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FTAMMA-OENDbTA (y6) T-KJIETKU: TPOUCXOXXAEHUE,
GHEHOTUN, DYHKLUU
Coxoaos /LI

DI'BHY « Hayuno-uccaedosamenvckuii UHCMumym axyuepemed, sUuHeKoA02UU U penpooyKmonocuu umeHu

.0. Omma», Cankm-Ilemepoype, Poccus

DHYH «Canxkm-Ilemepbypeckuii HAQy4HO-UCCACO08AMENbCKUI UHCIMUMYM SNUOEMU0A0UU U MUKPOOUON02UU UMEHU
Tacmepa» @edepanvroii cayxucovl no Had30py 6 cghepe 3auumst npag nompeodumeneil U 61a20N0AYHUs 4eA08eKa,
Cankm-Ilemepbype, Poccus

Pe3iome. BaxHeiiieit dbyHkiueit ydT-KIETOK SIBASIETCS KOHTPOJIb 32 PEaKIIMSIMU BPOXKJIEHHOTO U ajarn-
TUBHOTO MMMYHHUTETa. DTU KJIETKHA TaKXKe YJYacTBYIOT B IIPOTHMBOOAKTEPUAIbHOM, ITPOTHBOBUPYCHOM,
TIIPOTUBOOITYXOJIEBOM UMMYHUTETE, PETYIUPYIOT BOCITAJICHUE, OMPEACIISIIOT TOMeOoCTa3 OapbepHBIX TKaHE,
PeTYJMPYIOT B3aMMOJIEMCTBUE KJIETOK B 30HE MAaTOYHO-IUIALIEHTAPHOTO KOHTAKTa U OCYIIIECTBIISIIOT HaI30pD
3a TeYeHUEM OEPEeMEHHOCTH, YJYaCTBYIOT B MaTOreHe3¢ ayTOMMMYHHBIX 3a00JIeBaHU, YJaCTBYIOT B paHO3a-
KUBJICHUH, TTOAASPKUBAIOT IIEJIOCTHOCTD SITUTEIIHSI. 3a IMMOCIeIHNE TOBI B TUTEPATyPe TTOSIBUIOCH OOJIBIIIOE
KOJIMYECTBO JAHHBIX O MHOTOOOpa3uu cyomnoryisiiuii Y3 T-KIeToK, MOpoi MPOTUBOTIOIOXKHBIX, VJIN JTaXe
aHTarOHUCTUYECKMX, POJIM 3TUX CYONOITYJISIUiI B (DU3UOJOTMUECKUX U MaTOJIOTUYEeCKUX Tiporeccax. [1o-
3TOMY 1I€JIbIO HACTOSIIIEro 0030pa sIBUJIach CUCTEMAaTHU3allusl TaHHBIX O Ouojoruu yoT-KJIeToK, ux Mpouc-
XOXXAeHUHU, (peHOTUIIE, GYHKIMSIX U CIIOCO0ax MPUMEHEHHS B KIIMHUKE. B 0030pe n3moXeHbl COBpeMeHHBIS
MPEICTaBIICHUST O TIPOUCXOKAEHUM YO T-KIIETOK, CTAAUSIX UX BHYTPUTUMUYECKOU nrudhepeHIIMPpOBKY, BO3-
MOXHOCTSIX BHETUMUYECKO# TpaHCcIn(GepeHIIMPOBKY OMHUX CYOITOMyJIsIlinii B apyrue. B 0o630ope npusene-
Ha coBpeMeHHas Kjiaccudukanusi cyonomnyasiiuii yoT-KIeTok yeloBeKa, OCHOBaHHasi Ha 9KCIIPECCUU Y- U
d-1rerteit T-KI€TOYHOIrO perenTopa, OnucaHbl (DEHOTUIT M CBOMCTBA HanuboJiee pacIIpOCTPaHEHHBIX IMOITY-
it Vol, Vé2, Vo3 T-xiterok. [MpuBenena knaccudukaims ydT-KIIeTOK yejloBeKa, OCHOBaHHAsI Ha Mpo-
TYKIIMY UMY IIUTOKMHOB M 3KCIPECCUU BHYTPUKIIETOUYHBIX MECCEH/IKEPOB, TTOJPOOHO OIMMCaHbl CBOMCTBA
1 QyHKUMU Hanbosee u3yyeHHbIX cyononyasauuit: ydT1, y86T17, ySNKT, ydTreg, y6Tpc, yOTth. B 0630pe
ocoboe BHUMaHUe yaesseTcs (GeHOTUITYy Pa3JIUYHbBIX MOTYJISIIIUKI, CEKPEIIUU UMW [IUTOKUHOB, TIPUBOJSITCS
JTAaHHBIE 00 DKCIIPECCUM TTOBEPXHOCTHBIX PelenTopoB Y3 T-KIeToK yeaoBeKa 1 ux pyHKIusIx. B yactHocTH,
paccMOTpeHbI OCOOEHHOCTU CTPOSHUSI M JIUTaHAbI YO T-KJIIETOUHOTO pELeTiTopa, a TakKe pelenToOpbl, KOH-
Tponupytomue ux aktuBHocTh (LIRB1/ILT2, KIR2DLI1, KIR2DL2/3, KIR2DL4, KIR2DS1, KIR2DS2,
KIR3DL2, KLRDI1, NKG2A, NKG2C, NKG2D, NKG2F, NKp30, NKp44, NKp46, KLRC3, DNAMI,
KLRG1/MAFA, FcyRIII, BTLA, PD1, TIGIT, VISTA, LAG3, TIM3, CTLA-4, 2B4, NK1 (NK28), KLRBI,
TLRI1, TLR2, TLR3, TLRS5, TLR6, TLR7, TLR8), UMTOTOKCUYHOCTb B OTHOLIEHUM KJIETOK-MUIIEHEN, Xe-
mokuHoBbeie CCR1, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCR9, CCR10, CXCR1, CXCR2, CXCR3,
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CXCR4, CXCRS5, UMTOKHMHOBBIE W aAre3MOHHbIE pelienTopbl. B 0630pe npuBeaeHa nHdopmalys oo yda-
ctum cyornonyasiuuii ydT-KIeToK yeloBeKa B pa3InyHbIX (PU3UOJOTrMUYECKUX U MAaTOJIOTUYECKMX MTpolieccax,
OTMEYeHa MX HeOJHO3HauHasl poJib B HAI30pe 3a OITyXOJIeBbIM pocToM. Ha OCHOBaHUM OMUCaHHBIX JTaHHbIX
TIPUBOJSITCSI CBEACHUSI O BO3MOXHBIX TEPCTIEKTUBAX MMPUMEHEeHUSsT YO T-KJIeTOK B Tepanmuu HEKOTOPHIX 3a-
OoJIeBaHUIA.

Karouesuie cnosa: yd T-knemku, aumgoyumol, peHomun, yumomoxKcuuHoCms, yumokuHsl, ouggepenyuposka

GAMMA DELTA (y5) T CELLS: ORIGIN, PHENOTYPE,
FUNCTIONS
Sokolov D.I.

D. Ott Research Institute of Obstetrics, Gynecology and Reproductology, St. Petersburg, Russian Federation
Saint Petersburg Pasteur Institute, St. Petersburg, Russian Federation

Abstract. The primary function of y3T cells is to regulate the responses of innate and adaptive immune
systems. These cells also play a role in antibacterial, antiviral and antitumor immune responses, regulate
inflammation, maintain homeostasis in barrier tissues, control cell interactions in the uteroplacental interface,
monitor pregnancy progression, contribute to the pathogenesis of autoimmune disorders, participate in wound
repair, and maintain epithelial integrity. Over recent years, numerous data were presented on the diversity of
voT cell subpopulations and its role in physiological and pathological processes, sometimes being controversial,
or even antagonistic. Hence, the purpose of this review was to systematize data on the biology of y3T cells,
including their origin, phenotype, functions, and approaches to their clinical application. The article presents
modern concepts regarding the origin of ydT cells, stages of their intrathymic differentiation, and extra-thymic
potential for trans-differentiation of some subpopulations. The review presents a modern classification of
human y3T cells based on expression of y- and d-chains of the T cell receptor, their phenotype and describes the
properties of the most common populations of V31, V52, V83 T cells. Classification of human y3T cells based on
their cytokine production and expression of intracellular messengers is proposed, the properties and functions
of the most studied subpopulations are described in details: ydT1, ydT17, ydNKT, ydTreg, ydTAPC, ydTth.
The review pays special attention to the phenotype of various populations, their ability for cytokine secretion,
and provides data on expression of surface receptors of human y3T cells and their functions. In particular, the
structural features and ligands of the ydT cell receptor, are addressed as well as specific receptors controlling
their activity (LIRB1/ILT2, KIR2DL1, KIR2DL2/3, KIR2DL4, KIR2DS1, KIR2DS2, KIR3DL2, KLRDI,
NKG2A, NKG2C, NKG2D, NKG2F, NKp30, NKp44, NKp46, KLRC3, DNAMI1, KLRG1/MAFA,
FcyRIII, BTLA, PDI1, TIGIT, VISTA, LAG3, TIM3, CTLA-4, 2B4, NK1 (NK28), KLRB1, TLRI, TLR2,
TLR3, TLRS5, TLR6, TLR7, TLRS8), cytotoxicity against target cells, chemokines CCR1, CCR2, CCR3,
CCR4, CCR5, CCR6, CCR7, CCRY9, CCR10, CXCR1, CXCR2, CXCR3, CXCR4, CXCRS35, cytokine and
adhesion receptors. The review provides information on the participation of human y3T cell subpopulations
under various physiological and pathological conditions, and their role in the tumor surveillance. On this basis,
possible prospects for usage of y8T cells in the treatment of distinct diseases are also discussed.

Keywords: y8T cells, ymphocytes, phenotype, cytotoxicity, cytokines, differentiation

Pa6ora nomxnepxarna rpantom PH® 25-24-00028.

BeeneHue

Cpeau T-n1umM@OLUTOB BbIACSIIOT IBE CYyOIO-
nyasaoun: 1) kmaccuueckne T-TMM@OIUTHI, 3KC-
npeccupymwoliue T-kinerounsiit peuentop (TCR) u3
a- u B-ueneit (affT); 2) ydT-knaeTku aKcOopeccupy-

woue yYOTCR, ob11iee KoaM4yecTBO KOTOPBIX MO pa3-
HBIM olleHKaM cocTasisieT ot 0,5% no 5,0% ot Bcex
T-numdonuton [298]. HecMoTpst Ha Takyio HEMHO-
TOYMCIIEHHOCTb, TPEICTaBUTEILCTBO B OIIpeesIeH-
HBIX TKaHsSX W opraHax y3T-KJIETOK BBITJISIIUT J0-
BOJILHO 3HAYUTEJbHBIM. YCTAHOBJICHO, UYTO WX JTOJISI
oT Bcex T-muM@o1nuToB B AeMAYyaIbHONH O000JOUKEe
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¥ B CIIM3UCTON KUIIIEUHUKA COCTABJIsIET OKoJio 60%,
B lamina propria — nnpeBbiiiaeT 40%, B Koxe — oT 15%
1o 30% [50, 165, 249]. I1o pa3HbIM JaHHBIM B KPOBU
nouist yOT-KIeTOK MOXET COCTaBsATh OT 5% no 15%
oT Bcex T-TuMOILIMTOB, YBEIMIUBASICH TIPU pa3Ind-
HbIX UHpekuusax 1o 50% [263]. ydT-kieTku Takxke
pacrnosarailTcsl B CeJie3eHKe, TeYeHU, B CAU3UCTOMN
000JIOUKE OBIXaTeJIPHOTO M PEIIPOAYKTUBHOTO TpaK-
Ta [62, 196]. Baxueitmeii ¢pyHkumein ydT-kieTok
SIBJISIETCSI KOHTPOJIb 3a pPeaKlMsIMHU BPOXICHHOTO
M aganTuBHOro mMmmyHurera [31, 146]. Dtn kier-
KM TakKXXe YJacTBYIOT B MNPOTMBOOAKTEPUATBLHOM,
MPOTUBOBUPYCHOM, MPOTUBOOITYXOJIEBOM WMMYHM-
tete [95, 142, 196], peryaupyloT BoclajieHue, ompe-
NIeJISIIOT romMeocTa3 GapbepHbIX TKaHei [187, 196],
PEryJupyroT B3aUMOAECTBYE KJIETOK B 30HE MaTO4-
HO-TUTAlICHTApHOTO KOHTAKTa M OCYIICCTBIISIOT Hal-
30p 3a TeueHueM depeMeHHOoCTH [86, 234], yyacTBy-
IOT B IaTOr€He3e ayTOMMMYHHBIX 3a00JieBaHuid [173,
174], y9acTBYIOT B paHO3a>KMBJICHWUU, TTONICPKIBA-
IOT LIEJIOCTHOCTh anuTenus [238].

PacrniozHaBaHue aHTureHa yoT-KjieTKaMu He 3a-
BUCHUT OT IIPE3CHTAIINY aHTUTEHA B COCTaBE MOJICKYJT
MHC, 4Tto paciupsieT uX BO3MOXKHOCTU B peau3a-
AU pa3IWYHbIX peakluii uMMyHHOTo oTBeTa [10,
264]. bnarogapst aTomy Y8 T-KJIeTKA BOCTIPUHAMAIOT
0oJiee UPOKUIA CIIEKTP aHTUTEHOB, BKJIIOYas 9K30-
TeHHBIE U DHAOT€HHBIE, Ay TOAHTUTEHBI M 9y>KEPOTHbBIC
BemiecTBa [147, 212, 219], cTpecc-uHAYIUPOBAaHHBIC
aHTUTEHbI, (hocHOaHTUTEHBI U APYTUE HEMENTUIHBIE
monekyabl. [Ipu 3ToMm, B otuuue ot afyT-KIeToK,
IIJTST y4acTusl B PETyJIsiiiuid UMMYHHOTO oTBeTa yoT-
KJIETKU MOTYT ObITh aKTUBHUPOBaHbI €NUHCTBEHHbBIM
curHajioMm [48]. ydT-kneTku MOryT pacrio3HaBaThb
MUKPOOPTaHU3MbI U UHOUIIMPOBAHHbBIE WU TPAHC-
(dopMUPOBaHHbBIE KJIETKHU X03sIMHA [79] 1 MpOSIBISATH
MPSIMYIO IMTOTOKCUYECKYIO aKTUBHOCTD 32 CUET BbI-
CBOOOXKIIEHHUSI TPAaH3UMOB U TIep(OPUHOB, BOBJICUYC-
Hus Fas/FasL unu TRAIL penientopoB, MpOayKIIMU
TNFa [106]. Bojee Toro, oHM Tak:ke MOTYT TeHEepU -
poBaTh KJIETKU MaMSITH, ICHCTBYS KaK agallTUBHBIC
uMMYyHHBbIe T-knetku [141].

C npyroii cTopoHbl, Y8 T-KIETKM UMEIOT perern-
TOpPHl BPOXICHHOTO WMMMYHHUTETa, OOeCIIeunBasi
PaHHIO UMMYHHYIO 3alllUTY JaXe MPUu OTCYTCTBUU
npeaBapuTeIbHOrO BO3AENMCTBUSI aHTuUreHa |[147,
212]. OHmM peanu3yloT HecleIUuPUUIEeCKylo IIUTO-
TOKCUYHOCTh B OTHOIIEHUM MHUIIEHEeH, orocpe-
JIOBAHHYIO pEleTITOpaMU  €CTECTBEHHBIX KUJLIe-
poB (NKR — natural killer cell receptor) [140, 301],
aHTUTEJIO3aBUCUMYIO 3aBUCHUMYIO KJIETOYHYIO IIM-
ToToKCMYHOCTh (A3KIL) [90]. YcraHoBieHO, 4TO
yoT-kineTku wmoryt ¢arouuTUpoBaTh YACTULIBI U
JeliCTBOBaTh KaK MpodecCuoHalbHbIE aHTUTCHIIPE-
3eHTUPYIOLIUE KIEeTKU [7]. DTU KIETKU CEKpPEeTU-

PYIOT MHOXECTBO LIMTOKMHOB [298] u omnpenensitor
aKTUBHOCTb MHOXKECTBa KJIETOK MUKPOOKPYKEHUSI,
B TOM 4ymcJie MaKpodharoB, €eCTEeCTBEHHbBIX KUJJIEPOB,
NEeHIPUTHBIX KJIeToK U o T-nmumdonutos [29, 135].

3a mociiemHWEe TOOBI B JUTEpAType ITOSIBUIOCH
00JIbIIIOE KOJIMYECTBO JaHHBIX O MHOroo0pa3uu cyo-
nonynasauuit ydT-KIeTok, Mopoil MPOTUBOMOIOX-
HBIX, WJIN JaXKe aHTaTOHUCTUIECKHNX, POJIM 3TUX Cy0-
HOMYJISILMI B (PU3MOJOTUYECKUX 1 TTaTOJTOTMYECKUX
mpoleccax; IOSIBUJIMCh CBEICHUS O NPUMEHEHUU
3TUX KJIETOK B Tepaliuid B OCHOBHOM OITYXOJICBBIX
3a0oneBaHuii. [ToaToMy Liesiblo HACTOSIIEr0 0030pa
SIBWJIACh CUCTeMaTU3alusl TaHHbIX 0 6uojoruu ydT-
KJIETOK, X MPOUCXOXICHUH, (PeHOTHUTIC, (PYHKITUSIX
U CIoco0ax MpUMEHEHUST B KIMHUKE.

1. ITpoucxoxaenue yOT-Knerok

Hau6onee nmonHo npoucxoxiaeHue n guddepeH-
upoBKa YO T-KIJIETOK M3y4yeHbl HAa MBILLIMHON MoOJe-
au[83]. ConpeneneHHbIMU IOITYILEHUSIMU ITOJIararoT,
9TO 3Tanbl X AUPdEepeHITMPOBKY B TUMYCE YeTOBEKA
WMEIOT CXOIHBIN xapakTep. YO T-KIeTKU pa3BUBaIOT-
¢s1 B TUMYyce 13 T-KJIeTOK-TIpeAlIeCTBEHHUKOB, TTPO-
HMCXOISIIINX N3 TEMOITO3TUICCKIX CTBOJIOBBIX KJIIETOK
KocTHOTO Mo3ra [204]. MexaHu3Mbl peKOMOWHALIUU
yOTCR V(D)J nogpoOGHO onrcaHbl B pa3IUYHbIX pa-
6otax [51, 97, 235, 296]. bonbmumHCcTBO Y8 T-KIIeTOK
TMOKWAAOT TUMYC Ha CTaauy ABOMHOM HETraTUBHOM
(DN) knetku (DN2-DN3). Hekotopsie ydT-kiieTKU
npoxoasaT crtaagud DN 1 ABOWHONM ITO3UTUBHOI
(DP) xnetku unu DN, DP u ongHono3utusHoii (SP:
CD4" mmu CD8*) kimerku [12, 159, 179]. B mepude-
pUYECKOl KpOBM 4eJioBeKa oOHapyxuBaroT DP u
SP ydT-keTku, mpyu 3TOM Cpenu TMepevyrcIeHHBIX
(eHOTUNOB HauboJiee pacrpoCTpaHEHHBIM Yy Ye-
noseka sisitorcss CD8*yoT-kierku [214, 251]. Ha
MBILIMHON MOAEIU MOKa3aHo, YTO B YCIOBUSIX NUb-
(depeHLIMPOBKU B TUMYyce Tepenadya curHaioB TCR
06e3 curHaima Notch crmoco6cTByeT 00pa30BaHUIO
yoT-xnerok. Haob6opot, Huskuit curian TCR mnipu
OJITHOBPEMEHHO CUJIbBHOM CUTHaysimHre yepe3 Notch
crioco0cTByeT obOpazoBaHuio ofT-kieTok [294].
JHuddepeHurpoBka ydT-KIeTOK 4YeaoBeKa MOXET
uatu no Notch-HeszaBucumomy DN-nyTH, pesynb-
TaTOM KOTOpOro OyaeT oOpa3oBaHue 3peiibix DN u
SP (CD8") ydT-knetok. Hanporus, auddepeHiu-
poBka yoT-kiieTok yesoBeka mo Notch-3aBucumomy
DP-niytu npuBoauT K oOpa3oBaHUIO cHayaja He-
3penbix CD4"SP-kiertok, a 3ateMm 3penbix DP yoT-
Kietok [214, 250]. CnenyeT OTMETUTD, 4TO poiab CD4
wi CD8 B pacniodHaBaHuu aHTUreHa ydT-kieTkamu
JIO CUX MOP HE SICHA.

IMepBoHavanbHO cpean YOT-KJIETOK BBIAEISIIU
nBe cyonomynsituu: Vol u Va2 [4]. ydT-kieTku Briep-
BbIe OOHAPYKMBAIOTCSI Ha 5-6-i1 Hexee bepeMeHHO-
CTHU B MEeYEHU TJI0/1a 1 yepe3 8 Heaellb B Tumyce [ 143,
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145]. B cepenuHe GepeMEHHOCTU NPOAYLIUPYIOIIUE
IFNy V382 T-knetku SBISIIOTCS Tpeobiianaroiieit
nonynsuuei [54, 282]. Ilpu poxxaeHUU B TUMYyCE U
B MYNOBUHHOW KPOBU JTOMUHUPYIOIIEH MOy~
el sBisiercst V81 T-kietku [265, 282]. INonaraior,
yro V62 T-knerku mnoaBeprarorcss (QeHOTUIuYe-
CKOMY CO3PEBAHMIO BCKOpPE I10C/IE poXAeHUs [265].
I1o Mmepe B3pocieHus peobdiagaroleii Cyornomyisi-
el B nepudepruueckoit KpoBU cTaHOBATCS VYIVE2
T-xnetku [144].

OcobeHHocTH pa3BuTust Vy9Vo2 T-KkIeToK B THU-
Myce K HACTOSIIEMY BPEMEHU U3YYeHbl HEA0CTaTOU-
Ho. PazButne Vy9V52 T-kIeTOK COMpPOBOXIAETCS
M3MEHEHMEM SKCIIPECCUM ITOBEPXHOCTHBIX DEIICII-
TOPOB, CEKPELIMM XEMOKWHOB U BHYTPUKJIETOUHOI
BKCIIpeccur (PaKTOpOB TPAHCKPUITLIHNU. BBIIEISIIOT
cnenytotue 3tanbl auddepeHunpoBku ydT-KieTok
B MOCTHATaJIbHOM TuUMyce: 1) KJIeTKu ¢ (PeHOTUTIOM
CD4*CD1617°v; 2) xietku ¢ peHotunom CD4
CD161-; 3) kinetku ¢ peHotunom CD4-CD1617[144].

B nepudepuueckoii KpoBu 4enoBeka mocie 45
JIET CHOBA TIPOUCXOAWUT MHBEPCUS COMEP>KaHUSI CyO-
nonyngauuit ydT-knerok: konmuyectBo Vol T-kieTok
yBeJIMYUBaeTCs, a KonuectBo Vo2 T-kieTok mana-
et [92]. I[IpuuuHbl Takoro ¢pusnogorunyeckoro de-
HOMEHa HWHBepcuu cyononyinsauuit ydT-KJIeToK B
TeUYeHUeE KU3HU 0 CUX MOP He ycTaHOBJIeHbI. Creny-
€T OTMETHUTbh, UYTO TP PA3TMIHBIX MATOJIOTHICCKIX
COCTOSIHUSIX TaK:Ke HaOJIIogaeTCsi MHBEPCUSI CyOIro-
nynasiunii ydT-KJIeTOK B CTOPOHY npeodsiananust Vol
T-xieToK, HaIIpuMep IIPU CUCTEMHOM KpacHO BOJI-
yaHkKe [292], pakoBBIX 3a001eBaHUSIX 1 MHQEKIINIX
(renatut C, CMV-undekuus, BUY-unbekuus [60,
189]), u ee CBSA3BIBAIOT C MPEUMYIIIECTBEHHBIM pa3-
MHOXXEHHMEM OTHOM M3 IBYX IOITYJSILINMA IIPU MaToO-
JjoruyeckoM mpoiiecce. CiaeayeT OTMETUTh, YTO UH-
BepCUsl B CTOPOHY IpeodiagaHus Vol obecrieunBaeT
du3noorNYecKoe TeueHne 0epeMeHHOCTH, HAMlpo-
TUB — TIpeobyiagaHue y Mmatepu Vo2 BeAeT K HeBbIHA-
LIMBaHMIO OepeMeHHOCTH [86].

IMocne oxonuwanust auddepeHurpoBku yOT-
KJIEeTKM BBIXOASAT U3 TUMyca B IepudepUIecKyro
KpoBb. B Hacrosiiee BpeMmsi Cpeiau IUPKYJIUPYIO-
mux yOT-KIETOK BBLICISIIOT HECKOJIBKO CyOrmomy-
Jsumii: 1) HauBHble yOT-kneTku; 2) ydT-kieTkwu,
npoayuupytomue IFNy (y8T1) [260]; 3) ydT-
kietku, niponyuupytomue 1L-17 (y8T17); 4) ydT-
knetku, nponyuupytomue [FNy/1L-4 (ydNKT wnu
CD56™8T); 5) ouenb penkue CD47ydT-xkieTku;
6) ouenb penkune CD8™ydT-kinerku. Takke Bblie-
JsitoT (7) ydTreg-kineTku, KOTopble UMEIOT (heHo-
tun CD73*FoxP3*V3a1*™ nu6o CD39*FoxP3*Val*
1 OOHapyXeHBI B IepudepuIecKOil KPOBH, a TaK-
K€ B TKaAHU OITyXOJIM IallMeHTOB C PakKOM MOJIOU-
HoOM xeyie3bl [163, 182] U pakOM TOJICTOM KMIIIKU;

8) y8T spc — AHTUTEHITPE3CHTUPYIOIINE KISTKH [16];
9) ydT2 (nmpomyuupytoiue 1L.-4, y yenoBeka onuca-
HBI TOJIbKO TIpu nuddepeHInpoBKe in vitro) [260];
10) y6T1/ydT17 (mpomyuupyromue kak [FNy, tak u
1L-17); 11) y8Tfth-knetku [6]; 12) ydT9 (mmpomymu-
pytomue 1L-9, y yemoBeka omnucaHbl TOJbKO IIpU
nudpdepeHpoBKe in vitro) [180].

2. @enorun Yo T-KaeToK

Paznuuynbie cyononynsiunn  yOT-KIeToK 3Kc-
MPECCUPYIOT Ha CBOEW TOBEPXHOCTU MHOXKECTBO
Pa3IMYHBIX pelenTopoB (Tadi. 1, 2 u 3), onpeness-
IOIIMX UX (DYHKIMOHAJIbHYIO aKTUBHOCTb. Cynbba
LUPKYJIUPYIOIIUX B KPOBOTOKE YO T-KJIETOK ompee-
JISIeTCsI KOMOMHAIIUE XeMOKITHOB B MUKPOOKPYKe-
HUM, DKCIIPECCUPYEMbIX 3TUMU KJIETKaMU, U MOJe-
KYJI aire3UM 1 XeMOKMHOBBIX PEIIeNITOPOB, KOTOPhIE
KOHTPOJIMPYIOT MUTPAIINIO B KOXKY, CIU3UCTYIO 000-
JIOUKY U KUIIEUHUK, a TAKXKE OMpeaesIsiioT, OCTaHyT-
Csl JIM OTU KJIETKW B KaUeCTBE PE3UIECHTHBIX KIIETOK
WA BEPHYTCS B LIMPKYJISIINIO.

VY yesloBeKa Ha OCHOBAHMUU PACIIOJOXKEHMSI, IKC-
MpEeCcCcCuu d-1enei, IKCIPEeCCUM OMpeIeIeHHbIX Te-
HOB, (peHOTUITAa U (DYHKIIUI BBIACISIOT CICIYIOIINE
nomnyasiuu ydT-kieTok: 1) V81 — 3Tu KJIeTKU 00-
Hapy>XXeHbI B HEOOJIBIIINX KOJIMYECTBAaX B KDOBOTOKE,
a TaKKe COCTAaBJSIOT BHYILIMTEIBHYIO JTOJIO CPEAN
T-aum@ouuTOB B Te4YeHU, cele3eHKe, KUIIeYHU-
Ke, lepMe U 3KCIIPECCUPYIOT pa3IMIHbIe BapUAHThI
y-ueneit: Vy2; Vy3; Vy4; Vy5; Vy8; Vy9; 2) Va2 — y
B3pOCJIOTO yejioBeKa 10 45 JIeT 3TO MaxKopHasi cyo-
HoNyJIIuus B TepUPEpUISCKON KpPOBU, KIETKHU
KOTopoii akcmpeccupytor Vy9-miensn; 3) Vo3 — atn
yOT-KIETKM HaXOAsATCs B MEUYEHU U B KUILIEYHUKE,
a Takke B HE3HAYUTEJIbHBIX KOJIMYecTBax oOHapy-
KCHBI B mepudepruIecKo KPOBU, 3KCIIPECCUPYIOT
Vy2- u Vy3-uenu [103, 261] u pacno3HalT Te Xe
guranabl, uto 1 V81 [198]; 4) Vé4, V86, V&7 — ot
KJIETKM OOHapyXXeHBI B TepudepUISCKON KpOBU
MalueHToB ¢ JuMdoMoll u skcrnpeccupyror Vyl-
uensb [257]. [Monaratot, uto mist Vol B OoJibliieii cTe-
MEeHM XapaKTepHBI (DYHKIIMU KJIETOK amallTUBHOTO
MUMMYHUTETA U CIOCOOHOCTb OOPa30BbIBATh KJIETKU
«I1I0J00HBIC MaMSITH», TOrga Kak ajis Vo2 0oJjiee xa-
pakTepHBI MPU3HAKKN KJIETOK BPOXKICHHOIO MMMY-
Huteta [40, 190].

Tak xe kak u cpenu ofT-muMbOUUTOB, cpeau
yOT-1TMMGOOLUUTOB BBIIEISIOT CJEAYIOIIUE CYyOIT0-
nyasuuu: 1) T,,,. — HauBHbIE KJIETKU C (heHOTUTIOM
CD45RA*CD27*; 2) T¢y — KIETKM LEHTPATBbHOMN
namaTtu ¢ peHoruriom CD45RA-CD27*, He obnana-
o1ue 3pGheKTOPHBIMU CBOMCTBAMM U 3KCIIPECCU-
pylolie pelenTopsl JUIsi MUTpaliuu B JIMMdaTuie-
ckue y37bl; 3) Ty — Ki1eTku 3 OEKTOpHOM maMsITh
¢ deHoturiom CD45RA-CD27-; 4) Tryra — TEPMU-
HaJIbHO nuddepeHInpoBaHHbIE KJIETKU C (peHOTU-
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TABIULA 1. MOBEPXHOCTHbIE PELIENTOPbI y5T-KNETOK
TABLE 1. RECEPTORS ON THE CYTOPLASMIC MEMBRANE OF y3T CELLS

PeuenTop Monynauua yoT Nuranpg PyHKUMA
Receptor ydT population Ligand Function

Annexin A2 [98, 138],
CD1a [258], CD1d [134],
CD1c [206];
BTN3A1 [171, 210],
BTN2A1 [100, 200],
BTNL3 [100, 268];

EPCR [267];
YKa3aHHbIe nuraHabl EphA2; Mpwu cBaA3bIBaHMU
onucaHbl npenmyilectseHHo | HLA-A24 [34], HLA-B27-ci [46], C NMUraHaoM UHULMUpyeT
ansa Vé1 u V82, peako HLA-A2 [225], HLA-A*24:2 nponudepauuto, CeKpeLmro
ANA Apyrux nonynsauumn [105], HLA-A2/MART-1 [10]; umMToKuHOB (IL-2, IFNYy, IL-17),
ydTCR ydT-kneTok hMSH2 [220]; LUTOTTOKCUYHOCTb [224]
These ligands are described MR-1; Upon binding to the ligand, it
mainly for V31 and V&2, bacillus Calmette-Guérin initiates proliferation, cytokine
rarely for other populations of Protein Antigen [279]; secretion (IL-2, IFNy, IL-17),
yoT cells MICA/B, ULBP4 [75] cytotoxicity [224]
staphylococcal

enterotoxin A [207];
mycobacterium tuberculosis
Superantigen [278];
listeriolysin O peptide [76]
peptide from Tetanus

toxin [82, 111]
Aparesus
CD2 (LFA-2) Vy9Va62 [139] CD58, CD48 [156] Adhesion
NMpoBepeHue curHana
B crnyyae coeauHeHus ydTCR
CD3 5T T-numdoumnTapHbIn Mapkep C NUraHaom
i T lymphocytic marker Conducting a signal in the case
of binding of ydTCR with
a ligand
HeT paHHbIX HeT paHHbIX
CDh4 Va3 [41, 134] No data No data
HeT paHHbIX HeT gaHHbIX
D8 Va3 [41, 134] No data No data
CD11a/CD18 ICAM-1, ICAM-2, Apresus
(LFA-1) Vy9Vs2 [139] ICAM-3 [23, 24, 156] Adhesion
AHTUTEeno3aBucumMas
KNeToYHas KreTo4yHas
CD16 (FcyRIIl) V31, Va2, V63 [60, 123, 244] 19G LUUTOTOKCUYHOCTb
Antibody-dependent cellular
cytotoxicity
v8T B coctaBe PBMC [226],
V31, V32 [127], ydT B cocTtaBe
} PBMC [226] ) Mponudepauusn
CD25 (IL-2Ra) y8T as part of PBMC [226], IL-2 Proliferation
V381, V82 [127], y8T as part
of PBMC [226]
AundbcbepeHumpoBka,
CD27 V62 [42] CD70 KIflOHarnbHas aKcnaHcus
Differentiation, clonal expansion
OndcpepeHumpoBka,
CD28 V62Vy9 [256] CD80, CD86 nponudepaumsa

Differentiation, proliferation
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Tabnuua 1 (npodomxeHue)
Table 1 (continued)

PeuenTop
Receptor

Monynauus yoT
vdT population

INuranpg
Ligand

DyHKUMA
Function

CD30

ydT-kneTouyHasa numcoma [74]
yoT cell lymphoma [74]

TRAF2, TRAF5

AKTUMBUpYET B KneTke-
muweHu NF-«xB
Activates NF-xB
in the target cell

CD38

V51 [109], V83 [41]

CD31

MpoayKumnsi LUTOKUHOB
Cytokine production

CD39

Va1, Va3 [41, 128]

AT®, AO®, UTP n UDP
ATP, ADP, UTP and UDP

OKTOHyKneoTnaasa,
KOTOpasi KaTanusnpyer
rupponus y- n B-choccaTtHbix
ocTtaTkoB Tpudocdgo-

n andoccoHykneosnaos
00 NPOV3BOAHOIO
MoHodochoHyKkneo3naa
Ectonucleotidase,
catalyzes the hydrolysis
of y- and B-phosphate
residues of triphospho- and
diphosphonucleosides to
a monophosphonucleoside
derivative

CD45

voT

MaHnerKoLUTapHbIA MapKkep
Panleukocytic marker

CD52

V51 [109]

ITIM (MHrMOUpYOLLMIA MOTUB
MMMYHOpPELIENTOPOB Ha
OCHOBE TUPO3UHa), HeCcyLmin
TNeKTUH, CBA3bIBalOLWUMA
CuarnoByto KUCIOTY
SIGLEC10
ITIM (tyrosine-based
immunoreceptor inhibitory
motif), carrying lectin binding
sialic acid SIGLEC10

Mapkep 3penbix
nMMdoLNTOB, CHUXKAET
BepPOATHOCTb aare3uun
Marker of mature lymphocytes,
reduces adhesion

CD70

V52 [42]

CDh27

AundcbepeHumpoBka,
KNoHanbHas aKcnaHcusa
Differentiation, clonal expansion

CD71

V51 [109]

TpaHcdeppuH
Transferrin

TpaHcnopT TpaHctheppuHa
B KNETKy NyTem 3HA0oLUTO3a
Transferrin transport into
the cell by endocytosis

CD73

Va1, Va2 [8, 27]

AM®
AMP

Mpeo6pasoBaHus AM®
B af€HO3WUH
Conversion of AMP
to adenosine

CD56

V51 [60], V83 [134]

Neural cell adhesion
molecule (NCAM), mapkep
NPUHaANeXHOCTU K
cy6nonynsauun ySNKT
Neural cell adhesion molecule
(NCAM), a marker of belonging
to the ySNKT subpopulation

CD57

V1 [60]

Mapkep TepMuHanbHomn
anddepeHumpoBku [164]
A marker of terminal
differentiation [164]
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Tabnuua 1 (npodomxeHue)
Table 1 (continued)

PeuenTtop
Receptor

Monynauusa y8T
vdT population

Nurang
Ligand

DyHKUMA
Function

CD69

y8T B coctaBe PBMC [60,
226], Vo1, V62 [127]
v8T as part of PBMC [60, 226],
Va1, Va2 [127].

Gal-1

Mapkep paHHeln akTuBauuu
numdouunToB, perynupyer
cekpeuuio IFNy, IL-17
n IL-22 [33]

A marker of early activation
of lymphocytes, regulates the
secretion of IFNy, IL-17 and
IL-22 [33]

CD80/CD86

Va1, V62 [127]

CTLA-4, CD28

MopynupoBaHue aKTUBHOCTHU
KNETKN-MULLIEHN
Modulating the activity
of the target cell

CD95 (Fas)

V51 [221]

CD95L

Mapkep roToOBHOCTM KIeTKU
K anonTo3y
A marker of cell readiness
for apoptosis

CD95L (FaslL)

Va1 [221]

CD95

AnonTo3
Apoptosis

CD103

V51, V83 (mRNA) [41],
V51 [109]

E-kaarepuH
E-cadherin

Apgresus K anutenuio
Adhesion to the epithelium

CD107a

V51 [60] V51 V52, V3
(MRNA) [41]

Mapkep aerpaHynaumm
B pe3ynbraTe aKkTuBauuu
KNeTKn
A marker of degranulation as
a result of cell activation

CD122 (IL-2Rp)

V51 [109] (MRNA)

IL-2

Mponudepauynsa
Proliferation

CD137

Va1, Vo2, Va3 [41]

CD137L

Mapkep akTuBaumm,
KOCTUMYNATOPHAasA MoreKyna
ANA aKkTMBauum makpodaros
1 OeHAPUTHBIX KneTok [169]

An activation marker,

a costimulatory molecule for the
activation of macrophages and
dendritic cells [169]

CD161

Va1, Vo2, Vo3 [41]

LLT-1

UHrnémuposaHue
Inhibition

CD226

Va1, V52, Va3 [41] (MRNA)

CD112, CD155

Apresuns, nomoraet B nu3uce
KNEeTOK renaToLuensionspHon
KapuuHombl [239]
Adhesion, helps in the lysis
of hepatocellular carcinoma
cells [239]

CD247

V51 [109] (MRNA)

y8TCR

CD {-uenb, obpa3syet ¢ y§TCR
retepogumep [32]
CD ¢ is a chain that forms a
heterodimer with y3TCR [32]

CD272 (BTLA)

V52 [118]

CD160, Bupyc repneca,
LIGHT
CD160, herpes virus, LIGHT

Mpwn cBasbiBaHun ¢ CD160,
BUpYC repneca — UHrMbuuus,
npu cBAA3bIBaHUU
c LIGHT [166]

When binding to CD160,
herpes virus is inhibited when
binding to LIGHT [166]

905



Cokonos /1. U.
Sokolov D.1.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

Tabnuua 1 (okoH4YaHue)
Table 1 (continued)

Peuentop
Receptor

Monynauus yoT
vdT population

Jlurang,
Ligand

DyHKUMA
Function

v5Treg [3] V&1, V63

CD357 (MRNA) [41]

AkTuBauus, nponudepauums,
BbIpabOTKa LIUTOKMHOB,
3awuTa oT anonTtosa
Activation, proliferation,
cytokine production, protection
from apoptosis

GITRL

V51 [109], V82 [81, 127],

HLA-DR V83 [134]

Mpe3eHTaumsa unu
Kpoccrnpe3eHTauusa aHTUreHoB
kak CD4*, Tak u CD8* apT-
numdoumuTtam [14, 151]
Presentation or cross-
presentation of antigens
to both CD4+ and CD8*
ofT lymphocytes [14, 151]

affTCR

CD85J

(ILT2, LILRB1) Vy9Ve2 [125]

Monekynbl MHC knaccal l
MHC Class | molecules

UHrmbmnposaHue
Inhibition

TRAIL V&1, V82 [262]

TRAIL-R1 (DR4), TRAIL-R2
(DR5), TRAIL-R3 (DcR1),
TRAIL-R4 (DcR5)

CessbiBaHue ¢ DR4 nnn
DR5 nHuumuupyet anonto3s
MULLEHMU, CBA3bIBaHUe
¢ DcR1 wnun DcR5 no3Bonsiet
MULLUEHU unsderaTb anonTtosa
Binding to DR4 or DRS5 initiates
apoptosis of the target, binding
to Ddr1 or Ddr 5 allows the
target to avoid apoptosis

Notch V52 [73]

Notch ligands (Delta-like-1,
Delta-like-3, Delta-like-4;
Jagged 1, Jagged 2)

Ctumynsuus
nponudepauuu, CTUMynsauus
LUTOTOKCUYHOCTHU
B OTHOLLUEHMU ONYXONeBOW
KNeTKN
Stimulation of proliferation,
stimulation of cytotoxicity
against a tumor cell

nom CD45RA*CD27-, skcnpeccupyloliyie peLen-
TOPBI 11 BO3BpAllEeHUsI B OYaru BOCHAJIEHUs: OHU
¢J1abo MpeacTaBlIeHbl B IMM@paTUISCKUX y3/1aX, XOTS
B M300MJIMKM NPUCYTCTBYIOT B OYarax BOCIIAJICHWUS,
U NposiBISIOT addekTopHbie GyHKuuM [52, 203].
OTtu cyonomynsinuu ydT-kKi1eToK o0janalT pa3HOH
npoanudepaTuBHONU aKTUBHOCTBIO, a T, 001agawoT
CITOCOOHOCThIO AUGPEPEHLIMPOBATHCSI AaHTUTEHHE-
3aBUCUMBIM 00pa3oM B Ty ¥ Tryra [19]. Hanmpumep,
YCTaHOBJICHO, YTO B HEKOTOPHIX OITYXOJISIX HAXOMSIT-
cs1 Vol T-knetku ¢ peHoturniom Ty, mnm Ty n Vo2
T-xnetku ¢ deHoTunom Tpy uim Tryra [131, 132].

2.1. y8TCR u ezo0 auzandwvt

Peuentop y8TCR, skcmpeccupyeMblii 3TUMU
KJIeTKaMU 1 OIPENeIsIoNIUi UX MIPUHAIJIEXKHOCTb K
otaenbHOMY noakiaccy T-nmuMdonnTos, He TpedyeT
npe3eHTauuu aHtureHa B cocrtaBe MHC. Hecmo-

TpS HA 3TO HEKOTOpbIe cybronysauuu yoT-KieTok
COXpaHWIM CIIOCOOHOCTh pacro3HaBaHUSI HEKOTO-
pbix mosekyn jokyca MHC (HLA) coumu ydTCR
(Tabn. 1) BHE 3aBUCUMOCTHU OT HaJW4YUs TIETITUNA B
coctae MHC [10, 46]. [Tonaratot, yto Takue ydT-
KJIETKU SIBJISIFOTCS aJlJIOPeaKTUBHBIMU [5, 291]. B u-
TepaType He yIaJoCh HATU TOCTAaTOUHO YOSOUTEIb-
HOU WMHMbOPMALlMU O BO3MOXHBIX KOPELENTopax,
HEOOXONUMBIX MJIsI paclio3HaBaHUsSI MO aHaJIOTUU
affTCR. OgHuM U3 BO3MOXHBIX KaHAUIAATOB Ha
GYHKIIMIO KOpelenTopa IIpy paciio3HaBaHUU aHTH-
reHa y0TCR cuurtatoT 0yTupoduInuHbI U OyTUpOobU-
JMHomnono0HbIe MoJieKynbl (Btnl/BTNL) [268], a
takcke CD27 m NKG2D [195]. ITonararot, 94To Ipo-
croro cBg3biBaHUs YOTCR ¢ poaCTBEHHBIM €My aH-
TUTE€HOM [IOCTAaTOYHO JUIsI aKTUBALUU YO T-KIETKU.
CrnenyeT oTMeTUTh, 4TO apPUHHOCTH OOJIBIIMHCTBA
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TABJINLIA 2. XEMOKUHOBbBIE PELIENTOPbI HA y8T-KNETKAX
TABLE 2. CHEMOKINE RECEPTORS ON y8T CELLS

Wtor B3aumopgencTeua peuentopa

Monynauna
Peuentop Jluranpg C NUraHaom
CD yoT . ) .
Receptor ST pooulation Ligand Result of the interaction of the receptor
ol pop with the ligand
CCL3 (MIP-1a), CCL5
(RANTES), CCL7 Mwurpauus B 3oHy BocnaneHus [35]
CCR1 CD191 | Vo1, Vo2 [71] (MCP-3), Migration to the inflammatory zone [35]
CCL23 (MPIF-1)
Murpaumsa B onyxonu: nogxenyao4Has
xene3sa [39], nerkue [47], npeacTaTenbHas
CCR2 CD192 Va1, V62 Xenesa, ne4yeHb, MOnoyvHas xenesa [117]
Migration to tumors: pancreas [39], lungs [47],
prostate, liver, mammary gland [117]
CCL11 (eotaxin),
CCL26 (eotaxin-3), Murpauums B 30Hy BocnaneHus
CCR3 CD193 | V&1, Ve2[71] | CCL7 (MCP-3), CCL13 Mi rati%nuto the areg of inflammation
(MCP-4), CCL5 9
(RANTES)
CCL2 (MCP-1),
CCL4 (MIP-1), CCL5 Mwurpauuma B numdatunyeckue y3nbl
CCR4 CD194 | Vo1, Vo2 [299] (RANTES), CCL17 Migration to the lymph nodes
(TARC), CCL22
Murpauua B nogxenynouHyto xenesy [39],
B NONOCTb cycTaBa Npu peBMaTOMAHOM
aptpute [154], Murpaumsa B nerkue
Va1 [47] CCL3 (MIP-1a), CCL4 npu onyxonwu [47], murpauus B 30Hy
CCR5 CD195 V52 [71]’ (MIP-1B) n CCL5 BocnaneHus [71]
(RANTES) [71] Migration to the pancreas [39], to the joint cavity
in rheumatoid arthritis [154], migration
to the lungs in tumors [47], migration
to the inflammatory zone [71]
Mwurpauuma B anugepmarnbHbIi Crion
KOXu [65], Mmurpauma B cnmsnctble
o6onouku [61, 114], murpauus
Va1 (Tys17) B noaxenynouHyto xenesy [39], murpauus
CCR6 CD196 Va1 ng [71’] CCL20 (MIP-3a) B nerkue npw onyxonw [47]
’ Migration to the epidermal layer of the skin [65],
migration to the mucous membranes [61, 114],
migration to the pancreas [39], migration
to the lungs in case of a tumor [47]
CCR7 CD197 | V&1, V82 [71] CCL19 n CCL21 Murpauus B numdaruueckue y3no! [71]
Migration to the lymph nodes [71]
TOHKMI KULLEYHUK, aNuaepMarbHbIN
CCR9 CDW199 V52 CCL25 cnon koxy [183, 248]
The small intestine, the epidermal layer
of the skin [183, 248]
¥oT MbiLb, Murpauumsa B anuaepmManbHbIN
CCR10 V31 yenoBek CCL27 cnou koxwu [94, 165]
8T mouse, (CTACK) [65, 85] Migration into the epidermal layer
V81 human of the skin [94, 165]
CXCR1 Mwurpauus B 30Hy BocnaneHus [96]
(IL8Ra) cD128 Va1 {71l CXCLS, CXCL6, CXCL8 Migration to the inflammatory zone [96]
CXCR2 IL-8, CXCL2, CXCL3, Mwurpauus B 30Hy BocnaneHus
(IL8RB) CD182 | Va1, Ve2 [71] CXCL5, CXCL1 Migration to the area of inflammation
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Tabnuuya 2 (okoH4YaHue)
Table 2 (continued)

Monynauusa
yoT
ydT population

PeuenTtop

Receptor cD

Nurang
Ligand

Utor B3aumopencTema peuentopa
C nUraHaom
Result of the interaction of the receptor
with the ligand

CXCR3 CD183 Va1, Vs2

CXCL10, CXCLM1

Murpauus B nonoctb cyctaBa npu
peBMaTouagHoMm aptpute [154],
TpaHcaHaoTenuanbHaa murpauums [183],
Murpaumsa B 3o0Hy BocnaneHus [71]
Migration to the joint cavity in rheumatoid
arthritis [154], transendothelial migration [183],
migration to the inflammatory zone [71]

CXCR4 CD184 Va1, Vé2

SDF-1/CXCL12

TpaHcaHaoTenuanbHaa murpauus [183]
Transendothelial migration [183]

CXCR5 CD185 | V&1, Va2 [71]

RANTES, MIP-1q,
MIP-1p

Murpauusa B honukynbl numdaTnyecknx
y3noB [15]
Migration to the follicles of lymph nodes [15]

yOTCR k aHTUTeHaM HU3Kasi, HO Ojaromapsi BHICO-
Kol twtotHocTu Mosiekysl YOTCR Ha moBepxHOCTH
KJIETKM CO371aeTCsT BBICOKAsT aBUTHOCTD CBSI3bIBAHUS
¢ aHtureHowm [31]. Mcxonst us aToil KOHUETIUWH, JIJIs1
yO0TCR aHTHTreHaMu MOTYT ObITh IMMPAKTUYECKU JIIO-
Oble MOJICKYJIbI, TIPUCYTCTBYIOIIIME Ha TTOBEPXHOCTU
KJIIETOK WJIM B OKpPYXKAIOIIeM BHEKJICTOYHOM IIpO-
CTpaHCTBEe. B 3TOM cMBICIC aHAIOTUM MEXIY MBbI-
IIITHOW MOIEINIbI0 W UYEIOBEKOM HECOCTOSITCIIHHBI,
SKCIIepUMEHTAILHBIE MOJIEJTA HATIOJ001E MOJIETIei ¢
TPaHCTEHHBIMU MBITIIAMU IS TTOATBEPKICHMS CPOJI-
CTBa aHTUTEHA OTIPeAeICHHBIM PEIeNTOpaM B YeJI0-
BEUYECKOW MOJEM HEBO3MOXKHBI.

TeMm He MeHee Ha CETOOHSIIHUNA JEHb M3-
BECTHO HECKOJIBKO JIMTaHIOB IS YEJIOBEUYECKOTrO
ydTCR: monekynbr nokyca HLA — HLA-A24 [34],
HLA-B27-ci[46], HLA-A2[225], HLA-A 24:2[105],
HLA-A2/MART-1 [10]; cTpyKTypHbIE aHAJIOTU MO-
aekynbl Jokyca HLA — CDla [258], CDI1d [134],
CDlc [206], MICA/B, ULBP4; GyrupoduinHbI
BTN3AIl, BTN2A1, BTNL3; cynepaHTUreHbl HEKO-
TOPBIX OAKTEePUil U APyTrUe MOJIEKYJIbI (Taba. 1).

T-numdorutsl, skcnpeccupywoimne o TCR,
pacIio3HaioT (pparMeHTHl aHTUTEeHA B COCTaBE KOM-
IJIeKca aHTUTCHNPEACTABIISIIONINX MOJICKYJI TJIaB-
HOro KOMIIJIEKCa THUCTOCOBMECTUMOCTH. IloMuMo
moJiekya jJokyca HLA y dyenoBeka (DyHKIIMIO aHTU-
TeHITPe3eHTAIIMM BBITTOJTHSIIOT MOJIEKYJIBI ceMeicTBa
CDI1 (CDla, CDIl1b, CDlc u CDId) u peuentop
MRI1 (MHC class I-related). Dtu peuentopbl Heo0-
XOOWMBI IS paclO3HaBaHUS JTUIIUMIAHBIX aHTUTCHOB
T-xmerkamu [205, 252] u aKcrnpeccUpyroTcs Ha I10-
BEPXHOCTH HEKOTOPBIX ITPOMECCUOHATBHBIX aHTHU-
TeHIIPE3CHTUPYIOIINX KIIETOK: B-TMMMOILINTEI, TeH-
npuTHble kJieTku [11] u kineTku JlaHrepraHca.

Peuentop MRI1 skchopeccupyercss KjieTKaMu B
YCIOBUSIX MeTab0IUYECKOro CcTpecca, PaKOBBIMU
KJIeTKaMu, WH(OUIIMPOBAHHBIMU OAKTEPUSIMU KIIET-
kamu [107, 241, 284]. MR1 cBsi3bIBaeT MeTabOIUTHI,
MoJIydeHHbIE B pe3yabTaTte 0aKkTepuajibHOro OMOCUH-
Te3a pubodaBuHa MM (PoJueBol KUCIOThI [112,
124]. TTockonbKy MJeKONUTAalONIKMe He 00JIagaroT
CITIOCOOHOCTBIO CHHTE3MPOBATh BUTAMUHBI TPYIIITHI
B, 3Tn HeGOIbIIIIE MOJICKYJIBI IeHCTBYIOT KaK MHIN -
KaTop OakrepuasibHOU MHpekuuu [112]. MRI1 npe-
3€HTHUPYET META00IUThl BUTAMUHOB TPYIbl B M-
¢ouutam MAIT (Mucosal-associated invariant
T cells) — aTo T-kneTKM, 3KCOpEeCCUPYIOLIUE MH-
BapuaHTHYIO0 o-lenb TCR u nokanu3oBaHHBIE B
cam3ncToii obosiouke [236]. Jlormka pacrno3HaBa-
Hust antureHa B komruiekcax o TCR-munun-CD1
n o TCR-merabonmuT-MR1 Takas xe, Kak v s
o6bryHOro B3aumogaeicteust o TCR ¢ monekynamu
nokyca HLA [252]. HecmoTpst Ha 3TO, YCTAaHOBJIEHO,
YTO HeKOTOopbie ayTopeakTuBHble ol TCR, pecTpuk-
TUpoBaHHBIe Mo MojekyilaM CDla u CDIc, moryt
HamnpsIMyl0 KOHTaKTHPOBaTb C ATUMU aHTUTCHIIPE-
3CHTUPYIOIIMMHA MOJICKYJaMU, HE BCTyIlass B KOH-
TakKT C JUIMAOM, PACITOJIOXXKCHHBIM «BHYTPU» 3THUX
mosnekyn [11, 277]. Ycranosneno, uto Vol, V32 un
V63 T-knetku cBsi3bIBalOTCS ¢ TeTpamepamu MRI,
TaK e He KacasiCb MeTabOJUTa B COCTaBE 3TOTrO pe-
uerntopa [198].

Monekynbst CD1a [258], CD1c [206], CD1d [134]
apystored auravgamu ydTCR V381 T-knetok. ydT-
KJIeTKN aMIUIM(PUILIMPYIOTCS B OTBET Ha pacro3Ha-
BaHue yOTCR-nurannos, nosromy ydT-KjieTKU He
TOJIBKO 00JIaJaf0T XapaKTePUCTUKAMU KIIETOK BPOXK-
JICHHOTO UMMYHMTETa, HO Y YYaCTBYIOT B PEaKIIMSIX
afanTUBHOrO UMMyHUTeTa [266, 270]. B otnuune ot
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TABIINLA 3. PELIENTOPbI y3T-KNETOK, PEMYNUPYIOLUUE X AKTUBHOCTb
TABLE 3. RECEPTORS OF y3T CELLS REGULATING THEIRACTIVITY

Utor B3anmopenctTeus peuentopa
Peuentop cD Monynauus y6T Jluranpg C nUraHaom
Receptor vdT population Ligand Result of the interaction of the receptor
with the ligand
HLA-G [139], HLA-I, UHrnomuposaHue [139]
LIRBA/ILT2 cD85J Vy9Ve2 [139] UL-18 (CMV) [156] Inhibition [139]
KIR2DL1 CD158a 13T cell HLA-C2 [280] ViHrnbupoBanue UMToToKkeu HoCTH
Inhibition of cytotoxicity
vd cell [167, 280], HLA-C1, UHrnémnpoBaHue LUTOTOKCUYHOCTHU
KIR2DL2/3 CD158b Va1 [41] HLA-C2 [167, 280] Inhibition of cytotoxicity
KIR2DL4 Vo1, Va2, UHrmbmpoBsaHue
(mRNA) CD158D V83 [41] HLA-G Inhibition
AxTtuBaums [156], npu cBA3bLIBaHUK
sHLA-I [184], HLA-C2 ¢ sHLA-Cw4 vnu sHLA-I -
KIR2DS1 CD158h | V&1, Va2 [184] (C*02, C*04, C*05, anonTo3s [184]
C*06) [167] Activation [156], when binding to
SHLA-Cw4 or sHLA-I — apoptosis [184]
scailien, | ST 055 ron consmanns
KIR2DS2 CD158j Va1, V62 [184] HLA-A*1101, L -
HLA-C C1 [167] Activation [156], when binding to
sHLA-Cw3 or sHLA-I — apoptosis [184]
KIR3DL2 Va1, V52, Monexynbi MHC WHrmbuposanue
(MRNA) CD158K V3 [41] knacca | Inhibition
MHC class |
KopeuenTtop ana NKG2A n NKG2C,
B 3aBUCUMMOCTM OT 3TOro NpoBOoAUT
B KNETKY MHIMoMpyowmun nnu
} aKTUBUPYIOLLUIA CUTHAN
KLRD1 CDo4 Vo160, 109] HLA-E The coreceptor for NKG2A and
NKG2C, depending on the receptor,
conducts an inhibitory or activating
signal into the cell
V81 (mMRNA) [41], ) WHrubupoBaHue
NKG2A CD159a V32 [199] HLA-E Inhibition
V61, Va2 [60, AkTuBaums
NKG2C CD189¢ | 409] Vo3 [41] HLA-E Activation
V381 [60, 109],
Vy9Va2 [222], MICA/B [272] AKTMBaUUs, LUTOTOKCMYHOCTb
NKG2D CD314 V52 [292], ULBP4 [108] Activation, cytotoxicity
V33 (MRNA) [41]
HeT paHHbIX HeT paHHbIX
NKG2F (mRNA) V61 [109] No data No data
V31 [109], AKTUBaums
NKp30 V62 [292], V1, B7-H6 [156] ActivatiLcl> n
V83 (MRNA) [41]
AKTuBauus
NKp44 V51 [109, 292] B7-H6 [156] Activation
Vo1 [109], AKTuBauums
NKp46 CD335 V32 [292], B7-H6 [156] ActivatiLcl) n
V83 (MRNA) [41]
l'eH cemencTBa NKG2, Bnusiet
HeT paHHbIX Ha akcnpeccuio NKG2E [295]
KLRC3 (mRNA) Ve1[109] No data Gene of the NKG2 family affects
the expression of NKG2E [295]

909



Cokonos /1. U.

Meoduyunckas Ummynonoeus

Sokolov D.1. Medical Immunology (Russia)/Meditsinskaya Immunologiya
Tabnuua 3 (okoH4YaHue)
Table 3 (continued)
UTtor B3anumopgencTeusa peuentopa
PeuenTtop cD Monynsauusa y8T Nurang C nuraHgom
Receptor voT population Ligand Result of the interaction of the receptor
with the ligand
Nectin-2 (CD112), AKTunBauus
DNAM1 CD226 V62 [199] PVR (CD155) Activation
. . UHrmbmnpoBaHue [295]
KLRG1/MAFA V52 [199] E-cadherin, N-cadherin Inhibition [295]
V51 Vs2 AHTUTENno3aBUCUMAas KreTouHas
FcyRIll CD16 VSé [60]‘ IgG LUTOTOKCUYHOCTb
Antibody-dependent cellular cytotoxicity
CD270 UHrmbmnposaHue
BTLA cp272 V62 [199] (TNFRSF14, HVEM) [69] Inhibition
V32 [199],
PD-L1 (CD274), WUHrubmpoBaHue
PD1 CD279 | V&1, Vs2[292] e
V53 [41] PD-L2 (CD273) [229] Inhibition
V82 [199], Va1, Nectin-2 (CD112), UHIMBMDOBaHME
TIGIT V32 [60] V63 PVR (CD155) [209], Inhitr))ition
(mRNA) [41] Nectin-2 (CD113) [229]
VISTA V52 [199] PSGL-1 [271] Virubuposanue
Inhibition
V52 [199], Vé1 n . MHrnbmnposaHue
LAG3 CD223 | /53 (mRNA) [41] LSECtin [209] Inhibition
V62 [199], Va1, MHrmbuposaHue
TIM3 V32 [60], Vo1, Ceacam-1 [209] Inhitr:ition
V33 (MRNA) [41]
Va1, Vo2 [127], WUHrmbupoBaHue
CTLA-4 CD152 Va1, V&3 CD80/CD86 Inhit[))ition
(mRNA) [41]
CD28 | V&1, V52 [127] CD80/CD86 AA‘T'T'Ba.“""
ctivation
2B4 CD244 | V&1, V2 [60] CD48 AxTuaums/iunrnbuposakne
Activation/inhibition
CD270 MHrmbupoBaHue
NK1 (NK28) cD160 Va1, V62 [60] (TNFRSF14, HVEM) Inhibition
Va3 [134], NHrnéuposaHue
KLRB1 CD161 Va1 [109] LLT1 [101] Inhibition
MonekynsipHble
naTTepHbl,
accouMMpoBaHHble
c onacHocTtblo (DAMP),
TLR1, TLR2, ey o ele
TLR3, TLR5, V61 [263], accoumm 2Bal-;HbIe AkKTnBauusa/MHrMébnums
TLR6, TLR?, V2 [44] umnp Activation/inhibition
c natoreHamu (PAMP)
TLR8 .
Danger-associated
molecular patterns
(DAMPs) or pathogen-
associated molecular
patterns (PAMPs)
IL-2Ra CD25 IL-2 fponudepaums
Proliferation
IL-2RB (MRNA) | CD122 V51 [109] IL-2 fponudepauus
Proliferation
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afTCR, KOTOpBIl pacro3HaeT 4y>KepOAHbIA Mem-
TUI B COCTaBe MOJIEKYJbI JJokyca MHC, peuenitop
vyOTCR V&1 T-ki1eTok B3aMMOIEHCTBYET C pelell-
TopoM CDla, He Kacasich aHTUTeHa B COCTaBe 3TOM
moJiekynbl [11]. B pe3ynabrate Takoro cBSI3bIBAHUS
vuHULIMUpyeTcss mnpoiaudepanus ydT-KiIeToK, Mpo-
nykimst umu utokuHoB [L-2, IFNy, IL-17, xietka
npuobpetaeT 3¢pPEeKTOPHbIE CBOICTBAa U CIIOCOOHA
JIM3UPOBATh KJIETKY-MUIIIEHb 3a CUYET MepOopuH- 1
Fas-omocpenoBaHHO LIUTOTOKCUYHOCTH [224].

Monekyabl, pOACTBEHHbIE OejlKaM cemeicTBa
B7 — 6yrupodununsl (BTN3A1 (CD277), BTN2AL,
BTNL3). DTuM MoJIeKyIbl 3KCIIPECCUPYIOTCS KIIET-
KaMU B pa3IM4HbIX TKaHsx [206] u oTBeyaroT 3a
crumysiiiuio  ydT-knetok dochoanTureHamMmm —
OpPraHMYeCKMMM MOJIEKYJaMM, COACPKAIIUMU ITH-
podocdar [72]. PochoaHTUTEHBI MOSBISIIOTCS B
pPaKOBBIX KJIETKaX WJIM B KJIETKaX, 3apa’keHHBIX,
oaktepusimu [210]. BHyTpukieTrouHsle docdoaH-
TUTEHBI CBSI3BIBAIOTCS C IIMTO30JBHBIM JTOMEHOM
B30.2 BTN3A1 [210]. ITocne atoro BTN3A1l B3au-
mopeiictByer ¢ BTIN2A1, KOTOphIii CBOMM 3KCTpa-
KJIETOYHBIM JIOMEHOM B3anmMmojeucTByet ¢ Vy9. Ta-
KOl MeXaHU3M pacho3HaBaHUSI BHYTPUKIETOUHOTIO
nupodocdaTa Ha3bIBAETCS «U3HYTPU HAPYXKY» U 10-
kazan qist Vy9VS2TCR [200]. Tlepenaua curHana B
ATOM CJIydyae 3aBUCUT OT MapalJIeIbHOIO B3aMOJei -
ctBus YO TCR ¢ peuentopom CDR3 Ha noBepxHOCTU
knetku-muineHu [100]. YcranoBneHo, yro BTNL3
aHaymornyHo B3aumoneiictByeT ¢ VY4TCR [146, 268].

Takum oOpa3oM, 00IIEl 3aKOHOMEPHOCTBIO JJISI
yOT-KJIEeTOK SIBJISIETCSI OTCYTCTBUE HEOOXOIMMOCTH
HenocpeacTBeHHoro koHTakta YOTCR ¢ dbparmen-
TOM aHTUTE€HA B COCTaBe aHTUTCHITPEACTABIISIIOIINX
PELIeNITOPOB, UTO B KOPHE OTJIMYAETCS OT MEXaHU3Ma
pacrio3HaBaHus B ciydae ¢ affTCR.

AHHEKCUH A2 — MHIYLUUPYEMBIii cTpeccoM (doc-
GoMUIUACBI3BIBAIOIINIT  OEJIOK, YJYacTBYIOIIWI B
OHKOTCHEe3¢, PeryJsiiui OKHMCIMTEIFHO-BOCCTA-
HOBUTEJIBHOIO MOTEHIMajda W 3aXKUBJISHUU paH.
Okcnpeccuss AHHeKcMHa A2 Ha MeMOpaHe KJIeTOK
SIBJISIETCSI CUTHAJIOM OMNAacHOCTU Wi yOT-KIeTok,
KOTOpBIE 3alIUIIAIOT XO35IMHA OT paka U UH(MEKIMA.
B pesynbrate pacrnio3dHaBaHUS AHHEKCUHa A2 mpu
nomoiu ydTCR ydT-kneTka akTUBUPYETCSl U MPO-
nudepupyert [98, 138].

YcraHosiieHo, yTo Vy4V35 u Vy9Vsl T-kierok
pacmo3HalOT Ha HEKOTOPBIX PaKOBBIX KJIeTKaX, a TaK-
JKe 3apa’k€HHBIX [IUTOMETAIOBUPYCOM IHIOTEINATb-
HBIX KJIeTKax, perentop adpuHa A2 (EphA2: ephrin
receptor A2) U peuenTop 3HAOTEIUaIbLHOro Oeaka
C (EPCR: endothelial protein C receptor) cooTBeT-
cTtBeHHO [220]. Pe3ynbraToM Takoro pacrno3HaBaHUS
siBJIsIeTCS aKTUuBaLUs YO T-KIETKU.

Anepubiit 6ejok hMSH2 (human MutS homo-
logue 2) gBageTcsT KPUTUICCKUM 3JICMEHTOM CH-
cTeMbl perapauuu HecooTBercTBuii JIHK u Moxert
9KCITPECCUPOBATHCS HAa TTOBEPXHOCTU SIMTUTETUATD-
HBIX OITYXOJICBBIX KJIETOK. DTOT OEJIOK paclo3HaeT-
cs1 yOTCR u NKG2D, yTo npuBOIUT K KJIETOYHOMN
IIUTOTOKCUYHOCTU B OTHOIIIEHUM OITyXOJIEBBIX KJie-
ToK [38]. Petrenitop YO TCR Hampsimyto Takke croco-
OCEH pacIio3HaBaTh aHTUTEHBI Pa3JIMYHBIX OaKTepHid
(Tab6a. 1). boJjiee TOro, UTOroM TakOro pacrio3HaBa-
HUSI MOXET CTaTh MIpsiMasi [IUTOTOKCUYHOCTh yOT-
KJIIETOK B OTHOIICHUM 3apakeHHBIX OaKTCPUSIMU
KJIETOK [279].

2.2. Peuenmopot, Konmpoaupyrouwue yumomorcu4-
Hocmb YO T-Kaemok 6 OmHowlenuu Muwienu

yOT-KJIeTKM OO0JIafaloT BBIPAXKEHHOW LIUTOTOK-
CUYHOCTBIO B OTHOIIEHUW WH(MUIUPOBAHHBIX U
TpaHC(OPMHUPOBAHHBIX KIIETOK HE3aBUCUMBIM OT
MHC o6pa3zoM. OHU MOTYT HaIpsIMylO pacro3Ha-
BaTh OMyXxoJjieBble KJIeTKU uyepe3 cBou yOTCR wnm
peuentopbl rpynmbl NKR. ydT-kimeTtku cnocoOHbI
cekpetupoBaTh [FNy u TNFa, BbinonHsaTs GyHK-
MU TIpEe3eHTAllMM aHTUTeHa 11 akTuBauuu afT-
nmuMmdbounTtoB (cyornonynsuus YOT spc), MOTYT 2-
(EeKTUBHO BO3IAEMCTBOBaTh Ha KJETKU-MUILICHU
onaronapst A3SKII [219], peanudyemMoii 3a CUET IKC-
npeccuu CD16 [60].

Peuentopst MICA u MICB (MHC class I chain-
related proteins A and B) u ULBP (UL16-binding
proteins) — ITOBEPXHOCTHBIE TJIMKOIIPOTEUHBI, OT-
HocsTcs kK 6enkam cemeiictBa MHC 1 kiacca. Ot
pELIeTITOPBl HE CBSI3aHBI C P2-MUKPOTJIOOYJIMHOM,
HE TIPEe3eHTUPYIOT aHTUICH, HE IPOBOJST CUTHaJ B
KJIETKY, HAYMHAIOT SKCIIPECCUPOBATHCS KIIETKAMU
IpU CTPecce, a TaKXKe IKCIIPECCUPYIOTCS PAKOBBI-
mu kjaetkamu [37, 232]. B3aumoneiicTBue pelien-
TopoB NKG2D ecrecTBeHHBIX KWILJIEPOB, ITUTO-
Tokcuyeckux T-numdornuroB [66, 188, 301] win
ydT-kierok [136] ¢ KileTKaMU-MUIIEHSIMU, 9KCITpeC-
cupytomnmu MICA, MICB unu ULBP, npuBoaut K
OPSIMOI LIUTOTOKCUYHOCTU JTUMGOIIUTOB B OTHOIIIE-
Huu muiieHu. [Tomrumo NKG2D T-knetku Vo1 crio-
coonnl pacrio3HaBatb MICA/B Taxkoke mpu moMoInmu
yOTCR [75]. YcTtanoBneHo, uyto ydTCR 1 NKG2D He
KOHKYpHPYIOT 3a cBsi3biBaHne MICA/B, pacmo3Ha-
Basi pa3HbIC CalThl CBSI3bIBAHUSI 3TUX MOJEKyd. Pe-
3ynsTatoM B3aumoaeiictusst NKG2D c ero iuranna-
MU OyAET ABJISITCS HUTOTOKCUYHOCTH YO T-KIIeTKU B
OTHOIIIEHUY MUILICHHU 32 CUET I'PaHyJI C Tep(hOpUHOM,
rpaasuMowm [217, 280], Fas/FasL-omocpenoBaHHOTO
MeXaHu3Ma, MPOAYKIIUN IIUTOKMHOB [224] nmubo 3a
CYET MEXaHU3MOB B3aUMOJEWCTBUSA PELENTOPOB
cveptu TRAIL/TRAILR [253, 255]. Hekortopsie
KJIETKM, HarIpuMep Tpodob1acT, ClTocoOHbI M30eraTh
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IIUTOTOKCUYIHOCTH YO T-KJIETOK ITyTeM MHTEpHAJIN3a-
1y ux penenropa NKG2D [242].

IMpu OGakTepuanbHbIX MHMEKLUSAX KOJUUYECTBO
yoT-xyeTok B nepudepruyeckoil KpoBU MOXKET yBe-
J4uBaThes 10 50% oT 0011ero KojaudecTna LHUpKy-
supytoimux T-kimerok [263]. TToMUMO 3HIOTeHHBIX
aHTUTEHOB YOT-KJIETKM pacIrio3HalOT 3K30T€HHbIE
AHTUTCHBI Ha TTOBEPXHOCTU WHMUIIMPOBAHHBIX OaK-
TepUsIMU WJIM BUPYCAaMU KJIETOK, B COCTaBe IIpO-
crefimux wiu Oaxkrtepuit [79]. Pe3yasratoMm Takoro
pacrio3HaBaHUs OyIeT YHUUTOXEHUE OAKTepUN WU
UHOULIMPOBAHHBIX KJIETOK 3a CYET BbICBOOOXKICHUS
TpaHyJ, coaepKalnx Iep@oprH, TpaH3UM, TpaHy-
JM3UH 1 nedeH3uHsbl [53, 57], conpoBoxXmalolieecs
npoayKuueid HIMTOKUHOB [77] u MHULIMEN Bocnaie-
Hus. U1 pacrio3HaBaHUSI 9K30T€HHBIX aHTUTCHOB
yoT-xnerkn ucnons3ytor kak yOTCR, tak u TLR,
NOTCH, NKG2D [13, 263]. B 3aBucHMMOCTH OT mna-
ToreHa yoT-KJIETKU MOTYT MpUOOpeTaTh CBOWMCTBA
ODHOTO M3 OIMMCAHHBIX BBIIIC W XapaKTePHBIX IS
Hux noxakiaaccoB u npoayuuposaTbh [IFNy u TNFa
B OTBET HAa BHYTPHUKJICTOUYHBIC MATOTEHBI JINOO ITPO-
nymupoBath 1L-4, 1L-5, 1L-13 Bo BpeMsI UMMYHHBIX
peaxkiuii Ha Tapa3uToB, 160 mpoayuupoBaTh [L-17
IUTS 3alIATBI OT BHEKJIETOUHBIX OAKTepUil W TpU-
ooB [78].

BzaumopeiictBue snuraHaoB ¢ yOTCR B KoMm-
OMHAIMM C B3aUMOACHCTBUEM COOTBETCTBYIOIINX
smradgos ¢ TLRI1, TLR2, TLR3, TLR5 wau TLR6
NPUBOIMUT K aKTUBALMM YOT-KJIETOK, TMPOAYKIIUU
IIUTOKUHOB, XeMOKWHOB, MHUIIMAIINY UMY aalITHB-
HOro MMMYHHOTO OTBeTa IIPU OaKTepUaIbHON WJIN
BUPYCHONM MHMEKLMU. YCTAaHOBJIEHO, YTO JIMTaHIbl
TLR3 u TLR7 cnocobHbl KOCBEHHBIM 00pa30M CTH-
MYJIUPOBATh JIM3UC PAKOBBIX KJIETOK YO T-KIeTKamu.
bonee Toro, nuranasl TLR8 ycTpaHsiior nmogasisi-
IOIYI0 aKTMBHOCTb MPOHUKAKOIIUX B OMyX0Jb V3l
T-xnerok B oTHOLIEHUM o3 T-KJIETOK U AEHAPUTHBIX
KJIETOK [263].

Kak V41, tak 1 V32 T-KJIeTKA MPOHUKAIOT B OITy-
XOJIU M YJ9aCTBYIOT B MMMYHOJIOTUYECKOM HaI30pe
3a TpaHCHOPMHUPOBAHHBIMM KJIETKaMM U 00Jana-
FOT LIUTOTOKCUIHOCTBIO B UX OTHOIIeHNU. [ToMuMo
onucaHHbIX y>)ke NKR B 3JIMMUHUPOBAaHUU OIyXO-
JIel Takske mpuHuUMaloT yyactue Notch-penenTopsl,
WTparoIlre POJib B MOIYJISIIINU aHTUTEHCIIELIM(IIe-
ckoil mponudepannu ydT-KIeTOK, UX CIOCOOHOCTH
JIM3UPOBATh OIyXOJIeBble MUIIIEHU U CEKPETUPOBATh
IFNy nipu ctumynsuuu [73]. B cBoto ouepens omy-
XOJIEBbIE KJIETKM 00J1a1al0T pas3jIMUHbIMU CIlocoba-
MU peajiu3allid MEXaHU3MOB PE3UCTEHTHOCTU, B
TOM YHCJI€ TONABIISIONIMMY aKTUBHOCTD YO T -KJIETOK
3a CUET JIMFaHAOB sl KOHTPOJAbHBIX ToueK BTLA,
PD1, TIGIT, VISTA, LAG3, TIM3, CTLA-4, 2B4,
NKI1 (NK28), KLRBI1, KoTtopble 3KCIpeccCupyroT-

cd pa3nuyHbIMU cybnonyasauusMu ydT-kieTok
(ta6a. 3) [60, 130, 170, 223]. CsasbiBanue TRAIL
yOT-KJIeTOK Cc ero peuenTtopamMy Ha MOBEPXHOCTH
KJIETKM-MUIIIEHN, B TOM YHMCJIe OTTyXOJIEBOW KIIETKH,
takumMu Kak TRAIL-R1 (DR4) u TRAIL-R2 (DRY),
UHAYLMPYET aronTo3 MUIIEHU Ojaromapsi aKTHBa-
MU Kackana kacmnas [253, 255]. llegnunr DR4 u
DR5, a Ttakke sKcripeccusi pelernTopoB-OOMaHOK
TRAIL-R3 (DcR1) u TRAIL-R4 (DcR5) no3Boser
OITyXOJIEBBIM KJIETKaM M30eraTh IIUTOTOKCUYHOCTHU
co croponbl ydT-knerok [45, 115, 150, 162, 172].
B oTHOmIeHUM OIMyXoJeBbIX KJIETOK YO T-KiIeTKu
criocoOHbl peanu3oBbiBaTh A3KLI. DTo cBsIzaHO C
akcrnipeccueit Vol, V32, V33 T-knerkamu FcyRIII
(CD16) [90, 119]. YcraHOB/IEHO, YTO B OTHOLLIEHUM
UH(pUUIMpPOoBaHHBIX BUpycoM KieTok A3KII peanu-
3yercs IpeumyliectBeHHO Vo2 T-kimerkamu [123,
244], a B OTHOILIEHUM PAKOBBIX KJIIETOK — MpPEeUMYy-
mectBeHHO Vol T-kietkamu [119].

2.3. Peuenmopot, Konmpoaupyrouwue axKxmueHocmo
vOT-Kkaemok

NKR — perienTopsl, 3KcpeccupyeMble €CTECTBEH-
HBIMU KWJJIEpaM, KOTOPBIE IO MX (DYHKIIUM pa3ie-
JISTIOT Ha aKTUBUPYIOLIMe U uHruoupyoiue [247]. Ha
yOT-kneTkax oOHapyXeHa 3KCIPecCUsi HEKOTOPBIX
n3 Hux (tao6sm. 3). st V31-KIeToK KUIIeYHUKa B 3a-
BUCUMOCTHU OT HAJIMYMS UJIM OTCYTCTBHUS BOCTIAJICHUST
omnucaHa pasHast akcrnpeccuss MPHK u 6enkos [60,
109]: 1) B pU3MOTOTNYECKUX YCIOBHUSIX 3TH KIIET-
ku akcrnpeccupyior MPHK aktuBupyromumux NKR:
NKG2D, NKG2C, NKG2F, KLRC3; MmPHK NCR
(natural cytotoxicity receptors): NKp46 u NKp44, a
takxke MPHK CD122, CD247(CD3%); 2) B yci1oBU-
sIX BocnajieHUsl 9Tu KiaeTku coaepxkaTt MPHK CD71,
CD52, CDI161, NKG2C wu 6enkoB mnepdOpuH,
NKG?7 (natural killer cell granule protein 7), rpaH-
3uM B. PaHee mokaszaHO, YTO y 3MOPOBBIX JOHOPOB
ydT-xneTku (TouHee ux cyornonynsuuu Vol u Vo2)
He akcnpeccupyioT NKp44 u NKp46 [199]. 1o naH-
HBIM JIpYTUX MCCJIeIOBaTes e, TTOBBIIIIEHHAST 1IUTO-
TOKCUYHOCTh YOT-KJIETOK B OTHOIICHUU OITYXOJei
KOoppeJupyeT ¢ NoBbIlIeHHOM aKkcnpeccueii NKp30
u NKp46 [153, 222]. O6HapyKeHbI CYyOITOMyISIIUU
V&1 n V52 [254, 292], saKCIIpecCUupyIoine pelerTo-
pet NKp30, NKp44, NKp46 Ha 1MOBEepXHOCTU MEM-
OpaHbl MpPU CUCTEMHOIN KpacHOW Boa4YaHke [292],
UIIeMUYecKoit bojie3Hu cepana [127].

IToMuMO aKTUBUPYIOLIUX PELIETITOPOB, YO T-KiIeT-
K1, Kak 1 NK-kneTku, skcnpeccupyroT Ha cBoeit
TMOBEPXHOCTA WHTUOMPYIOIINE PELEITOPhI, KOTO-
pble, B3aMMOIEUCTBYS CO CBOMMMU JIMIaHAaAMU Ha
TMOBEPXHOCTH KJIETOK-MUIIIEHEe!, CHUKAIOT UX IIUTO-
TOKCHMIHOCTh. K TakM mapam pelernTopoB OTHOCST
KIR2DLI1 (y8T) / HLA-C2 (mMuiiens) u KIR2DL3
(ydT) / HLA-C1 (mumiensn) [242]. Tak Xe Kak U y

912



2025, T. 27, Ne 5
2025, Vol. 27, No 5

vO T-kaemku: pazsumue, yHKyUU
vo T cells: development, functions

NK-xkietok, y yoT-kinetok pactBopumsbiii SHLA-G
MHTUOMpPYET IIpoardepanuio, a TakKske MHTUOUPYET
cekpeumto [FNy, nnaynmpoBaHHyto dhocdoaHTuUTE-
HOM. DTOT 3(pdeKT cBsI3aH ¢ 3Kkcrnpeccueit Vyovo?2
T-xmerkamu ILT2, Tak xak ILT4 nu KIR2DL4 onu He
akcnpeccupyrot [139]. Kak u B ciiyyae ¢ ecTecTBeH-
HbIMU Kuyuiepamu mist Vol win V32 T-kineTok ycra-
HoBJIeHO, 4TO cBsa3biBaHue KIR2DS1 nian KIR2DS2
¢ pactBopuMbIM SHLA-I npuBoaut kK anornrosy. Tak-
JK€ YCTAHOBJIEHO, YTO amnonTo3 Y3 T-KIeTOK MOXET
OBITh MHUIIUMPOBAH W OPYTUMHU IlapaMy JIATAHI-
PELENITOPHBIX B3aUMOIAEUCTBUN C PaCTBOPUMBIMU
dopmamu Mmogekysa Jokyca HLA: sHLA-Cw3 —
KIR2DS2, sHLA-Cw4 — KIR2DS [184].

V62 T-KJIeTKM 3KCOPecCUpyloT HECKOJbKO aK-
TUBUPYIOLIUX pelenTtopoB, Bkiaodags NKG2D,
DNAMI1, NKp30 [199], CD28 [127]. T-xmerku
V382 sKCrpeccUupyloT MHTUOUPYIOLIME PeLenTOpPhI
U KOHTpOJbHbIe Touku UMMyHUTeTa NKG2A [199],
CTLA-4 [127], KLRGI1, BTLA, PDI1, TIGIT,
VISTA u Ha HU3KOM ypoBHe 3KcnpeccupyioT LAG3
u TIM3 [199], CD160, 2B4 [60] (Ta6a.2). KoH-
TPOJbHBIE TOYKM WUIPAIOT BaxkKHOE 3HAUCHHE B pe-
ryassuuMu aktTuBHocTu ydT-kietok. Hanpumep He-
OJIaroNpUATHHIN MIPOTHO3 U CHUKEHUE TISATUIICTHE
BBDKMBAeMOCTH ITAlIMEHTOB C MeEJIaHOMOI Koppe-
JupyeT ¢ yBeaudeHuem konaudyectBa LAG3* V52
T-knerok [70].

V62 T-KkJIeTKM B YCJIIOBUSIX in Vitro TIocie J100aB-
JIEHWSI aHTUIeHa IOBBbIIIAIOT 3Kcrpeccuto PD-1.
TToBbIllIEHHAs1 3KCOpeccusl 3TOro peuentopa Vo2
T-xnerkamMu oOHapyxeHa IIpU pa3IMYHbIX pPaKo-
BBIX 3a0oJyieBaHugx [26, 55, 84, 89]. biokaga PD1
CITOCOOHA yCWIWBAaTh IUTOTOKCUYHOCTH U TIPO-
nykuuto [FNy, x0T HEKOTOpbIE HUCCIIEIOBATENN HE
MOATBEPAWJIN BAUSTHUS OJIoKaabl Ha (yHKIIUIO YO T-
kietok [88, 89, 237]. Conkcnpeccusi pasaUudHbBIX
KOHTPOJIbHBIX TOYEK HA OOHOU U TOM Xe YO T-KieTke
cHuxaeT cexkperio umu IFNy, TNFa [273] u MoxeT
BIVATH Ha YCIIEX Tepanuy IIPU MOMOIIM OJIOKaIbI
KOHTPOJIbHBIX ToueK [126, 273]. BrleykazaHHbIE
JMaHHbIE CBUAETEJILCTBYIOT B IOJIb3Y MHOI000Opa3us
nepeceyeHns MyTeid BHYTPHUKIIETOUYHBIX CUTHAJIOB
OT Pa3IMYHBIX AaKTUBUPYIOIIUX U WHTUOUPYIOIINX
PELIeNITOPOB, CITOCOOHBIX ITO-Pa3HOMY U3MEHUTH IO~
BeneHue YO T-KIeToK.

Takum oGpazom, NKR wu apyrue peLentopsl,
KOHTPOJIMPYIOIINE AaKTUBHOCTb YOT-KIIETOK, MO-
TYT BKCIOPECCUPOBATHCS B Pa3INUHBIX KOMOWHA-
OUSIX B 3aBUCMMOCTH OT THUIMA CYOITOMYJISIIINU U €€
JIOKaJM3aliu, a TakKKe B 3aBUCUMOCTU OT HaJIMYUS
WIN OTCYTCTBUSI TMATOJIOTUYECKOTO Ipolecca. DTo
MHOTOKPAaTHO YBEJIMYMBACT KOJMYECTBO CIIOCOOOB
PEryJIsiUU JOKAJIBHOTO BOCIIJICHUSI U CUCTEMHOTO
MUMMYHHOTO OTBETa STUMH KJICTKAMM.

3. IIpoaykuusi tMTOKUHOB Y3 T-KaeTKaMu

YcraHoBneHO, 4yTO, Mogo6HO afT-nmumdouurtam,
yOT-xnerku MoryT nuddepeHIIMpoBaThCS B pa3iny-
Hble 2(p(heKTOpHBbIE KJIETKU W MPOIYyLIMPOBAThH M-
POKMI CIIEKTP XeMOKMWHOB M ITUTOKWHOB, BKJIIOYAs
IFNy, TNFa, IL-17, IL-21 u 1L-22 [230]. [Tponyk-
1USI HUTOKUHOB YO T-KIeTKaMu OOBIYHO OIpeaessieT
UX IPUHAIICKHOCTD K 3pdpexkropHbiM (IL-8, 1L-17,
IFNy, TNFo) wiu peryasatopusim (IL-4, TL-10,
TGF-B) nonynsiumsm [178], o yeM yKa3aHO BBIIIIE.
B momomHeHME K 3TOMY CIIEAyeT OTMETHUTh, YTO IIPU
akTuBauuu 3ddekTopHble YO T-KIETKU MPOayLIUPY-
FOT ITPOBOCHATIUTEIbHBIE IIMTOKWHBI B JOTTOJTHEHUE K
CBOMM LIUTOTOKCcHUecKUM ¢pyHKLusAM [175]. Hanpu-
mep, yOT17 cnoco6HbI cekpetuposath [L-1B3, 1L-6,
IL-8, IL-23, TNFa, GM-CSF [178]. ydT-kneTku
nepudepruIecKoil KpOBH UTPAIOT 3aIIIUTHYIO POJIb BO
BpeMsl 0epeMEHHOCTHU, CEKPETUPYS OJOKUPYIOLIUIA
dakTop, nunayuupyembiii mporectepoHom (PIBF) u
1L-10 [185].

B cBoro ouepenb LIMTOKWHBI, MPOAYLIMPYEMbIe
KJIETKaMU MUKPOOKPYKEHUST MOTYT BJIMSITH Ha e-
HoTuUM, pyHKIMU 1 nudhGepeHITnPoBKY o T-KIIeToK.
YcranosneHo, uto I1L-2 u [L-15 gaBnsitoTcst MHIYKTO-
paMu UTOTOKCUYHOCTU YO T-Kknetok, a [L-2 u IL-7,
HEOOXOOMMBI UISI BBDKMBAHWS W IIpojmdepalinu
T-xnetok. IL-2 u IL-15 aktuBupyot nuddepeHm-
poBKYy ydT-kietok [197].

YcraHoBnena moBblleHHas cekpeuus [FNy
yoT-xknerkamu B npucyrctsum IL-18 u IL-12 [243].
AKTUBaUs LUTOTOKCUYHOCTU U cekpeuuu I[FNy
yoT-kieTkamMu mpoucxonuT B mpucyrctBum 1L-12,
IL-18, IL-21 u IL-36y [219]. B npucyrctBuu IL-13,
1L-23 [201], TGF-B [161] ydT-ki1eTKM HAaYUHAIOT
cekpetupoBath IL-17. JIpyrumu ucciaenoBaTeIsiMu
YCTAHOBJIEHO, 4TO 3(¢eKTOpHbIe CBOMCTBA U LU-
TOTOKCUYHOCTh YO T-KJI€TOK MOMABISIIOTCS B TPU-
cyrctBuu [L-10 u TGF-B [290]. MukpookpyxkeHue
OTTyXOJIEBOM TKaHM CIOCOOCTBYET MPUOOPETEHUIO
yOT-KJIeTKaMy TIPOOITyXOJeBOro ¢GpeHoTumna — 3TO-
My MOTYT criocobcTBoBaTh IUTOKUHBI TGF-3, 1L-4,
I1L-21. KynstuBupoBanue Vy9Vs2 u Vol T-kietok
B npucytctBun TGF-B, IL-2 unayuupyert skcmnpec-
cuio FoxP3* B aTuUX KjeTKax, 4TO CBUIETEIBbCTBYET
B MOJIb3y NPUOOPETEHUST UMU PETYJSITOPHOTO (he-
Hotuna [28]. Ha nuddepenurposky VyoVs2 u Vol
T-KJIETOK B CTOPOHY PEryaaTOPHOIro (peHOTHUITA TaK-
xe BiauseT IL-21 [27]. [TonyyeHHbIe B IPUCYTCTBUU
1L-21 y8T-knetku cexperupytot 1L-8, IL-10 u ane-
HO3UH, TIpuBieKkas teM cambiM MDSC (Myeloid-
derived suppressor cells) 1 HEUTPOPUIIBI.

4. OcHoBHble nomynsuun yOT-K1eToK yenoBeka U
uX (pyHKIMU

HecMoTpsi Ha MHOXecTBO paboOT, OIMChIBAIO-
mMx cBoiictBa U GyHKIUU YO T-KIETOK B HACTOSI-
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1ee BpeMs OTCYTCTBYET SICHO€ MOHUMAaHUE TOro,
Kakue cyoronysauuu yOT-KIeTOK BHOCAT BKJIAA B
MPOTUBOMHMEKIIMOHHYIO WU MTPOTUBOOMYXOJIEBYIO
3a1muTy. bosiee Toro, oTMEUYEHO, YTO HEKOTOPhIE CyD-
TMOMYJISIIIAN MOTYT CITOCOOCTBOBATh POCTY OITyXOJIeit
WJIU YCYTYOJIEHUIO TeUeHUsI MH(MEKIIMOHHbBIX 3a00J1e-
BaHUI. YKa3aHHbIE BbIlIE U3BECTHbIC HA CETOIHSIII-
HUI JeHb cyononmynsauuu yOT-KIeToK naxe BHYTpU
OIHOI OITyXOJIM MOTYT MPUHAMLJIeXKaTh K OTPOMHOMY
KOJIMYECTBY KJIACTEPOB BHYTPHU cyornomyassuuii Vol,
V62 mmu Vo3 T-kietok [203], 9T0 MHOTOKpPATHO yC-
JIOXKHSIET MOHMMAaHUE HUX POJIM B IaTOreHe3e TOTo
WA WHOro 3a0oseBaHUsl. TeM He MeHee KaKIblil
U3 KjaactepoB uinu cyononyiasauuit ydT-kiaeTok o0-
JlanaeT ompele/ieHHbIM CIEeKTPOM 3KCIIPECCUU T10-
BEPXHOCTHBIX MOJIEKYJI, MPOAYKIUEH LUTOKWHOB,
KOTOpBIE OyIyT OIPEACIITh NX IPEUMYIIICCTBEHHYIO
poab B TOW WM MHOW martojoruu. [lostomy nanee
Mbl OyleM paccMaTpuBaTh POJib T€X WJIM WHBIX IO-
nynsunii ydT-KieTok depe3 mpusMy ux deHoTura
M OTMEUEHHBIX MCCIeaoBaTesIMU OCOOEHHOCTEM
GYHKIIMOHAJIBHOI aKTUBHOCTH.

4.1. V81, V52, Vo3 T-kaemku

Kak yxe oTMeueHo Bblllie, HauboJiee U3y4yeHHbI-
MU y yenoBeka aBisttorcs Vol, Vo2 u Vo3 T-kieTku.
B HacTosiiiee BpeMsT MCCIEIOBATENIM CXOOSITCS BO
MHEHUU, YTO OOIIMM U YCTOSIBIIMMCSI TTPU3HAKOM
JUTS BCEX TIOMYJSIUMUA 3TUX KJIETOK SIBIISIETCS 9KC-
npeccus y- U d-cyobearuHul T-KIETOYHOTO peleri-
Topa. Bce ocTanbHble TapamMeTpbl CYOTOIMyJsILIUiA
3TUX KJIETOK MOTYT OBbITh PA3JIMYHBIMU B 3aBUCUMO-
CTH OT MHOXECTBa ITapaMEeTPOB: OCOOCHHOCTU KJIe-
TOYHOIO U LIMTOKMHOBOI'O MUKPOOKPYXKEHUSI, TUI
TKaHU, y4yacTue B (pU3NOJIOTUYECKUX WUJIU TTAaTOJIOT -
yecKux Inpoieccax. JlaHHble, KOTOpble OyayT MpUBe-
JIEHbl HUXKE B U3BECTHOI CTENEeHU MPOTUBOPEUYUBHI,
YTO CBSI3bIBAIOT C TPYAHOCTSIMU BBIACIECHUST CyOITO-
MyJISIIUii 3TUX KJIETOK M3 TKaHEM, pazHooOpa3ueM
MEeXaHU3MOB H30eraHusi MMMYHHOM 3alluThl WH-
(EeKIIMOHHBIMUM areHTaM1 U OMYyXOJIEBLIMU KJIeTKa-
MU, HEAOCTATOYHBIM KOJIMYECTBOM HAOIIOICHUIA.

yOT-KJIEeTKHU UTpaloT Ba>kKHYIO POJIb B BbISIBJICHUU
U yOAJeHUU OITyXOJeil, M30erarmiux MeXaHU3MbI
IPOTUBOOITYXOJIEBOM 3alllUThI. Tak, IMAllMEHTHI C
nedbuuuToM B2-MUKPOTI00YIMHA pearvpoBaivd Ha
Tepario WHTMOUTOPAMU KOHTPOJIBHBIX TOYEK MM-
MYHUTETA 32 CUET MIPOHMKHOBEHMS B OyX0Jb Vo1 u
V63 T-K1eToK ¢ BbICOKUM LIUTOTOKCUYECKUM TIPO-
TUBOOITYXOJIEBbIM MoTeHuuanoM [41]. yoT-kieTku,
WHQWIBTPUPYIOIINE Pa3IMIHBIC OITYyXOJIM TOJICTOM
KUIIKU, sKcrnpeccupyroT Vol, V82 unu Vo3 TCR u
OTJIMYAIOTCS OT LUpPKyJIupytomux ydT-kimetok. bo-
JIee TOTO, IIPOITOPIIMU STUX KIIETOK 3HAUMTEIIFHO Ba-
PBUPYIOT B 3aBUCUMOCTHU OT THIIA OITYyXOJIM U COCTOSIT
13 MHOXECTBA KJIAaCTEPOB BHYTPU OJHOU CyOmoIy-

JISUU, BBIJICJICHHOW M3 OJTHOW M TOW K€ OITyXOJIU.
Cpenm KJIETOK CyOroIyssinn Vo3 oOHapyKeH Kia-
cTep, 00Jamarolili CHUXXEHHBIMIA MPOTUBOOITYXO-
JIeBBIMU 3(P(HEKTOPHBIMU (YHKIMSIMU U DKCIpec-
CHeil HECKOJIbKO MEIMaTOpPOB, CIIOCOOCTBYIOIINX
pa3zBuTuio omnyxouau [203].

Hpyrue ncciienoBaTean CBUIETEIbCTBYIOT O TOM,
YTO TIPOHUKAIOIIME B OIMyXoyb YO T-KJIeTKU ToJo-
JKUTEJbHO CBSI3aHbI C BbIXKMBAEMOCTbIO MAllEHTOB
npu Bcex Bumax paka. [lpucyrcrBue T-kiietok Vol B
HEpaKOBBIX TKAHSX JITKUX SBIISICTCS ITPEIUKTOPOM
YCTOMYUBOM PEMUCCUM, YTO CBS3bIBAIOT C X AKTHUB-
HOCTBIO Jaxe Tocje pe3ekiuu omyxonu [129]. Vil
T-kneTkH, BBIIEICHHBIC M3 OITyXOJEBBIX 00pa3oBa-
HUI TIPU KOJOPEKTAILHOM pake, XapaKTepU3yloTCs
3 (HEKTOPHOIN M ITMTOTOKCUYECKOW aKTMBHOCTHIO,
skcripeccueit MPHK  rpanynmsmna, mepdgopuHa,
CD244 u NKp46 [203], mOBBILIEHHO MO CpaBHE-
HUIO ¢ V82 u V83 T-kijieTkaMu 3KCHpeccueil pe-
uenropos TIGIT, PD-1, CD38, CD39, CD103. V52
T-xneTkn u3 Tex xe odpaszoBaHUI IKCIIPEeCCUpOBa-
au MPHK nepdopuna, rpansuma K, rpansuma B,
perentopoB KLRG1, KLRC1 (NKG2A) u KLRB1
(CD161) [203], a 3HAaYNUT TaKKe 00Iaga]u LIUTOTOK-
CUYECKUM TTOTEHITAAIOM.

HecMoTpst Ha yKazaHHBIE BBIIIE (PAKThI, UCCIIE-
JIOBaTeJM OTMEUYAlOT, YTO MpPU HEKOTOPBIX OITYyXO-
JISIX TIepeBeC B CTOPOHY YBEJIUYEHUSI COOTHOIIEHUS
V31:V82 crnocobCTByeT omyxojieBoMy pocTy [269].
HexoTophble uccienoBaTeiv CYUTAIOT, YTO CKJIaAbIBa-
IOLIUIACS TIPU pake repeBec B cTopoHy Vol T-kieTtok
CBsI3aH C MOBBILIICHHBIM coaepkaHueMm IL-4 B omy-
XoJieBOM OKpyxXeHuu. I1L-4 ctumynupyer ceKperuio
IL-10 V&1-kyeTkaMu, KOTOpPBIA, B CBOIO OYepelb,
WHTUOUPYET aKTUBHOCTh V32 T-kmetok [137].

Bo BpeMs nimtomeranoBupycHoii (CMV) uHpexk-
1Y U B MeHbIlIel cteneHun DnrteitHa—bapp (EBV)
nHbeknun, T-kaeTku Vol SIBISIFOTCS MeauaTOpaMu
MPOTUBOBUPYCHOro UMMYHHOTo oTBeTa [104]. Ycra-
HoByieHO, 4uTO Vy3Vd1 TCR MoxeTr Hampsmyro B3a-
umojeiicTBoBath ¢ KoMruiekcoM HLA-DR Bo Bpems
CMV-undbexkuuu [49].

yOT-KJIETKA Yy4yacTBYIOT B MPOTUBOIPUOKOBOM
uMMmyHutetre. OHM MOTYT H30UpaTEIbHO pearv-
poBath Ha Candida albicans, nipoayuupysi BBICO-
kue ypoBHU IL-17 [59]. CyOGreHoMHas1 periuKaus
Bupyca rematura C (HCV) monasnsiercst Vy9Vo2
T-xnerkamu 3a cuet cekpeunu [FNy. XpoHunueckuii
rernatuT B compoBokaaeTcsl CHUXKEHUEM LTUPKYJIH -
pyomnx V32 T-knerok, npoaykiuu nmu [FNy un
LUTOTOKCUYHOCTHU [1].

YcraHoBiieHo, yto BakuuHauusg BL2K nHaynm-
pyeT ObIcTpyro Iponudepanuio Vo2 T-kietox [1] u
npoaykuuio nepgopuna [226]. CTUMyISIIIMS MOHO-
HYKJIeapoB TiepuGepruieckoil KpOBU MPU TTOMOIIN
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M. tuberculosis panee BakuUMHUpOBaHHBbIX BII2K
NaUeHTOB MPUBOIMT K OOJBIICH TIpoimdepalinu
T-xrnerok V382 u npoaykiiuu MoHoHykiieapamu [FNy
1O CPaBHEHUIO C HEBAKIIMHUPOBAHHBIMUA KOHTPOJTb-
HBIMU TpyIiamu [227].

Ponbp T-knerok V83 ocraercsd HesICHOU u3-3a
TJIOXOTO TIOHMMAaHUS MX ITPOUCXOXIEHUS U (PYHK-
OUOHaJIBHOM ponr. OHM MOTYT 3KCIIPEecCHUpoBaTh
CD4 wymn CDS8, xoTg OGOJIBIIMHCTBO U3 HUX JABaXK-
nbl orpunarenbHbie DN (CD4-CD8") ydT-kietku,
KOTOPBIC 3aCeISTIOT AIUTENINI KUIIICYHUKA U lamina
propria (ot 3% no 7%) B HOpMEe U TIpU MATOJIOTUU
(HampuMep, Leauakus), redeHb. Vo3 T-kieTku
TakKKe OOHApyXHBalOT B IlepUdEepUIecKoit Kpo-
BU, UX KoaudecTBo cocrtaBisger Bcero 0,2% ot
Bcex T-nmumponutoB [134]. Ha ocHoBe 3kcrpec-
cun CD56, CD161, CD28, HLA-DR, NKG2D u
crmocobHocTu pacno3HaBaTh CDI1d-knetku Vo3-
CyOITomyJISIIIM, KaK IMPaBUIO, OTHOCST K KJIETKaM
HecrmeuMdUIeCcKoil BpOXIEHHOW 3amuThl [134].
T-knerku V83 skcnpeccupyor CD16 n crnocoGHBI
K peamuzauuu A3KII [134]. TTokazaHo, uto Vo3
T-KIeTK1 KOHTPOJIMPYIOT CO3PEBaHUE ICHIPUTHBIX
KieTok. V&3 T-kieTKU B ompenesieHHbBIX YCIOBUSIX
npuobpetatoT cBoiictBa T-xenmnepos (Th) 1, Th2 u
Th17; peanu3yioT IUTOTOKCUYHOCTh B OTHOIIEHUU
CD1d* knerok [134]. KoanuyectBo V83 T-kieToK B
nepudepruIecKol KPOBHU YBEIIMUYMBACTCS y ITalli-
€HTOB C CHMCTEMHOI KpacHO# Boi4yaHkoi [202] u
npu CMV-undexkuun [43], BUY-undpexkumun [233],
HCV-ungexuun m apyrux BUPYCHBIX MH(MEKLU-
sax [189]. B meuenu V43 T-KIETKM LIMTOTOKCUYHBI
B OTHOIIIEHUU KaK UHGUILIMPOBAHHBIX, TAK U HEWMH-
(GUIUPOBAaHHBIX BUPYCOM KJIETOK, SIBJISISICH OTHUM
13 MOIIHBIX MEXaHU3MOB pa3pylieHus Tkadu [189].

4.2. y3TI-kaemku

Knerku yoT1, npoayuupyomue [IFNy u TNFa,
OOHapYKMBAIOT KaK B IeprudepuIccKoit KpOBHU, TaK
M B pasfIMYHBIX TKaHSX, BKJIo4as onyxojau [132,
149]. Tlpoaykuus stumu kinerkamu IFNy moxert
CIOCOOCTBOBATh MHTMOMPOBAHUIO OIYXOJIEBOIO PO-
cra, moatomy y0T1 B nuTepaType 4acTo Ha3bIBAIOT
TMPOTUBOOITYXOJIEBBIMU KJIETKAMU, YJIyqIIAIOIIUMU
MPOrHo3 TeueHus 3abosieBaHusl. B ocHOBe MpOTUBO-
OMyX0JeBOi aKTUBHOCTHU YO T 1 JIEXKUT CITOCOOHOCTh K
MPSIMOI WJTW OTTOCPEIOBAHHOM OMMCAaHHBIMU BHIIIIE
MeXaHU3MaMU, WIN aHTUTEI03aBUCUMOMN ITMTOTOK-
cuyHocTU. [IpoTHUBOOIYyX0JIEBYI0 aKTUBHOCTh YO T 1
cBa3bIBaloT ¢ cekpenueid umu [FNy u TNFa, koto-
pble MHTMOMPYIOT aHTMOreHe3, CIIOCOOCTBYIOT aK-
TuBaluM Th1-KJIeTOK U AeHAPUTHBIX KJIeToK [149].
Cekpeunst TNFo n IFNy Vy9Vé2-knetkamu obe-
CIeYMBaeT KOHTPOJIb CO3PEBAHMUS ACHIPUTHBIX K€~
ToK. Takue AeHAPUTHbBIE KJIETKU MPOIYLIMPYIO IIUTO-
kuHbl IL-12, IL-1B, TNFo n IFNy [64].

HuddepeHiuposka B Tumyce yOT-KIETOK B
vOT1- m ydT17-xneTkn, cBs3aHa ¢ paclio3HaBaHVEM
aHTureHa T-kjaeTouyHbIM peuienTopoM. Kietku, pac-
no3Haiue antureH ceouM yOTCR, nuddepeHn-
pytotcs B ydT1, a He pacrio3Hatotue — B ydT17 [91].
B nporuBopeune ¢ 3TUMM AAHHBIMU TMOJYyYEHbBI
CBUJETEBCTBA O TOM, UTO pPaclO3HABaHWE AHTU-
reHa yO0TCR HeobxonuMmo st auddepeHITUPOBKU
kak yoT1, Tak u yd T17 [158], a cuibHBIE CUTHATBI
yepe3 YOTCR nopasisiior nuddepeHIIUpPOBKY B YO
T17 [228]. Tlo maHHBIM OPYTMX WCCIEAOBaTeIeH,
CD27*ydT-knerku B TUMyce AuddepeHIupyoTcs
B y0T1, Torma kak xinetku CD27-ydT-kieTku — B
yOT17 [194].

BMmecrte ¢ TeM, ycTaHOBJIEHA BO3MOXHOCTb AUQ-
depeHpoBKU YOT1 B yOT17-Kj1eTKU B TKAHU OMy-
XOJIU TI0 Mepe ee MPOrpecCUpoBaHms Gaarogapsi -
TOKMHAM U KJIETKaM MUKPOOKpyxXeHus [148, 192].
Takoe epenporpaMMUpOBaHUE KJIETKaMU OITyXOJei
vOT1 B yOT17-KIIeTKM MOXET OBITh OJHUM M3 MeXa-
HU3MOB M30eraHusl OMmyXoJsIMU UMMYHHOTO Hala30-
pa [274], 4TO CTaBUT MO/ BOIIPOC T€PAITUIO OITyXOJIeH
npu nomoiuu Vol T-kinerok. Ha MblmHOM Moaenn
MOoKa3aHO, YTO B OCHOBE MepernporpaMMupoBaHUs
OIYyXO0JIEBBIM MUKpOOKpyxkeHuem yoTl B yoT17-
KJIETKA MOXKET JIeKaTh U3MEHCHUE MyTH aKTHUBALIUKN
mTor. YcranosneHo, yto mTORCI yuyacTByeT B nud-
depenuupoBke y0T1 u y6T17, Torna kak mTORC2
obU1 HeoOxoauMm 1ist nuddepentupoBku Y6117, HO
He y0T1. Uctomienue mTORCI mpuBomut K 1o-
BbllIeHHOI aKkcnpeccun SOCS1, KOoTophlii, B CBOIO
ouepenb, ITOMABIISICT BKCIIpeccuio (akTopa TpaHC-
kpuniuu Eomes, 4To CHMXKaeT MPOAYKIIMIO KJIeT-
kamu [FNy. HamporuB, mTORC2 crtumynupyet
nuddepernumnponky yoT17 3a cuer momasiaeHUs TIPO-
OyKUuU MutoxoHapuaabHbix ROS (mitoROS) [285].

TTonararoT, 4TO Takas MIACTUYHOCTb U CIOCOO-
HOCTb MPHOOpETaTh CBOICTBA Pa3HBIX CYOITOITYJISI-
it ydT-KJIeTok cBsi3aHa ¢ BO3MOXHOCTBIO MX MO-
JIIpU3aliy BHE TUMYyCa B 3aBUCUMOCTHU OT YCJTOBUM
B MUKpooKpykeHuu [113, 132]. Tak, B IpuCyTCTBUU
pa3HbIX ILIMTOKMHOB WM MX codeTaHuili Vy9Vo2-
KJIeTKU Toyisipusytorcss B yOT17-kieTku Jubo B
nponyuupytomue kKak IFNy, tak u IL-17 ydT1/
voT17-xknerku, nu6o mnpoayuupyomme kak [FNy,
Tak U TNFo B y8T1-k1eTku, MO0 B MPOAYyLIUPYIO-
mue TosibKo IL-4 ydT2-kneTku, mpuuem IJjisi WHU-
HUalyu W TIOAAepXKaHUsl UX MOJsSipU3aliiu Tpedy-
IOTCS pa3IMuHbIe HUTOKWHBI [ 18]. 11s1 oOpa3oBaHus
vdT17 y HOBOpOXIeHHBbIX Heooxonumbl 1L-6, 1L-13
u TGF-B, nnst o6pazosanust ydT1/ydT17 nononHu-
TesbHO HeooxonuM [L-23. Hutoknnusr 1L-23, TL-13
u TGF-B HeoOxomumbl misi 00pa3oBaHUST KIIETOK
namsatu ydT1/ydT17 u kietok ydT17 [18]. B akcne-
pumMmeHTax in vitro ctumyasaius Vy9Vo2 ydT-kneTtok
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pPa3TUYHBIMU MHIYKTOpaMM TIPUBOIMIA K 00pas3o-
BaHMIO pa3HBIX (DEHOTUITOB ATUX KJIETOK: KYJIBTUBH-
poBaHMEe B MPUCYTCTBUM U3ONEHTEeHUINUpodocha-
ta (IPP), IL-12 u antu-1L-4 anTUTEN IPUBOAUIIO K
dopmupoBanuio y3T1 cydononmynsiinu, a B IpUCYT-
ctBum IPP, IL-4 u antu-IL-12 antuten npuBoauIo
K ¢opmupoBanmio ydT2 cyoriomynsituu [260]. B yc-
JIOBUSIX in vitro n3 nionynsiun Vy9Va2 ydT-kireTok
nepudepuyeckoit kposu B npucyrcteun TGF-f un
IL-15 moxHo nonyuuts FoxP3*ydTreg-kitetku [25],
a B npucyrctBuu IPP u IL-21 MoOXHO MOOJy4uUTH
yoTth-kneTku, KoTopwle, Ojaromapsi TPOAYKIIUU
1L-4, IL-10 u CXCL13, cnocoOCcTBYIOT CO3pEBAHUIO
B-xiteTok m1st BBIpAaOOTKM aHTUTE MHPOTUB UyXKe-
POIHBIX aHTUTEHOB [6]. YCTaHOBJIEHO, YTO B YCJIO-
BUSIX omyxoJjeBoro pocta IL-4 unaynupyet npeBpa-
IICHUE TIPOTUBOOITYXOJIEBBIX V32, CEKPETUPYIOIINX
IFNy B Vo1, nponyuupytomux IL-10 [137]. Takas xe
(byHKIIMOHATbHASI TETEPOTEHHOCTDh U TUIACTUYHOCTh
yoT-xietok HabmomaeTcss Npu UHGOEKIMOHHBIX U
ayTOMMMYHHBIX 3a00J1eBaHUSIX.

Takoil mMpoKUii TMana3oH BHETUMUYECKON IMO-
JISIpU3aui CBUACTEILCTBYET 00 OTCYTCTBUM TPaHUII
MeXay cyononyasiuusMu ydT-KJIETOK U YTO LIMTO-
KWUHBI MUKPOOKPYKEHMUSI, OTIPEIEIISIS TIOSIPU3alInio
yOT-KJIeTOK, B KOHEYHOM UTOTE OMPEACSIOT POJib
yOT-kieTok B GPU3MOIOrMYECKOM WU TATOJOrnye-
CKOM ITpoliecce.

4.3. y3T17-kaemxu

Kierku y8T17 oTHOCSAT K BPOXIEHHOMY 3BEHY
UMMYyHUTeTa, oHU npoayuupyroT [L-17, obnagarot
NPOBOCHAJIMTEIFHBIMU CBOMCTBAMM, 00ECIIEUMBAIOT
3alIUTy OT BHEKJIETOYHBIX OaKTEepHalbHBIX U I'PUO-
KOBbIX nHbekuit [177, 191], yyacTByloT B narore-
He3¢ MHOXECTBa ayTOMMMYHHBIX 3a00JieBaHUII u
BCTpeyaroTcsl B mepudepruueckoil KpOBU U B TKaHSIX
Y 4eJI0BeKa TOJIbKO MpU matonorusx [283].

Yenoseuyeckue ydT-KIeTKM CHIOCOOHBI MPOMYLIM-
poBath IL-17 npu onpeneneHHbIX MHMeKLIUIX [283],
a Takke TIocJie TMOJIMKJIOHAILHOW aKTUBAIUU WU
nociae MX KyJBTUBUPOBAHUS ¢ HUTOKMHamu [L-23
n IL-6 wnom IL-7 [18, 152, 155]. HekoTopskie uccie-
JIOBATeJIY T0JIaraloT, UTO y YeJIOBEKa HE CYIIIECTBYET
cneuududeckoit cyomnomynsiiuu ydT-KieTok, ce-
KpeTtupylolieil uckimwouuteabHo 1L-17. D1y (yHK-
M0 B OIPENEICHHBIX YCIOBUSX BBITIOJTHSIOT KakK
Vy9Vs2 T-xnerku kpoBu, Tak u Vol T-knetku B
TKaHgx. [Ipu aToM 00e cyomomyasiuuu TpOmYyLU-
pytoT IFNy 1 0061anai0T HMTOTOKCUYHOCThIO [18].
bonbmmHeTBO nipoayuupytomux [L-17 ydT-kietok
skcnpeccupyor CDI161. Tlpoxyumpyromue I1L-17
Kinetku ¢ peHorunom CD28*CD27*CCR6" u akc-
npeccueii reHoB RORC n IL23R o6Hapy:KeHBbI B I10-
mysinun Vy9Vo?2 T-kineTok nepudepruyeckoil Kpo-
BU [208]. OTMeUaloT TakKe, YTO B IEYEHU 300POBOTO

yejgoBeKa cojepxkutcs Vo3 monynsauus T-KeTok,
nponyuupytomasi [L-17 [134], a takxke RORyt"ydT-
KJIETKH, KOTOPble B OCHOBHOM IIpUHAaJIeXaT K MO-
nyasuuu Vyove?2 [122].

IMpu wHbexkumsax ydT17-kKAeTKU CEKPETUPYIOT
IL-17, IFNy u npyrue npoBOCTIaJUTENbHbIE LIUTO-
KWHBI, aKTUBUPYIOT Makpodaru u HeuTpoduisl [77,
215]. IMomaratoT, 4TO B oyarax BOCITaJeHUST HENTPO-
GuJIbl HE TOJBLKO TMPOSIBIASIOT CBOIO OaKTEPULIUI-
HYI0 aKTUBHOCTb, HO U PeryJaupyroT dyHkuuu yoT-
KieTok [240].

Hapymennast akrtuBanust kiaetok yoT17 moxer
MPUBECTU K MOBPEXAEeHUIO TKaHel [281], xpoHuUe-
CKOMY BocIiajieHn1o [287], ayTouMMyHHBIM 3a00J1e-
BaHUSIM, Hampumep ricopuasy [22]. yoT17-kieTku
CTUMYJIMPYIOT POCT OMYXOJIEN U UX METacTa3upoBa-
Hue [36], 4TO OIMCaHO MpPU paKe MeYeHU, MOJIOUYHBIX
Kese3, TIETKUX, KOJTOPEeKTaIbHOM pakKe M paKe >Keau-
HOTO ITy3bIps [36, 93, 176].

OIHUM U3 MEXaHU3MOB M30CTaHMS ONMyXOJISIMU
MUMMYHHOIO Haazopa SBJSETCS 3KCIIPEeCCUus UMU
BTNL2 [56], KOTOpPBIA CTUMYJIUPYET IIPOAYKIIUIO
IL-17 ydT-knetkamu [218]. D10 IpUBOAUT K TIpU-
BJICYEHUIO B MUKPOOKPYXKEHHE OMyXOJAU MUEJIOUI -
HBIX KJIeToK-cynpeccopoB (MDSC) [298], koTopsbie,
B CBOIO ouYepenb, CHMXKalT HachlmeHue CD8*T-
KJIeTKaMU OITyXOJIeBOil TKaHU. bbrl1o moka3zaHo, 4To
yOT-kieTku, cekperupyoiuue [L-17, ctumynupyior
POCT OITyXOJIM y MBIIICH 3a CYET PEKPYTUPOBAHUS
MDSC MOHOLMTApHOTO U T'PaHYJIOLIUTAPHOTO MPO-
UCXOXIEHUSI 1 UHAYLUPYIOT HAKOMJIEeHUE U TI0JIsI-
pU3aLII0 HEUTPOMUIIOB, TIPUBOMSIINEC K PAa3BUTHIO
peaMeTacTaTu4eCcKoro UMMYHOCYIPECCUBHOTO
MMKPOOKpyskeHus [168]. UccaenoBaHust moka3biBa-
IOT, 4TO KJIE€TKU YO T 17 MOTYT BHOCUTB 3HAYUTEIbHBII
BKJIaJ B IMPOrpecCUpoOBaHUE KOJOPEKTaJbHOIO paka
yeJjioBeKa, BoBJieKas OoJibliee Koaudyectso MDSC B
MUKPOOKPYKEHHE OITyX0Jiu [56]. YcTaHOBIEHO, YTO
yOT-KJIETKM aKTUBUPYIOT 3Be3[4aThble KJIETKW MO[I-
XKeJIyIOUHOU KeJie3bl, MPUBOAS K CeKpeluuU HUMU
I1L-6. DTO, B CBOIO OYEpPED, CITOCOOCTBYET PA3BUTHUIO
U MIPOrpecCUpPOBAHUIO TTPOTOKOBOI ageHOKapIIMHO-
MBI TIOJIXKeJyA0uHOM Xeje3bl [213]. Pak MonouHol
XeJie3bl, MHGUIBTpUpoBaHHbIii CD73" perynsrop-
Holi cyononyJssiueir Vol ydT-KJeToK, MposiBIsIeT
CBOM MMMYHOCYNpPECCUBHBIC (DYHKIUH, ITPOIYIIM-
pya IL-10 [27]. IL-17 MoxXeT cnocoOCTBOBAaTh POCTY
OIYXOJIY, MOAACPKUBAsT aHTUOTEeHE3 MPU paKe XKeTd-
HOTO My3bIpsI, pake >KeJyAKa, HeMEJIKOKJIETOYHOM
pake JIETKMX, a TaKXKe IpY APYyrux Bugax paxka [176,
275]. Knerku ydT17 cTUMYIUPYIOT aHTMOIEHE3 U
poct omyxoau, uHayuupysa npoaykuuio VEGF u
Ang-2 KjaeTKaMu MUKpPOOKpyxXeHUs [211]. Cnenyer
OTMETUTb, 4TO YO T17 yCcTOWYMBBI K Tepannuy UHTU-
OUTOpaMU KOHTPOJIbHBIX TOueK uMMyHUTeTa PD-1 1
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TIM-3 [58], uTO B ouepeaHOl pa3 CBUAECTEIbCTBYET
B MOJIb3y HEOIPEACICHHBIX TIEPCIIEKTUB MCIIOIb30-
BaHus yOT-kieTok s Tepanuu onyxoJseil. [ToBbi-
meHHoe KoandecTBo yOT17 T-KIeTOK B OMyxoin
KOPPEIUPYET C TUIOXAM MPOTHO30M, BKJIIOJast METa-
ctasupoBaHue [58].

Hapyuenue nponykuuu IL-17 cBs3bIBatoT ¢ na-
TOreHEe30M T'PUOKOBBIX MH(MEKIIMT y yestoBeka [58].
ITonararot, uto HapyueHue npoaykuuu IL-17, B Tom
yuciyie y0T17, 7eXUT B OCHOBE MaTtoreHe3a KaHAu-
O3HBIX UHMEKINH. YcTaHOBIIeHO, 4TO YO T-KIleTKu
KpOBHU 4YeJioBeKa, 0ocobeHHO V31 OT 310pOBBIX H0-
HOpPOB, OTBeYaloT Ha KyJbsTuBupoBanue ¢ C. albicans
nponudepanueit, nponykuueii [L-17 u IFNy u no-
BbllIeHMeM aKkcripeccun RORC u TBX21 [58].

TIpeumyinectBeHHas jJokanu3auus yoT17 B TKa-
HSIX HaKJIaIbIBacT OIIpeIcICHHBIC OrpaHUYCHUS Ha
MCCIIeOBaHUS CBOMCTB 3TUX KJIeTOK. [ToaTomy yua-
ctue y0T17 B ayToMMMYHHBIX 3a00JI€eBaHUSIX YEJIOBE-
Ka 00cyXmaeTcsl KaK 3KCTPAIosIs Pe3yIbTaToB,
MOJYYEHHBIX Ha MBILIMHBIX MOMAESIX C OIHOBpE-
MEHHBIM CPaBHEHUMEM JIOKAIM3AIIUM 3TUX KJIIETOK B
TKaHSX B CJIydae JOCTYITHOCTH YeJIOBEYCCKOTO MaTe-
puasia. YCTaHOBJIEHO, UTO KOXKa MallMeHTOB C MICOPH-
a3zoM oboraieHa nonyJssuuein Vy9Voe2, kotopas npu
CTUMYJISIHUY MUTPUPYET U3 KPOBOTOKA W HAUYMHACT
npoayuupoBatb IL-17 [114]. Takke mojaraloT ak-
TUBHOE yyacTtue yO0T 17 B IOBEeHUJIbHOM UAMONaTHye-
CKOM apTpuTe, cnoHmuioaprpure [68]. YctaHoBieHO
Takxke, 4To yOT-KJIeTKU MoKa3ajiu TOMUHUPYIOIIWI
npoduib skcnpeccuu [FNy u [L-17 y mauueHToB ¢
TNPUBBIYHBIM HeBBIHAIIMBaHUEM [231].

4.4. YO NKT-xaemku

yONKT-kJIeTKU U3y4eHbl K HACTOSIIEMY BpeMe-
HU HEIOCTATOYHO M B OCHOBHOM Ha MBIIIUHBIX MO-
nensix [17, 91, 158, 179, 194]. Honynsiumst yONKT
(CD56™8T) skcnpeccupyeT Ha BBICOKOM YpOBHE
CD56. Okcenipeccust CD56 nemaet ux heHOTHUIT CXOJI-
HbIM ¢ (eHoTunoMm afNKT-kierok. Co3peBaHue
afNKT-knerok n yONKT-k1eTok B TUMyCe Ha cTa-
nuu DP naet BO3MOXHOCTbH CHEKYJIUpOBaTh O Ha-
JIMYUU Y 3TUX KJIETOK €IUHOIro MpeallecCTBEeHHUKA.
OnHako B HacTosillee Bpems M3-3a MaJOYUCIEHHO-
CTH 3THX KJIETOK OCOOEHHOCTHU nX U PEPEHIINPOB-
KU KpaliHe Mano usydeHbl. B 2024 romy Shuanglinzi
Deng u coaBT. omnybjuKoBaau paboTy, B KOTOpOit
cooburaercs 06 obHapyxeHUU YO T-KIIETOK C TTOBbI-
meHHoM aKkcnpeccreii CD56 npu ¢ MI0CKOKIETOU-
HOM pake [47]. DTu KJIeTKU UMEeNU ciadyto SKCIpec-
cuto PD-1, cekperupoBaniu [FNy, IL-17A u 1L-22,
skcnpeccupoBaii CCR2, CCR5 u CCR6 u oTBeva-
JIY 32 peaiu3aluio BocnajieHus [2].

4.5. y3Treg-kaemku

Cpenn afT-KJIETOK BBIIEJSIIOT OCOOYIO MOITYy-
JISIUIO, OTBEYAIOIIYIO 32 PEryJslrio peakluii uM-

MYHHOTO OTBeTa M IMOJAepKaHWe UMMYHHOU ToJie-
panTHOCTU — T-perynsaropHbie TuMdbouuTsl (Treg).
Cpenn yOT-KIJIETOK TakXKe BbIICISIOT TMOAOOHYIO
nonynsuuto ydTreg [178]. ydTreg-kineTku odiagamoT
TIIPOOMYXO0JICBBIMI CBOMCTBAMM — OHM CITOCOOCTBY-
IOT POCTY M METacTa3upOBaHUIO OMYXOJM, Hapyllas
byHKI1MI0 3DDHEKTOPHBIX KIETOK [289].

IMomararor, yTo y 4enoBeka muddepeHIInpoBKa
addexTopHbIX Vo1 n Vo2 T-kiterok B ydTreg mpouc-
XOJIUT Ha Tepudeprun B OMpPeNeJICHHOM ITUTOKWHO-
BoM MukpookpyxeHuu (TGF-B, IL-2 u I1L-15) [30,
181, 286, 287]. Dra anddepeHINPOBKAa COMPOBO-
xnaaetcs akcnpeccueit FoxP3 u rena IL-9 [30, 180].
ITomarator, uto BuTamMmuH C SBASIETCS HEOOXOIM-
MBIM KOMITOHEHTOM mpeBpalleHus T-kiaeTok V32 B
FoxP3*ydTreg [110]. Takue ydTreg mposBISIOT Cy-
MPECCUBHYIO aKTUBHOCTh B oTHoIIeHnu CD4 afT-
quMdonurtoB. ydTreg-knetku cexkpetupytor GM-
CSF, IL-10, TGF-B, IL-17, skcnpeccupytotr CD39,
CD73 u peuenTtopbl KOHTPOJILHBIX TodeK [181],
Onarogapsi KOTOPbIM peaau3yloT CBOM CYMpeccop-
HBIC W PETYISITOPHBIC (DYHKIIMH. 3a CUET ITPOTYKIINHI
I1L-4, IL-10 u TGF-B ydTreg uHrubupyoT co3peBa-
HUE NEHIPUTHBIX KJIETOK U MOAABISIOT aKTUBHOCTD
apdexkTopubix CD4" u CD8 afT-knerok u NK-
KJIETOK B OTHOIIICHUM oITyxoJieii. I1pu pake Moiou-
HOW KeJie3bl BblAEJeHHbIe U3 ornyxonu ydoTreg crno-
COOCTBYIOT Pa3BUTHIO CTAPEHUSI JICHAPUTHBIX KJIETOK
C TOJIepOreHHBIMU DYHKIUSAMH. Takue neHIpUTHBIC
KieTku noaasiisatoT auddepeHuypoky Thl u Thl7,
HO crocoOcTByIOT pasButuio of3Treg-kinetok [216,
289].

B nepudepuueckoit KpoBU, a TakxKe B TKaHU
OMYXOJIX TIAIIMEHTOB C PAaKOM MOJIOUHOM XKeJe3bl
U pakoM TOJICTOM KUIIKU OOHapyxuBaioT ydTreg-
knetku ¢ ¢enorunom CD73*FoxP3*Vél*t nmubo
CD39*FoxP3*V31* [163]. 3a npubneyeHue ydTreg
B TKaHb onyxojim orBeuaeT IP-10, cekpeTupyemMblii
KJIETKaMU paka MOJIOUHOI1 xkeyesbl [289]. [1pu aTom
y8Treg cnocoOCcTBYIOT (DOPMUPOBAHUIO ClieLIubrye-
CKOI TSI OITYXOJIM UMMYHHOM ToJIepaHTHOCTH [99],
MOAABJISIIOT PeaKlMU BPOXIAECHHOIO M agalTUBHOIO
MPOTUBOOITYXOJ€BOTO UMMYHHOTO OoTBeTa [288].

IToaTromy mnoBbIIIEHHOE coaepxaHue o Treg-
KJIETOK B TKaHU COJIMAHOI OITyXOJIU, a TAK>Ke TOBbI-
IIeHHAas MPOAYKIUS IIMTOKWHOB, XapaKTePHBIX IJIst
3TUX KJIeToK, HanpuMmep 1L-10, ncrmonb3yoTesa Kak
MapKepbl TeUeHMUs OITyXxoJieBoro pocta. Yem Gosbliiie
3TUX KJIETOK B OTTYXOJIU, TEM XYK€ ITPOTHO3 MSTUIIET-
Heil BBDKMBACMOCTH, BBIIIIEC PUCK PA3BUTHUS PCIIUIN-
Ba paka MoJIOUHO xkeJe3bl [133] u aumpomsbr [102].

B nuTepaType Takke OMMcCaHbI U TIOJIOXUTEb-
Hble cBoricTBa ydTreg. Tak, ObUIO TTOKa3aHO, YTO
akTUBUpOBaHHbIe Lactobacillus acidipiscis ydTreg
MOTYT TIOJABJATh ayTOpeaKTUBHbIE KJIOHbI Thl- u
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Thl7-xietok [193]. C apyroii cTopoHbl, HemoCTa-
TouHas aktuBauus ydTreg 6axmepusmu Lactobacillus
acidipiscis B KALIEYHUKE TIPOBOLIMPYET aAuddepeH-
LUPOBKY KUIlIeYyHbIX YOT-kieTok B KJjieTku yoT17.
[Momarator, yto murpauusg Takux ydT17 B MO3roBbie
000JI0OYKM MOXKET JieXXaThb B OCHOBE JCIPECCHBHOIO
noBegeHus [63, 300].

4.6. y0T pc-Kaemku

IMpodeccroHanbHbIE AHTUTEHITPE3CHTUPYIO-
e kietku (APC — antigen presenting cell) mo-
IJIOLIAIOT aHTUTCH MPU ITOMOINM haroumTo3a (Ma-
Kpodarv) uWJIM MaKpONUHOLUTO3a (IeHAPUTHBIEC
KJIETKM), PACIHICTUISIIOT ero W TPEACTaBISIIOT B CO-
craBe Mousekyn Jjokyca MHCII main MHCI naun-
BHbIM o T-1umpoumntam [80]. JeHapUTHbIE KIETKU
(DC — dendritic cell) morjouarT aHTUTEHBI B 30HE
MH(EKIIMOHHOTO MMOPaXKeHUs WU OITyXOJICBOI TKa-
HU, TIPOXOMASIT CTAaAMIO CO3pEeBaHMsI, BKJIIOUYAIOIILYIO
aKTUBAIINIO BKCIIPECCUN KOCTUMYJIUPYIOIINX MOJIE-
KyJ mepen MUTpaleil B peruoHapHbIe JIuMdaTude-
ckue y3abl. Bzaumoneiictsue CD40 Ha moBepXHOCTHU
DC ¢ CD40L Ha nosepxHoctu CD4*T-nmumbouunToB
npuBoIUT K aktuBanuu DC, KoTopass HeoOxommuma
JUISI MPpUOOpPETeHUsT el aHTUTeHIIPE3eHTUPYIOLICH
¢yukumn. Takast akKTUBALIVS TTIPY ITOMOIIN KOCTUMY-
JIITOPHBIX PELIEIITOPOB Ha3bIBACTCS JIMIICH3MPOBA-
Huem APC [9, 160].

IlonaratoT, uyto omHa w3 cyonomyasauuii yoT-
kJeTok, aumMeHHo VY9VS2TCR HLADR®, otHocutcs
K MNpodeCcCUOHAIbHBIM aHTUTeHIPE3eHTUPYIOIIUM
KJIETKaM Ha OCHOBAaHUM BKCIIPECCUU UMM MOJIEKY
nokyca MHC kiracca 11, KocTUMYyIMPYIOIINX MOJIE-
Kyna [16] n pelienTopoB K XeMOKWHAM JIJIST XOMWHTA
B tumdatuyeckue y3iabl (CCR7) [14], cmocobHOCTU
K KJIacTepu3allMd B 3apOIBIIIIEBBIX IIeHTpax (HoJI-
JuKyJoB B-kierok [15]. DT KJIEeTKU CIIOCOOHBI
3aXBaThIBaTh AHTUTEHBI M3 MHTAKTHBIX KIIETOK IIpU
nomolu (aronuTosa Wwin Tporomurosa [186, 276] u
MpPEe3eHTUPOBaTh WM KPOCCHPE3eHTUPOBATh Iepe-
paboTtaHHble aHTUreHbl Kak CD4*, tak u CD8 a3 T-
suMmdonuram [14, 16, 151]. Dkcnpeccuss HLA-DR
Takke oOHapyxkeHa Ha Vol T-kmerkax [109, 127] u
V&3 T-knerkax [134]. Crumynsauus yoT-kiIeToK B
OIIYXOJICBOI TKAHM JIMTAaHAOM T-KJIIETOYHOTO pelier-
Topa U TOCjeAylolliee paclno3HaBaHUE TaKUM JIUM-
(olMTOM OTNMCOHU3MPOBAHHON AHTUTEIAMU KIIET-
KU-MUIIEHU W peaJn3anuss aHTUTEI0-3aBUCUMOI
KJIETOYHOI LIMTOTOKCUYHOCTHU JIEKUT B OCHOBE JIM-
1eH3upoBaHUs YO T spc [81].

YcraHoBieHO, 4TO akTUBamusI Vy9Vo2T-kiaeTok
nepudepruyeckoil KpoBM B TOJICTOM W TMOAB3HOII-
HOMI kulIKe 6akTepusiMu B ipucytctBuu [L-15 npe-
BpalaeT 3Th KIeTKU B yOT ypc-KiIeTKU [246], KOTO-
poie noasipusyioT CD4" T-kneTKu UCKIIOUUTEIbHO
B Th22, nponyuupyromue IL-22, Ho He B Thl7, 3a

obpazoBaHue KOoTopbix oTBeuatoT APC muenonaHo-
ro npoucxoxpaeHus. [lomaratoT, 4to YO T \pc U MUE-
gounHbie APC mnepenaloT NMpUHLMIKAIBHO pa3HbIe
curHaibl CD4*T-kjneTkaM W 4YTO TakKUM oOpaszom
yOT-KJIeTKN 3aluIIaoT CIU3UCTYIO KUIIEYHUKA
OT TUIIEpPBOCHAJIEHUSI C TIPUBJICYEHUEM HEUTpo-
dunos [87, 121]. B MOMEHT aHTUTreHOpPE3eHTALIUU
yoT-xnerku yepe3 mosekynsl CD28 wim CTLA-4,
sapisomecs aurangamu CD80/CD86 [127], moryT
CTUMYJIMPOBATh WJIW TIOJAABISATH aKTUBHOCTH afyT-
mumboruta. OgHako y8T 4 pc HECTTOCOOHBI TIPOAYIIH -
poBaTh LUTOKWHBI, OTBEYAIOLIUE 3a MOJSIpU3ALUI0
HauBHbIX ofT-mumdonuros. [ToaTomy 3a monsipu-
3alMI0 B 3TOM ciiydae oTBedaeT aKkcrpeccust YO T 4pe
kietkamu ICOSL (inducible T cell costimulator
ligand) u npoaykuusi umu TNFo, KoTOpbie, B CBOIO
ouepelb, CTUMYJIUPYIOT 3Kkcrpeccuio CD4T-num-
¢ounrtamu I1L-22 u MPHK AHR [246].

Kaxk yxe oTMedeHOo BBIIIIE, CPeIr CyOTIOIyIsIInT
Vy9Vs2 T-kietok niepugepudeckoli KpoBU YesloBe-
Ka BBIIEISIIOT MHOXECTBO KJIACTEPOB C pa3HOOOpas-
HBIMM XapakTepuctukamu. OIWH UX TaKUX KJiacTe-
POB KJIETOK KoaKcnpeccupyet peuentop CD27 u ero
gurang — CD70. AktuBaiusi y0TCR dochoaHTure-
HaMW MHOTOKPAaTHO YCWJIMBAETCS B CIydae KOAKTH-
Bauuu yOT-xierku mo suHuu CD70/CD27. Takoe
JIMTaHA-PeLeNTOPHOE B3aMMOACUCTBUE OMpeaessieT
UX XU3HECTIOCOOHOCTh, WHIYLMPYET Tpoiudepa-
o n cekperuio Thl-TToqoOHBIX TUTOKUHOB [42].
YcTaHOBIEHO, YTO B MOMEHT Mpe3eHTallMd aHTH-
reHa HauBHoMy CD4 o T-mumMdbouuty nepekpect-
Hoe B3auMogaencTBue yd T ,pc 110 TuHUU CD27/CD70
CITOCOOCTBYeT nojsipusauuu T-1uM@onuTa B CTOpO-
Hy Th1 u nponykuuu IFNy [246].

IMossnenue 8T, pc B Tiepuepuueckoil KpoBU
CBSI3bIBAIOT C aKTUBHBIM ITaTOJOTMYECKUM ITpoliec-
coM. Tak, comepxaHue LUPKYJIUPYIOIINX YOT zpc
OBLJIO 3HAYMTEILHO BHIIIC Y MAIIMEHTOB C aKTUBHOM
cranueit peBMatougHoro aptpurta. Ilpu 310l maTo-
Jioruu y3T ypc MPUCYTCTBYIOT TaKKe U B CUHOBUATb-
Hoi xuakoctu [116]. Vy9Vs2 T-kileTKu CrioCOOHbBI
MpUOOpPETaTh XapaKTePUCTUKU aHTUTECHITPE3EHTUPY -
IOLLEN KIIETKU B YCIIOBUSIX iN Vilro Y IPE3EHTUPOBATH
antured CD4*" u CD8'T-numdounram [16, 245],
YTO JIEXKUT B OCHOBE Pa3pab®OTKU METOHAOB WX IpH-
MEHEHMUS B Tepariiy OITyXOJIeH.

4.7. y3Tfh-xaemxu

IMonaBnasrolniee KOJUYECTBO JaHHBIX B JIUTEpaTy-
pe no noBoay cyonormyssiiuu yoTth-kineTok omnuca-
HO Ha MBILIIMHOUW MOACIN U CBUICTEIBCTBYET B IIOJIb-
3y UX CIIOCOOHOCTU BJUSITH Ha MPOAYKIIUIO aHTUTE
UMMYHU3UPOBAHHBIMU MW  WHQHULUPOBAHHBIMUA
MblmaMu [259]. DKcTpamoaupys TaHHBIC, TOJIY-
YeHHbIC Ha MbIIIax, UCCAeA0oBaTe/IM MOoJaramT, 4YTO
yoTth-kneTkn yeaoBeKa MOTYT BIUSITh Ha peakiuu
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TYMOPQJILHOTO UMMYHHOI'O OTBETa U BJIMSITH Ha CO-
3peBaHne B-mmuMm@onnToB, u BIUSTH HA TIPOIYKIINIO
aHTUTEJ IUIa3MaTUYECKUMHU KJIETKaMMU. YCTaHOB-
JIEHO, YTO y MalMeHTOB ¢ Helipobiactomoii ydTth-
KJIETKA UMEIOT (PeHOTUTI HAUBHBIX KJIETOK C ITOBBI-
meHHoM akcmnpeccuein CD25, CD69, HLA-DR n
CD40L, nonuxeHnHoii akcnpeccueit CD278 (1COS);
OHM MPOAYIUPYIOT MOBBIIIEHHOE KOJM4YecTBO 1L-4 1
IL-10, yeMm Te 3Ke KJIETKM Y 310POBBIX JOHOPOB. ¥ na-
IIMEHTOB C HEWPOOJACTOMOM TaKne XapaKTepPUCTUKN
vy0Tfh-kneTok covyeTaloTcs C MOBBIIIEHHBIM COJIEP-
xaHueMm IgG B ceiBopoTKe KpoBu [157].

Kak yxe oTMeueHO BbIllle, akTUBaLUs Vy9Vo2
T-KJeToK pasaMYHBIMM LMUTOKWHAMHU TPUBOIUT K
noJisipu3auuun ux peHorumna B GeHOTUI, MOAOOHbBIN
Th2 [260], Th17 [18], Tth u Treg [25]. KynstuBupo-
BaHue Vy9Vo2 T-kieToK B MPUCYTCTBMM aHTUTEHA
u IL-21 onpenenser ux Moaspu3aluio B CTOPOHY B
cropony denoruria Tth [25]. TTosydeHHBIE TaKuM
o6pazom kieTku YO TTh-kKieTkn sKcTrpeccupyior pe-
npeccop TpaHckpumuuu Bel-6 [20], CD40L, CD278
(ICOS), CXCRS5, a Takxke obecneyMBarOT IPO-
nykouio IgM, IgG u IgA B-ximerkam muHmanuH [6,
20]. B ortnuune ot kinerok afTfn kierku ydTfn He
nponyuupyioT IL-21, HO CeKpeTUpYIOT LMTOKUHBI
IL-2, 1L-4 u IL-10, xapakrepusbie miast a3 Th2. ITpu
3TOM BHYTpU KjieToK ydTfn oTcyTcTByeT aKcrpec-
cust GATA-3 u IL-13, Takke XxapaKTepHBIX s Xa-
paktepuble s oafTh2-knerok [20]. Tlonarator,
yTo yOTfh-KIIETKM y4yacTBYIOT B PETYJISILLUU CO3pe-
BaHMUSI B-KJIETOK Ha paHHUX CTagWsIX WHQEKIINA,
IO TIOJTHOTO Pa3BUTUSI peakiiil afanTUBHOTO WUM-
MYHHOIO OTBeTa, JIMOO WHULMUPYIOT MPOIYKIIMIO
B-nmumdonuramMu Ha aHTUTEHBI, HA KOTOPbIE OTBE-
yaroT yo T-knetku [21].

5. IlepcnekTuBbl npuMenenus Yo T-KiieTok

Cy1ecTByeT iBa Moaxo/1a K UCIOJIb30BaHUIO YO T -
KJIETOK B JICUEHUM Pa3JIUYHbIX MaToJOTui: 1) n3ou-
paTejibHOE yBeJIUMYEHUE OAHON M3 momnyasuuid yoT-
KJIETOK B YCJIOBUSIX in Vivo; 2) KJIETOYHAs Tepariusl.
B mepBoM ciiyyae M3MEHEHUsI COAEPKAHUSI OIHOI
u3 nomyasauuii ydT-kieTok noduBaroTcs OJjaroaa-
PS BBEIEHUIO TMMallMEHTY peKoMOuHaHTHOro I1L-2 u
dochoanTurena 1mbo Giaaromaps BBEICHUIO COOT-
BETCTBYIOIIMX aHTUTEJ. Bo BTopoM ciydyae oIryxo-
JIEBBIM POCT MOAABJSIIOT OJ1arogapsi BBEACHUIO NalK-
€HTY aJUTOTEHHBIX YO T-KJIETOK, TEHHO-UHKEHEPHBIX
yOT-kyeToK 1m0 Pa3sMHOXEHHBIX in Vifro ayToJo-
ruuHbIX YO T-kinerok [95, 120, 147]. Mcnonb3oBaHue
TaKOro MOAXOJda OrPaHUYMBACTCS BO3MOXHOCTBIO
MOJsIpU3allMM BBEAEHHBIX B OpPraHW3M ITallU€HTa B
moboit knactep yOT-KIIETOK, COCOOHBIX Kak 3@-
(EeKTUBHO YHUYTOXKATh PAKOBBIC KJICTKH, HATIPUMED
voT1 [298], Tak 1 cMOCOOCTBOBATH POCTY OITYXOJIH,
Hanpumep yOT17-knetku [297]. B cBsS3u ¢ aTum

WCCIIEIOBATENISIM CJIEAYeT YYUTHIBAaTh OITMCAHHYIO
BBIIIIE BHETUMUYECKYIO TOJsIpu3anuio yoT-KieTok
B YCIOBUSIX MUKPOOKPYXXEHHUSI, KOTOpasI B JIydIIeM
cliyyae MOXKET CBECTU K MUHUMYMY 3(PheKT OT uc-
nonb3oBaHus yOT1 B Tepanuu omyxoJiei, a B XyA1em
cJTyyae MOXET clmocoOCTBOBAaTh HakoruieHuo yoT17-
KJIeToK B onyxoJisix. Micnonb3oBanue tepanuu yoT-
KJIETKAMU C XMMEPHBIM aHTUTEHHBIM PEIETITOPOM
(CAR) kazanoch MHOrooOe€lIalIIUuM TTOAX0I0M,
KOTOPBIA MOT OBl UCKJTFOUNUTD, MM XOTSI OBl CHU3UTH
BEPOSITHOCTh peaklMU TPpaHCIJIaHTAT TIPOTUB X035~
uHa B ciydyae ucnonb3oBaHusi CAR-afT-tepanuu.
OnHako, O MOCTIEAHUM JITaHHBIM, WCIIOJb30BaHUE
CAR-ydT-Tepanuu Tak:ke UMeeT CBOU OTpaHUUYCHUST
B CUJTY HU3KOM TOKCUIHOCTHU 3TUX KJIETOK B OTHOIIIS-
HUU HEKOTOPBIX OIyXOJieil, CHUKEHHOU MUTpalluU B
OIIYXOJICBbIC TKAHU W TOBBIIICHHON CKIOHHOCTH K
npuoodpeTeHuto TojiepaHTHOCTU [293]. [TosTOMY Te-
panust omyxosieit ¢ mpuMeHeHueM Yo T-KJIeToK rmoka
elle ocTaeTcsl Teparnueit BToporo riaHa [28, 67].

3aKnoyeHne

Baxneiteit ¢dynkuueit ydT-kieTok siBisieTcs
KOHTPOJIb 3a peaklusIMU BPOXAEHHOTO U adanTUB-
HOTI0 UMMYHUTETA. DTU KJIETKU BJAUSIOT HA OTPOMHOE
YHUCIIO KaK (DU3MOJOTUUECKUX, TaK M ITaTOJIOTHYC-
ckux npoueccoB. biarogapsi cobcTBEeHHOMY pelLie-
TOPHOMY almapary, OYyKBaJbHOMY KOIIMPOBAHUIO
cyonomnyassuuoHHoro cocraBa of3T-muMdbouunToB
M OTCYTCTBUIO HEOOXOMMMOCTHU pearupoBaTh aHTHU-
reHcrnenuduuecku, a Takxke OJiarogapsi CriocooHO-
CTU TIPE3EHTUPOBATHh aHTUTEeHBI afT-muMmdbonuram,
KOHTPOJIMPOBATh aKTMBHOCTH KJIETOK MHKPOOKPY-
KeHMsl, BKJIIoYasi AEHAPUTHbIE KJIETKU, Makpodaru
u B-nmumdonutsl, y0T-KIETKU HE TOIBKO SIBJISTIOTCS
«CEHCOPOM YyXOro» U 00JagaloT MPSIMON [IUTOTOK-
CUYHOCTBIO B OTHOILIGHUU MUIIIEHE, HO 1 KOHTPO-
JIUPYIOT TCYCHWE WMMYHHOIO OTBETa, HAXOISICh,
00pa3HO BBIpaXkasich, «Hajd cxBaTKoli». Co3smaeTcs
BIIEYATIEHUE, 4YTO YOT-KIETKU SBASIOTCS HEKUM
3BEHOM Ha KJIE€TOYHOM YPOBHE, KOTOPOE <«pa3yM-
HO» YMpaBIsieT MpolleccaMu, KOOPAWHUPYET U, B
cllygyae HeOOXOIMMOCTH, KOppeKTupyeT nx. OmHaKko
ATO MpPEeaNnoaoXKeHue, CKopee BCero, JoxxHoe, 1 yoT-
KJIETKWA, BEPOSITHO, SIBJISTIOTCSI OMHUM W3 CITOCOOOB
IyOIUPOBAHUS VI KOMIICHCAILIMK <«BBITTaTAIOIINX»
(YHKIIMIT OTAEIbHBIX 3BEHbEB UMMYHOJIOTMYECKOTO
Haa30pa B CJIOXKHOM MHOT000pa3suu MeXKIETOYHBIX
B3aMMOJENCTBUIN U LIUTOKMHOBLIX ceTeit. C apyroit
CTOPOHBI, 3a(UKCUPOBAHO MHOXKECTBO CIyJacB He-
aJIeKBaTHOTO COOTBETCTBYIOLLEN CUTyalluu MOBEIEe-
HUA YO T-KJIETOK B HEKOTOPBIX IMTATOJIOTMYECKUX TTPO-
neccax. Hampumep, npu oHkoreHese yoT-kKiaeTku
CTUMYJIMPYIOT POCT OITyXOJIEBBIX KJIETOK, TTOIaBJISISI
OTHOBPEMECHHO IIPOTUBOOITYXOJIEBYI0 aKTUBHOCTH
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KJIETOK MMMYHHOI cucTembl. TakoMy HeaaeKBaT-
HOMY moBeAeHUIo yOT-KJIeTOK CIOCOOCTBYIOT CaMU
OMYXOJICBBIC KJIETKH, CTHUMYyIuUpyomme audde-
peHLupoBKY YOT-knerok B cybmnomnymsiiuio yoT17
win ydTreg. B MmomoOHBIX ciydasiX MJIACTUYHOCTh
yOT-KJIETOK M MX CIOCOOHOCTh K BHETUMUYECKOM
TpaHcauddepeHUUPOBKE U3 OJHOU CyONOMyIsLUU
B IPYTyI0O MOXET JIeXXaTh B OCHOBE MHOXECTBa TIa-
TOJIOTMYECKUX TPOLIECCOB, TaK KaK 3TU KJIETKMU aK-

TUBHO BJIMSIOT Ha KJIETKHA MMKPOOKPYKEHUs. DTU
cBoiicTBa yOT-KJIIETOK HEOOXONMMO YYUTBIBATH MPU
pa3paboTKe pa3JIMUYHBIX MOJXOJ0B K JUATHOCTUKE U
Teparnuu pa3JudyHbIX 3a007eBaHNii, B TOM YUCJIE Te-
panuu ¢ ucnosjab3oBaHueM camux ydT-KiieTok.

KonukT untepecon

ABTOD 3asBisIeT 00 OTCYTCTBUM SIBHBIX U MOTEH-
LUATbHBIX KOHMJIUKTOB MHTEPECOB, CBSI3aHHBIX C
nyoauKanuein HacTosIIIel CTaTbU.
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TPAHCKPUNTOMUKA EAUHUYHBIX KJIETOK

B UCCJIEQOBAHUN PAKA NMPOCTATDI

Axpamosa J.P., lllapudpanosa FO.B., I'aitnyaauna J1.X.,
IMImeannkosa IILH., Raaumyanmmaa JLI., Ilasaos B.H., Eankeena K.J1.

@I'bOY BO «bawkupckuii eocydapcmeenHbiil meOuyuHckuil ynueepcumenm» Munucmepcmea 30pasooxpanenus PP,
2. Yepa, Pecnyoauka bawxopmocman, Poccus

Pe3tome. Llenb vccienoBaHusi — NMpoaHaIU3MPOBATh COBPEMEHHBIE JOCTUXKEHUS B 00JIACTH TPAaHCKPUTI-
TOMHBIX TEXHOJIOTUI, OPMEHTUPOBAHHBIX Ha aHAJIM3€ €MMHUYHBIX KJIETOK C aKIIEHTOM Ha X IIPUMEHEHUE B
MCCIICIOBAHUM OITyXOJEeBOI0O MUKPOOKPYXECHUS U UMMYHHOTO JIaHAIIachTa MPpU pake MpeacTaTeIbHOM XKee-
361 (PI12K). beuiu mpoananu3npoBaHbBI HaydHBIe 0a3bl maHHBIX PubMed, Medline, Web of Science, Embase.
PITXK — 31okadyecTBeHHOE HOBOOOpa30BaHME, 3aBUCAIICE OT TOPMOHOB aHAPOTEHHOTO ITPOMCXOXKICHMUS,
KOTOpOE TTopa’kaeT MOYETIOJIOBYIO CUCTEMY MY>XUMH. JlaHHbIE TTOKA3bIBAIOT, YTO y MYX4WH mutamaiie 40 net
PIT2K BcTpeuaercst KpaiiHe peako, B TO BpeMsl KaK HauOoJIblllee KOJIMYECTBO CllydaeB HaOIIOAaeTCsl B BO3-
pactHoii rpyrre oT 50 go 70 net. Ha cerogusunnuii nens PITXK sBnsieTcst oqgHuM 13 HanboJiee pacrpocTpa-
HEHHBIX OHKOJIOTMYECKMX 3a00JIEBaHUI CpeIy MY>KUMH U IIPEACTaBIIsSICT COO0M OMHY U3 OCHOBHBIX ITPUIYUH
cMepTHOCTH OT paka. CormmacHo gaHHBIM [J106anpHO#T oHKOJIornaecKoit oocepBaTopuu (GCO), B 2022 romy
Mo BceMy MUpY ObLIO 3apervctpupoBaHo 1467 854 HoBbix ciydass PITXK, uro mpuseno x 397430 netaib-
HBIM MCXOJIaM, CBSI3aHHBIM C 3TUM 3abosieBaHueM. PIT2K 3aHuMaeT yeTBepTOoe MecTo Mo 3a00eBaeMOCTU
U BTOPOE MO CMEPTHOCTHU CPEJIU BCEX OHKOJIOTMUYECKUX 3abojieBaHuil y MyxxuuH. B Poccuu PIT2K 3anumaer
BTOPYIO TTO3UIIMIO TT0 3a001€BA€MOCTH Cpear BCceX BUAOB paKa y MY>XK4YUH, C 3apeTUCTPUPOBAaHHBIMU 52712
ciydasgmu Ha 2022 rof, M YeTBEPTYIO IT0 CMEPTHOCTH, ¢ 14 635 canydasamu. [Try0oKkoe moHMMaHue MEXaHU3MOB
natoreHesa u rporpeccupoBaHust PITK nMeeT kmtoueBoe 3HaUYeHME 11T 3(PheKTUBHOM TMAarHOCTUKH 1 pa3-
paboTKM METOHOB JieueHHUsI. B 0030pe mpeacTaBiieH aHaIM3 TPAHCKPUIITOMHBIX TEXOJIOTUI B pa3pelicHUN
eMMHUYHBIX KJIETOK B M3YYEHUN KJIeTOUHOU rereporeHHOCTH npu PITK. Taxke mompoOHO TipeacraBieHa
METOJIOJIOTHS aHaJIn3a, OXapakTepru30oBaHa KJeTouHas rereporeHHOCTh Ipu PIT2K, onvcaHbl coBpeMeHHbIe
MCCIIEIOBAHUS B 00J1aCTU TPAHCKPUNTOMUKY €AMHUYHBIX KJIETOK MPU pake MPOCTaThl, a TaKxke 0003Haye-
HBI TICPCIEKTUBHBIC HAIIPaBJICHUS TIPUMEHEHMS MOJYYeHHBIX PE3YIbTaTOB B KIMHUYECKOM MpakTuke. Pe-
3yJIBTaThl UCCICAOBAaHUI B 3TOM 00JIACTH MMEIOT 3HAUYMTEJILHBIN TOTSHITAI JJIsI MCITOJIb30BaHMUS B KAYECTBE
KaK IMIPOTHOCTUYECKUX, TaK ¥ TUaTHOCTUUECKNX MapKepPOB OITyXOJIEBEIX IIpolieccoB. TakuM oOpazoM, padboTa
MOIUYEePKUBAET BaXKHOCTh U3YUEHUS KJIIETOUHOM Te€TePOTeHHOCTH JIUISI COBEPIIICHCTBOBAHMSI METOIOB TMATHO-
CTUKHU Y TepallMy paka MpocTaThl. TeXHOJOIMU MCCIeTOBaHMS TPAHCKPUIITOMA AMHUYHBIX KJIETOK IIPeI10-
CTaBJISIIOT YHUKAJIbHBIE BO3MOXKHOCTU JJISI YIIyOJEHHOrO IIOHUMaHUST MOJEKYJISIPHBIX U KJIETOUHBIX MeXa-
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HHU3MOB, JIeXKaIINX B OCHOBE UMMYHHOTO OTBETAa IIPU OHKOJIOTUYECKHX 3a001eBaHUX. [TonydyeHHEBIe HTaHHBIC
MOTYT CTaTh OCHOBOW IJIsI pa3BUTHSI HOBBIX HaIIpaBJICHUI B PYHIAMEHTAIbHOI UMMYHOJIOTHH, pa3pabOTKN
MHHOBAILIMOHHBIX TeparieBTUYECKUX CTpaTeTuii U BHEAPEHUS MEPCOHATM3UPOBAHHOTIO MOAX0Aa K JICUEHUIO
paka IIpoCTaThl, YTO OTKPHIBAET MEPCIIEKTUBHI /IS MOBBIIICHUS 3D(MEKTUBHOCTHU Teparuu.

Knrouesvie crosa: pax, npocmama, mpanckpunmomuxa, cekeenuposarue, scRNAseq, PHK, IHK

SINGLE CELL TRANSCRIPTOMICS IN PROSTATE CANCER
RESEARCH

Akramova E.R, Sharifyanova Yu.V,, Gainullina D.Kh.,
Shmelkova P.N., Kalimullina L.I., Pavlov V.N., Enikeeva K.I.

Bashkir State Medical University, Ufa, Republic of Bashkortostan, Russian Federation

Abstract. The objective of our study was to review current advances in transcriptome technologies focused on
single cell analysis with emphasis on their application in the study of the tumor microenvironment and immune
landscape in prostate cancer (PCa). PubMed, Medline, Web of Science, and Embase scientific databases were
analyzed. PCa is an androgen hormone-dependent malignant neoplasm that affects the male genitourinary
system. Evidence shows that, in men under 40 years of age, PCa is extremely rare, while the highest number of
cases occurs in the 50 to 70 age group. Today, PCa is one of the most common cancers among men and represents
one of the leading causes of cancer-related deaths. According to the Global Cancer Observatory (GCO),
there were 1,467,854 new cases of cancer worldwide in 2022, resulting in 397,430 deaths associated with the
disease. PCa ranks fourth in terms of incidence and second in terms of mortality among all cancers in men. In
Russia, PCa ranks second in incidence among all cancers in men, with 52,712 cases registered as of 2022, and
fourth in mortality, with 14,635 cases. A thorough understanding of the mechanisms of the pathogenesis and
progression of PCa is key to effective diagnosis and treatment development. This review presents an analysis
of transcriptome-based techniques in single-cell resolution for studying cellular heterogeneity in PCa. The
methodology of the analysis is also presented in detail, cellular heterogeneity in PCa is characterized, current
research in the field of single cell transcriptomics in PCa is described, and promising applications of the results
in clinical practice are also outlined. The results of research in this area have significant potential for use as both
prognostic and diagnostic markers of tumor processes. Thus, the work emphasizes the importance of studying
cellular heterogeneity to improve the methods of PCa diagnostics and therapy. Technologies for studying the
transcriptome of single cells provide unique opportunities for in-depth understanding of the molecular and
cellular mechanisms underlying the immune response in cancer. The data obtained may become the basis for
the development of new directions in fundamental immunology, the development of innovative therapeutic
strategies and a personalized approach to prostate cancer treatment, which opens prospects for improving the
efficiency of treatment.

Keywords: cancer, prostate, transcriptomics, sequencing, single-cell RNA, RNA, DNA

WcTtouHuK (puHaHCUPOBaHUS: MporpaMMa cTpa-
TErMYEeCcKOro akajaeMuyeckoro Juaepcrsa bI'MY
«ITpnoputer-2030».

BeeneHue

Ha ceromHsImrHMit IeHb paK NpeacTaTeIbHOM 3Ke-
se3nl (PTTXK) gaBisieTcst caMbiM pacipoCTpaHEHHBIM
3JI0KaYeCTBEHHBIM 3a00JieBaHEM Cpey MY>KUYUH BO
BCEM MMPE 1 OTHOI M3 OCHOBHBIX MPUYMH UX CMEPT-
HocT oT paka [32]. PITDK mnpencrasisger coboii
KJIMHUYECKU pa3zHOoOOpa3Hoe 3abosieBaHuEe. Y He-
KOTOPbIX MAalIMEHTOB BbISIBJSIIOTCSI OITYXOJIU HU3KOTO

pucKa, Toraa Kak y IpyTMX IMarHOCTUpyeTcs 3a00Jie-
BaHME BBICOKOTO PUCKa C BEPOSITHOCTHIO PELIMINBA,
IaXke ITIOCJIe MPUMEHEHUSI COBPEMEHHBIX METOIOB
JIEYEeHUSI, TAKMX KaK poOOT-aCCUCTHMPOBAaHHAs pa-
InKambHast mpoctaTakromus (PI1D), armporeH-me-
NpUBallMOHHAs 1 JTydyeBasl Tepaliuu.

CyliecTByeT HEOOXOAMMOCTb B OoJjiee ri1yboKoOM
MOHUMAaHUU U U3YYCHUU OMOJIOTUU MUKPOOKPYKE-
Hus PITXK [13].

TexHOIOrMM 3KCIIPECCUM T€HOB HA YpOBHE OT-
JeJIbHBIX KJIETOK CAeaiui BO3MOXHBIM aHaJIU3 Thl-
CSIY KJIETOK B OTHOM 00pa3slie, YTO TTO3BOJIMIIO TIIy0-
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K€ TIOHSITh TeTePOTeHHOCTDb OITyXOJIEBBIX KIIETOK M
CIIOXKHYIO CHCTeMY 00pa30BaHUSI MHUKPOOKPYKECHUSI
3JIOKAQYECTBEHHOM OIIYyXOJIU IIPEACTATEIbHOM XKe-
JIe3Bl.

st ycTaHOBJIEHUsS TIPOTPECCHU 3JIOKAYCCTBEH-
HOM OMyXOJu IIPOCTaThl BaKHO MMETh IMPEACTaB-
JIeHHe O KOHKPETHBIX TUMaX KJIETOK, 0Opa3yroIIuX
pak mpocTtaThl. PellieHue »Toll 3amaynd OKa3ajloCh
BO3MOXHBIM B pe3ysIbTaTe pa3pabOTKU U IIPUMEHEe-
Hus texHonoruit cekBeHupoBaHuss PHK (RNA-seq)
eIUHUYHbIX KJeTOK (SCRNA-seq) wiu OTOeNbHBIX
saaep — 3POEKTUBHOTO MHCTPYMEHTA IJIsSI TIOHMMAa-
HUS POJIM KJIETOK pa3HBIX TUIIOB B IIPOIrpPeccCrupoBa-
HUM pakKa IpOCTaThl. DTU TEXHOJOTUM ITO3BOJISIIOT
MPEJICTaBUTh paclipefie/ieHne KJIETOK KOHKPETHOTO
TUTA, aHAJIM3UPYST SKCIIPECCUIO TeHOB B KOHTEKCTE
TKaHEBOW CTPYKTYpPbI WJIU KPOBU.

MeTtoapl ¥ NOAXO0IbI B TPDAHCKPUNITOMHKE €IHHNY-
HBIX KJIETOK

PHK-cexBeHupoBaH1e eIMHUYHBIX KJIETOK BKJTIO-
yaeT HECKOJILKO 2Tarnos [3, 4, 14, 16, 24, 31, 33].

1. Iloayuenue u304upo8aHHbIX OMOCALHBIX KAe-
mok

WM3oiupoBaHWe OAWHOYHBIX KIJIETOK OHOJIO-
TMYECKOTro obOpaslia 3akIlyvyaeTcss B pa3lesIeHUuU
KJIIETOK WJIN WX siIep B TpocTpaHcTBe. 1 3Toro
OOBIUHO UCIIOJB3YIOT KJIETOUHBIE CcOpTepa, TaKue
kak CytoFLEX SRT (CIIA), MACSQuant® Tyto
(Iepmanus), S3e Cell Sorter — Bio-Rad (CILA) ot
pa3INYHBIX KOMMepUYeCKUX KomnaHui [28, 37| wiu
cuctemy 10X Genomics (CILA), mpuHIUATT pabOTHI
KOTOPOIi 3aKJIIOYaeTCsl B TOM, YTO KJIETKM CBSI3bIBa-
IOTCSI O OJTHOU C 0COOBIMU rpaHyJiaMu B cielihaib-
HOM MUKPOMIIOUIHOM YCTPOMCTBE, a IOJTyIeHHBIC
KOMIUIEKCHI 3aTeéM YITaKOBBIBAIOTCS B OTICJIbHBIC
MacJsiHble Karu 1S JajbHeuliero anansa [41].

Taxke omHUM M3 pelIeHUi M30JUPOBAHUST UM-
CTBIX TTOMYJISIOUN KJICTOK SIBJISIETCSI MUKPOIMCCEK-
LU C JJa3epHBIM 3aXBaTOM. DTOT ITOJIXO/ TTO3BOJSET
paboTtaTh ¢ obpaszuamMu (PUKCUPOBAHHOI TKAaHU WU
KynbTypaMu (UKCUPOBAHHBIX KJIETOK, WCIOIb3Ys
NpsIMyI0 BHM3yaJlM3alMIio ITI04 MHMKpocKorom |[8].
MUKpPOCKOIT, OCHAIeHHBI Ja3epoM, MO3BOJISIET
aKKypaTHO HMCCEeKaTh BbIOpaHHBIE Y4aCTKU TKaHWU,
KOTOpbIE 3aTeM coOuparTcsi B poOupky. M3osu-
poBaHHbIE (DparMeHTbl MOTYT OBITh MCIOJIb30BaHbI
JUTSL fajibHEWIIero aHajan3a, BKIoJast uCCaeq0BaHus
PHK, JIHK 1 mpoTreoMHBbIe UCCIeI0BaHUSI.

2. Ilodzomoska u amnaugpukayus HyKAeuHOBbHIX
Kucaom

COCTOUT U3 HECKOJIBKO ATAIlOB:

1. W3onupoBaHHbIE €IMHUYHbIC KJIETKU ITOI-
BEPralTcs JU3UCY IS MAKCUMAabHOTO U3BJICUEHUS
moJiekya PHK.

2. Jna cmeum@uIecKOro aHajlm3a IIoJIrale-
HunupoBaHHbix MPHK 1 npenoTrBpaieHus 3axBata

pubocomHoit PHK o6pryH0 mpuMensttorcs moau(T)-
npaiMepbl. AHaIW3  HEIOJMaIeHUINPOBAHHBIX
MPHK, kak mpaBuio, 6oJiee CIOXEH U TpedyeT crne-
LMAJILHBIX TIpoToKo0B [10, 30].

3. Tlocnme »storo monu(T)-npaliiMupoBaHHasK
MPHK npeobpasyercss B komruiemeHTapHyo JJHK
(xIHK) ¢ ncnosb3oBaHueM oOpaTHOM TPaHCKPUII-
Ta3bl. B 3aBucuMocTu oT nportokoja scCRNA-seq k
npaiiMepaM Ui OOpaTHOM TPaHCKPUIIIIAM MOTYT
MOOABIISITECS MTOTOJHUTEIbHBIE HYKJICOTUIHBIC T1O-
Cclea0BaTe/IbHOCTHU, Takre Kak amanTepbl 111 NGS-
m1aThopM, YHHUKAJIbHBIC MOJCKYJISIPHBIC WICHTU-
GbuKaTOphl IS TOYHOM MapKUPOBKU OTIEIbHBIX
moJiekyn MPHK u mocnenoBaTeibHOCTU, COXpaHsI-
e MHOOPMAIUio O KISTOUHOM IIPOMCXOKIEC-
Huu [17].

4. 3arem HeOousblnue oobeMbl KIAHK ammnm-
dbunupyrotcs a1ubo ¢ nomounsio [T P, 11b6o, B HEKO-
TOPBIX CIIyYasix, ¢ MCIIOJb30BAHUEM TPAHCKPUIIIIUU
in vitro.

5. Tloaroroska 6UOJIMOTEK, 3aKJIIOYAIOLIIASICS B
MapKUpPOBKE HYKJICOTUIHBIM IITPUX-KOAOM TSI CO-
XpaHeHUsT TH(GOPMAIIMK O KJIETOYHOM TTPOUCXOKIIE-
HuUH [6].

3. Bbicoxonpouseodumeavroe cek@eHUposanue

CrenyomuM 3TarioM MOCJe U30JSILIUN KIETOK
asisieTcs noarorobka PHK Kk cekBeHUpoBaHUIO.

BOTOT TIIpollecCc BKIIIOYAET B CeOs MOTydeHUE
k/IHK u ee pacuuerieHue Ha cUYUTbIBaeMble ppar-
MEHTBI, YTO ITOXOXEe Ha CTaHIAPTHYIO MOATOTOBKY
K NGS-cekBeHUPOBaHUIO, HO C HEKOTOPBIMU M3-
MeHeHnsIMU. KITI0UeBBIM OTINYMEM SBIISIETCS HEO0-
XOOUMOCTb MHAWBUAYAIFHON MapKHMPOBKU KaxKIOM
kieTku, Tak Kak KJIHK Bcex BbIIEJI€EHHBIX KJIETOK
3aTeM HEOOXOIMMO OOBEAUHUTH JUIST AOCTVKCHUS
BBICOKOU TTPOM3BOAUTETbHOCTH. [103TOMY B KaXKIyro
JIYHKY TUTaHIIeTa WIM Ha KaXIylo rpaHyily, MCIIOJIb-
3yeMyl0 B KalleJIbHOW TEXHOJOTMMU M3OJSIIUU KJie-
TOK, TOOABJISTIOT YHUKAJBbHBIC OJIMTOHYKJICOTHUIHBIC
METKHM, CUHTE3MPOBaHHbIE KOMOMHATOPHBIM METO-
noM. ITocne monydyeHus 6OJIBIIOTO 00beMa CUUTHI-
BaHuli dparmeHToB HenaeBort kJIHK, mporpammHoe
obecrieyeHe MO3BOJISIET pacno3HaBaTh IMTOJIMHOXKE-
CTBa BTUX CUYMUTHIBAaHWI (PUIOB), OTHOCSIIMECS K
eMMHUYHBIM KJIeTKaM [42].

4. Anaau3 oannsix

HanHble skcniepuMeHTOB SCRNA-seq uMeIoT psif
OCOOCHHOCTEI, KOTOpBIE TPEOYIOT CITeLMATbHBIX
MOAXOI0B K OMOMH(pOpMaTHKE.

IMTocne npoBeaeHust mpeaBapUTeIbLHON 00padoT-
KM OAaHHBIX, HAIIpaBJICHHOI HA M3BJIEUCHUE OMOJIO-
rmyeckoit nHpopMaluid U OMMUCaHUE UCCIEIyeMOI
OMOJIOTUYECKOU CHUCTEMBbI, OCYILECTBISIETCS KOM-
TUICKCHBIN aHaJIM3. DTOT aHaJIN3 BKJIIOYACT HECKOJIb-
KO KJIFOUEBBIX 9Tanos [26]:
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1. Kracrepu3zalusi KJIeTOK U MOCTPOEHUE Tpa-
ekTopuit muddepeHIMPOBKN — BBISBICHUE TPYIIIT
KJIETOK Ha OCHOBE CXOXECTM MX TPAHCKPUMTOMHBIX
npoduneit u onpeaeseHue nyreit ux nuddepeH-
POBKHU B Mpoliecce pa3BuUTus. B pesynsrare dhopmMu-
PYIOTCS TPYIMNbl KJIETOK, OOBEAMHEHHBIE OOIIMMU
naTTepHaMM JKCIIPECCUU TEHOB, UYTO CIIYXUT OC-
HOBOMU UISI JaJbHEHUIIEro OMOJIOTMYEeCKOro aHalr-
3a [15, 26]. Knacrepusauus JaHHBIX MO3BOJISIET HE
TOJIKO MICHTU(MUIIMPOBATH YK€ W3BECTHBIC THUIIHI
KJIETOK, XapaKTepU3yIoIIhecs CIenGUIeCKUMUI
reHaMU-MapKepaMM, HO U BbISIBJSITb HOBbIE, paHee
HE OMMCAaHHBIC KJIETOUHBbIC TOMYJISIINU. DTOT IO~
X0 OTKPBIBAeT BO3MOXKHOCTH IJIST O0Jiee TIIyOOKOTO
MOHUMAHUS KJIETOYHOIo pa3zHOOOpa3usi U oOHapy-
JKeHUST YHUKATbHBIX OMOJIOTUYECKX OCOOEHHOCTE,
KOTOpPBIE MOTYT OBITh YITYIICHBI ITIPU UCITOJIb30BaHUH
TPaAUIIMOHHBIX METOAOB aHanu3a. Kiacrtepusaius
KJIETOK TIPEJCTABISIET COOOM OMWH W3 KIFOUEBBIX
STanoB aHanu3a single cell JTaHHBIX W YACTO CIIY>KUT
MEepBbIM 3HAUUMMBbIM MPOMEXYTOUHBIM PE3YJIbTaTOM.

AHanmu3z auddepeHInaTbHONl 3KCIPEeCcCUu re-
HOB — MICHTU(MUKAILINS TCHOB, YPOBEHB 3KCIIPECCUN
KOTOPBIX 3HAUMMO Pa3JIMYaeTCsl MEXIY pa3IndHbIMU
KJIIETOYHBIMU TIOITYJISILIUSIMU, YTO ITO3BOJISICT BBIS-
BUTDb MOJICKYJISIPHBIE MEXaHU3MBI, JICXKAIIEC B OCHO-
Be UX (QPYHKILMOHAIbHbBIX pa3inuunii. AHanu3 gudde-
PEHIIMAJIBHOM 9KCITPECCUN TTO3BOJISIET BBISIBUTD, KaK
pPa3IMIHbIC KJICTOYHBIC ITOITYISIIINYT U3MEHSTIOT CBOIO
TPAaHCKPUITLIMOHHYIO aKTHUBHOCTb B OTBET Ha KOH-
KpEeTHBIE 9KCIIEPUMEHTAIbHBIE YCIOBUS. DTO TIOMO-
raeT MOHSTHh MOJCKYJISIPHBIC MEXaHM3MBI, JeKaIIle
B OCHOBE KJI€TOUHBIX PEaKIIMil, U BbIACIUTD KJIFOUe-
BBI€ T€HBI, KOTOPbIE MOTYT UTPaTh BaXXHYIO POJIb B
ATUX MpOoIeccax.

2.  HccnenoBaHue MEXKIETOUYHBIX B3aUMOICH -
CTBUII — M3ydeHNEe KOMMYHUKAILIMN MEXIy KJTeTKa-
MU, BKJIIOYasl aHAJIW3 CUTHAJIBHBIX MyTeil U MOJIe-
KYJSIDHBIX ceTell, KOTOpbIE PEeryaupyloT KJIETOYHOE
MOBeJIeHE U KOOPIWHAIIUIO B CUCTEME.

3. OueHkKa IMHAMUWKHN KJIETOYHOTO IIUKJIA — MO-
HUTOPUHT M3MEHEHUI B IPOXOXKICHUU KJIETKaMU
pa3mUUHbIX (a3 KIETOYHOTO IIUKIIA, YTO MO3BOJISIET
TMOHSTH 3aKOHOMEPHOCTH npoJipepau u gudde-
PEHLIMPOBKU B KOHTEKCTE M3ydyaeMoOli Ouosoruye-
CKOW CUCTEMBI.

TakuM 00pa3om, HaHHBIC MOAXOIBI HE TOJBKO
YIOJIyOJIsIIOT MOHUMAaHWE TeHHOM peryssiiiu, HO U
CBSI3BIBAIOT €€ C KJIETOYHOM IeTepOreHHOCThIO, YTO
TMO3BOJISIET MOJIYYUTh OoJice TOJHYI0 KapTUHY OMO-
JIOTMYECKHUX TPOLIECCOB Ha YPOBHE OTIEJIbHBIX KJIe-
TOK [26].

KieTounas rereporeHHOCTDb MPH PaKe MpPOCTAThI

B nocnennue roasl Meto cekBeHupoBaHust PHK
eIMHUYHBIX KJ1eToK (SCRNA-seq) HaxoauT Bce Ooiee
IIIPOKOE TIPUMEHEHNE B PAa3TUIHBIX HAYIHBIX JTUC-

UTUTMHAX, TaKMX KaK WMMYHOJIOTHSI, MOJIEKYJISIp-
Hast OMOJIOTHSI M OHKOJIOTHSI.

MeTton scRNA-seq OTKpbLI HOBbI€ TOPU3OHTHI
JIJIsT OMTHOBPEMEHHOTO aHaIn3a ThICSIY KJIETOK B 00-
pasiie, 4TO MO3BOJMJIO BBISBUTH I€TEPOTE€HHOCTb U
CJIOXXHOCTh OIyXOJIeBbIX KjieTok [1, 21, 35]. Dror
MOIXOM TakKe TIPeIOCTaBIsSIeT YHUKAJTbHBIE BO3-
MOXXHOCTH JUISI W3YYCHUs PETryJIsSAN, SBOIIOLNN
U B3aMMOJEUCTBUI OTACIBbHBIX KJIeTOK [9, 19, 35,
36, 38]. [loHnMaHue KJIETOYHON KOMMYHUKAIIUU U
SBOJIIOLNN SBJISICTCS BaXKHBIM IIIaroM K OCO3HAHMIO
pOJIM pa3IMYHBIX KOMIIOHEHTOB OMYyXOJIW U €€ MU-
KPOOKPYXXEeHMUsI, a TakKXkKe K (h)OPMUPOBAHUIO CETH UX
B3anmogeiictBus [18].

Meton scRNA-seq craHoBUTCSI Bce Oojiee TIO-
MYJISIPHBIM, €r0 WCIIOJIb30BaHUE B MCCIIEIOBAHMSIX
PII2K orpanuymBaeTcss He TOJbKO LUPKYIUPYIO-
IIIAMM OMYXOJIEBBIMU KJIETKAMU, HO U UMMOPTaI-
30BaHHBIMU KJIETOYHBIMU JMHUSMU [22]. Tlpume-
HeHue ScRNA-seq B M3y4eHUM TE€TepPOTreHHOCTH
PIT2K mo3BonsieT co3maBaTh MOJAPOOHBIE KIECTOUHBIE
TPAHCKPUITIIMOHHBIE MPOMUIIN, YTO B JaJbHEUIIIEM
MOXET ITOMOYb IIpelCcKa3aTb CUTHAJIbHBIC ITIYTU U
MPOSICHUThL Tpouecchl AU PEepeHIMPOBKU, (PyHK-
MU 1 pa3BUTKUS KJIETOK [18].

OmyxoseBast TKaHb MPEICTaTeIBHON XKeJIe3bl CO-
CTOSIT M3 PAKOBBIX KJIETOK, CTPOMAaJbHBIX KJIETOK
(Bxitouast (pudpoOaacThl, CBA3aHHbBIE C OMYXOJIbIO —
cancer-associated fibroblasts (CAF), rmagkompIIiey-
HBIX KJIETOK, SHAOTEIMAbHBIX KJIETOK W MEPUILIM-
TOB) U WMMYHHBIX KJIETOK (MUEJIOUIHBbIE KJIETKU:
CD4* u CD8'T-knetku, NK-knetkn u B-kineTtkn).
CAF 00bIYHO pacrnojioXXeHbl Ha IrpaHUlaX OMyXO-
. [nagKoMblllieqHble KJIETKW, TIEPULIMTHI U 9HJIO-
TeIMalbHble KJIETKM y4YacTBYIOT B (pOpMUpPOBaHUM
MUKpococynoB. MukpookpyxkeHue onyxoiau (TME)
XapaKTepU3yeTcs] UMMYHOCYIIpEecCreit: yBeTMYeHM -
€M MUEJIOUIHBIX KJIETOK, CHIDKeHHeM T-KJIETOK,
akTuBanuein Treg, yBeIMYeHUEM KoOJMYecTBa oOe-
mHeHHBIX CDS6DIM NK-kJIeTOK M akThBanuei
B-xieTok [22].

Ha naHHbIli MOMEHT akTyaJbHOI 3aJadeil sIBJIsI-
eTcsl yriyOJieHHOE N3yYeHNE MUKPOOKPYXKEHUSI OITy -
XOJIU TPEeACTaTeJIbHOM Kejie3bl. DTO HallpaBJICHUE
MOXET OTKPbITh HOBbIE MEPCIIEKTUBDI IS UACHTU-
dukanmny TepaneBTUYECKUX MUIIIEHEN U pa3paboTKu
3(PEeKTUBHBIX METOJOB JeueHus [32].

L. de Vargas Roditi et al. BbISIBUIM B MUKPO-
OKPYKEHUU OITyXOJIM TIPOCTAThl TISITh (PEHOTUTIOB
T-xnerok (CD3*, CD45%) 1 marp ¢peHOTUIIOB Ma-
kpodaros (CD68*, CD45%). Takxke ObIIM OOHa-
pyXeHbl Tpu TpanyiaouutapHeix (CD247/CDI15%),
oauH cTpomaibHbiii  (SMA*, S100A4%), oauuH
B-knerounstit (CD20") u onuH 3HOOTEIMATIbHBIN
(CD31%) Metakjactepbl. OTH MeETakKJIaCTephbl CO-
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JIlep>KaJii pa3HOOOpa3HbIe KJIETKHU, XapaKTepHBIE TS
OOJIBIIMHCTBA MMallMeHTOB [5].

HUccnenosanne M.C. Haffner nokasano, d4to
OOJIBIIMHCTBO METACTaTUYECKUX TOpakeHWi Mpu
mCRPC (MeTtacTaTUU4eCKMM KacTpPallMOHHO-PE3-
cteHTHBIM PITK, aBisiommmMcst arpeccuBHOM (hop-
MOI 3aboJieBaHUsI, KOTOPOE HE IMOMIAETCs XUPYp-
TUYEeCKOMY BMENIATeJIbCTBY W TOPMOHOTEpAnvuu U
pacIpocTpaHsIIoIIeecs 3a IIPeaeabl MPeaCcTaTeIbHOMN
XKeJie3bl) coxXpaHsoT 1uddepeHIUPOBKY MO JUHUU
MpeACTaTeIbHOM  XeJe3bl, XapaKTepU3YIOIIUICS
SKCIIPECCUE MapKepOB SITUTEIIMS MPEACTaTeIbHOMN
kene3bl: AR (aHmporeHoBbIit perientop), NKX3.1
u PSA (mpoctatudeckuit crneuuduyeckuii aHTU-
reH) [2, 11, 20]. OnHako Tepanusi MOXeT BbI3bIBAaTh
U3MEHEHUST KJIETOUYHON nuddepeHIMPOBKU, MPU-
BoAgIIMEe K pe3ucteHTHocTu [11]. ¥V maumeHTOB C
mCRPC nHabmtonanack notepst akcnpeccuu AR u
yCUJIEHIE HeHPpOIHTOKPUHHON nuddepeHIInPOBKN,
YTO yKa3bIiBaeT Ha (peHOTUNMNUECKYIO MIaCTUYHOCTD
ornyxoJieit [2]. DT maHHbIE MO3BOJISIIOT KJlacCUdU-
mupoBath MCRPC Ha moarpymnrisl, ornpenenseMbie
skcnpeccueir AR, ero reHoB-MuUlLIEHEN 1 HEMPOIH-
JOKPUHHBIX MapKepoB [11].

Uccnenosanue, nposeneHHoe B. Dong et al., no-
Kazajo, YTO TIOBTOpHAsl KJIaCTepW3alusl SITUTEIN-
aJIbHBIX KJIETOK M3 KaXIOH OITyXOJU B COYETaHUU
C aHaAJIM30M TEIUIOBOI KapThbl ITO3BOJISIET BBIIEIUTH
CYOKJIacTephl SIMTEIMAIBHBIX KJIETOK B KaXKIOM
obpasie. DT CyOKIacTephbl XapaKTepU3UPOBAINCH
BBICOKOI 3KCIIpeccueil MapKepoB JIOMUHAJbHBIX
kietok, Takux kak KRT8 u KRTI18. B To e Bpe-
MsI DKCIIPECCHs T€HOB, CBS3aHHBIX C 0Oa3ajIbHBIMH
KJIeTKaMu, HelposHaokpuHHbIMU (NE) u aHapo-
reHHbIMU (AR) curHaTypaMu, 1eMOHCTpUpOBaJIa 3a-
METHYIO TeTePOTr¢HHOCTh KaK BHYTPH OIYXOJIN, TaK 1
MEXIY pa3IMYHBIMU OMyXOoJIsIMHU [7].

Single cell u pak nmpocTaThl: TEKylHe HCCJIeA0Ba-
HUS

B uccinenoBanun B. Zhang et al. 0bu10 TTIOKa3a-
HO, YTO Oa3ajJibHble UM MPOMEXYTOUHbIE SIMUTEIU-
aJIbHBIe KJIETKW 2KCITIPECCUPYIOT TE€HBI, CBSI3aHHbBIC
¢ nporpeccupoBanueM PIT2K, Bkirouas reunsl PIGR,
MMP7 v AGR2. AHanu3 poaeMOHCTPUPOBai, 4TO
JIIOMUHAJIbHBIE STIUTEIMAbHBIC KJIETKU MOTYT CITy-
KUTh TIpeldIIeCTBEeHHUKaMU, auddepeHInpysich
B 0OasalibHbIe WU IIPOMEXYTOUHBIe. OHKOTCHHBIC
MyTU, TaKue KakK KaTaOoJM3M JIMIUIOB U MeTabo-
JIU3M KUPHBIX KUCJIOT, aKTUBHBI B 3THX KJIETKAaX.
Taxke oOHapy>XeHO WX TECHOE B3aUMOICICTBHE C
HEPBHBIMHU KJIETKAMM, UTO MOXKET CIOCOOCTBOBAThb
nepuHeBpanbHoil nHBa3uu npu PTI2K [39].

Y. Ou et al. ucciemoBain IeBITh TCHOB, aCCOLIM-
UpPOBaHHBIX ¢ Makpodaramu M2 (SMOC2, PLPPI,
HES1, STMNI1, GPRI160, ABCGI, MAZ, MYC,
EPCAM), xak TOTEHUMUAJIbHbIE MPOTHOCTUYECKUE

mapkepbl. Ucnonb3ys nanHsle RNA-seq u3 koropta
TCGA-PRAD (496 ormyxoyieBbIX 1 52 HOPMaJIbHbIX
00pa3loB), MOJIyYeHHbIE W3 WHOOPMAIIMOHHOTO
nopraita Genomic Data Commons (GDC) (https://
portal.gdc.cancer.gov) B amrace Tumor Cancer
Genomic Atlas (TCGA), a Takxke HaOOpbI JaHHBIX
GSES54691 u GSE116918. ABTOpHI POBEIM aHAIN3
nuddepeHIMaTbHO IKCIPECCUPYEMbBIX TEHOB, WM-
MYHHOM M CTPOMAaJIbHO# OIIEHKM, a TaKXKe M3ydHr-
JIM YUCTOTY OITYXOJM U MHGUIBTPALIMI0O UMMYHHBIX
KJIeTOK. JIOMOJHUTENbHO ObLUT MpOaHAIU3UPOBAH
TPAaHCKPUNITOM €TMHUYHBIX KiIeToK 13 GSE137829.
PesynbraThl moaTBepauan, 4To Makpodaru M2 cro-
COOCTBYIOT TpoJiudepaiv, MHBa3MW W MUTPALIUKA
kitetok PITXK [27].

J.C. Siefert et al. ipoBeM TPaHCKPUNTOMHBII
aHaJIU3 €IUMHUYHBIX KJIETOK PE3UIECHTHBIX MaKpo-
daros PITK yenoBeka, B pe3ybTate 4ero ObUInd Bbl-
SIBJICHBI TPU Pa3IUIHbIC MOITYJISIIIMA B TOPAXKECHHOMN
npocraTte. YIUBUTENIbHO, HO HEe OBbLJIO OOHapyXKeHO
3HAYUTEJBHBIX Pa3INInil MeXXIy MakpodaramMmu, Bbl-
JIEJICHHBIMU U3 OITYyXOJIEBBIX M HEOTTYXOJIEBbIX y4acT-
KOB 00pa3lioB, TOJYYSHHBIX IIPU MPOCTATIKTOMUM.
XOT$ B OITyXOJIEBOU TKaHU ObLIU UASHTU(MDUILIMPOBa-
Hbl Mapkepbl — CD68, PLACS8, CD2017, cBsi3aHHbBIE
¢ KilaccuuecKnMm eHoTUmnamMu Makpodaros M1 u
M2, oHM He oKazaJucCh KJIIOUEBBIMU (haKTOpaMu,
ONpeNe/ISTIOIINMH YHUKAIbHbIE MOATUITHI MaKpoda-
rosB [31].

W. Liu et al. ¢ momoibio SCRNA-seq BuiaeanIn
KJIacTep KJIETOK, acCOLIMUPOBAHHBIX ¢ (puodpoda-
ctamu onyxosiu (CAF), cocrosiiumii u3 783 KIeToK U
onpeneanian 183 MapKepHBIX TeHa. AHAJIN3 MEXKKIIC-
TOYHOI KOMMYHMKAIIMU BBISIBUJI aKTUBHOE B3alMO-
neticteue CAF ¢ uMMyHHBIMU KJleTKaMu. Ha ocHoBe
7 renoB (ASPN, AEBPI1, ALDHIAI, BGN, COLIAI,
PAGE4, RASD1I) pa3zpaboTraHa MoJieJ b MPOTHO3a 0e3-
peuuauBHoil BbDKMBaemocTtu (bRFS), Banumupo-
BaHHAs Ha YEThIpeX KOTropTaxX C HCITOJb30BAaHUEM
bulk PHK-cekBenupoBanus. [pyrina BbICOKOTO pH-
CKa I10 3TOi MOJIe/IU XapaKTepU30BaIaCh UMMYHOCY-
MPECCUBHBIM MUKPOOKPYXXEHUEM C TMOBBIIICHHBIM
ypoBHeM M2-MmakpodaroB, CHWKCHHBIM KOJIMYEC-
ctBOM Tu1azmMatuueckux u CD8*T-kj1eToK U MeHb-
e 3(pdheKTUBHOCTEIO UMMYyHOTepanuu. HekoH-
TpoJMpyeMast KJIaCTepu3alusI BhISIBUIA TPU ITOATUTIA
CAF. muopuodpoonacronogoorsie (myCAFs), nm-
MyHHbIe U BocniayiutesibHble (iICAF) u anTureHnpe-
seatupytomue (apCAFs) [23].

Uccnenosanue 1. Heidegger et al. ¢ ucrnosib3o-
BaHUeM SCRNA-seq BbISIBWJIO 27 MOATUIIOB KJIETOK,
BKJTIOUAsl DHIOTEIUAIbHBIE KIETKU C apTepuaib-
HBIMU, BEHO3HBIMUA M aHTMOTCHHBIMU CUTHATypa-
MU. ApTepuUasibHbIe OITYXOJIEBble SHIOTEJUATbHbIE
kinetku (OOK) skcnpeccupyroT reH CXCL 12 Ha BbI-
COKOM YpPOBHE ITO0 CpPaBHEHHUIO C IPYTUMH KIIETKAMU
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OITyXOJIEBOTO MUKPOOKPYXXEHUsI paKa IMmpoCTaThl, 4TO
CBSI3aHO C HETaTUBHOM ITPOTHOCTUYECKOU POJIBIO.
YcraHnosieHo B3aumonericteue CXCL 12 ¢ peuento-
poM CXCR4 Ha aHTMOTEHHBIX KJIETKaX. DKCIIEpU-
MEHTHI in Vitro v in vivo noatsBepaunu pojib CXCL 12
Kak muineHu: mHruontop CXCR4-AMD3100 cHu-
JKaJT TUIOTHOCTD 1 KOJIMYECTBO COCYIO0B, IMpoJindepa-
uuio u murpauuno ODK. Pe3ynbraThl yKa3bpBalOT Ha
CXCR4/CXCL 12 xak TOT€eHUMAJbHYIO MUILEHb JJIs
nojaBiieHUsI aHruoreHes3a npu PTT2K [12].

Z. Sun et al. B 2024 romy npeaocTaBUIU HOBBIE
uneun st 6opuobl ¢ PITXK u ynyuyimeHus kinmHude-
CKUX pe3yJbTaToOB, TeM CaMbIM OTKpPHEIBas HOBBIEC
BO3MOXHOCTU IS WHAWBUIYaJIbHBIX ajbTepHATUB
JedeHus1. beiia pazpaboTaHa MHHOBAIIMOHHAS TIPO-
THOCTMYECKasi MOMesb, 3aK/JII0Yalollasics B MOOU-
¢UKaIIM TUCTOHOB M BBICOKOI ITPOTHOCTUYECKOM
s pexkTuBHOCTBIO TeHAa YWHAH B KayecTBe BO3-
MOXKHBIX OUArHOCTUYECKUX WU TepalieBTUUCCKUX
ouomapkepon PITXK [34].

ITepcnekTHBBI M TPUKJIATHOE 3HAYEHHE MCCIIEN0-
BaHH TPAHCKPUNTOMA €IWHHUYHBIX KJIETOK NpH pakKe
MPOCTATHI

MeTtonbl TPaHCKPUIITOMUKHW NPUMEHSIOT st
CO3/IaHMs aTJIacoOB DKCIIPECCUM T€HOB B JIIOOBIX TKa-
HeBbIX KoMmnapTMmeHTax PIT2K, ommceiBarommx mo-
POXXHYIO KapTy TPOTPECCUPOBAHUST OMYXOJM Kade-
CTBEHHBIM U KOJIMYECTBEHHBIM oOpa3om [25].

CexkBeHupoBaHue PHK eaMHUYHBIX KJIETOK B UC-
CJIeIOBAHMSIX paka MOXKET OBITh HCIIOJb30BaH IS
WACHTU(DUKAIUN PEIKUX CYOHOIYJISLU U IUPKY-
Jupytoimux onyxoneBbix KiaeTok (LLOK); B ompe-
JIeJIeHUW T€TePOTEHHOCTU OIYyXOJIM M MEXaHU3MOB,
CBSI3aHHBIX C OHKOI€HE30M, IPOrpecCUpPOBaHUEM,
METacTa3upoBaHUEM, DBOTIOIUEI, PEITUTUBOM U pe-
3UCTEHTHOCTBIO K Teparnuu [40, 43].

WHTerpupyss KIMHUYECKYIO TMaTOJIOTMYECKYIO
vHpOopMaIUIo U JaHHbIE CeKBEHUPOBAHUS SIMHNY-
HBIX KJIETOK, MOXXHO pacin@poBaTh HOBbIE TUATHO-
CTUYECKHE Y MPOTHOCTUYECKME OMOMapKephbl U MO-
TeHIIMAJIBHO TepaneBTUYECKU 3HAYNMbIC TUITHI VIJIN
COCTOSIHUSI KJIeTOK [29].

Hanpumep, B uccinenoBanum J.C. Siefert et al.
TeHEeTUYECKHUE MapKephbl, CIeHIU(PUIHO acCOLUUPO-
BaHHBIE C KaXIBIM KJIACTEPOM Makpodaros, ObLIN

Crncok nutepatypsbl / References

MCTOJIb30BaHbI JJISI CO3MAHUSI TEHETUYECKOM CUT-
HaTypbl, KOTOpasi oKa3ajlaCh TECHO CBSI3aHHOW Kak
c 0Oe3peuMAuMBHONM, TaK M C METacTa3upOBaHHOM
BbDKMBAEMOCTBIO. DTU PE3y/IbTaThl MOAYEPKUBAIOT
BaXKHOCTb TKaHEeCTIeIM(DUIHBIX TOATUIIOB MaKpoda-
TOB B OITyXOJI€EBOM MUKPOOKPYKEHUU [IJIsI TIPOTrpec-
cupoBanusa PIT2K m neMOHCTpUPYIOT TIOJIE3HOCTh
MpoGMINPOBAHUS TPAHCKPUIITOMUKHA EIMHUIHBIX
KJIETOK B oOpa3sliax omyxoJjeil yejloBeKa KaK cTpaTe-
TUU JUIST pa3pabOTKU TeHeTUIeCKUX KiaccudukaTo-
POB, CITOCOOCTBYIOIIMX MPOTHO3UPOBAHUIO TCUCHUS
3aboJsieBaHUS y aleHToB [31].

INpenckaszate apdekTuBHO nporHo3 npu PITXK,
a TakXke MOCTYXUTb WHIANKATOPOM [IJIsI UMMYHOTE-
panuy Mo3BoJseT curHarypa, noiaydeHHas or CAF
(KJ1acTep KJIETOK, acCOLMUMPOBAHHBIX ¢ (udpobdia-
CTaMHU OMYyXOJH), CTUMYJISIPYIOIINE PEeMOIASINPO-
BaHME BHEKJIETOYHOTO MaTPUKCA, POCT PAKOBBIX
KJIETOK M aHTMOTeHEe3, UTO MPUBOAUT K YXYIIICHUIO
MpoTHOo3a 3aboJyieBaHus. [IpoBeneHHOE ucCclieIoBa-
Hue TakKe BoisgBuio Tpu cyononynsiuuu CAF ¢ pas-
JUYHbIMU GyHKIMSIMU B KoHTekcTe PIT2K [23].

BbiBOAbI

HccienoBanusi  TpaHCKpUIITOMAa  €IMHWUYHBIX
knetok (ScCRNA-seq) mpu PITXK oTkpbIBaloT HOBBIE
TEPCIIEKTUBHI [IJIsI TIOHMUMaHUS OITyXOJIeBOil OMOJI0-
TMU U pa3pabOTKMU IMEPCOHATM3UPOBAHHBIX MOIXO-
noB k ieyeHuto. Kpome toro, scRNA-seq nmo3poJisiet
aHaJIM3UPOBATh I'€TEPOreHHOCTh KJIETOK B Mpeaesiax
OJTHOM OTYXOJIU, BBISBIISIS PA3JIMYHbBIE TTOITUIIBI Pa-
KOBBIX KJIETOK, KOTOPbIE MOTYT UMETh pa3HbIe MO-
JIEKYJISIpHBIE TIPOMUIN M1 UMMYHHBIN OTBET Ha Jieue-
HUE, a TaKXKe€ MOXET MOMOYb BbISIBUTh MEXaHU3MbI
PE3UCTEHTHOCTH K Teparivuu, MO3BOJISISI UCCIIEIOBATh,
KaK OTIIeJIbHbIEe eTUHUYHBIE KJIETKU afallTUPYIOTCS K
JICUCHUIO U KaKue MOJICKYJISIDHbIE TTyTU aKTUBUPY-
IOTCSl. AHAIM3 TPAaHCKPUNTOMa €IUHUYHBIX KJIETOK
MOXKET IPUBECTU K OTKPBITUIO HOBBIX OMMOMapKEepPOB
U1 nuarHocTuku u mporHosza PII2K. CpaBHeHue
TPAHCKPUIITOMOB KJIETOK Ha Pa3HBIX CTaausIX 3a00-
JIeBaHUSI MOXET AaTh MPeACTaBJIeHUE O TOM, KaK paK
MPOTPECCUpPyeT U KaKue MOJIEKYJISIPHbIE M3MEHEHUS
MPOMCXOIST B X0/ 3TOr0 Ipoliecca.
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POJIb MEXAHUYECKUX CBOUCTB T-KJIETOK
B POPMUPOBAHNU UMMYHHOI'O OTBETA
I'opmukos I'.C.}, Beikos A.C.}, CBurua 0.A.}2

TDIAOY BO «llepsviii Mockosckuii 2ocydapcmeennuiii meouyunckuii ynugepcumem umenu M. M. Ceuenosa»
Munucmepcmea 30pasooxparnerus PO (Ceuenosckuii Ynusepcumem), Mockea, Poccus

2@I'FHY «Hayuno-uccredosamenvckuii uncmumym 6axuyui u cvleopomok umenu M. U. Meunukosa», Mockea,
Poccus

Pesiome. CoBpeMeHHbIE UCCIENOBAHUS B 00J1aCTU UMMYHOJIOTUM YKa3bIBAIOT HA HEMAJOBaXKHOE 3Ha-
JyeHue MexaHu4YecKux (pakTopoB B POPMUPOBAHUN UMMYHHOTO OTBeTa. MeXaHOMMMYHOJIOTUSI, KaK HO-
BO€ MEXIUCUUIIIMHAPHOE HAIpaBieHUEe, U3YYaeT BIUSHUE MEXaHUYECKHUX CTUMYJIOB Ha MOBEIEHUE UM-
MYHHBIX KJIETOK, B yacTHOCTU T-nuMdonuToB. JlokazaHO, UTO XECTKOCTbh MUKPOCPEAbl, MEXaHUYECKUE
B3aUMOJICUCTBUSI C BHEKJIETOUHBIM MATPUKCOM, a TakKXKe M3MEHEHUEe MeMOpaHHOro HaTsSXKEHUsl Cro-
COOHBI MOAYIMPOBATHh aKTUBAIIUIO, MUTpalnio, Tipoaudepanuio n dddekropHbie GyHKIIMU T-KIETOK.
OnTuManbHass MEXaHUYECKasl cpela COCOOCTBYET MOBBIIEHUIO T-KJI€TOUHON aKTUBHOCTU, B TO BPEMs
KaK YBEJIMUEHUE KECTKOCTU MUKPOCPEIbl, U3MEHEHHE CBOWCTB BHEKJIETOUHOI'O MaTpuUKca, MOTYT CHM-
KaTh UX (QyHKIIMOHAJIbHBIE BO3MOXKXHOCTU. MI3BeCTHBIE MOJIEKYJIbl Takue, Kak Piezo 1, nHterpunsl, Yes-
aCCOIMMPOBAHHBIN OEIOK, SIBISIIOTCS KIIOUEBBIMU PETYJISITOPAMU MEXaHOTPAHCAYKIIMU B WUMMYHHBIX
kieTkax. [TocteneHHOe pa3BUTUE MPENCTABIEHU 00 MX y4aCcTUU B UMMYHHOM OTBETE CBUMIETEJIbCTBYET
0 3HAYUTEIbHON COMPSIKEHHOCTU UX MOIYJIUPYIOIIUX BAUSIHUI, (HDOPMUPYIOILINX CUCTEMY, OOeCIIeuyrBalo-
1IIYI0 KOMIIJIEKCHOE pearupoBaHre Ha MeXaHUYeCKue CTUMYJIbl. MeXxaHOMOAYJISILMS MTPUBOAUT K U3MEHE-
HUIO BHYTPUKJIETOYHOU CPe/bl, BRICTyTAsl B KauecTBe (pakTopa, OMpeaessionero MeTaboIniaeckuii mpo-
dunb T-xknerok. Kpome Toro, nccienoBaHus MOKa3bIBAIOT, YTO MEXaHOUYYBCTBUTEIbHbBIE CUTHAIbHBIE ITYTU
MOTYT y4aCTBOBaTb B PEryjsiliMM MEXKJIETOUYHBIX B3aUMOJEHUCTBUI U afariTUBHOTO UMMYHHOI'O OTBETa,
YTO MPEAOCTABISIET LIMPOKUE BO3MOXHOCTHU JJIsI MOAM(UKAIIUU UMMYHHBIX peakiinii. [loHumanue mexa-
HU3MOB MEXaHOTPAHCAYKIINM OTKPBIBAET MEPCIEKTUBBI I pa3pabOTKM HOBBIX TEPANeBTUYECKUX CTpa-
Teruii. MexaHU4eCKUEe CUTHAJIbI MOTYT ObITh UCMOJb30BaHbI JJIs NoBbIIeHUS 3 dexkTuBHOCcTH CAR-T-
KJIETOK 3a CUET ONTUMU3ALIMU UX aKTUBALIMU, TTpoardepaliui U UHGOUIbTPALUU B OIYXOJIEBYIO TKaHb, UYTO
0COOEHHO BaXKHO B JIEYEHU U 3JI0KAYE€CTBEHHBIX HOBOOOPA30BaHU M, B YACTHOCTHU COJIMIHBIX OTIyXOJeil, rue
CAR-T-kJileTouHast Tepanus CTATKUBAECTCS C CEPbEe3HBIMU OTPAHUYCHUSIMU. MeXaHOMMMYHOJIOTUYECKIE
MOAXOAbl PACCMATPUBAIOTCS TAKXKe B KOHTEKCTE JICUEHUSI ayTOMMMYHHBIX 3a0oieBanuid. [Ipenmnonaraercs,
YTO MEXaHOUYYBCTBUTEbHbBIE TyTH MOTYT PEryJUPOBaTh U30BITOUHYIO aKTUBalIMIO T-KIeToK, MPensTCTBYS
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Pa3BUTUIO ayTOMMMYHHBIX MIPOLIECCOB U MAaTOJOTMYECKOM rrIepakTUBallMM UMMYHHOI cucteMbl. He mc-
KJIIOYEeHO co3aaHue 2(P(GeKTUBHBIX METOAMK TPeJOoTBpallleHUs peaklinii TpaHCIJIaHTAaT-MPOTUB-X03sI1MHA
¥ OTTOPXKEHUS TpaHCIJIAaHTAaTa, a TAKXKE METOIOB JICUCHUSI XPOHNUECKNX MHMeKIIMii. CIIEKTp BO3MOKHBIX
dapMaKoJIOrMIeCKUX METOAUK BKITFOUACT B CeOSI IpMMEHEHNE aKTUBATOPOB U MHTMouTopoB Piezo 1, nH-
TETPUHOB M Yes-acCOLIMMPOBAHHOTO Oejika. Pa3pabaTeiBaloTcs 1 OMOMHKEHEPHBIC MOAXoabl. OTHUM U3
MepCreKTUBHBIX HAMPABACHUN SIBJISIETCS UCIIOJAb30BAaHME HAHOMOTOPOB AJIS1 eX Vivo aKTUBauuu T-KJIeTOK,
YTO MOKET HOBBICUTD 3(HEKTUBHOCTH KJIETOYHBIX UMMYHHBIX TEXHOJIOTU B JICUSHUM pa3IUIHBIX 3a00J1e-
BaHuii. Kpome Toro, HacTpoitka UMMYHHBIX peaKluii ¢ UCTIOJIb30BAHUEM MEXaHUUECKUX CBOMCTB MOXET
MO3BOJUTh HallpaBJIECHHO PEryJIMpoBaTh UMMYHHbBIN OTBET B 3aBUCUMOCTH OT CIIELIM(MDUKU MaTOJOTNIYECKO-
ro Ipoiiecca.

Karouesvle croea: umMmyHonoeust, mexaHoummyHonoeus, T-Kiemxa, MexaHouyecmeumenbHoCns, MeXaHOMpaHCcOYKUUsl,
CAR-T-kaemounas mepanus, HQHOMOMOPbL

ROLE OF MECHANICAL PROPERTIES OF T CELLS IN SHAPING
THE IMMUNE RESPONSE
Gorshkov G.S.? Bykov A.S.% Svitich O.A.*"

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

Abstract. Recent studies in immunology highlight the critical role of mechanical factors in shaping the
immune response. Mechanoimmunology, being an emerging interdisciplinary field, concerns the influence
of mechanical stimuli on immune cell behavior, in particularly, T lymphocytes. Microenvironment
stiffness, mechanical interactions with the extracellular matrix, and changes in membrane tension
are able to modulate T cell activation, migration, proliferation, and effector functions. An optimal
mechanical environment enhances T cell activity, whereas increased stiffness of the microenvironment
and alterations in extracellular matrix properties may reduce their functional capacity. Key molecules
such as Piezo 1, integrins, and Yes-associated protein serve as central regulators of mechanotransduction
in immune cells. The expanding knowledge on their role in immune interactions suggests a high degree
of interconnected modulation, resulting into a system of coordinated responses to mechanical stimuli.
Mechanomodulation alters the intracellular environment, acting as a determinant of metabolic profile of
T cell populations. Moreover, these studies presume that mechanosensitive signaling pathways may regulate
intercellular interactions and adaptive immune responses, offering broad opportunities for modifying
immune reactions. Understanding the mechanotransduction mechanisms provides new prospects for the
development of novel therapeutic strategies. Mechanical signals may be leveraged to enhance the efficacy
of CAR-T cells by optimizing their activation, proliferation, and infiltration into tumor tissue, which
is particularly important in treating malignant neoplasms, especially solid tumors, where CAR-T cell
therapy faces significant limitations. Mechanoimmunological approaches are also being explored in the
context of autoimmune disease treatment. It is hypothesized that mechanosensitive pathways may regulate
excessive T cell activation, preventing autoimmune processes and pathological hyperactivation of the
immune system. Moreover, development of effective methods for preventing graft-versus-host disease and
transplant rejection, as well as strategies for treating chronic infections, remains an important goal. The
spectrum of potential pharmacological interventions includes the use of activators and inhibitors of Piezo
1, integrins, and Yes-associated protein. Bioengineering approaches are also being actively developed. One
promising direction involves the use of nanomotors for ex vivo T cell activation, which may improve the
efficacy of cellular immunotherapy in various diseases. Furthermore, fine-tuning of immune responses
via mechanical properties of the cells could provide a precise regulation of immune activity based on the
specific characteristics of pathological processes.

Keywords: immunology, mechanoimmunology, T cell, mechanosensitivity, mechanotransduction, CAR-T cell therapy, nanomotors
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BBeneHue

TpamuImnoHHBIIE WMMYHOJOTUYECKHUA  TTOIXO.
paccMmaTtpuBaeT MMMYHHBI OTBET KaK pe3yJbraT
B3aUMOJICHCTBUSI MEXIy KJIeTKaMu I10CPEICTBOM
CHUCTEMBI CUTHAJIBHBIX MOJIEKYJT I PEIICTITOPOB, MHU-
LHUUPYIOIIUX aKTUBALMIO WMMYHOKOMITETEHTHBIX
KJIETOK B OTBET Ha 4yxKepoaHbie areHThl. CorjiacHO
3TOMY NOOXOMYy, UMMYHHasl CHUCTeMa pearupyeT Ha
MHQEKIIMOHHBIEC areHTHI W IPYyryue yTPo3bl OpraHu3-
Ma MyTeM aKTUBALIMU KJIETOK, YTO IMPUBOIUT K IIe-
JICHaMIpaBJICHHOM 3aIIiTe OT ImaToreHoB. ITomooHas
MOJEb, OJJHAKO, HE BIIOJIHE IMOJHOLEHHO CHOCO0-
Ha OOBSICHUTH PO HAOJIOJaeMbIX ayTOMMMYHHBIX
nporeccoB [7, 85], mapagokcaabHBIE UMMYHOJIOT M-
YeCcKHe SBJICHUS IIPU OHKOJIOTUM, HaIlpuMep, OT-
CYTCTBUE OTBeTa Ha T-KJIETOYHYIO Teparnuio Ipu
COJIMOHBIX oIyxossix [11, 57, 76], ¢deHOMeHaIbHOE
pearupoBaHue MMMYHHBIX KJIETOK Ha MMKpOCpe-
ny [38, 52, 71] u psin ApYTUX CBOMCTBEHHBIX UMMYH-
Hoii cucteMe 3¢@dekToB. [locTerneHHOEe pa3BUTUE
CMEXHBIX 001acTeid MpUBEJIO K MOHMMAI0 TOro, 4YTo
WHULMALAS U PEryJsius OMOXMMHUYECKUX ITyTeit
MOXKET OCYIICCTBISTHCS M TTOCPEICTBOM MEXaHWYe-
cKUX cTuMyJioB [13, 41, 60]. KieTK CITOCOOHEI OIITy -
IIaTh MEXaHUYECKYIO 3KECTKOCTb CBOETO OKPYKEHUSI
M COOCTBCHHBIX KOMITOHCHTOB, M3MEHSIS Psii Kie-
TOuHbIX pyHKIM [37]. Kpome Toro, HeManoBaxKHYO
pOJIb B KJIETOUHOM B3aMMOJCUCTBUM UTPAIOT (UM~
YeCKMe CUJIBI, CO3MaBacMble KJIeTKaMU IIPU ITOMOIIN
ouoxumMuueckux kackamon [37, 83]. PaccMoTpeHue
Moa00HOM IBYHANPaBJACHHOU PeryIsiITOPHOU CUCTE-
MBI B MMMYHOJIOTUYECKOM KOHTEKCTE ITOCITYKHIO
OCHOBaHMEM K CO3[JaHMI0 OCO00I1 001aCTU UMMYHO-
JIOTU, UMEHYeMOI1 MexaHOUMMYHoJiorueii [2, 12, 17,
48,92, 96].

Krnerku amanTUBHOTO HMMMYHUTETa 3aHUMAIOT
LEHTPaJIbHOE MECTO B MMMYHHOM oTBeTe. OHM He
TOJILKO O0ECHEYMBAIOT CHECHUMUIECKOE pacIio3Ha-
BaHNUE aHTUTE€HOB, HO U (hOPMUPYIOT AOJITOBPEMEH-
HYI0O UIMMYHHYIO ntamMsiTb. Oco0oe MecTO B aganTUB-
HOM MMMYHHOM OTBETE 3aHMMAIOT T-TUMQOIINTHI.
Paznuunbie nonynasiuuu T-KaeToK oOecreyuBaoT
BBITIOJIHEHUE CBOEH crielupuIHON GYyHKIUU. YHU-
KaJTbHOCTh T-KJIETOK 3aKJTFOYAeTCsS B X CIIOCOOHO-
CTU pacno3HaBaTh aHTUTE€HbI B KOMITJIEKCE C MOJIEKY-
namu MHC, yTo obecrnieurBaeT BHICOKYIO TOYHOCTh
uMMyHHoro oTBeTa [ 1]. [llupokoe pacripocTpaHeHUE
MOJayYyaroT OMOMHXEHEPHBI METOAWKH, CBSI3aHHbIE
¢ T-knerkamu, B yactHoctu CAR-T-kieTouHas Te-
panmsi, OCHOBaHHAasI Ha TeHETUYECKOt mMomuduKa-
uuu T-kJeTok ex vivo [15, 81].

HaxkormieHHbIe 32 mocjieIHUe Toabl JaHHbIE yKa-
3BpIBAIOT Ha 3HAYUTEIBHYIO POJb MEXaHWYeCKOM
peryiasiuuu B T-knetouHoMm otBete [2, 48, 82]. Uc-
CJIeIOBaHUS MMOKAa3aJIM, YTO MEXaHUYECKHE CUTHAIbI
MOTYT MOIYJMPOBAaTh MUTPAIINIO, TPOJH(epaInio
U nuddepeHIIMPOoBKY T-KIETOK, a TaKXKe U3MEHSITh

WX CITIOCOOHOCTH K pacIlio3HaBaHWIO aHTUTeHOB. He-
CMOTpSI HA 9TO MEXaHOMMMYHOJIOTHSI, OCOOEHHO B
KOHTeKCcTe T-TMM@OIINTOB, SBIISIETCS CPaBHUTCIb-
HO HOBOI 00J1acThIO, psi DyHIaMEHTATbHBIX U TIPU-
KJIQTHBIX MEIUIIMHCKUX BOIIPOCOB B KOTOPOM OCTa-
€TCs HeIOCTaTOUYHO M3yYeHHbIM. Tak, Hampumep, He
JTO KOHIIA MTOHSITHO MECTO MEXaHUYECKOU PETyJISIIIN
MMMYHHBIX (DyHKIIMI1 B TTaTOJIOTUYECKUX TIpolieccax
npu 3adojieBaHUsIX. JIo CUX Op HET MOITBITOK YCTa-
HaBJIUBaThb KOPPEISIIMHU, KOTOPHIC ITOATBEPKIAIN
OBl UMerIIMecs npeanonaoxeHus. Kpome Toro, HeT
pa3pabOTaHHBIX TeParieBTUYECKUX METOIMK, KOTO-
pble Obl MCMOJB30BaJM HOBelIue GapMaKoIOoru-
YecKre JOCTWIKEHUSI C IeIbl0 MeXaHOPETYJISIIUN
T-xnerouHoro orBeta. OgHAKO Mporpecc B JaHHOM
00J1aCTH, BUOIUMBIN yXKe ceifyac, MO3BOJISIET YTBEPXK-
JlaThb, YTO MOHWMAaHUE pearupoBaHUsI T-KIETOK Ha
MeXaHUYEeCKUEe CTUMYJIbI MOXET OTKPBITh HOBbIE TO-
PU3OHTHI B UMMYHOTEPAITUU U JICUCHU N ayTOMMMYH-
HBIX U OHKOJIOTMUYeCKUX 3a0oJieBaHuii [34, 84, 104].
B cBs131 ¢ pocTOM YMCIIa MCCIeAOBAaHUI, TPOBOII-
MBIX B JaHHOM 00J1aCTH, BO3HMKACT HEOOXOTUMOCTD
cUCTeMaTU3allMuM MMeEIoIIuXcsl 3HaHuit. Ilpenmpu-
HSITbIe MOMBITKU, KaK MPaBUJIO, HE pacCMaTpUBaIOT
MEXaHOMMMYHOJIOTUYECKHUI BOIIPOC ¢ MEITUKO-(dap-
MAaKOJIOTMYECKOM TOUKM 3peHus [2, 12, 48, 66, 70].
JeTanpHBII aHAINW3, BKIIIOYAIOIINIT 0030p Cylle-
CTBYIOIINX MCCICAOBAaHUM, IIOCBSIIICHHBIX BIUSHUIO
MeXaHu4YecKuX pakTopoB Ha T-TMM@POLIUTEI, aHATNU3
MOJIEKYJISIPHBIX U KJIETOYHBIX MEXaHU3MOB, uyepe3
KOTOpbIe MeXaHNYeCKUEe CTUMYJIbI BIUSIOT Ha (DYHK-
o T-KIIeTOK, UcCle0BaHue POJIM MEXaHUYECKUX
(GaKkTOpOB B IMaTOreHe3¢ pPa3INUHBIX 3a00JICBAHMA,
a Takke 0030p IEePCIECKTUBHBIX OMOMHKEHEPHBIX U
(hapMaKOJOrMIeCKUX METOAMK, CITOCOOHBIX OKa3bl-
BaTh BJIMSIHME HA BOCIIPUSITHE MEXaHUYECKUX CTUMY-
JIOB, CIOCOOCTBOBaJ ObI 00Jiee OBICTPOMY Pa3BUTHIO
0o0JTaCTU U HampaBWI Obl UCCIEIOBAHUS B CTOPOHY
M3YYeHMS HE TOJBKO (hbyHIaMEeHTaIbHBIX, HO U TIPU-
KJTQTHBIX aCTIEKTOB MEXaHUYECKOU PEeTYIISIIINU.
Ileabio gJaHHOrO 0030pa SIBJISIETCS CUCTEMaTHU3a-
LIS COBPEMEHHBIX JAHHBIX O MEXaHOMMMYHOJIOTUU
T-nmumMbOIUTOB, aHANU3 KITIOYEBBIX MEXaHOPEeTYJIsI-
TOPHBIX MyTEW U WX BIWSHWS Ha UMMYHHBIN OTBET.
B paboTe paccMaTpuBarOTCSI OCHOBHBIC MEXaHOCCH-
COpHBIC CBOIICTBa, BOBJICYCHHBIC B (DYHKIIMOHM-
poBaHMe T-KJIETOK, a TaKxKe MX METUIIMHCKAsI 3Ha-
yuMocTh. OTOeJlbHOE MECTO OTBEACHO aHaJIu3y
BO3MOXKHBIX (DapPMaKOJIOTUYECKUX METOIUK.
MexaHu3Mbl MEXAaHOYYBCTBUTEIbHOCTH
PaccMmoTpeHne MeXaHOMMMYHOJOTUMHM T -TrM-
¢domuToB ciemyeT HayaTh C KpaTKOTO OMMCAHUS
MEXaHN3MOB MEXaHOYYBCTBUTEIbHOCTU. I[IpuHSITO
BBIAC/SITh CIACAYIONIUE KIIIOUEeBbIE€ MOJIEKYJIbI, yda-
CTBYIOIIME B peaKIMsIX MEXaHOCEHCHHTa.
Piezo 1 — 3T0 MexaHOUYBCTBUTEJILHBIN MOHHBIN
KaHaJl, KOTOPBII aKTUBUPYETCS B OTBET HA MEXaHU-
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yeckoe pacTskeHue MeMOpaHbl. OH TpencTaBiseT
cO0O0Ii KpYMTHBI TpaHCMEMOpPaHHBIN 0e10K, (hopMu-
PYIOIINI TPUMEPHYIO CTPYKTYPY, KOTOpast pearupyeT
Ha nedopManmio JunumaHoro oucios. Ilpm mexa-
HUYECKOM BO3AEHCTBUU KOH(hOPMAILIMOHHBIE U3Me-
HeHUs B CTpyKType Piezo 1 mpuBOAAT K OTKPBITHIO
KaHaja U BXOJy MOHOB KaJIbLIMS B KJIETKY. DTO UHU-
OUUPYeT KacKal CUTHAIBHBIX COOBITHIA, YTO, B CBOIO
ouepenb, IPUBOIUT K M3MECHEHUIO KJIICTOYHOI MpPO-
mudepanu, Murpauuu U guddepeHunpoBKku [18,
36, 97].

MHTerpuHbl MpeAcTaBiIsioT coOOil TpaHCMeM-
OpaHHBbIE pPELENnTOPbhl, CBI3bIBAIOIINE BHEKJIETOY-
HBIIT MAaTPUKC C aKTUHOBBIM IIUTOCKEJIETOM KJICTKM.
At 6eKu GOopMUPYIOT (poKaJIbHbIe KOHTAKTHI, KO-
TOpBIC YYACTBYIOT B MEXaHOTPAHCIYKIIMM — IIPO-
ecce mnpeodpa3oBaHUS MEXaHWYECKUX CHUTHAJIOB
B Ouoxumuyeckue Kackaabl. [Ipy mMexaHUYeCcKOM
HaMNpsKeHUW WJIM U3MEHEHUM KECTKOCTU BHEKJIe-
TOYHOTO MaTpUKCa MHTETPUHBI aKTUBUPYIOTCS, YTO
OPUBOINT K PEKPYTUPOBAHMUIO OCJIKOB (hOKATHHOTO
aAre3MOHHOTO KOMILJIeKCa, TAKMX KaK TaJuH U BUH-
KYJIWH. DTO 3aMycKaeT CUTHaJIbHbIC MTYTHU 3a CUET aK-
TUBaLMU K1Ha3bl pokanbHoit anre3aun FAK 1 RhoA,
peryiupys KJIETOYHYIO aAre3uto, MUTPpalluio U aKTh-
Banuio. IHTeTrpuHBI TaK3Ke B3aMMOACHCTBYIOT C APY-
TUMM MEXaHOUYBCTBUTEILHBIMU ITyTSIMH, HAIIpPUMEDP
¢ YAP/TAZ, uto oGecrieunBaeT MHTErpaluio Mexa-
HUYECKUX CUTHAJIOB C Pa3IWYHBIMU KJIETOUHBIMU
nporpammamu [32, 43, 106].

YAP (Yes-accollMMpOBaHHbIN OEJTOK; MEXaHOCEH -
COp, MEXaHOTPAHCIYKTOP) — 3TO TPAHCKPUIIILIMOH-
HBIN KO(aKTOp, UTPAIOIINI BaXKHYIO POJIb B MeXa-
HOYYBCTBUTEJIbHOU PETYJISILIUU TEHHOM SKCIIPECCUMN.
OH aKTMBUPYETCSl B OTBET Ha MEXaHWYECKUE CUTHa-
JIbI, TAKWE KaK HATSI>KEHUE KJIETOYHOTO IIUTOCKEeTa,
JKECTKOCTb BHEKJIETOYHOIO MaTPUKCa U MEXKJIETOU-
HBIC B3aMMOACUCTBUs. B HeEaKTMBHOM COCTOSHUM
YAP ynepxmBaeTcs B LUTOILIa3Me 3a cueT docdo-
puiMpoBaHUs KrHaszamMu Hippo-myTu, TakumMu Kak
LATS1/2. Tlpu MeXxaHUYECKOM pPaACTSDKEHUU WU
YBEJIMUEHUHN KJIETOUHOTO HAMpPsDKEHUST 9TOT TOPMO-
341U MexaHu3M ocyadnasiercsd, 1 YAP TpaHcioum-
pyeT B sApo, TIIe OH B3aMMOIEHCTBYeT ¢ (pakTOpaMm
TpaHckpuriuuu TEAD, aktuBupys 3KCHpeccuio re-
HOB, PETYJIUPYIONINX IIpordepalinio, BBLKMBaHUE U
nuddepeHIIMPOBKY KJIETOK [9, 44, 67].

AKTUH WrpaeT LIEHTPaJbHYIO POJIb B MEXaHO-
YYBCTBUTEJIBHOCTU, oOOecmeuuBas CTPYKTYPHYIO
MOAACPKKY KIIETKA MW pearupys Ha MEXaHUIeCKUE
CUTHAJIbI TIyTeM MepecTpoiiku 1uTockesnera. [Tomm-
Mepu3alus U ASMOJIMMepU3ans aKTUHA PEryIupyeT
KJIETOYHYIO KECTKOCTh, MUTPALIMIO U TIepeaadyy mMe-
XaHWYECKUX CUTHAJIOB K SIAPY. AKTUHOBBINA IIMTO-
CKeJIeT B3aUMOJIEHICTBYET ¢ MHTerpuHaMmu, Piezo 1 u
YAP, (popMupysi MexaHMYECKYIO CHUCTEeMY, KOTopasi
peryJmpyeT KJICTOUHBI OTBET HAa BHEIIHHME BO3MICii-

cTBUsI. MI3MeHeHHUs B OpraHM3alMid aKTUHA MOTYT
MOIYJMPOBATh aKTUBAIIMIO MEXaHOUYYBCTBUTEIHHBIX
nyTeid, YTO KPUTUYECKHU BaXKHO JIJIsI OTBETAa Ha MeXa-
HU4Yeckue CTuMyJsl [54, 77].

AxkTuBanusa T-KjIeTOK HaNPsSZKEeHHEM CIBHTa

Haxonsice B opranm3mMe, T-KJICTKM TOCTOSTHHO
TIOABEPTAIOTCS BO3NCUCTBUIO HAIIPSDKCHUST CIOBUTA,
BO3HUKAIOIIIETO B KPOBOTOKE M TUMMATUICCKOM CH-
creme [3, 21, 22, 62]. CoBpeMeHHBIE UCCIIeIOBAHUSI
MOKa3bIBaIOT, UYTO T-KJIETKM CITOCOOHBI pearupoBaTh
Ha caBuroBoe HamnpstkeHue [19, 31, 74, 95]. I1oHu-
MaHHe MEXaHN3MOB B3aIMOACICTBUSI TOTOKOB XKUI-
KOCTH W ITyTeil MEXaHOUYYBCTBUTEIILHOCTH SIBIISICTCS
KJTIOYEBBIM (pakTOpOM I OOBSICHEHUST HaOJronae-
MBIX PEAKIIA.

Oo6HapykeHOo, 4To T-KJIeTKU CIOCOOHBI JOTIOJ-
HHUTEebHO yerymmBaTh CD3/CD28-omocpeioBaHHYO
AKTUBAIIMIO B OTBET Ha ACMCTBUE HAIIPSDKEHUS CIBU -
ra xxuakoctu [31, 74]. VccieqoBaHus ITOKa3aan, 4TO
B KieTKax JuHnu Jurkat u B yemoBeyeckux CD4*, a
takke CD8*T-numdonuTax mpmu 0qHOYaCOBOM BO3-
JNIeACTBUU MOCTOSIHHBIM M PaBHOMEPHBIM Hampsixke-
HYEM CABUIa XXKUIKOCTU 5 TUH/CM? yCUINBAETCS IIPU -
TOK MOHOB KaJIbIIMS Yepe3 MeXaHOUYBCTBUTEIILHBIC
kaHanbl Piezo 1. Ilpenmnosnaraercsi, 4To, BhICTyIIasl B
Ka4yeCcTBE BTOPUUYHOTO MECCEHIKEpa, MOH KaJIbIIUs
aKTUBUPYET KaJIbLIMHEBPUH, WHULUUPYSI Gocdo-
punupoBaHue ZAP70. [Tpu 3TOM ycuJIMBaeTCsl 9KC-
npeccusi TpaHCKpUMNUMOHHBIX dakTopoB NF-kB,
NFAT u AP-1, a Takke yBeJIUUYUBAETCS MPOLYKIIUS
mutokuHoB IL-2, TNFa, [FNy [31, 74]. U3yuenue
JIUHAMUKU TTOAOOHOTO cTUMYyJia B TeueHue 10 mHeit
MO3BOJIMJIO YCTAHOBUTh, UTO MAaKCUMYM aKTUBalIUU
NF-«xB Haomonancs Ha 3-11 1eHb U Jaxke Ha 7-1i IeHb
ypoBeHb ¢ochopunupoBaHuss NF-kB octaBacs
3HAYUTEJIPHO BBIIIIE B KJIETKAaX, ITOABEPTaBIIMXCS
BO3JEMCTBUIO CIBUTOBOTO HarpsokeHud [74]. Hema-
JIOBAXKHO, YTO cpa3y Mocje MogoOHON codyeTaHHOI
CTUMYJISILIMM TPOUCXOAMJIO 3HAUMMOE ITOBBIIICHUE
ypoBHS (pochopunmpoBaHus c-Fos, a Takke ycuie-
Hue gaepHoil TpaHciaokauuu NFATcl. Mccrnenosa-
TEJIN TAKKe OTMEYaloT, YTO YPOBEHB YCHJICHUS TIepe-
Hoca NFATc1 B ssnpo gaxke mpu BO3AE€MCTBUU TOJIbKO
HaNpsKeHUEM CIBUTra XUIKOCTU COIIOCTaBUM C
YCUJIEHUEM COOTBETCTBYIOIIECH BEJIUYUHBI TIPU CTH-
myssiimy aHtutesamu K CD3/CD28 B ctaTnyeckux
ycinoBusgx. Kpome Toro, Bo3neiicTBrue HalpsoKeHUEM
CIBUTA XXUIKOCTH 3HAYNMO YCHJIUBAJIO TIposmdepa-
umto T-kieTok, sakcnpeccuto CD107, rpansuma B u
nepdopuHa B CD8* T-nmumdbonuutax [74].

M3HavanbHO Mpeanoaarajock, YTO JaHHOE CBOM-
CTBO MOXKET JIeYb B OCHOBY OOBSICHEHMSI CHHIpPOMA
BBICBOOOKICHMS [IUTOKWMHOB Y MAIIMEHTOB C TUIICP-
TeH3Mel, a TakKKe SIBJICHUSI YCYTYOJCeHMS ayTOMM-
MYHHBIX 3a00JIeBaHUII y JaHHOM TPYIIbl MallUeH-
toB [31]. OagHako B 6oJjiee MO3AHEM UCCIAEAOBAHUM,
OCHOBBIBasiICh Ha HEITOCTOSTHCTBE HANPSLKEHUS
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CIIBUTa KPOBU W HAHHBIX O HEBO3MOXKHOCTH aKTHU-
BauM T-KJIIETOK MIPEPBIBUCTHEIM ITOTOKOM KaJIbIIHS,
OB cIeJaH BBIBOO O HEIIEJICCOOOPa3HOCTH TaKOU
uneu [74]. Mexny TeM aHaJIOTUYHBII MEeXaHU3M aK-
TUBALMM, HO MOMA AEWCTBUEM CHJI TUHAMUYECKOTO
JaBJeHUs JacTUll, HAaOJI0JaeTCsI, MO BCE BUAMMO-
CTU, B UCCJIEIOBAHUSIX ex Vivo aKTUBaLUMMU T-KIJIIETOK
nopd aeiicTBueM HaHomoTopoB [19, 95]. Ilpu sTom
OUEeBHMIHO, YTO IBIMKCHME HAHOMOTOpA IMPEACTaB-
JsieT co0Ooli HEpaBHOMEPHBINM Ipoliecc, a 3HAYUT B
JNaHHBIX paboTax HaOmoAanach akTuBaLus T-KJIeTOK
MEHSIIOIINMCSI MEXaHMYECKMM CTUMyiIoM. KocBeH-
HO 3TO MOATBEPXAAeT MpeAnoioXeHue o0 yJyacTuu
HaMpsKeHUsI COBUTA KPOBU B ayTOMMMYHHBIX ITPO-
meccax Ipu TunepreHsuu. Kpome Toro, akKTUBHO
oOcyXnaeTcsli TIpUMEHEHNEe JaHHOTO CBOMCTBa MJist
akTUBaUMU T-KJIETOK ex vivo mpu T-KIeTOYHBIX Te-
panusx Kak BO3MOXKHOTO BapMaHTa JelIeBOro Io-
BbllIeHUS UX addekTuBHocTH [31, 74]. Criucoxk ru-
MOTETUYECKUX TIPUIIOKEHUIT MOXHO TIPOIOJIKATh.
Croma, HaIIpuMep, MOTYT BXOJIUTbh U PeaKIInsI TpaHC-
IJIaHTAaT-IPOTUB-X035IMHA, W OTTOPXKEHME TpaHC-
TJlaHTaTta, MPU KOTOPBIX JIOKAJbHOE YMEHbIIIEHUE
KPOBOTOKa TEOPETUUYECKU CITOCOOHO YBEJIMYUTh Be-
POSITHOCTB TIPYIKUBJICHUSI.

CTOUT OTMETUTH, YTO IO CUX IOP OCTAaeTCsS He-
MOHSATHOM (U3MOJIOTUYECKasl pPOJb YKa3aHHOTO
MexaHu3Ma. B mpencTaBieHHBIX CTaTbsIX 4acTO Ha-
Oronanach 3HaUMMOE YBEJIMYEHUE YPOBHSI aKTUBA-
OUM Pa3INIHBIX (aKTOPOB Jaxke MPU BO3IEUCTBUM
TOJIBKO HarmpsikeHueM caura [74]. MoxHoO Tipen-
MOJIOKHUTh, YTO MOZOOHBIM ITyTEM B HUPKYJIUPYIO-
IMUX OMOJIOTUYECKUX KMAKOCTSIX co3maeTcst (oH
akTUBUpPOBaHHBIX T-kieTok. IlomMumo co3maHus
¢doHa (GyHKUIMOHUPYIOIIUX T-KIEeTOK, aKTUBalLUs
TMOCPEICTBOM CIABUTOBOTO HAIIPSDKECHUSI, OUEBHUIHO,
YIOpPOIIAaeT BKJIIOYEHUE KJIIETOYHOIo OTBeTa B OUO-
JIOTUYECKUX KUAKOCTSIX. DTO MOXET O3HA4yaTh, 4TO
nornagaHue aHTUTCHOB B KPOBb, UMDY U APYyrue
JIBUKYIIAECS (DU3UOJTOTNUESCKUE KMAKOCTU PACIIo3-
HaeTcsl OpraHM3MOM Kak 0oJjiee cepbe3Hasl yrposa mno
CPaBHEHUIO C MX HAXOXIECHUEM B MeprdepruIecKIX
TKaHsX. TeM He MeHee TOo-TIpexXHeEMY HesiceH pabo-
4yuit nuana3oH HanpsikeHul casura Piezo 1.

MexaH03aBUCUMOCTH MUTPAIIAN

Murpauus T-1uM@OLMTOB SIBIISIETCS KITIOUYEBbIM
MpOLIECCOM B TOANEP>XKAaHMU HWMMYHHOIO TOMEO-
ctaza u 3(P(GeKTUBHOro MMMYHHOro otseta. OHa
BKJIIOYAeT HECKOJIbKO BUAOB, KOTOPbIE PETYyJUpY-
FOTCS PA3JIMIYHBIMU MOJICKYJIIPHBIMHA MEXaHU3MaMM.
WHTerpuH-3aBUCHUMAasl MUTpAIMs XapaKTepU3yeTCs
B3aUMOJICICTBUEM WHTETPUHOB C BHEKJIECTOYHBIM
MaTPUKCOM U CBSI3aHa PETPOrpaaHbIM IMOTOK aKTHU-
Ha [6, 33, 68, 72, 79, 87]. OHa mipeacTaBisieT co0O0it
KJIIOYEBOM mpoliecc, Mpu MOMOIIU KOTOPOIo peau-
3yeTcsI B TOM YHCJIe ¥ IIPOHUKHOBEHNE T-KJIETOK Ye-
pe3 aHpotrenuit [75]. B mocineaHue roabl ycTaHOBIIE-

Ha BO3MOXHOCTH niepemernieHus T-mmMmdonuTos 6e3
OpPUKpPEIUICHUSI K BHEKJIETOYHOMY MaTpukcy. OHO
MOJYyYUI0 Ha3BaHME WHTETPUH-HE3aBUCUMOW MU-
rpanuu [5, 45, 69, 93]. McciaenoBaTesin OTMEYAIOT,
YTO MaHHBIE IBA MEXaHU3Ma JIBVKCHUSI HE SIBIISTIOTCS
B3aMMOMCKTIOUAIOIINMI W MOTYT pealIl30BBIBATHCS
OTHOBPEMEHHO.

VYnanoch yCTaHOBUTH, YTO MHTETPUH-3aBUCHMAs
XeMOKMHOBas1 Murpaiuysi T-1umbonuToB SIBASIETCS
MeXaHO3aBUCUMBIM TpolieccoMm [49]. bbuio nokasza-
HO, YTO TIPU CTUMYJISIIIMA XeMOKWHOM ITPOUCXOIUT
dochopunuposanue FAK, npusoasiiee Kk dopmu-
poBaHUIO (DOKAJIIBHBIX KOHTAaKTOB. HabOmomaemoe
najiee JOKaJIbHOE YBEIWYCHUE HATSKCHUST MeMOpa-
Hbl OOyCJIaBIMBaeT aKTUBAIlMIO MOHHOIO KaHaja
Piezo 1 v mpuUTOK MOHOB KajbLUsl BHYTPb T-KJIETOK.
AKTuBaIMsl KajdbllauHa CIIOCOOCTBYET MOJIUMEpPU-
3annu F-akTnHa W TIPUBJICYECHHWIO WHTETPUHOB K
nepemHeMy Kpato. MHTerpmHOBasT MHIYKIIUS 3a1y-
ckaer PI3K/Akt-curHanpHBIN TIyTh, aKTUBUPYIO-
mmii Rho I'T®a3zy. YBeanuuBaeTcsl MOJIMMEpa3Lus
F-akTunHa, 1 3a cueT aKTOMUO3MHOBBIX COKpaIleHUA
F-akTuH peTporpagHo mnepeMelnaeTcsd B 3aIHIOI0
YacTh KJIETKM, YTO ITO3BOJISICT KJIETKAM JIBHUTAaTh-
cs TI0 TpaIMeHTy XeMOKWHOB BIlepen. B HemaBHeM
WCCIICIOBAaHMM OBLIO TakKKe IT0Ka3aHO CHIKEHUE
MUTPALIMOHHON CIMOCOOHOCTU T-KJIETOK B OpUEH-
TUPOBAHHOM IIPOCTPAHCTBE MO CPaBHEHUIO C TI'eo-
METPUYECKU HEIPaBWILHBIM, YTO, BO3MOXHO, CBSI-
3aHO C BO3ACUCTBHEM BHEKJIETOYHOTO MaTpuKca Ha
MeMOpany T-knetox [73]. JIormdHO TIPEeAOI0XKUTh,
YTO B TEOMETPUUECKM HEIIPaBMJIBHOM MIPOCTPAHCTBE
CuJia HaTSDKeHUsI MeMOpaHbI BhIIIE, YTO obJyierdaet
OTKphITHUE KaHaja Piezo 1.

ITonoGHoOe ywacThe MexaHu3Ma MeXaHOTpaH-
COyKOUM B T-KIETOYHON MUTpallUM OTKPBHIBACT
HOBBIE BO3MOXHOCTU IJIsI OOBSICHCHUSI CHUKCHUSI
MUTPALIMOHHON CITOCOOHOCTM T-KJIETOK IpHU psiae
MaTOJIOTMYECKUX COCTOSIHUM, CBSI3aHHBIX C U3MEHe-
HUEM TUIOTHOCTM MX OKpyXeHus. Tak, Hampumep,
MpU XpPOHUYECKNX MHGEKINSIX U 3a00JeBaHUsIX, a
TaKKe TMPU OITYXOJIEBBIX ITPOIIecCaxX BO3MOXKHO M3-
MEHEHHe BHEKJIETOUHOTO MaTPUKCa, UTO YCIOXKHSCT
obpa3oBaHMe (hOKAJIbHBIX KOHTAKTOB M MUTPAIIMIO
T-numMdounToB B ouarax BoCIaJeHUsI U BO3JIe OIly-
X0JeBbIX KJleTok [11, 52, 91].

Kpome toro, yuactue Piezo 1 B Murpauuu T-n1um-
(GOILIMTOB TO3BOJISIET WUCIIOJIB30BaTh MTaHHBIA Ka-
HaJI B Ka4eCTBe MHHOBAIIMOHHOI TepareBTUUECKOMI
muiieHu. Hampumep, mpu JedeHUM ayTOMMMYH-
HBIX 3200JIeBaHUII BO3MOXHO CHMKEHUE MUIpPALIUU
T-kneTok 3a cueT pa30O0IIeHMsI BHEIIHUX W BHY-
TPEHHUX aKTUBAIIMOHHBIX IMPOIECCOB MOCPEACTBOM
uHruouponaHus Piezo 1. Ycunenue MurpaumoHHOM
crnocooHoctu T-KJleToK 3a cueT aktuBauuu Piezo 1
TUITOTETUYECKU MOXKET CIIOCOOCTBOBATh YJIydllle-
HUIO TIPOHUKHOBEHMsI T-KJICTOK BHYTPbH OITYXOJIH
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M, KaK CJIeICTBHE, ITOBBIIMICHUIO 3(P(PEeKTUBHOCTH
T-xneTouHbIX Tepanuii. Yxxe cyuiecTByeT psi dap-
MAaKOJIOTMYECKUX METOOWK, HalpaBJIeHHBIX Ha yKa-
3aHHBIN KaHaJl, OJHAKO A0 CUX ITOp UX IIpUMEHEHNE
B paMKax MMMYHOJIOTUYECKOrO KOHTEKCTa He 00-
cyxxmajoch [42].

He odeHPb SICHBI Takke MeXaHWU3Mbl MHTCTPUH-
He3aBUCUMOI Murpalmu. McciaemoBaHus TToKa3au,
yTOo T-KJIETKU COXPAHSIIOT CIIOCOOHOCTDb K MUTPAILIUN
JlaXke B OTCYTCTBUE (hOKaTbHBIX KOHTaKTOB. Kirroue-
BYIO POJIb B TOJOOHOM BUIE MEpeMeIeHUsT UTPaET,
O-BUIMMOMY, TeOMeTpusl OKpyxeHus [69]. Henb3s
MCKJIIOYAaTh BO3MOXHOCTb y4acTUs B JaHHOM IIpO-
uecce Piezo 1, Tak kKak pasiuyHas IPOCTPaHCTBEH-
Hasl TOITOJIOTHsI, OYEBUIHO, BJIUSIET Ha BEJIUYMHY
MOBEPXHOCTHOTO HaTsDKeHUs. B omHOM M3 HemaBHUX
MCCIeOBAaHUI ObLIO YCTAHOBJIEHO, UTO Ha CYCII€H-
3UPOBAHHBIX APUTPOLIMTAX YBEIUYEHUE YIia HAKJIO-
Ha MMKPOMMUIIETKU MPUBOAUIO K CUJIBHOMY BXOIY
Kanbuus depe3 Piezo 1, KoppeaupymollieMy ¢ Io-
TokoM F-akTnHa B 007acTh NMpUTOKa Kaablus [88].
BeposTHO, MOTyT cCyllIecTBOBaTh HEYCTaHOBJICH-
Hble MEXaHU3Mbl CONpsiKeHUsT akTuBauuu Piezo 1
" mepeMenieHns F-akTmHaA, KOTOpEIe, B YAaCTHOCTH,
00YCIaBJIMBAIOT U MUTPAIIMOHHYIO CTTOCOOHOCTD He-
aare3upPoOBaHHBIX T-KJIETOK B TeOMETPUUYECKU He-
CTaHIaPTHOM OKPYKCHHU.

KecTKOCTH MUKPOCPEIbI

ZKecTKOCTh BHEKJIIETOUHOTO MaTpHUKca CyIIe-
CTBEHHO MEHSIETCSI B Pa3INIHBIX TKAHSIX W IPU pa3-
JIMYHBIX cocTtosgHuax [20, 26, 27, 51, 56, 59]. Ilpu
CpPaBHECHMHU 3IOPOBBIX JIETKUX W KOCTHOTO MO3Ta
XecTkocTh n3MeHsietrcs ot 0,4 kIla no 7-10 xIIa co-
OTBETCTBEHHO [59]. Mexxny HOpMaJIbHBIMU M OITY-
XOJEeBBIMUA TKaHSIMHM OHA MOXET BapbUpOBaTh OT
0,5 xITa no 48 xIla [56].

Oxka3zanock, 4To T-KIeTK1 CnoCOOHBI BOCIIPUHU-
MaTh XKECTKOCTh MUKpOcpenbl. MHOTHE HCcienoBa-
TEJIM CXOMNSITCS BO MHEHMMU, YTO KJIIOUEBYIO POJIb B
BOCIIPUSITUM KECTKOCTU MUKpocpenbl urpaet YAP.
B wmsrkoit cpene YAP1, dochopunnpoBaHHBIN MO
Ser397, cesaswiBaetcs ¢ IQGAPI B nuTomnaasMe, 4To
criocooctByeT B3aumMoaeiicteuio IQGAPI u ¢pocdo-
punupoBaHHoro NFAT1, B pe3ynbsrate uero NFAT
He nepeMelaercs B sapo [55]. B xkecTkoit ke cpene
ypoBeHb ochopunupoBaHus YAP1 no Ser397 cHu-
xXeH [55]. YMmenbinaetcst B3aumoneiicteue IQGAP1
u NFATI1, yTo maeT BO3MOXHOCTh KaJIbLIMHEBPUHY
nedochopuupoBaTh OCTaTKU CeprHA U TPEOHUHA
NFATI1, Bauss Ha ero TpaHCJoKalLMio B sapo [55].
I[MomoOHAsT PEeryisauust IIpU IIepexole OT XKECTKO-
0 OKPY:KEHHUSI K MSATKOMY XOPOIIIO COTJIACyeTCsI CO
CHIMIXKEHHMEM aKTuBauu T-KiieTok. bruio mokasaHo,
qTo B akTUBHpoBaHHBIX CD8*T-keTkax, yBeanuu-
BaeTcs akcrnpeccust YAP1, uto, mo Bceli BUAUMOCTH,
CITOCOOCTBYET OTPAaHMYCHMIO aKTUBALIMKA ITUTOTOK-
cuueckKnX T-TUMGOIMTOB IJis IIPeIOTBpaIICHUS
ype3MmepHbIX 3 dekToB [46]. [Tpu HokayTe YAP1 B

9TUX KJIeTKaX MPOMCXOAUJIO YBEJIWUYEHUE IKCIIpec-
CUU BOCHAJUTEIbHBIX IITUTOKWUHOB W MOBBILIAIACH
HuToToOKCMYHOCTh. Kpome Toro, YAP1 Bausier Ha
Treg-xietku. B ycnoBusix nedpunura YAP1 Habmio-
TacTcsl CHIDKCHWE WMMYHHOCYIIPECCHUBHON (PYHK-
u Treg-numbormtos [4, 61]. Muaykuuss YAP1
YCWJIMBACT aKTUBALIMIO CUTHAJIBHBIX ITyTEH, OImocpe-
noBaHHbIX TGF-B u SMAD B Treg-kitetkax [61].

B HemaBHeM wWcclienoBaHMM OOHApPYXXUBaETCS
ele OOWMH MHTEPEeCHBIN pe3yabsraT. MHTuonpoBaHue
YAP1 nipuBoausio Kk 60jee BbIpa’)keHHOW aKTUBALIUU
T-k1eTOK B reoMeTpuYeCKd HETPaBUIbHOM IIpO-
CTPaHCTBE IO CPaBHEHUIO C OPUSHTUPOBAHHBIM [73].
OCO0OEHHO SIPKO 3TO TPOSBISUIOCh B HW3MEHECHUU
npoduiis Takux Mapkepon, Kak PD1, CD44, CD69,
a takxke uuToknHoB IL-2 u IFNy. I[IpumeuarensHo,
YTO B CBETE OOCYKIEHUII O BO3MOXKHOCTH y4acCTUS
Piezo 1 B aktuBauu YAP1 [30, 103] nabaronaemoe
SIBJIGHUE THUMOTETUYECKU MOXET CBUIETEIbCTBO-
BaTh O MpeBalupymolleit poau ocu Piezo 1-YAPI1 B
T-K/1eTOYHOI perysiliiy Mo CpaBHEHUIO C APYTUMU
aktTuBupymomumu YAP Mexanusmamu. KocBeHHO
9TO yKa3bIBaeT Ha yyactue Piezo 1 B curHajibHOM
nytv Hippo, 01HaKO He UCKIIOUEHO CYIIIECTBOBAaHNE
JNIPYTUX MEXaHU3MOB MEXaHOUYBTCBUTEJILHOCTH, 3a-
nerictByromux YAP.

He MeHee BaXXHBIM acleKTOM MOAOOHOTO BUAA
peryjasiuMuyu  MMMYHHOro otTBeTa sBisercsa YAP-
VHIyIIUPOBAHHOE MeTabOoJIMYecKoe TMepernporpam-
MUPOBaHUE aKTUBUPOBaHHBIX T-KiteTok [4, 55]. [Tpu
HokayTe YAP HaOmogaeTcs yBeJIM4YEHUE TJIUKOIUTH -
YEeCKOM CIOCOOHOCTU, YCUJICHHE MUTOXOHIPUAJb-
HOT'O IBIXaHUSI, YBEIUICHIE CKOPOCTH ITOTPEOICHUST
KHUCIOPO/ia, PE3ePBHOM AbIXaTeJIbHOW CITIOCOOHOCTH.

Crtout, OJHaKO, OTMETUTh, 4TO YAP-ormocpe-
MIOBaHHAS aKTUBaIUs T-KJIETOK B JKECTKOM MHMKPO-
OKPpYXXEHUHU BIMSICT, CKOpee Ha Ipoaudepanuio u
nuddepeHIUPOBKY, YeM Ha MCIOJHEeHHE IIUTOTOK-
cuueckux (yHKUUA. B COMMAHBIX OIyXOJsiX, He-
CMOTpPSI Ha XXECTKOE MUKPOOKPYXKEHUE IIUTOTOKCU-
yeckue GyHKUUM T-TUM@OLUTOB CHUXKEHBI, YTO
CBSI3HO, BEPOSITHO, C YXYyIIIEHWEM Mpe3eHTaluu
aHTHTeHa [25, 56].

OO6cyxIeHue TaHHOTO MeXaHW3Ma IPOBOJUTCS B
OCHOBHOM B KOHTEKCTE BOCITAJIUTEIbHbBIX U ayTOUM-
MYHHBIX TIpolieccoB. [Ipenrmnoiaraercs, 4To MHTUOM-
pOBaHME IUTOTOKCUYECKUX DYHKIIUI MPU Mepexoae
OT BOCHAJIEHHOI0 MUKPOOKPYXKEHUSI K HEBOCMAICH -
HOMY 3allliIaeT TKaHU OT ayTOUMMYHUTETa, OMOC-
penoBaHHoro T-knerkamu [17]. Tak, HanpuMep, Ha
MOJIeJI MBbILLIEN ObIIO TTOKa3aHo, YTO 0oJiee ObICTpOe
pa3BuTue nuadeta 1-ro Tuna HabIOIAeTCS Y MbIIIEH
c orcyrctBUueM YAP B T-kieTkax, KOTOpPbIi MO Ope-
TTOJIOKEHUIO MCClIeloBaTesieil, pearupyss Ha MSTKYIO
MUKpPOCpPENy IOOJDKEH TIOMABIISITH ayTOMMMYHHBIN
npouecc [55].

Hcrionbp3oBaHre CcyoCTpaTOB pa3IMIHOM XKECT-
KOCTH OTKPBIBAaCT TaKK€ BO3MOXKHOCTU UISI aKTH-
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BalUu T-KJIETOK ex Vivo, 4YTO MOXKET CIIOCOOCTBO-
BaTh MOBBIIIEHUIO 2(PPEKTUBHOCTU T-KI€TOUHBIX
Tepanuit [34, 99]. HMcnonab3oBaHWEe WHIMOUTOPOB
U akTUBaTOPOB YAP B 1a60paTOPHBIX YCIOBUSX U B
KadecTBe JICKAPCTBEHHBIX TIPEITapaToOB TAKXKe MOXET
CIIY>KUTh METOINKOI MODYISIIUN T-KIETOYHOTO OT-
BeTa.

NvMmyHHbIi cUHATC

HutoTtokcnyeckne T-TuM@OLIMTH 00Pa3yIOT UM-
MYHHBIC CHUHAIICHI C KJIeTKaMU-MUIICHSIMU IJIsI UX
YHUYTOXEHMUSI 34 CUET «OKYTbIBaHUSI» aHTUIEeH-TIpe-
3eHTUPYIOLIMX KJIETOK [65, 66, 70]. Llutonurnue-
cKkMe (pakTophl, TaKUe Kak rmepdOpUHBI U TPAaH3UMBI,
BBICBOOOXKIAIOTCSI HETIOCPEACTBEHHO B CHMHATIIC, YTO
YCUJIMBAeT YHUUTOXEHUE KJIETOK-MMIICHEH U MU-
HUMU3UPYET MTOOOYHBIH yilIepO 3a CUeT OrpaHUUEHUST
nuddy3uu rpaH3uMoB U riepdopruHoB. MuosuH I1 u
JUHEUH COBMECTHO CITOCOOCTBYIOT aHTEPOTIPaTHOMY
TPaHCHOPTY JUTHUYEeCKUX rpanya [10, 16], mpudem
MEePBBIN yIIpaBJIsieT aHTEPOTrPaTHBIM IBVKECHUEM JIN -
TUYECKMX TPaHysl OT 3adHel YacTH KJIETKU K SIIpy, a
MOCJIEIHUI OTBEYaeT 3a TPAHCIIOPTUPOBKY JTUTHYE-
CKMX IpaHyJl BOKPYT siipa U K cuHarcy [58, 65].

Bbito ycTaHOBJIEHO, YTO CUHAICHI ITMTOTOKCH-
yecknx T-KJI€TOK MOXHO pa3lesInTh Ha JBE 30HBI:
nepudepuyeckuii 00010K, B KOTOPOM MpeodaaaeT
TOJIOKUTETbHASI CPETHSISI KPpUBU3HA, Y BHYTPEHHIOIO
JacTh, XapaKTCPUIYIOIIYIOCS OTPHUIIATEIBHO WM30-
THYTBIMH yTITYOJICHUSIMU, pa3IeICHHBIMU TJTOCKUMU
WIN TIOJIOXKUTEIBHO M30THYTBIMU TPEOHSIMH M pe-
needamu [23]. UMerommecst mTaHHBIE TTO3BOJISTIOT YT-
BEpKIaTh, YTO YCHJICHUE ITMTOTOKCHUYECKOU (PyHK-
o T-TuMGOIIMTOB CBSI3aHO C BOJHOOOPA3HBIM
KOHTYPOM HEHTPAIbHONM YaCTU MMMYHOJIOTUYECKUX
CHHAIICOB M3-3a 00pa30BaHUS psifa JJOKAJIbHBIX BbI-
MYKJIOCTEeI, KOTOphIe 00Jice UyBCTBUTEIBHBI K Mep-
dopuny [14, 23].

3a cyeT aKTOMMO3MHA (POPMUPYIOTCS CUJIBI, ITPU-
KJIaIbIBaeMbI€ K KJICTKE-MUILIEHU, B pe3yabTaTe 4ero
YBEJIMUMBAETCSl HATSDKEHHE MeMOpaHbI, YTO CITO-
CcOOCTBYET 0Opa3oBaHMIO TOp mepdoprHa, JOCTYMIy
rpaH3uMa K IUATOIUIa3Me KJIETKM-MUIIEHU U YHUY-
TOXEHUIO KJICTKU-MUIIeHU [65, 66, 70]. DTN CUIBI
YBEJIMUYUBAIOT 0Opa3oBaHue TMop IepdopuHa Takxke
M 3a CUET YBEJIMYCHUS HATSDKEHUST U M3MEHEHUS TO-
norpacduu MeMOpaHhbI 11eJIeBoi KiieTku. Bo3Hukaro-
II1e TPOTUBOMOJIOXKHO CHWJIbI HaTsDKEHUsI MeMOpa-
Hbl T-muMmdonuTa yBeJIuYnBaloTCs OT nepudepun K
LIEHTPY U, TI0 BCEU BUIMMOCTH, JTOCTUTAIOT MaKCH-
MyMa B LIEHTpE, TJIe U TPOUCXOIUT BHICBOOOXIEHE
IIUTOJIUTUIECKUX (PaKTOPOB.

HecMmoTpsa Ha maHHBIE 00 aKTHMBAlLIUM IIUTOTOK-
cuuecknx T-TUM@OIMTOB 3a CUET HAIPSKeHUS
caBura, peanmnsyeMoii uepe3 Piezo 1 [74], B HemaB-
HEM HCCJIEIOBAaHUM OBLIO MOKAa3aHO, YTO MPU WH-
TMOUPOBAHUM JAaHHOTrO OeJKOBOro KaHaja HaOs1o-
MaeTcsl yBEJIMUCHME TSHYIICH CUJIBI W CHIDKCHUE
peMoIeIMpOBaHUSI aKTUHA B HMMMYHOJIOTHYECKUX

cuHancax [63]. Wcciaemosarenu cBsI3aiu JTaHHbBIE
3¢ PEeKTHl ¢ YTHETEHUEM MyTHU CUTHAJIM3ALMUU, TIPO-
xonsiemy 1o ocu Piezo 1 — Grhl 3 — Rnf 114 [63].
XoTs1 HAa MEPBBIM B3IVISA 3TO KaxKeTCsl IPOTUBOPE-
YUBBIM, TAKOE COUETAaHHUE SIBJICHUU BO3MOXKHO, €CJIN
NpenroNoXuTh, 4ro Piezo 1 B LIUTOTOKCHMYECKUX
T-nuMdonnTax BBIMOJHSIET POJIb MEepeKIIroUaTess.
M3HavyaibHO HaTSDKeHHME MeMOpaHbl ILIUTOTOKCU-
yeckoro T-nmum@olTa yBeJIMUMBAETCsl BCJEACTBUE
MUTPALlMM aKTUHA K KpasM UMMYHOJOTMYECKOTro
CUHarca, YTo He0OX0AMMO JJIs peaau3allui KUujaep-
HOM (pyHKMMU. OQHAKO 1O Mepe YBEJIIMYCHUS MEM-
OpaHHOTO HATSKEHUS IPOUCXOOUT akTUBanus Piezo
1, KoTopast CIIYKUT IJIsI OTpaHWICHMSI N30BITOYHOTO
WUMMYHHOTO OTBETa U IePECBOAUT LIMTOTOKCHUICCKIIA
T-n1uMdOoIUT U3 KWJJIEPHOTO COCTOSTHUS B (POHOBOE.
B sTOM cirydae moBBILIIEHUE SKCITPECcCUM ITepopuHa
u rpaH3uma B 3a cueT aktuBauuu Piezo 1 obecrieum-
BaeT HAKOIUICHUE IIMTOJUTUICCKUX (PAKTOPOB BHY-
TPU KIICTKU.

DG HEKTUBHOCTh YHUYTOXECHUS KIIETOK-MMIIIE-
Heil oOecrieymBaeTCS 3a CUYET KIIacTepU3allMid aK-
TUHOBBIX HUTeU. MccnenoBaTen yTBepsKOArOT, UTO
KJIacTephl CUJIbHEE Ie(OPMUPYIOT KIIETKY-MUIICHbD,
OCTaBJISIST TIPM 3TOM OOJIBIIIE TIPOCTPAHCTBA IS e~
TpaHyJISILAY JTUTUYECKUX areHToB [66, 89].

Ha ¢opmupoBaHrie ”MMYHHOTO CHMHArca MOTYT
OKa3bIBaTh BJIUSITHME BHEIIHUE YCIOBHUS. Tak, Ha-
npuMep, Ha TTOBEPXHOCTU C OoJiee BBICOKOM XKECT-
KocTblo ObL1 3aMmeniieH TpaHcropt LIOMT (Llentp
opraHu3alu MUKPOTPYOOUEK) K LIEHTPY UMMYHHOM
kinetku [37]. B reomeTpuuecku OpueHTUPOBAHHOM
MPOCTPAaHCTBE CHUXKAETCS coAepKaHUE aKTUHa B
aKTUBUPOBAHHBIX T-KJIeTKax, YTO MOXKET HapylIlaTh
(dopMUpOBaHME UMMYHHOI'O cUHarica [73].

®dapMakoJIorH4ecKie 1 OMOMHKEHEPHbIE METOIMKH
MOIYJISAIMH MEXAHOYYBCTBUTEILCHOTH T-KJI€TOK M HX
NMOTEHIUAIbHOE 3HAYEHNE

OrncaHHbIE MEXaHOMMMYHOJIOTMYSCKIE MeXa-
HU3MBI, B3aNMOJICUCTBYSI APYT C APYrOM, OKa3bIBa-
JOT IMUPOKUI CIIEKTP Pa3HOCTOPOHHUX 3(P(OEKTOB.
OIVH M TOT K€ KacKal MOXKET JieKaTb B OCHOBE He-
CKOJTBKUX MEXaHNUIECKNX CBOMCTB T-KJIETOK M ompe-
IENISITh SIBJICHWS TIpW Pa3IUIHBIX 3a00JIeBaHUSX.
BaxkHBIM acIIeKTOM IIPaKTUYECKOTO IIPUMEHEHUS
MAaHHBIX 3HAHUU SIBJISICTCS ITOMCK METOINK MOIYJISI-
O MEXaHOMMMYHOJIOTMYECKUX ITpoiieccoB. Mme-
olImecss OOCTHKeHMs (Tabyn. 1) maloT HamexXmy Ha
BO3MOXHOCTh CO3IaHUS IPerapaToB M MOICPHM3a-
U0 YK€ M3BECTHBIX METOIMK, OJHAKO MX IIPUME-
HEHME B paMKax KJIMHUYECKON MEOUIIMHBI BCE eIe
TpeOyeT U3y4eHMsI.

OOHapyXeH aroHUCT MEXaHOYYBTCBUTEJIbHOTO
kaHan Piezo 1 — Yoda 1. MexaHusMm aeiicTBUs qaH-
HOro aroHucTa JOCTOBEepHO HeusBecTeH. Ilocren-
HME HaHHbIE CBUIETEIBLCTBYIOT O TOM, 4yTO Yoda 1
cBa3biBaeTcs ¢ Piezo 1 BTpaHcMeMOpaHHbBIX 00J1aCTIX
KaHajla Mexny noBTopamMu A u B u crabunusupyert
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OTKpBITBhIE KaHanbl. McciemoBatenn OTMeEYaroT
HU3KY0 3pdexkTuBHOCTh Yoda 1 u mpeamnosaraioT
BO3MOXKHOCTb HAJIUYWSI HEAKTUBHBIX CAUTOB CBSI3bI-
BaHus. HecMoTps Ha 3T0, ucnoab3oBaHue Yoda 1 B
Ka4eCcTBE METOIMKH JUISI ex Vivo aKTUBalMM T-KIIeTOK
MOKET MOTCHIINAJIBHO CITOCOOCTBOBATH ITOBBITIICHITO
sdpdpexktuBHOCTH T-KImeTouHoi repanuu [35, 84, 90].

PaspaboTannbl Takske mHTHOuTOpHI Piezo 1. Cyie-
CTBYeT 2 pa3IUIHBIX MeXaHU3Ma OJIOKMPOBKU. OIuH
M3 HUX PeajiM3yeTcs 32 CUYET CBSI3BIBAaHUS C KOMITO-
HEHTaMM MeMOpaHBbI WJIM BCTpauMBaHUS B Hee, 4TO
OO TIPEISITCTBYET JOKAJIBHOMY YBEJIMYCHUIO I10-
BEPXHOCTHOI'O HATSKEHUSI MEMOpaHbl BOJIM3U MOH-
HOro KaHajia, JIJM0O yBEeJIMUYMBAaeT CXXUMaloIee aB-
JICHHE Ha MOHHBIN KaHaJjl, CACP>KUBAs €r0 OTKPBITHE
WM CIIOCOOCTBYSI €ro CTaOMJIM3allii B 3aKPbITOM
coctosiHum [42, 86, 94, 102]. I1pu 3TOM HE IPOUCXO-
JIUT HEMOCPEICTBEHHOTO CBSI3bIBAaHUSI UHTMOMTOPA C
KomrioHeHTaMu Piezo 1. Cpeamn moaoOHBIX BELIECTB
YIIOMUHAIOTCS TaIOJUHUINA, PYTEHUEBBIM KPACHBIMN,
MexaHoTokcuH GsMTx4, mojydeHHBbI U3 saa Ta-
paHTyJa, oeta-amuyionabl AB1-40 u AB1-42, a Takxke
MapraprHoBas Kucyora [42, 86]. OHu, KaK MpaBUJIO,
SIBJISIIOTCSI HECEJEKTUBHBIMU MHTrUOuTOpamu Piezo
1, 4TO 03HaAYaeT BO3MOXHOCTb HAJIUYUSI CEPbEe3HBIX
no00YHBIX 2D (PEeKTOB NMpU UX MpUMeHeHUu. TeM He
MeHee UX MCTIOJIb30BaHMS B KAYECTBE JIOMOJIHUTEb-
HBIX KOMIIOHCHTOB TIPY JICUCHUU JIOKAJTM30BaHHBIX
ayTOMMMYHHBIX 3a00JIeBaHWIA, TIPY TpaHCIUIAaHTAII-
SIX Ha TIOBEPXHOCTU OpTraHa WJIM B Ka4eCTBE ex Vivo
METOIAa MOKET OBIThb IIEPCHEKTUBHOM METOIMKOI
JUTST TOBBITIIEHUS 2(P(PEKTUBHOCTH JICUCHMS ayTONM-
MYHHBIX TIPOIIECCOB, a TAKXKE CHIKCHUST B3aMMHBIX
MMMYHHBIX peaklIMii B CHUCTeMe TpaHCILUIAaHTaT-XO-
3I1H.

Hpyroii MexaHU3M OCHOBAaH Ha CBSI3bIBAHUM WH-
ruOUTOPOB HemocpeacTBeHHO ¢ Piezo 1 [42, 86, 94,
102]. BemiecTtBa, IOeiCTBYIOIIME TTOJOOHBIM CITO-
coO0OM, KaK TIpaBUJIO, SIBJISIFOTCSI aHTaroOHUCTaMU
Yoda 1, nipy 3TOM AOBOJILHO YaCTO TOYHBLIM MeXa-
HU3M UX IeHCTBUSI HeU3BeCTeH. B maHHylo rpyminy
BXOOSIT Takue BellecTBa, Kak Dooku 1, Tybeilimo-
3un I, caibBuaHoMOBas KucjaoTa B u, mo Bcelt Bu-
nuMmocTr, scunH [42, 50, 86]. O6mamgass OoJbIIEH
CEJIEKTUBHOCTBIO TT0 CPaBHEHUIO C BEIIECTBAMU Mpe-
JbIAYIIEH IPYMnbl, OHU UMEIOT OOJIbIINI MOTEHILUA
NpU MECTHOM UCMOJIb30BAaHUU, OJHAKO BEPOSITHOCTh
MX YAaYHOTO CUCTEMHOIO IMIPUMEHEHUS OCTaeTCs Ta-
KOWM K€ HU3KOW.

CyllecTBYIOT Takxke W OMOUHXKEHEPHbIE METO-
IUKU. Beire yxe ynomuHanach aktusauuu Piezo 1
B T-KJIeTKax mocpencTBOM HAaHOMOTOPOB. B in vitro
WCCIIENOBAaHUSIX Ha HaHOMOTOpax Au-Zn B BHIE
TpyOOK M IIMUIIOBATBIX HaHOMOTOpax Pd-Au ObLTO
MOKa3aHO YBEIWYCHUE aKTUBAaOUM T-KJICTOK ITO-
cpenctBoM Piezo 1 [19, 95]. JIBuskeHne CUCTEMBI B
MEePBOM CJIydae OCYIICCTBIISUIOCHh 3a CUET pPeakInu
UHKa C BOAOM, B TO BpeMsI KaK BO BTOPOM CiIydae

HMICTIOJIB30BAJIN PEAKIINIO PA3JIOKEHUS IEPEKUCH BO-
nopoja. boiee nerieBbIM CIOCOOOM ITpeICTaBIISIETCSI
BO3JeCTBIE MOTOKOM XujakocTu [31, 42, 74]. Han-
0oJiee OUCBUIHOE MPUMEHEHUE TaHHON METOTUKHU —
ex vivo aktuBauus T-xneTok npu T-KJIETOUYHBIX Te-
parusx.

M3BectHO MHOXecTBO MHTMOUTOPOB YAP. bonb-
IIIMHCTBO M3 HUX BIMSIOT Ha B3auMonelictsue YAP
u TEAD. K Hum otHocsaTcst BeptenoppuH, CA3,
Super-TDU, TED-347, GNE-7883, IAG933 [29,
80, 98, 100, 101]. ITpoHMKHOBEHUE JAaHHBIX BELLIECTB
B KJIETKY, MO BCell BULMMOCTH, OCYIIECTBIISIETCS My-
TeM ITacCUBHOU IUdOY3Un BCIEICTBUE WX JIAIIO-
¢dunpHOCTU. MIX M3y4eHNE B KOHTEKCTE MMMYHHBIX
KJIETOK MOPOM MPUBOINUT K HEOXUIAHHBIM PE3YiIb-
TaTaM. bbUlO TOKa3aHO, 4TO BepTernopduH moaa-
BisieT Thl7-kmeTku, 4To peanu3yeTcs yepe3 WHOM
MexaHu3M, He cBs3aHHbI ¢ YAP [8]. Usyuyarorcs
TakKe U HenpsiMble nHruouropsl YAP. Tak, Hanpu-
mep, TDI-011536 u TRULI paccmatpuBaiotcst B
KauecTBe cyrnpeccopoB LATS kuna3 [39, 40]. BAY-
593, Bo3maeiicTBysd Ha RhoA, crmtoco6eH 610KnMpoBaTh
comnpsikeHe MHTerpuHoB U YAP [24]. CymiecTByIOT
U Ipyrue BelllecTBa, nmoaasisitolime neiicteue YAP, a
TaKxKe CTpaTernu ero Henpsmoit oinokuposku [100].
ITpumenenue nHrnoutopoB YAP npencrasiseT co-
0Ol TIepCIIEKTUBHOE HAaIllpaBJIcHWEe B KOHTEKCTE
IPOTUBOOITYXOJICBBIX TEpallMii M JICUCHUsS] XPOHU-
yeckuit uHpeknuii. Ix ucronb3oBaHue B KauyecTBe
CPENCTB, CIIOCOOCTBYIOIIMX YBEJIMYECHUIO ITMTOTOK-
cuyeckoil aktuBHocth CD8*T-1uMbouuToB Mo-
JKET YCHIMBATh ITOJaBJIEHHBI MMMYHMUTET [46]. 3a
CUET YTHETeHUsT MMMYHOCYMNPECCUBHON (YHKIIUU
Treg-K1eTOK BO3MOXKHO MOAAEepXKaHUE aKTUBHOCTU
LUTOTOKCUYECKOU (PyHKIIMU Ha Oosiee NIUTETbHOM
poMexXyTKe BpeMeHu [61]. Tem He MeHee ocTaloTCs
HEMOHSTHBIMI METOIWUKN M30eTaHusl M30BITOYHOIO
MMMYHHOTO OTBETA.

K aktuBatopam YAP otHocsT PY-60. IIpo-
HUKasi CKBO3b MeMOpaHy KJIETOK, OH WHTHOMpPYET
aHHEKCHH A2, TIPEISITCTBYIOIIWM SIIEpHO TpaHC-
nokauuu YAP [78]. DTo cmocoOCTBYET YCUTEHUIO
YAP-onocpenoBaHHOTO oTBeTa. M3yyeHrue JaHHOTO
aKTUBaTOpa B OTHOIICHWM WMMMYHHBIX KJIETOK HE
IPOBOAMIIOCH. TeM He MEHee MOXKHO ITPEIITOIOXKHUTh,
YTO 3a CUET YTHETCHUSI IMTOTOKCUIHOCTH, HaOJIIoIa-
emoro npu akruBanuu YAP [46, 61], nekapcTBEHHbBIE
cpencTBa Ha ocHOBe PY-60 Morin Obl MCITOIB30BaTh-
cs TIpW JICUCHUM ayTOMMMYHHBIX 3a00JieBaHUi, a
pa3paboTKa IMOMIepPXKMNBAIOIINX METOAUK IIPEACTaB-
JISIETCSI TIEPCIIEKTUBHBIM HaIlpaBJICHMEM B KOHTEK-
CTe TpaHCIUIaHTaIlUH.

CTout, 0gHAKO, OTMETUTb, YTO KaK MHIUOUTO-
pbl, TaKk U akTUBaTOphl YAP mpu nx npuMeHeHUU B
COCTaBe JIEKapPCTBEHHBIX CPEICTB MOTYT 00JaaaTh
IIUPOKKM CIIEKTPOM MOOOYHBIX 2(h(HEKTOB 3a cUeT
OTCYTCTBUSI CEJICKTUBHOCTH K TUITY KJIeTOK. BaxkHoit
3ajadyeil SBJISIETCS MOMCK METOIMKM CEJIEKTUBHOMN
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JIOCTAaBKH, IIPH KOTOPOI MOJIEKY/IbI aKTUBATOPa VTN
WHIMOUTOPA BBICBOOOXKIAIMCH Obl BOIM3U T-KJIETOK.
PaspaboTtka nmogoOHOI METOAMKU CIocoOCTBOBaIA
Obl CHUIKEHUIO BBIPAXXEHHOCTU MOOOUYHBIX 3 deK-
TOB U TIOBbILIANA Obl 3(h(PEKTUBHOCTh IO OTHOILIIE-
HHIO K OCHOBHOMY ITIPUMEHEHHIO.

Ewue ogHoli mornyecku BhITEKAIOLIE METOAUKOM
SIBJSIETCST aKTUBALMS T-KJI€TOK JKECTKUMU TTOIJTOXK-
Kamu. Mcnojib3oBaHue XXeCTKOCTU cyOCcTpaTa B Kaue-
CTBE J1a00OpaTOPHOII METOAMKHY aKTUBALIUM T-KJIeTOK
MOXKET CIIOCOOCTBOBATh MOBBIIEHUIO 3(P(HEKTUBHO-
ctu T-kietouHsix Tepanuii [34, 99]. MHTepecHbIM
BOITPOCOM OCTaeTCsl BO3MOXXHOCTh MOAYJ/ISILIAN BHE-
KJIETOYHOTO MaTpUKCa BHYTPU OpPraHU3Ma C 1ICIbIO
CO3MaHMsI OJaTONPUSITHBIX YCIOBUM IS YCUJICHUS
T-xnerouHoro orBeta. He moHsITHO, OAHAKO, KaKue
YCIOBHUSI MOXHO CUYUTATh OJIaroNpusITHBIMU. 2KecT-
KO€ BHEKJIETOUHOE MUKPOOKPYXCHUE, KaK OBLIO
YIIOMSIHYTO BBIIIIE, CITIOCOOCTBYET Mpoaudepannu 1
mrddepeHINPoBKe T-KICTOK, HO TIPEIISITCTBYET MC-
MOJIHEHUIO IUTOTOKCUUYeCKMX hyHKumi [11, 25, 56].
VYBenmuyeHNEe XKECTKOCTA BHEKJICTOYHOTO MaTpHUKCa
BHYTPM OpraHM3Ma B 3TOM cJiydac MPUBEIET K YCU-
JeHuto nponudepaunu U audGhepeHIIMPOBKU, HO
He K MOBbILIeHUIO 3(P(HEeKTUBHOCTU T-KJIETOUHOTO
oTBeTa. bojlee TIepCHEeKTUBHONM B 3TOM IUIaHE BHI-
IJISSAUT TUTTOTETUYEeCKasi METOJMKA, OCHOBAaHHAas Ha
MoOy I T-KIJIETOYHOTO OTBETa 3a CYET IMapall-
JIEJTLHOTO BBEJIEHUS pACTBOPUMBIX MOJICKYJ, UMUATH-
PYIOIIMX 3KeCTKHUIA BHEKJIETOUHBII MaTpuKc. [1omo0-
HBI MOIXO0MA MO3BOJIUT, C OMHOI CTOPOHBI, YCUIUTH
npoaudepanuio M aupdepeHIUpPoBKY T-KIETOK.

C npyroit CTOpOHBI, 3a CUET paCTBOPUMOCTH MOJIE-
KyJl OHU HE CTaHYT IPEMsTCTBUEM JJIsT TPE3eHTALIMU
aHtureHoB T-kieTkam. Bo3aMoxkeH 1 Apyroii moaxo/.
WccnemoBarenu yCTaHOBMIIN, UTO YBEJIMYCHUE JKECT-
KOCTU MeMOpaHBI OITyXOJIEBOI KJIETKN CTUMYJIUPYET
LMTOTOKCUYECKUIT UMMYHHBIN oTBeT [47]. LleneHa-
MpaBjJeHHOE YIJIOTHEHUE MeMOpaHbI OITyXOJIEBBIX
KJIETOK SIBJISICTCSI OMHOIM M3 MEPCIEeKTUBHBIX METO-
MWK TOBBIIIeHUs 3PPEeKTUBHOCTH T-KIIETOUHOI Te-
panuwu [47].

bonee paspaboTaHHBIMU TIPEACTABASIIOTCSI WH-
TMOUTOPBI U aKTUBATOPbl UHTETPUHOB, B YACTHOCTU
LFA-1 [53, 64, 105]. OnHUM M3 IOCJAECAHUX TOCTU-
KCHUI B 9TOU 00JIaCTU SIBJISICTCSI OOHAPYXKEHUE WH-
rubupytomeit aktuBHoctd GDF-15 3a cuer penayk-
uuu aare3un T-kJeTok [28].

3aknoyeHmne

CoBpeMeHHBIE TOCTIKEHUSI B 00J1aCTU MeXaHO-
MMMYHOJIOTUM YKa3bIBalOT Ha CYIIECTBEHHYIO 3Ha-
YUMOCTh MEXaHOUYYBCTBUTEIbHOCTU B (hOPMUPOBaA-
HUM T-KJI€TOYHOro MMMYHHOIro oTBeTa. Bbicokasi
CTEIIEHb COMPSDKeHMS MEXaHM3MOB O00eCIieUrBacT
ITAPOKUI CIEKTP MEXaHWIECKUX CBOMCTB, BIIUSIIO-
IIMX Ha aKTUBalMIo, nmpojudepanuio, nubdepeH-
LUPOBKY U 3pdheKkTopHbIe PYHKUMU T-TMM@POLUTOB
(puc. 1). JeranbHOEe UM3y4yeHUE 3TUX IIPOLIECCOB OT-
KpBIBAcT HOBBIC BO3MOXKHOCTH JIJIST PA3BUTUS MEIIM-
LUHCKUX W (apMaKOJIOTMYSCKUX NPHWIOXKEHUM, a
Takxke JJIs1 MTOMCKa MHHOBAIIMOHHBIX OMOMHXKEHep-
HBIX MTOIXO0I0B K UMMYHOTEPAITUSIM.

Ycunenne aktusauui, nponvdepamun

1 anddepeHLMpoBKM
Enhanced activation, proliferation
and differentiation

Piezo 1

Murpauws
Migration

PearuposaHue Ha xecTkocTb
BHEKIMETOYHOTO MaTpukca — «—
Extracellular matrix stiffness response

WHTErpUHBI

T-kneTka
T cell

Integrins

MmmyHocynpeccust

MpenoTepalleHre U3BbbITOYHOTO UMMYHUTETA

Immunosupression
Prevention of excessive immunily

PucyHok 1. MexaHU3Mbl MeXaHO4YBCTBUTENbLHOCTM U MX y4acTue B T-KNeTOYHOM UMMYHHOM OTBETe
Figure 1. Mechanisms of mechanosensitivity and their involvement in the T cell immune response
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3HaYUTEeNbHBIN MPOrpecc AOCTUTHYT B TMOHUMA-
HUU TOTO, KaK XK€CTKOCTh MUKPOOKPYKEHUS PETyIr-
pyeT CUTHaJIbHbIe KacKaabl B T-KiaeTKax. BeIsIBIeHBI
KJIIOYEBble MenuaTopbl (MHTErpuHbl, YAP, TpaHc-
KPUITLIMOHHbBIE (aKTOPbl, aKTUH), UTpaloIye LIeH-
TpaJbHYIO POJIb B IIepeaaue MeXaHUUYEeCKUX CTUMYJIOB
nongo6Hoi nmpuponabl. [TokazaHa 1 3HAUMMOCTh KaHa-
na Piezo 1 B MexaHM3MaX MeXaHOYYBCTBUTEIIBHOCTH
T-knerok. Perynsiust KaabliieBOTO MOTOKA MOCPE/I-
CTBOM ME€MOpPaHHOTO HaTSI>KeHMsI OKa3blBaeTCs 3Ha-
YMMOW B MUTpAlLlMM U aKTUBALMU IO NEUCTBUEM
HaMpsKeHUsI CIBUTA. DTU OTKPBITHS CO3IaI0T OC-
HOBY 151 pa3pabOTKU HOBBIX CTpaTeruiit MOIYIsSILIUA
MMMYHHOTO OTBETa, YTO OCOOEHHO BaXKHO B KOHTEK-
CTe ayTOMMMYHHBIX 3a00JIeBaHU1, OHKOJIOTUU U Pe-
TeHepaTUBHOU MEINIINHBI.

Texyiue (papMakonoruuyeckre METOOAUKHU MPeao-
CTaBJISIIOT BO3MOXHOCTH JUJISI CO3MaHUS JIEKApCTBEH-
HBIX IIpernapaToB, CIIOCOOHBIX BO3IEMCTBOBAThH Ha
MEXaHOYYBCTBUTCIbHBIC MyTU. [IprMeHeHMe aKTu-
BaTopoB 1 uHruoutopon Piezo 1, YAP, LFA-1 moxeT
CTaTb OCHOBOM JUJISI UMMYHOMOMYJISITOPOB, COCO0-
HBIX TMOJABJISTh TMIIepaKTUBMPOBAHHBIC UMMYHHbBIC
OTBETHI NP ayTOMMMYHHBIX 3a00JICBaHUSIX W, Ha-
NpOTUB, YCUIUBATh T-KJIETOYHYIO aKTMBHOCTbH TNpPU
Teparnuu OHKOJIOTUIA.

3HauYUTEJIbHBIN MOTeHIIAI UMEEeT Pa3BUTHE OMO-
WHXeHEepHBIX MeTonuK. IlociemHne mcciiemoBaHUs
YKa3bIBalOT Ha BO3MOXKHOCTb pPa3paboOTKU HCKYC-
CTBEHHBIX MAaTPUKCOB C LIEJIbIO YIIPABJICHUS aKTHUBa-
et T-numponuroB. CoBpeMeHHBIE JTOCTUKEHUS
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NEPCMNEKTUBbI CO3OAHUA HOBbIX JIEHEBHO-
NMPOPUNAKTUHECKUX CPEACTB HA OCHOBE
CUMBUOTUYECKUX LULTAMMOB BAKTEPUI 014
KOPPEKLUWW HAPYLULEHUA UMMYHHOWN PErYNaLun,
OMNOCPEAOBAHHOMU KULLEYHON MUKPOBUOTOWN NPU

COVID-19

Byxapun O.B., Ilepynosa H.B.! 2, Tumoxuna T.X.%, Kocrosiomosa E.I'.%,
ITapomosa dA.J1.2, isanosa E.B.}, lonanckux E.JI.2, Mapkos A.A.2
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o6ocobnennoe cmpykmyproe nodpaszoenernue OI'BYH «Openbypeckuii ghedepanbhblil Uccaed08amenbCKuil UeHmp»
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2@I'BOY BO «Trhmenckuii eocyoapcmeennblii meduyuHnckui yhusepcumenm» Munucmepemea 30pasooxpanenus PD,

2. Tromenw, Poccus

Pe3iome. COB]C)GMCHHBIG HncciacaoBaHus poin KUIIEYHOM MI/IK]Z)O6I/IOTLI Y 2KMBOTHBIX 1 YEJIOBEKA ITOKAa3bI-

BAlOT, YTO MUKPOOPraHMU3MbI SIBJISIIOTCS. BaKHBIM (DPAKTOPOM, OMPEAEISIIOLINM 300POBbE X0311MHA, U y4aCTBY-
IOT B ATOreHe3€e Pa3IMYHbIX MHGEKIIMOHHBIX M HeMHGEKIIMOHHBIX 3a00jieBaHuii. B HacTosiiee Bpems ak-
TUBHO UCCJIEAYIOTCS MeXaHU3Mbl (hopMUpoBaHUs (HYHKIIMOHATBHOM OCU «KUILIEYHUK — JIETKUEe» IIPU HOBOI
KopoHaBupycHol nuHdpexkunuu COVID-19, rae XxeaynouyHO-KUILIEUHBIN TPaKT MOXKET SIBJISITbCS BXOTHBIMU BO-
poTamMu MH(PEKIIMU, YKa3biBasi Ha BOBJIEYCHUE KUILIEYHOI MUKPOOUOTHI B MH(MEKIIMOHHBIN npoiuecc. C oxa-
HOI CTOPOHBI, UBMEHEHME MUKPOOUOTHI MALlMEeHTOB (ArcOuo3), nHGUuIUpoBaHHBLIX BUpycoM SARS-CoV-2,
SIBJISIETCSI OMMHUM M3 (PaKTOPOB pa3BUTHUsI BTOPUYHOI OaKTepuaaibHOM MHGMEKIIUU, CecUca, CUCTEMHOIO BOC-
najeHus] U MOJUOPraHHOU HenocTaTouHOCTU. C APYroil CTOPOHBI, HAPYLIEHUE MUKPOOMOTHI KUIIEYHUKA
CIIOCOOCTBYET Pa3BUTHUIO TSKEJIOTO TEUCHUS M JIETaJIbHOIO MCXOMa Y IMallMEHTOB M3-3a ABYHAIIpaBICHHOMN
CBSI3U KMIIIEYHOI MUKPOOMOTHI Yepe3 CUCTEMY UMMYHMTETa MOCPEACTBOM [IUTOKUHOB. [Toka3aHa CBsSI3b CTe-
neHu Tskect COVID-19 y maiiMeHTOB ¢ ypOBHEM LIUTOKWHOB U BBISIBJIEHHWEM B KUIIIEYHOM OMOTOME OIpe-
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JIEJICHHBIX BUIOB «IIPOBOCITAIUTEIBHBIX» WU «IIPOTUBOBOCITAIMTEILHEIX>» OakTepuii. UMMyHOJIOTUYECKIE
HapyuieHus y narreHToB ¢ COVID-19 Takke onmocpenoBaHbl U3MEHEHUEM TTpoduiisi MeTabosioMma Ha poHe
IUCOMOTUYECKUX HAapyIIeHNI MUKPOOMOTHI. CBSI3b MEXKAY COCTABOM MUKPOOMOTHI KUIIIEUHNKA, YPOBHIMU
LMTOKMHOB U BOCIAJIUTEIbHBIMU MapKepaMHM IMO3BOJISIET IIPEANOJI0XUTH, YTO MUKPOOUOM KUILIEUHUKA B~
sgeT Ha pa3BUTHEC U TeYeHWE KOPOHABUPYCHON MHMEKIINN, a «CUMOMOTHISCKUI TTOTEHIINAI» HOPMOOWOTEI
MOXKET ObITh UCIOJIb30BaH i1 pa3paboTKU Mep MPOMUIAKTUKN U PeabMIMTALIMK TALIMEHTOB. DTOMY MOXET
CIOCOOCTBOBATh Pa3BUTUE MCCIIEIOBAaHUI B HAIIpaBJIEHUM MPOOJIeMbl CUMOMO3a YyejloBeKa 1 MUKPOOUOTHI.
Psin x1104eBBIX MEXaHM3MOB U3ydeHMSI MHTErpaluu 0uduaobakTepuil 1 JIaKTOOALMILI ¢ XO3SIMHOM, OITOC-
pelloBaHHbIE CUCTEMOII UMMYHUTETA, TOPMOHOB U HEMPOMEIMATOPOB, OTKPHIBAIOT HOBbIE MTEPCTIEKTUBBI LTSI
MEIUIIMHEI, BKITIOUAsT TTOJIyIeHIEe HOBBIX IPOOMOTUYECKUX IITAMMOB Pa3IMYHON I1IeJIEBO YCTAaHOBKU IIJIST
JIe4yeOHO-TIPO(PUIAKTUUECKON KOPPEKIIMU HApyIIeHHBIX (PYHKLUI opraHu3ma. M3ydyeHrne MUKPOCUMOUO-
1IEHO3a, KaK OJTHOTO U3 BEKTOPOB aCCOIMATUBHOTO CUMOM03a, TTO3BOJIMJIO pa3paboTaTh METOI MEXMUKPOO-
HOI'O pacIiO3HAaBaHUs «CBOM-YYXXOil», TIe B Ka4eCTBE TECTOBOM PaCHO3HAIOLIEi KYyJIbTYPbl UCIIOIb3YIOTCS
oubunIo0aKTEPUN, T. K. IJTSI «CBOUX» IIITAMMOB XapaKTepeH CUHEPTu3M (ITOIIepKKa), TOTIa Kak TPy BCTpede
C «4yKOM KJIETKOM» — aHTaroHu3M. MMeHHO 3TOT (DyHIaMeHTaIbHbIA MEXaHM3M MOXHO UCIIOJb30BaTh IIPU
0TOOpE «CBOUX» IIJTSI XO3sIMHA IITAMMOB, IIPUTOXHBIX JUIST CO3TAHUS ITPOOMOTHYECKONM KOMITO3UIINH.

Karouesvie crosa: COVID- 19, mukpoduoma, ocb «<Kuule4Huk — neekue», cumouos, bugudobaxmepuu, UMMYHHbLI omeem,
npobuomuku

PROSPECTIVES OF NOVEL THERAPEUTIC AND
PROPHYLACTIC MEDICATIONS BASED ON SYMBIOTIC
BACTERIAL STRAINS FOR CORRECTION OF IMMUNE
DISORDERS MEDIATED BY INTESTINAL MICROBIOTA
IN COVID-19

Bukharin 0.V Perunova N.B.»*, Timokhina T.K.’, Kostolomova E.G.",
Paromova Ya.l.’, Ivanova E.V.2, Polyanskih E.D.>, Markov A.A."

¢ Institute of Cellular and Intracellular Symbiosis, Orenburg Federal Research Centre, Ural Branch, Russian Academy
of Sciences, Orenburg, Russian Federation
b Tyumen State Medical University, Tyumen, Russian Federation

Abstract. Recent studies on the role of intestinal microbiota in animals and humans show that the
microorganisms are an important determinant of host health, participating in the pathogenesis of various
infectious and non-infectious diseases. Currently, the effects of functional gut-lung axis are being actively
investigated in the new coronavirus (COVID-19) infection. Gastrointestinal tract may be the point of entry
for infection, suggesting involvement of intestinal microbiota in the infectious process. On the one hand,
the changes in gut microbiota (dysbiosis) in SARS-CoV-2 patients may be among the factors contributing
to development of secondary bacterial infection, sepsis, systemic inflammation and multi-organ failure. On
the other hand, impaired gut microbiota contributes to severe clinical course and mortality in patients due
to bidirectional coupling of the gut microbiota with immune system via cytokine network. The studies have
shown a link between the severity of COVID-19 in patients, cytokine levels, and presence of distinct types of
pro- and anti-inflammatory bacteria in the intestinal biotope. Immune abnormalities in COVID-19 patients
are also mediated by altered metabolome profile associated with dysbiotic microbiota. The relations between
gut microbiota composition, cytokine levels and inflammatory markers suggests that the gut microbiome
may influence the progression of coronavirus infection. Therefore, the “symbiotic potential” of normobiotic
microbiota may be used to develop prevention and rehabilitation strategies for the patients. This approach may
be facilitated by the studies of human-microbiota symbiosis. A number of key mechanisms for studying the
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integration of Bifidobacteria and Lactobacilli with the host mediated by the immune system, hormones and
neurotransmitters are opening new perspectives for medicine, including development of differently targeted
probiotic strains for therapeutic and preventative correction of impaired functions within the organism. The
studies of microsymbiocenosis, being a vector of associative symbiosis have enabled a technical approach
for intermicrobial “friend or foe identification”, where bifidobacteria are used as a diagnostic culture, since
“friendly” strains are characterised by synergism (support). By contrary, encountering the “foreign cells” leads
to antagonism. This fundamental mechanism may be used for choosing the “host-friendly” bacteria strains

eligible for design of a probiotic compositions.

Keywords: COVID- 19, microbiota, gut-lung axis, symbiosis, Bifidobacteria, immune response, probiotic

Introduction

The emergence of the new COVID-19 coronavirus
infection has posed the problems connected to
quick diagnostics and provision of health care to
patients. Currently, intensive study of the clinical
and epidemiological features of the disease and the
development of new means of its prevention and
treatment continues. In this regard, it is of interest to
discuss the role of microbiota in the new COVID-19
coronavirus infection and the possibility of using
symbiotic relations between humans and microbiota
in the development of therapeutic and preventative
measures.

The relation of patients’ gut microbiota with new
COVID-19 coronavirus infection

Currently, the association of the gut microbiota
with various human pathologies is receiving particular
attention from researchers [20, 61, 62] due to
the COVID-19 pandemic. A number of recent
publications indicate that the severity of the course
and consequences of COVID-19 are associated with
the intestinal microbiota of infected patients [2, 16,
71].

SARS-CoV-2 virus can travel from the lungs
to gastrointestinal biotopes [58]. It was found that
coronavirus RNA was detected not only in respiratory
secretions but also in the faeces of patients for more
than one month after the onset of the disease [75]. In
addition to acute respiratory syndrome, many patients
with COVID-19 had extrapulmonary manifestations
(nausea, vomiting, loss of appetite, diarrhoea) [14,
63], liver dysfunction and exacerbation of chronic
inflammatory bowel disease [32]. Moreover, in some
cases, signs of intestinal disorders in patients appeared
even before pneumonia was detected [42].

The gastrointestinal tract is thought to play a key
role in the development of infection, in particular
through higher expression of ACE2 receptors on
intestinal enterocytes compared to lung tissue
cells [28, 40, 57,76]. The binding of the virus to
human ACE2 indicates that significant amounts of
SARS-CoV-2 virus capable of regulating amino acid

transport, affecting the quantitative and qualitative
composition of the intestinal microbiota and inducing
inflammation may be present in the intestine,
especially in colonocytes [30, 64]. All this confirms
that the gastrointestinal tract may be the point of
entry of infection and indicates the involvement of
the intestinal microbiota in the infectious process in
the new COVID-19 coronavirus infection and the
formation of a functional gut-lung axis [4, 65]. The link
between the gastrointestinal tract and the respiratory
tract has also been shown in studies on the effect of
respiratory viral infections on the composition of the
intestinal microbiota with the subsequent development
of intestinal dysbiosis [27]. Thus, patients with
COVID-19 had significant microecological disorders
in the large intestine compared to the control group,
characterised by an increase in the proportion of
opportunistic microorganisms associated with a
decrease in the level of representatives of normal
microbiota [21, 74]. It is noted that the composition
of the gut microbiome was significantly altered
in patients with COVID-19 compared to patients
without the coronavirus infection, regardless of
whether they were taking medication. Gut dysbiosis
persisted even after SARS-CoV-2 was climinated,
and respiratory symptoms disappeared. A pilot study
by Chinese scientists found changes in the gut micro-
biome in patients with COVID-19 compared with
the control group, characterised by an increase in the
number of fungal pathogens of the genus Candida and
Aspergillus [3, 82].

To date, disruption of the gut microbiota is thought
to contribute to the severe course and fatal outcome
of novel COVID-19 coronavirus infection because
of the bidirectional coupling of the gut microbiota
with the immune and respiratory systems [3]. The
formation of microecological disorders leads to
increased permeability of the large intestine and, as
a consequence, appears to be one of the factors in the
development of secondary bacterial infection, sepsis,
systemic inflammation and multi-organ failure [24,
52, 56]. Large intestinal dysbiosis has also been
found to be associated with various chronic human
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conditions such as asthma, arthritis, obesity and type 2
diabetes [4, 31, 67]. Previously, bacterial translocation
from the gut to the lungs has been identified in sepsis
and acute respiratory distress syndrome [17].

Immune regulation impairment mediated by intes-
tinal microbiota in COVID-19

Changes in the microbiota of patients infected
with SARS-CoV-2 virus are naturally accompanied by
immunological rearrangements and the suppression
of T-cell immunity [66, 81]. A number of researchers
have shown a correlation between the severity of
COVID-19 in patients and the level of cytokines,
which, in turn, have been associated with the detection
of certain types of “pro-inflammatory” or “anti-
inflammatory” bacteria in the intestinal biotope [37,
43,46, 51, 78], confirming the role of the microbiota in
immune dysregulation. The composition of patients’
gut microbiota has been found to be associated with
plasma concentrations of aspartate aminotransferase
(AST), chemokine receptor (CXCL10), CRP and
lactate dehydrogenase (LDH) [78]. On the other
hand, the induction of mediators of the inflammatory
cascade further aggravates gut dysbiosis by disrupting
the immune homeostasis of the biotope and the
relationship between the resident microbiota and the
gut immune system, leading to excessive pathological
inflammation or chronic inflammatory diseases.
This is supported by a study of blood samples from
COVID-19 patients which showed a correlation
between gut dysbiosis, the increased quantity of
inflammatory mediators and the severity of systemic
inflammation [5, 36, 78].

Immunological disorders in patients with
COVID-19 are also mediated by changes in the
metabolome profile that occur naturally against the
background of dysbiotic microbiota disorders [19].
Short-chain fatty acids (SCFAs), bile acids, amino
acids, carbohydrates, and neurotransmitters are
known to be among the significant immunoregulatory
metabolites of the microbiota [34, 48]. Recent studies
have demonstrated the ability of butyrate produced by
the gut microbiota to affect the membrane receptor
ACE?2, inactivate viral spike protein and inhibit
SARS-CoV-2 virus replication [41]. A decrease in
or disappearance of butyrate-producing bacteria
in the biotope, along with an increase in pro-
inflammatory mediators (C-reactive protein, 1L-6
and sIL2R), has been found in patients in severe and
critical conditions [59]. Other studies have shown
the ability of ursodeoxycholate produced by bacteria
of the genus Collinsella to block virus attachment to
ACE2 receptors [53] and inhibit pro-inflammatory
cytokines [38], preventing the development of
cytokine storm [1]. The blocking of cytokine storm
was also found on the model of Bacteroidetes bacteria

through inhibition of toll-like receptor 4 (TLR4) and
signalling pathways related to the ACE2 receptor [22,
70]. The disruption of the biosynthesis of SCFAs
and L-isoleucine, associated with high levels of
CRP and CXCLI10 in plasma, was attributed to the
disappearance of the bacterium Faecalibacterium
prausnitzii [44, 77, 79]. It was found that amino acids
produced by bacteria were positively correlated with
high levels of pro-inflammatory cytokines (CXCL9,
CXCL10, IFNy and IL-6) and negatively correlated
with low levels of cytokines IL-9 and IL-17 in
COVID-19. The content of biogenic amines had
a positive correlation with low levels of cytokines
CCL22, IL-12 and IL-13, but negatively correlated
with high levels of pro-inflammatory cytokines (IL-6
and IL-10) [48]. Other microbial neurotransmitters
such as tryptophan and polygammaglutamic acid
(gamma-PGA) stimulated dendritic cells to polarise
CD4" cells towards Thl [29].

L.B. Giron et al. found a decrease in citrulline
(a marker of intestinal function), an increase in
succinic acid (a marker of dysbiosis) and an increase
in the kynurenine/tryptophan ratio in severe
COVID-19. Citrulline was inversely correlated with
IL-6, while succinic acid level and kynurenine/
tryptophan ratio were positively correlated with 1L-6
concentration [26].

Disruption of intestinal barrier integrity is
considered to be one of the key inducers of systemic
inflammation in COVID-19, as it promotes trans-
location of microbial cells or their components
into the systemic bloodstream and stimulation of
proinflammatory cytokine secretion, and may lead
to the development of a cytokine storm [55, 72].
Lipopolysaccharides (LPS), peptidoglycan (PGN),
zonulin, B-glucan and lipopolysaccharide binding
protein (LBP) have been found to be indicators
of intestinal barrier dysfunction in the plasma of
COVID-19 patients associated with the regulation
of immune response [25]. It is known that zonulin,
B-glucan and LBP are positively correlated with
factors of systemic inflammation and immune
activation, including CRP, IL-6 and IL-10. In ad-
dition, increased permeability and microbial translo-
cation may contribute to microbiota-mediated
myeloid inflammation. As expected, levels of mono-
cyte and neutrophil inflammatory markers (soluble
CDI14 (sCDI14) and myeloperoxidase (MPQO))
were elevated in the group of patients with severe
COVID-19 compared to the group of patients with
mild COVID-19 and the control group. In addition,
plasma concentrations of pro-inflammatory cytokines
IFNy, IL-6, IL-8, MCP-1, macrophage inflammatory
protein MIP-1a, MIP-1p, and TNFa were elevated
in COVID-19 patients [55].
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Role of normal microbiota in the formation of
biotope immune homeostasis

It is known that the physiological role of the gut
microbiota, and, first of all, of the normal microbiota
(bifido- and lactobacilli) is largely related to the
ability of prokaryotes to regulate the development
and function of the innate and adaptive human im-
mune system [49]. Intestinal microsymbionts inf-
luence the secretion of antimicrobial peptides,
pro- and anti-inflammatory cytokines, compete
for nutrients and habitat, thus contributing to
the maintenance of homeostasis [47]. One of the
mechanisms of microbiota immune regulation is the
ability to influence the production of a certain type of
regulatory molecules — cytokines as growth factors and
stimulation/suppression of their synthesis [15, 39].
Some pathogenic and opportunistic bacteria secrete
enzymes that allow microorganisms to cleave basic
types of organic macromolecules. It is known that sig-
nalling molecules of the intestinal microbiota (short-
chain fatty acids such as butyrate, acetate, propionate,
and secondary bile acids) are able to regulate pro- and
anti-inflammatory responses in the human body [50].
Immune homeostasis of the intestine is regulated
by T-reg cells which are ultimately controlled by
members of the normal human microbiota (bifido-
and lactobacilli) through the toll-like receptor (TLR)
system and nucleotide binding receptors (NOD) [60].
Inactivation of cytokines (antipeptide activity) [3],
which are the product of activated T-lymphocytes,
macrophages, dendritic cells, may entail significant
disturbances in the mechanisms of innate and adaptive
immunity. The balance of these regulatory molecules
is important for human homeostasis, as cytokines
participate in the regulation of the immune response
during infection [12]. The production of cytokines in
response to the presence of microorganisms implies
notonly indirect (through the regulation of immunity),
but also direct contact of bacteria with these
signalling molecules. This fact has significance in the
development of complications in the new COVID-19
coronavirus infection, since one of the mechanisms
of pathogenesis is the generation of a cytokine storm.
The excessive immune response to the virus (cytokine
storm) eventually causes multi-organ failure and
patient mortality; therefore, a balanced immune
response is needed, where an over- or under-reactive
immune system response may equally exacerbate
complications such as pneumonia and ARDS in
new COVID-19 coronavirus infection. Healthy gut
microbiome may be critical for maintaining optimal
immune system function.

The management of microecological disorders of
intestinal microbiota via bifidobacteria and lactoba-
cilli normalises immune reactions and may be one of

the ways to prevent complications, as well as reduce the
risks of SARS-CoV-2 disease. Thus, administration
of probiotic strains such as Bifidobacterium lactis to
healthy elderly volunteers resulted in a significant
increase in the proportion of mononuclear leukocytes
and NK cells [23]. It is known that the composition
of intestinal microbiota, primarily normobiota
(bifido- and lactobacilli), has a great influence
on the effectiveness of pulmonary immunity [6].
Animal experiments have shown that the ability to
eliminate pathogens in the lungs was impaired in
mice deprived of gut microbiota [18]. Disruption
of the gut microbiota (dysbiosis) by the widespread
use of antibiotics may also have an effect similar to
that observed in population studies showing that
inappropriate and uncontrolled use of antibacterial
drugs such as penicillins, cephalosporins, macrolides
and quinolones correlates with an increased risk of
lung cancer in humans [7].

The wuse of probiotic medicines based on
Lactobacillus and Bifidobacterium cultures has
demonstrated positive results in the realisation
of anti-inflammatory and immunoregulatory
response of the organism [73]. It was found that the
administration of some strains of probiotic bacteria
(Lacticaseibacillus rhamnosus, Bifidobacterium lactis
and Bifidobacterium breve) to experimental animals
promotes the proliferation of T-reg-lymphocytes,
suppressing inflammatory and allergic reactions in
the organism [20], and administration of lactobacilli
(Lacticaseibacillus casei Shirota or Lacticaseibacillus
rhamnosus GG) to patients with cystic fibrosis leads to
improvement of their condition [73].

Prospects for the development of targeted probiotics

It is now assumed that probiotic bacteria can
be used for preventative or therapeutic purposes
of inducing hormonal and immune changes in the
body, since the participation of normobiotics (on
the model of lactobacilli) in the regulation of the
production of the neuropeptide hormone, oxytocin,
has been proved [54, 69]. These studies are of interest
because oxytocin is considered to be one of the
possible candidates for the treatment of COVID-19.
Oxytocin is known to be able to exert a dual action: to
mobilise the immune defence potential and suppress
excessive reactions of innate immunity, to limit pro-
inflammatory (cytokine storm) and oxidative stress
reactions by reducing cytokine levels. It has been
suggested that even if oxytocin does not have a direct
antiviral action, it still has sufficient mechanisms that
may make it effective against COVID-19 through im-
munomodulatory, cardioprotective, antidiabetic and
anabolic functions [35]. A number of studies have
shown that some strains of normobiota (living cells
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and their components) are able to stimulate oxytocin
and have immunoregulatory activity [54].

Of particular interest for COVID-19 treatment
and prevention is nitric oxide (NO), which is a key
signalling molecule that acts as a modulator of the
host response in viral infections [68, 80]. At the same
time, the microbiota is one of the sources of nitric
oxide production directly [45] or indirectly through
the induction of immune cells [10].

One of the problems arising in the use of biological
medicines (synbiotics, probiotics, etc.) is the gradual
decrease in the level of their antagonistic activity [11,
26], which ultimately affects the therapeutic and
preventive efficacy of drugs. Also, one of the reasons
for the low levels of effectiveness or its absence of
probiotics is their foreignness to microorganisms [13].
Currently, as an alternative, for the correction of
human dysbiosis, it is proposed to use one’s own strains
of bifidobacteria (autostrains), that are biocompatible,
due to which they effectively form a biofilm with other
representatives of the indigeneous microbiota under
the conditions of microsymbiocenosis, in contrast to
industrial strains of bacteria, which are not always able
to colonise the human intestine [33].

When creating a consortium of microorganisms
of probiotic action, bacterial strains are also selected
without taking into account their biocompatibility in
the composition, which can lead to suppression of
microorganism viability and loss of their practically
significant properties.

Two described biological universal phenomena of a
fundamental nature contribute greatly to the solution
of these problems: 1) associative symbiosis [9];
2) bacterial persistence [8].

The study of microsymbiocenosis as one of the
vectors of associative symbiosis allowed developing a
method ofintermicrobial “friend orfoe” identification,
where bifidobacteria are used as a diagnostic culture,
since “friendly” strains are characterised by synergism
(support), whereas encountering a “foreign cell” leads
to antagonism. This fundamental mechanism may be
used for choosing the “host-friendly” bacteria strains
eligible for the creation of a probiotic composition. In
this regard, one of the priority directions in the design
of microbial compositions of pro- and synbiotics may
be the use of the phenomenon of microbial “friend or
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WMMYHOJIOMM4YECKUE MEXAHU3Mbl TEPANEBTUYECKOM
SPDPEKTUBHOCTU OKUCJIEHHOIO AEKCTPAHA NPU
HAPYLUEHUGX CNEPMATONEHE3A UHPEKLUOHHO-

BOCMNAJIUTEJIbHOIO rEHE3A

Yypuna EI'.}% Ypaszosa O.J1.}, Hosukosa EI'.>%, Cenxarunkasa B.I'.3,
Tpounkmii A.B.2, Beicrposa T.H.?

'®@IbOY BO «Cubupckuii eocyoapcmeenHblii MeuyuHcKuil ynueepcumen» Munucmepcemea 30pasooxpanenus PD,
2. Tomcx, Poccus

2@IAOY BO «Hayuonanwnuiii uccaedosamenvciuii Tomckuii eocydapcmeennulii yuusepcumem», e. Tomck, Poccus
SOI'BHY «Dedepanvhutil uccaedosamenvckuil UeHmp QyHOaMeHmanbHOl U MPAHCAAYUOHHOU MeOUUUHDbL>,

2. Hosocubupck, Poccus

000 «Pezuonanvhvtii Meduxo-/uaenocmuueckuii Llenmp», e. Hosocubupck, Poccus

Pesmome. B craTtbe 000011IeHBI 3KCIIEpUMEHTAIbHBIC M KITMHNYECKUE TaHHBIC 0 (DapMaKOJIOTHISCKIX CBOI-
CTBax OKMCJEHHOTro aekcTpaHa. OCHOBHOM akKLEHT cAeJlaH Ha UMMYHOJIOTUYECKOM MexaHU3Me JOeHCTBUS
OKHUCJIEHHOTO JIEKCTpaHa, B YACTHOCTU Ha €ro CITOCOOHOCTH CEJIEKTUBHO aKTUBUPOBATH TKAHEBBIE MaKpO-
daru, B TOM UucCje TECTUKYJISIpHbIE MaKpodaru, KOTopble HEIOCPEACTBEHHO YUYacTBYIOT B cliepMaToreHe3e.
B skcniepuMeHTanbHOM YacTy pabOThl Ha MOAESIW HapylIeHUs cliepMaToreHe3a y KpbIC MHIYLIMPOBAHHOTO
BBeaeHUeM aHIo0TokcuHa Escherichia coli, mokaszaHo, 4YTO OKMCJIEHHBII JeKCTpaH 3HAYMTEJIbHO CHMXKAET
naToMop@doaorndeckue u3MeHeHus: B ceMeHHUKax. [Ipu aToM mogoOHbIN 3(p¢eKT cBsI3aH ¢ aKTUBalMeil
TKaHEBBIX MaKpodaroB U BBIIEICHUS UMU COOTBETCTBYIOIINX IUTOKMHOB, KOTOPBIC HAITPaBJICHBI Ha KYITH-
poBaHMe BOCMAIUTEIBHOIO Mpoliecca U HOpMaau3aluio MUKPOLIMPKYJISITOpHOI reMoauHamMuku. [1peacras-
JIEHHBIE 9KCIIEpUMEHTAaIbHbIE TaHHbBIE KOPPEJIMPYIOT C JaHHBIMU O BBICOKOI KITMHNYECKOMN 3(pPEKTUBHOCTHA
OKHUCJIEHHOTO JIeKCTpaHa Mpr HapyILIeHUSIX ClIepMaToreHe3a U My>XXKCKOM Oecriioauu. B KIMHUYecKoi yactu
pPaboTHI 1O BIUSHUIO PEKTAJILHOTO BBEIECHUSI OKMCIEHHOTO ASKCTpaHa y MaleHTOB C TSKEJIbIMU Hapyllie-
HUSIMU CcIIepMaToreHe3a MoKa3aHo, YTO OKUCICHHBIN JEKCTpPaH CYIIECTBEHHO YBEINIUBACT 00BEM ISTKYJISI -
Ta, KOHLIEHTPpALIUIO CIIEPMATO30UI0B B ISKYJISITE M 0O0llee KOJMUUECTBO criepMaTo3ouaoB. [1pu aToM okuc-
JIEHHBIN TEKCTpaH TaKXe CIIOCOOCTBYET CHMKEHMIO KOJMYECTBA JIEMKOILIMTOB IPU aHAJIM3e CIIepMOTrpaMM
M CYLLIECTBEHHO CHMXKAEeT arrjIloTUHALIMIO CIIEPMATO30UA0B, UTO CBUAETEIbCTBYET O KYTUPOBAHUM XPOHU-
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YeCKOT0 MH(MEKIIMOHHO-BOCTIAJIMTEILHOTO Mpoliecca y aHAPOJIOTMYECKNX OOJIbHBIX ¢ OecruioareM. ABTO-
PBI CBSI3BIBAIOT JaHHBIC SKCIIEPUMEHTAIBHBIX M KIMHUYECKNX UCCIICIOBAHNI B paMKax eIMHON KOHIICTIIINN
AKTUBAIINY TKAHEBBIX MaKpo(aroB 1 BO3MOXKHOCTBIO MaKpodaroB MEHSITh CBOM (DEHOTHUIT B 3aBUCHUMOCTH
OT MUKPOOKPYKEHUS I 0COOCHHOCTE! TeUeHUST MHMOEKIIMOHHO-BOCIIAIMTEIILHOTO MTpoliecca. TaKoi Imoaxon
MMOATBEPXKIACTCS TaKKe KIIMHUISCKIMHU TaHHBIMU O BIUSTHUU (DEHOTHUITOB MaKpodaroB Ha JIEKApCTBEHHYIO
PE3UCTEHTHOCTD U TSKECTh TEYSHUSI BHYTPUKJIETOYHBIX MH(EKIIMI1, B YaCTHOCTU TyOepKyJie3a. AHAIU3 DKC-
HEePUMEHTAIbHbBIX ¥ KIMHUYECKUX JaHHBIX MO3BOJISIET aBTOpaM MPEMIOXUTh TEOPETUYECKYIO MOIEIb Me-
XaHU3Ma TepareBTU4YeCKOoi 3(h(GEeKTUBHOCTU OKMCIEHHOIO AeKCTPaHa MPU BHYTPUKIIETOYHBIX MH(MEKIIMSIX,
KOTOpbIe HaOOJIEe YaCTO BCTPEUYAIOTCS B aHAPOJIOTMUECKON MPaKTUKE U SIBJISIOTCS TPUTSPHBIM (haKTOPOM
(haTabHBIX HapYLIEHUI CIIepMAaTOreHes3a, IPUBOASIINX K My>KCKOoMY Oecrutoauio. IIpencraBieHHbIE aBTO-
paMu 3KCIIepUMEHTAIbHbIEC Y KIMHUYECKUE TaHHbIE IT03BOJISIIOT pACCMATPUBAaTh OKUCICHHBIN JEKCTPpaH Kak
BechbMa 3MMEKTUBHOE CPEACTBO IS JICUEHUsI BHYTPUKIIETOUHBIX MH(MEKILMIA, B TOM YKCJIE YPOT€HUTAIbHBIX
MHQEKIIN, BEI3BIBAIOIINX MYKCKOE OeCIIIONNeE.

Kuiouesnie caosa: okucaentblii 0ekcmpan, HapyuleHUs CRepMamo2eHe3a, 60CnaleHue, UHPeKUUU, MeXanusm 0elicmeus, aKmueauyus
Maxpogaeos, penomunsvt MaKpoghazos

IMMUNOLOGICAL MECHANISMS OF THERAPEUTIC
EFFICACY OF OXIDIZED DEXTRAN IN SPERMATOGENESIS
DISORDERS OF INFECTIOUS AND INFLAMMATORY GENESIS

Churina E.G.*»*, Urazova 0.1 Novikova E.G.>4, Selyatitskaya V.G.,
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Abstract. The article summarizes experimental and clinical data on the immunological properties of
oxidized dextran. The study addresses pathophysiological effects of oxidized dextran, in particular, its ability
to selectively activate tissue macrophages, including testicular macrophages, which are directly involved in
spermatogenesis. In experimental part of the work, a rat model of spermatogenesis disorders was produced
by injection of Escherichia coli endotoxin. We have shown that oxidized dextran significantly reduces
pathomorphological changes in the testes. At the same time, such effect is associated with the activation of tissue
macrophages and release of corresponding cytokines, which exert anti-inflammatory effects and normalize
microcirculatory hemodynamics. The presented experimental data correlate with the sufficient results
on the high clinical efficacy of oxidized dextran in spermatogenesis disorders and male infertility. Clinical
part of this work concerned the effects of rectal administration of oxidized dextran in patients with severe
spermatogenesis disorders. It was shown that oxidized dextran significantly increases the volume of ejaculate,
the concentration of spermatozoa in the ejaculate, and the total number of spermatozoa. The authors link
the data of experimental and clinical studies within the framework of a single concept of tissue macrophage
activation and the ability of macrophages to change their phenotype depending on the microenvironment and
characteristics of the infectious and inflammatory process. This approach is also confirmed by clinical data on
the effect of macrophage phenotypes on drug resistance and severity of intracellular infections, in particular,
tuberculosis. Analysis of experimental and clinical data allows the authors to propose a theoretical model for
the mechanism of therapeutic effectiveness of oxidized dextran in intracellular infections. The bulk of data
presented by the authors allow us to consider oxidized dextran as a quite effective tool for the treatment of
intracellular infections, including urogenital infections causing male infertility.

Keywords: oxidized dextran, spermatogenesis disorders, inflammation, infections, mechanism of action, macrophage activation,
macrophage phenotypes
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BBeneHue

B Hacrosiiiee Bpemsi cpeau 3THOJOTMYECKUX
GakTOpOB HapylIeHUsI CliepMaToreHe3a MHMEKIIM-
OHHO-BOCITJIMTEIbHBIE TIPOLIECCHl PaCCMaTPUBAIOT-
csl KaKk HamboJiee pacrpocTpaHeHHble. [IpuyeM 31O
OTHOCHUTCSI HE TOJIbKO K YPOT€HUTATbHBIM MH(MEKIIN -
M, HO TaKXKe M K JI0OBbIM XPOHUYECKUM MHQPEKIIU-
OHHBIM MPOLIECCaM, BbI3bIBAEMBIX KaK OaKTEepUSIMU
M TMATOreHHBIMU rpubaMu, TaK U BUpPyCaMU. YKe
YCTAHOBJICHA KOPPEISIINS MYKCKOU (DEepTUIBHOCTHU
C TepIIeCOM, KOTOPBIM MCXOIHO MPOTEKAET B XPOHM-
yeckoit ¢popme [3]. UMeroTcst JaHHbIE O HapyLLIEHU -
SIX cIlepMaToreHe3a MOocCje IEePEeHECEHHBIX OCTPhIX
pecUpaTOPHbIX BUPYCHBIX MHGMEKLMHA, BKJIIOYast
COVID-19 [1,2]. B psgoy BHYTPUKJIICTOYHBIX WH-
dexinii, OKa3bIBAIOIIMX HETAaTMBHOE BJIWSHUE Ha
criepMaToreHes, cielnyeT OTMETUTh, MpPeXIe BCero,
TyOepkyne3 u kaHaumos [4, 10, 11]. Hecmotpss Ha
Mopdosornyeckoe paszHoobpaszne MHQEKIMOHHBIX
areHTOB, BbI3bIBAIOLIMX HAPYILIEHUS CIIEPMATOIeHE-
3a, OT IPOCTEMIINX BUPYCOB 10 MATOr€HHBIX TPUOOB
MOXKHO BBIICIUTH UX OOLINI XapaKTep BIWSHUS Ha
MNMMYHOJIOTUYECKUII CTaTyc opraHu3Ma. B dact-
HOCTH, PeYb UAET O XPOHUYECKUX BOCHATUTEIbHBIX
mpoleccax, IpoTeKalommx Ha (OHEe MOBBIILIEHHOM!
CEHCUOMIM3ALUU C ayTOUMMYHHBIM KOMIIOHEHTOM
B COYETAHUM CO CHIMKEHMEM €CTECTBEHHBIX MeXa-
HU3MOB WMMYHOOMOJIOTMYECKON pPEe3UCTCHTHOCTH
K MHGEKIMSIM, B YaCTHOCTH CHIKEHHUEM aKTHUBHO-
CTU KJIETOYHOTO 3BeHa MMMyHuTeTa. [locnenHee, B
OCHOBHOM, CBSI3aHO CO CHIMXKEHUEM (haroLuTapHOMi
aKTUBHOCTU MaKpodaroB 1 He3aBEePIIEHHOCTHIO (a-
FOLMTO3a BCJICACTBUE OJIOKMPOBAHMUS MHMEKIIMOH-
HBIM areHToM (harocoMo-JIM30COMATbHOTO CIIUSTHUS
B Makpodgarax. Ecim ydgecTh, 94TO0 Makpodaru crro-
COOHBI B 3aBUCHMMOCTH OT MUKPOOKPYKEHUSI MEHSITh
cBoIi (peHoTUTI ¢ M 1- (MHIYKIIUS TPEUMYILIECTBEHHO
MPOBOCHAIUTEIBHBIX IIUTOKMHOB) Ha M2-dheHoTUn
(MHAOYKLMS MPEeUMYIIECTBEHHO IIPOTMBOBOCHAIN-
TEIbHBIX LIUTOKWHOB), TO CTAHOBUTCS OYEBUIHBIM,
YTO TIOJISIpU3anusT MakKpodaraJIbHOTO 3BeHa KJIeTOU-
HOTO UMMYHMTETAa MOXET OBbITh KJIFOYEBBIM 3BEHOM
MpY HapyLICHUSIX cliepMaToreHe3a MHGEKIMOHHO-
BOCITJIMTEJIbHOIO reHe3a. Ilpu 3TOM MeXaHU3MbI
HapylIeHUs] CliepMaTOreHe3a MOryT HOCUThb KaK CH-
CTEMHBIN XapaKTep IO BIMSHUEM LHUTOKUHOBOTO
npoduis KpOBHU, TaK W JJIOKAITBLHBIN CTaTyC Ha YPOBHE
TepPMUHATUBHOTO 3M0UTENIMs sindyeK. Kak M3BecTHO,
TECTUKYJISIpHbIE MaKpodaru siBIsSIIOTCS. BaXKHbBIM 3Be-
HOM B IIpOliecce criepMaToreHe3a, HanpsiMyto BIIUsI-
IOLIMMHU Ha criepMaToreHes. M B 9ToM acriekTe I1oJisi-
puzanns GeHOTUIIOB TECTUKYJISIPHBIX MaKpodaros
noj JeiicTBUEM M3MEHEHHOIO B pe3yibTate MHPeK-
ILIMOHHO-BOCMAJIUTEBHOIO IIpoIecca CUCTEMHOIO
XapakTepa LIIMTOKMHOBOTO MpOoMus MOXET UIrpaTh

JTOMUHUPYIOIIYIO POJIb B HapYILIEHUM CIIepMaTore-
He3a [14]. Ecniu ydecTb, 4TO OKCHUJ a30Ta SIBJISIETCS
CTUMYJISITOPOM BBIPAOOTKH TECTOCTEPOHA KJICTKAMM
Jlelinura, TO OYEBUIHO, YTO CHMKEHNE aKTUBHOCTU
MOMYJISIlIMM Makpodaros B LIEJIOM W TECTUKYJISIP-
HBIX MaKpo(daroB B YaCTHOCTHU SIBIISIETCS OCHOBHBIM
naTo(U3NOJIOTUIECKUM  MEXaHM3MOM  XpOHM3a-
U1 MHGEKIMOHHO-BOCIAIUTEIbHOIO Mpoliecca u
€ro HeraTUBHOTO BJMSHUS Ha criepmaroreHes [14].
B cBsg3u ¢ aTUM nouck 3(pHEKTUBHBIX U CETEKTUB-
HBIX aKTHUBAaTOPOB MakKpoharoB SBISIETCS BecbMa
MEePCIeKTUBHBIM C MaTO(MU3NOJIOTMYECKOU TOUYKU
3peHns. B KadecTBe MepCHEeKTUBHOIO (hapMaKoOJIO-
TMYECKOTO KaHAWIaTa Ha POJb aKTMBaTOpa MaKpo-
(daroB ¢ IMHAMUYECKOI MoJisipu3anueii Makpogaron
IUTT HAc TIPEACTABIISIT WHTEPEC OKMUCIIEHHBINA HeK-
ctpaH. OkuciieHHas1 ¢opma JeKCTpaHa IIPOSIBISCT
BBICOKYIO ITPOTUBOBOCTIAJIMTEIbHYIO aAKTUBHOCTD,
HO MPU 3TOM OHA HE TOJIbKO YCUJIUBAET (harouurap-
HYI0O aKTUBHOCTb MaKpoaros, HO U JOTTOJTHUTCIIb-
HO TIOBBIIIACT YacTOTy (ParocomMo-Im30COMAIBHBIX
CIUSTHUI B MaKpogarax, 4To KpaiiHe BaxKHO AJis1 3(-
(eKTUBHOU OOPHOBI ¢ BHYTPUKIETOUHBIMU UHMEK-
oussmu. OKucIeHHass opMa JeKCTpaHa SIBIISICTCS
OCHOBHBIM OMOJIOTUYECKHN aKTUBHBIM KOMITOHEHTOM
npenaparta «AHIPOIKCHEPT», KOTOPBIA IO HUMelo-
IMAMCS KIIMHUYECKUM HAOJIOACHUSM SIBIISIETCS 3¢~
(EKTUBHBIM CPEICTBOM JICUCHUSI KaJIbKYJe3HOTO
npocTaTUTa M BOCCTAHOBJIECHUSI CIepMaToreHesa,
0CO0eHHO Ha (poHe TepeHeCeHHbIX MHMEeKIIMOHHO-
BOCHAJIUTENbHBIX 3a0ojieBanuii [5]. OxuciaeHHas
dopma JekcTpaHa IToKasajla BBICOKYIO Jie4eOHO-
NpodUIAKTUIECKYI0O aKTUBHOCTh B 3KCIIEpPUMEHTAaX
in vivo, IpA CUCTEMHOM BOCITAJIUTEIBHOM ITIpo1iecce,
WHIYLMPOBAHHBIM BHYTPUOPIOIIMHHBIM BBEICHUEM
0aKTepuaIbHOTO SHIOTOKCHUHA (JIMIMONOJIUCcCaXapu
(JITIC) Escherichia coli) [9]. Ectb maHHble, MoOJa-
TBepxKmaromne 3POEeKTUBHOCTh OKMCIEHHOTO OeK-
CTpaHa TIpU TyOepKyje3e, KaHIUI03¢ 1 BUPYCHBIX
3a0o0seBaHusAX. BMecTe ¢ TeM B HacTosllee BpeMs
OTCYTCTBYET eIMHasi KOHIICIIIINS OTHOCUTEILHO Me-
XaHu3Ma papMakoJIoTuIecKnx 3(PeKTOB OKUCIIEH-
Horo nekctpaHa. Ilpeanonaraercsi, YTo TpPUITePHbIE
MEXaHU3Mbl aKTUBallMU MaKpo(aroB OKUCICHHBIM
JIEKCTPAaHOM OTOCPEAOBaHbl Uepe3 [-TII0KAHOBbIE
pELeNTOphl, JIOKaAW30BaHHbIE B IUTOILIa3MaTH-
yeckol MeMOpaHe. OgHaAKO 3TOT MEXaHU3M MOXKET
MMETh MECTO Ha YPOBHE PE3MICHTHBIX Makpoda-
roB U MakpodaroB, IUMPKYyJIUpylolx B Kposu. Ha
YPOBHE CEMEHHMKOB BO3MOXKEH IOITOJIHUTEIbHBIN
MeXaHW3M aKTHUBALIUM TCCTUKYISIPHBIX MaKpodaros
3a CYeT B3aMMOACMCTBUS OKMCJICHHOIO IeKCTpa-
Ha C acMaJIONTMKONPOTEMHOBBIMU (TajlaKTO3HBIMU)
pelerrropaMi MakpodaroB, TakK KaK OKWCIICHHBIN
IEeKCTpaH Hapsay ¢ KapOOHWIBHBIMU TPYNIIaMU CO-
IEePXKUT U KapOOKCUJIbHBIE TPYIIIBI MO TUITY CUAJIO-
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BBIX KMCJIOT. B KauecTBe Moieii UCCIeI0BaHUS OCO-
OeHHOCTel TonsIpu3aluuu (peHOTUIIOB MaKpodaron
P XPOHUYECKOM MH(PEKIIMOHHO-BOCHATUTSIBHOM
npoliecce HaMU UCIOJb30BaHbl UMMYHOOUOJIOTMYE-
CKHe ITaHHbIC, TTOJIyYeHHBIC Y OOJIbHBIX TYOepKYyJe-
30M, BKJIIOYasi JIGKAPCTBEHHO PE3UCTEHTHBIE (op-
MbI. JlaHHast MOJesb ITO3BOJISIET HauboJIee TI0JIHO, BO
B3aMOCBSI3U C (peHOTUTIaMu MakKpodaros, OlIEHUTh
OCHOBHbIE MaTOMU3UOIOTNUYECKUE OCOOEHHOCTU Te-
YEeHMSI XPOHNUECKOTO MH(PEKIIMOHHO-BOCIAIUTEIIb-
HOTO ITpoliecca C BHYTPUKJIETOUYHOI MePCUCTEHIIMEN
BO30yauTesisi 3a00JieBaHUsI, K KOTOPbIM OTHOCUTCS
He ToJabKo Mycobacterium tuberculosis, HO TakxXe U
Candida albicans, Ureaplasma species, Mycoplasma
haemofelis, a Takxe TIPAKTUIECKU BCE BUPYCHI.

Ienn nanHoii padboThl — OOOOIINTH SKCIIEPUMEH -
TaJlbHbIE U KIMHUYECKUE NaHHBbIE 110 (hapMaKoo-
TMYECKMM CBOIMCTBAM OKHWCJIEHHOTO JEKCTpaHa B
paMKax KOHIEIIIUU TIoJsIpu3aluyd Makpodaros
Ji7IsT 0OOCHOBaHUSI MeXaHW3Ma JIeUeOHOTO eCTBUS
OKMCJICHHOTO JeKCTpaHa Ipu HapyILIEeHUSIX CIiepMa-
TOTeHe3a.

Matepuans! 1 MeTogbl

I. KiuHnyeckoe uccjiefoBaHHE MO MOJSAPU3ANMH
MakpodaroB y 00JbHBIX TY0EpPKYJIe30M

B kauectBe Marepuaina Uil MCCIEIOBaHUSI WC-
TMOJIL30BAJIM 00pa3libl BEHO3HOI KpoBU 47 GOJILHBIX
TyOepKysie3oM, 17 U3 KOTOPBIX UMEJIN JeKapCTBEH-
HO pe3uCTeHTHYIO (opMmy. st BbIOAEIESHUS MOHO-
IIMTOB U3 IIETbHON KPOBU C 1IeJIbI0 TpaHCchOopMaIlumn
UX B Makpodaru MCrnoab30Balld METOAUKY LIEHTPHU-
¢dyrupoBaHUS B TpaguceHTe (PUKOJIIA TIJIOTHOCTBIO
1,077 r/cMm3, ¢ mocaeayomuM UMMYHOMAarHUTHBIM
pazaenenueM CD14* kietok. MOHOUMTBI KYJIBTHU-
BUPOBAJIM B TIOJIHOW mnuTtateabHoil cpene X-VIVO
10 ¢ reHTaMULIMHOM U (PEHOJOBBIM KPaCHBIM C JIO-
OaBJIcHMEM KOJOHHMECTUMYJIHUpYyomero dakropa
makpodaros (M-CSF) (5 Hr/mj1) B KOHLIEHTpallUU
1 x 10° KJIETOK/MJI ¢ TAKHUM COIAEPKAHUEM CTUMYJIsI-
TOPOB, TakuX KakK uHTepaeikuH (IL) 4 (10 Hr/mn) n
unrepdepoH y (IFNy) (100 ur/mi). UmmynodeHo-
TUTIMPOBAHNE MaKpPOMaroB MPOBOAUIIN C UCTIOTb30-
BaHMEM MOHOKJIOHaIbHBIX aHTUTEN K CD80, CD86,
HLA-DR, CD163, CD204 u CD206 Ha IpOoTOYHOM
uutomeTpe Beckman Coulter CytoFLEX LX. ITosny-
YEeHHBIC TaHHBbIC aHAIM3UPOBAIN C MOMOIIBIO TIPO-
rpamMHoro npuioxenus: CytExpert 2.0. McxonHblit
ypoBeHb 1L-4 (10 ur/mi; PeproTech, CLLA) u IFNy
(100 vr/mn; PeproTech, CILIA) — ctumynupoBain
ypoBHHU cekperuu [L-1B, IL-6, IL-10, TGF- onpe-
JIEJISUTN C TIOMOIIIBI0O MMMYHO(MEPMEHTHOTO aHaIMN3a
ELISA. TTonyyeHHble pe3yabTaTbl ObLIU MpOaHaIU-
3UPOBaHBI C HCITOJIb30BAaHUEM CTAaTUCTUUYECKUX ME-
TOIOB.

II. KimHuyeckoe ucciie0oBaHUE MO OlleHKe Tepa-
NMEeBTUYECKOH 3(P(EKTUBHOCTH OKMCJIEHHOTO JeKCTpa-
HA B KA4eCTBE CEJIEKTHBHOIO aKTUBATOPAa Makpogaros

B uccienoBaHue BKIOUEHbBI 52 MallMeHTa ¢ XaJio-
0aMM Ha OTCYTCTBHE 3a4aTus B nape 6osee 1 roma u ¢
JIaATEHTHOM (pa3oii XxpOHUYECKOTO MPOCTaTUTa, Koraa
OTCYTCTBOBAJIM OOIIMEe IPU3HAKU BOCITAJIUTEIHLHO-
ro TIpoliecca (TeMIlepaTypHasl peaKinsl, B aHaIu3ax
KPOBH: JICMKOIINUTO3, OCTpoda3HbIe MOKa3aTean), HO
OBbLIO OTMEYEHO YBEJIMYEHHE KOJIMYeCcTBa JICHKOLIU -
TOB B CEKpETe MPOCTATHI W ISIKYJISITE, aCCOLUUPO-
BaHHOTO C TTaTocriepmueii. Bo3pact: 32+2,2 rona.

bonbHble OBLIM 0OCENOBaHBI MO OOILIETTPUHSI-
TOI cxeme, BKJIIovasi MH(popmMaluio 1o coopy xkaiaoo,
MTaHHBIX aHAMHe3a, OOIIero ocMoTpa 1M (pU3UKab-
HBIX METONOB: OBLJIN OIICHEHBI OCHOBHBIC BUTAJIbHBIC
¢GbYHKIIMM OpraHoB [bIXaHMUs, KPOBOOOpAILCHNS,
KETYTOYHO-KHUIIIETHOTO TpaKTa (y BCeX OHU ObLTI —
Tpeaeax BO3pacTHOM HOPMBI), a TakKXKe — TpaHC-
peKTaJlbHOE TaJIblIeBOE HCCAeA0BaHUE IIPOCTAThl U
HaJbITaTOPHOE MCCIeA0BaHNE MOIIOHKM (B paMKax
OOBEKTUBHOI'O YPOJIOTMUECKOT0 OOCICIOBAHNUS).

IManmeHTHl OBUIM pa3fefieHbl Ha IBE PeIpe3eH-
TaTUBHbIC TPYMIIbL: 1-s rpymnmna OOJbHBIX MoJydaia
OKMCJICHHBII JeKCTpaH PeKTAJIbHO IT0 cxeMe 1 pa3 B
cyTku B TedeHue 10 gHeit, nanee 20 qHei yepe3 IeHb;
2-g rpynna (rpynna cpaBHEHUs) Iojydajia aHaJio-
TMYHBIM 00pa3oM TIu1anedbo B opMe peKTaabHbIX
CBeUeit, COCTOSIIIINX M3 Macja Kakao.

Yepes 2 Mecsdlia OT Hayajla TepalMy MalueHTHI
cIaBaJii CIIepMOTpPaMMYy.

O1IeHKY IapaMeTPOB 3SKYJIITa BBITOJTHSIIA MEXK-
IyHapoOIHasl CETh HE3aBUCUMBIX KIMHWKO-INArHO-
ctruyeckux jgadopatopuii B . HoBocuoupcke «CUTU-
JIAB» o pekomeHmauusim BO3 2010 roma [7]: 6putn
OIMMCAaHbl U TIPOAHAIM3UPOBAHBI ITOKA3aTeIN CIep-
MOTPaMMbl, OTMEYEHHbIE NWHAMUKON MX BEJIUYUH
B XOJe JIeYeOHOro mpoliecca: o0beM IIKyIsiTa (M),
KOHIIEHTpAIUsl CIepMaTo30uaoB (MJTH/MIT), oOIliee
KOJIMYECTBO CIIEPMATO30UIOB B ISKYJISATE (MJIH), KO-
JIMYECTBO JICHKOLIUTOB (MJIH/MJI), BBIPOXKEHHOCTb ar-
TIIOTUHALIMM CIIEPMATO30MA0B (B YCII. €11.).

HccnenoBanue 0pu10 0modopero 31.05.2021 (BbI-
nucka u3 npotokosa 3aceganus JIDK OOO «Peru-
OoHalbHbINA  Menuko-JIuarnoctuueckuii  LleHTp»,
Ne 2/2021 ot 31.05.2021).

[TaneHThl OBLIM BKJIIOYEHBI B MCCJEIOBAHUE C
MHOOPMUPOBAHHOIO COTJIaCUSl U B COOTBETCTBUM C
STUYECKUMU HOpMaMU XeIbCUMHKCKOU JIeKIapaluu
(BMA, Dmaunoypr, lormanausa, 2000), ¢ ydeTom
U3BSCHSIONIET0 MpuMedaHusi 1. 29, omoOpeHHOro
ITenepanbHoit accambieeit BMA (BaiuHrroH, 2002).

MeTonpl CTaTUCTUYECKOUM OOpabOTKU BBIOpAHBI
B 3aBUCMMOCTU OT TUIIA CIyJalHBIX BeJduduH. s
OLICHKHM THTIA pacrpeaeeHUs IPU3HAKOB UCIIOIb30-
Banmu kputepuii [lanupo—Yunka. Pe3ynsraTel aHa-
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JIM3a HEMPEPBIBHBIX BEJIMYMH MPEACTABICHBI B BUIE
M=*m, rne M — BbIOOpOUYHOE CpegHee U M — CTaH-
JapTHasl OolIMOKa cpeaHero. 3HaYeHMUsl KauyeCTBEH-
HBIX TPU3HAKOB IIPEICTaBJIeHbl B BUjae HabJomae-
MBIX YacTOT U IIPOIIEHTOB. B ciyyassx HopMaJIbHOTO
pacrpeneaeHus, a TaKKe paBEHCTBA TUCIICPCUIA, ISt
CPaBHEHUSI CPEAHUX HCIIOJb30BaIU t-KpUTEepUit
CrbloneHTta. PaBeHCTBO AUCHEPCUN OLIEHUBAIU 10
F-xpurepuro @umepa. [Ipu cpaBHeHUM CBsI3aH-
HBIX BBIOOPOK MCIIONb30BaId MapHBINA t-KpUTepUii
CrpiofeHta. Kputnyeckuii ypoBeHb CTaTUCTHYE-
ckoit 3HaumMocTu npuHuManu 3a 0,05. CpaBHeHUE
KA4YeCTBEHHBIX IIPU3HAKOB B HEOOJBIIMX TPYIIIIax
HaOMOeHU MPOBOAWIIM, MPUMEHSIST KpUTEpUid >
TTupcoHa mIsT YeTHIPEXITOIbHBIX TAOIUIL COTIPSIKEH -
Hoctu. OO6paboTKy M TpacdudecKkoe IpecTaBIeHNe
JMaHHBIX OCYIIECTBIISIIA C TIOMOIIBIO KOMIIBIOTEP-
HBIX TIporpamm Statistica 12.0 koprnopaiuu StatSoft
(CIIA) u Microsoft Office Excel, 2017 . (CLLIA).

II1. DkcnepuMeHTAIbHOE HCCJIEOBAHNE N0 OLEHKE
3((EeKTUBHOCTH OKHMCJIEHHOTO JAEKCTPAHA HA MOeJHu
JITIC uHAYUMPOBAHHOIO HAPYIIEHMS CIiePMATOTreHe3a
Y KpbIC

WccnenoBaHne BBITIOJHEHO Ha IOJOBO3PEIBIX
0co0s1X Kpbic-caMlloB JuHuM Wistar maccoil 180 —
200 r. ZKuBOoTHBIE ObUTU pa3/iesieHbl Ha 3 TPyIbl UC-
CJICIOBAHUS T10 5 XXUBOTHBIX:

1-9 Tpymnma — KpbIChI-caMIIbl C OJHOKPATHBIM
MHTpaIrepuTOHeaaIbHbIM BBeneHUeM 2 MJT 0,9%-Horo
pactBopa NaCl,

2-51 TpyIma — KPBICHI-CaMIIbl C OIHOKPATHBIM
UHTpanepuToHealbHbIM BBeneHueM JITIC E. coli u3
pacuera 50 MKT/KT MacchI Telia,

3-g rpymnma — KpPBICBI-CAMIIBI C OTHOKPATHBIM
UHTpanepuTtoHealbHbIM BBeaeHueM JITIC FE. coli u3
pacuera 50 MKT/KT Macchl Tejla U WHTparepuToHe-
aJIbHBIM BBelleHueM 2 MJI 2%-HOTo pacTBOpa OKMC-
JIEHHOTO JeKCTpaHa.

ZKMBOTHBIX BBIBOIMIN U3 BKCIIEPUMEHTA MyTEM
MepeIo3npPOBKA 3(PUPHOTO HApKOo3a Ha 3-M CYTKH
TOCJIe BBEIEHUSI TECTUPYEMBIX BEIIECTB C COOJIIONEe-
HUEM MPUHIIUIIOB TYMaHHOCTU IUPeKTUB EBporeii-
ckoro coobuiectna (86/609/EEC) u XeabCUHKCKOM
JIeKJIapallid W B COOTBETCTBUM C TPeOOBaHUSIMU
MpaBUWI IIPOBEICHUS PadOT C MCIIOJIb30BAHUEM DKC-
MepUMEHTATbHBIX JKUBOTHBIX.

OOBEKTOM THUCTOJIOTMYECKOIO MCCICAOBAHUS
SIBJASIIACHh (DparMeHTbl CEMEHHHMKOB KPBIC JIMHUU
Wistar, KoTopble (PUKCUPOBaIN B HelTpaibHOM 10%
OydepHOM pacTBOpe GopMaluHa C Mocjeayrolei
IpOOOMOATOTOBKOI, M3TOTOBJICHHEM TTapaMHOBBIX
0JI0KOB 1 TUCTOJOTMYECKUX CTEKOJI CO Cpe3aMu TKa-
HU CEMEHHUKOB, OKpallleHHBIMU T'e€MaTOKCUJIMHOM
¥ 3031HOM.

Busyanuzamnuio CTPYKTYpHBIX W3MEHEHUM ce-
MEHHMKOB OCYIIECTBJISUIM METOIOM IPSIMOii CBETO-

BOI MUKpOCKOIUU Ipu yBeandeHuu x200. Mopdo-
METPHUYECKYIO OIIEHKY THCTOJOTMUYECKUX CTPYKTYpP
OCYIIECTBJISITU B TMOMEPEUHBbIX Cpe3ax U3BUTHIX Ce-
MEHHBIX KaHaJblIeB C HauOojee IIPOABUHYTHIMU
cranusaMu cnepmartoreHe3a B 10 mpou3BOJIbLHO B3sI-
TBIX TIOJISIX 3peHus TIpu yBeandeHun x400 ¢ ucrob-
30BaHueM Mopdomerpuueckoit cetku Ha 100 Touek
wiomanbio 3,64 x 10* Mxm?. TIpu 5TOM OCYILECTBIIS-
JIM TIOJICYET 4yuciaeHHo miotHocTu (Nai) criepma-
TO30MIOB B IPOCBETE KaHAJIbIla, PAHHUX W TTO3IHUX
cnepMaTHl, CIIepMaTOIINTOB, CIIEPMATOTOHUI, Kie-
ToK Cepronu, KieTok Jleiinura, a TakxKe YUCJICHHYIO
I0THOCTD (Nai) Cocyn0B IMepuUTyOyISIpHOI 30HBI Ce-
MEHHUKOB, 00bEMHYIO TUIOTHOCTH (VV) MUHTEPCTULIUS
MEXIy M3BUTBIMU CEMEHHBIMU KaHaJabllaMU U 00b-
€MHYIO TUTOTHOCTH (VV) KIE€TOYHOW MHMUIBTPALlUK.

WccnenoBaHue TUCTOJOTMYECKUX OOPa3IIOB OCY-
IIECTBJISUIN C TOMOIIBIO HU(PPOBOTO TAOOPaTOPHOTO
CBETOBOI'O OINTUYECKOT0 MMMEPCUOHHOIO ryopec-
HEHTHOTO IIOJISIPU3AaIIMOHHOTO (Pa30BOTO MHMKPO-
ckomna Olympus CX43 (AdmnoHus) ¢ nmporpaMMHBIM
obecrieueHUEeM JIJIsI aHaJIu3a M300pakeHuit u GoTo-
apxuBupoBaHusa. POTOCHEMKY IIperapaToB MPOU3-
Bonwiu Hudposoii kamepoit MOTICAM S6 (Ano-
HUSI) C TToc/eayolei 00paboTKOU N300paKeHUs.

ITomuMo 3TOTO, OmMpenessiiu MHIACKC CO3peBa-
HUSI CTIEPMATOTEHHBIX KJIETOK — OTHOIIIEHUE CYMMBI
IOHBIX (CTIEPMATOTOHUM, CIIEPMATOLIUTHI) U 3pebIX
dopm (cnmepmaTtuabl, CIIEpMaTO30UIIbI) CIIEPMATO-
T€HHOTI'O SITUTEIHS.

Cratuctrdeckass o0pabOTKa IIOJIyICHHBIX TaH-
HBIX OCYIIECTBJISJIACh C MOMOIIbIO MporpamMm Sta-
tistica m Excel. OieHKy 1OCTOBEpPHOCTH CTATUCTHUYC-
CKUX pa3IndMii MeXIy TToKa3aTeIsIMU aHaJTOTMIHBIX
napamMeTpoB OCYIISCTBISUIA C MCIIOJb30BaHUEM
t-xputepusi CrblofgeHTa. JJOCTOBEpHBIMU CUYUTAIU
OTJIMYMS IPpU YpoBHE 3HaUnMocTH p < 0,05.

PesynbTathl

B I wactTm KJIMHUYECKOIro HCCIeOOoBaHUSI OBLIO
YCTAaHOBJIEHO, UYTO TSDKECTh TYOEpKYJEe3HOTO TIpO-
1ecca 3aBUCUT OT MoJjisipu3auuu Makpodgaron. Tak,
IpU MCCICAOBAaHUM IIMTOKWHOBOTO MPO(GWII Ma-
KpodaroB MpoaeMOHCTPUPOBAHO CHUXKEHUE KOJM-
YeCTBa KJIETOK, SKCIIPECCUPYIONINX MapKep aKTUBa-
uuu HLA-DR, nipu tpancdopmatuu in vitro CD14*
MOHOLIMTOB KPOBU B Makpodaru y 00JIbHbIX TyOep-
KYyJIE30M, UYTO CBUIETEJIbCTBYeT O (DYHKIIMOHAIb-
HOM (PeHOTUITMUECKON MONsIpU3allnu MaKpodaros
B HampaBjieHUM M2, a Takke B HampaBieHUuu M2.
HapymieHne crnmocoOHOCTU KJIETOK K Ipe3eHTaluu
aHTUTeHa. DTa CIIOCOOHOCTD HE 3aBUCUT OT YCIOBUA
WHIYKIWU KJIETOK in vitro (M 1-aktuBauus IFNy unu
M2-aktuBanus IL-4), kinHU4ecKoil (opmbl 3a00-
JIEBaHUSI WJIN YYBCTBUTEJIBHOCTU K JIEKAPCTBEHHBIM
cpeacTBaM. MBI OOHApYKWIU, YTO HECTUMYJIHPO-
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BaHHag U uHaynuposaHHas [FNy (M1-akTuBanus)
u IL-4 (M2-aktuBauus) in vitro cekpeuus 1L-10 u
MPOBOCTIAIUTEbHBIX IIMTOKMHOB (IL-1B, 1L-6) ma-
Kpodaramu y OOJIbHBIX TYOepKyJie30M Oblia BhILIE,
YyeM y 3I0pOBBIX TOHOPOB. B TO ke Bpems cekpe-
uusts TGF-B in vitro MeHsUlach pa3HOHAINpPaBJIEHHO
B 3aBUCUMOCTU OT THUNA HHAYKIMU MaKpodaros;
CeKpelusl yBeJuduBagach rmpu Ml-cTuMyassimm u
CHMXajach mpu M2-ctumynsuuun kjetok. Camblii
BBICOKHWII YpPOBEHb HECTUMYJMUPOBAHHOW in Vitro
cekpeunu IL-10 u TGF-p Habmonancs y 00JbHBIX
JATBb. Kpome Toro, y 6onbHbix JITh u nekapctBeH-
HO-YYBCTBUTENbHBIM TyOepkyne3doMm (JIY-TDB) mpu
TpaHcopMalu MakpodaroB in vitro BbICcOKasl ce-
KpelursT UMMYHOCYIIPECCUBHBIX HUTOKUHOB IL-10
1 TGF-f MoJ0XUTETbHO KOPPETUPYET C TTOBBIIIEH-
HOW 9KCIIpeccueil CKaBeHKep-petentopos CD163,
CD204, CD206 Ha KJIeTKax, 4YTO COOTBETCTBYET pPery-
nsaTOpHOMY M2-(pbeHoTUITy Makpodaros. Y G0JILHBIX
WUTDB c nexapCTBEHHO-YCTOWUUBBIM TYOEpPKYJIE30M
npu TpaHchopMauuu MakpodaroB in vitro HabJIIO-
JTaeTCsI BBICOKMI YPOBEHDb 3KCIIPECCHU CKIBEHIKEP-
peLienTopoB M MoJieKyJ1 Koctumyssinun CD80/CD86
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1-a rpynna 2-9 rpynna
15t group 2" group
n=25 n=27

[pynnbl nauneHTos
Patients groups

m [lo neyeHus / Before treatment
[Mocne neyenus / After treatment

PucyHok 1. luHamuka nokasartens o6bema asKynara

(mn) npm oueHKe pe3ynbTaToOB CNepMOrpaMMbl B rpynnax
OONbHBIX K OKOHYAHMIO NEeYeHus

Mpumeyanue. 1-a rpynna 60MbHLIX Nonyyana oKMCNEHHbIN
[eKcTpaH pekTanbHo no cxeme 1 pa3 B cyTku B TeveHue 10 gHeit,
nanee 20 aHew Yepe3 AeHb; 2-A rpynna (rpynna cpaBHeHUs )
nonyyana aHanornyHbiM o6pasom nnave6o B hopme pekTanbHbIX
cBeYeld, COCTOSALMX U3 Macna Kakao.

Figure 1. Dynamics of the ejaculate volume index (ml) when
evaluating the results of a spermogram in groups of patients

at the end of treatment

Note. The 1% group of patients received oxidized dextran rectally
according to the scheme 1 time per day for 10 days, then every other
day for 20 days; the 2™ group (comparison group) similarly received

a placebo in the form of rectal suppositories consisting of cocoa butter.

Ha KJIEeTKaX B CBSI3W C TUIIEPCEKpellneil IIMTOKNHOB
¢ mpoBocnaynTeNibHBIM neiictBuem (IL-1(3, 1L-6),
u nnporuBoBocnanurenbHast (IL-10, TGF-B) akTus-
HOCTb CBMJIETEJILCTBYET O Tojisipu3aniuu audde-
PEHIIMPOBKU MaKpoharoB B CYOITOITYJISIIINIO KJIETOK
¢ M1- u M2-¢perHorunamu. Takum ob6pa3oM, OBLIO
MOATBEPKACHO, YTO IIOJSIPU3AIIMOHHBIN WMMYHO-
naroreHe3 nud@epeHIMPOBKN MaKpodaros in vitro
B KJETKU C IMPOTUBOBOCIAIUTEIbHbIM (M2) wuiu
cmenraHabiM (M 1/M2) deHotunom npu TyoepKy-
JIe3e JeTKUX OOYCJIOBJIEH CeKpellrmeil MakpodaraMu
NpOoGUIbHBIX MPO- U MPOTUBOBOCITATUTEIbHBIX 11U~
TOKWHOB, aKTUBHOCTh KOTOPBIX 3aBUCUT OT KIMHU-
YecKoit (hOpMBI 3a00JICBaHMSI, a TAKKE TYBCTBUTETb-
HOCTH K IIperapary.

KoneuHo, mipexxne Bcero, JaHHBIN (peHOMEH OT-
HOCHUTCSI K LIUPKYIUPYIOIIEH B CUCTEMHOM KPOBO-
TOKe Tonyasuuu MakpodaroB. OgHaKo ciaeayeT
YIUTBIBATh, YTO IIMTOKWHOBBINA ITPO(MUIIH CEIBOPOT-
KM KPOBHM MOXKET HAIIPSIMYIO BIIMSITh Ha aKTUBHOCTH
PE3UISHTHBIX MakpodaroB B OpraHax U TECTUKY-
JIIPHBIX MakKpodaroB B 4YaCTHOCTU U ITOJYYCHHEIC
pe3yIbTaThl MOTYT OOBSICHUTH CTEIICHb HapPYIICHUS
criepMaToreHesa B 3aBUCUMOCTH OT TsIXKeCTH 3a001e-
BaHUsI Y OOJIbHBIX TYOESPKYJIE30M C yIeTOM aKTUBHO-
CTHU KJIETOYHOTO 3BeHa UMMYHUTETA.

Bo Il yacTu KJIMHUYECKOTO MCCAea0BaHUS ObLIO
YCTAaHOBJIEHO, YTO OKMCJIeHHasi (hopMma JeKCTpaHa,
SIBJISTIONIASICSI  CEJICKTUBHBIM  pPELICITOP-0IIoCpe-
JNIOBaHHBIM aKTUBATOpPOM Makpodaros, BXOAsIIas
B COCTaB TIIpemiapara <«AHIPOIKCIIEPT», SIBIISIETCS
BechMa 3(P(HEKTUBHBIM CPEICTBOM BOCCTAHOBJICHUS
criepMaToreHesa y 00JbHbBIX KaJabKyJIe3HbIM MPOCTa-
tuToM. Kak n3BecTHO, B TeHe3e KaJIbKyJIe3HOTO PO~
craTuTa MH(EKIIMOHHO-BOCITAJIUTEIBHBIN TPOIIECC
SIBISIETCSI KJTACCUYECKUM TPUITEPHBIM MEXaHU3MOM
BOCITJICHUST TIPEJCTATENIbHOM Xele3bl, KOTOpOe B
IWHAMUKE TPUBOIMUT K HAPYIIICHUIO CIIEPMAaTOTCHE-
3a U (pepTUIBHOCTHU.

O0beM 2KyjasiTa cpenau OOJbHBIX 1-f rpymnmbl
yBenuuuics ¢ 2,54+0,15 no 3,13%0,18 (M), uyTo co-
craBwio 23,23 %; * p < 0,05 (puc. 1).

IMokaszarenb KOHIIEHTpAIIMM CIEPMAaTO30UIOB
BBIpOC ¢ 26,40%+4,18 no 41,12%5,37 (MyH/MJT) — Ha
55,75%;p<0,05 (puc. 2),4TO MPUBEJIO K YBEJINIECHUIO
00I11IeTo KOJTMYECTBA CIIEPMATO30MIOB B DSIKYJISITE HA
88,5%, ¢ 65,47£8.,41 nmo 123,41+12,33 (MJIH IUT.);
*p <0,05 (puc. 3).

KonuyecTBo JE€MKOLIUTOB B 3TOU K€ TpyIl-
ne yMmeHbmmiaoch B 2,8 paza: ¢ 1,25+0,17 nmo
0,44+0,10 (mH/M1) — Ha 64,80%; * p < 0,05 (puc. 4).

IMokaszarenb  BBIPAXKEHHOCTM  arrjIlOTUHAIIAW
CIIEpMAaTo30Ua0B cokpaTuicsa B 3 pa3za: ¢ 0,52+0,07
no 0,17+0,03 — na 0,35 yca. en., 4to CTaBUIIO
67,31 %; * p < 0,05 (puc. 5).
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KoHUeHTpaLust cnepmaTo3ouaos, MUNMOH/MIT
Sperm concentration, million/mL

1-a rpynna 2-9 rpynna
1st group 2" group
n=25 n=27

['pynnbl NaLneHToB
Patients groups

u [lo neyenusi / Before treatment
MMocne neyenus / After treatment

PucyHok 2. [InHamuka nokasaTensi KOHLEeHTpauum
cnepmaTto3o1aoB (MJTH/MM) NpK OLeHKe pe3ynbTaToB
CrnepMorpammbl B rpynnax 60mbHbIX K OKOHYaHWIO NeYeHuns
Mpumeyanue. CM. npumeyaHue K pUcyHky 1.

Figure 2. Dynamics of the indicator of sperm concentration
(million/mL) when evaluating the results of a spermogram
in groups of patients at the end of treatment

Note. As for Figure 1.
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KoHLeHTpaLus NenKkoLMTOB, MUIIMOH/MI
Leukocyte concentration, million/mL
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n=25
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['pynnbl NaLueHToB
Patients groups
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PucyHok 4. [luHamuka noka3sartensi KONIM4YeCTBa NENKOLIUTOB
(mnH/Mn) Npu oueHKe pe3ynbTaToB CNepMOrpaMmbl

B rpynnax 60sIbHbIX K OKOHYaHUIO JIeYeHus

Mpumeyanue. Cm. npumeyaHune K pucyHky 1.

Figure 4. Dynamics of the indicator of the number of leukocytes
(million/mL) when evaluating the results of a spermogram in
groups of patients at the end of treatment

Note. As for Figure 1.
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O6LLee KONMYECTBO CriePMaTO301a0B, MUMITMOH
Total sperm count, million

1-4 rpynna 2-9 rpynna
1 group 2" group
n=25 n=27

['pynnbl NauneHToB
Patients groups

m [lo neyenns / Before treatment
Mocne nevenus / After treatment

PucyHok 3. lnHamuka nokasarens obuiero konuyecTsa
cnepmaTo3o1aoB (MSIH) NpU OLEHKe Pe3ynbTaToB
cnepMorpammbl B rpynnax 605bHbIX K OKOHYaHWIO NeYeHuns
Mpumeyanue. CM. npumeyaHune K pucyHky 1.

Figure 3. Dynamics of the indicator of the total number

of spermatozoa (million) when evaluating the results of

a spermogram in groups of patients at the end of treatment
Note. As for Figure 1.
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PucyHok 5. [InHamuka nokasaTens arrnioTuHauum
CeMEHHOM XnaKocTu (ycn. ed.) Npy OLeHKe pe3ynbTaToB
cnepMorpammbli B rpynnax 60nbHbIX K OKOHYAHUIO JleYeHus
Mpumeyanue. Cm. npumeyaHune K pucyHky 1.

Figure 5. Dynamics of seminal fluid agglutination index
(conditional units) when evaluating spermogram results

in groups of patients at the end of treatment

Note. As for Figure 1.
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ObcyxaeHue

I[MonoxxurensHoe BausHUe cBeueli «AHIPO-
BKCIIEPT SV1» Ha crnepMmaToreHe3 y MY:KYMH C
XPOHUUYECKUM ITPOCTATUTOM, aCCOLIMUPOBAHHBIM C
BTOPUYHBIM OecIiioareM, o0yCJIOBIEHO, BEPOSITHO,
HE TOJIbKO MPOTUBOBOCIIAIMTEILHON aKTUBHOCTbHIO
OKMCJICHHOTO JIeKCTpaHa, HO M €Tr0 OITOCPEeIOBaH-
HBIM <«TOHAZOTPOIONOAOOHBIM IEUCTBUEM». DTOT
3(deKT CBSI3aH HE CO CTUMYJIsILMEl npoyndepaln
CTIEpPMATOTOHUEB, a C yJIydllieHueM TpOo(hUKM TKaHe
PETIPONYKTUBHBIX OpraHoB. [IpM WHOEKIMOHHO-
BOCHAJIMTEJIBHBIX TIpolleccaXx M MHAYLMPOBAHHOM
MMH XPOHUYECKOM BOCIAJICHUM HapyIIaeTCsl HOP-
MajibHas1 TpodHrKa TKaHEW MpoCTaThl U TECTUKYI
M, KaK CJICACTBUE, — M3MCHCHUE DIKYIsATa U Hapy-
meHue criepMaToreHesa. KioueBbIMU MaTOTeHETH -
yecKMMU (haKTopaMu TIaTOCTIEPMUM SIBJISTIOTCSI 00-
pa3oBaHUE MUKPOTPOMOOB B KaIllMJISIPHOM pycie
TECTUKYJI, TUTIOKCHUSI U TeHepalusl KJIeTKaMUu 0O0Jb-
IIIOTO KOJIMYECTBA aKTUBHBIX (DOPM KHMCJIOPOIa, OKa-
3BIBAIOIIIMX TTOBPEXIAIONIee AeHCTBUE Ha KJIETOUYHBIE
MeMOpaHBl. B YCIOBUSIX TaAKOTO MHMKPOOKPYKEHUS
HOPMaJIbHBII cIiepMaToreHe3 HeBO3MokeH. OKwc-
JICHHBI JEeKCTpaH 4yepe3 INIMKAHOBbIE PelenTOpbI
aKTUBUPYET MaKkpodaru, JoKaIu30BaHHbIC B BEHO3-
HO-TUM(MATUISCCKOM pycjie Majloro Tas3a, BKIIroJast
AKTUBAIINIO TeCTUKYIISIPHBIX Makpodaros. B pe3yns-
TaTe TaKOW aKTUBAILIMU TECTUKYJISIpHBIE MaKpodaru
cnocobHbl 0onee 3(hdEKTUBHO (HarolUTUpOBaTh
MaTOreHHbIE MUKPOOPTraHU3MbI, IOMIEPXKUBAIO-
1€ XPOHMYECKOEe BOCHAaJIeHUEe, AKCIPEeCCUpPOBaTh
¥ BBIICNISITh BO BHEKJIETOYHYIO CPeday ITPOTUBOBOC-
HaJUTeJIbHBIC IIMTOKWHEI, B TOM YHMCJIC ¥ TKAaHCBBIC
NpoTerHa3bl, KOTOpble 00J1agaloT TPOMOOJUTHYE-
CKMM AEWCTBMEM M BOCCTAaHABIMBAIOT HOPMATbHYIO
TeMOLIMPKYJISIIMIO B KalWUIsIpaxX, YCTPaHsIsl TUIOK-
CUI0 M CHMXKasl BbIPAaOOTKY TOKCUYHBIX aKTUBHBIX
dopm kuciopoaa [13]. Kpome Toro, yctaHoBJIeHO,
9TO aKTUBHPOBAaHHBIC MaKpodaru SIMIeK BBIICIISTIOT
2,5-TUIPOKCUXOJIECTEPOJI, CTEPOI, KOTOPBII MOXET
OBITh MpeoOpa3oBaH B TECTOCTEPOH KJieTkaMu Jleri-
aura [12] u TeM caMbIM yJIydlllaTh UX CIIEpPMaTOTreH-
HYI0 (DYHKIIUIO.

OmHMM U3 TIoKazaTeJiell XKMU3HECIIOCOOHOCTH
CTIIEpMATO30MIOB SIBIISICTCS CTETICHb WX AarrIIOTH-
HallMM, KOTOpasi 3aBUCUT OT KauyecTBa CEMEHHOM
KMIKOCTU U1 UMMYHHOTO CTaTyca CaMUX CIlepMaTo-
304A0B. JlocTOBepHOE CHUXKEHUE arrIloTUHALUU,
Hapsimy C YAy4dIIeHWEeM BBIIICIIEPEUMCICHHBIX I10-
KazaTejieil, CBUACTEIBCTBYIOT O IMMOBBIIIICHUN CEKpe-
TOPHOI AKTUBHOCTH IIOJIOBBIX XeJje3, YIYYIICHUN
mpoliecca criepMaToreHe3a 1 MOBBIIIIEHUN MYXKCKOM
(GepTUTBHOCTH B LIEJIOM.

YMeHblIIeHUEe KOJINYECTBa JICHKOIIMTOB B CEMEH-
HOW XMUAKOCTU OOJIbHBIX 3TOW XK€ TPYMIbl K OKOH-

YaHMUIO Kypca CBUIETEJLCTBYET O HAJIUYUM IIPO-
THUBOBOCITAJIUTEJIbBHOW aKTUBHOCTU OKHCJIEHHOTO
JIIeKCTpaHa, KOTopasl Oblla TOKa3aHa HaMU paHee B
SKCIEPUMEHTaX Ha KMBOTHBIX (IIpU MOISIMPOBa-
HUM TUITePIUIa3UK MTPOCTAThl 1 OPOHXOJIETOYHOM Ta-
tTosorun) [6, 9] n oGycloBlIeHa, TJIaBHBIM 00pa3oM,
aKTUBaIIMe MaKpodaros.

B skcnieprMeHTaIbHOI YacTW MCCIeI0BaHUS Ha
MOJIEJTV HapYIIIeHUS CTIepMaTOreHe3a, Y KPbIC TMHUN
Wistar, uanyrmposanHoro JIIIC E. coli 6bU10 ycTa-
HOBJICHO, YTO OKHCJICHHBIN AEKCTpaH 00JagaeT BbI-
COKOI TIPO(PIMIAKTUYSCKONM aKTUBHOCTBIO, CHILKAsS
MOpPGOJIOTUYECKIE KPUTESPUM HapYIICHUS CepMa-
ToreHesa (TadJ. 1).

O1ieHUBasT UHTETPATLHO TUCTOJIOTUYECKYIO Kap-
TUHY 1O BCceM 3 rpymmaM >KMBOTHBIX M IIPEACTaB-
JIeHHbIe B Tabiuue 1 mMopdomeTpuyeckue JaHHbIE
MOXXHO OJHO3HAYHO yTBEepPXHaTh, UTO 4depe3 3 Ccy-
TOK MOCJIe MHTaprepuToHeabHoro BBeaeHus JITC
E. coli y xpbic HabmonaeTcst OTYETIMBAsS TeHACHLIUS
K CHIDKEHHWIO BCEX OCHOBHBIX ITapaMeTPOB CIIepMa-
TOTreHe3a B COYETaHUHU C 3JIEMEHTAMM aceITUUYECKOTO
BOCITJICHUSI B BUJIE OTEYHOCTU MHTEPCTULIMHU, TTOJI-
HOKPOBUSI M KJIETOUHOUW WHpuibsTpauu. JlaHHbIe
M3MEHEHUS HOCSAT YMEPEHHBIN XapaKTep BBUIY TOTO,
YTO B DKCIIEPUMEHTE MCIOJIb30Bajlach HU3Kas 103a
JITIC E. coli, xoTopass He TPUBOAUT K (haTTbHBIM
HapylIeHUSIM cIiepMaToreHe3a, HO MO3BOJISIET Olle-
HUTh OWHAMUKY TaTOJOTMYECKOro Mpoliecca IpHu
€ro KOPPEKIIMU OKUCJIEHHBIM JeKCTpaHoOM. Tak, y
KpBIC 3-i1 TPYMIIBI, KOTOPBIM Cpa3sy ke Moce MHTpa-
neputoHeanbHoro BeaeHus JITIC E. coli BBoguIu
2%-Hblil pacTBOP OKMUCJIEHHOTO JEKCTpaHa B CpaB-
HEHMU C XHUBOTHBIMU 2-U TPYIINbI, BCE TTOKa3aTeIn
criepMartoreHesa obLU1H Bhilie. [TonoOHast TeHaAeHLIMS
HanboJiee OTYETIMBO MPOSIBIISIETCST MO MMOKA3aTEIO
YUCJIEHHOU MJIOTHOCTHU CIIEPMAaTO30MI0B B IPOCBETE
KaHaJIblla, KOTOPHIN B 3-1i TPyIIie JKUBOTHBIX MpaK-
TUYECKU TIPpUOIKAeTCI K 3HAUCHMIO TTOKa3aTelsl B
1-i1 rpynne u 3HaYMTEbHO BBIIIIE, YEM Y XKUBOTHBIX
2-ii rpyrmbl. [Ipy 2TOM ClieayeT OTMETUTh, YTO Y KU -
BOTHBIX 3-1 TPYIINEL, B CPABHEHUM C XKUBOTHBIMU 2-1A
rpynmbl, MOPGOJIOTUYECKIE MPOSIBICHUST TEMOLIUP-
KYJIITOPHBIX HapyIIEHUI B BU/IE OTeKa MHTEPCTULIUS
BBIpaXXeHBI B MeHBIIIeH crerteHn. OgHaKo mokKasaTe-
J OOBEMHOM TIJIOTHOCTU KJIETOUYHON MH@UIBTpa-
U WHTEPCTULIMS MEXAY W3BUTBIMU CEMEHHBIMH
KaHaJbllaMU U YMUCJIEHHOUW TUIOTHOCTU COCYIOB
MEXKaHaJblIeBO 30HbI CEMEHHUKOB Yy XMBOTHBIX
3-ii rpYIIIBI, HAIIPOTUB HECKOJIBKO BHIIIIE, YeM Y K1 -
BOTHBIX 2-1 TPYIIIEI, YTO MOXET CBUIETCIbCTBOBATh
00 YJy4dIIeHUM MECTHOTO KPOBOTOKA M aKTUBALIUU
PE3UIEHTHBIX TECTUKYJISIPHBIX MaKpoparoB B OTBET
Ha MHAYIWPOBAaHHOE MHTPANepUTOHEATbHOE BBEOC-
Hue JITIC F. coli. [TopgobHass n[mHaAMUKa MOXKET CBU-
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TABJINLA 1. CTPYKTYPHbIE U3MEHEHWUA CEMEHHWKOB BEJbIX KPbIC NMOCIIE B/E BBEAEHWUA IMNC E. coli N UX
NPO®UNAKTUKA B/6 BBEAEHWEM 2%-HOIO PACTBOPA OKUCNEHHOIO IEKCTPAHA (Mtm)

TABLE 1. STRUCTURAL CHANGES IN THE TESTES OF WHITE RATS AFTER INTRAPERITONEAL ADMINISTRATION OF E. coli
LPS AND THEIR PREVENTION BY INTRAPERITONEAL ADMINISTRATION OF A 2% SOLUTION OF OXIDIZED DEXTRAN 40 kDa

(M£m)
Mpynnbl uccnepoBaHus
NapameTpbi Study groups
Options 1-a rpynna 2-a rpynna 3-a rpynna
1st group 2" group 3 group
3BUTLIX CEMEHHbIX KaHanbLes 30,83+1,37 29,04+1,86 32,08+1,86
convoluted seminiferous tubules
knetok Ceprony 20,89+1,26 17,52+1,24¢ 18,87+1,45
sertoli cell
= knerox llenaura 11,23+1,39 10,75£1,15 13,87+1,479
z leydig cells
-~ (©
EZ‘ cnepmMmatTounToB
3z pmarou 38,74+1,26 29,80+1,25¢ 37,29+1,47¢
o spermatocytes
O o
ED §
g § |Cnepmaroromun 48,97+1,35 39,71+1,53 49,34+1,38
g5 spermatogonia
I e
g S
g = | cnepmarin 33,1441,52 24,81+1,46° 27,79+1,74¢
I spermatid

cnepmaTo3ouAoB B NpocBeTe KaHanbua
spermatozoa in the lumen of the tubule

300,87+15,23

239,71+11,35¢ 299,64+13,32°

cocynoB NepuTyoynsapHON 30HbI
CeMeHHUKOB
vessels of the peritubular zone of the testes

7,98+0,62 9,28+0,74 11,21+1,23¢

MeXKaHanbLeBOW MHTepCTULMarbHOM
TKaHU
intertubular interstitial tissue

8,25+0,87 12,74+1,24° 10,47+1,20°

KNeToOYHOW UHUNLTPaLUN UHTepPCTULUA
Mexay U3BUTbIMU CEMEHHbIMU
KaHanbuamu

cellular infiltration of the interstitium between
the convoluted seminiferous tubules

O6bLemMHasn
MNOTHOCTb, VV
Bulk density, Vv

5,64+0,32 7,12+0,46"

MpumeyaHue. * — OCTOBEPHOCTb OTNINYUIA BENMUYUH aHANOrM4YHbIX NapameTpoB OT nokasatenen 1-i rpynnsbi; F —
[O0CTOBEPHOCTb OTNIUYUIA BENMUYUH aHArNOrM4YHbIX NapamMmeTpoB Mexay nokasartensmu 2-i u 3-u rpynn. Mpu p < 0,05.

Note. ¢, reliability of differences in the values of similar parameters from the indicators of group 1; ?, reliability of differences
in the values of similar parameters between indicators of groups 2 and 3. At p < 0.05.

JNIETeIbCTBOBATh O TOM, UTO OKWCJIEHHBIN JeKCTpaH
B YCJIOBUSIX 3KCIEPUMEHTa MPOSIBIISIET YMEPEHHOe
NPOTUBOBOCHAJIMTEIbHOE IEUCTBUE, KOTOPOE paHee
ObLIO JETaJlbHO M3Y4YEeHO Ha Pa3JIMYHBIX MOJIESIX
in vivo. Hajo oTMeTuTh, 4YTO B JAHHOIM MOJEIIU in Vivo
HapylleHHe cIlepMaToreHe3a HOCUT He NpSIMOi, a
B OOJIbIIIEN CTENEeHM, OINMOCPEeAOBaHHBINA XapaKTep,
BCJIEACTBUE OCTPON MMMYHOJIOTMYECKOU peakiuu

Ha uHTpanepuToHeanbHoe BBeneHue JITIC E. coli no
TUITY CUCTEMHOTO aCeTTUYeCKOTO BOCTIAJICHUSI.

BbiBOAI

HOJ’Iy‘{CHHBIC OKCIICPUMCHTAJIbHBIC N KJIMHUYC-
CKME AOAHHBIC ITO3BOJAIOT OLUCHUTH BO3MOXHOCTH
HMCITIOJIb30BaHUA OKMCJICHHOI'O ACKCTpaHa B Kaydc-
CTBC IICPCIICKTUBHOI'O CpCaCTBa HpO(bI/IJ'[aKTI/IKI/I
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W KOppeKUMWHW HapylleHWid CIiepMaToreHes3a, 00-
YCJIOBJICHHBIX ACUCTBUEM MH(MEKIMOHHBIX areH-
TOB OaKTepUAaIbHOW U/WIM BUPYCHOM 3THUOJIOIUU.
B kauecTBe Haubosee BEpPOSITHOIO MMMYHOJIOTUYE-
ckoro MexaHmama 3(P@PEKTUBHOCTU OKMUCJICHHOTO
JIIeKCTpaHa MIpU HapyIIeHUSIX CIIepMaTOreHe3a MOXK-
HO paccMaTpuBaThb €ro CIIOCOOHOCTh K pPeLenTop-
OIOCPENOBAHHOM aKTUBaLUMKU Makpodaros, KOTO-
past MOXET COIIPOBOXIAThCS MX (hEHOTUITMYECKOM
MOJISIpU3aLUEIA, OIPEAesSIONIeii MOJ0KUTEIbHYIO

JIUHAMWUKY KIUHUYECKOTO TEUEeHUSI XPOHUYECKUX
UH(DEKIIMOHHO-BOCTTAJIMTEIBHBIX TPOLIECCOB, ac-
COIIMUPOBAHHBIX C AH/IPOJIOTUYECKON MaTOIOTHUEN.
OnHako MeXaHW3Mbl peaau3aiyu MOJOXKUTEIbHbIX
MPOTEKTUBHBIX CBOMCTB OKMCJIEHHOTO JI€KCTpaHa
B OTHOIIIEHWMW HapyIIeHW crepMaToreHesa, 00-
YCJIOBJICHHOTO TOBPEXAEHUEM TKaHU CEMEHHUKOB
MaTOJIOTUYECKUMU areHTaMu WHOEKIIMOHHON 3TH-
0JIOTUH, HYXIAIOTCS B AaJbHENIIIEM KOMIUIEKCHOM
MOJIPOOHON N3yUYEeHUN.
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TAPTETHAA BAKUMHALUA NMPOTUB CTPENTOKOKKA
rPYIMbl A: PEKOMBUHAHTHAA BAKLUUHA

C GPATMEHTAMM ScpA U SpeA

Hymauk H.B., JleourbeBa I.®., Kpamcrasa T.A., borateipesa R.IL,,
I'ynanosa T.B., BopmoroBa E.A., KopoJaesa I1.B., Cysopos A.H.

DI'BHY « Uncmumym sxcnepumenmanvioil meouyunsy, Cankm-Ilemepoype, Poccus

Pesiome. Llenb — pa3zpaboTka BaKLIMHBI MIPOTUB CTPENTOKOKKOB rpynnbl A (. pyogenes, CI'A) — Bo30y-
IUTEITS IIUPOKOTO CIEKTpa MHMEKINNA pa3IndHON CTEeHU TSKeCTU. JIJIsT KIIOHUPOBaHUS T'eHOB PEKOM-
OMHAHTHBIX OEJIKOB MCIIOJb30BaIn 3KcIpeccuoHHble BekTopa pET27 u pQE30. Inst uMMyHM3aLMU UC-
MOJb30BaJIN apPUHHO-OUYUIICHHBIE TToMNenTrabl. CaMOK MbIIIEil UMMYHU3UPOBAJIM IBAXKIbI TTOTKOXKXHO
noaurenTuaaMu B no3e 20 MKT/MbIlIb ¢ aabloBaHTOM Alum (2:1) ¢ uHTepBaioM B 3 Henenu. OOpa3ibl UM-
MYHHBIX CBIBOPOTOK MccienoBaiu MmerogoM MDA, [Inst onleHKU crienrduueckoi 3aiuTHon 3¢ GeKTUBHO-
CTU UMMYHHOTO OTBETa yepe3 3 HelelU mocje MocaeHed UHBEKIIUU Mbllliell BHYTPUOPIOLIMHHO 3apaxa-
mm CIA M1 cepotuna B go3e 5 x 107 KOE/Mbiiib. 3aiuTHYO 3(h(GeKTUBHOCTh BaKIIMHALIMM OLIEHUBAIN
IyTeM CpaBHEHUSI CKOPOCTH O0aKTEepHAJIbHOTO KIUPEHCA Y BAaKIIMHUPOBAHHBIX I KOHTPOJIBbHBIX JKUBOTHBIX,
0 4eM CYIWJIU I10 OaKTepruaIbHOM Harpy3ke B cejie3eHKe uepe3 3 1 15 yacoB mocie 3apakeHus. KoHcTpyk-
OUST BaKIWHBI TIPEACTABIISICT COO0M TMOPUIHYIO MOJIEKYITY, COCTOSIITYIO U3 (PparMeHTOB, ITOJYICHHBIX U3
IByX kmoueBbix 6enkoB CIA: menrunasnel CSa (ScpA) u ak3oTokcnHa SpeA. Vcronb3yst ouonHbopmaTuie-
CKUI aHaJIn3, MBI MACHTU(MUIIMPOBAIN 1 BEIOPAJIN TSI BKITFOUSHUS B COCTaB PEeKOMOMHaHTHOTO Oenka T- n
B-kjeTouHble 3MUTONBI B KOHCEPBATUBHBIX peruoHax, oomumx ais padHbix cepoturioB CIA. TlocpeacTtBom
CTpaTerny MHTETpalluy 3TUX (DparMeHTOB ITpeIIojiaracTcs YCMJINTh 3alIUTy OoT mTtaMMoB CIA, HeCcyImx oK-
30TOKCHUH, OCOOCHHO TeX, KOTOPBIE CBSI3aHbl C MHBAa3MBHBIMU MHPeKIMUsIMA. OlleHKa UMMYHOT€HHOCTH Ha
MOJEJSIX MBIILIEN TTPOIEMOHCTPHUPOBaIa CUIbHBIN IT'yMOpPaJbHbIA UMMYHHBII OTBET ITOCJE MapeHTepaabHOMI
BaKIIMHAIIMKW, HalIpaBJIeHHbI Ha 00a KOMIIOHEHTa TMOpUAHOI MoieKyJibl. ITociaemyroiiasi olieHKa 3alluT-
HO# 3(PEeKTUBHOCTU MPOTUB BHYyTpuOpromnHHOro BeeneHust CIA BbisiBMJIa YyCKOpeHUE OaKTepuaabHOTO
KJIMPeHCca Yy BaKIIMHMPOBAHHBIX JKUBOTHBIX, ITPU 3TOM (hparMeHT SpeA TIpOSIBIIsI 3HAYUTEIbHBIN 3alIUTHBII
addexr. [IpeacraBaeHHBIC pe3yIbTaThl IEMOHCTPUPYIOT MOTCHIINA MOJTYIeHHO PEKOMOMHAHTHOM XUMEP-
HOI BaKIIMHBI KAK MHOTOOOCIIIAIONIEero KaHauIaTa ISl pa3padoTKN BaKIIMHBI IIPOTUB CTPEITOKOKKOB IPYII-
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TARGETING GROUP A STREPTOCOCCUS WITH
A RECOMBINANT CHIMERIC VACCINE: INTEGRATING ScpA
AND SpeA FRAGMENTS

Duplik N.V,, Leontieva G.F., Kramskaya T.A., Bogatireva K.P.,
Gupalova T.V.,, Bormotova E.A., Koroleva 1.V, Suvorov A.N.

Institute of Experimental Medicine, St. Petersburg, Russian Federation

Abstract. Our objective was to develop a vaccine against group A streptococci (Streptococcus pyogenes, GAS),
the causative agent of a broad spectrum of infections with varying severity. The expression vectors pET27 and
pQE30 were used to clone genes encoding recombinant proteins, which were subsequently affinity-purified.
Female mice were immunized subcutaneously twice with the purified polypeptides (20 pg/mouse) formulated
with Alum adjuvant (2:1) at three-week intervals. Immune sera were analyzed using ELISA to evaluate
antigen-specific responses. Three weeks after the final immunization, mice were challenged intraperitoneally
with GAS M1 serotype at a dose of 5 x 107 CFU/mouse. Vaccination efficacy was determined by comparing
bacterial clearance in vaccinated versus control animals, assessed by bacterial loads in the spleen at 3 and
15 hours post-infection. The vaccine candidate is a hybrid recombinant protein comprising fragments from
two essential GAS virulence factors: C5a peptidase (ScpA) and SpeA exotoxin. T and B cell epitopes from
conserved regions, common across multiple GAS serotypes, were identified and included into the construct
using bioinformatics tools. The integration of these epitopes is designed to confer broad-spectrum protection
against GAS strains carrying exotoxin, particularly those linked to invasive infections. Immunogenicity studies
in mice revealed a robust humoral immune response targeting both components of the hybrid protein. Further
evaluation of protective efficacy demonstrated accelerated bacterial clearance in vaccinated animals, with the
SpeA fragment playing a significant protective role. These findings emphasize the potential of this recombinant
chimeric vaccine as a promising candidate for the prevention of group A streptococcal infections, addressing
the critical need for effective prophylactic strategies against GAS-associated diseases.

Keywords: group A Streptococcus, C5a peptidase, exotoxin SpeA, recombinant chimeric vaccine, immunogenicity, protectivity
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Introduction

Group A Streptococcus (S. pyogenes, GAS) is
widely distributed and is responsible for a spectrum
of diseases in humans, exhibiting diverse clinical
presentations and varying degrees of severity [18, 23,
28, 36]. These include tonsillitis, pharyngitis, acute
respiratory infections, otitis, impetigo, scarlet fever,
erysipelas, rheumatic fever, glomerulonephritis, and

vasculitis. Less common manifestations encompass
necrotizing fasciitis and myositis, enteritis, focal
lesions within internal organs, and toxic shock
syndrome. According to estimates from the World
Health Organization (WHO), GAS infections afflict
over 100 million individuals annually, culminating
in more than half a million deaths each year due to
associated diseases [45].

While GAS remains susceptible to antibiotics,
antibiotic therapy alone is insufficient as a primary
treatment for rheumatic fever and rheumatic heart
disease. It merely reduces the duration of the
illness and alleviates symptoms. Furthermore, the
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widespread use of antibiotics has contributed to the
emergence of antimicrobial resistance in GAS [8,
9, 15, 27, 32, 46], further complicating the situation
and underscoring the need for new vaccine-based
prevention strategies [10, 37].

As of now, licensed vaccines targeting Group A
Streptococcus (GAS) antigens are not available;
however, significant efforts are underway towards
their development [25]. The M protein, a key viru-
lence factor of GAS, represents a primary target
for vaccine research and development. Numerous
vaccine candidates, predominantly centered around
the M protein or its N- and/or C-terminal regions,
have been under investigation. Encouragingly, certain
candidates, such as a 6-, 26-, and 30-valent M
protein-based vaccines, have demonstrated promising
outcomes in preclinical assessments and early-stage
clinical trials [14, 30].

Other Group A Streptococcus (GAS) surface
proteins are also being studied as vaccine candidates.
These include proteins such as streptococcal pyro-
genic exotoxin (SpeA), fibronectin binding proteins
(FBI), Streptococcus pyogenes cell wall proteinase
(SpyCEP), streptococcal C5a peptidase (ScpA),
arginine deiminase (ADI), trigger factor (TF),
and streptolysin O (SLO). To date, most of these
developments remain at the preclinical research
stage [20, 43, 44].

The phenomenon of antigenic drift under the
influence of the immune system, leading to constant
variability in the antigenic properties of bacteria,
necessitates the inclusion of conserved segments
of bacterial molecules in vaccines and/or the
development of multispecific vaccine compositions.
In this regard, the use of recombinant proteins opens
up prospects for the development of effective universal
vaccine preparations. These pre-designed proteins
can ensure good immunogenicity of the vaccine and
reduce the risk of immune evasion [40].

Unlike multicomponent vaccines, chimeric vac-
cines simplify manufacturing processes by eliminating
the need to separately produce individual vaccine
components. This not only reduces production costs
but also improves the efficiency of vaccine pro-
duction overall. In addition, chimeric constructs can
be tailored to target specific factors of the immune
system, such as inducing neutralizing antibodies or
enhancing T cell immunity.

Incorporation of specific amino acid regions into
chimeric proteins may reduce the risk of toxicity
compared to full-length proteins derived from
pathogenic bacteria, which may be inherently toxic.
Additionally, chimeric proteins offer versatility
and can be used in combination vaccines targeting
multiple pathogens, highlighting their potential in the
fight against co-infectious diseases.

In this article, we present the results of a study
of a combined recombinant molecule consisting of
a fragment of peptidase C5a and the erythrogenic
toxin SpeA of §. pyogenes (Dick toxin). Through
the strategic integration of these moieties, we expect
to achieve enhanced protection against exotoxin-
carrying GAS strains, especially those associated with
invasive infections. The structure of this chimeric
recombinant molecule, designated ScpA-SpeA,
was determined through preliminary bioinformatics
analysis. The recombinant ScpA-SpeA protein
included conserved and immunogenic epitopes of the
surface serine protease ScpA and the erythrogenic
toxin SpeA.

Following two subcutaneous immunization of
mice with the chimeric recombinant molecule, a
systemic humoral immune response was elicited.
Analysis of specific serum IgG revealed the presence of
antibodies targeting both components of the combined
molecule in circulation. Furthermore, quantitative
assessment of S. pyogenes content in the spleens of
mice after intraperitoneal infection demonstrated a
significantly higher rate of bacterial elimination from
the bloodstream of vaccinated mice compared to that
in control, non-immunized animals.

The implications of these results are discussed in
the context of the potential utility of the developed
construct for the prevention of GAS infections.

Materials and methods

Bacterial strains, culture media, and growth con-
ditions

The Escherichia coli strains M 15 and BL21 sourced
from the collection of the Institute of Experimental
Medicine (St. Petersburg, Russia) were utilized in this
study. E. coli M 15 cells were cultivated in LB medium
(Luria Broth) supplemented with kanamycin at a final
concentration of 25 pg/mL, and incubated at 37 °C
with vigorous agitation overnight. For the production
of recombinant protein, E. coli M15 transformants
were cultured in Terrific Broth medium (prepared
according to Maniatis) supplemented with ampicillin
(100 pg/mL) and kanamycin (25 ug/mL), and
incubated at 37 °C with vigorous agitation.

Similarly, E. coli BL21 cells were cultured in LB
medium at 37 °C with vigorous agitation overnight. For
the production of recombinant protein, E. coli BL21
transformants were cultured in Terrific Broth medium
(prepared according to Maniatis) supplemented with
ampicillin (100 pg/mL), and incubated at 37 °C with
vigorous agitation.

Streptococcus pyogenes serotype M1, obtained
from the collection of the Institute of Experimental
Medicine (St. Petersburg, Russia), was cultured in THB
(Todd-Hewitt Broth) medium (HiMedia, India) for
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24 hours at 37 °C under aerobic conditions. Bacterial
cells were subsequently washed three times with PBS
by centrifugation at 3500 rpm for 20 minutes and
concentrated if necessary. The resulting suspension
was utilized for peritoneal infection.

Method for quantitative determination of bacteria

To quantitatively assess bacterial concentration,
10 uL of 10-fold dilutions of the sample were ino-
culated onto the surface of 5% blood agar in
triplicate. The inoculated plates were then incubated
for 24 hours at 37 °C. For dilutions where colony
counting is feasible, the average number of colonies
formed was determined. Considering the dilution
factor, this number was extrapolated to represent the
bacterial concentration per milliliter of the original
sample. The bacterial concentration was expressed
in colony-forming units per milliliter (CFU/mL) of
the sample.

Animal procedures

Female inbred Balb/c mice, aged 10 weeks, were
obtained from the Rappolovo laboratory animal nur-
sery in the Leningrad region, Russia. The mice were
housed under standard laboratory conditions with ad
libitum access to food and water.

Experimental procedures adhered to the principles
outlined in EU Directive 2010/63/EU for animal
experiments and were conducted in accordance with
guidelines and under the supervision of the local
biomedical ethics committee. Approval for these
experiments was obtained during an ethics committee
meeting held on January 28, 2021, as documented in
Meeting Minutes 1/21.

Non-terminal procedures were performed under
ether anesthesia. Animals were euthanized under
ether anesthesia before cervical dislocation. The
health status of the live vaccine- challenged mice was
monitored and recorded once a day for ten days post-
vaccination. No animal showed any signs of illness
following vaccine strain infection. No animals died
(without euthanasia) as a result of the experimental
procedures.

Immunization protocols

Proteins were administered subcutaneously into
the dorsal area of mice at a dose of 20 pg/mouse, with
two injections given at a three-week interval. Prior
to injection, the protein was emulsified in 0.2 mL
of PBS along with 0.1 mL of Imject Alum (Thermo
Scientific, USA). Blood samples were collected from
the submandibular vein on day 18 and on day 39 and
centrifuged at 1500xg for 10 minutes. The collected
sera were then stored at -20 °C.

Study of the protective effectiveness of vaccination

To assess the specific protective efficacy of the
immune response, mice were intraperitoneally
infected 3 weeks after the final injection with GAS at
a dose of 5 x 107 CFU/mouse.

Spleens were collected in 3 and 15 hours post
infection and homogenized in PBS using a Retsch
MM-400 vibrating ball mill. Serial 10-fold dilutions of
the homogenates were prepared in PBS, and aliquots
of the dilutions were plated on solid nutrient medium
(Columbia agar with 5% human red blood cells). The
plates were then incubated at 37 °C for 14-16 hours,
and colonies were subsequently counted under a
microscope. The bacterial load in CFU per organ was
calculated and expressed as log10.

Enzyme-linked immunosorbent assay (ELISA)

ELISA analysis was conducted following a pre-
viously described protocol [12]. Maxisorb 96-well
plates (Nunc; Denmark) were coated with 0.5 pug/mL
of the corresponding protein in 0.1 M sodium
carbonate buffer, pH 9.3, overnight at 4 °C. Samples
(100 pL) were added to duplicate wells in a series of
two-fold dilutions and incubated for 1 hour at 37 °C.
Following each step, the plates were washed with
blocking buffer (0.05% Tween 20 in PBS). Serum and
reagents were diluted using the same buffer. HRP-
conjugated goat anti-mouse IgG antibodies (Sigma,
USA) were added at a volume of 100 pL per well.
After incubation at 37 °C for 1 hour, the plates were
developed with 100 uL per well of TM B substrate (BD
Bioscience, The Netherlands). Color development
was observed after 20 minutes of incubation, and the
reaction was halted by adding 30 puL of 50% sulfuric
acid. ELISA endpoint titers were determined as the
highest dilution yielding an optical density at 450 nm
(OD450) greater than the mean OD450 plus 3 stan-
dard deviations of the negative control wells.

Bioinformatics analysis

Analysis of Group A Streptococcus (GAS) DNA
and proteins was conducted utilizing the NCBI non-
redundant (nr) database and the BLAST tool [5], both
of which are freely accessible resources. DNA primer
design was facilitated by the Primer 3.0 computer
program. Protein sequence analysis for B cell and
T cell epitopes was performed using the Immune
Epitope Analysis Database and Resource (IEDB), a
freely available tool.

Genetic engineering procedures

A chimeric gene, scpA-speA, 1536 bp in length,
was chemically synthesized with built-in BamHI and
HindIII restriction sites and initially cloned into the
vector plasmid DNA pAL2-T (Evrogen, Russia).

Fragments of the scpA and sped genes were
obtained via polymerase chain reaction (PCR) using
the primers listed in Table 1. The primer sequences
were designed to incorporate BamHI and Sacl
restriction endonuclease sites for efficient cloning.

Subsequently, the resulting scpA-speA gene and
scpA gene fragment were cloned into the expression
vector pQE-30 (The QIAexpress System, Qiagen,
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TABLE 1. OLIGONUCLEOTIDE PRIMERS

Primer name Sequence
Scpafor TCC TGG ATC CGAACAAAC CGTAGAAAC TCC AC
Scparev TCT TGG AGC TCG GCT GTT TTG ACC GTAGCAGT
spefor GGATCC AAG CCAACTTCACAGATCTAGT
sperev GTAAGC TTC AAT TTG GCT TGT GTT TGA

USA). Additionally, the spedA gene fragment was
cloned into the expression vector pET-27.

Purification of recombinant proteins

Cultures of E. coli strains M 15 and BL21 were grown
in Terrific Broth medium and induced by the addition
of an IPTG solution. Following induction, cells were
lysed using an ultrasonic disintegrator (Soniprep
150plus, MSE, UK). The resulting cell lysate was then
applied to a Ni-Sepharose column for the purification
of recombinant proteins. Following purification and
determination of protein concentration using the
Lowry method, the product was stored at -20 °C.

Immunoblotting analysis

Immunoblotting was performed according to
standard protocols. Briefly, protein samples were
separated by SDS-PAGE using a 12% polyacrylamide
gel and transferred onto a nitrocellulose membrane
using a semi-dry transfer system. The membrane was
then blocked with 5% non-fat milk in Tris-buffered
saline with 0.1% Tween-20 (TST) for 1 hour at room
temperature. After blocking, the membrane was
incubated with primary antibodies (sera obtained
from mice immunized with recombinant protein
ScpA, SpeA or ScpA-SpeA) against the target protein
overnight at 4 °C. Following primary antibody incu-
bation, the membrane was washed three times with
TST and then incubated with horseradish peroxidase-
conjugated secondary antibodies (Sigma, USA) for
1 hour at room temperature. After three additional
washes with TST, protein bands were visualized using
staining HRP substrate — 3, 3’-diaminobenzidine
(DAB).

Statistical data analysis

Data normality was assessed using the Shapiro—
Wilk test, and statistical significance (p-value) was
determined using a Student’s t-test. Results are
presented as mean = SEM. Statistical analysis was
conducted using the statistical module of GraphPad
Prism 6 software (GraphPad Software, Inc., San
Diego, CA, USA). p-values < 0.05 were considered
significant.

Results

The chimeric recombinant molecule investigated
in this study was engineered from two components

corresponding to the immunogenic regions of
streptococcal proteins. It comprised a fragment of
peptidase C5a (ScpA), an enzyme expressed on the
bacterial surface that cleaves and deactivates human
complement factor C5a, and a segment of the SpeA
gene encoding the erythrogenic toxin of group A
streptococci. Both proteins are recognized as virulence
factors for group A streptococci.

The efficacy of antibacterial polypeptide vaccines
is widely acknowledged to hinge upon the quality
and specificity of the induced immune response.
The specificity of a vaccine can be broadened by
incorporating conserved regions into the vaccine
molecule that are shared across a diverse array of
serotypes of pathogenic bacteria.

With these considerations in mind, a preliminary
bioinformatic analysis was conducted, facilitating the
identification of conserved regions within the amino
acid sequences of ScpA and SpeA. These regions were
found to harbor T and B cell-dependent epitopes,
thereby enhancing the potential specificity and
efficacy of the vaccine.

The amino acid sequences used for bioinformatic
analysis were retrieved from the NCBI Protein
database [26] using the following accession numbers:
WP_011055051.1, WP_011054794.1. These sequen-
ces correspond to the proteins ScpA and SpeA from
GAS strain MGAS315. The NCBI Protein database
version used was the latest available at the time of
retrieval. Conserved regions of the proteins were
selected based on sequence alignment using BLAST
(Basic Local Alignment Search Tool) [5] with a con-
servation threshold of 100% identity.

The selected ScpA and SpeA protein sequences
corresponded to the ScpA and SpeA sequences at
positions 42-366 and 57-229, respectively (Figure 1).

Subsequently, within the identified regions, ana-
lysis using the IEDB immune epitope database re-
vealed the presence of top-ranking B cell epitopes,
alongside T cell-dependent epitopes that exhibited a
predicted strong binding affinity to MHC II molecules
(Figure 2).

During the construction of the vaccine mole-
cule, functionally active regions were intentionally
excluded from the sequences of streptococcal
proteins. Specifically, the conserved active site of
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ScpA, characterized by three amino acid residues
(Ser-Asp-His), was altered due to the absence of
serine residue No. 512 [39]. Additionally, the selected
SpeA structure lacked Glu-33, which is essential
for the formation of a zinc binding site by the SpeA
protein, necessary for MHC class II recognition [3].

ScpA

Bepipred Linear Epitope Prediction 2.0 Results
Input Sequences

EQAVETPQPT AVSEEVPSSK ETKTPQTPDD AEETIADDAN DLAPQAPAKT ADTPATSKAT
61 IRDLNDPSQV KTLQEKAGKG AGTVVAVIDA GFDKNHEAWR LTDKTKARYQ SKEDLEKAKK
121 EHGITYGEWV NDKVAYYHDY SKDGKTAVDQ EHGTHVSGIL SGNAPSETKE PYRLEGAMPE
181 AQLLLMRVEI VNGLADYARN YAQAIRDAVN LGAKVINMSF GNAALAYANL PDETKKAFDY
241 AKSKGVSIVT SAGNDSSFGG KTRLPLADHP DYGVVGTPAA ADSTLTVASY SPDKQLTETA
301 MVKTDDQQDK EMPVLSTNRF EPNKA

These alterations were made to prevent the retention
of functional activity in the vaccine molecules. The
two amino acid sequences were linked together using
the linker region GGGGGGSSS (Table 2).

The amino acid sequence of the chimeric
recombinant protein ScpA-SpeA was translated into

Center position: 4 Threshold: 0.500 Recalculate
Predicted peptides:
071 No. | Start | End Peptide Length
ETPQPTAVSEEVPSSKETKTPQTP
1 5 69 | DDAEETIADDANDLAPQAPAKTAD | 65
0.6 TPATSKATIRDLNDPSQ
2 72 | 80 TLQEKAGKG 9
NHEAWRLTDKTKARYQSKEDLEK
© 05 3 95 | 151 | AKKEHGITYGEWVNDKVAYYHDY | 57
g SKDGKTAVDQE
wn
4 165 | 172 PSETKEPY 8
0.4 5 193 | 195 GLA 3
6 224 | 233 ALAYANLPDE 10
0.34
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
Position
Average: 0.507 Minimum: 0.272 Maximum: 0.693
SpeA
Bepipred Linear Epitope Prediction 2.0 Results
Input Sequences
1 GDPVTHENVK SVDQLLSHDL IYNVSGPNYD KLKTELKNQE MATLFKDKNV DIYGVEYYHL
61 CYLCENAERS ACIYGGVTNH EGNHLEIPKK IVVKVSIDGI ~QSLSFDIETN KKMVTAQELD
121 YKVRKYLTDN KQLYTNGPSK YETGYIKFIP KNKESFWFDF FPEPEFTQSK YLMISLIS
Center position: 4 Threshold:  0.500 Recalculate
Predicted peptides:
0.65 pep
No. Start | End Peptide Length
0.60 - 1 5 17 THENVKSVDQLLS 13
055+ 2 27 |2 P 1
3 40 | 45 EMATLF 6
0.50 1 4 61 72 CYLCENAERSAC 12
o
S 0.451 5 77 | 88 VTNHEGNHLEIP 12
2 6 100 | 102 1as 3
0401 7 128 | 142 TDNKQLYTNGPSKYE 15
0.351
0.30 1
0.25 - - - - - - - - - -
0 20 40 60 80 100 120 140 160 180
Position

Average: 0.492 Minimum: 0.268 Maximum: 0.638

Figure 1. Bepipred liner epitope prediction of ScpA and SpeA
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ScpA

MHC-II Binding Prediction Results
Input Sequences

Sequence

EQAVETPQPTAVSEEVPSSKETKTPQTPDDAEETIADDANDLAPQAPAKT
ADTPATSKATIRDLNDPSQVKTLQEKAGKGAGTVVAVIDAGFDKNHEAWR
LTDKTKARYQSKEDLEKAKKEHGITYGEWVNDKVAYYHDYSKDGKTAVDQ
1 Sequence 1 EHGTHVSGILSGNAPSETKEPYRLEGAMPEAQLLLMRVEIVNGLADYARN
YAQAIRDAVNLGAKVINMSFGNAALAYANLPDETKKAFDYAKSKGVSIVT
SAGNDSSFGGKTRLPLADHPDYGVVGTPAAADSTLTVASYSPDKQLTETA
MVKTDDQQDKENPVLSTNRFEPNKA

Prediction method: netmhciipan_el 4.1 | High score = good binders
Download result

Citations
HLA-DRB302:02 1 194 208 15 YARNYAQAI LADYARNYAQAIRDA 09510 0.01
HLA-DRB302:02 1 193 207 15 YARNYAQAI GLADYARNYAQAIRD 09323 0.04
HLA-DRB1*07:01 1 234 248 15 FDYAKSKGV TKKAFDYAKSKGVSI 0.9655 0.04
HLA-DRB1*07:01 1 235 249 15 FDYAKSKGV KKAFDYAKSKGVSIV 09725 0.04
HLA-DRB1*07:01 1 233 247 15 FDYAKSKGV ETKKAFDYAKSKGVS 09537 0.06
HLA-DRB1*07:01 1 237 251 15 YAKSKGVSI AFDYAKSKGVSIVTS 0.9553 0.06
HLA-DRB1*07:01 1 236 250 15 YAKSKGVSI KAFDYAKSKGVSIVT 0.9566 0.06
HLA-DRB3*02:02 1 195 209 15 YARNYAQAI ADYARNYAQAIRDAV 0.9071 0.07
HLA-DRB3*01:01 1 125 139 15 WVNDKVAYY TYGEWVNDKVAYYHD 0.9361 0.07
HLA-DRB3*01:01 1 126 140 15 WVNDKVAYY YGEWVNDKVAYYHDY 09326 008
HLA-DRB3*02:02 1 192 206 15 YARNYAQAI NGLADYARNYAQAIR 0.8265 0.14
HLA-DRB3*01:01 1 127 141 15 WVNDKVAYY GEWVNDKVAYYHDYS 0.8447 0.14
HLA-DRB3*01:01 1 124 138 15 WVNDKVAYY ITYGEWVNOKVAYYH 0.8499 0.14
HLA-DRB1*07:01 1 232 246 15 FDYAKSKGV DETKKAFDYAKSKGV 08894 0.19
HLA-DRB1*15:01 1 131 145 15 VAYYHDYSK NDKVAYYHDYSKDGK 08389 037
HLA-ORB1*07:01 1 238 252 15 YAKSKGVSI FDYAKSKGVSIVTSA 0.8245 0.41
HLA-DRB4*01:01 1 32 46 15 IADDANDLA EETIADDANDLAPQA 05842 046
HLA-DRB5*01:01 1 106 120 15 YQSKEDLEK KARYQSKEDLEKAKK 06335 048
HLA-DRB4*01:01 1 80 %4 15 TVVAVIDAG GAGTVVAVIDAGFDK 0.5398 057

SpeA

MHC-II Binding Prediction Results
Input Sequences

Sequence

GDPVTHENVKSVDQLLSHDLIYNVSGPUYDKLKTELKNQEMATLFKDKNV
DIYGVEYYHLCYLCENAERSACIYGGVTNHEGNHLEIPKKIVVKVSIDGI
QSLSFDIETNKKMVTAQELDYKVRKYLTDNKQLYTNGPSKYETGYIKFIP
KNKESFWFDFFPEPEFTQSKYLMISL

1 Sequence 1

Prediction method: netmhciipan_el 4.1 | High score = good binders
Download result

Citations
Allele # End Lenght Core Sequence Peptide Sequence Percentile Rank
HLA-DRB3*02:02 1 17 31 15 LIYNVSGPN SHDLIYNVSGPNYDK 0.9216 0.05
HLA-DRB5*01 01 1 26 40 15 YDKLKTELK GPNYDKLKTELKNQE 0.8637 0.06
HLA-DRB5*01:01 1 25 39 15 YDKLKTELK SGPNYDKLKTELKNQ 0.8281 0.10
HLA-DRB3*02:02 1 16 30 15 LIYNVSGPN LSHDLIYNVSGPNYD 0.8652 0.11
HLA-DRB5*01:01 1 141 155 15 YIKFIPKNK YETGYIKFIPKNKES 0.8100 0.12
HLA-DRB5*01:01 1 142 156 15 YIKFIPKNK ETGYIKFIPKNKESF 0.7957 0.13
HLA-DRB4*01:01 1 11 125 15 VTAQELDYK KKMVTAQELDYKVRK 0.7749 0.19
HLA-DRB3*02 02 1 18 32 15 LIYNVSGPN HDLIYNVSGPNYDKL 0.7853 0.22
HLA-DRBS*01:01 1 140 154 15 YIKFIPKNK KYETGYIKFIPKNKE 0.7213 0.25
HLA-DRB5*01:01 1 24 38 15 YDKLKTELK VSGPNYDKLKTELKN 0.7215 0.25
HLA-DRB5*01:01 1 27 41 15 YDKLKTELK PNYDKLKTELKNQEM 0.7114 0.28
HLA-DRB4*01:01 1 110 124 15 VTAQELDYK NKKMVTAQELDYKVR 0.6903 0.30
HLA-DRB3*02:02 1 15 29 15 LIYNVSGPN LLSHDLIYNVSGPNY 0.6911 0.38
HLA-DRB1*03:01 1 123 137 15 YLTDNKQLY VRKYLTDNKQLYTNG 0.8882 0.39
HLA-DRB3*01:01 1 123 137 15 YLTDNKQLY VRKYLTDNKQLYTNG 0.6810 045
HLA-DRB1*03:01 1 122 136 15 YLTDNKQLY KVRKYLTDNKQLYTN 0.8619 0.50
HLA-DRB3*01:01 1 122 136 15 YLTDNKQLY KVRKYLTDNKQLYTN 0.6354 0.59
HLA-DRB5*01:01 1 143 157 15 YIKFIPKNK TGYIKFIPKNKESFW 0.5779 0.65
HLA-DRB4*01:01 1 88 102 15 VVKVSIDGI PKKIVVKVSIDGIQS 0.5057 0.69
HLA-DRB1*03:01 1 124 138 15 YLTDNKQLY RKYLTDNKQLYTNGP 0.8218 0.69
HLA-DRB4*01:01 1 109 123 15 VTAQELDYK TNKKMVTAQELDYKV 0.4959 0.76
HLA-DRB4*01:01 1 112 126 15 VTAQELDYK KMVTAQELDYKVRKY 0.4828 0.80
HLA-DRB3*01:01 1 121 135 15 YLTDNKQLY YKVRKYLTDNKQLYT 0.5360 0.81
HLA-DRB3*01:01 1 124 138 15 YLTDNKQLY RKYLTDNKQLYTNGP 0.5295 0.82

Figure 2. The IEDB immune epitope database analysis of ScpA and SpeA
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Figure 3. SDS-PAGE of recombinant polypeptides

a nucleotide sequence optimized for expression in
E. coli. The synthesis of the nucleotide sequence of the
gene encoding the chimeric protein, the principle of
its cloning into the pQE-30 plasmid, the selection of
transformant clones, the preparation of the chimeric

recombinant protein, and its purification are detailed
in the “Materials and methods” section. The resulting
chimeric recombinant protein ScpA-SpeA exhibited
a molecular weight of 70+0.5 kDa (Figure 3).

Strains producing components included in the
chimeric protein ScpA-SpeA were constructed, and
recombinant ScpA and SpeA proteins were obtained
as described in the “Materials and methods” section
(Figure 3).

In an experiment conducted on Balb/c mice,
the immunogenicity of the chimeric recombinant
protein was assessed in comparison to its constituent
fragments, ScpA and SpeA. The experimental
protocol is illustrated in Figure 4.

Mice were subcutaneously immunized with the
three proteins, and the IgG antibody levels in the
blood serum were evaluated using ELISA after single
and double immunization. ELISA analysis of the
humoral immune response revealed that both the
GAS chimeric proteins and recombinant analogs of its
components, when administered twice, induced the
accumulation of IgG antibodies in the blood serum.
Importantly, the immune response to the chimeric
molecule resulted in the production of antibodies
specific to both components of the chimera — C5a
and SpeA. Furthermore, antibodies to C5a and SpeA
in the ELISA assay interacted with the chimeric
molecule immobilized on the bottom of the plate
(Figure 5).

The ELISA findings were corroborated through
immunoblotting (Figure 6A). The results indicate

TABLE 2. AMINO ACID SEQUENCES OF RECOMBINANT POLYPEPTIDES

Recombinant
polypeptide

Amino acid sequences

ScpA-SpeA

MRGSHHHHHHGSEQAVETPQPTAVSEEVPSSKETKTPQTPDDAEETIADDANDLAPQAPAKTADT
PATSKATIRDLNDPSQVKTLQEKAGKGAGTVVAVIDAGFDKNHEAWRLTDKTKARYQSKEDLEKAK
KEHGITYGEWVNDKVAYYHDYSKDGKTAVDQEHGTHVSGILSGNAPSETKEPYRLEGAMPEAQLL
LMRVEIVNGLADYARNYAQAIRDAVNLGAKVINMSFGNAALAYANLPDETKKAFDYAKSKGVSIVTS
AGNDSSFGGKTRLPLADHPDYGVVGTPAAADSTLTVASYSPDKQLTETAMVKTDDQQDKEMPVLS
TNRFEPNKAGGGGGGSSSGDPVTHENVKSVDQLLSHDLIYNVSGPNYDKLKTELKNQEMATLFKD
KNVDIYGVEYYHLCYLCENAERSACIYGGVTNHEGNHLEIPKKIVVKVSIDGIQSLSFDIETNKKMVT
AQELDYKVRKYLTDNKQLYTNGPSKYETGYIKFIPKNKESFWFDFFPEPEFTQSKYLMISLIS

ScpA

MRGSHHHHHHGSTPQPTAVSEEAPSSKETKTPQTPDDAGETVADDANDLAPQAPAKTADTPATSK
ATIRDLNDPSQVKTLQEKAGKGAGTVVAVIDAGFDKNHEAWRLTDKTKARYQSKEDLEKAKKEHGI
TYGEWVNDKVAYYHDYSKDGKTAVDQEHGTHVSGILSGNAPSETKEPYRLEGAMPEAQLLLMRVE
IVNGLADYARNYAQAIRDAINLGAKVINMSFGNAALAYANLPDETKKAFDYAKSKGVSIVTSAGNDSS
FGGKTRLPLADHPDYGVVGTPAAADSTLTVASYSPDKQLTEILKLN

SpeA

MKYLLPTAAAGLLLLAAQPAMAMDIGINSDPSQLHRSSLVKNLQNIYFLYEGDPVTHENVKSVDQLL

SHDLIYNVSGPNYDKLKTELKNQEMATLFKDKNVDIYGVEYYHLCYLCENAERSACIYGGVTNHEG

NHLEIPKKIVVKVSIDGIQSLSFDIETNKKMVTAQELDYKVRKYLTDNKQLYTNGPSKYETGYIKFIPK
NKESFWFDFFPEPEFTQSKYLMIYKDNETLDSNTSQIRKLAAALEHHHHHH
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Figure 4. Schematic representation of the immunization protocol for mice followed by evaluation of the protective efficacy

of the induced immune response

Note. For detailed procedures, refer to the “Materials and methods” section.

that the serum of mice immunized with the chi-
meric protein harbors antibodies capable of binding
not only to the chimeric protein itself but also
to the recombinant fragments of the peptidase
ScpA and SpeA. Additionally, sera obtained from
mice immunized with individual components of
the combined protein exhibited binding to it in
immunoblotting (Figure 6B).

A comparative investigation into the protective
efficacy of the chimeric protein and its individual re-
combinant components against S.pyogenes infection
was conducted through intraperitoneal administration
of a suspension of GAS serotype M1 at a dose of 5 x 107
per mouse, followed by monitoring the bacterial count
in the spleen of mice at 3 and 15 hours post-infection
(Figure 7).

Mice subjected to standard immunization were
intraperitoneally infected with a bacterial suspension.
S. pyogenes load in the spleens was assessed at 3 and
15 hours post-infection. For detailed procedures,
refer to the Materials and methods section. Bacterial
load were expressed as logl10 and presented as mean
SEM on the ordinate axis, (*) — p < 0.05.

After 15 hours following the onset of infection,
a notable increase in the rate of clearance of
intraperitoneally administered GAS was observed in
mice vaccinated with both the GAS chimera and its
components — SpeA and ScpA.

Thus, it has been demonstrated that the combined
protein ScpA-SpeA, comprising fragments of C5a
peptidase and erythrogenic toxin, displays im-
munogenicity upon subcutaneous administration
twice to mice, eliciting a robust humoral immune
response. IgG antibodies, specific to the chimeric
protein itself, as well as its individual components,
accumulated in the blood serum. Following intra-
peritoneal infection caused by GAS serotype M1,
accelerated elimination of streptococcus from the
bodies of mice immunized with the chimeric protein
and its individual components was reliably observed.
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Figure 5. Sera analysis post-immunization: specific I9G

response to ScpA-SpeA molecule detected in ELISA
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Figure 6. Inmunoblotting analysis of serum specificity
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Note. A, electrophoresis was performed on a 12% polyacrylamide gel (PAGE) to separate the proteins ScpA-SpeA, ScpA, and SpeA, followed
by transfer to nitrocellulose paper and treatment with serum obtained from mice immunized with the chimeric protein ScpA-SpeA. B, the chimeric
protein ScpA-SpeA was subjected to 12% PAGE electrophoresis in triplicate, followed by transfer to nitrocellulose paper and treatment with

sera obtained from mice immunized with proteins ScpA, SpeA, and the chimeric ScpA-SpeA, respectively. For detailed procedures, refer to

the Materials and methods section.

Discussion

The World Health Organization (WHO) has
articulated the need to create an effective vaccine
against Group A Streptococcus (GAS), which has
led to increased research in this area [45]. The
investigation of the M protein and its components
as vaccine candidates has advanced to the stage of
clinical trials [30]. Additionally, progress has been

lg CFU/spleen

3 15

Time post challenge (hours)

m Control mScpA [SpeA [ ScpA-SpeA

Figure 7. Assessment of protective efficacy of the immune
response

made in the development of other non-M protein
vaccines [20, 43, 44].

To ensure reliable neutralization or elimination
of GAS, researchers frequently test multicomponent
combinations of various streptococcal proteins [4,
11, 33, 34, 35]. An alternative to mixing vaccine
proteins into a single formulation is the production
of combined recombinant proteins. These are
composed of specially selected fragments of various
GAS proteins that possess specific properties such as
varied specificity, immunogenicity, conservativeness
and safety.

We constructed a two-component protein consis-
ting of tandem fragments of two GAS proteins: C5a
peptidase (ScpA) and SpeA. Both proteins have been
extensively studied as vaccine candidates due to their
critical roles as major virulence factors for GAS [29].

Protein fragments were carefully selected to inclu-
de conserved regions of the molecules containing T and
B cell epitopes. This approach ensures the elicitation
of a robust immune response following vaccination.

The production of composite recombinant vac-
cine formulations represents a prominent avenue in
the advancement of protein vaccine manufacturing
technologies [6].

Among protein GAS vaccines, polyvalent recom-
binant formulations comprising tandem variable
sequences of N-terminal fragments of the M protein
from various GAS serotypes occupy the forefront.
However, given that the literature has described over
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200 M serotypes of S. pyogenes to date, the feasibility
of developing a vaccine capable of targeting all
serological variants of GAS appears challenging [1].

Expansion of the serological specificity of the
vaccine preparation can be achieved by including
conserved protein regions in the vaccine molecule
that are present in all or the most virulent and
epidemiologically relevant strains of streptococci.
The C5a peptidase shows a significant degree of
conservation and is found in all members of the
different GAS serotypes. C5a peptidase is a surface
protein of GAS that plays an important role in
immune evasion by cleaving the host chemotactic
peptide C5a and interfering with the development of
the host inflammatory response [17, 21].

The amino acid sequence of C5a peptidase shares
98% similarity between S. pyogenes and Streptococcus
agalactiae, suggesting the potential for vaccine-
mediated prevention, including against Group B
streptococcus (GBS) infections [20]. Conversely,
SpeA, encoded by temperate bacteriophages, is
prevalent in the genome of the majority of GAS
strains, contributing to the invasive properties of
streptococci [19, 24].

Incorporation of SpeA, a known streptococcal
pyrogenic exotoxin produced by GAS, into the
vaccine molecule is expected to provide protection
against the risk of invasive infections.

Regions exhibiting a high degree of homology,
characterized by significant sequence conservation
or alignment scores, were identified in the amino
acid sequences of ScpA and SpeA using the BLAST
tool. These regions were incorporated into the
corresponding proteins of GAS serotypes associated
with increased virulence across various clinical
settings (serotypes M1, M3, M12, M 18, M89).

The composite molecule was formulated to
mitigate the risk of enzymatic activity associated
with ScpA and the mitogenic activity linked to SpeA.
Notably, the selected conservative fragment of ScpA
lacked amino acid sequences responsible for the
formation of the enzyme’s active center [39].

A mutation was introduced into the nucleotide
sequence encoding the SpeA fragment to induce an
amino acid substitution at Glu 33. This mutation, as
indicated by Baker et al. (2001), results in a significant
reduction in the mitogenic properties of the toxin [3].

According to bioinformatics analysis, the recom-
binant polypeptides ScpA and SpeA, as well as the
linear sequence of the studied combined molecule,
contained a substantial number of B- and T-dependent
epitopes essential for eliciting a robust T-dependent
immune response. This was corroborated by the
results of immune response assessments following the
first and second immunizations.

Just two weeks after the initial subcutaneous
administration, IgG antibodies to the test antigens
were detected in the blood of mice. Subsequent immu-

nizations led to increased antibody levels (Figure 5),
indicating the T-dependent nature of the immune
response to all test antigens.

Specific IgG targeting epitopes of ScpA and SpeA
were observed in the blood of mice immunized with
the chimeric protein (Figure 5). This was demonstrated
in ELISA assays, where both the chimeric protein and
its components were adsorbed onto the plate surface.

The data were corroborated by the results of
immunoblotting. In immunoblotting, IgG antibodies
present in the serum of mice vaccinated with the
chimeric molecule showed binding affinity not only to
the chimera but also to both individual polypeptides
ScpA and SpeA (Figure 6A). IgG antibodies targeting
ScpA and SpeA interacted with the chimeric protein
molecule (Figure 6B). For practical application of the
ScpA-SpeA vaccine molecule, additional assessment
of the safety of antibodies formed against spatial
determinants resulting from the secondary and tertiary
folding of this artificial protein will be necessary.

The protective efficacy of the induced immune
response was evaluated using a model of peritoneal
GAS infection in CBA mice. GAS M1 serotype
expressing SpeA was selected for the assessment of the
vaccine protectivity. For this purpose we have chosen
the peritoneal infection model. The reason for this
choice was based on the inability of rodent models
to establish significant oropharyngeal colonization of
GAS or exhibit symptomatic infection. Since GAS is a
human-specific pathogen, the lack of a native animal
model for studying GAS pathogenesis has also posed
challenges for GAS vaccine development [2].

The protective efficacy of vaccination was eva-
luated by assessing the rate of bacterial clearance
from the bodies of vaccinated and control animals, as
indicated by the bacterial load in the spleen. A com-
parative analysis of the protective effectiveness was
conducted not only for the chimeric vaccine but also
for its individual components.

Three hours post intraperitoneal administration,
no significant differences were observed in the spleen
infection levels among the studied groups, although
there was a trend towards accelerated bacterial
elimination in mice vaccinated with ScpA (Figure 7).
However, after 15 hours, a significant reduction in
bacterial load was evident in the spleens of mice across
all three immunized groups compared to the control.

Anti-C5a peptidase antibodies play an essential
role in the immune response to GAS infection by
neutralizing the ScpA enzyme, thereby restoring
the function of C5a. This leads to enhanced recruit-
ment and activation of immune cells, improved
phagocytosis, and overall more effective clearance of
the bacteria, reducing the pathogen’s ability to evade
the host immune system [21].

In line with classical concepts of infectious
immunology, bacterial elimination primarily occurs
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through effective opsonophagocytosis, which serves
as the principal mechanism for limiting bacterial
infection [22].

There is conflicting information regarding the
opsonizing potential of ScpA-specific antibodies.
Evidence suggests that immunization with the
five-component vaccine preparation Combo35,
which includes ScpA, leads to the formation of
non-opsonizing antibodies [34]. Conversely, other
data indicate that antibodies generated by a five-
component vaccine of similar composition possess
opsonizing properties [4]. Additionally, according
to Q. Cheng et al., IgG against the C5a peptidase of
GBS are effective opsonins [7, 31].

This classical logic is less straightforward when
considering the protective efficacy of the immune
response elicited by vaccination with a pyrogenic
exotoxin, which is an excreted protein.

Several studies have explored the potential use of
exotoxins as vaccine components. There is clinical
observations documented in the literature that anti-
bodies that neutralize streptococcal toxins protect
patients from toxic shock [13, 16].

There is experimental evidence indicating that
immunization with SpeA prevents the development
of experimental nasopharyngeal infection of mice.
According to authors, the proposed mechanism
of infection suppression they recorded possesses
a specific nature. ScpA targets and activates V(-
specific T cells, leading to the remodeling of the
nasopharyngeal environment essential for initiating
the early stages of GAS colonization. Specific
antibodies capable of neutralizing SpeA prevent the
formation of this environment, thereby impacting the
early stages of colonization and preventing infection
development [47].

Previously R.G. Ulrich described a protein vac-
cine based on a recombinant fusion protein of strepto-
coccal pyrogenic exotoxin B (SpeB) and streptococ-
cal pyrogenic exotoxin A (SpeA) [41, 42].

Vaccination of susceptible to GAS infection
HLA-DQS8 transgenic mice with the SpeA-SpeB fusion
protein protected against a challenge with the wild-
type SpeA that was lethal to na ve controls. Vaccinated
mice were protected from a lethal S. pyogenes infection.
The authors recorded the protective effect based on
mortality rates in the vaccinated and control groups
and did not monitor bacterial infection.

The authors of the aforementioned studies dis-
cussed the protective mechanisms following SpeA
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PYHKLUNOHAJIbHAA AKTUBHOCTb AHTU-GD2
CAR-T-KJIETOK C PA3JIN4HbIM AHTUIEH-

PACNO3HAIOLLAM MOAVJIEM

JIyukosuu JI.B., Kepesp ML.A,, Rabra A.B., JIynkosuu E.C,,
Meaemrko A.H.

T'Y «Pecnybaukanckuii HQyMHO-NPAKMU4ECKULL YeHmp 0emcKoll OHKO0A02UU, 2eMAMOA0UU U UMMYHOA02UL,
d. bopoeaansl, Munckas oo6a., Pecnybauxka beaapyco

Pesiome. Heiipo6iactoma (HB) — camast pacmpocTpaHeHHasl 3KCTpaKpaHuaabHasl COJUAHAS OIYyXOJb Y
nereit, 8-10% Bcex ASTCKMX OITyXOJei M 4acToToi okoJjio 1-1,3 ciyvast Ha 100 ThIic. mnereit no 15 yet. He-
CMOTpPSI Ha MCIIOJb30BaHNE MHTECHCUBHOIO JICUCHUSI C XUPYPTAUYECKUM BMEIIATEIbCTBOM, BBICOKOIO3HOM
XUMHUOTEpaIeil U pagruoTeparueii, S-JeTHssE 0ecCOObBITUIHAS BBKMBAEMOCTh cocTaBisieT 25-50%, nocie
peunnuBa — 10-40%. 3a nocienHee AeCATUIETUE CTPEMUTEIBHO Pa3BUBAETCS HOBBIM BUJI KJIETOYHOM Tepa-
nuu ¢ Moaudukanuein IMMMOOLIUMTOB XMMEPHBIM aHTUTeHHbIM petenTopoM (CAR). OgHUM 13 OCHOBHBIX
U3BeCTHBIX aHTUTeHOB mis1 co3gaHuss CAR-T-tepanuu npotuB HbB saBnsiercss nucuanoranrauosuag GD2,
9KCcIpeccust Kotoporo xapakrepHa B 100% ciydaeB 3Toro 3abojieBaHus. BOJIBIIMHCTBO KJIMHUYECKUX Ba-
puanToB aHTU-GD2 CAR ocHoBaHbl Ha scFv 14.G2, mpoucxomsmuM u3 XuMepHoro anturena 14.18 (me-
HyTykKcumao). B 2020 FDA yrBepauio HoBoe aHTu-GD2 rymanmn3npoBaHHoe aHTUTe0, 3F8 (HakcuTamao)
c JyymuuM mnpoduneMm 6e3ornacHocTu. HecMoTps Ha dyacTuuHbI ycriex, pesyiastatel aHTu-GD2 CAR-T-
TepalMy OCTAlOTCSI CKPOMHBIMU. OTHUM 13 BApUAHTOB YBEIWUYEHUS CIIEIU(DUIHOCTH pellenTopa siBJIsieTCst
TapretupoBaHue O-aunetun-GD2, mpou3BoaHOE OTUCHATIOTaHIVIMO3UAA, B KOTOPOM BHEIIHUI OCTaTOK CHU-
aNloBOM KMCJIOTHI MoaudpuurpoBaH O-aneTWioBbIM adupom. AuetunupoBanue GD2 poucxoauT TOJIBKO
B OIYXOJIEBBIX KJIETKAaX M He BCTpedaeTcsl B IepudeprdecKkux HepBax. M3BectHO aHTUTEN0 8B6, TapreTu-
pytomee O-atetiii-GD2. Takum 06pa3oM, Kak MUHAUMYM 3 TepaneBTUUYecKux aHtutena, 14G2a, hu3F8 u
8B6, KOHKYpUPYIOT APYT ¢ ApyroM 3a tapretupoBanue GD2 ¢ nomoibio CAR-T-kiieTok. M Bo Bcex ciydasix
aHTu-GD2 CAR coaepXuT BCTaBOUHbIE JOMEHbI BO BHEKJIETOUYHOMN YacTHU MOJIeKYJibl. Pe3ynbTaTsl oTae/b-
HBIX KIMHUYECKUX UcnblTaHui onyoarkoBaHbl 4151 CAR-T Ha ocHoBe 14G2a 1 hu3F8, HO moka HeT JaHHBIX
o ucnoJjib3oBaHuio anturesia 8B6 B cocraBe CAR. Llesib HACTOSIIIErO UCCIEA0BAHMS — IMOJIYYUTh XUMEPHbBIE
aHTUTECHHBIE PEIIeTITOPHI 2-T0 MOKOJCHMS Ha OCHOBE TPEX aHTUTEJI, C Pa3IMYHON JUIMHHON BHEKJIETOUHOTO
IOMEHa U OLICHUTH X (PYHKIIMOHAJIBHYIO aKTUBHOCTD B OTHOIIICHUH PsIIa KJIETOYHBIX JIMHUI 11T 000CHOBA-
HUS JATbHEUIITNX KIMHUYECKUX UCITBITAHUA.

Knrouesvie crosa: neiipooracmoma, ummynomepanus, anmueer, GD2, O-auemua-GD2, CAR-T
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FUNCTIONAL ACTIVITY OF ANTI-GD2 CAR-T CELLS WITH
DIFFERENT ANTIGEN-RECOGNITION MODULE

Lutskovich D.V,, Keraz M.A,, Klych H.V,, Lutskovich E.S,,
Meleshko A.N.

Belarusian Research Center for Pediatric Oncology, Hematology and Immunology, Borovlyany village, Minsk Region,
Republic of Belarus

Abstract. Neuroblastoma (NB) is the most common extracranial solid tumor in children comprising, 8
to 10% of all pediatric tumors, with incidence of about 1-1.3 cases per 100,000 children under 15 years of
age. Despite the use of intensive treatment with surgery, high-dose chemotherapy and radiotherapy, the 5-year
event-free survival rate is 25-50% and 10-40% after relapse. Over the past decade, a new type of cell therapy
with chimeric antigen receptor (CAR) modification of lymphocytes has been rapidly developed. Among the
main promising antigens for development of CAR-T therapy against NB is the disialoganglioside GD2, the
expression of which is shown in 100% of NB cases. Most clinical variants of anti-GD2 CAR-T cells are based
on scFv 14.G2, originating from chimeric antibody 14.18 (denutuximab). In 2020, the FDA approved a new
anti-GD2 humanized antibody, 3F8 (naxitamab) with a better safety profile. Despite partial success, the results
of anti-GD2 CAR-T therapy remain modest. One option to increase receptor specificity is based on targeting
O-acetyl-GD2, a disialoganglioside derivative in which the external sialic acid residue is modified with an
O-acetyl ester. Acetylation of GD2 occurs only in tumor cells, and it is not detected in peripheral nerves. An
8B6 antibody is known to target O-acetyl-GD2. Thus, at least 3 therapeutic antibodies, 14G2a, hu3F8 and
8B6, compete with each other for targeting GD2 with CAR-T cells. In all these cases, the anti-GD2 CAR
contains insertion domains in extracellular portion of the molecule. Results of separate clinical trials have
been published for CAR-T based on 14G2a and hu3F8. So far, however, there are no data on the usage of 8B6
antibody in CARs. The aim of the present study is to obtain 2"¢ generation chimeric antigenic receptors based
on three antibodies with different lengths of extracellular domain, and to evaluate their functional activity
against a number of cell lines to justify further clinical trials.

Keywords: neuroblastoma, immunotherapy, antigen, GD2, O-acetyl-GD2, CAR-T

HOM 00JIacTH, CUTHAJIBHOTO IOMEHAa, TaKOoTO Kak
nernb CD3C u3 komrutekca TCR, 1 nomeHa KOCTUMY -
Jsiuu (B ocHoBHOM 4-1BB n/unu CD28) [11]. Kiu-
HUYeckKuii onbIT npuMeHeHuss CAR-T-kiieTouHoit
Tepaltiu B 1IeJIOM OKa3aJjiCsl YCIICITHBIM, B OCHOBHOM
Mpy TeMaTOJIOTUYECKUX 3JI0KAYEeCTBEHHBIX HOBO-
oOpa3oBaHMsIX, ¢ pa3padboTkoil aHTU-CD19 CAR-
npermaparoB, Takux kKak Kymriah, Yescarta, Breyanzi
u Tecartus, Bce U3 KOTOPBIX OA0OPEHBI YIIpaBJIeHUEM
M0 KOHTPOJIIO 3a MpoaykTaMu 1 jgekapctBamu CIITA
(FDA) mist neyeHus1 B-KJIeTOYHBIX 3710KaYeCTBEH-
HBIX HOBOOOpa30BaHMA.

KnrmHuyeckue pe3ynbraThl, MOTyYeHHbBIC IIPU UC-
nonb3oBaHu CAR mist BO3AeCTBUSI HA COMUIHbBIC
OIYXOJIM Y B3POCJBIX WIN IEeTei, Ha CETOMHSIIITHUIA
JIeHb TI0Ka3bIBalOT Oosiee ciadyro 3(P(HeKTUBHOCTD,
YeM MpPU reMaToJOTMYEeCKUX OIMyXOJIsIX, OTYACTH U3-

BeeneHune

Heiipoonacroma (HB) — camas pacnpoctpa-
HEHHasl 3KCTpaKpaHUaJlbHasl COJUAHAsI OIyXOJb Y
gereit, 8-10% Bcex NETCKUX OIIyXOJIEM U 4acTOTOM
okoJro 1-1,3 cinyuast zHa 100 TeIC. meTeli mo 15 net [21].
HecMoTpst Ha MCTOBb30BaHWE MHTEHCUBHOTIO JIeUe-
HUSI C XUPYPTUYECKUM BMEIIATEIBCTBOM, BBICOKO-
JIO3HON XMMHUOTeparnuein U paguorepanuei, S-JeT-
Heil OeccoObITUIiHASI BBIKMBAEMOCTb COCTaBJISIET
25-50%, nocae peuuansa 10-40 [1]. 3a mmocneanue
IEeCATWICTUSI pa3BUTHEC MMMYHOTEPAITUH TOCTUTIIO
3HAYUTEJIFHOTO TIpoTrpecca B JIEYCHUM OHKOJIOTH-
yecKnxX 3aboyieBaHMii. OTHUM W3 II€PCICKTUBHBIX
HampaBJIeHUN WMMYHOTEpAIIMU SIBJSICTCSI Teparus
T-numpounTaMu, SKCIPECCUPYIOLIMMU  TpaHC-
reHHbIN pertenitop T-xinerok (TCR) mnm xumepHbIe

aHTureHHsle peuentopsl (CAR).

XUMEepHbI aHTUTEHHBIU pellenTop IS paco3Ha-
BaHUS aHTUT€HA KaK IMPaBUJIO UCITOb3YeT OJHOLIEIIO-
YeuyHbI BapuabeabHbIi (pparMeHT (scFv), momydyeH-
HbI 13 BapuabeIbHbIX JOMEHOB TSIKEJIOW U JIErKOoit
Lenei aHTUTeIa, PacHO3HAIOIIWI OIpencICHHbIA
nmoBepXHOCTHHIM aHTUreH HILA-He3aBucuMBIM 00-
pasom. CAR konupyeTcss OfHUM reHOM, COCTOSIIIUM
u3 scFv, mapHupa wiu crieiicepa, TpaHCcMeMOpaH-

3a OTCYTCTBUSI 1LIEJIEBBIX CITELIN(PUISCKIX AHTUTCHOB,
JIEMOHCTPUPYIOIINX HU3KYI YCTOWYUBOCTH U (-
dexTuBHOCTH [16].

OIHUM M3 OCHOBHBIX IIEJIEBBIX AHTUTCHOB IJIsI
cosmannsg CAR-T-tepanuu npotuB HB aBiagercsa
ranrano3ua GD2, KOTopblii LIMPOKO 3KCIpecCU-
pyeTCsl Ha MOBEPXHOCTU 3TUX KJIETOK. DKCIIpeccus
GD2 cuipHO orpaHMYeHa B HE3JIOKAYECTBEHHBIX
TKaHSIX, IPU 3TOM €€ HU3KUI ypOBEHb HAOII01aeTCs

1002



2025, T. 27, Ne 5
2025, Vol. 27, No 5

Dyukuyuonanvruas akmuenocmv GD2 CAR-T
Functional activity of GD2 CAR-T cells

TOJIBKO Ha TlepudepruiecKrux HepBax, MeJIaHOIUTaX
KOXM, MO3re U octeornporeHuropax [14]. Ha koHely
2022 rona, GD2 aBasiiacs BTOpOil Mo 4acTOTe BCTpe-
YaeMOCTU MUIIICHEH, UCTIOIb3YeMbIX MIJISI COJTMIHBIX
OMyXOJIeH, IMOcie Me30TeJIMHA, B TOM YMCJIE OCHOB-
Hasl MUIICHb IS TapreTUPOBaHUS HEpoOJIaCTOMBI
CAR-T [19]. BoAbIIMHCTBO KJIMHUYECKUX Bapu-
aHToB aHTU-GD2 CAR ocHoBaHbl Ha scFv 14.G2,
NPOUCXOIsIIeM 13 XuMepHoro aHTutena 14.18 (me-
HyTyKcumab) [15], pexe wucnojb3yeTcss TyMaHU-
supoBaHHoe aHTuTeso KM8138 [17]. B 2020 FDA
yTBepamiio HoBoe aHTH-GD2 TrymMaHU3MpOBaHHOE
aHtutesio, 3F8 (HakcuTtamMal) ¢ aydiuum npodujieM
6e3onacHocTH [6]. Bo Bcex caydasix antnu-GD2 CAR
COJIEPXKUT BCTaBOUHBIE JOMEHBI BO BHEKJIETOUHOM
YaCTU MOJIEKYJIbI.

OIHO 13 TTOCICAHNX ONMyOJIMKOBAHHBIX KJIIMHIYE -
CKUX UCIIbITAaHUN ¢ pe3ynabratamu 1/2 daszer (GD2-
CARTO01) omyonmukoBano F. Del Bufalo B ampene
2023 r. Peuenrtop TpeTtbero mnokosneHuss ¢ CD?28§,
4-1BB u CD3z curHajibHbIMU JIOMEHAaMU OCHOBaH Ha
14.G2-anTurene. B KoHCTpyKLMIO 100aBIeH UHAY-
OUOCIBbHBIN CYUIIMAAIbHBIN TeH KacIta3bl 9 st 6e3-
OMACHOCTH, UYTO OBIJIO MIpUMEHEHO 1A 1 manumeHTa. 9
nauueHToB 13 27 (33%) MOCTUIIN TTOJTHOTO OTBETA,
U 5 u3 HUX coxpaHwiu pemuccuto. CRS pasBuics y
74% nauueHTOB, B ToM yucie grade 3 y ongHoro. 7/27
NaeHTOB Pa3BIIIM TSLKETYIO TeITaTOTOKCUYHOCTD U
1/27 — meitpoToKcuIHOTH. MHTEpecHO, 9TO 00JIeBOIt
CUMIITOM, XapaKTepHBIN 11 aHntu-GD2 aHTHTE, HEe
ObLT Tak BeIpaxeH B ciayuyae aHTu-GD2 CAR-T [4].
HecMoTpst Ha YaCTUYHBIN YCIIeX, Pe3yabTaThl aHTH-
GD2 CAR-T-tepanuu octaroTcsi CKpoMHbIMU. O0-
30p KIIMHUYECKUX UCIIBITAHUM 1 BApUAHTHI JaJIbHE -
mero coBepieHcTBoBaHUSI MeToga CAR-T-teparum
HB uznoxens! B iocyienHeM ob3ope [12].

OnHUM W3 BapUaHTOB yBEIWYEHUST crielmduy-
HOCTH perernTopa siBJisieTcsl TaprerupoBaHue O-arie-
Tun-GD2, npousBogHOe AUCHANOraHIIMO3UAa B
KOTOPOM BHEUIHUM OCTaTOK CHAJIOBOM KHUCIIOTHI
monupumpoBad O-aneTUI0BbIM 2(UPOM. AlIETHU-
nupoBanue GD2 mpoucxoauT TOJNBKO B OIyXoJie-
BBIX KJIETKaX W He BCTpedaeTcsl B IepudepudecKnx
HepBax [3, 5]. M3BectHO mAb 8B6, cnienmduyHoe
uMeHHo K O-auetun-GD2, mist KoToporo rokasa-
Ha JMarHocTU4YecKasi LIEHHOCTh B pPacIlliO3HAaBaAaHUU
marepruania Hb m MeaaHOMBI METOOIOM MMMYHOTH-
croxumuu [2]. [TnoTHOCTL 3KcTipeccun O-ateTumn-
GD2 Ha onyxoneBbIx KjieTKax HUXe, yeM 1ig GD2:
ot 10% nmo 50% monekyn GD2 auetmnuposaHo [7].
JIOKJIMHUYECKME WCOBITAHUS TMoKa3ajiu 4Tto 8B6-
aHTUTEJIO OOJIafaeT TepamneBTUUYeCKUM 3(PdeKToM,
cX0oXuM ¢ 14.18, Ho ayummm rpoduiieM 0e30IacHo-
ctu [18]. Takum obpazom, O-anetun-GD?2 saBasieTcs
nepcrieKTuBHOU mulieHbto 111 CAR-T-Tepanuu.

Taxkum oOpa3oM, U3BECTHO KaK MUHUMYM 3 Tepa-
neBTndeckux anturena, 14G2a, hu3F8 u 8B6 koro-
pble KOHKYPUPYIOT APYT C IPYTOM 32 TApTeTUPOBAHME
GD2 ¢ nomompio CAR-T-knerok. Pe3ynbrarsl ort-

JEJIbHBIX KJIMHUYECKUX UCHBITAHUI OIMyOJIMKOBaHbBI
s CAR-T Ha ocHoBe 14G2a 1 hu3F8, Ho moka HeT
JIAHHBIX 10 UCITOJIb30BaHUIO aHTuTe1a 8B6 B cocTase
CAR. llenp HacTogIIero MCCASIOBAHUS MOJYIUTh
XUMEPHbIE aHTUTEHHBIE PELENTOPHI 2-TO ITOKOJIE-
HUS C pa3IMYHOU UIMHHOM crieiicepa U OLIEHUTh UX
(YHKIIMOHAIbHYIO aKTUBHOCTb B OTHOILIEHUU psiaa
KJIETOYHBIX JUHUMN OJII OOOCHOBAHUS JTaJbHEWIIINX
KJIMHUYECKMX UCTTBITAHUIA.

MaTepmanbl N METObI

DKcnpeccusi MAPKePOB Heipo0JacToOMbl HA MaTe-
puaJjie OMONCHUHU ONYXO0JIH

DKcIpeccuss MapKepoB B MaTepHajie OMOIICUU
NaneHTOB OlIEHUBAJIAaCh METOAAMU MTPOTOYHOM 111~
ToMeTpuu. MccinenoBaHbl 6MonTaThl (TKaHb OITYXO-
JIM WJIN TIOPaXKEHHBIM KOCTHBI MO3T) OITyXOJW OT
23 MMalMeHTOB ¢ TUCTOJOTUYECKI MOATBE PXKIACHHBIM
nuarHo3oM. [1pu uMMyHOGEHOTUIIMPOBAHUM METO-
JIOM TIPOTOYHOI ILIMTOMETPUU PETMOH OITyXOJEBbIX
KJIETOK olLieHuBaeTcs no dpenoruiry CD45-, CD567,
CD9*, CDS8I1*. omomHUTEIbHOE OKpalllMBaHUE
npoBoaAuIM aHTuTeaamMu K GD2.

KneTounsie JuHUA

B paGoTe ObLIM MCMOJB30BaHbI CAECIYIOIINE UM-
MOpPTaJIM30BaHHBIC KJICTOYHBIC AUHUM: T-1mumdo-
ouTtel Jurkat (DSMZ Catalog ACC 282), HEK293T
(ATCC CRL-3216) — moay4eHHOM W3 KJIETOK 3M-
OpuvoHanbHBIX MouyeKk uvesioBeka. IMR-32 (ATCC
CCL-127), LAN-1 (DSMZ ACC 655) u SK-N-
BE(2) (ATCC CRL-2271) — kinerounbie tuanuu Hb
yenoBeka. 143B (ATCC CRL-8303) u KHOS-240S
(ATCC CRL-1545) — kyeToyHbIe JUHUU OCTeOocap-
KOMBI 4YejloBeKa. MICHTUIHOCTh BCEX KIIETOUHBIX
JIMHUI ObLIa IIpoBepeHa MyTeM T€HOTUIIMPOBAHUS
STR nonumopdusmoB. OTCyTCTBME KOHTAMUHALIAN
MUKOILUIa3Mbl KOHTpoOJMpoBaJiu MeTonoM [TLIP.

Coopka konctpykmuu CAR

CoOopKa KOHCTPYKLUI OCYIIECTBISIIACh METOIOM
PECTPUKIIMM W JUTUMPOBAHUSI HAa OCHOBE BEKTOpa
pWPXL (Addgene plasmid # 12257). Cunrtetuue-
ckue nocaenosaresibHocT JIHK scFv u koMmmoHeH-
T0B CAR ObIM 3aKka3zaHbl B Synbio Technologies.
CobOpaHHbIE  TTOCIEAOBATEJILHOCTU  PELENTOPOB
OBLTU KJIOHUPOBaHBKI MO cailTam pecTpukiiiu BamHI
n EcoRI (NEB) B Bektop pWPXL u Tpanchopmu-
poBaHbl B KomneTeHTHbIe KyieTKu XL10 Gold. ITo-
JIydeHHbIe OaKTepuaJlbHble KOJOHUU MPOBEPSIIUCH
meTtonaoM [P ¢ KoHCTpyKT-cnienudUIHBbIMU TTpaii-
mepamu. [Tnazmunnyio JJTHK Beinenasiin kommepue-
ckuMm HabopoMm (NucleoBond® Xtra Maxi MN) u3
HOYHOM KyJBTyphl moJjioxkuteabHbiXx nmo TP 6ak-
TepUaIbHBIX KJIeToK KoJioHuit ¢ OD > 3. I[IpoBepky
TIPaBIWJIBHOCTU COOpPAaHHOUW KOHCTPYKIIUU IIPOBEPSI-
JIU pECTPUKIIMOHHBIM KapTUPOBaHUEM ILJIa3MUIHOMN
JAHK m ceBkeHupoBaHueM no CeHrepy.

IToayyenne CAR-T-Ki1eToK

B kadecTBe MCXOMHOrO MaTeprana MCIIOJIb30Ba-
m neprudepuldecKylo KpoBb 3J0pPOBOTO JOHOpa C
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anTukoaryJstHtoM DJITA. @pakumo MOHOHYKIIE-
apHbIx kinetok (MHK) Beiaensinu nmyteM LeHTpudy-
TMPOBaHUs Ha TPaJMeHTEe IJIOTHOCTU C ITOACYETOM
B pactBope 3% yKCycHOI KMCJIOTHI B Kamepe Topsi-
eBa M KOHLeHTpupoBaiu no 1 x 107/mi. T-kieTku
BBIACISIIA MyTeM HEraTUBHOM HWMMYHOMAarHUTOMN
cenekuuu CD3* KiIeToOK IO MHCTPYKIMU Habopa
EasySep (Thermo Fisher Scientific, CIIIA), canrtann
B KaMepe [opsieBa KOJIMIeCcTBO 1 JKU3HECITOCOOHOCTD
KkJieToK B 0,4%-HOM pacTBOpe TPUIIAHOBOIO CHUHE-
ro u 3ammchiBaim cooTHoueHus CD4/CD8 u de-
HOTUTIMYECKUI COCTaB. AKTUBAIIAIO KJIETOK Tepen
TpaHCAYKIIMEH 00eCcIIeunBajii MAaTrHUTHBIMHA YacTH-
namu CD3/CD28 (Dynabeads™ Human T-Activator
CD3/CD28, Thermo Fisher Scientific, CIIIA) B Te-
yeHue 48 gacoB B cpeae RPMI-1640 (Gibco, CIIIA)
¢ nobasnenueM 10% DTC (Gibco, CIIIA) u 1x aHTH-
OMOTHKa-aHTUMUKOTHA B TIPUCYTCTBUU IIMTOKMHOB
1L-7, IL-15, IL-21 (Miltenyi Biotec, Iepmanmusi) B
KoHIeHTpaunu 10 Hr/MKII.

Coyctss 48 9acoB IIOoCe aKTHBAIIUM TIPOM3BO-
IWIA JICHTUBHPYCHYIO TPaHCAYKIHNIO T-KIETOK C
MHOXECTBEHHOCTbIO MH(eKIuU 10 Ha rutanikax, 00-
pabotanHbix RetroNectin (Takara Clontech, CILIA)
CO CIUHOKYJsIue. Yepes CyTKU KJIeTKU OTMbIBAJIU
TOM e MOJHOU Cpeloi C IUTOKUHAMU U POA0JIKa-
JIM MHKYOAalIUIO B TeueHue in vitro 8-12 cyTOK ¢ KOH-
TPOJIEM IIPUPOCTa KJIETOK, (DeHOTUIIa U IKCIIPECCUU
tEGFR Ha 10-12-e cyTku. AHaJIOTMYHBIM 00pa3oMm,
0e3 mobaBiieHUs BHUpYyca, MOJydajy HETpaHCIyLU-
pOBaHHBIE TUMQOIIUTHI, NUCIOJIb3yeMbIe B 9KCIIEPU-
MeHTax B KauectBe MOCK-KOHTpOJIS.

NFAT wnnymu6ensusiii GFP-penoprep

JJ1sT mpoBepKM aHTUTEH-CIICM(UISCKON aKTH-
BallM XUMEPHBIX aHTUTCHHBIX PELIEIITOPOB HaMM
obu1 nonyyeH GFP-penoprep myteM TpaHCAyKIIMU
kinetok Jurkat koHcTpykumeit ¢ reHom GFP mon
NFAT-uHayuu6enbHbiM npoMoTopoM. KioH Kiie-
Tok Jurkat-NFAT-GFP, He obnagaromumii ¢poHOBOM
dryopeclieHIIUIT B OTCYTCTBUE CUTHAaja, Jajee ObLI
MCMOJIb30BaH KaK peropTepHasi KJIeTOYHasl JTUHUS.
Kiietku penopTepHO#t JMHUM TpaHCIyLIMPOBAINU
TecTupyeMbIMu KoHCcTpyKIussMu CAR Tak Xke, Kak
n nepBuaHbie T-mumdonuTel. B 3kcriepumMenTe Ha
aktuBanuio, CAR" Jurkat-NFAT-GFP-penoprepst
WHKYOMpPOBaIu B TeueHue 18 4acoB COBMECTHO C MO-
JIeJIbHBIMY KJICTOYHBIMU JTUHUSIMU MUIIICHEH, TIpeI-
BapuUTEJIbHO OKpalleHHbIMU Kpacutenem CellTrace
Violet (Thermo Fisher Scientific, CIIIA). AktuBaiust
olieHuBaach 1o npoueHty GFP* kiietok (Hopmaiu-
30BaHHOe no KosnyecTBy CAR™ Kj1€TOK) U UHTEH-
cuBHOCTU curHasia dayopecueHiuu (MFI) GFP.

Onpenenenne sxcnpeccun mapkepa CD107a

B xauecTBe MuUllIeHE ! UCITOJIb30BAIN IBE KJIETOU-
HplenHUM— 143BGD2 uLLAN1GD2*. BkauectBead-
dexTopoB CAR-T-kietku noHopa 14G2a-BBz (S),
14G2a-BBz (L), 8B6-BBz (S), 8B6-BBz (L), hu3F8-
BBz (L), B kadecTBe KOHTPOJS HKCHOJb30BATUCH
aumdoruThel 6e3 TpaHcaykiuu CAR (MOCK). [Ins

pazaeneHus1 3(pGeKTOpoB U MUILIEHEN TocaeaHue
rnepea TeCTOM CTaOMJIBHO OKpAaIlIWBaJIMCh BUTATb-
HbiM KpacuteneM CellTrace Violet (Thermo Fisher
Scientific, CILIA). B 96 nyHOYHbI IUIAHILIET BHOCH-
JIM KJI€TKU MUILIEHU U 3(PGheKTOpbl B COOTHOIIEHUM
1:1 6e3 UMTOKMHOB, COYCTS 4Yac WHKYOUPOBAHUS
B KaXIylO0 JYHKY JI00aBJsiii MOHeH3uWH (Sigma-
Aldrich) u xynsruBupoBasim 1tipu 5% CO,, 95 %
BiaxxHoctu 1 37 °C 20 gacosB. 3a 4 yaca 10 OKOHYa-
HUS TECTa B KaXKIYIO JIYHKY 100aBJISJIM MOHOKaHaIb-
Hoe aHTutesno (MAT) CD107a_PE. Ilo 3aBeplieHu0
TecTa, OOpa3lbl MOIOJHUTEIBHO OKpAIIUBAINCH
MAT — CD45 KO, CD3 PC7, CD8_FITC u nipu-
CTYITaJIY K 3alIUCU Ha TPOTOYHOM LIUTODIyOPHIMETPE
DxFlex (Beckman Coulter, CIIIA).

IIuToTOKCHYECKHIT TECT

Tect mnpoBomwiaca B 96-TyHOYHOM IUIAHILIETE
npu coBMecTHOW uHKyOamuu sddexropo (CAR-
T-xinetok 1 MOCK-KOHTPOJIb) ¢ KIETKAMU-MHUIIIC-
HSIMU B TedeHME 16 4acoB C MOCIEAYIONIEN 3alTUChIO
Ha IIPOTOYHOM HUTOMIYOPUMETPE MEPTBBIX KICTOK
MulIeHel ¢ okpackoii 7-AAD. Tect moBomuiics B
TPUTIJIETaX IS TPEX COOTHOIIeHUH 3hGheKTop : MU-
meHbp = 2:1, 1:1, 1:2. Ing pasaenenuss 3¢pOeKToOpoB
U MUIIEHEN MocenHue Tepel] TECTOM TakKXKe OKpa-
IIBaIMCh BUTAJILHBIM KpacutesneM CellTrace Violet.
Pacuer murtorokcuyeckoii aktuBHoctu (LITA) BbI-
nosHsicd o dopmyiie (7JAAD* ¢ adbdexkropamu) —
(7TAAD" 6e3 addekropos) / 100% — (7TAAD* 6e3
a(pdexTopoB). B kauecTBe MUlLIEHEN HMCIOIb30BaAIN
GD2" knerounyto iuauio Hb LANT1, B kauecTBe OT-
pulaTeIbHOro KOHTpoJist — GD2- auHuio octeocap-
KoMbl 143B.

Tect Ha ucromenne CAR-T-K1eTOK ¢ pecTUMYyJIis-
M MUIIEHAMM

Tect mnpoBoauiaca B 96-IyHOYHOM ILIAHILIETE
MpU COBMECTHOIN MHKyOauuu 3(@PeKTOpoB ¢ KIIET-
KaMU-MUIIEHSIMU C YCTAHOBJIEHHBIM COOTHOIIIE-
HueMm 1:1 Ha neHpb 0. KileTku-MuilieHu Tepej TeCTOM
ObLTM OKpallleHbl BUTaIbHbIM KpacuteneM CellTrace
Violet. Kaxxnabie 2 qTHS TIPOU3BOMMIIN 3aITUCh OTHOM
ucclienyeMoit JIYHKU Ha TMPOTOYHOM LMTOMIyopU-
MeTpe, IJIsl ONpelesIeHUs MEPTBBIX KJICTOK-MUIIIE-
Heit ¢ okpackoii 7-AAD u nepcuctenuio CAR-T ¢
okpackoit EGFRt. B octaBuiuvecs JiyHKU 100aBISIIA
cBexeokpanreHHble CellTrace Violet kiieTku-Muiie-
HU B TOM € KOJIMYeCTBe, uTo U B aeHb 0. TecT BbI-
noaHseTes B moHoi cpene RPMI11640 ¢ 10% DTC B
OTCYTCTBUE IMTOKUHOB. McToieHue T-KIeTok olle-
HUBaAJIM Ha 8-€ CYTKM Iocjie oKpacku 3({eKTopoB
TIM-3 (PE), TIGIT (PC7), PD1 (APC-750).

CrarucTuka

CraTucTuueckyto 00padboTKy TaHHbBIX MPOBOAMIN
B riporpammax GraphPad Prism 8.0 u R-crarucruka.
st cpaBHEeHUST pa3iuyuii 10 aKTUBALMU U ITATO-
TOKCUYECKON aKTUBHOCTH MCIOJIb30BAJICS t-TECT
IIJIsT HE3aBUCHMBIX BBIOOPOK (ITpM PaBEHCTBE IIMC-
nepcuit) n Kputepuit Yamda (Ipu HEpaBEeHCTBE IHUC-
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nepcuit aAByx rpymni). 3HadeHue p < 0,05 cuuranu
3HAUYUMBIM JIJIs CTATUCTUYECKUX BBIBOJIOB.

PesynbTathl

Dkcnpeccuss GD2 Ha KieTKax Hepo0/1acToOMbI
NANUEeHTOB

Mapxkep GD2 BXOIUT B IMAarHOCTUYECKYIO IIa-
HeJIb JUIS aHajin3a MUHMMAaJIbHOM OCTaTOYHOU 00-
JIC3HU M OIIEHKU TTOopakeHUST KOcTHOTO Mo3ra (KM)
B tunuuyHoMm misg HB denorune CD45-, CD56%,
CDS81%, GD2", B7-H3*. TunuuHbIi1 TipuMep BbIjIE-
JICHUSI peTMOHa OITyXOJIEBBIX KJIETOK IMOKa3aH Ha pU-
cyHke 1. Marepuanom [T aHaju3a SIBJISIIach OITy-
XoJieBasi TKaHb ¢ mojgo3peHueM Ha Hb 1 KocTHBII

MO3T TTallMEHTOB C TMOATBEPXKICHHBIM THMATrHO30M.
TTopaxeHnue 6110 B 33 ob6pasuax oT 29 mauueHTOB
MpY TMEPBUYHOM IUATHO3E WJIM PELUAMBE 3a0oJie-
BaHus (15 obpasnoB KM u 18 omyxoneBoit TkaHM).
J1J1s1 TKaHU coepsKaHMe OITyXOJIeBBIX KJIETOK OLICHU -
Basiochk B uHTepBajie 0,61-91% (mennana 23%). Bee
o6pas3nel TKanu HB obutn mmonoskutenbHbl 10 GD2
(100%). N3 15 obpasiioB KM 3 Gbutu HeraTUBHBI 1O
GD2 (20%). Conepxxanue GD2* Ki1eTOK B ITOpaskeH-
HoM KM mnauuenToB cocrasisuio 0-73% (MenuaHa
0,3%). GD2 o6pasubl KM conepxanu 0,2%, 0,04%
1 0,09% aTUNUYHBIX KJIETOK, TAKMM 00pa30M, OTCYT-
ctBUe aKkcrpeccnn GD?2 cBsg3aHO ¢ HU3KOM OIyXoJie-

GD2* kneyaTble NMHNN

GD2* cell line
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PucyHok 1. 3kcnpeccusi GD2 Ha KNeTo4HbIX NMUHUAX HEMPOBNACTOMbI, OCTEOCAPKOMbI U OMYXOJNeBbIX KreTkax naluueHToB

C rMCTONOrMYeCcKMi NoATBePXAEHHON HerlpobnacTomon

Figure 1. Expression of GD2 on neuroblastoma, osteosarcoma cell lines and tumor cells from patients with histologically confirmed

neuroblastoma
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BOU HArpy3Koi WJIM HEAOCTAaTOYHBIM KOJMYSCTBOM
marepuasa.

Dkenpeccnsi GD2 Ha MOJENbHBIX KJIETOUYHBIX JIM-
HHSIX

M1 onieHUM 3Kcripeccuio GD?2 Ha Tpex KieTou-
HBIX JIMHUAX HB, mByX KIEeTOYHBIX JIMHUSIX OCTEO-
CapKOMBbI M OAHOU HEOIYXOJI€BOM KJIETOYHOMN JIMHUM
C TIOMOIIBIO IIPOTOYHOI muToMeTpum. KireTouHbie
suaun Hb LAN-1 u IMR-32 6b11u 100% nonoxu-
TembHBIMU 0 GD2 ¢ BBICOKOIT MHTEHCHUBHOCTBHIO
skcnpeccun (AMFI = 2 x 10°). Kierounast TuHUS
SK-N-BE(2) o6iagana HU3Ko# akcrnpeccueit, 65%
GD2", AMFI = 2x 10%. Kierku ocTeocapKOMbI
143B ObUIM TTOJIHOCTHIO HETATUBHBI 110 IKCIIPECCUN
GD2, xnetku HEK293T u KHOS orpuiiaTeabHbI
¢ comepxaHueM 5% u 13% ci1abonoa0XKUTEIbHBIX
GD2-kieTok coorBeTcTBeHHO (puc. 1). Hanee, MbI
ucrioab3oBaiu KieTku LAN-1 kak GD2* muliieHu u
143B xak GD2- KOHTpOJb JJ1s1 OOJILIIMHCTBA TECTOB
dyHkuMoHanbHOI akTUBHOCTU CAR-T-KJIETOK.

JIn3aiiH XuMepHBIX AHTUTEHHBIX PelenTopoB

boto pazpadoraHo 5 BapuaHToB aHTU-G D2 KoH-
crpykuniit CAR BTOpOTro mokoJeHMsI, ¢ BKIIOUCHUEM
B KayecTBe aHTUIE€H-pacro3Halolero nomeHa scFv
TpexX MOHOKJIOHaJAbHBIX aHTuTen — 14G2a, 8B6 n
hu3F8. Bce BapuaHThI peLieNTOPOB BKIOYAIU LIap-
HupHBIt pernoH IgG4, TpaHCMeMOpaHHBIN ITOMEH
CD28TM, BHYTPUKIIETOYHBI KOCTUMYJISITOPHBIN
noMeH 4-1BB u curHanbHblil fomeH CD3E. B koH-
e 4yepes3 rmentua 2A pasMecTUIN TPaHKUPOBaHHBIN
BapuaHT EGFRt B KauecTtBe 0e€JIKOBOW METKM IJIsI
monutopuHra CAR-T-kierok. Bapuanum B KOH-
CTPYKILIMY pelienTopa ObUIM BHECEHBI ITyTeM H00aB-
JICHWSI BCTABOYHBIX UMMYHOIJIOOYJTMHOBBIX JIOMECHOB
CH2-CH3 Mexay aHTMIe€HCBSI3bIBAIOIIMM JIOMEHOM
¥ TpaHCcMeMOpaHHBIM moMeHaM (L) mim 6e3 Hero (S)
(puc. 2, cM. 3-10 CTp. OOJTOKKH).

AxtuBamusa ¢ GFP-penoprepHbIMU KjleTKaMu

B pesynbrate Tecta Mpou30IUI0 YCIIEITHOEe pac-
no3HaBaHUe aHTUreHa, u yepe3 CAR npoxoaus cur-
HaJl, KOTOPBIif WHAYLIMPOBaJ SKCIIPECCUIO 3€JIEHOTO
dmyopecuenTHoro 6enka (GFP). CBeuenme CAR*
Jurkat-NFAT-GFP-penoptepoB B OTCyTCTBUE KJIE-
TOK MMUILIECHEH OTpaxajl TOHUYECKWI CHUTHaJl, He-
cnenuPUIECcKrii 110 OTHOIICHHWIO K aHTUICHY,
off-target pacnmo3HaBaHUE UJIM CaMOAKTUBALIMIO pe-
uenropa (puc. 3, cM. 3-10 CTP. OOJTOXKKHU).

ToHuyeckuit cUrHaI IJISI BCEX PELeNTOPOB CO-
XpaHsJIcSd Ha HU3KOM ypoBHe 10 10%, mpumepHO
COOTBETCTBYIOLIIEMY HeCIeUUu(hUIECKOMY CUTHAIY
or GD2- knerok-muiueHeir (Hela, 143B). Hau-
OOJbIINI TOHUYECKUI 1 HecTIeUM(UISCKUI CUTHAT
Habmonancs mig perenropa 8B6-BBz (L). Crern-
udunueckass aktupalus B Tecte ¢ GD2" moyoxu-
TeJdbHbIMU  KJIeTKamu-mulieHssMu  (SK-N-BE(2),

IMR-32 u LANI) BbIpaxanack B KpaTHOM IIPOPOCTE
GFP* CAR-penopTepos.

ITpu nonapHOM cpaBHeHUU ITMHHBIX (L) U KOpoT-
Kux (S) BapuaHTOB PELIENITOPOB C aHTUTeIoM 14g2a
KOPOTKUI BapHaHT IEMOHCTPUPOBA OOJBIIYIO aK-
TUBAaLUIO U1 BApUAaHTOB ¢ aHTUTeI0M 8B6 0€3 mo-
croBepHbIX oTanuuii. CpaBHeHue CAR Ha ocHoBe
pa3HbIX aHTUTEJ IMOKa3ajJ MpeuMyllnecTBo 14g2a u
hu3F8 nan 8B6 o Bcem GD2* mutiensim. Petienrop
hu3F8-BBz (L) onuszok k 14G2a-BBz (S), Ho umeeT
TEHACHIINIO K JIydlllel akTuBauuu Ha Kietkax BE(2)
CO CHIDXKeHHOM aKcnpeccueit GD2.

®enotun antu-GD2 CAR-T-keTok

Cnycts 14 nHei KyABTUBUPOBAHUS TSI KaXKI0TO
BapuaHTa aHTU-GD2 CAR-T um HeTpaHCAyLMPO-
BaHHbIX T-kieTok (MOCK-KOHTPOJIb) OlLIEeHUBaIU
YPOBEHb TpaHCAYKLUUU U AUdGepeHIMPOBOUYHBIN
¢deHOTUIT MEeTOIOM MpOTOYHOU mHuToMeTpuu. Co-
nepxanne CD3* xieTok B mpomykTe Bcerda Tipe-
Boimano 90% (92-99%). Coornourenne CD4/CD8
NPU UCIOJIb3YEMOM METOJE CEJIEKLIMU U SKCIIaHCUU
KJIETOK COCTaBHMJIO B CpeaHeM 2:1, ¢ Bapuaumeit ajist
CD4* knerok 55-60%, CD8" xinerok 37-44%. Ypo-
BeHb TpaHcnykiuu 1o Mmapkepy tEGFR cocraBun
20-35% (menuana 27%).

HuddepenupoBanHasa 3pesocts CAR-T kie-
TOK OlIEeHMBaJach Mo yeTbipeM mapkepam CD45RO,
CCR?7, CD62L, CD95 ¢ BblaejieHHMEM 3TAIlOB HAU-
BHbIX T-kjeTok (Thaiv) 1 CTBOJIOBBIX KIETOK IMTaMSITU
(Tscm), nenrpanbHoi mamsatu (Tecm), mepudepuye-
ckoit mamsatu (Ttm) u TepmuHanbHBIX 3(PHEKTOPOB
(Teff) (puc. 4). CpaBHUTEIBbHBIM MOKa3aTeeM, Xa-
PaKTEepU3YIOILIMM COXpaHEHUEM TIpoJincepaTUBHOTO
MOTeHIUAIA SABJIsIeTCS] cyMMapHbiii ypoBeHb CCR7*
«paHHux» Kietok (Tnaiv + Tscm + Tem). MOCK-
KOHTpPOJIb coxpaHsit ypoBeHb CCR7* 22% nna CD4-
xietok U 21% mna CD8-xietok. CAR-T-xinerku
UMEJIU CXOAHBIN Tpoduib auddepeHupoBaHHOMN
3pesoct — CCR7" 22,6-31,5% nnma CD4-kjeTok u
21,7-26,3% nnst CD8-kiieToK.

TecT Ha onpeneienne 3kcnpeccun Mmapkepa CD107a

CDI107a (LAMP-1, lysosomal associated mem-
brane glycoprotein) sBisieTcsi 6€JKOM MeMOpaHbI
JIMTUYECKUX TPaHyJl, COAepXKalllMX rpaH3uM U Tiep-
¢dopuH. ITpy akTUBALIMMU LIUTOTOKCUYECKUX KIJIETOK
MIPOMCXOIUT BBHICBOOOXKICHNE CONEPKMMOIO TaKUX
rpaHyJs (OerpaHyssimusi) U B 3TOoT MoMeHT CD107a
00HapyXMBaeTCs Ha MTOBEPXHOCTHU KJIeTKM [23, 24].
Takum o6pazom, ypoBeHb CD107a sgBisieTcd noka-
3aresieM LUToToKcuyeckoir akTuBHocTu CAR-T-
JMMQPOLIUTOB.

IIpoBeneHHBIN TeCcT MoKa3aa, 4To IMpPU MHKyOa-
i CAR-T-kaeTok ¢ MUIIEHSIMU, JeTPaHyJISIIINS
CAR-T-xkitetok npoucxonut GD2-3aBUCUMBIM 00-
pazom (¢ LAN-1 6onee, yem ¢ 143B) nna CAR-T ¢
pacrno3HaomuM goMeHoMm 14G2a u hu3F8, Ho He
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PucyHok 4. MonynsuuoHHbIn coctaB MOCK-koHTpons n CAR-T-KneTok B KOHLe UHKy6aLuu
Figure 4. Population composition of MOCK-control and CAR-T cells at the end of incubation
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PucyHok 5. dkcnpeccus CD107a B npucyTcTBMMU
onyXxoneBbIX KNETOYHbIX JIMHUAX

Figure 5. Expression of CD107a in the presence of tumor cell

lines

8B6, KOTOpoe B JAHHBIX YCJIOBUSIX TeCTa HE OTJIM-
yaetcss oT MOCK-konTposs. dnsa 14G2a CAR-T-
KJIETOK CYIIIECTBEHHO 00Jiee BbICOKas AeTrPaHy SIS
nokaszaHa JUisl «IJTMHHOro» BapuaHTa peuernrtopa (L)
CO BCTaBOYHBLIMU JJOMEHaMU (puc. 5).

IInToToKcnmueckass akTuBHOCTh aHTH-GD2 CAR-
T-KJeToK

IIpsMoOii LIUTOTOKCUYECKUI TECT MOBOAWIU B
CoOoTHoIlIeHUIX 3pdexkTop:muiuens = 2:1, 1:1, 1:2
co Bcemu nsATbio BapuaHtamu CAR-T. [Insg npen-
craBiaeHuss CAR-3aBUCUMOI LIUTOTOKCUYHOCTU KO-
HEUYHbIEe Pe3yJbTaThl PACCUMTHIBAIMCH KaK pa3HULIA
LHTA CAR-T u cootBerctBytouiero emy MOCK-
KOHTpoJIst (puc. 6).

Bce Bapuantel CAR-T moka3anu BbIpaXE€HHYIO
J1032-3aBUCUMYI0 LIUTOTOKCUYECKYI0 aKTUBHOCTbH
npotuB GD2* knerounoil auHuu LAN-1, HO He
GD2 nunuu 143B. ns peuentopa 14G2a-BBz (L)
LITA npeBocxonut 14G2a-BBz (S), nocTtoBepHO mist
cootHoweHus 2:1 (p = 0,013). LlutoTrokcuueckas
aKTUBHOCTH pelienropa 8B6-BBz (L) Takke npeBoc-
XOOUT KOopoTKuil BapuaHT 8B6-BBz (S) peuenropa
(p < 0,03 ana coorHoweHuit 2:1 u 1:1). JIauHHBII
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PucyHok 6. CpaBHeHMe LUTOTOKCUYECKON akTUBHOCTU Beex BapuaHToB CAR-T_Anti-GD2 npoTuB knetouHon nnHuu LAN1
1 143B B Tpex pa3HbIX COOTHOLIEHUAX

Figure 6. Comparison of cytotoxic activity of all CAR-T_Anti-GD2 variants against LAN1 and 143B cell line in three different ratios
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PucyHok 7. LutoTokcuyeckas aktuBHocTb Tpex BapuaHtoB CAR-T_Anti-GD2 B TecTe Ha pecTUMynALUIO NPOTMB
kneto4yHon nuHum LAN1 n 143B

Mpumeyanue. A — rpachmk HakonneHUs MepPTBbIX KNneTok-muieHen. b — rpadmk nepcucteHuun CAR-T.
Figure 7. Cytotoxic activity of three CAR-T_Anti-GD2 variants in the restimulation test against LAN1 and 143B cell line
Note. A, graph of dead target cells accumulation. B, graph of CAR-T persistence.
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BapuaHT 14G2a-BBz obGnamaetr goctoBepHO 60-
nee Bbicokoii LITA yem 8B6-BBz (L). HauGoob-
et LITA obnagaeT peuenTop Ha OCHOBE aHTUTE A
hu3F8 (p < 0,001 mpoTuB Bcex).

HUcromenue CAR-T-KiieTOK ¥ KOHTPOJIb MULIEHEH
B TeCTe C pecCTUMYJIALUEeH

TecT Ha ucTOIIEHUE OTJIMYAETCS OT MPSIMOTO LM~
TOTOKCUYECKOTO TeCTa IMTEIHFHOCTBIO M PETYJIIsIp-
HbIM No0OaBJieHMEM MMUIIIEHEe B TeuyeHue 14 mHeid.
Tect mosBonsiteT omeHUTH criocooHocth CAR-T-
KJIETOK K DKCHAHCUM, KOHTPOJIIO OOJIBIION OMyXO-
JIEBOU HArpy3ku M mpuoOpereHuto heHOTUIa Mc-
ToIeHUs. JIJ19 MTaHHOTO TecTa ObLIM UCITOJIb30BaHbI
BapuaHTHI perenTopoB (L) co BCTaBOYHBIMU JOME-
HaMM.

PesynbraThl TECTa MOKa3aiu, 4TO B TECTE peliell-
Tophl 14G2a-BBz (L) m hu3F8-BBz (L) Ha mpots-
KeHUUM JBYX Helelb ob0ecrneyrBaid MOJTHbBIA KOH-
TPOJIb KJIETOK-MUIIEHEN, ¢ rudenpio Oosnee 90%
kinetok LAN-1 Bo Bcex BpeMeHHBIX TouKax. Pener-
Top 8B6-BBz (L) obGecrnieuns KWUIMHT MOJOBUHBI
KJIETOK MUIIIeHel Ha 2-e cyTku, Ho 3aTeM LITA yna-
J1a Ha ypoBeHb Hrke 10%. JlanbHeinass quHaMuKa
nokazana emie 6oabmmii orpeiB LITA peuentopon
14G2a-BBz (L) u hu3F8-BBz (L), koTopsle K 14-my
JTHIO MTOKAa3aJIi TPEXKpaTHOE MPEUMYIIECTBO Mepe
8B6-BBz (L) B KyMyJSITUBHOM THOEIU MHUILCHEH
LAN-1. B tecte ¢ mumensamu 143B co Bcemu Tpe-
MsI peLIeTITOPaMU KOJIMYECTBO MEPTBBIX KJIIETOK-MHU-
IIeHEW HAXOAMJIOCh Ha OJMHAKOBO HU3KOM YPOBHE
(puc. 7A).

Tect He mMoKa3am 3KCHAaHCUM aOCOJIOTHOTO KO-
muyectBa CAR-T-kierok, HO mong CAR* kietok
cpenu BceX IMMOIIUTOB B TECTE UMEJIO PA3HYIO TU-
HamuKy. Bce Tpu Bapuanta CAR-T-kneTok nepcu-
CTUPOBAJIU TIPUMEPHO OJIMHAKOBO B TEUCHUE TTIEPBOIA
HeJleau, ¢ MOCIeAyIomnM npupoctoM s 14G2a-
BBz (m0 60%) n hu3F8-BBz (10 80%) x 11 gHi0 T1pn
nHkyo6auuu ¢ LAN-1. CAR-T-xinerku 8B6-BBz (L)
nepcucTrpoBaind Ha ypoBHe 10-20% >XKUBBIX KJIIETOK
B TedeHHUe 11 cyTok Tecta Kak ¢ LAN-1, Tak u 143B.
Ha 14-e cytku otmeueH npupoct 8B6-BBz CAR-T-
KJIETOK ¢ 00oumMu mMuttieHssmMu (puc. 7b).

MBI Tak Xe OLEHWIM BKCIPEeCcCHUI0 MapKepoB
nmmyHHoro uctomenus (TIM-3, TIGIT u PDI)
T-xnerok mociyie 8 gHell KynbTuBUpoBaHus ¢ GD2*
(LAN1) u GD2- (143B) kjieTKaMU-MUILIEHSIMMU.
IMoBeimenne skcrpeccun TIM-3, TIGIT u PDI1
orMeueHo M 14G2a-BBz u hu3F8-BBz B tecte ¢
LAN-1 110 cpaBHeHMIO ¢ 143B (puc. 8).

ObcyxaeHve

B nocnenHee necstuietTve B OHKOJOTUU O3Ha-
MeHoBanoch OonbiiuM ycriexom CAR-T-tepanuu.
IlepBble  kiMHUYeckue wucnbiTaHus CAR-T-
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PucyHok 8. Mapkepbi nctowenusi CAR-T-knetok Ha 8-e
CYTKN COBMECTHOrO KyNbTUBUPOBAHUA C KNeTKaMu-
muweHamu (LAN-1 u 143B)

Figure 8. Markers of CAR-T cell depletion at 8 days
of co-culture with target cells (LAN-1 and 143B)

Tepanuu, HalleJeHHbIC ITOUTH HCKIIOUUTEJIbHO Ha
mucuanoranrmmosnn GD2, mokazann CKpOMHBIHM,
HO OOHaAIEXKMBAIOIINI pe3yabraT. Ha ceromusmmHmi
JIEHBb KpalfHe aKTyaJTbHBIM SIBJISIETCS TaTbHEHIIIee Co-
BEpPIIEHCTBOBAHUE METOAa B CTOPOHY OoJibleii 0e3-
oracHocTu U 3 dekTuBHOoCcTH Tepanuu. Ha ypoBHe
XMMEPHOTO aHTUTEHHOTIO pelierTopa, 3TO 00ecIeun-
BaeTCs CIeM(PUIHOCTHIO PACIIO3HABAHMS aHTUTCHA,
OUTOTOKCHMYecKOo akTuBHOCThI0O CAR-T-kjeTok m
AHTUTEH-3aBUCUMON MEPCUCTEHIIMEN (IKCITAaHCUEN )
CAR-T-kieTok.

B Hacroseit padoTe Mbl CpaBHUBAJIU (PYHKIIMO-
HanbHYyI0 akTUBHOCTh CAR-T-KIeTOK ¢ TpeMs1 Hau-
0oJiee MepCIIeKTUBHBIMU aHTUTEH-PACIIO3HAIOIIUMH
aHTUTEIIPHBIMM JIOMEHAMM: KJIACCUYECKOe aHTH-
teno 14G2a (meHyTtykcrumad), TYMaHU3UPOBAHHOE
aHtuteso hu3F8 (HakcuTymad) U ajdbTepHATUBHOE
antutelio 8B6 B coctaBe CAR BTOpPOro IMOKOJIECHUS C
4-1BB KocTUMYIITOpHHBIM JOoMeHOM. Bribop pac-
MO3HAIOIIETO MOIYJISI aHTUTEJa 10 CUX IOP OCTaeT-
CsI OTKPBITBIM, MOCKOIbKy CAR, ocHOBaHHBIC Ha
14G2a- u hu3F8-anturtenax, moxkasaju CXOIHbIN
KJIMHUYECKU pe3ysbTaT, a 8B6 He Mcroiab3oBaics
MoKa B KJIMHUYECKUX UCIbITaHUsIX B cocTaBe CAR.
OTKpPBITBIM OCTaeTCsl BOIPOC, HACKOJBKO BBICOKYIO
apPUHHOCTL K aHTUTEeHY AoJLKeH mMeTh CAR mis
peanu3auumu Haubonbiero addexra. Hanbombieit
addunHocThIO 00Mamaetr hu3F8 (K, = 11nM) [13],
oosee Hu3kou 14G2a (K, = 77nM [13] unu 49 [2]).
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Antutesno 8B6 oGnamaeT mpoMexXyToyHoOi adduH-
Hocthio (K, = 32 [14]), Ho sBAsieTcs OoJiee mpuBIie-
KaTeJIbHBIM M3-3a 00Jjiee BBICOKON CITeIIM(UIHOCTH
pacro3HaBaHUs aleTWInpoBaHHOUW dopmbl GD2,
XapaKTEePHOM JJIS1 OIyXOJIeBbIX KJIETOK, HO HE Tepu-
depuyeckux HEPBOB [2].

DyHKIIMOHAJIPHAST aKTUBHOCTH PEILENTOpa MO-
IYyIUPYeTCs TakKe IJIMHOM BHEKJICTOYHOUW 4YacTu
perienTopa, 3aJaBaéMOi BCTaBOUHBIMM HMMYHO-
rnooyanHoBbiIMu gomeHamu CH2-CH3 BcTpoeH-
HBIMU MEXIy aHTUTEJIbHOM YacTbiO pelerntopa u
TpaHCMEMOpaHHbIM JOMeHOM. PaHee ObLIO MoKa-
3aHO, uto W11 aHTU-CD19 CAR anuHHBIA crieiicep
MelllaeT pacIioO3HABAHMWIO aHTUTCHA U TIPOTUBOOIY-
xoneBoii aktTuBHOCTH [9]. g GD2, kak mpaBwio,
ucrionb3ytoT CAR ¢ aauMHHBIMM crielicepoM, 4ToO,
BEPOSITHO, OOYCJIOBJIEHO IIPOCTPAHCTBEHHBIM pac-
MOJIOKeHUEM aHTUIreHa BOJuM3u MeMOpaHbl [17].
HemocTtarkoM BKITIIOYEHUSI WMMYHOIJIOYOJIMHOBBIX
Fc-nomeHoB sBnserca ux pacrno3HaBaHue FcyRI
(CD64) peuentopamu MakpodaroB 1 MHrMOMpPOBa-
Hue CAR-T-knerok. B Halem amuzaiiHe peliernnTo-
pa nBe mytauuu (L235E, N297Q) ObLiu BHECEHBI B
IgG4 Fc nns npenoTBpaliieHus1 pacrio3HaBaHus Fc-
peuentopamu [10]. KopoTrkue Bepcuu pelenTopoB
14G2a v 8B6 0e3 BCTaBOYHBIX JTOMEHOM TAKXE WC-
TOBITBIBAJIMCH HA HAIIEM MCCIeIOBaHUM.

ITockonbKy (YHKIMOHaAbHAas aKTUBHOCTb pe-
LIENTOPOB 3aBUCUT TaKXKe OT IIOTHOCTU SKCIIpec-
CUW aHTUTEeHA Ha TOBEPXHOCTHU KJIETOK, MBI MUCITOJTb-
30BJIM HECKOJIbKO BapUMaHTOB KJIETOK-MUIIICHEH,
OTIMYAIOIIMXCI IO YpoBHIO 3Kcmpeccnu GD?2.
Kitetounsie muanmu IMR-32 1 LAN1 BBICOKO 3KC-
npeccupoBanu GD2, Hb SK-N-BE(2) umena ya-
CTUYHYIO Kcnpeccuto, kiaeTku auauii HEK293T u
KHOS muHumanbHbIll ypoBeHb 3KcTnipeccun GD2,
octeocapkoma 143B 6b11a nonaHocThio GD2 Hera-
TUBHA.

Tect Ha aktuBauuio ¢ GFP-pemoprepoM TO4HO
oTpas3ui ypoBeHb akcripeccun GD2 Ha kieTkax-Mu-
meHsx. Hauboubliias akTuBanus 1Isl BceX BapuaH-
TOB penenTopa Oblta Ha KieTkax LAN1 n IMR-32,
cHmkeHHasa Ha kietkax SK-N-BE(2), ypoBeHb ak-
tuBauumu Bcex BapuaHToB CAR knerkamu Hela u
143B comocTtaBUM C TOHMYECKUM CUTHajioM. WH-
TEpeCHO, UYTO B IAHHOM TECTe€ YPOBEHb aKTWUBAIIUU
MaJIio 3aBUCHUT OT JJIMHHEBI CIIeiicephbl, HO OTIMYAETCS
IUTST pa3HBIX aHTUTEJIBHBIX ITOMEHOB. Tak, aKTHUBa-
nus 8B6 CAR gocroBepHo Hike aktuBanmuu CAR-
T-peuentopoB Ha ocHoBe 14G2a u hu3F8. Peuen-
Top Ha ocHoBe hu3F8 mo akTMBalMy MPEBOCXOIUT
14G2a Tonpko Ha kietkax SK-N-BE(2) ¢ Huszkoi
skcnpeccueit GD?2.

LluToTOKCMYecKasi aKTMBHOCTb BCEX BapuaH-
ToB CAR-T-KIeTOK peann3oBbIBajlach Ha KieTKax
LANI1, Ho He 143B. Ilpu stoM ¢pukcupyercst a0-
CTOBEPHO OoJiee BBICOKAST IIMTOTOKCUYECKAsT aKTHB-

HocTb a1t CAR-T ¢ AIMHHBIMU BapyaHTaMU pelLier-
topa 14G2a u 8 B6. Takum 00pa3oM, MOATBEPXKIAETCS
MIPEUMYIIECTBO IJIMHHOTO CIielicepa IS pa3HBIX
BapuaHTOB aHTU-GD2 pererrropoB. JITMHHBIN Ba-
puaHTa penentopa Ha ocHoBe hu3F8 mokaszan Ham-
JIy4lIue pe3yJbTaThl HUTOTOKCUUYECKON aKTUBHOCTH
MPEBOCXOSIIEH 00a IPYruX aHTUTENA.

[10enb KIIETOK MUIIEHEH B IIMTOTOKCUYECKOM
TecTe OKa3ajlaCh KOHKOPIATHOI 3KCIIPECCUM Map-
kepa gerpanynsuuum CD107a na CAR-T-kieTkax.
Peuenitopbl Ha ocHoBe 8B6-aHTUTeNIa MMEIM MU-
HUMaJbHBI ypoBeHb CDI107a He OTAMYMMBIIA OT
MOCK-koHTponsa. Bapuantet CAR ¢ 14G2a u
hu3F8 noctoBepHO nosbIanu akcnpeccuto CD107a
npu nHky6aruu ¢ LAN1 mumensmu, Ho He 143B
kimerkamu. Penientop 14G2a-BBz (L) moBsiran aKkc-
TMPECCUIO MOYTH BABOE OOJIbIIIC BapruaHTa KOPOTKOTO
peuenTtopa 14G2a-BBz (L).

Mapkepbl uctomeHuss CAR-T-knerok TIM-3,
TIGIT u PD-1 Ha 8-e CyTKM COBMECTHOTO KYJbTH-
BUPOBAaHMS C KIeTKaMU-MUIIICHIMHU MOKa3aIl CXO-
K€ pe3yJbTaThl ¢ MAaKCUMAaJIbHOM 3KCIIpeccueit Ha
CAR-T-knerkax ¢ JIuHHBIMM BapuaHTamu 14G2a
u hu3F8 peuentopoB. DKcrpeccusi 3TUX MapKepoB
UMeeT ABOMCTBeHHOE 3HaueHue. C OqHOI CTOPOHHI,
MapKepbl UCTOLIEHUS OTPaxKaroT YpPOBEHb aKTHBa-
mun CAR-T-mmMdoInTOB, COIMPOBOXIAIONIIEH WX
(GYHKIIMOHAJIBHYIO aKTUBHOCTh. C Ipyroit cTopo-
HBI, BBICOKHME ITOKa3aTeJIM MapKepOB MCTOIICHUS
OPUBOISIT K MHIMOMPOBAHUIO M B KOHIIE KOHIIOB
rnbenu T-xietok. [1pu paBHOM ypOBHE aKTUBaLIUK
M IUTOTOKCHMYCCKOM aKTUBHOCTU NPEUMYIICCTBO
oynyt umetb CAR-T-KJIeTKM C MEHbIIIEe WHIYKIIN-
eit mapkepoB uctomieHus [8]. [To HaIIUM JaHHBIM,
hu3F8-BBz peuenTop mokasail HECKOJbKO 0Oojee
BBICOKYIO akTUBaLuio, yem 14G2a-BBz.

Tpu Bapmanta CAR ¢ HaimumuueM BCTaBOYHBIX
BHEKJIETOUHBIX JOMEHOB peleNTopa CPaBHUBAINCH
B (bMHAJIbHOM 3KCIIEPMMEHTE Ha HCTOILIEHUE C pe-
cTuMyasuen kierkamu muineHsmMu LANT u 143B.
DTOT 3KCIIEpMMEHT HamboJjee ITOJIHO ASMOHCTPU-
pyeT CIIOCOOHOCTh OIPaHMYEHHOTO KOJIMYeCTBa
CAR-T-KJIETOK KOHTPOJUPOBATH OOJBIIOE KOJIM-
YeCTBO KJIETOK-MMUIIIEHEH, a Takxke Mpoiaudepupo-
BaTh B WX NMPUCYTCTBUU. B oTinMuue oT KOpOTKOIro
IIMTOTOKCUYECKOTO TeCTa JTUTEJIbHBIN TECT TToKa3al
HecnocoOHOCTh peuienitopa 8B6-BBz koHTposm-
poBaTh KieTku-muineHn LANI1. 14G2a-BBz (L) u
hu3F8-BBz (L) obecreunnn yHUUTOXEHUE KIIETOK
muieHeit LAN1 B TeueHue 2 Heleab ¢ HEOOIbIIUM
muaepctBoM hu3F8-BBz nocne 10-ro gHs. B Tecte ¢
GD2-HeratuBHbIMU KJIeTKaMU 143B rubenb muiiie-
Hel coxpaHsiiach Ha CTAOMJIBHO HU3KOM YPOBHE, Ha-
KaIUIMBaJINCh KMBbIC MUIIICHU.

HNHTepecHO, 4TO OTJIMYME OT IMOAOOHBIX TECTOB
¢ pectumyisiuein wisi aHtu-CD19 CAR, B Haiiem
HUCCJIEOBAaHUM HE MPOMCXOAuJia dKCIaHCUS aHTU-
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GD2 CAR-T-kjieTok B Te4eHHE BCEro BpPEMEHU
TecTa Ha YpPOBHE, MPEBBILIAIONIEM UCXOIHOE COAep-
xaHue CAR-T. B TeueHue nepBoil HeaeJu BO Bcex
TecTax, Kak ¢ LAN1, tak u 143B, npoucxoauniao He-
6onbiioe yeenuueHuem noau CAR-T-kieTok cpeau
JUM@OLUTOB 3a CYET TMOEU HeTpaHCAYyLUPOBaH-
HbIX JumdouutoB. Ha 9-ii nenp misa 14G2a-BBz u
hu3F8-BBzu Ha 11-i1 neHb 8B6-BBz CAR-T-kjeTok
npou3solres ckayok ¢ nepcucteHMu CAR-T-kiieTok
B KysabType ¢ LANI B ominume ot KyJsTyphl ¢ 143B,
rae CAR-T rubau Hapsiy ¢ HETpaHCIYLIUPOBAHHBI-
mu auMdbouutamMu. K KOHIy sKcnepuMeHTa Hau-
oounbliee cogepxkanne CAR-T-kietok (okoso 80%)
coxpaHunoch Wit hu3F8-BBz, u yTo HeoxunaHHO,
1151 8B6-BBz (okos0 70%), 3a cyeT pe3Koro npupo-
cta KoinuyectBa 8B6-BBz CAR-T-kietok ¢ 11-x o
14-e cytku. [Momo6HBIi TpupocT 8B6-BBz CAR-T-
KJIETOK MOXHO OOBSICHUTD 3aMeJIEHHOW aKTUBall1-
et T-xneTok ¢ aTum peuentopoMm. IlepcucteHuus u
TeM Oosee akcnaHcuss CAR-T B OTBET Ha CTUMYJISI-
LU0 AaHTUTEHOM SIBJISIETCSI BaXKHEHUIIUM (haKTOPOM
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HETPUH-1 AKTUBUPYET 9KCINMPECCUIO COBCTBEHHOIO
FrEHA UTEHA CBOEIO PELENTOPA unc5b, HO NOOABJIAET
SKCIMPECCUIO 'EHA ccl/19 B MAKPO®DAIAX YEJTIOBEKA
JINHUU THP-1

Hexpacosa E.B.}, Opaos C.B.}2

'@I'BHY « Uncmumym sxcnepumenmanvHoil meouyunvr>, Cankm-Ilemepoype, Poccus
2@I'BOY BO «Cankm-Ilemepoypeckuii cocyoapcmeennbiii ynugepcumem», Cankm-Ilemep6ype, Poccus

Pesome. 1o nanHbiM BceMupHOl opraHu3zanuu 3apaBooxpaHeHusd, 3a 2021 roq oCHOBHOI MPUYUHOM
WHBAJIUIHOCTU U CMEPTHOCTH JTIIOJISi BO BCEM MUpe Oblia ullleMudecKasi 00JIe3Hb ceplilia, Ha TPeTheM MeCTe
MO YMCITy CMepTeid — WHCYJIBT. JlaHHBIe ceplieuHO-COCYIUCThIe 3a00JIeBaHUsI, B TOM 4uciie UH(hApKT MUO-
KapJia 1 aHeBPU3Mbl CTEHKH aOPThI, 00YCIIOBJIEHBI CUCTEMHBIM XPOHUUYECKUM BOCHAIUTEIbHBIM ITPOLIECCOM
MOoJ1 Ha3BaHMEM aTepPOCKJIepo3. DTO 3a00JieBaHNE Pa3BUBAECTCS Ha MPOTSKEHUM IECATUIIETUI M XapaKTepu-
3yeTCsl HApyIIEHUEM LIEJIOCTHOCTU 3HAOTEJIMATIBHOTO CJI0SI COCYIOB, U30BITOYHBIM HAKOTUIEHUEM JIMITUIOB
B CTEHKaX COCYIOB, TUChYHKIIME MakpodaroB 1 M1alKOMBILIEUHbIX KJIETOK U pa3BUTUEM BOCHaJIEHUs ap-
TepUaabHBIX CTeHOK. OTHUM U3 ITyTeil perpecCruu aTepoCcKaepo3a MOXET CIY>KUTh SMUTpaAIUsI MaKpodaros,
Harpy>XeHHBIX 2(pupaMu XoJaecTeposa, U3 aTePOCKICPOTUYCCKOM OJISIIIKY 110 JTUMMATUIEeCKUM cocynaM B
pervoHanbHble TUMGOY3Jbl U, B HalbHEHIIIEeM, B MEYEHb JJISI MOCIEAYIONIEro MeTaboin3ma XojecTepoa.
benok HeTpuH-1 IBAIETCS MHTMOMTOPOM MUTPALIMY UMMYHHBIX KJIeTOK. [IpencTaBisieT MHTepeC N3ydeHe
ayTOKPUHHOM/TTapaKpWHHOM PETyJISIIIUU DKCIIPECCUU TeHa HeTpuHa-1 B mMakpodarax yenoBeka. [loHnma-
HHE 3TOTO IIpoliecca MOXKET SIBISATHCS OCHOBOI TSI TOMCKAa HOBBIX MOAXOIOB B TepallMU aTepOCKIIepo3a.
Llenb nccnenoBaHusi — M3y4YUTh BIUSTHUE Oeika HeTpUHa-1 Ha ypOBeHb IKCIIPECCUU TeHOB nfnl, ero pe-
nenTopa uncSb u xemokuHa ccl/19. Pabora BbeImoHeHa Ha Makpodarax, nuddepeHIMPOBaHHBIX U3 JUHUU
OCTpoit MOHOLIMTapHOM Jietikemuu yesoBeka THP-1. Ananus skcnpeccuu reHoB ntn 1, unc5h, ccl19 Ha ypoB-
He marpuuHoii PHK mpoBeneH Meromamu oGpaTHOW TPaHCKPUMILIMKU M KOJUYECTBEHHOM ITOJIMMEpPa3HOM
LIEMHOI peaklMu B pexKMMe peaJlbHOro BpeMEHM, a Ha YPOBHE Oesika aHaju3 clejlaH METOJOM MPOTOYHOMN
nutodayopuMeTpun. HetpuH-1 B KoHIIeHTpauuu 50 HIr/MJI MHAYLIMPOBaJl 3KCIPECCUIO TeHOB ntnl u uncSb,
HO MOJABJST dKCIIpeccuio reHa cc//9 B makpodarax dyenoBeka. OnqHako B KOHLIeHTpaluu 250 Hr/Mia He-
TPpUH- 1 IPUBOINI K 3HAUMTEIILHOMY CHIDKCHUIO SKCIIPEeCCU cOOCTBEHHOTO reHa ntn l. HetpuH-1 oka3piBa-
eT ayTOperyIupyollee BIUSHIE Ha 9KCIIPECCHUIO CBOETO I'eHa 1 TeHa CBOEro pelenTopa uncSh B Makpodarax
yenoBeka. [lomaBiieHrne HeTpMHOM-1 3KCIIpeccun XeMOKHWHa cc/19 B Makpodarax MOXeT SIBISITbCSI OTHUM
U3 TyTeld MHrMOMPOBaHUs SMUTpallMU MakpodaroB JaHHBIM 3 dexkTopoM. [TosryueHHbIE pe3ybTaThl pac-
IIUPSIOT IIPEACTABICHUE O PETYJISIIIAN SKCIIPECCUM OEJIKOB, OTBETCTBEHHBIX 32 MUTPAIINIO MaKpodaros, 1 B
MEPCIEKTUBE MOTYT OBITh UCTIOJIb30BAHBI [IJTs TTOMCKA HOBBIX MUIIIEHEU B TepaIiuy aTepocKiieposa.

Knrouesvie cnosa: nempun-1, ntnl, uncsb, ccll19, maxpogpaeu uenrosexa
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NETRIN-1 UPREGULATES THE ITS OWN GENE EXPRESSION
AND unc5b GENE EXPRESSION, BUT DOWNREGULATES
ccl19 GENE EXPRESSION IN HUMAN MACROPHAGES THP-1
CELL LINE

Nekrasova E.V2 Orlov S.V.2?
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Abstract. Accordingtothe WHO data of 2021, ischemic heart disease was the leading cause of human disability
and mortality at a global level, with brain stroke being the third leading cause of death. These cardiovascular
diseases, including myocardial infarction and aortic aneurysms, are largely caused by atherosclerosis, a systemic
chronic inflammatory process. This disease develops over decades and is characterized by the disruption of
the vascular endothelial layer integrity, excessive lipid accumulation in arterial walls, macrophage and smooth
muscle cells dysfunction, and evolving inflammation of arterial walls. One of approaches to atherosclerosis
regression may be emigration of cholesterol ester-laden macrophage from atherosclerotic plaque via lymphatic
vessels to the regional lymph nodes, and then to liver for subsequent cholesterol metabolism. The protein
netrin-1 is inhibitor of immune cells migration. Particular interest is the study of the autocrine/paracrine
regulation of netrin-1 gene expression in human macrophages. The understanding of this process may provide
a basis for discovery of the new approaches to atherosclerosis therapy. The aim of the present article was to study
the influence of protein factor netrin-1 on the gene expression levels of ntnl, its receptor unc5bh, and ccl19.
The experiments were carried out on the macrophage-like cells derived from acute monocytic leukemia cell
line THP-1. The expression of ntnl, unc5b, ccl19 genes was performed by reverse transcription and real-time
quantitative PCR (mRNA Ievel), and by flow cytometry (at the protein level). Netrin-1 at the concentration
of 50 ng/mL induced ntn 1 and unc5b gene expression, but suppressed cc/19 gene expression in human macro-
phages. However, netrin-1 applied at the concentration of 250 ng/mL caused a significant downregulation
of the own ntnl gene expression. Netrin-1 has autoregulatory effect on its own gene expression, and on the
gene encoding its receptor (unc5h) in human macrophage-like cells. The downregulation of chemokine
ccl19 expression in macrophages mediated by netrin-1 may be a potential way by which this effector inhibits
macrophage emigration. The obtained results suggest a regulatory mechanism for expression of proteins
responsible for macrophage migration, which in the future will enable application of these data for searching
new targets in atherosclerosis therapy.

Keywords: netrin- 1, gene expression, ntnl, unc5b, ccl19, human macrophages

Pa6ora BbIOIHEHa B paMKax Troc3agaHud HbIC LIUTOKHWHDI, TpaHC(l)OpMI/Ipy}OTCH B NICHUCTLIC

DOI'BHY «MHCTUTYT 3KCNEePUMEHTAILHON MEANIIN-
Hbl», CaHkT-IleTepOypr.

BeeneHue

ATepocKJiepo3 — 3TO XPOHMYECKOE CHCTEMHOE
3aboJieBaHME, MMeloIIee MaTo(hU3NOIOTMIECKHE MO~
CJIEICTBUSI, TaKMe KaK MHCYJIBT 1 WH(papKT MUOKap-
nma. OHO XxapaKTepu3yeTcs aKKyMyJIsiueil OoraTbhIx
XO0JIECTEPOJIOM JIMIIOMMPOTEMHOB HU3KOU MJIOTHOCTU
(LDL) B cTeHKax apTepuii B MecTax, TJie HeJTOCTHOCTh
SHIOTENINS MOXKET OBITh ITOBpPEXICHA: BETBICHUS,
U3rubbl cocynos U npyroe. Ilocie NpoHMKHOBEHMS
LDL B cy0aHa0TEIMAIbLHOE MPOCTPAHCTBO OHU T10/1-
BEPraloTcs XUMUYESCKUM U SH3UMATUISCKIM MOJIU-
dukanmsaM, mpeBpaiiasich B okucieHHble (oxLDL)
u npyrue (opmbl MmoaudunupoBaHHeix LDL [15].
OxLDL pacnoszHaloTcsd MakpogaramMyd Kak raTtore-
HBI M 3aXBaThIBAIOTCS CKaBCHIKEP-pPeleNTOPaMM.
Makpodaru npuodbpeTaroT MNPOBOCIATUTEIbHbIN
(beHOTHUTI, aKTUBHO CEKPETUPYIOT MPOBOCTIAIUTEb-

KJIETKH U TEPSIOT CIIOCOOHOCTb K 3MUTPALIMM B TIe-
pudepudeckure JUM@POY3JIbl U, B JaJIbHERIIIEeM, B Ie-
YeHb. DTU KJICTKHU (OPMHUPYIOT HEKPOTUICCKOE SIAPO
OJISILLIKM, UTO SIBJISIETCSI CITYTHUKOM pa3BUTUS aTEPO-
ckiepo3a [2].

B HemaBHMX uccaeq0BaHUSX ObLT OMpeaeaeH psi
¢$akTOpOB, MOJABJISIOIINX SMUTPALINIO MaKpodaron
U3 aTepOCKJIEPOTUYECKOU OJISIIIKA: HaKOIJIeHUE
Xxojiectepoia B Makpodarax, TUITOKCHUSI, BBICOKOE
apTepruajbHOE JaBJIeHUE, ITOBBIIIIEHHAs! 9KCIPECCUST
B KJIETKaX UHTMOUTOPOB MUIpalluM — HeTpuHa-1 u
cemacdopuna-3A[1, 9].

Hetpun-1 — »TO JaMUHUHOMNOAOOHBIN O€JIOK,
peryJupyrouumii xemotakcuc kiaetok. Ha N-koHle
Oesika pacriojararoTcs 2 goMeHa: gomeH IV u no-
MEH V, KoTophbie CBsI3BIBaIOTCS ¢ perentopamu DCC
(cyrpeccop KOJOpPeKTaJbHOrO paka), HEOTeHUHOM
u penentopamu cemeiicta UNCS [21]. B 3aBucn-
MOCTU OT TOTO, C KaKUM PELENTOPOM CBSI3bIBACTCS
HeTpuH-1, HaOJOOAIOTCS pa3jiMuHble OMOJIOTUYE-
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ckue addextel. K npumepy, cBs3biBaHUE Oeika C
peuentopoM DCC nmpuBOAUT K XeMoaTTpaKLUU, a
cBa3bIBaHUE ¢ cemeiicTBoM penentopoB UNCS — k
xeMopemnyJsibcuu [9]. C-koHell aToro 6eyika 6orart oc-
HOBHBIMU aMHMHOKMCJIOTAMU, KOTOPHIE BBICTYMAIOT
caliTaM CBSI3bIBAaHUSI MEMOpPaHHBIX TJIMKOJUIIHMIOB
¥ IIPOTEOTIIMKAHOB, TEM CaMbIM OOeCIieunBasl B3al-
MoJIeficTBHE OeTKa ¢ KOMITOHEHTaMU KJIETOYHOM MO0~
BEPXHOCTU 1 BHEKJIETOUHBIM MaTpukcowm [10].

VY 4enoBeka reH HeTpuHa-1 ntnl ToKanmU3yeTcst
Ha 17-i1 xpoMOocoMe U KOIUPYET OEI0K, COCTOSIIIUIA
n3 604 aMUHOKMCIIOTHBIX OCTaTKOB [5]. BbIcokmii
TPaHCKPUIILIMOHHBIN YpOBEHb HETpUHA-1 HabIOma-
eTcsl B cepille, TOJIOBHOM MO3Te, TTOYKax M JIETKUX,
MPY 3TOM HU3KUI ypOBEHb — B MEYEHU, TOHKOM KH-
IeYHUKe U cejie3eHke [12]. DyHkuum HeTpuHa-1
B OpraHm3Me 4YeJIOBeKa OOIIMpHBIC: OH OKa3hbIBacT
BJIMSTHUE Ha aHTUOTeHe3, MOpdOoTeHe3, MHTUOUPYET
arornTo3, BBUAY Ye€ro OTHOCUTCSI K OHKoreHam |[5].
HetpuH-1 KOHTpoaupyeT 3MnuTe/IMalbHO-ME3€HXM-
MaJIbHBIN TIePEX0/I, KIIFOUEeBOM MPOIIECC OpTaHOTeHEe-
3a jierkux [5]. Kpome Toro, mokaszaHo, 4To HETpUH- 1
y4acTByeT B MopdoreHes3e MoKeTyT0UYHON Keae3bl
W peMOIEIMPOBAaHUM Pa3HBIX TUIIOB TKaHE B 3KC-
nepuMeHTax in vivo [12]. OTu n1aHHbIE YKa3bIBAlOT Ha
TO, YTO HETPUH-1 U €ro pelenTopbl UTPAIOT BasKHYIO
poJib B MOpOreHe3e MHOXKECTBA TKAHEH.

JaHHble 0 BIMSIHUU HETpHHA-1 Ha WMMYHHYIO
cucTeMy MpOTUBOPEYMBHI. B 3aBCMMOCTH OT MoJie-
JIM UCCJICAOBAHUS U TUMA KJIETOK, MPOLYLIUPYIOIINX
HETPUH-1, 3TOT 0EJIOK OKa3bIBACT IIPOBOCIIATIUTEIIb-
HOe 100 MPOTUBOBOCTIAJINTEILHOE JeiicTBrE. Tak,
MpU Pa3BUTUU OCTPOTO BOCHAJIEHUS JIETKMX, MOYEK
W IIpU TIICPUTOHUTE HETPUH- | SIBJISIETCSI IIPOTUBOBOC-
NaJMTENbHON MOJieKyJIol. OMHaKO B KOCTHOM TKaHU
W aIuMIToNMTaX HETPUH-1 BBICTYITaeT KakK ITPOBOC-
NajquTeabHbIN areHT. OH croco0eH aKTUBHPOBATh
OCTCOKJTIACTHI, UTO IIPUBOIUT K OCTCOJIN3Y, T. €. pa3-
pymieHuto koctu. Ilpu cexkpeumu HeTpuHa-1 Xu-
POBBIMU KJIETKAMU Pa3BUBAETCsI XPOHUYECKOE BOC-
najeHne, MHCYJIMHOPE3NUCTCHTHOCTh M MOABICHUE
MUTpaluu Oau3aexaliux Makpodgaros [5].

B ycioBusix pa3BuUTHSI aTepockiiepo3a HETpUH-1,
cBa3bIBasich ¢ penenropom UNCS5B, nogasisieT Mu-
rpanuio MOHOLIMTOB M MakpodaroB [19]. Ha rman-
KOMBIIIIEYHBIX KJIETKAaX MMEETCS IPYroi perernTop
K HeTpuHy-1 — HeoreHuH. Yepe3 BTOT peLenToOp
HETpUH-1, HA00OPOT, BBI3BIBACT XEMOATTPAKIIUIO.
[nagkoMblIlieuHbIe KJIETKM HAYMHAIOT aKTUBHO MM-
rpUpoBaTh U 00Pa3yIOT HGUOPO3HYIO KAMCyIy BOKPYT
oKy [19]. DHIoTeIMaIbHBIE KISTKU B HOPMAaITh-
HBIX (DM3UOJTOTMUESCKUX YCIOBUSIX CEKPETUPYIOT HEe-
TpUH-1 B KpOBSIHOE PYCJIO B BBICOKMX J03aX. B Kpo-
BU HeTpuH-1 cBa3bIBaeTcs ¢ peuentopom UNCS5B
Ha TIOBEPXHOCTU MOHOIIMTOB, JUMQOIIMTOB, HEli-
TpoWIOB U TIPEMSITCTBYET aAre3ur 3TUX KIIETOK K
cyoro sHaoteaus [5, 9]. [ToMmumo 3Toro, HeTpuH-1
MOAABISIET SKCIIPECCUIO aATre3MOHHBIX MOJEKYI B
sHgoTenuonuTax. [Ipu mporpeccupoBaHUM aTepoO-
CKJIEPOTUYECKOTO TTOPAXKEHUST COCYI0B KOJIMYECTBO

CEeKpeTUpyeMoro HeTpuHa-1 »HOOTeJIMeM CHMXKa-
eTCsI, HO BO3pacTaeT KOJMYECTBO aAare3MOHHBIX
MOJIEKYJ Ha SHIOTEIUATbHBIX KJISTKaX, TaKMX KaK
VCAM-1, ICAM-1, E-cenekTuH, 4YTO YCUJIMBAET
nuanenes (mpouecc Bbixojaa GOPMEHHbBIX 2JIEMEHTOB
KpOBH Uepe3 CTEHKY cocyaa B TKaHU) [5].

B makpodarax HeTpuH-1 MHTMOMpYeT MUTpa-
LU0, BbI3BAaHHYIO psaoM xeMokuHoB: CCLI19,
CCL21, CCL2 u anadpunatokcuHom C5a uyepes cBsI-
3pIBaHUE co cBouM pelieritopom UNCSB [18, 19]. 3a
SMUTPANIO0 HAarpy:KeHHBIX JIMIUIaMU MaKpodaros
3a mnpeaenabl Osgimku orBedyaror xeMokuHbl CCL19
u CCL21 [9]. UccnenoBaH MexaHU3M IOIaBJICHUS
XeMoTakKcuca B Makpodarax: HeTpUH-1 MHTUOUpY-
T MUTPAIINIO ITOCPEACTBOM YITHETCHUSI aKTUBHOCTH
manoir I'Tda3er Racl u momasnenus: pochopuim-
poBaHMsI KuHa3bl (okanbHOIi aare3un FAK. Dtu
CUTHaJIbHBIE MOJICKYJbl OTBETCTBEHHBI 3a peopra-
HU3aILIMI0 aKTHHOBOTO IIMTOCKEIeTa W MOJISIPU3AIINIO
kiteTok [19]. BnusiHue makpodaraaibHOro HeTpuHa- 1
Ha areporeHe3 ObLIO MPOAEMOHCTPUPOBAHO B IKC-
NepuMeHTax 0 JAejiellMd HeTpuHa-1 B Makpodarax
MBIIICH C TUIIEPXOJIeCTepUHEMUEH (JIMHUST MBIIIICH,
HOKayTHbIX Mo reHy peuentopa LDL): orcyrcTBUe
HeTpuHa-1 MPUBOAUIO K SMUTPALIMU HAarpy>KEHHbBIX
adupaMu xoyiecTeposia MakpodaroB B JUM@aTHU-
YecKylo CUCTEMY M perpeccum arepockieposa [19].
B npyrux skcnepuMeHTax ObUIO TTOKa3aHO, YTO MpHU
BBICOKOI MPOAYKIIMU HEeTpUHa-1 Makpodaru mnosi-
pU3YIOTCSI B HarmpaBieHuu M2 (IpOTHUBOBOCIIAIM-
TEIBHBIN CTaTyC), HAUMHAIOT IIpoayuupoBath 1L-4,
1L-13 u mepecratoT npoayuuposath [L-6 1 HuKiI0-
okcureHasy-2 (COX-2) [16]. HerpuH-1 aKTUBHUpPYET
TpaHckpuniuoHHble (akTopsl PPARs (peuenTopsl
aKTUBATOPOB IIpoaudepannd MNepoOKCHCOM), yda-
CTBYIOIIIME B MPOTUBOBOCTIAJIUTEIILHOM CUTHAIMH-
re. 9To NPUBOIMUT K pelpeccur akTuBauuu (HaKTo-
pa tpanckpunuuu NF-kB, momaBieHuio cuHTe3a
TpoMOOKcaHa A2 u TipocTarjaHauHa E2 B akcriepu-
MEHTaXx in vitro u in vivo [16]. C 0qHOI1 CTOPOHBI, O~
Jisipu3alysl KJIeTOK B HallpaBJICHUM aJlbTePHATUBHO
aKTUBUPYEMbIX Makpodaros (M2) cHIKaeT JTOKaIb-
HOE BOCHAJICHHEe, C APYroil CTOPOHBI, MakKpodaru
M2 TepstoT cnOoCOOHOCTh K MUTPAllMU, BbI3BAHHOW
xemoknuHamu CCL19 u CCL21, B otinuue oT M1
(mpoBoCIaIUTEIbHBIX) Makpodaron. Jleao B ToM,
4yTO Ha MeMOpaHe MakpodaroB M1 BeICTaBJIEH pe-
LEeTITOp, OTBETCTBEHHBbIN 3a xemorakcuc, CCR7, B
TO BpeMsi Kak B Makpogarax M2 peuentop CCR7
YXOOUT C TTOBEPXHOCTU LIMTOILJIa3MAaTUYECCKON MeM-
OpaHBl B MeMOpaHbI 3HIOIUIA3MAaTUYECKOTO PETH-
KyJayMma U mepectaeT ObITh PyHKIMOHATBbHBIM [20].
TakuMm obpa3oM, UMeIOIIMECsS JaHHbIE B JUTEpaType
MOKAa3bIBAIOT, YTO UMMYHOMOIYJIUPYIOIINI 3 PeKT
HeTpWHA-1 3aBUCUT OT TOTO, B KaKMX KJIETKAX IIPO-
JyIIUPYeTCsI HETPUH- 1, I OT COOTBETCTBYIOIIETO MU-
KPOOKPY>KEHUSI.

Ecth ximHMYecKUEe HaHHBIC, CBUJIETEILCTBYIO-
1€ O TOM, YTO KOHIIEHTpallus HeTprUHa- 1 B ma3me
KPOBM TMOHMXKE€HA Y MAlMEHTOB C CyOKIMHUYECKUM
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aTepoCKJIEPO30M IO CPAaBHEHUIO CO 3IOPOBBIMU TMa-
nueHTaMu. MiMeeTcss oOpaTHasi KOPPEISIIns KOH-
LIeHTpallMu HeTpUHa-1 B 1jia3dMe KpPoBU C 00ObEMOM
aTepocKJiepoTUYecKuXx OJisiiek [3], a TakKe ¢ riauKe-
MHUEU U BBICOKMM WHIECKCOM MacChl Tejla, KOTOpPhIe
SIBJISTIOTCSI CEPACUYHO-COCYINCTBIMU (haKTOpaMU PU-
cka [8]. [Ipu 3TOM BHYTPHUKIIETOYHBINI YPOBEHb HE-
TpuHa-1 B Makpodarax MmoBbIIIeH Yy TTallUEHTOB CO
CTAaOMJIBHOM CTEHOKapAMeil U OCTPbIM MH(pApPKTOM
MuoKapaa [8].

I[IpuBencHHBINN aHAIW3 ITOKA3bIBACT, UTO POJb
HeTpuHA-1 B aTeporeHe3e 10 CUX MOP OOCYKIaeTCsI.
Mano u3BecTHO 00 ayTOKPUHHOM M MapaKpUHHON
peryJsiuMy HeTpuHa-1 B Makpodarax, o perysiuu
ero peuentopa UNCS5B. B Hacroseit padote HaMu
BIICPBBIC MIPEACTABICHBI JaHHBIC O BIMSHUN HETPHU-
Ha-1 Ha 3KcIIpeccuro reHoB ntnl, unc5b, ccll19 B ma-
Kpodarax JyeaoBeKa.

Matepuans! 1 MeTogbl

PekoMOMHaHTHBIN YeT0BeYeCKUI HEeTPUH-1 ObLT
npuobpereH y R&D Systems, CIIA (6419-N1).
Kponnuby monukioHaNbHbIE aHTUTEA MTPOTUB Ye-
noBeueckoro UNCS5B (ab104871) 1 Ko3bM TOIM-
KJIOHAJIbHbIe aHTUTea NMpoTuB IgG KpoaukoB, Me-
yeHHble (ayopodbopom TRITC (ab7051-1), ObuM
npruoodpereHbl y Komnanuu Abcam (CILLA).

KieTounbie KyasTypbl

KnerouHnass 1MHUS OCTPOIi MOHOLIMTAPHOM JIeki-
kemuu yenoBeka THP-1 Obinia monayyeHa u3 6aHKa
KJIETOYHBIX KyabTyp MHcTuTyTa turtonsoruu PAH.
Knetku kynpruBupoBanu B atMmocdepe 5% CO,
npu 37 °C B cpene RPMI-1640 (OOO «buonoT»,
Poccust) ¢ nob6asnenunem 10%-Hoil Tensiabeil M-
opuoHanbHOIi chiBopoTku (FCS) u reHTamMmunmHa
B KoHueHTpauuu 40 Mmkr/mi. duddepeHunpoBKy
moHouutoB THP-1 B Makpodaru npoBoanin ¢ uc-
noib3oBaHueM  (opboii-12-mupucrar-13-amerara
(PMA) B xoHueHTpanuu 50 ur/mia (81 HM) B Teue-
Hue 24 4. 3aTeM KJIETKM OTMbIBaIU OT (DOPOOJIOBOTO
adupa, MeHsITU cpeay Ha cBexyo RPMI-1640, co-
ngepxaiyo 10% FCS u 40 MKr/mia reHTaMULAHA,
" TIpomonKaau 1uddepeHIIMPOBKY B TeUeHHNE 48 9.
Oobmee BpeMms auddepeHmupoBku kietok THP-1
COCTaB/IsLIO 4 JHS MPU MHKYOAllMUM C HETPUHOM- |
B TeueHUe 24 4 U 5 THEeU NMpu MHKYOallMU C HETPU-
HOM-1 B TeueHue 48 4.

Boinenenue PHK, o0parHas Tpanckpunmuus u mo-
JumvepasHas nenHas peaknusi (ITLP) B pe:kume peanb-
HOT0 BpeMeHH

ToranpHyto PHK u3 KyabTUBUpYEeMbIX KJIETOK
BBIJIEJISIM C UCMOJIb3oBaHUEM peareHTa ExtractRNA
(B3AO «EsBporen», Poccust) B COOTBETCTBUM C WH-
cTpykKimeil umaroroButessi. KoHUEHTpauuioo U 4u-
croty PHK onpenensiiy ¢ moMolIbio MIaHIIETHOTO
cnektpodotometpa Synergy 2 (BioTek, CIIIA). Ot-
HOIIIEHWEe MOMIOIIEHUs MPU JTMHAX BOJH 260 HM U
280 HM OBUIO BBIIIE 2, U OTHOIICHUE TTOTJIOIIECHUS
npu 260 um 1 230 HM GbLI0 BhIlIE 1,7. OTCYyTCTBHE

nerpagaiiun PHK mpoBepsuin snekrpodope3om B
1%-HOM arapo3HOM rejie IO COXPaHEHMIO I1IEJI0CT-
HocTu pudocoManbHbix PHK. Ins mpoBeneHust pe-
aKLUKU OOpaTHOU TpaHCKPUIILIMU Opajii paBHOE KO-
muuectBo PHK a1st Bcex Touek. Peakumio odbpaTHOi
TpaHckpuniuu (¢ 1 Mxr TotaibHOl PHK) mpoBoau-
JIM C UICTIOJIb30BaHMEM cMecH mpaitMepos oligo(dT) u
crieundurueckux 3’'-npaiiMepoB K reHam ntn l, uncsb,
ccl19. J1na npoBeneHUsT peakliMu UCHOJIb30BaIu pe-
aktuBbl Komanuu 3A0 «Esporen» (Poccus). ITLP
B peaJlbHOM BPEMEHHU IIPOBOAMIM I10 TEXHOJOTUM
Tagman wiu no uHtepkansuuu SYBR Green ¢ uc-
nosib3oBanueM amiumMpukaropa CEFX96 (Bio-Rad,
CIIA). KOMITOHEHTBI PeakIIMOHHON CMeCU OBLIN
npuodbpeteHbl y KomriaHuu OO0 «CunHTtom», Poccust.
Ilpaiimepbl U dayopeclieHTHbIE 30HIBI Is1 pede-
PEHCHBIX T€HOB, KOAUPYIIUX 0ejiku 60S KUCIIblii pu-
6ocomaibHEI 6es1ok PO (RPLPO), nukioduinH A u
[B-akTuH, ObUTK onMcaHbl paHee [13, 14, 17].

Hnga nerekuuu MPHK rena nfnl ncnonb3oBanu
ciaenyoluye npaMepbl W 30HI: OPSIMOM IIparimMep
5" CCTGCAAAGCCTGTGATT 3'; oOpaTHbIH

npaiitmep 5 GCGCTACAGGGATCTTTATG_3';
300 5 ROX-CAGAGCCGCTCTCCCATCGC-
BHQ2 3’;

uncSb: npsimMoit npaiimep 5

CAAGCAGGCACTGATTCT _3'; oOpaTHbIli mpaii-
mep 5 CCGTTGCACTTGAAGTAGAT 3';

ccll19: MpSIMOI npaiimep 5
GCTCACACATTCACCGTT_3'; oOpaTHbIii mpaii-
mep 5 CAGCCATCCTTGATGAGAAG _3'.

HopmupoBanue pesynasratoB [P mpoBomuiun
0 CpeTHEMY TeOMETPUUYECKOMY U3 TpeX pedepeHc-
Hbix reHoB (RPLPO, nukmodwiuH A, [B-akTuH),
Kak orucaHo paHee [14]. [ToporoBoe 4Mcio LIMKIOB
(Ct) nnsa Kaxaoro reHa ObLIO OINPEASIieHO C MOMO-
mpio CFX-96 RealTime PCR System u riporpamMmoii
Bio-Rad. OrHocuTenbHble 3HaUueHUsT ypoBHSI MPHK
reHoB ntnl, ucn5b, ccll9, BeIpakeHHbIE B IIPOLIECH-
TaX OTHOCUTEJIbHO KOHTPOJISI, ObUIM BBIYMCIIEHBI 1O
dopwmyne:

2 (ACt (control) — ACt (ombIT)) + 100%

IIporounas nurodayopumeTpust

Makpodarn WMHKyOMpoBaJiM C KoJUIareHa-
3011 (Accutase, Thermo Fisher, CIIIA) 20 muH nipu
37 °C, cHUMaJIU C TUIaHLIeTa, HeHTPU(GYyrupoBaiu u
MHKyOMpoBaan B OJloKupytoleM Oydepe (pocdar-
HO-CoJIEBOI Oy(depHbIil pacTBop, 2% FCS) 30 MuH
MpyY KOMHATHOW TemriepaTtype Ha 1ueiikepe (ST3,
ELMI, JlatBus) npu 500 06/MuH. KiteTku MTHKYOM-
POBAJIM C KPOJMYBUMU MOJTUKIOHATbHBIMU aHTUTE-
gamu npotuB 4yenoBedyeckoro UNCSB (pa3BeneHue
1:100) B 6nokupytomem Oydepe B TeueHue 1 9 mpu
KOMHATHOI TeMIlepaType Ha Iieiikepe, OTMbIBAJIN 3
pasa B (pocaTHO-coseBoM Oydepe U Janee MHKyOU-
pPOBaJI CO BTOPUYHBIMU KO3bUMHU TTOTUKIIOHATTbHBI -
MU aHTUTeIaMU IIpoTuB IgG KpOJIMKOB, MEYCHHBIC
danyopodopom TRITC (passenenue 1:1000) B 6J10-
KupyloleMm oydepe, B TedeHue 30 MUH B TEMHOTE
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IpU KOMHATHOM TeMrepaType. 3aTeM KJIETKA OTMBI-
BaiM 3 pasa B ocdaTHO-coneBoM Oydepe. Kiretkn,
00paboTaHHbBIC BTOPUYHBIMM aHTUTEIAMHU, HO HE
MHKyOupoBaHHbIe ¢ aHTuTeaaMu TpotuB UNCSB,
WCITOJIb30BaId B KAYECTBE KOHTPOJISI CIIeMMUIHO-
CTU MMMYHHO# OKpacKM (M30TUIT KOHTPOJIb). [1po-
TOUHAasI TUTOMIyOpUMETPHUS ObLIIa TIPOBEICHA C MC-
MoJIb30BaHUEM ITPOTOUYHOro nurtomMerpa Epics Altra
flow cytofluorimeter (Beckman Coulter, CILIA) u
nporpammbl  FCSalyzer  (https://sourceforge.net/
projects/fcsalyzer/).

CratucTHdecKuii aHAIN3

Tect Ha HOPMAJILHOCTH pacHpeaesieHUs] TPOBO-
aunu ¢ momoubio kputepus lanupo—Yunka. [Mpu
HOPMaJIbHOM pacrpeie/IeHUN Pe3yIbTaThl TPEACTaB-
JISUIM KaK cpegHee apudMeTUIecKoe 3HaueHHe =+
CTaHIApTHasl OIMMOKa CPeaHEro, IpHM pacIpenese-
HUU, OTJUYAIOIIEMCSI OT HOPMaJIbHOTO — KaK MEIu-
aHa + MHTepPKBapPTUIbHBIN pa3dMax. CTaTUCTUYECKUIA
aHaIM3 pa3lIMIUii MeXIy CpaBHMBAacMBIMU TpYII-
HaMU BBIIOJHSUIA C MCIOJB30BAaHUEM t-KpUTEpUs
CrpioneHTa (HeIapHbIi t-TecT), KpuTepus MaHHa—
YutHu, tecta Jdanna. Paznuuus cuuranuch craTu-
ctuuecky 3HaYuMbIMU Tipu p < 0,05. Cratucruue-
CKYI0 00paboOTKy JaHHBIX MNPOBOAMIMU C MOMOIIbIO
nporpaMmMbl GraphPad Prism8.

PesynbTathl

B nmanHoi1 paboTe 00bEeKTOM MCCIIeTOBAaHUS ObLIU
HemoJisipu3oBaHHble M0 Makpodaru yejgoBeKka Kie-
TouHoli Junuu THP-1. beuia npoBegeHa uHKyOa-
st MakpodaroB ¢ HETpUHOM-1 B KOHIIEHTpAIUU
10 ar/™mu, 50 Hr/™MoT 1 250 Hr/mi B TedeHre 24 1 1 48 4
u onpeneneHrue yposHsa MPHK HeTpuHa-1 MeTtonom
OT-IILIP B pexume peanbHOoro BpemeHu. Jlodasie-
HUe HeTpuHa-1 Ha 24 4 He NMPUBOAWIO K 3HAUYUMOMY
M3MEHEHUIO YPOBHS 3KCIPECCUM TeHa ntnl (TaHHbIe
He TIpenctasiieHbl). CTaTUCTUYECKW 3HAYUMBIC W3-
MEHEHUSI B YPOBHE 3KCIIPECCUM HAOTIOMAINCH TOJIBKO
yepe3 48 4 npu goOaBjieHMU HeTpuHa-1 B KOHILIEH-
Tpauuu 50 Hr/mi (puc. 1). CienoBaTeabHO, HETPUH- |
CIOCOOEH YCUJIUBATh SKCIIPECCHUI0 CBOETO TIeHa B
ayTo-/TMapakKpUHHONM MaHepe TOJBKO MPU UTATEITb-
HOM Bo3aeiicTBUU (48 1) B KOHIIeHTpauu 50 Hr/MIT.
B cBsI3au ¢ 5TUM, JHaHHBIE YCIOBUSI MHKYOALlMM Mbl
MPUMEHSUIM B TIOCJIEAyIOIUX KcnepuMeHTax. [lpu-
MedarejIbHO, YTO HeTpuH-1 B 0oJiee BHICOKOM KOH-
neHTpaumu (250 HT/MIT), HA000POT, BBI3BIBAJI CHIKE-
HUe dKcIpeccnu reHa ntn I (puc. 1).

Hetpun-1 sBiasercss auraHaoM IJjis pelenrtopa
UNCS5B [5]. MbI ucciienoBaau BIUsIHUE HEeTpUHa- |
Ha ypoBeHb 3kcrpeccun UNCS5SB B yenoBeueckux
makpodarax. [lo pesynpraTaM NpOBENEHHBIX IKC-
MEePpUMEHTOB OKa3aJoCch, YTO HETPpWH-1 yCUJIMBaeT
ypoBeHb MPHK penientopa UNCS5B (puc. 2), 4To co-
riacyeTcsl ¢ JIUTepaTypHbIMU JTaHHBIMU IJIsI JAPYTUX
KJIETOYHBIX IMHUI MOHOLIUTOB/Makpodaros [7].

Mpbr Takke uccinenoBaiu 3¢pdeKT HeTpuHa-1 Ha
9KCIPECCHUIO TeHa cc/ 19 B Ye10BeYecKnX Makpodarax.

T1pu no6aBneHnuun HeTprHAa- 1 HabIIOAATIOCH TTOIaBIIE-
HUe 3Kcrpeccuu reHa cc/19 (puc. 3). Takum o6pa3om,
MBIl YCTAHOBWJIM, YTO HETPUH- 1 MOMaBIIsIeT IKCIpec-
CHIO TeHa XeMOKMHa ccl/19 B 3THUX KJIETKaX.

I[ToMuMoO 3TOTO, TIPEACTABIISIOCH BaKHBIM HC-
CJIeNoBaTh BIMSIHUME HeTpHMHA-1 Ha 3KCIIPECCUIO pe-
nentopa UNCS5B He To/ibKO Ha TPaHCKPUITLIUOHHOM
YPOBHE, HO 1 Ha yPOBHE OEJIKOBOTO IMPOIyKTa (Comep-
xkaHue noBepxHocTHoro UNCS5B Ha umToruiazma-
TUUYECKON MeMOpaHe Makpogaros). MeTogom Ipo-
TOYHOW TUTOMIYOPUMETPUU OBUIO BBISICHEHO, UTO
HETpUH-1 yBeJIMYMBAET COAEpKaHUE CBOEro pelen-
Topa UNCS5B Ha noBepxHocTU Makpodaros (puc. 4).
OcTraeTrcst HerccaeA0BaHHBIM BIUSIHUE HeTpUHA- 1 Ha
MPOMYKIINIO MakpodaraMm OeJTKOB: CAMOTO HETPH-
Ha-1, a Takke xemoknHa CCL19. Oto sBisercs 3a-
Jlaveid U1t TIOCIIeYIOINX UCCIIeI0BAHMIA.

ObcyxaeHve

Hetpun-1 cekpetupyeTcsi 3HAOTEIUAILHBIMMU,
rIaaKOMBIIIEUYHBIMU KJIETKaMU U Makpodaramu [5].
IloBbllIeHME TIPOAYKLIMMA HETPpUHA-1 B 3TUX KJIETKaX
HaOJIIOIaeTCs IPU aTeporeHe3e, a TakKe B XOJIe TPaHC-
dopmaryn Mmakpodaros B IEHUCThIE KJIETKH [19].
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PucyHok 1. BnusHue HeTpuHa-1 Ha ypoBeHb MPHK rena ntn1
Mpumeyanue. Makpodaru THP-1, gudcpepeHumpoBaHHble

B TeYeHue 3 CyToK, ObInM MHKYGUPOBaHbI C TpeMs PasnuyHbIMK
KOHLEHTpauuaMu HeTpuHa-1 B TeyeHue 48 u. YkazaH
OTHOCUTENbHbLIN ypoBeHb akcnpeccun MPHK ntn1, roe 3a 100%
npuvHAT ypoBeHb MPHK B HeCTUMYNUPOBaHHLIX KNneTKax.
MpencraBneHbl MeanaHHbIe 3HaYEHNSA, NNAHKN NOrPELLHOCTY
COOTBETCTBYIOT MHTEPKBAPTUIILHOMY pa3maxy, n = 15.
CraTucTuyeckas LOCTOBEPHOCTb pPa3nmymnil NpoBepsanach

¢ ucnonb3oBaHueM Tecta [laHHa, * p < 0,05.

Figure 1. The influence of netrin-1 on ntn1 mRNA level

Note. The macrophages THP-1 differentiated for 3 days were
incubated in three different concentrations of netrin-1 for 48 h.

The diagram shows the relative nin1 gene expression level (100%
in the unstimulated cells). The diagram shows the median +
interquartile range, n = 15. Statistical significance of differences was
tested using the Dunn’s test, * p < 0.05.
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PucyHok 2. Bnusinne 50 Hr/mn HeTpuHa-1 Ha ypoBeHb MPHK
unc5b

Mpumeyanue. Makpodaru THP-1, audbdpepeHumposaHHbie B
Te4yeHue 3 cyToK, Obinu MHKYOMPOBaHbI C HETPUHOM-1 B TeueHue
48 . Yka3aH oTHOCUTeNbHbIN YpoBeHb akcnpeccun MPHK uncSb,
rae 3a 100% npuHAT ypoBeHb MPHK B HecTMMynupoBaHHbIX
kneTkax. [peacTaBneHbI cpegHMe 3Ha4YeHUs, NNaHKKU
NOrpeLHOCTH COOTBETCTBYHOT CTaHAAPTHOM OWKUOKe cpeaHero,

n =10. t-kputepuit CTblopeHTa, * - p < 0,05.

Figure 2 The influence of netrin-1 treatment in the concentration
50 ng/mL on mRNA level unc5b gene

Note. The macrophages THP-1 differentiated for 3 days were
incubated with netrin-1 for 48 h. The diagram shows the relative uncbbh
gene expression level (100% in the unstimulated cells). The diagram
shows the mean values + the standard error of mean, n = 10. Student
t-test, *, p < 0.05.

KoHluleHTpaumn HeTpruHa-1 ObUIM BBIOpaHBI CO-
rjlacHo paboTraM II0 CTUMYJISILMM S3TUM OeJIKOM
YeJIOBEUECKUX KYJBTYP OSHIOTEJIUAIbHBIX KJIETOK
HuAoEC, HUVEC u HMVEC [22], a TakKXe co-
IJaCHO JaHHBIM HMMYHOMhEPMEHTHOIO aHajiu3a
orpeje/ieHus] HeTpuHa-1 B KyJIBTYpaJbHOI XKMIKO-
CTH TIEPUTOHEAIbHBIX MaKpodaroB, IIOJyIeHHBIX
OT MBIIIEN ¢ HOKAyTOM MO T'eHy anojuronporeuH E
(apoE) [19]. B xonueHtpauuu 10 HTr/MJI HeTpUH- 1
He OoKa3bIBas1 0Monorndyeckux 3p@eKToB, B 11Uara3o-
He 50-150 Hr/MJT 3TOT 6eJIOK aKTUBUPOBAJT PELIETITOD
UNCS5B, 410 4epe3 ImociIeIoBaTeIbHYI0 aKTHUBAIINIO
nporenHkuHad FAK n AKT mpuBoauiao K caBury
KJIETOYHOTO pPaBHOBECHUsI B HAITpaBJICHUW BbDKWBA-
Hug ¥ npojmdepannu [4, 5, 22]. B KoHIIeHTpalLsIxX
250-1000 Hr/Ms1 HETpUH- | MOAABIISITT MUTPALIUIO KJle-
TOK, OMOCPEAOBAHHYIO TeM Ke perientopom [11].

CrnenyeT OTMETMTb, YTO HAIId 3SKCIIEPUMEHTHI
ObUTM TIPOBENIEHBl Ha HECTUMYJMPOBAHHBIX MaKpO-
¢arax (M0O). B HayuHOI1 IMTEepaType OIMCAHO, 4TO
OpOAYyKIIMSI HeTpuHa-1 IIocienoBaTeJlbHO BO3pac-
Taet 1o Mepe nuddepeHITMPOBKI MOHOIIUTOB B Ma-
Kpodaru, a 3areM NpH TOJISIPU3alMM MaKpodaron
B HampaBiaeHuu M1. Tak, MI1-makpodaru JTuHUU
THP-1 u anbBeossspHble KPbICUHBIE MaKpodaru jau-
Hun NR8383 3HauMTEIbHO YBEMWUYMBAJIU YPOBEHb
MPHK nerpuna-1 yepe3 34, 64, 124, 244y u 48 u
C MaKCUMAaJIbHBIM ITMKOM 4epe3 12 9 Mo cpaBHEHHIO
¢ MO-makpodaramu. Cekpelysi O6ejika HeTpuHa- 1
B KYJIBTYPaJIbHYIO Cpely 3HAUUTEIHLHO ITOBBIIIAIACh
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PucyHok 3. BnusiHne HeTpuHa-1 B KOHUeHTpauuu 50 Hr/mn
Ha 3Kcnpeccuto rexa ccl19

Mpumeyanue. Makpodaru THP-1, audpepeHumposantble

B Te4YeHMe 3 CYTOK, ObInu MHKYOUPOBaHbI C HETPUHOM-1 B TeuYeHue
48 y. Yka3aH oTHocUTenbHbIN ypoBeHb akcnpeccun MPHK ccl19,
rae 3a 100% npuHAT ypoBeHb MPHK B HeCTUMYNMPOBaHHbIX
knetkax. [[peactaBneHbl pe3ynbTaTbl MEANAHHbIX 3HAYEHMUN,
NNaHKW NOrPeLUHOCTN COOTBETCTBYIOT MHTEPKBAPTUIILHOMY
pasmaxy, n = 9. Kputepuit ManHa-Yuthu, # - p < 0,05.

Figure 3. The influence of netrin-1 in the concentration 50 ng/mL
on mRNA level ccl19 gene

Note. The macrophages THP-1 differentiated for 3 days were incubated
with netrin-1 for 48 h. The diagram shows the relative cc/19 gene
expression level (100% in the unstimulated cells). The diagram shows
the median values + interquartile range, n = 9. Mann-Whitney test, #,

p <0.05.

yepe3 24 u 48 u B cpaBHeHUM ¢ M0-Makpodaramu [6].
B nanHoi1 paboTe Obliia ycTaHOBJIGHA PEryJIsILvs reHa
ntnl ipu 1eicCTBUM HETpUHA-1 ayTOKpUHHBIM/TIapa-
KPUHHBIM 00pa3oM. BbL10 mokazaHo, 4TO MHKYOaLUs
makpodaroB THP-1 ¢ HetpuHOM-1 B KOHILIEHTpaluu
50 HT/MJI B TeUeHUE 2 CYTOK SIBJISIETCS] MUHUMAaIbHOMI
WHIYINOCTbHOM MTO3MPOBKOM [JIsI YCWJICHUSI DKC-
npeccuu reHa ntnl. Beicokasi KOHLIEHTpALMsI HETPU-
Ha-1 (250 Hr/™MJT), HAOOOPOT, MPUBOIUT K OTPHUIIA-
TeJIbHOU 0OpaTHOI CBSI3U.

H3BectHO, uto mpoaykiss UNCSB tak xe, Kak
1 HeTpuHa-1, Bo3pacracT npu auddepeHInPOBKe
MOHOLIUTOB B Makpodaru. B yacTHocTH, cTUMYysI-
us1t MoHoLMToB PMA mpuBoauia K MHOTOKpPaTHO-
My yBennmdyeHuto ypoBHst MPHK u 6enka UNCSB y
makpodaroB JuHun THP-1, HL-60 (uemoBeueckast
JIMHUST MUEJIOWTHOM JIeMKEeMUN), TIEPUTOHEATbHBIX
Makpodaros u MakpodaroB, BBIIEJIEHHBIX U3 KOCT-
Horo mo3ra wmbiieit C57BL/6J mocne uHbeKIMU
trornukosaroM |[7]. CornacHO JaHHBIM aHaIU3a
PHK oanHOYHBIX KJIETOK MporpamMmbl https://www.
proteinatlas.org/ akcrnpeccusi UNCSB B UMMYHHBIX
KJIeTKaX MepeunciieHa Tajee OT HanOOJbIIeH K Hau-
MEHBbIIIEeH: T'paHYyJIOLMUThI, Makpodaru, Kymndepos-
CKUe KJIETKU, KjieTku JlaHrepraHca, IruialleHTapHbIe
Mmakpodaru (kietku Kamenko—Iodoayapa).

3HauuMocCTh noBbilIeHUs1 ypoBHI MPHK HeTpu-
Ha-1 u ero penenropa UNCS5B B Makpodarax 1mo-
TBEPKIAIOT PabOThI, MPOBEACHHBIC HA MBIIIIAX C M-
nepxoaecrtepuHemuein. Tak, ypoBuu MPHK nmml u
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PucyHok 4. BnusiHne HeTpuHa-1 B KOHLEHTpaLUK
50 Hr/mn Ha ypoBeHb noBepxHocTHOro UNC5B
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Mpumeyanue. THP-1 makpodaru, anddepeHumpoBaHHbIe
B Te4eHue 3 cyToK, Obinu MHKYOUPOBaHbI C HETPUHOM-1

B TeyeHue 48 y. KoHTponb — HecTUMynNUpPOBaHHbIE
makpodparu. +HetpuH-1 — makpodparu, nHKyOGMpoBaHHbIe
¢ HeTpuHom-1. Ha anarpamme npeacTtaBneHbl
MeAMaHHble 3HaYeHUs MHTEHCMBHOCTM (hnyopecLieHLUm
* YHTepKBapPTUNbHbINA pa3max, n = 4. Kputepun MaHHa—

10 10° 10° 102
WuTeHcneHocTb donyopectieHumn UNCSB/ Fluorescence intensity of UNC5B
Mapkep/Marker Megmana/Median
W3otun TRITC/Isotype TRITC 7
1 Kontponb/Control 54
[ +Hetpun- |/+Netrin-1 80

unc5b 6bUIY 3HAYUTEILHO BhIIIE B Makpodarax apoF-
Ie(PUIUTHBIX MBIIICH, YeM Y MBIIIICH JTUKOTO THUIIA, a
TaK:Ke Y MBIIIeit, HaXOISIIIMXCS Ha XOJIeCTepoI-00ora-
Toii nuete (Western diet), Mo cpaBHEHUIO ¢ MbIILIAMU C
OObIYHBIM MUTaHueM [19]. Haiu onbiThl moaTBEpA-
JIU, 4TO HETpUH- 1 yBemmunBaeT aKkcrpeccuio UNCSB
Ha TPAaHCKPUIILIMOHHOM U TPAHCISLIMOHHOM YpPOB-
HSIX B Makpodarax.

Herpun-1 cnocobeH mnoaaBiasITh XEMOTAKCHUC,
BbI3BaHHBIN CCL19 u npyrumMu xemMokuHamu [18].
CCLI19 u CCL21 — XxeMOKWHbI, CUHTE3UpyeMble
JTUM(ONTHBIMHA OpTaHAMH KOHCTUTYTUBHO. DTHU Xe-
MOKMHBI OTBETCTBEHHBI 32 SMUTPaLII0 MaKpoharos,
Harpy>XXeHHbIX 3¢GupaMM XojiecTeposia, U3 aTepo-
CKJIEPOTUUECKUX OJISIIIEK B TepudeprudecKue JTMM-
doyznbl. B otnnume or CCL21, KOoTOphIii OTBeYyaeT
HE TOJIbKO 3a XEMOTaKCHUC, HO TakKe W 3a aire3uio
netikoumToB, CCL19 BIuseT TOIBKO Ha MUTPAIINIO
kietok [9]. CorjacHO anUreHoMHoOMYy TIpoekTy The
BLUEPRINT 6a3b1 ganusix EMBL-EBI cpenu re-
MaTOMOATUYECKUX KIJIETOK HAMOOJBIICH SKCIIPECCH-
eit CCL19 obGnagaloT MpOBOCIAIUTEIbHBIE MaKpo-
aru, cpenHeii aKcpeccueil — IeHIPUTHBIC KIETKH,
HM3Koi aKkcnpeccueit — CD3*CD4"CD8* tumonu-
ThI, OCTAJIbHBIE KJIETKU HE DKCIIPECCUPYIOT JTaHHbBII
XEMOKUH. B 3T0i1 cTaThe MBI MOATBEPANIA MEXaHU3M

Cnmcok nutepatypbl / References

I
. ”w\

YutHm, * - p < 0,05.

Figure 4. The influence of netrin-1 in the concentration
50 ng/mL on UNC5B surface level

Note. THP-1 macrophages differentiated for 3 days were
incubated with netrin-1 for 48 h. Control, macrophages
without netrin-1 treatment. +Netrin-1, macrophages treated
by netrin-1. The diagram shows the median values +
interquartile range, n = 4. Mann-Whitney test, *, p < 0.05.

03

MHTUOMPOBaHUSI MUTIpalMU MakKpodaroB HETPU-
HoM- | yepes nmonpasneHue skcrpeccuu CCL19.

BbiBOabI

Hetpun-1 B koHueHTpauu 50 Hr/Ma yBeJIUYU-
BaeT 3KCIIPECCUIO CBOETO T'eHa M SKCIIPECCHIO TeHa
unc5b (Ha ypoBHe MPHK u 6enka) B makpodarax
yejaoBeka. HaobGopot, HeTpuH-1 B GoJiee BbICOKOI
KoHIeHTpaumn (250 Hr/MiI) momaBiseT 3KCIIpec-
cuto reHa ntnl B Makpodarax. Herpun-1 (50 Hr/mmn)
CHIXKACT SKCIPECCUI0 TeHa XeMOKHMHa ccll9 B ma-
Kpodarax, YTo MOXET SIBJASITbCSI OOHUM U3 MyTeid NH-
TUOMPOBAHMS MUTpAIINU MaKpodaroB TaHHBIM 3¢-
dexkropoMm. Ha panpHeiileM srtamne ucclieloBaHUA
OyJeT yCTaHOBJIEHO BIIMSIHME HETpUHA-1 Ha TIPOAYyK-
uuo Makpogaramu 6eakoB HetpuHa-1 1 CCL19.
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OCOBEHHOCTU AHTUTEHHOIO ®EHOTUIMNA MOHOLIUTOB
NEPUDEPUYECKON KPOBU NMALMEHTOK C MPUBbIYHbLIM
HEBbIHALLUBAHUEM BEPEMEHHOCTU

IHasaos O.B.}, Koparomuna E.A.,, Ceanbrkos C.A.l2

'@I'BHY «Hayuno-uccaedosamenbcKuil UHCMUmMym aKyuepcmed, 2UHEeK0A02UU U Penpo0yKmono2uu UMeHU

N.0. Omma», Cankm-Ilemepobype, Poccus

2@I'BOY BO «Ilepsviii Canxkm-Ilemepbypeckuii 20cy0apcmeeHbiil MeOUyUHCKUL VHUGEPCUMEm UMeHU aKA0eMUKd
H.I1. Ilasnosa» Munucmepcmea 3dpasooxpanenus PO, Cankm-Ilemepbype, Poccus

Pesome. [IpnBBIIHOEC HEBBRIHAIIMBAHNE OCPEMEHHOCTH IIPEACTABIISICT COOOI CYIIECTBCHHYIO KIMHIYC-
CKYIO ITpO0IEMY, KOTOpast 3aTparuBaeT 1-5% nomnyisiiyu, Ipyu 3ToM B 60JjIee YeM ITOJIOBMHE CJIydaeB IpUYrHA
MPEeXIeBPEeMEHHOU MOTepU OEpeMEeHHOCTH ocTaeTcs HeuzBecTHo. M3MeHeHusT MopdDohyHKIIMOHATbHBIX
CBOICTB MOHOIIUTOB MOTYT SIBISITBCSI (DaKTOpaMU, TIPUBOISIIINM K PAa3IMIHBIM OCJIOKHCHUSIM OepeMeHHO-
CTU, B YaCTHOCTHM K HeBBIHAImMMBaHWO. OIHAKO POJIb MOHOILIMTOB B ITaTOT€HE3¢ IMPUBBEIYHOTO HEBBIHAIIIM -
BaHUs HEJIOCTAaTOYHO u3ydyeHa. Llenbio ncciaenoBanust ObUTO OIpenesieHre KOJIMYECTBEHHBIX U3MEHEHUI B
colepkaHU U (DEHOTUITMYECKUX XapaKTepPUCTUKAX CBOOOMHBIX (HE CBSI3aHHBIX C TPOMOOILIMTaAMM) MOHO-
IUTOB Ha YPOBHE BCEii MOMYJISIIIUU 1 OTACIbHBIX CyOITOMYJISIIIUNIA MOHOIIMTOB TIeprUdEpUIeCcKOil KPOBU ITPU
TIPUBBIYHOM HEBBIHAIIIMBAHUN OCPEMEHHOCTH B CpaBHEHHMU C HEOCIIOXKHEHHOI OepeMeHHOCThIo. Mccmemy-
eMBbIe TPYIIIEI COCTaBUJIM XXCHIIWHEI B Bo3pacTte 24-42 roa ¢ IMarHO30M IIPUBBIYHBIN BBIKUIBIII C TEKYIICH
OGepeMEeHHOCTBIO CPOKOM 6-12 HelelIb U KEHIWHBI C HEOCTOXKHEHHOM ((PU3M0JIOrMIecKoit) 6epeMeHHOCThIO
(7-12 Hepenp). B ob1ieit moOmyasIliuy U CyOITOMYJISIIUSIX MOHOLIMTOB MepudepruyecKoil KpOBU TMallMEHTOK
METOIAMH IIPOTOYHOM IMTOMIOPUMETPUU OIIPEAC/ISUIN CONCPKAHNE MOHOIIMUTOB M YPOBHU 3KCIIPECCUM
noBepXHOCTHBIX aHTUreHos: CD11b, CD86, CD162, HLA-DR, TREM-1. YcraHOB/l€HO, 4YTO HpU IMPH-
BBIYHOM HEBBIHAIIMBAHUM OEPEMEHHOCTH JI0JIsI CBOOOIHBIX MOHOILIMTOB NMOHMKeHa (74,6%) B cpaBHEHUM
¢ OepeMEeHHOCTbIO, IpOTeKalleil 6e3 ociaoxHeHuit (83,4%), 1 3TO U3MEHEHNE POUCXOIUT BO BCEX TPeX
CYOITOITYISILIMSIX MOHOIIMTOB: KJTACCMYECKUX, IIPOMEXYTOUHBIX M HeKJTaccuueckuxX. [1pnu aToM Ha ypoBHE 00-
LI MOIYJISIIIMY MOHOILIMTOB HAaOJII0AaTOCh CHUXKeHUe YpoBHs aKcnpeccu HLA-DR u noBblllieHHE ypOBHS
skcnpeccun CD11b, obycinoBiieHHbIe hpaKIMeil KJTaCCUYSCKIMX MOHOIIMTOB, TOrma Kak akcrpeccuss CD162,
CD86 n TREM-1 cyiiectBeHHHO He n3MeHst1ach. CyOonomyssiiyyi MOHOLIMTOB BHOCWJIM pa3/IMYHBIN BKJIa
B U3MEHCHME YPOBHEI 3KCIPECCHU aKTHUBAIIMOHHBIX MapKepOB, CBSI3aHHOE C IIPUBHIYHBIM HEBBIHAIIIMBA-
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HHUEM, W 3T U3MCHCHUS HE BCETla IPOSIBIISUINCH Ha YPOBHE BCEU IOIYJISIIMKA MOHOUMTOB. IlojryaeHHBIC
pe3yabTaThl CBUAETEILCTBYIOT O TOM, UTO IIPMBBIYHOE HEBbIHALUIMBAHUE OEPEMEHHOCTU COIIPOBOXKIAETCS
YMEHBILICHUEM COACPXKAHUsI CBOOOIHBIX MOHOLIMTOB B MepupepruIeCcKoil KPOBU U U3MEHEHUSIMU aHTUICH-
HOro (peHOTHIIa MOHOIIMTOB, XapaKTePU3YIOIINMM OCJTabJIeHe TTPOBOCHAIMTEIBHBIX CBOMCTB M YCUJICHHE
aIre3MOHHBIX CBOMCTB 3TUX KJIETOK. DT M3MEHEHUST MOTYT JIeXKaTh B OCHOBE ITaTO(PU3NOJIOTUICCKIUX TTPO-
LIECCOB, MPUBOIMIIMX K IIPEXKISBPEMEHHOMY MPEPhIBAHUI0 GEPEMEHHOCTU paHHUX CpoKoB. OrmpenesieHue
IMaTTEPHOB 3KCIPECCUM aKTUBALIMOHHBIX MapKepPOB, XapaKTePHBIX JJIsSI KOHKPETHOM aKyIIepCKOM MaTojIo-
TUM CITOCOOCTBYET HE TOJIBKO BBISIBJICHHUIO TTATO(GU3MOIOTHISCKIX MEXaHN3MOB PEIIPOAYKTUBHBIX HApPYIIIE-
HUI1, HO M COBEPLICHCTBOBAHMIO METOIOB MX IMAarHOCTUKU U BHIPAOOTKE IMAaTOreHETUYECKM 000CHOBAHHbBIX
CITI0CO0OB Teparuu.

Katoueguie cnosa: 6epemenHocms, npussbiHOe He@bIHAUUBAHUE OepeMeHHOCMU, MOHOUUMbL, CYONONYAAUUU MOHOUUMO8, MAPKepbl
aKmueayuu, npogoCcnalumenbHulii (peHomun, adee3uoHH bl heHomun

CHARACTERISTICS OF THE ANTIGENIC PHENOTYPE

OF MONOCYTES IN PERIPHERAL BLOOD OF PATIENTS WITH
RECURRENT PREGNANCY LOSS

Pavlov 0.V.2 Kornyushina E.A% Selkov S.A.*?

@ D. Oftt Research Institute of Obstetrics, Gynecology and Reproductive Medicine, St. Petersburg, Russian Federation
b First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation

Abstract. Recurrent pregnancy loss is a significant clinical problem affecting 1 to 5% of the population.
The cause of premature loss of pregnancy remains unknown in more than half of the cases. Changes in the
morphofunctional properties of monocytes can be factors leading to various pregnancy complications, in
particular, to miscarriage. However, the role of monocytes in pathogenesis of recurrent pregnancy loss has not
been sufficiently studied. The aim of the present study was to determine the quantitative changes in contents
and antigenic phenotype of platelet-free (not bound to platelets) monocytes within whole cell population and
individual subpopulations of peripheral blood monocytes in recurrent miscarriage compared to uncomplicated
pregnancy. The study groups included 6-12-week pregnant women aged 24-42 years diagnosed with recurrent
pregnancy loss, and women with physiological pregnancy (7-12 weeks). Monocyte content and expression
of CD11b, CD86, CD162, HLA-DR, TREM-1 were determined by means of cytofluorimetric analysis in
the total population and subpopulations of peripheral blood monocytes. We have found that the proportion
of platelet-free monocytes in recurrent pregnancy loss was decreased (74.6%) compared to uncomplicated
pregnancy (83.4%). All studied subpopulations of monocytes (classical, intermediate and non-classical) proved
to contribute to these changes. Decrease in HLA-DR expression and increase in CD1 1b expression was observed
in total cell population caused by a fraction of classical monocytes, while the expression of CD162, CD86 and
TREM-1 did not change significantly. Subpopulations of monocytes contributed differently to the changes in
expression levels of activation markers, being associated with recurrent miscarriage, and these changes were not
always manifested in the total monocyte population. The results obtained suggest that recurrent pregnancy loss
is accompanied by a decreased content of free monocytes in peripheral blood and changed antigenic phenotype
of monocytes, reflecting a weakening of proinflammatory properties and increased adhesive properties of these
cells. These changes may underlie the pathophysiological processes leading to premature termination of early
pregnancy. Discerning the patterns of activation marker expression typical for particular obstetric disorders
may contribute not only to deteciton of pathophysiological mechanisms of reproductive disorders, but also
to the improvement of methods for their diagnosis, and development of pathogenetically justified methods of
therapy.

Keywords: pregnancy, recurrent pregnancy loss, monocytes, monocyte subsets, activation markers, proinflammatory phenotype,
adhesion phenotype
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AnmueeHHbLIL heHOMUN MOHOUUMO8
Antigenic phenotype of monocytes

WccriemoBanme BBITOTHEHO HA OCHOBE TEMBI TTOMCKO-
Boro HaydyHoro wucciemnoBanust Ne123120700026-6
«Pa3paboTka m1abopaTOpHBIX MOAyJeil MMMYHOJIO-
TMYECKOTO 00CIeqOBaHUS ITAlIMEHTOK C HEeJIbIO TTPO-
THO3MPOBAHMS Pa3IUIHBIX (POPM aKyIIepCKOU 1 pe-
MPOAYKTUBHOM ITaTOJIOTUM».

BeeneHue

IIpuBblYHOE HEBbIHALIMBAHUE OEPEMEHHOCTHU
(ITHB) nmpeacrtaBisieT cOOOU CYILIECTBEHHYIO KIIU-
HUYECKYIO IpobJieMy, KoTopast 3aTparuBaeT 1-5%
NONYJSILIUK, IPpU 3TOM IpuMmepHo B 80% ciydaeB
norepsi 0epeMEeHHOCTU MPOUCXOAUT B CPOK 110 12-i1
Henenu 6epeMeHHOCTH [1, 20]. OHa MOXXET OBITH BBI-
3BaHAa aHATOMWYECKUMU, T€HETUYECKUMU, TOPMO-
HaJIbHBIMU, MH(PEKITMOHHBIMU (haKTOpaMM, a TAKKE
HapyleHUsIMU UMMYHHOTO OaylaHca. Hecmotpst Ha
nporpecc, IOCTUTHYTHIM B M3yYeHUM 3TOTO 3a001e-
BaHMs, Oojiee YyeM IMOJOBMHA CJiydaeB JTUArHOCTHU-
pyeTcsT KaK MANONATHISCKUIA BBIKMABIII, ITPUINHA
KoToporo He yctaHoBJieHa [5, 21]. EcTh ocHOBaHUS
noJjaraTh, YTO 3HAUUTEIbHAS YaCTh TIM3010B HEBbI-
HaIllMBaHUSI UMEEeT UMMYHHYIO TIPUPOY. DTU Mpe-
MOJIOXKEHUST TIPEACTABIISIIOTCS OOOCHOBAaHHBIMU,
OCOOEHHO €C/IM MPUHSTH BO BHUMaHUE TOT (PaKT,
4TO MpU OEPEeMEHHOCTU UMMYHHAasl CUCTeMa MaTepu
JIOJKHA TO/IePXKMBATh TOHKUI O0ajaHC MEXIY TO-
JICPaHTHOCTBIO TT0 OTHOIIICHUIO K TUIOAY M CO3TaHUIO
ONTUMAJIBHBIX YCJIOBUU JJIS1 €ro pa3BUTHUSI, C OTHOU
CTOPOHBI, 1 HEOOXOIMMOCTBIO MOIeP>KaHUsI TOME-
0CTa3a IyTeM 3alllUThI OT ITOTeHIINAJIbHBIX BHEIITHUX
Y1 BHYTPEHHUX YTPO3, TAKMX KaK MTHMOEKIINU 1 3JI0Ka-
YEeCTBEHHbIE MEePEePOKICHUSI COOCTBEHHBIX KJIETOK.
3HAYMMOCTh 3TOU 3ala4u CTAaHOBUTCS OCOOEHHO
OUEeBUIHOM, €CJIV IIPUHSITHL BO BHUMaHME TOT (PaKT,
YTO JIEMKOLMThI, HUPKYJIUPYIOIINE B MATEPUHCKON
KpPOBHU, BO BpeMsl OEPEMEHHOCTH aKTUBUPYIOTCS U
caMa OepeMEHHOCTh paccMaTpuBaeTCs KaK HEKOe
«IIPOBOCTIAIUTENIbHOE» cocTosiHMe [22, 25]. Xapak-
TEPHOI YepTO SBJISIOTCS U3MEHEHUST YMCIIEHHOCTH
M aKTUBAIIMOHHOTO CTaryca KJIETOK BPOXIEHHOTO
3B€HAa UMMYHHOM CHUCTEMBI, B YaCTHOCTU MOHOIIM-
TOB [8, 23]. MexaHu3M akKTUBallUM MOHOLIMUTOB TpHU
OEpPEeMEHHOCTH OCTaeTCsl HEBBISICHEHHBIM, OJIHAKO
€CTh OCHOBAHMUS II0JIaraTh, YTO HEHTPATbHYIO POJIb
B 9TOM urpaet IutalieHTa. [Ipu uupKyaauuu dyepes
TUTALIEHTY MOHOIIUTBI MOTYT BCTYNaTh B HEIOCPE-
CTBEHHBII KOHTAKT ¢ CHHIIMTHOTpOodob6macTom [16],
a IUCTAHTHAsI aKTUBAIIMsI MOXKET OCYIICCTBIISIThCS
akTOpaMu, BbIAEISIEMbIMHU IJIALIEHTON B KPOBOTOK:
LMTOKUHAMM, MUKPOBE3UKYIaMU, 3K30coMamu [8].

I1pu ocoxxHEeHUSIX OepeMeHHOCTH (IIPEIKITAMII-
cHsl, BHYTPpUYTpOOHas 3aaepKKa pocTa IJ101a, CIIOH-
TaHHBI abOPT), OUYEBUIHO, MPOUCXOMAT NaIbHEH-

IIMe U3MEHEHWSI UMMYHHOI CUCTeMBI, B YaCTHOCTH
YBEJIMYEHUE YNCIIEHHOCTHU Y TTOBBIIIICHUE aKTUBAII -
OHHOTIO CTaTyca MOHOLIUTOB [6, 7, 24].

MoHouuTsl nepudepuyeckol KpoBU Moapas3ae-
JISIIOT HAa TPU CYOTMOITYJISILIMA: OCHOBHAsT CyOIOmy-
Jsuus Kiiaccudeckux mMoHouuToB (CD14+*CDI167)
U JIBE MUHOPHBIE (PpakiuM TPOMEXYTOUHBIX
(CDI14**CD16") M HeKIaCCUYECKMX MOHOILIMTOB
(CD14*CD16%") [26]. CyOnormyasiiiui MOHOIIUTOB
paznuyamTcsd (QYHKIMOHAIBLHO, JIEMOHCTPUPYIOT
pa3Hble MaTTEPHbl 3KCIPECCUU TTOBEPXHOCTHBIX
AHTUTEHHBIX MapKepoB, IIMTOKWUHOB M XEMOKHWHOB,
U Kaxnasi CyOTnOIysiiiisl MOXKET BBITIOJIHSITh CBOIO
PpoJIb TIPU (PU3UOTOTUYECKUX U MATOJIOTUYECKUX YC-
JoBUsAx [19].

MoHo1uThl, NMornaaaiolme M3 CUCTEMHOTO KpPo-
BOTOKa MaTepd B IEHUIyaIbHYIO OOOJIOUKY TIuIa-
HeHThl, nuddepeHInpyoTcs B AeUAyalbHbIe Ma-
Kpodaru uiav JeHAPUTHBIE KIeTKU. [denuayanbHbie
Makpodarv BHOCST BKJIaJ B 00eCTieYeHUU TOJIEPaHT-
HOCTU MMMYHHOW CUCTEMbl MaTepu K aHTUTEHAM
TUI0JIa, YYacTBYSl B TAKMX KJIIOUEBBIX T€CTALIMOHHBIX
mpolieccax, Kak WHBa3us Tpodobiacta U pemo-
IeJIMpoBaHME TKaHell M cocymoB IutalieHTHl [17].
Ha ocHoBe deHoTUNIMYECKUX U (YHKIIMOHAIb-
HBIX XapaKTePUCTUK CJIOXWIOCH TIPENCTaBICHUE O
MI1/M2-nonsgpuzauuu MakpodaroB. Makpodaru,
oTHocsmuecs K M1-Tumy, ceKpeTUpyroT MpoBocHa-
nutenbHble TUTOKUHBI TNFo u IL-12 u yyacTByloT
MPEUMYIIIECTBEHHO B BOCIAJIUTEIbHBIX pPEaKIIUsIX,
Toraa Kak M2-makpodard o0amaloT MMMYHOCY-
TMIPECCUBHBIMU CBOWCTBaMU, OOECTIeYrBasi aromnTo3
KJIETOK 1 peMoAeIupoBaHue TKaHel [15].

B GonpmnHcTBe ciyyaes [THDB, B ToM yunchie u ¢
HESICHOW 3THOJIOTUEN, TTATOJIOTUYECKUE N3MEHEHUST
MaTOYHO-TIUIALIEHTAPHOTO KOMILIEKCa BBISIBJISIFOTCS
KaK TpOMOOTWYECKUE SIBJICHUSI W TIPU3HAKN BOCIIA-
nenus [10]. OmHaKO KJI€TOYHO-MOJIEKYISIpHBIE Me-
XaHU3MBI, JIeXallle B X OCHOBE, OCTAIOTCSI HEBBI-
SICHEHHBIMU.

Bwi6op cTpareruu neuenus nipu [THB 3aBucut ot
BBISIBJIECHHOU TIpUYWHBI, BBI3BaBIIE ITaHHOE 3a00-
nesanue. OOHAKO TaKWe TEPANIeBTUYECKUE TTOIXObI
OKa3bIBAlOTCSI Mao3(h(PEKTUBHBIMU B OTHOIIIEHUU
TeX cJlydyaeB, KOrJla TpUYMHA TMPEeXICBPEeMEHHOTO
MpepbIBaHUsI OEPEMEHHOCTU OCTAETCSI HEYCTaHOB-
neHHoi. Kpome Toro, nuarHoctuka ITHDB 3arpyn-
HEHa y TeX MallMeHTOK, B aHaMHe3e¢ KOTOPBIX HET
clIyJaeB MocjiefoBaTeIbHbIX BhIKUabIeii [12]. Ce-
JIOBATEJIbHO, CYIIECTBYET MOTPEOHOCTh B UACHTUDU-
Kaluu OWOJIOTUYECKUX MapKepoB, ITO3BOJISIIONINX
OCYIIECTBJISITh PAHHIOIO TUATHOCTUKY 3a00JIeBaHUs,
TMOVCK HOBBIX TeparieBTUYECKUX MUIIIEHEH, 4TO, B
KOHEYHOM CYeTe, JOJKHO CIIOCOOCTBOBATH TOBBI-
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IICHUIO BEPOSTHOCTH COXpaHEHUSI OEPEMEHHOCTH U
MOBBILIEHUIO POKIAEMOCTH.

Panee nipu ucciaenoBaHUM aHTUTEHHOTro (eHOo-
TUTIA TPOMOOIIMTAPHO-MOHOILIMTAPHBIX KOMILIEKCOB
MBI OOHApYXWJIM WM3MCHEHUSI SKCIPECCUU HEKO-
TOPBIX IMOBEPXHOCTHBIX MapKEPOB MOHOLIUTOB IIpU
ITHDB (HeonybaukoBaHHBIe JaHHBIe). [1pu aTOM psin
STUX U3MEHEHUI BO3HUKAJI HE IO BIMSTHUEM TPOM-
OOLIUTOB, B3aMMOICHCTBYIOIINX C MOHOIIUTAMMU,
a ObLIM BBI3BaHbI KaKMMU-TO MHBIMU (DaKTOpaMu,
OYEBUIHO, DOPMUPYIOIITUMMUCS TIPU 3TOM PETIPOIYK-
TUBHOM MATOJIOTHUU.

Ilensio manHO#i padoOTHI OBLIO OIIpEencICHUE W3-
MEHEHMI B 3KCITPECCUU ITOBEPXHOCTHBIX MapKepoB
AKTUBAIINY B OOIICH MOIMYJISIIIUN M OTACIBHBIX CYO-
MOITYJISILIMSIX CBOOOAHBIX MOHOLIMTOB Iepudepuye-
cKoi KpoBHu, nipoucxoasiuux rnpu [THB.

MaTepmanbl U METObI

Hccnenyemble rpynmbl: 0epeMeHHbIe XXEHIIUHBI
¢ IITHb B aHamMHe3e UM OMAarHO30M «yrpo3a BBIKU-
JIbIIa» B TeKyllel 0epeMeHHOCTU (CpOoK OepeMeH-
HocTH — 6-12 Henmenb, n = 10) U XKEHIIUHBI C HEOC-
JIOXKHEHHOH ((pu3unosornyeckoit) 6epeMeHHOCThIO B
TIepBOM TpUMecTpe (CpoK 6epeMeHHOCTH — 7-12 He-
nenb, n = 12). Bo3pacT mauueHToK cocTasisii oT 24
no 42 ner. CorjacHO KJIMHUYECKUM PEeKOMEHAalM-
M [ 1], IpUBBIYHBIM BBIKUBIIIEM CYATAINA HATUYNE
B aHaMHe3e IBYX U 0ojiee KJIIMHUYECKUX MOTeph Oe-
PEMEHHOCTH B Cpok a0 22 Heaenb. [IpoBeneHue uc-
clieoBaHUs ObUIO OJJOOPEHO PelIeHUEM DTUUYECKO-
ro komuteta DI'BHY «HUM AIuP nm. /1.0. OtTa»
(mpotoko Ne 114 ot 14.12.2021).

O06pa3upbl iepudepudeckoil KpoBU Toaydaau 13
JIOKT€BOU BE€HbI MOCPEACTBOM MYyHKIUU urion 21G
B BakyTelHep ¢ aHTuUKoaryjJssHtoMm (3,8% nwurpara
HaTpus). YToObl UCKIIOUUTH MOCTTPAaBMATUUECKYIO
arperaiuio TPOMOOLIMTOB, NepBbie 3-5 MJT KPOBU HE
WCTOJIB30BaIN IJIsT aHaau3a. JlabopaTopHbIe Mcce-
JIOBaHUSI HAUMHAJIU HE Mo3aHee, yeM dyepe3 20 MUH
nocye B3aTUsd KpoBu. K 100 MK KpoBu no0aBiisi-
JIU Me4YeHHbIe (QIyopoXpoMaM¥u MOHOKJIOHATbHBIE
aHTuTeNa K ciaenyomuM antureHam: CD45-PerCP,
CD14-AlexaFluor® 700, CD41a-APC, CDI16-PE-
Cy7", CD86-FITC, HLA-DR-FITC, CD162-PE,
CDI11b-PE, TREM-1-PE (Bce antutena — BD
Biosciences, CIIIA). B kxauecTBe M30TUIHNYCCKOIO
KOHTPOJISI UCITOIb30BaJIM HeCTleIM(UIECKNe aHTU-
TeJa, MEUYEeHHbIE COOTBETCTBYIOIIUMU (DIYOPOX-
pomamu. MHkybupoBasiu 20 MUH B TEMHOTE MpU
KOMHaTHOU TeMmriepatype. [lo OKOHUYaHUM WHKY-
Oalyy MPOBOAUIU JTU3UC DPUTPOLIUTOB, J00aABISIS
JIecsITUKpaTHBI 00beM pacTBopa BD FACS™Lysing
Solution (BD Biosciences, CIIIA). Ilpo6bl 1eH-

tpudyruposaiu (300 g, 5 MUH), OTOMpPaATU HaIOCA-
JIOYHYIO KUIKOCTh M PECYCIICHINPOBAIN OCAdOK B
200 mxr BD FACS™Lysing Solution. AHanau3 oopa3s-
IIOB TIPOBOJIMJIA Ha IPOTOYHOM ITUTOMIyOpUMETPE
FACSCanto II (Becton Dickinson, CIIIA). O6pa-
0OTKy MOJYYEHHBIX JAaHHBIX MPOBOAUIU C TTIOMO-
b0 mporpamMmmHoro obecneueHuss FACSDiva (BD
Biosciences, CIIIA). Ha aBymMepHoOIi rucTorpamme
¢ koopammHatamMmu SSC/CD45 BBIIEISUIN PETUOH,
COOTBETCTBYIOIIUI MOHOIIMTaM, B KOTOPOM aHa-
ausupoBain 20000 coObiTuii. Jas unaeHTUdUKA-
UM CBOOOMHBIX (HE CBSI3aHHBIX C TPOMOOIIUTAMU)
MOHOIIUTOB BBIACJCHHBI PETrMOH aHaJIM3UPOBa-
JIM Ha IBYMEPHOI THMCTOrpaMMme C KOOpAMHaTaMu
CD14/CD41a. K cBOGOAHBIM MOHOIIMUTAM OTHO-
cunu coowitust ¢ peHorunmom CD147"CD41a". Dxke-
MPECCUI0 TTOBEPXHOCTHBIX aHTUTEHOB OIIPEICIISIIN
C TMOMOIIbI0 chneuuGUIECKUX MOHOKJIOHATbHBIX
aHtutes. st uaeHTUudUuKauuyu cyornomnyasiumii Mo-
HOIINTOB COOTBETCTBYIOIINI PETMOH Ha ABYMEPHOI
ructorpamme SSC/CD45 nmpoeninpoBaiv Ha AByMep-
HYIO TUCTOTpaMMy ¢ koopauHatamu CD14/CDI16,
I7I¢ BBIOCIISIM TPU CYOITOITYJISILIAM MOHOIIMTOB CO-
IJIACHO TIPUHSTON KiaacCU(pUKAILIMU: KIACCUICCKIE
(CD147*CD16%), npomexyrtounbie (CD147*CD16%)
n HekJaccuuyeckne (CDI4*CDI16%%). B kaxmoi
W3 CYONOMYJISIIU OIPEACSIISIIN JOJI0 CBOOOIHBIX
MoHouuToB (CD14"CD41a"), a TakKe 3KCIPECCHUIO
MMOBEPXHOCTHBIX aHTUTeHOB. M3MepsieMblie mapame-
Tpbl: 1075 (%) TOJOXUTEIbHO OKpAIIeHHBIX KIie-
TOK M MeIMaHHass THTEeHCUBHOCTD (DIyopecIleHIINNT
(MFI). Cratucruueckyio oO6pabOTKy ITOJIy4YeHHBIX
JMaHHBIX TPOBOIMIM C TIOMOIIBIO TTPUKJIATHOTO Ta-
keta miporpamMmbl GraphPad Prism v. 8.0.1. Coot-
BETCTBHME MOJYYCHHBIX TaHHBIX HOPMAJILHOMY pac-
MpeaeieHNI0 OLICHUBAIM C TIOMOIIBIO KPUTEPUS
IManupo—Yunka. B 3aBUCUMOCTU OT pe3yJbTaTOB
TecTa IJIsk OLICHKH Pa3InIruil MEXKITy TPyIIIaMu TIpr-
MEHSIIU MEeTObI TapaMeTpUUYeCKoli (t-TecT) 1 HeTla-
pameTrpudeckoii (tfect MaHHa—YUTHU) CTaTUCTUKMU.

PesynbTartbl

OO0mas momyIsius MOHOIIMTOB

B nepudepudeckoit KpoBU OGEpeMEHHBIX XKEH-
muH ¢ auarHo3oMm «ITHB» mons cBoOomHbIX (He
arpernpoBaHHBIX C TPOMOOLIMTAMM) MOHOIIUTOB CO-
crasisuia 74,6%, Torna Kak y MalMeHTOK C YCIIEIIHO
3aKOHYMBIIUMMUCS IIPEAbIAYIIUMU OePEeMEHHOCTSI-
MU 3TOT MoKa3sateiab nocturan 83,4% (puc. 1A). Ta-
KM 00pa3oM, KOJIMISCTBO CBOOOMTHBIX MOHOIIMTOB
YMEHBIIMJIOCh MPUMEPHO Ha 9 MPOLIEHTHBIX ITyH-
kToB. OOpa3oBaHue TPOMOOLIUTAPHO-MOHOLIUTAP-
HBIX arperaToB OCYIIECTBIISIETCS, B TIEPBYIO OYe-
penb, Ojaromapsi B3aummoneicTBuio P-ceiaekTuHa
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PucyHok 1. Xapaktepuctuka obLiein nonynsumumn cBO60AHbIX MOHOLIUTOB

Mpumeyanue. Mpadmku AEMOHCTPUPYIOT NPOLIEHTHOE COAEP)KaHMe CBOOOAHBLIX MOHOLIMTOB OTHOCUTENLHO BCEX MOHOLMTOB (A)

1 BONto CBO6OAHLIX MOHOLIMTOB, 3KCNPECCUPYIOLLMX NOBEPXHOCTHLIN aHTUreH CD162* (B) B nepucepuyeckoin KpoBU NaLMEHTOK

¢ dusnonoruyeckoii 6epemeHHocTbio U MHB. Ha guarpamMmax nokasaHbl AManasoH 3HaYeHuWid, Megnana, 25-i u 75-in npoueHTunu. ®6 -
¢msnonornyeckan 6epemenHocTb, lMHB — npuBbIYHOE HEBbIHALIWBaHNE GepeMEHHOCTH.

Figure 1. Characterization of total platelet-free monocyte population

Note. Graphs demonstrate the percentage of platelet-free monocytes relative to all monocytes (A) and proportion of platelet-free monocytes
expressing surface antigen CD162 (B) in the peripheral blood of the patients with normal pregnancy and recurrent pregnancy loss. Plots show
range, median, 25" and 75" percentile. NP, normal pregnancy; RPL, recurrent pregnancy loss.

Ha ITOBEPXHOCTH AKTHUBUPOBAHHBIX TPOMOOIINTOB,
¢ mounekyioir PSGL-1 (CD162), skcrpeccupyeMoii
MOHOLMTaMU. MbI He OOHAPYXKWUIU CTAaTUCTUUYECKU
3HAYMMBIX Pa3IndIrii MeXIy MalUeHTKaMU ¢ (pU3M-
0JIOFMYECKOI OepEMEHHOCTbIO M IIPUBBIYHBLIM HeE-
BbIHAllIMBaHUEM OEpeMEeHHOCTH: B 00eux TIpyIirax
MpaKTUYECKH BCe MOHOLIUTHI (99% ) MMesu IMOJIOXKM -
TeJbHYI0 oKpacky Ha CD162 (puc. 1B).

[ToBbllIeHNE YPOBHS 9KCIIPECCUU MOJIEKYJI IJIaB-
HOro Komiuiekca rucrocopmectumocty HLA-DR un
KOCTUMYJISITOPHBIX MoJiekys1 CD86 cBuaeTeTbCTBYET
00 aKTMBAIIMM MOHOIIMTOB M aCCOLIMMPYETCS C BOC-
MHajanuTeIbHBIM OTBETOM. B 06enx ncciaeayeMbIX Ipym-
nax rnojaasJjsioliee OOJbIIMHCTBO MOHOLIMTOB MME-
JIM MOJoXKUTeNIbHYI0 okpackKy Ha HLA-DR, onHako
B rpynre ¢ [THB HaGaonanock HeGoIbIIOE, HO CTa-
TUCTUYECKU 3HauMMoe cHmxKeHue goam HLA-DR*
KJ1eToK (94,4%) B cpaBHEHUM ¢ KOHTPOJIbHOI Ipym-
noit (98,7%) (puc. 2A). Y nanmenTtok ¢ [THB Ttakke
HaOmonajiochk cHmwxkeHue noau CD86" MOHOLUTOB
¢ 53,1% no 37,8%, ogHako 3TO CHUKEHUE HE HO-
cTUranao cratuctuyeckoi 3Haunmmoctu (p = 0,309)
(puc. 2B).

Ha noBepxHoctTr MOHOLIUTOB TipencTaBiieH TREM-1
(triggering receptor expressed on myeloid cells 1). Ak-
TUBALMS 3TOTO PELIeNITOpa CTUMYJIMPYET IMPOIYKIIAIO
IIUTOKMHOB M XeMOKMHOB 1 BHOCHUT BKJIQJI B pPa3BM-
THE BocTIaJIMTeIbHOTO OTBeTa [3]. Hate nccnenona-
Hue nokaszajio, yto 3kcrpeccuss TREM-1 nipu ITHbB
CYILIECTBEHHO HE MU3MEHSEeTCs: B 00euX Ipyrimnax na-
meHTok noiast TREM-1" MoHomMTOB cocTaBmia
okoro 80% (puc. 2B).

CDI11b — akTUMBaALMOHHBIN MapKep, KOTOPbIi
ornocpenyeT anare3uid MOHOILMTOB  (JICKOLIMTOB)
K sHpoTenuo cocynoB [13]. Eciu y XXeHIIUH ¢ He-
OCJIOXKHEHHOIT 0epeMEHHOCTBIO IOJISI KIIETOK, DKC-
npeccupyomux CDI11b, cocraBnsiia 58,4%, To nipu
MPUBBIYHOM BBIKUBIIIE UX KOJTUYECTBO BO3pacTaio
1o 80,8% (puc. 2T).

Cyonomyisiyum MOHOIIUTOB

AHanu3 cyOmonyasluii MmokKasaj, 4To B 00eMux
HMCCIIeAYyEeMbIX TpyInax HauOoJbllIask H0Jsi CBOOOI-
HBIX KJIETOK colepxKajach BO (DpakIIMU ITPOMEXKY-
TOYHBIX MOHOIIUTOB, 4 HAMMEHbIIIee — BO (DpaKIIuu
HEKJIAaCCUYECKUX MOHOLIUTOB, M pa3inuyue MEXIy
9TUMU (pakUsIMU ObUIO CTATUCTUYECKU 3HAYM-
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PucyHok 2. dkcnpeccus MapkepoB akTUBaLMM B 06Lei nonynsuuu CBO60AHbIX MOHOLUTOB
Mpumeyanue. MpeacTaBneHbl AUarpamMmmbl, AeMOHCTPUPYHOLME AOJHO KNETOK, SKCIPECCUPYIOLLUX NOBEPXHOCTHbIE aHTUrEHbI

HLA-DR (A), CD86 (B), TREM-1 (B) n CD11b (I') B 06Lieii nonynsuuu cBoGOAHbLIX MOHOLMTOB Nepucepryeckoil KpoBH NaLMEHTOK

¢ dmsnonornyeckoi 6epemeHHocTbI0 M MHB. Ha guarpamMmax nokasaHbl AvanasoH 3HaYeHWI, Meanana, 25-i n 75-1 npoueHTunu. ®6 -
¢usnonornyeckas 6epemenHocTb, lMHB - npuBLIYHOE HEBbIHALIWBaAHNE GepeMEHHOCTH.

Figure 2. Expression of activation markers in the total monocyte population

Note. Diagrams demonstrate the proportion of the cells expressing surface antigens HLA-DR (A), CD86 (B), TREM-1 (C) and CD11b (D) in

the total population of platelet-free monocytes from the peripheral blood of the patients with normal pregnancy and recurrent pregnancy loss. Plots
show range, median, 25" and 75" percentile. NP, normal pregnancy; RPL, recurrent pregnancy loss.

1026



2025, T. 27, Ne 5
2025, Vol. 27, No 5

AnmueeHHbLIL heHOMUN MOHOUUMO8
Antigenic phenotype of monocytes

A(A)
120
p=0,017
p = 0,005
100- p = 0,002

@
o
1

PL

% CD14*CD41a" kneTok
% CD14*CD41a cells
3

N
<

20+

Kn Mp

Cl Int

duanonoriyeckas 6epeMeHHOCTb
Normal pregnancy

Hkn Kn Mp  Hkn

Non Cl Int Non

MpvBbIYHOE HEBbIHALLNBAHME
Recurrent pregnancy loss

B (B)
CD162
120
p=0,024
é 7] 80'
1
é § 60+
R 1
40- -
20
Kn MMp Hkn Kn Mp  Hkn
Cl Int Non Cl Int Non

Ouanonornyeckas bepeMeHHOCTb  [MpUBbIYHOE HEBbIHALLMBAHME
Normal pregnancy Recurrent pregnancy loss

PucyHok 3. Xapaktepuctuka cybnonynsuui CBo604HbIX MOHOLTOB

Mpumeyanue. Mpadmkn AEMOHCTPUPYHOT NPOLIEHTHOE COAepXaHNe CBOGOAHBLIX MOHOLMTOB (A) M 1ONH0 CBOGOAHBLIX MOHOLIMTOB,
3KCnpeccUpyHLmMx NOBePXHOCTHbIN aHTureH CD162* (B) B cybnonynsaumsx knaccuyeckux (CD14*CD167), npomexyTouHbIX
(CD14++CD16"), n Heknaccuyeckux (CD14*CD16**) moHOLMTOB nepucdepryeckoil KPOBU NAaLMEHTOK C hU3MONOTNYECKON BEPEMEHHOCTLIO
¥ NPUBLIYHLIM HEBbIHAWMBaHWEM GepeMeHHOCTW. Ha anarpammax nokasaHbl AUanasoH 3HauyeHWi, Meguana, 25-i u 75-1 npoLeHTUnK.
Kn - knaccuyeckue moHoumThbl, [Mp — NpoMeXyTO4HbIE MOHOUMTLI, HKN — HeKnaccMyeckne MOHOLMTBI.

Figure 3. Characterization of platelet-free monocyte subsets

Note. Graphs demonstrate the percentage of platelet-free monocytes (A) and proportion of platelet-free monocytes expressing surface antigen
CDG62P (B) in the classical (CD14**CD16"), intermediate (CD14**CD16"), and non-classical (CD14*CD16**) monocyte subsets from the peripheral
blood of patients with normal pregnancy and recurrent pregnancy loss. Plots show range, median, 25" and 75" percentile. Cl, classical monocytes;

Int, intermediate monocytes; Non, non-classical monocytes.

MbIM (p < 0,01). YMeHbllIeHHEe KoJIMyecTBa CBOOOI-
HbIX MOHOLIMTOB y nTalreHToK ¢ [THB npoucxonuio
BO BceX Tpex (ppakiusx MOHOILIMUTOB, OAHAKO B He-
OAWHAKOBOI MPOITOPLMM: TIpuMepHO Ha 11, 8 u 6
MPOLIEHTHBIX TTYHKTOB COOTBETCTBEHHO B CyOmomy-
JISIIUSIX KJIACCUUECKMX, TTIPOMEXKYTOUHBIX U HEeKJIac-
cuueckux MoHoLUTOB (puc. 3A). [Ipu aToMm B rpyrirme
¢ [THB nHa6monanock cHukeHue akcnpeccuu CD162
MMHOPHOI CyOnoITyJIsILMEN HeKJIaCCUYECKUX MOHO-
mutoB (puc. 3b). B To ke Bpems y xkeHmiuH ¢ [THB
BO (paKIuy KIACCUICCKUX MOHOIIMTOB OBLIO OT-
MeueHo cHikeHue kKommdyectBa HLA-DR* xireTok
(95,2%) 1o cpaBHEHMUIO C KEHIIMHAMM, UMEIOLLIMMU
HEOCJIOKHEHHYIO 6epeMeHHOCTE (99,0%) (puc. 4A).
B ar0i1 ke ppakimm Habmogamock cHmkeHne CD86*
MOHOLUTOB C 56,7% 10 41,6%, oqHAKO OHO HE JOCTH -
rajo cTaTuCTU4eckoi 3Haunmoctu (puc. 4b). B nByx
OCTaJIbHBIX CYOMOMYJISILUSIX MOHOIIUTOB HE OBLIO
OOHapy>KeHO 3HAYMMBIX U3MEHEHUI B 3KCIIPECCUU
HLA-DR u CD86 B cBsa3u ¢ ITHB (puc. 4A, b).

Okcnpeccuss TREM-1 B cyOronyasinusx mpoMexy-
TOUYHBIX U HEKJIACCUYECKUX MOHOIIMTOB XapaKTepu-
30BaJIaCh BHICOKOI BaprabeTbHOCTHIO, U HU B OTHOM
dpakuru ObLIO OTMEUYEHO pa3Iuduii MeXXIy Hcclie-
IyeMBIMM TpylmnaMu nanueHTok (puc. 4B). EaunH-
CTBEHHBIM MapkKepoM, ubsi akcrnpeccusi npu [THDB
ycuiuBanach, okaszaicsa CDI1lb: B cybmonyasiuu
KJjlaccuueckux MoHouuToB noiss CDI11b* kietok
Bo3pactajia ¢ 66,7% (dusnonornueckass GepeMeH-
HocTb) 10 86,8% (ITHDB) (puc. 4TI).

ObcyxaeHve

ITonydyeHHBIe pe3yJabTaThl CBUIETEIBCTBYIOT O
TOM, 4YTO Yy XEeHIIUH ¢ auarHo3om «ITHb» B nepBom
TpUMECTpe OEPEMEHHOCTU JI0JisI CBOOOJHBIX MOHO-
LMTOB B IIepudeprIeCKOil KpOBU CHIXKAETCS B CpaB-
HEeHUU ¢ 6epeMEeHHbIMU XEeHIIMHAMU TOTO e CpoKa
OepeMeHHOCTH, He HMEIOIIMMM TaKOTo JuarHosa.
Kaxk MbI Toka3am paHee, 9TO IIPOUCXOINT U3-3a YCU-
JIEHUsI CBSI3bIBAHUSI MOHOLIMTOB C TPOMOOLIMTaMU,
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PucyHok 4. dkcnpeccus MapkepoB aKTMBaLUM B cybnonynsauusax cBOOOAHbIX MOHOLMTOB
Mpumeyanue. MpeacTaBneHbI AMarpaMMbl, AEMOHCTPUPYHOLLME SO0 KNETOK, IKCNPEeCcCUpPYHOLMX NOBEPXHOCTHbIE aHTUIEHbI

HLA-DR (A), CD86 (), TREM-1 (B) n CD11b (I'), B cy6nonynsuusx knaccuyeckux (CD14**CD16°), npomexyTouHbix (CD14*CD16%),

1 Heknaccuyeckux (CD14*CD16**) moHoLMTOB Neprdepnyeckoin KPOBM NaLUEHTOK C prU3nonornyeckoit 6epeMeHHOCTbH U NPUBLIYHBIM
HeBbIHalWMBaHWeM 6epeMeHHOCTH. Ha guarpamMmax nokasaHbl Auana3oH 3Ha4eHWI, MeanaHa, 25-i n 75-i npoueHTnu. Kn —
Knaccuyeckne MOHOLUUTBI, Mp — NpoMexyTouHble MOHOLMTLI, HKNn — Heknaccuyeckue MOHOLMUTI.

Figure 4. Expression of activation markers in monocyte subsets

Note. Diagrams demonstrate the proportion of the cells expressing surface antigens HLA-DR (A), CD86 (B), TREM-1 (C) and CD11b (D)

in the classical (CD14**CD16"), intermediate (CD14"*CD16"), and non-classical (CD14*CD16**) monocyte subsets from the peripheral blood

of patients with normal pregnancy and preeclampsia. Plots show range, median, 25" and 75" percentile. Cl, classical monocytes; Int, intermediate

monocytes; Non, non-classical monocytes.
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TNPUBOISIIIEMY K YBEINICHUIO KOJIMUECTBA TPOMOO-
OUTAPHO-MOHOIIMTAPHBIX KOMILIEKCOB. M3BecTHO,
YTO B HOpME OepeMEeHHOCTb XapaKTepu3yeTcs CO-
CTOSTHMEM THUITePKOAaTryJISIIN 1 aKTUBAIIUE KOMITO-
HEHTOB MMMYHHOIT cuctemsl [8, 9, 11, 23]. Ycume-
HUE KOMIUIEKCOOOpa3oBaHUsl OTpaXkaeT aKTUBALIMIO
TPOMOOIIMTOB, KOTOpast HapsAy ¢ M3MEHEHUEM aK-
TUBAIIMOHHOTO CTaTyca MOHOIIUTOB B PE3yJIbTaTe MX
B3aUMOJIEHICTBUSI ¢ aKTMBUPOBAHHBIMU TPOMOOLIM-
TaMH1 MOXKET MPEACTABIISITh COO0I TOITOJTHUTETBHBIN
naToreHeTUYeCKUi (haKTop, BHI3BIBAIOIINIT HApyIIIe-
HUS (PU3UOJTOTMYECKOTO TEeUYeHUs OepeMEeHHOCTH.
CornacHo mojlydeHHbIM Hamu JaHHbIM, nipu [THDB
HanOOJBIIC CIIOCOOHOCTBIO K B3aMMOJICHCTBUIO
¢ TpoMOouMTaMU O0JaZalOT KJIacCUYEeCKHe MOHO-
OUTHI, a HAMMCHBIIICH — HeKJIaccuueckne. BrmomaHe
BEPOSITHO, YTO TIOHIDKEHHAsT aKTMBHOCTb HEKJIac-
CUYECKUX MOHOILIUTOB B (POPMUPOBAHUM MOHOLIM-
TapHO-TPOMOOILIMTAPHBIX arperaToB y MalMeHTOK C
ITHB oGycnosiieHa HaGaOgaeMbIM HEOOJIBIIIUM, HO
CTaTUCTUYECKM 3HAYMMBbIM CHIXKEHHEM YPOBHS 9KC-
npeccun CD162 — OCHOBHO# MOJEKYJIbI, obecre-
YMBaOIIei CBA3b C P-ceIeKTMHOM Ha MOBEPXHOCTHU
TPOMOOLIMTOB.

XapakTep 3KCIIPECCUM psiia ITOBEPXHOCTHBIX
MapKepOB MOHOIIMTOB ITO3BOJISCT IIPEIITONOXUTD,
yto [THB He compoBoxpaeTcsi akTuBalMein MOHO-
OUTOB TIO BOCITAJIUTEILHOMY THUITYy, YeTO MOXKHO
Obu10 OBl OXuaaTh. Hapsimy ¢ TeHaeHLMEe K CHU-
JKEHUIO DKCIPECCUU KOCTUMYJISITOPHOU MOJIEKY-
el CD86 Kak Ha ypoBHE BCell MOMYJISILIMU, TaK U B
OTIENIbHBIX (PPAKIIMSIX MOHOIIMTOB, y MAIIMEHTOK C
ITHB HabGnonanoch CHUXKEHME YPOBHSI OKCIPECCUU
mapkepa aktuBauuu HLA-DR, o0GyciioBieHHOe cy0-
IOIYJISIIE KIIacCMIeCKNX MOHOIIUTOB. PaHee mipmn
UcCaeIOBaHUM aHTUTeHHOTO (peHOTUIa TPOMOOLIU -
TapHO-MOHOIINTAPHBIX arperaToB MbI OOHAPYKWJIN,
4TO B3aMMOICHCTBMEC MOHOIIMTOB C TPOMOOIUTAMU
NpUBOAUT K ocjiabneHuto skcnpeccun HLA-DR B
MOHOILIMTAaX U Yy NallUEHTOK ¢ (DU3UOJTOTUIECKOI Oe-
peMeHHOCThIo, 1 'y nmauueHTok ¢ ITHbB. Ilpu stom
B IEPBOI Irpyrne 3TU U3MEHEHUSsT TIPOUCXOAWIN BO
BCEX CYOITOITYJISIIIMSAX, a BO BTOPOIL — TOJIBKO B HE-
KJIACCUYECKUX MOHOIIMTAaX. OTU pPe3YyJIBTaThl I10-
3BOJIMJIM HaM TIPEAroJIOXKUTh, YTO, B OTJIMYUE OT
(du3MoIornyeckKon 6epeMeHHOCTH, CHUXKEeHHE IKC-
npeccun HLA-DR npu ITHbB npoucxoaut He TOIb-
KO TIOJl BIUSTHUEM TPOMOOIIMTOB, a MOXET ObITh 00-
YCJIOBIIEHO BIIMSTHUEM W APYrux (pakTtopoB. BronHe
BEPOSITHO, YTO 3TH (PAKTOPhl MMEIOT ILIAllCHTap-
HOE TPOMCXOXIeHue. Pe3ynbTaThl HACTOSIIIETO MC-
cJienoBaHUsI TIOATBEPIWJIM HAIlle TIPEITOJIOXEHUE,
nocKoJIbKy y mauueHToK ¢ [THDB cHuxeHue skc-
npeccun HLA-DR Habmiomanoch B MOHOLIMTAX, HE
CBSI3aHHBIX C TPOMOOIINTAMU.

DKcrpeccus elle OJHOTO MapKepa aKTUBalUU
TREM-1 Takke He mpereprneBajla CYIIECTBEHHBIX
usMmeHeHuii B cBs3u ¢ [THB kak Ha ypoBHe oO1eit
NOMYJSIMU, TaK U B OTIEJbHBIX CYOIOMYJISIIUSIX
MoHouuMTOB. [IpMedaTebHO, UTO B 00eMX TpyIIIax
nauueHTokK coaepxkaHnue TREM-1* kietok cpeau
MPOMEKYTOYHBIX U HEKJTACCUYECKUX MOHOILIMTOB Ba-
PBUpPYET B CaMbIX IIIMPOKUX TIpeeaax: OT IIpakKTUIe-
CKU IMOJTHOTO OTCYTCTBUSI 10O MOYTU CTOTIPOLIEHTHOTO
HaJA4YMsI.

B oTauume OT aHTUTEHOB, XapaKTepPU3YIOIINX
MpPOBOCHAUTEbHBINA (PEHOTUIT, TTOBBILLIEHUE YPOB-
He akcnpeccuun mojekyasl CDI11b npu ITHB, cBu-
IETeIbCTBYET O TTOBBIIICHUN aATe3MOHHBIX CBOMCTB
MOHOILIMTOB, a HMMEHHO, (paKIUM KJIACCUUECKUX
moHouutoB. CDI11b BXoauT B cocTtaB MOIUMYHK-
IIMOHAJIBHOTO WHTETprHA oyf3, (Mac-1), KoTopsiii,
B YaCTHOCTHU, OIlOCpeayeT Takue (byHKIIMU MOHOLIM-
TOB, KakK aare3usi U arouutos3. CaeacTBUEM ycuiie-
HUS aAre3MOHHOTO ITOTEHIIMAaIa MOHOILIUTOB SIBJISICT-
Cs1 MOBBILLIEHNE BEPOSITHOCTU TPOMOOOOpPa30OBaHUS
U 1X TOBPEXIAIOIIEeTro ASUCTBUS B OTHOILLIEHUUW DH-
MOTEINSI COCYIOB, YTO MOKET IPEACTABIISITH COOOM
OJMH U3 BO3MOXHBIX MaTO(GU3NOJIOTUYECKUX MeXa-
HU3MOB TMPEXAECBPEMEHHOIO MPepbIBaHUS OepeMeH-
HOCTH.

HMHTepecHO, 4TO TOBBILIEHUE YPOBHS 3KCIIpec-
cuu CDI11b npu HeBbIHAIIMBAaHUU OEPEMEHHOCTU
MPOUCXOIUIIO TOJIBKO B KJIACCHMYECKON (hpaKIIuu
CBOOOJHBIX MOHOIIMTOB, TOrAa KakK MpU U3y4eHUU
AHTUTEHHOTro (BeHOTUIa TPOMOOIIMTapHO-MOHOLIM-
TapHBIX KOMIUIEKCOB ITOIO0OHOE M3MEHEHNUE MBI Ha-
OJII0JaI BO BCeX TPEX CyOMOMyJISIIMSIX MOHOLIMTOB.
Takum obpa3oM, MOXHO 3akiawuuTh, uto ITHDB co-
TIPOBOXAACTCS YBEJIIMYCHNEM KOJIMYECTBA KJIacCuie-
CKHX MOHOILIMTOB, 3KcIpeccupytomux CD11b, a B3a-
UMOJNIEMICTBUE C TpPOMOOLMTAMU MpPU OOpaszoBaHUE
TPOMOOIIMTaAPHO-MOHOIIMTAPHBIX arperaTtoB MPUBO-
IUT K AajbHEHIIEeMy MOBBILIEHUIO U CTUMYJIUPYET
skcnpeccuto CD11b Bo dpakiussx mpoMeKyTOUHBIX
M HEKJIaCCUIECKMX MOHOIIMTOB.

AKTUBaIMsI MOHOLIMTOB MOXET BHOCUTb BKJIal B
pa3BuTHe Natopu3noJorndyeckux 3(@eKToB, TaKuxX
KaK BOCITaJIeHWe, TPoMOO3, 3HAOTEIHAbHAs INC-
dyHkuus. Lupkyaupyromue MOHOLIUTBI MaTepu,
nomnagasi B SHAOMETpui, 1nuddepeHIUpyOTCs B 1e-
ouIyaabHbIC MaKpodaru, KOTopbIe, 00J1amas UMyHO-
MOAYJSITOPHBIMU CBOMCTBaAMM, OKa3bIBalOT BIMSIHUE
Ha MaTEepPUHCKUI MMMYHHBI OTBET B OTHOIIIEHUU
TI04a, a TAKKe YIaCTBYIOT B PETY/ISIIIAM BaXKHEHTITX
reCTallMOHHBIX COOBITUI: MUMIUIaHTALMsI OJacTOLIM-
CTbl, MHBa3us Tpodobiacrta, pa3BUTUE IUIALIEHTHI
u ap. [18]. MoxHO TIpeacTaBUTh, YTO abeppaHTHO
AKTUBUPOBAHHBIE MOHOLIMTBHI JAIOT Hayalo AEL-
IyaqbHbIM MakpodaraM ¢ U3MEHEHHbIMU (heHOTHU-
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NUYECKUMUA U (PYHKIIMOHAJIBHBIMU CBOMCTBAMU,
KOTOpbIE OKa3bIBaIOT HETaTMBHOE BO3JCHCTBME Ha
PeTPONYKTUBHBIE IIPOIIECCHI B MATOUHO-TIIAIIeHTap-
HOM KOMILIeKce, TeM 6osee yto npu I[THB HabGmio-
JacTCsl TTOBBIIICHHAs MHOWIBTPALISI MOHOIIUTOB B
IeuuayalbHyI0 0007104KYy [14].

IMomyyenHble HaMU OAHHBIE HE YKa3bIBAalOT Ha
nproOpeTeHre MPOBOCHAIUTEIBHOTO (heHOTHIa MO-
HouuToB y nauueHTok ¢ ITHB. Bo3moxHo, B pas-
BUTUM 3TOM PEIPOIYKTUBHON MAaTOJIOTUN KaKyI-TO
poJib urpaet ooHapyxXxeHHOe HaMU1 OcjiabjieHue BOC-
MaJUTEJIbHBIX CBOMCTB MOHOIIUTOB, YTO BbIpaXKaeT-
cs B NoHMKeHHoM skcnpeccun HLA-DR, omHako
MOKa TEOPETUYECKUX OOOCHOBAHUU 3TOrO Mpearo-
JIOXKEeHUsT He HakineHo. OOHapyKeHHass HaMU TTOBbI-
meHHasg 3kcrpeccuss CD11b mMoxer mpuBOAUTH K
MOBBILIEHHON aare3uyd MOHOLIUTOB Ha IMMOBEPXHOCTU
SHIOTEINATBHBIX KICTOK U TIOBPEXKICHUIO SHIOTE-
JIVSI COCYIOB.

OueBUAHO, YTO CJIEAyeT MPOHOIKATh ITOUCK
AHTUTEHHBIX MapKepoB, XapaKTep U3MEHEHUST DKC-
IpecCUur KOTOPBIX MOXET OBITh MCIOJb30BaH B
KIIMHUYECKOW TIPpaKTMKE B JIMATHOCTHYCCKUX WU
MPOTHOCTUYECKUX 1IeJIsIX. [1epCeKTUBHOCTh 3TOTO
HampaBJIeHUsT TTOATBEPXKIAeTcsl HeIaBHEW ITyOJim-
Kalyei, aBTopbl KOTOPOIi Ha OCHOBE UMMYHO(EHO-
TUTTPOBAHNS MOHOIIMTOB TTeprepUICCKOIT KPOBU,
pa3paboTajii MOJeJib, MO3BOJISIIOIIYIO C TOCTaTOY-
HO BBICOKOU BEepOSITHOCThIO MporHo3uposath [THB
M TIOBTOpHBbIE Heymayu umriaHtauuu [4]. dpyras
TpyIna McclienoBaTesIeii ImoKas3aja, YTO MOBBIIICH-
Hasl 9KCIpeccust CKaBeHmKep-peuentopa CD163 B
CYOITOITYJISIIMU ~ aJIBTEPHATUBHO aKTUBHUPOBAHHBIX
(HeKJIaCCMYECKMX) MOHOLIMTOB MOXET CITY>KUTb
MPEIUKTOPOM PEIIPOAYKTUBHBIX MOTEPh y XKEHIIUH
C YIpOXKAMOIIMM BEIKMABIIIEM B ITIEPBOM TPUMECTPE
OepeMeHHOCTH [2].

MbI TIpOBEIM CPAaBHUTEJNILHBIN aHANU3 pPe3yJib-
TaTOB, TIOJYYEHHBLIX B JaHHOM WCCJIENOBaHUU U
pe3yIbTaTOB IIPOBEICHHOW HaMH paHee pabOThHI
no xapakrepuctuke TMK y manueHTOK ¢ apyroii
aKylepcKoi TmartoJjiorueii — Tmpeakiaamrcueid. Tak
xe, kak u npu [THB, npu npesxkinamncum Mbl Ha-
OJroany TOBBIIIeHNEe YpoBHS akcrpeccun CDI11b
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U3YYEHUE AABIOBAHTHbIX CBOUCTB KJIETO4HO-
NMPOHUKAIOLLNX KATUOHHbIX AEHAPUMEPHbIX
NENTUAOB

IMatuaos A.A.L, Illatnnosa A.B.}, Acanbaesa A.A.'% Konbuiosa A1,
Yepuenko H.I'., Mucaasckmii O.B.}, Aagpees C.M.!, Cmupuos B.B.}2,
XauTos M.P.}3

'®I'BY «locydapcmeennviii Hayunwiii yenmp “Uncmumym ummynonoeuu” Pedepanrvhoeo meourKo-06uoi02utecKo2o
aeenmemea», Mockea, Poccus

2@DIAOY BO «Ilepswiit Mockosckuit 2ocydapcmeennbiii meduyunckuil ynueepcumem umenu M. M. Ceuenosa»
Munucmepcmea 30pasooxpanenus PO (Ceuenosckuii Ynusepcumem), Mockea, Poccus

S DIAOY BO «Poccuiickuii HayuoHaAbHbLIL Uccredosamenbckuil meouuunckui ynusepcumem umenu H. U. [Tupoeosa»
Munucmepcmea 30dpasooxparnerus PO, Mockea, Poccus

Pesome. AnbIOBaHTHI SIBJSIIOTCSI BaXKHBIMM KOMIIOHEHTaMU BaKILMHHBIX IMIPEapaToB, B TOM YHMCIE all-
JIEPrOBaKIIMH, TTO3BOISIOIIMMU MOBBICUTH UX 3(h(EKTUBHOCTb M 0e30MacHOCTb. B HacTosIIee BpeMst UHTe-
pec MUPOBOTO HAYYHOT'O COOOIIIECTBA BbI3bIBAET MOJAX0/, OCHOBAHHBIN Ha BKJIIOUEHUE aIbIOBAHTA B COCTaB
MOJIEKYJIbl UMMYHOTeHa. Takre KoBaJeHTHbIC alblOBAHTHI MOTYT OBITh MPEACTABICHBI BEllIeCTBAMMU Pa3HBIX
XUMMYECKUX KJIAaCCOB M, B YaCTHOCTH, menTunaMu. IlenTuabl o0amaoT TaKUMU IIPEUMYILIeCTBaMU Mepe]t
BEIIIECTBAMU APYTUX KJIAaCCOB, KaK BbicoKas 3(h(heKTUBHOCTDb U OMoaerpanalivs, Ipu 3TOM AeHAPUMEpPHbIE
KaTUOHHBIE MENTUIbI 3a4acTyI0 CITOCOOHBI K YCUJIEHHOM IO CPaBHEHMIO C JMHEHHBIMU MENTUIaAMU TPaHC-
MOPTHOM CMOCOOHOCTHIO. B paMKkax jaHHOI paboThI OblJIa U3ydYeHa CITOCOOHOCTD yeuauBaTh nHAyKuuo IgG
JIBYX KATUOHHBIX IEHAPUMEPHBIX KJIETOUHO-TPOHUKAOIIMX IENTUI0B C TIOKa3aHHOI paHee TpaHCMeMOpaH-
Hoit aktTuBHOCTBIO: TP u SA-40. IMenrtuabl 061K TTOTyYeHBI TBEpAO(MAa3HBIM CUHTE30M, OXapaKTepU30BaHbI
METOJaMM MacC-CIEeKTPOMETPUHM U 30HHOTO KaIlWJUISIpHOIo ajekTpodopesa. g usyuyeHus arbloBaHTHOMN
AKTUBHOCTM MENTUIBLI ObLIM KOHBIOTUPOBAHBI ¢ PEKOMOMHAHTHBIM MpoTenHoM Bet v 1, mpeacrasisiioiinm
Cc00011 MaXKOPHBIN ajlJIepreH MbLIbLbI Oepe3bl, MOTYYeHHBIM OMOTEXHOJIOTUYECKHU C UCTIOJIb30BaHUEM ITPOIY-
neHTa E. coli u ounilieHHBIM XejaTHo# XpoMmaTorpadueit. Konbroramus mpoBoauaach Mo peakuuu MuxasJst
nocJjie MoauGUKaIy MTPOoTeHA MaJIeMMUIHON yHKIMel. OUuncTKa KOHBIOraTOB MPOM3BOAMIIACH TeJIEBOM
Xpomatorpadueit 1 guaausom, 3pGeKTUBHOCTh KOHBIOTALIMU OLIEHUBAJIACh 3JIEKTPO(GOPE30M B MOJIUAKPU-
JamuaHoM rese. Konbroratsl 1 YucThiii rBet v 1 MCIoIb30BaIMCh 1S UMMYHU3ALIMK J1a00PaTOPHBIX MbIIIEH
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BALB/c s cpaBHeHus ypoBHeit IgG k rBet v 1 mocie yeTbipex nHbeKIIUi 0e3 MCITOIb30BaHUS MHBIX alb-
10BaHTOB. ChIBOPOTKM KPOBM MBIIIEH M3ydaaIch MMMYHO(EPMEHTHBIM aHaM30M Ha ypoBHe IgG mpoTtu
rBet v 1, 4To OBLIO 1IeJIEBBIM TTOKa3aTeIeM, a TaKKe TMTPOTUB CaMUX KOHBIOIaTOB M CBOOOAHBIX nenTuaoB LTP
u SA-40. YcTaHOBJIEHO, YTO 00a KOHbIOTaTa OLILYyTUMO MOBBIIAIN YPOBeHb IgG K UCXOMHOMY MPOTEUHY, TPU
aToM oauH u3 Hux, LTP-rBet v 1, Takke BbI3bIBajl PEaKTUBHOCTh CHIBOPOTKM KaK K caMOMy cebe, Tak U K
cBobogHomy nentunay LTP. IToBeimenue ypoBHs IgG k rBet v 1 B cmyuae LTP-rBet v 1 66110 mpuban3eTibHO
YeThIpeXKpaTHbIM, B ciaydae SA-40-rBet v 1 — TpexkpaTtHbiM. 1o pe3ynbraTam McclieqoBaHUs CIeIaHbl BbI-
BOJIbI O HAJIMYMU Y UCCISAYeMbIX MENTUIOB aIbIOBAHTHOM aKTUBHOCTH, O BO3MOXXHBIX MPUIMHAX HaOII0Ma-
€MBIX SIBJIEHUI 1 O MEePCIeKTUBHOCTU AATbHENUIIINX paboT B TaHHOM HAMpaBJIEHUU, TIPU 3TOM MbI CUUTAEM,
yTO CTpYKTypHl nenTumoB LTP 1 SA-40 MoryT OBITH BIOCJICICTBUY MCTIOJIB30BAaHBI B KAYeCTBE pehepeHTHBIX
MIpY pa3pabOTKe HOBBIX MENTUIHBIX aTbIOBAHTOB, M B KAY€CTBE KOBAJICHTHOTO aIbIOBAHTA MOXET OBITh MC-
noJib3oBaH caM SA-40. B cBoto ouepenn, LTP, BeposaTHO, MOXET UMETh NEePCHEKTUBBI UCTIOJIb30BaAHUS TAKKE
B Ka4eCTBE HEKOBAJICHTHOTO aIbIOBAHTA.

Knroueswie cnosa: kamuonHvle OeHOpumepHble nenmudbl, KOHBI02AmMbl Nenmudos, nenmuonble adsrH8aHMbl, ANNEPeHbL,
pexombOurnarnmuule 6eaku, Bet v 1

STUDYING ADJUVANT PROPERTIES OF CELL-PENETRATING
CATIONIC DENDRIMERIC PEPTIDES

Shatilov A.A.%, Shatilova A.V.2 Asanbaeva A.A.*", Kopylova A.D.%,
Cherchenko N.G.2, Mislavskii 0.V.2, Andreev S.M.%, Smirnov V.V.2",
Khaitov M.R.*¢

@ National Research Center — Institute of Immunology, Federal Medical-Biological Agency, Moscow, Russian
Federation

b I. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

¢ Pirogov Russian National Research Medical University, Moscow, Russian Federation

Abstract. The adjuvant agents represent important components of vaccines, including medications for
specific immunotherapy, which improve their efficacy and safety. Current scope of vaccines development
includes approaches based on inclusion of adjuvant into the immunogenic molecule. Such covalent adjuvants
vary greatly in chemical structure, and are found among particular peptides. Peptides have distinct advantages
over substances of other chemical classes, e.g., high efficiency and biodegradability, whereas dendrimeric
cationic peptides are often capable of enhanced translocation ability when compared to linear peptides. In this
work, the ability to enhance IgG induction was studied for two cationic dendrimeric cell-penetrating peptides
with previously reported transmembrane activity, i.e., LTP and SA-40. The peptides were obtained by solid-
phase synthesis and characterized by mass-spectrometry and zone capillary electrophoresis. To study adjuvant
activity, the peptides were conjugated with recombinant protein Bet v 1, a major birch pollen allergen, produced
as biotechnology product, using E. coli. Chemical conjugation was carried out with Michael reaction after
maleimide functionalization of the protein. The conjugates were purified by gel chromatography and dialysis,
followed by estimation of conjugation efficiency with SDS-PAGE. Conjugates and pure rBet v 1 were used to
immunize BALB/c mice to compare IgG levels to rBet v 1 after 4 injections without using other adjuvants.
Mouse blood sera were studied with ELISA for IgG levels against rBet v 1, being the target criterion of the
study, as well as against the conjugates and free LTP and SA-40. It was found that both conjugates significantly
increased the IgG level to the initial protein, while one of them, LTP-rBet v 1, also induced serum reactivity
both to itself and to free LTP. The increase in IgG level to rBet v 1 was approximately four-fold in the case of
LTP-rBet v 1, and three-fold with SA-40-rBet v 1. Based on the results of this study, it was concluded that both
LTP and SA-40 possess adjuvant activity. We believe that LTP and SA-40 structures can be used as reference
agents in development of new peptide adjuvants, and SA-40 itself may be used as a covalent adjuvant. Moreover,
LTP may be considered a prospective non-covalent adjuvant.

Keywords: cationic dendrimer peptides, peptide conjugates, peptide adjuvants, allergens, recombinant proteins, Bet v 1
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Jlendpumepnovle nenmuodvt Kak adsro8aHmMbl
Dendrimeric peptides as adjuvants

WccnemoBanne TpOBeASHO B paMKax 3aJlaHUs
PMFBA Poccun «AnbroBaHT-24».

BeeneHune

AIBIOBaHTHI IIIMPOKO MCHOJb3YIOTCS KaK B DKC-
NepUMEHTaJbHOI OMOJIOTUHN, TaK M B COCTaBE BaK-
OUH, TTO3BOJISISI YCUINTh MHAYKIINIO aHTUTENI U CO-
KpaTUTh J03bl aHTUIEHA M KypC MMMYHU3aLuu [6,
21]. Pa3paboTKa HOBBIX aIbIOBAHTOB SIBJISICTCS aK-
TyaJIbHbIM HaIlpaBJICHMEM MCCIeIOBaHUI B 00Ja-
CTSIX UMMYHOJIOTUM M (papManiny, U K HACTOSIIIIEMY
MOMCHTY aIbIOBAaHTHBIC CBOWCTBA OOHApPYXKCHBI Y
BeIEeCTB pa3HbIX KjaaccoB [3, 8, 9, 14], B Tom yucie
nentuaos [12, 16, 17, 19]. K npeumyiiiecTBam CUH-
TETUYECKUX TMENTUIOB MOXKHO OTHECTU BBICOKYIO
3¢ PeKTUBHOCTL U OMocoBMectumocTh [10, 13], a
TaKKe BO3MOXKHOCTD MX TTOJIYYSHUST C IPUMEHEHUEM
KOHBEHIIMAJIBHBIX TEXHOJIOTHUI, KaK TBepAO(a3HBIi1
nenTuaHbIi cuHTe3 [20].

Oco000i1 3HAYMMOCTBHIO TTOMCK U UCIIBITAHUE HO-
BBIX aTbIOBAaHTOB 00JIalacT B IIEPCHEKTHUBAX pa3-
pPabOTKM aJUIeproBaKILIMH IJIsI CIIEIN(PUISCKON M-
MYHOTEpaIMyu BBUAY WCITOJb30BaHUsS B TTOCJICIHEN
AHTUTEHOB, CIIOCOOHBIX BBI3BIBATH TSKEJbIE He-
JKeJaTeJIbHbIe JIEKApCTBEHHBIE PeaKIIMU, BIUIOTH 10
anadwmiakcuu [7, 15, 18]. B HacTos1eit padboTe 1Ipo-
U3BeJieHa KOHIIETTyaJ bHasi OIleHKa BO3MOXKHOCTU
NPUMEHEHUS KJIETOYHO-TIPOHNKAIOIINX KaTHOHHBIX
neHapumMmepHbix nentuaoB TP u SA-40 [1] B kaue-
CTBE aIbIOBAHTOB JJIsI PEKOMOMHAHTHOTO ITPOTEHHA
rBet v 1, COOTBETCTBYIOIIETO MasKOPHOMY aJUIEPIeHY
ObUIbLBI Oepe3bl Bet v 1 — omHOMY U3 HauboJiee 3Ha-
YHMBbIX a3poajjiepreHoB LieHTpaibHOU Poccum [2].

Ileab naHHO# paGOTHI — ITOJIyYeHUE KOHBIOraTOB
pekoMOuHaHTHOro Bet v 1 ¢ KJIeTOUHO-TIIPOHUKAaIO-
MU TeHapuMepHbIMU TterrtuaamMu TP u SA-40 u
OILICHKA YPOBHSI MHIYKIIMY KOHBIOTaTAMU aHTUTEIT Y
JTaGOPATOPHBIX SKUBOTHBIX B CPABHEHUU C NCXOTHBIM
rBetv 1.

Matepuans! n MeTogbl

ITonyyenune nenTuaoB

IlenTuaHbIi CMHTE3 OCYIICCTBISICS Ha CHUHTE-
3atope PS3 (Protein Technologies Inc., CIIIA) ¢ uc-
noab3oBaHWMEM Fmoc-3allnImeHHBIX aMIHOKUCIOT
u cmouibl H-Rink-Amide-ChemMatrix (Iris Biotech,
ITepmanus). PactBoputenb Ha Bcex ctaausx — N,N-
numetungopmamun (Scharlau, Mcnanus), aktuBa-
s aMUHOKMCIIOT — rekcadropdocdar 6eH30TpHAa-
zonmunrerpametiryporusi (HBTU) (Acros Organics,
benbrust) u N-metunmopdonun (Fischer Scientific,
CIUA), otwennenue Fmoc-3amuTbel — 4-MeTUII-
nunepuauH (Sigma-Aldrich, CIHA). Ormeruie-
HUE TIENTUIOB OT CMOJIBI OCYIIECTBIISITIOCh B CMECH
KOHIICHTPUPOBAaHHOU TPUMPTOPYKCYCHON KUCIOTHI
(T®Y) (Carl Roth, Iepmanus), 1,2-sranautnona,

THoanusona (Sigma-Aldrich, CIIIA) u Boabl neu-
OHM30BaHHOH. [lenTuabl BBIACISIMCH U3 pPeaKiiv-
OHHOI CMECHM OCaXXKACHWEM IUITIIOBBIM 3(PHPOM
(000 «Xummen», Poccust). I1st OUMCTKY NETNTUI0B
NPUMEHSIJIM METOJ BbICOKOI((MEKTUBHOMN XUIKOCT-
Hoil xpoMatorpaduu (BOXKX) ¢ mcmonp3oBaHmeM
cuctembl LC-20 Prominence ¢ ¢doTtoMeTpruueckoit
ngetekuueit mpu 226 u 280 HM (Shimadzu, SnoHus).
CranmonapHas ¢asza — Kromasil Eternity-5-C18,
250 x 30 mm (Nouryon, IlIBemust). Daroumss — Mea-
JIeHHBIN TpamueHT oT 5% no 70% aieroHUTpUIa
(000 <«KomnoneHr-Peaktus», Poccus) B 0,1%-
HOM BOZHOM pactBope TDY.

Du3NKO-XUMIIECKasi XapaAKTEPUCTHKA MENTHIOB

Waentudukaiiyms nenTuaoB MPOU3BOIMIACE Me-
TOIOM MATPUYHO-aKTUBUPOBAHHOM JIA3€pHOU Je-
COPOIIMY/MOHN3AINN C BPEMSIIIPOJCTHBIM aHAJIM-
3aTOPOM C UCIIOJIb30BaHUEM criekTpomeTpa Bruker
Microflex LT (Bruker, IepmanHusi). Matpuna —
o-1IMaHO-4-TUAPOKCUKOpUYHas Kucjora (Sigma-
Aldrich, CIIIA).

YucToTy TENTUIOB ONpEeNesuii ¢ ITOMOIIbIO
KanuisgpHoro anekTpodopesza (Kamenb 105M,
000 «JIromekc», Poccust) Ha He3anmo THEHHOM KBap-
neBoM Kanmuuisape (lysua, — 60 CM, Lo — 50 €M,
Ayyrpermns — 79 MKM) METOLOM HOpMaiusauuu. By-
dep — 0,1 M dpocdopHasg kuciora (Acros Organics,
Benbrus), 0,05 M tpuc(ruapokKCuMeTH1)aMUHOME -
taHa (Tris) (OOO «XenukoH», Poccust) B nernoHu-
30BaHHOI BOJIe, BBOA MPOObI TMAPOIAMHAMUYECKUMA,
HanpsikeHue +20 kB, nperexkuus doromerpuye-
ckast — 226 HM.

IMosyyenue Oenaka

PexomOuHaHTHBINT TipoayueHT rBetv 1 (u30-
dopma 1.0101, UniProt: P15494, ¢ rucTummHOBBIM
noBTopoM Ha C-KoHle, mpoayleHT E. coli) 611 nipe-
noctabiieH rmpodeccopom P. BanenToit (PI'BY «'HLI
«Mucturyr ummyHosiornn» OMBA Poccun) [5].
Kietku pactiyiim B SKMAKOM NUTATSIBHOU cpene
I'PM-1 (2,5 / 100 mir) (O6omeHck, Poccust) conep-
Kalei 25 MKr/mi KaHaMULMHA Mpu TeMIiepaType
37 °C 10 DOCTVKEHUS ONTUYECKOM TNIOTHOCTU KYJIb-
Typbl > 0,060 AU npu mymnHe BostHbl 600 HM NanoDrop
2000 (Thermo Scientific, CIIIA). Dxcnpeccuio Oenka
UHOyUMpOBaad pAobaBieHueM wusonponui-B-D-1-
tuoranakronupanosuga (MIITI) (Thermo Scien-
tific, CIIIA) KoHeuyHOI1 KoHuUeHTpauueir 1 MM; B
mpoliecce HapaliMBaHusl 6ruomacchl pH momnepxu-
BaJjics Ha ypoBHe 7,0-8,0 no6asmenuem 0,1 M NaOH
(000 «Xummen», Poccus). IMocne momydyeHus 6uo-
MacChl KJIE€TKM KOHLEHTPUPOBAIM LEHTPUDYTU-
poBanueM npu 4000 g 20 munyt, +4 °C (Beckman
Coulter, CIIIA). 3areM KJIeTKHU TOJABEepTraid yabTpa-
3BYKOBOII 00pabOTKe C MOMOIIBIO YIBTPa3ByKOBOIO
romoreHmnzaTopa Sonicator Q500 (Qsonica, CIILIA)
Ha X0J10/ie 5 MUHYT B u3upytoieM oydepe (300 MM
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NacCl (OO0 «Xummen», Poccnst), 50 MM NaH,PO,
(000 «Xummen», Poccus), 10 MM wumugazo-
nma (Sigma-Aldrich, CILA), pH = §,0). Pa3pymren-
HBIe KJICTKUA OCaXKIaIlM HEeHTPUMYTUPOBAHUEM IIpU
18000 g 20 munyTt, +4 °C. HagocagouHyto KMAKOCTh
cobupaau M BBIACISUIM OEJOK C TOMOIIBIO MeTas-
JoacpuHHOM XpoMaTorpadguy Ha arapo3HOM CMOJIe
Ni-NTA (Qiagen, Iepmanus). Cmojly ypaBHOBEIIU -
BaJIU JIMBUPYIOIIUM OydhepoM, 3aTeM IMepeHOCUIN Ha-
JIOCATOYHYIO XKUIKOCTh Ha CMOJTY 1 TIEpEMEIIINBaIA B
TeyeHue 2 yacoB Ipu temrieparype +4 °C. 3areMm Ha-
JIOCAAOYHYIO XXUJIKOCTb YIAISIIU, CMOJTY ITPOMBbIBAIU
TPEXKPaTHO JU3UPYIOLIUM OyhepoM, 3aTeM TPUKIbI
oydepom A (300 MM NaCl, 50 MM NaH,PO,, 50 MM
umunasona, pH = 8,0) u oypepom B (300 MM NaCl,
50 MM NaH,PO,, 500 MM umupazona, pH = 8,0),
Bce (dpakmum coOupanr Ijisl JaJbHEHWIIero aHaan-
3a. AHaJIN3 MOJIyYeHHBIX (Dpakinii Tociae OYMCTKHA
MPOBOIMIN 3JyIeKTpodopeTndecku B 14%-HOM mo-
mmakpunamunHoM rene (ITAAT) (OO0 «XenukoH»,
Poccus) u okpammBanu pactBopom Kymaccu (Serva,
ITepmanust), 3aTeM reab oTMmbiBaau. dpakiuu, co-
JepXxalue HauboIbIIUE KOJIUYECTBA YKUCTOTO Oes-
Ka, ObutM OoOBeauHEeHBI. MMumazon M3 dpakKiuii
rBet vl ynansim ¢ momouubio nuanusa npotus 0,1 M
NaH,PO, c pH = 7,4 c nsaTblo cMeHaMu pacTBOpa BO
BHEIITHEM KOHType nuanuiepa. [lommmHHOCTh momy-
yeHHoro rBet v 1 ompenensuiacb UMMyHOMEPMEHT-
HbeIMU aHa3oM (MMDA) ¢ mcrob30BaHUEM MOHO-
KJIOHaJIbHBIX aHTuTe] mADb BV16 IgG1 (Biorbyt Ltd.,
CIIA) B cpaBHeHuu ¢ nipuponHbsiM Bet v 1 (Indoor
Biotechnologies, CIIIA).

Moaudukanus 0eJiKa nenTuaamMmm

Moandukauuio rBet v 1 mpoBoauau B ABe CTaguu:
Ha TepBOi cTaguu 0e10K ObUT (DYHKIIMOHATU3UPO-
BaH N-TMAPOKCUCYKLIMHUMUAHBIM 3upom 3-(Ma-
JICMMUIIO)TIPONMOHOBOM KUCIOTHI (Sigma-Aldrich,
CIIIA), mponyKT OBUI BBIIEJICH TeTb-(DUIBTpallneii
Ha kojoHke Sephadex G-10 (Pharmacia, LIBeuus)
¢ nomollblo rejeBoro xpomarorpada BioLogic LP
(Bio-Rad, CIIIA), nmerekumus — QoToMeTpruyecKast
npu 254 uMm. Ha BTopoii cTaanuy K MateuMuao-QpyHk-
LIMOHAIM3UPOBAHHOMY O€JIKY OBbLIM IPUCOETNHEHDI
nentuabl SA-40 u LTP (puc. 1) mo peakumu Muxasist
B cpeae AMCO (Merck, Iepmanust) ¢ mobaBieHIEM
docatHoro Oydepa (9/1, pH = 8,0). ®duHanmbHas
OYMCTKA MPOBOIUJIACH NUAJIM30M MPOTUB BOMBI, pe-
TeHTaT Jrnodrumm3upoBaics. IlomydeHHbIC KOHBIOTA-
Tbl SA-40 — rBet v 1 u LTP — rBet v 1 aHanu3upoBa-
JIY ¢ MoMolIbIo 3itekTpodopesa B 14% u 15% TT1AAT
(000 «XenukoH», Poccust) B cpaBHeHun ¢ rBet v 1.
Crannaptsl — mu3onuM (~13 kJla) 1 KypuHbIil OBaJTb-
oymuH (~42 k/a) (Sigma-Aldrich, CIIIA).

HNMMyHu3amms 1a00paTOPHBIX KUBOTHBIX

PacTBOphl M1 MMMyHM3allud TOTOBWJINCH IIO-
CpEeICTBOM pacTBOpeHMs | Mr aHTWreHa B 12 M

crepuiibHOTrO usnonorndyeckoro pacrsopa (HIIIT
«ITan®ko», Poccus) B acenTUUecKMX YCIOBUSIX.
B wuccnenoBaHMM MCMOB30BAaIUCh CAaMKKU MBbIIIEH
muHun BALB/c Becom 18-20 1, Bo3pactom 6-8 He-
JleJIb, KOTOPBIE TOCe MOJTYYeHUsT ObLIM TMTOMEIIECHBI
B KapaHTHH Ha IBe HEIeJIM U UMEIU HeoTpaHUICH-
HBIN JOCTYII K elie U BoAe. MbIllu ObLIM pacrpene-
JIeHBbI O 4 rpynmnaMm ajisi uMMmyHuzauuu: 1 — LTP —
rBetv 1; 2 — SA-40 — rBet v 1; 3 — rBet v 1 (Bce o
9 Mmpbileii), 4 — uHTakTHBIE (5 MbIIei). UMMyHun-
3alMI0 TTPOBOIMIIM TPEXKPATHO MOIKOXHO U OJHO-
KpaTHO BHYTPUOPIOIIMHHO B 03¢ 25 MKT/MBIIIb
(25 mxr B 300 MKJ), ¢ ABYXHeASJbHBIMU MHTEPBa-
JIJaM1, MHTAKTHBIM MBIIIIAM BMECTO aHTUTCHOB BBO-
g 300 Mk puszmonorndyeckoro pactsopa. Yepes
7 nHeil mocae U 4 UMMYHU3allMKY Y MBILLIEN OTOUpaIn
KpPOBb 13 PETPOOPOUTATIBHOTO cHUHyca. KpoBb IeH-
tpudyruposanu 10 munyt npu 2000 g (Eppendorf,
ITepmanus) u +8 °C, u otoupanu cbIBOPOTKY. ChIBO-
POTKY KPOBM MBIIIEN XpaHuiu ripu +4 °C.

Ouenka ypoBHs unaykuuu IgG

Ompenencare wHOyKmun IgG  TOIyIeHHBIMU
KOHBIOTaTaMM IIOCJI€ TOJHOM UMMYHHU3ALUU MPO-
BOJIWJICSI METOJIOM WMMYHO(hEpPMEHTHOTO aHaJu-
3a (MPA) Ha cpemHeCOPOUMOHHBIX ILIAHIIIETaX
(Greiner, ABctpus). B a1yHKU maHIueTa HaHOCWUJIU
pacTBOopeHHbIe B (pocaTtHOM Oydepe ¢ pH = 7,4
(HITIT «ITan®xo», Poccust) xonbioratel SA-40 —
rBet v 1 u LTP — rBet v 1, rBet v 1, Ob1unii chiBO-
porounsrii anboymmH (BCA) (HIIIT «ITar®Ko»,
Poccust) B koHneHTpauu 10 Mxr/ma (100 Mk Ha
JayHky) npu +37 °C B TeueHue | yaca. 3aTeM IUTaH-
LIET MATUKPATHO OTMBIBAJIN (hochaTHBIM OydepoM ¢
nobapnenueM 0,1%-1nom Tween-20 (Sigma-Aldrich,
CIIA) 150 mk1 Ha JTyHKY. 3aTeM He3aHSIThIE y4acT-
KM CBSI3BIBAHMS Ha IMOBEPXHOCTHU JIYHOK ILIaHIIIETa
610KMpoBanu 5%-HBIM 00€3)KMPEHHBIM CYXUM MO-
JokoMm, (Sigma-Aldrich, CIIIA) B docdhaTtHOM Oy-
dbepe ¢ nobasrenuem 0,1%-noro Tween-20, 200 MK
Ha JIYHKY, TPpY KOMHATHOM TeMIlepaTtype B TeUCHUE
1 yaca ¥ OTMBIBAJIM TUJIAHIICT, KaK YKa3aHO BHIIIIC.
B nyHKU mutaHIIeTa BHOCUJIM CBIBOPOTKY KPOBU MbI-
meii B pasBemenun 1/100 B dpocharHoMm Oydepe ¢
nobasinenueM 0,05%-noro Tween-20 u 0,1%-Horo
BCA (100 MKJT Ha TyHKY) U UHKyOUpoBaJiu 1 yac mpu
KOMHAaTHO# Temmneparype. [lociie mITUKpaTHoOit OT-
MBIBKM BHOcUIU 1o 100 MK Ha JYHKY BTOPUYHBIE
MPOTUBOMBIIIIMHBIE aHTUTEJIA OBIIbI, MEYEHHbBIC
nepokcunasoit xpeHa (OO0 «CopbeHT», Poccus).
ITocne nmaTUKpaTHON OTMBIBKM B JYHKM ILJIaHIIETa
BHocwiu no 100 mkn pactBopa 3,3°,5,5’-TeTpame-
tunoeH3unuHa ruapoxiiopuna (TMB) (BD, CILIA) u
uHkyoupoBaau 30 MuHyT. Peakiinio ocTaHaBIMBaJIU
nobasnenuem 50 mxit Ha TyHKy 0,5M H,SO,. OnTu-
YecKyio IToTHOCTE (OI1) n3Mepsuin Ha TUTAaHIIIETHOM
dotomerpe Multiskan GO (Thermo Fisher, CIILIA)
npu AByX JuimHax BojH: 450 (OI1450) u 620 (OI1620)

1036



2025, T. 27, Ne 5
2025, Vol. 27, No 5

Jlendpumepnovle nenmuodvt Kak adsro8aHmMbl
Dendrimeric peptides as adjuvants

PucyHok 1. Cxema mogudmkaumm rBet v 1 nentugamm
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Mpumeyanue. 1 — N-ruapoKCUCYKLUMHUMNAHBI 3pup 3-(Manenmmupo)nponuoHoBon kucnotbl; 2 —rBet v 1; 3 —rBet v 1
¢hyHKLMOHaNM3NpoBaHHbIN 3-(ManeumMmao)nponuoHoBoi kucnotoii; 4 — SA-40 unu LTP; 5 - koHblorat rBet v 1 ¢ nentugom.

Figure 1. Scheme of modification of rBet v 1 with peptides

Note. 1, 3-Maleimidopropionic acid N-hydroxysuccinimide ester; 2, rBet v 1; 3, rBet v 1 functionalized with 3-(maleimido)propionic acid; 4, SA-40

or LTP; 5, rBet v 1 conjugate with peptide.

HM. [TporpaMMHBIM obecrieueHUEM Npudopa BbICUU -
ThIBasIach pasHuna Mexnay OI1450 u OT1620 (AOIT).
Yucio moBTOpoB — 3. 3HAYMMOCTDb pa3IMuMii oTpe-
nenstiack no kputeputo CtoelogeHTa ripu p < 0,05.

PesynbTarhl

Ilonyyenune nenTuaoB

brimn nmonydensr C-amMuabl NENTUAOB C aMUHO-
KMCJIOTHBIMU I10CJIEIOBATEIbHOCTSIMM, IIPUBEICH-
HBIMU B Tadbauie 1.

Macc-CcneKkTpbl, IIOATBEPXKIAIOLIME  MOMIMH-
HOCTb CMHTE3UPOBAHHbBIX TICTITUIOB, a TaKKe 3JICK-
TpodoperpaMMsbl, TIOATBEPXKIAIOIINE WX YHCTO-
Ty, TIpeAcTaBieHbl Ha pucyHke 2. lleneBoit muk c
m/z = 2754,4 COOTBETCTBYET pacueTHOI MOJICKYJISIP-
Hoit Macce 2756 [a mist SA-40; nuk ¢ m/z = 2337,6
COOTBETCTBYET PACUYETHOM MOJIEKYJISIPHO Macce
2338 Jla g LTP, uto roBoput 00 yCcrienHoM IoJy-
YeHUW WCCIEAyeMBIX MenTumoB. Ymcrora s Imo-
JIyYEHHBIX MenTuaoB coctaBumia 95% mist SA-40 u
100% nnst LTP.

TABINLA 1. CTPYKTYPbI NENTUAHBLIX AEHAPUMEPOB
TABLE 1. STRUCTURES OF DENDRIMERIC PEPTIDES

ITonyuyenne konniorata rBet v 1¢ nentunamu

Anektpodope3 B [TAAI nipeacraBieH Ha pUCyHKe
3. VI3 11ory9eHHBIX JaHHBIX BUAHO, YTO KOHBIOTATHI
SA-40 — rBet v 1 u LTP — rBet v 1 HaxoasTcs BbIle
ypoBH4 rBet v 1, 4TO CBUIETEILCTBYET 00 YCHEIITHOMN
GYHKIVMOHAIM3aINN OeJIKa MeNTHAAMU — IIPEIITo-
JIOXXUTEIbHO, OT 1 10 5 ocTaTKaMM MENTUIOB Ha MO-
nexkyny rBetv 1.

Ouenka ypoBHs unaykiuu IgG

AIbIOBaHTHBINA 3(@MEKT MENTUAO0B OMpPeaeIsiIcs
no uHaykuuu IgG k rBet v 1. /1151 3TOro cbiBOpoT-
Ka KMBOTHBIX aHAIM3MPOBaach Ha PEaKTUBHOCTh K
anTureny, rBet v 1 u menTtuay-agploBaHTY, KaK yKa-
3aHO B Tabauie 2.

ITomyyeHHBIC pe3yabTaThl IIPUBEACHBI Ha pPHU-
cyHKe 4. VI3 HUX clieayeT, 4TO BO BCEX UMMYHU3U-
POBaHHBIX TpyImax ObUT ITOJY4YeH CHIeHUMUIHBIN
aHTUTEJILHBIN OTBET K rBet v 1, mpu 3TOM KOHBIO-
ratel uHayuupoBaiu IgG k rBet v 1 cunbHee, yeM
YUCTBHIA TIPOTEWH. Y CBIBOPOTKM TPYIIIBI 1, UMMY-
HusupoBaHHoii LTP-rBet v 1, Habatoganach MHTEH-

PacueTtHas cpegHeu3oTonHas
HaumeHoBaHue CTpyKTypa MorneKynsapHasa macca, [la 3apan
Name Structure Calculated average isotopic Charge
molecular weight, Da
SA-40 (ArgArgArgLeulleLysPhelle),Lys-LysAsnThrCys 2756 +11
LTP (((Arg),Lys),Lys),LysAlaCys 2338 +16

1037



Llamunos A.A. u op. Meduyunckas Ummynonoeus

Shatilov A.A. et al. Medical Immunology (Russia)/Meditsinskaya Immunologiya
A(A) B (B)
=70 2754,469 52500 2337,609
L 7 S, E
g MeHT' . M+HT'
[ D k|
= - 2000
1,5 ] ]
1500
1,0 1 ]
1000
0.511383,136 ]
: [W+2HF \‘ 500; l [M+2H+2*
0’0 : T T T I' T T T !J T T T T T T T T T T T 'n/Z 0 : |l T T T T T J\rj‘nl T T T T ‘_I T T T T T T m/z
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
B (C) 70
60
50
2 40
€30
20
10 N N P B
0 S
min
0 2 3 4 5 6 8 9 10 1 12 13 14 15
r (D)
2
2
<
£
1
\
U min

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

PucyHok 2. Macc-cnektpbi nentugoB SA-40 (A) u LTP (B), n anektpochoperpammbi SA-40 (B) u LTP (I)
Figure 2. Mass spectrum of peptides SA-40 (A) and LTP (B) and electrophoregrams SA-40 (C) n LTP (D)

LrB  SrB rBetv 1 rBet v 1 SrB LB

PucyHok 3. Anektpodopes B MAAT ans rBet v 1 u koHbloratoB B 14% rene (A) n 15% rene (B)
Mpumeyanue. L-rB - LTP-rBet v 1, S-rB - SA-40-rBet v 1, Lzm - nu3ouum, OVA — KypuHbIi 0Banb6yMuH.
Figure 3. Polyacrylamide gel electrophoresis for rBet v 1 and conjugates in 14% gel (A) and 15% gel (B)
Note. L-rB, LTP-rBet v 1; S-rB, SA-40-rBet v 1; Lzm, lysozyme; OVA, chicken egg ovalbumin.

1038



2025, T. 27, Ne 5
2025, Vol. 27, No 5

Jlendpumepnovle nenmuodvt Kak adsro8aHmMbl
Dendrimeric peptides as adjuvants

TABIINLIA 2. CXEMA NMPOBEAEHNA UMMYHO®EPMEHTHOIO AHATIU3A

TABLE 2. SCHEME OF ELISA EXPERIMENT

Mpynna
Group

AHTUreH Npu UMMyHM3aLUn
Antigen used during immunization

AHanut B UMMyHodepMEHTHOM aHanuse
Analyte used in ELISA

rBet v 1

LTP-rBet v 1

1 LTP-rBet v 1

LTP

BSA - oTpuuaTenbHbIN KOHTPONb cneunduyHoOCcTH
BSA, negative control for specificity

rBetv 1

SA-40-rBet v 1

2 SA-40-rBet v 1

SA-40

BSA - oTpuuaTtenbHbIf KOHTPOIb cneuugpuyHoCcTU
BSA, negative control for specificity

rBetv 1

3 rBetv 1

BSA - oTpuuaTtenbHbIf KOHTPOJb cneugpuyHoCcTU
BSA, negative control for specificity

WNHTaKTHbIE
Intact

CbIBOpOTKa MCNonb30oBanach kak oTpuuaTesnbHbIN
KOHTpOIb Ansi Apyrux rpynn
Serum was used as negative control for all other groups

CHUBHasl peaKTUBHOCTb B oTHoleHun LTP-rBet v 1
u LTP. CeiBopoTKa rpynmnsl 2, UMMYHU3UPOBAHHOU
SA-40-rBet v 1, 3HaUNTEIBHO MCHEE aKTUBHO CBSI-
3piBasia SA-40-rBet v 1 1 SA-40, yuem rBet v 1.

ObcyxaeHve

W3 nipeacraBieHHbIX pe3yiabraToB MDA crienyer,
4YTO KOHBIOraThl 00janaau OoJiblield UMMYHOTEH-
HOCTBIO, YeM PEeKOMOWHAHTHBIN IIPOTEHUH, OJHAKO
ciaeayeT oOpaTUTh BHUMaHUE Ha pa3HUILY, HaOIr0-
JaeMYIO B OTBETE ChIBOPOTOK Ha aHTUTCHBI, UCTIOJIb-
30BaHHbIE NP UMMYHU3alMU. Tak, Ha pUcCyHKe 4
3aMETHO, YTO mpu uMmyHuzanuu SA-40-rBet v 1
MakCUMaJIbHasi PeaKTUBHOCTb ChIBOPOTKU (hOpMU-
pyercs K rBet v 1, 1 3HaUMTEIILHO MEHBIIAST — K SA-
40 n SA-40-rBet v 1. B cBo10 ouyepenb, CHIBOPOTKA
rpyminsl 1, ummyHusupoBaHHoi LTP-rBetv 1, umes
CpaBHUMBII CO BTOPOU I'PYIION YPOBEHDb HECTIECLIU -
¢duuHoro cBsi3biBaHust BCA, Hanbosiee akTUBHO pe-
arupyet ¢ LTP-rBet v 1, a Tak:ke UHTEHCUBHO CBSI-
3bIBaeT yucThiii TP, ipu s3ToMm otBeT K rBet v 1 Obu1
HECKOJBKO CHUJIbHEE TAKOBOTO Y BTOPOI TPYMITHI, U
B CJIy4yae 00erX IPYIIT OH ObLT BBIIIIE, YEM Y TPEThel
TPYIIbLI, UMMYHU3UpoBaHHOI rBet v 1, B 3-4 paza.
Ha Ham B3misia, Takue pas3iduusi OOYCJIOBJICHBI
CTPOEHUEM NEHAPUMEPHBIX MENTUIOB (puc. 5) u,
COOTBETCTBEHHO, MX (PU3UKO-XUMHICCKIMHU CBOM-
CTBaMM.

AU 450 nm
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PucyHok 4. OueHka ypoBHs uHgykumm IgG uccnegyembiMu
BeLecTBamM1 y UMMYHU3NPOBAHHBIX XUBOTHbIX
Mpumeyanwe. L-rBet v 1 - LTP-rBet v 1, S-rBet v 1 — SA-40-rBet v 1.
MpencraBneHbl cpepHne 3HaYeHus * foBepUTENbLHBIA MHTEPBaN
95%. n-3. p <0,05.

Figure 4. Evaluation of IgG induction in mice by compounds

of interest

Note. L-rBet v 1, LTP-rBet v 1; S-rBet v 1, SA-40-rBet v 1.

Means + 95% confidence intervals are presented. n— 3. p < 0.05.
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PucyHok 5. Ctpyktypbl LTP (A) n SA-40 (B)
Figure 5. Structures of LTP (A) and SA-40 (B)

LTP umeer 16 OCHOBHBIX LIEHTPOB, B TO BpEMSI
Kak SA-40 nmumb 11, ipu 3Tom y LTP oHm BbIpaxe-
HbI 8§ TyaHuauHoBbIMU rpynnamu (pKa ~12,48) u 8
amuHorpytmamu (pKa ~9,04), a y SA-40 ectb nuilb
6 ryaHUIMHOBBIX I'pyIn W 5 amMuHOrpyimn. Pacyer-
HBIe 3HAUCHUS pl 3TUX MeNTUIOB OJIM3KU U COCTaB-
Js110T: ~12,96 st LTP u ~12,81 mist SA-40, onHako
pas3Iuuus B 3apsigax 0oJiee HarJISIAHBI Ha 2JEKTPO-
doperpaMmax, MOTYYeHHBIX JUIST JAHHBIX TTETITUIOB
B MICHTUYHBIX YCJIOBUSX. Tak, MPU KaOWLISIPHOM
anekTpodopese Bpems: murpauuu LTP MeHblIe Ta-
koBoro y SA-40 na 1,75 muHn (puc. 2B, I'), a ipu
snekrpodopese B [TAAI cBoboanbii LTP B 06pa3-
e LTP-rBet v 1 npu murpaiumu odpasyeT Majao pas-
neaumyto 3oHy 0~13 xJla (puc. 3). C yueToM TOBbI-
IIICHHOTO HaMpPsDKeHUS MPU KaWUIIPHOM 30HHOM
aJieKTpodopese MaHHBIN (aKT MOXKET TOBOPUTH O
ckioHHocTtu L'TP, B oTinuue ot SA-40, Kk o6pa3oBa-
HUIO CYIIPaMOJICKYJISIPHBIX CTPYKTYp. JlaHHOe sIBJIe-
HUE B HacToOsIIIee BpeMs M3ydyaeTcsl HaMu, OJTHAKO
MOXHO ciaeiaTh mnpeanojoxeHue, uyro LTP Moxert
CO371aBaTh B pacTBOpPE MMIICIUIBI, M, B clydae IIpu-
cyrctBus unctoro LTP B cocraBe LTP-rBet v 1 mo
NpUYMHE HETTOIHOTO MPUCOSIMHEHUS WIIN IIPOTEKa-
HUSI peTpo-peakuuu Muxasiasi, MULICJUISIPHBIN CJIOi
MOXeT 00pa3oBbIBaThCcsl BOKpYT rBet v 1. CtpykTtypa
SA-40, B cBolO ouepeab, 00JagaeT MEHbILEU MoJsIp-
HocCTh1O, yeM y LTP, B cBsSI3u ¢ yeM aJis1 HEro MULIe-
JJooOpa3oBaHHWE Mbl CUMTaeM MEHee BEepOSITHBIM U
HEHaOIIoaeMbIM B pe3yJibTaTax JaHHOTO HCCIe-
nmoBaHus. CiiemyeT OTMETUTh, YTO Ha MOIYyYCHHYIO
pa3HUILYy B YPOBHSIX OTBETa K JACHApPUMEpaM TakKxke
MOXKET BJIMSITh HCOOTWHAKOBBIN MPOLIECC TUAPOJIN3a
KoHbloratoB B AITK, KOTOpbIii MOXKET IIPUBOIUTHL K
BbipaxkeHHOI mpe3eHTauuu LTP, Ho He SA-40. Mrl
cuuTaeM, YTO peaKTUBHOCTh aHTUCBHIBOPOTKU K LTP
1 ero KoHntoraty ¢ rBet v 1 siBisiercsi HeraTUBHbIM
¢dakTOpOM B BOIIPOCE €Tr0 MEPCIEeKTUBHOCTU B Ka-
yecTBe aJbloBaHTa B cpaBHeHUM ¢ SA-40, Bripouem,
ATO TaK3Ke MOXKET CBUICTEIBLCTBOBATH O O0JIce BhIpa-
XeHHolt criocooHocTu LTP x o6pa3oBaHMI0 HEKOBa-

JICHTHOTO KOMIIJIeKCa C TIPOTEMHOM U TIPOSIBJIEHUIO
aI’bIOBAHTHOI aKTUBHOCTHU B TAKOM COCTOSIHUU.

Hab6mogaeMyio MOBBIIIEHHYIO UMMYHOT€HHOCTD
KOHBIOTAaTOB, HA HaIl B3TJISA MOXHO OOBSICHUTH
TpeMmst (pakTopaMu: BO-TIEPBBIX, TTETITUIBI MOTYT IIe-
peHocutb nmpoteuH BHYTpb AITK, BO-BTOPBIX, KOHB-
foraTbl MOTYT 00J1aIaTh 3HAUNTEIFHO YBEIMISHHBIM
TMOBEPXHOCTHBIM 3apsiIOM, YTO MOXET IPOBOLIMPO-
BaTh ux 3axBaT AIIK, B-TpeTbuX, KOHbIOTALIMST MOT-
JIa pecTpyKTypupoBaTh rBet v 1 mipenmodTuTeIbHBIM
JUUTSI TIPOLIECCUPOBAHUS U MIPE3EHTAILIMY 00pa3oM.

B ciyuae mepBoro ¢aktopa MblI Mojaraem, 4rto
KoHBbIOTaThl MOTyT mnonactb B AIIK Omaromaps
TpaHCMEMOpPaHHOI AaKTMBHOCTU IICMITUIOB, HO HE
MOTYT MMOKWHYTH JTNU30cOMY. BBUIY OCHOBHOCTH MC-
MOJIb30BaHHBIX TMENTUI0B, Ha HAIll B3IJISIA, OHU MO-
TyT IefiCTBOBATh KaK MTOIIOJTHUTEIIBHBIC «SIKOPS» IJIsI
npoTreuHa B Jm3ocoMme. HeoOXxoamMo yIOMSHYTb,
YTO B HACTOsIee BpeMsl HaMU He M3ydeHa TpaHC-
MeMOpaHHasl aKTUBHOCTb KOHBIOTaTOB Ha KJIETOU-
HBIX KYJIBTypax.

Bropoii Bo3aMOXHBII (dakTop — AeicTBUE NEeH-
JIpUMepoB B KadyecTBe npuMmanHku 111 AITK — xapak-
TepeH U1 ONMCAHHBIX B JIUTEPAType KOBAJICHTHBIX
aabioBaHTOB [4, 11] 1 Takke MOXET ObITh KCTpano-
JIMPOBaH Ha UCIIOJIb30BaHHbIE JEHAPUMEPHBIC TeIl-
TUIBI, TAK KaK UX 3apsia coctasisger +16 u +11.

Tpetuit pakrop — pectpykrypusauus rBet v 1 B
X0JIe KOHbIOTallM1 — HaMUW B paMKax OIMChIBA€MbIX
WUCHBITAHUNM HE Hu3ydascsl, OAHAKO MOXHO Mpel-
MOJIOXKUTh 3HAYUTECIbHOE BIWSHHE IICNITUIOB Ha
CTPYKTYpPY ITPOTEMHA BBUIY OTHOCUTEIBHO OOJIBIITNX
MOJIEKYJISIPHBIX MacC MENTUA0B (COCTABISIOT OKOJIO
13% ot Macchl MpoTenHa).

3aknoyeHne

B Hacrosuieit paboTe ObUIM TMOJIyY€HbI ABa KJIe-
TOYHO-TIPOHUKAIOIINX TENTUIHBIX ACHIpPUMEpa, UX
MOJIMHHOCTh OblJla TTOATBEPXKIEHA MacC-CIeKTPO-
MeTpUeli, a YMCTOTa, O JAaHHBIM 30HHOTO KaIlWI-
JIIPHOTO 2JIeKTpodopesa, cocraBuiia He MeHee 95%.
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Hamu nokaszaHo, uro ux koHbtorauus ¢ rBet v 1 no-
Bbicwia uHaykKuuio IgG K mocienHemy MpuUOIU3U-
TEJIbHO B TPU pa3a, YTO CBUIETEIHCTBYET O HATUYUU
y 0001X NENTUIOB aAbIOBAHTHBIX CBOMCTB. Mbl pe-
noJyiaraeM, uto SA-40 ipeanourutensHee LTP B kaue-
CTBE KOBAJICHTHOTO aabloBaHTa, B TO BpeMs Kak L'TP
MOXET MPOSIBISATh OoJiee BbIPAXKEHHYIO aKTUBHOCTH
B KavyeCcTBe HEKOBAJCHTHOTO aablOBaHTa, U JaHHbBIC
CTPYKTYPHO-OOYCIIOBIICHHBIC Pa3INIMs CICIyeT IpH-
HUMAaTh BO BHUMaHUE MPU ITOJIyIeHUU HOBBIX TTEITH-
JIOB C aIbIOBAaHTHOI aKTMBHOCThIO. B paboTe kpaTtko

npuBeAcHa TUIOTe3a, OOBSICHSIOAS albIOBAHTHBIN
addeKT, omfHaKO B JaJlbHEHWIlIeM TUIaHUPYETCs Tpo-
BelleHNE PadoT IO MPOSICHEHUIO MEXaHU3Ma UMMY-
HOreHHoro 3 dexra Takux NenTuaoB. danbHeilne
TIEPCTIEKTUBBI JTAHHOT PaOOThI MBI BUIUM B pa3padboT-
K€ 1 MOJIyYeHUU CTaHAaPTHBIX TIENTTUIHBIX aIbIOBaH-
TOB, a TakKKe B U3YYEHUU COITYTCTBYIOIIMX UMMYHU-
3alMU SIBJICHUI: aJJIEPIeHHOCTH M TOJIEPOTEHHOCTU
TaKUX KOMIUIEKCOB Y MOTEHIIMATBHOTO BIUSTHUS TTPU-
CYTCTBUSI TIENITUAOB B X COCTaBEe Ha STTUTOITHBII TTPO-
buIb peKOMOMHAHTHOTO MPOTENHA.
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OLLEHKA B3AMMOOTHOLLEHUX MEXLY
NANUITIOMABUPYCHOWN UHOEKLMEN, PAKOM
NPEACTATEJSIbHOW XXEJIE3bl U YPOBHAMM IL-12

Capex Mopamgu, Moxamman Pamrao, Moxcen Capkapsm,

I'onam Ao66ac Raitmann, Jlagan daraxn, Mapuam CeiienTaduo,
Myca Illapudydpar, Anu Xogamagm

Yhueepcumem meduyunckux nayx Axeasa Jncynouwanypa, Axeas, Upan

Pesiome. Pak npencratenbHoit xenesnl (PI12K) sBasieTcss BTopoii mo 3HAYMMOCTUA MPUYUHON CMEPTHO-
CTHU OT paka cpeau Myx4uH. Bupyc nanuiomsl yesoBeka (BITY) siBasieTcss Hanbosee pacrpocTpaHeHHOM
MPUYMHON paka IIeliKd MaTKU, TECHO CBSI3AaHHOTO C aHAJbHBIM M BarMHaJbHBIM pakoM. Kpome Toro, uH-
TepieiikuH-12 (IL-12) uHayuupyeT MpoTUBOOMYXO0JeBbIii UMMYHUTET. Lleabio JaHHOTO Uccaea0BaHMS ObLIO
usyuyeHue poau BITY B PITXK mn onpenesieHue ero BIUSTHUS Ha CBIBOPOTOUYHBIN ypoBeHb [L-12. B mepuon ¢
2018 mo 2022 rox B AxBa3e UccaeaoBaTe M NOJIYYIn 55 mapaduHUPOBAaHHBIX 00Pa310B 3JT0KAYeCTBEHHBIX
TMOPaXXEHUI TIpeICTaTeIbHOM KeJIe3hl M 55 KOHTPOIBbHBIX 00pa3IioB TKaHEei J00poKauyeCTBEHHO TUTIepILIa-
3WU TIPEACTATeIbHOM XKeyte3bl. O0pa3iibl KpOBU OBLIM B3ATHl Y 24 TMarHOCTUPOBAHHBIX OHKOJIOTUYECKUX T1a-
LMEHTOB JJis1 oLleHKU ypoBHs 1L-12 1o Hauana nedyeHusi. Kpome Toro, B kauecTBe KOHTPOJISI ydacTBOBaIU 24
nauueHTa ¢ 100poKaYeCTBEHHOM rurepIuiasueit mpeacraTebHol Xee3bl. Mbl mpoBenu akcTpakuuio JJHK
(heHOJI-XT10pODOPMHBIM METOIOM U uccaenoBaiu Hanuure JJHK nmanuinoMmaBupyca B TKaHSIX C MOMOIIbIO
ITLIP B ruHe3nHOM BapuaHTe. KpoMe TOro, B ChIBOPOTKE KpOBU M3MepPsin ypoBeHb I1L-12 ¢ momomisio MDA,
PesynbraThl He BeigBIM ¢Bs3u Mexkay BITY u PIT2K; namuuue BITY-nHekInm He KOppeIrMpoBajio ¢ HaJlu-
yreM cekpenu [L-12. OgHako 1o Mepe IporpeccupoBaHms paka ypoBeHb [L-12 y manimeHToOB 3HAYMTETbHO
CHIXKAJICS 110 CPAaBHEHMIO ¢ KOHTPOIbHOI rpyrnoi (p < 0,05). BITY MoxeT npucyTCTBOBATh B TKAHU IIPE/I-
CTaTeIbHOM Kejle3bl, XOTSI 9TO He O3HayaeT, YTo JaHHbIi BUpyc cnocoocTByeT pazButuio PIT2K. Haubonee
3HAYMMBIMM LITAMMAaMM, UHOULUPYIOLIMMI TKaHb IIPEACTATEIbHON XKee3bl, ABIsoTcs Tumbl 16 u 18. Ilo
CpPaBHEHUIO ¢ KOHTPOJLHOM IPYMIION 1 y MallMEeHTOB C pa3HOil cyMMO 0aj1oB 1o 1Kaje [JiMcoHa, ypoBeHb
ceKpeluy MHTepelikuHa-12 goctoBepHo Huke y namueHToB ¢ PIT2K. Mcronb3oBaHue 3TOro BaXKHEHIIEro
LUTOKWHA TTO3BOJISIET NMPUHUMATh 3(D(EKTUBHBIE MEPhI JIST OLICHKU TTPOTHO3a, PeryJMpoBaHus 3a00j1eBa-
HUS WA OKa3aHUS TOMOIIM B JICYSHUN MaIlUeHTOB.

Karouesvie cnosa: yumoxunot, onyxonws, I[P, HPA, wkara [ucona
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EVALUATING THE RELATIONSHIP BETWEEN HUMAN
PAPILLOMA VIRUS INFECTIONS, PROSTATE CANCER
AND INTERLEUKIN-12 LEVELS

Sadegh Moradi, Mohammad Rashno, Mohsen Sarkarian,
Gholam Abbas Kaydani, Ladan Fatahi, Maryam Seyedtabib,
Moosa Shariffat, Ali Khodadadi

Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

Abstract. Prostate cancer (PC); is the second leading cause of cancer mortality among men. Human
papillomavirus (HPV) is the most common cause of cervical cancer, strongly associated with anal and vaginal
cancers. Also, interleukin-12 (IL-12) induces antitumor immunity. This study aimed to investigate the role of
HPV in PC; and determine its effects on serum IL-12. Between 2018 and 2022 in Ahvaz, researchers obtained
55 paraffin samples of malignant prostate lesions and 55 control samples of benign hyperplasia tissues from the
prostate. Blood samples were collected from 24 diagnosed cancer patients to assess IL-12 levels before treatment
initiation. Additionally, 24 patients with benign prostatic hyperplasia participated as controls. We performed
DNA extraction using the phenol-chloroform method and examined the presence of papillomavirus DNA in
tissues through Nested-PCR. Subsequently, IL-12 levels in serum were measured using ELISA. The findings
did not show the relationship between HPV and PC; HPYV infection was not correlated to the presence of
1L-12 secretion. However, with the progression of cancer, the level of IL-12 decreased significantly in patients
compared to the control group (p < 0.05). HPV infection can exist in prostate tissue, although this does not
mean that it contributes to P.C. development. The most significant strains infecting prostate tissue are types 16
and 18. Compared to the control group and with different Gleason scores, prostate cancer patient’s levels of
IL-12 secretion are significantly lower. One can make effective measures to assess the prognosis, regulate the

condition, or aid in treating individuals using this crucial cytokine.

Keywords: cytokine, tumor, nested-PCR, ELISA, Gleason score

The Ahvaz Jundishapur University of Medical
Sciences financially supported this study (grant num-
ber CRC-9917).

Abbreviations: CTL, cytotoxic T lymphocyte; DC,
dendritic cell; ELISA, enzyme-linked immunosorbent
assay; HPV, human papilloma virus; IFNy, interferon
gamma; IL-12, interleukin-12; MDSCs, myeloid-
derived suppressor cells; NK, natural killer cell; PC,
prostate cancer; PCR, polymerase chain reaction;
STAT, signal transducer and activator of transcription
protein; T CD4*, CD4-positive T cell; T CD8*, CDS8-
positive T cell; Thl, T helper 1; Th2, T helper 2.

Introduction

Papilloma is a small virus of the Papillomaviridae
family with a double-stranded, lipid-free DNA ge-
nome that can infect both the nucleus and the cy-
toplasm in superficial squamous cells, cause structural
and morphological changes in these cells, and
produce non-cancerous tumors. The virus is called
“papillomavirus” (HPV) because non-cancerous tu-
mors of the skin are known as papillomas [34].

Human papillomavirus is the most common
sexually transmitted virus infection in humans. Most
men and women are most likely to become infected
sometime after sexual activity, and skin-to-skin
contact can also transmit the virus. The virus has
various types, and most of them do not cause any
problems. Also, most HPV infections clear without
treatment. They clear after a few months. Specific
HPYV types can cause a small percentage of infections
to linger in the body for years and progress into cancer,
but medical treatment resolves 90% of cases within
two years [47].

Human papillomavirus is the cause of almost all
cervical cancers. Itisalso strongly associated with other
types of cancers, including anal, vaginal, and ovarian
cancers [26, 31]. Previous studies show that prostate
tissue is also susceptible to some sexually transmitted
viruses, including human papillomavirus [35]. At
some point in their lives, sexually active individuals
can become infected [44]. The involvement of
papillomavirus in the development of cervical cancer
was first proposed by Zur Hausen [4]. Cervical
and prostate cancers are similar in factors such as
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sexual activity and the location of the infection [1].
Therefore, since reports have linked papillomavirus to
cancer over the years, papillomavirus infection may be
linked to prostate cancer [15, 18].

Interleukin-12 (IL-12), on the other hand, is
a bridge between nonspecific primary immunity
and specific immunity. In response to pathogens,
monocyte cells, macrophages, dendritic cells (DCs),
B lymphocytes, neutrophils, and microglia secrete
IL-12, which also acts via STAT4 to stimulate the
production of IFN in T and NK cells. IFNy mediates
the activation of pro-inflammatory agents and
activates T-bet [9]. After identifying and linking it
to Thl commitment, researchers placed high hopes
on IL-12 to become a target for immunotherapy
and cancer treatment programs. [In vitro, 1L-12
induces tumor eradication, prevents metastasis,
and enhances antitumor immunity [13, 30]. This
cytokine performs the above functions by activating
CTLs, Thl-dependent cellular response, and NK
cells [46]. Treating the IL-12 gene in a cervical tumor
model from human papillomavirus type 16 activates
cellular immunity. It also boosts the expression of Th1
cytokines. This activation is linked to the inhibition
of tumor growth [33]. Numerous studies have shown
the benefits of IL-12 in controlling tumors in mouse
models [7, 21, 39, 42]. In the advanced stages of
many cancers, including cervical cancer, Th2 levels
increase [53, 6, 10, 19, 41].

In light of the potential for cancer in other organs,
such as the prostate, and the function of the human
papillomavirus in some cancers, such as cervical
cancer, aswell asthe significance of IL-12 in promoting
immunity and limiting the growth of malignancies,
this study analyzed the correlation between prostate
cancer and the human papillomavirus. Furthermore,
the Gleason grade (a grading system for prostate
cancer that assesses the aggressiveness of the cancer
cells) and the age of prostate cancer patients were
utilized to compare their IL-12 levels with those
of individuals diagnosed with benign prostatic
hyperplasia. Furthermore, researchers compared
the levels of this interleukin in persons with prostate
cancer and papilloma infection to those with cancer
but no papilloma infection.

Materials and methods

Subjects

We collected samples of malignant prostate
lesions from 55 patients with prostate cancer and
collected 55 control samples of prostate tissue from
patients with benign hyperplasia. These samples were
collected from laboratories in the Pathology of Ahvaz
City between 2018 and 2022. Out of the 55 patients
with malignant prostate lesions, 24 newly diagnosed
cases were selected for the study. Blood samples were

taken from these patients to measure the levels of
IL-12 before their treatment began. In addition, we
selected 24 patients with benign prostatic hyperplasia
as controls and also took blood samples from them.
We cut each tissue sample into four sections with a
diameter of five microns. An experienced pathologist
examined the first and last sections and confirmed
that they were cancerous.

Nested-PCR

We used the second and third sections to extract
DNA, using the Phenol-Chloroform method. Then,
used the Nested-PCR method to determine the
presence of papillomavirus DNA in tissues. The
HPVLI gene was done in two stages by an outer
primer called MY09/11 (450 bp) and a nested primer
called GP5/6 (150 bp). In this method, 12.5 uL of
Master Mix (ampliqon taq2x, Denmark), lpL of
Forward and Rivers primers (10 pmol), and 9.5 uL
of sterile distilled water were mixed with 1 uL of
extracted DNA for the first and 0.5 pL for the second
steps, respectively. The first temperature cycle or outer
PCR consisted of the 30 sat 95 °C, 1 min at 50 °C, 1
min at 72 °C, and 5 min at 95 °C as pre denaturation
and an additional expansion step for 8§ min at 72°.
This stage consists of 35 cycles. The nested PCR step
began with an initial denaturation at 95 °C for 5 min.
It ended with 30 cycles: 30 s at 95 °C, 30 s at 50°C,
30 sat 72°C, and 8 min at 72 °C. The product of the
second stage was examined using gel electrophoresis.
DNA extracted from HPV_18 from Hela cell tissue
was used as a positive control.

We sent product to the Genetics Research
Laboratory for sequencing, then it was subjected to
BLAST to determine the type (NCBI database):

My09 primer:
5’CGTCCMARRGGAWACTGATC3’;

My10 primer:
S’GCMCAGGGWCATAAYAATGG3’ ;

GpS5 primer:
STTTGTTACTGTGGTAGATACTAC3’,

Gp6 primer:
5’GAAAAATAAACTGTAAATCATATTCS.

Enzyme linked immunosorbent assay (ELISA)

The amounts of IL-12 in the patients’ and
controls’sera were measured at the same time by the
same technician, using ELISA-kits (Thermo Fisher,
USA). Briefly, the standard stocks were serially
diluted in Reagent Diluent to generate 7 points for the
standard curves. Diluted capture antibody was added
to a microtiter plate. Plates were sealed and incubated
overnight at room temperature, then washed with
Wash Buffer. Premixed standards or samples were
added to each well, and incubated for overnight
at 4 °C. After incubation and washing, premixed
Detection Antibody was added to each well and the
plate was incubated for 2 h at room temperature. After
incubation and washing, Streptavidin-HRP was added
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to each well. The incubation was terminated after
20 min at room temperature. Then, Stop Solution was
added to each well, and the optical density of each
well was immediately determined using a microplate
reader set to 450 nm. The results were expressed in
pg/mL.

Statistical analysis

We used SPSS 24 software to analyze the collected
data and, evaluated the normality of the research
data by the Kolmogorov—Smirnov test. We also ran
the Mann—Whitney U test to compare the means
in the two groups and used the Kruskal—Wallis test
to compare the means in several groups. Finally, we
utilized the Chi-square test to compare the ratios.

Results

Evaluation of the relationship between human
papillomavirus and prostate cancer incidence

The chi-square test showed that there was no
significant relationship between human papillomavirus

and prostate cancer (p > 0.05). Also, among the 12
positive cases, the virus was type 16 in 10 cases (83.3%)
and type 18 in 2 cases (16.7%) (Table 1).

Comparison of serum IL-12 between patients and
control group

Serum level of IL-12 in the patients with prostate
cancer and controls showed that there was a significant
difference between the mean of I1L-12 in the cases and
control groups, and the mean of IL-12 in the control
group was significantly higher (p < 0.05). Also, we
compared the mean level of serum IL-12 in various
stages (Gleason score 7 to 9) of prostate cancer. It
showed a significant difference between the mean
IL-12 levels in the stages (p < 0.05). In addition, the
results of the serum IL-12 levels in positive or negative
papilloma cases showed no significant difference
between the mean of IL-12 in the two groups of
positive and negative papilloma cases (p < 0.05)
(Table 2, Figure 1).

TABLE 1. THE RELATIONSHIP BETWEEN HUMAN PAPILLOMAVIRUS AND PROSTATE CANCER AND DETERMINE TYPES

OF PAPILLOMA IN POSITIVE CASES

Descript Human papillomavirus
indicators Number Condition positive negative
of cases . p-value
X d (virus type)
reviewe number percent number percent
Group
Case 55 - 9.09 50 91.90
Control 55 - 12.73 48 87.27 0.761
Total 110 - 12 10.91 98 89.09
Tye 16 10 83.3 - -
papilloma
Positive cases 12 T 18 -
ype 2 16.7 - -
papilloma

TABLE 2. COMPARISON OF IL-12 (CON-, PG/ML) LEVELS BASED ON GLEASON SCORE (A) PRESENCE AND ABSENCE
OF PAPILLOMA VIRUS (B) IN EXPERIMENTAL AND CONTROL GROUPS

Group Number Mean * SD Indicator Group Number Mean * SD
(percent) (percent)
7 8 (33.33) 140.33+13.50
o (A) 8 8 (33.33) 115.32+37.90
eason score
9 8 (33.33) 29.8648.25
Kruskal-Wallis test p < 0.001
Case 24 (50) 95.17+53.40 ;
Papilloma | = 15 7) 88.83+36.11
(B) positive
Papillomavirus i
P Papilloma |5 g3 3) 96.44+56.99
negative
Mann—Whitney Test 0.535
Control 24 (50) 284.97+133.56 - -
Mann—-Whitney U test p < 0.001 - -
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Chart Title
Total (control) *

300

[ Total (intervention) 1

® |ntervention 2
250

m Intervention

*
200 |
*
150
NS 284.97
100
140.33
115.32
50 95.17
29.86
0
Papilloma Papilloma Gleason Gleason Gleason Intervention Control
negative positive score 9 score 8 score 7
Intervention Intervention Total

Figure 1. Comparison of IL-12 levels (Con-, pg/mL) in experimental and control groups, based on condition (positive

or negative Papillomavirus) and Gleason score

Note. There was no significant difference between the levels of IL-12 in different age groups (p > 0.05). The difference between the levels of IL-12
in Gleason score 7, 8 and 9 was significant (p < 0.05) and the difference between the levels of IL-12 in the experimental and control was significant

too (p < 0.05). NS, no significant., significant symbol.

TABLE 3. COMPARISON OF IL-12 LEVELS BY AGE GROUPS IN CONTROL AND EXPERIMENTAL GROUPS

Number IL-12 level Kruskal- | Meaningful
Group Age Age category (Con-, pg/mL) .
(percent) Mean + SD Wallis test level
Less than 70 years | 13 (54.2) 102.62+51.52
Case 71.16£6.40 70-75 years 5(20.8) 105.36+£63.49 1.302 0.522
More than 75 years 6 (25) 70.52450.88
Less than 70 years 8 (33.3) 335.36+154.89
Control 73.1616.04 70-75 years 9 (37.5) 256.75+119.82 3.171 0.205
More than 75 years 7(29.2) 263.64+127.04
p =0.227

Comparison of IL-12 levels by age groups in control
and experimental groups

The mean age of patients in the control and
experimental groups showed no significant difference
between the two groups. Also, no significant difference
was observed between the levels of IL-12 in different
age groups (p > 0.05) (Table 3).

Discussion

We analyzed records for 110 patients referred to
Ahvaz hospitals from 2018 to 2022 in this study. First,
the case study results revealed that no significant rel
ationship exists between the prevalence of prostate
cancer and the human papillomavirus (p > 0.05).

1047



Mopadu C. u op.
Moradi S. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

The research also revealed that, out of the 12 cases
where the human papillomavirus was detected, 3.83%
had the virus type 16 and 7.16% had the virus type
18. Comparing the amount of IL-12 in the serum of
patients with prostate cancer and healthy controls
is another objective of this study. The mean levels of
IL-12 in the experimental and control groups differed
significantly (p < 0.05), with the mean levels in the
control group being substantially higher than those
in the experimental group. The study investigated
the quantity of serum IL-12 in patients with various
Gleason scores and found a significant difference
between the mean levels of IL-12 in different stages
of prostate cancer. The level of serum IL-12 was
then evaluated to determine whether the papilloma
was present in individuals with prostate cancer.
The findings indicated that IL-12 averages in the
two papilloma positive and negative groups did not
significantly differ (p > 0.05). Finally, the mean age
of the respondents was analyzed. It showed that there
was no difference in their ages between the patients
in the two groups. Additionally, neither the control
nor the experimental groups’ levels of 1L-12 varied
significantly by age group (p > 0.05).

According to an analysis of these findings, the
human papillomavirus typically modifies tumor sup-
pressor and proto-oncogene genes, changes cellular
structure, and induces cancer. Oncogenes activate
cellular proto-oncogenes. These genes produce pro-
teins that are specifically necessary for controlling cell
division and growth. Proto-oncogenes can turn into
oncogenes through mutation or improper expression,
and as a result of these changes, oncogenes can
lead to abnormal cell division and the growth of
tumors [22]. Papillomavirus infection influences can-
cer development in two different ways: through cell
death and persistent inflammation [24]. The prostate
gland, surrounding tissues, and the urinary system get
contaminated as a result of this viral infection, which
also causes chronic inflammation of the prostate [12,
40]. The primary role of the prostate gland is that
of a reservoir for the sexual transmission of the
papillomavirus through a seminal fluid. Infection
of the reproductive system’s mucous membrane
can result in the growth of mucous cells and cancer.
Consequently, HPV may cause prostate cancer [45].
However, further study is necessary before it can be
said with certainty that this virus causes cancer in the
prostate tissue.

The results of a study by J.S. Nahand et al. in 2020
that evaluated the potential relationship between HPV-
mediated inflammation, apoptosis, and angiogenesis
in prostate cancer revealed that there is no significant
relationship between the human papillomavirus
and the development of prostate cancer [29], which is
in line with the results of the current study. However,
in 2020, a study was conducted by A. Shariat et al.

in Ahvaz hospitals to investigate the relationship
between human papillomavirus (HPV) and prostate
cancer. The study used immunohistochemistry and
PCR methods to analyze the samples. The research
showed that there is a significant correlation between
HPYV infection and prostate cancer, which contradicts
the findings of our study [37].

In addition, in different studies, it was reported
a positive significant relationship between HPV
infection and prostate cancer [2, 23, 25, 27], which
is not in line with the results of the present study.
Additionally, A.C.-H. Chen et al., in 2017 [8],
S. Mahmoudi et al., in 2022 [20] and two studies
with the help of the Bradford Hill criteria found
no relationship between this virus and prostate
cancer [32, 43], which is in line with results of current
research. The use of various techniques to identify
viral infection in cancer samples, as well as technical
issues with these techniques, such as contamination
of the PCR product and variations in HPV genome
detection, as well as limitations like the small sample
size, maybe the reason why this study’s findings
differ from those of earlier studies. Additionally, the
location, patient’s age, immunological health, and
unique genetic variables all influence the frequency
and prevalence of HPV infection in men with prostate
cancer.

The study also revealed that among 12 instances
where the human papillomavirus was detected,
viruses’ types 16 and 18 affected 3.38% and 7.16%,
respectively. These results are in line with those
of the study by J.S. Nahand et al., in 2020, which
revealed that high-risk HPV 16 and 18 were present
in the majority of positive papilloma samples taken
from prostate cancer tissue [29]. Our study supports
previous research, indicating that high-risk HPVs such
as HPV16 and HPV18 were primarily responsible for
prostate infection [3, 23].

Also, we compared the amount of IL-12 in the
serum of men with prostate cancer and healthy
controls and, the mean levels of I1L-12 differed
significantly (p < 0.05). The mean levels in the control
group are much higher than in the experimental
group. The findings show that IL-12 is a natural
interleukin. Dendritic cells and macrophages produce
it in response to antigenic stimulation. Because of
its immune-stimulating and angiogenesis-inhibiting
properties, it is thought to be a potential cancer
treatment [11]. As a result, its quantity will be lower
in cancer patients than in healthy individuals. In
a 2017 study by J. Salimu et al., it showed clearly
how exosomes from prostate cancer suppress the
production of IL-12 [36]. However, these findings
are not in line with those of M. Kundu et al. in 2017,
A.M. Shekar et al. in 2008 and, E. Kovacs in 2001,
showing that in line with the progression of the illness,
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IL-12 serum levels were higher in cancer patients than
in healthy people [16, 17, 38].

Our investigation results showed a significant
difference in the mean level of serum IL-12 among
patients with different Gleason scores in various stages
of prostate cancer. Subsequently, we examined the
amount of serum IL-12 to determine whether a patient
had a positive or negative papilloma. The results of this
study revealed that there was no statistically significant
difference between the mean levels of IL-12 in the two
papilloma positive and negative groups (p > 0.05).
Analyzing the results mentioned above and evaluating
IL-12 serum levels may lead to the conclusion that
a decrease in IL-12 serum levels in patients with
severe illness could indicate a lack of increase in
inhibitory responses. Additionally, it can indicate the
lack or improper operation of Th1*CD4 cells, other
cytokine-secreting cells, or tumor microenvironment
inhibitory agents such as MDSCs, which would
suppress the immune response against the tumor.
Additionally, the non-significance of the mean of 1L-
12 in the two papillomavirus positive and negative
groups may suggest that the human papillomavirus
has little or no impact on immune system suppression
and IL-12 production.

The findings mentioned above are in line with those
of S. Murakami et al. in 2004, who found that patients
with metastasized gastric cancer had significantly
lower levels of IL-12 [28], and A. Jebreel et al. who
analyzed head and neck cancer [ 14]. Finally, the study
compared the mean age of the respondents between
the patients of the control and experimental groups.
The results showed no significant difference in the
mean age of patients in the two groups. Furthermore,
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the levels of 1L-12 did not vary significantly by age
group in either the control or the experimental groups
(p > 0.05).

Conclusion

In conclusion, we showed that HPV infection can
exist in prostate tissue, although this does not mean
that it contributes to PC development. The most
significant strains infecting prostate tissue are types 16
and 18. In addition, compared to the control group
and across different Gleason scores, levels of 1L.-12
secretion are significantly lower in prostate cancer
patients. Furthermore, by measuring this cytokine,
it is possible to obtain a favorable prognosis for
prostate cancer and develop effective treatment plans
in this area because 1L-12 levels significantly decline
as prostate cancer progresses. There is also a need
for further investigations into the impact of HPV on
prostate tumor tissue samples and the evaluation of
additional cytokines in prostate cancer cases.
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AHKa3za 1L3 U AiHKa3a Il KAK UHOUKATOPbI KAHECTBA
IAKYIIATA

Mmunacosa A.A.l, Capoukuna A.J0.!, degoposa K.C.}, Hoxpun JI.}O.%
Camarosa A.JL!, Aopamosckux O.C.

@I'BOY BO «I0xcHo-Ypanvckuii eocydapcmeennuiii meouyuncKuii yrugepcumem» Munucmepcemea
30pasooxpanenus PD, e. Yensbunck, Poccus
2@I'BOY BO «Yensbunckuii eocyoapcmeentwlii ynugepcumem», e. Yeasiounck, Poccus

Pesome. OCHOBHBIM METOAOM OLICHKM PEIPONYKTUBHON (PYHKIIUU MYXKIUH SIBISICTCS CIIEPMUOJIOTH-
YyecKuit aHaJIu3, KOTOPbIA He Bcermaa sIBAsieTCsl oKa3aTebHbIM JJIsl YCTAaHOBJIEHUSI MPUYUHBI O€CIIIOIMS.
B nutepaTypHBIX TaHHBIX 0cO0asi poJib B HAPYIIEHUU MYXKCKOI (DepTUIILHOCTA OTBOAUTCSI OKCUIATUBHO-
MY CTpeccy, B pe3yjbraTe KOTOPOIro ITOBPEXKIAIOTCS MYXKCKHE ITOJIOBBIe KiIeTKH. [loBpexkneHne meMOpaH
CTIepMaTo30UI0B compoBoxmaeTcs: BbixomoMm nx JIHK Bo BHEKJIETOUHOE IMPOCTPAHCTBO, YTO SIBIISIETCS
WHAYKTOPOM Pa3BUTUSI MECTHOI BOCIIAJIUTENbHOU peakiiu. B TakoM ciydyae, moaaepkaHue romeocrasa
CEMEHHOI KMIKOCTHU OyIeT 3aBUCEeTh OT 3 deKTuBHOCTU Aerpaganuu BHekynetouHolt JJTHK. ¥ yenoBeka
TaHHYIO QYHKINIO ocyilecTBIsSoT depmenTtsl JHKa3pl, mokamm3oBaHHBIE BO BCeX TKAHSIX WM OMOJIOTH-
YeCKMX XUIKOCTSIX opraHu3Ma. Takke oTMedeHa WX pOJib B Ipollecce OTUIONOTBOPEeHMS M (hparMeHTa-
LMY TeHEeTUYECKOro MaTepuaia cnepMaro3onaoB. M30biToK uin HenoctaTok JIHKa3 MoxeTt nmpuBectu K
Pa3BUTHIO LIIMPOKOTO CIIeKTpa 3aboieBaHUl. Llebio HaCcTOSIIEro UCCleN0BaHUS SIBISJIOCH YCTAaHOBJICHUE
pedepenTHbiXx nHTepBanoB Aig JIHKaszer 11.3 u JIHKas3s! 11 agkyiisiTa 1 moucK cBsi3eil MeXXay KOHIIEHTpa-
yei HyKJlea3 ¥ MoKa3aTeIsIMU CIIEpMUOJIOTUYECKOTO aHan3a. B KauecTBe MaTepuaia st UCClIeTOBaHUST
MCIIOJIb30BAJIM CEMEHHYIO XKUIKOCTh 82 YCIOBHO 3M0POBBIX MY>KUMH B Bo3pacTte 18-49 jieT, 06cie10BaHHbBIX
Ha 6aze HUU nmmyHonorun FOYI'MY. KputepusiMu UCKIIOUEHUS SIBISIOCH HATMYKME BOCHATUTEIbHBIX
3a0oieBaHmnt yporeHuTanbHoro Tpakta u UIIIIII. CnepMuoiorTnuyecKuii aHaJaIn3 IIPOBOANICS COTJIACHO
nabopatopHomy pykoBoacTtBy BO3. O6cnenoBanue Ha UTIIIIT npoBoauau metogom TTLP B pexxume pe-
anbHoTO BpeMeHU. Konnenrpanuio JJHKa3 B asikynsare onpenensiv Mmerogom MPA. OnmcaTtebHYIO cTa-
TUCTUKY, MOCTPOCHME TUCTOTPaMM U peepeHTHBIX MHTEPBAJIOB, IIPOBOAMIIN B mporpamme R. Hamu Briep-
Bble ObLIN onipeneneHbl ypoBHU JIHKaszer 113 u JIHKa3er 11 B ceMeHHOI KMJIKOCTU U YCTAaHOBJICHBI JIJIST
HUX pedepeHTHbIe nHTepBaibl. CaBuru 3HaueHuit koHueHtpauuii JIHKa3er 113 u JIHKas3w1 I1, BeposiTHee
BCEro, MOTYT pacCMaTPUBATbhCsI KaK MHAMKATOPbI BO3MOXKHBIX MaTOJOIMYECKUX COCTOSIHUM. B yacTHOCTH,
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nosbilieHHass KoHueHTpauus JIHKasbl 1.3 — nHAMKaTOp NaTOJOTMYECKOTO0 Mpoliecca, CBSI3aHHOIO C HU3-
KO MOJABUXXHOCTBIO CIIepMaTo30ua0B, a Beicokue ypoBHU JIHKa3bl I MoxxHO paccMaTpuBaTh KaK MHIU-
KaTOp MECTHOI BOCTIATUTEIIFHOM pPeaKIIu.

Knroueguie crosa: dezokcupubonykaeasst, Cnepmamo3ouobl, CHepMU0L0UHeCKUL aHaAU3, MYIHCCKoe becnaodue, Ka4yecmeo
2AKYAAMA, 60CNANCHUE

DNase 1L3 AND DNase Il AS INDICATORS OF EJACULATE
QUALITY

Minasova A.A.2 Savochkina A.Yu.?, Fedorova K.S.2, Nokhrin D.Yu.",
Samatova A.L?, Abramovskikh O.S.2

@ South Ural State Medical University, Chelyabinsk, Russian Federation
b Chelyabinsk State University, Chelyabinsk, Russian Federation

Abstract. Sperm analysis is the main method of assessing male reproductive function, which is not always
informative in cases of infertility. In the literature, a special role in the disturbed male fertility is attributed
to oxidative stress which results into damage of male germ cells. Damage of spermatozoa membranes is
accompanied by the release of their DNA into the extracellular space, which is an inducer of local inflammatory
reaction. In this case, the maintenance of seminal fluid homeostasis will depend on the efficiency of extracellular
DNA degradation. In human beings, this function is performed by DNAse enzymes localized in all tissues and
body fluids. Their role in the process of fertilization and fragmentation of spermatozoal genetic material was
also noted. Excess or deficiency of DNases may lead to the development of different disorders. The aim of
the present study was to establish reference intervals for ejaculate DNase 11.3 and DNase II and to search for
relationships between the concentration of nucleases and sperm analysis parameters. The seminal fluid of 82
conditionally healthy men aged 18-49 years examined at the Research Institute of Immunology of South Ural
State Medical University was used as a material for the study. Exclusion criteria were the presence of urogenital
inflammatory disorders and sex-transmitted infections (STI). Sperm analysis was performed according to
the WHO laboratory manual. Screening for STI was performed by real-time PCR. DNAse concentration in
ejaculate was determined by ELISA method. Descriptive statistics, construction of histograms and reference
intervals were performed in the “R” platform. Primarily, we have determined the levels of DNase 1L.3 and
DNase II in seminal fluid and established appropriate reference intervals. Shifts in DNase 11.3 and DNase 11
concentrations can most likely be considered as markers of possible pathologic conditions. In particular, an
increased concentration of DNase 1L.3 is an index of a pathological process associated with low sperm motility,
whereas high levels of DNase II may be considered an indicator of a local inflammatory reaction.

Keywords: deoxyribonucleases, spermatozoa, sperm analysis, male infertility, ejaculate quality, inflammation

CHIXeHUE MYKCKOU (hepTUIIFHOCTA MOXKET OBIThH
00YCJIOBJIEHO pa3HBIMU (haKTOpaMU: BPOKICHHBIMU
MopoKaMu, TPaBMaMU MOYEIIOJI0BOI CUCTEMBI, OMy-
XOJISIMU PETIPOIYKTUBHBIX OPTaHOB, TOPMOHAJbHBIM
nucbaaHCOM, TeHETUUYECKUMU, UMMYHOJIOTUYECKI -
MM U MH(EKUIMOHHBIMU (haKTOpaMM, a TakxKe obpa-
30M Xu3HU [2]. OueHka (pepTUIbHOro NOoTEeHIMaa

BeeneHue

Ha ceromHsmHuii neHb B Pa3BUTBIX CTpaHax
duKcupyeTcsT HU3KUI YpOBEeHb pozkKmaeMocTu [7].
[MpumepHo 15% cekcyaibHO aKTUBHBIX AP PEIIPO-
JTYKTUBHOTO BO3pacTa CUUTAIOTCS OECIUIOMHBIMU,
npuyeM 6osice 50% ciydaeB GeCTIOONS TTPUXOINUT-
cs1 Ha Myxckoil daktop [5, 21]. B Poccuu B TOM

quCcje OTMEUEHA YCTOMYMBAasi TEHACHLIUS K POCTY
MYXCKOro (pakTopa OecIuionusi Ha OCHOBaHUM 00-
palleHUil cCeMeMHBIX Map B PeNpPOAYKTUBHbIC KJIM-
HUKH [19].

MYKYMHBI HAYMUHACTCA C na6opaT0pHoro nucciacao-
BaHUA 24KyJdTa — CIIEPMUOJOIrN4eCKOro aHajiu-
3a. CHMXXKEHUE KayeCTBEHHBIX M KOJMYECTBEHHBIX
ToKasaTeJieli CeMeHHOU KNAKOCTHU, B YaCTHOCTH
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YMEHBIIIEHIEe KOHIICHTPAILIMKM CIICPMAaTO30MIO0B B Ce-
MEHHOM XKMUIKOCTH, HapyIIeHUe UX MOP(OJIOTrUr 1
TMOABMKHOCTH, MOXKET IIPUBECTH K Oecrmoauio [1, 3,
4, 21].

B 30-40% cnydaeB He ynaeTcsl BBISBUTDH (DakTop,
cHUXXaromui pepTunbHOCTh. B TakoM ciiyyae roBo-
pAT 00 MAMOTIATUYECKOM OECIIOANHU, T. €. OECTLIOAUN
HEesICHOTO reHesa. B nuTepaTypHBIX JaHHBIX 0cO0as
pOJIb B HApYIIEHUN MYKCKOM (PepTUIBHOCTA OTBO-
IUTCS N30BITOYHOMY 00pa30BaHUIO aKTUBHBIX (hOpPM
kucyopona (ADK), 1. e. okcuzaTUBHOMY cTpeccy [8,
10]. OnHoli U3 KJIIOYEBbIX MPUYUH Pa3BUTUSI OKUC-
JIMTEJIBHOTO CTpecca SIBJISIIOTCS BOCITAJIMTEIbHBIC
npoiiecchl MHPEKIMOHHOTO U HEeMH(MEKIIMOHHOTO
xapakTtepa. ADK oka3bIBalOT TOKCMYECKOE IeiiCTBUE
Ha KJIETOYHbIE MEMOpPaHBI CIIEPMATO30MUIOB, YTO CO-
MpPOBOXAAETCSI HapylIeHneM UX LeaocTHocTu. Ilox
arpeccuBHoe neiictBue AMK Takxke momnagaeTr re-
HETUYECKUI MaTepuasl CIiepMaTo30uaoB. B coBo-
KYITHOCTU 3TH MPOLICCCHI IIPUBOASIT K TNCHYHKIINO-
HaJIbHOCTH MY>KCKMX TTOJIOBBIX KJIETOK. B pe3ynbraTe
MOBpPEKASHUSI MeMOpaH CIIepMaTO301MI0B UX HYKJIe-
WHOBBIE KMCJIOTHI TTOTAaloT BO BHEKJIETOUHOE TTPO-
CTPAaHCTBO, 4YTO SIBJISICTCSI WHOYKTOPOM pPa3BUTHS
MECTHO BocTanuTe/IbHOM peakiuu [3, 18, 20].

Buexknerounasgs JHK (BkJIHK) mnpencrasiser
Cc000If TeHEeTUYEeCKUII MaTepuall MOBPEKIACHHBIX W
YMUPAIOIINX KJIETOK, KOTOPBIit MOXET OBITh PacIio3-
HaH UMMYHHOI CUCTEMOI KaK 4y>KepOAHbIil OOBEKT,
BBI3BIBasl BOCIAJIUTEIBHYIO PEaKIIUI0 M BBIPAOOTKY
anTuren [14].

B cBo1o ouepenb, nnaynupoBanHbiii BKIHK Boc-
HaJINTEJIBHBINA TIPOIIeCC MMPUBOIUT K OOpa30BaHUIO
A®K. B takom ciydaec TommepkKaHHE ToOMeocTasa
CEMEHHOM XXMAKOCTU OyAeT 3aBUCETh OT 3(PPEeKTUB-
Hoctu nerpagaiivu BKJAHK. B opraHusme yenoseka
JMAaHHYI0O (DYHKIIMIO OCYIIECTBISIOT (hepMEHTHI Cce-
meiictBa JIHKazer I 1 JIHKa3wr 11 [14].

JAHKa3bel mnpeactaBiasiioT co00il TUAPOIUTUYES-
cKMe (GepMeHTBI, KOTOpble paclIeruIsioT ¢docdo-
IUA(OUPHBIC CBSI3W MEXIY ITEHTO30i 1 hochaTHBIM
octoBoMm IHK. DT hepMeHTH NPpUHUMAIOT yJacTue
B Mpolieccax perutmKalny, peKOMOWHAIUKM U pera-
pauuu JHK, KoHaeHcalmu XpoMaTMHa, a TaKXKe
yyacTByioT B MeTabonusme BK/JIHK [14]. MHoxe-
CcTBO (PyHKLMIT oOyciaBiuBaeT pa3HooOpasue ¢ep-
MEHTOB JaHHOI TPYITNBI M UX JOKAJIM3AINIO B pa3-
JIMYHBIX OpraHax U TKaHsix opraHusma [17].

B npenpiayiiux ucciaeqoBaHUSIX CEMEHHOM KM~
KOCTM OBLIO JOKa3aHO, YTO IIPU BBICOKOM YpPOBHE
JAHKa3bl 1 oOHapyxuBaloTCsl HU3KME YPOBHU aH-
TucniepMabHbix aHTUTen (ACAT), a 2g9KymsaTr xa-
pakTepu3yeTcsl MEHbleid BSI3KOCTbIO M KOPOTKUM
BpEeMEHEM pa3xXikeHus. Takke aBTopaMu ObLia
OpPEaNpPUHSITA IIOTBITKA YCTAHOBUTH pe(hepeHTHBIC
MHTEpBaJbI 1151 JaHHOTO (pepMeHTa [6].

Ha paHHbIi MOMEHT B TUTepaType HeT MHPOopma-
uuu o npucyrctBuu B askyasate JJHKaszwr 113, on-
HaKoO 3TOT (hepMEeHT OTHOCUTCS K ceMeiicTBy JIHKa-
361 I, TIpeicTaBUTEI KOTOPOTO HamboJjiee M3yICHBI
M BCTPEYAIOTCS BO MHOTUX OMOJOTMYECKMX XKUII-
KOCTSIX, B ToM uucie u B asakynsare. JJHKaza 113
(ona xe IHKaza y) akTuBHa B HeUTpajibHOW WU
ciabomenouHoi cpene (pH 6,5-8,0). Kpome Toro,
y4acTBYeT B Aerpagalliii TeHeTUYECKOro MaTepHaja
MpY aronTo3e KJIETOK U pacIIeTyIsseT BHEKJIETOYHO
pacnionoxenHyio JIHK. HexkoToprie aBTOpHI IIpe/-
nojaratot, uro JJHKaza 1L3 mMoxkeT mpoHUKaTh B
HEMOBPEXXICHHbIC KJIETKU M, BO3BMOXHO, CIIOCOOHA
pa3pymaTth XxpoMmaTuH [9, 14, 15, 16, 17, 18].

CoryracHO TUTEPaTyPHBIM JaHHBIM, B CEMEHHOM
XKUOKOCTU TipucyTcTByeT Takke JIHKa3za I1 [14, 18].
JHKaza II mposiBiasieT aKTMBHOCTb IIPU KUCJIBIX
3HaueHusx cpensl (pH 4,8-5,2), mosromy HanboIb-
11asi KOHIEHTpalMsl oTMeUYeHa B Ju3ocomax. B co-
ctaBe ¢arosausocom JIHKaza Il npuHumaeT yyactue
B Aerpagauuu parountruposanHoi JHK [12, 13, 16,
17, 18].

buonorngeckass poap BBIIICHCPEIUCICHHBIX
JAHKa3 B »asKysTe 3akjaroudaeTcss B 3JUMMMHALIUU
TeHEeTUYECKOro MaTepuaja MaTOTeHHBIX U YCJIOB-
HO-ITATOT€HHbIX MUKPOOPTaHU3MOB, pa3pylLIeHHbBIX
KOMIIOHEHTOB KJIETOK COOCTBEHHOTO OpTraHu3Ma.
Taxcke B TUTEepaTypHBIX JAHHBIX OTMEUYCHA POJIb HY-
KJIea3 B IIpOlIeCcCE OIUIOAOTBOPEHUSI: OHU CIIOCO0-
CTBYIOT ITIPOJBMKEHMIO CIIEPMATO30MIOB IO KEH-
CKUM PENpOayKTUBHBIM MyTsM [12, 14]. OTcyTcTBUE
WJIM HeTocTaTouHbIN ypoBeHb JIHKa3 Mmoxer npuse-
CTU K Pa3BUTHUIO IIUPOKOTO CITeKTpa 3a00JicBaHUl B
pesynbrate HakoruieHus1 BKAHK [17].

C 1pyroit CTOPOHBI, COTJIACHO MCCJICIOBAHUSM
J. Gosalvez et al., JIHKa3bl crtocoOHBI MPpOHUKATH
yepe3 MeMOpaHbl HEMOBPEKISHHBIX KJIETOK U BbI3bI-
BaTh OJHOLICTTIOYEYHbBIE U ABYXIIEITOYEYHbIE Pa3pPbIBbI
JIHK. B Takom ciayyae 3Tu (pepMeHTbI MpeacTaBsi-
FOT TIOTCHIIMAIBHYIO YTPO3Y KaK IJIsI MY>KCKHUX ITOJIO-
BBIX KJIETOK, TaK M 3KCHCKHUX, 3a CUeT (pparMeHTaLINN
UX reHeTh4Yeckoro marepuana [14].

Taxkum o6pa3zoM, olieHKa KoHLeHTpauuu JIHKa3
000uX CEMEMCTB B CEMEHHON KMAKOCTU IMO3BOJUT
MOJYYUTh IOIOJIHUTEIBHYI0 WHGOPMAIMIO O pe-
MPOAYKTUBHOM ITOTCHIIMAJIE MY>KUMH 3a CUET ITOHU-
MaHUSA (DU3NOJOTUIECKON POaU 3TUX (PepMEHTOB.
ITonyyeHHBIE MaHHBIC ITOMOTYT W3Y4YUTh OIHY M3
BO3MOXHBIX MPUYMH Pa3sBUTUS MAMOIIATUYECKOTO
Oecruioaus 1, B NajbHEMIleM, cTaTh JOMOJIHUTEIb-
HBIM KPUTEPUEM OILCHKHM MYXCKOl (pepTUIbHOMI
GbYHKIMN.

B Hacrosimee BpeMsI B IMTepaTypHBIX UCTOYHU-
KaxX HEeT JaHHBIX O pPehepPEHTHBIX ITOKA3aTeIsIX KOH-
nentpaumnu JJHKa3zer 1L.3 u JIHKas3zs! 11 B cemeHHOI
JKUJKOCTHU, B CBSI3U C OTUM Mbl PEIIWIA YCTAaHOBUTH
pedepeHTHBIE MHTEePBAJIBI IJIsSI TUX HYKJIeas.
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Matepuans! 1 MeTogbl

B kauectBe MaTepuaia IJjisi MCCAECIOBAHUSI MC-
MOJTb30BaJIM CEMEHHYIO KMIKOCTb 82 YCIIOBHO 3/10-
POBBIX MYKUHMH B Bo3pacTe 18-49 et (cpemHmii BO3-
pact 34%0,9 roma), obciaenoBaHHbBIX Ha 6aze HUN
ummMmyHosiorun FOYI'MY. YuacTHUKMU ucciaenoBaHus
ObUT TPOMH(OPMUPOBAHBI O HESIX UCCIIEIOBaHNS,
npoleaypax u aHaJan3ax, IPOBOIUMBIX B €T0 paMKax.
OHu panu AOOpPOBOJIBHOE TMMCHBMEHHOE Ccorjlacue
Ha yyacTue B ucciaenoBaHuu. KpurtepusiMmu BKITIO-
yeHUus ObUTM penpoOAyKTUBHBIN Bo3pacT ot 18 go 49
JIET, UCKJTIOUCHME TIpreMa aJKoTroJjsl, aHTUOMOTUKO-
Tepalru, Maccaxa MpeacTaTeIbHON KeJie3bl, Mepe-
rpeBaHUs U MepeoxJIakAeHUS B TeUEHUE MOCISTHUX
3 MecsleB, a TakKXe TT0JIOBOE BO3/Iep>KaHUE B Teue-
Hue 3-5 gHeit nepen obciienoBanueM. Kpurepusamu
WCKIIIOUCHMUSI SIBJISITIOCHh HAJIWYME BOCTAIMTEIBHBIX
3a0o0eBaHull yporeHuTanbHoro tpakrta u MIIIIII.
OO0pas3upbl 39KyasITa OTOUPAIUCh MyTeM MacTypOa-
1LIMU B CTEPUJIbHBIN MJIACTUKOBBIA KOHTEWHED U B TE-
YeHMe Jyaca JOCTaBISLUIMCH B 1a00OpaTOPUIO.

CrnepMUOJIOTUYEeCKUT aHaIM3 IPOBOIMICS CO-
m1acHo jabopaTopHoMmy pyKoBoacTtBy BO3 mo wmc-
CJIEIOBAaHMIO M 00pabOTKe DJIKylsATa 4deI0BeKa,
mecroe usnanue [4]. Husa onpenenenus ACAT B
ISIKYJISITE UCIOAb30Baiu Habopbl SpermMar Test
IgG u SpermMar Test IgA (FertiPro N.V., beabrus).
O6cnenoBanue Ha WMIIIIIT (Chlamidia trachomatis,
Mycoplasma genitalium, Trichomonas vaginalis,
Neisseria gonorrhoeae) OCYLIECTBASAU METOIOM
TP B pexuMe peajbHOIO BPEMEHU C UCIOJIb30-
BaHneM TecT-cucteM «Peanbect INHK Chlamydia
trachomatis/ Mycoplasma genitalium» w <«Peanbect
HAHK Trichomonas vaginalis/ Neisseria gonorrhoeae»
(AO «Bexktop-bect», Poccus). dns onpeneneHUs
ypoBHelt koHueHTpaumii JHKaser 113 u JIHKa-
3bl 11 ncnonw3oBanu tect-cucteMbl ELISA Kit for
Deoxyribonuclease 1 Like Protein 3 u ELISA Kit for
Deoxyribonuclease I1 (Cloud-Clone Corp., CIIIA).

OmnucaTeIbHYIO CTaTUCTUKY, ITOCTPOCHUE IHa-
rpaMM 1 pedepeHTHbIX HHTepBasioB misa JHKaz
npoBoauau B mporpamme R. Ilpu ycraHoBieHUM

pedepeHTHBIX NUHTEPBAIIOB OMUPATUCH HA PYKOBO/I -
ctBOo EP28-A3¢c MHCTUTYTA KIIMHUYECKUX 1 JJabopa-
topHbIX ucnbitanuii (CLSI) [11]. AHanu3 raBHBIX
kommoHeHT (I'K) nmpoBoauiu B mporpamme u PAST
(version 4.13).

PesynbTartsl

Ha nepBoM aTare ucciienoBaHUsl Mbl TTOJYYWJIU
nmaHHble o KoHueHTpauusax JJHKazer 1.3 n JIHKa3zsr
II B »sIKyITEe MYXXUYMH PEIIPpOIYKTUBHOIO BO3pacTa
U TIPOaHAJIN3UPOBAIIN UX C ITIOMOIIIBIO OTTMCATEIBHBIX
METOAOB CTAaTUCTUKM (TabJI. 1).

IIpu npoBepke MOJYYEHHBIX AAHHBIX Ha HOP-
MaJIbHOCTb ObLIIO OOHapy>XeHO HEHOpMaJbHOE pac-
npeneieHue (puc. 1, 2).

B cBsI3m ¢ acCMMMETPUYHBIM pacrnpeaeicHueM
JAHKa3 wucrnonb3oBaiv HoOpMalusywllee MNpeoo-
pazoBaHue bokca—Koxkca. Ha ocHoBe mpeobpa3zo-
BaHHBIX JAHHBIX OBLIM ITOCTPOCHBI TOUCUHBIC IHA-
rpaMMbl pedepeHTHbIX UHTepBasioB s JIHKazel
1L3 u IHKa3s! 1. Ha rpaduke crutomHoi JUHU-
eil 00o3HaueHbl TPAHUIIBI UHTEPBAJIOB (BEpXHUE U
HIDKHUE), TYHKTUPHBIMU JTMHUIMU — 90% moBepu-
TeJIbHbIE WHTEPBAJIBI JUISI YCTAHOBJICHHBIX TPaHUIL
(puc. 3, 4).

PaccuntanHble pedepeHTHBIE WHTEPBAJIBI KOH-
ueHtpauuu JJHKa3 B ceMeHHOI XKUIKOCTU MY>KUMH
PETIPOIYKTUBHOTIO BO3pacTa UMEHU CIEIYIOIINe 3HA-
YCeHMUSI:

— g AHKa3zer 113 HuKHSS TpaHUlIa cocTa-
Buia 0,02 (0,01-0,03) mir/mi, BepxHsisi TpaHULIA —
1,76 (1,30-2,36) rir/mi;

—  ang JJHKa3zer 11 HuKHSIsS TpaHulia cocTaBU-
n1a 0,78 (0,50-1,16) or/mu1, BepxHsist rpaHuia — 25,91
(21,19-31,42) rir/mo.

Ha cnenyroiieM stamne ObUTM ONpeaesieHbl CBSI3U
mexxay KoHueHTpauusamu JHKaszer 113 1 JIHKa3zbt
II asKynsiTa M MoKa3aTeasiIMU CIIePMUOJIOTUYSCKOIO
aHanm3a (Tabmn. 2).

C moMonIbio KoppessiiimoHHoro aHanu3a Crup-
MeHa ObUTM BBISIBJICHBI CBSI3U MEXIy KOHIIEHTpALIW-
eit JIHKa3br 1L.3 1 TakuMu 1okasaTesIsiIMu CliepMHUO-

TABJALIA 1. YPOBHU AHKazbi 1L3 U IHKa3w1 Il B CEMEHHOW XXMAKOCTU MYXXYUH PENPOAYKTUBHOI O BO3PACTA,

nrimn

TABLE 1. LEVELS OF DNase 1L3 AND DNase Il IN SEMINAL FLUID OF MEN OF REPRODUCTIVE AGE, pg/mL

MokasaTtenu CpeaHee (95% OW) Xmin; Xmax Me (Qq 5= Qg 75)
Indicators Mean (95% CI) Xmin; Xmax Me (Qq 5~ Qq75)

DOHKasb1 1L3
DNase 1L3 0,38+0,04 (0,30-0,47) 0,016; 1,64 0,20 (0,11-0,55)
(n= 82)
OHKaza Il
DNase I 8,01+0,71 (6,65-9,38) 0,49; 30,20 6,35 (3,47-11,25)
(n= 80)
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TABJALA 2. KO3®OULUEHTBI PAHFOBOW KOPPENALIMM CIUPMEHA MEXAY NMOKA3ATENAMM
CMEPMWUOMNOIMYECKOrO AHANM3A U 3HAYEHUAMU KOHLIEHTPALIMA [HKasb1 1L3 U AHKasb! I

TABLE 2. SPEARMAN’S RANK CORRELATION COEFFICIENTS BETWEEN SPERM ANALYSIS PARAMETERS AND THE VALUES

OF DNase 1L3 AND DNase Il CONCENTRATIONS

OHKasza 1L3 OHKaza Il
MokasaTenu cnepmMMonorn4yeckoro aHanusa DNase 1L3 DNase I
Sperm analysis parameters
Is p Is P
Boapact 0,11 0,320 0,03 0,797
Age
Boanepxarue -0,03 0,814 0,09 0,423
Sexual abstinence
Heer 0,21 0,063+ 0,15 0,173
Color
MyTHOCTB
Turbidity -0,01 0,939 -0,16 0,145
pH 0,30 0,006* -0,21 0,068**
Bpems paskukenms 0,20 0,076* | -0,25 0,027*
Liquefaction ’ ’ ’ ’
BaiskocTs 0,12 0,266 -0,15 0,173
Viscosity
O6nem snkynsTa -0,14 0,200 0,10 0,357
Volume
KoHueHTpauusa cnepmaTto3omaoB 0.01 0.903 0.11 0.336
Sperm concentration ’ ’ ’ ’
O6Lee KONMYECTBO CNepMaTo3oMaoB -0.06 0596 018 0113
Total sperm number ’ ’ ’ ’
MporpeccuBHo-noaBuXHbIE cnepmaTto3ouabl (PR) )
Progressive motility (PR) 0.17 0,120 0.1 0313
HenporpeccusHo-noaBuxHble cnepmatosonabl (NP) )
Non-progressive motility (NP) 0,02 0,886 0,03 0,799
O6was nogBmxHocTb (PR + NP) ) -
Total motility (PR + NP) 0.21 0,057 0,10 0,392
HenopgBuxHbie cnepmatosouasi (IM) 021 0.057* 010 0392
Immotile spermatozoa (IM) ’ ’ ’ ’
ArrnioTuHauus cnepMaTo3onaoB
Agglutination -0,11 0,338 -0,06 0,584
Hecneuundumyeckasn arperaums ) )
Non-specific aggregation 0,05 0.648 0,02 0,882
HopmanbHbie dhopmbl cnepmaTo3onaos
Normal forms 0,00 0,969 0,04 0,756
MaTonornyeckne popmbl cnepmaTo3oMpoB )
Pathologic forms 0,02 0.827 0,09 0,437
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Tabnuya 2 (okoH4YaHue)
Table 2 (continued)

OHKasza 1L3 DOHKaza Il
MokasaTenu cnepmMMonorn4yeckoro aHanumsa DNase 1L3 DNase Il
Sperm analysis parameters
Is p Is P
MaTonorus ronoBku cnepmMaTo3onaoB 0,01 0,899 0,06 0,607
Abnormal heads
MaTonorus Lueiiku cnepmaTo3onaos 0,04 0.717 0.10 0,384
Abnormal midpieces
MaTonorus XBOCTa CMepMaTo3onaoB 0,05 0,671 20,01 0,901
Abnormal tails
KneTkn cnepmartoreHesa 017 0.116 0,05 0,673
Spermatogenic cells
TNenkouunThbl B 3AKynsATe 0,02 0,883 0.14 0,206
Leukocyte
Cnmse B aakynaTe -0,03 0,814 -0,06 0,611
Mucus
AHTHMCnepmanbHble aHTUTeNa knacca A
MAR test (anti-lgA) -0,16 0,160 0,12 0,288
AHTHUCnepmanbHble aHTUTEna knacca G " *
MAR test (anti-lgG) -0,34 0,002 0,26 0,018

Mpumeyanne. 3HaveHus koadpcduumeHTa koppensuuu: ao 0,4 — cnabasa koppensauus; 0,4-0,7 — cpeaHAs Koppensauus; 6onee
0,7 — cunbHas Koppensauus. * — cTaTUCTMYECKM 3Ha4YMmas cBa3sb (p < 0,05). ** — TenaeHums k ceasm (0,05 < p < 0,10).

Note. Correlation coefficient values: up to 0.4, weak correlation; 0.4-0.7, moderate correlation; more than 0.7, strong correlation.
*, statistically significant correlation (p <0.05). **, correlation trend (0.05 < p <0.10).

JIorm4eckoro aHanusa, kak pH (r= 0,30; p = 0,006)
n ypoBHeM ACAT knacca G (r = -0,34; p = 0,002).
Taxske ObLIM OOHApPY:KEHbl TEHACHLIUU K ITOJIOXKM-
TEJIbHOU KOPPEJISIIINY C TOKA3aTEISIMU «1IBET», «BPe-
MSI Pa3XKUKKEHUS» U «HEeTIOABYXKHbBIE CIIEPMATO30M -
IIbI», 1 OTPULIATEIbHON KOPPEJSLIMU C TTOKa3aTejaeM
«00111as TTOABMXKHOCTB». BblJIM ycTaHOBJIEHBI KOppe-
asguumn Mexay KoHueHtpauuein JIHKaszwr 11 1 moka-
3aTeJISIMHA CIIEPMUOJIOTUIECKOTO aHaJIi3a, a UMEHHO
co BpeMeHeM paszxickeHus (r= -0,25;p=0,027) u
ypoBHeM ACAT xitacca G (r= 0,26; p= 0,018). Tak-
Ke Obla oOHapyKeHa TeHASHLMS K OTpUlaTe/IbHOMU
KOPPEJISIINU C TToKa3zaTesieM «pH».

ObcyxaeHve

Mpbl gomyckaeM, 4TO (PU3MOIOTNYECKOe ydacTue
JIHKa3zbr 113 3akmioyaeTcst B 00ecIrieYeHUU yCIOBUA
JUTSI YCTIEITHOW TPAHCMOPTUPOBKMU CHEPMATO30UI0B
K MECTY OIUIOJOTBOPEHMUS Yepe3 LIePBUKAIbHBIN Ka-
HaJl, Tak Kak ontuMyMm aktuBHocTy pH mis JJHKa-
3bl 113 HaxonuTcy B nuanasoHe 6,5-8,0. B cepennte
MEHCTPYaJIbHOTO LIMKJja (OBYJISIIMS) lIepBUKaTbHAS
Ccu3b XxapakTtepusyeTcsd 3HaueHusmMu pH 7,0-8.5.

DTO ONTUMAJIBHBIC YCIOBUS IUISI COXPAHCHMS KN3-
HECITOCOOHOCTH U TTOIBVKHOCTH CIICPMATO30MIO0B B
XOJe peain3alru Ux Ouoyiorndeckux pyHkuuii [4].
Hamwu 66110 BBISIBICHO, YTO 3SIKYJISIT C TIOBBIIIICHHOM
koHueHTpauuein JAHKasel 113 comnpoBoxaaeTcs
0oJiee BbICOKMMU 3HaYeHus MU pH (1eaouHas cpe-
a), MUHUMaJIbHBIMU 3HAYCHUSIMU KOHIICHTpaIUu
ACAT xnacca G (IgG), cHUXXeHMEM KOJIMYECTBa
NOJABUKHBIX criepmaTo3dounoB. BoamoxkHo, JIHKaza
1L3 oTBeTCTBEHHA 3a YTUJIM3ALIMIO TTOBPEKICHHBIX
criepMaTo3onaoB. OMHAKO, OIMPAsiCh Ha JINTepaTyp-
Hble naHHble, JIHKa3e 113 oTBoasT cepbe3Hylo poJib
B ITaTOreHe3e ayTOMMMHHBIX mporeccos [15, 16, 18].
ITonyyeHHBIC JaHHBIC TTO3BOJISTIOT BBIIBUHYTDH MPEI-
noJjioxenue, yto JIHKa3za 1L.3 cnocobHa mpoHUKaTh
CKBO3b MEMOpaHBI CITEPMAaTO30MI0B, ITOBPEXKIATh
XpOMaTUH, YTO, BEPOSITHO, CIIOCOOCTBYET YBEIM-
YEHUIO KOJMYECTBA HEIIOABIDKHBIX CIIEPMAaTO30M-
noB [9, 14, 15].

dusuonornyeckas poab JHKazer 11 B asikyiaTe
TIPEANOI0KUTEIIBHO MOXET 3aKII0YaThCs B 00ecTe-
YEeHUW ONTUMAILHBIX YCIOBUM IS TTPOIABVKCHUS
CTIIepMaTO30MA0B B KMCJIOM cpee Biarajuina. OaHa-
KO HaMu ObLIa BBISIBJICHA CBSI3b IOBBIIIIEHHON KOH-
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nentpauuu JJHKaszpr I ¢ moBbIIIEHHBIM YPOBHEM
ACAT xiacca G n cmemieHneM pH kK HeliTpaJIbHBIM
3HAYCHUSIM. YUYUTBIBAsI IPEUMYIIIECTBEHHO BHYTPU-
kinetounylo jgokanuzauuio JHKazer II B cocraBe
JIM30COM, MOXHO ClieJIaTh MPeanoaoKeHue, 4To 00-
HapyxeHue 0osiee Boicokux 3HaueHuit JJHKazwr 11 B
ASIKYJISITE CBUASTEILCTBYIOT O TIOBPEXKICHUM KIIETOK
CEMEHHOM >KMAKOCTU BCJIEACTBUE OKCUIATHBHOIO
crpecca. [JlaHHOe OOCTOSITEIbCTBO MMOAKPEIUISETCS
BBICOKMMHM 3HaYeHUSIMU ypoBHe#t IgG, 9To yKasbI-
BaeT Ha Bo3aMoxkHoe ydyactue JIHKas3ws! 11 B Bocrtanm-
TEJILHOM MpolLIecce.

3aKnoyeHne

Hamm BriepBhic OBUIM OIIpEIeICHBI YPOBHU
U YCTAHOBJIEHbI pe(epeHTHble WHTEPBaIbl IS
JdHKazer 1L.3 u JIHKa3br 11 B ceMeHHO XMAKOCTU
MYKUUH peTlpoIyKTUBHOIO Bo3pacta. Ha ceromnasii-
HUI OeHb HEeT JaHHBIX O pedepeHTHBIX MHTEepBaIaxX
KOHIICHTPAILIMM 3TUX HyKJIea3 B CEMEHHOM >KUIKO-
cTu. B ycnoBusix oTcyTcTBUSI MTH(MOpMALIUM OTHOCH -

TeabHO pedepeHTHBIX uHTepBaioB a1 JJHKazer 113
n IHKa3pl Il B ceMeHHON >XUAKOCTHU IIpeljiaraem
OPMEHTUPOBATHCS Ha YCTAHOBJIEHHBIE B JAHHOM MC-
cliemoBaHUU pedepeHTHBIC WHTepBaibl. IlomydeH-
Hble 3HaHus o KoHleHTpalusax JIHKa3 B cemeHHoM
XKUAKOCTU OYIYT JOTIOJHSTHCS C YBEJIMUYEHUEM BbI-
0opku obcienyeMbIx ui. OrnpenesieHne pedepeHT-
HBIX MHTEePBAJIOB, A€M CTBUTEIbHO, SIBJISIETCS BasKHOT
3amayeil, B CBSI3M C CepPbe3HON (PU3MOJIOTUUECKOM
pOJIbIO U3Yy4YeHHBIX (hepMeHTOB. CABUTM 3HAYECHUI
koHneHTpaunii JIHKaser 113 1 JIHKa3zwr 11, BeposT-
Hee BCEero, MOT'YT pacCMaTPUBAThCS KaK MHIANKATOPBI
BO3MOXHBIX ITaTOJIOTMYECKUX COCTOSIHUI. B yacTHO-
CTHU, TIOBBILIeHHas1 KoHueHTpauus JJHKazer 113 —
WHAWKATOP MaTOJOTMYeCcKOro mMpollecca, CBsI3aH-
HOTO ¢ HU3KOM MOABMKHOCTBHIO CIICPMATO30MIO0B, a
Bbicokue ypoBHu JIHKa3w! II MoxkxHO paccmaTrpuBaTh
KaK MHIMKATOP MECTHOU BOCHaUTEIbHON peakIuu.

st mommepkaHUsSI TOMeocTasa 3IKyJIsiTa, a 3Ha-
YUT, HOPMAJBHON pENPOIYKTUBHON (PYyHKIINNU,
HeoOXoIMMa OITUMAaJIbHas KOHIICHTpAIlMs O0erx
HyKJIeas.
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NCCNEOOBAHUE CYBNONYNAUUOHHOIO COCTABA
JIENKOLMTOB KPOBW NPY OLLEHKE TAXXECTU TEYEHUS
COVID-19 U B YCNOBUAX UUTOKUHOBOI'O LUTOPMA
IIyrros C.B., Jassinosa H.B.!, Kazakos C.IL!?

T@I'BY «InasHuiil 6oennbiil Kaunuueckuii eocnumans umenu axkademuxa H.H. Bypdenko», Mockeéa, Poccus
2DI'BY «DedepanvHblii HAYUHO-KAUHUMECKULL UEHMP CREUUANUZUPOSAHHBIX 8U008 MEOUUUHCKOL NOMOULU
u meduyunckux mexuoaoeuii Pedepanvhoeo meduro-ouonoeuueckoeo acenmemea Poccuu», Mockea, Poccus

Pesiome. CeronHs KiinHu4YecKre nposisieHus y 6ojibHbIXx COVID-19 BapbUpyIOT OT JIETKOTO A0 TSKEJIOTO
TeUYEeHMsT, OCOOCHHO B TPYMITaxX MalMeHTOB, ITOABEPKEHHBIX XpPOHMYECKMM 3a00ieBaHUsIM. BBIOOp Hauboiee
MH(GOPMATUBHBIX ITOKa3aTesieil, 00eCIeunBaIOIIMX IMTPOrHO3 BO3MOXKHOTO MCXO/1a WY TSIKEJIOTo TeYEHUsI 3a-
6oneBaHus y nanueHToB ¢ COVID-19, HeoOxonuMm yxXe Ha paHHeM 3Tane I onpeaeieHus 3pdeKTuBHOU
TaKTUKU JeyeHus. Haubosiee paHHUMU TpeauKTOpaMu YXyALIeHUs cocTossHUS 60ybHbIX Tpu COVID-19
SIBJISIIOTCSI TIOBBIIIIEHHbBIE 3HAaUEeHWSI MHTepJIeiiKnHa-6, nHTepieiikuHa-10, C-peakTUBHOTO GeKa, MpoKab-
IIMTOHWHA U IPYTUX MoKa3aTeieid BpOXKIeHHON MMMYHHOM crucTteMbl. OIHOI M3 3a1a4y HAaCTOSIIEero Uccie-
JIoBaHUsI ObLIIO OIpee/ieHre Hanbosiee MHPOPMAaTUBHBIX MOKa3aTes el OO0IIeKJIMHUYECKOTO aHaIu3a KpOBU
M OCHOBHBIX cyornonyasiuit tuMdorutoB y naimeHToB ¢ COVID-19, mo3poasommux noMo4yb B UHTEPIIpe-
TallM CTeTIEHEU TSDKeCTH 3a00JIeBaHUST M PAa3BUTHS IIMTOKWMHOBOTO IITOPMa HapsiTy ¢ KIMHUYECKUMU TTPO-
SIBJICHUSIMA M (DYHKIIMOHAILHBIMUA METOAAMM TMAarHoCTUKW. HaMu TpoBeneHO peTpoCneKTUBHOE KOTOPT-
HOe KCCaeaoBaHue MepudepudecKkoil KpoBU y 65 OOJbHBIX, U3 KOTOPBIX ObUIO 57 MYXYMH U 8 KEHILIWH,
BO3pACT TAIMEHTOB BapbupoBai oT 32 mo 82 jeT, cpenHuit Bo3pact coctaBui 48,6 rona. Ilocie uccieno-
BaHMsI OOIIET0 aHajaM3a KPOBU B 65 obGpasiiax BBIMOJHEH HUTOMETPUUYECKUI aHaJIU3 C MCITOJIb30BaHUEM
cucteMbl mpoTtouyHoi LutodaroopuMerpun cepun Cytomics™ FC 500 ¢upmbl Beckman Coulter (CIIA),
MOHOKJIOHanbHbIX aHTuTes CD45-ECD, CD3-FITC, CD4-PC7, CD8-PE, CD19-PC-5, CD16"56-PE
dupmbl Beckman Coulter (CIIIA). Cratuctuueckasi oopaboTKa pe3ysibTaTOB MCCIeIOBaHUS MpOBeAcHa B
nporpamMe IBM SPSS Statistics 26.0 (IBM, CIIIA). ¥V o6cnenoBaHHbIX Hamu nanueHToB ¢ COVID-19 npu
MEPBUYHOM OOpallleHU| 3a MEIUIIMHCKON MTOMOIIIBIO OTMeYaeTcsl abcomoTHas TuMdorieHust Ha hoHe Hell-
Tpoduiesa, YTO BbIpaxkaeTcsl B MOBBIIIIEHUH 3HAYeHUI HEUTPOPUIBHO-IEUKOIMTAPHOTO U JIEUMKOIIMTAPHO-
T-numdonuTapHoro MHAEKCOB. JlaHHBIE MHIAEKCHI C JOCTATOYHO BBICOKOW MH(MOPMAaTUBHOCTHIO MOTYT
WCITOJIb30BaThCS TIPU MIPOTHO3MPOBAHUM PUCKOB 3abosieBaHMs1. OnipeaeieHe Hanbojiee TOCTOBEPHBIX T10-
KasareJieil KJIETOYHOTO 3BeHa MMMYHUTETA, Takux Kak CD3", CD3"CD4*, CD3*CD8*, CD3-CD16*CD56*
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JIMM@OIUTHI, TOMOJTHUTEIBHO K KIIMHUYECKOMY aHaJIN3y KPOBU, MOKET JaTh OLICHKY OCOOCHHOCTSIM MM-
MYHHOTIO pearupoBaHusi opraHu3ma Ha nHpuurponaHue SARS-CoV-2, noMmoub CHpOrHO3UPOBATh TSXKECTh
Te4eHUs 3a00JIeBaHMsI, a TAKXKE IIPUHSTH PEIlIcHUE TSI U3MEHEHMS TAKTUKHY JICUCHUS IIPU HEOOXOTUMOCTH.

Karouesvle croea: aumghonenus, cybnonyasyuu Aumgpoyumos, nNoKazamenu KAemouHo20 36eHa UMMYHUMeMd, YUMOKUHO8bLI
wmopm, npoero3, 3aboaeeanue COVID-19

SUBPOPULATION PROFILE OF BLOOD LEUKOCYTES
IN ASSESSING SEVERITY OF COVID-19 AND IN CONDITIONS
ASSOCIATED WITH CYTOKINE STORM

Putkov S.B.2, Davydova N.V.2, Kazakov S.P.*"

¢ Main Military N. Burdenko Clinical Hospital, Moscow, Russian Federation
b Federal Research and Clinical Center for Specialized Medical Care and Medical Technologies, Federal Medical
and Biological Agency, Moscow, Russian Federation

Abstract. Currently, the clinical manifestations of COVID-19 patients are classified from mild to severe,
especially in groups of patients susceptible to chronic diseases. Selection of the most informative prognostic
indices of possible outcome or severe course of the disease in COVID-19 patients is required at early stage in
order to determine effective treatment strategy. The earliest predictors of clinical deterioration in COVID-19
are elevated levels of interleukin-6, interleukin-10, C-reactive protein, procalcitonin, and other indices of
innate immune system. The objectives of this study included a search for the most informative parameters of
general clinical blood analysis and the main lymphocyte subpopulations in patients with COVID-19, which
may be helpful in interpreting the severity of the disease and development of a cytokine storm, along with
clinical manifestations and functional diagnostic methods. We conducted a retrospective cohort study of
peripheral blood in 65 patients including 57 males and 8 females. The age of the patients ranged from 32 to 82
years (an average of 48.6 years old). After examining the total blood counts in 65 samples, cytometric analysis
was performed using the Cytomics™ FC 500 series flow cytofluorometry system (Beckman Coulter, USA),
with CD45-ECD, CD3-FITC, CD4-PC7, CD8-PE, CD19-PC-5, CD16"56-PE monoclonal antibodies from
Beckman Coulter (USA). Statistical processing of the research results was carried out in the IBM SPSS Statistics
26.0 program (IBM, USA). In the group of patients with COVID-19, absolute lymphopenia is noted along with
neutrophilia at the initial medical treatment, resulting into increased values of the neutrophil-leukocyte and
leukocyte-T-lymphocyte indices. These indexes are quite informative and can be used in predicting disease
risks. Determination of the most reliable indices of cellular immunity, such as CD3*, CD3*CD4*, CD3*CDS8",
CD3-CDI16*CD56" lymphocytes, in addition to a clinical blood test, may assess the features of the patients’
immune response to SARS-CoV-2 infection, helping to predict the disease severity, and make a decision to
change the treatment strategy if required.

Keywords: lymphopenia, lymphocyte subpopulations, cellular immunity, cytokine storm, prognostic indexes, COVID- 19 disease

BBe'D'eHl/le B cBs3u ¢ OTUM, €CTb HEOOXOIUMOCTb U3Yy4YCHUA U
ITONCKa HAaACXKHBIX ITPOTHOCTUYECKUX mokasaTeJiei

C MomeHTa okoH4YaHus mnaHaemuu COVID-19
TSKECTU TeueHUsI 3a0oneBaHus [7].

M OO0 HACTOSIIETro BPEMEHU II0 BCEMY MUpPY IIPOBO- .
JUATCS PEryJISIpHBIE MOHMTOPHHT CITy4acB FOCITHTA- Br16op HanboJ1ee MHGOPMATUBHBIX ITOKa3aTeNEH,
JM3AIAY ¥ TIOCTYTUTEHUS B OTIAEeHUs MHTeHCHBHOj ~ COSCTIEYMBAIOIIMX  TIPOTHO3  BO3SMOXHOTO  MCXO/1a
Tepanuy NalMeHToB ¢ KOPOHABUPYCHOI MHMeKImeii WM TSXKEIOr0 TeUCHMs 3a00JIeBaHMs Y MAIlMCHTOB
(SARS-CoV-2) [6]. CeroaHst KiMHUYeCKUe IposiB- ©€ COVID-19, Heo6x0aMM yxe Ha paHHEM dTane [Uist
neHus y 6oabHbIX COVID-19 BapbupyIoT oT Jlerkoro — onpeneiaeHus 3QpheKTUBHON TaKTUKK jedyeHus [8].
JIO TSIKEJIOrO TeYEH s, 0COOEHHO B rpyIinax nmanued- Haubosiee paHHUMY NPEAUKTOPaMU YXYALLIEHUS CO-
TOB, MOABEPXKEHHBIX XPOHUYECKUM 3a00JieBaHUSIM. CTOSTHUS 00bHBIX Tipu COVID-19 gBnsitoTcst moBbI-
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LIIEHHbIE 3HaYeHMs1 uHTepeiikuHa-6 (I1L-6), 1L-10,
C-peakTUBHOTO 6ejiKa, MPOKAIBLUTOHNHA U IPYTUX
noxasartejieii BpoxKIeHHOM MMMYHHOM CUCTEMBI |9,
10, 34].

Taxke 3HAUMMBIMU MPOTHOCTUYECKUMU (PAKTO-
pamu 1skesoi popmbl COVID-19, onpeaensitoim-
MU OTBET MMMYHHOI CHUCTEMBI M XOHI Pa3BUTHUS 3a-
0oJieBaHMUS, SIBIISTIOTCSI JICMKOILIMTO3, HEUTpodumies,
JTUMGOTICHHSI, YBEIWYCHME II0Ka3aTels HEUTpPO-
dunpHO-JNeiikonuTapHoro nuaekca (HJIN) [14, 18].

JIumMponeHuo HEKOTOpble MCCenoBaTe/ I CBSI-
3BIBAIOT C TIPSIMBIM IIMTONATHYCCKUM JIEeHCTBUEM
Bupyca SARS-CoV-2 Ha Bce cyOnomyasiuu KJIETOK
BPOXIEHHOW M aJanTAUBHOU WMMYHHOW CUCTEMBI
TMOCPEICTBOM B3aMMOJIECHCTBUS CO CIeIM(pUICCKI-
MU OeJIKaMU1 M peLieITOPaMU: IUTICITUANIIICIITAIA3-
Hoii-4 (CD26), MHAYKTOPOM MeETaIONPOTEUHA3bI
BHekjJeTouHoro Matpukca (CD147), nukiodui-
auHaMu A u B, ckeBeHmIXepoM perientopa tuma Bl
(CD36) [11, 35], B yacTHOCTH MHMUIMUPOBAHUEM
T-xIeTOK M WHAYKIWEUH BHYTPUKJICTOYHBIX MeXa-
HU3MOB aIloNTo3a, KOTOPhIe KOPPEIUPYIOT C TsIKe-
cTbio 3a0osieBaHus [12, 13]. Cpean KJIETOUHBIX CyO-
MOIYJISIIIUI B TIepudeprIecKoii KpOBH OTMEUaeTCs
3HAYUTEJIPHOE CHIDKEHME KOJIMYECTBA KIIETOK KakK
BPOXKICHHOW MMMYHHOUW CHCTEMBI — MakKpodaros,
JICHIPUTHBIX KJICTOK, JUMMOUIHBIX KJICTOK, HEM-
TpPO(MIOB, €CTECTBEHHBIX HATYpPaJIbHBIX KUJIJIe-
poB NK-knerok (CD3-CD16/56%), T-NK-kietok
(CD3*CD16/56"), Tak 4 agalnTUBHOW MMMYHHO
CHUCTeMBbl — 00IIero KoaudecTtBa T-IMMQOILIMTOB
CD3*, CD3"CD4'T-xennepoB, CD3"CDS8"T-
nutorokcnueckux kiaetok (T-LITK), NK-knetok,
B-mumponuros [15, 16, 19, 20], 94To MOXET OBITh
OOYCJIOBJIEHO UX TUIMEPAKTUBALIUEN C MOCTenyOIIei
KJIETOYHOI THOENTbI0 MM WHTUOMpOBaHMEM (PYHK-
IMU U BpEeMEHHBbIM HapylleHueM ux nuddepeHnm-
POBKU B KOCTHOM MoO3re [24].

NK-k1eTku, IBIsISICh BaXKHBIM 3BEHOM OTBETHBIX
peaxkiuii, HalpaBJIeHHBIX Ha JIMKBUIAIIMIO TIOpa-
JKEHHBIX BUPYCOM KJIETOK, O0JagaloT MHOXECTBOM
Pa3TMIHBIX MEXaHU3MOB UX YHHYTOXeHMA. [larm-
SHTBHI ¢ BBISIBJICHHBIM nedurnimroM NK-kireTok mpem-
pacmoyoXeHbl K OCOOEHHO TSDKEIbIM PELIUBHU-
pyOIIMM BUPYCHBIM MHpekuusMm [17]. UHbekius
SARS-CoV-2 Bnuser Ha MPOTUBOBUPYCHBIE 3 dheK-
TopHble PyHKLMU NK-Kji1eTok, Ha B3auMoaeincTBre
mexay NK-knetkaMu u IpyruMuy KJI€TKaMUu BPOXK-
JIEHHOTO MMMYHHUTETa, Ha MX MUTPAIMIO U3 IICpU-
depuyeckoii KpoBM B odaru BocnajeHus [22, 23,
33]. BbLIO BBICKA3aHO TIPEANOJOXEHUE, YTO BbICO-
Kue KoHlieHTpauuu 1L-6 B mepudepudeckoit KpoBu
MOTYT COCOOCTBOBATh HapylleHUI0 3D(HEeKTOPHBIX
byHKIMit mnpKymupyromnx NK-kimerox [21].

Y mauuentoB ¢ COVID-19 ormeuaercsi cHMXe-
Hue conepxanusg CD19*B-numdonuTtoB B nepude-
pUYECKO KpOBU. DTO CHUXKEHUE ObLIO OCOOEHHO

3aMETHO Y TSDKEJIBIX TTAallMEHTOB IO CPAaBHEHUIO C TMa-
LIMEHTAMU C JIETKOU U CPEOHEN CTENECHBIO TSKECTU
3aboseBanms [15, 19, 25, 26].

OgHuM U3 TsKenblX npogsienuit COVID-19
SIBJISIETCSI TOpaXkKeHUe JITKUX, B X0JIe KOTOPOTO pa3-
BuBaeTcs mudy3HOEe aTbBEOJISIPHOE MOBPEXKICHUE
C OJHOBPEMEHHBIM TSIKEJIBIM MOpakeHUEeM COCYAu-
CTOTO pycJia, IPUBOISIICe K HapacTaHUIO ITPOBOCTIA-
JIMTEJIbHBIX LIATOKWUHOB C pa3BUTUEM LIUTOKMHOBOTO
wtopma (L), yTo B cCBO1O 0OUepeab YaCTO MPUBOIUT
K Pa3sBUTHUIO OCTPOIO PECIUPATOPHOIO IUCTPECC-
CUHIIpOMa W TIOJMOPTAHHOW HEIOCTaTOUHOCTU C
JeTalbHBIM ucxogom [20, 27, 28]. OTanyuTeIbHOMI
gyepToii cuHapoma LIl gBnsteTcss HEKOHTPOJMpPYe-
MBbIi UMMYHHBIA OTBET, BKJIIOUAIOIIUIA ITOCTOSIHHYIO
AKTUBAIAIO KJIETOYHOTO 3BeHAa WMMYHHTETa B YC-
JIOBUSIX OTPAaHMYCHHOT'O KOJIWYeCcTBa 3(PHeKTOPHBIX
TUTIOB KJIETOK UMMYHHOII CUCTEMBI B Hadaje 3a00-
JeBaHus. B psime mMcciemoBaHW ObLIM OIIPEeACICHBI
HauOoJjiee BaxKHbIe IMOKa3aTeJu IPOTHO3a TSKECTU
TeueHus (¢ pazsutueM LIII1), Takue Kak oOlee Ko-
JINYECTBO JICHKOLIUTOB, HENTPOMUIOB, CyOIONys-
uuu auMponutoB — CD3*, CD37CD4*, CD37CD8",
NK-kierok B rmepudepndeckoit kposu [15, 29].

OnHoil 13 3agay HACTOSIIEro UCCIAeA0BaHUS
OBIJTO oTmpenesieHre Hanboee MH(POPMATUBHBIX MO-
KazaTeJsieil OOIeKJIMHUYECKOTO aHaIu3a KPOBU U OC-
HOBHBIX CYOMOITYJISIINI TUMMOIIMTOB y ITAallMCHTOB
¢ COVID-19, no3Bossitoniux MoMoyb B MHTEpHpe-
TallUM CTeTIeHEe! TSKeCTU 3a00JIeBaHUs U Pa3BUTHUS
LI Hapsay ¢ KIMHUYECKMMM TIPOSIBACHUSIMU U
(YHKIVMOHAIIBHBIMI METOIAMU TNATHOCTUKH.

Iems — BoIIBUTH Y 007bHBIX COVID-19 Ha paH-
HUX 2Tarax 3aboyieBaHUsT Hambosee 3HAYMMBbIE MO0-
KazaTeJIM KJIETOYHOro 3BeHa MMMYHHUTETa, KOTOpPhIe
MOTYT MCITOJIb30BaThCS B KAUECTBE TOITOJTHUTEITbHBIX
KPUTEPUEB B OIICHKE TSKECTU TCUCHWUSI, TIPOTHO3E
pa3BuUTHUS 3a00JeBaHUsI U BO3HUKHOBeHuMs L1111,

MaTepmanbl N METObI

Hamu mpoBeneHO peTpOCIeKTUBHOE KOTOPTHOE
ucciaenoBaHue nepudepuyeckoil Kposu y 65 6oib-
HBIX, U3 KOTOPbIX ObLIO 57 MYXXYMH U 8 >KEHILUH,
BO3pacT MalMEeHTOB BapbUpoBai OT 32 mo 82 ner,
CpeaHUiIt Bo3pacT cocTaBuil 48,6 roga (rpymnia «3a-
OoseBiIMe», najgee — rpymnmna 3). BeimomHeH omHO-
MOMEHTHBIM aHaJIU3 UMMYHOJOTMYECKUX HCCIeI0-
BaHUI y OOJILHBIX C Pa3JINYHON CTEIIEHBIO TSLKECTH
teyeHus1 COVID-19, mocrtymaBHIUX Ha JeYeHUE
B uHpekmoHHbil ctanmmoHap @I'BY «I'BKI um.
H.H. bypnenko» Munob6oponsl Poccum (mamee —
rocnuTaib) ¢ Mapta 2020 rona o despaib 2021 roaa.
OOImMMI KPUTSPUSIMHU BKITIOUCHMSI OOJILHBIX B HC-
cJieoBaHME SIBJISUTMCh: HAJIMYKME Y MallMeHTa IMarHo-
3a «COVID-19», moarBepKIeHHOTO TMOJIOXUTEIb-
HBIM Pe3yJIbTaTOM J1a00paTOPHOIO UCCIEAOBAHUS Ha
Haymune PHK SARS-CoV-2 MeTomoM TtommMepas-
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HOI LIeTHOI peakluu, Bo3pacT craplie 18 jiet, ao-
O6poBoIbHOE MHGOPMHUPOBAHHOE coTjlacre OOJIbHO-
ro. [InarHo3 u TSLKeCTh 3a00JIeBaHMsI yCTaHABIMBAIN
B COOTBETCTBUM C KIMHUYECKUMM MOKAa3aTeIIMU U
KPUTEPUSIMU BPEMEHHBIX METOIUYECKUX PEKOMEH-
manuit «IIpodunakTuka, TUarHOCTMKA M JICUCHUE
HOBOI kKopoHaBupycHoil mHbekuuu (COVID-19).
Bepcus 6-9».

B cooTBeTCTBMY C KTMHUYCCKUMU POSIBIICHUSIMU
rpyrra 3 pacrnpeaenacHa Ha 3 rpyInbl 1O CTETIeHH TsI-
KECTU TeyeHMs 3aboJieBaHUs: jerkas crerneHb (1) —
15 nmanueHTOB, cpeaHsis cteneHsb (11) — 40 manueHTOB
u Tsexenas crerneHs (I11) — 10 manueHToB.

Hamu Takke 06111 chopMUPOBaHbI 2 TPYITHI TTa-
IUCHTOB I10 CJICAYIOIINM KPUTEPUSIM: MepBasi TPYyII-
na (6onpHbie ¢ LIIII) Bkarovana B ceds1 10 My>KuuH,
cpeaHuii Bo3pacT 45,1 roga, ¢ HaJMYMEeM KJIMHUYe-
CKUX MPOSIBJICHUI, XapaKTEePHBIX IJISI 9TOTO OCI0XK-
HEHUSI U TIOPOTOBBIM 3HAYEHHWEM WHTepJeK1UHAa-6
(IL-6) 6onee 100 nir/mut; BTOpasi rpymmna (GOJbHBIE
6e3 LI1I) cocTosia u3 55 yemoBeK, N3 KOTOPBIX OBLIO
47 My>X41H U 8 XKEHILIMH, CpeaH1 Bo3pacT 49,6 rona,
¢ ypoBHeM IL-6 menee 100 rir/mi. laHHOe nejeHue
OCHOBBIBAJIOCh Ha OMBITHBLIX HccliegoBaHusIx [1, 2,
3], uro LI siBnsieTcst KpallHUM TIPOSIBJIEHUEM KJTU -
Hnyeckoro treueHust COVID-19 ¢ panpHemmM pas-
BUTHUEM TaKoTo ocjioxkHeHus, kKak OPIC [4, 5], npu
MOpOroBOM 3HayeHMM mnokasarenas IL-6 paBHoro
100 nir/MJ1 1 paHee MPOBEASCHHBIX HAMU MCCIea0Ba-
HUSIX TI0 TSDKECTH TeUeHUs 3a00JIeBaHUSI U UCXOAY Y
STUX TTAllMEHTOB.

KonTponbHas rpymnmna (nanee — rpynmna K) B Ko-
nuyectBe 17 yenoBek, U3 KOTOPbIX ObLI10 11 My>KUnH
M 6 XKEeHIIMH CO CpeaHUM Bo3pacToM 31,6 rona, Obu1a
oToOpaHa U3 YCJIOBHO 3I0POBBLIX TOOPOBOJILLIEB 03
KIIMHUYECKUX TTPU3HAKOB OCTPBIX PECITMPATOPHBIX
BUPYCHBIX MHbeKuil. MccienoBaHus buomarepua-
Ja rpynnbl K IpoBoaniInch B IEpUOI ¢ OKTSIOPS IO
Hos16pb 2018 roga.

CoOop Oumomarepualia OCYIIECTBIISLICS B COOT-
BETCTBUU C pa3pabOTaHHOI HAaMU MHCTPYKLMEH IO
MPOBEICHUIO MpeaHaTuTHIYecKoro atamna [36]. BceM
nanureHTaM MPOBOAWJIOCH UCCeTOBaHUE BEHO3HOM
KpOBH, OTOOpPAaHHOU B BaKyyMHBIE TIPOOMPKH C aH-
tukoarynasstutoMm DJITA-K?2, ¢ onipeneseHreM ypoBHS
JIEUKOLIMTOB, HEUTPOMDUIIOB, TUMPOILIUTOB Ha aBTO-
MaTUYECKOM TreMaTOJIOTMYeCKOM aHanu3aTope XN
1000 kommanuu Sysmex (Amnonust). Hamu B padoty
OB B3SITHI CJIEAYIOIIME TTOKa3aTeJn: o0lee KOJIU-
YEeCTBO JICHKOIIMTOB, aOCOJIIOTHBIC 3HAUYCHUS Heli-
TpoduoB 1 TMMEPOLUTOB, paccuuThiBayicss HITN.

IMocne nmpoBeaeHUS KIMHUYECKOTO aHaIn3a Kpo-
BU 65 00pasnoB ObUIM IMOATOTOBJIIEHBI K LIMTOME-
TPUYECKOMY aHaJIM3y C WCIOJIb30BAaHUEM MPOTOY-
HOU HUTOMIIOOPUMETPUM Ha aHAJIU3aTOpPE CEepUU
Cytomics™ FC 500 xommanum Beckman Coulter
(CIIIA) mo craHmapTU30BaHHOI CTpaTeTUM Teii-

tupoBanusi. Mcnonb3oBanuce st MHOTOMapame-
TPUYECKOTO aHaM3a MOHOKJIOHAJbHbIE aHTUTENa
CD45-ECD, CD3-FITC, CD4-PC7, CDS-PE,
CDI19-PC-5, CDI16"56-PE xommanun Beckman
Coulter (CIIA). buosoruueckue o0Opa3ubl WHKY-
oupoBanu ¢ pactBopom Optilyse C mist mpoBene-
HUS JIU3UCA SPUTPOLUTOB U (PUKCALIUU COCTOSTHUSI
JIEUKOLIMTOB B COOTBETCTBUM C MHCTPYKIIMEU TOU
Ke KoMnaHuu. PaccuuThiBaiu jgeiKouuTapHbIii-T-
suMmdonutapublii unaekc (JITHU), ompenensuim 1o
OTHOIIIEHNIO aOCOJIOTHOIO KOJUYECTBa JIEUKOLM-
ToB K CD3*T-nmuMdonutaMm, UMMYHOPETYJISITOPHBII
nHiaekc (MPW) 1o cooTHOIIEHNIO KIIETOK ¢ (PeHOTH -
noMm CD3*CD4"/CD3*CDS8".

CraTucTrnuecKylo 00paboTKy TaHHBIX TTPOBOIVIIN
C TMOMOIIIBIO HEeMapamMeTpUUeCKUX METOJOB aHaJIU-
3a. CpaBHUTEIbHBIN aHAIN3 MEXIY TPYNIaMU BbI-
TOJTHSIJTA € WUCITOJIb30BaHUEM PAaHTOBOTO Hernapame-
Tpuyeckoro merona U-kpurepusi MaHHa—YUTHU.
Kputnueckuili ypoBeHb 3HAUMMOCTH MPU MPOBEPKE
cratuctudeckux runore3 npuHuMaics < 0,05. Bce
MOJIyYeHHbIE Pe3yJIbTaThl JIAOOPATOPHBIX UCCIIEIOBA-
HUI BHECEHBI B 3JIEKTPOHHbIE TAOJUIIBI B TPOrpamMMe
Microsoft Excel mis1 mocaeayroliero aKcnopTa gaH-
HBIX U UX CTATUCTUYECKOI 00pabOTKU B Mporpamme
IBM SPSS Statistics 26.0 (IBM, CILIA).

PesynbTathl

HM3ydyeHO MCXOOHOE COCTOSHME WMMYHHOI CH-
CTeMBbI P MOCTYIUIEHWM B CTAllMOHAp y OOJBHBIX
COVID-19 B cpaBHeHnu ¢ rpynnoii K maimmeHTos,
pe3yJIbTaThl MpeICcTaBIeHbI B Tabiulie 1.

HccnengoBaHne KJISTOYHOTO 3BeHA MMMYHUTETa
y nauueHToB ¢ COVID-19 BbIsIBUJIO psiA IToKa3aTe-
JIeli, TOCTOBEPHO OTIMYamIIuxcsa 1mo U-Kputepuio
ManHa—YuTtHuU oT nauueHTOoB rpyInbl K, 3a uckimo-
YyeHUeM HeKOoTopbiX. Tak, o0lllee KOIUYeCTBO JIeH-
KOIIUTOB CO CPEOIHMM 3HAYEHWEM U CTaHIapTHBIM
OTKJIOHEHMEM, paBHbIM 7,2+4,7 x 10°/11, B rpynne 3
JocTtoBepHO He oTandanock (p = 0,093) oT rpyIiibl
K ¢ mokazarenem 7,16+1,32 x 10°/1. B mokazatensix
a0COIOTHOrO 4mrciia HeuTpoduioB Takke He oOHa-
PYXeHO JocToBepHbIX oTnuuii (p = 0,904) Mexmy
rpynnamu 3 u K, cpegHme 3HaYeHUSI COCTaBIWIIN
5,06%3,58 x 10°/1 1 3,94+1,0 x 10°/1 COOTBETCTBEH-
HO.

HamnpoTtuB, abcomoTHOE KOJMUYECTBO JTUMQPOLIM-
TOB nepudepuyeckoii KpoBu y rpynmnbl 3 (cpeaHee
3HayeHue 1,5240,7 x 10°/11) ObLIO CHUKEHO ITOYTU B
2 pasza Mo cpaBHEHUIO ¢ JuMbouuTamMu rpymnibl K,
re cpeaHee 3HaYeHue paBHsUIOCh 2,791+0,59 x 10°/1,
¢ noctoBepHocThio p < 0,0001. OgHako mokasaTteilb
a0COIIOTHOTO KOJIMYeCTBa JTMMQOIINTOB HAXOTUIICS
B pedepeHCHOM MHTepBaje, HECMOTPsSI Ha TeHIEH-
IO K YMEHBIIICHUIO.

HJIN co cpennum 3HayeHueM 4,66+5,4 B rpyIi-
ne 3 ObUI0 YBEJIMYEHO B 2 pa3a B CPAaBHEHUU C TPYII-
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TABJALA 1. MOKA3ATENU CYBMONYNALMOHHOrO COCTABA NEMKOLIMTOB KPOBM Y MALIMEHTOB C COVID-19

W KOHTPOINLHOW rPYMMbI
TABLE 1. INDICATORS OF THE SUBPOPULATION COMPOSITION OF BLOOD LEUKOCYTES IN COVID-19 AND CONTROL
GROUP PATIENTS
CpefHee 3Ha4YyeHue, cTaHAApPTHOE
OoTKNnoHeHue (SD), MUHUMYM—
MaKCUMyM
Ne MokasaTenb, Average value, standard deviation
n/n pedepeHCHbIe 3HaYeHUs (SD), minimum-maximum D‘OCTOB:pHOCTb’
No. Indicator. S
) BonbHble
n/a reference values KoHTponbHas COVID-19 Reliability, p
rpynna (n =17) (n = 65)
The control VID-1
roup (n =17) covip-19
g patients (n = 65)
1 Kon-Bo nevikouuToB, x 10°/n (4-9) 7,16+1,32 7,247 =0.093
White blood cell count, x 10%/L (4-9) (5,1-9,3) (2,1-25,8) p=5
2 Kon-Bo HeuTpodunos, x 10%n (1,8-7,7) 3,94+1,00 5,06+3,58 =0.904
Number of neutrophils, x 10%/L (1.8-7.7) (2,18-5,83) (0,87-24,31) p=5
3 Kon-Bo numcounToB, x 10°/n (1,2-4,0) 2,79+0,59 1,52+0,70 <0.0001
Number of lymphocytes, x 10%L (1.2-4.0) (1,19-3,46) (0,43-3,28) p=b
4 HIW (1,76-3,92) 1,47+0,53 4,6615,40 <0.0001
Neutrophilic leukocyte index (1.76-3.92) (0,65-3,15) (0,46-29,44) p=b
CD3-CD16/56* — ucTUHHBbIE HaTyparnbHbIe
5 kunnepbl (NK-knetku), x 10°/n (0,123-0,369) 0,28040,135 0,190+0,155 - 0015
CD3CD16/56* — true natural killers (0,079-0,539) (0,024-0,783) p=5
(NK cells), x 10%/L (0.123-0.369)
CD3*CD16/56* (T-kunnepbl) — T-NK-
6 KkneTku, x 10°/n (0,07-0,165) 0,053+0,034 0,062+0,069 - 0.977
CD3*CD16/56* (T killers) — T-NK-cells, x 10%/L (0,013-0,121) (0,006-0,507) p=5
(0.07-0.165)
7 CD3* — T-numdountsl, x 10°/n (0,946-2,079) 2,06+0,42 1,070£0,524 <0.0001
CD3*—T lymphocytes, x 10%L (0.946-2.079) (0,905-2,541) (0,284-2,487) p=b
nTU (4-7) 3,55+0,74 9,16+9,11
8 Leukocyte-T lymphocyte index (4-7) (2,5-5,7) (2,16-53,97) p <0,0001
CD3*CD4* — T-numdounTbI
9 (xennepbl/uHaykTopsbl), x 10%/n (0,576-1,336) 1,281+0,393 0,625+0,351 <0.0001
CD3*CD4* — T lymphocytes (helpers/ (0,530-1,976) (0,073-1,638) p=5
inductors), x 10%L (0.576-1.336)
CD3*CD8*-T-numcbounTtsi (T-LITI) x 10°%/n
10 (0,372-0,974) 0,698+0,221 0,397+0,231 <0.0001
CD3*CD8*— T lymphocytes (T-CTL) x 10%L (0,312-1,359) (0,058-0,965) p=5
(0.372-0.974)
nPU CD3*CD4+ICD3+CQ8+(1,5-2,1) 1,920,558 1,870.92 )
11 Immunoregulatory index (0.62-2,81) (0.20-4,84) p=0,236
CD3*CD4*/CD3*CD8"(1.5-2.1) ’ ’ ’ ’
CD19* — B-numdouuThbl,
12 x 10%n (0,111-0,376) 01510400 | (00020826 p=0,006
CD19* — B lymphocytes, x 10%L (0.111-0.376) ’ ’ ’ ’
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noii K, rme cpenHee 3HaueHue HJIW cocrtasisiio
1,47%£0,53 (p < 0,0001).

IIpu cpaBHeHnu CD3-CD16/56" ucTMHHBIX Ha-
TypanbHbIX KuiiepoB (NK-kneTkn) B rpynmne 3 oT-
MeJaJIoCh JIOCTOBEPHOE CHUXKEHUE CPEIHEero 3Ha-
yeHus1 mokasarens go 0,119%0,155 x 10°/n, Torma
Kak B rpynmne K maHHBI ITOKa3aTellb paBHSIICS
0,286+0,135 x 10°/n (p < 0,0001). Hepuunur NK-
KJIETOK B TpyIire 3, BO3MOXHO, YKa3bIBacT Ha OoJjiee
BBICOKYIO TpormHocTh Bupyca SARS-CoV-2 Kk sToii
IpYyIIie KJIETOK Ha paHHUX 3Tarnax UHGUIIMPOBAHUSI.

B otinuune ot NK-kjeTok, rpu cpaBHEHUU Cpe/i-
Hux 3HaueHui T-NK-kneTok B rpyrmme 3 u B rpynrmne
K nocToBepHbBIX OTIMYMii He o6HapykeHo, p = 0,977.

C nocroBepHocTthio p < 0,0001 obumee Ko-
muuyectBo CD3* B rpynme 3 (cpeaHee 3HaudyeHUe
1,07£0,524 x 10°/71) CcHUXXEHO BOBOE IIO0 CpaBHE-
HUIO ¢ moka3ateneM rpynmnsl K (cpenHee 3HaueHUe
2,06%+0,42 x 10°/11.

Taxcke B rpy1me 3 0TMEYaIoCh TOCTOBEPHOE CHU-
xenue (p < 0,0001) nokazarens CD3*CD4*T-num-
¢GoUUTOB (XeAnepbl/UHIYKTOPHI), CpeIHEEe 3HAUECHUE
Kotoporo cocraBwio 0,625+0,351 x 10°/1, Torga kak
B K mokasaresnb paBustics 1,281+0,351 x 10°/1.

Kpome Toro, ¢ mocroBepHOCcThIO p < 0,0001 cHU-
xeH mnokazatenb CD3*CDS8*T-LITJI B rpymme 3
no cpaBHeHUIO ¢ K, cpenHue 3HaAaYeHUST COCTaBUIU
0,39740,231 x 10°/m1 1 0,698+0,221 x 10°/1 cooTBET-
crBeHHO. Pacuer UPU npu cpaBHenuu K u 3 paBHO-
ro 1,92+0,58 u 1,87%+0,92 okazajcst HeHOCTOBEPHBIM
(p =0,236).

WUccnengoBanue HauBHBIX B-1um@ouunToB, 3Kc-
npeccupyeMbix MoJsiekysioit CD19*, moka3ano cHu-
>KeHue cpenHero 3HayeHus g0 0,18140,133 x 10°/n
B rpynre 3 no cpaBHeHUIO ¢ K, re mokasartesb ObLT
paBen 0,261%0,116 x 10°/11 (p = 0,006).

JITU co cpennum 3HayeHueMm 9,16+9,11 y 3a60-
geBiux COVID-19 6bL1 1OCTOBEPHO BBIIIE B CpaB-
HeHuu c¢ rpynnoi K, rae oH paBHsiicsa 3,55+0,74
(p <0,0001). IMoBbllIeHHEe JAHHOTO MOKa3aTeJIsl MO-
JKET YKa3bIBaTh Ha aKTUBAIIMI0O MMMYHHOM CHCTEMBI
y Tpynnbl 3.

IMoxBomst UTOT, MOXXKHO OTMETUTD, UTO B TpymIiec 3
a0COTIOTHBIC TTOKa3aTeJIM KJIeTOUHOTO 3BeHa UMMY-
HUTETa He UMEJIM CHJIbHBIX CIBUTOB, HO OTMEYajiach
TeHACHIINS K X CHUKEHUIO B paMKax pedepeHCHO-
ro WHTepBaja, W JaHHbIE MOKa3aTeJInu TOCTOBEPHO
otnmyanuck ot rpynnbl K. Takue 1mokaszarenm, Kak
HJIN u JITU, umenu BbIpaxkeHHbIE CIBUTU B CTOPO-
HY TIOBBIIIIEHUS, YTO CBUACTEJIHLCTBYET B OOTHOM CIIy-
yae o creurduiIeckoM OTBeTe UMMYHHOI CHUCTEMBbI
Ha nosijieHrue SARS-CoV-2, a Bo BTopoM — 0O pa3-
BUTUM CUCTEMHOTO BTOPUYHOTO MMMYHOICHUIINT-
HOT'O COCTOSTHMS YK€ Ha HadaJbHOM 3Talle B3auMO-
nerictBust SARS-CoV-2 ¢ UMMYHHOIT CUCTEMOIA.

AHanu3 pe3yJbraToB MoKaszaTesiell JIEMKOILUMTOB
KPOBM, OCHOBHBIX CYONONYJISLUI JIMM@OLUTOB Y

nanyeHToB COVID-19 ¢ pa3nuyHbIMU CTETIEHSIMU
TSDKECTH TeUeHUsI 3a00JIeBaHUSI B CPaBHEHWH C TPYII-
noii K, mpencrasiieH B Tadauiie 2.

IIpu cpaBHEHUM OOIIETO KOJIWICCTBA JICHKOIIM-
ToB rpymnbl K u rpymisl manueHToB | ¢ gerkoit cre-
TEHbIO TeUEHU S 3a00JIeBaHMsI, TlIe CPEAHME 3HAUCHUST
cocraBiasun 7,16+1,32 x 10°/n u 6,44+1,32 x 10°/n
COOTBETCTBEHHO, OTMEYAJIOCh JOCTOBEPHOE CHIIXKE-
Hue nokazaresist B rpynme I (p = 0,013). Takke no-
croBepHO 66T cHIKeH (p < 0,0001) mokasaTesb ab-
COJIFOTHOTO uucia JuMdOoLUTOB B rpyrrne I, cpenHee
3Ha4YE€HUE KOTOPOro paBHsioch 1,88%0,68 x 10°/1,
110 CpaBHEHMIO C JAaHHBIM MMOKa3aTeseM B rpytire K,
rae cpeaHee 3HadeHue 6610 2,79%0,59 x 10°/1. Jlo-
CTOBEPHBIX OTJIMYMI MEXAY CPEAHUMU 3HAYEHUSAMU
abCcoJIIOTHOrO KoJyimyecTBa HeiTtpodpunos u HIIU
mexay rpynnamu K u I BeisiBaeHo He 66110 (p = 0,089
u p = 0,076). I1pu cpaBHEeHUHM TMOKa3aTeseil cyoIo-
NyJASIUA, OTBEYAIOIMX 32 BPOXKIEHHBI KJT€TOYHBIN
uMMyHHBIH oTBeT — NK-kierok u T-NK-kjeTok,
OTMeYeHa TeHACHIIMS K UX YBEJIMYECHMIO B rpyte I,
OIHAKO MTOCTOBEPHBIX OTJIUYMI MOJy4eHO He ObLIO
(p = 0,882, p = 0,105 coorBeTcTBEeHHO). B rpymnre
I ormeuaniocs noctoBepHoe (p < 0,0001) cHUXXeHMe
abCoJIIOTHOTO KoJuyecTBa oO0luX T-1uM@OouuTOB
¢ pesyabratamu 1,29%£0,47 x 10°/1 B cpaBHEHMU
¢ rpynmnoii K, rae cpenHee 3HauyeHUE COCTaBIISIO
2,06+0,42 x 10°/n. JITHU B rpynre 1 66U 10CTOBEP-
Ho (p = 0,0007) BhIIe, yeMm B rpynne K, u cocras-
11 5,61£3,65 x 10°/nmu 3,55%+0,74 cOOTBETCTBEHHO.
IIpu cpaBHeHMM cpeaHUX 3HAYeHU T-XxenrnepoB ¢
denorunnom CD3*CD4" orMeyasioch JOCTOBEpPHOE
(p < 0,0001) 3HaYUTEILHOE CHUXXEHUE ITOTO TMoKa-
3atens B rpynmne 1 0,743%£0,291 x 10°/n1 B cpaBHEHUUN
¢ rpyrmoit K, riae konmmyectBo T-xenrepoB cocTas-
Js10 1,281£0,393 x 10°/11. Takske B ONBITHOM IPYIIIe
I ormeuanock noctoBepHoe (p = 0,01) cHIZKEHHUE KO-
smuyectBa T-LTJI ¢ penorunom CD3"CD8* go mo-
kazatenst 0,478+0,233 x 10°/71, Torma Kak B Ipyririe
K abcomotHoe konudectBo T-L[TJI ObTO paBHBIM
0,6984+0,22 x 10°/n. ¥ UPU B rpymnmnax cpaBHEHMUsI
JIOCTOBEPHOCTH He onpeaesieHa (p = 0,370).

AnHanu3 B-kjieToyHOro 3BeHa agalNTUBHON HM-
MYHHOI CHUCTEMBbl BBISIBUJ OTHOCHUTEJbHYIO TEH-
IEHIINI0O K CHMXKCHHIO KOJIMYEeCTBAa HAaWBHBIX
B-numdoruToB B onbiTHO rpyme | B cpaBHEHUU C
K, HO 6e3 nocToBepHbIX oTanunii (p = 0,246).

I1pu aHanmM3e TaHHBIX CYOIOITYISIIMOHOTO COCTa-
Ba JICMKOILIMTOB KPOBU OBLIO OTMEUYEHO, YTO B TPYII-
e MalreHToB | B cpaBHEHUM C TPYMITON MallMEHTOB
II 6b1a OTMeUeHa TeHAEHLMSI K HE3HAUYUTEIbHOMY
YBEJIMYEHUIO KOJINYECTBA HEUTPOMUIIOB 10 YPOBHS
4,5£3 x 10°/1. ABCOJIIOTHOE KOJMUYECTBO JUM(DPO-
LUTOB B rpyririe 0oiabHBIX Il mMesno mambHeHNIyio
TeHICHIUIO K CHUXKEHUIO B CPaBHEHUU C 3TUM I10-
KaszateseM B rpymre I go yposHs 1,54+0,69 x 10°/n.
Kaxk cinencrBue, BEISIBIICHA HaJbHEMIIAs TCHICHIINS
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TABJALA 2. MOKA3ATENU CYBMONYNALMOHHOrO COCTABA NEWKOLIMTOB KPOBM Y MALIMEHTOB C COVID-19
C PA3MNYHbIMW CTENEHAMM TAXECTU TEYEHWS 3ABONEBAHUA B CPABHEHWUU C KOHTPOJNIbHOW MPYMNNOW

TABLE 2. INDICATORS OF THE SUBPOPULATION COMPOSITION OF BLOOD LEUKOCYTES IN COVID-19 PATIENTS WITH

VARYING DEGREES OF SEVERITY OF DISEASE COMPARED WITH THE CONTROL GROUP

KoHTponbHas Ilerkas CpeaHss Tsikenasn
rpynna (K) cteneHb (l) cteneHb () | ctenexs (lll)
Control group Mild Moderate Severe degree
Ne Mokasartens, (C) degree (1) degree (Il) (1 LocTo-
n/n | pedepeHcHble 3Ha4YeHus n=17 n=15 n = 40 n=10 BEPHOCTD, P
No. Indicator, ]
n/a reference values CpeaHee 3HauYeHMe, CTaHAAPTHOe OTKNoHeHue (SD), Reliability, p
MUHUMYM—MaKCUMYM
The average value, standard deviation (SD),
minimum-maximum
Kon-Bo
nerkoumToB, x 10%/n =0.013
1 (4-9) 7,16+1,32 6,44+14,30 6,67+3,19 10,4616,51 P _ 0’712*
White blood cell (5,1-9,3) (3,9-17,7) (2,1-16,8) (4,8-25,8) P A Ao
o p =0,032
count, x 10%/L
(4-9)
Kon-Bo
HerTpodunoe, x 10%/n = 0.089
2 (1,8-7,7) 3,94+1,00 3,87+3,08 4,5+3,0 9,1246,28 P : 0’473*
Number of (2,18-5,83) (1,34-14,38) | (0,87-14,68) | (3,88-24,31) P PSS
. 9 p = 0,002
neutrophils, x 10%/L
(1.8-7.7)
Kon-Bo
numdouunTos, x 10%/n
3 (1,2-4,0) 2,79+0,59 1,88+0,68 1,54+0,69 0,883+0,333 P : 8(1)?3*1
Number of (1,19-3,46) (0,58-2,90) (0,43-3,28) (0,51-1,52) P PSP
9 p = 0,004
lymphocytes, x 10%/L
(1.2-4.0)
4 NeutrcI)-I;Ii/IIigng?(?égtze) index 1,47+0,53 2,49+2 24 3,98+4,93 10,6216,70 g : 8(1);2*
(1.76-3.92) (0,65-3,15) (0,46-8,32) (0,46-29,44) | (4,63-27,76) b <0.0001*
CD3-CD16/56* — UCTUHHbIE
HaTyparnbHble Kunnepbl
- 9 =
5 (NK((';‘:;T:;‘_';)%;;)O In 0,280+0,135 | 0,31740,215 | 0,181+0,113 | 0,088+0,071 g : 8’3%
CD3CD16/56" - true natural (0,079-0,539) | (0,035-0,783) | (0,031-0,590) | (0,024-0,242) b = 0.006"*
killers (NK cells), x 10%/L
(0.123-0.369)
CD3*CD16/56*
(T-kunnepbl) —
-NK- 9 -
o | T oorodes T | 00530034 | 01050122 | 005120031 | 0,038:0049 | PZ I
CD3°CD16/56* (T killers) — (0,013-0,121) | (0,022-0,507) | (0,006-0,144) | (0,010-0,178) b = 0,034
T-NK-cells, x 10°%/L
(0.07-0.165)
CD3* -
T-numcpouuTsbl, x 10%/n <0.0001
7 (0,946-2,079) 2,0610,42 1,2910,47 1,10+0,52 0,584+0,249 P _ 0’241*
CD3* — (0,905-2,541) | (0,458-1,914) | (0,284-2,487) | (0,324-1,065) P : 0’003**
T lymphocytes, x 10°/L p=5
(0.946-2.079)
NnTH (4-7) p = 0,0007
3,55+0,74 5,61+3,65 7,88+7,41 19,61+13,48
8 Leukocyte-T lymphocyte . 5 A~ A QO E R p = 0,345*
index (4-7) (2,5-5,7) (2,6-16,9) (2,2-45,3) (8,5-54,0) b < 0.0001**
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Tabnuua 2 (okoH4YaHue)
Table 2 (continued)

KoHTponbHasn INerkas CpenHsan Taxenas
rpynna (K) cteneHsb (l) cteneHb (ll) | ctenens (Ill)
Control group Mild Moderate Severe degree
Ne Mokasatens, (C) degree (1) degree (Il) (1 LocTo-
n/n | pedepeHCHbIe 3HaYEeHUs n=17 n=15 n =40 n=10 BOPHOCTL, P
No. Indicator, L
n/a reference values CpefZiHee 3HauYeHWe, CTaHAApTHOE OTKNoHeHue (SD), Reliability, p
MUHUMYM—MaKCUMYM
The average value, standard deviation (SD),
minimum-maximum
CD3*CD4* -
T-numdouuTbl (xennepbl/
9
9 "““(3(’)";‘;2{’1')5’3‘;)0 In 1,28140,393 | 0,743+0,291 | 0,654+0,368 | 0,330+0,187 S - 8’22?2
CD3°CD4* — T lymphocytes (0,530-1,976) | (0,296-1,302) | (0,073-1,638) | (0,095-0,642) b = 0,007
(helpers/inductors), x 10°/L
(0.576-1.336)
CD3*CD8*-T-numcounTbl
(T-UTH) x 10%/n -0.01
10 (0,372-0,974) 0,698+0,221 0,478+0,233 | 0,408+0,235 | 0,235+0,123 p _ 0'257*
CD3*CD8*— T lymphocytes | (0,312-1,359) | (0,099-0,900) | (0,058-0,965) | (0,094-0,485) p _ 0'025**
(T-CTL) x 109/L p=5
(0.372-0.974)
WPU CD3*CD4*/CD3*CD8*
1 Immuno(rja,:;lza;:gry index 1,92+0,58 1,77+0,75 1,87+1,03 1,97+1,10 E : 82;2*
CD3°CD4*/CD3-CD8" (0,62-2,81) (0,92-3,00) (0,26-4,84) (0,2-4,7) D = 0971
(1.5-2.1)
CD19* -
B-numdouutsl, x 10%/n = 0.246
12 (0,111-0,376) 0,261+0,116 | 0,213+0,117 | 0,179+0,143 | 0,144+0,113 p _ 0’219*
CD19* — (0,131-0,491) | (0,066-0,398) | (0,028-0,829) | (0,002-0,319) p _ 0’465**
B lymphocytes, x 10°/L p=5
(0.111-0.376)

MpumeyaHue. U-kputepunt MaHHa-YUTHM ANs BbisiBNEHUA [OCTOBEPHOCTU NoOKa3aTernen Mexay KOHTPONbHOW rpynnoun
U Nerkou cTeneHblo TAXECTU TeueHus 3aboneBaHus; * — U-kputepuit MaHHa—YUTHU ANs BbisIBNEeHUsS JOCTOBEPHOCTU
nokasarerniel Mexay nerkov U cpeaHeun CTeneHbIo TAXECTU TeYeHUs 3aboneBaHus; ** — U-kputepuin MaHHa—YuTHu ans
BbISIBNIEHUS] JIOCTOBEPHOCTM NoKa3aTerie Mexay cpeAHeln 1 TAXeNon cTeneHbo TAXKEeCTU Te4eHUs 3aborneBaHus.

Note. Mann-Whitney U test for identifying the reliability of indicators between the control group and the mild severity of the disease;
*, Mann-Whitney U test for identifying the reliability of indicators between mild and moderate severity of the disease; **, Mann-—
Whitney U test for identifying the reliability of indicators between moderate and severe severity of the disease.

K nosbitenno HJIW mo yposus 3,98+4,93 B rpy1i-
ne 11 B cpaBHeHMU ¢ rpy1noii I, mo Bceit BUAUMOCTH,
3a cyeT Oosice BBIPAXKEHHOTO MaaeHMs KOJIWYeCTBa
JIMM@OIIUTOB M OTHOCHUTEJIHbHO HEBBICOKOTO ITOBBI-
IIEHUST KOJMYeCTBa HEUTPOGUIOB. AHAIN3 KIETOK
BPOKICHHOW MMMYHHOI CHUCTEMBI ITOKa3bIBaeT I0-
croBepHoe (p = 0,014) cHmkenune NK-n1um@ouuTon
g0 ypoBHs 0,181%0,113 x 10°/1 B rpymiie co cpel-
Hell TsKecThlo 3a0ojieBaHus, npotunB 0,317+0,215
B rpymiie I u 0,28010,135 x 10°/a1 B rpynne K. bouia
OTMEUYEHa TEHICHIINS K BBIPAXKCHHOMY CHIKCHHIO
T-NK-knerok 0,51+0,031 x 10°/a1 B rpynne II, B
cpaBHeHUHU ¢ 3TUM nokasarejiem 0,1051+0,122 x 10°/n
B rpynre I. CpaBHUTeNbHBIN aHAJIM3 OCHOBHOM Cy0-
MOMYJISIIUN JTUM(POILIMTOB agalNTUBHON MMMYHHOM

cucteMbl — oOImmMX T-TUMGOUMTOB ¢ (HEeHOTUTIOM
CD3" mokazan MnpojoJiKamIlylocs TEHASHLUI0 K
CHMKCHMIO KOJMYECTBA 3TUX KJICTOK [0 YPOBHS
1,1+0,52 x 10°/71 B rpynmne 11 B cpaBHeHUU C TpyIi-
moit I — 1,2940,47 x 10°/71 Ge3 IOCTOBEPHOCTHU
(p =0,241). Cxoxast TeHASHIIUS B IUHAMUKE B TPYII-
ne II 6buta orMedyeHa no ypoBHIo JITU, kKoTopslii
MPOJIOJIKal yBEIMUYMBATBCS 10 YpoBHs 7,88+7,41
(p = 0,345), B cpaBHeHUHU ¢ rpynnoii I, xapakrepu-
3ysl HapacTaHHE MMMYHOIES(MUIIMTHOTO COCTOSTHUS
Yy MalMEeHTOB C 0oJjiee TsKeJbIM TedeHUEeM 3abo-
JIeBaHUSI. AHaJIOTMYHO OTMEUaeTCsl TCHICHIIMS K
CHIKEHMIO KOJIMYECTBa JIMM(MOILIMTOB adaliTUBHOM
MUMMYHHOI cucteMbl. Tak, KOJIUYECTBO CyOMNOITyJIsi-
uuii T-xennepos u T-LTJI npoao/kuio cCHUXKeHUe
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B rpynne Il B cpaBHeHuu c¢ rpymnmnoit I 1o ypoBHeit
0,654£0,368 x 10°/1mm 0,743%£0,291 x 10°/1 cooTBeT-
crBeHHO (p = 0,385up=0,257). UPU co 3HaueHNEM
B rpynne II 1,87+1,03 B cpaBHeHuu ¢ rpynmnoi [ —
1,77+0,75 Takxke He UMEJO JOCTOBEPHBIX OTIAUYUIA
(p =0,835).

ITo Mepe mnporpeccupoBaHUs TSKeCTH 3a00-
JIeBaHUSI OTMEYaeTCs TEHICHIMS 3aKOHOMEPHOIO
CHIDKCHMSI KOJIMYEeCTBAa HAMBHBIX B-mmMdboimTos.
Tak, B rpymnre | maHHBIA MoKa3aTteab CHU3UWJICS 10
ypoBHst 0,2134+0,177 x 10°/n, a B rpynne Il — 1o
0,179£0,143 x 10°/1. OgHaKO HTOCTOBEPHBIX OTJIM-
ynii He moydeHo (p = 0,219).

JlocTOBEpHO BBICOKMMM B Ipyrire rnauueHTon 111
o cpaBHeHMIO ¢ rpyIoi 11 ObuIn Takue rmokasare-
JIM, KaK o0lllee KOJIUYECTBO JICMKOILIMTOB (CpeaHue
3HaueHus 10,46+6,51 x 10°/n u 6,67£3,19 x 10°/n
cootBeTcTBeHHO, p = 0,032), abcoJitoTHOe KO-
JIMYEeCTBO  HeWTpoduiaoB (cpegHUe  3HAUCHUS
9,124+6,28 x 10°/a B rpynne 111 u 4,5+3,0 x 10°/1 B
rpymie 11 (p = 0,002), JTU (19,61£13,48 B rpymiie
1T u 7,88+7,41 B rpynmne II (p < 0,0001), oTrpaxka-
[OIMEe Pa3BUTHE BOCTIAJIMUTEIILHOTO KOMITOHEHTa,
BO3MOXHO, 3a CUET NPUCOCAWHEHUS BTOPUYHON
WHQEKIINY U OTBeTa MMMYHHOI CHCTEMBI B BHIEC
pPa3BUTHUS BBIPAXKEHHOTO BTOPUYHOTO UMMYHO (D1~
LIUTHOTO COCTOSIHMSI. B rpyrire ¢ TSoKeaIbIM TeUeHUeM
oTMeydaeTcs ganbHeliee nocroBepHoe (p < 0,0001)
yeyry6aenne HJIU no snavenust 10,62+6,7, B cpaB-
HEeHUU C 3TUM nokaszatesjieM B rpynme II — 3,98+4,93
3a CYeT MOBBIIICHUSI KOJINYCCTBA HEUTPOGHUIOB M
TMPOIOIKAIOIICTOCS 00JIee BEIPAXKEHHOTO CHUKCHUSI
abcomoTHOrO KoauvecTBa JuM@oOuuToB. Tak, mo-
CTOBEpPHO CHIMXXEeHHBbIM B rpyrmne 111 mo cpaBHeHUIO €
rpynmnoii I 6pu10 abCoMIOTHOE KOTUYECTBO JUMGpO-
IIUTOB, TJIe CpelHee 3HAUeHNE DTOTO TTOKAa3aTeIsl CO-
crasisuio 0,883+0,333 x 10°/1 u 1,54+0,69 x 10°/n
cootBeTcTBeHHO (p < 0,0001). OtmeyaeTcst no-
CTOBEPHOE CHIKeHHME JIUMQOIIMTOB BPOXIEH-
HOt MMMyHHOU cuctemMbl: NK-kjeToK a0 ypoB-
Hs1 0,0884+0,071 x 10°/n B rpynmne Il B cpaBHeHUU
¢ rpymmoi II 0,181%£0,113 x 10°/n1 (p = 0,006),
T-NK-knerok nmo ypoBHst 0,039+0,049 x 10°/n1 B
rpymnre NaiyreHTOB C TSXKEJIbIM TeUYeHUEM 3a0o0JjieBa-
HUSI B CpaBHEHHMU C 3TMM ITOKa3aTejieM B rpytme 11
0,051£0,031 x 10°/1 (p = 0,034). U3MeHeHUSs Kiie-
TOYHOTO 3B€HA aJalNTUBHOW MMMYHHOI CHCTEMBI B
BUJIE BBIPAXKEHHOTO CHMXKEHMSI OOIIEro KOoJanJecTBa
T-numdoruroB mo ypoBHs 0,584+0,2493 x 10°/n
obL10 noctoBepHo (p = 0,003) B rpynme III B cpaB-
HeHuu c rpynmnoi II, roe »TOT mokasarenb cocTa-
B 1,1£0,52 x 10°/1. AnHajmorudyHasl TeHACHLIUS
¢ moctoBepHbIM (p = 0,007) 3HAUYeHMEM XapaKTe-
pu3oBaia cyomomyisiuio T-TuM@OIIUTOB XeJre-
poB ¢ ¢deHorunnom CD3*CD4" B rpynne III, rme
nmokazaTeJb 3TOW CYOMOITYJISIIIUM COCTaBWJI BCe-
ro nuimb 0,33%£0,187 x 10°/11, yro B 2 pa3a MeHb-

me, yem B rpynmne II, rme ero 3HadyeHue ObLIO
paBHbiM  0,654%£0,368 x 10°/1. [ocTOoBepHbIE OT-
mmunsa (p = 0,025) ObUIM BBISIBJICHBI NPU HCCIIC-
noBanuu T-LTJI denorunom CD3*CDS8*, konu-
yecTBO KoTopbix B rpynmne III cocraBisiio Bcero
0,235£0,123 x 10°/51,9TO 3HAYUTETHLHO MEHBILIE HUXK -
Hero pedepeHCHOTo 3HaUYeHUsI. Tak, B CPaBHEHUH C
oTUM nokasatesieM B rpymmne 11 0,408+0,235 x 10°/n
co 3HayeHuem 0,408+0,235 x 10°/1. UPU B rpynie
111, paBHbIit 1,97+1,10, B cpaBHeHUM ¢ rpymmnoit 11 —
1,87+1,03, uMen aUllb TEHASCHLMIO K He3HAYUTEIIb-
HOMY pOCTYy B paMKax pedepeHCHOTO WHTepBasia
(p=0,971).

WccnemoBanne CyOITOMyJISIIMOHHOTO COCTaBa
JICMKOILIMTOB KPOBU U KJICTOYHOT'O 3B€HA UMMYHUTE-
Ta y narieHToB COVID-19 6e3 LI u ¢ LI mo3Bo-
JIMJIO MPOaHAJIU3UPOBaTh U pa300paThCsl B MEXaHU3-
Max Je3peryJISIINU B KJICTOYHOM 3BEHE MMMYHHOM
cucTteMsl (Tadd. 3).

KonmuuecTtBo JIEKOLIMTOB B TpyIlle MHaludcH-
ToB ¢ LI 6pUT0 moctoBepHo (p = 0,001) BeIIE,
yeM B rpynne mnauueHToB 06e3 LI, u cocraBu-
gdo 11,58%£3,28 x 10°/1 u  6,76£3,9 x 10°/1  co-
OTBETCTBEHHO. bBBUIO OTMEUYeHO 3HAYMTEIIHFHOE
moctoBepHoe (p < 0,0001) yBenmdyeHUE abOCOIIOT-
HOTO KOJIMYeCTBa HEUTPOGWIOB B TPYIIIIe IallieH-
toB ¢ LI no yposust 10,09+3,2 x 10°/51, nmpoTus
4,55+3,79 x 10°/n B rpynme GombHbeix COVID-19,
Ho 0e3 [IIII. A6costoTHOe 3HaUYeHUEe JIMMQPOLIMTOB
umesio nocroBepHoe (p = 0,03) cHuxeHuMe >TOTO
nokazateiass g0 ypoBHs 0,953£0,427 x 10°/1, 4to
MEHbIIIe HUXKHEro pedepeHCHOro ypoBHS B IpymIie
6oabHbIX ¢ LI, B cpaBHEHUM € 3TUM Xe MoKa3aTe-
gem 1,57%0,7 x 10°/n B rpynne nauueHToB 6e3 LTI
OTtMeuaeTtcst TpexkpaTHoe noctoBepHoe (p = 0,001)
yBenmuenune HJIU no yposus 13,08+8,64 y GOIbHBIX
¢ LI B cpaBHEHUU C 3TUM UHAEKCOM Y TTAaLIMEHTOB
6e3 LI, roe cpenHee 3HayeHME DTOro IokKasaTesst
cocTaBisiiio Bcero 3,8+4,2, HaXoasICh B Mpeaenaax pe-
depeHcHOro MHTEpBaJa.

AHann3 cyOoTOIyISIIIMOHHOTO COoCcTaBa abCOJIOT-
HOTO KOJIWYeCTBa JMMQOIINTOB, IIPEICTABISIONINX
KJIETOYHOE 3BE€HO BPOXIEHHOM MMMYHHOM CHUCTE-
Mbl — NK-aumdpouuTsl, mMnokasaa JOCTOBEpHOE
(p = 0,008) nByKpaTHOE CHMXXEHME KOJIMNYECTBa 3TOM
CYOIIOITYJISILIMY OT HUKHETO peepeHCHOTO YPOBHS Y
nauuenToB ¢ LI u cocraBur 0,076£0,554 x 10°/1,
B cpaBHeHuu ¢ KoamdectBoM NK-a1uMdounTsr
B rpymre nauueHToB 06e3 LI co 3HaueHueMm
0,210,156 x 10°/n. AHaJIOTUYHYIO JOCTOBEPHYIO
(p = 0,001) nuHamMuKy ToOKazajaa CyOHOMYJISILIUS
abcomotHoro kosnuuyectBa T-NK-kjertok, rme y
nanueHToB ¢ LI ypoBeHb 3TMX KJIETOK yITaJ OO
0,017£0,007 x 10°/1, npotus 0,066+0,071 x 10°/1 B
rpyririe nauueHToB 6e3 LI1II.

HMcciiemoBanue KJIIETOYHOTO 3BeHa  aJallTHB-
HOM MMMYHHOW CHUCTEMBI I10Ka3ajlo JIOCTOBEP-
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TABJALIA 3. MOKA3ATENU CYBMONYNALMOHHOrO COCTABA NEMKOLIMTOB KPOBM Y MALIMEHTOB C COVID-19
BE3 U C LUTOKMHOBBIM LUTOPMOM

TABLE 3. INDICATORS OF THE SUBPOPULATION COMPOSITION OF BLOOD LEUKOCYTES IN COVID-19 PATIENTS
WITHOUT AND WITH CYTOKINE STORM

CpeanHee 3Ha4yeHue, cTaHAapTHOE
OoTKInoHeHue (SD),
MWHUMYM—MaKCUMYM
Ne Moka3sarenb, Average value, standard deviation
n/n pedepeHCHbIe 3HaUeHMns (SD), minimum-maximum Rocrosepuocte,
No. Indicator, BonbHble BonbHbie Reliatr:ility b
n/a reference values 6e3 LW c L ’
Patients without Patients
CS with CS
(n =55) (n=10)
1 Kon-Bo nenkouuToB, x 10°/n (4-9) 6,76+3,90 11,58+3,28 b = 0,001
White blood cell count, x 10%/L (4-9) (2,1-25,8) (8,0-15,7) ’
2 Kon-Bo HenTpodwmnosg, x 10%n (1,8-7,7) 4,55+3,79 10,09+3,20 b < 0,0001
Number of neutrophils, x 10%/L (1.8-7.7) (0,87-24,31) (6,61-14,03) ’
3 Kon-Bo numdrouuToB, x 10°/n (1,2-4,0) 1,57+0,70 0,953+0,427 0 =003
Number of lymphocytes, x 10%/L (1.2-4.0) (0,49-3,28) (0,43-1,52) ’
4 HIA (1,76-3,92) 3,8+4,2 13,08+8,64 b = 0,001
Neutrophilic leukocyte index (1.76-3.92) (0,46-27,76) (6,61-14,03) ’
CD3-:CD16/56* — uCTUHHbIe HaTyparnbHble
kunnepbl (NK-knetkm), x 10°/n 0,210£0,156 0,076£0,554 )
> (0.123-0,369) (0,024-0783) | (0,034-0,178) p=0,008
CD3-CD16/56" — true natural killers ’ ’ ’ ’
(NK cells), x 10%/L (0.123-0.369)
CD3*CD16/56* (T-kunnepbl) —
T-NK-kneTku, x 10°/n
6 (0,070-0,165) 0,066+0,071 0,017+0,007 b = 0,001
CD3*CD16/56" (T killers) — (0,006-0,507) (0,006-0,027) ’
T-NK-cells, x 10%/L
(0.070-0.165)
CD3* — T-numdounTsbl, x 10°/n
- (0,946-2,079) 1,110£0,524 0,647+0,304 b =003
CD3*— T lymphocytes, x 10°/L (0,284-2,487) (0,294-1,065) ’
(0.946-2.079)
8 TN (4-7) 7,830+7,523 22,31+13,33 b < 0,0001
Leukocyte-T lymphocyte index (4-7) (2,16-53,97) (8,45-45,29) ’
CD3*CD4* — T-nuMmcounTbI
(xennepbl/MHAYKTOPLI), x 10%/N
9 (0,576-1,336) 0,651+0,351 0,365+0,240 b = 0,048
CD3*CD4* — T lymphocytes (0,073-1,638) (0,095-0,642) ’
(helpers/inductors), x 10%/L
(0.576-1.336)
CD3*CD8*-T-numdouutb! (T-LITH) x 10%/n
10 (0,372-0,974) 0,411+0,234 0,262+0,146 b=0.128
CD3*CD8*— T lymphocytes (T-CTL) x 10%/L (0,058-0,965) (0,094-0,485) ’
(0.372-0.974)
y nPU C|:D3 CD4*/CD3 CD_8 (1,5-2,1) 1,830,094 1,630,77 )
mmunoregulatory index (0.26-4,84) (0.20-2,36) p=0,974
CD3*CD4+/CD3*CD8"(1.5-2.1) ’ ’ ’ ’
CD19* — B-numdouuTbl, x 10%/n
12 (0,111-0,376) 0,184+0,135 0,158+0,114 b = 0,851
CD19* — B lymphocytes, x 10%/L (0,026-0,829) (0,002-0,319) ’
(0.111-0.376)
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Hoe (p 0,03) cHukeHue OOllIero KoJiMuyecTBa
T-numdoruroB no ypoBHst 0,647%+0,304 x 10°/n
B rpynne namnueHToB c¢ LI, uyro 6vuto Ha 90%
MeHbIlIe 3TOTO MoKa3aTejs B Ipynre OOJIbHBIX 0e3
LI, roe xoauyectBO T-IUM@OLMTOB COCTABJISIIO
1,11£0,524 x 10°/1 1 HaXOAMUJIOCh HA HIKHEN rpa-
Hule pedepeHcHoro ypoBHs. OueHka JITHU moka-
3ajla 3HauuTenbHOEe moctoBepHOe (p < 0,0001) yBe-
JIMYEHME 3TOro IokKasaTesisl B IpyIle MaldeHTOB C
LI n cocraBasna 22,31+13,33 npotus 7,83+7,523
y nauueHToB 6e3 LIIL. Ananu3 T-xenrnepHoii mormy-
asauuu ¢ deHotunom CD3*CD4* B rpynmne namyeH-
ToB ¢ LI BeIstBIT mocToBepHOe (p = 0,048) cHIKe-
HIHE KOJIMYeCTBa 3TOT0 THUITA TUMQOIINTOB 10 YPOBHS
0,365+0,24 x 10°/n nmporus 0,651£0,351 x 10°/n y
nanyeHToB 0e3 L. Takke Obl1a BbIIBIEHA TEH-
JNeHIUS K 3HauuTesbHOMY cHYkeHuto T-L[TJI y ma-
muenToB ¢ LI go yposHs 0,262+0,146 x 10°/1, yTo
OBIJIO 3HAYMTEJIPHO HIDKE, YeM B TpyIIe IallneH-
TOB ¢ COVID-19, Ho 6e3 LI, rae aTOT NMoka3aTelb
ObL1 Ha HUXHEM pedepeHCHOM YpPOBHE U COCTaB-
s 0,411+0,234 x 10°/51. CHukeHue JIMMQPOIIUTOB
B T-xenmepHOM 3BeHE ObLIO OoJjiee BBIPAXKEHHBIM,
YeM y CYOMOITyISIMU JTUMQOIIMTOB, MPeACTaBICH-
Hbix T-LTJI. 3nauenne MPW B rpynme ¢ I nmeno
TEHIEHLIMIO K CHIKeHUIo 10 1,63+0,77 B cpaBHEeHUM
¢ rpynnoit 6e3 LI 1,83+0,94, HO HOCTOBEPHOCTHIO
He oTyimyanoch (p = 0,974).

Ilpu anamuze B-kjgeToyHoro 3BeHa JUMQOLIM-
TOB BBISIBJICHA TCHACHUMUS K CHMKCHHMIO KOJIMYEe-
CTBa 3TOoi cybomnomynsuuu y mnauueHtoB ¢ LI mo
0,1584+0,114 x 10°/1 B cpaBHEHUU € TPYMITON GOJIb-
HbIXx COVID-19 6e3 LI, roe 3TOoT moka3aTeib ObLT
paseH 0,184%0,135 x 10°/51, HO CTATUCTUYECKOM J10-
CTOBepHOCTH He moaydeHo (p = 0,851).

Takum o6pa3oM, U3BMEHEHMST B KJIETOYHOM 3BEHE
BPOXIIEHHOW W aIaliTUBHOU UMMYHHOI CUCTEMBI B
rpynmne cpaBHeHUs1 60jbHbIX COVID-19 6e3 LI u
¢ LI 6putn nHPOPMATUBHBIMU U XapaKTepU30Ba-
JIUCh BbIpaXK€HHBIMUA U3MEHEHUSIMU B BUIE CHUXKE-
HUsI abCOJIIOTHOIO KoJjimdecTBa JumdouuToB, NK-
kietok u T-NK-knerok obmux T-nmumdbonuTo u
ux T-xenmepHoit monyasiuuu, a HJIIU u JITHU, Ha-
TNPOTUB, TIOBBIIIICHUEM.

ObcyxaeHve

B Haiiem mcciaemoBaHuu B rpyIine 3 B KIMHUYE-
CKOM aHajM3e KpoBU oOpalliaeT Ha ce0si BHUMaHUe
TO, UTO CpelHee 3HAUCHUE OOIIero YMucia JCUKOII-
TOB HE OTJIMYAETCSI OT TAKOBOTO Tpyniibl K 1 He BbI-
XOOUT 3a paMKH pedepeHCHOr0 MHTepBaJia, OTHAKO
C pa3BUTHEM KIIMHUYECKU TSDKEJIOTO TeUeHUST 3a00-
JIEBaHUS JOCTOBEPHO MPOSIBIISIETCS JICUKOIIUTO30M B
rpyrnre cpaBHeHnus 11 u 111 (p = 0,032) u B rpynmnax
6e3 LI u ¢ LI (p = 0,001).

AHajoruyHasi KapThHa HaOJloIaeTcsd B OTHO-
LIIEHUU KoJau4decTBa HeilTtpodunos. B rpymnme 3 u

K manHBIN TTOKa3aTesib HE UMEET JOCTOBEPHBIX OT-
JWYUA, HO OTMEYAETCS NOCTOBEPHO BbIPAKCHHBINA
HewiTpoduies B rpyrre 111 mo cpaBHeHUIO C rpyIIIoi
II (p = 0,002) u B rpynne 6e3 LI mo cpaBHeHUIO C
rpynmoii ¢ LI (p < 0,0001).

B rpymmax cpaBaenust 3/K, II/I11 u 6e3 LI /c
LI onpenesnisieTcs AOCTOBEPHOE TTOBBILLIEHUE TTOKA-
3aresist HIIW y naumeHToB ¢ iuarHo3oM «COVID-19»,
C TSDKEJIBIM TeUeHHEeM 3a00JIeBaHUS U Y TTAlIUEHTOB C
LI (p < 0,0001, p < 0,0001 u p = 0,001 coorBer-
CTBEHHO). BbIsIBJIeHHBIE Ha paHHUX dTarax rocruTa-
JIU3allM U3MEHEHMSI B BUIIE JICHKOIIUTO3a, HEUTPO-
dunesa, ysenuueHuss HIIM moryt omnpenensitb Xon
pa3BUTUSI OOJIE3HU U SBJISITHCS JTOTOTHUTEIbHBIMU
MPOTHOCTUICCKUMU (aKTOpaMM TsKeJIoi (pOpMBI
COVID-19, 4To 1 oTMeYaJIoCh y psia UCCIeaoBaTe-
nei [14, 18].

IMpoBeneHHoe HamMu HCCIEAOBaHUE TMOKa3ajo,
4TO peTHCTpupyeMasi aOCOMIOTHAasT JIMMMOIICHUS
ObL1a ctatuctTuyecku 3HauuMoit p < 0,0001 y rpymrist
3 B cpaBHeHMU ¢ rpyrnoi K, u abcoitoTHOe KoJinve-
CTBO JIMM(POIUTOB TOCTOBEPHO CHIKAJIOCH B 3aBU-
CHUMOCTH OT CTEIIEHU TSDKECTH 3a00JIeBaHUS B TPYII-
nax cpaBHeHuss Ku I p <0,0001, ITu Il p = 0,004 u
B rpynnax 6e3 LI u ¢ LI p = 0,03.

Cpenn cyornionysisiuuii amM@ouuToB B Tiepude-
PUYECKOI KPOBU OTMEYAeTCsl JOCTOBEPHOE CHMXKE-
HUE CPeIHEro 3HaYeHMsT aOCOJIOTHOTO CONEPKaAHUS
T-xnerok CD3*y 3 o cpaBHenuio ¢ K (p < 0,0001),
W Jajgee IO Mepe IPOrpecCUpOBaHUST KIMHUYE-
CKUX TIpOsIBJIEHM 3a00eBaHus: B rpymmax [ u 11 —
p <0,0001, IT u IIT — p = 0,003 u B rpymme 6e3 LI
u ¢ U — p = 0,03. Cpenu T-kJIeTOK, 3KCHpec-
cupytromnx CD3*, npeacrasiieHbl T-1uM@OLUTHI
CD3*CD4*, CD3*CD8", cHmXeHrue KOTOPBIX MO-
JKET OBITh OIMPEACISIONIMM B IaToreHe3e 3aboJjieBa-
HUSI 1 00YCJIOBJIEHO KaK MPSMBIM JIeCTBUEM BHUpYyca
SARS-CoV-2 [11, 35] u uHAyK1LIMEi BHYTPUKIETOU-
Horo arornito3a [12, 13], Tak u HapyluieHueM mud-
depeHurpoBku T-kieTtok [24] B 3aBUCUMOCTU OT
CTelneHu TsKecTu 3abojeBanud [15, 16, 19, 20], yto
HOATBEPXKOACTCSI B HaIleM HcciaegoBaHuM. JlocTo-
BepHoe cHmXeHue CD3*CD4*, CD3*CD8" ompe-
JIeJISIOCh HE TOJIBKO B TpyIirne 3 IO CpaBHEHUIO C
rpynnoii K (p < 0,0001), HO u Tipu cpaBHEHUHU TTO-
kazarens CD3"CD4" ipu nepexonae ot rpynnbl K k
rpyrre I (p < 0,0001) u ot rpynnsl 11 k rpynme 111
(p = 0,007): CD3*CD8" coorBercTBeHHO (p = 0,01
u p = 0,025). B rpymre cpaBHeHUS TTallMEHTOB Oe3
LI v ¢ LI nocToBepHast pa3Hulia ITOJy4yeHa TOJIb-
Ko aJist mokazaresass CD37CD4* (p = 0,048). MHorue
aBTOPBI XapakTepHbIM mpuzHakoM COVID-19 cuu-
TalOT CHIDKCHIE MMEHHO aOCOJIIOTHOTO COMePKaHUS
CD3*CD4" T-kJieToK, u3MeHeHle WX BHYTpEHHe
cyononyassuuoHHou cTpykTypsl [30, 31], uto Takke
TMPOCJIEXNBACTCS Y HAIIEU TPYITITBI UCCIIETYeMBbIX.
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bbuta BBRIIBMHYTA THUIIOTE3a aBTOPAMM CTaThbU,
910 SARS-C0V-2 BBI3BIBACT CHIDKCHIE KOJIMICCTBA
uupkyaupywmmux NK-kJIeTok 3a cueT yrHeTeHus
ux 3 dOEKTOPHBIX DYHKIMI, THULMHAPYET Mepepac-
npeaesieHne 3TUX JIMM@OIUTOB U3 ITepuepuIeCcKoit
KpOBHU B Jierkue [23, 32], rae Bo BpeMsi ocTpoii a3kl
OHHU TIOTEHIIMAJILHO MOTYT CIIOCOOCTBOBAThH YCHIIC-
HUIO TIOBPEXICHUS JISTOUYHON TKAHU U TUOCIN 311~
TenuajbHbIX KJeTokK [33], ycyryoussisi xon 3aboJieBa-
Hus [15, 29].

B Hatrem mcciiefoBaHUM BBISIBJICHO TOCTOBEPHOE
CHMXKEHME CPEHEro 3HaYeHUSI aOCOJIIOTHOTO COAeP-
xkaHust NK-kierok y manueHTtoB ¢ COVID-19 or-
HocutesnbHo rpynmbl K (p = 0,015). B 3aBucumoctu
OT CTaguy TEYCHMs 3a00JIeBaHUS y HAIEW TPYIIIThI
HMCCIIeAYEMBIX TTPOIOJIKAET CHIKATHCS aO0COTIOTHOS
KommuectBO NK-KJIETOK ¢ coxpaHeHHMEeM HOCTOBEp-
HOM pa3Hubl Mexny rpyrmnamvu I u II — p = 0,014,
II m IIT — p = 0,006 u B rpynme 6e3 LI n ¢ LI —
p = 0,008. CHuxeHue koauuectBa NK-kieTok B
OUPKYJUPYIOMIEH KPOBM MOXKET paccMaTPUBAThCS
KakK 3HAaYMMBbIN J1TaOOpaTOPHBII TTapaMeTp JJIsI OIlpe-
JIeJICHUSI TSUCHMSI U UCXo1a 3a00JIeBaHUSI.

B HaieM vccienoBaHUM OMpPeAeieHbl CTATUCTH -
yecku 3HauuMBbIe (p = 0,006) n3MeHeHUs TTOKa3aTe-
JIEHl CpeaHETo 3HAYCHUsI aOCOIIOTHOTO COMCpPKaHUS
3pesibIX HauBHBIX B-aumdornuroB CD19* y manu-
eHToB ¢ COVID-19 mipu cpaBHeHNU ¢ rpymmioi K,
HO ITOKa3aTejb He BBIXOAWJI 3a Mpeaesbl pedepeHc-
Horo umHrtepBaja u cocraBui 0,181+0,133 x 10°/1.
JaapHENIINX TOCTOBEPHBIX OTIWIWI TIPU IPOrpec-
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JIIOTHOTO cofiepXaHusi B-1uMbOUUTOB y MallMEHTOB
¢ COVID-19.

3aknoyeHne

M3MeHeHNsT KOJIMYECTBEHHBIX M (DYHKIIMOHAb-
HBIX ITOKazaTejieil KJIeTOUHOTO WMMMYHHMTETa IIpu
nHpuuupoBanuu SARS-CoV-2 onpenensiiorcs uc-
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¢OpMaTUBHOCTHIO MOTYT MCIOJIb30BAThCS MPH MPO-
THO3MPOBAaHUU PUCKOB 3a0oneBaHust. OnpeneaeHue
HanboJiee HOCTOBEPHBIX MOKa3aTelieil KJIECTOYHOIO
3BeHa UMMyHUTeTa, Takux kak CD3", CD37"CD4",
CD3*CD8*, CD3CD16*CD56" — numdoLuTOB,
JIIOTIOJTHUTEIBHO K KIIMHWUYECKOMY aHaJIu3y KPOBU
MOKET JaTh OLIEHKY OCOOCHHOCTSIM MMMYHHOTO pe-
arupoBaHUs OpraHu3Ma Ha uHguimpoanue SARS-
CoV-2, moMoub CITPOrHO3UPOBATh TSXKECThb TEUESHUS
3a00JIeBaHUS, a TAKKE MPUHSTH PEIICHUE IJTST U3Me-
HEHMS TaKTUKHU JICUCHUS TP HEOOXOTMMOCTH.
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CYBbEAVUHUYHAS BAKUMHA «QENBTA-BAK» UHAYLUPYET
CWJ1bHbIA TYMOPAJIbHbIA UMMYHHbIN OTBET NPOTUB

SARS-CoV-2

HecmesnoBa B.C., MepryaseBa FO.A,, McaeBa A.A,, Boakosa H.B.,
Benennkasa C.B., boprosakosa M.B., Boirocankosa E.A., Ecuna T.J1,,
HNaamaenko E.JI., 3aiikoBckasa A.B., Oapkun C.E, IIbankos O.B.,
Nabuaer AA, lllep6akor JI.H.

DBEYH «locyoapcmeennblii Hayuhbli ueHmp supyconoeuu u ouomexnonozuu “Bexmop”» Pocnompebnadsopa,
p. n. Koavuoso, Hoeocubupckas ooa., Poccus

Pesome. [Targemust COVID-19 ckoHIIeHTpHpoBajia BHUMaHUE MCCIeaoBaTelIeit BCero Mupa Ha 0oproe ¢
aToit mHpekmeii. Baxxneitmmm nmoaxogom rpotuBoaeiictBust COVID-19 crana pa3padoTka nmpoduiakTH-
YeCKMX BaKIIMH Ha ocHOBe psiaa ruiatgopm, Bkiaodast JIHK- u1 PHK-BakiimHbl, BEKTOpHBIE U CyObeAMHNY -
HBIe BaKIMHBL. OOHOU M3 TaKuUX IUIaTGOpPM CTadud CyObeTUHUIHBIC BAaKIIMHBI, KOTOPHIC MTPUBIICKATCIILHBI
B TIEPBYIO o4epelb M3-3a HEMPEB30MIeHHOro podmist ux 0e3ormacHocT. OgHAaKO 0e30ITaCHOCTh TaHHBIX
BaKIIMH YacTO COIIPSDKEHA C HEBBICOKOM 3((MEeKTUBHOCTHIO, ITO3TOMY 3a9acTyl0 HEOOXOIMMO ITPUMEHSITH
abIOBAHTHI, a TAaKKe MCITOJIb30BaTh 00Jiee CIIOXKHBIE CXeMbl UMMYHM3allMU. B TO ke BpeMsT BaKHBIM J1O-
CTOMHCTBOM CYOBETMHUYHBIX BAKIIUH SIBJISIETCSI MACIITAOMPYEMOCTb M OTHOCUTETbHAS IIPOCTOTA MTPOU3BO/I-
CTBa, TaK KaK B MPOIlecce MTPOU3BOICTBA HET HEOOXOMMMOCTH PabOTaTh C KUBBIM BUPYCOM WMJIM BUPYCHBIMU
BeKkTopaMu. Lleabto paboThl ObLIa pa3dpadoTKa KaHAUAATHONM BaKIIMHbBI HA OCHOBE PEKOMOWHAHTHOTO pelier-
Top-cBsi3bIBatoiero nomeHa (RBD) cmaiikoBoro S-6enka SARS-CoV-2 BapuanTa Delta (B.1.617.2). B uc-
CJIEIOBAHUN TIPUMEHSIJINCh UMMYHOJIOTMYECKIE METOIBI, METOIbI TEHHON MHXCHEPUU M OMOTEXHOJIOTUH.
B xone pabotsl Ha ocHOBe KieTok miuekonuTaommux CHO-KI1 pa3paboTtaH mpoaylieHT peKOMOMHAHTHOIO
RBD. /15 monyyeHus: 6ejika, OTBeUalolero TpeboBaHUSIM UHBEKIIMOHHbBIX MTpenapaToB, Oblaa pa3padoTa-
Ha cxeMa Xxpomarorpaduyeckoil OUMcTKU, BKIoYalas adhdUHHYI0O 1 MIOHOOOMEHHYIO XpoMaTorpaduu.
IIpemwioxeH BapuaHT CyObeIMHUYHON BaKIIMHBI «/lefbra-Bak» Ha OCHOBE MOJy4eHHOTO PEKOMOMHAHTHO-
ro 6enka. MMMyHOreHHOCTh KaHAMIATHOW BaKLMHbBI «[enbra-Bak» olleHMBaaIn Ha MOIEIH JJaboOpaTOPHBIX
mblieii BALB/c. [IpoBoauin AByKpaTHYI0 MMMYHHU3ALMIO XKMBOTHBIX H0301 50 MKr RBD B KomIuiekce ¢
Al(OH); ¢ nByxHenenbHbIM UHTepBasioM. [loka3aHa CrIOCOOHOCTh KaHAMAATHOUW BaKIIMHbI WHAYLIMPOBATh
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BBIPabOTKY crietimpuieckux IgG n HelTpau3yommux aHTUTeN y Mbieit imaun BALB/c. Cnenuduaeckue
TUTPBI aHTUTE]T UMMYHU3UPOBAHHBIX KUBOTHBIX Jiexkaau B auanazoHe ot 1/10° mo 1/10°. TIpu 3ToM ChIBO-
POTKU KpPOBU O0JIamaid HEeWTpaau3yrolleii akTUBHOCThIO B oTHoleHun SARS-CoV-2 (BapuaHnT B.1.617.2
(Delta)) ¢ Tutpom mo 1/2000. PazpaboranHas BaknuHa «/lenpra-Bak» oGiagaeT BEICOKOM MMMYHOTCHHO-
CThIO U UHAYIIUPYET BBIPAOOTKY HEUTPATU3YIOLIMX aHTUTEJ IMIPOTUB TOMOJOTMYHOro BapuaHTta Delta u re-
TeposornyHbix BapuaHToB Wuhan u Omicron SARS-CoV-2. Takum obpazom, «Jlenbra-Bak» MOXeT BBICTY-
naTh B KAUeCTBE KAHIUAATHOU BaKIIMHbBI U CIYXKUThb IMMPOTOTUIIOM U151 pa3pabOTKU CYObEAMHUYHBIX BaKIIUH
npotus COVID-19.

Knroueswie cnosa: cybsedunuunsvie axyunst, SARS-CoV-2, RBD, S-6e10k, uMMyHO2eHHOCIb, HeUMPAAU3YIOUUe AHMUmena

“DELTA-VAC” SUBUNIT VACCINE INDUCES STRONG
HUMORAL IMMUNE RESPONSE AGAINST SARS-CoV-2

Nesmeyanova V.S, Merkulyeva Yu.A, Isaeva A.A., Volkova N.V,,
Belenkaya S.V., Borgoyakova M.B,, Volosnikova E.A,, Esina T.L,
Danilenko E.D., Zaikovskaya A.V., Olkin S.E. Pyankov 0.V,
Ilichev A.A., Shcherbakov D.N.

State Research Center of Virology and Biotechnology “Vector”, Koltsovo, Novosibirsk Region, Russian Federation

Abstract. The COVID-19 pandemic has focused the worldwide attention on the fight against this infection.
Development of preventive vaccines based on different platforms, including DNA and RNA vaccines, genetic
vectors and subunit vaccines A has been the key approach to combating COVID-19. The subunit vaccines were
among these platforms, primarily, due to their unique safety profile. However, the safety of these vaccines is
often associated with low efficiency. Hence, their application often requires usage of immune adjuvants, along
with more complex immunization regimens. Meanwhile, an important advantage of subunit vaccines is their
scalability and relative ease of production, since there is no need to work with live virus or viral vectors during
the production process. The purpose of our work was to develop a candidate vaccine based on the recombinant
receptor-binding domain (RBD) of the SARS-CoV-2 spike S-protein from the Delta variant (B.1.617.2). The
study used immunological techniques employing methods of genetic engineering and biotechnology. In the
course of this work, we have developed a producer of recombinant RBD based on the CHO-K1 mammalian
cells. To obtain a protein meeting the requirements of injectable drugs, a chromatographic purification scheme
was developed, including affinity and ion exchange chromatography. We have proposed a variant of the subunit
vaccine “Delta-Vac” developed on this recombinant protein. Immunogenicity of “Delta-Vac” vaccine was
tested in the BALB/c mice. The animals were immunized twice at a dose of 50 ug of RBD combined with
Al(OH),, at a two-week interval. The ability of the candidate vaccine was assessed by induced production of
specific IgG and neutralizing antibodies in BALB/c mice. Specific antibody titers of immunized animals ranged
from 1/10°to 1/10°. Moreover, the blood sera showed neutralizing activity against SARS-CoV-2 (variant Delta,
B.1.617.2) at a titer of up to 1/2000. The developed vaccine “Delta-Vac” is highly immunogenic and induces
production of neutralizing antibodies against homologous Delta variant as well as heterologous Wuhan and
Omicron SARS-CoV-2 variants. Hence, “Delta-Vac” may act as a vaccine candidate and serve as a prototype
for the development of subunit vaccines against COVID-19.

Keywords: subunit vaccines, SARS-CoV-2, RBD, S-protein, immunogenicity, neutralizing antibodies

BBe fleHne BEKTOpPHBIC W CYObeIMHUYHBIC BaKIIMHBI. OTHOU M3
TakuX MmIaThopM cTaau CyObeIMHUYHBIC BAaKIIUHbI,

Mannemnst COVID-19 cKoHLeHTp1pOBaa BHAU- KOTOpbIE MPUBJIEKATEJIbHBI B MEPBYIO OYEPENb TEM,
MaHue uccienoBaresieil BCero Mupa Ha Oopbde ¢ o CYObeMHUIHBIE BaKIMHBI XapaKTepu3yioTcs
5TOi MHpeKIMer. BaxHeHNM MOIX0NOM B TP~ gricokuii npoduiemM 6e30MacHOCTH, KOTOPBI Mo/-
notBpauteHnn pacripocrpaneruss COVID-19 crana  tpepxmaerca pesymsraTamm uccienoBaHuii [6, 7,
pa3paboTka Npo@uiakTUUeCKUX BaKLIUH Ha OCHOBEe 18]. OnHako 6e30MacHOCTb JAHHBIX BAKLIMH 4acTO
psana mardopm, Bkiaodasa JJHK- u PHK-BakimHbl,  comnpsizkeHa ¢ HEBbICOKOM 3(h¢heKTUBHOCThIO, TTO3TO-
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Cybsedunuunasn eéakyuna «earvma-Bak»
Subunit vaccine “Delta-Vac”

MY 3a9aCTyI0 HEOOXOIMMO IIPUMEHSTh aIbIOBAHTHI,
a TaK>XKe MCII0JIb30BaTh 00Jiee CIOXHbBIE CXEMbI UM-
MYHM3alIuun. B To e BpeMsT BaXKHBIM JOCTOMHCTBOM
CYOBEIMHUYHBIX BAKIIWH SIBJISICTCS MacIITadupye-
MOCTb M OTHOCHUTEJIbHasi TMPOCTOTa MPOU3BOJCTBA,
TaK KaK B MpoOIecce ITPOM3BOICTBA HET HEOOXOMM-
MOCTH paboTaTh C XKMBBIM BUPYCOM WJIM BUPYCHBIMU
BeKTOpaMu. BakHbIM JTOCTOMHCTBOM CYyObEOAMHUY-
HBIX BaKIIMH TaKKe SIBJISICTCS IIPOCTOTA B IIPOM3BOI-
cTBe [5, 22, 25].

KopoHaBupycHbIi criaiikoBblii 0eJIoK (S-0e10K)
SIBJISICTCSI OCHOBHOM MMIIICHBIO JUISI HEUTpaIU3yIo-
X aHTUTEJI U 00JlagaeT BBICOKOM MMMYHOTEHHO-
ctbio. Crenys aToit joruke, S-6e1ok SARS-CoV-2
WCIIOJB30BAJICSI B KayeCTBE OCHOBHOIO aHTHUICHA
IUTST OOJIBIIMHCTBA pa3pabOTaHHBIX BAKIIMH ITPOTUB
COVID-19 [10, 14, 28]. OnHako MOJHOpa3MepPHbBI
S-6eJI0K coepKUT 00JIACTHU SIMUTOIIOB HEHEUTPaJIH -
3YIOIINX aHTUTEJI, KOTOPbIE MOTYT BBI3bIBATh AaHTH-
Teno3aBucuMoe ycuieHue uHpekuuun (ADE). Cy-
mectByoiuii puck ADE najn Toj4ok JajbHeHUInuM
HUCCIIeOBAaHUSIM MO pa3dpaboTke Hosiee 6Ge30MmacHOro
u a¢pekTuBHOrOo MMMyHoreHa [5, 8, 20]. HemaBHO
IpPOBEACHHBIC WCCIIEMOBAaHUS IIOKa3ajlW, 4YTO pe-
nenTop-cBsa3biBatonii nomeH (RBD) S-0enka kak
KOMIIOHEHT BaKIMH 00JiafaeT BbICOKUM MpoduiemM
o6e3ommacHoctn [12, 21]. Ha ceromHsSImHWI OeHb,
BaKIIMHHBIC TLIAT(GOPMEI, MCITOJB3YIOIINE B Kade-
CcTBe UMMYHoreHa objactb RBD, obnagatoT 3Haum-
TEIBbHBIM TIPEUMYIICCTBOM, TaK KaK (DOKYCHUPYIOT
MMMYHUTET Ha KITFOUEBBIX 3alIMTHBIX aHTHUTCHHBIX
nerepmuHaHTax [3, 9]. CpaBHUTEIbHbBIE UCCIEIOBA-
HUS TpuMepa S-0eiKa, cyobenuHUIBI S1 U TOJILKO
nocaegoBatebHocTH RBD mokaszanu, 4To UcnoJib-
30BaHUE TOJILKO TocienoBaTesbHocTU RBD B ka-
YEeCTBE BaKIMHBI TO3BOJISIET JOOMTHCS TOSIBICHUS
BBICOKMX THUTPOB HEUTPAIM3YIOIMIUX AHTUTENI, 3TOT
(dakT TeM 0oJiee mpumMeuvaTesieH YTO UCTOJIb30BaHEe
TpuMepa S wianu ¢parmeHTa S1 JaeT CXOMHBIC WIA
Xyaiive pe3yabratsl [15, 20, 24, 26].

B Hacrosiiiee BpeMsi HaKOIMUJIOCh AOCTaTOY-
HO CBHUIETEJBCTB TOTO, UTO BaKIIMHBI Ha OCHOBE
RBD mnoka3bIBalOT BBICOKUII YPOBEHb MMMYHOTEH-
HOCTHM, IPU HU3KOM PEAKTOT€HHOCTU U XOPOIUEU
nmepeHocuMocTU moatomy BbeiOOp RBD B kauecTBe
€IMHCTBEHHOI'0 BaKIIMHHOTO MMMYHOTE€HA BIIOJTHE
ompaBaaH [13, 22, 27]. B cBsI3u ¢ 3TUM Lieiblo pa-
OOTHI OBLIO MOJYYCHHE INTaMMa-IIpOIylIeHTa pe-
KOMOWHAHTHOTO PEeIeNTOP-CBI3bIBAIOIIETO TOMEHA
(RBD) BapuanTa Delta (B.1.617.2) u uccienoBaHue
€r0 UMMYHOTeHHOCTH.

MaTepmanbl N MeTodbl
IMoay4yenne
RBDdelta

IIponyueHt pexomOuHaHntHoro RBD BapuaH-
ta Delta (B.1.617.2) SARS-CoV-2 nonyyanu Kak

mramMma-npoaynenra  CHO-K1-

onucaHo paHee [19]. B cocTtaB HYKJI€OTUAHOM IO-
cliegoBatenbHOCTH, Komupylonieii RBD Wuhan-1
(GenBank: MN908947), BBOOUIM HYKJICOTHUIHbIEC
3aMEHBI ISl TIOJIyYeHMSI aMUHOKHWCIIOTHBIX 3aMeH
(L452R m T479K). Paiton RBDdelta ammmndun-
OUPOBAIM M KIIOHUPOBAJIM B COCTaBE ILIA3MUIbI
pVL3 B pamke cuyuTbiBaHUSI ¢ N-KOHLEBO CUT-
HaJIbHOM MOCJIeA0BaTEIbHOCTHIO CIIaliKOBOTO Oeyika
(MFVFLVLLPLVSSQC) u C-konuenoit 10 x His-
METKOW.

Knerku CHO-KI1 TpanchuuupoBanu pVL3-
RBDdelta u xemmepHoit mnasmunoii pCMV (CAT)
T7-SB100, xogupytouieii TpaHcrno3asy SB100, ¢ uc-
nonb3oBaHueM aurnodekramuHa 3000 (Invitrogen,
Kapncoan, Kanudopuus, CIIA). Cenekuuio TpaHC-
(OPMaHTOB TIPOBOAWINA HA Cpelle C MyPOMHUIIMHOM
(10 MKr/m71) B TedeHue 3 nHei. 3aTeM MoyJaiu Bbi-
COKOTIPOAYKTUBHBIE KJIIOHBI M3 €IUHUYHBIX KJIETOK
METOIOM TIpeIebHBIX pa3BedcHUII. BhIOpaHHBIM
knoH-tipoayueHT RBDdelta agantupoBanu K cy-
CTIEH3MOHHBIM YCJIIOBUSIM KYJTBTUBUPOBAHMSI.

CycneH3noHHO€ KYJI5TUBUPOBAHNE ITAMMA-TIPOILY-
nenta RBDdelta

Kinon-npoayuent RBDdelta pacceBanu B 5 M
ceexeii cpensl HyCell CHO (Cytiva, CIIIA) + 4 mM
GlutaMAX (Thermo Fisher Scientific, CIIIA) ¢ koH-
neHTpaumei 1 x 10° xkuBbIX Ki1/Mja B 50 M1 LIEHTpU-
dyxHbIe TIpoOUpKU. KynbTuBUpoBain Ha 1eiikepe
200 06/muH, opouta 19 mm, nipu +37 °C Bo Biax-
Hoit atMochepe 5% CO, 6-7 AHell 10 AOCTUKEHMUS
KoHLeHTpauuu 8 x 10° xuBbix kii/miu. CycneH3uIO
KJIETOK 5 MJI ¢ KOHIIeHTpaluei 8 x 10° SKUBBIX KJ1/MJT
MHOKYJIMPOBaJIU B CTEKJISIHHOM Kojbe ¢ 35 MJI cBe-
xei cpensl HyCell CHO (Cytiva, CIIA) + 4 mM
GlutaMAX (Thermo Fisher Scientific, CIIIA). Kynb-
TUBUPOBAIM Ha IIeHKepe MNpU TeX XKe YCIOBUSIX
6-7 mHel 10 AOCTUXKEHUST KOHLIeHTpauuu 8 x 10° sxu-
BBIX KJI/MJT CyCIIEH3UIO KJIETOK 5 MJT C KOHIIEHTpPAII-
eit 8 x 10° KMBBIX KJI/MJI [IEPEHOCUIM B HOBYIO CTe-
KIISTHHY10 K0JI0y ¢ 35 M cBexkeii cpeabl HyCell CHO
(Cytiva, CIIA) + 4 mM GlutaMAX (Thermo Fisher
Scientific, CIIIA). OcraBmuiicss 00beM IIePSHOCUIN
Ha mreiikepe (200 06/muH, opouta 19 m) ipu +31 °C
uHKyOupoBanu 10 mHeit.

Boinenenue u ounctea RBDdelta

st monmydeHMs TiperiapaTa peKOMOWHAHTHOTO
RBDdelta 6b11a pazpadboTaHa cxeMa ABYX-CTaIunHOM
Xxpomarorpadguieckoil OYMCTKU, BKIoUaromas ad-
(GUHHYI0O 1 MOHOOOMEHHYIO Xpomatorpaduu. Ad-
(GUHHYIO Xpomatorpaduio TMPOBOAMIN C UCHOJIb-
3oBaHueM copbeHTta Ni-IMAC cedaposst (GE
Helthcare, CIIIA). KynbrypanbHyio cpemy, coiepxa-
IIy10 peKoMOMHaHTHBIN O0enok RBD, nenTpudyrmu-
poBanu 10 muH npu 12000 g u 4 °C u punsrpoBaiu
yepe3 (pUIBTPOBAIbHBIE CUCTEMBI C Pa3MepoM TIOp
0,22 MxM ny1s ynaneHUs KJIeTOK KJIETOYHOTO AeOpu-
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ca. JloouncTKy 6esKa MpOBOIVIIN C TTIOMOIIIBIO MOHO-
0OMeHHOI Xpomartorpaduu B IBa 3Tama: (ppakiinio
1eJieBoro 6enka nociae apduHHON XpomaTorpaduu
HaHOCWJIM Ha KOJIOHKY C KAaTUOOHOOOMEHHBIM COp-
oentom Nuvia HR-S (50 mur), 3aTtem mpoBomuiu
KacKaJgHylo XxpoMaTorpadguio Ha aHMOHOOOMEHHBIX
copoeHTax JIDAD-cedpaposa u Q-cedpaposza. OueH-
Ky YMCTOTHI (ITOCTOPOHHUE TIpUMECH) Iperapara
pekomOnHanTHoro RBDdelta mpoBommim MeTo-
noM BOXKX Ha xpomatorpacde LC-20 Prominence.
I[MocropoHHME TIpUMECHU OMNPENeNIsiIA  METOIOM
O®-BOXX mpu ciemyonmx yCIOBUSX: KOJOHKaA
Summetry300-C4, 5 MmxMm, 4,6 x 150 MM, TemIiepary-
pa kosoHku — 60 °C, TId A — 5% CH,CN B Boae
c 0,1% T®Y, I1d® B — 90% CH,CN B Bome ¢ 0,1%
T®DY, rpaguent: 0,0 mun — 10% B; 15 mun — 70%
B; 15,1 mun 100% B; 19,0 mun — 100% B; ckopocTb
[I® — 1 My/MUH; perucTpalus XpoMaTorpaMMbl —
214 HM, KOHIIEHTpanus 0eika B 1pode — 0,4 Mr/MIT,
00BeM TIPOOBI — 50 MKIT.

NMMyHH3a11s JKMBOTHBIX

Bce akcriepuMeHTaIbHbIE TTPOTOKOJIBI M MPOLIe-
IIypBI OBLJIN TIPOBEICHBI B COOTBETCTBUU C PEKOMEH-
JanussMyu XeJIbCUMHKCKON OeKjIapalud U OJ00peHO
Komuterom no 6uostuke HULL Bb «Bektop» (mpo-
tokoin Komurtera mo 6moatnke Ne 5 oT 1 okTsa0ps
2020 T).

B skcrniepuMeHTe HCIIOJb30BAIM CaAMOK MBIIIEH
BALB/c Becom 16-18 1, KOTOpBIX ClIydallHBIM O0-
pa3zoM pazmenuyii Ha 2 Tpymmbel Mo 10 KMBOTHBIX.
Tpynmbl XUBOTHBIX COIEpPXalu B OTACJIbHBIX KJICT-
KaxX B CTaHJAPTHBIX YCIIOBUSIX C TTOCTOSSHHBIM CBO-
OOOHBIM IOCTYIIOM K BoJie I KopMmy. [1epByro TpyITy
KUBOTHBIX IBaXKAbl UMMyHU3upoBanu 50 mxr RBD
¢ Al(OH); ¢ nByxHemembHBIM WHTEpPBaJIoOM. BTopoii
KOHTPOJILHOM I'PYIIIEe TaKXKe C MHTEPBaJIOM B IBE HE-
JIeJTV TBaXK/Ibl BBOAMIIN (hU3PaCTBOP.

NmvmyHodepMeHTHBII aHAIN3

B 96-nyHounbie maHietrsl (Corning, CIIIA)
copoupoBanu 100 Mk antureHa (1 mxr/mia) B 2 M
moueBuHe B PBS B Teuenue Houu nipu 4 °C. B ka-
YeCTBE aHTUTCHOB MCITOJIb30BAI PEKOMOMHAHTHBIC
oenxku: RBD Delta u RBD Wuhan, a Takxke TpuMephbl
S-6enka BapuaHToB Delta, Wuhan u Omicron SARS-
CoV-2. 3arem 1uraHmretsl rmpoMerBasim PBST (PBS,
conepxkammM 0,05% Tween-20) u GI0KUpOBaIU
o6nokupytomum oydpepom (PBST, comepxamum 1%
KazenHa) 1,5 4 npu KoMHaTHOM TemriepaType. Cbi-
BOPOTKM MMMYHU3MPOBAHHBIX KMBOTHBIX CEPUITHO
paz30aBIsUIM U 100aBJISIM B OJIOKMPOBAHHbIC TLJIaH-
meTsl. [Tociie MHKyOau mpyu KOMHATHOM TeMmIiepa-
Type B TedeHue | 4 IUIaHIIEThl TPUXKIbI IIPOMBIBAIA
PBST u uHKyOupoBaau ¢ KO3bMM aHTUMBIIINHBIM
IgG-HRP (Sigma-Aldrich, CIIIA) BTOpUYHBIMU
aHTHUTEJIAMHM TIpY KOMHATHOM TeMIIepaType B Tede-
Hue 1 4. [Tnanmersl TpyXabsl mpoMmbiBain PBST u

nobasistin cyoctpatr HRP TMB (Amresco, CILIA).
Peakuuu ocranasnusaiu ¢ nomoiubio 1 H HCI. ITo-
rjaoleHue u3Mepsiyiv npu 450 HM ¢ UCTIOIb30BaHUEM
MHOTOPEKMMHOTO CUMTHIBATENISI MUKPOILIAHIIIETOB
Varioskan Lux (Thermo Fisher Scientific, CILIA).

AHaIM3 BUPYCHEHTpAIU3 AT

ITamMmer Bupyca Wuhan — hCoV-19/Australia/
VICO01/2020 (EPI_ISL 406844), Delta — hCoV-19/
Russia/PSK-2804/2021 (EPI_ISL 7338814) m Omicron 1 —
hCoV-19/Russia/Moscow171619-031221/2021
(EPI_ISL 8920444) SARS-CoV-2 ObuLIM mojyue-
HBI U3 TOCYJApCTBEHHOU KOJUIEKIIMU BO30YmIUTENEH
BUPYCHBIX MHPeK1IMii 1 pukkercrno3oB @®BYH I'HILI
Bb «BekTop» PocnorpedbHan3opa. Bupycconepxka-
M MaTepuall xpaHuics npu temnepatype -70 °C.
KoniienTpaiust Bupyca B HapaOOTaHHOM IIperiapare
cocrasisuia 5 x 10° T ds,/mi (TKaHeBast IUTOIIATH -
yeckas 103a Ha MUJUTUJIUTP).

O0pa31bl KpOBU IMOJIYYaIn OT BCEX JKUBOTHBIX Ue-
pe3 AaBe Hemenu mocie 2-ii mmmyHu3annu. M3 kpo-
BU XXMBOTHBIX OBLIM MOJYyYEeHBI CHIBOPOTKHU ITyTEM
ocaxneHus1 (hOPMEHHBIX 3JIEMEHTOB C TOMOIIBIO
ueHtpudyruponanus npu 1000 x g B teuenue 7-10
MuH. [lomydeHHBIE CBIBOPOTKM TEPMUYCCKU MHAaK-
TuBMpoBai TIpu 56 °C B TeyeHune 30 MUH.

OnpeneneHne HEUTPATU3YIOIIUX TUTPOB CHIBO-
POTOK IIPOBOIMJIN IyTeM YydeTa HENOBPEKICHHO-
ro MOHOCJIOS KyJbTYphl KjieTOK Vero E6 B JyHKax
96-nyHouHoro ruianmera (Corning, CIIA). Kynb-
Typy KJIETOK BBbIPALUMBAJIX B 96-JIyHOUHBIX KYJIb-
TYpaJbHbIX IUIAHIIETaX B POCTOBOMU IUTATEIbHOU
cpene ¢ nodasiaeHueM 10% Obrubeii heTabHOMI ChI-
BOPOTKU U aHTUOUOTUKOB. 3apakeHUe KIEeTOK Mpo-
Bonwiau BapuaHTamu Delta (B.1.617.2), Wuhan u
Omicron (B.1.1.529) Bupyca SARS-CoV-2 B nose
100 TUs,/ayHKy. MccnemyeMmblie oOpasiibl CHIBO-
POTKM KPOBU Pa3BOAMIIN MOCIEA0BATEILHO B Cpelie
DMEM (®BYH T'HL BB «BekTtop» Pocmorpe6-
Hanzopa, Poccust) ¢ mryraMMHOM UM aHTUOMOTUKAMU
¢ 2-KpaTHBIM 1lIaroM, HauyuHasl ¢ pasBeneHust 1:10
no 1:2560. K pasBeneHUsIM CBHIBOPOTKHU JTOOABIISLIA
BUpPYC B paBHOI nponopuuu 1:1 u nuHKyOupoBaiIu B
teyeHue 1 u nipu 37 °C, 3aTeM cMech BUpYca U ChIBO-
POTKM HAaHOCUJIM B AYOJISIX HA MOHOCJION KYJIBTYPbI
KJeTok B o0beme 100 mxur/mynky. [1naHIeTsr MHKY-
oupoBanu B TeueHue 4 cyt. pu 37 °C BoO BIIaxKHOI
atmocepe 5% CO,. s okpallluBaHUs B KaXKIylO
JIyHKY Tutadirera BHocwin 100 mxit 0,2%-Horo pac-
TBOpa TeHIMaHBuoueTa. Yepes 4 CyT. XKUOKOCTb U3
JIYHOK YIAJISITM M MPOMBIBAJIU JIYHKU BOIOM. Yuer
pe3yabTaTOB MPOBOIMIN BU3yaibHO. JII00oe crielr-
nduyecKkoe mopakeHue KyJbTypbl KJIETOK B JIYHKE
YYUTBIBAIM KakK 1uTonatndeckoe meiicteue (LITT/T).
TutpoM cunTanu nocienHee pa3BeieHUe, MPU KOTO-
POM PETUCTPUPOBAIN 3alIUTY MOHOCJOS KYJBTYPbI
kieTok B iyHkax ot LTI Bupyca. B kauecTBe 1osio-
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Subunit vaccine “Delta-Vac’

XKUTEJILHOTO KOHTPOJISI MCIOoJb30oBain 20-KpaTHoe
pa3BeneHue obOpaslia ChIBOPOTKM KPOBM PEKOHBa-
necueHta COVID-19 ¢ paHee ycTaHOBJIIEHHBIM THU-
TpoM 1:80. B KauecTBe OTpMIIATEIBHOTO KOHTPOJIS
HMICTIOJIB30BAJIN ITMTATEIBHYIO CPEIY.

PesynbTathl

Pa3pa6orka Bakuunsl «/leasra-Bak»

[TepBbIM 2TarioM pa3paboOTKU BaKIIMHBI «/lenbra-
Bak» crano coszmaHue mITaMMa-IIpoaylieHTa, CTa-
owibHO sKkcnpeccupyoiiero RBD Bapuanrta Delta.
B uTore Ob11 moJiydyeH U oxapakTepru30BaH CTaOUIb-
et kJioH CHO-K1-RBDdelta, skcnipeccupytommii
pekoMmOuHaHTHBINT RBD BapuanTa Delta (B.1.617.2)
SARS-CoV-2. ITo pesynsratam MDA BuIOpaH TIep-
CITEKTUBHBIM KJIOH CYIIEPIIPOAYLIEHT, ITPOIYKTUB-
HOCTb KoToporo gocturia 50 mr/i. IlomxydeHHBII
KJIOH OBLJT aIalITUPOBAH K CYCITEH3MOHHOMY KYJIBTH -
BUPOBAaHUIO M OXapaKTepHU30BaH MO CTaOMJILHOCTH
aKcIpeccuu. s 3TOro ero KyJabTMBUPOBAIU B Te-
yeHue 25 1maccaxeil U OLeHUBAJIM MPOIAYKTUBHOCTh
U XKU3HECOCOOHOCTh KJIETOK Ha KaXJIOM Iaccaxe.
WtoroBasi MpOAyKTUBHOCTb MOJYYEHHON CyCHeH-
3noHHOM KyJabsTypbl CHO-KI1-RBDdelta coctaBuna
150 mr/m.

OnmHUM M3 BaXXHBIX 3TAIlOB pa3paboOTKM Ge3oIrac-
HOM BaKLMHBI SIBJSIETCS CTaausi XpomaTrorpaduue-
cKoit ouncTku. PazpaboraHHast cxema AByXCTaaUAHON
xpomarorpapuueckoii ounctku RBDdelta Bkimovana
apduHHYIO 1 TOHOOOMEHHYIO XpoMmarorpaduu. Un-
ctota utorosoro mnpemnapara RBDdelta, onpeneneH-
Hag 1pu omoiu BOXKX, mo mocTopoHHUM npuMe-
csaM coctaBwia 98,3% B OCHOBHOM ITHKE.

O1neHKa IMMYHOT€HHOCTH BaKinHbI «/lensra-Bak»

MMMYyHOTeHHOCTh BaKIIMHEI «/lenbTa-Bak» orie-
HUBaM Ha Moaenu Mbimeii BALB/c. IlpoBomu-
M OBYKPATHYI0O WMMYHM3ALUIO XWBOTHBIX TO30U
50 mxr RBD B xomriekce ¢ AI(OH), ¢ nByxHenenb-
HBIM MHTEpBajioM. Uepe3 aBe Helleau Iociae BTOPOoit
MMMYHU3aIMU TTOJydaad CBIBOPOTKM KPOBU M aHa-
nm3upoBanu TUTphl cnenmdndecknx IgG B MDA ¢
MCMOJb30BaHUEM B KauecTBe aHTUureHoB RBD Delta
u RBD Wuhan, a Takxe TpuMepoB S-0e1ka BapuaH-
ToB Delta, Wuhan u Omicron SARS-CoV-2. Pesyiib-
Tatel MDA monTBepKmaioT, 4To BaklimHa «Jleabra-
Bak» BbI3bIBaeT MHAYKIMIO crienuduyeckux IgG y
mbimeid tuaun BALB/c, Kak moka3aHO Ha pUCYH-
Ke 1.

OOpaTHBIe TUTPBI CITeU(PUISCKUX aHTUTEN, BbI-
aBlIeHHBIX B MMMPA ¢ HMCHOIB30BaHUEM PEKOMOM-
HAHTHBIX aHTUTCHOB, HAXOAWJIMCh B AUAMa30HE OT
1 x 10° mo 1 x 10°. CraTucTUYECKOM Pa3HULIbI B TU-
Tpax IgG MMYHU3UPOBAHHBIX MBILICH IS aHTUTE-
HoB RBD Delta 1 RBD Wuhan He OGbLIO BBISIBJIEHO.
IIpu atom craructudeckas pasHuua B tutpax IgG
MMMYHU3HPOBAHHBIX MBIIIC HaOIogarach, KOT-

Jla B KayeCTBE AHTUTEHOB MCIIOJb30BAIN S-0€JIKU
BapuaHTtoB Delta (B.1.617.2), Wuhan u Omicron
(B.1.1.529) SARS-CoV-2. Ilpu uccienoBaHuM B3a-
MMOJEUCTBUSI MBIIIUHBIX CBHIBOPOTOK C S-0€JIKOM
BapuanTtoB Wuhan, Delta (B.1.617.2) u Omicron
(B.1.1.529) SARS-CoV-2 cpenHue reoMeTpruIecKoe
Tutpsl IgG cocraBuim 2,6 x 104, 1 x 103, 1,3 x 10° co-
OTBETCTBEHHO.

[aijiee CBIBOPOTKM KPOBU MMMYHU3UPOBAHHBIX
MBIl OLIEHUBAJIM Ha HaJIMUMe MepeKPEeCTHON Heli-
TpaIU3YIOIIEH PEAKTUBHOCTU B OTHOILIEHUY BapyUaH-
toB Delta (B.1.617.2), Wuhan u Omicron (B.1.1.529)
Bupyca SARS-CoV-2 in vitro Ha kieTkax Vero E6.
PesynbraThl IOATBEPAMIM, YTO CHIBOPOTKM BaKIIM-
HUPOBAaHHBIX MBIIIEH 00JIaMal0T BHICOKOW HeEWTpa-
JIM3YIOLIE aKTUBHOCTbIO B OTHOLIEHUM BapuaHTa
Delta (B.1.617.2) u Wuhan SARS-CoV-2 (puc. 2),
CpeIHUI TeOMETPUYECKUI TUTP cocTaBul 1576%1,9
1 905,1%+2,0 COOTBETCTBEHHO.

TuTp HEUTPATM3YIONIMX AHTUTE MPOTUB BapH-
anta Omicron (B.1.1.529) OblT HUXXE U COCTaBUI
452,5+2 .4,
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PucyHok 1. AHanu3 cbiBopoTouHbIX IgG y Mbiwen,
MMMyHU3MpoBaHHbIx ao3on 50 mkr RBD Delta SARS-CoV-2
B UDA

MNpumeyanue. MpeacTaBneHbl cpeaHUe reoMeTpUYecKue 3HauYeHus
* SD. CTaTUCTUYECKUI aHANU3 BbIMOJSHEH C UCMOJIb30BaHNEM
U-kputepua MaHHa-YuTHu u kputepusa Kpackena-Yonnuca.

Figure 1. Analysis of serum IgG in mice immunized with a dose
of 50 ug of RBD Delta SARS-CoV-2 by ELISA

Note. Geometric means + SD are presented. Statistical analysis was
performed using the Mann-Whitney U test and the Kruskal-Wallis test.
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PucyHok 2. AHanu3 cbiBopoTouHbIx IgG y Mbiwen,
MMMYHM3UPOBaHHbIX fo3oin 50 mkr RBD Delta SARS-CoV-2
C 'MAPOOKMCLIO arloMUHMS, B TeCTe Ha MHIMGUpOBaHue
umTonaTuyeckoro gevicteusa BapuanToB Delta (B.1.617.2),
Wuhan u Omicron (B.1.1.529) Bupyca SARS-CoV-2

(100 TLLA,) Ha kynbType kneTok Vero E6

Mpumeyanue. MpeacTaBneHbI cpegHUe reOMETPUYECKUE 3HAYEHMNA
* SD. CtaTUCTUYECKUI aHANU3 BbIMOMHEH C UCMONIb30BaHNEM

U kputepus MaHHa-YuTHM u kputepua Kpackena-Yonnuca,

npu 3tom p < 0,05 cuuTanock nokasarenem CTaTUCTUYECKOI
3HaYMMOCTH.

Figure 2. Analysis of serum IgG in mice immunized with a dose
of 50 pg of RBD Delta SARS-CoV-2 with aluminum hydroxide

in a test for inhibition of the cytopathic effect of variants Delta
(B.1.617.2), Wuhan and Omicron (B.1.1.529) of the SARS-CoV-2
virus

Note. Geometric means + SD are presented. Statistical analysis was
performed using the Mann-Whitney U test and the Kruskal-Wallis

test, in this case, p < 0.05 was considered an indicator of statistical
significance.

CTaTUCTUYECKUX pa3M4uii B TUTpaxX HeTpa-
JIM3YIOIIMX aHTUTEJI B OTHOILIeHUM BapuaHTa Delta
(B.1.617.2) u Wuhan SARS-CoV-2 BBISIBIIEHO He
obuto (p < 0,0784) Ha pucyHKe 0OO3HaJaeTcsl Kak
ns. B To BpeMsl KaK CTaTMCTUYECKUI aHAIU3 JaH-
HBIX C MCIIOJIb30BaHUEM TecTa MaHHAa—YUTHU BbI-
SIBAJI 3HAYMMBIC Pa3IMuusl MEXIY TUTP HEWUTpasiv-
3YIOLIMX aHTUTE/ B OTHOILIEHMH BapraHTOoB Omicron
(B.1.1.529) n Delta (B.1.617.2) (p < 0,0004).

ObcyxaeHue

Kak 6bUl0 TOKazaHO, UMMYHU3alLUsI PEKOMOU-
HaHTHBIM OenkoM RBD SARS-CoV-2 o6Gecreun-
BaeT 3(hGHEKTUBHYIO WHAYKIMIO HEUTpaTU3YIOIIUX
AHTUTEJI, CIIOCOOHBIX OOECMeYMBATh 3aAIIUTy WM-
MYHU3UPOBAHHBIX, W TO3TOMY CUYUTAETCS MHOIO-
o0elamIM KaHAUIATOM [JIs1 CO3JaHUS BaKWH [4,

19]. Hacrosuee uccienoBaHue ObLIO HaIpaBJIEHO
Ha pa3paboTKy KaHAWIATHON CYObeIMHUYHON BaK-
nuHbI TIpoTUB SARS-CoV-2 Ha OCHOBE peKoOMOU-
HAHTHOTO pelieNTOp-CBsA3bIBaoliero nomeHa RBD
SARS-CoV-2 Bapuanra Delta (B.1.617.2).

BaxxHyro poJib mpu pa3paboTKe CyObeaMHUYHBIX
BaKIIMH UTpaeT BBIOOP CUCTEeMEI 3Kcmpeccuu. He-
00X0AMMO 00eCreyuTh CUHTE3 LeJIeBOro Oejka ¢
COXpaHEHMEM €r0 MMMYHOTCHHBIX CBOMCTB. B psime
HEJAaBHUX MCCIEOOBAaHUSIX OBLIO IOKa3aHO, YTO
PEKOMOMHAHTHbIE OEJKOBbIE BaKIIMHbI Ha OCHOBE
RBD SARS-CoV-2, noiaydyeHHOro B KjaeTKax MJie-
KOTTMTAIOIINX, CIIOCOOHBI MHIYLIMPOBATh BBICOKIE
TUTPBI HeWTpanuaytomumx anturen [12, 13, 21, 27].
Hamm nanHBIe TI0 CpaBHUTEIBHOMY MCCISIOBAHUIO
MMMYHOTeHHOCTU pekoMbOuHaHTHoro RBD SARS-
CoV-2, nojly4eHHOTO B CUCTEMAaX IKCITPECCUU Kle-
TOK-TTPOKAPHUOT W MJIEKOMUTAIOIINX, COTJIACYIOTCS C
BBIIIIEYKa3aHHBIMU pe3yibraTtamu [17]. B kauecTtse
KaHauaaTa 1Jis1 BakUuUMHbI BbiOpaau RBD ogHoro us
Haunboee nmatoreHHbIX BapnaHToB SARS-CoV-2 —
BapuanTta Delta (B.1.617.2). Bbein pa3paGoTtaH mpo-
NyLIeHT pekoMOrHaHTHOro RBD Ha ocHOBe Kj1eToK
CHO-K1 u mpoBeneHa aganTtalusi KJIeTOK TPOAY-
eHTa K CYCIIEH3MOHHOMY KYJIETUBHPOBAHUIO, IIPU
3TOM IIPOMAYKTUBHOCTH IITaMMa cocTaBmiaa 150 Mr ¢
JIUTPpA KYJBTypaJlbHOU cpenbl. Ha maHHBI MOMEHT,
JOCTUTHYTBIA YPOBEHb IIPOAYKTUBHOCTU ITOCTATO-
YeH JIJIs1 BBIMOJHEHUST 9KCIIEPUMEHTOB in Vivo U ITPO-
BeIACHUS JOKJIMHNIECKIUX UCTTBITAHWI, OTHAKO, 3TOT
MoKa3aTeJIb MOXET OBITh YJIYYIIIeH ITyTeM ONTUMMU-
3allM COCTaBa MUTATEIBHBIX CPell U peXXrMa Kylb-
TuBUpoBaHUs. [1o TuTeparypHbIM TaHHBIM, YPOBCHbB
OPOAYKIIMYA KOMMEPUYECKU MPUBJIEKATEILHOIO MPO-
OYLIEHTAa MOXET JOCTUTATh | T ¢c AuTpa KyJbTyphl [23].

s monydyeHust Oejika, OTBEYalollero Tpedo-
BaHUSIM WHBEKIIMOHHBIX ITIperapaToB, ObLIa pas-
paboTaHa cxema XpoMaTorpaduyecKoil OUYMCTKMU,
BKJTIOYaroIas ahGuHHYIO 1 MOHOOOMEHHYIO XpOMa-
Torpaduu. IMorepu Oenka Mpu OYUCTKE HE MPEBbI-
waiau 10%, 1ipu 3TOM 4KMCTOTA, ONpeaeieHHasT Py
nomoi BOXKX, cocraBuia 98,3%. Ha ocHoBaHuM
IpeaBapUTEIbHBIX SKCIIEPUMEHTOB IT0 UMMYHOTEH-
HocTH [ 16] 6b111a BIOpaHa no3a RBD 50 MKT 1 anbio-
BaHT — TUAPOOKKCH amoMuHus (AlI(OH);).

AHaM3 WMMYHOT€HHOCTU IIOJIYYSHHOTO BaK-
HUHHOTrO TIperapara «/emsra-Bak» ObLIO perieHo
MPOBOIUTH 11O ABYM OCHOBHBIM ITOKA3aTeJISIM: YPOB-
HIO MHAYKIIUY CHeUPUISCKUX U HEUTPaATU3YIOIINX
aHTuTes. U1 aHanu3a ypoBHS crieMbUIecKUX aH-
TUTEN Mcroib3oBan MDA, a mis aHan3a ypoOBHS
HEUTPAIM3YIOIINX aHTUTEI — PEaKINIo BUPYCHE-
TpaTu3allui.

Hecmotps Ha 1o, utro MDA gaBisgercs craHaapT-
HBIM METOJIOM aHajin3a B UCCIEIOBAHUSIX TyMOPaTb-
HOro UMMYHHOTI'O OTBeTa, 0OJIbIIIOe 3HAUYEHUE UMEET
BBIOOp aHTUTeHA. B Harem nccnegoBanum a1t MDA
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ObUTM WCITOJIb30BaHbI JBa BapuvaHTa AaHTUTECHOB:
RBD u tpumepHbIii S-0en0ok. OKa3ajioch, 4To TpHU
MCIIONb30BaHUM B KadecTBe aHTUreHa RBD ypos-
HU cnenuUIeCKNX aHTUTEII I BapuaHToB Wuhan
u Delta craTucTuueckn He OTJIMYAINUCh, B TO BpeMsi
KakK MpY MCITOJIb30BaHUN aHTUTEHA Ha OCHOBE TPU-
MepHoro S-6enka otnuus obu. [1pu aTOM pesyiib-
Tatel MDA ¢ TpuMepHBIM S-0€1KOM KOppeupy-
IOT C pe3yJibTaTaMU BUpYyCHEeUTpaau3alnu. Tak Kak
JUISL 1ieJIeid padoThl BaXKHO OLIEHUTh HE MPOCTO TUTP
crrieunpUISCKIX aHTUTEN, a TUTP (PYHKIMOHAJIBHBIX
aHTUTEJ, TTOTEHIMAJIbHO CIOCOOHBIX OJIOKMPOBATH
BUPYC, TO HCHOJIb30BaHUE TPUMEPHOIro S-0ejika B
N ®A mno3BossIeT T10JIy4aTh 00Jiee KOPPEKTHBIE pe-
3yJIBTATHI.

PesynbraThl aHaim3a ChIBOPOTOK KPOBHU KMBOT-
HbIX, UMMYHU3UPOBAaHHBIX BAKIIMHHBIM IIperapaToM
«enpra-Bak» B peakumm BUPYCHEUTpaTIM3aIuu,
MOKa3bIBAaIOT, UTO OHU COAepXKaT aHTUTea, Heli-
TpaJIM3YIOIIe HE TOJBKO TOMOJIOTUYHBIM BapuaHT
SARS-CoV-2 Delta (B.1.617.2), HO 1 reTepoJIOr1d-
Hble Wuhan, Omicron (B.1.1.529), npu 3Tom mnpo-
THUB TIOCJICAHETO UMMYHHBIN OTBeT ObUT CHIDKEH. [1o
BCEW BUAMMOCTM, BTO CBS3aHO C Te€M, YTO S-0eloK
Omicron (B.1.1.529) SARS-CoV-2 coaepXuT 60J1b-
110€ KOJMYECTBO aMWHOKMCJOTHBIX 3aMeH, 15 u3
KOTOPBIX pacriojioxxeHsl B peruoHe RBD [11]. Hamm
pe3yJIbTaThl COIIACYIOTCS C UCCIEIOBAHUSIMU, B KO-
TOPBIX MOKAa3aHO, YTO aMUHOKHWCJIOTHbIE 3aMEHbI B
S-6enke y mrtamma Omicron (B.1.1.529) npuBonst
K ero YCKOJIb3aHUIO OT TePareBTUYECKUX MOHOKJIIO-
HaJIbHbIX aHTuUTen [2, 11]. MUHTepecHO OTMETUTh,
YTO pa3HUlla MEXAY CIIeIM(GUISCKUMHA W HenTpa-
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Meoduyunckas ummyHonoeus
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cmp. 1087-1098

Pesiome. [IpeObiBaHUEe B 30HE OOEBbIX JSUCTBUIA COTIPSIKEHO C BBICOKUM PUCKOM Pa3BUTUS TICUXUYECKUX
HapyuieHuil. HakoruieH 3HaUUTebHbIA 00beM 3HAHUI O MEXaHU3MaX UMMYHOOITOCPEIOBAHHBIX PEeaKIInii
MpU pa3BUTUU HEUPOTICUXUYECKOM MATOJOTUM, B YACTHOCTH MOCTTPABMAaTUYECKOI'O CTPECCOBOTO PACCTPOt-
ctBa (IITCP). BaxHast ponab B pa3BUTUU HEWPOBOCIMAJICHUSI MPU CTPECCe OTBOAUTCS aKTMBUPOBAHHBIM
T-perynasatopHbiM kneTkaM. Llenb uccienoBaHus — uU3ydyeHUe MmokasaTesiell CUCTeMbl KPOBU, LIIUTOMETPU-
YEeCKMX OCOOEHHOCTE! KJIETOYHOI0 KOMITAapTMEHTAa UMMYHHOUW CUCTEMBbI Y YYACTHUKOB COBPEMEHHBIX BO-
€HHBIX KOH(MJIUKTOB ¢ HAJIMYUEM PACCTPOMCTB aganTallMu, aCCOLMMPOBAHHBIX CO cTpeccoM. Obcaen0BaHbl
97 BeTepaHOB — YYaCTHUKOB COBPEMEHHBIX BOGHHBIX KOH(MIMKTOB, MY>KCKOTO ToJjia oT 35 1o 55 jeT, u3 Hux
35 — BeTepaHbl CclieMaibHOI BOeHHOU onepauuu Ha YkpauHe (CBO) — ocHoBHas rpyrmna, 42 BeTepaHa
BTOpOil YeueHCKOIT BOEHHON KaMITaHUM (TpyIia cpaBHeHUs1), 20 4yeJoBeK — 310POBbIe BOCHHOCTYKalle
(KOHTpoOJIbHAs rpymnmna). BceM mMpoBoaAMIOCh NATONICUXOJIOTMYECKOe 00cieoBaHUE B COOTBETCTBUM C KJIU-
HU4YeCKUMU pekoMeHaauusiMu. Y 12% BerepaHoB CBO auarHoctupoBaH [TTCP, 77% wumenu pasiudHbie
BapUaHTbl HEBPOTUYECKUX PACCTPOMCTB, CBSI3aHHBIX CO CTPECCOM U COMaTO(OPMHBIMU paccTporicTBamMu. B
rpyIie cpaBHeHUsT 2% KOMOATaHTOB UMEJIM AMAaTHO3 «XPOHNYECKOe U3MEHEHUE TMIHOCTH» . O0IIMit aHaImu3
KPOBU MPOBOIUIU CTaHAAPTU3UPOBAHHBIM METOJIOM Ha reMaToJIoTM4eckKoM aHaiau3aTope. MMmMyHodeHO-
TUIIMPOBaHUE TUM@POLIMTOB C UCTTOJIb30BaHMEM MpoTouHOoro HuTodawopumMmerpa Navios (Beckman Coulter,
CIIA). B rpynne BetepaHoB CBO oTMeueHbl CHUXKEHUE CTENeHU pa3dpoca 3pUTPOLIMTOB MO 00bEMY, MO-
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KazaTeJisi TeTePOreHHOCTU U CPeAHEro o0beMa TPOMOOIIUTOB, TUM(POINEHNSI, MOHOILIUTO3, UYTO OTPAXKaET pas-
HOHAaIpaBJICHHOE IEeHCTBUE PETYIITOPOB IeMOITO3TUYCCKUX KIIETOK Ha OTHEIbHBIC JTMHUU AuddepeHIIn-
POBKM MOHOHYKJIeapoB. LluToMeTprueckuii aHAJIM3 cocTaBa JTMMMOIIMTOB MOKa3al CHIKeHUe T-XearmepoB
u 3penbix NK-kietok B rpynne BerepaHoB CBO, 4To 00bsIcHAET HaMuue JUMQMOICHUU U MOXET CBUIE-
TEJIbCTBOBATh O Ae(MUIINTE aJallTUBHOTO U BPOXIECHHOTO KOMIIAPTMEHTOB UMMYHHOM 3allIMThl B YCJIOBUSIX
MPOJIOHIMPOBAHHOM peaKILMU Ha CTpecC. YcTaHOBIeHO noBbllleHre yncaieHHOCTu TNK u T-peryassTopHbIX
JUM@POLIUTOB, MPETSITCTBYIOLIMX BO3MOXHOCTHU Mepexoja UMMYHHOIO OTBeTa B ayTOUMMYHHYIO peaKIUIO.
IIpm cTpecce TpaHCKPUITIUOHHBIN (pakTop FoxP3 ygacTByeT B MOBBIIIAIONMICH PETYIISIIMNA WHIYLIAPYEMOTO
rmokokoptukouaamu peternrropa TNF B muaUM T-peryIsITOpHBIX KIIETOK, MTOTEHIUPYS TPOIndepaTUBHYIO
aKTUBHOCTH TocieaHux. [lokazaHo cHMKeHMe yncia T-xeamnepoB U T-peryasTOpHBIX KIETOK C MapKepa-
MM PAaHHEW U MO3AHENU MO3UTUBHOM aKTUBALIMU, OTPAHUYUBAS PA3BUTHE KAK ayTOMMMYHHBIX peaKIUil, TaK
U pa3BUTHE CTPECC-UHAYLIMPOBAHHOIO HellpoBocHalieHUsi. MexXay KOHTPOJIbHOM TpYIIION U MoKa3aTes-
MM TPYMIIbl CpaBHEHUSI MPAKTUUECKM OTCYTCTBOBAJIM Pa3JIMUMs, YTO CBUJIETEILCTBYET O HUBEJIMPOBAHUU
C TeYCHUEM BPEMEHM OCTPOTHI CTpecCC-MHIYLMPOBAHHBIX HEMPOMMMYHHBIX peaknuii. MHIyImUpoBaHHOE
cTpecc-MeanaTopaMy KPOBETBOPEHME U OMOCPEIOBAHHOEC HEMPOMMMYHHBIMU BIUSTHUSIMU U3MEHEHUE KO-
JIMYECTBEHHOTO CHEKTpa CyOHOMyJIsIinii JTUMGOIIUTOB SIBJISIETCS CASACTBUEM CJIOXHOTO MHOTOYPOBHEBOTO
HelporicuxonnHamuueckoro rnpouecca [LIHC, accolimmpoBaHHOro ¢ KIMHUYECKUMU (popMaMU pacCTPOMCTB
ajJanTaluu.

Knrouesvie crosa: soennulii cmpecc, eemamono2uieckue UHOeKCol, CyOnonyaayoHHbLI RPOPUAL AUMPOUUMOE, HAPYUICHUS
adanmauyuu

CYTOMETRIC FEATURES OF CELLULAR IMMUNE
COMPARTMENT IN PARTICIPANTS OF CURRENT MILITARY

CONFLICTS

Pashnin S.L.3, Davydova E.V.2? Altman D.Sh.2, Zurochka V.A.c4,
Zhuravlev L.Yu.?, Zhakupova Ya.T.>¢

¢ Chelyabinsk Regional Clinical Hospital, Chelyabinsk, Russian Federation

b South Ural State Medical University, Chelyabinsk, Russian Federation

¢ Institute of Immunology and Physiology, Ural Branch, Russian Academy of Sciences, Yekaterinburg, Russian
Federation

@ South Ural State University (National Research University), Chelyabinsk, Russian Federation

¢ Chelyabinsk Clinical Therapeutic Hospital for War Veterans, Chelyabinsk, Russian Federation

Abstract. Staying in a combat area is associated with a high risk of developing mental disorders. A significant
knowledge has been accumulated concerning the mechanisms of immune-mediated mechanisms of
neuropsychiatric pathologies, in particular, post-traumatic stress disorder (PTSD). Activated T regulatory cells
play an important role in the development of neuroinflammation under stress conditions. Our purpose was to
study the indices of blood system and cytometric features of immune cellular populations in the participants
of current military conflicts in presence of stress-associated adaptation disorders. We examined 97 male
veterans involved in modern military conflicts, 35 to 55 years old. The main group 35 included veterans of a
special military operation in Ukraine (SVO), along with 42 veterans of the second Chechen military campaign
(comparison group). Control group consisted of 20 healthy persons from military staff. All patients underwent
pathopsychological examination in accordance with clinical recommendations. PTSD was diagnosed in 12%
of SVO veterans, whereas 77% had various types of neurotic, stress-related and somatoform disorders. In the
comparison group, 2% of combatants were diagnosed with chronic personality changes. A complete blood
count was performed using a standardized technique with a hematological analyzer. Immunophenotyping
of lymphocytes was performed by a Navios flow cytometer (Beckman Coulter, USA). In the group of SVO
veterans, we have noted a decrease in RBC volume dispersion, reduced heterogeneity index and the average
volume of platelets, as well as lymphopenia and monocytosis, thus reflecting the multidirectional effect of
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Cnexmp aumgoyumos npu 6oesom cmpecce
Lymphocyte profile in combat stress

hematopoietic regulation factors on distinct differentiation lineages of mononuclear cells. Cytometric analysis
of lymphocyte populations showed a decrease in T helper cells and mature NK cells in the group of SVO
veterans which explains the presence of lymphopenia and may indicate a deficiency of adaptive and innate
immune response upon prolonged response to stress. We have revealed an increased number of T NK and
T regulatory lymphocytes which are suggested to prevent the development of autoimmune disorders. Under
stress conditions, the FoxP3 transcription factor may upregulate the glucocorticoid-induced TNF receptor
in the T regulatory cells thus potentiating their proliferative activity. We have also shown a decreased number
of T helpers and T regulatory cells expressing markers of early and late positive activation, limiting the
development of both autoimmune reactions and the development of stress-induced neuroinflammation. No
significant differences were found between the indices control group and comparison group, thus indicating
that the severity of stress-induced neuroimmune reactions leveled out over time. Hematopoiesis induction
by stress mediators and indirect neuroimmune-mediated changes in the quantitative profile of lymphocyte
subpopulations seem to be a consequence of a complex multi-level neuropsychodynamic process of the central

nervous system associated with clinical forms of adaptation disorders.

Keywords: combat stress, hematological indices, lymphocyte subpopulation profile, adaptation disorders

BeeneHue

BrinonHeHue mnpodeccruoHadbHBIX 3aady B yC-
JIOBUSIX 00€BOII OOCTAaHOBKM IIPOTEKAET B OOJb-
IIAHCTBE CJIy4yaeB B DKCTPEMaIbHBIX YCIOBUSX C
BBICOKUMU (DUUYECKUMU U TICUXO-dMOLMOHAb-
HBIMU TIeperpy3kaMu, 4TO MHOTIOKPAaTHO YBEIHU-
YMBaeT PUCK Pa3BUTUS TICUXMICCKUX HAPYIICHHA,
BKJTIOYAIOIIMX IMOBEACHYECKUME U SMOIIMOHAJIbHbIE
aCIeKThl JIMYHOCTHOTO, HEBPOTHMYECKOIO M Opra-
Huyeckoro xapakrtepa [§8, 9]. IlpeOGbiBaHUE B 30HE
0OEBBIX JCHCTBUII B YCIOBMSIX MpeaeabHOTO 000-
CTPEHHUSI YEJIOBEYECKUX YYBCTB, HEOOXOIMMOCTH
OPUHATUS HEeMEIJICHHBIX PEIIeHNil, BBICOKOM CO-
OpPaHHOCTHU U CJIAXXEHHOCTHU NEUCTBUIA, OT KOTOPBIX
3aBUCUT HE TOJIBKO BBIMTOJTHEHME OOEBOI 3amayu,
HO U BbDKUBaHUE (POPMUPYET OCOOBIN IICUXOIOTU-
YyecKUi TN JUYHOCTU — MCUXOTUI KoMmbaTaHTa [1,
11]. Pan HaGmogaeMbIX y KOMOATaHTOB HEMPOTICH-
XUATPUICCKUX CUMITOMOB, BKITIOUAIOIINX TPEBOTY,
MOBTOPHBIE TMEPEXKUBAHUS TCUXOTPAaBMUPYIOIINAX
COOBITUII, M30eraHue, HeraTUBHBLIE SMOLIMU, Oec-
COHHMWILY, U3MEHCHUS JIMYHOCTHU, afdUuKTUBHOE IT0-
BEIEHWE W MPOOJEMBbI C MaMSITbIO aCCOLIMUPOBAHBI
¢ ¢opMHUpOBaHUEM ITOCTTPABMATUYECKOIO CTpecC-
coBoro paccrpoiicta (ITTCP) [30, 33] u wacTuuHO
MEePeKINKAIOTCS C FeHepaJM30BaHHBIM TPEBOXKHBIM
pacctpoiictsoM (I'TP) [27, 36].

Ha ceromHsmrHWii OeHb HAKOIUICH 3HAYUTEIh-
HbIN 00bEM 3HAHUI O MeXaHU3MaX HEMPOUMMYHHO-
ro B3auMoencTBus, aexamumx B ocHoBe [TTCP [11,
26]. Ipu INTCP o6HapykuBatoT U3MEeHEHUST (PyHK-
Ui Tpex CyOpermoHOB MeArualbHOU nmpedpoHTaTb-
HOM KOpBI, TIEpeaHe MOSICHON U3BUJIMHBI, ITPEIUM-
Ouueckoll Kopbl U MHMpaTMMOUIecKoit Kopsl [23].
I1pu dbopmupoBanuu curapoma ITTCP peanuzsyercs
JBYHAIIpaBJICHHAsI CBSI3b MPePOHTAIbHOUN KOPHI C
TUIIIIOKAMIIOM M MUHAAJIWHOM, UTO UTPaeT BaXKHYIO
pOJIb B 3BOJIIOLIMU 3SMOILIMOHAIBHOTO TEepeKMBaHUS
TpaBMatuueckoro crpaxa [24]. ITo muenuto O.I1. Ty-

YMHOW W COAaBT., pa3BUTHE HEWpPOBOCTIAJICHUS Ha
¢one IITCP HemocpeICTBEHHO CBSI3aHO C HM3Me-
HEeHMEM MOpPGOJIOTUU HEMPOHOB M KJIETOK TJIMU, a
TakxKe aKTMBalMeil MUKPOTJIMaAbHBIX KJIETOK [14].
MMMyHOOTIOCpeIOBaHHbBIE HEWPOBOCTIATUTEIBHBIC
peakimu npu (GOopMUPOBAHNUM HEHPOICUXUICCKON
natonoruu, B yactHoctu II1TCP, I'TP, pazBuBatorcst
Garogaps HAJTWIHIO CJTOKHBIX MHOTOYPOBHEBEIX ITO-
JIMMOJIAJIBHBIX CBSI3€U MEXIYy LIEHTPAJIbHON HEPBHOU
cutemoii (LIHC) u ummyHHoOI1 cucteMoii [29]. Bax-
Has poJib B pa3BUTUM HEMpOBOCHANCHUS TIPU CTpec-
Cce OTBOIMTCSI aKTUBMPOBAHHBIM T-peryjsiTOpHBIM
kietkaMm (Treg) [35, 37]. Takke U3BECTHO, UTO JItOOOI
BUJI CTpecca CHIKAeT yPOBEHb SKCIIPECCUU TIPEIIIe-
ctBeHHnKa MUKpoPHK (miR-124) B runnoxkamre,
o0J1agaoniero HeMpoONMpPOTEeKTUBHBIMUA CBOMCTBAMM,
3a CUET ITOBBIIMICHUS CMHTE3a TMPOBOCHAINTEIIHBHBIX
OUTOKWMHOB MUKPOIIMAJIBHBIMUA KJICTKAMHM Ha Tep-
putopuu LIHC, moBsbIlIast TeM caMbIM BOCTIPUUMY U -
BOCTb MY>KUMH K COCTOSTHUIO TpeBOTU U cTpaxa [19].
Taxxe wnMerOTCs NaHHBIE O 3HAYUTEIHLHOM CHU-
KeHumn sKcrpeccurn miRNA-598-3p B mpenmMoOun-
yeckoit kope y nanueHtoB ¢ [ITCP [17]. Onucano
Tak>Ke 3HAUMTeJIbHOE CHUXKeHHEe ypoBHS MUKpoPHK
Let-7a, accoumupoBaHHOTO ¢ reHoM Oeska pS53y na-
nuneHToB ¢ ITTCP Ha ¢oHe yBeTmueHUS colep>KaHUST
NpoBOCHAIMTENbHON cyornonyiasuuu T-xeamnepoB
(Th17) [15]. Takum obpa3oM, BOBJIEUEHHE HEWUPO-
VUMMYHOJIOTUYECKUX TIPOIIECCOB B KIMHUYECKYIO
peanm3annio HEeHpOIICUXUATPUICCKUX CHUHIPOMOB
SIBJISIIOTCSI BECOMBIM OCHOBaHMEM JIJISI TIPOIOJKEHUS
MEXIUCIUTUIMHAPHBIX OMOMEINIIMHCKIX MCCIIeIO-
BaHWI B JTaHHOM HaIIpaBJICHUN.

B cBsI3M ¢ 3TUM 1eJbI0 HACTOSIIET0 HMCCJIeI0Ba-
HHUS SIBWIOCH M3yYEeHME MoKa3aTeIei CUCTeMbl Kpo-
BU, LIUTOMETPUYECKUX OCOOCHHOCTEN KJIETOYHOIO
KOMIApTMEHTa UMMYHHOI CHUCTEMBI ¥ YIACTHUKOB
COBPEMEHHBIX JJOKAJIBHBIX BOCHHBIX KOH(MJIMKTOB C
HaJIMYMEM PacCTPOMCTB afanTalii, aCCOLIMUPOBaH-
HBIX CO CTPECCOM.
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B wmccremoBaHmm mpwHUMAIM ydactue 97 ma-
LUEHTOB MYXCKOTO TI0JIa, YYaCTHUKOB COBpPEMEH-
HBIX BOEHHBIX KOHMJMKTOB, HaXOMAIIUXCSI Ha
peabumtaniioHHoM jedeHuu B I'BY3 «YUenaouH-
CKHUIl 00JIACTHOU KIMHUYECKUI TepaneBTUYECKUNA
rocnuTadb JII BETEPaHOB BOWH» CPETHErO0 BO3-
pacta 46,2%+5,6 roga, U3 HUX B 1-10 (OCHOBHYIO)
rpynmy Bouuiv 35 BeTepaHOB — YYaCTHUKOB CIELIM-
aJIbHOM BOEHHOM OoTlepalluy Ha TePPUTOPUU YKpau-
HEI (YCBO), Bpems IpeOBIBaHMS B 30HE IIPOBEICHUS
BOEHHOM omepaluu coctaBuwio ot 3 mec. 1o 1,5 aer
(B cpeaHem 8,2+2.3 mec.). 2-10 (rpyInmy cpaBHEHMUSsI)
cocTaBMIN 42 BeTepaHa BTopoii YeueHCKOoM BOeHHO
kammanuu (1999-2009) B Bo3pacTHOM Auana3oHe 35-
55 net. 3-g rpynna (rpyIa KOHTPOJIsI) COCTosIa 13
20 3m10pOBBIX BOCHHOCTYXKAIIINX COOTBETCTBYIOIICTO
BO3pacTa, He NPUHWMABIINX YJacTHUSI B BOEHHBIX
KamnaHusx. WccregoBaHue omoOpeHO pelleHHueM
Otnmyeckoro komurera OO0 <«JlokropJlad» (Poc-
cust) (mporokon Ne 3 or 17.10.2020). Bcem yuacr-
HHUKaM HCCJIeIOBaHMUSI C TIPUMMEHEHUEM KOMILIeKTa
TIICUXOMETPUYECKHX IIIKaJl ¥ TECTOB IIPOBEICHO KITM-
HUYECKOE HEUPONCUXO0JOTUYECKOE TEeCTUPOBaHUE,
Bkitoyamplee: CTpyKTYpUpPOBaHHOE KIMHMYECKOE
nuarHoctudeckoe wmHTepBbio (CKWJ), mMomyns I
«IITCP»; IIkanbl mig KIMHUYECKON AUATHOCTUKU
ITTCP (Clinical-Administered PTSD Scale — CAPS);
MUCCUCUTICKYIO IIKAJTY IIJIST OLCHKH ITOCTTPaBMAaTH -
gyeckux peakuwmii; Ikamy olLeHKM WHTEHCUBHOCTHU
6oeBoro omnbiTa (Combat Exposure Scale — CES),
[IIxamy OmeHKM BBIPaXXKCHHOCTH ITCUXO(PU3MNOIOTH -
YeCcKOUl peakilMu Ha CTpecc; MpoBeleHa MaTONCUX0-
JIoTM4YecKasl TMarHOCTUKa, BBISIBJISIONIAs] HATUUKUE B
aHaMHe3¢ ITallieHTa TPaBMAaTHUYECKOTO COOBITUSI U
oIpeieJIeHNe YPOBHS BBIPaKeHHOCTH CUMITTOMATH -
ku I1TCP [2]. CobGpaHbl xkano0bl 1 aHaMHe3 KoM0ba-
TaHTOB comtacHo pekoMmeHpauusm OI'bBY «HMUILL
ncuxuaTpum U HeBposoruu umeHu B.M. bextepeBa»
M3 P® (Cankr-Iletepoypr) [2]. [Tpu HeoGxomMMO-
CTH IPOBOAMJINCH (PYHKIIMOHAJIBHBIC UCCIICTOBAHMS:
TKIT, Y3AT, 53T, OKI, Y3U 1uToBUIHON XKeae3bl
u np. KpurepussMu MCKIIOUEHUS SIBIISIUCH TSKEJTbIS
UMT, ncuxoopraHMYeCKUEe CUHIAPOMBI, COMaTUYe-
cKas TaToJIOTMsl B CTaAuM JEKOMIIEHCAllMd, OHKO-
Joruueckue u JumorpoanudeparuBHbie 3a00JieBa-
Hus. 1o pesynabratamM mcciiefoBaHUS B 1-i1 TpymIie y
89% BetepanoB CBO nuarHoCTHpOBaHBI pacCTPOMi-
crBa amantauuu (MKbB-10 F43: Peaknus Ha Tske-
JIBIIA CTpECC U HapYLLIEeHUSI afanTaiuun): u3 Huxy 12%
muarHoctupoBaH IITTCP (MKB-10: F43.1), y 77%
BapUaHThl HEBPOTUYECKUX PACCTPOMCTB, CBSI3aHHBIX
CO CTpeccoM U coMaTO(OPMHBIMU PaCcCTPOMCTBA-
mu (MKDB-10: pyopuku F40-48). Iuarnoctuueckue
kputepuu [ITCP B MKB-10 cooTBETCTBYIOT KpUTE-
pusam 1o DSM-IV u paccmarpuBaloTcs B pyopuke
«TpeBoxHbie paccTporicTBa» (300.xx). B DSM-V ¢

Y4eTOM U3MEHEHMH B IMAarHOCTUYECKMX KpuUTe-
pusix I[ITCP Boimenens 4 knacrepa: B — HaBsg3um-
BOE BOCIIPOM3BEACHUE TPaBMATHICCKOTO COOBITHS
(intrusion); C — u3beraHue TpaBMaTUYECKOTO COOBI-
tus (avoidance); D — HeraTMBHBIE TTOCEACTBUS AJIsI
KOTHUTHUBHOI cepbl 1 HacTpoeHUsT; E — IoBbIIIeH-
Hoe Bo30y:XJeHue U peakTuBHOCTh. Paznen MKb-11
«PaccrpoiicTBa, HEIOCPEACTBEHHO CBSI3aHHBIE CO
cTpeccoM» BKJIIO4aeT B ceOs1 6B43 «paccTpoiicTBO
aganTauun» (6B43), «IITCP» (6B40) u «KoMILIeKC-
Hoe [TTCP» (6B41).

Cpenu KoMOaTaHTOB 2-11 TPyIIbI (TPYMITbI CpaB-
HEHMUS), Y KOTOPBIX JABHOCTb ITICUXOTPABMUPYIOIIETO
COOBITUSI cOCTaBMIIA HEe MeHee 15 j1eT, ToibKo 2% Be-
TepaHOB uMeii auardHo3 1o MKb-11: xpoHnueckoe
U3MeHeHMEe JTMYHOCTU mnociie Katactpodnl (F62.0),
OCTaJIbHbI€ YUACTHUKU HE UMEJIU TTPU3HAKOB IICUXO-
MaToJIOTUH.

I'emaTtoJjiornyeckue uccaea0BaHus

IMpoBogumack IeTEKINS KOJTUIECTBEHHBIX M Ka-
YEeCTBEHHBIX ITOKa3aTeJicil OOINero aHaiau3a KpPOBU
C OLEHKOH JIEMKOLIUTAPHOTO, PUTPOLIUTAPHOIO U
TPOMOOLIUTAPHOTO POCTKOB KPOBETBOPEHUS C pac-
YeTOM reMaToI0rnyeckux uHaekcon. McciaeqgoBanust
BBITIOJTHSUTMCh HAa TeéMaTOJOTMYECKOM aHaiu3aTope
Medonic M20 (LlIBerus).

NmmyHodeHoOTHIIHPOBAHKME KJIETOK KPOBH

U1t *UMMYHOJIOTUYECKOTO UCCIeIOBAaHUS BEHO3-
HYI0 KPOBb 3a0UPaJIU U3 JJOKTEBOU BEHbI B YTPEHHUE
yackl, HaTolak. UMMyHOMEHOTUTT IMM@OLIUTOB Me-
prudeprIecKor KpOBU OIIPEICISIIN C TIOMOIIBIO CTaH-
MapTU3UPOBAHHOU TEXHOJIOTUM C HCIIOJIb30BaHUEM
npotoyHoro nurodaoopumerpa Navios (Beckman
Coulter, CHIA) [5]. Jdnasg mpoueaypbl TeilTUpOBa-
HUSI UCTIOJIB30BAJIM KOMOMHAIIMIO MOHOKJTOHAJTBHBIX
nanieiikouutapubix antuten CD45"u CD46%, mis
OILICHKM CONep>XKaHUSI OCHOBHBIX U MUHOPHBIX IO-
OyJauuii TMMGOLIMTOB KPOBU HCIIOJb30BIM Clie-
IyIolre KOMOWHAIIMM MOHOKJIOHATbHBIX aHTUTE:
CD45/CD46/CD3 (T-mumdonntsr), CD45/CD46/
CD3/CD4* (T-xennepsni), CD45/CD46/CD3/CD8
(uutotokcuueckue T-numbornurtsr), CD45/CD46/
CD3/ CD56 (NK- u TNK-knerku), CD45/CD46/
CD19/CD5 (B-numdorutsr), CD45/CD46/CD3/
CD4/CD25 (aktuBupoBaHHbBIe T-Xelmepbl, paHHSS
aktuBauwms), CD45/CD46/CD3/HLA-DR (akTuBn-
poBaHHbIe T-TUM@OLUTBI, MO3AHSIS aKTUBALIS).

CrarucTndeckas o0padoTKa MaTepraia

CraTucTuueckyro 00paboTKy Marepuaja Ipo-
BOIWJIM C MPUMEHEHMEM MakKeTa MPUKIAIHBIX MPO-
rpamm Statistica for Windows vers. 10.0. (StatSoft Inc.,
CIIA). JaHHble ONpeacTaB/IsLid B BUJIE MeIUaHbl 1
KBapTUJIBHOTO pa3Maxa, MPeACTaBIISIONIeTO0 MHTEeP-
BaJl BOKPYI MEIMAHHOTO 3HAYCHUS, COIEp>KaInii
50% HabmoneHuit (Me (Qg25-Qq75)). Pasmuuus
MEXy MoKa3aTeJsIMUA OLIEHUBAIU TIPU MMOMOIIU MO-
JyJisl HeMmapaMeTPUYEeCKOU CTaTUCTUKU, UCTIOJIb3YS
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KpuTepuit MaHHa—YUTHU JTST HE3aBUCUMBIX BBIOO-
pPOK, ¢ yuyeToM ypoBHs 3HauumocTu p < 0,05.

PesynbTathl

OluieHKa nokazartejeit repugepuyeckoro oTaeaa
9PUTPOHA W IPUTPOILIMTAPHBIX WHACKCOB IOKa3a-
Jla OTCYTCTBME M3MEHEHUII BO BCEX IpymIiax, 3a Mc-
KJIIOUEHUEM CHUWXeHUus B rpymnmne BetrepaHoB CBO
nokazateiss RDW-CV, xapakTepusyloliero crerneHb
pa3dpoca 3pUTPOLUTOB IO O00bEMY U CBUJIETEJIb-
CTBYIOIIIETO O HEKOTOPOM YMEHBIIICHUH 00beMa DPH-
TPOLIMTOB OT CPeAHEN BETUYMHBI (Ta0. 1).

OTMedeHBI U3MEHEHUSI CO CTOPOHBI ITOKa3aTelIs
TeTEPOreHHOCTU TPOMOOLIMTOB, OTPAXKAIOLIETO W3-
MeHeHue OanaHca (opM TpoMOOLIUTOB B 1-ii Tpym-
ne, T. €. HEOJHOPOAHOCTU KJIETOK OJHOTO THIIa, a
TaKXKe CHVXKEHUE TIIoKasarelisi CpelHero oobeMa
TPOMOOIIMTOB, BEPOSITHO, CBUACTEIBCTBYIOIIETO OO
YMEHBIIIEHUX WHTEHCUBHOCTH TPOMOOIIUTOTIOR3A,
OIHAKO 00Illee KOJMYECTBO TPOMOOIIUTOB U TPOM-
OOKPUT MMEJIH JIMIIIb TCHASHIINIO K CHUKEHUTO, He
JIOCTUTAIONIYIO YPOBHSI CTaTUCTUYCCKON 3HAYMMO-
ctu. JuddepeHupoBaHHBII anmapaTHbIii MoacyeT
TOITYJISIIINI JICHKOIIMTOB KPOBU TTOKa3aJl CHIDKCHUE
MPOLIEHTHOTO U abCOIIOTHOTO coAepKaHus JTuMdo-
OUTOB U ITOBBIIIICHNE aOCOIIOTHOTO KOJIMYECTBA MO-
HOILIMTOB, YTO MOXET OTpaxkaThb pa3HOHAIIPaBJICHHOE
IEeHCTBUE PETYISITOPOB TeMOMOATUUECKUX KIICTOK
Ha OTHEeJbHbIE JUHUU IU(GGEpeHIIMPOBKM MOHO-
HyKJIeapoB. B ycioBusx ocTporo crpecca W MOCT-
CTPECCOBOM Ae3adanTalMy OpraHu3Ma B JOCTYITHOM
JIMTEepaType ONrcaHbl CTAIUN aKIIUICHTATbHOW MH-
BOJIOLIMM KAaK KOPKOBOM, TaK M MEIYJUISIDHOM 30H
TUMYCa U JTUMPOLUTOINIEHUS B KpOBH [6].

M3BecTHO, 4TO B YCJIOBUSIX CTpecca OOHapyXu-
BaeTCs CMIOCOOHOCTH TEeMOITO3TUYECKUX [IUTOKUHOB,
B YaCTHOCTM MakKpodaraJibHOTO KOJOHUECTUMY-
aupytomiero ¢akropa (M-CSF), spurpomnostuHa,
TpOMOOTIO3THHA, (haKTOopa HEKPO3a OIYXOJIU ajlb-
da (TNFa), nunrepdeporHon anbda u ramma (IFNa
u IFNy), tpanchopmupytoiero dakropa pocta 3
(TGF-B), IL-6, IL-13, aronuctoB Toll-mogo6HbIX
peuentopoB (TLR) netepMuHUPOBaTH BEIOOP JIMHUU
MPOUCXOXAeHUS U U PepeHIINPOBKU TEMOOITU -
yeckux cTBOJIOBBIX kieToK (HSPCs) u ux npenuie-
CTBEHHMKOB, ITOCPEACTBOM CTUMYJSIIMU (paKTopa
TpaHckpunuuu NF-xB, curHaneHbix nyteit Stat3 u
Notch, SBASIONIUXCST YHUBEPCATbHBIMU PETYJISITO-
paMU KJIeTO9HOTO roMmeocrasa [16, 38]. Kpome Toro,
9KCIIEPUMEHTAILHO J0Ka3aHo, 4to IL-6 Mmoxer
npoayuupoBatbesi HSPCs Bo BpeMsi cTUMYISILIUU
KOCTHOTro Mo3ra aroHucramu TLR u/mnu meseH-
XUMaJIbHBIMU U HETreéMOMNOATUYECKUMU CTBOJIOBBI-
mu kinetkamu (MCK) u TpaHCIUpoBaTh CUTHaJI Ha
coceqnue HSPCs mng ctumynssmuym Muesoros3sa.
OnHako OMHUM W3 HauboJjee 4acTo 3adeiCTBOBaH-
HBIX MYTEW B PETYISILMUA WHAYLMPOBAHHOIO CTPEC-

coOM KpoBeTBOpeHUs siBisieTcsi ocb TLR-MyD88/
TRIF-NF-«B [39].

LluToMeTpUIeCKMI aHAIM3 MOMYISIIMOHHOTO W
CYOIOITYISILIMOHHOIO COCTaBa JIMM(OIIUTOB IToKa3a
3HAYMMOE CHIKEHHE OTHOCHUTEJIbHOIO M abCoJIIOT-
Horo KoiandecTBa T-xesmepoB 1 3peabix NK-kieTok
(CD3-CD56"CD16*CD25%™), dheHOTUNMUYECKUA OT-
mnmyaromuxcss ot  TNK-a1mMdonnToB oTCyTCTBU-
em T-xnerounoro peuenropa (CD3) B rpymrie BeTe-
panoB CBO (ta6. 2).

CHMXXEHME YMCJIEHHOCTU JaHHBIX MOMYJISLUA
JAUM@OLIMTOB BIMOJIHE OOBSICHSET HaIUuUe AUM@o-
NEeHNU W MOXET CBHUICTCIBCTBOBATHL O Ic(UIIATE
aIaIITUBHOTO M BPOXICHHOTO KOMIIAPTMEHTOB MM-
MYHHOWM 3alllMThl B YCJIOBMSX TPOJIOHTMPOBAHHON
peakiud Ha cTpecc. YMCICHHOCTb HaTypabHBIX
KUJIJIEpOB, O0ecIieurBalolIMX peaanu3aluio HeMel-
JICHHBIX HecnenUMUIECKUX peaklii WMMYHHOU
CHUCTEMBI B OOJBIICI CTEIIEHU, YeM Makpodaru,
noaBep:KeHa IeHCTBUIO OCTPOTO M XPOHUYECKO-
Tr0 CTPECCOBOTO BO3deicTBUsA. Tak, IMOKa3aHO, 4TO
OCTPBI TICUXO3MOLMOHAJIBHBIM CTPECC CHMXKAET
yucyio NK-K1eToK B KPOBOTOKE M HETaTUBHO BJIMSIET
Ha CMOCOOHOCTh (harolMTOB K aHTUTEHHOU Mpe3eH-
Tauuu [12].

I1pu 3ToMm B rpymniie BetepaHoB CBO ycTaHOBIIEHO
3HAYMMOE, BEPOSITHO KOMITEHCATOPHOE, TIOBBIIIICHUE
yucieHHocT TNK-nmumdouuToB, peaansyrommx
MeXaHW3Mbl B3aMMOJACUCTBUS HecnelnduIeckon u
aJanTUBHON MMMYHHOUM peakKTMBHOCTH. M3BecTHO,
yto, NKT-KjJeTKM OAHUMHU M3 MEPBBbIX y4acCTBYIOT
B pacmo3HaBaHUM ayTOAHTUTECHOB M YY>KEPOTHBIX
areHTOB. Haubosee MOIIHBIM aKTUBAaTOPOM WH-
BapuaHTHBIX NKT (iINKT) kjeTok M MoIeabHbIM
antureHoM CDI1d B ycnoBusix cTpecca SBJsIeTCS
a-rajgakro3uniepamun  (a-GalCer), crocoOHBIN
CBSI3BIBAThCS C WHBAPUMAHTHBIM T-KJIETOUHBIM pe-
uenrtopoMm iNKT m mHaynupoBaTh CEKpeLUiO 1IM-
TOKMHOB pa3HOHAMNpaBJIEeHHON (QyHKIIMOHAJILHOMI
aktuBHocTHU, B yacTHocTU [IFNy u TNFa, obecne-
yupaoux Thl-geBuanuio MWMMYHHOIO OTBeTa,
HampoTuB, Npu uHAykumMu cexpeuuu 1L-4 u IL-13
B ctopoHy Th2-Tuna, B 3aBUCMMOCTU OT TUIIA U UH-
TEHCUBHOCTU BXOISIINUX aKTUBUPYIOIINX CUTHA-
0B [31]. B To ke BpeMsI HapylleHrue TMHAMUYECKOTO
paBHOBECHSI MEXIy MUHOPHBIMU CYOITOITYISIIUSIMU
NKT-kneTok aeTepMUHUPYET UCXOA MWMMYHHOTO
OTBeTa, BKJIIOUasl U3MEHEeHUe bataHca MeXIy cyoro-
nynsiuusimu Thl/Th2.

DKCIIepUMEHTAIbHBIE JaHHBIC, IIOJyYeHHBIS
IpU MOJEIMPOBAHUN OTPaHUYMBAIOIIETO CTpecca y
mblieit tuauu C57Bl/6 B TeueHue 24 4, moka3biBa-
0T HaIMuue JUMGOLUTONEHUU 32 CUET CHUXKEHUS
yucna T-numpouuroB 1 NK-kj1eTok, HIUTOTOKCUY-
HOCTB TIOCJICAHUX B OTHOIICHWM KJICTOK-MUIICHEH
YAC-1 cHuxanach 4yepe3 24 4 mocie cTpecca, B OT-
anaue ot cyoronynasuuu TNK-1umMpouToB, KO-
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TABJIULA 1. MOKA3ATENN PACLUMPEHHOW FTEMOTrPAMMbI Y BETEPAHOB COBPEMEHHbIX EOEBbIX AEACTBUN,
Me (Qo,zs'Qo,75)
TABLE 1. INDICATORS OF EXPANDED HEMOGRAM IN VETERANS OF MODERN COMBAT OPERATIONS, Me (Qq,5-Q, 75)

1-a rpynna.
BeTepaHbl 2-A rpynna.
. BeTepaHbl
cneuuvanbHoOmn y .
o €YeHCKom 3-a rpynna.
BOEHHOW onepauuu
MNapameTpbl KamnaHuu KoHTponbHas
Group 1.
Parameters Group 2. Veterans Group 3. Control
Veterans of the ~
. o of the Chechen n =20
special military campaian
operation n =p 429
n =35
AputpouuTtsl, 10'?/n 4,8 49 4.8
Red blood cells, 10'?/L (4,6-5,3) (4,72-5,10) (4,6-5,1)
KoHueHTpauusa remorno6uHa, rin 142,6 148,5 143, 8
Hemoglobin concentration, g/L (135,2-151,1) (141,1-155,1) (138,1-145,2)
FemaTokpuT, % 445 451 44,3
Hematocrit, % (42,5-46,5) (43,1-47,1) (43,5-45,3)
e ek
Mean cell volume, 10-'%/L (L) (79,6-94.8) (89,4-92.,8) (86,2-90,1)
Sg:ﬂ::i::f:plﬁauwe remorsno6uHa 28.6 298 296
Mean cell hemoglobin concentration, pg (27,5-29,3) (27,9-31,2) (28,4-31,9)
g;;;ﬂ:l;;;:zrge;;paum remorno6uHa 3321 330,2 3200
Mean corpuscular hemoglobin concentration, g/L (328,1-335,2) (325,2-338,1) (315,1-334,4)
PacnpegeneHune 3puTpoLUTOB No o6bemy, % 11,6 13,9 13,7
Red cell distribution of width, % (11,3-12,0) (13,4-13,9)* (13,2-14,2)*
KonuuectBoTpomGouuToB, 10°/n 234,8 259,7 250,8
Number of platelets, 10° cells/L (205,1-240,1) (229,1-287,3) (236,2-269,4)
TpomGokpuT, % 0,26 0,27 0,29
Thrombocrit, % (0,24-0,28) (0,24-0,30) (0,25-0,34)
CpeaHun o6bem TpombouuTa, fL 7,12 10,1 10,0
Mean platelet volume, fL (6,9-7,4) (9,9-10,7)* (9,8-10,5)*
hliugg::hnp;izpeneneum TpomGouuToB 17 14,3 13,7
Distribution width of platelets by volume, % (11,2-12,1) (14,2-14,3) (13,5-14,2)
NenkouunTsbl, 10%/n 6,3 7,3 7,2
White blood cells, 10%/L (4,3-7,2) (5,3-8,2) (6,5-8,8)
ManoukosigepHble HenTpodunbl, % 23 3,8 3,4
Rod-shaped neutrophils, % (2,0-3,2) (3,0-4,0) (3,0-4,0)
CermeHTosigepHble HenTpodunbl, % 48,1 48,0 53,2
Segmented neutrophils, % (39,2-56,3) (41,2-55,6) (46,3-60,3)
Qo3uHodunbl, % 4,8 3,7 3,8
Eosinophils, % (3,0-6,0) (3,0-4,0) (3,0-4,0)
NumdounTbl, % 29,8 34,9 32,4
Lymphocytes, % (22,1-30,6) (32,1-39,2)* (30,2-35,4)*
Basodwunbl, % 0,1 0,1 0,1
Basophils, % (0,0-0,1) (0,0-0,1) (0,0-0,1)
FpaHynouuTsl, 10%/n 3,6 3,2 3,1
Granulocytes, 10%L (3,3-4,7) (2,5-4,5) (2,6-4,3)
MoHouuTbl, 10%/n 1,5 0,7 0,8
Monocytes, 10%L (0,9-1,9) (0,62-0,86)* (0,68-1,01)*
NumdounTtsl, 10%/n 1,9 2,5 2,4
Lymphocytes, 10°/L (1,7-2,1) (2,3-3,1)* (2,3-3,1)*

MpumeyaHue. * — 3HaYnMbIe pa3nuums ¢ 1-1 rpynnou npwm p < 0,05.

Note. *, significant differences with group 1 at p <0.05.
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TABMULIA 2. IOKA3ATENYW NOMYNSALMOHHON TETEPOrEHHOCTM IMM®OLIMTOB B PA3HBIX KOTOPTAX BETEPAHOB
COBPEMEHHbIX NIOKANbHbIX BOEHHBIX KOH®MKTOB, Me (Qq 55-Qy 75

TABLE 2. INDICATORS OF POPULATION HETEROGENEITY OF LYMPHOCYTES IN DIFFERENT COHORTS OF VETERANS

OF MODERN LOCAL MILITARY CONFLICTS, Me (Qy 55-Qy7¢)

Total number of T lymphocytes (CD46*CD3*CD19),
abs., 108 cells/L

(1299,1-2187,0)

1-a rpynna.
BeTepaHbl 2-a rpynna.
cneyuanbHOMN BetepaHbl
BOEHHOM YeueHckom 3-a rpynna.
MapameTpbl onepauuu KaMnaHum KoHTponbHas
Parameters Group 1. Group 2. Veterans | Group 3. Control
Veterans of the of the Chechen n=20
special military campaign
operation n=42
n=35
O6wee konuyectBo T-nMmdoLnTOB
(CD45*CD3*CD19), oTH., % 75,2 74,3 74,6
Total number of T lymphocytes (CD46*CD3*CD19), (69,7-78,7) (72,1-76,7) (72,9-75,0)
relative, %
O6wee konuyectBo T-numcountoB
(CD45*CD3*CD19), abc., 10° kn/n 1863,4 2058,8 1661,1

(1768,3-2390,0)

(1508,4-1860,1)

NK cells (CD45*CD3-CD16*CD56"),
abs., 108 cells/L

(185,6-202,5)

T-xennepbl (CD45*CD3*CD4*), oTH., % 32,3 35,2 38,8

T helpers (CD45*CD3*CD4"), relative, % (24,7-33,7) (33,2-37,0)* (36,4-41,1)*
T-xennepbl (CD45*CD3*CD4*), a6c., 10°kn/n 748,4 894,1 881,6

T helpers (CD45*CD3*CD4*), abs., 10° cells/L (621,2-849,1) (886,2-917,4)* (861,1-1025,8)*
T-untoTokcuuyeckue (CD45*CD3*CD8"), oTH., % 25,5 26,5 27,8

T cytotoxic (CD45*CD3*CD8"), relative, % (18,9-29,1) (23,7-29,3) (25,4-29,1)
T-untotokcuyeckne (CD45*CD3*CD8*), 106 kn/n 556,8 550,2 516,2

T cytotoxic (CD45*CD3*CD8"), 108cells/L (380,2-649,1) (429,1-652,3) (472,3-572,3)
CooTtHoweHune CD4*/CD8*,10°%n 1,25 1,57 1,64
CD4*/CD8" ratio, 10°/L (1,10-1,45) (1,47-1,77)* (1,55-1,80)*
TNK-numdcoumuTtbl (CD46*CD3*CD16*CD56*), OTH., % 33 154 1.92
;)NK lymphocytes (CD46*CD3*CD16*CD56"), relative, (2,3-4.6) (1,83-2,16)* (1,67-2,19)*
TNK-numdouuntsl (CD46*CD3*CD16*CD56*), abe.,

10° kn/n 76,6 53,5 57,1

TNK lymphocytes (CD46*CD3*CD16*CD56"), (66,5-126,3) (39,14-63,80)* (47,4-65,4)*
abs., 108 cells/L

NK-kneTtkn (CD45*CD3-CD16*CD56*), oTH., % 6,2 7,7 6,6

NK cells (CD45*CD3-CD16*CD56*), relative, % (5,8-7,4) (7,3-8,1)* (6,5-6,7)*
NK-kneTtkn (CD45*CD3-CD16*CD56*),

abc., 108 kn/n 192,3 218,9 234,2

(210,1-256,4)*

(219,9-267,7)

T-numdouuTtbl CD45*CD3*CD4*CD25* (paHHAA

activation), relative, %

aKTuBauwms), otH., % 4.6 10,5 10,1

T lymphocytes CD45*CD3*CD4*CD25* (early (3,2-5,8) (9,5-10,7)* (8,5-11,2)*
activation), relative, %

T-numcountbl CD45*CD3*CD4*CD25* (paHHAA

akTuBaums), 10° kn/n 44,6 85,9 87,8

T lymphocytesCD45*CD3*CD4*CD25* (early (23,3-61,2) (65,4-97,8)* (68,8-102,6)*
activation), 10° cells/L

T-numcountbl CD45*CD3*CD4*HLA-DR* (no3gHAsA

aKkTuBauwms), otH., % 3,17 5,04 5.1

T lymphocytes CD45*CD3*CD4*HLA-DR* (late (2,3-3,3) (4,90-5,15)* (4,3-5,5)*
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1-a rpynna.
BetepaHbli 2-a rpynna.
cneunanbHOMn BeTepaHbl
BOEHHOM YeueHckomn 3-a rpynna.
MapameTpbl onepauumn KaMnaHuu KoHTponbHas
Parameters Group 1. Group 2. Veterans | Group 3. Control
Veterans of the of the Chechen n=20
special military campaign
operation n=42
n=35
T-numcpounTbiCD45*CD3*CD4*HLA-DR* (no3gHsas
akTuBauwms), 106 kn/n 29,7 411 44 .4
T lymphocytes CD45*CD3*CD4*HLA-DR* (late (17,0-33,2) (33,6-47,3)* (37,2-53,5)*
activation), 10° cells/L
T-perynsaTopHble KNETKN
(CD45R0*CD3*CD4*CD25*CD127"), oTH., % 3,6 25 2,3
T regulatory cells (CD45R0*CD3*CD4*CD25*CD127"), (2,6-4,8) (1,9-2,6)* (2,2-2,3)*
relative, %
T-perynatopHbie knetku (CD45R0*CD3*CD4*CD25*
CD1277),10° kn/n 53,7 49,9 47,6
T regulatory cells (CD45R0*CD3*CD4+*CD25*CD127"), (52,0-58,5) (38,2-51,4)* (40,7-50,2)*
108 cells/L
T-perynsiTopHble KNeTku NO34HANA akTUBauus
+ + + + - + 0,
(COBRICDICDUCOLCOTHADR o | ggs |z | s
(CD45R0*CD3*CD4*CD25*CD127-HLA-DR?), (0,43-0,79) (0,74-1,35) (0,95-1,44)
relative, %
T-perynsiTopHble KNeTKn No3gHAA
akTuBauusa(CD45R0*CD3*CD4*CD25*CD127-HLA-
DR*), a6c., 10%kn/n 7,5 9,13 10,2
T regulatory cells late activation (CD 45 (5,6-8,4) (8,12-11,30)* (9,3-11,9)*
R0*CD3*CD4*CD25*CD127-HLA-DR"),
abs., 108 cells/L
O6uwee konnyecteo B-numdountos (CD45*CD3-
CD19%), oTH., % 10,3 12,4 11,8
Total number of B lymphocytes (CD45*CD3-CD19*), (7,1-13,1) (11,40-13,12) (10,9-13,1)
relative, %
O6wee konuyectBo B-numdcouunTtor (CD45*CD3-
CD19%), 106 kn/n 281,5 350,2 316,5
Total number of B lymphocytes (CD45*CD3-CD19%), (187,1-324,2) (299,3-343,2) (279,2-318,2)
10° cells/L

MpumeyaHue. CM. npumeyaHue kK Tabnuue 1.

Note. As for Table 1.

YeCTBO M (DYHKIIMOHAIbHASI aKTUBHOCTh KOTOPKIX HE
U3MeHsJIaCh, HANpPOTUB, HUTOTOKCUYHOCTL NKT-
JIMM@OINUTOB B OTHOIIICHUN CUHTEHHBIX TUMOILIUTOB
BO3pacTaja IapasiejbHO ¢ YBeIUYeHUEM UX OOJU,
MPEeUMYIIECTBEHHO ITyTeM ayTOPEeaKTBHOCTU 4epe3
Fas-nurang [25].

Taxcke B rpymre BerepaHoB CBO oTrmeueHo 3Ha-
YMMOE TTOBBIIICHUE CyOTTOny IsIuK T-peryIsITOPHBIX
kietok (Treg), oTIMUYarONINXCST BHICOKOI 3KCIIpEeC-
cueit Ha MeMOpaHe pelleliTopa K MHTCPICHKUHY-2
(IL-2R), CITOCOOHBIX HWHTHOMPOBATH AaKTUBAIIMIO
CD4*CD25* nuMdOLMTOB W OTpaHWYMBATH pas-
BepThIBAHNE ayTOMMMYHHBIX peaKIInii, 00ecIieunBast
dopmupoBaHue <«mnepudepudeckoil ToJiepaHTHO-

ctu [4]. Ilpu cTpecce TpaHCKPUITLIMOHHBIN (hakTop
FoxP3 yyacTByeT B MOBBbIIIAIOLICH PEryasiliAU IKC-
Npeccur UWHAYLUPYEMOIO  TJIIOKOKOPTUKOUIAMU
peuentopa TNF (GITR) B tunuu T-peryasiToOpHbIX
KJIETOK, MOTEHUUPYST MPOJUdEepaTUBHYIO AaKTHUB-
HOCTb MOCJHEAHUX, (HPUUOTOTUYECKUN CMBICI KO-
TOPOU 3aKJIIOYaeTcsl B OTCEYEHUU BO3MOXHOCTU
rnepepacTtaHusi UMMYHHOTO OTBETa B ayTOUMMYHHYIO
peakumio [22]. KpoMe TOro, riioKOKOPTUKOUIBI TT0-
BBIIIAIOT aKTUBHOCTH TpaHC(hOpMUpyoIero hakTo-
pa pocta B (TGF-B), nmonasnsiioniero n30bITOYHYIO
akTuBaluio T-kJjieTok u Mmakpodaros [10, 13].
BeposiTHO, 3apukcupoBaHHOE HaMM 3HAYMMOE
CHUXeHue uuciia T-xenarnepoB U T-peryasiTOpHbBIX
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KJIETOK, HEeCyIIUX MapKepbl paHHel (dheHoTUn
CD45*CD3*CD4*CD25%) u nmo3nHeli TTO3UTUBHOM
aktuBaluu: peHorun CD45*CD3*CD4*HLA-DR”
u CD45"CD3*CD4*CD25%eCD127-HLA-DR*
B 1-i1 rpynne BetepaHoB CBO, B cpaBHeHUM C Be-
TepaHaMM 2-f TPYIIIBI, HOCUT OTPaHNYNTEIIbHBIN
XapakTep, Tpeaynpexknaasi pa3BUTHE HE TOJbKO ay-
TOMMMYHHBIX pe€akllMil, HO W pa3BUTUE CTpPeccC-
WHIYLIMPOBAHHOTO  HelipoBocmaneHus. OmHaKo
B JIMTEpaTYpHbIX MCTOUYHMKAX UMMEIOTCS JaHHbIE
O TOHIKAMIICH PEeTyISIIMA B OTHOIICHWU KOJM-
yectBa CD45RA*CCR7" «HamBHBIX» 1 CD45RA-
CCRT7* «11eHTpaJIbHBIX T-KJIETOK ITaMSITH» B OTBET
Ha OCTPBIA IICUXOJOTMYECKUI CTPECC, B TO BPEMSI
kak cyononyasiuusgs CD45RACCR7- «a3ddekrop-
Heix» U CD45RA*CCR7- «TepMuHanbHO mu@-
dbepeHIMPOoBaHHBIX» 3 deKTopHbIX  T-KJIeTOoK
OCTaBaJICh CTAOWIBHBIMU WM YBEJINYUBAIUCE.
ABTOpPBI OOHApPYKWJIM, YTO OCTPBINA ICUXOJOTUYe-
CKHUI CTpecC BBI3BIBACT COITYTCTBYIOIICE CHIDKCHUE
CD4*FoxP3*Tregs u CD4* T-kJileTOK, 3KCIpeccu-
pyromux Treg-ponctBeHHble 3(deKTopHbBIE MOJEe-
KYJbl, LIMTOTOKCUYECKU T-1uMbonnTapHblii aHTH-
reH-4 (CTLA-4) u naTeHTHO-acCCOLIMUPOBAHHBIN
nentun (LAP) [20]. CrnemyeT OTMETUTD, YTO MEXIY
nokKasaTesIsIMU TPYIIbl CPAaBHEHMS, B KOTOPOIA JIIIIb
y 2% BeTepaHOB MMEJI0 MECTO XPOHUYECKOE U3MEHE-
HUE TMYHOCTU, U KOHTPOJIbHOM MPaKTUUYECKU OTCYT-
CTBYIOT 3HAUUMbIE PA3JIMUUSL, UYTO, BEPOSITHO, CBUIEC-
TEIBCTBYET O HUBEJIUPOBAHUM C TCUCHUEM BPEMEHU
OCTPOTHI CTPECC-UHAYLIUPOBAHHBIX HEUPOUMMYH-
HBIX pEAKIIA.

ObcyxaeHve

Heiipobuonorust crpecca, UWHAYLUMPOBAHHOIO
pa3IWYHBIMU BUIAMU CTPECCOPHOTO BO3JAEUCTBUS,
B TOM YHCJIe BOGHHOTO CTpecca, aKTUBHO M3y4JaeTCs
C MO3UIMIA OOIIIETeHOMHbBIX aCCOLIMAaTUBHBIX HCCIIe-
MOBAaHWI, N3yJalOIINX HA YPOBHE TCHOMUKM, SITUTE-
HOMUMKHM (PaKTOpbl prcKa (OpMUPOBAHUS HEMPOI-
cuUxuaTpuyeckux cuHiapomon [21, 32]. ABropamu
MOKa3aHO, 4YTO CTpeCcC-MHAyLMpPOBaHHAsI TJIFOKO-
KOPTUKOCTEpOUAHAS CTUMYJSALUS T-1uMbOLUTOB
in vitro COIpoBOXIaeTCsI M3MCHCHHBIM TPaHCKPUII-
LIMOHHBIM OTBETOM SIIEPHOTO TPAHCKPUMILIMOHHOTO
dakTopa akTuBUpPOBaHHBIX T-nuMmdonuToB (nuclear
factor of activated T cells cytoplasmic, NFATC1), uto
MOXKET CITOCOOCTBOBATb PAa3BUTUIO TICUXOMATOJO-
TUU, CBI3aHHOI co cTpeccom, Bkmovas [TTCP [32].

HenaBHue wucciienoBaHus IoKas3ajid, YTO B yC-
JIOBUSIX CTpecC-MHIYLIMPOBAHHOTO HelpoBoOcCIIalie-
HUSI MHOTOKPAaTHO BO3pacTaeT CIIOCOOHOCTh aKTHU-
BUPOBAHHBIX MakKpodaroB U AEHAPUTHBIX KIJIETOK K
OpoayKUMU KUHypeHuHa. [lociaennuii, myteMm dep-
MEHTAaTUBHON MoauduKalunu, npruodopeTaeT Helpo-
TOKCHYECKNE CBOMCTBa 3a cUeT TpaHC(hOpMaIlNKd B
3-TUIPOKCUKUHYPEHUH M XWHOJMHOBYIO KMCJIOTY.

Hanportus, B ¢pu3MOJ0OTUYECKUX YCIOBUSIX MeTabo-
JIMTBI KUHYPEHWHA, B YaCTHOCTU KWHYPCHWHOBASI
KMCII0Ta, 00JIaIatoT CBOMCTBAMU HEMPOIIPOTEKTOPA.
I1pu 3TOM OTMEYEHO, YTO B CUTYallMU IIPOJIOHTUPO-
BaHHOTO CTpecca HeHPOTOKCUYECKUN ITyTh MeTabo-
Ju3Mma gjomuHupyet [19]. UccneqoBaHust mokasaliu,
qTO WHIOYLUHMpyeMas IIPOBOCITAIUTEILHBIMUA IIUTO-
KMHAMU B YCIIOBUSIX OCTPOrO CTpecca aKTUBAlIUs
WHAO0JaMWUH-2,3-TMOKCUTeHa3bl, y4acTBYIOLIEH B
MeTabosm3Me TpuntodaHa Ha Tepputopumn [THC
(depMaHTATUBHO OITOCPEIYeT TIePeX0] K KOTHUTHUB-
HBIM/aOEKTUBHBIM paccTpoiicTBam [7].

B cBo10 ouepenb, UMEIOTCSI CBeACHUS O (PU3UO-
JIOTUYECKON POJM WHAOJAMUH-2,3-IMOKCUTEHA3hI
¥ CBSI3aHHOTO C HEll KWHYpeHWHA, TAHAEMHO pery-
JIMPYIOIINUX TIPOAYKIIMIO PEryIsITOPHBIX T-KJIETOK
KieTkaMu Mukpornuu Ha tepputopuu LIHC. On-
HAaKO W30BITOYHAs aKTWUBAIASI 3TOTO IIYTH MeETa-
6onm3ma TpunrTodaHa MOXET IPUBOIUTH K BHI-
paboOTKe HEHPOaKTUBHBIX METAaOOJMTOB, KOTOPHBIC
NOTEeHIIMAIbHO CHOCOOHBI HETaTUBHO BJIMSATH Ha
MeXaHWU3MBI MEXXHEUPOHHOM Tepesadn U HapylIaTh
HOpMaJIbHOE (DYHKIIMOHMPOBAHUEC HEHPOHOB, TIPU-
BoAsI K MaHHU(ECTallMd HEHNPOICUXUATPUICCKUX
paccTpoiicTB [28].

Bonee Toro, mokasaHo, 4TO B YCJIIOBUSIX CTPECC-
WHIYIUPOBAHHOTO HelpoBocnajeHus Treg MOTyT
JIeTKo pa3dMHoxaTbesa B LIHC B TeueHume ninTeabHO-
r0 BPEMEHU U CO3/1aBaTh PE3UACHTHYIO MOITYJISLINIO
Treg B MO3re TIpU CTUMYJISILIMM MHUKPOCPEIBI, YTO
MOAYCPKUBACT ITOTCHIINAIBHYIO B3aUMOCBSI3b MEXKITY
9BOJIIOINECY MMMYHOJOTUYECKOT M HEBPOJIOTHYC-
cKoit cucteMm [34].

HN3yuyenne Hamu dpakuyu B-nmumdbouutoB B
CPaBHUTEILHOM acIieKTe He OOHAPYKMJIO 3HAYMMbBIX
Pa3IUINii B KOJTMIECTBE JAHHBIX KJIETOK B KPOBOTOKE.
OpHaKo U3BECTHO, YTO € TUM(PONMEHUYESCKUMU peaK-
OUSIMA, HaOJTIOTaeMbIMU B TTepruepruIecKoil KPOBU
MMeeT MEeCTO yCWIeHHE TpaHyso- 1 B-mumdorioasa B
KOCTHOM MO3T¢, KOppeIUpyollee ¢ YPOBHEM CTEpO-
MIHBIX TOPMOHOB B IJ1a3Me KpoBH [3].

3aKnoyeHne

Takum o00pa3oM, WHAYLMPOBAHHOE CTpecC-
MearaTopaMy KPOBETBOPEHUE M M3MCHCHUE KO-
YEeCTBEHHOTO CIIeKTpa CyOnonyJIsiiuii TMMQPOLIUTOB
B KPOBM SIBJISIETCSI CJAOKHBIM M JMHAMWYHBIM ITPO-
1IECCOM, BKJTIOYAIOIIIUM TOPMOHAJIbHBIE U HEUPOUM-
MYHHbIE BJIMSIHUSI Ha npolecchl JuMdonoasa, aud-
(EepEeHIIMPOBKM KJIETOK, 3KCIIPECCHIO aITre3MBHBIX
MOJIEKYJ JUMMOIIMTOB, BHIOOD JUHMUU MEPEeKpPeCT-
Hoil curHanmuzanuu mexay HSPCs, ctpoManbHbIMU
KJIETKAMUA KOCTHOTO MO3Ta ¥ HETeMOITO3TUICCKIMU
TKaHSIMH U B 1ISJIOM OTPaKaloIuM HaJIMYKUE CTPECC-
MHAYLIMPOBAHHOIO HEeWpPOBOCTAJIEHUS, aCCOLIMUPO-
BaHHOTO C KJIMHUYECKUMU (DopMaMu Heliporicuxua-
TPUUECKUX PACCTPOUCTB.
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OENPUBALING VEGF BJIMFAET HA 9KCMPECCUIO
SHAOINNHA B KNIETKAX TPO®POBJIACTA U ECTECTBEHHbIX
KWUJIJIEPAX

Teinyk E.B., [Ileaucosa E.A.,, Mapko O.B., Koran I1.10., CeabkoB C.A.,
Coxodaos /1IN

DI'BHY «Hayuno-uccaedosamenbcKuil UHCMUMYym aKyuepcmed, 2UHeK0A02UU U Penpo0yKmoao2Uuu UMeHU
.0. Omma», Cankm-Ilemepoype, Poccus

Pesome. benku cemeiictBa VEGF yJacTBYIOT B pa3BUTHUHM MHOTHX KJIETOYHBIX MOITYJISIINIA: SHIOTEIN-
aJIbHBIX KJIE€TOK, MOHOIIUTOB U MaKpodaroB, CTBOJIOBBIX KJIETOK, OMyXOJEBbIX KJIETOK, MBIIIICUHBIX KJIIETOK
CTEHOK COCYIOB, KJIETOK TpodobaacTa U B 1LIeJIOM JIIOOBIX KJIETOK, aKcnpeccupywoux perentopsl K VEGE
Hapymenust, 3atparuBatorne nponykino 6ekoB VEGF m npoBeneHre CUTHAIOB OT HUX, IPUBOIST KO
MHOT'MM MaTOJOTUYECKUM COCTOSIHUSIM, B TOM YKCJIe K aHOMaIWSIM pa3BUTHUS TUTalieHThI. KiieTku Tpodobia-
CTa SIBJISIIOTCSI OCHOBHOM MOIyJIsLMel KJIeToK, hopMupytoneit miameHTy. OHU BOBJIEYEHBI B IIPOLIECCHI Ce-
kpeunn u peruermimn VEGE, akropa, HeoOxommMoro 1yt odecrneueHrsI aHTuoreHe3a. HecMoTps Ha 310, Ha
MaHHBIA MOMEHT B JIMTepaType HEAOCTAaTOYHO NaHHBIX O BAMUSIHUU TIpoBeneHus curHaiaoB oT VEGF B kiet-
Kax Tpodobacta Ha X yHKIMOHaAbHbIE 0cOOeHHOCTU. Cpean KJIETOK OKpYKeHUsI TpodoobJiacTa, KOTOphIe
MOTYT BO3ICHCTBOBATh HA MX aKTUBHOCTH B X0OJI¢ OEpEeMEHHOCTH, 0CO0OI TPYIIION SIBIISIFOTCSI MaTe PUHCKUEC
MMMYHHBIE K1eTKHU, B yacTHOCTH NK-knetku. [IprHrMas Bo BHUMaHMe BBICOKYIO YncieHHOCTh N K-KiteTok
B JeluayabHOW 000JI04Ke, HEOOXOIMMO YYUTHIBATh UX BKJIaA B U3MEHeHUEe (peHOTUIa KJIeTOK Tpodobdia-
cta. B HacrosimeM ucciemoBaHny n3ydaiachk akcapeccust NK-kineTkamMm n KieTKaMu TpodobiacTta 6eJIKOB
MICA u MICB, a Taxxke peuenrtopa CD105. Monekynsl MICA u MICB saBnsioTcss MapkepaMu cTpecca
U MO3BOJISIIOT CYAUTh O XXKM3HecnocobHocTu KiaeTok. Penentop CD105 skcnpeccupoBaH Ha MOBEPXHOCTU
HEKOTOPBIX TIOMYJISIIINI KJIETOK U yYacTBYET B repeaade curHaia ot 6enkos cemetictea TGF-fB. B wactHo-
CTU, TI0Ka3aHO, YTO DHAOINUH perynupyeT curHaiuHr ot TGF-f nyrem HanpaieHuUsl curHaia yepes3 myTu
SMAD2/3 nnu SMAD1/5/8. DHAOTIWH, COTJIACHO JIMTEpaType, MHTMOMPYET CUTHAIMHI, 3a/IeHCTBYIOIINIA
6ermok SMAD3. Urpaet 1u 3HIOTIWH Ty Xe poib B ciiydae NK-kireTok u Tpodobiracta, HeM3BeCcTHO. M3-
y4eHre M3MEHEHUI B 3KCIIPECCHMM SHIOIVIMHA SIBJISIETCS aKTyaJlbHOUW MPOOJEeMOi, MOCKOJBbKY CUTHAIbI
ot TGF-3 HeoOxonuMbl Npy nuddepeHIIMPOBKE MOMYIsUUi TpodobiacTta, a HApyIIeHUsI B MeXaHU3Max
CUTHAJIMHTa MOTYT IIPUBOONUTH K HEBRIHAIIMBaHUIO. B pe3ynbrare ucciemoBanms Mbl mokasanu, 4to VEGF
WUIpaeT PoJib B PETYJISIIMU aKTUBHOCTU Tpoo0OJ1acTa U €CTeCTBEHHBIX KMJUIEpOB. B yacTHOCTH, nenpuBaiius
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VEGF-A MOHOKJIOHAJIbLHBIMM aHTUTEJIaMU MPOTUB 3TOr0 LIUTOKMHA MPU COKYJIBTUBUPOBAHUM Tpodobiia-
cta 1 NK-kjreTok mpuBoAauT K yrHeTeHuIo skcrpeccun CD105 odbenMu nmonysiuusgMu KiaeTok. IIpu aTom
cyTouHast UHKyOauus Tpogoodaacta ¢ aHtutreaamu K VEGF He BbI3bIBaia UBMEHEHUI B UX YCTOMUYMBOCTU K
LUTOTOKCUYECKOM aKTMBHOCTH €CTECTBEHHBIX KMJIJIEpOB. BMecTe moyyeHHbIe pe3ybTaThbl TOBOPSIT O TOM,
yto nenpuBaiusi VEGF nmpuBoauT K 3HaYMMbIM U3MEHEHUSIM B perieniuu 6enkoB cemerictea TGF-f3 kiet-
KaMu TpogobacTa U eCTECTBEHHBIMU KUJIJIEpaMU.

Karouesnie cnosa: antiVEGF, CD 105, sndoeaun, NK-kaemku, mpogobaacm, TGF-3

VEGF DEPRIVATION AFFECTS ENDOGLIN EXPRESSION
IN TROPHOBLAST CELLS AND NATURAL KILLERS

Tyshchuk E.V.,, Denisova E.A., Marko O.B., Kogan 1.Yu,,
Selkov S.A., Sokolov D.I.

D. Ott Research Institute of Obstetrics, Gynecology and Reproductology, St. Petersburg, Russian Federation

Abstract. Vascular Endothelial Growth Factors (VEGFs) are a group of proteins involved in differentiation
of various cell types including endothelial cells, monocytes, macrophages, stem cells, tumor cells, vascular
smooth muscle cells, trophoblast cells, and other cell populations that express VEGF receptors. Pathological
conditions, such as abnormalities in placental development, can be caused by altered production and signaling
of VEGFs. Trophoblast cells play a significant role in placental formation and are essential for angiogenesis due
to their secretion and reception of VEGE However, there is a lack of information in the literature regarding
the influence of VEGF on functional characteristics of trophoblast cells. Maternal immune cells, particularly
natural killer (NK) cells, have been shown to affect the activity of trophoblasts during pregnancy. Given the
high abundance of NK cells in decidual tissue, it is important to evaluate their potential influence on phenotype
of trophoblast cells. In this study, we investigated the expression of MICA, MICB, and CD105 proteins by NK
cells and trophoblast cells. MICA and MICB are stress markers that allow us to assess cell viability. CD105
is a receptor expressed on the surface of various cell types. It plays a role in signal transmission from TGF-f3
family proteins. In particular, endoglin has been shown to regulate signaling from TGF- by directing signals
through the SMAD?2/3 or SMAD1/5/8 pathways. According to the literature, endoglin inhibits the SMAD3-
mediated signaling. However, similar effects of endoglin have not been confirmed for NK cells and trophoblasts.
The studies of endoglin expression levels are of importance, since the signals from TGF-f3 are essential for
differentiation of trophoblast cells. Disruption of TGF-p signaling can lead to pregnancy complications and
miscarriage. We have demonstrated that VEGF plays a role in regulating the activity of trophoblasts and NK
cells. In particular, treatment with neutralizing monoclonal antibodies to VEGF-A was associated with reduced
expression of CD105, a VEGF coreceptor, on trophoblasts and NK cells under co-culture conditions. However,
pretreatment of trophoblasts with anti-VEGF antibodies did not alter their resistance to the cytotoxic activity
of NK cells. Taken together, these findings suggest that inhibition of VEGF signaling results in significant
changes in reception of TGF-3 family proteins by trophoblasts and natural killer cells.

Keywords: antiVEGF, CD105, endoglin, NK cells, trophoblasts, TGF-f3

Gynecology and Reproductology, St. Petersburg, Rus-
sian Federation
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Introduction

strategies for pregnant women in high-risk groups to
improve obstetrical and perinatal outcomes”, con-
ducted at the D. Ott Research Institute of Obstetrics,

Members of the VEGF family of proteins regulate
vascular growth [3]. Many pathological conditions,
including abnormalities of placenta development, are
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associated with complications in the production of
VEGF proteins and the transmission of signals from
them [22]. There are three types of VEGF receptors:
VEGFRI1,whichbindsVEGF-A, VEGF-B, PIGFE and
VEGF-F, VEGFR2, whichbinds VEGF-A, VEGF-E,
VEGF-C, and VEGF-D; and VEGFR3, which
binds VEGF-C and VEGF-D [28]. These receptors
cause the activation of different signaling pathways
in cells. The activation of VEGFR1 and VEGFR2
receptors is involved in the process of angiogenesis,
both physiological and pathological, while VEGFR3
regulates the process of lymphangiogenesis [39].

Speaking about the participation of VEGFRI
and VEGFR2 in the regulation of angiogenesis,
it should be noted that VEGFR2 plays a primary
role in the activation of many processes in cells
related to proliferation, migration and blood vessel
formation. However, the involvement of VEGFRI1
in these processes cannot be denied either, since
experiments with the deletion of the murine gene
encoding VEGFRI1 resulted in pathological vascular
development and the embryonic death [5, 11]. It has
been shown that VEGFRI1 has a much higher affinity
for VEGF-A compared to VEGFR2. However,
the level of phosphorylation of VEGFRI1 after
activation is lower than that of VEGFR2, which could
explain the more active participation of VEGFR2
in the regulation of angiogenesis [17, 44]. Another
characteristic of VEGFRI is the existence of a soluble
form of the receptor, sFItl, which has an affinity for
A-VEGTF that is comparable to that of the membrane
form [20]. Since increased VEGFRI1 expression
leads to a decrease in the concentration of VEGF-A
available to bind to VEGFR2, VEGFRI1 is thought
to act as a regulator of signal transduction through
VEGFR?2 [26].

VEGEF is involved in the development of various
cell types, including endothelial cells, monocytes,
macrophages, stem cells, tumor cells, vascular smooth
muscle cells, trophoblast cells, and any other cells that
express VEGF receptors [10, 28, 36]. VEGFRI1 is also
expressed by NK cells [6]. Many studies have shown
high levels of VEGF-A expression in the placenta,
particularly in macrophages, endometrial glandular
cells, leukocytes, endothelial cells, vascular smooth
muscle cells, in villous and extravillous trophoblasts,
and in NK cells [8, 18, 19, 36, 37]. Disruption of
VEGEF signaling has been shown to be associated
with pregnancy complications. For example, an
increase in the concentration of sFItl in serum is
a sign of preeclampsia, as it competes for VEGF
binding with membrane VEGF receptors [7, 26, 51].
In addition, the intensity of VEGFRI1 expression
by syncytiotrophoblasts was found to be increased

in cases of preeclampsia, compared to healthy
pregnancies [51].

Maternal immune cells, particularly NK cells,
are an important group of cells in the trophoblast
microenvironment. During the first trimester, this
cell population accounts for approximately 70% of
all leukocytes within the decidua, highlighting the
significance of their functions [1]. NK cells play a
crucial role in the transformation of uterine spiral
arteries and the regulation of trophoblastic invasion
intotheuterine mucosa[33,48]. Asalready mentioned,
both trophoblasts and NK cells have receptors for
VEGF and are capable of secreting VEGE Therefore,
they are able to regulate each other’s activity in an
autocrine and paracrine way.

The interaction between NK cells and trophoblasts
is one of the key factors supporting the pregnancy,
as these cells are involved in the development of
placental tissue. In this regard, the investigation of
interactions mediated by both secretory products
and receptors of trophoblasts and NK cells is of great
importance. In particular, in the field of reproductive
medicine, a lot of studies have been focused on the
synthesis and reception of VEGE, a factor necessary
for angiogenesis. However, despite this, there are
currently insufficient data in the literature on the
effect of VEGF on the functional characteristics of
these cells [38]. Therefore, the aim of this study was to
evaluate the role of VEGF in maintaining the viability
of trophoblast and NK cells. To achieve this goal,
bevacizumab was used. It is an antibody that binds
to the VEGF-A and prevents it from binding to its
receptors [32]. Bevacizumab is already widely used
to treat choroidal neovascularization and diabetes
complications [30], as well as various tumors and other
abnormal angiogenesis-related conditions [12, 16,
34]. In this study, we investigated the surface markers
of NK cells and trophoblasts, specifically the MICA
and MICB proteins. These proteins function as stress
markers and help determine cell viability. Additionally,
we studied the CD105 receptor, which is expressed on
endothelial cells, trophoblasts, and other cell types.
This receptor plays a role in the transmission of signals
from TGF-B family proteins [23].

It has been demonstrated that signals from TGF-f3
play a crucial role during placentation as they are
essential for the differentiation of trophoblast popu-
lations [15,49]. Disruptions in signaling pathways
can lead to pregnancy loss [45]. Using an endothelial
cell model, it has been shown that endoglin regulates
TGF-B signaling by directing the signal via the
SMAD2/3 or SMAD1/5/8 pathways. Signaling along
the SMAD1/5/8 pathway promotes proliferation and
migration of endothelial cells, thereby stimulating
angiogenesis. In contrast, activation of the SMAD2/3
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pathway has an anti-angiogenic effect [23]. Endoglin,
according to the literature, inhibits the signaling
pathway involving the SMAD?3 protein [14]. Whe-
ther endoglin plays a similar role in NK cells and
trophoblasts is currently unknown. However, it has
been demonstrated that SMAD proteins, which are
involved in these signaling pathways, are active in
trophoblast cells [4, 47], and only SMAD2/3 have
been identified in NK cells [50].

Materials and methods

Cell lines

The study was conducted using the JEG-3 and
NK-92 cell lines (ATCC, USA), which reflect the
main characteristics of extravillous trophoblasts and
natural Killer cells, respectively [13, 21]. The cells were
cultured according to the manufacturer’s instructions
(ATCC, USA). Recombinant IL-2 (‘Roncoleukin’,
BIOTECH, St. Petersburg, Russia) was used as a
growth factor for the NK-92 cells. Cell viability in
all experimental settings was assessed using trypan
blue staining. The viability was at least 95% for each
experiment.

Inductors

Antibodies to VEGF (5000 nM, Avastin, F. Hoff-
mann — La Roche Ltd., Switzerland, Germany) were
used as inducers.

Assessment of the phenotype of JEG-3 and NK-
92 cells after incubation in the presence of anti-VEGF
antibodies

JEG-3 cells were cultured in 5 mL of medium in
25 cm flasks (BD Biosciences, USA) with a density of
1 x 10° cells, for 48 hours. After this period, 1.5 x 10°
NK-92 cells were pre-treated with carboxyfluorescein
diacetate succinimidyl ester (CFSE), in accordance
with the manufacturer’s instructions (Sigma-Aldrich,
USA). The cells were then added to part of the flasks.
NK-92 cells, stained with CFSE, and intact JEG-3
cells were used as controls. After that, the mono-
and co-cultured cells were treated with antibodies
to VEGE After a 22-hour incubation period, the
JEG-3 cells were removed from the flasks using a
scraper without using a trypsin-versene solution. The
cells were treated with Fc-block reagent (Miltenyi
Biotec, Spain) and monoclonal antibodies against
CDY%, CD45, CD105, MICA, MICB, NKG2D, and
NKG2A (R&D, BD Biosciences, USA) in accordance
with the manufacturer’s instructions. Appropriate
isotypic antibodies (R&D, BD Biosciences, USA)
were used as a control for non-specific binding.
The expression of the markers and cell fluorescence
intensity were evaluated using a FacsCantoll flow
cytometer (BD Biosciences, USA). There were four
biological replicates with one technical replicate for
each experiment.

Assessment of the cytotoxic activity of NK-92 cells
toward JEG-3 cells

The cytotoxic activity was assessed as described
previously [29]. JEG-3 cells were cultured in a flask at
a concentration of 2.5 x 105/10 mL of medium. After
2 hours, antibodies to VEGF were added to the flask.
After culturing for 22 hours, the JEG-3 cells were
washed and stained with a CASE solution following
the manufacturer’s instructions (Sigma-Aldrich,
USA). The stained JEG-3 cells were removed from
the flasks using trypsin and versene solution and
then transferred to the wells of a 96-well round-
bottom plate (BD Biosciences, USA). Next, NK-92
cells were added to the wells containing JEG-3 cells
at a 10:1 ratio (effector:target). The plate was then
centrifuged for 5 minutes at 100 g. After 4 hours of
incubation, the cells were stained with a propidium
iodide solution according to the manufacturer’s
instructions (Sigma-Aldrich, USA). The percentage
of dead JEG-3 cells was assessed using a FacsCantoll
flow cytometer (BD Biosciences, USA) following a
previously described gating strategy [29]. There were
three biological replicates and two technical replicates
in each experiment.

Statistical analysis

GraphPad Prism 8 software was used for statistical
analysis. Statistical comparisons between groups were
conducted using a non-parametric Mann—Whitney
U test. Differences were considered significant at
p <0.05.

Results

The expression of MICA and CD105 proteins by
JEG-3 cells was altered in the presence of antibodies to
VEGF and NK-92 cells

Analysis of the phenotype of JEG-3 cells revealed
that approximately 12% of the cells express the MICB
molecule, approximately 16% express MICA, and
18.5% express the CD105 receptor (Figure 1A).

The co-culture of JEG-3 cells with NK-92 cells,
compared to monoculture, resulted in a two-fold
increase in the percentage of JEG-3 cells expressing
the CD105 receptor. The percentage of JEG-3 cells
expressing MICA and MICB molecules remained un-
changed under these conditions. Analysis of the mean
fluorescence intensity after co-culture with NK-92
cells compared to monoculture showed no change in
the expression intensity of MICA, MICB, and CD105
proteins by JEG-3. Analysis of the JEG-3 cells
phenotype after its co-culture with NK-92 cells in the
presence of antibodies to VEGF showed a decrease
in the percentage of JEG-3 cells expressing MICA
and CDI105 proteins compared to the baseline level
during co-cultivation, The percentage of JEG-3 cells
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Figure 1. The percentage of trophoblast cells (JEG-3) expressing MICA, MICB, and CD105 proteins (A), and the intensity
of expression of these markers (B) in the presence of antibodies against VEGF (antiVEGF) in mono- and co-culture with

natural killer cells (NK-92)
Note. Differences from isotype control: ***, p < 0.001. Differences between

expressing the MICB receptor remained unchanged
(Figure 1A).

Co-culture of JEG-3 cells with NK-92 cells, as
well as treatment with antibodies to VEGEF, did not
affect the intensity of expression of MICA, MICB,
and CD105 proteins by the cells (Figure 1B).

The phenotype of NK-92 cells was affected by
the presence of antibodies to VEGF and JEG-3 cells

Analysis of the NK-92 cell phenotype has revealed
that the entire population of studied cells expresses the
NKG2D receptor on their surface and approximately
75% express the CD94 receptor. Additionally, the
MICA protein has been found to be expressed on
1.5% of the cells, the MICB protein on 10.5%, and
the CD105 protein on 26% (Figure 2).

When co-cultured with JEG-3 cells, NK cells re-
duced the expression level of CD94, compared to the
level observed during monoculture, including in the
presence of antibodies to VEGF. On the contrary,
the percentage of NK-92 cells expressing the MICA

groups: #, p < 0.05; ###, p < 0.001.

protein increased under conditions of co-culture com-
pared with monoculture. The percentage of NK-92
cells expressing NKG2D, MICB, NKG2A, and
CD105 molecules under co-culture conditions did
not change compared to monoculture (Figure 2).
The cultivation of NK-92 cells in the presence of
antibodies to VEGF led to a decrease in the number
of cells expressing the CD105 receptor (Figure 2).
Co-culture of NK-92 cells with JEG-3 cells
showed an increase in the intensity of expression of
NKG2D, CD94, and CDI105 receptors by NK-92
cells compared to monoculture. The results indicate
functional activation of NK cells in the presence of
target cells. Additionally, the intensity of expression of
MICA and MICB proteins by NK cells also increased
under co-culture conditions (Figure 3). Treatment
of NK cells with antibodies to VEGE, both in mono-
and coculture, leads to a decrease in the intensity of
expression of the CD105 receptor (Figure 3). This
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result may suggest changes in TGF-f3 signaling in the
absence of VEGE

Pretreatment of JEG cells with antibodies to VEGF
did not affect their survival in the presence of NK cells

Analysis of the cytotoxic activity of NK-92 cells
toward JEG-3 cells showed that, in the presence
of NK cells, the mortality rate of JEG-3 was higher
than the baseline mortality rate. Pretreatment of JEG
cells with antibodies to VEGF did not influence their
viability in the presence of NK cells (Figure 4).

Discussion

Trophoblast cells and natural killer cells are
important participants in the process of placentation.
Both cell populations are capable of secretion and
reception of VEGE Previously, it has been found
that VEGF affects the proliferation and survival of
trophoblast cells [51]. VEGF also induces activation
of NK cells adhesion [27]. Nevertheless, there is a lack
of data in the literature on the role this factor plays in
the cell activity. In this regard, we evaluated changes
in the phenotype of JEG-3 trophoblast and NK-92
natural killer cells after their mono- or co-culture in
the presence of antibodies to VEGE

In this study, the expression of CD105, MICA,
and MICB proteins was evaluated. Endoglin (CD105)
is a coreceptor for TGF- which regulates signal
transmission from this factor via the SMAD2/3
or SMADI1/5/8 pathways [23, 24]. In particular,
endoglin has been shown to activate signaling
involving SMAD1/5/8 proteins and inhibit SMAD?2/3
pathway [14, 35]. In endothelial cells, it has been
demonstrated that signaling through the SMAD1/5/8
pathway promotes proliferation and migration of the
cells, whereas activation of the SMAD?2/3 pathway
has an angiostatic effect [23]. Therefore, a high
level of endoglin expression may indicate a more
active transmission of signals through SMAD1/5/8
proteins compared to SMAD2/3. MICA and MICB
are stress-induced molecules that are expressed by
various cell populations, including immune cells [41].
An increase in the expression of these proteins was
observed in tumor cells. MICA/B transcripts have
been found in placental samples. The levels of mic
mRNA are higher in samples taken from patients
with preeclampsia compared to those from healthy
patients [2, 42]. The analysis of the levels of expression
of these markers allows us to assess the physiological
state of trophoblast cells and monitor the conditions
under which they experience stress.

In this work, we showed that JEG-3 trophoblast
cells express all three markers. Under conditions of co-
culture with NK cells, the number of trophoblast cells
expressing endoglin increased. This result suggests a

60 = *
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40 =
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R
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Figure 4. Cytotoxicity of NK-92 cells toward JEG-3 cells
pretreated with antibodies to VEGF (antiVEGF)

Note. Significant differences: **, p < 0,01.

possible increased role for endoglin in mediating the
transmission of TGF-3 signals in trophoblast cells in
the presence of natural killer cells. It also suggests a
potential alteration in signaling pathways, from the
SMAD2/3 pathway to the SMAD1/5/8, which may
activate trophoblast proliferation. The treatment
of the cell co-culture with antibodies to VEGF led
to a decrease in the level of endoglin expression
by trophoblasts to the initial level observed during
monoculture. At the same time, under monoculture
conditions, the endoglin level remained constant
regardless of the presence of antibodies to VEGFE
Apparently, TGF-§ signaling is regulated by VEGF
and its absence in the cell co-culture prevents the
changes that occur in trophoblast cells when they
are exposed to NK cells. It has also been shown that
activation of SMAD?2/3 in trophoblast cells leads to
the secretion of VEGF-A [25]. Based on this, it can be
assumed that trophoblast cells use the mechanism of
suppression of CD105 expression in order to activate
VEGF secretion.

Later, we evaluated how treatment of trophoblast
cells with antibodies to VEGF affected their survival
in the presence of natural killer cells. NK cells suc-
cessfully killed trophoblast cells, however, treatment
with the antibodies did not cause any changes in the
resistance of trophoblast cells to the cytotoxic activity
of NK cells. The results obtained suggest that VEGF
deprivation leads to the previously described effects
associated with changes in signal transduction from
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TGF-B in trophoblast cells only when they are co-
cultured with natural killer cells.

Not only NK cells are able to influence the activity
of trophoblast, but trophoblast cells also play a role in
placentation by activating various mechanisms that
regulate NK cell function [40, 43, 46]. Taking this into
account, we evaluated the effect of trophoblast cells
and VEGF antibodies on the expression by NK cells
of the activating NKG2D receptor (whose ligands are
MICA/B molecules), CD94 receptor (whose ligand
is the HLA-E molecule expressed by trophoblast),
as well as MICA, MICB, and CD105 proteins. The
analysis showed that treatment with the antibodies
caused a decrease in the expression of CDI105 by
NK cells in both mono- and co-culture conditions.
Since there is no data in the literature on the existence
of the SMAD1/5/8 pathway in NK cells, it can be
assumed that the treatment with antibodies to VEGF
leads to a decrease in the role of endoglin in signaling
from TGF-B. As a coreceptor, endoglin not only
directs signals from TGF-f3, but also regulates the
strength of the binding between receptor and other
proteins of TGF-f family, such as activin A, BMP-2,
BMP-7, BMP-9, and BMP-10, which are also able to
affect the cell functions [31].

Treatment with antibodies to VEGF did not affect
the expression of the other studied markers by NK
cells. Evaluation of the phenotype of NK cells showed
that they expressed NKG2D at a high level, both when
mono- and co-cultured with trophoblast. Evaluation of
the phenotype of NK cells showed that they expressed
NKG2D at a high level, both when mono- and co-
cultured with trophoblast. In addition, the intensity
of expression of this receptor increased upon co-
culture conditions, suggesting that NK cells activate
the NKG2D-MICA/B pathway when performing
cytotoxic functions. As for the CD94 receptor, there
was a decrease in the number of cells expressing this
receptor following co-culture with trophoblast cells.
However, the intensity of its expression increased,
which may indicate the differentiation of NK cell
populations under the influence of factors secreted
by trophoblast cells. This results in the formation of
cells that are more sensitive to the HLA-E ligand on
the surface of trophoblast cells [9, 29]. With regard
to MICA/B markers, it has been observed that their
expression in NK cells was increased under co-culture
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BO3MOXXHASA POJIb TPOMBOLUUTAPHO-MOHOLUTAPHbBIX
KOMIMJIEKCOB B NATOrEHE3E NMPUBbLIYHOIO
HEBbIHALLMBAHUAA BEPEMEHHOCTHU

IIasaog O.B.}, Yenaunos C.B.!, Kopuommnna E.A.}, Illearesmsa M.O..,
Txaii 1.B.}, Ceabros C.A." 2

'@I'BHY «Hayuno-uccaedosamenvcKuii uHCMumym aKyuwepcmea, eUuHeK0A02ul U penpooyKmonoeu UMeHu

.0. Omma», Cankm-Ilemepoype, Poccus

2@I'BOY BO «Ilepsviii Cankm-Ilemepbypeckuii 20cydapcmeeHHbiil MeOUYUHCKUL YHUGEDCUMEM UMEHU aKA0eMUKd
H.I1. I1asnoea» Munucmepcmea 30pasooxpanenuss PO, Cankm-Ilemepbype, Poccus

Pesiome. [IpuBbIuHOE HEeBbIHAILIMBAHNUE OEPEMEHHOCTM MPEACTaBIIsIET COOO0I CYIIECTBEHHYIO KJIIMHUYE-
CKYIO TpO0OJIeMy, KOTOopast 3aTparuBacT 1-5% TOIyIsIiny, TIpU 3TOM B 00JIee YeM IMOJIOBUHE CTyJacB ITPUINHA
TIpeXIeBPEeMEHHOM ITOTepU OEPEMEHHOCTH OCTaeTCsl HeM3BeCTHOM. OTHOM M3 BO3MOXHBIX IIPUYNH SIBJISCT-
csl HapyllIeHne OajlaHCca B CHCTeMe reMocTasza MaTepH, IMPUBOISIIee K TPOMOO3y MaTOUYHO-TUIAIICHTAPHBIX
COCYIOB, CHIDKCHUIO TIepdy3un IIaleHTHl ¥ TuInokcun. M3aMeHeHUsI MOph oG yHKIIMOHAIBHBIX CBOMCTB MO-
HOIIMTOB U 00pa3yeMbIX UMW U aKTUBUPOBAHHBIMU TPOMOOILIUTAMU arperaToB MOTYT SIBJASTbCS (paKkTOopaMu,
TNPUBOISIIMMHA K PAa3IMIHBIM OCJIOXHEHHUSIM OepeMeHHOCTH. OTHAKO pOJIb TPOMOOILIMTAPHO-MOHOIIUTAP-
HBIX KoMITieKcoB (TMK) B mmaToreHese IIpUBBEIYHOTO HEBBIHAIIIMBAHUS OCPEeMEHHOCTH PAKTUUESCKH HE 13-
yueHa. [lenpio HacTOSIIIEero nccaeaoBaHUS OBIIO OTIpeneICHIEe KOJIMIYeCTBEHHBIX N3MSCHEHU I B COMep>KaHUMT
u peHoTunnyeckux xapakrepuctukax TMK mepudepndeckoit KpoBU IpU IMMPUBLIYHOM HEBbIHAILIMBAHUU
OEepeMEeHHOCTH, a TAKXKe OlIeHKA BIMSHUS TPOMOOIIMTOB Ha SKCITIPECCUIO MTOBEPXHOCTHBIX OCIKOB-MOHOIIU -
TOB IIpY (PU3HOJIOTMIECKOM M MATOJIOTMISCKOM Pa3BUTHH OepeMeHHOCTHU. K ceitemyeMble TPYIIThI COCTABIIIN
JKEHILUHBI C IUATHO30M <«IIPUBBIYHBINA BBIKUIBIII», UMEIOLINE OepeMEHHOCTh 6-12 Henellb, U KEHIIUHBL C
HEOCIOXXHEHHOI OepeMeHHOCTHIO (7-12 Hefenb). B o0111eit momy Isiiy ¥ CyOITOITYJISIIIMSIX MOHOITUTOB IEPU -
depuyecKoil KpoBY MallMEHTOK METOJaMM MPOTOYHOM HUTOMIyOpUMEeTpUHN oTipeaesyiv cogepkanue TMK
M YPOBHU 3KCIPECCHU MOBEPXHOCTHBIX aHTHTeHOB: CD62P, CD11b, CD86, CD162, HLA-DR, TREM-1.
YCcTaHOBIIEHO, YTO TTPY NMPUBBIYHOM HeBBIHAIIMBaHUU ypoBeHb TMK moBsilieH (26,5%) B cpaBHeHUH ¢ Oe-
PEMEHHOCTBIO, TIpoTeKatoleit 6e3 ocioxHeHuit (15,3%), u 3TO NMOBBIIIIEHNE MTPOUCXOAUT C YIacCTUEM BCexX
TpeX CYOITOIYJISIIMI MOHOIIUTOB: KJIACCUYECKUX, TPOMEKYTOUHBIX U HeKIaccuueckux. Ha ypoBHe oO1eit
nonyasauun MmoHouuToB B TMK oTrmeuanock cHmkeHue akcnpeccun HLA-DR 1 moBbIllIeHUE YPOBHSI 9KC-
npeccuut CD11b, Torma kak skcrnpeccuss CD62P, CD162, CD86 m TREM-1 cyliecTBeHHO He M3MEHSIACh.
CyOITOyJISIIINA MOHOILIMTOB BHOCWIIN PA3JIMIHBINA BKJIaA B M3MEHEHE YPOBHEIN 3KCITPECCUN aKTUBAIIOH-
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HBIX MapKepOB MOHOIIUTOB, CBSI3aHHOE C TIPUBBIYHBIM HEBBIHAIIIMBAHUEM, M 9T U3MEHEHMUST HE BCET/Ia TTPO-
SIBJISUTMCH Ha YpOBHE Bceli nomyasiunuu MoHouuToB. CpaBHeHUe TMK 1 ¢cBOOOIHBIX MOHOIIMTOB MOKAa3aJ1o,
YTO U3MEHEHUS ITOBEPXHOCTHOTO (peHOTHITa MOHOLIMTOB B cocTaBe TMK 00yC/IOBIIeHBI KaK BIUSTHUEM TPOM-
0OLUTOB, TaK U ApyruMU akTopaMu. [1pu IIpUBEIYHOM HEBBIHAIIMBAHUM HAOIIOOAIOCHh MHAYIIUPOBAHHOE
TpOMOOIINTAMU YCUJICHNUE aATe3MOHHBIX CBOMCTB MOHOIIUTOB, YTO IIPOSIBIISITIOCH B ITOBBIIIICHUH YPOBHSI SKC-
npeccuu CD11b. B To ke Bpems cHmkeHue ypoBHs akcnpeccun HLA-DR B MoHOLIMTax He OBLIO BBI3BAaHO
B3auMOJIeficTBUEM ¢ TpoMOoluTaMu. [lomydyeHHbBIe pe3yabTaThl CBUAETEIBCTBYIOT O TOM, UTO IIPUBBIYHOE
HeBbIHAIIMBAaHUE OEpPEMEHHOCTM COIIPOBOXKIAETCS MOBbIIeHUEM coaepxkaHuss TMK B nepudepuueckoit
KPOBU U U3MEHEHUSIMU aHTUTEHHOIo (peHOTUITIa MOHOLIMTOB B cocTaBe TMK, neMOHCTpUPYIOT UMMYHO-
MOIYJISITOPHOE BIUSIHUME TPOMOOIIMTOB, a TaKXke Jal0T 000OCHOBAHUSI 3HAYMMOCTH OIpeneeHUs ITaTTEPHOB
BKCITPECCUM ITOBEPXHOCTHBIX aHTUTEHHBIX MapKepoB TMK B TMarHOCTMYECKUX U TePaATIeBTUYECKUX IIETISIX.

Knroueguie crosa: 5ep€M€HH00mb, npueblvHoe HesblHAUlUBAHUEe 6epeMe/-mocmu, mp0M6ouumb1, MOHOUUMDbL, mpomﬁouumapﬁo—
MOHOUUMAPHbBLE KOMNAEKCbL, AHMUEHHbLIL (j)eHomun

POSSIBLE ROLE OF PLATELET-MONOCYTE COMPLEXES
IN THE PATHOGENESIS OF RECURRENT PREGNANCY LOSS

Pavlov O0.V.2 Chepanov S.V.2 Kornyushina E.A.?, Shengeliia M.O.%,
Tkhai D.V.2 Selkov S. A"

@ D. Oft Research Institute of Obstetrics, Gynecology and Reproductology, St. Petersburg, Russian Federation
b First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation

Abstract. Recurrent pregnancy loss (RPL) is a significant clinical problem that affects 1-5% of population.
Moreover, the cause of RPL remains unknown in more than half of cases. Possible reasons include imbalanced
maternal hemostasis, thrombosis of uteroplacental vessels, decreased placental perfusion and hypoxia.
Changes in morphofunctional features of monocytes and platelet-monocyte aggregates may be the factors
causing pregnancy complications. However, role of platelet-monocyte complexes (PMC) in pathogenesis of
RPL is unknown. The purpose of our study was to determine quantitative changes in contents and antigenic
phenotype of PMCs in peripheral blood of the patients with RPL, and to assess the effect of platelets on the
expression of monocyte surface proteins in normal and pathological pregnancy. The study groups consisted of
6 tol2-week pregnant women diagnosed with RPL and females with uncomplicated pregnancy (7-12 weeks).
PMC content and expression of CD62P, CD11b, CD86, CD162, HLA-DR, TREM-1 were determined in
total cell population and subpopulations of peripheral blood monocytes using cytofluorimetry technique. It
was found that PMC level was increased in patients with RPL (26.5%) compared to uncomplicated pregnancy
(15.3%) with all monocyte subpopulations contributing to this increase. Decrease in HLA-DR expression
and increase in CD11b expression was observed in total PMCs, while expression of CD62P, CD162, CD86
and TREM-1 did not change significantly. Monocyte subpopulations were differently involved into the RPL-
associated expression of activation markers, while the changes detected in distinct subpopulations were not
always evident in total monocyte populations in recurrent pregnancy loss. A comparison of PMC and free
monocytes demonstrated that changes in surface phenotype of monocytes were caused by platelets and other
exogenous factors. In patients with RPL, we observed platelet-induced increase in adhesive properties of
monocytes which manifested as increased CD11b expression. In contrast, decrease in monocyte HLA-DR
levels was not caused by platelets. The results obtained suggest that RPL is accompanied by increased level
of peripheral blood PMC and changes in antigenic profile of platelet-associated and free monocytes, thus
demonstrating the immunomodulatory effect of platelets, and also confirming the importance of determining
expression patterns of surface antigenic markers of PMC for diagnostic and therapeutic purposes.

Keywords: pregnancy, recurrent pregnancy loss, platelets, monocytes, platelet-monocyte complexes, antigenic phenotype

Introduction pregnancy losses occurring before the 12 week of

Recurrent pregnancy loss (recurrent miscarriage) pregnancy [28]. Despite the progress made in studying

is a significant clinical problem that affects 1-5% this disease, more than half of cases are diagnosed
of the population, with approximately 80% of as idiopathic miscarriage, the cause of which is
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unknown [8]. In most cases of recurrent miscarriage,
including those of unknown etiology, pathological
changes in the uteroplacental complex are detected
as thrombotic events and signs of inflammation [12].
One of the proposed pathophysiological mechanisms
of pregnancy loss is an imbalance in the maternal
hemostatic system, leading to thrombosis of the
uteroplacental vessels, decreased placental perfusion
and hypoxia. Maternal thrombophilia is considered
as the cause of these changes, leading to obstetric
disorders such as miscarriage, intrauterine growth
retardation, intrauterine fetal death, preeclampsia [6,
31, 35]. Although doubts have been expressed about
the existence of a cause-and-effect relationship
between the thrombophilic condition and recurrent
miscarriage [1], thrombophilia continues to be
considered a risk factor for this disease [22].

Platelet-leukocyte complexes (PLC) are heterotypic
cellular aggregates circulating in the peripheral blood.
PLCs are a link between the hemostasis system and
the immune system. Activation of platelets causes their
degranulation, as a result of which P-selectin molecules
(CD62P) are released from alpha granules onto the
surface of the plasma membrane, forming a bond with
the PSGL-1 ligand (CD162), which is constitutively
expressed on the surface of leukocytes [34, 39, 43].
This connection is stabilized and strengthened by
the interaction of other molecules on the surface
of platelets and leukocytes, including MAC-1
(CD11b/CD18) [10, 36]. The crosstalk between pla-
telets and leukocytes within PLC has a modulating
effect on the functions of these cells, affecting their
prothrombotic and proinflammatory properties res-
pectively. Circulating PLC produce procoagulant,
oxidative and mitogenic factors and can cause both
capillary microembolism and arterial thrombosis [19].

The experimental data obtained indicate that PLC
play a role in the pathogenesis of diseases charac-
terized by thrombotic and inflammatory pheno-
mena: cardiovascular diseases [3, 23, 44], ischemic
stroke[18,26,37], diabetes mellitus[9, 13,42], chronic
obstructive pulmonary disease [2, 25], liver [32] and
kidney [5, 11, 41] diseases, bacterial [20, 30, 40]
and viral [16, 17, 21, 30] infections, pneumonia and
thrombosis caused by the new coronavirus infection
COVID-19 (7, 15, 38].

Until now, only one study was known in which
changes in PLC content were determined in patients
with recurrent pregnancy loss. The authors of this
study found an increase in PLC levels in the peripheral
blood of non-pregnant women with thrombophilia
and previous history of recurrent miscarriage in the
first trimester of pregnancy [24].

Platelet-monocyte complexes (PMC) are the most
numerous and stable among the aggregates formed by
platelets and leukocytes [33], and characterization of
these complexes helps to identify their possible role
in the development of various diseases, including
reproductive pathologies. From this point of view,

PMC are of interest both as a diagnostic marker and
as a therapeutic target.

Peripheral blood monocytes are divided into three
subpopulations: the most numerous subpopulation
of classical monocytes (CD14"*CD16°) and two
minor fractions of intermediate (CD14"*CDI16%)
and non-classical monocytes (CD147CD16™) [45].
Subpopulations of monocytes differ functionally,
exhibit different patterns of expression of surface
antigenic markers, cytokines and chemokines, and
each subpopulation may have a distinct role under
physiological and pathological conditions [27]. It can
be assumed that subpopulations of monocytes interact
with platelets in various ways, and PMCs formed by
different fractions of monocytes play different roles in
the pathogenesis of recurrent pregnancy loss.

The interaction of activated platelet with mono-
cytes can result not only in an increase in the number
of circulating TMCs, but also in morphofunctional
changes affecting all monocytes or individual subpo-
pulations and leading to disturbance of physiological
processes. However, these changes may be due to the
influence of other physiological (pathophysiological)
factors, and it is necessary to distinguish between
these ways of modulating monocyte properties and
functions.

The purpose of this study was to determine
quantitative changes in the content and phenotypic
characteristics of PMC in the total population
and individual subpopulations of peripheral blood
monocytes in patients with recurrent pregnancy
loss, as well as a comparative assessment of the effect
of platelets on the expression of surface marker
proteins of monocytes during the physiological and
pathological development of pregnancy.

Materials and methods

Participant groups comprise pregnant women
(6-12 weeks of gestation) with a history of recurrent
pregnancy loss (RPL group) and women with
uncomplicated (normal) 7-12-week pregnancy (NP
group). The age of the patients ranged from 24 to 42
years. According to clinical guidelines, a recurrent
pregnancy loss was considered to be a history of two
or more clinical pregnancy losses within 22 weeks of
gestation [29].

Peripheral blood samples were obtained from the
antecubital vein by puncture with a 21G needle. To
exclude post-traumatic platelet aggregation, the first
3 ml of blood was discarded. Blood was collected into
a vacutainer containing 3.8% sodium citrate).

Within 20 minutes of collection, 100 uL of whole
blood was incubated with the following fluorochrome-
conjugated monoclonal antibodies: anti-CD45-
PerCP, anti-CD14-AlexaFluor® 700, anti-CD4la-
APC, anti-CD16-PE-Cy7™, anti-CD62P-FITC,
anti-CD86-FITC,  anti-HLA-DR-FITC, anti-
CDI162-PE, anti-CDI11b-PE, anti-TREM-1-PE
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Figure 1. Characteristics of platelet-monocyte complexes

in the total monocyte population

Note. Graphs demonstrate the proportion of platelet-monocyte
complexes relative to the total monocytes in the peripheral blood (A)
and the percentage of platelet-monocyte complexes expressing CD62P
(B) and CD162 (C) in patients with normal pregnancy and recurrent
pregnancy loss. Plots show the range, median, 25" and 75" percentile.
NP, normal pregnancy; RPL, recurrent pregnancy loss.

(all — BD Biosciences, USA). Nonspecific antibodies
labeled with appropriate fluorochromes were used
as isotype control. The samples were incubated
without stirring in the dark at room temperature for
20 minutes.Incubated for 20 min in the dark at room
temperature. After incubation, erythrocytes were
lysed by adding a tenfold volume of BD FACS™
Lysing Solution (BD Biosciences, USA). The samples
were centrifuged (300 g, 5 min), the supernatant was
collected, and the cell pellet was resuspended in 200
uL of BD FACS™ Lysing Solution.

The samples were analyzed using a FACSCanto
II flow cytometer (Becton Dickinson, USA). The
obtained data were processed using FACSDiva
software (BD Biosciences, USA). On a two-
dimensional histogram with SSC/CD45 coordinates,
a region corresponding to monocytes was identified,
in which 20,000 events were analyzed. To identify
free monocytes and PMC, the selected region
was analyzed on a two-dimensional histogram
with CD14/CD41a coordinates. Events with the
CD147*CD41a - phenotype were classified as free
monocytes; PMC were defined as events with double
positive CD14*CD41a* staining. The expression of
surface antigens was determined in each population
using specific monoclonal antibodies.

To identify monocyte subpopulations, the
corresponding region on the two-dimensional
histogram SSC/CD45 was projected onto a two-
dimensional CD14/CD16 histogram, where three
monocyte fractions were identified: classical
(CD14**CD16°), intermediate (CD14**CD16%) and
non-classical (CD14"CD16""). Free monocytes and
PMC were determined in each subpopulation by the
absence or presence of CD41a, respectively, as well as
the expression of surface antigen markers.

Statistical analysis was performed using the
GraphPad Prism 8.0.1 statistical software package
(Graph Pad Software Inc., San Diego, CA, USA).
Variables were assessed for normality using the
Shapiro—Wilk test. Parametric and nonparametric
(Mann—Whitney) tests were used to assess dif-
ferences between groups. Paired t-test and non-pa-
rametric Wilcoxon test were used to compare the
phenotypic characteristics of PMC-associated and
free monocytes. Statistical significance was assumed
atp <0.05.

Results

In the peripheral blood obtained from RPL group
the proportion of PMC reached 26.5%, while in
NP group PMC accounted for 15.3% (Figure 1A).
PMC are formed primarily through the interaction of
P-selectin (CD62), expressed by activated platelets,
with the PSGL-1 ligand (CD162) on the surface of
the monocyte. We did not find statistically significant
changes in the number of PMC expressing CD62P
and CDI162 in patients with recurrent miscarriage.
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Figure 2. Expression of activation markers of platelet-monocyte complexes in the total monocyte population

Note. Diagrams demonstrate the percentage of platelet-monocyte complexes expressing HLA-DR (A), CD86 (B), TREM-1 (C) and CD11b (D)
in the peripheral blood of patients with normal pregnancy and recurrent pregnancy loss. Plots show range, median, 25" and 75" percentile. NP,

normal pregnancy; RPL, recurrent pregnancy loss.

The percentage of CD62P* and CD162* PMC in both
studied groups was about 5% and 99%, respectively
(Figure 1B, C).

Increased expression of major histocompatibility
complex molecule HLA-DR and costimulatory
molecule CD86 are signs of monocyte activation
associated with an inflammatory response. In both
RPL and NP groups, the vast majority of PMC were
positive for HLA-DR, however, in RPL patients there
was a small but statistically significant decrease in the
amount of HLA-DR* PMC (93.7%) compared to NP
group (98.0%) (Figure 2A). Staining with anti-CD86
antibodies revealed no differences in the expression of
this marker: the proportion of CD86" TMCs in NP
and RPL patients was 44.7% and 37.6%, respectively
(Figure 2B).

TREM-1 (triggering receptor expressed on mye-
loid cells 1) is present on the surface of monocytes.
Activation of this receptor stimulates the production
of cytokines and chemokines and contributes to
the development of the inflammatory response [4].
The interaction of TREM-1 with its ligand ensures
the link between leukocytes and platelets [14]. Our
study showed that recurrent miscarriage did not
accompanied with significant changes in TREM-1
expression: ~85% TREM-1* PMC was determined in
both groups of patients (Figure 2C).

While in NP group the proportion of CDI11b-
expressing PMC was 58.1%, patients with recurrent
pregnancy loss demonstrated significant increase
up to 82.5% (Figure 2D). CDI11b is part of the
multifunctional integrin aMB2 (Mac-1), which,
in particular, mediates monocyte functions such
as adhesion and phagocytosis. An increase in the
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Figure 3. Characteristics of platelet-monocyte complexes
in monocyte subsets

Note. Graphs demonstrate the proportion of platelet-monocyte
complexes (A) and the percentage of platelet-monocyte complexes
expressing CD62P (B) and CD162 (C) in the classical (CD14**CD16"),
intermediate (CD14**CD16*), and non-classical (CD14*CD16**)
monocyte subsets in the patients with normal pregnancy and recurrent
pregnancy loss. Plots show range, median, 25" and 75" percentile. Cl,
classical monocytes; Int, intermediate monocytes; Non, non-classical
monocytes.

expression of CDI11b by monocytes in recurrent
miscarriage may indicate an increase in their adhesion
potential, resulting in an increased risk of thrombosis
and damaging effects on the vascular endothelium.

Analyses of monocyte subpopulations showed that
in RPL group all three monocyte fractions contribute
to the increase in the number of platelet-monocyte
aggregates (Figure 3A). Classical, intermediate and
non-classical monocytes accounted for 15.3%, 20.2%,
12.5% PMC, respectively, in NP group and 26.4%,
28.3%, 18.4% PMC, respectively, in RPL group. In
both groups, the largest and the lowest proportions of
PMC were formed by intermediate and non-classical
monocytes, respectively, and this difference was
more prominent in RPL group (p < 0.001) than in
NP group (p < 0.05). Similar to the total monocyte
population, all three monocyte subsets demonstrated
no differences in CD62P expression between the
studied groups (Figure 3B). Moreover, in RPL pa-
tients, an increase in the expression of CD162 by a
minor subpopulation of non-classical monocytes was
observed (Figure 3C). Meanwhile, in the classical
monocytes decreased HLA-DR* expression (95.4%)
was detected in RPL group when compared to NP
group (99.4%) (Figure 4A). In the same fraction,
a decrease in CD86" PMC from 52.2% to 38.8%,
was observed however, it did not reach statistical
significance (Figure 4B). In RPL group no significant
changes were found in the expression of HLA-DR
and CD86 in PMC formed by intermediate and non-
classical monocytes (Figure 4A, B), while expression
of TREM-1 was significantly increased in the PMC
formed by non-classical monocytes (Figure 4C).

CDI11b was the only marker whose expression
increased in all three monocyte subsets. In classical,
intermediate and non-classical monocyte fractions, the
proportions of CD11b* PMC was 86.8%, 29.0% and
30.7%, respectively, in RPL group and 66.4%, 16.3%
and 16.0%, respectively, in NP group (Figure 4D).

In order to find out whether the observed pheno-
typic (and putative functional) changes in PMC-
associated monocytes were induced by their direct
interaction with platelets or whether these changes
were caused by other factors and did not depend on
the formation of platelet-monocyte aggregates, we
made a comparison of expression patterns of surface
antigens between PMC and free monocytes in blood
samples obtained from RPL and NP patients.

In NP group, formation of PMC led to a small
but statistically significant decrease in the level of
CD162 expression in the total monocyte population,
while in RPL group this did not occur (Figure 5A).
However, analysis of monocyte subpopulations
showed that in both studied groups monocyte-platelet
interactions attenuated CD162 expression in classical
and intermediate monocytes (Figure 5B). In patients
with normal pregnancy, the interaction of monocytes
with platelets (PMC formation) led to a decrease in
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Figure 4. Expression of activation markers of platelet-monocyte complexes in monocyte subsets

Note. Diagrams demonstrate the percentage of platelet-monocyte complexes expressing HLA-DR (A), CD86 (B), TREM-1 (C) and CD11b (D)

in the classical (CD14**CD16°), intermediate (CD14"*CD16"), and non-classical (CD14*CD16**) monocyte subsets in the patients with normal
pregnancy and recurrent pregnancy loss. Plots show range, median, 25" and 75" percentile. Cl, classical monocytes; Int, intermediate monocytes;

Non, non-classical monocytes.

the number of cells expressing activation markers
HLA-DR and CD86, while in patients with recurrent
miscarriage this change affected only CD86, but not
HLA-DR (Figure 6A, 7A). A decrease in HLA-DR
expression was observed in all three subpopulations
of monocytes in NP group, while in RPL group
HLA-DR expression decreased in non-classical
monocytes only, and this change did not manifest
itself at the level of total monocyte population
(Figure 6B). In NP group, the number of CD86" cells
decreased in all subpopulations, and in RPL group
the changes occurred in the fractions of classical and
non-classical monocytes (Figure 7B). Platelets had a

stimulating effect on the expression of TREM-1 by
monocytes: in both groups of patients, the proportion
of TREM-1 positive PMC increased (Figure 8A). This
increase was ensured by classical monocytes, while
multidirectional changes in TREM-1 expression
was observed in subpopulations of intermediate and
non-classical monocytes (Figure 8B). In the total
monocyte population, formation of PMC did not
significantly affected CD11b expression (Figure 9A).
The absence of changes was observed in all monocyte
subpopulations, with one exception: in RPL group,
the proportion of CDI11b* non-classical monocytes
significantly increased from 20% to 28% (Figure 9B).
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Discussion

Our results show that in first trimester pregnant
women diagnosed with recurrent pregnancy loss,
the content of platelet-monocyte complexes in the
peripheral blood was increased in comparison with
women of the same gestational age who had an
uncomplicated pregnancy. It is known that normal
pregnancy is characterized by increased coagulation
capacity and activation of components of the immune
system. Increased complex formation reflects pla-
telet activation, which, along with a change in the
activation status of monocytes as a result of their
interaction with activated platelets, may represent an
additional pathogenetic factor causing disturbances in
the physiological course of pregnancy.

To our knowledge, this is the first study of platelet-
monocyte complexes in recurrent pregnancy loss.
In the literature, there is only one publication on a
similar topic, but its authors evaluated complexes
formed by all leukocyte cells, without differentiation
between types of leukocytes, and the studied groups
consisted of non-pregnant women [24]. This work
demonstrated an increase in the level of platelet-
leukocyte aggregates in patients with recurrent
miscarriage. Our study not only quantified PMC,
but also determined their surface antigenic markers,
both in the total population and in individual
subpopulations of monocytes. Based on the results
of a subpopulation analysis, we concluded that the
fraction of non-classical monocytes has a lower ability
to form complexes with platelets than the fractions of
classical and intermediate monocytes.

According to the results obtained, in patients
with recurrent pregnancy loss the number of PMC
increased in all subpopulations of monocytes. At
the same time, in the fractions of classical and
intermediate monocytes, the expression of CD162
decreased due to the formation of PMC, thus
suggested the participation of this molecule in the
connections between monocytes and platelets. In
contrast, the expression of CD162 by PMC-associated
non-classical monocytes increased in patients with
physiological pregnancy and did not change in
patients with recurrent miscarriage. Moreover, it was
the fraction of non-classical monocytes that formed
the smallest number of PMC compared to the other
monocyte subpopulations and only this subpopulation
demonstrated increased CD162 level in RPL group
when compared to NP group.

The patterns of expression of surface markers
of monocytes suggested that recurrent miscarriage
was not accompanied by inflammatory activation of
monocytes. Along with unchanged expression of the
costimulatory molecule CD86 both in total population
and in individual subpopulations of monocytes, in
patients with recurrent pregnancy loss there was a
decrease in the expression level of the activation
marker HLA-DR ensured by classical monocytes. In
total monocytes, the expression of another activation

marker, TREM-1, also did not undergo significant
changes due to recurrent miscarriage, although the
number of TREM-1* PMC increased in non-classical
monocytes. In contrast to these antigens, which are
characteristic of the “inflammatory” phenotype of
monocytes, increased level of CDI11b expression in
RPL patients suggested enhancement of adhesive
properties of PMC-associated monocytes that may
represent one of the possible pathophysiological
mechanisms of spontaneous misscarriage.

Our study shows the reasonability of identifying
monocyte subpopulations when quantifying and
phenotyping PMC, since the results obtained from
studying total population of monocytes do not ne-
cessarily reflect changes occurring in individual
subpopulations.

Another aspect of our study was to reveal whether
phenotypic characteristics of monocytes were affected
by their interaction with platelets in consequence
of formation of heterotypic aggregates (PMC) in
normal pregnancy and in recurrent pregnancy loss,
since changes in the morphofunctional properties
of monocytes may be a pathogenetic factor for the
disease.

To this end, we compared the expression levels of
surface antigen markers between PM C-bound and free
monocytes. Analysis revealed some patterns of changes
in the antigenic phenotype of monocytes in patients
with normal pregnancy and recurrent miscarriage.
Unexpectedly, it turned out that formation of platelet-
monocyte aggregates resulted in decreased expression
of HLA-DR and CD86. Nevertheless, in patients
with normal pregnancy these changes occurred in
all subpopulations of monocytes, whereas in women
with recurrent pregnancy loss only one or two
subpopulations, respectively, were involved. It would
follow that the weakening of HLA-DR expression by
monocytes in RPL group was not a result of platelet-
monocyte interaction, but was caused by other factors.
Moreover, platelets induced comparable changes
in the expression of CD86 in both studied groups,
which did not lead to significant differences between
them. Similarly, increased expression of TREM-1 by
classical monocytes upon interaction with platelets
was observed in both groups, but no difference was
found in the expression of TREM-1 between NP
and RPL patients. In our study, CD11b was the only
marker whose expression increased as a result of
platelet interactions with nonclassical monocytes,
and this appeared to contribute to the increase in the
number of CDI11b* PMC in women with recurrent
pregnancy loss.

We hypothesize that development of inflammation
and damaging effects on the vascular endothelium
would underline the pathophysiological effects of
PMC. However, our study did not reveal the signs
of inflammatory changes in the antigenic phenotype
of PMC in patients with recurrent pregnancy loss.
It is possible that observed attenuation of the pro-
inflammatory properties of PMC, which is expressed
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as reduced expression of HLA-DR, in some way
contributes to the development of this reproductive
pathology; however, no theoretical explanation has
yet been found. Nevertheless, the increased ex-
pression of CDI11b in RPL group that we discovered
may lead to increased adhesion of monocytes to the
surface of endothelial cells and damage to the vascular
endothelium. Obviously, we should continue to search
for antigenic markers, the changes in expression
of which may serve as a clue to understanding the
mechanisms of PMC participation in the pathogenesis
of recurrent miscarriage.

Unfortunately, it is not possible to compare our
data with the results of other studies due to the lack
of relevant information in the available literature.
We can only refer to the results of our previous work
which determined and characterized PMC in patients
with another reproductive pathology — preeclampsia.
As in the present study, in preeclampsia we observed
an increased content of TMC in the blood; however,
in addition to an increase in the expression level of
CDI11b, there was an increase in the expression of
pro-inflammatory markers: HLA-DR, CD86 and
TREM-1 (unpublished data). Moreover, we found that
in patients with preeclampsia, increased expression of
TREM-1 and CD11b in PMC-associated monocytes
was induced by platelets, while changes in the
expression of HLA-DR and CD86 were caused by
other factors.

This comparison led us to the following conclusion.
Obviously, an increased level of PM C in the circulation
is a general phenomenon, as it is observed in various
diseases that are thromboinflammatory in nature,
and from this point of view, determining the surface
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AHANTU3 POCTA ,OJ1IM NATOJIOFMYECKUX SHAYEHUH
YPOBHEN TREC/KREC CPEQW NPAKTUYECKN 3A0POBbIX
nvu B NOCTNAHAEMUYECKUA NEPUOL,

OabxoBekasa A0, Ocrankosa I0.B.,, Caiitraianmaa M.A.L,
Eroposa C.A, Illemenes A.H.\, [Iipozx VI.B.,, iIKumobaesa O.B.},
Hannaosa E.M.}, Muanmuknuaa A.M.!, Bammkerosa H.C.2, Byn JL.B.},
Torousaa Aper Al

"®@BYVH «Cankm-Ilemepbypeckuil HayuHO-UCCAC008AMENbCKULN UHCIUMYM SNUOeMUOA0UU U MUKPOOUON02UU

umenu Ilacmepa» @edepanvroii caynchvl no Had3opy 6 chepe 3auumol nPae nompedumeneti u 6Aa20NOAYHUs HeA06eK A,
Canxkm-Ilemepbype, Poccus

2 Q@edepanvhas cayxucoa no Had3opy 6 chepe 3aujumsl npas nompedumeneil u 61a20N0AYHUs 4eA08eKA NO 20PO0Y
Cankm-Ilemepbypey u Jlenunepadckoit ooaacmu, Cankm-Ilemep6ype, Poccus

Pesiome. [Tannemusa COVID-19 crana riio6aibHBIM BEI30BOM 11 OOIIIEeCTBEHHOTO 3/ipaBooxpaHeHus. He-
6maronpusATHBIN porHo3 pu COVID-19 acconmmmpoBaH ¢ Tpramoil B3aMMOCBSI3aHHBIX ITATOTCHETUISCKIX
MEXaHW3MOB: DUCPETYIISIIAe I UMMYHHOTO OTBETa, KOATryJIoIIaTUe U BTOPUYHBIM HMMYHOIeGUIImToM, pop-
MUPYIOIINMHU CaMOITOIIE P>KUBAIOIINICS LIMKJI TPOTPECCUPYIONIEH MOTUopTraHHoi nucyHKunn. [TprmanHoit
ocnabsieHUs 3alUTHBIX (PYHKIMU UMMYHUTETA CTAHOBUTCS, B TOM uucie, aepuuut T- u B-numdbouuTos,
BO3HUKAIOIINI B pe3y/IbTaTe MCTOIIECHUS PECypPCOB MMMYHHOM CUCTEMEI BO BpeMsI OCTPOIl cTagny MH(PEK-
. OLEeHUTh IIyOMHY TTOpaXkeHNsT UMMYHHOI CUCTEMbI BO3MOXKHO ITOCPEICTBOM OIIpeIeIeHUST KOHIICH-
TpalliM MapKepoB, OTpaxKarolnX (GyHKIMOHAJIBHYIO aKTUBHOCTh T- n B-mmMdonuntos: T-KieTouHbIe pe-
HenTopHble aKkcuu3noHHbIe Kojbla (T cell receptor excision circles, TREC) u Kanmna pekoMOMHallMOHHbBIE
9KCIM3MOHHBIE Koblia (k-deleting recombination excision circles, KREC) coorBeTctBeHHO. Llenbio HacTo-
SIIIET0 MCCAeA0BaHUS CTajla OlleHKa TpeacTaBIeHHOCTH noyu matonorndeckux 3HaueHuit TREC/KREC B
nepudeprnIecKoil KpoBU YCIOBHO 3IOPOBBIX JUII B MOCTIAHACMUYCCKUI nepron. MatepuaaoM CIyKUJIN
00pa31bl HeJbHOH MeprudeprnIecKoil KPOBU YCIOBHO 3MOPOBBIX JIMII OT 18 JIET 1 cTaplile, IMPOXXUBAIOIINX Ha
tepputopumn CaHkr-IleTepOypra m JIeHMHTpaacKoit 001acTH, MOJTydYeHHBIC B paMKaX MOMYJISIIIUOHHBIX MC-
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noBek). g onpenenenust KoHueHTpauu TREC u KREC npoBoaunu konuuectBeHHy1o Real-time TTLP ¢
ucrnosibzoBaHnemM kommepueckoro Habopa TREC/KREC-AmpPS (HWUUW uwMm. [Macrepa, Cankr-IleTepOypr)
B COOTBETCTBUU C MHCTPYKLIMEN mpousBoauTesisi. YacTora BcTpeyaeMocTy CHUKeHHBIX YpoBHeilh TREC u
KREC B nonangeMudeckuii nepuos cocrasuia 14,2 u 5,7% cooTBETCTBEHHO. A B IIOCTHAHIEMUYECKUI T1€-
puon — 50,1 u 21,2% cooTBeTCTBEHHO, 4TO B 3,6 pasa Jaiie. JlocToBepHBIE pa3IMniuus B J0JI€ JIUII C TTaTOJIO-
TUYECKUMU 3HAYCHUSIMHM aHAJIMTOB OOHAPYKEHBI BO BCEX BO3PACTHBIX TpYyIMIaxX. BEISBICHBI XapaKTepHBIC
VMMYHOJIOTMYECKME HapYIICHNUS, TPOSIBIISTIOLIVECS U30JIMPOBAHHBIMUA U3MEHEHUSIMU T-KJIETOYHOTrO 3BeHa
WIA COYeTaHHBIMM AUChyHKuusIMu T- n B-mumdbormToB. [IpuMmedarenbHO, 9TO U30JMPOBaHHBIE JeeK-
ThI B-KJI€TOYHOro MMMYHHUTETa OOHAapY:KeHbI He ObLIM, UTO YKAa3bIBAeT Ha KITIOUEBYIO POJIb T-KJIETOYHOTIO
KOMITOHEHTA B Pa3BUTUM U3y9aeMbIX UMMYHOITATOJIOTMYECKUX N3MEeHEeHMI. B ITocTmanneMuyecKuii mepuosn
00Hapy>XKeHO CHIDKCHIE MUTHUMAJIbHBIX TTOITYJISTIINOHHBIX 3HaueHNT TREC B cTapImx Bo3pacTHBIX TPYIIIax
OTHOCUTEJILHO TOMaHAEMUUECKMX IT0Ka3aTeJeii U mapagoKcalbHOE YBEINUCHUE HIKHETO MOITY/ISIIIMOHHOTIO
ypoBHst KREC Ha 50,5%. [1poBeaeHHOE MCCIeN0BaHUE CBUAETEILCTBYET O 3HAUUTEILHOM YBEJIUYEHUHN Ya-
ctoThl TTaTojiorndeckrx 3HadeHUit TREC u KREC B nmonynsiiuu, 4To, BEpOSITHO, OTpaskaeT JOJTOCPOUYHBIE
M3MEHEHUSI IMMYHHOTO cTaTyca Itocie nepeHeceHHoro COVID-19. BreisiBIeHHBIC M3MEHEHUST TOTICPKU-
BalOT 3HAYMMOCTb IMOCTOSIHHOTO MOHMTOPMHIA UMMYHOJOTMUYECKOr0o CcTaTyca HaceJeHUs B MOCTHAaHIESMU-
qyecKuii mepuom. [lepcneKTUBHBIM HaIlpaBJICHUEM TaTbHEWIIINX MCCACOIOBAaHUI TIPEACTABIISICTCS N3yICHIE
BpPEMEHHOI TMHAMUKN OOHAPYKE€HHbIX HapyILIEHUI 1 pa3padoTKa MPeBEeHTUBHBIX CTPATEryil 111 MUHUMU--
3aumu oTnajJieHHbIX rmocaencteuit COVID-19.
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Abstract. The COVID-19 pandemic has posed an unprecedented challenge to global public health.
Poor clinical outcomes in COVID-19 were associated with a pathogenic triad of interrelated mechanisms:
immune dysregulation, coagulopathy, and secondary immunodeficiency, which collectively establish a self-
perpetuating cycle of progressive multiorgan dysfunction. The failure of immune defense stems, in part, from T
and B cell depletion due to immune resource exhaustion during acute infection. The extent of immune system
impairment may be assessed by quantifying biomarkers of lymphocyte function: T cell receptor excision circles
(TREC) and -deleting recombination excision circles (KREC) for T and B cells, respectively. The aim of our
study was to evaluate the prevalence of abnormal TREC/KREC levels in peripheral blood among apparently
healthy individuals during the post-pandemic period. We analyzed whole peripheral blood samples from 4,433
apparently healthy adults (> 18 years), residents of St. Petersburg and Leningrad Region. The samples were
collected during two population studies: June 15-21, 2020 (n = 717) and September 4-29, 2023 (n = 3,716).
TREC/KREC quantification was performed by means of real-time PCR with “TREC/KREC-AmpPS”
commercial kit (St. Petersburg Pasteur Institute, St. Petersburg, Russia) following manufacturer’s protocol.
The prevalence of reduced TREC/KREC levels increased significantly from pre-pandemic (14.2% and 5.7%,
respectively) to post-pandemic periods (50.1% and 21.2%, respectively), thus representing a 3.6-fold increase.
The mentioned differences in pathological biomarker levels were observed across all age groups. Characteristic
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immunological disturbances manifested as either isolated T cell deficiencies or combined T/B cell dysfunction,
with no isolated B cell defects detected, thus suggesting the pivotal role of T cell impairment in observed
immunopathological changes. Post-pandemic findings included decreased minimal population TREC values in
older age groups and a paradoxical 50.5% increase in lower threshold KREC levels. Our findings demonstrate a
substantially increased prevalence of abnormal TREC/KREC values, which seems to reflect long-term immune
alterations following COVID-19. These changes underscore the critical need for the ongoing immunological
surveillance in the post-pandemic era. Future research should focus on temporal dynamics of these disturbances

and develop preventive strategies to mitigate long-term COVID-19 sequelae.

Keywords: COVID-19, TREC, KREC, post-pandemic period, secondary immunodeficiency, long-COVID, laboratory diagnostics

BeeneHune

C MOMeHTa TIepBbIX OPULIMATBHBIX COOOIIIEHUI O
CIIyJasix THeBMOHWM HEM3BECTHOTO IIPONCXOXKICHUS
B YxaHe (nmpoBuHLIMs Xy063ii, Kutait) B nekabpe 2019
rojga nmpouuio dosiee naTu aetT. Bo3oyaurenem 3a60-
JIeBaHUS ObLT HOBBIN KopoHaBupyc — SARS-CoV-2
(Severe acute respiratory syndrome-related corona-
virus-2), a BbI3bIBaeMasi UM OOJIe3Hb MOJy4yua Ha-
3gaHue COVID-19 (Coronavirus Disease 2019).
IMepssriii cayyait 3a6oneBanuss COVID-19 B CaHkT-
IletepOypre 6bL1 3adhukcupoBan 2 mapta 2020 1. [10].
Bcemupnas opranuzanus 3apaBooxpaHeHust (BO3)
oduimanbHo npusHaia BCrblnky COVID-19 man-
nemueii 11 mapta 2020 roaa, a 5 mas 2023 rona o0bsI-
BIWJIa O 3aBepllIeHUY MaHAeMuuecKoro nepuonaa [49].
BOTOT BPEeMEHHOI OTPE30K CTasl OecITpelieAeHTHBIM
BBI30BOM [IJIsI TJIOOAJIBHOTO 3IPaBOOXpaHEHUS, ITO-
TpeObOBaB MOOMIM3AIIMU BCEX PECYpCOB MeEXKIyHa-
POIHOTO MEIMIIMHCKOIO COOOIIecTBa ISI TIPOTH-
BOOCUCTBUSI CTPEMUTEIBHOMY pPacIIPOCTPAHEHUIO
uHdexkumu. KopoHaBupycHass WMHOEKINS SBUIACH
Cepbe3HbIM UCIIbITAHMEM [1JI51 YeJIOBEYECTBa, OKa3aB
OTPOMHOE BIUSTHUE Ha 3M0POBbE MUJUIMOHOB JIIOICH.
OKoHYaHWE MaHIeMUYECKOTO CTaTyca O3HaAMEHOBa-
JIO TIEPEXO0/I K IOJTOCPOYHOM CTpaTerny KOHTPOJIS 3a
LUPKYIaueit Bupyca B momyasuuu [10, 38].

HMMMmyHHaAsT crcTeMa WrpaeT KITIOYEBYIO POJIb B
3alllUTe OpraHM3Ma OT WH(MEKIIMOHHBIX areHTOB,
noaaep:KaHUKM roMeocTa3a M BOCCTAHOBJICHUU ITO-
BPEXXICHMUI Tocjie 0oie3Hu. KccimemoBaHMs MaToO-
reneza COVID-19 nokaszanu, 4To BUpPYC MPOHUKA-
eT B KJIeTKu 4yeped peuentop ACE2, 4yTo oObsICHsIET
MOpaXXeHNEe HE TOJIBKO IbIXaTeJbHOI CHUCTEMBI, HO
W IpyTUX OpraHoB (IMOYeK, cepAlia, HEPBHOI CHUCTe-
mbl) [51]. IIpu 3TOM TsKesnbie hOpMbI 3a00JIeBaHUS
CBSI3aHbl C YPE3MEPHOU AaKTHUBALMEN WMMYHHOTO
OTBETa, NMPUBOAALIEN K LIUTOKUHOBOMY ILUTOPMY —
HEKOHTPOJIMPYEMOMY BBIOPOCY TPOBOCTIATIUTEb-
Heix Mojekyn (IL-6, TNFa, IFNy). Dtor Kackan
peakluii IPOBOLMPYET CUCTEMHOE BOCITAJICHUE,
COIIPOBOXIAIONICECST MacCOBBIM  OOpa3oBaHHEM
MUKPOTPOMOOB 13-3a TUITEPKOATYJISIIIMN, UH(OWIb-
TpaliMeii OpraHOB MOHOHYKJICADHBIMU KJICTKAMU U
BBIpaXXCHHOM TMM@ONeHNEH — KPUTUISCKUM CHU-

xeHueM T- u B-mumM@pouToB, 4To pe3Ko ociadlisieT
NPOTUBOBUPYCHYIO 3allIUTYy. TaKMM 00pa3oM, KO-
yeBbIMU (paKTOpaMM HEOJaronpusiTHOro IporHosa
npu COVID-19 gBasgoTcsd UMMYHOIIaTOJIOTMYECKUE
peaKkIn, KoaryJornaThs W BTOPUYHBIA MMMYHOIE-
GUIUT, GOPMUPYIOIINE MOPOYHBIN KPYT IIPOrPeCcC-
pylollEero noBpexaeHus: opraHos [1, 6, 27, 31, 36].
PeBepcus tum@oneHnu nocpeIcTBOM BOCCTAHOBIIE-
HUS JTUM@OLIUTAPHOTO MyJla CIIOCOOCTBYET KIIMHU-
yeckoMy ynyunrenuio npu COVID-19 3a cuet HOp-
Mamm3auuu pyHkouii T- 1 B-KieTok, HeOOXOIMMBIX
1T POPMUPOBAHUS CITEM(DUISCKOTO MPOTUBOBU-
pycHoro umMmMmyHuTteta [29]. OTCyTcTBHE TaKOTO BOC-
CTaHOBJICHUSI CITOCOOCTBYET PAa3BUTUIO XPOHUYECKUX
BOCHAJIMTEIbHBIX COCTOSTHUM 1 OCJIa0JICHUIO 3allUT-
HBIX GYHKIMI UMMYyHUTETA.

B cBs131 ¢ BEIIIECKa3aHHBIM OYEBUIHO, YTO TP~
YMHO 3TOTO OCJIA0JICHUSI CTAHOBUTCS, B TOM YUCJIE,
neduuut T-mumdbouutoB U B-numdonuTtos, Bo3-
HUKIIIMA B pe3yJIbTaTe NCTOIICHUS PECYPCOB UMMYH-
HOI CUCTEMBI BO BPEMSI OCTPOI CTaauM MH(MEKIINN.
OCO0OeHHO CcTpagaeT YMCICHHOCTh T-KJIEeTOYHBIX
KJIOHOB, BaXKHBIX IIJISI PACIIO3HABAHMS M YHUITOXKE-
HUSI BUPYCOB M OIYXOJICBBIX KJIeTOK. MccienoBaHust
MOKa3bIBAIOT, YTO HeAOCTaTOK T-1MM@OIIUTOB CO-
XpaHsIeTCSI Y HEKOTOPBIX IMallMeHTOB MecslaMU T10-
cje 3aBeplueHus1 ocTpoil ¢asbl 3abdoneBaHus [21].
Eunie ogHoli MpUYMHON sIBsSIeTCS] AUCGhYHKIIMUS pe-
reHepaTUBHBIX CIOCOOHOCTE KOCTHOrO MoO3ra.
XpoHUYECKOe BOCIAJIEHWE HapyllaeT HOPMabHOE
(GYHKIVMOHUPOBAHNUE TEMOITOTUICCKIX CTBOJIOBBIX
KJIETOK, 3aMeIsIeT oO0pa3oBaHEe HOBBIX KPOBSTHBIX
KJIETOK M CHIXAeT CHUHTE3 3PEIbIX UMMYHOKOMIIC-
TEHTHBIX KJIeToK. IlomoOHOe cOoCTOsHUEe M3BECTHO
KaK «KOCTHOMO3TOBasi HEAOCTaTOYHOCTh». OHa BBI-
paxkaeTcst HeXBaTKOM O€JIbIX KPOBSIHBIX TeJICIl U P -
TPOLIMTOB, TTOBBIIIAsI PUCK BTOPUYHBIX OaKTepUalb-
HBIX MH(eKLUH u aHemuii [22, 28].

O1LIeHUTh INTYOUHY MOPaXKeHWsI UMMYHHOI CUCTe-
MbI BO3MOXHO IMOCPEICTBOM ONpeaeIeHUST KOHIIEH-
Tpalliy MapKepoB, OTPaKAOIINX (DYHKIIMOHATBHYIO
akTUBHOCTb T- 1 B-numdouuTos.

B mnpouecce cospeBanus T-auMdouuToB Mpu
nepecTpoiike reHa peuernrtopa T-KJIeTOK B THUMY-
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ce oOpasylTcs KoJiblieBble ¢dparmeHTtsl JJHK —
T-x1eTouHbIe pelenTOPHBIC SKCIIM3MOHHBIC KOJIbIIa
(T cell receptor excision circles, TREC) [37], koTo-
pBIe CIy:XKaT WHOUKATOPOM IIPOMNYKTHBHOCTU THPE-
OouaHOro Bhixoaa 3pesibix T-numdponuroB. Huskuii
ypoBeHb TREC cBuaeTenbcTByeT 0 HEAOCTAaTOYHOM
BBIpaOOTKe MOJIOABIX T-KJIIeTOK, YMECHBIIICHUH ITOITY-
assuuu T-1uM@OLUTOB ¥ CHUXKEHU U 0011Iei Coco0-
HOCTU IIPOTUBOCTOSATH WH(MEKIUOHHBIM arcHTaM.
AHaAJIOTMYHO 00pa3yloTcss B xoae (QOPMUPOBAHUS
AHTUI'CHPACITIO3HAIOLIMX CTPYKTYp B-1umdbouuTon
Karmma peKoMOMHAMOHHbBIE SKCIIU3MOHHBIC KOJIbIIA
(k-deleting recombination excision circles, KREC),
oTpaxariue 3DHeKTUBHOCTh AUdhEepeHIIMPOBKU
W TIPOOYKIIWIO IUIa3MaTUUECKMX KIIETOK, BBIpada-
ThIBAIOIIMX 3alluTHbIE aHTUTena. YpoBeHb KREC
JIEMOHCTPUPYET AaKTUBHOCTh TYMOPAJBHOTO 3BEHA
HUMMYHUTETa, II03BOJISIS OLICHUTDH CTEIIEHb 3allli-
IIIEHHOCTU OpraHru3Ma OT MOBTOPHBIX aTak BO30yau-
teneit 6one3neii. Konnenrpaunu TREC u KREC B
KPOBH SIBJISIFOTCSI YYBCTBUTEJIbHBIMU MHAWKATOPAMU
CTaIuM aHTUTEH-HEe3aBUCUMOM IrddepeHINPOBKIA
KJIETOK aJalTMBHOro mmMmyHurera [46]. Ucxons us
BBIIIIECKA3aHHOIO, KOJUYECTBEHHAsl OlLIEHKA YpPOB-
Heii TREC u KREC — BaxHeiilasi MeToauka st
omnpeneaeHUs QOYHKIIMOHAIbHON 3(MOEKTUBHOCTU
UMMYHUTETA.

Panee Hamu ObLIa mokazaHa MH(MOPMATUBHOCTb
ypoBHeit TREC/KREC mnpu BHUY-undbexkuuu wun
COVID-19[7, 12, 13]. Onpenenenue ypoBHeit TREC
n KREC nenaeT BO3MOXHOM He TOJILKO paHHIOIO U -
arHOCTUKY MEPBUYHBIX UMMYyHOAeGUUIUTOB [20], HO
M OIIEHKY TOTOBHOCTH MaIleHTa K BAKIIMTHALINU, BBI-
0Op ONTUMAJIbHOM JIeYeOHON TAaKTUKM, OITUMMU3A-
LU0 TPO(GUIAKTUYECKUX MEPOIIPUSITUIA U KOHTPOJIb
KadyecTBa BOCCTAHOBJICHUSI UMMYHHOM CHUCTEMBI IT0-
cJie TsiKenbIx 3a0oneBanmii [33]. Takum obpasom, co-
BpeMeHHas JabopaTopHasl TMarHOCTUKa pacroJjara-
eT YIOOHBIM M BeChbMa JOCTYITHBIM METOIOM OLICHKU
COCTOSIHMSI UMMYHHUTETa MCIOJb30BaHUE KOTOPOIO
MO3BOJISIET CYILIECTBEHHO pACIIMPUTh JTUATHOCTHU-
YEeCKHMEe BO3MOXKHOCTU, CIIOCOOCTBYS OITHMMU3ALINUN
NpoUIAKTUIECKUX MEPONPUSTUI, TMOBBILICHUIO
TOYHOCTU IMATHOCTUKH, 3(PPHEKTUBHOCTU JICUCHUS
M peadMIMTalluU MallMeHTOB, YTO, B 1I€JIOM, IIPUBO-
JINT K COBEPIIEHCTBOBAHUIO KauyeCTBa MEIUIIMHCKOM
nomoniu [ 14, 44]. BaxxHelImIM acrieKTOM ITpUMeHe -
HUSI JaHHOTO METO/a BhICTYNAET €ro MPeaAUKTUBHBII
MOTEeHINAJ IJIsI paHHETO BBISBIICHUS TPYII PUCKa.
Camxenune nokasatenaeii TREC u/unu KREC B atux
rpynnax CJIykXUT MPOTHOCTUYECKHUM MapKepoM IT0-
BBIIIIEHHOTO pUCcKa Pa3BUTUSI MHMOEKIIMOHHOM MaTo-
JIOTMU U aCCOLIMUPOBAHO C BBICOKOI BEPOSTHOCTHIO
TSIXKEJIOTO TeUeHUsl 3a00JIeBaHUIA.

B cBg3u c BbIlIeCKa3aHHBIM 1EeJIbI0 HACTOSIIE-
T0 WCCJIe0OBAHMs CTajla OlLIEHKA MPEACTAaBICHHOCTU
nmonu marojorndeckux 3HadyeHuiit TREC/KREC B
nepudepruyeckoil KpoBU YCIOBHO 340POBBIX JIUI] B
TMOCTITAHIEMUYECKUIl TIEPUO/I.

MaTtepuarbl n MeToabl

MartepuasioM CIyKWJIU 0Opaslibl LEeJbHOMI Iepu-
deprueckoii KpOBU YCIOBHO 3MOPOBBIX JIMII OT 18 j1eT
U cTaplile, MpoXUBalomux Ha Tepputopun CaHKT-
ITetepOypra u JIeHUHrpaackKoi o0JIacTH, TTOJyYeH-
HbIE B paMKaXx MTOMYJISIIIMOHHOTO UCCIIeIOBAHMSI B e~
puon c 15 no 21 urons 2020 r. (717 yesoBek), a TaKKe
¢ 04 1o 29 cents16ps1 2023 1. (3716 yenosex) |8, 9, 10].
Kpureprem nckiiroueHust 100pOBOJIbIIA U3 UCCIIEI0-
BaHUS B 00X IPYMITaxX SIBASUIOCh HAJTUYME TUAaTrHO-
3a UMMYHOZIE(UIIUT J1I000TO TeHe3a, BUPYCHBIN Te-
natut B, C, D, BUY-uHdeKkLus, 10moJHUTEIbHBIM
KpUTEpUEM UCKIIIoueHus s BosioHTepoB 2020 T
ObLIO Hayimuue ocTporo 3adoneBaHusi COVID-19.
Ha mipoBeneHme maHHOTO UCCIIeIOBAaHMS OBLIO TTOJTY-
YEeHO corjlacue JIOKaJbHOro DTUYECKOro KOMUTETa
dBYH HUUM snmaeMuoornu U1 MUKPOOHOIOTUNA
nM. Ilacrepa (mporokosbl Ne 64 ot 25.05.2020 . u
Ne 86 ot 17.08.2023 ).

B3sgTtre KpoBM OCYIISCTBISIA B METUIIMHCKOM
nenTpe PBbYH «Cankr-Iletepoyprckuit HUU smm-
JIEMUOJIOTUU U MUKpoOuosiorun umeHu Ilacrepa» u3
JIOKTEBOI BEHBI B MPOOUPKY ¢ KOHcepBaHTOM DJITA
¢ (bnoJIeTOBOM KPHILIKOM. DKCTPAKIIUIO CyMMapHO
dpakuuu JTHK ocymiecTBIsIn U3 aTMKBOT LIEJTbHON
KPOBU C MCIIOJIb30BaHMEM KOMMEpPUYECKOro Habopa
«HK-Marno-UltraPure-A» (HII® «BITUTOII»,
Cankr-IletepOypr) M aBTOMaTUYECKOW CTaHLIUU
JUIST BBIOEJNIEHUS] HYKJIEMHOBBIX KHCIOT Auto-Pure
96 (Allsheng, Kurait), cortacHO MHCTPYKIIMSIM TTPO-
usBoauTenein. g onpeneneHus] KOHLEHTpaLUU
TREC u KREC npoBoaunm KonndecTBeHHYI0O Real-
time TP ¢ ncnosb3oBaHMeM KOMMEPYECKOro Ha-
oopa TREC/KREC-AmpPS (HMWM wum. Ilactepa,
Cankrt-IletepOypr, Poccusi) B COOTBETCTBUM C WMH-
cTpykieii mpousBoautens [11, 14].

CraTucTUIeCKyIo 00padOTKY JaHHBIX TPOBOIVIIN
C NpUMEHEHMEM MaKeTOB IporpaMMHOro obecre-
yenust GraphPad Prizm 5 u Microsoft Excel 2010.
CpaBHMUTEIbHBIN aHAN3 HE3aBUCUMbBIX BBIOOPOK
MaIeHTOB TIPOBOMWIN C MCIIOJb30BaHUEM KPUTE-
pueB ManHa—YutHu, Kpackena—Yoinuca u tecta
JanHa. PemaktupoBaHue BbIOPOCOB U 3KCTPEMallb-
HBIX 3HAYCHU BBIMTOJHSUIN C MCIIOJIB30BAHUEM IIPO-
rpamMmHoro obecneueHuss Deductor Academic 5.3
(BaseGroup Labs) ¢ mpumMeHeHMEeM MeTola OIlpe-
JIeJIEHUST BBIOPOCOB U BKCTPEMAJIbHBIX 3HAUCHUH 110
WHTEPKBApPTUIbHONM UpUHE (U1 BHIOpocoB — 1,5,
IUTST DKCTPEeMaJIbHBIX 3HAYCHUIT 3).
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TABNALA 1. IONS MATONOMMYECKMX 3HAYEHWUIA TREC M KREC B MONYNALMW B AONAHAEMUYECKUNA
¥ NOCTNAHAEMUYECKWUIA NEPUOA

TABLE 1. PROPORTION OF PATHOLOGICAL TREC AND KREC VALUES IN THE POPULATION IN THE PRE-PANDEMIC
AND POST-PANDEMIC PERIODS

Bo3bacT- Cratucru- MaTonoruyeckue yposun TREC Maronornyeckue ypoBHu KREC
que yeckue Pathological TREC levels Pathological KREC levels
nokasa-
rpynnbl Tenm Donangemuyeckun |MoctnaHgoemuyeckuii | QonaHaemuyeckun | NoctnaHgemMmuyeckumn
Age Statistical nepuvoa nepuvog nepuoa nepuvoa
groups indicators | Pre-pandemic period | Post-pandemic period | Pre-pandemic period | Post-pandemic period
AGc., (n) 7u3 120 195 n3 619 5u3120 105 n3 619
Abs, (n) 7 out of 120 195 out of 619 5 out of 120 105 out of 619
%, 95%
18-29 net aun: 5,8% 31,5% 4,2% 17,0%
18-29 %, 95% (2,4-11,7%) (27,9-35,3%) (1,4-9,5%) (14,1-20,2%)
years cl:
x? = 32,064, p < 0,0001, df =1, %2 =12,000, p = 0,0005, df =1,
value: OP = 7,424 (95% OW: 3,4-16,2) OP = 4,698 (95% OWU: 1,9-11,8)
P ) x? = 32.064, p < 0.0001, df = 1, x?=12.000, p = 0.0005, df =1,
OR =7.424 (95% CI: 3.4-16.2) OR =4,698 (95% CI: 1.9-11.8)
A6c., (n) 12 3 118 258 n3 649 6 n3 118 132 u3 649
Abs, (n) 12 out of 118 258 out of 649 6 out of 118 132 out of 649
%, 95%
30-39 net aun: 10,2% 39,8% 51% 20,3%
30-39 %, 95% (5,4-17,1%) (36,0-43,6%) (1,9-10,7%) (17,3-23,6%)
years cr
x? = 37,024, p < 0,0001, df =1, x2=14,729, p < 0,0001, df =1,
value: OP = 5,829 (95% OW: 3,1-10,8) OP = 4,766 (95% OW: 2,1-11,1)
P ' x?=37.024, p < 0.0001, df = 1, x?=14.729, p < 0.0001, df =1,
OR =5.829 (95% CI: 3.1-10.8) OR =4.766 (95% CI: 2.1-11.1)
A6c., (n) 16 13 132 306 n3 655 8 n3 132 154 u3 655
Abs, (n) 16 out of 132 306 out of 655 8 out of 132 154 out of 655
%, 95%
40-49 net aun: 12,1% 46,7% 6,1% 23,5%
%, 95% (7,1-18,9%) (42,8-50,6%) (2,7-11,6%) (20,3-27,0%)
40-49 cr-
years -
x?=52,971, p < 0,0001, df =1, ¥x?2=19,412, p < 0,0001, df =1,
value: OP = 6,357 (95% OWU: 3,7-11,0) OP = 4,764 (95% OW: 2,3-10,0)
P ’ x?=52.971, p < 0.0001, df = 1, x?=19.412, p <0.0001, df =1,
OR =6.357 (95% CI: 3.7-11.0) OR =4.764 (95% CI: 2.3-10.0)
A6c., (n) 28 3 135 322 n3 619 5un3135 135 u3 619
Abs, (n) 28 out of 135 322 out of 619 5 out of 135 135 out of 619
%, 95%
50-59 neT aun: 20,7% 52,0% 3,7% 24,2%
50-59 %, 95% (14,3-28,6%) (48,0-56,0%) (1,2-8,4%) (20,9-27,8%)
years ct
x?=42,347, p < 0,0001, df =1, x? = 22,846, p < 0,0001, df =1,
value: OP = 4,143 (95% OWU: 2,7-6,5) OP =7,252 (95% OW: 2,9-18,1)
P ' ¥?=42.347, p < 0.0001, df = 1, y?=22.846, p < 0.0001, df =1,
OR =4.143 (95% CI: 2.7-6.5) OR =7.252 (95% CI: 2.9-18.1)
A6c., (n) 21 mn3 1M1 411 n3 618 10 u3 111 150 u3 618
Abs, (n) 21 out of 111 411 out of 618 10 out of 111 150 out of 618
60-69 net % 95%
60-69 ) °
years aun: 18,9% 66,5% 9,0% 24,3%
%, 95% (12,1-27,5%) (62,6-70,2%) (4,41-15,90%) (20,9-27,9%)
Cl:
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Tabnuua 1 (okoH4YaHue)
Table 1 (continued)

Bo3pacT- Cratucrtu- MaTonornyeckne yposuun TREC MaTonornyeckne yposuu KREC
HEle yeckue Pathological TREC levels Pathological KREC levels
nokasa-
rpynnbl Tenu Donangemuyeckun |MoctnaHgemuyeckun | JonaHaemuyeckun | NMoctnaHgemnyeckun
Age Statistical nepuoa nepuos nepuon nepuon
groups | . dicators | Pre-pandemic period | Post-pandemic period | Pre-pandemic period | Post-pandemic period
60-69 net %? = 86,298, p < 0,0001, df =1, x%=11,921, p = 0,0006, df = 1,
60-69 value: OP = 8,509 (95% OU: 5,1-14,1) OP = 3,237 (95% OW: 1,6-6,4)
ears P ’ x? =86.298, p < 0.0001, df =1, x?=11.921, p = 0.0006, df = 1,
y OR =8.509 (95% CI: 5.1-14.1) OR =3.237 (95% CI: 1.6-6.4)
A6c., (n) 18 n3 101 369 n3 556 7un3 101 111 n3 556
Abs, (n) 18 out of 101 369 out of 556 7 out of 101 111 out of 556
%, 95%
aun: 17,8% 66,4% 6,9% 20,0%
ot 70 net | %, 95% (10,9-26,7%) (62,3-70,3%) (2,8-13,8%) (16,7-23,5%)
70+ years Cl:
¥x?=81,217, p < 0,0001, df =1, x? = 8,989, p = 0,0027, df =1,
value: OP =9,099 (95% OMU: 5,3-15,6) OP = 3,350 (95% OW: 1,5-7,4)
P ’ x?=81.217, p <0.0001, df =1, x?=8.989, p =0.0027, df = 1,
OR =9.099 (95% CI: 5.3-15.6) OR =3.350 (95% CI: 1.5-7.4)
Ab6c., (n) 102 n3 717 1861 n3 3716 41 n3 717 787 n3 3716
Abs, (n) 102 out of 717 1861 out of 3716 41 out of 717 787 out of 3716
%, 95%
aun: 14,2% 50,1% 5,7% 21,2%
Bcero %, 95% (11,8-17,0%) (48,5-51,7%) (4,1-7,7%) (19,9-22,5%)
Total Cl:
%2 =311,71, p < 0,0001, df = 1, %2 = 93,565, p <0,0001, df =1,
value: OP = 6,049 (95% OW: 4,9-7,5) OP = 4,430 (95% OW: 3,2-6,1)
P ’ x?=311.71, p < 0.0001, df = 1, x? = 93.565, p < 0.0001, df = 1,
OR =6.049 (95% CI: 4.9-7.5) OR =4.430 (95% CI: 3.2-6.1)

Jnsa ouenku pacnipeneiienust yposHeii TREC u
KREC B nocrnaHaeMM4YeCKUil Mepuo1 onpeaesisiin
HIDKHIOIO M BEPXHIOI TPaHUIIbI, a TaKXKe MeIuaHy
LICJIEBBbIX AHAJIMTOB B IOMYJSILIMU 110 AHAJOTUMU C
orpenesieHreM pedepeHCHBIX WHTEPBAJIOB MPSIMbIM
METOJIOM, COTJIaCHO peKOMeHIausIM MeXTyHapo -
HoOIT (penepanu KanHu4eckoit xumuu (International
Federation of Clinical Chemistry, IFCC) u ITocymap-
ctBeHHoro craHmapta (I'OCT) P 53022.3-2008 [2,
19, 39], B COOTBETCTBUM C KOTOPBIM CTATUCTUYCCKU
JIOCTATOYHOMU sIBJIsSIETCS BbIOOpKa, BKJItovatoias 120
MpaKTUYECKU 3I0POBBIX YEJIOBEK, IO pe3yJbTraTaM
HUCCIe0BaHUsI KOTOPBIX PacCYUThIBAlOT 95% moBe-
puUTENbHBIN UHTEpBa [3].

PesynbTartbl

OmnpeneseHO  KOJUYECTBEHHOE  COlepXKaHUe
moJiekyn TREC u KREC B kaxmoMm obpasie Kpo-
BU. YacToTa BCTPEYaeMOCTH CHIKCHHBIX yYpOBHE
TREC u KREC B nonanaeMuyeckuii nepuoj cocra-
Buiaa 14,2% (n = 102 uz 717, 95% AN: 11,8-17,0%)
u5,7% (n = 41 uz 717, 95% AW: 4,1-7,7%), coot-
BETCTBeHHO. YacToTa BCTPEYaeMOCTH CHIDKEHHBIX

ypoBHeit TREC u KREC B nocTnangeMuJecKuii Tie-
puon coctaBwia 50,1% (n = 1861 u3 3716, 95% AU:
48,5-51,7%) n 21,2% (n = 787 u3 3716, 95% AU:
19,9-22,5%) cOOTBETCTBEHHO, YTO IIPUOIU3UTEIHLHO
B 3,6 (B 3,5 pasa miisg TREC; B 3,7 pasa mist KREC)
yaiie, 4YeM B JoIMaHAeMudyeckuit nepuoa. B tadnu-
1e 1 mpuBeneHbl JaHHbIE O YACTOTE BCTPEUYaeMOCTU
cHukeHHbIX ypoBHeid TREC 1 KREC B nmonyasiuuu
B AOMAaHACMWYECKHUI U TTIOCTHAHAEMUYECKUI ITepro-
JIbI COOTBETCTBEHHO.

Ha pucynke 1 mipencraBieHbl JaHHBIE O 9aCTOTE
BCTPEUYACMOCTH COYETaHUIT HOPMAaJIbHBIX M ITAaTOJIO-
rnyeckux ypoBHeil MmoJiekynl TREC nu KREC B momy-
JISIUY B TOTIAHIAEMHWYSCKUI 1 TTOCTIIaHIeMUYCCKUIA
TICPUOIBI.

OueBUIHO YBEJIMYCHME [OJU I1aTOJIOTMUECKUX
3HauyeHuit ypoBHeit TREC u/unun KREC B moctnan-
IeMUYECKUI TMepuoa B CPaBHEHUU C JOMaHAEMU-
YEeCKUM. AHaIW3 JaHHbBIX BBISIBUJ HECOOTBETCTBUE
MeXay yacToToit natojiorndyeckux 3HadyeHuii KREC
B TIOCTMAHAEMUYECKOM TMEpUOJe, 3aperucTpupo-
BaHHOI B Tabnuile 1, U UX TIPEICTaBISHHOCTBIO Ha
pucyHke 1b. DTo pacxoxaeHue OOBSICHSIETCS TeM,
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Figure 1. Proportion of pathological TREC and KREC values in the pre-pandemic and post-pandemic periods

Note. A, TREC and/or KREC. B, KREC. C, TREC. D, both TREC and KREC.

YTO B OOJIBIIIMHCTBE CyYyaeB B MOCTIAHASMUYECKUIA
nepuona cHkeHHble Tokaszatenu KREC couera-
Juch ¢ HU3kuMu ypoBHsiMu TREC, uto nmpuBesio k
YMEHBIICHUIO JOJM M30JUPOBAHHBIX HapPYILICHUM
KREC B oTAeNbHBIX UCCAEAYeMbIX TPYIIIax Mpu BU-
3yaid3allMyi TaHHbIX. [IpoBeneHHoOe uccaeaoBaHUe
BBISIBUJIO XapaKTepHble MMMYHOJIOTMYECKUE Hapy-
LIEHUS, TPOSIBISIIONIMECS JTMOO W30IUPOBAHHBIMU
u3MeHeHUs MU T-KJIeTOYHOro 3BeHa, JIMOO coue-
TaHHBIMU JuchyHkiusIMU T- u B-nmumdbouuTtos.
IIpumeuatesibHO, 4YTO W30JUPOBAHHBIE NE(EKThI
B-kjieTOYHOrO UMMYHUTETa OOHAPYXXEHbI HE ObLIN,
4YTO yKa3blBa€T Ha KJIIOUEBYIO POJb T-KJIETOYHOTO
KOMIIOHEHTa B Pa3BUTUU U3y4a€MbIX UMMYHONATO-
JIOTUYECKNUX U3MEHEHMHA.

Ha pucynkax 2 u 3 TIpeicTaBJIeHO pacpeaeieHne
3HaveHni TREC 1 KREC B momysiium B mOCTIIaH-
IeMHWYSCKUI TIepUOI, B 3aBUCHMOCTU OT BO3pac-
Ta BOJIOHTEPOB, MUMpPaMU OTMEUYCHBI MEIUAHBI IS
KaXXJI0M BO3PACTHOM I'PYIIIILI.
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PucyHok 2. YposHu TREC B 3aBMCMMOCTM OT BO3pacTa
obcnegyeMbIX B nocTnaHAeMUYeCKMi nepmog

Figure 2. TREC levels depending on age in the post-pandemic
period
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PucyHok 4. Pa3amax 3HaueHuii yposHeii TREC no
BO3PACTHbLIM rpynnam («sWKUKK ¢ ycaMuy, 0603HaYEHbI
nepueHTunu 2,5-97,5, ykazaHbl MeanaHbl)

Figure 4. Range of TREC levels by age group (“box-and-
whisker plot,” showing percentiles 2.5-97.5, medians indicated)
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Figure 5. Range of KREC levels by age group (“box-and-
whisker plot,” showing percentiles 2.5-97.5, medians indicated)

HopmanbHOCTh  pacnpefeneHus IMOJyYeHHBIX
YUCIOBBIX 3HAYCHUI B KaXKAOM BO3PAaCTHOU IpyIie
MPOBEPsUIM C MOMOIIbIO ABYX Kputepuen: Koamo-
ropoBa—CwmupHoBa u Ilanmupo—Yunka. CorinacHo
IPOBEACHHOMY aHAJIM3y, HU B OJHOI M3 BBIOOPOK
pacnpeneeHue YMCI0BbIX JTaHHBIX HE MOAYMHSIOCH
3aKOHY HOpPMaJIbHOTO pachpeaeieHus. Bce mocne-
IYIOIINE CTATUCTUUECKHUE PACUeThl ObLIN BBITIOJITHE-
Hbl C TIPUMEHEHUEM MHCTPYMEHTOB HelapamMeTpu-
YEeCKOM CTaTUCTUKMU.

3a OCHOBY OBLIM B3ATHl HaHHBIC, ITOJYICHHBIC
oT 3716 yCIOBHO 3I0POBBLIX BOJIOHTEPOB, ITepen
MpPOBEACHUEM CTAaTUCTUYECKOrO aHalu3a ObLIO BbI-
MOJIHEHO yJajieHue BbIOpOcOB (IpeBbilieHue B 1,5
pasa MHTepBajia MEKKBapTUJIbHOIO pa3Maxa) 1 dKC-
TpeMaJIbHbIX 3HAaYeHU (MpeBbIllieHWe B 3 pa3a UH-
TepBajia MEXKBapPTIWIBHOTO pa3Maxa) OTACIbHO ISt
Kaxkaoil Bo3pacTHOl rpynibl. [loaydyeHHBIE B pe-
3yjabTare auarpamMmbl pasmaxa 3HaueHuith TREC u
KREC B niepeurciaeHHbBIX TpyIax n300pakeHbl Ha
pucyHkax 4 u 5.

Ilpu ananuze mnoayyeHHbIX ypoBHell TREC,
JUISI CpaBHEHUST MeAWaH WCIoab3oBanu Kpurepuii
Kpackena—Yomnuca. JlaHHBII TeCT, TTO3BOJISTIOIINIA
NpPOBEPUTH TUITOTE3Y O PABEHCTBE MEAMaH BCEX Bbl-
0OpOK, TTOKa3ajl HAJIWIMe CTaTUCTUICCKI 3HAYMMBIX
pa3IMUMU MEXIY HCCIAeAyeMbIMU Trpynnamu (cTe-
MeHb pa3anuus Mexay Beioopkamu: H(2) = 5372,
p < 0,0001). IMomyyeHHBIE Pe3yABTaThl CBUACTEIb-
CTBYET O TOM, UTO MEIMAHBbI 110 KpalHEN Mepe NBYX
TPYII U3 aHAJTU3UPYEMBIX pasiuvaroTcs. B ¢Bsa3u ¢
BBIIIIECKA3aHHBIM, IJISI YTOYHEHUSI, KaKe MMEHHO
rpynrsl OTIIMYAKOTCA APYT OT Apyra, MCIOJIb30Bald
tect JdanHa. Paznuuue mexnay rpynnamu 40-49 ner
n 50-59 net u mexxay 60-69 net u 70+ jreT okazaaoch
He 3HauuMbIM (p > 0,05), omHaKO MpU CpaBHEHUU
BCEX OCTAJIbHBIX TPYMIT ObLIU BbISIBJIEHBI 3HAUUTE b-
Hele paznuyust (p < 0,001 o151 Bcex mormapHbIX TPy-
MOBBIX CPaBHEHUIA).

Ilpu amoctepMopHOM CpaBHEHUM C MpPUMEHe-
HUEM Kputepusi MaHHa—YUTHU JTOCTOBEPHBIC pa3-
JIM4Ms ObLIM BBISIBJIEHBI U1 BCEX Map Ipyni Nnpu
nocaeaoBaTebHOM cpaBHeHUU (p < 0,05) 3a UcKITIO-
YeHHEM CpaBHEHMS BO3pacTHBIX Ipyrr 40-49 et u
50-59 net, p = 0,0910.

YuuteiBass HaOIOIAEMOE YBEJIWYEHUE YaCTOThI
naronorndeckux 3HadeHnii TREC B monynsuun B
MOCTHNAHAEMUYECKUI MEepuoa U OTCYTCTBUE OJHO-
3HAYHBIX JAHHBIX O BO3BMOXHOCTHU BOCCTAaHOBJICHUS
ncxomHbIX Mmokasareneii TREC y mamueHTOoB mociie
COVID-19, npeacrapisieTcsi 000CHOBaHHOU HE00-
XOAMMOCTb JajbHEWIIel onpeaeaeHus TUHAMUKU
COCTOSIHUSI.

3a HUDKHIOIO Y BEPXHIOIO TPAHUIIbI B BbIIEJIEHHBIX
rpynmnax ObUiv NpUHSATHI 2,5 1 97,5 eplueHTub, Co-
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TABINLA 2. PACNIPEQENEHUE NONYNALUOHHbLIX YPOBHEMN TREC (KOMMWI/105 KNETOK) Y NIOAEW PA3HbIX
BO3PACTHbIX [PYNM, ONPEAENEHHBIE B JOMNAHAEMUYECKUA U NOCTNAHAEMUYECKUA NEPNObI

TABLE 2. DISTRIBUTION OF POPULATION-LEVEL TREC CONCENTRATIONS (COPIES PER 10° CELLS) IN DIFFERENT AGE
GROUPS DETERMINED IN THE PRE-PANDEMIC AND POST-PANDEMIC PERIODS

JonaHaemMuyeckui nepuon MocTnaHaemMnyeckuin nepuog
Pre-pandemic period Post-pandemic period
Bo3spacTHble
rpynnbi HuxHas BepxHsas HuxHas BepxHasa
Age groups n MeauaHa rpaHuua rpaHvua n MeauaHa rpaHuua rpaHuua
Median Lower Upper Median Lower Upper
boundary boundary boundary boundary
18-29 ner 108 | 5533 44,91 2135 303 1426 41,31 6282
18-29 years
30-39 ner 101 252,7 23,6 1597 357 776,4 33,43 4113
30-39 years
40-49 ner 11 | 1913 18,27 1098 320 386,3 6,17 2492
40-49 years
50-59 ner 103 131,1 13,98 1543 277 343,5 5,495 2475
50-59 years
60-69 ner 88 74,87 12,54 1715 205 1443 0,985 1331
60-69 years
ot 70 ner 79 44,71 11,43 683,1 186 65,71 0,8403 883,8
70+ years
TABJIULA 3. MONYNALMOHHBLIA YPOBEHb KREC (KOI'IVIl7ll1 05 KNETOK) Y NIOOEN CTAPLLE 18 NET
TABLE 3. POPULATION LEVEL OF KREC (COPIES PER 10° CELLS) IN INDIVIDUALS AGED 18 YEARS AND OLDER
OonaHaemMuyeckumn nepuon, MocTnaHaemuyeckum nepuos,
Pre-pandemic period Post-pandemic period
Yucno HuxHas BepxHsasa Yucno HuxHas BepxHsasa
BONOHTepoB, n | MeawaHa | rpaHuua rpaHuua BONOHTepoB, n | MeawaHa | rpaHuua rpaHuua
Number Median Lower Upper Number Median Lower Upper
of volunteers, n boundary | boundary of volunteers, n boundary | boundary
676 385,7 49,9 1478 2826 1102 751 3848

OTBETCTBEHHO, COTJIACHO MEXXAYHAPOAHbIM CTaHaap-
Tam [2, 19, 39]. B Tabauue 2 npuBeaeHbI BO3pacTHbIE
TPYIIILI U pacapeneieHrue MONyaslMOHHBIX YPOB-
Heit TREC B nonanaeMuyeckuii 1 mocTnaHaeMuye-
CKUWI MTEPUOIBI.

Ha ¢one permctpupyeMoro pocta OTKIOHCHUM
nokazareseii KREC oT HOpMBI B mocThnaHeaMuye-
CKyI0 31moxy M, Kak u B ciydyae TREC, Heonpene-
JICHHOCTH OTHOCUTEIBHO AOJTOCPOYHOM TMHAMUKU
aHanuTa y iepeHeciux COVID-19, npencraBnsieTcst
00OCHOBaHHbBIM TIPOBEICHUE PEBU3UU pacIpeaese-
HUSI €70 YPOBHEU B YCIOBHO-3I0POBOIA TTOMYJISILIUU.

JloCTOBEPHBIX pa3juUuMil TIPU NPOBEIECHUN CpaB-
HUTeabHOro aHanusa ypoBHeil KREC mexny Bo3-
PacTHBIMH TPYHIIAMH C TPUMEHEHUEM KPUTEPUS

Kpackena—Yonnuca u tecrta /laHHa BBISIBJIEHO He
ObLIO.

HMcxonsa w3 BelieckazaHHoro, ypoBHu KREC
MOCTIHAaHAEeMUYECKOIo Meproia pacCUYUTHIBAIN MIJIsI
Bceit BBLIOOPKM O¢3 IeJICHUST Ha BO3PAaCTHBIC TPYIIIHL.
B Tabnmiie 3 mpencTaBiieHbI TOJTYYeHHOE MeIaHHOE
3Ha4YEHME, a TAaKXKe TPaHULIBI HOPMBI y JTIOAei cTap-
e 18 JjieT.

ObcyxaeHve

[ToMUMO HEIMOCPEACTBEHHO OCTPOTO MHMEKIIN-
OHHOTO Mpoliecca, 3HaYUTEIbHAsI YacTh I1epedoJieB-
mux COVID-19 crankuBaeTcsl ¢ JOJTOCPOUYHBIMU
MOCJIEICTBUSMM, M3BECTHBIMUA KaK ITOCTKOBWIHBINI
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cunapoMm (long-COVID), cocrosiHueM, XxapakTe-
PU3YIOIIMMCS IJIUTCIbHBIM TEYCHUEM CHUMIITOMOB
COVID-19, nponoyxaroiuxcst 6ojiee 12 Heaesb Mmo-
cJie TIepBUYHOTO 3aboyieBaHus. [1pu 3TOM HemocTa-
TOUYHOCTh T- 1 B-KJIeTOUHBIX 3BEHbEB UMMYHUTETA
MOXET COXPaHSThCS B Te€YEHUE ITUTEIBHOTO BpeMe-
HE [30]. Cummrombl long-COVID MoryT BKIIOUaTh
YCTaJOCTh, OMABIIIKY, OOJM B MBIIIIAX U CyCTaBax,
IpoOJIeMBl ¢ KOHIIEHTpalelli BHUMaHUS (TaK Ha-
3BIBaCMBIil «MO3TOBOIl TyMaH»), HapylleHHE CHa,
TOJIOBHYIO 00J1b, TOTEPIO BKYCa U 3araxa, TPeBOIY U
IIETIPECCUI0, a TAKXKEe HAPYIICHUST CEPACIYHO-COCYI-
CTOI CUCTEMBI U OpraHoB AbixaHus [15, 21, 18].

ITo nanueiM BO3, okoso Tpetu mepedosieBIINX
COVID-19 nani coobmaioT O JUIMTEIbHOM COXpa-
HEHMU CHUMIITOMOB ITOCJI€ BBIITUMCKU U3 OOJbHUIIbI.
IMpuunnel paszsutus long-COVID mnoka HemocTa-
TOYHO M3YYE€HbI, OTHAKO IPENrnojaraeTcs, 4YTo 3TO
CBSI3aHO C UMMYHOJIOTUYECKMMU PeaKlMsIMUA Opra-
HHM3Ma, TTIOBpeXIeCHUEM TKaHE BUPYCOM, XPOHUYEC-
CKMMHU BOCHAJUTEIbHBIMU MpOLIECCaMU 1M HapyIlle-
HUEM DPEryJsiliui UMMYHHOU cuctemsbl [41]. B xone
HMCCIIENOBAHUSI KOTOPTHI MEIUIIMHCKUX PAOOTHUKOB
B W3pauniie 6bUI0 YCTAaHOBICGHO, YTO Jaxe y ITOJHO-
CThIO BaKIMHUPOBaHHBIX TPOoTUB SARS-CoV-2
monei coxpaHsieTcss puck pas3putusi long-COVID
nocjie MPOPbIBHONM MHMEKIUU, YTO MOAYEPKUBAET
HEOOXOOUMOCTh TaTbHEMWIIIeTOo M3YYeHUST IMOCTBAK-
HUHAJIbHBIX OCJIOXKHEHUI U TOJTOCPOUYHBIX MOCJIEI-
creuii COVID-19 [17].

I[TaToreHeTUYECKYI0O OCHOBY UIMTEIILHBIX ITO-
CTBUPYCHBIX HapylIeHUi (QYHKIMOHAJbHONM aK-
TUBHOCTU MMMYHHOU cuctembl mnpu long-COVID
COCTaB/ISICT KOMOWHAIIMS KJIFOUEBBIX (haKTOPOB:
r1yOOKOro MCTOLIEHUS JUM(OUIHOTO Iyja U JIUC-
peryysIInu remMoriossa. IlepBas IIpuynHa CBsI3aHa C
JIUINTEJIbHBIM COXPaHEHMEM MOBBIIICHHON MPOAYK-
WY TIPOBOCITAIMTEILHBIX IIMTOKMHOB. OCTaTOYHBIC
clienbl XPOHMYECKOTO BOCITAJICHUS CIOCOOCTBYIOT
VTHETEHUI0 MMMYHHOIO OTBeTa U MPEMNSTCTBYIOT
OBICTPOMY BOCCTAaHOBJIEHUIO TTOPAXKEHHBIX TKaHEeH 1
opraHoB. [locTossHHasI ceKperusi BOCHAIUTEIbHBIX
mouiekys, Takux Kak IL-6, TNFo u IFNy, oTpuna-
TEeJIbHO CKa3bIBaeTCSI Ha (DYHKIIMOHAIBHOCTH JIeHi-
KOIIMTOB M IIPOBOLIMPYET Pa3BUTHE XPOHUUECKOI
ycrtanoctu [50]. MaccuBHass aHTUTeHHasl Harpyska
B octpoii paze COVID-19 mpuBOIUT K KJIOHAJb-
HOMY UCTOLIeHUIO T-ITMM@POLIUTOB, OCOOEHHO M-
ToTokcudyeckux CD8* knerok m T-xeinmepoB, 4TO
MOATBEPKAACTCS IMTEJbHBIM COXpaHEHUEM JIUM-
donenun y pexkoHBajleclieHTOB. OIHOBPEMEHHO
XPOHUYECKOE BOCTIAJICHNE, OTIOCPEIOBAaHHOE TIePCH-
ctupyouieit BupycHoii PHK 1 LIUTOKMHOBBIM JauC-
OaaHCOM, MHAYIHNPYeT (PYHKIIMOHAJIBHBIC N3MCHE-

HUST B HUIIIE TEMOITOATUYECKUX CTBOJIOBBIX KIJIETOK.
DTO BBIpaxKaeTcsl B IMOMABJICHUM CUTHAIBHBIX ITyTEH
(Bxmouasd JAK-STAT u NF- B), peryaupyomux
npoaudepannio U aud@epeHIUPOBKY, 4YTO BEIAET
K Pa3sBUTUIO MUEJIOUITHOTO CMEIICHHUS M HEIoCTa-
TOYHOMY BOCITOJITHEHUIO JTUMQOUTHBIX KIETOYHBIX
nonyisiuii. BosHuKaromasi B pe3yabTaTe MaHIIMTO-
MEHUsT CO3IaeT YCAOBUS IJIsl Pa3BUTUSI BTOPUYHBIX
NMMYHOIE(MUIIMTHBIX COCTOSTHUM C TOBBIIIICHHOMN
BOCITPUUMYUBOCTHIO K MH(MEKIMSIM U HeoTJlacTuye-
CKMM ITpOIIeccaM.

B xome umcciemoBaHMs ObUIa OIpeAccHA TOJIS
cHmkeHHbIX 3HaueHuit TREC u/unmu KREC. donsa
gui; ¢ HopMaidbHbiMU ypoBHsIMU TREC m KREC
Ccpenu YCIIOBHO 3MOPOBBIX JOOPOBOJIBIIECB B CEHTSIOpE
2023 1. cocraBwia 47,2%, 4TO TPaKTUIECKU BIBOE
HIKE B CPaBHEHUM C JOTIAHAEMUYECKUM IToKa3aTe-
nem (82,2%). IlonydyeHHBIe JaHHBIE COTJIACYIOTCS C
TeM ¢akToM, yTo SARS-CoV-2 HemocpenacTBeHHO
BO3ICUCTBYCT HA TUMYC M KOCTHBII MO3T, HapyIiast
npoiecc obpazoBaHust HOBbIX T- u B-knerok [25].
Jaxe mocie MOCTVXEHUsI KIIMHUYECKON peMUCCUM
Y TIAlIMCHTOB COXPAHSIOTCS IIPU3HAKM IIEPCUCTUPY-
IOIIETO BOCIIIMTEJBLHOIO Ipoliecca U HapylIeHUs
VUMMYHOPETYJISITOPHBIX MeXaHu3MoB. PaHee Hamm
ObUIO TIOKa3aHO HapylleHue (HYHKIIMOHUPOBAHUS
T-KJIeTOYHOTO 3BeHa IMPUOOPETEHHOIO MMMYHMTE-
Ta y MAIWCHTOB IMOCJIE TMEepeHECEeHHOW KOPOHABH-
pycHOI MH(MEKIIMU, YTO MOXET ObITh TECHO CBSI3aHO
C TpoleccaMu co3peBaHUsI U JUPGepeHIIUPOBKUA
T-ximeTok B TUMYyCe [4]. BbI10 OTMEYEHO, UTO TPYIIITHI
JIMII, TIEpEeHEeCIINX KOPOHABUPYCHYIO MH(MEKIIUIO, B
CPaBHEHUU C KOHTPOJIBHOW TPYMIION, MMEJIN JIJTH-
TEeJIbHOE COXpaHEHHE CHUKEHHOTO OTHOCUTEIBHOTO
conepxanus CD4*T-kmneroxk (40,8% (31,6-50,1) u
46,4% (40,0-53,0) npotuB 53,5% (47,36-56,9) nipu
p < 0,001 up=0,004 COOTBETCTBEHHO), aOCOTIOTHOE
comepxanue CD4*'T-nmmmdbormros (701 i/l MKn
(478-807) mpotus 1005 xi/1 mxa (700-1419) npu
p = 0,020 u 876 xi1/1 Mk (661-1046) npu p = 0,008
COOTBETCTBEHHO), a TakxKe Ooyice BBICOKHE ITOKa-
zareqn CD8*T-nmumdornmros (29,4% (20,7-39,7) n
26,5% (21,1-32,7), npotus 21,3% (17,1-26,0), npu
p=0,024 u p = 0,026 cOOTBETCTBEHHO) [4].

JlonroBpeMeHHbIE TIOCEACTBUS TSKEJIOTO Te-
yeHust COVID-19 3aximoualoTcsi B CTOMKUX Hapy-
IeHUSX (YHKIIMOHMPOBAHUS alallTUBHOIO 3BeHa
MUMMYHHOW CHCTeMBI, BKIIOUas (QopMUpoOBaHUE
3HAYUTEJIFHOTO KOJMYECTBA HECIIOCOOHBIX ITOJTHO-
HeHHo ¢yHKkunonnposatb CD8*T-kietok [16].
Y ManmMeHTOB ¢ TSKEIbIM 3IMM30/I0M KOPOHABUPYC-
HOI MHMEKIINY B aHaAMHE3€, CITYCTSI IIIeCTh MECSIICB
1ocJie BBbI3AOPOBJICHUS, HaOJII0JaeTCsl Pe3Koe CO-
KpaiieHue uyuciaa HauBHbIX CD8*T-kieTok, urpa-
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FOILIIMX BaXXHYIO POJIb B (POPMUPOBAHUN TICPBUUYHOTO
MMMYHHOTO oTBeTa [47]. BbICOKUIT ypoBeHb MCTO-
meHHbIXx CD8* KJIeTOK acCOLMUPOBAH C TSIXKECThIO
teyeHus1 COVID-19 u yxyaumieHuem HCXOmoB 00-
ne3Hu [34], a yMeHbIIeHUE YMCIASHHOCTU HAaWBHBIX
CDS8* nuMdoumnToB oTMeyaeTcsl cpasy Iocjie rnepe-
HECEeHHOI KOpOHaBUpycHOM uHekuuu [26]. Yka-
3aHHbIC M3MEHEHUSI CIOCOOHBI HETaTUBHO BIIUSITH
Ha CITOCOOHOCTh OpraHU3Ma MPOTUBOCTOSITH HOBBIM
MH}EKIITMOHHBIM areHTaM, 3JJOKa4eCTBEHHBIM HOBO-
00pa30BaHUSIM 1 CITOCOOCTBOBATh XPOHMU3ALIMU BOC-
MaTUTENIbHBIX PeaKINii, UTO 3HAUUTETBHO YCIOXHSI-
€T peaduJIMTAallMOHHBIN Mpoliecc U TpedyeT ocoboro
BHUMAaHMSI B IIPOIECCE MEIULIMHCKOTO COIMTPOBOXK/IE-
HUS MaCHTA.

Kak yxe ymoMuHanoch Bbille, MepebosieBIIne
COVID-19 yacto cTalkuBalTCS C Ppa3IuyHbIMU
XPOHUYECKUMU CUMIITOMAMHU TTOCTKOBUIHOTO CHUH-
apoma, a Takxke co cOosMU B pabOTe MMMYHHOI
cuctemsbl [15, 18, 21]. Takue mauueHTbl HEPEAKO
CTaJIKUBAIOTCS C IIOBTOPHBIMU OaKTepHaJTbHBIMU
U TPUOKOBBIMU WHMEKUUSIMUA, OOYCIOBJICHHBIMU
ocnabJaeHHBIM MMMyHHUTeTOM. HecMoTpsa Ha To,
YTO OCHOBHAsl YacTbhb JIOHTUTIOAHBIX MCCICIOBAHUIA
ObUIa TIOCBsIIEHA TMallMEHTaM C TSKEJIbIM TeUeHM-
em COVID-19, coBpeMeHHBIC HaydYHbIEe JaHHBIC [23,
24, 35, 42, 45] neMOHCTpUPYIOT HaJu4ue pasHoo-
Opa3Hbix nposgsieHuit long-COVID wu y nuu, niepe-
HeCIIMX MHQPEKIIUIO B JIETKON MU CYOKIIMHUYECKOM
dopme. IIpu 3TOM y TaHHOW KaTeropuu NaryeHTOB
HaAOJIIOJAIOTCSI MeHee BBIpaXKeHHbBIC M3MCHEHUST UM~
MYHHOTO TIpOdMJIST U MaTOr€HETUUYECKUX MeXaHU3-
MOB.

MN3BectHO, uTO0 SARS-COV-2 BBI3BIBAET 3HAYU-
TeJbHbIC UBMEHEHHSI B COCTaBe JUMGOLIUTOB, MPH-
BOOSIIIINE K CHHMIKCHMIO BBIPAOOTKU 3PEJBIX JIMM-
¢douuToB. C ITOMOIIBIO TIPOTOYHON HUTOMETpUu 1.
Kwiecie M coaBT. IpoBeu OLIEHKY UMMYHOJIOTUYE-
ckoro npoduis mauueHToB ¢ COVID-19 ¢ unHTep-
CTULIMAJIBHBIMU MOPAXEHUSIMU Ha PEHTreHOTpaM-
M€ TPYIHOM KJIETKW M 0e3 TaKOBBIX B CPAaBHEHWUU C
YCIOBHO 3IOPOBBIMU JIMIIaMU. B Tpyrime ¢ n3meHe-
HUSIMU Ha PEHTreHOorpaMMe OTMEYeH 3HAYUTEJIbHO
0osiee BBICOKMII MPOLIEHT I1a3MO0OJacTOB U OoJiee
Hu3kuit npoueHT CD4" nmuMdouuToB B cpaBHE-
HUM C ABYMsI NPYTMUMU TPyNIaMu. Y MNAIMEHTOB C
MOJOXUTEbHBIM PEHTTCHOJIOTUYECKUM CTaTyCOM
COVID-19 Habmoganacek Takxke 6oJsiee HU3Kast A0S
adppekropHbix CD4*T-xnetok, HauBHBIX CD8*T-
KJIETOK 1 00Jiee BbICOKasl T0JISI KJIETOK LIEHTpaJIbHOMN
namatu CD4" u addekropubix CD8*T-keTok no
CpPaBHEHUIO C KOHTPOJILHOM rpynmoii [32].

BoiieykazaHHble U3MEHEHUSI MMMYHOJOTMYe-
CKUX MapaMeTPOB CBUNETEILCTBYIOT O HEOOXOANMO-

CTU MIEPECMOTpa CYLLIECTBYIOLIUX MTOJXOI0B K OLIEHKE
(GYHKIIMOHAJIBHOTO COCTOSTHUS UMMYHHOM CUCTEMBI
y niepeHeciux COVID-19 nui.

B HacTosmeM McciaeqoBaHUY TTOBBIIICHUE YMCIa
Jull ¢ martogorndyeckumMu ypoBHsamu TREC u/wnm
KREC cBuaeTeabCcTBYET O MPOAOIKUTEIbHOM BJIM-
g SARS-CoV-2 Ha cocTostHe MMMYHHOI CH-
creMbl. CHUXeHUe (PYHKIMOHATbHONW aKTUBHOCTU
VUMMYHHOI CHCTEMBI, MPOSIBISIONIEeCS B BUAE Je-
¢dunmnTa obpazoBaHus HOBBIX T- n B-nmumdbonuTos,
CMOCOOCTBYIOIIETO YXYIIIEHUIO TYMOpPalbHOTO U
KJIETOYHOTO 3BEHBEB MMMYHUTETA, CO3IacT OCHOBY
JUUTST pa3BUTHSI TIOCTKOBUIHOTO CUHIpOMA.

HecMoTpst Ha yBeIMUEHUE 1OJIU JIUIL C TTATOJIOT M-
yecknuMu ypoBHsIMHM TREC mn/umm KREC, Hactos-
11iee McciaeaoBaHue MoKa3ajao HeoOXOAUMOCThb nud-
depeHIIMPOBAaHHOW OILIEHKU MNOCTIAaHAEMUYECKUX
nonynassunoHHbIX ypoBHeil TREC misg pa3HbIX Bo3-
pacTHBIX rpyr u enuHol oueHku ajst KREC nuuam
18 net u crapure. OgHAKO IPU 3TOM MPOAESMOHCTPU -
poBaHa TpaHchopMalMs MONYJISIIIMOHHBIX T1arna3o-
HoB TREC 1 KREC B nmocTnaHaeMuyecKuii nepuoj.
b oOHapyXXeHBI CSOyIOIIMe KIIIOUYEeBBIC M3MeE-
HEHMSI: CHUXKEHUE MUHUMAaJIbHBIX MOMYJISIIIMOHHBIX
3HaueHuii TREC B cTapiimx BO3pacTHBIX TpyIIiax
OTHOCUTEJIbHO HOMaHASMWUYECKMX IIoKas3aTeleil u
napajoKcajlbHOE YBEJIUUYEHUE HUXHEIro MOMyJIsIiv-
onHoro ypoBHss KREC na 50,5% (75,1 kxonuii/10°
KJIETOK TT0 CPAaBHEHUIO C AOMAaHAEMUYECKUM YPOB-
HeM 49,9 konuii/ 103 Ki1eTok).

Pacmuupenue HuxkHux ypoBHeit TREC moxHO
OOBSICHUTHh (DYHKIIMOHAITBHBIM CHIDKCHUEM KOJIMYe-
cTBa KJeTokK mamMsaTu. OcHOBHOI 3anaueit T-KiieToK
CD8* gpnsieTcd, KakK H3BECTHO, YCTpaHEHWE WH-
(GULUpPOBAaHHBLIX BUpycaMu KJIeTOK [5]. Pa3zBurue
T-knetok, kak CD4*, tak u CD8", mpoucxoaut B
TUMYyCEe, OTKyJda BBIXOAST HeJaBHUE KIECTKU-IMU-
rpanTel TUMyca (Recent thymic emigrants, RTE) n
HamnpapJIsiloTCsl BO BTOPUYHbBIE TUMGMOUIHbIE Opra-
HbI (cejiedeHKy U auMdarudeckue y3ibi) [37]. Co-
3peBaHne RTE mpuBomut K o6pa3oBaHUIO 3peibIxX
HauBHBIX T-KJIETOK, KOTOpbIE IMOCJe KOHTaKTa C
AHTUTEHOM TpaHCHOPMUPYIOTCI B 3(PHEKTOPHBIE
M LIEHTpaJbHbIE KJIETKM NaMITH. DddeKTopHbBIe
T-nmuMmdonuTel yCTpaHSIIOT WHOUIMPOBAHHBIE BU-
PYCOM KJICTKH, B TO BpeMsI KaK IICHTPaJIbHbIC KIICTKH
naMsITd aKTUBUPYIOTCS TIOC/e KOHTaKTa C IPYTUM
AHTUTEHOM U CTaHOBATCS 2MMHEKTOPHBIMU KIIETKA-
MU HaMsITA WIA LHEHTPaJbHBIMU KJICTKaAMU ITaMSITH.
3penblie kiaeTku CD4* B OCHOBHOM MIpaioT poJib B
aKkTuBanuu, npoaudepanuu U audbdepeHIIupPOBKe
nurorokcuueckux T-mumoonmroB CD8* u ctumy-
asuuu B-muM@ouuToB K 00pa3oBaHUIO CIielUdU-
4yecKux aHTuTed. To ecTh, mepeHeceHHas BUpYyCHas
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WHMEKIINS MOXET BBI3BIBATh CTOMKOE CHIDKECHHE
ypoBHS TREC, 4T0o cBUAETENBCTBYET O BO3MOXHOM
JIOJITOCPOYHOM WJIU TI€PMAaHEHTHOM HapylIeHUU
UMMYHHOUW PEKOHCTUTYLUMU. [JaHHOE mpeamnoaoxe-
HHUE HAaXOAUT KOCBEHHOE MOATBEPKICHUE B BBISIB-
JICHHOM BO3PAaCTHOM AWHAMMUKE W3MEHEHWM: eClIu
HyxkHUe rpaHuibl 3HadyeHnii TREC B rpynmax 18-29
u 30-39 jger ocTtanuch MPaKTUYECKUM HEU3MEHHBI-
MH, TO B CTapIIMX BO3PACTHBIX I'pyMITax 3apUKCH-
pPOBaHBl CTAaTUCTUYCCKM 3HAYMMBIC OTKJIOHCHMSI.
OTU pe3yabTaTbl COIIACYIOTCS C paHee OIyOJUKO-
BaHHBIMU TaHHBIMM, CBUICTEIBLCTBYIOIIUMU OO0 OT-
CYTCTBUM 3HAaYMMBbIX pasznuuuii B ypoBHsX TREC
mexay uHbuuupoBaHHbiMU SARS-CoV-2 u 3mo-
POBBLIMU JIMLAMU MOJI0A0r0o Bo3pacrta (18-29 jer), a
TakKe COOOIIABIIMMHU O CYIIECTBOBAHUU BO3pPaCT-
aCCOIIMMPOBAHHOTO POCTA YACTOTHI TSDKEJIBbIX (hopM
COVID-19, xoTOpbIii KOppEeIUpPyeT CO CHIKEHUEM
noka3zatesneit TREC [13].

Ecnu usmenenue HuxHux ypoBHeil TREC ner-
KO OO0BSICHUTH pesyiasratoM BiausHus COVID-19,
NPUBOIIIINM K JJIATCIBHOMY CHIDKEHUIO YPOBHEH
T-mumdonuToB, TO yBeIMUCHHE HIDKHETO YPOBHS
KREC TpebyeT naabHENIINX UCCIEJOBAHMIA.

AHaIM3 MEXIYHAPOIHBIX ITyOJIUKALIUN BBISBUI
paboThI, B KOTOPBIX 3aperucTpupoBaHHBIC pede-
DPEHCHbIE JIMamna3oHbl CYIIECTBEHHO IIPEeBbIIIAIU
TMoKa3aTeId, TTOJyYeHHBIC B HACTOSIIEM WCCIIeIO-
BaHuu. Tak, L. Shakerian u coaBT. B 2019 1. oGcie-
JnoBaau 133 yCJIOBHO 3I0POBBLIX JOOPOBOJIBLIEB U3
Wpana, BeIAeIUB ABE BO3pacTHbIE IpyInbl: 15-35 net
(n = 83) u ot 35 net (n = 50). 17151 yKa3aHHBIX TPYIIIT
obutu onpenenieHbl nuamna3oHbl TREC n1 KREC (ko-
nuii/3,2 MM obpasiia KpoBu): IJist Tpymibl 15-35 et
muanaszonH ypoBHs TREC cocraBuin 29 £ 23 Ko-
nuii/3,2 MM oOpaslia KpoBU, AUANa30H YPOBHS
KREC cocraBun 24 £ 16 konwuii/3,2 MM oOpasua
KpOBU; IJIs TPYIIIBI OT 35 JeT auamna3oH YpPOBHS
TREC — 0-35 xonwmii/3,2 MM oOpa3siia KpoBH, aua-
ma3zoH ypoBHs1 KREC — 29 +22 komnwmii/3,2 MM 006-
pasua kpoBu [43].

B uccnenoBanuu J.S.Y. Kwok u coaBt. B 2020 1.
obutn onpeneneHbl ypoBHu TREC m KREC y 185
B3POCJIbIX YCJIOBHO 3M0POBBIX TOHOPOB (90 My>KUuMH
" 95 XXeHIIWH; MeIUaHHbIi Bo3pacT: 44,1 rona), xu-
teneit TonkoHra. PedepeHTHBIE MHTEpBaNbl ObLLINA
YCTaHOBJIEHBI JJIs1 5-TH Bo3pacTHbIX rpyri: 19-30 get
(yposenb TREC: 12-20831 konuii/10° kiteTok, ypo-
Benb KREC: 1-3063), 31-40 jaetr (ypoBenb TREC:
10-8436 xonuii/10° kineTok, ypoBeHb KREC: 2-6098
konuii/10° knerok), 41-50 ner (ypoBennr TREC:
7-6644 xommii/10° xirerok, ypoBeHb KREC: 4-7363
koruii/10° kiaeTok), 5-60 ner (ypoeHb TREC: 0 u
0 xommii/10° xierok, ypoBenb KREC: 3-5566 ko-

nuii/10° xierok) u ot 61 roga, (yposenr TREC: 0
u 0 xommii/10° kierok, ypoBeHb KREC: 1-2907 ko-
muii/10° knetok) [33]. B maHHOM wHCClIeIOBaHUMU,
BBUIY MaJIOYMCICHHOCTH BBIOOPKM, HE MPOBOMVIIN
pelakTUpOBaHNE BHIOPOCOB M SKCTPEMaTbHBIX 3HA-
YEeHUI1, YTO MOKET OBITh IPUINHOMN MOJTYISHHBIX OT-
JIMYUI MKy TIPOBEICHHBIM HAMU MCCIICAOBaHEM
u uccnegosanueM B 2020 roay. Apyroit mpuImHOMK
MOTJIa 0Ka3aThCsl MaHAeMUsI KODOHOBUpPYCa, HaYaB-
masicst B 2019 romy B Kurae, Tak Kak JOCTOBEPHO U3-
BECTHO, UTO JlaHHAasl BUPYCHasi MHMEKIIMS BAUSIET Ha
(GYHKIIMOHAIIPHYIO aKTUBHOCTh MMMYHHOW CHCTE-
MbI [47, 48].

PacxoxxneHnsT MexXIy MOJIydeHHBIMM HaMM 3Ha-
YEeHUSIMA W JAHHBIMHU BBIIICOITMCAHHBIX HCCIICIO-
BaHUI, BEPOSITHO, OOYCJIOBJICHBI HEIOCTAaTOUYHBIM
pa3MepoM BBIOOPKM B yKa3aHHBIX paboTax, 4To
HE COOTBETCTBYET TPEeOOBAaHUSIM MEKIyHAPOTHBIX
CTaHIApPTOB /I JTOCTOBEPHOTO YCTAaHOBJICHUS, 3a-
SBJICHHBIX aBTOpaMM pedepeHCHBIX WHTEPBAJIOB.
HaGmonaemblie pazinyusi B YPOBHSIX aHAJIUTOB MO-
TYT OTpaxkaTh KOMIUIEKCHOE BJIWSIHUE DPErMOHaIb-
HBIX (paKTOPOB, BKIIIOYasl 3KOJOTUUCCKHE YCIOBUS
(Kak TIpUpoAHbIe, TaK M aHTPOITIOIeHHBbIE), a TaKXe
3THoAeMoTrpaduiecKrue OCOOEHHOCTU MOMYISLUiA.
[1pn mHTEpIIpEeTallNK ITOJYICHHBIX TaHHBIX CIICIyeT
YUYUTBIBaTh, YTO TaKasi MYyJbTU(haKTOPHasi 00yCI0B-
JICHHOCTb TPeOyeT TIIATeJIbHOTO aHaju3a TIPU CO-
TMOCTAaBJICHUM PE3YyJIBTaTOB MEXKIY peTMOHAMU, OCO-
OCHHO MpPU HAJIWYWU 3HAYNMBIX pa3]IMIii B YPOBHE
3arpsI3HCHUST OKPYKAIOIIE Cpemabl WJIM STHUIECKOM
COCTaBe MCCeIyeMbIX TPYIII.

Tem He MeHee HM ONMCAHHBIC PE3YJILTaTHI, HU
BO3MOXHBIC TIPUUYUHBI PAa3ININil HE OOBSICHSIOT IT0-
BbilleHUe HuKHel rpaHuiubl KREC nmpu ogHoBpe-
MEHHOM YBEJIWYEHUU JOJIM JIUIL C MATOJIOTUYECKUN
HU3KUMM ero ypoBHSIMU. OTHAKO MOXKHO TIPEIIio-
JIOXKWTb, YTO K TaKOMY 3¢ dEeKTY TPUBOINT ITPUHIIN-
nuajabHOE ydJacThe B-KJIeTOK B MPOTHMBOBHPYCHOM
UMMYHHOM oTBeTe. [eHepanunu (GYHKIMOHUPYIO-
mux B-KJIeTOK IIpeminecTByeT BBIXOI TICPEXOTHBIX
B-muMmdponnToB n3 KoctHOro Mo3ra. OHU MUTPUPY-
10T B Itepudepudeckue JUMM@OUIHbIE OPTaHbl U B KO-
HEYHOM MTOTC pa3BHBAIOTCSI B HaMBHBIC B-KiIeTKm.
Ilon Bo3pmeiicTBUEeM aHTUIeHa HauBHBbIe B-KieTkm
npeobpasyloTcsd B B-KJIeTKM MaMsTU WU TLIa3MO-
0J1aCThI, CO3PEBAOIINME IO TUIAa3MAaTUIECKUX KJICTOK,
OCHOBHOW (PYHKIIMEN KOTOPHIX SIBJISIETCSI UHTEHCUB-
Hasl BbIpaboTKa aHTUTeJ. TakuM oOpazoM, BUpPYCHas
WHOEKIINSI MHAYINPYET aKTUBAIINIO UMMYHHOTO OT-
BETa, COIPOBOXIAIONIYIOCS YCUJIEHHON mMpoiaude-
pauueit B-mumdonuros. MapkepoM MOBBIIEHHOMN
aKTUBAIIUU 3pEJIbIX B-KIEeTOK CTaHOBUTCS MHUKOBOE
(Tpan3uTopHoe?) noreilieHue ypoBHs KREC.
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KocBeHHBIM MOATBEPXKACHUEM IIPEAITOIOXKCHUMN
O MNpUYMHAX M3MEHEHHUSI B IIOCTIAaHAECMUYECKOM
nepuoae HKHUX TpaHull ypoBHeit TREC (cHmke-
Hue) 1 KREC (moBbillieHUE) SIBASIOTCSI pe3yJIbTaThl
WCCIICIOBAHMS, TTOKA3aBIIEro, YTO aKTUBAIIMs KakK
CD4*/CD8*T-kieToK, Tak 1 B-KjteTok, pa3nnJacTt-
cs1 'y HauBHBIX U nepebosieBux COVID-19 nroneit
Ha NpoTsikKeHUU 11-MecsayHOro NnocTUHMEKIIMOHHO-
ro riepuoaa [46].

TakuM 00pa3oM, MaToTreH-MHIYIIMPOBAHHBIC M3-
MEHEHHsSI MOIJIM BBI3BaTh MOAM(UKALIMIO TMATa30-
HoB TREC u KREC, uto TpebyeT olieHK1 HEOOXOaU -
MOCTH TIEpEeCMOTpa paHee TIPUHSTHEIX HOPMATUBHBIX
3HAYCHMI, TaK KaK TOJbKO aJeKBaTHO pacCUMTaH-
HBIe pedepeHCH TTO03BOJISIIOT OMNPEACINTh CTEIICHB
GYHKIVMOHAIBHOM  HEIOCTATOYHOCTM MMMYHHOMN
CUCTEMbI, CIIOCOOHOCTh OpraHM3Ma K BO300HOBIIE-
HUI0 HOPMaJTLHOTO CMHTE3a 3pEJIbIX JIUMMOILINTOB, a
TaK>K€ OLIEHUTh CTAOMJIM3AIINI0 UMMYHOJOTHUYECKUX
M3MEHCHUI TOoCJie IIePEeHECEHHOTO 3a00JIeBaHMSI.
OnHaKo OTKPBITBIM OCTAeTCSl BOIIPOC COXPaHEHWUS
HoBbIX ypoBHeil TREC m KREC B monynsumu Ha

TMPOTSIKEHUH CJIEAYIOIINX JICT, YTO TpeOyeT JajbHeli-
VX TTONYJITIUOHHBIX UCCICAOBAHUI B IMHAMUKE.

3aKnoyeHne

ITpoBemeHHOE McCIeqOBaHUE CBUIETEILCTBYET O
3HAYUTEJIFHOM YBEIIMUCHWU YaCTOTHI ITaTOJIOTHYEC-
ckux 3HaueHnit TREC nu KREC B monynsgiuu, 4To,
BEPOSITHO, OTPaXkaeT TOJITOCPOYHBIC U3MEHEHUST UM~
MYHHOTO cTartyca rocie nepeHeceHHoro COVID-19.
ITosyueHHBIC JaHHBIC YKA3BIBAIOT HA POCT A0 JIUI]
C TTIOTeHIIMAJIFHO HAPYIIEHHON MMMYHHOM (hyHKIIN-
eil, YTO MOXET acCOLUMPOBATLCS C MOBBIILIEHHBIM
pUCKOM HMHMEKIMOHHBIX U JAPYTruX 3a00JeBaHUI,
CBSI3aHHBIX C UMMYHHOM HEAOCTaTOYHOCTBIO.

BruIstBIeHHBIE M3MCHEHUST ITOOUECPKUBAIOT 3HA-
YUMOCTb IIOCTOSIHHOTO MOHUTOPUHIA UMMYHOJIOI M-
YeCKOro CTaTyca HaceJeHUsI B IMOCTIIaHAEMUYECKMIA
nepuoa. IlepcreKTUBHBIM HampaBICHUEM ajlb-
HEWIIMX WCCIIEMOBAHUI TPEACTABIISIETCS U3YYeHUE
BpPEMEHHOUM AUHAMHWKMN OOHAPYKEHHBIX HAPYIICHUI
U pa3pabOTKa MPEBEHTUBHBIX CTPATEI WA IJISI MUHM-
MU3aLUU oTaajleHHbIX nociaeacteuit COVID-19.
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KO3J10B BJIAAUMUP AJIEKCAHOPOBUM
(K85-JIETUIO CO AHA POXKOAEHWUSA)

®oto Urops [Mapdenona

20 uronst 2025 roga MCIIONMHWIOCH 85 J1eT co mHs poxkaeHus Bnagumupa Anekcanaposuda Kosinosa — on-
HOTO W3 KPYITHEHIINX COBETCKUX M POCCUICKIIT MMMYHOJIOTOB, aKkajgeMuKa Poccuiickoil akageMuu Hayk,
npodeccopa, TOKTOpa MEOIUIIMHCKUX HayK, 3aBeIyIoIero Kadeapoil KIMHUIecKoit nMmyHooruu HoBo-
CUOMPCKOIo ToCcydapCTBEHHOI0 MEIMIIMHCKOIO YHUBEpPCUTETa, HaydHOro pykoBoauTesas HayuHo-uccie-
JIOBaTEIbCKOTO MHCTUTYTA (PyHIAMEHTAILHON 1 KiInHn4YecKo nmmyHojiornu (HUMDOKU), 3aBenyrolero
Jaboparopureil KIMHAYECKO NMMYHOMATOJOTUY 3TOIO XK€ MHCTUTYTA.

Binagumup AnekcaHapoBud poauiics B ropoae Hosocubupcke. B 1963 roay okonumn HoBocubupckmii
rOCYIapCTBEHHbIN MeAUIMHCKUM MHCTUTYT. C 1963 roma oH mocjieaoBaTe/ibHO IIPOLLe)I IIyTh OpAUHATOPA,
acrMpaHTa, MJIaAIIEro W CTapIlIero HaydyHOTro COTPYAHMKA, 3aBEIYIOIIETo JJabopaTopueil, 3aMecTUTENsT T1-
peKTopa 1o HaydyHOIl paboTe, UPEKTOpa MHCTUTYTA, 3aMeCTUTe IIpencenarensi CHOMPCKOTro OTIEICHUS
Poccuiickoii akageMuy MeAUIIMHCKUX HayK.

B 1969 rony Bragumup AnleKcaHApOBUY 3alIUTWII JUCCEPTALIMIO HA COMCKaHUE YUEHOM CTEITeH KaH I~
JaTa MEIUMLIMHCKKUX HayK mo TeMe «I1ocTaMOpuoHaabHbIe U MOCTPaAuallMOHHbIE CIBUTM B UMMYHOKOMIIE-
TEHTHOW TKaAHU XWBOTHBIX pa3HbIX TEHOTUNOB», B 1981 roay um ObLIa 3allidlleHa JOKTOPCKash AUCCEpTaLIAST
Ha Temy «I[yMopaIbHO-KIIETOYHBIC YPOBHU PETYJISIIUM OCHOBHBIX 3TAallOB aHTUTEIIOTCHE3a».

B 1986 rogy Binagnmupy AjleKCaHAPOBUYY ObLIO IPUCBOEHO 3BaHUE «IIPOMECCOP» MO CIIELUATBLHOCTH
«@JIJIEProJIOTHsI U UMMYHOJIOTUST», B 1994 rony — n30paH uieHOM-KOppecTioHIeHTOM Pocculickoii akageMun
menunmHckux HayK (PAMH) no cniertnanbHoctu « IMMyHosorusti», B 2002 rony — A1eiCTBUTEIbHBIM YJICHOM
(akanemukom) PAMH no crieumansHocTu «MMMyHOIOTHST».

BasxkHeimmMu TpyaIoBbIMUY TOCTIDKEHUSIMU Bragumupa AjleKCaHApPOBUYA SIBJISIFOTCSI MHOTOJICTHHE Mac-
IITaOHbIE KOMIUIEKCHbBIE UCCAEAOBAHUS MO CAEAYIOIIMM HallpaBICHUSIM:
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—  MOJIEKYJIIPHO-TEHETUICCKIE OCHOBBI PETYIISIIIMU IIpoleccoB MU GEepeHIIUPOBKN, aKTUBALIUN U
npoaudepalny KJIETOK UMMYHHOM CUCTEMEI;

—  UWHTeTpaTUBHAasI poJIb UMMYHHOM CUCTEMBI BO B3aMMOACUCTBUM C OCHOBHBIMU PETYISITOPHBIMU CH-
cTeMaMM OpraHU3Ma;

—  KJIETOYHBICE W MOJCKYISIPHO-TEeHETUYESCKUE MEXaHU3MBI (POPMUPOBAHNS MMMYHOITATOJTOTUIECKUX
COCTOSTHUIA TIPY Pa3BUTUHM OCHOBHBIX 3a00JIeBaHUIT YeJIOBEKA.

C nmeHeM B.A. Ko3znoBa cBsi3aHO paszBuThe (yHIAMEHTAJIbHBIX MCCIIEIOBAHUM B O0JACTU PETYIISILIUN
MUMMYHHOTO TOME0CTa3a BO B3aMMOJIEICTBUU C HEPBHOI, 9HIOKPUHHOW 1 KPOBETBOPHOI CCTeMaMU B HOP-
Me U IaTOJIOTHUH.

Bramumup AjnekcaHApOBUY BHEC OOJIBIIION BKJIAI B pa3BUTHE SKCIEPUMEHTAIbHON MMMYyHOIoruu. Mim
OBLIIM BBISIBJICHBI pa3HOHAIIPAaBICHHBIE KOHKYPEHTHBIE MEXaHU3MbI PETYJISIIUU TIposimdepanun u nudde-
PEHIIMPOBKHU CTBOJIOBBIX KPOBETBOPHBIX KJIETOK, a TAaKXKe BIICPBbIC B MUPE BBIABMHYTA 1 0OOCHOBaHA TUIIO-
Te3a 00 yJaCTUU MOJUIIOTEHTHBIX CTBOJIOBBIX KPOBETBOPHBIX KJIETOK B ()OPMUPOBAHUM UMMYHHOTO OTBETA.

Brepsrie B Mupe B.A. K03710BbIM ¢ COTpYIHUKAMU OITMCAaHbl UMMYHOPETYJISITOPHbIC (DYHKIIUN 3PUTPO-
uaHbIX KieTok. [To pesyasratam 3Tux ucciaenoBanuii B 1990 roay [ockomuterom CCCP no aenam nszobpete-
HUI 3apeTUCTPUPOBAHO OTKPBITUE «SIBJIEHUE PeryJIsiiUuY I'YMOpPaJlbHOTO MMMYHHOIO OTBETa reTepOreHHOM
MOMyJIsSIliMel KJIETOK 3PUTPOUTHOTO psifa». BriocaeacTBUM M3 3pUTPOOIACTOB ObLI BbIAECJAECH MMMYHOME-
MPECCUBHBIN (hakTOp, 00IaHAIONII MTHTUOUPYIOIIUM 3(hbdeKToM Ha npoiaudepanuio B-muMdbouuTos.

ITon pykoBoactBoM B.A. Ko3znoBa pa3paboTaH HOBbIii MMMYHOAKTUBHbBIN IIperiapaT, He UMEIoIuii aHa-
JoroB B Poccuu u 3a pyoexxom, — Hb (1ienb reMorsiobrHa) co CBOMCTBaMU MOAYJISITOPa 3PUTPO- U UMMYHO-
nos3a. O60CHOBaHA BO3MOXHOCTE IIPUMEHEHNS HOBOTO MHTMOMTOPA MPOIUdEpalln CTBOJIOBBIX KPOBET-
BOpHBIX KJIeToK (Hbf, a Takke Bxoasiiero B ero coctaB nentuga PN951) B kauecTBe XUMHUOIIPOTEKTOPHOTO
Cpe/IcTBa.

B mocnemnue mecatmiaeTs Ton pyKoBoiacTBoOM B.A. KoznoBa MHMIIMMPOBAHBI M YCIICIITHO BEIYTCS OO
HaCTOSIIIETO BpeMeH! pabOThI MO CO3IaHUIO MPUHIIMITUAIFHO HOBOTO KJIacca MperapaToB IS JIeYeHUsT OC-
HOBHBIX 3200JIeBaHMI1 YeJI0BeKa Ha OCHOBE OMOMENUIIMHCKMUX KJIETOUYHBIX MPoayKToB. Cpenn HanboJiee rep-
CIIEKTUBHBIX Pa3padbOTOK MOXKHO OTMETHUTh: KJIETOUHBIC TPOAYKTHI Ha OCHOBE TeHHO-MOIN(MUIIMPOBAHHBIX
T-xnerok mist reparuu oHkonorndeckux 3adoneBanuit (CAR-T, TCR-T, TCR-mmogooubsie CAR-T xieTkn);
IEeHIPUTHO-KJIETOUYHBIC BAKIIMHBI B JICUCHUN OHKOJOTMUECKNX, MH(POEKIIMOHHBIX U ayTOMMMYHHBIX 3a00J1e-
BaHWMIT; M2-Makpodaru u ceKpeTupyeMble UMU ITPOAYKTHI B JICUCHUH HEHPOIIATOIOTUH W IICUXOHEBPOJIOTH -
YeCKMX PacCTPOiCcTB; T-KIeTOUYHBIC BAKIIMHBI B JICdCHUH aJUICPTUYECKUX 1 ayTOMMMYHHBIX 3a00JIeBaHUIA;
CTBOJIOBBIE KJICTKM KOCTHOTO MO3Ta B JICUCHUM [INPPO3a MeUYCHM, TPABMaTUICCKUX TTOBPEXICHUI CITMHHOTO
¥ TOJIOBHOTO MO3Ta, MIIIEMUH HIKHUX KOHSUHOCTEH.

MoXHO cKa3aTh, UYTO UMEHHO OJiaromapsi uneiiHoMy PYKOBOACTBY Brmammmupa AnekcaHmpoBuya (pyH-
MaMeHTaJbHbIC U MPUKIaIHbIE pa3pab0OTKM B 00JIACTH KJIETOUHBIX TEXHOJIOTUN CTAJIM BUSUTHOU KapTOUKOM
HUNDOKU, a KnuHuka MMMYyHOITaTOJIOTMU — €AWHCTBEHHBIM B CHOMPU KIMHUYECKUM YUYPEKICHUEM,
CHeUaTU3UPYIOIINMCS Ha JIeYeHUN OOJIbHBIX C HAPYIICHUSIMU (PYHKIIMI UMMYHHOM CUCTEMBbI, B TOM YHUCJIe
M C TIOMOIIbIO BHEJIPEHHBIX METOJIOB UMMYHOTEPAITUH.

OnHUM U3 HampaBJICHUI NESITEIbHOCTU MHCTUTYTA SIBJISICTCS TPOBEACHUE, TIOMCKOBBIX M MPUKIATHBIX
MCCJIEIOBAHU, HallpaBJIEHHBIX HA pa3BUTHE HOBBIX METOJOB UMMYHOJIMArHOCTUKU, UMMYHOIIPOMUIAKTU -
KU 1 UMMYHOTepanuu. B cBs3u ¢ pacnpocTpaHeHreM KopoHaBupycHoit nHbekimu COVID-19, Bbi3BaHHOI
SARS-CoV-2, koTopas cTtajia OAHUM U3 CaMbIX 3HAUUTEJIbHBIX BBI30BOB HE TOJIbKO JUISI 3IPaBOOXPAaHEHMS,
HO ¥ JIJT HAyYHBIX yUpeXAeHUI cTpaHbl, npu KypaTtopcTsBe B.A. Kosmosa B HUM®KMUW 6w1u1 pa3paboTaH u
3armaTeHTOBaH HOBBIN CITOCO0 JICUCHHSI U peabMIMTAllNY MAllUEHTOB C XPOHUYECKUMU MOCTKOBUIHBIMUY Ha-
pYLICHUSIMI OOOHSTHUSI, OCHOBAaHHBIN Ha MHTPaHA3aJIbHOM BBEICHUM TTallMeHTaMU CEKPETOPHBIX (DaKTOPOB
COOCTBEHHBIX MaKpodaroB. JJaHHbBII TTOIXO0 ITO3BOJIMII BOCCTAHOBUTH OOOHSTHUE Y TTAIIMEHTOB C ITPOIOIKI -
T€JIbHOCTBIO TAKOT'O BUAA PACCTPOMCTB Oosiee 12 MecsiieB.

B.A. Ko310B 06oratii HayKy HOBBIMM ITPEICTABICHUSIMH O 3aKOHOMEPHOCTSIX (PYHKIIMOHUPOBAHUS M-
MYHHOM CUCTEMBI KaK LIeJIOCTHOTO 00pa3oBaHust. CUCTeMHEBIN MMOAXO ITO3BOJIMII ITOJTYIUTh PSI YHUKAJTBHBIX
JTaHHBIX O MEXaHW3MaxX UMMYHOPETYJIMPYIOIIETro ASCTBUSI TOPMOHOB, HEIpOMEINATOPOB M HEMPOIICTITH -
OB, O MEXaHM3MaX HEMPOIHIOKPUHHON peryasannu GyHKINi Makpodaros. Ero HeyrommuMast sHepTUS 1
JKaskJIa HOBBIX MIEH TTO3BOJISICT pa3BUBATh HAIIPaBICHUS W BOIUIOIIATD ITePCIIEKTUBHBIC MPOSKTH. OTHUM U3
TaKOBBIX B ITOCJICAHUE TOMBI SIBJISICTCS M3YYeHUE TUMYyCa U OCHOB ero (hyHKIIMOHUPOBAHUS Ha TIPOTSLKEHUN
BCeil XKM3HU YeJIoBeKa. B 0CHOBY HOBOIT KOHIIENIIINM aKaIeMUKa ITOJIOKEH TOT (haKT, YTO TUMYC BBICTYITACT
HE TOJIbKO MHUIINATOPOM MMMYHOITaTOTeHEe3a ayTOMMMYHHBIX M1 OHKOJIOTUYECKMX 3a00JIeBaHUiT, HO 1 MIPO-
JIOHTaTOPOM MH(MEKIIMOHHBIX 00JIe3HEeH, alUIepTUISCKIX W IPYTUX COCTOSTHUM OpraHn3Ma, 0co00e MEeCTO B
KOTOPBIX 3aHMUMaACT TIpollecc cTapeHus1. Branumup AjleKcaHIpoBUY CTaBUT TUMYC KaK IIEHTPaIbHBIN OpraH
MMMYHHOI CCTeMBI BO TJIaBY yTJia, AeJiast aKIIeHT Ha HEOOXOIUMOCTH JICUSHUS He «IIeprudepun» MMMYHHOMI
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CHCTEMBI, a e¢ «IIeHTpa» — TUMyca. ECJI MBI TOMY HaydMMCsI, TO MOXKHO OYAET IToyMaTh He TOJBKO O Jiede-
HUU, HO ¥ U3JICYCHNHN MHOTHX 3a00JICBaHUIA.

ITon pykoBonacTtBoMm B.A. Ko3snoBa chopMupoBasach 11koJia BBICOKOKBAIM(UIIMPOBAHHBIX MCCIIeI0BaTe -
Jielt B ooactTu uMMyHosioruu. MM nonrorosieHo 6oJiee 70 TOKTOPOB U KaHAMAATOB HayK. B TeueHue psaa
net B.A. KosnoB sBisieTcsl npenaceaaTesieM 3allMTHOTO aAuccepTalimoHHoro coseta 24.1.184.01 (I 001.001.
XX) o cienabHOCTH 3.2.7. UMMYHOJIOTHS; TJIaBHBIM peIaKTOPOM XypHaIoB «KiieTouHast TpaHCILIAaHTO-
JIOTUsSI M TKaHeBas MHXXeHepUsi» U «TpaauiimoHHas MeauinHa. BocTok u 3aman», 3aMecTUTEIeM IJIAaBHOTO
penakTopa xypHaia «llUTOKMHBI U BOCIHaJieHHE», YWIEHOM PeAaKIIMOHHBIX KOJUIETU XKypHaioB «broje-
teHb CO PAMH», «MenuninHckass ummyHoJiorusi» (CaHkT-IletepOypr), «Aieprojaorusi U UMMYHOJIOTUST»,
«KJleTouHble TEXHOJIOIMU B OMOJIOIMU U MEAULMHE», WIEHOM peIaklMOHHOIO COBeTa xXypHaia «Poccuii-
CKUI UMMYHOJIOTMYECKUI XXypHal» (MocKBa), WICHOM peAaKIIMOHHOTO coBeTa XypHasia « IMMyHOJIOTUSI»
(Mocksga).

B.A. Ko3J10B sIBJISIETCSI TIOYETHBIM BULIE-TIpe3uaeHTOM Poccuiickoro HaydyHoOro oo1ecTBa UMMYHOJIOTOB
(PHOMW), npe3nmeHTOM ACCOILIMAIINHY CIICIINAIMCTOB KIIMHNYECKIUX UMMYHOJIOTOB M KJIETOUHBIX TEXHOJIOTOB,
Bunie-npesuaeHToM Education Instruction Committee of World Federation of Chinese Medicine Societies,
noueTHbIM wjieHoM The World Immunopathology Organization (WIPO), npurnaiieHHbIM NpodeccopoM B
TAIHBL3MHBCKOM YHUBEPCUTETE TPATUIIMOHHON KUTAMCKON MEIUIITHBI.

OrpomHEI 3aciyru B.A. Ko3noBa B mIperomaBaHM UMMYHOJIOTUN U YCWJIMSIX BBIICIUTH UMMYHOJIOTHIO
B CAMOCTOSITEJIbHYIO HaydyHYIO AUCHUIUINHY. OH sIBIseTCs 3aBeayiolnM Kadeapoit umMmyHoaornu @MI13
MUMT HoBocubupckoro rocynapctBeHHoro yHuepcutetra (HI'Y) u muHunmaropom cozgaHus Kypcon «Mm-
MYHOJIOTUST» U «KJIETOUYHBIE TEXHOJIOTUH» B 3TOM YHUBEPCUTETE.

B.A. Ko3110B — aBTOp M coaBTOp Oo0Jiee 1250 HaydHBIX MyOIMKalIMii, B TOM 4ynciie 15 MoHorpaduii, 7 py-
KOBOJICTB 1 y4eOHUKOB. M noJiydeHo 36 1aTeHTOB, 9 aBTOPCKUX CBUIETENILCTB, 1 IUILJIOM Ha OTKPBITHUE.

Brnagumup Anekcanaposud ynoctoeH npemuu PAMH uMm. H. .. ITuporosa, moyeTHOro 3Haka UM. akaf.
PAMH B.U. Nodde; sBasieTcss KaBaaepoM 30JI0TOTO MTOYETHOTO 3HakKa «OO1eCTBEHHOE MPU3HAHUE»; eEMY
TIPUCBOCHO MOYETHOE 3BaHME «3aCIy:KeHHBII BeTepaH Cubupckoro otmeneHuss PAH»; HarpaxkaoeH 3010Toi
Mmenanpio Poccuiickoro HaydyHOro ooOIiecTBa MMMYHOJIOTOB, TOocydapcTBeHHO# mpemueii [IpaButenncTBa
Poccuiickoii @enepanyu B 06jacTu 00pa3oBaHMsI, 3HAKOM OTIWYMS «3a 3aciayru nepen HoBocubupckoit
00J1acThIO» U 3HAKOM «OTIMIHUK 3APaBOOXPAHEHUS».

B o111 roOmIIeitHBIC THU BCE MMMYHOJIOTH Poccny IprCcoeAMHSIOTCS K MHOTOUHMCIICHHBIM ITO3IPaBICHUSIM
B aapec akagemuka B.A. KosnoBa u xkenamT eMy TBOPUYECKOTO TOJTOJASTUS M aKTUBHOM pabOTHI Ha 0J1aro
KJIIMHUYECKOM U hyHAaMeHTalbHO UMMYHOJIOTUH.
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NMPABUJIA J19 ABTOPOB

CraThy MIPEACTABIISTIOTCS B PEIAKIIAIO Yepe3 CUCTe-
My dJieKTpoHHoro wusznarejbctBa (http://mimmun.ru)
B COOTBETCTBMU C TpeOOBaHUSIMU XypHasa «Menu-
UHCKass UMMYHOJIOTUST» U « THCTpYKUMEN MO MOAro-
TOBKE U OTIPAaBKE CTaTbW», IIPEACTABJICHHON HA CalTe.

C 2016 r. B XKypHaJe MyOJUKYIOTCS CTATBM Ha pyc-
CKOM W HAa aHIJIMICKOM SI3bIKAaX.

B xXypHan npruHUMAaIOTCS CISAYIONIe BUABI ITyOJI-
Kalui:

OpurvHanbHas cTaTtbs

Cratbsl 10KHA OMUCHIBATh Pe3yJIbTaThl 3aKOHYEH-
Horo ucciegoBanus. JJomyckaercss 00beM ctaTbu 10 20
MAaIIMHOTIMCHBIX CTPaHUII, BKJIIOYask pUCYHKH, TaOJIM-
ubl. CTaThsl 1OJKHA coepKaTth: 1) BBeaeHUe; 2) marte-
puajbl 1 MeTOIbI; 3) pe3yJibraThl UCcClieq0BaHult; 4) 00-
CyXXIeHUE pe3yJIbTaToB; 5) 0JIar0IapHOCTH.

*  Baeaenue cofepXUT 000OCHOBaHUE LIEJIU U 3a]1a4
MPOBEIEHHOTO UCCIEA0BAHMUS.

*  Marepuajbl 1 METOABI MOTYT U3J1araTbCsl B BUJIE
OTHEbHBIX (DPAarMEHTOB C KOPOTKWMU TTO3a-
ronoBkamu. Bce HeTpagunMoHHble MoaubU-
KallM METOHOB MOJKHBI OBITH OMUCAHBI C JT0-
CTaTOYHOM CTereHblo MoapoOdHocTU. st Bcex
HCIOJIb3YeMbIX B pab0OTe peaKTUBOB, )KUBOTHBIX,
KJIE€TOYHBIX KYJBTYp U T. 1. HEOOXOAUMO TOYHO
yKa3bIBaTh MPOU3BOAUTENEH U/WIN UCTOUHUKHU
noydyeHusi (C Ha3BaHUSIMU CTpaHbI, (PUPMHEI,
WHCTUTYTA).

*  PesyabTaThl OMMMCHIBAIOTCS B JIOTUIECKOM ITOCIIe-
JIOBATEJbHOCTU B BUJE OTAEIbHbBIX (DPAarMEeHTOB,
pazaeseHHbIX M0A3aroJ0BKaMu, 6e3 2J1eMEeHTOB
obcyxaeHus1, 6e3 MOBTOPEHUSI METOANYECKUX
noapoOHocTelt, 6e3 ayoanmpoBaHUS LIUEMPOBBIX
TMaHHBIX, IPUBEICHHBIX B TAOJIMIIAX U pUCYHKAX.

* B o0cykaeHum TTpOBOIMUTCS JeTaIbHBINA aHaJIn3
MOJYYEeHHBIX TaHHBIX B COIMOCTABJIEHUU C JaH-
HBIMU JIATEPATYpPhI, YTO CIYKUT 0OOCHOBAHUEM
BBIBOJIOB U 3aKJIIOYEHU T aBTOPOB.

e Paznen «baaromapHocTH» He SIBIsieTcsl 00s13a-
TeJIbHBIM, HO KpaliHe kejartesieH. B aTom pas-
JieJie aBTOPbI MOTYT BBIPA3UTh IMTPU3HATEIBHOCTh
opraHu3alnuu, CcyOCHUIMpOBAaBILIE IIpoOBee-
HUE UCCIIeOBAHUM, KoJuleraM, KOHCYJIbTUPO-
BaBLIMM DabOTy B MpPOLIECCE €€ BbINOJHEHMUS
W/WIW  HamucaHusl, a TakXe TeXHUYeCKOMY
TMepcoHay 3a MOMOIIb B BBIMOJHEHUU HCCe-
noBaHuWii. bnaromapHocTM 3a TIpenocTaBlieHUe
crienUIECKUX pPEeakKTUBOB WJIM OOOpYyIOBa-
HUSl, KakK TMpaBWIo, TOMEIIAITCsl B pasielie
«Martepuaibl 1 METOIBI».

KpaTkne coobieHusi

ZKypHai myOoankyeT HeOOoJIblIre 10 00beMY CTaTbU,
KOTOpbIE NMEIOT OE3YCTIOBHYIO HOBU3HY U 3HAYUMOCTb.
OTU cTaTbU TIPOXOMSIT YCKOPEHHOEe peleH3UpPOBaHUE
U OyOJUMKYIOTCSI B KOpOTKME CpokM. OOIIMii 00beM
KpaTKOro COOOIIEHUs] OrpaHWYeH 8 MalllMHOMUCHBI-
MU CTpaHULIAMU, KOJIMYECTBO PUCYHKOB 1/MJIY TAOJIMLL
HE MOXeT OBITh OoJsice 3, a CIMCOK MCIOJIb30BAaHHBIX
JINTepaTyPHbIX UCTOYHUKOB HE JIOJIKEH MpeBbIIaTh 15.
TutynbHbIN TUCT OOpMIISIETCS, KaK OTMCAHO BBIIIIE.

Paznennr KpaTKoro COOOIIEHUST aHAJIOTUYHBI BBIIIEO-
ITNMCaHHBIM pa3acjiaM OpHFI/IHaﬂbHOﬁ CTaTbM, HO HE BbI-
JCJIAIOTCA 3aroJlIoBKaMu M 1moa3arojloBKkaMm, pe3yjibra-
TbI MOTYT OBITh U3JIOXXEHBI BMECTE C 06CY)KI[€HV[CM.

O630pHbIe CTaTbU U NeKuun

0630pl—lble CTaTbu U JICKIIMM B OCHOBHOM 3aKa3bI-
BarOTCA pe}laKL{Meﬁ nin Moryrt OBbITH PEKOMCHIOOBAHbI
OOJHHUM M3 YJICHOB PCAKOJUICTUM. boiee HO,Z[p06Hy10
uH(OpMaLIMIO O TIpaBUjaX oOPMIICHUSI ITUX CTATEH
MO2KHO y3HaTb B p€aaKIInun

Bubnuorpacuyeckme craHgapTbl oNUcaHUA
LUTUpPYEeMbIX Ny6nukaumm

OnucaHue cmambu u3 XypHana:

Baprommmna E.A., AnekcanapoB I.B., Ca3zoHo-
Ba TA., Cumoupuen A.C. M3yuyeHue BIMSTHUS MeCT-
HOTO TPUMEHEHMUsI PEeKOMOMHAHTHOTO uYeJloBeye-
CKOTO WHTepJieKuHa-1 Ha pernapanuio si3BEHHBIX
MOBPEXICHUN CIM3UCTON 000J0uKM XKeaynka // Lln-
TOKUHBI U BocnajeHue, 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):

Coxkonona I'H., I[Toranosa B.b. KimmHuko-narore-
HETUYECKME aCMeKThl AI3BEHHOI 00JIe3HU Xeayaka. M.:
Amnaxapcuc, 2009. 328 c. [Sokolova G.N., Potapova V.B.
Clinical and pathogenetic aspects of gastric ulcer].
Moscow: Anacharsis, 2009. 328 p.

lMpumepbI NnpasusIbHO20 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.

CchUIKM Ha JUTEPAaTypHBIE MCTOYHUKU B TEKCTE
CTaTbU, B PUCYHKaX 1 TabJMIlaXx 0003HavyaloTcs apad-
ckuMu 1udpaMu B KBaIpaTHbIX ckoOkax [1, 2, 3,...].
He JIOMYCKAIOTCS CChUIKU Ha MUCCepTaluu, aBTopede-
paThl [UccepTaluii, myoIuKanu B COOpHUKAX, METO-
IJecKue TOKYMEHTBI MECTHOTO ypoBHs. KonmuecTBo
MCTOYHUKOB HE OTpaHUYeHO. B Kaxoil cchuike Mpu-
BOISITCSL BCe aBTOPBI paboThl. HeomybnukoBaHHBIE
CTaThbU B CITUCOK HE BKITIOYAIOTCSI.

0O603Ha4YeHus1, COKpaLLeHUa U egUHULbI U3MepPeHUs

JIJ1st CJTOKHBIX TEPMUMHOB WM Ha3BaHMIi, HanboJee
YacTo UCMOJIb3yeMbIX B TEKCTE CTaTbU, MOXKHO BBECTHU
(B KpYIJIBIX CKOOKAaX TOC/Ie TIepBOTr0 YITOMUHAHMSI TOJI-
HOTO Ha3BaHUs TEpMUHA) He Oosiee 3—5 HeTpaIuLIMOH-
HBIX COKpAallleHUI. Y3aKOHEHHbIE MeXIyHapOAHbIMU
HOMEHKJIATYpaMU COKpaIlleHUsI UCITOJIb3YIOTCSI B COOT-
BeTCTBYIOIIEH TpaHcKpuniu. Hanpumep, mist repmu-
Ha «MHTEpJICHKMWH» UCMOIb3yeTcs cokpalieHue «IL»,
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a He PYCCKOS3bIYHbIM BapuaHT «JI»; aHa1oTMYHO 3TO-
My ucnosab3dytoTcs cokpaieHus: «TNF», a He «TH®»
i «®@HO»; «CD», a He «CJI». Ha3zBaHust MUKpoOOp-
TaHW3MOB TIPUBOISITCS B OPUTUHAIBHON TPaHCKPUII-
IUU C UCTIoJib3oBaHUeM KypcuBa (E. coli, Streptococcus
pyogenes). ETUHUIIBI U3MepeHUsT TIPUBOASTCS 63 TOU-
KU MOCJe UX COKpalleHHOro obo3HadYeHus (c, 4, CM,
mia, Mr, kDa u T.1.), perJilaMeHTUPOBAaHHOI'O MEXKIyHa-
POIHBIMU TIpaBUJIAMH.

OdopmrieHne unncTpaTUBHOro MaTepmuana

WnnocTpaTUBHBINM MaTepual J10JKeH ObITh OPUTH -
HaJIbHbIM, TO €CTb paHee HUTEe He OMyOJMKOBAHHBIM.
OO0111ee KOJIMYECTBO WLTIOCTpallUil (TabJUIL U PUCYH-
KOB) HE JOJDKHO TIpEeBBIIIAaTh BOCbMU. [1pu GosbliieM
KOJIMYECTBE WJUTIOCTPALIMIA X ITyOJIMKAaIKs oTuiaurBa-
eTcsl aBTopoM. IlyGnamkaiuysi HBETHBIX WJLTIOCTpaLMA
(He3aBMCHMO OT MX KOJIMUECTBa) TakKe OriauyrMBaeTcs
aBTOpOM. Bech MILTIOCTpAaTUBHBIN MaTepuas MpUchLIa-
eTcsl B IBYX 9K3eMIUISIpax U Ha JIMCKE B BUIE OTHEIb-
HBIX (haiiIoB.

Pa3mepbl nnniocrpauumi:
* MakcuMmaJsibHas BbicoTa — 210 MM
* MakcuMaJsibHas lupuHa 115 1 crondia — 82 MM,
ISt 2 CTOI0LOB — 170 MM

Taomumpl. Kaxknast Tabauiia reyaraeTcst Ha OTAEb-
HOM JIucTe (B OTAEAbHOM (paiiie Ha nucKe) yepes3 2 MH-
TepBaia. Hymepauus Tabauil gaetcst apabCKuMu mud-
paMu OTIEJIbHO OT HyMepalliM PMCYHKOB (rpaduKoB
u pororpaduii). HazpaHue neuyataercs Haja TaOIULICH.
Bechb TekcT Ha pyccKoOM SI3BIKE, COAepKaIIUIiCSI B Ta0-
JIMIe, BKJIIOYas eIUHUIIbI U3MEPEeHUs, TOJKeH ObITh
rnepeBeeH Ha aHTJUNACKUIA S3bIK; MPU 9TOM TepeBOj
clielyeT IMoMelIaTh B SIY€MKY C COOTBETCTBYIOLIMM PYC-
CKUM TEKCTOM OTAeJIbHOI cTpokoii. HazBaHue Tabau-
bl ¥ TEKCT TTpUMEeUYaHMsT K Hell TaKKe JOJIKHBI ObITh
rnepeBeneHbl Ha aHVIMUCKUI SI3BIK M MPUBEICHBI O]
PYCCKHM TEKCTOM C HOBO# CTpOKHU. IJIsI TOMETOK B Ta-
onuvIax ciieayeT MCIOJIb30BaTh OJHY WJIM HECKOJIbKO
(*). IMosicHeHUsI TIeYaTarTCs TTOCAe COOTBETCTBYIOIIES-
ro kojuyectna (*) moa Tabnuieil. EnuHuiiel namepe-
HUS, TIPU HEOOXOAMMOCTH, BKITIOUAIOTCS B 3aTOJIOBKU
CTPOK WJIM CTOJIOIIOB.

Pucynku (rpaduxu u dotorpadun). B rexcre ctatbu
Ha3BaHUSI PUCYHKOB (rpacdukos, ¢ororpaduii) u ta-
011 pa3MellalTcs cpasy Iocje ad3ala, Tae Ha HUX
JaeTcs nepBasi ccbuika. Bece pucyHKM HyMepyloTcs Mmo-
clienoBaTesibHO apabCKUMM LIMppaMu 1o Mepe UX Uc-
MOJIb30BaHUSI B TEKCTe CTaTbW. Ha3BaHUsS PUCYHKOB
W TIOANWCU K HUM BBIHOCSTCS B BUIE CITMCKa Ha OT-
NEeJbHYIO CTpaHWIly. B crmcke ykasbIBaloTCsS: HOMED
pUCyHKa, Ha3BaHUE (C OOJIBILION OYKBbI), TEKCT IPUME-
yaHuii (111 MuKpodoTorpaduii J0JKHO ObITh YKAa3aHO
yBenauueHue). Iloanucu K pucyHkam AaloTcsl KpaTKue,
HO J0cTaTouHO MH(popMaTuBHble. HazBaHUsI puCyHKOB
W IIpUMEYaHU K HUM, HApUCYHOUHBIE TTOAITUCH, TEKCT
JIETeH/IbI TOJKHBI OBITh TIepeBeIeHbl Ha aHTJIWNCKUIA
SI3bIK M pa3MelleHbl TT0J COOTBETCTBYIOIIUM TEKCTOM
¢ HOBoIi cTtpoku. Ha obGopoTre Kaxkmoii WIroCTpaluu
noanvceiBaeTcsl haMuiIusl MepBoro aBTopa, Ha3BaHUe
CTaThU U MOPSIAKOBBIIA HOMep. JLJ1st myOIMKaiuu B XKyp-
Haje MPUHUMAIOTCSI TOJIbKO OpUTHMHANbI hoTorpaduii
(He KCepOKONMM) XOPOIIero KadyecTBa, MaKCHUMallb-
HO TIpUOJVDKEHHBIE K BbIIIEYKAa3aHHBIM pa3Mepam.

®dororpadun He TOJKHBI UMETh OOJIBIINUX MOJICH, T. €.
doTtorpacduueckuii MaTepuana IOKeH 3aHUMaTh BCIO
miomanb ¢ororpadpun. PucyHK MOryT OBITH IIpend-
cTaBJIeHbl B rpaduyeckux ¢opmarax ¢ pacluiMpeHUueM
1iff (paspemenne He meHee 300 dpi mpu 100% maciura-
6e), .eps wiu .ai. U3o0paxkeHust, BCTpOEHHbIE B JOKY-
MeHThl Word, He mpuHuMaloTcs. [pacbuku u nuarpam-
MBI TIPEIOCTABIISIOTCSI BMECTE ¢ TaOJIMIIAMU, Ha OCHOBE
KOTOPBIX OHU OBbIJIA CO3aHbI, WU C YUCIEHHBIMU 000-
3HAYEHUSIMU TIOKa3aTesell, OoToOpa)kaeMbIX COOTBET-
CTBYIOIIUMU TpaUUEeCKUMU 3JeMeHTaMu (CToJIOMKa-
MU, CEKTOpaMHU U T.11.) B BUIe (halijioB ¢ paCIIMPEHUSIMU
.doc unu, npearnoyTuTeabHee, .XIs.

Mnara 3a ny6nukauuio craten

Ilpu cobGmogeHUU TipaBUJI MNyOIMKalMsl cTaTel
B XypHajle «MeauuMHCKass UMMYHOJIOTUS» SIBJSIETCS
OecCIIaTHOM MJISI aBTOPOB U YUPEXKICHUIM, B KOTOPBIX
oHU pabotaloT. Pemakiius MoxkeT moTpedoBaTh OIlia-
Ty B CJEAYyIOIIMX caydasx: 1) 3a myOJuKalrio IBETHBIX
WUTIOCTpalMii; 2) TpU OOJILIIOM KOJIWYECTBE WJLIIO-
CTPaTMBHOTO MaTepuasia (CBbIIIE 8 MUTIOCTPALIUA).

NogroToBKa cTaTeu

JItst TipeacTaBiAeHUST CTaThU aBTOPBI JOJKHBI MO/~
TBEPAWUTHh HIKeCJIenylomme ITyHKTbl. CTaTbsl MOXKET
OBITb OTKJIOHEHA, €CJIM OHa UM HE COOTBETCTBYET.

A. Hamnpapisist cTaTblo B XKypHaJl, aBTOPbI rapaHTU-
PYIOT, 4TO TIOJaHHBbIE MaTepuasibl He ObLIN pa-
Hee onyOJMKOBaHbI MTOJHOCTBIO WU 110 YacTsIM,
B JIt0OOiI (hopme, B JItOOOM MecTe WX Ha JTI000M
s3bIke. TakoKe aBTOPbI TapaHTUPYIOT, UYTO CTAThs
He TIpe/ICTaB/eHa ISl PACCMOTPEHUST U TTyOaIu-
Kaluu B Apyrom XypHaie. C MOMeHTa MPUHSI-
TUSI CTaThU K IeYaTH B XKypHasie « MeauiumHcKas
UMMYHOJIOTUSI» IPUBEACHHBIN B HEW MaTepuall
HE MOXET ObITh ONyOJMKOBAaH aBTOPaMU MOJHO-
CThIO WIM IO YacTsIM B J110001i (popMe, B 1H000M
MEcCTe W Ha JIIoOOM $I3bIKe 0e3 CorjlacoBaHUsl
C PYKOBOJCTBOM XypHasia. MickimtoueHreM Mo-
JKET SIBJISIThCS: 1) MpenBapuTesbHast Uin nocje-
Jyolas myoIuKalus MaTepraaoB CTaTbU B BUE
TE3UCOB WJIM KOPOTKOTO pe3toMe; 2) UCITOJb30-
BaHUE MaTepuajioB CTAaTbM KaK YacTH JICKIINU
wim 0630pa; 3) UCIMOoJIb30BaHWE aBTOPOM Mpe-
CTaBJIEHHBIX B JKypHaJl MaTepUaJIOB TIpU HaIH-
CaHUU AWCCEePTallMM, KHUTH WX MOHOTpaduu.
BocnipousBeneHue Bcero M3AaHUsl WA 4YacTu
JII00BIM CIOCOOOM 3alipelaeTcs 0e3 MUCbMeH-
Horo paspeuieHus: uzaaresneii. Hapymenue 3a-
KoHa OyZeT IpecyiefoBaThbCsi B CyIeOHOM IIO-
psnoke. Oxpanserca 3akoHoM P® Ne 5351-1
«O0 aBTOPCKOM MpaBe M CMEXHBIX IpaBax»
o1 09.07.93 .
®daiin  oTmpaBiIsieMO  CTaTbU TIPEICTABJICH
B bopmare .doc, .docx, .rtf.

B. Ilomumo daiiia co craTbeid, TMperocTaBIeHbI
caeayloiire (aiibl:

1) ®aiin ¢ MeTagaHHBIMU (TIPU 3aTpy3Ke B CH-
cTeMy eMy MpucBauBaeTcsl UMsl «MeTagaH-
HbIE»):

* @amMuus, UMsI, OTYECTBO, y4YeHasl CTeIleHb,
y4yeHO€ 3BaHMue, TOJKHOCTb aBTOpa, OTBET-
CTBEHHOTO 3a NaJIbHEHIIYIO TIepeTncKy C pe-
Jnakiuei (Ha pycCKOM U aHTJIMACKOM $I3bIKax).

» HazBanue yupexneHus, rue paboTaeT OTBET-
CTBEHHbI aBTOp (B PYCCKOM U O(UIIMATBLHO
MPUHSTOM aHTJIMIICKOM BapraHTax).
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* [TouTOBBIN aapec A1l MEPENnUCcKU ¢ yKa3aHU-
€M ITOYTOBOTO MHIeKca (Ha PYCCKOM U aHT-
JIUHACKOM $I3bIKaX).

* Tenedpon, dakc (c ykazaHuem Kopa CTpaHbI
u ropoja), e-mail.

* daMUIMST M1 WHULAATBI OCTAJbHBIX COaBTO-
DOB, UX y4YeHble CTeNeHHU, yuyeHble 3BaHWus,
JTIOJDKHOCTU.

* [TonrHOe Ha3BaHME CTaThbM, HaIpPaBISIEeMON
B pelaKIIUIo.

* KotmuecTBO CTpaHMIL TEKCTA, KOJTUIECTBO PH-
CYHKOB, KOJTUYECTBO TaOIUII.

* YKaszarthb, IS KaKOro paszesa XXypHajia mpe-
HaszHayeHa paboTa: OPUTHHAJIbHBIE CTaTbH,
JIKIIMU, O030pHI, «TOYKA 3PEHUsI», KpaTKHe
COOOIIIEHUsI, HOBbIE UMMYHOJIOTUYECKHE Me-
TObI, CIyyand U3 MPAKTUKU, THEBHUK UMMY-
HoJIOTa, KHIDKHOE 0003peHUeE.

 laTta oTrpaBjieHUsI paOOTHL.

2) OTckaHupoBaHHasi Konus aiina ¢ MeTagaH-
HBIMU, TIOAITMCaHHAs BCEMU aBTOpaMu (TIpu
3arpy3ke B CUCTEMY eMy TIpUCBanBaeTCsT UMs
«IToamucu aBTOPOB»)

3) TuTyabHBINA JUCT (MpPU 3arpy3ke B CUCTEMY
eMy mprcBanBaeTcs UMsl « TUTYJIbHBIN JIUCT»),
no ¢opme:

* HazBaHUE cTaTbU (0€3 UCIOJIb30BaHUS KAKUX-
JIM0O cokpallleHui) (Ha pyCCKOM W aHIIWii-
CKOM $I3bIKaX);

* @amMususi, UMsl, OTYECTBO, yueHasl CTereHb,
y4yeHOe 3BaHHUE€, JOJDKHOCTb BCEX aBTOPOB
(TMOJIHOCTBIO) (Ha PYCCKOM U aHIJIUHCKOM
SI3bIKAX);

* noApazie/ieHrue U ydpexXaeHue, B KOTOPOM

BBIMIOJIHsIach paboTta (ecium B pabore yua-

CTBOBAJIM aBTOPbI M3 Pa3HbIX YUYPEKIECHUM,

3TO JAOJDKHO OBbITh OTMEYEHO 3Be3[10uKa-

MHU) (B PYCCKOM M O(DUIMATBHO TPUHSITOM

AHTJIMIICKOM BapUaHTax);

COKpallleHHOE Ha3BaHUe CTaThU [IJIsI BEPXHETO

KoJioHTHUTY1a (He OoJjiee 35 CMMBOJIOB, BKIIIO-

4yas 1poOesbl M 3HaKU MpeTnMHaHus) (Ha pyc-

CKOM U aHTJIMHCKOM $SI3bIKax);

He MeHee 6 KITFOUEBBIX CJIOB Ha PYCCKOM U aHT-

JIMACKOM SI3BIKaX;

azpec sl TIePEeTNMCcKY ¢ yKa3aHueM TeedoHa,

HoMepa dakca 1 agpeca e-mail.

4) Pesiome (mpu 3arpy3ke B CUCTEMY eMy MpHU-

cBauBaetcst ums «Pestome»). Tlpenocrasiusiercs

B BUAE OJHOro ab3aua 0e3 CChbUIOK U CHEL-

duueckux cokpameHuii. O0beM — He MeHee

300 cnoB. Pe3tome B momHOM oObeMe mpei-

CTaBJISIETCSI TAKXKE B TEPEBOJIE HA aHTJIMUCKUN

S3bIK. B OTHEIBHBIX CIydasix, o peleHnuIo pe-

JNaKIIMOHHOM KOJIJIErMU, MOXKET ObITh 3aTpedo-

BaH pa3BEepHYTHIN BapuaHT pe3loMe Ha aHTJINIi-

CKOM SI3BIKE.

5) PucyHKHM, ecii OHU €CTh - KaXXIbIi OTIEIb-
HBIM (paitmoM (TIpu 3arpy3ke B CHUCTEMY KaxXK-
JIOMY PUCYHKY IIpUCBamBaeTcst uMsi «PUCyHOK.
Haseanue pucynka (20e nazéanue pucyHKa coom-
gememeyem codepicawemycs 6 ¢hatine PUcCyHKY.
Tlopsadkosvlii Homep pucynka»)

6) Daiin B popmare .doc, .docx., rtf, ¢ Ha3BaHU-
SIMU PUCYHKOB

7) Tabnuiibl, €CI OHU €CTh - KaxKaasl OTHEJIb-
HbIM aiiiom (HazBaHue Kaxkaoi TaOaUIIbI
JIOJKHO OBITH TIPUBEICHO 3arojloBKOM B (aiisie
¢ camoii Tabauueit)

8) Daiin ¢ nuTUpPyeMoil TuTepaTypoii (rpu 3a-
Ipy3Ke B CUCTeMY eMy IpucBanBaeTcs UMt «JIv-
TepaTypar»), IO clenymoolleir ¢opme: Tadbauia
U3 4YeTbIpex CTOoJIOOB (aJIbOOMHasi OpUeHTa-

1u1sl), TIe:
IMopsinkoBbIit ABTOpBI, Ha3Ba- ®UO, naszsanue | [ToaHbI MH-
HOMeEp CCBUIKI HUe MyOnMKauuy | myoauKanun TEepHeT-afpec
Y UCTOYHMKA, T€ | ¥ UCTOUHUKA (URL) untupy-
OHa OMy0JIUKO- Ha aHTJIMICKOM | eMOii CTaTbl
BaHa, BBIXOIHBIE
TAHHBIE
Pasmeratorcst VkasbiBath OdurranbHoe B ToMm ciyuae,
B Tabaue 1o 6ubMo- AHIJIOSA3BIY- ecnu uHbop-
B ayi(haBUTHOM rpadudecKkomMy HOE Ha3BaHUE Mallus O CTaThe
MOpsIZIKe, BHA- CTaHAAPTY, Mped- | MmyonuKanuu He pa3MellieHa
qaje pyccKo- CTaBJICHHOMY U UCTOYHMKA, Ha opuLu-
SI3BIYHBIE, 3aTEM | BBILIE IJie OHa OITy- aNbHOM caiiTe
Ha SI3BIKax 61MKoBaHa W3aHUA,
C JIATUHCKOM - JUIS1 pyCCKO- JIOTMYCTUMO
rpabukoi SI3BIYHBIX CTa- HCTIOJIb30BaTh
Teit. B penkux URL cTaTtbn

clTyyasix, Koraa
HE CyILECTBYET
ouMaIbHBIX

€O CTOPOHHUX
CaiiTOB, B TOM
YHCIIe CUCTEMBI

AHTJIOSI3BIYHBIX
Ha3BaHMii (3TO
BO3MOXHO

TUTSE TAKUX
TUTIOB IyOJIU-
Kalui, KaK Te-
3UChI, KHUTU

U 1p.) - penak-
1LIUSI TIPOCUT
MIPEIOCTaBUTD
WX MIEPeBO]I,
UCTIONB3YS
KpacHbIA

LBeT mpudTa.
JInsi aHI03b1Y-
HBIX NMyOIMKALMit
U MCTOYHHKOB

B 9TOM CTOIONE
CTABHTCA MPO-

www.e-library.ru

4epK

TexkcT mommkeH OBITH HAOpaH C ONMHAPHBIM MEXK-
CTPOYHBIM MHTEPBAJIOM; UCITOJIb3YETCS KEIib LIpUdTa
B 14 IIyHKTOB; 111 BBIACJICHUSI UCIIOJIb3yeTCsI KypCUB,
a He MoAYepKUBaHUE; BCE CChUIKM Ha WJLTIOCTPALIVHU,
rpaduKy 1 TaOJUIIBI PACOIOXEHBI B COOTBETCTBYIO-
IIMX MECTaxX B TEKCTe, a He B KOHIIE IOKYMEHTA.

TeKCT COOTBETCTBYET CTMJIMCTUUYECKUM U OUOJIMO-
rpauyecKuM TpeOOBAHUSIM.

Ecnu BBl OTIpaBiisieTe CTaThbi0 B pelLieH3UPYEeMBblit
pasnen KypHaja, TO Bbl COIVIACHbI C TpeOOBaHUSIMU
CJIETIOTO PELIEH3MPOBaHUs, IOAPOOHEE O KOTOPOM
MOXHO y3HaTh Ha caiite XypHana (http://mimmun.ru)
u3 pyopuku PeunenzupoBanue, B paznese «O XKypHaje».

Bbi MokeTe 0(hOPpMUTH MOANMUCKY HA JKYPHAT «VeIMIMHCKAS UMMYHOJIOTHST» Yepe3 OTaeJIeHHs CBSI3U:
Karajnor «YPAJI-IITPECC» — nnnekc 42311.
IToanmucka HA 3JIEKTPOHHYIO BepCHIO XKypHAaJa Ha caiite www.elibrary.ru
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UNNIOCTPALIUK K CTATBE «®YHKLUMOHANBHAA AKTUBHOCTb AHTU-GD2 CAR-T-KINETOK C PA3JINYHBIM AHTUTEH-
PACMO3HAIOLLMM MOLYNEM» (ABTOPbI: NTYLIKOBUY [1.B., KEPE3b M.A., KNbIY A.B., TYLUKOBKY E.C., MENELLKO A.H. [c. 1001-1012])

ILLUSTRATIONS FOR THE ARTICLE "FUNCTIONAL ACTIVITY OF ANTI-GD2 CAR-T CELLS WITH DIFFERENT ANTIGEN-RECOGNITION
MODULE" (AUTHORS: LUTSKOVICH D.V., KERAZ M.A., KLYCH H.V., LUTSKOVICH E.S., MELESHKO A.N. [pp. 1001-1012])
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PucyHok 2. Cxema koHcTpykumm CAR aHTu-GD2 BTOpOro nokoneHus
Figure 2. Schematic diagram of the second-generation CAR anti-GD2 design
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PucyHok 3. Aktuauus penoptepHoii nuiumn Jurkat-NFAT-GFP B TecTe ¢ kneTkamn-muLLeHAMM
Figure 3. Activation of the Jurkat-NFAT-GFP reporter line in a test with target cells
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