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[IpencraBieH 0630p COBPEMEHHbBIX TaHHBIX JIUTEPATypbl O 3HAYEHUM CUTHaJbHOro Iyt Notch B MexaHuU3Max
pa3BuTHs 3a00JI€BaHUII PECIIMPATOPHOM CHCTEMBI — XpOHMYECKOM OOCTPYKTHBHOII Oone3Hu Jierkux (XOBJI),
6ponxuanbHoii actMbl (BA) u paka jierkoro. B ucciaenoBaHusix o6pasioB TKaHei Jerkux 6osbHbIX ¢ XOBJI u TKa-
HEeM JIETKMX MBIIIE YCTAHOBJIEHO, YTO aKTUBALIMs CUTHaJIbHOTO yTU Notch crioco6¢cTByeT MeTarjia3uu 1 MoBbl-
HIeHUI0 (PYHKIIMOHATBbHOI aKTUBHOCTH OOKAJIOBUIHBIX KJIETOK, 3allIMIIACT SMUTEINATbHbIE KJIETKM OT arlonTo3a
n okucimTenapHoro cTpecca. [logaBiaenne mytn Notch—Jagged1/Jagged2 acconumpoBaHo ¢ TpaHcauddepeHII-
pPOBKOI1 Oy/1aBOBMIHBIX KJIETOK B pecHMYaThble. Y 60JbHBIX BA curHanbHbI yTh Notch crmoco6erByeT nudde-
peHuupoBKe Th2-mmMmdonuToB. B Momenn GpoHXMaIbHONM acTMbI, HHIYIUPOBAHHON OBaJIb,OYMWHOM, KacKas
Notch yBennuuBaet aucbanaHc nonyisiuuit aumgornmro Th17/Treg, nponykumio 1L-4, 1L-5, IL-13, IL-17, 06-
pasoBaHue auiepreH-crenndndeckux IgE, s03mHodpmibHyI0 MTHOMIBTPALIMIO U METAIUIa3ui0 OOKAJIOBUIHBIX
KJIETOK 3IUTEIUS AbIXaTeNbHbIX IyTei. CHibkeHue kKoHueHTpauuu IgE, nurokunos Tuna Th2 (IL-4, 1L-5, 1L-13),
yBesmueHue gncia Treg-kireTok v ypoBHst TGFP B 6poHXx0aIbBeONIIPHOM JlaBake y MBIIIEH ¢ aCTMOM, OTTocpeno-
BaHHOE BBeIeHMEM NEHIPUTHBIX KJIETOK, SKcIpeccupylommx suranasl DLL1 u Jagged1, cBuaeTeabCTBYET O Mpo-
TEKTUBHOU posu curHaibHOTO TyTH Notch. Ha oOpa3iiax onyxoneBoil TKaHU U JIMHUM KJIETOK HEMEJIKOKJIETOU-
HOTO pakKa JIETKOTO yCTaHOBJIeHO, 4To yBenmdeHue skcrpeccu MPHK Notch-1 1 Notch-3 ¢cBsI3aHO ¢ MOBBILIIEHT -
eM TpoiaudepaTuBHON aKTUBHOCTHU, 3JI0KAYECTBEHHOU TpaHc(opMalueil KIeTOK, BBICOKUM PHUCKOM
MeTacTa3upoBaHU B IMMdaTudecKue Y36l U HeOJIaronmpusITHEIM ITPOTHO30M 3aboJjieBaHus. B o6pa3iax omyxo-
JIEBOI TKAHU MEJIKOKJIETOYHOTO paKa Jerkoro perucTpupyeTcs MOBBIIIEHUE SKCIIPECCUU TeHa MHTMOUTOpa nepe-
nmauu curHaiaoB Notch — muranga DLK1, reHa dakropa TpaHckpumiuu Ascll v Tu3nH-crneuruyecKoil TMCTOH-
memetwiasel 1 (LSD1). [TonaBnenne aktuBHOcT LSD1 conpoBoknaeTcs peakKTMBaleli IIepeaady CUTHAJIOB Ye-
pe3 Notch-1-peuenTop M IIOCIEAYIOIIMM yrHeTeHMeM dakTopa TpaHCKpunuuu Ascll, WHIYLUPYIOIIETo
HavaJbHbIE CTAIUM OITyX0JIEBOU TpaHCHOpPMALIUK.
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CurHanbHbIN TyTh Notch urpaet pyHIaMeHTATBHYIO
POJIb B OTIpeieJIEHUU CYyAbObI KJIETOK BO MHOTHX TKAHSIX.
YHukanbsHOCTB IyT Notch ompenessieTcs: I0OKCTaKpUH-
HBIM MEXaHM3MOM IIepenayy CUTHAJIA 1 IJIeOTPOITHBI-
MU 3(pdekTamMu B OTHOIIEHUM perysiuun nuddepeHm-
poBKku, nponudepaunn Kierok 1 arnonrto3a (Hua et al.,
2019; Huang et al., 2019a; Lin et al., 2019; Katoh, Katoh,
2020; Kiyokawa, Morimoto, 2020; Yu, Li, 2022). Mexa-
HM3MBbI aKTUBAllMM CUTHAJILHOTO Iyt Notch B (pusmo-
JIOTUYECKUX YCIIOBUSIX JOCTATOYHO XOPOIIIO U3YYEHBI.

Ilpunamote coxpawenus: XOBJI — xpoHuyeckass 0OCTPYKTMBHAsI
60me3nb terknx; MKPJI 1 HMKPJI — cooTBeTCTBEHHO METKOKJIE-
TOUHBIM U HEMEJKOKJIETOUHBbIM pak Jierkoro; Th-nmumdonurer —
T-nmumdouurei-xennepsl; Treg — T-perynsiTopHble KIETKU.

CymiecTByeT 4YeTblpe THUMa penentopoB Notch
(Notch 1-4) u narb nurannos (Jagged-1, -2 u nenbra-
nonooubie turanasl (DLL) -1, -3u -4) (Huaetal., 2019;
Huanget al., 2019a; Lin et al., 2019; Katoh, Katoh, 2020;
Kiyokawa, Morimoto, 2020; Zhou et al., 2022). Peuer-
Tophl Notch cocrosaTt u3 BHekieTouHoro (Notch Extra-
cellular Domain, NECD), tpancmem6panHoro (Notch
Trans Membrane Domain, NTMD) 1 BHyTpUKJI€TOUHO-
ro (Notch Intracellular Domain, NICD) nomeHOB
(Huanget al., 2019a; Zhou et al., 2022). CormtacHO KaHO-
HUYECKOMY MYTU aKTWMBALUUW, JIUTaHI-PELENnTOPHbIN
KOMIUIEKC MOABEPraeTcsl SHAOLMTO3Y U IMOCIEA0BATEIb-
HOMY MpoTeojuTuueckomy otuerieHnio NECD (ripu
yyactun mertamtonporenHaszsl ADAM) u NICD (mox
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JNEUCTBUEM 7Y-CeKpeTasbl). BHYTpUKIETOUHBI AOMEH
NICD nepewmeliaercs B SIIpo, CBS3bIBAETCS C haKTOPOM
tpaHckpuniuu RBPJk/CSL u cemeiictBoM KodakTo-
poB MAMLI1-3 ¢ obpa3oBaHneM KOMIDUIEKCA, aKTUBH-
PYIOILIETO 3KCHPECCHUIO 1IeJEBbIX T€HOB-MUIIEHEH —
CCNDI (xogupyet umkiauH D1), CDKNIA (Xxoaupyer
MHIIOUTOp K1Ha3 O0ejtok P21), mporooHkorenos BMI1
u IMYC, revoB riukornporenHa CD44 u ¢dakTopoB
tpanckpunuuu HES1, HEY1, REST u TCF7 (Huang
et al., 2019a; Katoh, Katoh, 2020; Kiyokawa, Morimoto,
2020; Zhou et al., 2022). B orcyrctBue NICD dakTop
Tpanckpurtuyuyu CSL cBSI3BIBacTCS C KOPETYISITOPHBIMU
OeJIKaM1 M MHTMOMpPYET TPAaHCKPUIIIUIO T€HOB-MHUIIIE-
Heit (Zhou et al., 2022).

CurHanpHbeiii IyTh Notch (GyHKIIMOHMpPYET B IIPO-
1ecce pa3BUTHUS JIETKMX M BOCCTAHOBJICHUST TIOBPEXKIE-
Huit (Zhou et al., 2022). B amOpuoreHe3e oH KOHTPOJIM-
pyeT 6ajtaHC MexXny 6a3aJlbHBIMUA, PECHUTIATBIMU, HEl-
POSHAOKPUHHBIMA M CEKPETOPHBIMM KJIIETKAMH B
SIIMTEIMM BEPXHUX OTIEJIOB AbIXaTeIbHbIX ITyTeil. B
MOCTHATAJIbHOM IIepHOoJie OrpaHNYUBacT JUuddepeHIn-
POBKY PECHUTYATHIX U CITOCOOCTBYET 00pa30BaHUIO CEK-
PETOPHBIX KJIETOK. B 3pesioM JierkoM peryiupyer cyaboy
KJIETOK, OOHOBJICHHE 0a3aJIbHBIX KJICTOK I CTUMYJINPYET
InddepeHINPOBKY CTBOJOBBIX KJIETOK B CIIM3MCTHIE
(Sosa Iglesias et al., 2018). MurubupoBaHue nepenayu
curHajioB Notch mwim meduumnT TpaHCKPUIILIMOHHOIO
dakropa RBPJk/CSL conpoBoxmaeTcsa HapylieHUEM
IuddepeHINPOBKU SMUTEIUATIbHBIX KJIETOK IPOKCH-
MaJIbHBIX OTAEJIOB IbIXaTeJIbHBIX ITyTeil, MOOaBIsIeT CeK-
peTopHYIO (GYHKIIMIO OyJIaBOBUIHBIX KJIETOK, OTPaHM-
YMBaeT U3OBITOUHYIO Mpoaudepaluio peCHUTYATBIX U
HEepO3HAOKPUHHEIX KJIeTOK (Zhou et al., 2022). Hapy-
mieHusT GYHKIIMOHMPOBAHUSI CUTHaJIbHOro myt Notch
UTPAlOT KJIIOUYEBYIO POJIb B [TaTOreHe3€e pa3inyHbIX 3200-
JIeBaHMI JIeTKUX — (uOpo3a, paka JIETKUX, JIETOYHOM
apTepuaJbHON TUNEPTSH3WH, XPOHUUYECKOMH OOCTPYK-
TUBHOI OoJie3HU, OpoHxuanbHOIi acTMmbl (Lin et al.,
2019; Kiyokawa, Morimoto, 2020; Yu, Li, 2022).

POJIb NOTCH B ITATOI'EHE3E XPOHUYECKOWM
OBCTPYKTHUBHOM BOJIE3SHU JIETKUX

XpoHnyeckass OOCTpYKTHMBHAasT OOJE3Hb JIETKUX
(XOBJI) xapakTepusyeTcs MpOrpeccCupylonmM BocHa-
JIMTEILHBIM IIPOLIECCOM B OpOHXaX C TUIIEpILIa3ueii 60-
KaJIOBUIHBIX KJIETOK M ITOJICIM3UCTBIX Xeje3, TUlep-
cekpeumeit causu, pa3BUTUEM 3M@PU3EMBI JIeTKUX, puod-
po3oM u orpaHnndyeHueM Beigoxa (Bagdonas et al., 2015;
Wang et al., 2018; Agusti et al., 2020). OcHOBHOI1 MaKpoO-
MOJIEKYJISIDHBIIA KOMITOHEHT CeKpeTa OOKaJOBUIHBIX
KJIETOK — rejieobpasytoinuit mynuH SAC, obecrieuuBa-
IOIIUA MYKOLMJIMAPHBINA KJIMPEHC U MECTHYIO 3allUTy
IbixaTenbHbIX myTeit (Ostedgaard et al., 2017; Ma et al.,
2018; Whitsett, 2018). Hapyiienue muddepeHInpoBKHT
0a3aJIbHBIX KJIETOK PECITUPATOPHOTO SITUTEIINS B OOKa-
JIOBUIIHBIC, UX MeTaruia3usi U U30bITOYHast (hpyHKIIUO-
HaJIbHasi aKTUBHOCTH IIPUBOISAT K OOCTPYKIIUM IbIXa-
tenbHbIX TryTeit (Whitsett, 2018). CurHaiabHBIiI TyTb

Notch mMeeT KIrroueBoe 3HaUCHME B peryasanann nudde-
PEHIIMPOBKU U CEKPETOPHOU (DYHKIIMM OOKATOBUIHBIX
KJIETOK. YCTaHOBJIEHO, UTO no0aBieHue auraHga Notch
K 9KCIJIAHTUPOBAHHBIM JIETKUM 3MOPHOHOB MBIIIIEi CO-
MPOBOXIAETCS YBEJIMUYEHUEM 4YHCJIa KJIETOK, CEKpETU-
pytomux MyuuH SAC, a B IpUCYTCTBUU UHTUOUTOpPA Y-
cekpeTa3bl — ux ymeHblneHueM (Ostedgaard et al., 2017;
Maet al., 2018).

MeTogaMyu MMMYHOTMCTOXMMHUYECKOTO M UMMYHO-
(ryopeclieHTHOIO aHaJIM3a CEpUITHBIX CPE30B 00pa3lioB
TKaHe! JeTKuX Kypsimmx nanueHToB ¢ XOBJI n Tkaneit
nerkux Mbieit Hoxa5™/~ (¢ myrauueii rena Hoxa5), Ko-
aupymoniero nnddepeHIMPOBKY SIUTEINAIBHBIX KJIE-
TOK, MPOAEMOHCTPUPOBAHO 3HAYUTEJIbHOE YBEIUUYCHUE
skcnpeccur reHoB OenkoB mytu Notch — NI1ICD u
HEY2 B mecrtax MeTaruiazuu OOKaJOBUIHBIX KJIETOK
3MUTENIMS ObIxaTeJdbHbIX ITyTeli (Boucherat et al., 2012).
BBeneHue mHrudburTopa y-cekperasbl ocaadisieT MeTa-
IUIA3MI0 OOKAJTOBUIHBIX KJIETOK y Mbimeil Hoxa5™/~
(Tsao et al., 2011). HarpoTuB, CHUKEHUE YPOBHST 3KC-
npeccumn peuenrtopa Notch-3, ero auranga DLLI u
MPHK-perymupyembix 6en1koB HESS 1 HEY1/2 smure-
JIMAJIbHBIMU KJIeTKaM1 OPOHXOB YKa3bIBaeT Ha IMOAaBJIe-
HUe Tepenayu curdajgoB Notch y KypsIiux malMeHTOB C
XOBJI (Kiyokawa, Morimoto, 2020).

CyllEeCTBEHHYIO pOJIb B HOPMaJbHOM (DYHKIIMOHU-
POBaHUU BTUTEINS TUCTATBHBIX BO3AYXOHOCHBIX MyTei
UrpaeT NoJupyHKIMOHAIbLHAS TTONYJISIIUs OyJ1aBOBU/I -
HbIX KJ1eTOK. OHM MPOAYLUPYIOT KOMIIOHEHTHI cypdak-
TaHTa, BbIPAOATHIBAIOT MIMKOIIPOTEUHBI U (DEPMEHTHI,
NpUHUMAIOIIME YIacTUe B MTHAKTUBALIMU TTOCTYMNAIOIINX
C BO3JyXOM TOKCUHOB, CJIY>KAaT UCTOUHUKOM JIJIsI IIOITOJI-
HEHUSI COOCTBEHHO MOMYISIINY Y TTOMYJISILIUNA PECHUT-
yaThIx KJ1eToK (Llenyiiko u ap., 2014). YcraHOB/IEHO, 4YTO
WHOYLUUpPOBaHHAsT BKcIpeccust Genka mytu  Notch
NI1ICD B snuTenuaabHBIX KJIETKaX JIETKUX CITOCOOCTBY-
eT MeTaIUla3uu CJIM3UCTON M YMEHBIIEHUIO YKcia pec-
HUTYATBHIX KJIETOK. HampoTuB, mopaBlieHUe mnepemadu
curnanoB Notch—Jaggedl mmm Notch—Jagged2 cormpo-
BOXIaeTcsl TpaHcaAuddepeHIMPOBKOU Oy1aBOBUIHBIX
KIIeToK B pecHutuaTthie KieTku (Kared et al., 2006;
Morimoto et al., 2010). Takum ob6pazom, Notch mozxket
CTaTh MOTEHUMATBbHON MUILIEHBIO PEryIsiiU GYHKIINO-
HaJIbHOM aKTUBHOCTU U JUPDEpEeHIIUPOBKU CEKPETOP-
HBIX M PECHUYATBHIX KJIETOK AbIXaTeJbHBIX ITyTCH IIpU
XOBJI.

Benyuiyio posb B natoreHeze XOBJI urpatot Bocna-
JIeHUe, OKUCJIUTENbHBIN CTPECC U anoITo3 KJIETOK, UH-
IyLUUPYEMbIE B TOM YMCJIE CUTAPETHBIM JILIMOM. YCTa-
HOBJICHO, YTO CUTHaJbHBIM MYyTh, OIOCPEAOBAHHBIM
Notch-1, 3aiuinaer anureIMaibHble KJIETKY OT allorTo3a
(Luo et al., 2020). Tak, B aKcriepyMeHTax Ha dMOpHOHaX
MBIIIEN ¢ HOKayToM TreHa perienropa Notch-1 peructpu-
POBaJIU MOBBIIIEHUE OMOCPEIOBAHHOIO Kacra3oii-3 arno-
nTo3a 3HIOoTeIMaIbHBIX KileToK (Limbourg et al., 2005).
Bricokuii ypoBeHb 3kcripeccuu Notch-1, HanpoTus, 3a-
muian kietku ot NF-kB-uHaynupoBaHHOI anmonTo-
tuueckoit rmoenu (Qin et al., 2011).

LIUTOJIOTUS Ne 1

TOM 65 2023



POJIb CUTHAJIBHOTO ITYTU NOTCH B IMATOTEHE3E 3ABOJIEBAHUM JIETKUX 5

B Mmonem XOBJI in vitro, ipencTaBiIeHHON MIKPOCO-
CYIMCTBIMU SHAOTEINABHBIMU KJIETKAMU JICTKUX YeJI0-
Beka (Human Pulmonary Microvascular Endothelial
Cells, HPMEC), o6pabotaHHbIMHU 2.5%-HBIM 3KCTpaK-
TOM CUTapETHOIO JIbIMa B TeueHUe 24 9, TIPOJIEMOHCTPU -
poBaHa 6oJjiee HU3Kasi akcnpeccus perernropa Notch-1
n 6erkoB HES1 1 HEY?2. Koppensimst BBICOKOTO YpOB-
Hs skcnpeccuu kietkamu HPMEC penenrtropa Notch-1
¢ yctpaHeHueM 3 EKTOB, UHAYINPOBAHHBIX SKCTPaK-
TOM CUTAPETHOIO AbIMa, CBUIETEILCTBYET O 3HAYUTEIb-
HOM POJIM BTOTO pelLieNTOpa B pEeryJ/siiiiu arlonTo3a, BOC-
najeHusi U oKuciauTenbHoro crpecca (Luo et al., 2020).

OKUCIUTENBHBIA CTPECC CIOCOOEH WHUILIMHPOBATH
MeXaHMU3M T'M0eIr KJIeTOK KakK I10 BHEIIHEMY, TaK 1 I10
BHyTpeHHeMy ImyTu (Sinha et al., 2013). B axcnepumeHTe
Ha KYyJIbType IepBUYHBIX 3HIOTEIMAIbHBIX KJICTOK ITy-
MOYHOI BEHEI YeJIOBEKA YCTAHOBJIEHO, UTO IIOIaBJICHIE
CUTHaJIbHOTO Kackana Notch MHrMOUTOpOM Y-cekpeTa-
3bl TIPUBOIUT K ITOBBIIICHUIO 00pa30BaHUSI aKTUBHBIX
dopm kuciaopoma (Cai et al., 2014). BoccraHoBineHue
AKTUBHOCTH Y-CEKPeTa3bl KOPPEIUPYET C HU3KUM YPOB-
HEM OKMCIIMTeJIbHOTO cTpecca (Small et al., 2014).

Bonbliyio poiab B pereHepallui ajJbBeOJISIPHOI BbI-
CTUJIKU, CHHTE3€ M CEeKpeluM cypdakTaHTa WUTparoT
MHEBMOLMTHI 2-r0 TUIa. Ha J0J110 3TUX KJIETOK MPUXO-
nutcs He 6osee 10% noBepXHOCTH alIbBEOJI, OHU AKTUB-
HO poandepupyioT 1 TpaHCHOPMUPYIOTCS B ITHEBMO-
uuThl 1-ro Tuma, obGecrneuyuBaromue Aud@y3uo rasza
MEXIy MPOCBETOM allbBEOJ U KPOBBLIO B KaIMJLUISIpax
(Mmytuna, 2021). B akcnepuMeHTe Ha TpaHCTEHHBIX
MbIIIax ITPOAEMOHCTPUPOBAHO, YTO KOHCTHUTYTHMBHAas
aKkcrpeccust peuentopa Notch-3 B 3muUTeIUANTbHBIX
KJIETKAX JISTKHX COMPOBOXIAETCS HapylIeHrueM o0pa3o-
BaHUsI THEBMOLIMTOB 1-ro Tma (Zong et al., 2016).

POJIb NOTCH B I[TATOT'EHE3E
BPOHXHWAJIBHOUN ACTMbI

bpoHxmnanbpHast acTMa — XpOHUYECKOE BOCIIAJIUTEIb-
HOe 3a00JieBaHUE AbIXaTeJbHbIX IyTei, XapaKTepusylo-
mmeecsl TUMEePPEakKTUBHOCTBIO U PEMOICIMPOBAaHUEM
oponxoB (Huang et al., 2019b; Tindemans et al., 2020;
Nieetal., 2021; Yu, Li, 2022). LlenTpanbHyIO pOJb B pa3-
BUTUM U IIPOIPECCUPOBAHUN acTMbI OTBOIAT IgE-3aBu-
CHUMOI aKTHUBAallMM TYYHBIX KJIETOK, MHMUILTpALIUA B
CIIM3UCTYIO 00O0JIOUKY IbIXaTeAbHBIX MyTel 303UHOMU-
JIOB ¥ aKTUBUPOBAaHHEIX T-TUM@MOLUTOB-XENIIEPOB TH-
na 2 (Th2) (Huang et al., 2019a; Nie et al., 2021; Yu, Li,
2022). Pe3ynbTaThl UCCAEIOBaHUM YKa3bIBaIOT Ha OMpe-
JIensionlee 3HauyeHWe CUTHAJIbHOTO Iyt Notch B Ha-
npaBiaeHnn nuddepeHIpoBKN anMdornToB Th2 mpu
oponxuanbHoii actmMe (Huang et al., 2019b; Nie et al.,
2021; Yu, Li, 2022). Y 00JbHBIX OpOHXMAILHOM acTMOM
pEerucTpupyeTcs: 60jiee BHICOKMI YPOBEHb 3KCIIPECCUU
peuenTtopos Notch Ha CD4* T-kietkax nmamMati U Th2-
JuMmdonuTax, yeM y 3010poBbix n1oHopoB (Huang et al.,
2019a; Tindemans et al., 2020). YcraHoBjeHO, 4TO Jag-
ged — murang Notch — u peryanpyeMblii UM TpaHCKPUII-
uoHHbIM 6es1oK GATA3 IBISIIOTCS OCHOBHBIMHU (DaKTO-
LIUTOJIOTUA Ne 1
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pamn Notch-ormocpenoBaHHOTO (POPMHUPOBAHUS TTOITYJIS -
mu Th2-xierok (Tindemans et al., 2020; Yu, Li, 2022).

YyacTtue curHaibHoro nytu Notch B matoreHese aji-
JIEPTUYECKOTO BOCIAJIEHUS JbIXaTeJIbHBIX MYyTE J0OKa-
3aHO B AKcrnepuMeHTax. Tak, y mbiieit nuauiit BALB/c
n C57BL/6 B Monmenu 6GpOHXUATBLHOM acTMBI, MHIYLIU-
pPOBaHHOU OBaJILOYMMHOM, PETMCTPUPYETCS YBEIUYE-
HHE BKCIIPeCCUMU B TKaHU JIeTKMX pelienTopoB Notch
(Huang et al., 2019b; Hua et al., 2019; Nie et al., 2021), a
Takke MPHK ¢akropa tpanckpunuuu HES1 n 6enka
BHyTpuKJIeTouHOro nomeHa NICD (Zeng et al., 2019). B
KUMAKOCTU OPOHXOAJbBEOJISIPHOTO JiaBaXa 3KCIepu-
MEHTAJIbHBIX KUBOTHBIX OTMEYAETCS YBEJIUUYEHUE T0JIU
T-mumdonutos-xennepon tuna 17 (Th17) u cHuKeHue
YMCia UMMYHOCYTIPECCOPHBIX T-peryiasiTOpHbIX KIETOK
(Treg), B CBIBOPOTKE KPOBU PETMCTPUPYETCS ITOBBIIIIE-
HUe KoHLleHTpauuu uHTepieiikuHa (IL) 17 u cHukeHue
ypoBHs 1L-10, B TKaH! JETKMX YBEJIMIMBACTCS SKCIIPEC-
cusgs MPHK murannoB Notch — Jagged1 u Delta4 (He et al.,
2021). HapyuieHue nepenauu curdHaioB Notch ¢ momo-
LIbI0O UMHTCUOUTOpA 7Y-CEKPETa3bl COMPOBOXAAETCS
ymenbmieHueM 3kcrpeccun MPHK Notchl, HESI,
NICD w nuranpma Jaggedl, nucbanaHca DONYJISIIMIA
mmmgountoB Thl7/Treg, ypoBus 1L-17 (Huang et al.,
2019a; Zeng et al., 2019; He et al., 2021), nponykuuu
Th2-uurokunoB (IL-4, 1L-5, IL-13) u annepreH-crieu-
duuecknx IgE, a Takke ymMeHbIIEHMEM 303MHOMWILHOMN
WHOWIBTpALMN, METATUIA3UN OOKAJIOBUIHBIX KJICTOK U TH -
MeppeakTUBHOCTU JIbIxatelbHbIx TyTeil (Huang et al.,
2019a, 2019b; Kiyokawa, Morimoto, 2020; Tindemans et al.,
2020).

HccaenpoBaHust poiy IEHAPUTHBIX KJIETOK 1 ITOMTYJISI-
nuu Treg B maToreHe3e OpOHXUAJIbHOI aCTMBbI yKa3bIBa-
IOT Ha TIPOTEKTMBHOE 3HAYe€HWE CUTHAIBLHOTO TyTU
Notch (Lee et al., 2018; Lin et al., 2019; Morianos, Sem-
itekolou, 2020). Tak, BBeaeHue mbimam JuHuii BALB/c
n C57BL/6 ¢ oBaibOyMUH-WHIYLHPOBAHHON acTMOI
IEeHIPUTHBIX KIJIETOK, 3KcIpeccupyrommux Notch-mm-
rang DLL1 nan Jagged 1, mpuBOIMIO K CHIKEHUIO TIPO-
aykuuu IgE, runeppeakTMBHOCTU AbIXaTeIbHBIX MyTeil 1
cekpeuny IMTOKMHOB Th2-tuma (IL-4, IL-5, IL-13). Ko-
JmyectBo Thl-mmMdonnToB n mponyKiys MHTepdepoHa-
Y, Hanpotus, yBesruuBaiuch (Lee et al., 2018; Lin et al.,
2019).

Kputnueckast posib Treg-KiIeToK B KOHTPOJIE UMMYH-
HOT'O rOMe0CTa3a B AbIXaTeJIbHbIX MYTSIX IMPU acTMe 00Yy-
CJIOBJIEHA UX CHOCOOHOCTHIO OCIA0IATh BOCTIAIUTEb-
HBII TIpoliecc, onocpeaoBaHHbI Th2-nmuMmdboumnramu.
3HayeHue CUrHaJIbHOTO MmyTu Notch B ornpeaeleHUM Ha-
npasiieHus auddepeHIUpoBKH Iryna Treg-nmmMdbonn-
TOB NIOKa3aHO B BKCIIEPUMEHTE, AEMOHCTPUPYIOIIEM
yBeanueHue yucia CD4*CD25 Foxp3™ Treg-KJIeTOK B
JIETKUX ¥ KOHLIEHTpallMU TpaHCchOpMUPYIOLIEro (pakTo-
pa pocra B (TGFB) B 6poHX0abBEOIIPHOM JIaBaXe y
MBILIEH C aCTMOI MpPU BBENEHUU JEHAPUTHBIX KJIETOK,
akcnpeccupyomux auradn Jaggedl (Lin et al., 2019).
ITosenenue skcnpeccun peuenrtopa Notch-4 Ha Treg-
KJIeTKaX, PErucTpupyeMoe Ipu MOBTOPHOM BO3leii-
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CTBUM aJUIEPT€HOB, COIPOBOXIAETCS OCIabJIEHUEM MX
(bYHKIIMOHAJIbHOM aKTUBHOCTU U CIIOCOOCTBYET oOpa-
3oBaHuio nonysiuuii Th2- 1 Thl7-mumdonuros, noa-
IEep>KUBAIOIINX ajuleprudeckoe BocrajgeHue (Zhou et al.,
2022).

POJIb NOTCH B ITATOT'EHE3E PAKA JIETKUX

Hapymrenust GyHKIIMOHUPOBAaHUS CUTHAJIBHOTO ITy-
™1 Notch aKTUBHO 00CYXIafOTCSI B KOHTEKCTE OTHOTO U3
KJIIOUEBBIX (DaKTOPOB OHKOTeHe3a OCHOBHBIX TMCTOJIO-
TMYECKUX THITOB PaKa JIETKOTO — HEMETKOKIIETOYHOTO U
MEJIKOKJIETOYHOTO.

CurHabHBINM KacKam Notch TIprmHMMaeT yJacThe B
MpoIiecce AIMUTETMaTbHO-ME3eHXMMHOTO Mepexoaa, Ko-
TOPBIi XapaKTepu3yeTcsl yTpaToil CIIOCOOGHOCTH KJIETOK
K MEXKJIETOYHOM anare3wu, ITOSBICHUEM MHTPAIlMOH-
HBIX CBOICTB 1, TEM CaMbIM, CITOCOOCTBYET MHUITUAIIAH
OIYXOJIM, MTHBAa3UU U MeTacTa3upoBaHuio (Sparaneo et al.,
2016; Sosa Iglesias et al., 2018). OmHAaKO POJIb MOJIEKY-
JIIPHBIX MEXaHMU3MOB, OTIOCPEIOBAHHBIX PA3HBIMM TTOI-
TUnamMu perentopoB Notch He omHO3HaYHa.

JIBoiicTBeHHAsT pOJib Tiepenaun curHajaoB Notch mpu
MeJKokJieTouHoM pake Jierkoro (MKPJI) mponemoH-
cTpupoBaHa B pabore JIum ¢ coaBropamu (Lim et al.,
2017). Tak, B Monenu Ha Mbliax u kietkax MKPJI yeno-
BeKa YCTaHOBJIEHA CBSI3b aKTUBALIMU CUTHAJIBHOTO MyTU
Notch ¢ Tpanchopmanmeit Heiipo3HIOKPUHHBIX KJIIETOK
(McToYHMKA BCeX HEHPOIHIOKPUHHBIX HOBOOOpa3oBa-
HUi JIETKUX) B KJIETKU, JUIIIEHHbIE CEKPETOPHOI (PyHK-
U1 1 XapaKTepu3yloluecss MeaJIecHHBIM pocToM. BMme-
CTE C TEM, BT KJIETKU PE3MCTEHTHBI K XUMUOTEPpAITUK 1
obecrednBaloT TPOUUIECKYIO TTOAAEPKKY OITyXOJEBBIX
HEMpPO3HAOKPUHHEBIX KjIeToK. bilokaga cUTrHaJIbHOIO
Kackama Notch B KoMITJIEKCE ¢ XMMUOTepaImeil moaaB-
JISIET POCT OTYyXOJIEBBIX KJIETOK U 3a[IeP>KUBAET pa3BUTHE
pemuauBa (Lim et al., 2017). CBs3b HapylleHU (QyHK-
IIMOHMUPOBaHMS CUTHaJIbHOTO ITyTHU Notch ¢ omyxoieBoit
TpaHc(popMalieil KJIeToK JoKa3aHa B BKCIIEPUMEHTE,
JIEMOHCTPUPYIOIIEM CHUXEHHE CIOCOOHOCTU KIETOK
kceHorpaHcmimanTatoB HMKPJI K pocTy B IpucyTCTBUN
uHruoMTOpa y-cekperasnl (Sharif et al., 2020). B 3apy-
OeXXHOII nuTepaType TakKKe IIpeIcTaBiIeHBI HJaHHBIE O
TOM, UTO CUTHaJIbHBIN ITyTh Notch abeppaHTHO aKTUBU -
pyetcst ipu HMKPII (Sharif et al., 2020) 1, HarpoTus,
nHaktuBupyercsa npu MKPJI (Katoh, Katoh, 2020;
Zhou et al., 2022).

B o6pasnax tkaneit maumuenToB ¢ HMKPJI peru-
cTpupyercsi 0ojiee BBICOKMIA ypPOBEHb 3KCIPECCUU
MPHK Notch-1 (Sparaneo et al., 2016; Kiyokawa,
Morimoto, 2020) u Notch-3 (Galluzzo, Bocchetta, 2011;
Kiyokawa, Morimoto, 2020; Sharif et al., 2020) o cpaB-
HEHUIO ¢ HOpMaJIbHOM TKaHbIO jJerkoro. Haubomnee BbI-
cokas yacrora akcrnpeccuu MPHK Notch-3 ooHapyxe-
Ha B KJIETKaX MJIOCKOKJIETOYHOU KaplIMHOMBI U aeHO-
kapuuHoMmbl (Galluzzo, Bocchetta, 2011; Zhou et al.,
2022). Ioseimenune skcupeccun MPHK Notch-1 u
Notch-3 cBS3BIBaIOT C BEBICOKMUM PUCKOM METacTa3nupo-

BaHUS B TuMd@aTudeckue y3ibl (Sparaneo et al., 2016;
Kiyokawa, Morimoto, 2020) 1 HeOIarormpusITHBIM ITPO-
rHo3oM 3abojseBaHus (Chen et al., 2017; Sharif et al.,
2020).

B Hacrosiiiiee BpeMsi OTCYTCTBYET €1MHOE€ MHEHUE O
3HaYEHUU B OHKOreHese pelienropa Notch-2 u onocpe-
JIOBAHHOTO UM CUTHAJIbHOTO Kackaja. Tak, UMMYyHOTHU-
CTOXMMUYECKUI aHanu3 oOpa3lloB TKAHU OIyXOJu Ma-
mueHToB ¢ HMKPJI mokaszan cHuXeHue 3KCIIpecCuu
Notch-2 1o cpaBHEeHUIO ¢ HOPMaJIbHOI TKaHbIO JIETKOTO
(Sparaneo et al., 2016). B npyromM uccijiefoBaHUM y ITaLM-
€HTOB C aICHOKAPILIMHOMOI, HAITPOTUB, MPOJEMOHCTPU-
poOBaHO yBeIuueHue aKcrpeccun Notch-2 B cpaBHEHUU C
TaKOBBIM Y OOJIbHBIX C IUIOCKOKJIETOUHBIM pakoM. Takke
aBTOPbI YKa3bIBAIOT Ha acCOIMALIUI0 BBICOKOTO YPOBHS
akcrnpeccun Notch-2 ¢ 6oJiee mo3aHel cTagueit paka jier-
KOTO 1 00Jiee BHICOKOI YaCTOTOM pPEeLIMAUBOB 3a00JICBaHMS
(Chen et al., 2017). CornacHo pesyibTatam paboTsl MoTo-
oka c kosuteramu (Motooka et al., 2017), akcripeccust pe-
nentopa Notch-2 B nuHumn kjaerok HMKPJI yenoseka
ObuTa aHanmormyHoit skcrnpeccun Notch-1. IIpu stom
HoOKJayH reHa peuentopa Notch-2 B JUHMU KJIETOK
HMKPJI yenoBeka He CONPOBOXAAICS 3HAYUMbBIMU 13-
MEHEHUSIMU 3KCIPECCUU MOJIEKYJ, OIpenesiionmnx
I @PepeHIMPOBKY, Mpoaudepalnio, MHUIPalUi0 H
arronto3 kietok (Motooka et al., 2017).

WHTepecHBI pe3yabTaThl paboT, OLIEHUBAIOIINX B3a-
MMOCBS3b HapyLIEHWl CUTHalIbHOro Iytu Notch u
dyukumit 6enka P53, perynupymoomero KjiaeTOUHBII
LUKJI, TpoJudepalnio U arronTo3 TpaHCHOPMUPOBaH-
HBIX KJIeTOK. Tak, Ha GUomnTaTax OIyXojeBOoii TKAHU Ma-
nueHToB ¢ HMKPJI 6e3 myranuii reHa 6enka P53 ycra-
HOBJIEHO, 4TO Bhicokuii ypoBeHb MPHK 6enka HESI1
MOJIOXUTEJTBHO KOPPEIUPYET C SKCIIPECCUEi perenTopa
Notch-1 n mnoxum nmporHo3om 3aboneBanusa (Kiyoka-
wa, Morimoto, 2020). CurHajbHBIi KacKal, OIOCpPeI0-
BaHHBIN penlenrtopoM Notch-1, cTocoOCTByeT BBIXOLY
KJIETOK M3 afoITo3a U POCTY KJIETOK ITOCPEACTBOM Hera-
TUBHOM MOAyJISIIUU cTabuibHOCTU Oenka P53 (Spara-
neo et al., 2016).

OtrnnmuntenbHbIM  Tipu3HakoM HMKPII  asnstercs
MOBBIIIIEHHAs 3KCIPECcCUs W aKTUBallMs pelenTopa
anuaepmaiibHoro ¢akropa pocra (EGFR), cBsg3aHHasi ¢
IUIOXUM TIPOTHO30M U PE3UCTEHTHOCTBIO K Tepamnuu
(Baumgart et al., 2010; Pancevich-Wojtkiewicz, 2016).
Ha nunun xnetok HMKPJI mokasaHo, 4To omHOBpe-
MeHHas aktuBanus Notch-1 1 EGFR comnpoBoxkmaercs
TOBBILLIEHUEM TIpoJiudepaTUBHOM aKTUBHOCTH U 3JI0KA-
yecTBeHHOI TpaHchopMalueii kietok (Baumgart et al.,
2010; Sparaneo et al., 2016). B oGpa3iax omnyxoJjeBoit
TKaHu naureHToB ¢ HMKPJI yBenudeHue skcnpeccumn
peuentopoB Notch-1, Notch-3 mojaoxXuTeabHO Koppe-
JIMPYET C MOBBILIEHHOH aKcTpeccueil perenntopa EGFR
(Baumgart et al., 2010; Galluzzo, Bocchetta, 2011; Sosa
Iglesias et al., 2018; Sharif et al., 2020). HoknayH reHa pe-
ernrropa Notch-1 mpuBOIUT K 3HAYUTETBHOMY CHVKEHUIO
akcnpeccuu kietkamu EGFR (Baumgart et al., 2010).

OUTOJIOIUA Tom 65 Nel 2023
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Hpyrue uccinemosanus (George et al., 2015) yka3niBa-
I0OT Ha CYNpPECCOPHYIO poJib TeHOB ceMmeiictBa Nofch B
pazsutuu MKPJI u ux peryasgtopHoe 3HaueHue B 1ud-
(depeHIIMPOBKEe HEHMPOSHIOKPUHHBIX KJIETOK. Tak, B
OOJILIIMHCTBE MCCICAYEMBIX OOpa3loB OITYXOJICBO
TKaHU BBICOKUWII YPOBEHb SKCIPECCUU I'€HOB OEJIKOB-
MapKepOoB-HEMPOIHIOKPUHHBIX KI1eToK CHGA (XpoMmo-
rpaHuHa A) u GRP (racTpuH-pUIU3UHT NENTUI) peru-
CTpUpOBaJics Ha (DOHE BHICOKOI 3KCIPECCUM T'eHa MH-
ruburopa mepemauu curHaiaoB Notch (reHa nuraHma
DLKI) u reHa ¢dakTopa TpaHCKpUIILIUU Ascll, NHIYITH-
pyIollleTo HavajJbHbIE CTaAuUM OITyXOJEBOIl TpaHCcHOp-
Maluyd 1 HeOOXOOMMOIO IS BBDKMBAHUS OITyXOJIEBBIX
kietok (George et al., 2015).

OnHoit U3 TOTEHIIMATbHBIX MUILIEHEN TapreTHOU Te-
pamnuu OIyXOJIel SIBISIETCS IM3UH-chenuduiecKas T1-
cronnemeTmwnada 1 (LSD1), oGecrieunBaromast mpoiam-
depalyio 1 MeTacTa3upoOBaHUE IyTEM UHTMOUPOBaHUS
onyxoneBoro cyrpeccopa p53 (Chen et al., 2012). B akc-
MEepUMEHTE Ha MbIIIIaxX ¥ KJIETOUYHBIX JIMHMUSIX IIOKAa3aHO,
4TO TojaBjieHue akTuBHOCTU LSD1, BbicOKO 3Kkcmpec-
cupytomieiicsa ipu MKPJI, cormpoBoxnaercs peakTuBa-
nueit mepemayn curHaioB depe3 Notch-1-penenTop m
nocjaeAyloluM yrHeTeHrueM @dakTtopa TpaHCKPUIILIU
Ascll (Augert et al., 2019). Ha cynpeccopHyto posib CUT-
HaimpHOrOo Nyt Notch B onkorene3e npu MKPJI Ttaxke
yKa3bIBaeT BbICOKAsI IKCITPECCUST Ha TTOBEPXHOCTU OITyXO-
JIEBBIX KJIETOK MHruoupytomero juranga DLL3, perymm-
pyemas Ascll (Leonetti et al., 2019; Owen et al., 2019).

3AKJIIOYEHHME

Pesynbrarhl npeacTaBieHHBIX WCCAEAOBAaHUMN TOMI-
TBEPXJAIOT pelIaIlyl0 pojb Mepenayu CUTHaJIOB
Notch B 3MOpHOHaJIBbHOM Pa3BUTUM JETKUX, Iudde-
PEHIIMPOBKE OOKAJOBUAHBIX KJIETOK W TUMNEPHPOIYK-
muu cnmsy npu XOBJI, runeppeakTUBHOCTU U peMO/Ie-
JIMPOBAHUU JbIXaTEJbHBIX MYyTEH y OOJIbHBIX OPOHXMU-
aJIbHOI acTMOU, WHUILMALMM W MNPOTPecCUPOBaAHUU
onyxoieBoil TpaHchopmanuu kireTok. [lmeitoTrponHbIil
xapakTep Notch-omocpenoBaHHBIX U3MEHEHUUN yKa3bI-
BaeT Ha HEOOXOIMMOCTb JaJIbHEHUIIIETO U3YYEHUST MOJIE-
KYJISIPHBIX MEXaHM3MOB, MOMYJIUPYIOIINX CUTHAJIbHBIN
Kackana. KoMmmnekcHblii aHanu3 ocodeHHocteit Notch-
OMOCPENOBAaHHOW WHAYKIMWW WIWA TIOAABJICHUS MeXa-
HU3MOB Pa3BUTUSI PACCMOTPEHHBIX MATOJIOTUIA MO3BO-
JIUT YCTAaHOBUTH MOTEHIMAJbHbIE TapreTHbIE MUILIEHU,
YCOBEPIIIEHCTBOBATh JUATHOCTUYECKHUE METOAbI, a TaK-
>Ke TepaleBTUYeCcKue CTpaTerum nNpouiakTuKy 1 jieue-
HUS 3a00JIeBaHUIA OPTaHOB AbIXaHUSI.

OUHAHCHUPOBAHUWE PABOTbI

Pa6oTa BbITIOJIHEHA B pamMKax uiaHoBoii TeMbl HUP Cu-
OUPCKOTO TOCYIapCTBEHHOTO MEIWIIMHCKOTO YHUBEpPCUTETa
no nporpamme CAE “MonexynspHas meauiiiHa” (MoJseky-
JISPHO-KJIETOYHBIE OCHOBBI BOCITaJICHUsI IPU COLIMAIbHO 3Ha-
YUMOIA TTATOJIOTHM).
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A review of current literature data on the significance of the Notch signaling pathway in the mechanisms of the de-
velopment of diseases of the respiratory system — chronic obstructive pulmonary disease (COPD), bronchial asthma
(BA) and lung cancer is presented. In studies of lung tissue samples of patients with COPD and lung tissues of mice,
it was found that activation of the Notch signaling pathway promotes metaplasia and increases the functional activity
of goblet cells, protects epithelial cells from apoptosis and oxidative stress. Suppression of the Notch—Jagged1/Jag-
ged?2 pathway is associated with the transdifferentiation of club-shaped cells into ciliated ones. In patients with AD,
the Notch signaling pathway promotes differentiation of Th2 lymphocytes. In the ovalbumin-induced bronchial
asthma model, the Notch cascade increases the imbalance of Th17/Treg lymphocyte populations, the production of
1L-4, IL-5, IL-13, IL-17, the formation of allergen-specific IgE, eosinophilic infiltration and metaplasia of goblet-
shaped epithelial cells of the respiratory tract. A decrease in the concentration of IgE, Th2-type cytokines (IL-4,
IL-5, IL-13), an increase in the number of Treg cells and the level of TGFS in bronchoalveolar lavage in mice with
asthma, mediated by the introduction of dendritic cells expressing the ligands DLL1 and Jagged1, indicates the pro-
tective role of the Notch signaling pathway. On samples of tumor tissue and cell lines of non-small cell lung cancer,
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it was found that an increase in the expression of Notch-1 and Notch-3 mRNA is associated with increased prolif-
erative activity, malignant cell transformation, a high risk of metastasis to lymph nodes and an unfavorable prognosis
of the disease. In the samples of tumor tissue of small cell lung cancer, an increase in the expression of the Notch
ligand DLK1 signaling inhibitor gene, the Ascll transcription factor gene and lysine-specific histone demethylase 1
(LSD1) was recorded. Suppression of LSD1 activity is accompanied by reactivation of signaling via Notch-1 recep-
tor and subsequent inhibition of the transcription factor Ascll, which induces the initial stages of tumor transforma-
tion.

Keywords: Notch, chronic obstructive pulmonary disease, bronchial asthma, lung cancer
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