaKIuu U
NpUMEHEHME BeIeCTB, CIOCOOHBIX MHTHMOMPOBATH
TTLP. Kpome TOro, XuMu4yeckue peareHThl, UCIOJIb-
3yeMble B MpoLEaype BbIACICHUSI, CTIOCOOHBI cOXpa-
HSTbCS B BUie 3arpsisHuTeneii. [1pu omieHke yncTo-
161 HK, 3KcTparnpoBaHHBIX € MCITOJIb30BaHIEM BCEX
4YeThIpeX aHAJIMU3UPYEeMbIX HAOOPOB, MOXHO OBLIO
HabJIIOJaTh YCIELIHYIO JIeNpOTeMHU3AlMI0 00pa3-
noB JIHK u oTHocutenbHyto uyncroty. IToayyeHHOE
3HaueHue uyuctotbl JJHK, BeimeneHHoi peareHTamMu
«OKCTPA-tipenn PS» (PBYH HUWUN wum. Ilacte-
pa, Poccust) cooTBeTCTBOBaIO BCEM TpeOOBaAHUSIM
no 3ToMy Kputepuio. OaHako B obOpasuax, Bblle-
JeHHBbIX HabopoMm «MarHollpaiim FOHU» (PBYH
IHHNUND, Poccusi) pydHbIM CITOCOOOM U HAOOpPOM
«9kcrpa-AHK-buo» («Ankop-6uo», Poccus) 3Ha-
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YEeHMs YMCTOThl HaXOAWJIUCh B MHTEpBaje oT 2-2,3,
YTO yKa3bIBaeT Ha HE3HAUUTEbHbIE YPOBHU 3arpsi3-
HeHus. BennuuHa 6onbiie 1,9 MoxeT o3HavyaTh Ha-
nuune PHK B mpo6e. [IpumMecu, npucyTcTBylolue B
oOpasmnax, BeiaeJIeHHbIe peareHTaMu «MarHollpaitm
ITOHW» (PBYH LITHU WD, Poccust) Ha aBTOMaTH4e-
CKOI CTAaHIINU, MOXKHO OOBSICHUTH TEM, YTO MarHUT-
Hble YacTullbl Xopoliuo BblaeasoT Kak JIHK, Ttak u
PHK, B TO Bpems Kak Ipyrue HabOpbI MpeIHa3Ha-
yeHb! A71s BbiaenaeHus Toabko JJHK. Yucrora JHK,
MOJYYEHHOUW MpU MOMOIIM HaOOPOB C MOHOOOMEH-
HHUKaMH, MOXKET IIPEBBIIIATh TPAHUILY U3-3a IIPUCYT-
ctBus B 1ipode kak JIHK, Tak u PHK.
Konuentpauust BoiaeneHHoit HK moxer 3aBu-
CETh OT BpeMeHM 00pabOTKU U cocTaBa Oy(depHBIX
pacTBOPOB Ha ATamnax Jin3uca u aeHatypauuu. Bo Bcex
MpoaHaJIM3UPOBAHHBIX HAOOPAX MbI MTOJYUYUJIN KOH-
LeHTpaluio HeoOxomumywo st nposeaeHus [TLLP-
aHaim3a. MakcumanbHasg KoHueHTpauus JHK
ObLa IMoKa3aHa IJIs aBTOMaTUYECKOI'O BBIACICHMUS
HabopoM «MarHolIpaiim FOHW» (PBYH ITHUND,
Poccust) m B cpenmHem Obuta paBHa 102,28 HT/MKIIL.
JmmrtenbHass TPOOOMOATOTOBKA IIPM SKCTPAKIIUU
HK pearenramun «Marnollpaiim FOHUW» (DBYH
LHHHWHND, Poccust) MoxeT BAUSATH HA OOJbIIUIA BbI-
xon JHK, yueM mpu BbiAeIeHUU APYTUMU HAOOpaMMU.
C onHoit cTopoHbI, 60Jb1I0e KoandecTBo JJHK
TIPUBOINUT K BEICOKOMY YPOBHIO (DOHOBOI1 (hiryopec-
LEeHIIMU U/WiId HecreurduiecKkoMy oOpa30oBaHUIO
npoayktoB nipu I[TL[P-PB, uto BegeT K HU3KOI 3(-
dextuBHOCTU [TLP 1 mojiyueHU1o JOXKHBIX Pe3yib-
taToB. C Ipyroit CTOPOHBI, UCIIOJIB30BAHUE MaJIbIX
KoHueHTpaluii JJTHK Bener K pa3dHOMY KOJIMUECTBY
CTapTOBBIX MOJIEKYJ B Ipobe, U MpU KOJUIYCCTBEH-
HOM aHaju3e COTpPyIHMKaM OYIeT CIO0XHO OLIEHUTh
nojydyeHHble JaHHble [12]. Ha HavajibHOM 3Tame
WCCIICIOBAHUS BaXKHO OIIPEACIUTH KOHIICHTPAIIUIO
JHK nocJie Bbiae/ieHUsI 1 ONITUMU3UPOBATH €€ YpO-
BE€Hb, UCXOIS U3 JAJIbHEUILIMX LEeJIEN UCCIIENOBAHUS.
B c¢Bs3u ¢ BbIlIECKa3aHHBIM, KOHTPOJIb 3¢-
(GEeKTUBHOCTH BKCTPAKUIMU HYKJICWHOBBIX KHUCJIOT
pa3sHBIMA HabopaMM peareHTOB HOITOJTHUTEIIFHO
ocyiecTBastyiv o pe3yiasratam [P B pexxume pe-
QJIbHOI'O BPEMEHM, ITPOBEAECHHOM C KaXKIOM MOJTyYeH-
Hoit JIHK-npo6oii, ¢ mpuMeHeHUEM TeCT-CUCTEeMbI
TREC/KREC-AMP PS (®BYH HWM Ilacrepa,
Poccust). Ha6op pearentos mrst [1LP-gunarHocTnkm
TREC/KREC-AMP PS no3zBossieT aMIn@uUimpo-
BaTh B OKcTparupoBaHHol cymmapHoii JIHK-mpoobe
JIBA SHAOTEHHBIX BHYTPEHHUX KOHTPOJISI. OOTHUM U3
HUX SBJASCTCS TeH (epMeHTa IMypMHOBOIO OOMEHa
BYKapUOT — TUIIOKCAaHTUH-TYaHUH-()ochoprndo3m-
tpaHcdepasbl yenoBeka (HPRT), nokanuzoBaHHbBIN
Ha JIJUHHOM Iuleye X-XpOMOCOMBbI. BTOpbIM BHY-
TPEHHUM KOHTpPOJIeM peaKluu SIBJISIETCS TeH OeJIKO-
Boli cyobenuHuibl p30 pudonykieasst P (RPP30),
JIOKaIM30BaHHBIM Ha XxpoMocoMme 10. JIBa aTux reHa

OTHOCST K TaK Ha3blBA€MbIM F€HaM JTOMAIHETO XO-
31CTBa, paboTa KOTOPHIX HEOOXOMMMa IS XXU3HEe-
obecrieyeHUsT KJIETKU, U IS KOTOPBIX XapaKTepHO
MMOCTOSIHCTBO MPEJACTaBJICHHOCTU U 3SKCIIPECCUU B
pa3HbIX KJIETKaxX opraHu3mMa. JIBa 3HIOT€HHbIX BHY-
TPEHHUX KOHTPOJS MO3BOJISIIOT OLIEHUTH KA4eCTBO
ounctku obpa3ua JJHK B xome ero skcrpakuum oT
uHTepdepupyIommnx BelecTB 1 unruoutoposn ITLLP.

TemM He MeHee IJis OLIEHKM BJIMSHUSI crocoba
BoiaeneHust JIHK Ha KoHeuHBbIt pe3yjbraT aHaaiu3a
HEJIb3sT OTMPAThCS TOJBKO Ha MOporoBeiii mukia Cq
IpY aMIUTM(UKAIIMYA KOHTPOJIBHBIX TCHOB, ITOCKOJIb-
Ky Jaxe Tpu COOJIONEHUM BCEeX PEKOMEHIAIMU IO
MPOOOIMOATOoTOBKE KapT laTpu, KOIUYECTBO KJIETOK,
nornaaamIuX B aHaIu3, pa3HUTCS OT IMPOOLI K ITpoode.
Ha6op pearentoB misg IMLP-mmarHoctukm TREC/
KREC-AMP PS mo3BoJisieT paccumMThIBaTh KOJUYE-
ctBo JIHK-Mmonekyn TREC u KREC B cymmapHoii
akcTtparupoBaHHoi JIHK-mpobe, npuxoasimuxcs Ha
105 kiteTok KpoBu. Takoil MOAXOM ITO3BOJISIET YUUTHI-
BaTh KOJIMYECTBO KJIETOK, MOMaaaloluX B TPOOUPKY
npu Beiaesenun JHK.

TakuM ob6pa3om, olleHKa 3(p(GEKTUBHOCTU 3KC-
tpakuuu JHK pa3zHbiMu HabopamMu peareHTOB, C
npuMeHeHueM TecT-cuctemMbl TREC/KREC-AMP
PS nosBonsier oueHuth kKadyectBo ouunctku JIHK-
npenaparoB U cpaBHUTH pe3yabTaTr [T1IP-ananu3za c
YYETOM KOJIMYECTBAa MCXOIHOTO MaTepraia M OIIM-
OOK IUIIETUPOBAHUSI Ha Bcex 3Tarax aHaiauza. Lle-
JIecooOpa3HOCTh ucIoJib3oBaHus Habopa TREC/
KREC-AMP PS mig olieHKM KadecTBa BbIIEICHUS
JHK c kapt Iatpu oOycioBiieHa elie u TeM, YTO KO-
JINYECTBEHHBIN aHAJIN3 OKCLIM3NOHHBIX KoJiell T REC
n KREC ¢ 2023 roma BXoauT B IIporpaMmy HeoHa-
TaAbHOTO CKpUHUHTra Ha Tepputopuu Poccun. I1pu
9TOM B XOA€ CKpUHUHTa olleHKY ypoBHeil TREC u
KREC ocyllecTBasIIoT, UCMOJIb3yst KPOBb HOBOPOXK-
JIEHHBIX, HAHECCHHYIO Ha KapThl [aTpu.

B xome wmccienoBaHMs JUISI OMHOTO U TOIO Xe
OMOJIOTMYECKOro MaTepuasia (CyXoro IsITHa KPOBU
Ha kapte latpu) I1LIP-ananu3 mpoBoauiu 4YeTbipe
pa3a ¢ ucnonb3oBaHueM IHK-mpo0O, BblIenreHHBIX
YeTBIPbMSI Pa3HBIMU cTiocobaMu/HabopaMu. Takum
o0pa3oMm, ST OMHOTO HOBOPOXKACHHOIO ITOJIydaau
yeThipe 3HaueHus1 ypoBHs Moyiekyal TREC u yeThipe
3HaueHus1 ypoBHs1 mojieky1l KREC B kpoBu. Kou-
YEeCTBEHHBIN PEe3yJIbTaT OMPEACIISIICS TOJIBKO CUCTe-
MOM BBIIEJICHUSI, TIOCKOJIBKY BCE OCTaJIbHBIC STaIlbl
aHaJIM3a IUIs1 BceX 00pas3lioB ObLIU UASHTUYHBIMU.

B peakuusix co Bcemu oOpasiiamu, He3aBUCUMO
OT MPOTOKOJIAa BBIAEICHUS, HAOMI0AaIu HapacTaHue
¢ITyOopeClICHTHBIX CUTHAJIOB OT ABYX T¢HOB BHYTPCH-
HEro KOHTPOJISI, YTO TOBOPUT 00 3(P(PeKTUBHOCTHU
OUYUCTKM Mpernapata OT WHIMOUTOPOB BCEMU Ye-
TBIPBMST MCITOJTb30BaHHBIMM HaOOpaMM/CIIOCOOaMM.
Ha pucynkax 1 u 2 nzobpaxeHbl JuarpaMMbl CpaB-
Henus ypoBHeit TREC u KREC, cooTBeTCTBEHHO, B
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PucyHok 1. inarpamma cpaBHeHus ypoBHei monekyn TREC B rpynnax [JHK-06pa3uoB, BblAeneHHbIX pasHbiMu Habopamu/

cnocobamu

Mpumeyanue. Yncnamm 0603HaueHbI MeanaHHble 3HauyeHust TREC B rpynne. * — «MarHollpaiim KOHW» pyyHoe Bbigenenue, ** —

«MarHollpaiim FOHW» aBTOMaTMYECKOE BblgeNeHue.

Figure 1. Diagram comparing the levels of TREC molecules in groups of DNA samples isolated by different kits/methods
Note. Numbers indicate median TREC values in the group. *, "MagnoPrime UNI" manual extraction, **, "MagnoPrime UNI" automatic extraction.
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PucyHok 2. [inarpamma cpaBHeHus ypoBHei monekyn KREC B rpynnax [JHK-06pa3uoB, BbigeneHHbIX pasHbiMu Habopamu/

cnocobamu

Mpumeyanue. Yncnamm 0603HayeHbl MeanaHHble 3HauyeHns KREC B rpynne. * — «Marnollpaiim FOHW» pyyHoe Bbigenenue, ** —

«Marnollpaim FOHW» aBTOMaTMYeCKOE BblaeneHue.

Figure 2. Diagram comparing the levels of KREC molecules in groups of DNA samples isolated by different kits/methods
Note. Numbers indicate median KREC values in the group. *, "MagnoPrime UNI" manual extraction, **, "MagnoPrime UNI" automatic extraction.

paszHbix rpynnax oopasuoB JIHK, ¢ ykazanuem me-
JNIMAHHOTO 3HAYEHUSI B TPYIIIIE.

B tabaunuax 2 u 3 ykazaHbl MUHUMaJIbHbBIE, Me-
nuaHHble U MakcuMaibHble ypoBHU TREC u KREC,
COOTBETCTBEHHO, B pa3HbIix rpynmax JJHK-o06pa31os,
a Takke 3HaueHus p-value mpu oOHapyXeHUU CTaTU -
CTUYECKU 3HAYUMBIX PA3JIMUU B YPOBHSIX aHATUTOB
MEX1y TpyMIaMu.

Takum o6pa3oM, corjlacHO MPUMEHEHHOMY KpU-
Teputo Kpackena—Yonnuca u tecty JlaHHa, 3HaYU-
Mble pa3nnuud U o napametrpy TREC, u no napame-
Tpy KREC 11pucyTcTBYIOT MEXIY TPYIIIOit 00pa3iioB

JHK, skcTparupoBaHHBIX C MCIIOJb30BaHUEM Ha-
6opa pearenToB «MarHolIpaitm FOHW» npu pyuynom
BbIACJCHUH, C TPyNIaMu 00pas31ioB, IKCTparupoBaH-
HBIX Ipyrumu crocobamu («Marnollpaiim FKOHU»
IpU aBTOMAaTHUYCCKOM BBIICICHMM) WX HabopaMu
«9kcrpa-AHK-buro» u «x39KCTPA-tiperr PS».

B xadecTBe OTHEIBLHOIO KPpUTEPUs CICHyeT pac-
CcMaTpyBaTh KOJMYECTBO OOpa3loB, SKCTpaKIIUs
KOTOPBIX MOXET OCYILIECTBJISITbCS €AMHOBPEMEHHO.
B GonbluMHCTBE ciydyaeB KOJUYECTBO MPOO ompe-
IeJISIeTCsl KOJIMYECTBOM siueeK B IieHTpudyre. Kak
IpPaBWIO, B JTAOOPATOPUSX MCITOJNB3YIOT HEHTPUDY-
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TABINLIA 2. YPOBHW MONEKYI TREC B KPOBU HOBOPOXXAEHHbLIX NMPU BbIAENEHWX OHK PA3HbIMW HABOPAMMU

PEATEHTOB

TABLE 2. LEVELS OF TREC MOLECULES IN NEONATAL BLOOD DURING DNA EXTRACTION WITH DIFFERENT REAGENT KITS

YpoBeHb monekyn TREC, konui/10° konun

Level of TREC molecules, copies/10° copies

MarHollpanm
HOHWU (pyuyHoe
BblaeneHue)
MagnoPrime UNI
(manual extraction)

MarHollpanm FOHU
(aBTOMaTU4eCKOE
BblaeneHue)
MagnoPrime UNI
(automatic extraction)

Akctpa-AHK-Buo
Extra-DNA-Bio

OKCTPA-npen PS
EXTRA-prep PS

1 2 3 4
Minimum 643,7 1954 557,4 436,5
25% Percentile 2990 5811 5944 5278
Median 6176 11220 9514 11092
75% Percentile 8489 14967 12405 13542
Maximum 12598 20456 23272 27074

Mpumeuyanue. 3HayeHus p-value Npu HanU4YUM 3HAYUMBbIX pasnuyumi: p,, = 0,0010; p,.; = 0,0061; p,, = 0,0058.
Note. p-values in the presence of significant differences: p,., =0.0010; p, ;= 0.0061; p,, = 0.0058.

TABINLA 3. YPOBHU MONEKYI KREC B KPOBM HOBOPOXXAEHHbIX MPW BbIAENEHWX AHK PA3HbIMW HABOPAMMU

PEATEHTOB

TABLE 3. LEVELS OF KREC MOLECULES IN NEONATAL BLOOD DURING DNA EXTRACTION WITH DIFFERENT REAGENT KITS

YpoBeHb monekyn KREC, konuit/10° konun

Level of KREC molecules, copies/10° copies

MarHollpanm
HOHWU (pyuyHoe
BblaeneHue)
MagnoPrime UNI
(manual extraction)

MarHollpanm FOHU
(aBTOMaTU4eCcKoe
BblaeneHue)
MagnoPrime UNI
(automatic extraction)

Akctpa-AHK-Buo
Extra-DNA-Bio

OKCTPA-npen PS
EXTRA-prep PS

1 2 3 4
Minimum 72,90 379,7 459,8 443,1
25% Percentile 580,6 1698 1393 1409
Median 1028 2514 2177 2116
75% Percentile 1288 3342 3316 3273
Maximum 3047 5716 6637 5497

Mpumeuyanne. 3HayeHus p-value Npu HanUuYuM 3Ha4YUMMBbIX pasnuymii: p,, < 0,0001; p,; < 0,0001; p,, < 0,0001.
Note. p-values in the presence of significant differences: p,., < 0.0001; p,; < 0.0001; p,., < 0.0001.

™™ Ha 12 unu 24, B peaKuX ciydasax Ha 48 o0pa3lioB.
C KoM4ecTBOM 00pa310oB B paboTe U C KOJIMUECTBOM
siyeeK B LIEHTpUdYre cBsI3aHa MPOJOIKUTEIBLHOCTD
skcrpakumu JJHK, Tak Kak oriepatop, OCyIeCTBIISI-
IO TIpoLiecC, MPOBOAUT IJIUTENIbHBIE 3Tallbl, HE
UMelollIMe KOHKPETHON MPOTSKEHHOCTU BPEMEHM,
YKa3aHHOU B MHCTPYKLIMU. B CBsI3U C BhIlIECKa3aH-
HBIM, METOJI PYYHOTO BbIJEJIEHUS 3aHUMAaEeT OOJIblile
BpPEeMEHU, a MaKCUMaJIbHOE KOJIUYECTBO O0Opa31OB He
MokeT TpeBbiath 48. Takue Habopbl Kak «MarHo-
IMpaitm FOHW» (PBYH LHHUWHND, Poccus) umeror
CYLIECTBEHHOE TPEMMYIIECTBO 3a CUYET BO3MOKHO-
CTH MPU MCITOJIb30BAaHUN aBTOMATUYECKUX CTAHIIMIA
BblAeseHUs sKcTparupoBaTh [JJHK u3 6osburoro ko-
JmyecTBa Mpod 3a kKopotkoe Bpems. Kak mpasuiio,

MacirTad paboT B HAyYHBIX LEJISIX U B LIEISIX KIMHU-
KO-JIabOpaTOpHOI IMAarHOCTUKM CUJIBHO OTJIMYaeT-
cs. Yaiiie Bcero Heo0XoauMOCTb TaKUX 00bEMOB BO3-
HUKAaET B 1a00PaTOPHOI IMarHOCTUKE MPU OOJbIIO
PYTUHHOM 3arpyske.

ITpu MoJieKyISIpHO-TeHETUYECKUX UCCIeA0BaH -
sIX BO BpeMsI HEOHaTaJIbHOTO CKPMHMHIA KauyeCTBO U
nenoctHocTh JITHK umeer Gosbliioe 3HaueHUE IS
JIOCTOBEPHOCTH PE3YyJIbTaTOB. 3HAYNTEIBHOE KOJIM-
YEeCTBO CITOCOOOB 3KCTPAKIIMK HYKJICMHOBBIX KMCITOT
W3 pa3IMIHOr0 OMOJIOTMYECKOTO MaTepualia, BKITIO-
Yast CyXyl0 KallTI0 KpOBHU, UCIIOJIB3YIOIIECS B IIPaK-
TUKE Hay4dyHBIX JJabopaTtopuii 1 nojyyeHust JJHK
BBICOKOM KOHIIEHTpAalUM W YWUCTOTHI, HAIpUMep,
METO/Ibl HA OCHOBe (peHos1a U xJaopodopma, OOBIYHO
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TPYIHO CTaHAAPTU3UPYEMbI U TPeOYIOT MHOTO Bpe-
MEHU, YTO YCJIOXHSIET MPUMEHEHUE TaKUX METOJIOB
B PYTMHHOI J1abOpaTopHOI nuarHoctuke. B atom
KOHTEKCTE KOMMepyeckue Habopbl YIOOHBI M JJIsI
HAY4YHBIX, U JIJI1 PyTUHHO-INArHOCTUYECKUX MCCIIe-
JIOBaHUW, MOCKOJBKY IPOCTHI B MCITOJb30BAaHUU U
MMEIOT CTAaHIapPTU3UPOBAHHbBIE SKOHOMSIIIIME BPEMSs
MTPOTOKOJIBI.

3aKnoyeHne

B xonme HacTosiiero ucciaeaoBaHUsI BCE YEThIPE
Habopa peareHToB mis 3kcTpakumu JHK u3 cyxoit
Karjy KpOBU MPOJEMOHCTPUPOBAIN BbICOKUI ypoO-
BE€Hb CXOIUMOCTU ITOJIyYEHHBIX NAHHBIX, YIOBJET-
BODSIST BCEM HEOOXOIMMBIM MapaMeTpaM JJIisl TIpOBe-
NEHUST NATBHEHUIIETO MOJEKYISIPHO-TEHETUYECKOTO

aHanuza. Paznuuus B mokasaTesisix MOTYT ObITb CBSI-
3aHbl C OCOOEHHOCTSIMM HAOOpPOB U HE SBISIOTCS
cyuiectBeHHbIMU. Habopwl «MarHollpaiim FOHU»
(®BbYH HHUUND, Poccus), «3KCTPA-tipert PS»
(®BYH HUW wum. Ilactepa, Poccus), «BDkcrpa-
JAHK-buo» («Ankop-6uo», Poccusi) mo3BoJISIOT
nojqyuutsh JAHK Hamiexaliero kauecrsa U YMCTOTbI
JUTST TpOBeAeHUsT UH(OPMATUBHOIO HEOHATaJbHOTO
CKpPUHHMHTA, a TaKXKe MOTYT OBITh MCITOJIb30BaHKI B
JIPYrux o0JacTsIX MCCIeIOoBaHUM, TPeOYIOIIUX IKC-
Tpakuuu JHK u3 cyxoit karuim KpoBU. YKa3zaHHbIE
Ha0OpBHI MOTYT YCITEIITHO MPUMEHSIThCSI B MPAKTHUKE
JIaboOpaTOPHOI MUAarHOCTUKU C OOWHAKOBBIM YPOB-
HeM MH(GOPMATUBHOCTH U HAIEXKHOCTH.

DuHAHCHPOBAHUE HCCJIET0OBAHUSA

Paborta He nMena (prHaAaHCOBOV MOAAEPKKU.
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NMPABUJIA J19 ABTOPOB

CraThy TIPEACTABIISIIOTCS B PENAKIINIO Yepe3 CHUCTe-
My BJieKTpoHHoro wusznaresibctBa (http://mimmun.ru)
B COOTBETCTBMU C TpeOOBaHUSIMU XypHala «Menu-
LUHCKasT UMMYHOJIOTUST» U « HCTpyKLIMEe Mo MmoAro-
TOBKE U OTIIPABKE CTaTbW», IIPEACTABJICHHOM Ha CaiTe.

C 2016 r. B XKypHaje mMyOJHMKYIOTCS CTATHH HA pycC-
CKOM H HA AHIIMICKOM SI3bIKAX.

B xkypHan npuHUMAIOTCS CIEAYIONIE BUMBI IO~
Kallui:

OpuruHanbHas cTaTtbs

CraThsl 10KHA OMUCHIBATh PEe3YJIbTaThl 3aKOHUYEH -
Horo ucciaegoBanus. Jlomyckaercss 0o0beM ctaTbu 10 20
MAaIIMHOTIMCHBIX CTPaHUII, BKJIIOUAs pUCYHKH, TaOJIM-
upl. CTaThs IOJKHA COAepKaTh: 1) BBeneHue; 2) MaTte-
puajbl 1 MeTOIbI; 3) pe3yJsibTaThl uccaenoBaHuii; 4) 00-
CYXKJIeHUE pe3yJIbTaToB; 5) 61aromapHOCTH.

*  BBeaenue coaep>XUT 0OOCHOBaHME LU U 33124
MPOBEIEHHOTO UCCAeI0BaHUS.

*  Marepuajbl 1 METOAbI MOTYT U3JIaraTbCsl B BUJIE
OTHEIBbHBIX (DparMEHTOB C KOPOTKUMU TTOA3a-
ronoBkamu. Bce HeTpamuiMmoHHble MoauduU-
KallM METOHOB JOJKHBI OBITH OMUCAHBI C H0-
CTaTOYHOM CTereHblo MoapoOHOoCcTU. JIs1 Bcex
HCII0JIb3YeMbIX B pab0OTe peaKTUBOB, )KUBOTHBIX,
KJI€TOYHBIX KYJBTYP U T. 1. HEOOXOAUMO TOYHO
yKa3bIBaTb MPOU3BOAUTENEH U/UTU UCTOYHUKUA
nosydyeHusi (C Ha3BaHUSIMU CTpaHbI, (PUPMHEI,
MHCTUTYTA).

*  Pe3yasrarhl OMCHIBAIOTCS B JIOTMYECKO ITOCIIE-
JI0BATEJIbHOCTU B BUJE OTAEIbHbIX (DParMeHTOB,
paznesieHHbIX M0/13aroJ0BKaMu, 0e3 2J1eMEeHTOB
obcyxaeHusi, 6e3 MOBTOPEHUSI METOANYECKUX
noapoOHoCTel, 6e3 ayoanupoBaHUs LUEAPOBBIX
JMIaHHBIX, MTPUBEACHHBIX B TAOJIMIIAX M pUCYHKAX.

* B oOcy:kaeHun TIpOBOIMTCS JeTaTbHBINA aHaIN3
MOJIYYEHHBIX JTaHHBIX B COIOCTABJIEHUU C JaH-
HBIMU JIUTEPATYPhI, YTO CIY>KUT 0OOCHOBAHUEM
BBIBOJIOB U 3aKJIIOYEHU 1 aBTOPOB.

* Paznen «baaromapHocTH» He sIBIseTCs 00s13a-
TeJIbHbIM, HO KpaliHe KejatejeH. B aTom pas-
JieJie aBTOPBI MOTYT BbIPA3UTh ITPU3HATEILHOCTD
opraHu3aluu, CyOCUIMpOBaBIIEl TIpoBele-
HUE WCCIIeNOBaHWI, KoJuleraM, KOHCYJIBTHPO-
BaBIIMM DPabOTy B Mpoliecce €€ BbIMOJHEHUsI
U/WUAW  HaluCaHUsl, a TakXe TeXHUYEeCKOMY
MepcoHay 3a MOMOIIb B BHITOJHEHUU HCCIIe-
noBaHuii. braromapHocTu 3a MpemocTaBlIeHHE
crieuupUuUIeCKNX peakTMBOB WM 0O0OpymoBa-
HUS, KaK TIpaBWJIO, TIOMEIIAIOTCS B pasaesie
«Martepuaibl 1 METOIbI».

KpaTtkne coobuieHus

KypHai myOoiamuKyeT HeOOoJIblIre 110 O0beMY CTAaTbU,
KOTOpbIE UMEIOT OE3YCIOBHYIO HOBU3HY U 3HAYMMOCTb.
OTU cTaTbu TIPOXOMST YCKOPEHHOE pelleH3UpOoBaHUE
U MYyOJUKYIOTCSI B KOpPOTKME Cpoku. OOIMii oobeM
KpaTKOro CoOOIIEHUsI OrpaHUYeH 8 MallWMHOMUCHBI-
MU CTpaHUILIaMU, KOJTUYECTBO PUCYHKOB U/WIW TaOJMIL
HE MOXET ObITb 0oJjiee 3, a CIIMCOK MCIOJIb30BaHHBIX
JIMTEPaTyPHBIX UCTOYHUKOB HE JOJKEH MPeBbIIaTh 15.
TutynbHBIN TUCT OOpMIISIETCS, KaK OTMMCAHO BhIIIIE.

Pasznenbl KpaTKoro COOOIIEHUSI aHAJOTMYHBI BBIIIEO-
ITMCaHHBIM pas3acjiaM OpHFHHaJIbHOﬁ CTaTbM, HO HE BbI-
JCJIAX0TCA 3aroJIoOBKaMuM M 1moasarojjoBKkaMm, pesyjibra-
TbI MOT'yT OBITh U3JI0KEHBI BMECTE C 06CY)K,Z[€HI/ICM.

O630pHbIe CTaTbU U NeKuun

0630p1—1ble CTaTbU U JICKIIMUM B OCHOBHOM 3aKa3bI-
BalOTCA pez[aKLmeﬁ NI MOTYyT OBITH PEKOMCHAOBAHbI
OJHMM M3 YICHOB PCAKOJIICTHUUA. boiee HOIIpO6Hy}O
vH(pOopMaLMIO O TpaBuiaax oQOPMIICHHUSI ITUX CTATel
MO2KHO y3HaTb B p€aaKIInun

Bubnuorpacuyeckme craHgapTbl ONUCaHUA
LUTUPYEeMbIX NyoGnukauum

OnucaHue cmambu U3 XXypHana:

Baprommina E.A., Auekcangpos [.B., CasoHo-
Ba T.A., CumbupueB A.C. M3ydyeHue BIUSIHUSI MECT-
HOTO TPUMEHEHMUsT PEKOMOMHAHTHOTO YeJloBeye-
CKOro MHTepJieiikuHa-13 Ha pemnapaiuio sI3BEHHBIX
MOBPEXICHUN CIIM3UCTON 000JI0uKM Kenyaka // Llu-
TOKMHBI 1 Bocmajmenue, 2012. T. 11, Ne 1. C. 64-69.
[Varyushina E.A., Alexandrov G.V., Sazonova TA.,
Simbirtsev A.S. Study of the effect of local application
of recombinant human interleukin-13 in the repair
of ulcerative lesions of gastric mucosa. Tsitokiny i
vospalenie = Cytokines and Inflammation, 2012, Vol. 11,
no. 1, pp. 64-69. (In Russ.)]

OnucaHue cmambu U3 KHu2u (MoHozpaguu):

Cokonosa IH., IMoranosa B.b. KinHnuko-narore-
HETUYECKUE aCMeKThl AI3BEHHOI 00JIe3HU XKeaynka. M.:
Amnaxapcuc, 2009. 328 c. [Sokolova G.N., Potapova V.B.
Clinical and pathogenetic aspects of gastric ulcer].
Moscow: Anacharsis, 2009. 328 p.

lMpumepbI NpasusIbHO20 0hOPMITEHUST aH2J10513bIYHbIX
CCbIJIOK:

Wells S.M., Kantor A.B., Stall A.M. CD43(S7)
expression identifies peripheral B-cell subsets.
J. Immunol., 1994, Vol. 153, no. 12, pp. 5503-5515.

Goodman J.W., Parslow T.G. Immunoglobulin
proteins. Basic and Clinical Immunology. Ed.
Stites D.P., Terr A.l., Parslow T.G., Appletion and
Lange, 1994, pp. 66-79.

CchUTKM Ha JINTepaTypHbIE MCTOYHUKU B TEKCTE
CTaTbM, B pUCYHKax 1 TabJimiax obo3HavaloTcs apad-
cKkuMu uudpaMmu B KBaapaTHbIX ckobOkax [1, 2, 3,...].
He JIOIMYCKAIOTCsI CChIJIKU Ha JuccepTaluu, aBropede-
pathbl auMccepTaluii, myoJIuKaluuy B COOpHUKaX, METO-
IYecKre TOKYMEHTBI MECTHOTO ypoBHs. KonmaectBo
MCTOYHUKOB HE OrpaHU4eHo. B Kaxoil cchuike mpu-
BOZSITCST BCE aBTOPBI paboThl. HeomybnukoBaHHBIE
CTaThU B CIIMCOK HE BKITIOUAIOTCSI.

0O0603Ha4YeHUs1, COKpaLLEeHUs1 U egUHULbI U3MepeHUs

JI1st CTOKHBIX TEPMUHOB WJIM Ha3BaHUI, Haubosee
YacTo UCMOJIb3YeMbIX B TEKCTE CTaThbH, MOXKHO BBECTHU
(B KpYIJIBIX CKOOKAX MOCJjie TIepBOTro YITOMUHAHMS ITOJI-
HOro Ha3BaHMsI TepPMUHA) He OoJiee 3—5 HeTpaaUIIMOH-
HbIX COKpallleHUI. Y3aKOHEHHbIE MeXIYHapOAHbIMU
HOMEHKJIATYpaMU COKpaIllleHUsI UCIOJIb3YIOTCSI B COOT-
BETCTBYIOIIEH TpaHCcKpuniu. Hanpumep, mist repmu-
Ha «MHTEpJIEHKMUH» UCMOJb3yeTcsl cokpalieHue «IL»,
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a He pyCCKOSI3bIYHbIN BapuaHT «JI»; aHaIOrM4HO 3TO-
My ucnosab3ytloTcs cokpaiieHus: «TNF», a He «TH®»
i «®HO»; «CD», a ne «CJI». Ha3zBaHust MUKpoOOp-
TaHW3MOB TIPUBOISTCS B OPUTMHAJIBHON TpaHCKPUII-
IUY C UCTIoJIb30BaHUeM KypcuBa (E. coli, Streptococcus
pyogenes). ENUHULIBI U3MEPEeHUSI TPUBOISATCS O€3 TOU-
KU MOCJe UX COKpallleHHOro obo3HadYeHwus (C, 4, CM,
M, mr, kDa u 1.1.), periaMeHTUPOBAaHHOIO MeXAayHa-
POIHBIMM MTPaBUJIAMU.

OdopmrieHne unncTpaTMBHOro Matepuana

HMnmocTpaTuBHBINA MaTepua 10JKeH ObITb OpUTH-
HaJIbHBIM, TO €CTb paHee HUTIe He OMyOJIMKOBAaHHbBIM.
OO0111ee KOIUYECTBO WIIOCTpAlUii (TabJIMIL U PUCYH-
KOB) HE JIOJDKHO TIpPEBBINIaTh BOCbMU. [Ipu GosbiiieMm
KOJIMYECTBE WJUTIOCTPALIMIA X ITyOJIMKaIMS OTUIaurBa-
eTcss aBpTopoM. IlyOaukanuysi LBETHBIX WJLUIIOCTPALIUA
(He3aBUCHMO OT MX KOJIMYECTBa) TakKe OriauynBaeTcs
aBTOpoM. Bech WIITIOCTpaTUBHBINM MaTepuas mpuchbLia-
eTcsl B ABYX 9K3eMIUISIpax U Ha JUCKE B BUIE OTAE/b-
HBIX (paiiIoB.

Pa3mepbl nnniocrpaumi:
* MakcumaJjibHas BbicoTa — 210 MM
* MakcuMmasibHas mupuHa 1Js 1 cronona — 82 MM,
It 2 ¢Toa610B — 170 MM

Ta6mmmpl. Kaxknas Tabauiia reyataeTcsi Ha OTAETb-
HOM JiucTe (B OTAeIbHOM (haiiie Ha T1ucKe) yepe3 2 MH-
tepBasia. Hymepanus tabaui gaetcs apabCKUMu -
paMu OTAECIBHO OT HyMepaluu PUCYHKOB (TpacdUKOB
u (pororpaduit). HazpaHue reuataercst Haa TaOIULICH.
Bech TeKCT Ha pycCKOM SI3BIKE, COMIEpKALUIACS B Ta0-
JIULie, BKJIIOYas eAWHULBI U3MEPEeHUs, NOJKeH OBITh
nepeBeieH Ha aHTJIMHACKUI S3bIK; P 9TOM TepeBOJ
clielyeT MoMellaTh B STYENKY C COOTBETCTBYIOLIUM PYC-
CKMM TEKCTOM OT/IeIbHOU cTpokoit. HazBaHue Tabnu-
bl ¥ TEKCT TIpUMeYaHusT K Hell TakKe JOJKHBI ObITh
TnepeBeeHbl Ha aHVIMUCKUI SI3BIK Y MIPUBEACHBI IO
DPYCCKHM TEKCTOM C HOBO CTPOKU. JIJ1s1 TOMETOK B Ta-
OnuIax cieayeT MCIOJb30BaTh OJHY WJIM HECKOJIbKO
(*). TTosicHeHUs TIeyaTaloTCs MOCIe COOTBETCTBYIOIIIE-
ro kojuyectna (*) moa tabiuneit. EnuHuiibl usamepe-
HUSI, TIPU HEOOXOAMMOCTH, BKJIIOUAIOTCS B 3arOJIOBKU
CTPOK WJIM CTOJIOIIOB.

Pucynku (rpaduxu u ¢otorpacdun). B rexcre ctatbu
Ha3BaHUSI PUCYHKOB (rpacgukos, ¢ortorpaduii) u ta-
OM1 pa3MellalTcs cpasy Iocje ab3ala, Tae Ha HUX
JlaeTcsl mepBasi ccblika. Bece pucyHkM HymMepyroTcs 1o-
cjieoBaTe/ibHO apabCKUMM LIMdpaMU 1o Mepe UX UC-
MOJIb30BaHUS B TeKCTe CTaTbh. Ha3BaHUsS PUCYHKOB
W TIOANMCH K HUM BBIHOCATCS B BUIE CITMCKA Ha OT-
NeJIbHYIO CTpaHMIly. B crmcke ykasbIBalOTCS: HOMEp
pUCyHKa, Ha3BaHUe (C OOJIbIION OYKBBI), TEKCT IIPUME-
yaHuii (a1t MUKpodoTorpaduii JOJKHO ObITh YKa3aHO
yBeauueHue). [loanucu K pucyHkam JaloTcsl KpaTKue,
HO J0CTaToyHO MH(popMaTuBHble. HazBaHUsI puCyHKOB
W IpUMeYaHU K HUM, HApUCYHOUHBIE TTOAITUCH, TEKCT
JIETeHIbI JOJKHBI OBITh TepeBeleHbl Ha aHTIMUCKUIA
SI3bIK M pa3MelleHbl T10J COOTBETCTBYIOIIUM TEKCTOM
Cc HoBoI1 cTpoku. Ha obopoTe Kaxkmoil WLIoCTpaluu
noanuceiBaeTcsl haMuins MepBOro aBTopa, Ha3BaHUe
CTaThU U MOPSIAKOBBII HOMEp. [J1s MyOJIuKaluu B Xyp-
Hajie MPUHUMAIOTCSI TOJILKO OpUTHMHANbI hoTorpaduii
(He KCepOKOTMHM) XOpOIIero KadecTBa, MaKCUMallb-
HO TIpUOJIMDKEHHBIE K BBIIIEYKa3aHHBIM pa3Mepam.

®dororpadun He IOJIKHBI UMETh OOJIbIINX MOJICH, T. €.
¢ororpaduueckuii Matepuan AOKEH 3aHMMaThb BCIO
miowanb Gororpadun. PUCyHKM MOryT OBITH Mped-
cTaBJieHbl B Tpaduueckux opmartax ¢ paciuimpeHueM
iff (pasperenne He meHee 300 dpi mpu 100% macira-
6e), .eps wiu .ai. MI300paxkeHns1, BCTPOEHHbIE B TOKY-
MeHThl Word, He mpuHuMaloTcs. [paduku u nuarpam-
MBI TIPEIOCTABIISIOTCSI BMECTE ¢ TaOJIMIIaMH, Ha OCHOBE
KOTOPBIX OHM OBbLIIM CO3aHbl, UJIU C YUCJIEHHBIMU 000-
3HAYEHUSIMU TOKazaTesieil, OToOpaXkaeMbIX COOTBET-
CTBYIOIIMMU rpacuyecKMMU 3JeMeHTaMu (CTOoJIOMKa-
MU, CEKTOpaMU U T.11.) B BUZIe (haiijioB ¢ paCIIMPEHUSIMU
.doc wnu, npeamnourureabHee, .XIs.

Mnara 3a ny6nukauuio ctaten

Ilpu cobiaoaeHUn NpaBuil IMyOJUKAlLUsl cTaTei
B XypHasie «MeauimHcKasi UMMYHOJIOTUST» SIBJISIETCSI
OecrjlaTHOM IJISI aBTOPOB U YUPEXKASCHUM, B KOTOPBIX
oHM paboTtaloT. Penakiiuss MoxeT moTpedoBaTh orJjia-
Ty B CAEAYIOIINX caydasx: 1) 3a myOauKaluio BETHBIX
WUTIOCTpaluit; 2) Tpu OOJILIIOM KOJMYECTBE WILTIO-
CTpaTUBHOTO MaTepuasia (CBhILIE § MILTIOCTpaLInii).

[logroToBka cTaTen

Jltst TipeacTaBIeHUsT CTaThbM aBTOPBI JTOJKHBI IO~
TBEPAUTh HUWXKeCTenyrolme MyHKTB. CTaTbs MOXET
OBITb OTKJIOHEHA, €CJIM OHa UM He COOTBETCTBYET.

A. Hamnpapisist cTaTblo B XKypHaJl, aBTOPbI rapaHTU-
PYIOT, UTO MOAaHHbIE MaTepuasbl He OBLIN pa-
Hee onyOJMKOBaHbI MTOJHOCTBIO WU T10 YaCTsIM,
B JIt0OO# (popme, B It0OOOM MeCTe I Ha JTI0OOM
s3bIKke. TakoKke aBTOPbI TapaHTUPYIOT, YTO CTAThs
He Tpe/CcTaB/eHa 1Sl PACCMOTPEHUST U TTy0JIu-
KalMu B Opyrom XypHaie. C MOMeHTa MPUHSI-
TUSI CTaThU K MeYaTH B XKypHasie « MeauimHcKas
UMMYHOJIOTUSI» IIPUBEACHHBIN B HEU MaTepuall
He MOXET ObITh ONTyOJMKOBAH aBTOPAMU MOJHO-
CTbIO WJIM IO YacCTsIM B JIt000I popMe, B IIOOOM
MecTe W Ha JIIoOOM $I3bIKe 0e3 corjlacoBaHUsl
C PYKOBOJICTBOM XypHasia. VIcKiioueHrueM Mo-
JKET SIBJISIThCSL: 1) MpenBapuTebHast WK Moce-
JTyIOIIast MyOJIMKAaIIUsSI MaTEPUAIOB CTaThbU B BUJIE
TE3UCOB WJIM KOPOTKOTO pe3ioMe; 2) UCTOIb30-
BaHUE MaTepuajioB CTAaTbU KaK YacTU JICKIIMU
win 0630pa; 3) UCMoJIb30BaHWE aBTOPOM Tpe/I-
CTaBJICHHBIX B XKypHaJl MaTepUaIOB TIPU HaITU-
CaHUU AWcCCepTallMi, KHUTHU WM MOHOTpachuu.
BocrnipousBseneHue Bcero M3AaHUsl WA 4YacTU
JIIOOBIM CITOCOOOM 3arpelaeTcs 6e3 MUCbMeH-
HOro paspeuieHusi uzaaresneii. Hapymenue 3a-
KoHa OymeT IpecyiefoBaTbCsl B CyIeOHOM I10-
psnke. Oxpanstercst 3akoHOM P® Noe 5351-1
«O0 aBTOPCKOM MpaBe M CMEXHBIX IIpaBax»
o1 09.07.93 .

B. ®aiin oTmpaBisseMoll CTaTbU TIPENCTaBICH
B (popmare .doc, .docx, .rtf.

B. Ilomumo aiina co craTbeit, mMpemocTaBiICHBI
ciaeaylouie (aiiibl:

1) ®aiin ¢ mMeTtagaHHBIMU (TTPU 3aTrpy3Ke B CU-
cTeMy eMy MpucBauBaeTcsl UMsl «MeTanaH-
HbIE»):

* @amMuIus, UMs, OTYECTBO, YUYeHas CTereHb,
y4yeHOe 3BaHue, TOJKHOCTb aBTOpa, OTBET-
CTBEHHOTO 3a JaJIbHEHIIYIO MEePenucKy ¢ pe-
Jnaxkuuein (Ha pycCKOM U aHTJIMIACKOM $I3bIKaXx).

* HazBaHue yupeskaeHUsl, Tae paboTaeT OTBET-
CTBEHHBI aBTOP (B PYCCKOM M OMUIIMAIBHO
TMPUHSITOM aHTJIMICKOM BapyUaHTax).
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Ilpasuna ons asmopoeé
Instructions to Authors

* [TouToBBIIT aapec IS MEePenrucKy ¢ yKa3aHu-
€M IIOYTOBOTO MHIeKca (Ha PyCCKOM U aHT-
JIUIACKOM SI3BIKAX).

» TenedoH, dakc (c ykazaHueM KoJa CTpaHBI
¥ ropoja), e-mail.

e @aMmwInsg M WHULMATBI OCTaJbHBIX COaBTO-
pPOB, UX y4yeHble CTeNeHU, ydyeHble 3BaHUs,
JIOJDKHOCTU.

e [TonrHoe Ha3BaHUE CTaTbU, HAIPaBIIEMOt
B pelaKIInIo.

» KonnyecTBO CTpaHUII TEKCTa, KOJTUIECTBO PU-
CYHKOB, KOJIMYECTBO TaOJIUII.

* YKazaTb, /ISl KAKOTO pazaesia XypHasa Ipe-
HaszHayeHa paboTa: OpUTWHAJbHBIE CTaThbH,
JIEKLIMU, 0030pBI, «TOYKa 3PEHUs», KpaTKue
COOOIIIeHUsI, HOBbIE UMMYHOJIOTUYECKUE Me-
TOJbI, CAyYau U3 MPAKTUKU, THEBHUK UMMY-
HoJIOTa, KHIDKHOE 0003peHUe.

« Jlata oTnpaBieHUs pabOTHI.

2) OTckaHupoBaHHast Konusl paitia ¢ MeTagaH-
HBIMM, TTOAITMCAaHHAsE BCEMU aBTOpaMu (TIpu
3arpy3ke B CUCTEMY eMy TIpUCBauBaeTCsT UMS
«ITognucu aBTOPOB»)

3) TuTyAbHBINA JUCT (MpU 3arpy3ke B CUCTEMY
eMy mpucBanBaeTcs UMsl « TUTYIbHBIN JIMCT»),
no ¢opme:

HazBaHUeE cTaTbU (0€3 UCIO0JIb30BaHUS KAaKUX-
b0 cokpallleHUuii) (Ha pycCKOM W aHTInM-
CKOM $I3bIKaXx);

damunusi, UMs1, OTYECTBO, YUeHasl CTEIeHb,
yJ4eHOe 3BaHWE, JOJDKHOCTh BCEX aBTOPOB
(TMoTHOCTBIO) (Ha PYCCKOM U aHTJIUHCKOM
SI3bIKAX);

noapasieyieHue U ydpexaeHue, B KOTOPOM
BBIMOJIHSUIACh paboTta (eciim B pabore yua-
CTBOBAJIM aBTOPHI M3 Pa3HbIX YYPEKIECHU,
9TO JOJDKHO OBbITh OTMEUEHO 3Be3104YKa-
MHU) (B PYCCKOM M O(DUIMATBHO TPUHITOM
AHTJIMIACKOM BapuaHTax);

COKpallleHHOE Ha3BaHUe CTaTbU JIJIsI BEPXHETO
KoJIOHTHUTYa (He OoJjiee 35 CMMBOJIOB, BKIIIO-
4yas TpoOesbl U 3HAKW MpenruHaHusI) (Ha pyc-
CKOM U aHTJIMHCKOM SI3bIKax);

He MeHee 6 KITFOUEBBIX CJIOB Ha pyCCKOM U aHT-
JIMCKOM SI3bIKax;

azipec sl TIepeTNMCKY ¢ yKa3aHueM TejaedoHa,
HoMepa dakca 1 agpeca e-mail.

4) Pestome (IIpu 3arpyske B CUCTEMY €My MpHU-
cBauBaeTcs ums «Pesiomer). [Ipenocrapisiercs
B BUJE OIHOro ab3aua 0e3 CChUIOK U CIeLH-
duueckux cokpaireHuii. O6beM — He MeHee
300 cnoB. Pe3siomMe B 1osiHOM oOBbeme Mpem-
CTaBJISIETCSI TAKXKE B MEPEBOAE HA AHTJIMUCKUA
sA3bIK. B OTAENBHBIX cIydasix, Mo pelleHuo pe-
JNaKIIMOHHOM KOJUIETMU, MOXKET ObITh 3aTpedo-
BaH pa3BepHYTHIN BapUAHT pe3lOMe Ha aHTIUI-
CKOM SI3BIKE.

5) PucyHkM, eciau OHM eCTh - KaXXIbIii OTIE/Ib-
HBIM (paitmom (TIpu 3arpy3Ke B CHUCTEMY KaxK-
JIOMY PUCYHKY IIpUCBauBaeTcst MMsi «PUCYHOK.
Haseanue pucynka (20e Hazéanue pucyHKa coom-
gemcemeyem codepicawemycs 6 ghatine pUcyHKY.
Ilopsdkosvtii Homep pucynka»)

.

.

6) Daiin B popmare .doc, .docx., rtf, ¢ Ha3BaHU-
SIMU PUCYHKOB

7) TabGnubl, €CIU OHU €CTh - KaxKaasi OTAEb-
HbIM aitnom (HasBaHue Kaxkgoil TaOJIMIIbI
JIOJIKHO OBITh MPUBEACHO 3aroJ0BKOM B (paiire
¢ camoii Tadauueit)

8) MDaiin ¢ nuTUpyeMoil TUTepaTypoii (Ipu 3a-
Tpy3Ke B CUCTEMY eMy TTprcBanBaeTcst UMsT «JIv-
TepaTypar»), IO cienymolleir ¢opme: Tabmuia
U3 YeThbIpeX CTOJOLOB (aIbOOMHAs OpHeHTa-

1usl), rae:

[MopsimkoBbIit ABTOpBI, Ha3Ba- ®UO, nassanue | [MoaHbIT MH-
HOMEp CCBUIKHI HUe MyOnMuKauuyu | MyoauKauuu TepHeT-aJpec
U UCTOYHMKA, TIE | YU UCTOYHMKA (URL) untupy-
OHa OIy0JIMKO- Ha aHIJIMICKOM | eMOii cTaTbi
BaHa, BBIXOJHbIE
TTaHHbBIE
Pasmeratorcst YkasbiBath OdurnmanbHoe B ToMm ciyuae,
B TabIu1Ie 110 6ubIMo- AHTJIOSI3bIY- eciu uHbop-
B aJihaBUTHOM rpacduyeckomy HOE Ha3BaHMe Malus O CTaThe
MOpsiZIKe, BHA- CTaHIapTy, Ipefi- | MyOauKauuu He pa3MellieHa
qajie pyccKo- CTaBJICHHOMY 1 UCTOYHMKA, Ha obuim-
SI3BIYHBIC, 3aTEM | BBIIIE TJIe OHa OITy- TBHOM caiiTe
Ha SI3bIKax OIMKOBaHA U3IaHMs,
C JIATUHCKOIA - U151 pyCCKO- JOMYCTUMO
rpadukoi SI3BIYHBIX CTa- HCTIOIb30BaTh
Teit. B penkux URL cratbu

ciyJasix, Koria
HE CYILIECTBYET
obuLMaTbHBIX
AHTJIOSI3BIYHBIX
Ha3BaHMii (3TO
BO3MOXHO

TUTSL TAKUX
TUTIOB MyOJIN-
Kauui, Kak Te-
3UChI, KHUTU

W JIp.) - penak-
1IUS IPOCUT
TIPENOCTaBUTh
UX MepeBoy,
UCTIONB3YS
KpacHBbIH

1IBET WpUdTa.
JIst aHI0A3b1Y -
HBIX MyOIMKALWil
W HCTOYHUKOB

B 9TOM CTOIONE
CTaBUTCA NPO-
4epK

CO CTOPOHHUX
CaiTOB, B TOM
YKCIIE CUCTEMBI
www.e-library.ru

TexkcT momkeH ObITH HAOpaH C OMMHAPHBIM MEXK-
CTPOYHBLIM MHTEPBAJIOM; MCITOJIb3YeTCsI KeIIb IIpudTa
B 14 mIyHKTOB; IS BBIACJICHUSI UCIIOJIb3yeTCsI KypCHUB,
a He MoJYepKMBaHME; BCE CChUIKMA Ha WJLTIOCTpPALIUHU,
rpaduKu 1 TaOJUIIBI PACHOJOXEHBI B COOTBETCTBYIO-
IIMX MECTaxX B TEKCTE, a He B KOHILIE JOKYMEHTA.

TeKCT COOTBETCTBYET CTMJIMCTUYECKMM U OMOJIMO-

rpadyecKuM TpeOOBaAHHUSIM.

Eciu BbI OTIIpaBiIsieTe CTaThi0 B PELIEH3UPYEMBIIA
paszes XKypHajia, TO Bbl COIIACHBI C TPeOOBaHUSIMU
CJIETIOT0 PELEH3MPOBAHMSI, ITOAPOOHEE O KOTOPOM
MOXHO y3HaTh Ha caiite xXypHaia (http://mimmun.ru)
u3 pyopuku PenensupoBanue, B pazneiie «O ZKypuaje».

Bb1 MokeTe 0hoOpMHUTD MOANMUCKY HA XKYpHAT « M eAMIMHCKAS] HMMYHOJIOTHS» Y€epe3 OT/IeJIeHNs CBS3M:

Karanor «YPAJI-TIPECC» — unnekc 42311.
IToanucka HA 3J1€eKTPOHHYIO BepCHIO XKypHaJa Ha caiite www.elibrary.ru
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UNNIOCTPALIUN K CTATBE «OCOBEHHOCTHU NPEAHANUTUYECKOIO 3TAMA NPU KONIMYECTBEHHOM OMNPEAOENIEHWN TREC/KREC
B MNEPU®EPUYECKOU KPOBU» (ABTOPbI: CAUTTANIMHA M.A., OCTAHKOBA 10.B., CE[IbIX A.B., TOTOIAH APET A. [c. 1441-1452])

ILLUSTRATIONS FOR THE ARTICLE "FEATURES OF THE PRE-ANALYTICAL STAGE IN QUANTITATIVE DETERMINATION OF TREC/KREC
IN PERIPHERAL BLOOD" (AUTHORS: SAITGALINA M.A., OSTANKOVAYU.V., SEDYKHA.V., TOTOLIAN AREG A. [pp. 1441-1452])
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PucyHok 9. Cxema Ans n3yyeHus BNUSHMA 06beMa LieNbHO KPOBM NpW NOATOTOBKE CYXOro NATHa Ha onpegensieMble ypoBHu TREC
n KREC

Mpumeyanue. CneBa HanpaBo KPOBb HaHOCWNK B cnepytowux o6bemax: 50 mkn, 100 mkn, 150 mkn, 200 mkn, 250 mkn, 300 mkn.

Figure 9. Schematic for studying the effect of whole blood volume during dry spot preparation on detectable TREC and KREC levels
Note. From left to right, blood was applied in the following volumes: 50 uL, 100 L, 150 pL, 200 L, 250 pL, 300 pl.
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PucyHok 11. Koppensums yposHen TREC, paccuntanHbix B npobax [IHK, akcTparpoBaHHbIX U3 kapT [aTpu, NPOnMTaHHbIX pasHbIMU
06 bemMamu KpoBH, NONYYEHHON OT OAHOTO U TOTO e MHAMBUAYYMA

Figure 11. Correlation of TREC levels calculated in DNA samples extracted from Guthrie cards soaked in different volumes of blood obtained from
the same individual
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PucyHok 13. Koppensuus ypoBHeit KREC, paccuutanHbix B npobax [AHK, akcTparnpoBaHHbIX U3 KapT [aTpu, NponMTaHHbIX pa3HbIMK
06bemMamu KpoBH, NONY4YEHHON OT OAHOTO U TOTO e MHAMBUAYYMA

Figure 13. Correlation of KREC levels calculated in DNA samples extracted from Guthrie cards soaked in different volumes of blood obtained from
the same individual



ISSN 1563-0625

0620021>

563

9771




