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Pe3iome. MeTabonnueckue aboepaliu jiexar B OCHOBE MHOTMX XpOHUYECKUX 3a001eBaHii, B TOM YUCJTIE
ayTOMMMYHHBIX 3a0oJieBaHuil (AN 3). UmmyHoMeTadomm3mM (MM) — 510 0071aCTh UMMYHOJIOTUYECKUX UCCIIE-
IOBaHMW, aKTUBHO Pa3BUBAIOIIASICSI U M3YyYalollasi Mpoecchl META00INYECKOTO MePErnporpaMMUpPOBaHUST
B IMMYHHBIX KJICTKaX. AKTUBHO M3Yy4YaeTCs PeTYJISIIIMs aKTUBHOCTH simepHOTo (pakTopa Kamma B (NF-«xB),
KOTOPBII yJ4acTBYeT B KOOPIAMHAIIMY BPOKIEHHOTO U aIalITUBHOTO UMMYHUTETA, BOCITAJIMTEIbHBIX PeaKIInii
u apyrux mnpoieccoB. M3yuenue npoueccos UM u perynsiiuu NF-«kB siBisieTcst mepcrieKTUBHBIM HallpaBJie-
HUEM JJTd TToOMCcKa HOBBIX TeparneBTUYEeCKUX MoaxoaoB B jieueHuu AN3. Llens uccienoBaHus — OLIEHUTD UH-
dopMmaTuBHOCTH onpenencHus1 NF-kB 1 akTUBHOCTb BHYTPUKJIETOUHBIX JeTUAPOTeHa3 JUM@POIIUTOB CyK-
nuHaTtaeruaporeHasa (CAIN), rmuuepon-3-docharnerunporeHasa (I'®/AIN) y gereit ¢ UMMyHO3aBUCUMBIMHA
nartojiorusiMu. O6cnenoBano 350 neTeil ¢ ayTouMMYHHBIMU 3a0oeBaHussMu: 97 mauueHToB ¢ B3K, 72 pe-
OeHKa C pelUIUBUPYIOIIEe-PEMUTUPYIOIINM paccesiHHbIM ckiiepo3oM (PC), 83 — ¢ BylbrapHbIM IICOpUa3oM
(TTC) u 97 nereit c ayroummyHHBIM TentatutoM (AWT). [pyniy cpaBHeHust coctaBmiu 100 ycIOBHO 310POBBIX
nereit. AkruBHOCTh CIAT 1 TD/IT olieHMBaIM UMMYHOIIMTOXUMUYECKUM METOJIOM. YPOBEHb TPAHCIOKAIIUN
NF-kB (% xnetok ¢ Tpanciokanueis NF-kB 13 HuToriasMel B SiIpO KJIETKU) OIPEASIsUIM METOI0M IPOTOY-
HOU UTOMETpUU ¢ BUdyaimszanueni. CTaTUCTUYECKUE PACUYETHl U TTOCTPOCHUE TpaUKOB MPOBOIUIU C UC-
noJb30oBaHWeM nporpamMMbl Statistica 13.0. Han6onbsimas aktuBHocTs CA T  T'®/IT BeIsiBIIeHa B TOMYJISILIAA
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uurorokcuuyeckux T-nmumMdponutoB u T-xenrnepoB, a HAMMeHbIIasi aKTUBHOCTb (DEPMEHTOB BhIsSIBJIEHA B T10-
nyasunuun B-muMmdonnTtos kak y gereii ¢ A3, Tak u B rpyrire cpaBHeHUs. Y aeteil ¢ A3 BhISIBJIeHO 3HAYU-
Moe cHuxeHue aktuBHocTu CIAI B T-nmumdounTax, nurorokcuyeckux T-nmumbountax, B-numdormrax n
NK-knerkax orHocuTenbHo rpynnbl cpaBHeHUs (p < 0,01). Y nereii ¢ [1C, AT u B3K BBISIBJIEeHO CHIKEHUE
aktuBHocTu C/I B Treg u Th17. Haubonee BeipaxkeHHoe cHIKeHUe ['DJII" xapakTepHO A1 TTAIlUEHTOB C
AWT (B T-nmumdonmrax, untorokcudeckux T-mumdbonnrax, B-mumponurax, NK-xierkax u Treg otHOCH-
TeJIbHO rpynmbl cpaBHeHUs ). Y neteit ¢ [1C aktuBHOCTE DI cHIkeHa To1bKO B Treg (p < 0,05). s neteit
C PaccesTHHBIM CKJICPO30M BEISIBIIcHO cHIDKeHMe DT B momynsiusax T-nmmMbonntos, B-mumdonnuTos n
B akTuBHpoBaHHBIX T-xenmnepax (p < 0,01). B rpynne naumenToB ¢ B3K mocToBepHBIX pa3inuuii Mo akTUB-
Hoctu DI OTHOCUTEILHO TPYIINbI CPaBHEHUSI HE BBISBJICHO. BBISIBJIEHO 3HAUMMOE yBEJIMYEHUE YPOBHS
Tpancinokauum NF-kB B T-xennepax y Bcex aereii ¢ A3 OTHOCUTEILHO TPYMITBI CpaBHEHUS. Y JeTeil C
AWT u TIC BoIsiBNIeHO 3HaUMMOe yBeandyeHue ypoBHs TpaHciokauuu NF-kB B Treg, Thact u Thl7, y ne-
Tell ¢ paccessHHbIM ckjiepo3oM — B Treg, y nauueHToB ¢ B3K — B Thact oTHOCUTEIbHO TPYNIIbl CpaBHEHUS
(p < 0,05). BoisiBieHa oOpaTHasi KOppesiIMOHHAsI 3aBUCUMOCTh YPOBHS TpaHcJokauuu NF-kB B momyis-
LUSAX TUMGOLMTOB U aKTUBHOCTh MUTOXOHIIPUAJILHBIX AeruaporeHas JuMmdoriiuros. Hanbonee 3HaunMbIe
3aBUCUMOCTHU XapaKTepHbI A8 ronyasiuii NK-kiaetok u T-1uM@OLMTOB U 3TU 3aBUCUMOCTU CITPaBeIJIUBbI
IUTST BCeX rpynmn manueHToB ¢ AW 3. B pe3yibrate 3KCIIEpUMEHTOB in Vitro ¢ TIperiapaToM MeTabOoIMIecKo-
TO IeiiCTBHS, TIOJIyICHO CHIDKEHME KOJMYSCTBA KJIETOK ¢ TpaHcioKauueir NF-kB 1 yBennmyeHe aKTUBHO-
ctu CIT, crertens aktuBanuu CJI 3aBucena OT HOIMYJISIIMKA KJIETOK, HAMOOJIbIIIAS BEISIBJICHA B TIOITYJISIIIUIA
T-mamdbonuToB — Ha 61%, B B-mumdonurax — Ha 30%, B NK-ketkax — Ha 19%. UccienoBanue metabo-
JINYECKOM aKTUBHOCTU JTUMGOLUUTOB U curHaiabHOro nytu NF-xB no3BossieT cyauTh 00 001IMX MeXxaHUu3Max
MMMYHOITaTOJIOTMYECKUX MPOLIECCOB Y JAeTeil ¢ ayTOMMMYHHBIMU 3a00JeBaHUSIMU Pa3IUYHON STUOJOTUU.
Ha ocHOBaHMM yCTaHOBICHHOU 00paTHOI KOPPEISIIIMOHHOM 3aBUCUMOCTHU YPOBHS TpaHcaokaun NF-xB u
aktuBHocTu CIAT B tmMdomnuTax MOKHO pacCMaTpUBaTh MCIIOJIb30BaHME 00JIee TOCTYITHOTO MMMYHOITUTO-
XUMHUYECKOTO METOIa B KAUeCTBE aHaIoTa JUIST OLIEHKU aKTUBHOCTH (phakTopa TpaHcKpunuu NF-kB. N3yde-
HUue KoppeKuuu UM MMMYHOKOMITIETEHTHBIX KJIE€TOK SIBJISIETCSl MePCHNEeKTUBHBIM HarlpaBJeHUEM B JICUEHUU
AN3.

Knrouesuie cnosa: demu, aymoummyHnuble 3a001e6aHUsL, NCOPUA3, PACCESHHBLI CKACPO3, AYMOUMMYHHbBLI 2enamum,
socnanumensvHole 3aoonesanus Kuweunuka, NF-x B, memaboauzm aum@oyumos, UMMyHOMemMadoausm, cyKyuHamoeeudpoeenasa,
NPOMOYHAS YUMOMEMPUs, NPOMOYHASA YUMOMeMPUsl ¢ 8U3yanu3ayuen

COORDINATION OF THE NF-xB SIGNALING PATHWAY
AND LYMPHOCYTE METABOLISM IN CHILDREN WITH
AUTOIMMUNE DISEASES

Kurbatova 0.V.2 Radygina T.V.2 Kuptsova D.G.?, Petrichuk S.V.2,
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Abstract. Metabolic aberrations underlie many chronic diseases, including autoimmune diseases (AUD).
Immune metabolism is an area of immunological research that is actively developing and studying the processes
of metabolic reprogramming in immune cells. The regulation of the nuclear factor kappa B (NF-kB) activity,
which is involved in the coordination of innate and adaptive immunity, inflammatory reactions and other
processes, is being actively studied. The studies on immune metabolism and regulation of NF-«B is a promising
direction in searching for new therapeutic approaches in the AUD treatment. The aim of the present study was
to evaluate the informative value of NF-kB and the activity of intracellular lymphocyte succinate dehydrogenase
(SDH) and glycero-3-phosphate dehydrogenase (GPDH) determined in children with immune-dependent
disorders. 350 children with autoimmune diseases were examined: 97 patients with IBD, 72 children with
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relapsing-remitting multiple sclerosis (MS), 83 pediatric patients with psoriasis vulgaris (PS), and 97 children
with autoimmune hepatitis (AIH). The comparison group consisted of 100 conditionally healthy children.
Activity of mitochondrial dehydrogenases, i.e., SDH and GPDH, was evaluated by immunocytochemical
method. The levels of NF-«B translocation (per cent of cells with NF-«B translocation from cytoplasm to cell
nucleus) was determined by flow cytometry, with visualization. Statistical evaluation and plotting were carried
out using the Statistica 13.0 software. The highest activity of SDH and GPDH was detected in the population
of cytotoxic T lymphocytes and T helper cells, and the lowest activity of the enzymes was registered in the
population of B lymphocytes, both in children with AUD and in comparison group. In children with AUD,
there was a significant decrease in SDH activity in T lymphocytes, cytotoxic T lymphocytes, B lymphocytes
and NK cells against the comparison group (p < 0.01). In children with PS, AIH and IBD, a decrease in SDH
activity was revealed in Treg and Th17 cells. The most pronounced decrease in GPDH was characteristic of
patients with AH (in T cells, cytotoxic T lymphocytes, B cells, NK cells and Tregs against the comparison
group). In children with PS, the activity of GPDH was reduced only in Tregs (p < 0.05). For children with
multiple sclerosis, a decrease in GPDH was revealed in populations of T lymphocytes, B lymphocytes and
activated T helpers (p < 0.01). In the group of patients with IBD, there were no significant differences in the
activity of GPDG relative to the comparison group. A significant increase in the level of NF-kB translocation
in T helpers was revealed in all children with AUD relative to the comparison group. In children with AIH
and PS, a significant increase in the level of NF-«kB translocation was revealed in Treg, Thact and Th17 cells,
in children with MS it was found in Treg cells, in patients with IBD, it was registered in Thact against the
comparison group (p < 0.05). An inverse correlation was found between the levels of NF-kB translocation in
lymphocyte populations, and activity of mitochondrial dehydrogenases in the lymphocytes. The most significant
dependencies are characteristic of NK cells and T cell populations, and these correlations are valid for all groups
of AUD patientsh. In the course of in vitro experiments with a drug of metabolic action, a decreased number
of cells with NF-kB translocation and an increased SDH activity was observed; the degree of SDH activation
depended on the cell population type, the greatest changes were detectable in the population of T lymphocytes
(by 61%), in B lymphocytes (by 30%), in NK cells (by 19%). The study of the metabolic activity of lymphocytes
and the NF-«kB signaling pathway allows us to assess the general mechanisms of immunopathological processes
in children with autoimmune diseases of various etiologies. As based on the inverse correlation between the
level of translocation of NF-kB and the activity of SDH in lymphocytes, one may consider the use of an
available immunocytochemical method being an analogue for assessing activity of the NF-«xB transcription
factor. The studies of immune metabolic correction of immunocompetent cells are a promising direction in the
AUD treatment.

Keywords: children, autoimmune diseases, psoriasis, multiple sclerosis, autoimmune hepatitis, inflammatory bowel diseases, NF-x B,
lymphocyte metabolism, immunometabolism, succinate dehydrogenase, flow cytometry, flow cytometry with visualization

B cocTtosiHMM TOKOSI MakKpOMOJIEKYJIbl MPOXOIST
KataboauyeckKue MyTU OJIsl MOJIydeHMSI SHepruu u
obecrieyeHUsl 10JIrOCPOYHOIo BbKMBaHUsI. MeTabo-
Jinyeckue abbepaluu jexxaT B OCHOBE MHOTUX XPO-

BeeneHue

Yacrtora 320071€Ba€MOCTM ayTOMMMYHHBIMU 3a-
oosieBaHusiMU (AM3) exeroqHo yBeJIMUYMBAETCS BO

BceM Mupe. Ilo olleHKaM HeIaBHO TIPOBEACHHOTO
MOIYJIILIMOHHOTO ucciaenoBanust 10% HaceneHus
3eMHoro mapa crpagaetr A3 [7]. HecMoTps Ha 111-
POKUIT apceHaJI MpenapaToB, MPUMEHSIOIINXCS IS
nedeHus maumueHToB ¢ A3, octaeTcs moTpeOHOCTD B
WACHTU(DUKALITN OMOMapKepOB, MPOTHO3UPYIOIINX
OTBET Ha TEPANUIO U KOPPEKTHYIO OIIEHKY COCTOSTHUSI
nauueHToB [5]. UMMyHOMeTabo0JIM3M — 3TO 00J1aCTh
MUMMYHOJIOTUYECKNX HMCCIeIOBaHWI, aKTUBHO pa3-
BUBAlOIIAsICS U M3ydarolasl Mpolecchl MeTaboinye-
CKOT'O TIepeIIpoTpaMMUPOBAHUSI B UMMYHHBIX KJIET-
Kax. Bo BpeMs1 UMMYHHOTIO OTBeTa KJIETKHU MePEeXOIsIT
M3 METa0OJIMYECKOTO TTOKOS B aKTUBHYIO a3y, 4To
COIIPOBOXKIACTCS METaO0OJIMUYECKUM CABUTOM OT Ka-
TabOJIMUECKOTO K aHA0OJIMUYECKOMY COCTOsTHUIO [ 15].

HUYeCKMX 3abosieBaHuii, B ToM uucie AM3. Llukin
TpukKapooHoBeIX Kucior (TCA), oxucaurenbHoOe
dochopummposanue (OXPHOS) u okucieHme xup-
HbIX KUcaoT (FAO), BaxHbI 1is1 nudbepeHIIMPOBKU
T-knetok [6]. HauBHble T-KJIETKU UMEIOT HUBKYIO
CKOPOCTh MeTadoau3Ma U MUHUMaJbHbIe MOTPEO-
HOCTU B OMOCHUHTE3€¢ MCIIOJB3YIOT IS MOJydYeHUS
SHEPIUM HEOOIBIIOS KOIUNICCTBO TIIFOKO3bI, TIIOTa-
MMHA U XKMPHBIX KUCJIOT, nocpeacteom OXPHOS.
Bddekropubie T-knerku (Teff) 3HauuTenbHO yBe-
JIMYUBAIOT CKOPOCTh MEeTa00I13Ma ITOCIe UMMYHHOM
aKTUBAIlUM M3-3a MIPOoardepaTUBHON 3KCITAHCUU U
UHAYKIAW 3HEProeMKux 3¢h@OeKTOpHbIX (PYHKIIUM,
BKJIIOYasi TIPOAYKIIMIO OOJBIIOr0 KOJIUYECTBA 1IUTO-
kuHOB [10]. B perynstopubix T-knerkax (Treg) ak-
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tuBeH npouecc OXPHOS, KoTopblii TOANUTHIBAETCS
BSK30TCHHBIMH XUPHBIMU KUCJIOTAMH, UMIIOPTUPYE-
MBIMM M METabOJIM3UpyeMbIMU TTocpencTBoM FAO,
BO BpeMsl KJIETOYHOIO nejieHus Treg mepexonsit Ha
TJIUKOIUTUUYECKUIA MeTaboIr3M, YTOOBI MOJAAEPKATh
OMOCUHTETUYECKUE TOTPEOHOCTU IS UX pOCTa U
npomdepanyu. JInddepeHInpoBKa KISTOK 3aBU-
CUT OT KJICTOYHOI'O OKPYXEHUS U CyOCTpaToB IS
MmeTabonnueckux myTeit [9]. HapyliieHue kieTouHo-
ro metabosmsma B Treg MpUBOAUT K HAPYLICHUIO UX
dyHKUIMY ¥ n3MeHseT nuddepeHInupoBKyY T-KITeToK
B ctropony Teff n xkinetok mamsarm [11].

B mocnenHue rombl, Hapsay ¢ UMMYHOMETaboO-
JIUBMOM KJIETOK, aKTUBHO WU3ydyaeTcs peryJssius
aKTUBHOCTU siiepHoro ¢akropa kanmna B (NF-«kB).
NF-«B gaBnsieTcs kitoueBbIM (paKTOPOM TPAHCKPUII-
U1, YIaCTBYIOIIMM B KOOPAMHAIIUN BPOXKICHHOTO
M aIaliTUBHOIO MMMYHHUTETA, BOCIIAIUTEIbHBIX pe-
aKUMPA U APYTMX MPOLIECCOB, TAKMX KaK KJIETOYHAsA
nuddepeHIMpoBKa, MOpojaudepanunss U BbDKHWBa-
Hue [12]. Oucperynsuusi NF-xB cBsizana ¢ mmpo-
KHM CIIEKTPOM 3a00JIeBaHUl, OT BOCTAJMTEIBHBIX
U MMMYHHBIX HapylleHuil mo paka. HapyieHue
peryiasuuu niytu NF-xB u dakTtopoB, KoTopble ero
PETyJUpPYIOT, IPUBOAUT K COCTOSTHUIO HEKOHTPOJI-
pyeMoro BOCITJICHUSI, BKJTIo4asi ayTouMMyHHOe [13].
Taxxkxe, NF-«B Bnusier Ha MUTOXOHIpUATbHBIEC
MyTU, TaKUe KakK OKMCIUTeIbHOe (pochopusimpona-
HUe, Tae cyobeauHuia p6S crocoOCTBYET MUTOXOH -
JIpUAJIbHOM sKcnpeccuu hakTopa COOPKU LIUTOXPOM
C-okcunassl 2 M aKTUBaBIIMU OKUCIMTEIILHOTO hOC-
dopunuposanust [8]. IlpogeMoHCTpUpPOBaHO, YTO
NF-«B perynupyet rimukoan3 1 MUTOXOHAPUATbHOE
JIbIXaHWE B 3aBUCUMOCTM OT Haau4dus pS3 B KJeT-
Kax [8]. U3yueHue npolieccoB UMMYHOMETaboIM3Ma
u peryasuuu NF-kB sBisiercst mepcrnieKTMBHbIM Ha-
OpaBJIeHUEM JUISI TTIOMCKAa HOBBIX TepPaIlleBTUYCCKUX
MOAXOM0B B ieueHun A1 3.

Lens uccnenoBaHus — OLIEHUTh UH(OpPMATUB-
HocTh ompeneneHuss NF-kB u akTUBHOCTb BHY-
TPUKJIETOYHBIX neruaporeHas mumgornnTo (CIT,
a-I'®/IN) y mereii ¢ MMMYHO3aBUCUMBIMU I1aTOJIO-
TUSIMU.

Matepuans! 1 MeTogbl

O6cnenoBaHo 350 meTeif ¢ ayTOMMMYHHBIMU 3a-
ooneBanusaMu: 97 manmentoB ¢ B3K B Bospacrte
12,6 (8,3-16,1) yet, 72 pebeHKa C peLUMIUBUPYIO-
1Ie-pEMUTUPYIOIIUM paccesiHHbIM ckjiepo3oMm (PC)
B Bo3pacte 17,0 (15,7-17,8) net, 83 — ¢ ByJbrapHbim
ncopuasom (I1C) B Bozpacte 12,1 (7,8-15,8) met u 97
IeTel ¢ ayTouMMyHHBIM rermatutoM (AWTY) B Bo3pac-
te 14,3 (10,9-16,6) net. B rpynmbl ObLIM BKIIFOYEHBI
netu ¢ AW 3 ¢ pa3Hoit TsKecTblo 3a00JieBaHUSI KaK B
00OCTPEHUM, TaK U B peMHUCCUM. [pyIIITy cpaBHEHUST
coctaBwin 100 ycJI0BHO 310pOBBIX I€TEN B BO3pacTe

12,2 (10,3-17,3) nmeT, He UMEIOIINE OTKIOHCHUI OT
HOPMATUBHBIX ITIOKa3aTeJeii B CTaHOAPTHOM KIIM-
HUYECKOM U OMOXMMHUYECKOM JIaDOpPaTOPHOM MC-
cJIelloBaHUU, a TakXke IMPU OTCYTCTBUM HA MOMEHT
00CJIeIOBaHUS OCTPBIX COCTOSTHUIA, TpaBM, ayTOWM-
MYHHBIX, OHKOJIOTUYECKUX U TICUXMICCKUX 3a00I1e-
BaHUM.

WUccnenoBaHue om00OpeHO JOKAJIbHBIM STUYE-
ckum komutetoM PTAY «<HMMUILI 310poBbs neTeii»
MunsnpaBa Poccuu, mpoBeaeHO B COOTBETCTBUM C
STUYECKMMHN W HOPMATHUBHBIMM TOKYMeHTaM Poc-
cuiickoit Menepaumn. B cooTBeTcTBUM ¢ XETHCUHK-
CKOI HdeKJlapalyeil Tepen HCCIeIOBAaHUEM OBLIO
MoJy4eHO MH(MOPMUPOBAHHOE COIJIACUE POIUTEIICiH
(mns mereit maamniie 14 net) u nereii (ctapiie 14 jer)
IS Bcex obOciienoBaHHBIX Tpynn. O6pa3lbl BEHO3-
HOI KPOBU JUUISI UCCIEAOBAHMS TTOJydaIi HATOIIAK
U3 JIOKTeBOW BeHBI B Mpobupku BDVacutainer® c
antukoaryiastHtoM K,OJITA. MccnenoBanue akTHB-
HOCTU MUTOXOHIPUATbHBIX IETUIPOTeHA3 U OTIpeIe-
JneHue ypoBHs TpaHciaokauuu NF-kB BeinmonHsau B
JIeHb 3a00pa KPOBU.

AKTUBHOCTh MHTOXOHIPHAJBHBIX JETHUIPOTe-
Ha3 — cykuuHataeruaporeHasdbl (CAI') u rauuepo-
3-dochatmerugporeHassr (I'®AI) — oueHuBaIN
VUMMYHOLIMTOXUMUYECKUM MeToaoMm [2]. Merton
OCHOBaH Ha W3MEHEHMMU IIOKas3aTejeil IpaHyJsip-
HOCTM KJIETKU IO W MOCJIe TPOBEACHUS LIUTOXUMMU-
yeckoil peakumu (co cnenuduueckum cybcTpaTom
U1 Kaxkaoro epmeHTa) B IepMeaduin3upoBaH-
HBIX KJIeTKaX auMdoKoHIIeHTpaTa. dDepMeHTaTUB-
HYI0 aKTMBHOCTHb OLICHWBAIM IO OTHOIIECHUIO IO-
KazaTteass 6okoBoro csetopaccessHuss (SSC) mocie
U 10 MPOBeIeHUsI peakliui, YMHOXeHHbIM Ha 100.
AKTUBHOCTb JETMAPOTeHa3 OIpeaeisuii B clie-
IVIOIINX TIOIMYISLUSIX JNM@OLUTOB B PETHUOHE
CD45*: T-numdouutax (CD3"), B-mumdorurax
(CD19°CD3"), NK-kierkax (CD3-CD16"CD56%),

T-xennepax (CD3*CD4"), IIUTOTOKCUYECKHUX
T-mumponurax (CD3*CD8*), Thl7-nmumdonurax
(Th17, CD3*CD4"CDI161%), peryassTOpHBIX

T-knerkax (Treg, CD3"CD4*CD127Y), akTuBUpO-
BaHHbIX T-xennepax (Thact, CD3*CD4+*CD127heh),
HMccnenoBaHue BBIMOJHSJIM HA TPOTOYHBIX IIUTO-
metpax CYTOMICS FC500 u Novocyte ¢ ucnosib-
30BaHUEM MOHOKJIOHAJTbHBIX aHTUTEJ TIPOU3BOCTBA
Beckman Coulter (CIIIA). YpoBeHb TpaHCIOKAIINK
NF-kB (% xnerok ¢ tpanciokauueit NF-kB u3 nu-
TOTJIa3Mbl B SIAPO KJIETKM) OTMPEICNISIM METOIOM
MPOTOYHOU LIUTOMETPUM C Bulyanuzauuein (Amnis
ImageStreamX Mk II) ¢ mnpumeHeHueM Habopa
Amnis NF-«xB Translocation Kit (Luminex, CIIIA).
Busyanuzannio U 3alich KIJIETOK BBITTOTHSUIN TIPU
40-KpaTHOM yBEIUYECHUU U HU3KOM CKOPOCTHU ITOTO-
Ka, aHaJIM3UPOBaIM M300paKeHUsI OTACIbHBIX Kie-
TOK B XopoliieM (okyce. 151 ABOHHBIX MTO3UTUBHBIX
kietok — NF-kB*/7-AAD* no napametpy Similarity
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> 1 ompenensuiv MPOLEHT KJIETOK C TPaHCIOKaIUuen
NF-«B B nnonyasiinusx 1MM@oO1uTOB.

CTaTUCTUYECKUE pacyeThl M TMOCTPOCHHUE Tpa-
(bUKOB MPOBOIUIM C MCHOJIb30BAaHUEM IIpOTrpaM-
Mbl Statistica 13.0 (StatSoft, CIIIA). OnucaTtenbHas
CTAaTUCTHKA TIPEACTaBJIeHa B BUIEe MeAuaHBI Me
(Qq.25-Qg 75). Pazmmuma Mexny rpynmnamMu oLeHUBAIN
KputeprueM ManHa—YuTHU. CTaTUCTUUECKH JOCTO-
BepHBIMU oTInuusaAMU cuntanu rnpu p < 0,05. Uccne-
IOBaHUS B3aUMOCBSI3U MeXAy akTuBHoOCcThio CAT u
ypoBHeM TpaHciaokaluu NF-«kB B nonyasiuusix ium-
(OLIMTOB BHIIOIHSIIN C TIOMOIIBIO KOPPEISIIIUOHHO-
ro aHaJM3a.

Pe3synbTaTthl 1 00CyxaeHWe

IIpoBeneHHBIT aHaM3 AKTUBHOCTM MUWTOXOH-
NpUaTbHBIX OETUAPOreHa3 B IMOMYJSLUSIX JUMDO-
LUTOB TIOKa3asJ, 4YTO HauOoJbllIeld aKTUBHOCTHIO
CATI u TOAT obmagaroT MONYISIAN IIUTOTOKCHIC-
ckux T-amumbormToB 1 T-xeamepoB, a HAMMEHBIIIasK
aKTUBHOCTb (DepPMEHTOB BBISIBJICHA B MOIYJISIIUUA
B-numdonuToB kak y nereit ¢ A3, Tak u B rpyr1me
cpaBHeHUd (Ta6mn. 1). AktuBHocTh CAI' 1 TOAT B
NK-knerkax Bboille, yeM B B-nmumdonurax u H1xXe,
gyeM B T-mumdonutax (p < 0,01).

VYV nereit ¢ A3 BBISIBACHO 3HAUYMMOE CHIKE-
Hue aktuBHoctu CIAI' B T-numdouurtax, LUTO-
ToKcuyeckux T-nmuMmdbonutax, B-numboumurax u
NK-kiIeTkax OTHOCUTEIBHO TPYIIIBI CpaBHEHUS
(p < 0,01; Tabn. 1). ¥ mauunentos ¢ B3K BbisiBIeHO
cHmkeHnue CHI Takke B momynasuuu T-xeamepos.
AHaIM3 MajblX MOMYJSIUUA JIMMQMOIUTOB MOKa3ajl
cHuxkeHue aktupHoctu CJT B Treg u Th17 y nereit
¢ ricopuazoMm, AWUT m B3K (ta6m. 1). [TomygeHHBIC
naHHble 0 cHkeHuun aktuBHocTu CIIT cormacyror-
csa ¢ ganabiMu Chen X. o Tom, uto aedpuuur CAT
B T-KJIeTKax MOXKET BbI3bIBaTh Ae(eKThl Mpoude-
pali U BBDKMBAHUS KJICTOK, WHIYLIMPOBATH CUT-
HATypy IIPOBOCITAJIUTEILHOIO IreHa B T-KiIeTKax |
crroco0cTBOBaTh TP depeHINPOBKe 3(PPEKTOPHBIX
Thl-u Thl7-knetox [7].

Haub6oiee BeipaxkeHHoe cHinKeHre [ DT xapak-
TepHO A1 naiueHToB ¢ AUT: akTuBHOCTH hepMeHTa
OblJ1a 3HAYMMO CHIKeHa B T-auMdonmTax, IIUTO-
Tokcuueckux T-nmumdonnrax, B-mumdonuurax, NK-
KJIeTKax 1 Treg OTHOCUTENbHO TPYINbl CpaBHEHUS
(tabm. 1). ¥ mereit ¢ icoprazoM akTUBHOCTE ['DJIT
cHmkeHa TobKo B Treg (p < 0,05). s meTeii ¢ pac-
CESTHHBIM CKJIEPO30M BhIsiBIeHO cHKeHne DI B
nonynsauusax T-nmumdouuntoB, B-numdpouuToB u B
akTuBupoBaHHbIX T-xenmnepax (p < 0,01). B rpynme
nanueHToB ¢ B3K moCTOBEpHBIX pa3iuuuii mo ak-
TuBHOCTU [ DJI" OTHOCUTENTBHO TPYIIBI CPABHEHUST
He BBISBIICHO (Tab. 1).

Panee MbI mokazaiu, 4YTO ypOBEHb TPAHCIOKAIIUH
NF-«xB B nonyasiiusax AuM@OILIMTOB OTpeaesieTcs

TSDKECTBIO COCTOAHUS MalUeHTa U 3aBUCUT OT I10-
nyasaiuu kietok [1, 3]. CoctosiHue obocTpeHus 3a-
OoJeBaHMSI XapaKTepu3yeTcsl aKTWBalMeil akropa
TpaHckpunuuu NF-«kB B monyasiuusx numM@o1uTon
y aeteii ¢ AM3. MakcumaibHOE KOJIMUECTBO KIETOK
c TpaHciokauueit NF-kBy Bcex o0ciie1oBaHHBIX -
Tell BBISIBJIEHO B B-ImM@olTax u cocTaBisieT 0KO-
710 50% mony U, a HANMEHbIIee — B ITONYJISIIIAN
T-mumponuto u cyononynssuusgx CD4*T-kieTok
(Tabn. 1).

Jnsa mauueHToB ¢ AWM3, Bolueaiuux B MccjiegoBa-
HUeE, ypoBeHb TpaHcaokaunu NF-kB n3Mensicsa ot
6,0 1o 99% wu 3aBHUCEN OT MOITYISLMNA KJIETOK. BbI-
SIBJIGHO 3HAUYMMOE YBeJIMYEeHUE YPOBHS TpaHCIOKa-
uuu NF-xB B T-xennepax y Bcex aeteit ¢ AU3 oT-
HOCUTEIILHO TPYIINEI cpaBHeHUS (Tabia. 1). Y mereit ¢
AMWT 1 ricoprazoM BBISIBJIEHO 3HAYMMOE YBETUYCHUE
ypoBHd TpaHcyiokauuu NF-«B B Treg, Thact u Th17
(taba. 1). AktuBHocTh NF-kB B Treg O6bl1a moBbILIe-
Ha y JIeTeil ¢ paccesTHHBIM CKJIepo3oM, B Thact — y
nauueHToB ¢ B3K oTHOCuTeNnbHO TpyIIbl CpaBHE-
Hus (p < 0,05). [MonydyeHHble HaHHBIE TTOATBEPXK-
AT BaXKHYI poJib curHajioB NF-kB, HapymeHus
nepeaayn KOTOPBIX CIIOCOOCTBYIOT MATOTeHE3y UM-
MYHOJIOTUYECKUX HapyIICHUI NMPHU ayTOMMMYHHBIX
HapylreHusx [14].

Crenyromuii 3tann padoThl BKJIOYATI OIpeaelie-
HUE 3aBUCUMOCTU MEXIY YPOBHEM TpPaHCJIOKaLIUU
NF-kB u aKTUBHOCTbIO MUTOXOHJAPUATbHBIX AETU-
IporeHas B JuMdolmnTax y neteii ¢ A3 u B TpyIi-
ne cpaBHeHUs. B rpymre cpaBHeHUsI aHaJIUM3 MOKa-
3aJ1 0OpPaTHYIO KOPPEISILIMOHHYIO 3aBUCUMOCTb. YeM
BbIIIE YpoBeHb TpaHcaoKauuu NF-kB B monysiiusix
JuMdonuToB, TeM HiKe akTuBHOCTh CIT (r=-0,49;
p <0,001) u TOAT (r=-0,31; p=0,001). BerstBiie-
Ha aHaJoruyeckas oOpaTHas 3aBUCUMOCTb MEXIY
ypoBHeM TpaHcjaokauuu NF-kB M akTUBHOCTBIO
CAT nmns nereii ¢ PC (r = -0,65; p < 0,001), c AUT
(r=-0,63; p <0,001), c B3K (r=-0,56; p < 0,001)
u nicopuasom (r = -0,57; p < 0,001; puc. 1). 3aBucu-
MOCTb ypoBHs TpaHcsiokauuu NF-xB u aktuBHoCcTH
IT'DAT B monyasumsix TMM@OIIMTOB MeHEee BbhIpaXKe-
Ha 13-3a 00JIBIIOTO pa3dpoca moka3aTesiei.

AHanmM3 BBISIBJICHHON 3aBUCHUMOCTH  YPOBHS
tpanciaokauun NF-kB u aktuBHoctu CIAI B oTae/b-
HBIX MOMYISUIX TOKa3aJl, YTO HauboJsee 3HaYnuMble
3aBUCUMOCTU XapaKTepHbl is1 nonyiasuuitn NK-
KJIeToK U T-1uM@OLMTOB 1 3TU 3aBUCMMOCTH CIIpa-
BEIJIMBBI IS BceX rpynn namueHToB ¢ AU3. s mo-
nynsiunit NK-knerok: nmpu PC cocraBuna r = -0,58;
p < 0,001, mpu ricopuaze — r = -0,51; p < 0,001, mpu
AUT r = -0,46; p < 0,001 m npu B3K- r = -0,22;
p = 0,033. Ing nmonynsauuit T-muMbOUUTOB: TpuU
PC cocrasunar = -0,51; p < 0,001, mpu rmcoprase —
r=-0,31; p= 0,03, npu AUT' r=-0,27; p=0,049 u
npu B3K-r=-0,24; p=0,018.
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TABINLA 1. AKTUBHOCTb MUTOXOHAPWAIBHbLIX AETMAPOrEHA3 U YPOBEHb TPAHCITIOKALIUU NF-xB
B NONyNALMAX NUMPOLMUTOB Y AETEN C AYTOUMMYHHbIMU 3ABONIEBAHUSAIMM U B FPYNME CPABHEHUSA

TABLE 1. ACTIVITY OF MITOCHONDRIAL DEHYDROGENASES AND THE LEVEL OF NF-kB TRANSLOCATION IN
POPULATIONS OF LYMPHOCYTES IN CHILDREN WITH AUTOIMMUNE DISEASES AND IN THE COMPARISON GROUP

Mpynna Mcopua3s AUT B3K PC
CpaBHEHUA Psoriasis AID IBD MS
I'Ionynﬂuvm KneTokK .
. Comparison
Cell population
group (n=183) (n=98) (n=97) (n=72)
(n = 100)
AxtnBHoctb CT, ycn. ea.
Activity of SDH, c. u.
T-nMdouTsI 193 178** 175 178** 179*
T lymphocytes (184-200) (167-190) (162-187) (167-191) (163-185)
T-xennepbi 191 187 183 183** 191
T helpers (182-201) (174-192) (170-202) (174-195) (171-200)
LinTotokcuuyeckune 196 178* 168** 175* 176*
T-numdoumnTbl
Cytotoxic T lymphocytes (184-204) (163-196) (156-177) (165-190) (159-189)
B-numdoumTI 148 129* 129** 134** 130**
B lymphocytes (137-155) (122-141) (122-140) (127-144) (121-143)
NK-KneTkun 179 159* 155** 157+ 165*
NK cells (169-190) (134-184) (139-174) (145-172) (147-188)
PerynaTtopHbie T-kneTku 196 184™ 188™ 185 195
Treg (187-211) (174-196) (172-204) (174-199) (174-204)
AKTUBMpPOBaHHbIE 198 198 197 193 205
T-xennepbl
Thact (187-208) (185-206) (179-218) (183-206) (177-215)
Th17-numdouuT! 189 179* 171%* 178* 187
Th17 (178-201) (164-190) (160-193) (167-186) (162-193)
AktuBHoctb F'PMr, ycn. en.
Activity of GFDH, c. u.

T-nUMQOLMTI 168 165 156** 168 161**
T lymphocytes (156-179) (159-176) (143-165) (158-176) (132-169)
T-xenneph! 157 166 155 167 163
T helpers (146-179) (155-174) (146-166) (150-172) (134-171)
LnToTokcnueckue 166 169 150* 170 160
T-numdounTbl
Cytotoxic T lymphocytes (149-181) (161-174) (141-160) (156-179) (132-169)
B-numdoumThI 151 144 138** 148 138**
B lymphocytes (144-159) (130-157) (122-150) (136-161) (117-148)
NK-kneTku 164 166 149** 163 157
NK cells (152-174) (155-179) (132-169) (152-173) (136-175)
PerynatopHbie T-kneTku 179 175 167" 175 172
Treg (166-191 (161-185) (155-182) (157-185) (140-186)
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Tabnuuya 1 (okoH4YaHue)
Table 1 (continued)

Mpynna Mcopumas AUT B3K PC
cpaBHeHus Psoriasis AID IBD MS
Monynsauua kneTok c .
: omparison
Cell population
group (n=83) (n=98) (n=97) (n=72)
(n=100)
AKTUBUPOBaHHLIE 177 180 172 177 152**
T-xennepbl
Thact (170-196) (174-190) (158-186) (164-190) (136-175)
Th17-numcounTs 158 166 161 163 163
Th17 (153-186) (160-174) (149-180) (151-177) (131-172)
YpoBeHb TpaHcnokaumu NF-xB, %
NF-xB translocation level, %

T-numdounTbI 17,8 19 20,6** 18,7 19
T lymphocytes (16,4-21,1) (15,3-25,7) (17,3-26,5) (15,1-22,8) (15,3-27,3)
T-xennepbi 16,5 19,3** 21,2** 19,4* 19,9**
T helpers (14,0-18,4) (16,4-28,4) (17,4-28,7) (14,7-22,6) (16,7-25,7)
LinToTtokcuueckue 17,8 17,7 19,2 17 17,6
T-numdouunTbl
Cytotox|c T |ymphocytes (15,6'23,5) (13,9'23,4) (15,9-24,3) (14,1-20,7) (13,6-23,8)
B-numdouuThI 48,5 44,8 54,7 53,3 53,4
B lymphocytes (40,1-79,9) (35,4-53,5) (39,9-69,5) (41,0-70,1) (37,0-62,1)
NK-KneTku 29,8 22 33,7 27,4 26
NK cells (20,2-37,1) (19,4-36,0) (22,6-46,0) (21,4-44,9) (21,6-38,5)
PerynsatopHble T-kneTtku 19,2 24,1 26,6™ 21,4 22,3
Treg (13,5-23,5) (20,5-27,6) (20,4-35,0) (17,1-26,0) (18,6-30,9)
AKTUBUPOBAHHbIE 15,2 19,3* 19,5** 18,5* 17
T-xennepbl
Thact (14,5-16,8) (15,0-22,2) (15,1-26,1) (12,9-23,5) (13,5-25,0)
Th17-numdountsl 18,1 20,7 20,5* 20,4 21
Th17 (17,0-20,3) (16,9-29,8) (16,6-25,0) (15,6-24,0) (14,3-28,8)

Mpumeyanue. * — p < 0,05; ** — p <0,01.

Note. *, p < 0.05; **, p < 0.01.

ITomumo storo, y mauueHToB ¢ AWI BbIsiBIE-
Ha 3HauyuMasli 3aBHCHUMOCTb YPOBHSI TpaHCIOKa-
v NF-kB u aktuBHoctn CAIT mina Thl7-kieTtok
(R = -0,34), a y mauuentoB ¢ PC — B T-xenmnepax
(r =-0,33; p = 0,01) u T-IUTOTOKCHUICCKUX JIMM-
douuTtax (r = -0,5; p < 0,001). ¥ nereii ¢ B3K, no-
mumo NK-knerok n T-nmumMdouuToB, KOppeasiuus
ypoBHs TpaHciaokauuu NF-«B u aktuBHoctu CITI
nonyueHa miast Treg (r = -0,22; p = 0,04) u Thact
(r=-0,25; p=0,017). BeisiBIeHHOE B Halleil padboTe
conpsikeHue aktuBHoctn CIIT ¢ ypoBHEM TpaHc-
nokanuu NF-«kB y gereit ¢ aytrouMMyHHBIMU 32060-
JIEBAaHUSIMU C OOHOIM CTOPOHBI MOXKET CBMUACTE/b-
CTBOBaTh O BAUSHUU curHajibHoro nytu NF-xB Ha

aKTUBHOCTh MUTOXOHIPUAJIBHBIX JCTUAPOTeHas3, a C
JPYroii CTOPOHBI, BO3MOXHO, UTO M3MEHEHHUE Me-
TaboIM3Ma CIIOCOOCTBYET aKTMBALIUM CUTHAJIBHOTO
nytu NF-kB. UMMyHOMeTaboInueckue myTu MOX-
HO paccMaTpuBaTh KaK ITIOTCHIMAIbHYIO MHIICHBb
IS KOppeKUMK curHaibHoro nytu NF-kB, ¢ menbio
OpeaoTBPaAIICHUSI ayTOMMMYHHO HaIIpaBJICHHBIX
BOCHAJIMTEbHBIX Peakuii [2].

B pesynbraTe sKCIIEepMMEHTOB in Vitro ¢ Tiperia-
paToM MeTa0OJIUYECKOTO NEeWCTBUS, B COCTaB KO-
TOPOro BXONAT SIHTapHash KMCJIOTa, pubodiaaBuH
(ButamuH B2), HukotuHamun (ButamuH PP) u
MHO3UH, y maiueHToB ¢ B3K mokasaHo ero ctumy-
Jmpytoliee aeiictBue Ha aktuBHOCTh CJITT mocite 40
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PucyHok 1. 3aBucumoctb aktueHocTu CLI u ypoBHs TpaHcnokaumu NF-kB B numdoumtax y peteii ¢ ncopuasom (A),
ayTOMMMYHHbIM renatutom (B), BocnanutenbHbIMW 3a6oneBaHUAMM KuweyHuKa (B) n paccesHHbIM ckneposom (M)

Figure 1. Dependence of SDH activity and the level of NF-kB translocation in lymphocytes in children with psoriasis (A),
autoimmune hepatitis (B), inflammatory bowel disease (C), and multiple sclerosis (D)

MUHYT MHKYOAllUU 1LIEJbHOU KPOBU C (DU3MOTIOTHU-
4ecKOol 10301 Tperapara, paCCYUTaHHOW Ha KUJIO-
rpaMM Macchl Tejia MalMeHTa B mepecyere Ha O00b-
eM LUpKyJupytlolleid kpoBu. [Ipu 3ToM mojydeHO
CHUXXEHME KOJMYECTBAa KJIETOK C TpaHCIOKalUen
NF-«xB B 0CHOBHBIX MOMyIUUSIX TUMPOLIMTOB IO~
cJie uHKybaluu ¢ npenapatoM. CTeneHb akKTUBALIUU
CJII' 3aBucena OT MOMYJISIIUMU KJIETOK, HauOoabIIast
BbIsIBIeHA B nonyasauuu T-nmumdouutos — Ha 61%,
B B-mumdonmrax — Ha 30%, B NK-kieTtkax — Ha
19% oTtHOCUTENBHO MPOOLI Oe3 mpernapara MeTado-
Jinyeckoro aerctBusd. OTMEUEHO CHUXXKEHUE aKTUB-
Hoctu NF-«B Ha 14% B T-nmumdounTtax, Ha 11% B
B-numpouutax u Ha 29% — B NK-knerkax. JlaHHbBIA
¢akT Mo3BOJISIET MPEATIOJOXKUTD, YTO yJIydllas MeTa-
00I13M KJIETOK C MTOMOIIIBIO TIpernapaToB MeTaboJIu -
YecKoro AeCTBUS B YCJIOBUSIX in Vivo, BOBMOXHO Oy-
JIET CHU3UTh aKTHUBallMIo curHajibHoro nmytu NF-kB
M YMEHBIIUTh CUHTE3 TPOBOCITAJIMTEIBHBIX 1IUTO-
KuHOB [12]. OgHako naHHOe HaIpaBjieHUe TpedyeT

0oJiee neTabHOrO N3Yy4YCHUA U ITPOBECACHUA OOIT0JI-
HUTEJIbHBIX UCCJIEIOBAHUMA.

3aknoyeHmne

HccnenoBanue MeTabOJIMYECKOU aKTUBHOCTU
JuMdonuToB U curHaabHoro nmytu NF-kB no3Boisi-
eT CyAUTh 00 OOIIUX MEXaHU3MaX UMMYHOMNATOJIOTU -
YECKUX MPOIIECCOB y IeTeli C ayTOUMMYHHBIMU 3200-
JIeBAHUSIMU pa3IUIHON 3Trosiornu. Ha ocHoBaHumM
YCTAHOBJIEHHOI OOpaTHOW KOPPEJSIIMOHHOW 3aBU-
CUMOCTU ypoBHsI TpaHciaokauuu NF-xB u akTtus-
Hoctu CHAI' B nuMponmnTax MOXHO paccMaTpUBaTh
WCIOJIb30BaHNE 00JIee JOCTYITHOTO UMMYHOLIMTOXU -
MHUUYECKOTO METO/Ia B KAYeCTBE aHaJiora JJIsi OLIEHKN
aKTUBHOCTU (pakTopa TpaHckpunuuu NF-kB. W3-
Y4eHUe KOPpeKIU UMMYyHOMETa00IM3Ma UMMYHO-
KOMIIETEHTHBIX KJIETOK SIBJISIETCSI TEPCIEKTUBHBIM
HampasJieHUEM B JICYUEHUU ayTOMMMYHHBIX 3a00Je-
BaHUM.

498



2023, T. 26, No 4 NF-xB u memaboauszm aumghoyumos y demeii ¢ aQymouMmMyHHbIMU 3a0041€8AHUAMU
2023, Vol. 26, No 4 NF-xB and lymphocyte metabolism in autoimmune diseases

Cnucok nutepatypsl / References

1. Kymngosa 1., Ilerpuuyk C.B., Mypaukux H.H., Kyp6arosa O.B., Pagbiruna T.B., Xotko A.A., ViBaHos P.A.
AKTUBHOCTD sA7iepHOTO (haKTOpa TpaHCKpUNIM KB B momymanusax muMQoILuToB y feTeil ¢ ncopuasom // Bect-
HyK PI'MY, 2022. Ne 2. C. 30-38. [Kuptsova D.G., Petrichuk S.V., Murashkin N.N., Kurbatova O.V., Radygina T.V.,
Khotko A.A., Ivanow R.A. Activity of nuclear factor kB in lymphocyte populations of children with psoriasis. Vestnik
RGMU = Bulletin of Russian State Medical University, 2022, no. 2, pp. 28-35. (In Russ.)]

2. Kypb6barosa O.B., Kynunosa [I.I', 3akupos PIII., Papbirnna T.B., Moscucsan I.b., ®peitpmnu E.B., Cemn-
kuHa EJIL, Tloranmos A.C., Mypamkun H.H., ITerpmuyk C.B. IlepcrneKkTuBbl M3y4eHMs MMMYHOMETabOMN3-
Ma B KIMHUYeCKoit mpaktuke // BectHuk TalikeHTCKOM MequumMHCKO akamemmu, 2023. Ne 3 (1). C. 98-104.
[Kurbatova O.V., Kuptsova D.G., Zakirov R.Sh., Radygina T.V., Movsisyan G.B., Freidlin E.V,, Semikina E.L.,
Potapov A.S., Murashkin N.N., Petrichuk S.V. Prospects for the study of immunometabolism in clinical practice.
Vestnik Tashkentskoy meditsinskoy akademii = Bulletin of the Tashkent Medical Academy, 2023, no. 3 (1), pp. 98-104.
(In Russ.)]

3. Ilerpmuyk C.B., Pagprruna T.B., Kymmosa [I.I', Kyp6arosa O.B., Cemuxuna E.JI., Mypawkun H.H., ITo-
tanoB A.C., ®ucenko A.Il. Ouenka sddexrnBHOCTM aHTH-TNF Tepammm y fmerTeil ¢ MMMYHO3aBMCUMBIMU 3a-
6onesanusAMu 1o aktuBHOCcTH NF-kB B momymaumsax numeonntos // Poccmitckuil MMMYHOTOTUYECKUI XKYp-
Hai, 2022. T. 25, Ne 4. C. 491-498. [Petrichuk S.V,, Radygina T.V., Kuptsova D.G., Kurbatova O.V., Semikina E.L.,
Murashkin N.N., Potapov A.S., Fisenko A.P. Evaluation of anti-TNF treatment efficiency in children with
immune-dependent diseases by means of testing the NF-«kB activity in lymphocyte populations. Rossiyskiy
immunologicheskiy zhurnal = Russian Journal of Immunology, 2022, Vol. 25, no. 4, pp. 491-498. (In Russ.)]
doi: 10.46235/1028-7221-1191-EOA.

4. Andres-Ejarque R., Ale H.B., Grys K., Tosi L., Solanky S., Ainali C., Catak Z., Sreeneebus H., Saklatvala J.,
Dand N., de Rinaldis E., Chapman A., Nestle EO., Barnes M.R., Warren R.B., Reynolds N.]., Griftiths C.E.M.,
Barker J.N., Smith C.H., di Meglio P.; PSORT Consortium. Enhanced NF-«xB signaling in type-2 dendritic cells at
baseline predicts non-response to adalimumab in psoriasis. Nat. Commun., 2021, Vol. 12, no. 1, 4741. doi: 10.1038/
$41467-021-25066-9.

5.  Angajala A, Lim S., Phillips J.B., Kim J.H., Yates C., You Z., Tan M. Diverse Roles of Mitochondria in
Immune Responses: Novel Insights Into Immuno-Metabolism. Front. Immunol., 2018, Vol. 9, 1605. doi: 10.3389/
fimmu.2018.01605.

6. Chen X., Sunkel B., Wang M., Kang S., Wang T., Gnanaprakasam J.N.R., Liu L., Cassel T.A., Scott D.A,,
Muiioz-Cabello A.M., Lopez-Barneo J., Yang J., Lane A.N., Xin G., Stanton B.Z., Fan T.W.,, Wang R. Succinate
dehydrogenase/complex IT is critical for metabolic and epigenetic regulation of T cell proliferation and inflammation.
Sci. Immunol., 2022, Vol. 7, no. 70, eabm8161. doi: 10.1126/sciimmunol.abm8161.

7. Conrad N., Misra S., Verbakel J.Y., Verbeke G., Molenberghs G., Taylor PN., Mason J., Sattar N,
McMurray J.J.V., McInnes 1.B., Khunti K., Cambridge G. Incidence, prevalence, and co-occurrence of autoimmune
disorders over time and by age, sex, and socioeconomic status: a population-based cohort study of 22 million
individuals in the UK. Lancet, 2023, Vol. 401, no. 10391, pp. 1878-1890.

8. Tacobazzi D., Convertini P, Todisco S., Santarsiero A., Jacobazzi V., Infantino V. New insights into NF-kB
signaling in innate immunity: focus on immunometabolic crosstalks. Biology (Basel), 2023, Vol. 12, no. 6, 776.
doi: 10.3390/biology12060776.

9. Kedia-Mehta N., Finlay D.K. Competition for nutrients and its role in controlling immune responses. Nat.
Commun., 2019, Vol. 10, no. 1, 2123. doi: 10.1038/s41467-019-10015-4.

10. MaR, Ji T, Zhang H., Dong W., Chen X., Xu P,, Chen D., Liang X., Yin X., Liu Y., Ma J., Tang K., Zhang Y.,
Peng Y., Lu J., Zhang Y., Qin X., Cao X., Wan Y., Huang B. A Pckl-directed glycogen metabolic program regulates
formation and maintenance of memory CD8* T cells. Nat. Cell Biol., 2018, Vol. 20, no. 1, pp. 21-27.

11. Pucino V., Guma M. Editorial: The role of immunometabolism in autoimmune mediated and
autoinflammatory disorders. Front. Immunol., 2022, Vol. 13, 969939. doi: 10.3389/fimmu.2022.969939.

12. Rothschild D.E., McDaniel D.K., Ringel-Scaia V.M., Allen I.C. Modulating inflammation through the
negative regulation of NF-«B signaling. J. Leukoc. Biol., 2018, 10.1002/JLB.3MIR0817-346RRR. d0i:10.1002/
JLB.3MIR0817-346RRR.

13. Sharfe N., Dalal I., Naghdi Z., Lefaudeux D., Vong L., Dadi H., Navarro H., Tasher D., Ovadia A., Zangen T.,
Ater D., Ngan B., Hoffmann A., Roifman C.M. NF«B pathway dysregulation due to reduced RelB expression leads
to severe autoimmune disorders and declining immunity. J. Autoimmun., 2023, Vol. 137, 102946. doi:10.1016/j.
jaut.2022.102946.

14. SunS.C., ChangJ.H,, Jin J. Regulation of nuclear factor-kB in autoimmunity. Trends Immunol., 2013, Vol. 34,
no. 6, pp. 282-289.

15. van den Bossche J., Horng T., Ryan D.G. Immunometabolism at the basis of health and disease; an editorial.
Biochim. Biophys. Acta Mol. Basis Dis., 2023, Vol. 1869, no. 6, 166715. doi: 10.1016/j.bbadis.2023.166715.

499



Kypbamosa O.B. u dp.
Kurbatova O.V. et al.

Poccuiickuit ummynonoecuueckuii scypnan

Russian Journal of Immunology/Rossiyskiy Immunologicheskiy Zhurnal

ABTOpBI:

Kypoamoea O.B. — k.M.H., cmapuiuii Hay4Hblil COMPYOHUK,
3a6edyrouas 1ab6opamopull 3K CnepuMeHmanbHoll
ummyrnonoeuu u supyconroeuu OIrAY « Hayuonanvholii
MeOQUUUHCKULL UCCAe008AMENbCKULL UeHMD 300p06bs Oemell»
Munucmepcmea 30pasooxpanenus P®O, Mockea, Poccus

Paodvieuna T.B. — k.m.H., cmapuiuii HaAY4HbLl COMPYOHUK
snabopamopuu SKCnepUMeHmMAanbHOl UMMYHOA0UU U
supyconoeuu OIAY « Hayuonanvhuiii meduyuncrkuii
uccnedosamenvbCkuil yeHmp 300poévs demeil»
Munucmepcmea 30pasooxpanenus P®O, Mockea, Poccus

Kynuoea JI.I. — maadwuii HayuHblii compyoHUK, 8pay-
KAUHUYECKOU 1ab0pamopHoOil OUa2HOCMUKU 1abopamopuu
IKCHEPUMEHMANbHOU UMMYHOA02UU U gupyconroeuu DIAY
«HauuonanvHwlit MeOUUUHCKULL UCCAC008AMENbCKULL USHM]
300p06bs demell» Munucmepcmea 3opasooxpanerus: PO,
Mockea, Poccus

Ilempuuyk C.B. — 0.6.H., npogheccop, enaéHblil HAYYHbLIL
compyOHUK 1a00pamopuu 5KCHepuUMeHmatbHoll
ummyHonoeuu u eupyconroeuu OIAY « Hayuonanvhuolii
MeOUUUHCKULL UCCAe008AMENbCKULL UeHmP 300D06bs Oemell»
Munucmepcmea 30pasooxpanenus P®, Mockea, Poccus

Moecucan I'b. — k.Mm.H., cmapuiuii Hay4Hbli COMPYOHUK
nabopamopuu pedKux HacaeodcmeeHHbIX 00ae3Hell, 8pay-
2acmposHmMePoN02 2ACMPOIHMEPONOUHECK020 OMOeNeHUs
¢ eenamonoeuteckoil epynnoii @IAY « Hayuonanwvhbiii
MeOUUUHCKULL UCCAe008AMENbCKULL UeHmP 300p06bs Oemell»
Munucmepcmea 3opasooxpanenus PO, Mockea, Poccus

TTomanoe A.C. — 0.m.H., npogheccop, enashblii

HAay4Hblll COMPYOHUK 1A60paAmMopuu HayHHbIX OCHO8
demckoli eacmposumeposoeul U 2enamonoeul,
3a6edyrouull 2acmpoIHMepPoNoU1ecKUM omoeneHuem

¢ eenamosnoeuueckoil epynnoii PIAY « Hayuonanwvhbiii
MeOQUUUHCKULL UCCAe008aMeNbCKULL UeHmP 300p08bs Demell»
Munucmepcmea 30pasooxpanenusi P®; npogheccop kagpedpbt
neduampuu u demckolii peemamonoeuu PIrA0Y BO
«llepsvtit Mockoseckuii eocyoapcmeenHblii MeOUUUHCKUILL
yuusepcumem umenu M. M. Ceuenosa» Munucmepcmea
3dpasooxpanenus PO (Ceuenosckuil ynueepcumem,),
Mockea, Poccus

Mypawrun H.H. — 0.m.1H., 3a6edyrouuii omoeneHuem
depmamonoauu ¢ epynnoil Aa3epHotl Xupypeuu, 3a6e0yiouui
Aabopamopueti namoao2uY Koxcu 'y oemeii omaoena Hay4Hbix
uccnedoganuii 6 neduampuu PIrAY « Hayuonanvhorii
MeOQUUUHCKULL UCCAe008aMeNbCKULL UeHmP 300p08bs Oemell»
Munucmepcmea 30pasooxpanenust PO; npogeccop kaghedpoi
depmamoseneponocuu u kocmemonoeuu PI'bY JI110
«Ilenmpanvras eocydapcmeerHnas MeOUYUHCKAsl AKA0eMUst>
VYnpasnenus denamu [lpezudenma; npogheccop xagheopot
neduampuu u demckoil peesmamonocuu PIrA0Y BO
«Ilepsuiit Mockoeckuii eocydapcmeeHHblil MeOUUUHCKUL
yuusepcumem umenu M. M. Ceuenosa» Munucmepcmea
30pasooxpanenuss PO (Ceuenosckuil yrueepcumem),
Mockesa, Poccus

A60yaaaeea JI. M. — maadwiuii Hayutslii COmpyOHUK
nabopamopuu pedKux HacaedcmeeHHbiX boie3Hell y
demeil Meduko-eenemuueckoeo ueHmpa, 8pa1-Hegposoe
omaoeneHuUs: NCUXOHeBPON0UU U NCUXOCOMAMUUECKOL
namonoeuu OIAY « Hayuonanvhwiii meouyurckuil
uccnedosamenvbCkuil yeHmp 300poévs demeil»
Murnucmepcmea 30pasooxpanenus P®O, Mockea, Poccus

Ducenxo A.Il. — 0.m.1, npogeccop, dupexmop PIAY
«Hayuonanvhuiii meduyunckuil uccredosamenvckuii yeHmp
300poebs demeir> Munucmepcmea 30pasooxpanenus PD,
Mockea, Poccus

Authors:

Kurbatova O.V., PhD (Medicine), Senior Research Associate,
Laboratory of Experimental Immunology and Virology,
National Medical Research Center for Children’s Health,
Moscow, Russian Federation

Radygina T.V., PhD (Medicine), Senior Research Associate,
Laboratory of Experimental Immunology and Virology,
National Medical Research Center for Children’s Health,
Moscow, Russian Federation

Kuptsova D.G., Junior Research Associate, Clinical Laboratory
Doctor, Laboratory of Experimental Immunology and Virology,
National Medical Research Center for Children’s Health,
Moscow, Russian Federation

Petrichuk S.V., PhD, MD (Biology), Professor, Chief Research
Associate, Laboratory of Experimental Immunology and
Virology, National Medical Research Center for Children’s
Health, Moscow, Russian Federation

Movsisyan G.B., PhD (Medicine), Senior Research Associate,
Laboratory of Rare Hereditary Diseases, Gastroenterologist of
the Gastroenterology Department with the Hepatological Group,
National Medical Research Center for Children’s Health,
Moscow, Russian Federation

Potapov A.S., PhD, MD (Medicine), Professor, Chief
Scientist, Laboratory of Scientific Foundations of Pediatric
Gastroenterology and Hepatology, Head, Gastroenterology
Department with Hepatology Group, National Medical
Research Center for Children’s Health; Professor, Department
of Pediatrics and Pediatric Rheumatology, I. Sechenov First
Moscow State Medical University (Sechenov University),
Moscow, Russian Federation

Murashkin N.N., PhD, MD (Medicine), Head, Department
of Dermatology with the Laser Surgery Group, Head

of the Laboratory of Skin Pathology in Children at the
Department of Pediatric Research, National Medical

Research Center for Children’s Health; Professor, Department
of Dermatovenerology and Cosmetology, Central State Medical
Academy of Department of Presidential Affairs; Professor,
Department of Pediatrics and Pediatric Rheumatology,

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

Abdullaeva L.M., Junior Research Associate, Laboratory

of Rare Hereditary Diseases in Children of the Medical Genetic
Center; Neurologist, Department of Psychoneurology and
Psychosomatic Pathology, National Medical Research Center
Jfor Children’s Health, Moscow, Russia

Fisenko A.P., PhD, MD (Medicine), Professor, Head,
National Medical Research Center for Children’s Health,
Moscow, Russian Federation

Tlocmynuaa 09.07.2023
Ilpunama k newamu 12.07.2023

Received 09.07.2023
Accepted 12.07.2023

500



