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Pe3lome

NFKB1 — npoAyKT OJHOMMEHHOI 0 reHa — TPaHC-
KPUIILIMOHHBIA ()aKTOp, PeryavpyroLIui KCIpec-
KOZIUPYIOLUX IIMPOKUI
CTIeKTp OE/IKOB C Ba)KHBIMU /TSI PYHKI[MOHUPOBA-
HUSI OpraHr3Ma CBOWCTBaMH. MHOTOUHC/IeHHBIMU
WCC/IeJOBaHUSMH TIOATBEP)KAAeTCS BKJIAZ, TIOJH-
Mopdu3ma reHa NFKBI B mIpoI[eCcChl afianiTaliii K
K/IMMaToreorpauyeckiM YCIOBHSIM, 3allUTy OT
VMH(EeKLIMOHHBIX areHTOB, a TaK)Ke MaToreHe3 MHO-
roakTopHbIX 3abosieBaHui. B MaTtepranax cratbu
00600111at0TCsT pe3y/bTaThl OMyOIMKOBAHHBIX TIOMY-
JISILIMOHHO-TeHeTHUe CKUX Y KOTOPTHBIX MCCIeN0Ba-
Hul B oTHOLLeHUU reHa NFKBI. CBofiHbIe JaHHbIe
0 uyactoTtax anneneii reHa NFKBI (rs28362491,
1s230521, rs4648068, rs3774937, rs3774959) y
Hacenenus: EBporbl, Adpuku, FOxxHol 1 Bocrou-
HoWi A3suu, Amepuku, Boctoka Poccuu u Cubu-
pu (MO JAHHBIM OTKPBITHIX 0a3 JAaHHBIX TPOEKTOB
1000 Genomes u Siberian) WUTFOCTPUPYIOT BhIpa-
JKEHHYI0 TeHeTHueckyr AuddepeHLALI0 MU-
POBBIX TOMY/ISALMI 0 MOJTUMOP(HBIM BapHaHTam
NFKBI, uro KOCBEHHO IOATBEp)KJaeT UX CeJeK-
TUBHYIO POJib. 3HAUYMMOCTh BBILlIEe TIepeUrCIeHHbIX
TTOJIMMOPGU3MOB B 3THOJIOTUM U TIaTOTeHe3e psi-
Jla COIManbHO-3HAUMMBIX HO30/I0TMYecKuX (Hopm
M3yyeHa Ha OCHOBe aHa/M3a MaTepuasioB CTaTel,
pa3MelljeHHbIX Ha miatdgopme NCBI 3a mepuog
2008-2021rr. B pe3synbTare AeKOHCTPYKLMU [aH-
HBIX JIUTepaTypbl YCTAHOB/IEHO, UTO HW3MeHeHHs
cTpyKTyphI ripomotopa (del) u uaTpoHoB (SNP-mo-
JMMOpP(HU3M) CIIOCOOHBI MOAMGMUIIMPOBATH AKTHB-
HOCTb TPaHCKPHITLMOHHOTO (aktopa NFKB1 ue-

CHI0 TeHOB-MUIIEHEH s

pe3 u3MeHeHye KCIPecCHy reHa U aKTHBHOCTH €ro
npoaykra. [laHHbIe nUTepaTypbl (OPMHUPYIOT He-
O/IHO3HAUHYIO KapTWHY accolyauuii mosmmMopd-
HbIX BapuaHTOB reHa NFKBI1 c OHKO/JIOTMueCKUMHA
(paK SIMUHMKOB, >KeJly/jKa, MOJIOUHOM >Kesle3bl, MO-
YeBOTO ITy3bIpsi, KOJIOpEeKTaIbHBIA pakK, JmMdoMa
XOoMKKMHa, MejlaHOMa), CepzedHO-COCYIUCTBIMU
(Miempyeckasi 60me3Hb CepALa, OCTPbIA KOpOHap-
HBII CHH/IPOM, HH(APKT MUOKApAa, BaprKo3Hasi 60-
JIe3Hb), ayTOMMMYHHBIMU 1 XpPOHWYeCKUMH BOCTIa-
JITeNbHBIMU 3a0071eBaHUSIMU (0)KHPEHUe, XPOHU-
YECKHUM TeraTuT, peBMAaTOU/HbIA apTpuT, 00Je3Hb
bexuera, 1icopras, peakuuM OCTPOTrO BOCHaIeHUs
Ha TpaHCruiaHTaT). HeojHO3HaUHOCTE yCTaHOB/EH-
HBIX aCCOLIMATHBHBIX CBSI3ei MOXKeT ObITh 00yCIoB-
JieHa MOAV(ULIMPYIOLIUM B/IUSHUEM 3THUYeCKUX U
TOMY/ISILIMOHHBIX 0COOEHHOCTEH, a TakKe HMHTEeH-
CUBHOCTBIO BO3ZI€HCTBUS (PrIOTOreHHbIX (haKTOPOB.
TeM He MeHee, ITyO/TMKyeMble B MaTeprajiax CTaTby
copMHUPOBaHHBIE CBO/IHBIE JaHHBIE U 000OIIEHHS
MOryT OBbITH MCITO/IL30BaHbI TIPY pa3paboTKe CTpa-
Teruy (PyH/JaMeHTa/lbHbIX U CKPUHUHIOBBIX HC-
C/le;loBaHUH B KOHTEKCTe 3THOJIOTMH Y NaToreHesa
MHOTO(aKTOPHbIX 60JIe3HEH.

KnroueBble coBa: TeHeTUYeCKHH TIOHMMOP-
¢m3m, dakrope!l TpaHckpury, NFKBI, mHOro-
(bakTopHBIe 3a00/1€BaHs1, BOCIIA/IeHHe, OHKOTEHe3.
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Abstract

NFKB1 — a product of the same-name gene —
is a transcription factor that regulates the expres-
sion of target genes which encode a wide range
of proteins with properties essential for function-
ing of the body. Numerous studies confirmed the
NFKBI gene's contribution of the polymorphism
to the processes of adaptation to climatic and geo-
graphical conditions, protection from infectious
agents, as well as the pathogenesis of multifactori-
al diseases. In the materials supplied with the arti-
cle is a summary of the results of published popu-
lation-genetic and cohort studies of NFKBI1. Sum-
mary data on the requencies of NFKBI1 gene alleles
(rs28362491, rs230521, rs4648068, rs3774937,
rs3774959) in the population of Europe, Africa,
South and East Asia, America, Eastern Russia and
Siberia (according to the open databases from 1000
Genomes and Siberian projects) illustrates the pro-
nounced genetic differentiation of world popula-
tions by polymorphic variants of NFKB1, which
indirectly confirms their selective role. The signifi-
cance of the aforementioned polymorphisms in the
etiology and pathogenesis in a number of socially
significant nosological forms was studied accord-
ing to an analysis of materials from articles posted
on NCBI platform from 2008 to 2021. As a result
of deconstructing the data, it was found that chang-
es in the structure of the promoter (del) and introns
(SNP polymorphism) are able to modify the activ-

ity of the transcription factor NFKB1, through a
change in the expression of the gene and the ac-
tivity of its product. This information forms an
ambiguous picture of associations of the NFKBI
gene polymorphic variants with oncological (ovar-
ian, stomach, breast, bladder, colorectal cancer,
Hodgkin's lymphoma, melanoma), cardiovascular
(coronary heart disease, acute coronary syndrome,
myocardial infarction, varicose veins), autoim-
mune and chronic inflammatory diseases (obesi-
ty, chronic hepatitis, rheumatoid arthritis, Behcet's
disease, psoriasis, acute inflammatory reactions to
the graft). Ambiguity of the established associative
relations could be due to the modifying influence
of ethnic and population characteristics, as well as
intensity of the influence of phlogogenic factors.
Nevertheless, the summarized data and generaliza-
tions published in the materials of the article can
be used in development of a strategy for basic and
screening studies in context of the etiology and
pathogenesis of multifactorial diseases.

Keywords: genetic polymorphism, transcrip-
tion factors, NFKBI1, multifactorial diseases, in-
flammation, oncogenesis.
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Ta6bnuua 1.

IhheKTbl AKTUBM-
poBaHHOro hakTopa
NFKB

Table 1.

Effects of an activated
factor NFKB

BBepeHue

Pa3BuTHE COBPEMEHHON MeAUIUHbBI TPeOyeT pas3-
PabOTKK METO/OB JIeUeHuUs U MPO(UIaKTHKK 3a00-
JIeBaHWH, 0CHOBaHHBIX Ha MHTerPaL{X pe3y/bTaToB
TeHOMUKH, TTPOTEOMHUKH, MeTaboIOMUKN ¥ OUOWH-
(hopMaTHKH, UTO TO3BOJIUT 3HAUMTEILHO CHU3WTH
TpUMeHeHHe CUMITTOMaTH4eCcKOro jieueHUs, KOTo-
poe He B/MsieT Ha TIPUYMHBI U MEXaHW3MbI Pa3BUTHS
TIaTOJIOTHH, HO TIPY 9TOM SIBJISIETCST B&XKHOM YaCThIO
Tepanuy. BHeZpeHWe B TIPAKTHUKY TMPOTIe/I€BTHKU
Y Teparuy MeTOZI0B, OCHOBAHHBIX Ha 3HaHWHU MO-
JIEKy/ISIPHO-TEHeTHUEeCKUX MeXaHHU3MOB 3aboJieBa-
HWUsI, T103BOJISIET YCTPAHUTh WK UHTMOUPOBATh ITH-
osoruyeckrie (HakTOpBI TaTOTeHe3a, a TaKkKe Tep-
COHM(HULIMPOBATH KOMIUTEKC ()apMaKOKOPPeKIN 1
(hapmakoripeBeHu [1]. B HacTosiiee Bpems 3Ha-
YUTe/IbHOe BHUMaHHe yJessieTcsl U3yYeHUI0 TeHe-
TUUECKUX TI0MMOP(U3MOB KaK INPeIMKTOPOB pas-
BUTUSI MHOTO(AKTOPHBIX 3a00/I€BaHUM, MPU 3TOM
HarboJ1ee MepCreKTUBHBIM SIB/ISIETCS UCCI/Ie/JOBAHUE
TPaHCKPHUILIMOHHBIX (PaKTOPOB, YYaCTBYIOIMX B
9KCIPECCHU Psifia TeHOB, MPOAYKTHI KOTOPBIX Pery-
JIMPYIOT Pa3BUTHe BOCIA/eHHs, MeTab0IMUeCcKOro
CUHZIpOMa, OaslaHC aKTWBHOCTH TPOOKCHAHTHBIX
Y aHTHOKCUJAHTHBIX CHCTEM, KJIeTOUHBIA LUK U
aronros [2,3].

B martoreHe3e MHOTO(AKTOPHBIX 3abo/eBaHUI
(M®3) Bepy1ias pob NPUHAAIEKUT BOCHAIUTE -
HbIM mpolieccaM HHGEeKIMOHHOW U HeHUHGbeKIU-
OHHOMW STHOJIOTMH, B WHAYKIMM KOTOPBIX KITHOUe-
BOe 3HaueHHe MMeeT TPAHCKPUIILIMOHHBIN (aKTop
NFKB1. BapraGenbHOCTE MHMBUYaIbHOU UyB-
CTBUTENBHOCTH OpraHM3Ma K Bo3szeicTBuio (ho-
TOreHHBIX (DaKTOPOB OTIpefienisieT HeoOXOAUMOCTb
paccmatpuBath 3dextel NFKB1 B cBsizu ¢ nmomu-
Mop¢u3momM reHa. e 0630pa — aHaMM3 JJAHHBIX
JIUTEPaTyphl 110 U3YUEHUIO POJTU Pa3/IUuHbIX Bapu-
aHTOB ajuUlesiel, a TakkKe UX COUeTAHUM B Pa3BUTHU
LIMPOKO PacMpOCTPaHEeHHBIX 3a001eBaHHUH.

I'enbi-mumenn NFKB

«Nuclear factor kappa-light-chain-en-hancer
of activated B cells» (NFKB) — 370 meliorporn-

F'eHbI-MuLLIEHN

NHayumnpyemblie npouecchbl

HbII (PaKTOp TPAHCKPUIILIMK, B HEAKTUBHOM CO-
CTOSTHUU COJIePIKaIlIAACs B LIUTOIIa3Me, TIPY aKTHh-
Bal[MM NepeMellaroluics B 14p0. AKTUBUPOBaH-
Hbili NFKB KoopAMHUpYeT YpOBeHb 3KCIIpeCcCuu
60JIBILIOTO YKC/Ia TeHOB, PeTYIUPYIOLIUX IPOLiec-
Chbl K/JIeTOYHOTO I[MKJ/a, BOCIa/JeHUs,, UMMYHHOTO
OTBeTa, KaHljeporeHe3a (Tadsmua 1).
Casi3piBaHMe MoBepxHOCTHBIX TOLL-1og00HbIX
petteritopoB (TLR) co creruduyecKuMu LUATO-
30/IbHBIMA M BHYTPHUK/IETOUHLIMU a/lalITePHBIMU
6enkamu nHUIMUpYeT akTiBauyio NFKB, Haxops-
ierocst B komruiekce ¢ uranbutopom IkB. B pe-
3ysbTate GochopUIMpoOBaHUsT HHIMOUTOpPA 0CBO-
60 eHnbI NFKB HarpaBisieTcsi B 1jpo, UHULU-
WpYy$ TPAHCKPUIILIUIO TeHOB, NPOAYKTaMU KOTOPbIX
SIBJISIFOTCS, B TOM UMCJIe, IPOBOCHA/IUTe/TbHbIE 1IH-
TokuHbl IL-1, IL-6, TNF-a [4,5]. TNF-a akTuBu-
pyeT Kacka/j peakLiii 0CTPOro BoCIajieHus B COCY-
[IUCTOU CTeHKe, B pe3y/IibTaTe Uero B SH/[0Te/Iab-
HBIX K/IeTKaX 3aIlyCKaeTcsl CHHTe3 XeMOKWHOB 1L.-8
u MCP-1 v monekyn agresuu ICAM-1, VCAM-1,
E-cenekTriHa, MOOWIU3YIOLIUX MOHOLIUTBI, JIMM-
(oruTel ¥ HeUTpobhUIbl B Ouare TOBPEXIeHUs
TKaHu [5,6]. AkTuBauus curdanbHoro nyti NFKB
3arycKaeT KacKaJ, peakiuii KJIeTOUHOTO UMMYHH-
TeTa, Peryavupys MPOAYKIUIO psiia MOJIEKY/l VM-
MyHHOro otBeta: xeMoknHa RANTES, cekpetupy-
emoro T-nmumdormramu, MIP-1a — Gesika Makpo-
(baroB, aktuBupyolero akropa B-nmumpormron
BAFF [7]. Bo3zgeiicteue NFKB Ha BbDKHBae-
MOCTb KJIETOK MOXKET ObITh MTPOTUBOIOIOKHO Ha-
TpaBjieHHbIM: AaKTWBHasi (opMa TPaHCKPUIILIU-
OHHOTO (haKTOpPa MOXKET MHUIMHMPOBATh IKCIIPeC-
CHIO KaK IMpoanonTo3Hbix reHoB Fas/CDY95, FasL,
TRAIL, Ttax ¥ aHTUanonTo3Heix Bcl-2, IAP,
FLIP [8]. IBOCTBEHHOCTb (YHKL[MOHUPOBAHUS
NFKB ycraHoBfieHa ¥ TIpU B3aUMOJEUCTBUH
nipefmectBeHHUKoM  (proBDNF)  u
HeIroCpe/[CTBEHHO C CaMHUM HeHpOoTpodHyeCcKUM
¢dakTopom rosmoBHoro Mmosra (BDNF) [9].
Monexkyna proBDNF unHunuvpyer MexaHU3Mbl
dhocdopummpoBanss ¥ yOMKBUHTUPOBAHMUS, UTO

ero C

CCbINKa Ha UCTOYHUK

The targets genes Triggered process Source link
IL-1, IL-6, TNF-a BOCManeHune [4, 5]
IL-8, MCP-1, ICAM-1, VCAM-1, SELE MO6UAMU3aLMA MPOBOCNANUTESbHbIX [5, 6]
KNeToK

BAFF, MIP-1a, RANTES NMMYHHbIA OTBET [7]
Fas/CD95, FasL, TRAIL anonTos3 [8]
Bcl-2, IAP, FLIP aHTManonTo3 [8]

BDNF OKCMAATMBHbIN CTpecc [9,10]

CCND1, CCNET, INK nponudepauns [11,12]
CCND1, Bcl-XL, IAP KaHueporeHes [13]
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npuBoguT K axktuBauuu NFKB u npoueccos
ariomTo3a, C OJHON CTOPOHBI, C APYrod — cam
snepHbI  (aKTOp TPAHKCPWIILMKA  peryJavpyer
ypoBeHb 3kKcrnpeccur BDNF, 3amnyckaroriero
KacKaJ, peakLWil aHTUOKCHJAHTHON  3allUThl
K/IeToK TrojioBHoro mo3ra [10]. HeogHo3HauHa
ponb NFKB u B miporjeccax nponudepauu, 13-
BECTHO, UTO OH MHHULMMPYET KCIIPeCCHIO LIUK/IH-
HOoB D1 u E u unrunbupyetr GADD45, perynupys
niepexoy, ¢a3 KnetouHoro yukna G1 B S u apecr
G2/M. Hapsily C 3TUM yCTaHOBJIEHa €ro MHruou-
pytomiast ponb B otHoieHud JNK, sprstorefics
OHUM U3 K/IHOUeBBIX (DaKTOpPOB Tposudeparuu
[11,12]. fIBAsiAch peryasiTOpoM TIPOLIECCOB JKHU3-
HeJlesATe/IbHOCTH KJIeTKH, TOCPeJCTBOM BIHSHUS
Ha 3KCITPeCCHIO TeHOB, BOBI€UEHHBIX B MponHde-
paLuto, aronTo3 U aHTUAaronTo3, pasBUTHe BOCHa-
nenusi, NFKB BbicTymnaeT Kak ofiH U3 (akKTOpOB,
00yC/IaB/IMBaKOLUX HEOIUIaCTHYeCKHe TIPOLIeCChI
B TKaHsx [13].

IonysAI{HOHHBIE YACTOTHI TMOJIMMOP(HBIX
BapuaHToB reHa NFKB1

CewmeiicTBo dakTopoB TpaHckpuniuu NFKB/
Rel nipescraBneHo nsateio 6enkamu: p65 (RELA),
RelB, c-Rel (Rel), p50 (ero rmpepiiecTBeHHUK
pl05) (NFKB1) u p52 (ero mpepiiecTBeHHUK
p100) (NFKB2) [14]. Bce 6eku JaHHOTO CeMeli-
cTBa (DYHKLIMOHUDYIOT B TOMO- /KOO B Te€TepOAu-
MepHOM COCTOSIHUSIX. OCHOBHBIM TeTepoiJUMepoM,
cogiepyKalMCcst TIOUTH BO BCeX KJleTKax OpraHu3s-
Ma, siBisietTcsi p50-p65 [15]. MakcuManbHbIN ypo-
BeHb 3Kcrpeccud NFKBI1 xapakTepeH [/s1 LieH-
TPanbHBIX W TeprdepruuecKuX OpPraHOB WMMYH-
HOM CHUCTeMBl, a MHHUMAaJbHbI OTMeYaeTcsi B
TOJIOBHOM MO3re, C/IFOHHBIX JKejle3ax U TOpKeny-
JIouHOM Kene3e [16].

ITo gaHHBIM reHoMHOro obo3peBaresisi NCBI,
B reHe NFKBI 3apeructpupoBaHo 27987 Bapua-
Oe/TbHBIX HYK/IEOTHIHBIX TOC/Ie/[0BaTeTbHOCTEH.
BonbIIMHCTBO M3 HUX UMEIOT HEBBICOKYIO YaCTOTY
(MeHee 1%), a 3HAUUT, C TIO3UL[MI TIOMY/SLIMOHHOU
TeHeTHKU CUMTarTCs MyTauusMu. OJHako Heko-
Topble (rs28362491, rs230521, rs4648068, rs3774
937, rs3774959) BCTpeUaroTCs B MOMY/ISALUSIX Ue-
JIOBEKa C 4aCTOTaMH, MO3BOJISIOLIMMY CUATATh UX
MOMMOP(HBIMUA BapUaHTaMu (Tad/Iua 2).

[To gannbeM npoekTa «1000 Genomes» uyacTo-
Tol a/uieneii C u G monumopdusma rs230521 B
Pa3/IMUHbIX MOMY/ISALMAX BapbUPYIOT, MPH 3TOM
npeikoBbIi annenb C, Kak IMMPaBWIO, BCTpedaeT-
csi ¢ Ooslee HU3KOM YaCTOTOM OTHOCHTETBHO aib-
TepHaTUBHOro BapuaHTa G. [Jfs poCCHUICKUX MO-
MyJISILUN, COIVIaCHO [aHHBIM TIpoekTa «Siberia»,

nons aynensi C comocTaBUMa C TaKOBOU y Hacere-
nusi FOxkHoM Asuu. VccnenoBaHus TIOMY/ISLIMOH-
HBIX 4acToT rs4648068 cBueTeNbCTBYIOT O 3Ha-
YUTebHOM BKJ/aJie TIPeAKOBOro anjens A Bo Bcex
TIOMY/ISILUSAX M3Y4YeHHBIX MUPOBBIX DErMOHOB, C
MakCUMyMOM y HaceneHuss Adpuku u HOxHOI
A3zuu («1000 Genomes»). s monumopgdusma
rs28362491 MakCUMyM MHCEPLIMOHHOTO BapyaHTa
oTMeuaeTcs B nonyasanuax FOxkHol n BocrouHoit
A3um, a MUHUMYM — y HacesneHuss Adpuku. Ya-
CTOTHI aJijiesiell 1o JaHHOMY MOaMMOp(U3My /st
POCCHICKUX TIOMYJISALUI OTCYTCTBYIOT. UTO Kaca-
eTcs monumopdusma rs3774937, To pacmpocTpa-
HEHHOCTH asiiesnisi T BappUpyeT B IITUPOKUX TIpeie-
nax: ot 0,573 B monynsauusax Amepuku 1o 0,975
y adpuikaHieB. Pazmax BapHaljiii 4acTOT MpeJKo-
Boro amnens G rs3774959 Haxonurcs B Tipefiesiax
ot 0,543 y Hacenenusi Amepuku u go 0,777 B ad-
PUKAHCKUX TIOMY/SALUAX. B poccHiiCKUX TOMysisi-
LUsSIX, BK/IFOUAs CUOMPCKUE, YaCTOThbl TPEIKOBBIX
arutesiett momMopdu3MoB rs3774937 v rs3774959
0 /IaHHBIM TIpoekTa Siberia oxuHakoBs! (0,240),
O[JHAKO MaJIOYMC/EHHOCTb Tpe/CTaB/leHHbIX BbI-
OOpOK He TI03BOJISIET CUMTATh TU JlJaHHBIE perpe-
3eHTaTHBHBIMHU.

Acconmanun mosmmmopgusmoB resa NFKB1
cM®3

Amnanu3 ny6/MKalMOHHONW aKTUBHOCTH TIO MTPO-
O/1eMaTHKe CTaTbU JIeMOHCTPUPYeET CTabM/IbHO BbI-
COKWH UHTepec K mnpobneme Bkiaja rena NFKBI
U ero MpOAYKTOB B 3THOJIOTHIO U TaTOreHe3 pas-
JUUHBbIX 3aboseBaHuii. OTMETUM, UTO, HECMOTpS
Ha UHTeHCHUBHBIe UCCJIe/JOBAHNS, BOMPOCHI O BK/Ia-
Zle pa3/UuHbIX TOJMMOPGHLIX BapUaHTOB TeHa
NFKBI1 B pa3BuTHe MNaTO/0TAYeCKUX TPOLIeCCOB,
CBSI3aHHBIX C HapylleHHueM KOHTDOJIsl KJIeTOYHOTO
LIMKJIa, ariornTo3a, BOCIMaJeHHeM WHQeKI[MOHHON
1 HerH(MEeKIIMOHHOW TIPUPO/IBI [0 CUX TIOp He pe-
IIeHBI B MOTHOM 00beMe. MIH(OpMaIMOHHBIH MO~
WCK MaTepuasioB, TIpe/ICTaB/IeHHbIX Ha TuiaTthop-
mMe NCBI, BbisiBua 58 mybnukaruii, B TOM 4nciie
TIOATBEP)K/JAl0IIMX acCOLMALMU TTOJMMOP(U3MOB
rs28362491, rs230521, rs4648068, rs3774937,
rs3774959 c passutuem M®3. B Tabauye 3 npu-
Be/leHbI TOJIbKO pe3y/bTaThl TeX UCCe[0BaHUM, B
KOTOpBIX yCTaHOBJIEHHbIe acCOLMaLUM CTaTUCTU-
YeCKU 3HaYUMBI.

Accoyuayuu ¢ oHKono2uueckumu 3aboneeaHu-
samu. TpaHckpuriiuoHHb pakrop NFKB pery-
JIUPYEeT KCTIPeCCUI0 TeHOB KOHTPOJIS KJIETOUHOTO
LIMKJ/Ia, arornTo3a U aHruoreHes3a, NpoAyKThl KOTO-
PBIX YUaCTBYIOT B IIpOLieccax OHKOreHe3a U MeTac-
TasupoBaHus onyxonei [12,13,36,37,38].
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Ta6nuua 2.

IhhekTbl aKTUBM-
poBaHHoro takTopa
NFKB

Table 2.

Effects of an activated
factor NFKB

GG YacroTta
BBIGODKY npeAKoBOro UccnegoBaTenbckuin
Nokanusauus Monynauuns nP annens npoeKT (MCTOUHMK)
Localization Population g Ancestral Research project
Sample size
n allele (source)
frequency
African 1322 0,4334
East Asian 1008 0,4841
Europe 1006 0,4066 1000 ‘[3%’110"‘95
rs230521 o6 4102542171 South Asian 978 0,2840
>
American 694 0,4760
Siberia and Siberian
Western 38 0,2400 [17]
Russia
African 1322 0,7761
East Asian 1008 0,5456
Europe 1006 0,6839 1000 ?&T’mes
rs4648068 ASG 4:102597148 South Asian 978 0,7430
American 694 0,5690
Siberia and Siberian
Western 32 0,2200 [18]
Russia
African 1322 0,4781
East Asian 1008 0,6181 1000 Genomes
Europe 1006 0,5954 [19]
rs28362491 4:102500998 - .
delATTG 102501005 South Asian 978 0,7170
American 694 0,5140
Siberia and Siberian
Western - [19]
Russia
African 1322 0,9750
East Asian 1008 0,6607 1000 Genomes
Europe 1006 0,6620
rs3774937 | T>C 4:102513096 South Asian 978 0,700 [20]
American 694 0,5730
Siberia and Siberian
Western 34 0,2400 [20]
Russia
African 1322 0,7769
East Asian 1008 0,5456
Europe 1006 0,6412 1000 ([32‘*1’]0“’95
rs3774959 G>A 4:102589957 South Asian 978 0,7420
American 694 0,5430
Siberia and Siberian
Western 34 0,2400 [21]
Russia
UccnepoBanus CBSI3U nomMopdHeIX 1528362491 u G/G rs4648068 1iaHC pa3BUTHS
BapuaHToB NFKBI ¢ pasHeiMd (OpMaMH  3/I0KaueCTBEHHBIX HOBOOODA3OBaHWA MOYTH B 2
OHKOJIOTMUeCKUX  3abosieBaHumiA (hopMHpYIOT  pa3a BBIIIe OTHOCUTEILHO a/IbTePHATUBHBIX BapH-

JIOCTaTOUHO HEOAHO3HAUHYIO KapTUHY, UTO MOXKET
OBITB CBSI3aHO C STHUYECKUMU U MOMYJISILIMOHHBIMHU
0COOEHHOCTSIMM, a TakKe U  CTparervei
uccnenoBanui. Tak, Chen et al. [22] moka3asnu, uto
riomMMopdHble BapuaHTbl rs230521, rs4648068,
rs28362491 accoUMUpOBaHbl C PUCKOM pa3BU-
TUsL paka sIMYHUKA B KUTAMCKOW TOMynsiguu. AB-
TOpPb! OTMEYar0T, UTO y JIML| C FeHOTUIIOM ins/ins

anToB reHorunoB (OR=1,738, CI [1,264-2,389],
OR=1,882, CI [1,367-2,590] COOTBETCTBEHHO),
a 'y muy ¢ redotuniom C/C rs230521 — B 1,5 pasa
(OR=1,465, CI [1,12-1,930]. Ananu3 BKJaja
nommopdusma rs230521 B pa3BUTHe paka MOJIOU-
HoM >kene3pl (PMJK) He BBISIBHJI CTAQTHCTUYeCKH
3HAUMMBIX accoLManuid y >keHIUH CeBepHOU
Awmepuku (pafivio/IOTMYeCKUX TEeXHOJOroB, N =
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Associated Phenotypes

CcbINKa Ha NCTOYHUK

Source link

rs230521 Pak iUYHUKOB [22]
PaK IMYHMKOB [22]

rs4648068
Pak xenyaka, pak Xxenyaka c metactasnpoBaHuem [23]
Pak suyHUKoB [22]
NBC [24]
WNHhapKT Mrokapaa [25]
PaK MoueBoOro nysbips [26]
MenaHoma [27]

rs28362491 JpO3UBHbIN apTPUT [28]
BonesHb KpoHa, A3BEHHbIN KONUT [29]
JH3MMONATUA NPU OKUPEHUN [30]
Mcopunas [31]
OCTpbIi KOPOHAPHbI CUHAPOM [32]
KonopekTanbHbli pak [33]
Mporpeccupytowee TeyeHne renatmta C [34]
PeaKTUBHOCTb UMMYHHOW CUCTEMbI HA aNfOTPAHCMIAHTAHT

rs3774937 [35]
remono3TUUYeckux KNneTok

859) c ycraHoBneHHbIM ArarHozoM PMDK. HacTtoTa
redoruna C/C cocraBuna 15% u 17%, C/G —
47% n 46%, G/G — 38% u 37% COOTBETCTBEHHO
(p>0,05) [39].

B KOropTHBIX MCC/Ie0BaHUSIX UaCTOT TeHOTH-
1oB nonuMop¢u3sma rs3774937 y »keHiuH TyHuca
¢ PMJK noka3aHo Hamuue MOoKUTeTbHOU CBSI3U
reHotunos T/C u C/C ¢ pyuckoM pa3BUTUS OHKOIIa-
tonoruu (OR=1,5 u 1,8 COOTBETCTBEHHO), OIHAKO,
ToJlyueHHble pe3y/bTaThl TaK)Ke CTaTUCTUUeCKH
He noctoBepHbI [40]. B oTHOLIEHWM pUCKA pa3BU-
THSI paka MOYEBOrO IMy3bIpsl Y Mal[MeHTOB KUTak-
CKOM momy/sitiuu 60Jsiee BBICOKAst IO/IBEP>KEHHOCTh
ycraHoBsieHa Ayisi romo3urot del/del rs28362491
(OR=1,32; CI [1,14-1,52], p=0,001) [26].

AHanu3 4acToT reHOTUIIOB B Majla3uiCKOW To-
MyJSIUK Y TIALUeHTOB CO CIOpafiuecKuM KOsio-
pektanbHbIM pakoM (KPP) (N=237) u 340poBBIX
nmoHopoB (N=237) mokasas, 4To B Tpymrie JUL] C
KPP cratvcTrueckyd 3HaUMMO BbIIlle 4acTOTa Bbl-
SIB/IeHUS TeHOTHIIa ins/ins rs28362491, cooTBeT-
CTByIOLL[Me 3HaueHusi coctaBuau 14,8% u 6,8%
(p<0,01). JaHHbIi reHOTHI SIB/ISIETCSI PUCKOBBIM B
otHoieHuu passutus KPP (OR=2,42, CI [1,24—
4,73], p<0,01) [33]. B apyroti pabote [41] 1o BbI-
SIBIEHUI0 B KUTAWCKOW TMOMY/SALUM acCOoLUalin
niouMopdusma rs3774959 c pazsuruem KPP (388
MalMeHTOB C TMCTOJOTUYEeCKH MOATBEP KAeHHBIM
KPP u y 390 ciyuaeB KOHTPOJILHOW IPyMIibl) ua-
CTOTbI reHOTUIIOB cocTtaBunu: GG — 36,7% u 33%;

GA —48,8% 1 49%; AA — 14,5% u 17,7%. 3Haun-
MBIX acCOLMALIMil HU /IS OZIHOTO M3 BapHaHTOB re-
HOTHIIOB He BbIsiB/IeHO. OTCYTCTBHE acCOLMALN
¢ KPP oTmeueHO Takxke /s TIOMAMOpGU3Ma
rs230521 npu aHamuze 1584 nanueHToB C
TepPBUYHO JUarHOCTUPOBaHHbIM UHBa3UBHbIM KPP
(cpezHuii Bo3pact 53,5+10,8 rofia) OTHOCUTENBHO
2516 ciyyaeB KOHTPOJBHOW TPYIIbl (CpemHUM
Bo3pact 54,0+11,7 roma) eBpOIIeHCKOM TIOMY/ISLIAN
CesepHoit u LlentpansHoii Amepuku (OR=0,80,
CI [0,50-1,29]) [42].

Lu et al. [23] ycraHoBneHo, uto SNP A>G
rs4648068 B romo3urotHom cocrossHud GG mpu-
BOAUT K TmoBbllleHWt0 akThuBHOCTH NFKBI1, uro
B CBOIO Ouepe/ib CTUMYJIMpYeT Inposdepanuio u
MOJBWKHOCTb K/eTOK. [Toka3aHo, UTo B KuUTai-
CKOM MOMy/siLuK laHHbIe 3PQeKTh! nommmopdus-
Ma CBsI3aHbI C TIOBBIIIEHHBIM PUCKOM pa3BUTHS pa-
Ka KeJTyZiKa 1 paka >keqyfika C MeTacTa3lpoBaHUueM
B MMdarrueckue y3ibl. B rpymnmny c oHkomnarono-
rUeli BOIUTN 248 marjieHToB, CpeJHUM BO3pacT CO-
craBu/ 57+11 siet, B rpymmy KoHTposs 192 veso-
BeKa, cpeHui Bo3pacT — 53£15 roga. YacToTa Bbi-
sieienust reHoruna GG y 6ombHbIX PXK cocraBuia
21,30%, B rpymme koHTposs — 10,40% (OR=1,92,
CI [1,02-3,60], p=0,042). AHanmu3 3HAYMMOCTH
annens G B pasBUTHU COMMIHBIX OIyXOJeH C To-
paKeHHeM Cepo3HOU 00O0JIOUKH JKelyJKa U MeTa-
CTa3WpoOBaHUEM B JMMQaTHuecKre y3/bl T03BO-
JIUJT YCTaHOBUTH OoJiee BBICOKME 3HAYeHMsl pPHCKa

Ta6nuua 3.

Accoumaumn nonu-
MOpP(HbIX BAPUAHTOB
reHoTunos c 3a6one-
BaHUAMMN MHOTOaK-
TOPHON 3TUONOTUN

Table 3.

Associations of poly-
morphic genotype
variants with multi-
factorial diseases
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y romo3urot GG u retepo3urot AG MpoTuB reHo-
Tuna AA. CoOTBeTCTBYIOLMe 3HAYEeHUS] OTHOLIe-
Hu4 maHcoB cocrasui OR=2,78, CI [1,34-5,75],
p=0,006 m OR=2,90, CI [1,40-6,03], p=0,004.
OpHuM 13 (DaKTOPOB pasBUTUSI OHKOMNATOJIOTMU
SIBJISIETCS XPOHUYEeCKUH BOCIa/IUTe/bHBIN
TpoLiecc, B CBfI3W C STUM PHCKOBBIE JIOKYChI,
yUacTBYIOIe B PasBUTHHU JIaHHBIX TIPOLIECCOB,
3auacTyi0 COBMazaioT. B pabore, MpoBeeHHON B
nonysnsuy Ampkupa (89 60bHBIX € BOCTIA/IUTENb-
HBIMM 3a00/IeBaHUSIMU KWIIIeUHWKA U 149 ueyioBek
TPYMIIbl KOHTPOJIS, 0e3 paHKUPOBaHUs 110 T0y),
YCTAHOBJIEHO, UTO TeTePO3UTOTHBIM T'€HOTHUI ins/
del rs28362491 accormupoBaH C TIOBBILIEHHBIM
PUCKOM pa3BuTHs 0ome3Hr KpoHa 1 S13BeHHOTO KO-
mura OR=2,34 (CI [1,29-4,21], p=0,004) [29].

OpHo¥i u3 (opM 3/710KaueCTBEHHbIX HOBOOOpa-
30BaHUM C HeyCTaHOBJIEHHOW 3THOJIOTHeN SIBJIs-
etcst muMpoma XoKKHHA, TIPH KOTOPOU OIyX0/b
dhopmupyeTcst 3 3penbix B-muMdoruTos repmu-
HaTUBHOTO LieHTpa IMM(aTHUeCKOro y3/a, pexe
— tumyca. Ilpy uccnemoBaHuM monumopgdr3mMa
rs3774937 Kak (hakropa pucKa pa3BUTUs JTUMGDO-
Mbl Xo/KKUHA y 473 uteneil BoctoHa U 11Tatos
Maccauycerc, KoHHeKTUKYT (ciyuait) u 373 >Ku-
Tenel mrata KOHHEKTUKYT (KOHTPOJb) 3HaUeHHe
nokasarens OR y munr ¢ reHoturnom C/C cocraBu-
no 1,3 (CI [0,8-2,1], p=0,55) [43].

VI3BecTHO, UTO OJHMM U3 (PAKTOPOB, UHAYLM-
pytomux NFKB, siBnsiercsi Bo3jeiicTBUe y/ibTpa-
¢uonera [44], moBbIIeHHass YYBCTBUTEIHHOCTh
K KOTOpOMY siB/isieTCsl (DaKTOpOM pHCKa pa3BU-
T MenaHoMEL. ITo gaHHBIM Escobar et al. [27],
nipu 0bcsiefoBanny Haceniennst bpasumin (N=117)
YCTAHOB/IEHO, YTO y Jul ¢ reHoturnoM del/del
rs28362491 puck pasBUTHsI MeJIaHOMbI JOCTOBEp-
HO BBILIIe 110 CPAaBHEHUIO € 00/azarensmy ins as-
Jiesisi B TOMO- WM T'eTepPO3UIOTHOM COCTOSTHHSIX
(OR=1,51, CI [1,08-2,11], p=0,017).

Accoyuayuu ¢ 3abonegaHusimMu  cepOeyHo-
cocyoucmoll cucmembl. B reHese cepredHo-
COCyOuCTBIX  3aboneBaHMi  Befymlas — pojb
TPUHAJIEKUT NFKB-onocpeoBaHHbIM
TIPOBOCHA/IUTE/NBHBIM, — TMPOKOAry/sIHTHBIM U
riporpomboTtrueckum 3¢ dekram [45,46]. TTo maH-
HBIM MeTaaHanu3a 192 myOnukaiuui, A BbIOO-
poK U3 13 a3uarckux u 4 eBpOIeOU/HBIX IIOIY-
JISILMA yCTaHOBJIEHA CBsI3b PUCKAa PasBUTHS Hllle-
muueckoit 6one3uu cepata (UBC) ays reHoruna
del/del (rs28362491) oTHOCUTeNMRHO ins/ins ¢ mo-
kazaresiem OR=1,37, CI [1,25-1,49] (p<0,01) 6e3
I depeHIPOBKY TI0 10Ty W 3THUYECKOH TpH-
HajiexxHocTu. [Ipy pasfenbHOM aHasM3e PUCKOB

UBC B rpymnmnax My)KUWH U >KEHLIUH [0Ka3aTeau
OR oKa3anch NpakTHUeCKH paBHbIMU U COCTaBU-
v 1,37 u 1,30 coorBeTcTBeHHO. [1py paHXKupoBa-
HUM BBIOODKM TIO STHUUECKOW TIPUHAJJIEXXHOCTH
JUIsl asMaTCKUX MOMy/sALUKA 3HayeHWe IIOKasare-
751 OR 0Ka3anock BhIIIE TI0 CPAaBHEHHIO C BbIOOD-
Kol eBporeonzioB U cocraBuno 1,50 (CI [1,35-
1,67], p<0,01) mporus 1,12 (CI [1-1,25], p=0,05)
[24]. Takum o6pa3om, BKIaj moauMopduamMa
rs28362491 B puck passurtus UBC moguduiupy-
eTcsi 0COOeHHOCTSIMU TeHOTHIIA, CBSI3aHHOTO C 3T-
HUUeCKOW NIPUHAJIe’KHOCTBIO.

B paborte Jin et al. [32] npu uccnepoBanuu 778
OO/IbHBIX KHTAWCKOM TMOMY/ISILIMK C [[UarHO30M
oCTpbIii KopoHapHsIi cuHgpoM (OKC) u 1112 310-
POBBIX ZIOHOPOB BBISIB/IEHBI CTATUCTUUECKH 3HAUM-
Mble OT/IMUMS 10 YacToTe BbIsiB/IeHUs annens del
rs28362491: B KOHTPOJILHOM TPYIITie UacToTa asie-
st cocraBunia 37,9% (IN=843), B rpyrime 60/IbHbIX
— 43% (N=671), p=0,002. CooTBeTCTByIOI[1E Ya-
ctoThl reHOTHIOB ins/del, del/del B rpymme ¢ OKC
coctaBuu 49,7% (N=387) u 18% (N=140), ass
KOHTpO/IbHOU rpynmbl — 47,6% (N=529) (p=0,009)
u 14,1% (N=157). Jloructuyeckuii perpeccroH-
HBIN aHa/IN3 TIPOAIEMOHCTPUPOBAJI, UYTO PUCK pas-
Butusi OKC y Hocutesnelt renoruna del/del Bormie
B 1,3 pasa 1o CpaBHeHUIO C a/IbTepHAaTUBHbIMU Ba-
pHaHTaMHM, aBTOPHI TAK)Ke OTMEUar0T acCOLMaLiUio
JJAHHOTO TeHOTHIIA C pa3BUTHEM CTeHO3a KOpOHap-
HbIX aprepuii. Ilo ganHeM Jun-Yi et al. [25] gns
sur] ¢ reHotunoM del/del rs28362491 xapakrepeH
6oJiee BIDAXKEHHbBIM CTEHO3 KOPOHAPHBIX apTepuit
cepAlla U yCTaHOBJ/IEHb! BBICOKME 3HaueHWs Cpej-
Hero COJiep’KaHus MPOBOCIHANINUTEIBHOTO LIUTOKU-
Ha IL-6 B conocras/ieHuu C nauyeHTaMu, UMero-
LIMUMM FeHOTUI ins/ins. ABTOPBbI YKa3blBalOT, UTO
asutenbHBIA BapuaHT del B roMO3UrOTHOM COCTO-
STHUM TIOBBIIAeT PUCK Pa3BUTHs MH(papKTa MHO-
Kap/la y MY>KCKOro HacesieHusi Kutas, B oOrueit
BbIOOpke OR=1,76 (del/del mo oTHOIEHUIO K ins/
del+ins/ins), CI [1,367-2,273], p<0,001), y Kypsi-
mux OR=2,31 (CI [1,768-2,723], p<0,01).

WccnenoBanve  acconyaliid — BapUKO3HOM
0ofe3HM  pa3NUUHOW  CTEMeHH THKECTH C
noMopdu3Mamu rs4648068, rs28362491 n ux
rarvioTUIaMH Y STHUUeCKUX PYCCKUX [47] rpose-
JeHo y 709 mauueHTOB U B IpyIIle CPaBHEHUS —
278 yeyioBeK C yuyeToM Iosia U Bo3pacra. Yacro-
Ta MUHOPHOIO BapuaHTa asmiens s rs4648068
(A>G) B KOHTPO/LHOM rpyrme coctaBuna 35%, a
B Tpymnmax 00MbHBIX C BADUKO30M OHa BapbUpOBa-
na B nipefieniax 33-39%. OTHOCHUTEIBHO MOUMOP-
¢uszma rs28362491 cOOTBeTCTBYyIOLIME 3HAUEHUS
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B KOHTPOJIbHOU Tpytinie coctaBwiu 44%, mpenie-
JIbl BapbUPOBaHUs [/ MaLueHToB — 36-46%. AB-
TOpaM{ He BBISIB/IEHO 3HAUMMOW accoLualiiy Ba-
DUKO3HOM 00JIe3HU B CTAUSIX KOMIEHCALH, Cy0-
KOMITEHCALMK U JIeKOMIIeHCALMU C aJljie/IbHbIMU
BapuaHTamu rs4648068, rs28362491 v ramiortu-
rnamu ins-A, del-G, del-A, ins-G.

Accoyuayuu NFKB1 ¢ memaboauyeckumu Ha-
DYWeHUsAMU, UH(pEKYUOHHbIMU U dyMOUMMYHHbI-
mu 3aboneganusmu. OJHAM U3 TIpepacrioararo-
uMx (akTOpOB pHCKA Pa3BUTHSL CEPAEYHO-COCY-
[IUCTBIX 3aD0JsIeBaHUM SIBsI€TCS OXKMpeHHWe. B Ha-
CTosilL[ee BpeMsi OKMPeHHe pPacCMaTpUBAeTCsl Kak
CJIeZICTBHE BOCITA/IUTETLHOTO TPOIiecca, TPy 3TOM
TIOBBIIIEHHBIN MHEKC Macchl Tesa 3a4acTyl CO-
TIPOBOKZIAETCST YKMPOBOW WH(UIbTpaLel meve-
HU, THUOEeNbI0 TernaToLuTOB W, COOTBETCTBEHHO,
TIOBBIIIEHHEM AaKTHBHOCTU ChIBODOTOUHBIX aMH-
HotpaHc(epa3. Guven et al. [30] ucciemoBamu
cBsi3b aktBHOCTH AJIT, ACT, I'TT y 60o/bHBIX C
OKMpEeHHeM U MOBBIILIEHHBIMU 3HAYeHUSIMU COZlep-
»kaHus1 C-peakTHBHOTO OeJika ¢ momMMopgHbIM Ba-
puaHToM rs28362491. ABTOpbI YyCTaHOBWIH, UYTO
redotun ins/del accouuypoBaH C TIOBBIILIEHHOM
aKTMBHOCTBIO CHIBOPOTOUYHBIX aMUHOTpaHCc(epas,
OR=2,06 (CI [1,119-3,864], p=0,0335).

K uucny BocmanuTensHbIX 3abosieBaHUH Tie-
yeHU WH(EKI[MOHHOW MPUPOJBI OTHOCHUTCS XPO-
HUYeCKU rernatut. ViMeeTcs psf, McC/iefl0BaHUH,
TIOCBSIIL{eHHbIX M3YUeHUI0 BAUSHUS TIOMUMOPGhU3-
MOB TeHOB ummyHHOro otera (IL-1f, IL-6, IL-
10, IL-12, TIL-28B, TNF-a, TGF-f1, HLA) Ha Te-
yeHne xpoHudeckoro remaruta C (XI'C) [48,49].
B pa6ore Fakhir et al. [34] ycraHosneHo, uto y
HaceneHuss Mapokko (N=343) reHotun ins/ins
rs28362491 accouuupoBaH C MPOrpeccUpyrolleM
teyenueM rernatura C (OR=4.69, CI [2,15-10,19],
p=0,0001).

Bose3nb Bexuera npe/ictaBisieT co60# cUCTEM-
HOe BOCMa/MTesibHOe 3a0bo/ieBaHre, XapaKTepu3y-
IoIIleecst TIOpaKeHUeM KOXKH, CIM3UCTBIX 000710-
yeK, KPYTHBIX COCYAOB, YBEUTOM, HEBDOJIOTHUe-
CKUMH U >KeTyAOUHO-KUIIIeYHBIMU HapyIIeHUsIMU
B pa3/IMUHBIX COUETAHUSX W C Pa3/IMUHOMN CTerie-
HbI0 TsoKecTd [50]. B HacTosiiiiee BpeMsi TTOBBI-
LIeH MHTepeC K BbISBIEHUIO PONM TeHeTHYeCKUX
(haKTOpPOB B Pa3BUTHHM JJaHHOTO 3a00J1eBaHus, TIPU
3TOM HMCC/Ie/IOBaHUsI B JAHHOW 00/1aCTH Harpase-
HBbI B OCHOBHOM Ha M3yUeHue acCOLMalvii C aHTU-
TeHaMH TJIaBHOTO KOMIUIEKCA THCTOCOBMECTHUMO-
ctu [51,52]. Tlpu uccienoBaruy 384 TaljieHTOB
KWTalCKOW monyssinyuu ¢ Gose3nblo Bexuera He
YCTa@HOBJIEHO 3HAUMMBIX acCOLMaLMil TOIMMOp-

¢usma rs3774959 c pasBuTHeM BacKy/iuTa ayTo-
WMMYHHOU 3THO/IOTHH [53].

OgHMM U3 pacnpoCTpaHeHHbBIX 3abosieBaHUi
ayTOMMMYHHOU TIPUPO/BI SIBIISIETCS
PEeBMaTOU/IHbI apTpUT, MPU KOTOPOM pa3BUTHE
W XpOHM3allds  CHUHOBUTA  OIOCPENyeTcs
OCTeOonoHTHH obmagaer
CMOCOOHOCTBIO  (DUKCUPOBATh 0OCTE001acTbl B
yuacTkax (hHU3MOIOTMUECKOTO M perapaTUBHOTO
ocTeoreHe3a M0CPeJCTBOM MHZAYKIMY 3KCITPeCCUr
MOHOLIUTaPHOTO XeMOaTTpaKTaHTHoro Oenka 1
(MCP-1) u makpogarasbHOTO BOCHATUTETHHOTO
6enka 1-B (MIP-1B) pa3/iuuHbIMU MyTSMH, B TOM
yrcne, NFKB-3aBucumbiM [54]. VcciemoBaHue
pomi monuMopdusma rs28362491 B pa3BUTHU
5PO3MBHOTO TIpollecca TMPOBeJEeHO B TpyIax
Hacenenus Erunra, cTpafaroluxX peBMaTouJHbIM
aprputoM (N=196). IIpu comocTaBieHUHd YacTOT
TeHOTUIIOB y MAL[MeHTOB C Ha/lWuieM U OTCyT-
CTBHEM 3PO3UM yCTaHOBJIEHO, uTo reHoTHIT del/del
acCOLMMPOBaH C TOBBIIIIEHHBIM PUCKOM Pa3BUTHS
OCJIO’)KHEHHOW (OpMBbI PEBMAaTOWHOTO apTpHUTa
(OR=3,83, CI [1,40-10,5], p=0,01) [28]. ABTOpHI
CBSI3bIBAIOT pa3BUTHeE 5PO3UBHOTO apTpuTa y Ta-
LIMEHTOB, UMEIOIIUX asieb del, C MOBBIIIEHHBIM
ypoBHeM 3kcripeccuu 1L-6.

B ocHoBe pa3BuTHs TICOpHa3a JeXAT Hapylile-
HUe B3aUMOJeNCTBUSI MeXy UMMYHHBIMU KIIeT-
KaMH U pe3uJieHTHbIMHU K/leTKaMU Koku. C 1omo-
urbto JaHHeIx GWAS (genome-wide association
studies), AJ1s1 eBPOTEMCKON MOMYJISAL[AN OTIpeesie-
HBI TeHbl B CUTHA/IbHBIX KaCKaZlaX BPOKAEHHOTO
VMMYHWTETa, CBsI3aHHbIE C TaTOreHe30M ICOopHa-
3a [55, 56]. AktuBaius curHaiuira NFKB B ke-
paTUHOLUTAaX MHYLIMPYeT CeKpelLrio XeMOKHHOB,
B ToM umcie I1L-36G, IL-8 u CCL20, uto sBnsieT-
Csl CTUMYJIOM [IJIsI MUTPALUX JIEHKOL[UTOB B KOXKY
v pa3Butust 3aboneBanust [57], AaHHbIE MPOLECCHI
MOTYT ObITh MOJU(PUIIUPOBAHBI MOJTUMOPHUIMOM
NFKB. B pa6bore Lie et al. [31] rpu ucciegoBanuu
XapaKTepUCTHK pacripefiesieHlss 4acTOT TeHOTU-
noB rs28362491 NFKBI cpenyu GOJbHBIX TICOPH-
asom (N=519) u kouTposibHOM rpymiel (N=541) B
KUTaWCKOM MOM/ISIIIUA YCTAaHOB/IEHO, UTO TeHOTHUIT
ins/ins acCcoOLMMpOBaH C TIOBBIIIEHHBIM PHUCKOM
Pa3BUTHS IAHHOTO ayTOMMMYHHOTO 3a00/1eBaHusl,
OR=1,57 (CI [1,10-2,24], p=0,031).

B uccnenoBanuu Kuba et al. [35] ponu momm-
mopusMoB  1rs3774937, rs3774959 B peakTus-
HOCTA UMMYHHOW CHUCTEMBI TIPU a/UIOTPAHCILIaH-
Talud TeMOITOITHUECKUX KJIeTOK TIPH yCIOBHU
WJEHTUYHOCTH aHTHI'eHOB T'MCTOCOBMECTUMOCTH
JIOHOpa U peLMNueHTa yCTaHOBJEHO, UTO 3ame-

OCTeOIIOHTHUHOM.
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Ha T>C B nonokeHun 102513096 vHTpOHA acco-
LIMUPOBAHA C Pa3BUTHEM peakKLUHd OCTPOr0 BOC-
TajieHrs] Ha TPaHCIIAHTaT y PELUNMeHTOB C Te-
Hotunom CC (OR=4,5, CI [1,30-15,36], p=0,02),
a SNP G>A B nonoxenun 102589957 — ¢ reHo-
tuniom AA (OR=3,74, CI [1,22-11,48], p=0,03).
CoueTaHue B reHOTHUIIE [JBYX aHa/IW3UPyeMbIX 3a-
MeH (rs3774937 CC/rs3774959 AA) cyiiecTBeH-
HO TOBBIIIaeT PUCK Pa3BUTUSI OCTPOTrO BOCMase-
Hus Ha TpaHcrianTar (OR=5,71, CI [1,53-21,24],
p=0,009).

3aKnwueHue
HeopgHo3naunocts poii NFKB1 B mpoueccax
peryJsauuu MeTabo/m3Mma, BOCIIa/IeHus],

K/JIeTOUHOTO IjMK/a 0O0yC/IOB/eHa CJIOXKHOCTBIO
MeXaHH3MOB aKTHBalM{ W IPOLIeCCHUHIa JIaHHOIO
(hakTOopa TpPaHCKpUMLWU. VI3MeHeHHe CTPYKTYpbI
rpomotopa (del) (rs28362491) v UHTPOHOB B pe-
synbrate SNP (rs230521, rs4648068, rs3774937,
rs3774959) criocobHbl MOAMMUIIMPOBATL AKTHB-
HOCTb TpaHCKpHIuoHHoro ¢akrtopa NFKBI,

yeM OOyC/IOB/IeHa 3THOJIOTHYECKasi pOJib IO/~
Mop¢hu3MOB B (HOPMHPOBAHUH I1aTOJIOTHUE CKUX
coctostHuil. VccrenoBanusi Bkiaja reHa NFKBI
BBISIB/ISIIOT aCCOLMAIMK W3Y4YeHHBIX TOMMOpPd-
HbIX BAapUaHTOB C pa3sBUTHEM M TSIKECTbIO Teue-
HUSI OHKOJIOTMUEeCKUX, CepleuHO-COCYANCTBIX, ay-
TOUMMYHHBIX W XPOHMUYECKHMX BOCHaJUTEe/bHBIX
natosioruii. OTMeTHM, OFHAKO, UTO (UKCAIUs Ta-
KHX aCCOLMAL[M B KOTOPTHBIX MCC/Ie/JOBAaHUSX He
BCeryla yCTOWYMBA M 3aUacTylo He TOZATBep)K/eHa
CTaTUCTUYeCKUMU KputepusiMu. [To Bceli BUpuMo-
CTH, pUCKU pa3Buthst M®P3, cBA3aHHbIX C [IpOaHa-
JIM3UPOBAHHOW TIaHE/bI0 aJljie/lbHbIX BapHaHTOB
reHa, MOJU(ULIMPYIOTCA STHUYECKUMU O0CObeH-
HOCTSIMM ¥ TIOJIOBOW TIPWMHAJJIEKHOCTBIO, a TaK-
’Ke MHTeHCHUBHOCTBIO BO3/IeHCTBUS (IOTOTeHHBIX
(hakTOpoB, UTO HEOOXOAMUMO YUUTHIBATh MPY II/1a-
HUPOBaHUU (PyH/laMeHTa/IbHbIX U CKPUHUHIOBBIX
WCC/Ie[JOBaHMH, HarpaB/ieHHbIX Ha U3yueHHe STHO-
JIOTWH, TIaTOreHe3a U SMHUJEeMUOIOTHH COLMaIbHO
3HAYMMBIX 3a00/IeBaHUH.

Nutepartypa:

1.

10.

lFamumssuao X.M., Tpusno H.H., Jlonyxun FO.M., Bogposa T.A.,
Horkuuc A.JI., Cyukosa E.H., TpusHo M.H., Jlesuran M.E., [1anbLieB
M.A., Cyuxos, C.B. IIpeUKTUBHO-TIDeBEHTHUBHAS ¥ TIEPCOHU(ULINPO-
BaHHast Me/IML{HA KaK HOBast OTPAC/Ib 3/{paBOOXPAHEHHSI U ee IepCreK-
THBBL. Acmpaxaxckull meduyuHckuil xcypran. 2013;8(1):64-70.
Turosa O.H., Ky3ybosa H.A., Jlebeziea E.C. Po/b rUIIOKCHIHOTO CHUr-
Ha/IGHOTO TMYTH B afaNTaljii K/IeTOK K runokcuu. PMOK. Meduyun-
ckoe obospenue. 2020;4(4):207-213. https://doi.org/10.32364/2587-
6821-2020-4-4-207-213

Borghaei RC, Gorski G, Seutter S, Chun J, Khaselov N, Scianni
S. Zinc-binding protein-89 (ZBP-89) cooperates with NF-«kB
to regulate expression of matrix metalloproteinases (MMPs) in
response to inflammatory cytokines. Biochem Biophys Res Commun.
2016;471(4):503-509. https://doi.org/ 10.1016/j.bbrc.2016.02.045
Prescott JA, Mitchell JP, Cook SJ. Inhibitory feedback control of NF-
kB signalling in health and disease. Biochem J. 2021;478(13):2619-
2664. https://doi.org/ 10.1042/BCJ20210139

Angom RS, Zhu J, Wu A, Sumitra M, Pham V, Dutta S, Wang E, Mad-
amsetty VS, Perez-Cordero G, Huang H-S, Mukhopadhyay D, Wang Y.
LCC-09, a Novel Salicylanilide Derivative, Exerts Anti-Inflammato-
ry Effect in Vascular Endothelial Cells. J Inflamm Res. 2021;14:4551-
4565. https://doi.org/ 10.2147/JIR.S305168

Apabupze I'I'. KnuHnueckass HIMMYHOJIOTHsSI aTePOCK/Iepo3a - OT Teo-
PHH K TIpakTHKe. Amepockaepos u ducaunudemuu. 2013;1(10):4-19.
Serasanambati M, Chilakapati SR. Function of Nuclear Factor Kappa
B (NF-kB) in human diseases-A Review. South Indian Journal
of Biological Sciences. 2016;2(4):368. https://doi.org/ 10.22205/
sijbs/2016/v2/i4/103443

borganos A.H., Kamuosa T.A., Lpiran E.H. Poas anonrosa B naro-
reHese peBMaToOMAHOro aprpura. HayuHo-npakmuueckas peemamono-
2us. 2005;43(6):56-62.

Caviedes A, Lafourcade C, Soto C, Wyneken U. BDNF/NF-kB
Signaling in the Neurobiology of Depression. Current Pharmaceutical
Design. 2017;23(21):3154-3163. https://doi.org/ 10.2174/1381612823
666170111141915
ActpaxanoBa T.A., Ypasos M./., Ycenko A.B., MutpouHa E.B.,
Mumenko T.A., IemukoBa H.A., Begynoa M.B. BDNF-onocpe-

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

[OBaHHasi perysiiysi (QyHKLMOHA/IBHOTO COCTOSIHUSI MHTOXOHZAPHIA
KJIETOK TOJIOBHOTO MO3ra B YC/IOBHSIX TMITOKCHH. CospemeHHble mex-
Honoeuu 8 meduyuHe. 2018;10(3):88-94. https://doi.org/ 10.17691/
stm2018.10.3.10

Zhang L, Zhao J, Gurkar A, Niedernhofer LJ, Robbins PD. Methods to
Quantify the NF-kB Pathway During Senescence. Methods Mol Biol.
2019;1896:231-250. https://doi.org/ 10.1007/978-1-4939-8931-7_18
Song L, Li J, Zhang D, Liu Z, Ye J, Zhan Q, Shen H, Whiteman M,
Huang C. IKK programs to turn on the GADD45a-MKK4-JNK apop-
totic cascade specifically via p50 NF-kB in arsenite response. J Cell
Biol. 2006;175(4):607-617. https://doi.org/ 10.1083/jcb.200602149
Huang T, Kang W, Zhang B, Wu F, Dong Y, Tong J H M, Yang W,
Zhou'Y, Zhang L, Cheng ASL, Yu J, To KF. miR-508-3p concordantly
silences NFKB1 and RELA to inactivate canonical NF-kB signaling
in gastric carcinogenesis. Molecular Cancer.2016;15(1). 10.1186/
$12943-016-0493-7

Zinatizadeh MR, Schock B, Chalbatani GM, Zarandi PK, Jalali SA,
Miri SR. The Nuclear Factor Kappa B (NF-kB) signaling in cancer
development and immune diseases. Genes Dis. 2020;8(3):287-297.
https://doi.org/10.1016/j.gendis.2020.06.005

Mitchell S, Vargas J, Hoffmann A. Signaling via the NFkB system.
Wiley Interdiscip Rev Syst Biol Med. 2016;8(3):227-241. https://doi.
0rg/10.1002/wsbm.1331

NFKB1 nuclear factor kappa B subunit 1 [Homo sapiens (human)].
Gene ID: 4790. 2022. Ccbiika aktuBHa Ha 08.05.2022. https:/www.
ncbi.nlm.nih.gov/gene/4790

rs230521 RefSNP Report. 2022. Ccbiika axrtuBHa Ha 08.05.2022.
https://www.ncbi.nlm.nih.gov/snp/rs230521

rs4648068. RefSNP Report. 2022. Ccpuika aktuHa Ha 08.05.2022.
https://www.ncbi.nlm.nih.gov/snp/rs4648068

1s28362491. RefSNP Report. 2022. Ccbutka aktiBHa Ha 08.05.2022.
https://www.ncbi.nlm.nih.gov/snp/rs28362491

rs3774937 RefSNP Report. 2022. Ccpuika aktuBHa Ha 08.05.2022.
https://www.ncbi.nlm.nih.gov/snp/rs3774937

rs3774959 RefSNP Report. 2022. Ccbuika aktuBHa Ha 08.05.2022.
https://www.ncbi.nlm.nih.gov/snp/rs3774959

Chen LP, Cai PS, Liang H.B. Association of the genetic polymorphisms

120



TOM 7, N© 2, 2022

OYHAAMEHTANIbHAS
N KNUHUYECKASA MEAULUHA

OBb30OPHDIE CTATbU

@ memn®

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

of NFKB1 with susceptibility to ovarian cancer. Genet Mol Res.
2015;14(3): 8273-8282. https://doi.org/10.4238/2015.July.27.15
LuR, Gao X, Chen Y. Ni J, Yu Y, Li S, Guo L. Association of an
NFKB1 intron SNP (rs4648068) with gastric cancer patients in the
Han Chinese population. BMC Gastroenterol. 2012;12:87. https://doi.
org/10.1186/1471-230X-12-87

Wang Y, Wu B, Zhang M, Miao H, Sun J. Significant association be-
tween 1528362491 polymorphism in NF-kB1 gene and coronary artery
disease: a meta-analysis. BMC Cardiovasc Disord. 2020;20(1):278.
https://doi.org/10.1186/s12872-020-01568-0

Luo JY, Li YH, Fang BB, Tian T, Liu F, Li XM, Gao XM, Yang Yn.
NFKB1 gene rs28362491 ins/del variation is associated with higher
susceptibility to myocardial infarction in a Chinese Han population.
Scientific Reports. 2020;10(1):19518. https://doi.org/10.1038/s41598-
020-72877-9

Li X, GaoY, Zhou H, Xu W, LiP, Zhou J, XuT, Yu B, Xu Z, Zou Q,
Yin C, Cai H, Shen W. The relationship between functional promot-
er -94 ins/del ATTG polymorphism in NF-k B1 gene and the risk of
urinary cancer. Cancer biomarkers. 2016;16(1):11-17.https://doi.org/
10.3233/CBM-150536

Escobar GF, Arraes JA, Bakos L, Ashton-Prolla P, Giugliani R, Calle-
gari-Jacques SM, Santos SE, Bakos RM. Polymorphisms in CYP19A1
and NFKB1 genes are associated with cutaneous melanoma risk in
southern Brazilian patients. Melanoma Research. 2016;26(4):348-353.
https://doi.org/ 10.1097/CMR.0000000000000267

Elkhawaga SY, Gomaa MH, Elsayed MM, Ebeed AA. NFKB1 pro-
moter -94 insertion/deletion ATTG polymorphism (rs28362491) is as-
sociated with severity and disease progression of rheumatoid arthri-
tis through interleukin-6 levels modulation in Egyptian patients. Clin-
ical Rheumatology. 2021;40(7):2927-2937. https://doi.org/ 10.1007/
510067-021-05584-z

Hamadou I, Garritano S, Romanel A, Naimi D, Hammada T, Demiche-
lis F. Inherited variant in NFkB-1 promoter is associated with increased
risk of IBD in an Algerian population and modulates SOX9 binding.
Cancer Reports. 2020;3(3):e1240. https://doi.org/10.1002/cnr2.1240
Yenmis G, Soydas T, Arkan H, Tasan E, Kanigur Sultuybek G. Genetic
Variation in NFKB1 Gene Influences Liver Enzyme Levels in Morbid-
ly Obese Women. Arch Iran Med. 2018;21(1):13-18.

LiHT, GaoL, ShenZ, Li CY, Li K, LiM, LvY, Li CX, Gao T, Liu YF.
Association study of NFKB 1 and SUMO 4 polymorphisms in Chinese
patients with psoriasis vulgaris. Arch Dermatol Res. 2008;300(8):425-
433. https://doi.org/10.1007/s00403-008-0843-4

Jin SY, LuoJY, Li XM, Liu F, Ma YT, Gao XM, Yang YN. NFKB1 gene
1rs28362491 polymorphism is associated with the susceptibility of acute
coronary syndrome. Bioscience Reports. 2019;39(4):BSR20182292.
https://doi.org/10.1042/BSR20182292

Mohd Suzairi MS, Tan SC, Ahmad Aizat AA, Mohd Aminudin M, Siti
Nurfatimah MS, Andee ZD, Ankathil R. The functional -94 insertion/
deletion ATTG polymorphism in the promoter region of NFKB1 gene
increases the risk of sporadic colorectal cancer. Cancer epidemiology.
2013;37(5):634-638. https://doi.org/10.1016/j.canep.2013.05.007
Fakhir F, Lkhider M, Badre W, Alaoui R, Pineau P, Ezzikouri S,
Benjelloun S. The -94Ins/Del ATTG polymorphism in NFkB1 promoter
modulates chronic hepatitis C and liver disease progression. Infect Gen
Evol. 2016;39:141-146. https://doi.org/ 10.1016/j.meegid.2016.01.023
Kuba A, Raida L, Mrazek F, Schneiderova P, Kriegova E, Langova
K, Furst T, Furstova J, Faber E, Papajik T. NFKB1 gene single-nu-
cleotide polymorphisms: implications for graft-versus-host disease
in allogeneic hematopoietic stem cell transplantation. Ann Hematol.
2020;99(3):609-618. https://doi.org/10.1007/s00277-020-03935-5
Papa S, Bubici C, Zazzeroni F, Pham CG, Kuntzen C, Knabb JR, Dean
K, Franzoso G. The NF-kBmediated control of the JNK cascade in the
antagonism of programmed cell death in health and disease. Cell Death
Differ. 2006;13(5):712-729. https://doi.org/ 10.1038/sj.cdd.4401865
Hsu FT, Chiang IT, Wang WS. Induction of apoptosis through ex-
trinsic/intrinsic pathways and suppression of ERK/NF-kB signal-
ling participate in anti-glioblastoma of imipramine. J Cell Mol Med.
2020;24(7):3982-4000. https://doi.org/10.1111/jcmm.15022

Tilborghs S, Corthouts J, Verhoeven Y, Arias D, Rolfo C, Trinh XB,
van Dam PA. The role of Nuclear Factor-kappa B signaling in human
cervical cancer. Crit Rev Oncol Hematol. 2017;120:141-150. https://
doi.org/ 10.1016/j.critrevonc.2017.11.001

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Schonfeld SJ, Bhatti P, Brown EE, Linet MS, Simon SL, Weinstock
RM, Hutchinson AA, Stovall M, Preston DL, Alexander BH, Doody
MM, Sigurdson AJ. Polymorphisms in oxidative stress and inflamma-
tion pathway genes, low-dose ionizing radiation, and the risk of breast
cancer among US radiologic technologists. Cancer Causes Control.
2010;21(11):1857-1866.https://doi.org/ 10.1007/s10552-010-9613-7
Ghali RM, Mahjoub S, Zaied S, Bhiri H, Bahia W, Mahjoub T, Al-
mawi WY. Association of Genetic Variants in NF-kB with Suscep-
tibility to Breast Cancer: a Case Control Study. Pathol Oncol Res.
2018;25(4):1395-1400. https://doi.org/ 10.1007/s12253-018-0452-2
Yu Y, Liu H, Jin M, Zhang M, Pan Y, Zhang S, Li Q, Chen K. The
Joint Association of REST and NFKB1 Polymorphisms on the Risk of
Colorectal Cancer. Ann Hum Genet. 2012;76(4):269-276. https://doi.
org/ 10.1111/j.1469-1809.2012.00709.x

Seufert BL, Poole EM, Whitton JA, Xiao L, Makar K, Campbell PT,
Kulmacz RJ, Baron JA, Newcomb PA, Slattery ML, Potter JD, Ulrich
CM. IkBKp and NFkB1, NSAID use and risk of colorectal cancer in
the Colon Cancer Family Registry. Carcinogenesis. 2013;34(1):79-85.
https://doi.org/ 10.1093/carcin/bgs296

Chang ET, Birmann BM, Kasperzyk JL, Conti DV, Kraft P, Ambind-
er RF, Zheng T, Mueller NE. Polymorphic Variation in NFKB1 and
Other Aspirin-Related Genes and Risk of Hodgkin Lymphoma. Can-
cer Epidemiol Biomarkers Prev. 2009;18(3):976-986. https://doi.org/
10.1158/1055-9965.EP1-08-1130

Kim HM, Oh S, Yang JY, Sun HJ, Jang M, Kang D, Son KH, Byun
K. Evaluating Whether Radiofrequency Irradiation Attenuated UV-B-
Induced Skin Pigmentation by Increasing Melanosomal Autophagy
and Decreasing Melanin Synthesis. Int J Mol Sci. 2021;22(19):10724.
https://doi.org/ 10.3390/ijms221910724

Jain T, Nikolopoulou EA, Xu Q, Qu A. Hypoxia inducible factor as a
therapeutic target for atherosclerosis. Pharmacol Ther. 2018;183:22-
33. https://doi.org/ 10.1016/j.pharmthera.2017.09.003

Malaponte G, Signorelli SS, Bevelacqua V, Polesel J, Taborelli M,
Guarneri C, Fenga C, Umezawa K, Libra M. Increased Levels of
NF-kB-Dependent Markers in Cancer-Associated Deep Venous
Thrombosis. PLoS One. 2015;10(7):e0132496. https://doi.org/
10.1371/journal.pone.0132496

Shadrina AS,Voronina EN, Smetanina MA, Tsepilov YA, Sevost’ianova
KS, Shevela Al, Seliverstov EI, Zakharova E, Ilyukhin EA, Kirienko
Al, Zolotukhin IA, Filipenko M. Polymorphisms in inflammation-
related genes and the risk of primary varicose veins in ethnic Russians.
Immunol Res. 2017;66(1):141-150. https://doi.org/ 10.1007/s12026-
017-8981-4

Huxkonaesa JI.W., Konoreun A.B., Camoxonckas JI.M., CanpoHoB
I'B., MakauoBa B.B., Camoxsanos E.U., AnbxoBckuii C.B., I'puiuey-
kuH A.E., Bensiea H.M., T'ubagynun P.A. AHanu3 BAUSHUS TE€HETH-
yeckux (akTopoB Bupyca rernarura C u nonuMopdusma reHoB UHOU-
LIMPOBaHHBIX JIIOJel Ha pasBuTHe (pubpo3a rneyeHu. Snudemuonous
u uHgexyuoHHble 6oneznu. 2012;17(5):7-13. https://doi.org/ 10.17816/
EID40683

Arsentieva NA, Semenov AV, Totolian AA. The role of cytokine
genes polymorphism in hepatitis C virus infection. Infektsiia Immun.
2014;2(4):687. https://doi.org/ 10.15789/2220-7619-2012-4-687-698
Hatemi G, Christensen R, Bang D, Bodaghi B, Celik AF, Fortune F,
Gaudric J, Gul A, Kétter I, Leccese P, Mahr, Moots RJ, Ozguler Y,
Richter JG, Saadoun D, Salvarani C, Scuderi F, Sfikakis PP, Siva A,
Stanford MR, Tugal-Tutkun I, West R, Yurdakul S, Olivieri I, Yazici H.
2018 update of the EULAR recommendations for the management of
Behget’s syndrome. Ann Rheum Dis. 2018;77(6):808-818. https://doi.
org/ 10.1136/annrheumdis-2018-213225

Carmona FD, Martin J, Gonzélez-Gay MA. Genetics of vasculitis.
Curr Opin Rheumatol. 2015;27(1):10-7. https://doi.org/ 10.1097/
BOR.0000000000000124

Kaya TI. Genetics of Behget's Disease. Patholog Res Int. 2012;
2012:912589. https://doi.org/10.1155/2012/912589

Jiang Y, Wang H, Yu H, Li L, Xu D, Hou S, Kijlstra A, Yang P.Two
Genetic Variations in the IRF8 region are associated with Behget’s dis-
ease in Han Chinese. Scientific Reports. 2016;6(1):19651. https://doi.
org/10.1038/srep19651

Icer MA, Gezmen-Karadag M. The multiple functions and mechanisms
of osteopontin. Clin Biochem. 2018;59:17-24. https://doi.org/
10.1016/j.clinbiochem.2018.07.003

121



@ memn®

REVIEW ARTICLES

FUNDAMENTAL

AND CLINICAL MEDICINE VOL. 7, N2 2, 2022

55.

56.

Ray-Jones H, Eyre S, Barton A, Warren RB. One SNP at a time: mov-
ing beyond GWAS in psoriasis. J Invest Dermatol. 2016;136(3):567-
573. https://doi.org/ 10.1016/j.jid.2015.11.025

Chandra A, Ray A, Senapati S, Chatterjee R. Genetic and epigenetic
basis of psoriasis pathogenesis. Mol Immunol. 2015;64(2):313-323.

57.

https://doi.org/ 10.1016/j.molimm.2014.12.014

Harden JL, Krueger JG, Bowcock AM. The immunogenetics of
psoriasis: a comprehensive review. J Autoimmun. 2015;64:66-73.
https://doi.org/ 10.1016/j.jaut.2015.07.008

References:

1.

10.

11.

12.

13.

14.

15.

16.

17.

Galimzyanov HM, Trizno NN, Lopuhin YUM, Bodrova TA, Not-
kins AL, Suchkova EN, Trizno MN, Levitan ME, Pal'cev MA, Suc-
hkov SV. Predictive-preventive and personalized medicine as a new
branch of healthcare and its prospects. Astrakhan Medical Journal.
2013;8(1):64-70. (In Russ).

Titova ON, Kuzubova NA, Lebedeva ES. The role of the hypoxic
signaling pathway in cellular adaptation to hypoxia. RMZH.
Medicinskoe obozrenie. 2020;4(4):207-213. (In Russ). https://doi.
org/10.32364/2587-6821-2020-4-4-207-213

Borghaei RC, Gorski G, Seutter S, Chun J, Khaselov N, Scianni
S. Zinc-binding protein-89 (ZBP-89) cooperates with NF-kB
to regulate expression of matrix metalloproteinases (MMPs) in
response to inflammatory cytokines. Biochem Biophys Res Commun.
2016;471(4):503-509. https://doi.org/ 10.1016/j.bbrc.2016.02.045
Prescott JA, Mitchell JP, Cook SJ. Inhibitory feedback control of NF-
kB signalling in health and disease. Biochem J. 2021;478(13):2619-
2664. https://doi.org/ 10.1042/BCJ20210139

Angom RS, Zhu J, Wu A, Sumitra M, Pham V, Dutta S, Wang E, Mad-
amsetty VS, Perez-Cordero G, Huang H-S, Mukhopadhyay D, Wang Y.
LCC-09, a Novel Salicylanilide Derivative, Exerts Anti-Inflammato-
ry Effect in Vascular Endothelial Cells. J Inflamm Res. 2021;14:4551-
4565. https://doi.org/ 10.2147/JIR.S305168

Arabidze GG. Clinical immunology of atherosclerosis — from the
theory to practice. Journal of Atherosclerosis and Dyslipidemias
2013;1(10):4-19 (In Russ).

Serasanambati M, Chilakapati SR. Function of Nuclear Factor Kappa
B (NF-kB) in human diseases-A Review. South Indian Journal of Bi-
ological Sciences. 2016;2(4):368. https://doi.org/ 10.22205/sijbs/2016/
v2/i4/103443

Bogdanov AN, Kamilova TA, Tsygan EN. The role of apoptosis in
pathogenesis of rheumatoid arthritis. Scientific and Practical Rheuma-
tology. 2005;43(6):56-62. (In Russ).

Caviedes A, Lafourcade C, Soto C, Wyneken U. BDNF/NF-kB Sig-
naling in the Neurobiology of Depression. Current Pharmaceutical
Design. 2017;23(21):3154-3163. https://doi.org/ 10.2174/138161282
3666170111141915

Astrahanova TA, Urazov MD, Usenko AV, Mitroshina EV, Mishhen-
ko TA, Shhelchkova NA, Vedunova MV. BDNF-mediated regulation
of the brain mitochondria functional state in hypoxia. Sovremennye
tehnologii v medicine. 2018;10(3):88-94. (In Russ). https://doi.org/
10.17691/stm2018.10.3.10

Zhang L, Zhao J, Gurkar A, Niedernhofer LJ, Robbins PD. Methods to
Quantify the NF-kB Pathway During Senescence. Methods Mol Biol.
2019;1896:231-250. https://doi.org/ 10.1007/978-1-4939-8931-7_18
Song L, Li J, Zhang D, Liu Z, Ye J, Zhan Q, Shen H, Whiteman M,
Huang C. IKKf programs to turn on the GADD450—MKK4-JNK apop-
totic cascade specifically via p50 NF-kB in arsenite response. J Cell
Biol. 2006;175(4):607-617. https://doi.org/ 10.1083/jcb.200602149
Huang T, Kang W, Zhang B, Wu F, Dong Y, Tong J H M, Yang W,
Zhou Y, Zhang L, Cheng ASL, Yu J, To KF. miR-508-3p concordant-
ly silences NFKB1 and RELA to inactivate canonical NF-«kB signal-
ing in gastric carcinogenesis. Molecular Cancer.2016;15(1). 10.1186/
$12943-016-0493-7

Zinatizadeh MR, Schock B, Chalbatani GM, Zarandi PK, Jalali SA,
Miri SR. The Nuclear Factor Kappa B (NF-kB) signaling in cancer
development and immune diseases. Genes Dis. 2020;8(3):287-297.
https://doi.org/10.1016/j.gendis.2020.06.005

Mitchell S, Vargas J, Hoffmann A. Signaling via the NFkB system.
Wiley Interdiscip Rev Syst Biol Med. 2016;8(3):227-41. https://doi.
org/10.1002/wsbm.1331

NFKB1 nuclear factor kappa B subunit 1 [Homo sapiens (human)].
Gene ID: 4790. 2022. Available at: https://www.ncbi.nlm.nih.gov/
gene/4790. Accessed: May 8, 2022.

1s230521 RefSNP Report. 2022. Available at: https://www.ncbi.nlm.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

nih.gov/snp/rs230521. Accessed: May 8, 2022.

rs4648068. RefSNP Report. 2022. Available at: https://www.ncbi.nlm.
nih.gov/snp/rs4648068. Accessed: May 8, 2022.

1s28362491. RefSNP Report. 2022. Available at: https://www.ncbi.
nlm.nih.gov/snp/rs28362491. Accessed: May 8, 2022.

rs3774937 RefSNP Report. 2022. Available at: https://www.ncbi.nlm.
nih.gov/snp/rs3774937. Accessed: May 8, 2022.

rs3774959 RefSNP Report. 2022. Available at: https://www.ncbi.nlm.
nih.gov/snp/rs3774959. Accessed: May 8, 2022.

Chen LP, Cai PS, Liang H.B. Association of the genetic polymorphisms
of NFKB1 with susceptibility to ovarian cancer. Genet Mol Res.
2015;14(3):8273-8282. https://doi.org/10.4238/2015.July.27.15

LuR, Gao X, Chen Y. Ni J, Yu Y, Li S, Guo L. Association of an
NFKBI1 intron SNP (rs4648068) with gastric cancer patients in the
Han Chinese population. BMC Gastroenterol. 2012;12:87. https://doi.
org/10.1186/1471-230X-12-87

Wang Y, Wu B, Zhang M, Miao H, Sun J. Significant association be-
tween rs28362491 polymorphism in NF-kB1 gene and coronary artery
disease: a meta-analysis. BMC Cardiovasc Disord. 2020;20(1):278.
https://doi.org/10.1186/512872-020-01568-0

Luo JY, Li YH, Fang BB, Tian T, Liu F, Li XM, Gao XM, Yang Yn.
NFKB1 gene 1528362491 ins/del variation is associated with higher
susceptibility to myocardial infarction in a Chinese Han population.
Scientific Reports. 2020;10(1):19518. https://doi.org/10.1038/s41598-
020-72877-9

Li X, GaoY, Zhou H, Xu W, LiP, Zhou J, Xu T, Yu B, Xu Z, Zou Q,
Yin C, Cai H, Shen W. The relationship between functional promot-
er -94 ins/del ATTG polymorphism in NF-k B1 gene and the risk of
urinary cancer. Cancer biomarkers. 2016;16(1):11-17. https://doi.org/
10.3233/CBM-150536

Escobar GF, Arraes JA, Bakos L, Ashton-Prolla P, Giugliani R, Calle-
gari-Jacques SM, Santos SE, Bakos RM. Polymorphisms in CYP19A1
and NFKB1 genes are associated with cutaneous melanoma risk in
southern Brazilian patients. Melanoma Research. 2016;26(4):348-353.
https://doi.org/ 10.1097/CMR.0000000000000267

Elkhawaga SY, Gomaa MH, Elsayed MM, Ebeed AA. NFKB1 pro-
moter -94 insertion/deletion ATTG polymorphism (rs28362491) is as-
sociated with severity and disease progression of rheumatoid arthri-
tis through interleukin-6 levels modulation in Egyptian patients. Clin-
ical Rheumatology. 2021;40(7):2927-2937. https://doi.org/ 10.1007/
510067-021-05584-z

Hamadou I, Garritano S, Romanel A, Naimi D, Hammada T, Demiche-
lis F. Inherited variant in NFkB-1 promoter is associated with increased
risk of IBD in an Algerian population and modulates SOX9 binding.
Cancer Reports. 2020;3(3):e1240. https://doi.org/10.1002/cnr2.1240
Yenmis G, Soydas T, Arkan H, Tasan E, Kanigur Sultuybek G. Genetic
Variation in NFKB1 Gene Influences Liver Enzyme Levels in Morbid-
ly Obese Women. Arch Iran Med. 2018;21(1):13-18.

Li HT, Gao L, Shen Z, Li CY, Li K, LiM, Lv Y, Li CX, Gao T, Liu YF.
Association study of NFKB 1 and SUMO 4 polymorphisms in Chinese
patients with psoriasis vulgaris. Arch Dermatol Res. 2008;300(8):425-
433. https://doi.org/10.1007/s00403-008-0843-4

Jin SY, LuoJY, Li XM, LiuF, Ma YT, Gao XM, Yang YN. NFKB1 gene
1s28362491 polymorphism is associated with the susceptibility of acute
coronary syndrome. Bioscience Reports. 2019;39(4):BSR20182292.
https://doi.org/10.1042/BSR20182292

Mohd Suzairi MS, Tan SC, Ahmad Aizat AA, Mohd Aminudin M, Siti
Nurfatimah MS, Andee ZD, Ankathil R. The functional -94 insertion/
deletion ATTG polymorphism in the promoter region of NFKB1 gene
increases the risk of sporadic colorectal cancer. Cancer epidemiology.
2013;37(5):634-638. https://doi.org/10.1016/j.canep.2013.05.007
Fakhir F, Lkhider M, Badre W, Alaoui R, Pineau P, Ezzikouri S,
Benjelloun S. The -94Ins/Del ATTG polymorphism in NFkB1 promoter
modulates chronic hepatitis C and liver disease progression. Infect Gen

122



TOM 7, N© 2, 2022

OYHAAMEHTANIbHAS
N KNUHUYECKASA MEAULUHA

OBb30OPHDIE CTATbU

@ memn®

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Evol. 2016;39:141-146. https://doi.org/ 10.1016/j.meegid.2016.01.023
Kuba A, Raida L, Mrazek F, Schneiderova P, Kriegova E, Langova
K, Furst T, Furstova J, Faber E, Papajik T. NFKB1 gene single-nu-
cleotide polymorphisms: implications for graft-versus-host disease
in allogeneic hematopoietic stem cell transplantation. Ann Hematol.
2020;99(3):609-618. https://doi.org/10.1007/s00277-020-03935-5
Papa S, Bubici C, Zazzeroni F, Pham CG, Kuntzen C, Knabb JR, Dean
K, Franzoso G. The NF-kBmediated control of the JNK cascade in the
antagonism of programmed cell death in health and disease. Cell Death
Differ. 2006;13(5):712-729. https://doi.org/ 10.1038/sj.cdd.4401865
Hsu FT, Chiang IT, Wang WS. Induction of apoptosis through ex-
trinsic/intrinsic pathways and suppression of ERK/NF-kB signal-
ling participate in anti-glioblastoma of imipramine. J Cell Mol Med.
2020;24(7):3982-4000. https://doi.org/10.1111/jcmm.15022

Tilborghs S, Corthouts J, Verhoeven Y, Arias D, Rolfo C, Trinh XB,
van Dam PA. The role of Nuclear Factor-kappa B signaling in human
cervical cancer. Crit Rev Oncol Hematol. 2017;120:141-150. https://
doi.org/ 10.1016/j.critrevonc.2017.11.001

Schonfeld SJ, Bhatti P, Brown EE, Linet MS, Simon SL, Weinstock
RM, Hutchinson AA, Stovall M, Preston DL, Alexander BH, Doody
MM, Sigurdson AJ. Polymorphisms in oxidative stress and inflamma-
tion pathway genes, low-dose ionizing radiation, and the risk of breast
cancer among US radiologic technologists. Cancer Causes Control.
2010;21(11):1857-1866.https://doi.org/ 10.1007/s10552-010-9613-7
Ghali RM, Mahjoub S, Zaied S, Bhiri H, Bahia W, Mahjoub T, Al-
mawi WY. Association of Genetic Variants in NF-kB with Suscep-
tibility to Breast Cancer: a Case Control Study. Pathol Oncol Res.
2018;25(4):1395-1400. https://doi.org/ 10.1007/s12253-018-0452-2
Yu Y, Liu H, Jin M, Zhang M, Pan Y, Zhang S, Li Q, Chen K. The
Joint Association of REST and NFKB1 Polymorphisms on the Risk of
Colorectal Cancer. Ann Hum Genet. 2012;76(4):269-276. https://doi.
org/ 10.1111/j.1469-1809.2012.00709.x

Seufert BL, Poole EM, Whitton JA, Xiao L, Makar K, Campbell PT,
Kulmacz RJ, Baron JA, Newcomb PA, Slattery ML, Potter JD, Ulrich
CM. IkBKp and NFkB1, NSAID use and risk of colorectal cancer in
the Colon Cancer Family Registry. Carcinogenesis. 2013;34(1):79-85.
https://doi.org/ 10.1093/carcin/bgs296

Chang ET, Birmann BM, Kasperzyk JL, Conti DV, Kraft P, Ambind-
er RF, Zheng T, Mueller NE. Polymorphic Variation in NFKB1 and
Other Aspirin-Related Genes and Risk of Hodgkin Lymphoma. Can-
cer Epidemiol Biomarkers Prev. 2009;18(3):976-986. https://doi.org/
10.1158/1055-9965.EPI-08-1130

Kim HM, Oh S, Yang JY, Sun HJ, Jang M, Kang D, Son KH, Byun
K. Evaluating Whether Radiofrequency Irradiation Attenuated UV-B-
Induced Skin Pigmentation by Increasing Melanosomal Autophagy
and Decreasing Melanin Synthesis. Int J Mol Sci. 2021;22(19):10724.
https://doi.org/ 10.3390/ijms221910724

Jain T, Nikolopoulou EA, Xu Q, Qu A. Hypoxia inducible factor as a
therapeutic target for atherosclerosis. Pharmacol Ther. 2018;183:22-
33. https://doi.org/ 10.1016/j.pharmthera.2017.09.003

Malaponte G, Signorelli SS, Bevelacqua V, Polesel J, Taborelli M,
Guarneri C, Fenga C, Umezawa K, Libra M. Increased Levels of
NF-kB-Dependent Markers in Cancer-Associated Deep Venous

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Thrombosis. PLoS One.
10.1371/journal.pone.0132496
Shadrina AS,Voronina EN, Smetanina MA, Tsepilov YA, Sevost’ianova
KS, Shevela Al, Seliverstov EI, Zakharova E, Ilyukhin EA, Kirienko
Al, Zolotukhin IA, Filipenko M. Polymorphisms in inflammation-
related genes and the risk of primary varicose veins in ethnic Russians.
Immunol Res. 2017;66(1):141-150. https://doi.org/ 10.1007/s12026-
017-8981-4

Huxkonaesa JI.W., KonorBun A.B., Camoxopckas JI.M., CanpoHoB
I'B., MakamoBa B.B., Camoxsasnos E.U., AnbxoBckuii C.B., I'puiueu-
kuH A.E., Bensiea H.M., T'ubagynud P.A. AHanu3 BAUSHUS TeHETH-
yeckux (akTopoB Bupyca rernarura C u nonumopdusma reHoB UHOU-
LIMPOBaHHBIX JIIOJel Ha pasBuThe (Gubpo3a rneueHu. Snudemuonous
u uHgexyuoHHble 6onezxu. 2012;17(5):7-13. https://doi.org/ 10.17816/
EID40683 Nikolaeva LI, Kolotvin AV, Samohodskaya LM, Sapronov
GV, Makashova VV, Samokhvalov EI, Al'khovskiy SV, Grishechkin
AE, Beljaeva NM, Gibadulin RA. Analysis of the influence of genetic
factors of hepatitis Cvirus and gene polymorphism in infected patients
on the development of liver fibrosis. Epidemiology and infectious dis-
eases. 2012;17(5):7-13. (In Russ). https://doi.org/ 10.17816/EID40683
Arsentieva NA, Semenov AV, Totolian AA. The role of cytokine
genes polymorphism in hepatitis C virus infection. Infektsiia Immun.
2014;2(4):687. https://doi.org/ 10.15789/2220-7619-2012-4-687-698
Hatemi G, Christensen R, Bang D, Bodaghi B, Celik AF, Fortune F,
Gaudric J, Gul A, Kétter I, Leccese P, Mahr, Moots RJ, Ozguler Y,
Richter JG, Saadoun D, Salvarani C, Scuderi F, Sfikakis PP, Siva A,
Stanford MR, Tugal-Tutkun I, West R, Yurdakul S, Olivieri I, Yazici H.
2018 update of the EULAR recommendations for the management of
Behget’s syndrome. Ann Rheum Dis. 2018;77(6):808-818. https://doi.
org/ 10.1136/annrheumdis-2018-213225

Carmona FD, Martin J, Gonzédlez-Gay MA. Genetics of vasculitis.
Curr Opin Rheumatol. 2015;27(1):10-7. https://doi.org/ 10.1097/
BOR.0000000000000124

Kaya TI. Genetics of Behcget's Disease. Patholog Res Int. 2012;
2012:912589. https://doi.org/10.1155/2012/912589

Jiang Y, Wang H, Yu H, Li L, Xu D, Hou S, Kijlstra A, Yang P.Two
Genetic Variations in the IRF8 region are associated with Behget’s dis-
ease in Han Chinese. Scientific Reports. 2016;6(1):19651. https://doi.
org/10.1038/srep19651

Icer MA, Gezmen-Karadag M. The multiple functions and mechanisms
of osteopontin. Clin Biochem. 2018;59:17-24. https://doi.org/
10.1016/j.clinbiochem.2018.07.003

Ray-Jones H, Eyre S, Barton A, Warren RB. One SNP at a time: mov-
ing beyond GWAS in psoriasis. J Invest Dermatol. 2016;136(3):567-
573. https://doi.org/ 10.1016/j.jid.2015.11.025

Chandra A, Ray A, Senapati S, Chatterjee R. Genetic and epigenetic
basis of psoriasis pathogenesis. Mol Immunol. 2015;64(2):313-323.
https://doi.org/ 10.1016/j.molimm.2014.12.014

Harden JL, Krueger JG, Bowcock AM. The immunogenetics of psoria-
sis: a comprehensive review. J Autoimmun. 2015;64:66-73. https://doi.
org/ 10.1016/j.jaut.2015.07.008

2015;10(7):e0132496. https://doi.org/

CeedeHusi 00 aemopax

Metiep Anuna BukmopogHa, kKaHoudam 6uon02uuecKux Hayk,
OoyeHm Kagedpbl MonekyAspHoll u Knemourol buonoeuu PI'6OY
BO «Kemepoeckuil 2ocydapcmeeHHbill MeOUYUHCKUL yHugepcumen»
Munucmepcmea 30pasooxpaHerust Poccutickoli @edepayuu (650056,
2. Kemeposo, yn. Bopowunoea, 0. 22a).

Bxk1ad 6 cmamblo: HANUCAHUe CMambl.

ORCID: 0000-0001-9952-7854

Tonouko Tambsina AHdpeesHa, cmapuwiuii npenodasamens Kageopb!
mopeonoeuu u cyoebHoti meduyurbt PI'EOY BO «Kemeposckuil
20cydapcmeeHHblll MeouyuHcKull yHusepcumem» MuHnucmepcmea
30pasooxpaneHust Poccutickoli @edepayuu (650056, 2. Kemepogo,
yn. Bopowunoea, 0. 22a).

Bxkad 6 cmamblo: HANUCAHUe CMambl.

ORCID: 0000-0003-4645-7009

Authors

Dr. Alina V. Meyer, PhD, Associate Professor of the Department of
Molecular and Cellular Biology, Kemerovo State Medical University (22a,
Voroshilova Street, Kemerovo, 650056, Russian Federation).
Contribution: wrote the manuscript.

ORCID: 0000-0001-9952-7854

Tatiana A. Tolochko, Senior Lecturer, Department of Morphology and
Forensic Medicine, Kemerovo State Medical University (22a, Voroshilova
Street, Kemerovo, 650056, Russian Federation).

Contribution: wrote the manuscript.

ORCID: 0000-0003-4645-7009

123



®
[ -] REVIEW ARTICLES

FUNDAMENTAL

AND CLINICAL MEDICINE VOL. 7, N2 2, 2022

Acmagnesa EgzeHuss AHamosbe8Ha, accucmeHm Kageopbl mopcponozuu
u cyoebHol meduyuHbl PI'BEOY BO «KemepogcKuli 20cydapcmeeHHblll
MeduyuHcKull yHueepcumem» MuHucmepcmea 30pagooxpaHeHust
Poccutickoti @edepayuu (650056, 2. Kemepogo, yn. Bopowunoea, 0. 22a).
Bk/1ad € cmambio: Hanucaxue cmambl.

ORCID: 0000-0002-5841-6311

Yabsanoea Mapuna Biaduciagogna, kaHouoam 6uon02uueckux Hayk,
doyeHm Kachedpbl MoneKyspHoll u kaemouHol buonozuu @I'EOY
BO «Kemepogckuti 20cydapcmeeHHbIll MeOUYUHCKUL yHUgepcumen»
MuHucmepcmea 30pagooxpateHusi Poccutickoti @edepayuu (650056,
2. Kemepoeo, yn. Bopowusnoea, 0. 22a).

Bk/1ad € cmambio: Hanucaxue cmambu.

ORCID: 0000-0002-7945-566X

HUmekuna JJapbs OnezoeHa, accucmeHm Kagheopbl MoneKysipHoll u
kaemouHou 6uonoeuu GI'BEOY BO «Kemeposckuil 20Cy0apcmeeHHbIl
MeduyuHcKull yHueepcumem» MuHucmepcmea 30pagooxXpaHeHust
Poccutickoti @edepayuu (650056, 2. Kemepogo, yn. Bopowunoea, 0. 22a).
Bk1ad € cmambio: Hanucaxue cmambl.

ORCID: 0000-0002-0927-4855

Jlaspsiwuuna Mapus Bopucoena, dokmop 6uonoeuueckux Hayk, 0oyeHm,
3agedyrowjast Kaghedpotil MoneKyasipHoll u kaemouHoil buonoeuu PI'EOY
BO «Kemepogckutli 20cydapcmeeHHbIll MeOUYUHCKUL yHU8epcumen»
MuHucmepcmea 30pagooxpateHusi Poccutickoti @edepayuu (650056,

2. Kemepoeo, yn. Bopowusnoea, 0. 22a).

Bkao 6 cmambio: asmop HayuHoli udeu cmambl, pedakmuposaHue
mamepuanda.
ORCID: 0000-0003-1593-0676

Cmambs nocmynuaa: 15.03.2022 2.
IIpunsima @ neuams: 30.05.2022 2.
Konmenm docmynen noo auyersueii CC BY 4.0.

Eugeniya A. Astaf’eva, Assistant, Department of Morphology and Forensic
Medicine, Kemerovo State Medical University (22a, Voroshilova Street,
Kemerovo, 650056, Russian Federation).

Contribution: wrote the manuscript.

ORCID: 0000-0002-5841-6311

Dr. Marina V. Ulyanova, PhD, Associate Professor of the Department of
Molecular and Cellular Biology, Kemerovo State Medical University (22a,
Voroshilova Street, Kemerovo, 650056, Russian Federation).
Contribution: wrote the manuscript.

ORCID: 0000-0002-7945-566X

Darya O. Imekina, Assistant, Department of Molecular and Cellular
Biology, Kemerovo State Medical University (22a, Voroshilova Street,
Kemerovo, 650056, Russian Federation).

Contribution: wrote the manuscript.

ORCID: 0000-0002-0927-4855

Dr. Marya B. Lavryashina, Doctor of Biological Science, Head

of Department of Molecular and Cellular Biology, Kemerovo State
Medical University (22a, Voroshilova Street, Kemerovo, 650056, Russian
Federation).

Contribution: author of the scientific idea of the article, editing the
manuscript.

ORCID: 0000-0003-1593-0676

Received: 15.03.2022
Accepted: 30.05.2022
Creative Commons Attribution CC BY 4.0.

124



