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AHHOTALIMA

XpoHuyeckas 06cTpyKTUBHaA 6onesHb nérkmx (XOBJT) — MHorodaktopHoe 3abonieBaHWe AbiXaTefbHOW CUCTEMBI, MO-
paKaloLLiee NEroYHYK MapeHXMMy M pecnmpaTopHble NyTV U ABNAIOLLEECA OOHOW U3 NUAMPYIOLLMX MPUYMH CMEPTHOCTM
B MUPE, YTO 0OBACHAET MOCTOAHHBIN NOMCK HOBBIX MOAXOAO0B K AMArHoCTUKe U nevenuio. XOBJT pasBuBaeTcA B pe3ynbTtate
KOMMJIEKCHOr0 B3aUMOAENCTBUA MONEKYNAPHO-TeHETUYECKMX GAKTOPOB, CETU 3MUreHETUYECKUX PErYNIATOPOB U BHELLHE-
CpeoBbIX BO3AENCTBUM, TECHO CBA3AHHBIX C 00pa3oM HuM3HU. MonekynapHbin natoreHe3 XOBJT MoMeT 6bITb CBA3aH C Ha-
PYLLUEHWEM PErYNALUM CTPECCOBBIX PEAKLMI, KOTOPbIE BKIIHOYAIOT LUMPOKMIA KPYr CUrHANbHBIX KaCKafoB U UX PerynaTopoB
W NPenATCTBYIOT KNETOYHOMY CTapeHMIO.

Hexkoampytowme PHK Kak aKTVBHbIE Y4aCTHWUKM 3MUrEHETUYECKON PErynaLuMmU Pa3fnyHbIX BHYTPUKIETOUHbIX CUIHAMbHBIX
nyTei ABNAIOTCA HanMbonee aKTyanbHbIM NPEAMETOM MEHETUYECKUX UCCNefO0BaHNN Pa3fIMYHbIX NATONOrMYeCKUX GeHoTU-
noB. Mpodunb akcnpeccun AnnHHbIX Hekoaupylowwmx PHK MoeT 6biTb M3MEHEH Npu pasnnyHbix 3aboneBaHuaAx. CBegeHuaA
o ponu 3tux PHK B pa3ssutum XOBJT BecbMa orpaHuyeHbl. 'eHbl CUrHaMbHbIX KacKkafoB, BOBEYEHHBIX B OKUCAUTENbHBIN
CTPECC W KNeToUHoe cTapeHue, v perynatopHbix PHK 06pasyioT cnoxHyto B3anMoaeicTByHOLLYO CETb U MOTYT BbiTb MULLIE-
HAMM Tepanum 3aboneBaHus.

B HacToALieM 0630pe mpeacTaBneHbl UCCNe[0BaHUA, 3aTparmBaloLLMe HEKOTOPble acneKTbl MOMEKYNAPHBIX MeXaHW3MOB
natoreHe3a XObJ1, B ToM uncne ponb AnMHHBIX Hekoampytowmx PHK B pasButum 3abonesaHu.

KnioueBble cnoBa: xpoHMuyeckas 06CTPYKTMBHAA 60Me3Hb NErKUX; OKUCIUTENbHBIA CTPECC; KNETOYHOE CTapeHue;
nospexxaequne [HK; PI3K/AKT/mTOR-curHanbHbi nyTb; NRF2/KEAP1-curHanbHbIn NyTh; ANvHHbIE Hekoaumpylowme PHK
(IncRNAs).
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ABSTRACT

Chronic obstructive pulmonary disease (COPD) is a multifactorial disease of the respiratory system that affects the lung
parenchyma and airways; it is one of the leading causes of death in the world, which explains the constant search for new
approaches to diagnosis, treatment and prevention of the disease. COPD develops as a result of a complex interaction of
molecular genetic factors, a network of epigenetic regulators, and environmental factors that are closely related to lifestyle.
The molecular pathogenesis of COPD may include the mechanisms of alteration of the regulation of stressful reactions that
prevent cellular senescence.

Non-coding RNAs play an important role in the regulation of various intracellular signaling pathways and is the most relevant
subject of genetic studies of various pathological phenotypes. The expression profile of long non-coding RNA is often
disregulated in various diseases. Information on the role of long non-coding RNA in the development of COPD is limited.
Long non-coding RNA and the target-genes of signaling pathways involved in cellular senescence form a complex interactive
network and may be targets for disease therapy.

The review presents the data concerning some aspects of the molecular pathogenesis of COPD, as well as role of long non-
coding RNAs in the development of the COPD.
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HAYYHbI/ 0B30P

BBEOEHWUE

XpoHuuecKan o6CcTpyKTMBHaA bonesHb Nérkux (XObJ1) —
MHorodakTopHoe 3aboneBaHue AblXaTeflbHOWM CUCTEMBI, 3a-
TparuBaloLlee OMCTalbHbIE OTAENbl PECNMPATOPHbIX NyTen
(6poHxu, 6pOHXMONbI) M NErOYHYI0 NAPEHXMMY C Pa3BUTUEM
aMpum3eMbl nérkmx [1]. XOBJT Hapagy ¢ cepheyHo-cocy-
AMCTBIMUA U OHKONOTMYECKUMM 3aboneBaHUAMU ABNAETCA
rNaBHOW MPUYMHOM pocTa CMEPTHOCTM B MUPe, YTO 06BbAC-
HAET MOCTOAHHBIN MOMCK HOBBIX MOAXOA0B K AMArHoCTUKe,
NIeYEHMI0 W NPeaynpexaeHuIo pa3BUTUA AaHHOW NaToorum
(2, 3]. Yrke B 2019 rogy nokasatenb cMepTHocTu oT XOBJ1
Bo3poc Ao 3,23 MnH yenoBeK [4]. K 2060 rogy nporHo3m-
pyeMbI NoKasaTeNlb CMEPTHOCTW OT 3TOro 3aboneBaHus
bynet coctaBnATb bonee 5,4 MAH cMepTei exkerofHo [2].
B pasBuTbIx cTpaHax BegywmuM ¢axktopoM passutua XOBJ]
cunTaeTca KypeHue (MoaToMy HabniopaeTcA paBeHCTBO Mo-
Ka3aTenel 3aboneBaeMoCTU CPeAM MYHKUMH W MKEHLLMH
[2]), B TO BpeMA KaK B pa3BUBAIOLLMXCA CTPaHaX 3HAUUTENb-
HOe BMMAHWE OKa3blBalOT NPOAYKTHI ropeHus buoTtonnuea
1 bbiToBoe 3arpAsHeHune Bo3gyxa [2]. XOBJ1 passuBaetca
B pe3ynbTaTe KOMMIEKCHOr0 B3aMMOLENCTBUA MONEKYNAp-
HO-TeHeTUYECKMX (PaKTOPOB, CETU IMUIEHETUYECKUX pery-
JIATOPOB U BHELUHECPe[O0BbIX BO3[ENCTBUM, TECHO CBA3AH-
HbIX C 06pa3oM u3Hu [5].

PacwndpoBKa MoneKkynApHbIX MexaHW3MOB NaToreHesa
XOB/JT 1 ocobeHHoCTeN pasnmyHbIX GEHOTMMOB, MOMCK HOBbLIX
broMapKeépoB 3aboneBaHWA — LieneBble 3ajayuM uccne-
[0BaHWIA MeXayHapoaHbIX KoHcopumyMoB [3, 6, 7]. B pe-
3ynbTate NOJSIHOreHOMHbIX acCOLMATUBHBIX UCCef0BaHNIA
BbIABNIEHO 6oniee 20 reHeTUYECKMX JTOKYCOB, KOTOpbIE Bbin
cBAzaHbl ¢ XOBJ1, ero KMMHUYECKMMU GeHOTMNAMM UK KO-
JINYECTBEHHBLIMU MOKa3aTenAaMK cnvporpadum [5].

HecMoTpA Ha WMHTEHCMBHbIE UCCNEOBAHMA Kak Mone-
KYNAPHBIX OCHOB, TaK U PasfUYHbIX KIIMHUYECKUX aCMEeKTOB
XOBJ1, MexaHu3Mmbl, neallye B 0CHOBE NaToreHesa 3Toro
3aboneBaHuMa, 00 CUX NOP HEe MOMHOCTbIO MOHATHBI [9, 6].
Ony6nuKoBaHHble faHHbIE CBUAETENLCTBYIOT O TOM, YTO Na-
ToreHe3 XOBJ1 MoKeT 6biTb CBA3AH C HapyLLEHUEM perynsa-
LMW CTPECCOBbIX peakLyi, KOTopble BKIKYAIOT LUMPOKMIA
KpYr CMrHanbHbIX KacKafoB WM UX PErynAaTopoB W MpenAT-
CTBYIOT KNETOUHOMY CTapeHwio [6].

Hexoawmpytowme PHK KaK KntoyeBble y4acTHUKM peryna-
LMK Pa3fINYHbIX BHYTPUKNETOUHBIX CUTHANBHBIX NyTew ABNA-
I0TCA aKTyaNbHbIM NPEMETOM FeHETUYECKUX UCCe0BaHMI
pasnuuHbIx naronoruyeckux deHotunos [8-10]. [dnuuHble
Hexkogmpytowwme PHK (long non-coding RNAs, IncRNAs) nme-
toT anuHy 6onee 200 HykneoTMAOB M He KOAMPYIOT 6enok
[8—10]. MHorue IncRNAs cny»at perynatopamMu pasimuHbIx
6VONOrMYecKMX MPOLIECCOB, TaKMX KaK 3MUreHeTUYecKas
perynAaumaA, anbTepHaTMBHbIA CNAANCUHF, Aerpagauun
PHK, KoHTponb KnetouHoro umkna [8—10]. K HacToAweMy
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[eHbl 11 KNETKK

BPEMEHU yCTaHOBJEHa QyHKLMOHanbHan ponb bonee 2000
ncRNAs B 3TMonaToreHese pasnnyHbix 3abonesanuid [11].
OpHako ceefieHua o6 ux ponu B passutum XOBJT BecbMa
OrpaHUYeHbl U HaXOLATCA Ha CTaguM HaKoMNeHuA daKTu-
YecKoro Matepuana u 0606LLEHMA YKe NONYYEHHBIX AaHHBIX
[12,13].

3TMOMATOrEHE3 XPOHUYECKOIA
OBCTPYKTMBHOW BOME3HM NEMKUX

Passutne XOBJ1 npoucxogut B pesynbTate BO3feu-
CTBUA B TEYEHWe [JIUTENIbHOrO BPEMEHM KOMMeKca haK-
TOPOB pUCKa, NMpU 3TOM OCHOBHBLIM CYMTaeTcA KypeHwe [1,
2]. K okucnuTenbHoMy cTpeccy NpMBOAAT He TONbKO MHra-
NALMM YaCTWL, CUrapeTHOro AbIMa 1 OPYruX MOMOTaHTOB,
HO M aKTMBALMA BOCMANUTENbHBIX KNETOK (MaKkpodaros
n Hentpogmnos) [14, 15]. [pyron NpUUMHON OKUCIUTENb-
HOro CTpecca MOKeT ObiTb YMEHbLUEHUE YPOBHA 3HAOTEH-
HbIX aHTUOKcMAaHToB Yy naumeHToB ¢ XOBJ1 Kak pesynbrtar
CHUMKEHMA YPOBHA TpaHCKpunumoHHoro ¢aktopa NRF2 pe-
[OKC-YYBCTBUTENBHOM curHanbHol cuctembl NRF2/KEAPT,
YYacTBYIOLLEr0 B PEryiauMM TpaHCKpUNUMM HONbLUMHCTBA
reHOB aHTMOKcMAaHTHOM 3awmthbl [15]. OKMCAUTENbHBIN
CTpecc ABNAETCA KM4YEBbIM (PaKTOPOM YCKOPEHHOMO Kile-
TOYHOrO CTapeHud, TaK KaK aKTUBHbIE (OPMbI KUCIIOpO-
[a, obpa3syloLlimeca BO BpeMA HOpMasnbHOro MeTabonuama
KMUCNOPOJa, BbI3bIBAOT MOBPEMHOEHWUS CTPYKTYPbl KNETOK.
HaKonneHve TakuX CTPYKTYPHBIX MOBPEMAEHUNA NPUBOAMUT
K KNeTouHoMy cTapenuio [15].

[na XOBJT cBOMCTBEHHO pa3BUTME CUCTEMHBIX IQdeK-
TOB, KOTOPble 06YCNOBNMBAIOT OCNIOMHEHMA, [ONONHUTENb-
HO OTArYaloLMe TeyeHne 60N1e3HM y OTAENbHbIX NALMEHTOB.
bonee Toro, XOBJT yacTo accoummnpoBaHa ¢ ApyrMumu XpoHu-
YecKuMK 3abonesBaHmAMMK [16]. CaMble YacTble KOMOpOM-
Hbl€ NaToNIorMYeckme cocTOAHMA Y 6onbHbIX XOBJT — nwwe-
MUYecKan bonesHb cepfua, caxapHbli auabeT 2-ro Tuna,
MeTabonnyeckuin cuHapoM. Bee 3Ti bonesHu uMeloT obLume
MOJIEKYNIAPHbIE MEXaHW3Mbl, CBA3aHHbIE C KNETOYHbIM CTa-
PEHMEM, OKWUCIUTENbHBIM CTPECCOM, CUCTEMHbIM BOCMa-
NEHVEM 1 BbICTPbIM HAKOMIEHWEM CEHECLIEHTHBIX KNEeTOK
C CUCTEMHbIM npoaBneHueM [17].

YCKOPEHHOE K/IETOYHOE CTAPEHUE
KAK BO3MOMHbIA MEXAHU3M
PA3BUTUA XPOHUYECKOW
OGCTPYKTUBHOW BONE3HU JIETKUX

Ha pnaHHbIN MOMEHT BCE Yalle obCcyaaeTca eLwé ofuH
acnekt nartoreHe3da XOBJ1 — 310 HapyweHwue perynauuu
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CTPECCOBbIX peaKLmii, NPenATCTBYIOLMX KIETOYHOMY CTa-
peHuio [18]. O6cTpyKumMa gbixatenbHbix nyten npy XOBJ1
Me[aJIeHHO NporpeccupyeT W NpefcTaBnsaeT cobon yckope-
HMe MexaHU3Ma HOPMaJlbHOr0 CHUMEHUA QYHKLMM NETKMX
C BO3pacToOM, YTO KOCBEHHO yKa3sblBaeT Ha To, 4YTo XOBJI
CBfi3aHa C YCKOpPEHMEM HOpMasbHOro npouecca cTape-
HuA nérkux [18]. [eicTBuUTENbHO, YKOpOUEHHe Tenomep,
“36bITOYHOE KNeTo4HOe cTapeHue u nosperpaeqne [OHK
B NIEFKMX /UL, MOMMUIOr0 BO3pacTa U B NErKUX NaLUeH-
ToB ¢ XOBJ1 meMoHcTpupyloT nopasuTenbHoe nogobue
[16]. Mpun XOBJ1 HabniogaeTca 3HauNTENbHOE YBENMUYEHME
[e30praHn30BaHHbIX BOJIOKOH KonnareHa, GubpoHeKkTuHa
1 NaMMHWHA B CTpoMe NErkux [19], KoTopoe obycnoBneHo
CMUCTEMATUYECKUM BO3LEWCTBMEM BOCMANMUTENbHBIX CTU-
My/10B, CMOCO6CTBYIOLMX YCUNEHUIO BPOHXOKOHCTPUKLMM
1 HeobpaTMMOMY pPeMOLENMPOBAHUI0 BHEKNETOYHOIO Ma-
TPUKCa [bIXaTeNbHbIX NyTerd U napeHxumbl nérkux [1, 21.
B nérkux 6onbHbix XOBJT HabnogaeTca 3aMeTHOE CHUMKe-
HWe pereHepaTMBHOM CNOCOBHOCTM HazanbHbIX U INUTENN-
anbHbIX anbBeonApHbIX Knetok Il Tuna (alveolar epithelial
cells type Il, AECII) [19, 20].

Hapylenna nMMyHHoro oTBeTa, Begylime K LedekT-
HOM (aroLMTapHON aKTUBHOCTM, B YCOBUAX U36bITOYHOMO
KneTouHoro ctapeHua npu XOBJ1 cnocobcTByloT Hakonne-
HUIO METAboNMYECKM aKTUBHBIX KNETOK C BbIPaKeHHbIM
CEKPETOPHbIM (EHOTMMOM, acCOLMMPOBAHHBIM CO CTape-
HueM (senescence-associated secretory phenotype, SASP)
[6]. [aHHoe cocToAHME XapaKTepu3yeTcAa HeobpaTuMoM
OCTaQHOBKOW KNETOYHOr0 LMKNA, YTO COMPOBOMKOAETCA WH-
TEHCMBHbIM BbIAENIEHWEM MpPOBOCMANUTENbHBIX areHTOB
C LieMbio NPUBNIEYEHNA UMMYHHbIX KNETOK LA UX KMPEHCa
[6]. OgHaKo NpW HaKoMAEHWUM CTapEelOLLMX KNETOK BbICOKUM
ypoBeHb MeTabonuToB SASP MoKeT OKasbiBaTb narybHoe
BO3[EMCTBME HA OKPYMalOLLME TKaHW, Bbi3blBaA XPOHUYE-
CKoe BocCrasieHue U AUCHYHKLMIO TKaHew [21].

J. Birch # coaBT. [22] oTMeyalT 3Ha4YMMOE YKOpO-
yeHMe ONWHbI Tenomep B AnMdoumTax 60abHbIX XOBJI.
B anuTenuanbHbIX KNeTKax MenKuxX ObIXxaTenbHbIX NyTen
TaKMX BONbHBLIX TaKKe HabniaalT BbipaXeHHble Npu-
3HaKU noBpexpaeHuna Tenomep [23]. B unccneposaHum
S.E. Stanley u coaBT. [24] nokasaHo, 4to y 1% KypunbLum-
KoB ¢ XOBJ1 BbiaBneHbl MyTauuu reHa TERT (telomerase
reverse transcriptase), KOTOpbI KOOMPYeT KaTanuTuue-
CKylo cybbefuHuULy GepMeHTa TenoMepasbl, accoLumpo-
BaHHOW C 3OMEKTOM YyKOpouyeHWs TenoMep. AHanoruyHo
HoKayT reHoB TERC (telomerase RNA component) u TERT
Y MbILIEN YCKOPAET PEnyIMKaTUBHOE CTapeHWe, NpuBo-
OWT K 3aMeaneHuio nponvdepaunn KneToK BCieacTBUe
COKpALLEHUA ONWHbI TENOMEpPHbIX Y4acTKOB XPOMOCOM
CTBOJ/IOBLIX aNbBEONAPHLIX KNeToK [24]. R. Chen u coasr.
[25] ycTaHoBuAw, uto peduunt TERC wnu TERT ysenu-
uMBaeT ypoBeHb MPOBOCMANMUTENbHBIX LUTOKMHOB (IL-1,
IL-6, IL-10), TNF-a, xemokuHoB (CXCL15, CCL2). Mo-
BPEXEHME W YKOPOUYEHWE TeIOMEp BbI3bIBAET aKTWBa-
uMio benKka-uHrMbmuTopa UMKIMH3aBUCUMON KuHasbl 1A
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(p21), cnocobetyn SASP M cekpeumu npoBoCnanuUTeSNb-
HbIX MefmaTopoB [26]. Bcé BblweckasaHHoe ybeauTenb-
Ho xapakTepusyeT XOBJ1 Kak 3aboneBaHue, cBA3aHHOE
C YCKOPEHHBLIM CTapeHUEM U U3ObITOUHBIM HaKOMIEHWEM
CTapeloLmnxX KNeToK B COCTOAHMK HeobpaTMMOM 0CTaHOB-
KM KNETOYHOr0 LMKNa.

POJIb CUTHAJIbHOIO KACKAA
PI3K/AKT/mTOR B PA3BUTUU
XPOHUYECKOM OBCTPYKTUBHOM
BOJIE3HU NETKUX

CurHanbHbiv Kackag PI3K/AKT/mTOR ¢yHKUMOHaNbHO
CBAI3aH C TaKUMM MpOLECCaMM B KNETKe, Kak nponude-
pauus, agresus, MUrpauus, MHBasus, MeTabonnsMm, Bbl-
¥MBaHMe 1 KnetouHoe ctapeHue [27]. mTOR (mechanistic
target of rapamycin kinase) ABnAeTcA cepuH/TpeoHNHOBOM
NPOTEMHKMHA30M ceMeicTBa $ochaTMANNMHO3UTON-3-
OH-kuHa3 (phosphoinositide 3-kinases, PI3Ks), aktueu-
pyeMon [Lpyron cepuH/TpeoHUH-cneumduyeckor npote-
MHKMHa30M B unu AKT-npotenHkuHason (protein kinase B
(PKB) unu AKT), koTopas ¢yHKLMOHMPYET KaKk OCHOBHOM
perynaTop KNeTouyHoro pocta M Metabonusma B OTBET
Ha nNuTaTeNbHble U ropMOHanbHble curHansl [28]. B Ka-
4eCcTBE BO3MOMKHOIO MexaHu3Ma (YHKLMOHUPOBAHMA
mTOR BbIAeNAIT KOHTPONb ayTodarniHo-NM30coManb-
HOr0 MyTW, MOAY/IMPOBaHWUE 3KCMPECCUU, KOHTPOMb Mpo-
TeocTasa, 6uoreHes pubocoM M MUTOXOHAPUANbHbIN
MeTabonusM, ualle BCEro MNoCpencTBOM B3auMogewn-
CTBMA C pMBOCOMHBLIMM KMHa3aMu Sé (S6 kinases, S6Ks)
M 3yKapuOTUYECKMM (AKTOPOM MHULMALMKU TpaHcnAa-
umm 4LE-ceasbiBalowmmM benkoM 1 (eukaryotic translation
initiation factor 4E-binding protein 1, 4E-BP1) [29],
YTO YKa3blBAeT Ha y4acTMe YKa3aHHOro CUrHabHOro MyTy
B nogaepraHum coctoanna SASP B knetkax [30]. Kpome
TOro, CBA3b BeAYLIMX CUrHaMbHbIX KAaCKafoB KIETOYHOro
ctapeHua c passutvem XOBJ1 noatBepxkpaaeTcAa MHOMe-
CTBOM 3KCMEPUMEHTaNbHbIX JaHHbIX: HanpyUMep, BbiCOKas
aKkTMBHOCTb PI3K puKcupyeTca B KneTKax NErKMUX 6oNbHbIX
XOBJ1 [31], yBennueHwne ypoHAa mTOR BbifABNEHO B MOHO-
HYKNeapHbIX KNeTKax Takux 6onbHbix [32]. B cBoio oue-
penb aKTMBHOCTbL caMoii PI3K perynupyetca ¢pocdatazamm
PTEN u SHIP1 (PTEN, phosphatase and tensin homolog;
SHIP1, Src homology 2 (SH2) domain containing inositol
polyphosphate 5-phosphatase 1), B cocTaBe aKTUBHbIX
LLEHTPOB KOTOPbIX COAEPHKATCA YYBCTBUTESNbHBIE K OKMC-
neHnto octatku unctenHa [33]. CywectByeT MHOXECTBO
3H[OTEHHbIX M 3K30MeHHbIX MHIMOUTOPOB CUTHaNbHOMO
Kackaga PI3K/AKT/mTOR. Tak, yBenuueHue ypoBHA aKTu-
BMPOBaHHbIX KMCNOPOAHbIX Monekyn (AKM) — pesynbrar
CHUMKEHWUA aKTUBHOCTU peAOKC-YyBCTBMTEbHOMO TPaHC-
KpunuuoHHoro ¢paktopa NRF2, yto B pe3ynbTaTe aKTUBU-
pYyeT curHanbHbIi Kackag PI3K/AKT/mTOR [34].
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POJIb A/IMHHBIX HEKOOUPYIOLLMX
PHK B PA3BUTUN XPOHWU4ECKOU
OBCTPYKTUBHOWU BOJIE3HU NEMKUX

CTpyKTypa 1 GYHKLUUU AJIMHHBIX
HeKogupylowmx PHK

NHpopMauma o IncRNA npeactaBneHa B 6asax JaHHbIX
NONCODE, (http://www.noncode.org), LNCipedia (http:/
www.Incipedia.org), IncRNAdb (http://www.Incrnadb.org/).
Ha cerogHAwWwHWM JeHb, cornacHo 6a3e aaHHbIx NONCODE,
Yy YesioBeKa NOTeHLMaNbHO BO3MOMKHO CyLLecTBOBaHWe 60-
nee 170 000 Hekogupytowmx PHK u okono 96 000 reHos,
ux Koaupylowmx. basa gaHHbIx IncRNADisease (http://www.
cuilab.cn/Incrnadisease) copeput ceemenna o IncRNA,
Y4acTBYIOLLMX B Pa3BUTUM pasfiNyHbIX 3ab0NeBaHuA.

MokasaHo, 4to IncRNA — opHouenoyeyHble, Anu-
Hol 6onee 200 Hykneotupos PHK, TpaHckpubupylotcs
PHK-nonumepason |, Il v 1l [8, 35, 36]. MHorue IncRNA
6bIBalOT KINMPOBAHHBIMK, CNAAWCUPOBAHHBIMM U MO-
NIMafeHUNINPOBaHHbIMU, T.e. UMEKT CXOLHOE CTpPOEeHMe
¢ MPHK [36]. MMetotca IncRNA HeKanupoBaHHble U Mo-
NMafleHUIMpoBaHHbIe, KOTopble TpaHcKpubupytotca PHK-
nonumepason | unu lll, nnbo n3 npepLIeCcTBEHHNKOB, CO-
LEPKaLLMX MHTPOHBI UM NOBTOPAIOLLMECA 3/1EMEHTHI [36].
371 PHK MoryT TpaHcKpmbrpoBaTheA € pasnuyHbix 0bna-
cter OHK (3HxaHcepa, NpoMOTOpa, MHTPOHHBIX UK ME-
reHHbIX y4acTKoB) [37].

HecmoTpsa Ha 10, 4to IncCRNA ABRAOTCA 3BONIOLMOHHO
MeHee KoHcepBaTMBHbIMM [36], reHbl IncCRNA obnapatot
CXOQHOW CTPYKTYpOM C 6ENOK-KOAMUPYILLMMU FeHaMu:
cofepraT BONbLUMHCTBO KNaCCUYECKUX PEryNATOpPHbIX
3/1eMeHTOB (MPOMOTOPHbLIE W 3HXaHCEpHbIe 0651acTK), He-
CYT HECKONbKO UK 6onee 3K30HOB, UMEIOT XapaKTepHble
XPOMaTUHOBBIE CUTHATYpbl, TAKXe PerynunpylTca TpaHc-
KpUNUMOHHbIMM (aKTopamu [38, 39]. MHorue (ncRNA
MoABEprawnTcA anbTepHAaTUBHOMY ChfaicuHry ¢ obpa-
30BaHMeM Kak MUKpOPHK, Tak M MHorecTBa n3opopm
IncRNA [35, 36].

YcnosHo INCRNA [enAT Ha HECKOMbKO Fpymn: MEMreH-
Hble IncRNA TpaHckprbupyioTca ¢ obenx uenei [JHK B Mexk-
reHHbIX 06nacTax; MHTpoHHble INCRNA — ¢ MHTpoHOB 6e-
NOK-KOAMPYIOLLMX reHoB; nepekpbiaioLmecs INcRNA — co
cMbicnioBor Lenu [IHK, nepeKpbiBaloT 6enoK-KoaupyloLime
reHbl; aHTUCMbIcnoBble INCRNA — ¢ aHTUCMBICTIOBOM Leny,
MepeKpPbIBAACh C IK30HHBIMU UM UHTPOHHBIMM 061acTAMM
[8, 40]. KpoMe Toro, IncRNA pmenat Ha umc-pencTByoLLme,
OCyLlecTBAAOWME perynauuio  6aM3newallnx reHos,
W TpaHC-[enCTBYIOLLME, PErYNMPYIOLLME OTAANEHHBIE MEHbI
[36, 37, 41].

MokasaHo [36], uto IncRNA MoryT npuHMMaTh y4actue
B CaMOM LUMPOKOM CMEKTpe BUONornyecknx MpoLeccos,
Cpeay KoTopbix 0c060 BbIAENAKTCA OpraH13aLmMA reHoma,
dopMmpoBaHue U GyHKLMOHMPOBAHUE KNETOUHBIX CTPYKTYP
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1 3KCMpeccua reHoB (3To 06ycoBneHO B3aMMOLEeACTBUA-
mu no Tuny PHK-PHK, PHK-[HK n PHK-6enok (puc. 1 [36,
40-45]).

OyHKumm IncRNA B KneTke pasHoobpasHbl. ApgepHble
$OpMbl Y4acTBYIOT B 3HXaHCMHIe WM CaWNEHCUHIe TpaHC-
KpUNUMmM, perynauum apxXmTeKkTypbl XpoMaTtuHa [42], KoM-
napTMeHTM3aumu Agpa [36, 41].

B umtonnasme IncRNA ocyulecTBnawT uHrMbuposaHue
MUKPOPHK (ABNAACL ONA HUX KOHKYPUPYIOLLMMM SHAOTEH-
HbiMu PHK); nocTTpaHcnALMoHHYI0 MogudmMKaLmio CTpyKTY-
pbl 6eMKOB M 06pa3oBaHMe «KapKaca» AnA 6enKoB pasnny-
HbIX CUrHaNbHBIX NyTel; obecneyeHne MUTOXOHAPMANbHOrO
roMeocTasa; perynAauuio cnnamcuura npe-MPHK (BegyLuyio
Pojib B KOTOPOM WrpatoT aHTucMbicnoBble INCRNA) [43, 44];
CTabunn3aumio MeKNETOYHbIX KOHTaKTOB (MocpefcTBOM
B3aMMOJeNCTBMA C MeMbpaHHbIM KoMnnekcamu PECAMT
n p120-kateHunHoM) [9, 36, 40, 41]; a TakKe ydyacTByioT
B pa3nMyHblX PopMax MpOLECCMHra CaMblX PasHblX TUMOB
PHK: ux ctabunusaumm, peaaktmpoBaHum 1 nokanusaumu
B LIeNIEBbIX KNETOUHbIX KOMNApTMeHTax [36].

JK30coManbHble AJIMHHbIe Hekogupyowme PHK

MoBbILIEHHBIN MHTEPEC MCCNedoBaTeNen BbI3bIBAKOT
3K3ocoMasibHble INcRNA B KoHTeKcTe cneumduyeckon na-
PaKpPVHHOM Perynauum npu pasimyHbiX GU3nMonoruyecknx
1 NaToNOrMYecKmMX COCTOAHUAX [45]. 3K30COMbI NpefcTaBNA-
10T 0601 KNnacc BHEKNETOYHbIX BE3WKY/ AMAMETPOM OKOJI0
30-150 HM, copeprawmx 6ruoMonerynbl (OHK, PHK, 6en-
KW, nunugbl, MeTabonuTel). OHM UrpakoT ponb NOCpeHUKOB
B MEMKNETOUHbIX B3aMMOLENCTBUAX U PEryNupyIoT LLIKpO-
Kui Kpyr 6uonorudeckux npoueccos [13], B3aMMoaencTeys
C MOBEPXHOCTHBIMU PELIENTOPaMM KETOK-PELMMUEHTOB.
3JK3ocoManbHble Hekopumpyowme PHK B ocHoBHOM npeg-
ctaBneHbl MUKpoPHK, AnuHHbIMM Hekogumpylowmumm PHK
(IncRNA) v KonbuesbiMu PHK. OHu MoryT 6bITb ceKkpeTupo-
BaHbl U3 KNETOK-[0HOPOB, AENCTBYA Kak MeauaTopbl MeX-
KNETOYHOM KOMMYHMKALWWU, WU perynumpoBaTb aKTUBHOCTb
KNETOK-MULLEHeN, TakKMM 06pa3oM y4acTByA B MOJIERYNAp-
HOM naToreHe3e 3aboneBaHui [45].

3Jk3ocoManbHble IncRNAs 1rpatoT posib B MoseRyIfpHOM
naToreHe3e OHKOMOrMYECKMX, ObIXaTesbHbIX U CepAeYHO-
cocyamcTbix 3abonesaHui, bonesHen obmeHa Bewlects [13,
45]. MMelotcA faHHble 0 BKnape 3k3ocoManbHbix INCRNAs
(H19, MALATI1, HOTAIR, UCA1, Inc-MMP2-2, GAPLINC,
TBILA, AGAP2-AS1 n SO0X2-0T) B pa3BuTHe paka NErKUX
M 06 MX yyacTMM B TaKMX NaTONOrMYECKMX Mpoueccax,
KaK nponudepaumsa, MUrpaums, MHBasmuaA Knetok. OueHKa
YPOBHsA 3Kcnpeccun sKk3ocoManbHbix INcCRNAs MoxkeT cny-
¥UTb MOTEHUManbHbIM 6MOMapKEPOM NporpeccUpoBaHus
3abonesanus [13].

MoKa3aHo, 4To 3K30coManbHoe BbicBoboxaeHWe INCRNA
H19 KneTKaMm HEMENKOKNETO4YHOro paka nérkoro (HMPJ),
YCTOWYMBBIMU K FepuHUTUOY, dopMMpyeT YCTOMYMBOCTD
K [JaHHOMY npenapaty Yy peumnueHTHbix Knetok HMPJT [46].
YpoBeHb 3Kcnpeccun 3K3ocoManbHou IncRNA MALATI
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Puc. 1. OyHKumm anunHbix Hekopupytowmx PHK (gHPHK): A — ocywectensioT perynaumio aktueHocTv MPHK 1 MukpoPHK nyTém cBa-
3bIBaHMA MUKPOPHK, KoTopble B CBOK o4vepedb MHrMOMpytoT cooTeTcTBYtoWMe MPHK [36, 41, 42]; B — cnocobHbl B3aMMOAencTBoBaTh
Hanpsamyio ¢ MPHK, uTo npenATcTyeT cbopke pubocoManbHOro KoMneKca npu TpaHenaumm [36, 41, 42]; C — MoryT HaxoUTbCA B Kie-
TOYHOM AApe B ALEPHbIX CNEKNax M napacneknax ($pa3oBo pa3fenéHHbIX TeNbLax Kapyomniasmbl), CofepHalLmux GaKTopsl CrancuHra
npe-MPHK, v yyacTBytoT B npoueccax cniancuira [43, 44]; D — npu B3aMMogencTBUM C perynaTopHbiMu nocnegoatenbHoctaMm [HK
cnocobHbl Boenekatb [HK-MeTunasel v JHK-peMetunassl, perynupys TeM caMbiM akTUBHOCTb reHoB [42]; E — B coBoKynHocTM ¢ dak-
TOpaMu CMNANCUHIa, HAaXOAALLMMUCA B CMEKNax, Y4acTBYIOT B NpoLeccax afbTepHaTUBHOMO cnnancuura npe-MPHK [43, 44]; F — ocy-
LLECTBMIAKT NOCTTPAHCAALMOHHYI0 MOAUGUKaLMIo 6eNKOB, U3MeHAs UX GYHKLIMOHAMbHYI0 aKTUBHOCTb, MOTYT GOPMMPOBATL CTPYKTYPHbIN
KapKac ana 6enkoBbIx Monekyn [43, 44]; G — HekoTopble AHPHK MUrpYpyIOT U3 KNeTo4HOro Aapa B MUTOXOHAPUM, rae obecneymBaioT
noAfepaHnue MUTOXOHAPUANbHOM CTPYKTYpbI, ONOCPeAYIT NPOLLeCChl OKUCUTENBHOMO (OCHOPUNMPOBAHUA, IMMONK3A, PenUKaLMK
muToxoHapuanbHon OHK [43, 44]; H— npum B3aMMoaeicTBum C pa3iiMyHbIMKU KOMIMOHEHTaMM MEKKIETOYHON aare3um cTabunmsupyiot
N YCUNMBAIOT MEXKKNETOYHble KOHTaKThI [36, 40, 41]; | — MOryT aKTUBHO CEKpeTMPOBATLCA KNETKOM MPpK MOMOLLM 3K30COM U Janee
MPOHWKATb B COCEJIHWE KNETKM, OCYLLECTBNIAA PErYNALMIO KNETOYHOr0 LMK/a U Apyrux npoueccos [45].

Fig. 1. Functions of long non-coding RNAs: A — IncRNAs regulate the activity of the mRNA and microRNA by binding the microRNAs,
which inhibit the corresponding mRNAs [36, 41, 42]; B — IncRNAs interact directly with the mRNA and prevent the assembly of the
ribosomal complex in translation [36, 41, 42]; C — IncRNAs localize in nuclear speckles and paraspeckles (phase of the separated
nuclear bodies) containing mRNA splicing factors and regulate of pre-mRNA processing [43, 44]; D — IncRNAs can interact with regula-
tory DNA sites and recruit DNA methylases and DNA demethylases to activate or suppress their transcription [42]; E — IncRNAs affect
alternative splising of mRNAs [43, 44]; F — IncRNAs take part in post-translation madification of proteins by changing their functional
activity, IncRNAs can form a structural frame for protein molecules [43, 44]; G — same IncRNAs migrate from nucleus to mitochondria
to maintain structure and mediate oxidative phosphorylation and mitochondrial DNA replication, regulate lipolysis and mitochondrial
function [43, 44]; H — IncRNAs interact with various intercellular adhesion components and stabilize endothelial adhesive junctions [36,
40, 41]; | — IncRNAs can be actively secreted by the cell in exosomes and regulate function of other cells [45].

accouuupyetca C nokasatensamu numdarmyeckoro Meta-  Yyactue ANMHHbIX HeKogupylowmx PHK

CTasupoBanuA v ctapueit passutua HMPIT [47]. B NaToreHe3e XpPOHMYeCKoW 06CTPYKTUBHON
YcTaHOBNEHO MOBLILLEHWE YPOBHA 3KCMPECCUM 3K30-  Gone3HM NBFKUX

comanbHoi IncRNA HOTAIR B KpoBu 6051bHbIX KpYMHOKMe-

TOYHOM KapLMHOMOM NIEFKMX, YTO COAEWCTBYET MUIpaLmm OnuHHble Hekoampylowme PHK aBnAwoTca Havbonee

1 HBa3WUM KNeToK, ceksecTpupya hsa-miR-203 [48]. aKTyanbHbIM NpeAMeTOM TeHEeTUYEeCKUX WCCefoBaHui
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pasnnuHbIX natonornyeckux ¢peHotunos [49]. CywecTyer
MHOeCTBO $aKTOB, CBUAETENbCTBYIOLLMX O TOM, YTO OHM ac-
COLMMPOBaHbI C Pa3BUTUEM OHKONOrMYECKNMX, CepLAEYHO-CO-
CYOMCTLIX M NEroyHbIX 3abonesanmi [11, 13]. OgHako ponb
IncRNAs B natorenese XOBJ1 nonHocTblo He onucaHa. Wc-
CnefjoBaHWs B [JaHHOW 06N1acTW HaXxoJATCA Ha CTaguu Ha-
KonneHna daKkTMyeckoro Matepuana u oboblieHuns ywe
MonyyYeHHbIX AaHHbIX (puc. 2). B pabote [50] nokasao,
4To B NIEFOYHOM TKaHM 6onbHbIX XOBJ1 auddepeHumansHo
aKcnpeccupytotes cneaytowme IncRNA: MEG3, ANRIL, SAL-
PHK 1 SCAL1; MHOrve 13 HUX Y4acTBYIOT B perynaumm pas-
JIMYHBIX aCMEKTOB KNETOYHOr0 CTapeHMs.

IncRNA MALAT1 — mpaxckpunm 1, accoyuuposaHn-
Helli ¢ Memacma3saMu adeHOKapyuHoMbl Né2Ko20 (me-
tastasis associated lung adenocarcinoma transcript 1).

AHTUOKCUAHTHOE
nlencTeme

B nocnegHue rogpl BCé bonblue nccnefoBaHU NOATBEPHK-
[Al0T, 4T0 YPOBEHb OKMUCIUTENBHOrO CTPecca W BocraneHus
KOPpenupyeT C YypOBHEM TPaHCKpUNLMK onpefenéHHbix [n-
cRNA [51]. F'en MALATT nokanu3soBaH Ha xpomocome 11q13.1
[https://www.ncbi.nlm.nih.gov/gene/378938] (tabn. 1
[52-63]) M [eMOHCTPMPYET BbICOKYID KOHCEpPBATUBHOCTb,
yto oTMyaet ero ot gpyrux reHoB IncRNA. 3kcnpeccua
MALAT] B 3HAOTeNManbHbIX KNETKax 4efnoBeKa, MHOyLM-
poBaHHaA MepeKMCbid BOAOPOAA, NPUBOAMT K aKTMBaLMK
Kackapa NRF2/KEAP1; NRF2 B cBoto ouepefb CBA3bIBAET-
CAl M aKTMBMpYET NPOMOTOPHbIE 0611aCTW reHOB, KOAMpYIo-
LMX UMTONpOTeKTOpHbIe Genkm [52]. Kpome Toro, in vitro
MALATT nogaenset akcnpeccuto TP53 Ha ypoeHe npe-MPHK
[53], yemnusaet akcnpeccuio MMP9, PIK3CA v aktusupyeTt
curHanbHbin Kackag PI3K/AKT [54].

lponudepauna
KNeToK
COEIVHUTENbHOM
TKaHU

KneTouHoe ctapenue,
anonros

. BocnanutenbHbin
oTBET
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Puc. 2. [nunHble Herkogupyiowme PHK (IncRNA) (nogpobHas uHdopMauma npusefeHa B Tabnuue) M MexaHU3Mbl UX y4acTusA B na-
TOreHe3e XpoHWU4ecKow o6CTpYKTMBHOM GonesHu nérkux (XOBJT). PI3K/AKT — curHanbHbIn Kackan docdatmannmiosuTon-3 KuHassl
(PI3K) 1 cepuH/TpeoHnHOBO npoTenHKMHaskl (AKT); mTOR — cepuH/TpeoHnHoBan KuHasa; NRF2/KEAP1 — pefoKc-4yBCTBUTENbHOIM
curHanbHbIv Kackag Nuclear factor erythroid 2-related factor 2/Kelch like ECH associated protein 1; NF-kB — TpaHcKpunumoHHbIi dak-
Top KB; CDKN2B-CDKN2A — umMKnuH-3aBUCMMble KMHa3bl; aSMA — a-smooth muscle actin; CARD8 — uneH 8 ceMelicTBa AOMEHHbIX
6eNKoB aKTMBaLMKM U peKpyTMpoBaHuA Kacnas; CDH2 — kagrepuH 2; VIM — BUMeHTUH. YEpHble CTPENKM — MOMOMMTENbHAA NpAMan
CBA3b/aKTUBALWMA, KPaCcHbIE CTPENIKM — OTpULaTeNbHaA NpAMas CBA3b/VHIMOMpOBaHue.

Fig. 2. Long non-coding RNAs (IncRNA) (detailed information is given in the table) and mechanisms of their involvement in the pathogen-
esis of chronic obstructive pulmonary disease (XOBJ1). PI3K/AKT — phosphoinositide-3-kinase (PI3K) and AKT serine/threonine kinase 1
signaling pathway; mTOR — mechanistic target of rapamycin kinase; NRF2/KEAP1 — redox-sensitive system nuclear factor erythroid
2-related factor 2/Kelch like ECH associated protein 1 signaling pathway; NF-kB — nuclear factor kappa B; CDKN2B-CDKN2A — cy-
clin dependent kinase inhibitor 2A/B; aSMA — alpha smooth muscle actin; CARD8 — caspase recruitment domain family member 8;
CDH2 — cadherin 2; VIM — vimentin. Black arrows — positive feed-forward/activation, red arrows — negative feed-forward/inhibition.
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IncRNA LUCAT1 — mpaHcKpunm, accoyuupoGaHHbIii
¢ pakoM nézkozo (lung cancer associated transcript 1).
IncRNA LUCAT1 (SCALT) nokanusoBaHa Ha xpoMmocome 5
(5q14.3) [https://www.ncbi.nlm.nih.gov/gene/?term=SCAL1]
(cM. Tabn. 1). Ten LUCAT] TecHo CBA3aH C CUrHasnbHbIM
KackagoM NRF2/KEAP1 u aKkTMBMpyeTcA B OTBET Ha OKMC-
nuTenbHbIN cTpecc [55]. S. Zhao u coasr. [55] ycTaHoBMAK
noBbILLeHWe ypoBHA aKkcnpeccun LUCATT y 6onbHbix XOBJT,
bosiee TOro, BbIfIB/IEHA KOPPENALMA IKCNPECCUOHHOMO Npo-
duna paHHow IncRNA ¢ ypoBHEM BOCManMUTENbHBIX LIUTOKM-
HoB IL-1B, IL-6 n TNF-a. B uccnenosanum X. Wang v coasr.
[51] nokasaHo, 4to MHrubuposanue LUCATT B anuTenmanb-
HbIX KNETKax AbIXaTelbHbIX NYTeN YCUIMBAET LUTOTOKCUY-
HOCTb, MHAYLMPOBAHHYI0 SKCTPAKTOM CUrapeTHOro AbIMa in
vitro, 4TO, BO3MOMHO, CBA3AHO C HEMOCPELCTBEHHOW pery-
naumen LUCATI.

Yol. 18 (2) 2023

Genes & cells

IncRNA H19 — umnpuHmupogaHHblii 2eH, 3Kc-
npeccupyrwwuiica ¢ MamepuHcKoli xpoMocoMbi (im-
printed maternally expressed transcript). /3Ha4yancHo
H19 6bin oxapaKTepn30BaH Kak UMNPUHTUPOBAHHBIN TeH,
pacnonoeHHbIi Ha xpomocoMe 11p15.5 [https://www.
nchi.nlm.nih.gov/gene/283120] (cm. Tabn. 1) u skcnpeccu-
PYIOLLMIACA UCKMIOYUTENBHO MaTEPUHCKUM anneneM. Yie
nosgHee HI19 oTMeyaeTcA B PO/ KIIOYEBOrO Y3/10BOMO
KOMMOHEHTa PeryfiATOPHbIX CETEN, BOBEYEHHBIX B NaTo-
reHe3 HEKOTOPbIX BUAOB paka [64]. [pu aToM B KayecTse
0[HOr0 M3 BaXHEeNLLMX perynaTopos aKkcnpeccumn H19 Bbl-
CTynaeT NPOAYKT NpPOTOOHKoreHa c-Myc [65]. BaxHo TaK-
¥e NoJYEePKHYTb BbICOKYI0 POJib FTMMOKCMYECKOro CTpecca
B KayecTBe MOJIOKMTENIBHOrO pEeryfaaTopa 3KCNpeccuu
H19, onocpedoBaHHyl0 CUrHanbHbIM KackagoM p53/
HIF1-a, unayumpyeMoro runokcuent (hypoxia-inducible

Tabnuua 1. Xapaktepuctuka AnuHHbIX Hekopupylowmx PHK (INcRNA), BoBNeYEHHBIX B MOMEKYNAPHBIA NaTOreHe3 XpoHUYecKon 06-
CTPYKTMBHOM 60Ne3HM NETKMX

Table 1. Characteristic of long non-coding RNAs (IncRNAs) involved in the molecular pathogenesis of chronic obstructive pulmonary

disease
I‘?v‘;s:i [ll;itt:l?;// 0603HayeHue HasBanue rexa CUHOHUMUYHBIE XpoMocoMHas OyHKLMOHaNbHbIEe 0C06eHHOCTH
nih g;:vc/ge;ne /]' reHa Ha3BaHUA noKanusauma 1 ponb npu passutiumn X0BJ1
. ] ] Perynupyet curHanbHble Kackagpl
jow  wn esvmm o OOMTANRIGR
adenocarcinoma LINC00047; qto. ynmpy P
transcript 1 NCRNAGD047 MPOBOCNANUTESNbHBIX LIUTOKUHOB
[52-54]
Lung cancer

100505994  LUCATI associated SCAL1; SCATS 5q14.3 Perynupyer NRF2/ g

transcript 1 CUrHanbHOro Kackaga [55]
. ASM:; BWS; WT2;
119 Imprivted— pswr; D11S813E; ,

283120 H19 maternally MIR675HG: 11p155 YacTByeT B perynsALMmM NpoL,eccoB
expressed LINCUUUUB'- KNeTo4Horo ctapenua [56, 57]
transcript NCRNAQ0008

ANRIL; p15AS; Perynumpyet aKcnpeccuio reHoB
CDKN2B PCAT12; CDKN-
100048912 CDKNZ2B-AS1 antisense RNA 1 2BAS: CDKN2B-AS; 9p21.3 CDKNZB/CDKN?\l/i\:, cgrl-é%anoro
NCRNA00089 kackana NF-KB 58]
Taurine .
) TI-227H; LINC00080; CTUMynMpyeT cUrHanbHbIM Kackag

55000 T up ;ﬁglﬁt‘*d NCRNAQ0080 229122 PI3K/AKT/mTOR [59]

HOX transcriot HOXAS; HOXC- Onocpenyet cBA3b BOCManeHus

100124700 HOTAIR antisense RNFTA AS4; HOXC11-AST; 12913.13 N 3NUTENManbHO-Me3eHXMManbHO-

NCRNAO00072 ro nepexoga [60, 61]
Small nucleo- U50HG; Céorf160; WHrmnbumpyeT curHanbHbIN Kackag
387066 SNHG5 lar RNA host LINC00044; 6q14.3 KnetouHoro ctapeHus (PI3K/AKT/
gene 5 NCRNAO00044 mTOR) [62]
FOXD3 YcKopsAeT anonTo3 anuTeNnasnbHbIX
100996301 FOXD3-AS1 FAST; pasFOXD3 1p31.3 KNETOK NErKMX B YCII0BUAX

antisense RNA 1

OKMCIUTENBHOO cTpecca [63]
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factor 1-alpha, HIF1-a) [56]. B Mbiwuax 6onbHbix XOBJ1
6bin BbiABNEH bonee BbICOKUM YpoBeHb aKcnpeccun H19
W ero npom3BoaHoi miR-675 [66]. 3T0 MoMeT obbAC-
HATbCA ydacTeM HI19 B netne obpaTHOM OTpMUATENbHOM
CBA3M MEMX Y KII0YeBbIM MUOreHHbIM perynaTtopom MYOD
(myoblast determination protein 1) un IGF2 (insulin-like
growth factor 2), urpawowmmmu KnioyeByw ponb B pas-
BUTUW CKENETHOWM MYCKyNaTyphbl U ABNAIOLWMMUCA BaKTo-
paMu npaBubHOro (popMMpoBaHMA auadparMbl y Mie-
KonwuTalowmx [67]. BbiABNeHa noBbllLEeHHAA 3KCMpeccus
H19 B 3nuTenuu fgbixaTeNibHbIX MyTeN KypUnbLLMKOB [68],
UTO MOMET BbITb CBA3aHO CO CMOCOBHOCTHIO JAHHOIO reHa
COZeMCTBOBATb CHUMKEHUIO aKTUBHOCTU pocdaTasbl PTEN
W, KaK CnefcTBME, aKTMBMPOBATL KITloYeBOW 6enoK Kne-
ToYHOro ctapeHna mTOR [57].

IncRNA CDKN2B-AS1 (ANRIL) (CDKN2B antisense
RNA 1). CDKN2B-AST (ANRIL) TpaHcKpubupyeTcs ¢ aH-
TUCMBICNOBOW Lenun Knactepa reHoB COKNZB-CDKNZA,
KOAMPYIOLUMX LMKIMH3aBUCUMble KuHasbl 9 (cyclin de-
pendent kinase inhibitor 2A/B, CDKN2A/B), Ha xpoMocoMe
9p21.3 [https://www.ncbi.nlm.nih.gov/gene/100048912]
(cMm. Tabn. 1), MoxeT obpasoBaTb bonee 25 TKaHecneum-
puuecknx mzodopm [69]. Ero KoHcepBaTMBHaA netie-
0bpa3Han CTPYKTypa MOMET CBA3bIBATLCA C MOJIMKOMOO-
BbIMM benkamu (polycomb repressive complexes, PRC),
a u3odopMa, cogepaluan TakoM Komnnekc, obnapaet
CNOCOBHOCTbIO K TPAHCKPUMLMOHHOM Penpeccuu reHoB-
MULLEHEN, B POSIM KOTOPbIX Yallie BCEr0 BbICTYNAIOT MeHbl
KnacTepa LMKNMH3aBUCUMMOM KuHasbl 2 A/B (CDKN2B-
CDKN2A) unmn CARDS (caspase recruitment domain family
member 8), urpaioLlero BegyLLylo ponb NpU aKTUBaLUM
MPOBOCMANUTENIbHBIX Kacnas, WKW TPaHCKPUMLMOHHOMO
darTopa NF-kB (nuclear factor kappa B) [58]. OtgenbHo
HeobxoanMMo oTMeTUTb cBA3b ANRIL C LenbIM CnekTpoM
accouMMpoBaHHLIX ¢ Bo3pacToM 3abonesanuit [70]. MoHu-
¥eHHoe codepaHune umpkynupytowero ANRIL B nnasMme
KpoBM 6bino cBA3aHo ¢ obocTpeHusamu XOBJ1 [71]. bonee
TOro, B 0606LWEHHOM rpynne 60nbHbIX XOBJ1 Habnopanack
3aMeTHaA 0TpuLaTeNibHasA KOppenALUa Mexay 3Kcnpeccu-
e ANRIL v ypoBHeM BocnanutenbHbix LUMTOKMHOB (TNF,
IL-1B, IL-17a v LTB4) [71].

IncRNA TUG1 — maypunakmugupyemelii 2eH 1
(taurine upregulated gene 1). OnHUM U3 y3N0BLIX KOM-
MOHEHTOB CETU PEerynATOPHbIX MONEKYNAPHbIX KacKados,
BoBJieYEHHbIX B matoreHe3 XObJI, ABnAeTcA TaypuHaKTU-
BupyeMbiin reH 1 (TUGT), nokanvM3oBaHHbIA Ha XpOMOCO-
Me 22q12.2 [https://www.nchi.nlm.nih.gov/gene/55000]
(cM. Tabn. 1). TUGI accoummpoBaH C MONIMKOMOHbIM
penpeccuBHbIM KoMnniekcoM 2 (polycomb repressive
complex 2, PRC2) 1 npMBOAWT K TPaHCKPUMLMOHHOM pe-
npeccun reHoB-mulleHen [72]. Heobxogumo oTMeTUTb
CBA3b aHOManbHOro YpoBHA 3kcnpeccun TUGT ¢ noBbi-
LeHHOW NponndepaTUBHOW aKTUBHOCTBIO M MOHUMKEHHOM
anonToTuyeckomn aktmsHocTblo [73]. W. Gu u coasT. [74] no-
Kasanu ysenuyeHue akcnpeccumn TUGT B NEFOYHBIX TKAHAX
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naumeHtoB ¢ XOBJl. B KayecTBe BefyLlero MexaHu3ma
pencteuAa TUGT oTMeyaloT cnocobHOCTb CTUMYNMpPOBaTh
3Kcnpeccumio reHa DUSP6 (dual specificity phosphatase 6)
MoCpeacTBOM CHUMeHUA AocTynHocTM miR-T145-5p
[56]. MokasaHo, uto TUGT bnokupyet akcnpeccuio aSMA
(a-smooth muscle actin) n ¢nbpoHekTMHA-19 1 TeM ca-
MbIM MOXET MHrMbupoBaTb NponudepaLmio NErOYHbIX
3NUTENMANbHbBIX KNETOK B OTBET Ha cTuMynbl TGF-B1 [75]
N cTUMynupyeT 3Kkcnpeccuio reda PTEN [59].

IncRNA HOTAIR — anmucmeicnosas PHK HOX-
mpanckpunma (HOX transcript antisense RNA).
l'en HOTAIR nokanu3oBaH B MereHHoW 06macTu reHo
HOXC11 v HOXC12 B rnactepe HOXC Ha xpoMocome 12
(12913.13) [https://www.ncbi.nlm.nih.gov/gene/100124700]
(cM. Tabn. 1), TpaHCKpPMOMPYETCA B aHTUCMBICIIOBOM Hanpas-
NIEHUN OTHOCMTENbHO GnaHKkMpylowmx ero reHos HOXCT1
n HOXC12 [76]. Oyurumonunpyet HOTAIR Kak TpaHcKpun-
LMOHHBIN Kopenpeccop MOAABAOLLEr0 3KCMPECCUI0 FeHa
HOXD (homeobox D) [77]. KpoMe Toro, B 3'-06nactvt reHa
HOTAIR viMeeTcA y4acTOK, CBA3bIBAIOLLMIACA C KOMMIEKCOM
LSD1 (lysine-specific demethylase 1) n REST (RE1 silenc-
ing transcription factor), a Takse ero kopenpeccopa CoREST
(REST corepressor 1) [76]. i3MeHeHWe ypoBHA 3Kcnpeccum
HOTAIR B pe3ynbTaTe CUCTEMATUYECKOr0 BO3OENCTBUA CU-
rapeTHoro AbiMa NpUBOIUT K YBENIMYEHWIO MapKEPOB 3MK-
TeNnanbHo-Me3eHXMManbHoro nepexoga (KagrepuHa 2,
BMMEHTMHA) M K pasBUTUIO CUCTEMHOrO BocnaneHua [60].
B nérkmx naumentoB ¢ XOBJ1 v npu anmontose sHOOTENM-
anbHbIX KNETOK NErkUX, MHOYLMPOBAHHOM BO3LEWCTBUEM
CMrapeTHOro [bIMa, PUKCMPYETCA MOBLILUEHWE 3KCMpeccum
HOTAIR [61].

IncRNA SNHG5 (small nucleolarRNA host gene 5).
l'en SNHG5 nokanunsoBaH Ha xpomocoMe 6q14.3, copepkuTt
6 3k30HOB [https://www.ncbi.nlm.nih.gov/gene/387066]
(cM. Tabn. 1). B KayecTBe BeyLMX GYHKLIMOHANBHBIX XapaK-
TepucTvK INcRNA, oTHoCALLMXCA K AaHHOM rpynne, Bblaens-
10T NOBbILLIEHVE NPONMdepaTUBHOM aKTUBHOCTU U KOHTPOSTb
KNeTOYHOr0 LMKMa, OTMeYeHa Takke abeppaHTHaA 3KcC-
npeccua SNHGS npy oHKonoruveckmx 3aboneBaHusx [78].
B nccneposanum [79] nokasaHo, yto y naumeHToB ¢ XOBJI
HabmloOaeTcA 3HAUMMOE CHUMEHME YPOBHA 3KCMPeccum
SNHG5. 3T0T reH [eMOHCTpUpYeT aKTUBHOCTb B KayecTBe
3HJ0reHHOro KoHKypeHTa ana miR-132 npu XOBJ1, ueneson
MWULLEHbIO KOTOPOM ABNAeTCA TpaHcKpunT reHa PTEN [79].

[ncRNA FOXD3-AS1 — anmucmeicnogoli mpaHc-
Kpunm b6enok-xkodupyrowezo 2eHa FOXD3 (forkhead
box D3 antisense 1). Tex IncRNA FOXD3-AST nokanu-
30BaH B xpoMocoMe 1p31.3 [https://www.ncbi.nlm.nih.gov/
gene/100996301] (cM. Tabn. 1). OaHHaa IncRNA aBnsetca
BaKHEMLUMM PErynAaToOpoM CUrHamnbHbIX KaCKafoB LIMPOKO-
ro cnexkTpa ¢puanonormyeckux coctofaHun [62]. FOXD3-AST
MOMKET YCKOPATb anonTo3 3NUTeNMabHbIX KNETOK IEr04HOM
TKaHW B YCNOBUAX OKWUCIIMTENBHOrO CTPECCa, a TaKKe Bbl-
CTynaTb B Ka4eCTBe 3HA0MEHHOr0 KOHKYpeHTa anAa miR-150,
6110KMpYA €€ LMTONPOTEKTOPHYIO ponb [63].
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MoneKynApHbIA NaToreHe3 XPOHWUYECKoW 0BCTPYKTMB-
HOW 60/1€3HM NETKMX BKIIOYAET MEXaHW3Mbl HapyLIEHWS
PerynAuMmM CTPECcCOBbIX PeaKuui, NPenATCTBYIOWMX Kre-
TOYHOMY CTapeHuio, NPY KOTOPbIX KIIOYeBYl0 Pofib MrpaioT
curHanbHble Kackagpl PISK/AKT/mTOR, NRF2/KEAP1 u ceTb
AnHHBIX Hevkogupylowmx PHK (IncRNA). Passutre u npo-
rPeccMpoBaHne XPOHUYECKOM 06CTPYKTUBHOM 60Ne3HM Nér-
KMX MOryT BblITb CBA3@HbI KaK C aKTMBaLMeN 3Kcrpeccum
IncRNAS, TaK 1 CO CHUMKEHMEM WX COLEPKAHWA B KNETKe.
CBA3aHHbIE C KNETOYHbIM CTAPEHUEM U OKWUCIMTESNbHBIM
cTpeccoM Hekoawmpylowme PHK B KadvecTBe moTeHuManb-
HbIX OMOMapKEPOB M MULLEHEN AnA Tepanuu MOryT CTaTb
OCHOBOW AnA pa3paboTKM HOBOW CTpaTErMM AMArHOCTUKM
1 NeYyeHnsa JaHHoro 3abonesaHus.

AOMOJIHUTENBHO

WUcTouHnk ¢uHaHcupoBaHua. HayduHoe vccnefoBaHue
npoBefeHo Mpu noffaeprKe Poccuiickoro HayyHoro ¢oHaa
(rpaHT N© 23-25-00019, https://rscf.ru/project/23-25-00019/).

KoHnuKT nHTepecoB. ABTOpLI AEKNAPUPYIOT OTCYTCTBME
ABHBIX 1 MOTEHLMAMbHBIX KOHPSIMKTOB MHTEPECOB, CBA3AHHbIX
C NybAMKaLMen HacToALLEN CTaTby.

Bknap aBtopoB. B.A. Mapkenos — cbop v aHanu3s
[aHHbIX Mo TeMe 0630pa, HanvcaHue NepBUYHOMO BapuaH-
Ta CTaTby, BU3yanu3auma, UCMPaBNieHWe CTaTby, OKOHYa-
TeNbHOe YTBEpHK/eHVe CTaTby, MOAaHHOM K MybamKauum;
0. KopblTHa — KoHUenuus v av3aiH 0630pa, aHanm3
[aHHbIX Mo TeMe 0630pa, HanMCcaHWe MepBUYHOrO Bapu-
aHTa CTaTbM, UCMpaBfeHWe CTaTby, QUHANBHOE PeaaKTu-
POBaHME, OKOHYaTEeNbHOE YTBEPHIEHWe CTaTbW, MofaH-
HoM K nybnavkaumm; 10.I. AsHabaeBa — cbop M aHanw3
[aHHbIX N0 TeMe 0630pa (KNMHMYECKanA YacTb, naToreHes,
MeXaHW3Mbl MaToreHesa), WCMpaBiieHWe CTaTbM, OKOH4Ya-
TeNbHOe YTBepHKAeHVe CTaTby, MOAaHHOW K MybamKauum;
LLI.P. 3ynKkapHeeB — cbop M aHanM3 AaHHbIX Mo TeMe 0630-
pa (anvHHble Heroampywme PHK, Tabnuua), BU3yanusaums,
1CnpaB/eHWe CTaTby, OKOHYATENBHOE YTBEPHK/EHME CTaTbi,
nofaHHow K nybnukaumu; J1.3. AxMaguiMHa — aHanus
NlaHHbIX Mo TeMe 0630pa (Mo/eKYNAHO-reHeTUYECKME BaK-
Topbl pucka XOBJ1), vcnpasneHve cTaTby, OKOHYaTeNbHOE

CMUCOK JIUTEPATYPbI

1. YyvanuH AT, Aspees C.H., AiicaHos 3.P., 1 ap. XpoHudeckan 06-
CTPYKTMBHAA bonesHb Nerkux: defeparnbHble KIMHUYECKME PeKOMeH-
[aumm no amarHoctuke 1 nedermio // MynsmoHonorus. 2022. T. 32,
N 3. C. 356—392. doi: 10.18093/0869-0189-2022-32-3-356-392

2. Global strategy for the diagnosis, management, and pre-
vention of chronic obstructive pulmonary disease: 2023 report
[Internet]. [pata obpawenna: 15.02.2023]. [octyn no ccobinke:
https://goldcopd.org/2023-gold-report-2/

Yol. 18 (2) 2023

DOl https://doi.org/10.23868/gc 248366

Genes & cells

yTBEPHKAEHME CTaTbk, NOAAHHOM K nybnmkaumu; H.LL. 3a-
rMOyNIMH — KOHLenuWA nccnefoBaHvA, Au3aiH 0b3opa,
KoopamHaumA paboTbl Y4aCTHUKOB, UCMPaBMiEHWE CTaTby,
dvHanbHoe pefaKTpoBaHWe, OKOHYaTebHOE YTBEpHK.e-
HWe CTaTbW, NOAaHHOM K mybnukaumu. Bce aBTopbl Nog-
TBEPAAIOT COOTBETCTBME CBOEMO aBTOPCTBA MeayHapoa-
HbiM KpuTepuam ICMJE (Bce aBTOpPbI BHEC/IM CYLLIECTBEHHBI
BKMa/l B pa3paboTKy KOHLENLUM, NpoBefieHne 1ccieaoBa-
HWA W NOATOTOBKY CTaTbk, MPOYN ¥ 0A06PUAN HUHANBHYIO
Bepcuio nepen nybavKaumen).

ADDITIONAL INFORMATION

Funding source. This work was supported by the Rus-
sian Science Foundation (grant 23-25-00019, https://rscf.ru/
project/23-25-00019/).

Competing interests. The authors declare that they have
no competing interests.

Authors' contribution. V.A. Markelov — collection
and analysis of data on the topic of the review, writing the
primary version of the article, visualization, correction of the
article, final approval of the article submitted for publication;
G.F. Korytina— concept and design of the review, analysis of
data on the topic of the review, writing the initial version of the
article, correction of the article, editing the article, final approval
of the article submitted for publication; Yu.G. Aznabaeva —
collection and analysis of literary sources (clinical part,
pathogenesis, mechanisms of pathogenesis), correction of the
article, final approval of the article submitted for publication;
Sh.R. Zulkarneev — collection and analysis of data on the
review topic (long non-coding RNAs, table), visualization,
correction of the article, final approval of the article submitted
for publication; L.Z. Akhmadishina — collection and analysis
of literary sources (molecular genetic risk factors for COPD),
correction of the article, final approval of the article submitted
for publication; N.Sh. Zagidullin — the concept of the study,
design of the review, coordination, the correction of the article,
editing the article, the final approval of the article submitted
for publication. All authors confirm that their authorship
meets the international ICMJE criteria (all authors have made
a significant contribution to the development of the concept,
research and preparation of the article, read and approved the
final version before publication).

3. Maselli D.J,, Bhatt S.P., Anzueto A., et al. Clinical Epi-
demiology of COPD: Insights From 10 Years of the COP-
DGene Study // Chest. 2019. Vol. 156, N 2. P. 228-238. doi:
10.1016/j.chest.2019.04.135

4. Chronic obstructive pulmonary disease (COPD). Geneva: World
Health Organization; 2021 [Internet]. [aata obpaluenua: 15.02.2023].
Hoctyn no cebinke: https://www.who.int/news-room/fact-sheets/
detail/chronic-obstructive-pulmonary-disease-(copd)



https://rscf.ru/project/23-25-00019/
https://rscf.ru/project/23-25-00019/

HAYYHbI/ 0B30P

5. Ragland M.F., Benway C.J., Lutz S.M,, et al. Genetic advances in
chronic obstructive pulmonary disease. Insights from COPDGene //
Am J Respir Crit Care Med. 2019. Vol. 200, N 6. P. 677-690. doi:
10.1164/rccm.201808-1455S0

6. Barnes P.J., Baker J., Donnelly L.E. Cellular senescence
as a mechanism and target in chronic lung diseases // Am
J Respir Crit Care Med. 2019. Vol. 200, N 5. P. 556-564. doi:
10.1164/rccm.201810-1975TR

7. Kan M., Shumyatcher M., Himes B.E. Using omics approaches
to understand pulmonary diseases // Respir Res. 2017. Vol. 18, N 1.
P. 149. doi: 10.1186/512931-017-0631-9

8. banaweHko H.A, [pomawko C.E. [InuHHble HekoaupyioLme
PHK v vx dyHKumm // Bec. Hau. akag. Hasyk benapyci. Cep. biar.
HaByk. 2017. N2 4. C. 110-119.

9. Kopp F., Mendell J.T. Functional classification and experimen-
tal dissection of long noncoding RNAs // Cell. 2018. Vol. 172, N 3.
P. 393-407. doi: 10.1016/j.cell.2018.01.011

10. Puvvula P.K. IncRNAs regulatory networks in cellular se-
nescence // Int J Mol Sci. 2019. Vol. 20, N 11. P. 2615. doi:
10.3390/ijms20112615

11.Wu T, Du Y. IncRNAs: from basic research to medical ap-
plication // Int J Mol Sci. 2017. Vol. 13, N 3. P. 295-307. doi:
10.7150/ijbs.16968

12. Qu X, Dang X., Wang W., et al. Long noncoding RNAs and mRNA
regulation in peripheral blood mononuclear cells of patients with
chronic obstructive pulmonary disease // Mediators Inflamm. 2018.
Vol. 2018, P. 7501851. doi: 10.1155/2018/7501851

13. Poulet C., Njock M.S., Moermans C., et al. Exosomal long non-
coding rnas in lung diseases // Int J Mol Sci. 2020. Vol. 21, N 10.
P. 3580. doi: 10.3390/ijms21103580

14. Domej W., Oettl K. Renner W. Oxidative stress and free
radicals in COPD-limplications and relevance for treatment // Int
J Chron Obstruct Pulmon Dis. 2014. Vol. 9. P. 1207-1224. doi:
10.2147/COPD.S51226

15. Choudhury G., MacNee W. Role of inflammation and oxidative
stress in the pathology of ageing in COPD: potential therapeutic
interventions // COPD. 2017. Vol. 14, N 1. P. 122-135. doi:
10.1080/15412555.2016.1214948

16. Barnes P.J. Senescence in COPD and its comorbidities //
Annu Rev Physiol. 2017. Vol. 79. P. 517-539. doi:
10.1146/annurev-physiol-022516-034314

17.Hughes M.J., McGettrick H.M., Sapey E. Shared
mechanisms of multimorbidity in COPD, atherosclerosis and
type-2 diabetes: the neutrophil as a potential inflammatory
target // Eur Respir Rev. 2020. Vol. 29, N 155. P. 190102. doi:
10.1183/16000617.0102-2019

18. Araya J., Kuwano K. Cellular senescence-an aging hallmark
in chronic obstructive pulmonary disease pathogenesis // Respir
Investig. 2022. Vol. 60, N 1. P. 33—44. doi: 10.1016/j.resinv.2021.09.003
19. Brandsma C.A,, de Vries M., CostaR,, et al. Lung ageing and COPD:
is there a role for ageing in abnormal tissue repair? // Eur Respir Rev.
2017. Vol. 26, N 146. P. 170073. doi: 10.1183/16000617.0073-2017
20. Alder J.K., Barkauskas C.E., Limjunyawong N., at al
Telomere dysfunction causes alveolar stem cell failure // Proc
Natl Acad Sci U S A. 2015. Vol. 112, N 16. P. 5099-5104. doi:
10.1073/pnas.1504780112

21. Woldhuis R.R., Heijink .H., van den Berge M., at al. COPD-derived
fibroblasts secrete higher levels of senescence-associated secretory

Tom 18, N 2, 2023

DOl https://doi.org/10.23868/gc 248366

[eHbl 11 KNETKK

phenotype proteins // Thorax. 2021. Vol. 76, N 5. P. 508-511. doi:
10.1136/thoraxjnl-2020-215114

22. Birch J., Barnes P.J., Passos J.F. Mitochondria, telomeres and cell
senescence: Implications for lung ageing and disease // Pharmacol
Ther. 2018. Vol. 183. P. 34—49. doi: 10.1016/j.pharmthera.2017.10.005
23. Birch J,, Anderson RK., Correia-Melo C., et al. DNA damage
response at telomeres contributes to lung aging and chronic
obstructive pulmonary disease // Am J Physiol Lung Cell Mol Physiol.
2015.Vol. 309, N 10. P. L1124-1137. doi: 10.1152/ajplung.00293.2015
24. Stanley S.E., Chen J.J., Podlevsky J.D. et al. Telomerase
mutations in smokers with severe emphysema // J Clin Invest.
2015. Vol. 125, N 2. P. 563-570. doi: 10.1172/JCI78554

25. Chen R,, Zhang K., Chen H,, et al. Telomerase deficiency causes
alveolar stem cell senescence-associated low-grade inflammation
in lungs // J Biol Chem. 2015. Vol. 290, N 52. P. 30813-30829. doi:
10.1074/jbc.M115.681619

26. Miiller L., Di Benedetto S., Pawelec G. The immune system
and its dysregulation with aging // Subcell Biochem. 2019. Vol. 91.
P. 21-43. doi: 10.1007/978-981-13-3681-2_2

27. Ersahin T, Tuncbag N., Cetin-Atalay R. The PI3K/AKT/mTOR
interactive pathway // Mol Biosyst. 2015. Vol. 11, N 7. P. 1946-1954.
doi: 10.1039/c5mb00101c

28. Johnson S.C., Rabinovitch P.S., Kaeberlein M. mTOR is a key
modulator of ageing and age-related disease // Nature. 2013.
Vol. 493, N 7432. P. 338-345. doi: 10.1038/nature11861

29. Carosi J.M,, Fourrier C., Bensalem J,, et al. The mTOR-lysosome
axis at the centre of ageing // FEBS Open Bio. 2022. Vol. 12, N 4.
P. 739-757. doi: 10.1002/2211-5463.13347

30. Herranz N., Gallage S., Mellone M., et al. mTOR regulates
MAPKAPK2 translation to control the senescence-associated
secretory phenotype // Nat Cell Biol. 2015. Vol. 17, N 9. P. 1205-
1217. Corrected and republished from: Nat. Cell Biol. 2015. Vol. 17,
N 10. P. 1370. doi: 10.1038/nch3225

31.To Y, Ito K., Kizawa Y., et al. Targeting phosphoinositide-3-
kinase-delta with theophylline reverses corticosteroid insensitivity in
chronic obstructive pulmonary disease // Am J Respir Crit Care Med.
2010. Vol. 182, N 7. P. 897-904. doi: 10.1164/rccm.200906-09370C
32. Mitani A, Ito K., Vuppusetty C., et al. Restoration of corticosteroid
sensitivity in chronic obstructive pulmonary disease by inhibition of
mammalian target of rapamycin // Am J Respir Crit Care Med. 2016.
Vol. 193, N 2. P. 143-153. doi: 10.1164/rccm.201503-05930C

33. Worby C.A,, Dixon J.E. PTEN // Annu Rev Biochem. 2014. Vol. 83.
P. 641-669. doi: 10.1146/annurev-biochem-082411-113907
34.Wang CH., Wu SB, Wu YT, et al. Oxidative stress
response elicited by mitochondrial dysfunction: implication in
the pathophysiology of aging // Exp Biol Med. (Maywood). 2013.
Vol. 238, N 5. P. 450-460. doi: 10.1177/1535370213493069

35. Djebali S., Davis C.A., Merkel A, et al. Landscape of transcription
in human cells // Nature. 2012. Vol. 489, N 7414. P. 101-108. doi:
10.1038/nature11233

36. Mattick J.S., Amaral P.P., Carninci P., et al. Long non-coding
RNAs: definitions, functions, challenges and recommendations //
Nat Rev Mol Cell Biol. 2023. Vol. 24, N 6. P. 430-447. doi:
10.1038/s41580-022-00566-8

37. Dahariya S., Paddibhatla I, Kumar S., et al. Long non-
coding RNA: classification, biogenesis and functions in
blood cells // Mol Immunol. 2019. Vol. 112. P. 82-92. doi:
10.1016/j.molimm.2019.04.011

103



104

REVIEW

38. Nojima T., Proudfoot N.J. Mechanisms of IncRNA biogenesis as
revealed by nascent transcriptomics // Nat Rev Mol Cell Biol. 2022.
Vol. 23. N 6. P. 389-406. doi: 10.1038/s41580-021-00447-6
39.39.  Derrien T, Johnson R., Bussotti G., et al. The GENCODE
v7 catalog of human long noncoding RNAs: analysis of their gene
structure, evolution, and expression // Genome Res. 2012. Vol. 22,
N 9. P. 1775-1789. doi: 10.1101/gr.132159.111

40. Jarroux J., Morillon A., Pinskaya M. History, discovery, and
classification of IncRNAs // Adv Exp Med Biol. 2017. Vol. 1008.
P. 1-46. doi: 10.1007/978-981-10-5203-3_1

41. Bridges M.C., Daulagala A.C., Kourtidis A. LNCcation: [ncRNA
localization and function // J Cell Biol. 2021. Vol. 220, N 2.
P. €202009045. doi: 10.1083/jcb.202009045

42. Statello L., Guo C.J., Chen L.L., Huarte M. Gene regulation by long
non-coding RNAs and its biological functions // Nat Rev Mol Cell
Biol. 2021. Vol. 22. N 2. P. 96-118. doi: 10.1038/s41580-020-00315-9
43. Deforges J., Reis R.S., Jacquet P., et al. Control of cognate sense
mRNA translation by cis-natural antisense RNAs // Plant Physiol.
2019. Vol. 180. N 1. P. 305-322. doi: 10.1104/pp.19.00043

44, Pisignano G., Ladomery M. Epigenetic regulation of alternative
splicing: how IncRNAs tailor the message // Noncoding RNA. 2021.
Vol. 7, N 1. P. 21. doi: 10.3390/ncrna7010021

45.Li C, Ni Y.Q, Xu H., et al. Roles and mechanisms of
exosomal non-coding RNAs in human health and diseases //
Signal Transduct Target Ther. 2021. Vol. 6, N 1. P. 383. doi:
10.1038/s41392-021-00779-x

46.Lei Y, Guo W, Chen B, et al. Tumor-released IncRNA H19
promotes gefitinib resistance via packaging into exosomes in
non-small cell lung cancer // Oncol Rep. 2018. Vol. 40, N 6. P. 3438-
3446. doi: 10.3892/0r.2018.6762

47. Zhang R, Xia Y., Wang Z, et al. Serum long non coding RNA
MALAT-1 protected by exosomes is up-regulated and promotes
cell proliferation and migration in non-small cell lung cancer //
Biochem Biophys Res Commun. 2017. Vol. 490, N 2. P. 406-414.
doi: 10.1016/j.bbrc.2017.06.055

48. Zhang C., Xu L., Deng G., et al. Exosomal HOTAIR promotes
proliferation, migration and invasion of lung cancer by sponging
miR-203 // Sci China Life Sci. 2020. Vol. 63, N 8. P. 1265-1268. doi:
10.1007/s11427-019-1579-x

49. Loganathan T., Doss C.G.P. Non-coding RNAs in human health
and disease: potential function as biomarkers and therapeutic
targets // Funct Genomics. 2023. Vol. 23, N 1. P. 33. doi:
10.1007/510142-022-00947-4

50. Devadoss D., Long C. Langley RJ., et al. Long noncoding
transcriptome in chronic obstructive pulmonary disease //
Am J Respir Cell Mol Biol. 2019. Vol. 61, N 6. P. 678-688. doi:
10.1165/rcmb.2019-0184TR

51. Wang X, Shen C., Zhu J,, et al. Long noncoding RNAs in the
regulation of oxidative stress // Oxid Med Cell Longev. 2019.
Vol. 2019. P. 1318795. doi: 10.1155/2019/1318795

52. ZengR., Zhang R., Song X,, et al. The long non-coding RNA MALAT1
activates Nrf2 signaling to protect human umbilical vein endothelial
cells from hydrogen peroxide // Biochem Biophys Res Commun.
2018. Vol. 45, N 4. P. 2532-2538. doi: 10.1016/j.bbrc.2017.12.105
53. Tano K., Onoguchi-Mizutani R., Yeasmin F., et al. Identification
of minimal p53 promoter region regulated by MALAT1 in human
lung adenacarcinoma cells // Front Genet. 2018. Vol. 8, P. 208. doi:
10.3389/fgene.2017.00208

Yol. 18 (2) 2023

DOl https://doi.org/10.23868/gc 248366

Genes & cells

54. Zhang X, He X, Liu Y., et al. MiR-101-3p inhibits the growth and
metastasis of non-small cell lung cancer through blocking PI3K/
AKT signal pathway by targeting MALAT-1// Biomed Pharmacother.
2017. N 93. P. 1065-1073. doi: 10.1016/.biopha.2017.07.005

55. Zhao S., Lin C,, Yang T., et al. Expression of long non-coding
RNA LUCATT1 in patients with chronic obstructive pulmonary disease
and its potential functions in regulating cigarette smoke extract-
induced 16HBE cell proliferation and apoptosis // J Clin Lab Anal.
2021. Vol. 35, N 7. P. 23823. doi: 10.1002/jcla.23823

56. Ayesh S., Matouk I., Schneider T., et al. Possible physiological
role of H19 RNA // Mol Carcinog. 2002. Vol. 35, N 2. P. 63-74. doi:
10.1002/mc.10075

57. Xu J.L, Hua T, Ding J., et al. FOXF2 aggravates the progression
of non-small cell lung cancer through targeting IncRNA H19 to
downregulate PTEN // Eur Rev Med Pharmacol Sci. 2019. Vol. 23,
N 24. P. 10796-10802. doi: 10.26355/eurrev_201912_19782

58. Che J. Molecular mechanisms of the intracranial aneurysms and
their association with the long noncoding ribonucleic acid ANRIL —
a review of literature // Neurol India. 2017. Vol. 65, N 4. P. 718-728.
doi: 10.4103/neuroindia.NI_1074_15

59. Guo S, Zhang L., Zhang Y., et al. Long non-coding RNA TUG1
enhances chemosensitivity in non-small cell lung cancer by
impairing microRNA-221-dependent PTEN inhibition // Aging (Albany
NY). 2019. Vol. 11, N 18. P. 7553-7569. doi: 10.18632/aging.102271
60. Xia H., Xue J,, Xu H., et al. Andrographolide antagonizes the
cigarette smoke-induced epithelial-mesenchymal transition
and pulmonary dysfunction through anti-inflammatory
inhibiting HOTAIR // Toxicology. 2019. N 422. P. 84-94. doi:
10.1016/].tox.2019.05.009

61.Dai Z, Liu X, Zeng H., Chen Y. Long noncoding RNA HOTAIR
facilitates pulmonary vascular endothelial cell apoptosis via DNMT1
mediated hypermethylation of Bcl-2 promoter in COPD // Respir
Res. 2022. Vol. 23, N 1. P. 356. doi: 10.1186/512931-022-02234-z
62. Yao Q,, Zhang X., Chen D. Emerging roles and mechanisms of
IncRNA FOXD3-AS1 in human diseases // Front Oncol. 2022. N 12.
P. 848296. doi: 10.3389/fonc.2022.848296

63. Zhang D., Lee H., Haspel J.A,, Jin Y. Long noncoding RNA FOXD3-
AS1 regulates oxidative stress-induced apoptosis via sponging
microRNA-150 // FASEB J. 2017. Vol. 31, N 10. P. 4472-4481. doi:
10.1096/f).201700091R

64. Ghafouri-Fard S., Esmaeili M., Taheri M. H19 [ncRNA: roles in
tumorigenesis // Biomed Pharmacother. 2020. Vol. 123. P. 109774.
doi: 10.1016/j.biopha.2019.109774

65. Zhang E., Li W, Yin D., et al. c-Myc-regulated long non-coding
RNA H19 indicates a poor prognosis and affects cell proliferation
in non-small-cell lung cancer // Tumour Biol. 2016. Vol. 37, N 3.
P. 4007-4015. Corrected and republished from: Tumour Biol. 2016.
Vol. 37, N 4. P. 5653. doi: 10.1007/513277-015-4185-5

66. Cai B, Ma W, Bi C, et al. Long noncoding RNA H19 mediates
melatonin inhibition of premature senescence of c-kit(+) cardiac
progenitor cells by promoting miR-675 // J Pineal Res. 2016.
Vol. 61, N 1. P. 82-95. doi: 10.1111/jpi.12331

67. Borensztein M., Monnier P. Court F,, et al. Myod and H19-Igf2
locus interactions are required for diaphragm formation in the
mouse // Development. 2013. Vol. 140, N 6. P. 1231-1239. doi:
10.1242/dev.084665

68. Shahdoust M., Hajizadeh E., Mozdarani H., Chehrei A. Finding
genes discriminating smokers from non-smokers by applying




HAYYHbI/ 0B30P

a growing self-organizing clustering method to large airway
epithelium cell microarray data // Asian Pac J Cancer Prev. 2013.
Vol. 14, N 1. P. 111-116. doi: 10.7314/apjcp.2013.14.1.111

69. Kong Y., Hsieh C.H., Alonso L.C. ANRIL: a IncRNA at the CDKN2A/B
locus with roles in cancer and metabolic disease // Front Endocrinol
(Lausanne). 2018. Vol. 9. P. 405. doi: 10.3389/fendo.2018.00405

70. Cunnington M.S., Santibanez Koref M., Mayosi B.M,, et al.
Chromosome 9p21 SNPs associated with multiple disease
phenatypes correlate with ANRIL expression // PLoS Genet. 2010.
Vol. 6, N 4. P. 1000899. doi: 10.1371/journal.pgen.1000899

71.Ge J, Geng S., Jiang H. Long noncoding RNAs antisense
noncoding RNA in the INK& locus (ANRIL) correlates with lower acute
exacerbation risk, decreased inflammatory cytokines, and mild GOLD
stage in patients with chronic obstructive pulmonary disease // J Clin
Lab Anal. 2019. Vol. 33, N 2. P. £22678. doi: 10.1002/jcla.22678

72. Khalil AM., Guttman M., Huarte M., et al. Many human large
intergenic noncoding RNAs associate with chromatin-modifying
complexes and affect gene expression // Proc Natl Acad Sci U S A.
2009. Vol. 106, N 28. P. 11667-11672. doi: 10.1073/pnas.0904715106
73.Li T, Liu Y, Xiao H., Xu G. Long non-coding RNA TUG1 pro-
motes cell proliferation and metastasis in human breast can-
cer // Breast Cancer. 2017. Vol. 24, N 4. P. 535-543. doi:
10.1007/512282-016-0736-x

REFERENCES

1. Chuchalin AG, Avdeev SN, Aisanov ZR, et al. Federal Guidelines
on diagnosis and treatment of chronic obstructive pulmonary
disease. Pulmonology. 2022;32(3):356-392. (In Russ). doi:
10.18093/0869-0189-2022-32-3-356-392

2. Global strategy for the diagnosis, management, and prevention
of chronic obstructive pulmonary disease: 2022 report [Internet].
[cited 2023 Feb 15]. Available from: https://goldcopd.org/2023-
gold-report-2/

3. Maselli DJ, Bhatt SP, Anzueto A, et al. Clinical epidemiology
of COPD: insights from 10 years of the COPD gene study. Chest.
2019;156(2):228-238. doi: 10.1016/j.chest.2019.04.135

4. Chronic obstructive pulmonary disease (COPD). Geneva: World
Health Organization; 2021 [internet]. [cited 2023 Feb 15]. Available
from: https://www.wha.int/news-room/fact-sheets/detail/chronic-
obstructive-pulmonary-disease-(copd)

5. Ragland MF, Benway CJ, Lutz SM, et al. Genetic advances
in chronic obstructive pulmonary disease. Insights from COPD
gene. Am J Respir Crit Care Med. 2019;200(6):677-690. doi:
10.1164/rccm.201808-1455S0

6. Barnes PJ, Baker J, Donnelly LE. Cellular senescence as
a mechanism and target in chronic lung diseases. Am J Respir Crit
Care Med. 2019;200(5):556—564. doi:10.1164/rccm.201810-1975TR
7. Kan M, Shumyatcher M, Himes BE. Using omics approaches
to understand pulmonary diseases. Respir Res. 2017;18(1):149. doi:
10.1186/s12931-017-0631-9

8. Balashenko NA, Dromashko SE. Long non-coding RNAs and
their functions. Proceedings of the National Academy of Sciences of
Belarus. Biological series. 2017;4:110-119. (In Russ).

9. Kopp F, Mendell JT. Functional classification and experimental
dissection of long noncoding RNAs. Cell. 2018;172(3):393-407. doi:
10.1016/j.cell.2018.01.011

Tom 18, N 2, 2023

DOl https://doi.org/10.23868/gc 248366

[eHbl 11 KNETKK

74.Gu W, Yuan Y., Wang L, et al. Long non-coding RNA TUG1 pro-
motes airway remodelling by suppressing the miR-145-5p/DUSP6
axis in cigarette smoke-induced COPD // J Cell Mol Med. 2019.
Vol. 23, N 11. P. 7200-7209. doi: 10.1111/jcmm.14389

75. Tang W., Shen Z., Guo J., Sun S. Screening of long non-coding
RNA and TUGT inhibits proliferation with TGF-B induction in patients
with COPD // Int J Chron Obstruct Pulmon Dis. 2016. N 11. P. 2951—
2964. doi: 10.2147/COPD.S109570

76. Wu L., Murat P., Matak-Vinkovic D., et al. Binding interactions
between long noncoding RNA HOTAIR and PRC2 proteins // Bio-
chemistry. 2013. Vol. 52, N 52. P. 9519-9527. doi: 10.1021/bi401085h
77.Rinn J.L., Kertesz M., Wang JK, et al. Functional demarca-
tion of active and silent chromatin domains in human HOX loci by
noncoding RNAs // Cell. 2007. Vol. 129, N 7. P. 1311-1323. doi:
10.1016/j.cell.2007.05.022

78. Zimta AA, Tigu AB., Braicu C, et al. An emerging class
of long non-coding RNA with oncogenic role arises from the
snoRNA host genes // Front Oncol. 2020. Vol. 10. P. 389. doi:
10.3389/fonc.2020.00389

79.Shen Q. Zheng J., Wang X, et al. IncRNA SNHG5 regu-
lates cell apoptosis and inflammation by miR-132/PTEN axis
in COPD // Biomed Pharmacother. 2020. N 126. P. 110016. doi:
10.1016/].biopha.2020.110016

10. Puvvula PK. IncRNAs regulatory networks in cellular senescence.
Int J Mol Sci. 2019;20(11):2615. doi: 10.3390/ijms20112615

11. WuT, Du Y. IncRNAs: from basic research to medical application.
Int J Biol Sci. 2017;13(3):295-307. doi: 10.7150/ijbs.16968

12. Qu X, Dang X, Wang W, et al. Long noncoding RNAs and
mRNA regulation in peripheral blood mononuclear cells of patients
with chronic obstructive pulmonary disease. Mediators Inflamm.
2018;2018:7501851. doi: 10.1155/2018/7501851

13. Poulet C, Njock MS, Moermans C, et al. Exasomal long non-
coding RNAs in lung diseases. Int J Mol Sci. 2020;21(10):3580. doi:
10.3390/ijms21103580

14. Domej W, Oettl K, Renner W. Oxidative stress and free radicals in
COPD-implications and relevance for treatment. Int J Chron Obstruct
Pulmon Dis. 2014;9:1207-1224. doi: 10.2147/COPD.S51226

15. Choudhury G, MacNee W. Role of inflammation and
oxidative stress in the pathology of ageing in COPD: potential
therapeutic interventions. COPD. 2017;14(1):122-135. doi:
10.1080/15412555.2016.1214948
16.Barnes  PJ.  Senescence in
comorbidities. Annu  Rev  Physiol.
10.1146/annurev-physiol-022516-034314
17. Hughes MJ, McGettrick HM, Sapey E. Shared mechanisms of
multimorbidity in COPD, atherosclerosis and type-2 diabetes: the
neutrophil as a potential inflammatory target. Eur Respir Rev.
2020;29(155):190102. doi: 10.1183/16000617.0102-2019

18. Araya J, Kuwano K. Cellular senescence-an aging hallmark
in chronic obstructive pulmonary disease pathogenesis. Respir
Investig. 2022;60(1):33—44. doi: 10.1016/j.resinv.2021.09.003

19. Brandsma CA, de Vries M, Costa R, et al. Lung ageing and COPD:
is there a role for ageing in abnormal tissue repair? Eur Respir Rev.
2017;26(146):170073. doi: 10.1183/16000617.0073-2017

COPD and its
2017;79:517-539. doi:

105


https://goldcopd.org/2023-gold-report-2/
https://goldcopd.org/2023-gold-report-2/

106

REVIEW

20. Alder JK, Barkauskas CE, Limjunyawong N, et al. Telomere
dysfunction causes alveolar stem cell failure. Proc Natl Acad Sci U
S A 2015;112(16):5099-5104. doi: 10.1073/pnas.1504780112

21. Woldhuis RR, Heijink IH, van den Berge M, et al. COPD-
derived fibroblasts secrete higher levels of senescence-associated
secretory phenotype proteins. Thorax. 2021;76(5):508-511. doi:
10.1136/thoraxjnl-2020-215114

22. Birch J, Barnes PJ, Passos JF. Mitochondria, telomeres and cell
senescence: Implications for lung ageing and disease. Pharmacol
Ther. 2018;183:34—49. doi: 10.1016/.pharmthera.2017.10.005

23. Birch J, Anderson RK, Correia-Melo C, et al. DNA damage
response at telomeres contributes to lung aging and chronic
obstructive pulmonary disease. Am J Physiol Lung Cell Mol Physiol.
2015;309(10):L1124-L1137. doi: 10.1152/ajplung.00293.2015

24. Stanley SE, Chen JJ, Podlevsky JD, et al. Telomerase mutations
in smokers with severe emphysema. J Clin Invest. 2015;125(2):563—
570. doi: 10.1172/JCI78554

25. Chen R, Zhang K, Chen H, et al. Telomerase deficiency
causes alveolar stem cell senescence-associated low-grade
inflammation in lungs. J Biol Chem. 2015;290(52):30813-30829. doi:
10.1074/jbc.M115.681619

26. Miiller L, Di Benedetto S, Pawelec G. The immune system and
its dysregulation with aging. Subcell Biochem. 2019;91:21-43. doi:
10.1007/978-981-13-3681-2_2

27. Ersahin T, Tunchag N, Cetin-Atalay R. The PI3K/AKT/mTOR
interactive pathway. Mol Biosyst. 2015;11(7):1946—-1954. doi:
10.1039/c5mb00101c

28. Johnson SC, Rabinovitch PS, Kaeberlein M. mTOR is
a key modulator of ageing and age-related disease. Nature.
2013;493(7432):338-345. doi: 10.1038/nature11861

29. Carosi JM, Fourrier C, Bensalem J, Sargeant TJ. The
mTOR-lysosome axis at the centre of ageing. FEBS Open Bio.
2022;12(4):739-757. doi: 10.1002/2211-5463.13347

30. Herranz N, Gallage S, Mellone M, et al. mTOR regulates
MAPKAPK2 translation to control the senescence-associated
secretory phenotype. Nat Cell Biol. 2015;17(9):1205-1217.
Corrected and republished from: Nat Cell Biol. 2015;17(10):1370.
doi: 10.1038/nch3225

31.T0 Y, Ito K, Kizawa VY, et al. Targeting phosphoinositide-3-
kinase-delta with theaphylline reverses corticosteroid insensitivity in
chronic obstructive pulmonary disease. Am J Respir Crit Care Med.
2010;182(7):897-904. doi: 10.1164/rccm.200906-09370C

32. Mitani A, Ito K, Vuppusetty C, et al. Restoration of corticosteroid
sensitivity in chronic obstructive pulmonary disease by inhibition
of mammalian target of rapamycin. Am J Respir Crit Care Med.
2016;193(2):143-153. doi: 10.1164/rccm.201503-05930C

33. Worby CA, Dixon JE. PTEN. Annu Rev Biochem. 2014;83:641—
669. doi: 10.1146/annurev-biochem-082411-113907

34. Wang CH, Wu SB, Wu YT, et al. Oxidative stress response elicited
by mitochondrial dysfunction: implication in the pathophysiology
of aging. Exp Biol Med (Maywood). 2013;238(5):450-460. doi:
10.1177/1535370213493069

35. Djebali S, Davis CA, Merkel A, et al. Landscape of
transcription in human cells. Nature. 2012;489(7414):101-108. doi:
10.1038/nature11233

36. Mattick JS, Amaral PP, Carninci P, et al. Long non-coding RNAs:
definitions, functions, challenges and recommendations. Nat Rev Mol
Cell Biol. 2023;24(6):430—447. doi: 10.1038/s41580-022-00566-8

Yol. 18 (2) 2023

DOl https://doi.org/10.23868/gc 248366

Genes & cells

37. Dahariya S, Paddibhatla I, Kumar S, et al. Long non-coding RNA:
classification, biogenesis and functions in blood cells. Mol Immunol.
2019;112:82-92. doi: 10.1016/j.molimm.2019.04.011

38. Nojima T, Proudfoot NJ. Mechanisms of IncRNA biogenesis
as revealed by nascent transcriptomics. Nat Rev Mol Cell Biol.
2022;23(6):389-406. doi: 10.1038/s41580-021-00447-6

39. Derrien T, Johnson R, Bussatti G, et al. The GENCODE v7 catalog
of human long noncoding RNAs: analysis of their gene structure,
evolution, and expression. Genome Res. 2012;22(9):1775-1789. doi:
10.1101/gr.132159.111

40. Jarroux J, Morillon A, Pinskaya M. History, discovery, and
classification of IncRNAs. Adv Exp Med Biol. 2017;1008:1-46. doi:
10.1007/978-981-10-5203-3_1

41. Bridges MC, Daulagala AC, Kourtidis A. LNCcation: IncRNA
localization and function. J Cell Biol. 2021;220(2):e202009045. doi:
10.1083/jcb.202009045

42. Statello L, Guo CJ, Chen LL, Huarte M. Gene regulation by long
non-coding RNAs and its biological functions. Nat Rev Mol Cell Biol.
2021;22(2):96-118. doi: 10.1038/s41580-020-00315-9

43. Deforges J, Reis RS, Jacquet P, et al. Control of cognate sense
mRNA translation by cis-natural antisense RNAs. Plant Physiol.
2019;180(1):305-322. doi: 10.1104/pp.19.00043

44 Pisignano G, Ladomery M. Epigenetic regulation of alternative
splicing: how IncRNAs tailor the message. Noncoding RNA.
2021;7(1):21. doi: 10.3390/ncrna7010021

45. LiC,NiYQ, Xu H, et al. Roles and mechanisms of exosomal non-
coding RNAs in human health and diseases. Signal Transduct Target
Ther. 2021;6(1):383. doi: 10.1038/s41392-021-00779-x

46. Lei Y, Guo W, Chen B, et al. Tumor-released IncRNA H19
promotes gefitinib resistance via packaging into exosomes in
non-small cell lung cancer. Oncol Rep. 2018;40(6):3438-3446. doi:
10.3892/0r.2018.6762

47. Zhang R, Xia Y, Wang Z, et al. Serum long non coding RNA
MALAT-1 protected by exosomes is up-regulated and promotes
cell proliferation and migration in non-small cell lung cancer.
Biochem Biophys Res Commun. 2017;490(2):406—414. doi:
10.1016/j.bbrc.2017.06.055

48. Zhang C, Xu L, Deng G, et al. Exosomal HOTAIR promotes
proliferation, migration and invasion of lung cancer by sponging
miR-203. Sci China Life Sci. 2020;63(8):1265-1268. doi:
10.1007/s11427-019-1579-x

49. Loganathan T, Doss C GP. Non-coding RNAs in human
health and disease: potential function as biomarkers and
therapeutic targets. Funct Integr Genomics. 2023;23(1):33. doi:
10.1007/510142-022-00947-4

50. Devadoss D, Long C, Langley RJ, et al. Long noncoding
transcriptome in chronic obstructive pulmonary disease. Am J Respir
Cell Mol Biol. 2019;61(6):678-688. doi: 10.1165/rcmb.2019-0184TR
51. Wang X, Shen C, Zhu J, et al. Long noncoding RNAs in
the regulation of oxidative stress. Oxid Med Cell Longev.
2019;2019:1318795. doi: 10.1155/2019/1318795

52.7eng R, Zhang R, Song X, et al. The long non-coding
RNA MALAT1 activates Nrf2 signaling to protect human
umbilical vein endothelial cells from hydrogen peroxide.
Biochem Biophys Res Commun. 2018;495(4):2532-2538. doi:
10.1016/j.bbrc.2017.12.105

53. Tano K, Onoguchi-Mizutani R, Yeasmin F, et al. Identification
of minimal p53 promoter region regulated by MALATT in human




HAYYHbI/ 0B30P

lung adenocarcinoma cells. Front Genet. 2018;8:208. doi:
10.3389/fgene.2017.00208

54. Zhang X, He X, Liu Y, et al. MiR-101-3p inhibits the growth and
metastasis of non-small cell lung cancer through blocking PI3K/
AKT signal pathway by targeting MALAT-1. Biomed Pharmacother.
2017;93:1065-1073. doi: 10.1016/j.biopha.2017.07.005

55. Zhao S, Lin C, Yang T, et al. Expression of long non-coding RNA
LUCAT1 in patients with chronic obstructive pulmonary disease
and its potential functions in regulating cigarette smoke extract-
induced 16HBE cell proliferation and apoptosis. J Clin Lab Anal.
2021;35(7):23823. doi: 10.1002/jcla.23823

56. Ayesh S, Matouk I, Schneider T, et al. Possible physiological role
of H19 RNA. Mol Carcinog. 2002;35(2):63-74. doi: 10.1002/mc.10075
57.Xu JL, Hua T, Ding J, et al. FOXF2 aggravates the progression
of non-small cell lung cancer through targeting IncRNA H19 to
downregulate PTEN. Eur Rev Med Pharmacol Sci. 2019;23(24):10796—
10802. doi: 10.26355/eurrev_201912_19782

58. Che J. Molecular mechanisms of the intracranial aneurysms
and their association with the long noncoding ribonucleic acid
ANRIL — a review of literature. Neurol India. 2017;65(4):718-728.
doi: 10.4103/neuroindia.NI_1074_15

59. Guo S, Zhang L, Zhang Y, et al. Long non-coding RNA TUGT
enhances chemosensitivity in non-small cell lung cancer by
impairing microRNA-221-dependent PTEN inhibition. Aging (Albany
NY). 2019;11(18):7553-7569. doi: 10.18632/aging.102271

60. Xia H, Xue J, Xu H, et al. Andrographolide antagonizes the
cigarette smoke-induced epithelial-mesenchymal transition and
pulmonary dysfunction through anti-inflammatory inhibiting HOTAIR.
Toxicology. 2019;422:84-94. doi: 10.1016/}.tox.2019.05.009

61.Dai Z, Liu X, Zeng H, Chen Y. Long noncoding RNA HOTAIR
facilitates pulmonary vascular endothelial cell apoptosis via DNMT1
mediated hypermethylation of Bcl-2 promoter in COPD. Respir Res.
2022;23(1):356. doi: 10.1186/512931-022-02234-z

62. Yao Q, Zhang X, Chen D. Emerging roles and mechanisms of
[ncRNA FOXD3-AS1 in human diseases. Front Oncol. 2022;12:848296.
doi: 10.3389/fonc.2022.848296

63. Zhang D, Lee H, Haspel JA, Jin Y. Long noncoding RNA
FOXD3-AS1 regulates oxidative stress-induced apoptosis via
sponging microRNA-150. FASEB J. 2017;31(10):4472—-4481. doi:
10.1096/f;.201700091R

64. Ghafouri-Fard S, Esmaeili M, Taheri M. H19 IncRNA: roles
in tumorigenesis. Biomed Pharmacother. 2020;123:109774. doi:
10.1016/j.biopha.2019.109774

65. Zhang E, Li W, Yin D, et al. c-Myc-regulated long non-coding
RNA H19 indicates a poor prognosis and affects cell proliferation
in non-small-cell lung cancer. Tumour Biol. 2016;37(3):4007-4015.
Corrected and republished from: Tumour Biol. 2016;37(4):5653. doi:
10.1007/s13277-015-4185-5

66. Cai B, Ma W, Bi C, et al. Long noncoding RNA H19 mediates
melatonin inhibition of premature senescence of c-kit(+) cardiac

Tom 18, N 2, 2023

DOl https://doi.org/10.23868/gc 248366

[eHbl 11 KNETKK

progenitor cells by promating miR-675. J Pineal Res. 2016;61(1):82—
95. doi: 10.1111/jpi.12331

67. Borensztein M, Monnier P, Court F, et al. Myod and H19-1gf2 locus
interactions are required for diaphragm formation in the mouse.
Development. 2013;140(6):1231-1239. doi: 10.1242/dev.084665

68. Shahdoust M, Hajizadeh E, Mozdarani H, Chehrei A. Finding genes
discriminating smokers from non-smokers by applying a growing
self-organizing clustering method to large airway epithelium cell
microarray data. Asian Pac J Cancer Prev. 2013;14(1):111-116. doi:
10.7314/apjcp.2013.14.1.111

69. Kong Y, Hsieh CH, Alonso LC. ANRIL: A IncRNA at the CDKN2A/B
locus with roles in cancer and metabolic disease. Front Endocrinol
(Lausanne). 2018;9:405. doi: 10.3389/fendo.2018.00405

70. Cunnington MS, Santibanez Koref M, Mayosi BM, et al.
Chromosome 9p21 SNPs associated with multiple disease
phenotypes correlate with ANRIL expression. PLoS Genet.
2010;6(4)-e1000899. doi: 10.1371/journal.pgen.1000899

71.Ge J, Geng S, Jiang H. Long noncoding RNAs antisense
noncoding RNA in the INK4 locus (ANRIL) correlates with lower
acute exacerbation risk, decreased inflammatory cytokines, and mild
GOLD stage in patients with chronic obstructive pulmonary disease.
J Clin Lab Anal. 2019;33(2):e22678. doi: 10.1002/jcla.22678

72. Khalil AM, Guttman M, Huarte M, et al. Many human large
intergenic noncoding RNAs associate with chromatin-modifying
complexes and affect gene expression. Proc Natl Acad Sci U S A.
2009;106(28):11667-11672. doi: 10.1073/pnas.0904715106

73. Li T, Liu Y, Xiao H, Xu G. Long non-coding RNA TUG1 promotes
cell proliferation and metastasis in human breast cancer. Breast
Cancer. 2017;24(4):535-543. doi: 10.1007/512282-016-0736-x
74.Gu W, Yuan Y, Wang L, et al. Long non-coding RNA TUG1
promotes airway remodelling by suppressing the miR-145-5p/
DUSPé axis in cigarette smoke-induced COPD. J Cell Mol Med.
2019;23(11):7200-7209. doi: 10.1111/jcmm. 14389

75. Tang W, Shen Z, Guo J, Sun S. Screening of long non-coding
RNA and TUGT inhibits proliferation with TGF-B induction in patients
with COPD. Int J Chron Obstruct Pulmon Dis. 2016;11:2951-2964.
doi: 10.2147/COPD.S109570

76.Wu L, Murat P, Matak-Vinkovic D, et al. Binding interactions
between long noncoding RNA HOTAIR and PRC2 proteins. Biochem-
istry. 2013;52(52):9519-9527. doi: 10.1021/bi401085h

77.Rinn JL, Kertesz M, Wang JK, et al. Functional demarca-
tion of active and silent chromatin domains in human HOX
loci by noncoding RNAs. Cell. 2007;129(7):1311-1323. doi:
10.1016/j.cell.2007.05.022

78. Zimta AA, Tigu AB, Braicu C, et al. An emerging class of long
non-coding RNA With oncogenic role arises from the snoRNA host
genes. Front Oncol. 2020;10:389. doi: 10.3389/fonc.2020.00389

79. Shen Q, Zheng J, Wang X, et al. IncRNA SNHG5 regulates cell
apoptosis and inflammation by miR-132/PTEN axis in COPD. Biomed
Pharmacother. 2020;126:110016. doi: 10.1016/}.biopha.2020.110016

107



108

REVIEW

0b ABTOPAX

* KopbitHa M'ynbHas ®aputoBHa, [1.6.H., AOLEHT;
anpec: Pocewiickan Oenepaumn, 450054, Pecnybnuka
BawukoptoctaH, Yoa, np-T OktAbpsa, a. 71;

ORCID: 0000-0002-1695-5173;

eLibrary SPIN: 1200-2906;

e-mail: Guly_kory@mail.ru

Mapkenos Butanui AugpeeBud, acnvpaHT;
ORCID: 0000-0002-0663-7219;

eLibrary SPIN: 6066-8277;

e-mail: marckelow.vitalick2017®yandex.ru

AsHabaeBa l0nua MeHHagueBHa, K.M.H.;
ORCID: 0000-0002-1518-774X;

eLibrary SPIN: 7771-8991;

e-mail: 3251251@gmail.com

3ynkapHees LLlaMunb PycTtaMoBuY, CTyaeHT;
ORCID: 0000-0001-6522-8530;

eLibrary SPIN: 2155-1087;

e-mail: zulkarneev.shamil@gmail.com
AxMaguiumHa Jlelicad 3uHypoBHa, K.O.H,;
ORCID: 0000-0003-0043-5090;

eLibrary SPIN: 7510-6812;

e-mail: Lakhmadishina@gmail.org

3arupynnun Haydans LWamunesuy, o.M.H., npodeccop;

ORCID: 0000-0003-2386-6707;
eLibrary SPIN: 5910-1156;
e-mail: znaufal@mail.ru

* ABTop, 0TBeTCTBeHHbIW 3a nepenucky / Corresponding author

Yol. 18 (2) 2023

DOl https://doi.org/10.23868/gc 248366

AUTHORS' INFO

* Gulnaz F. Korytina, Dr. Sci. (Biol.), Associate Professor;
address: 71 Oktyabrya avenue, 450054 Ufa,

Russian Federation;

ORCID: 0000-0002-1695-5173;

eLibrary SPIN: 1200-2906;

e-mail: Guly_kory@mail.ru

Vitaliy A. Markelov, PhD, Student;

ORCID: 0000-0002-0663-7219;

eLibrary SPIN: 6066-8277;

e-mail: marckelow.vitalick2017@yandex.ru

Yulia G. Aznabaeva, MD, Cand. Sci. (Med.);
ORCID: 0000-0002-1518-774X;

eLibrary SPIN: 7771-8991;

e-mail: 3251251@gmail.com

Shamil R. Zulkarneev, Student;
ORCID: 0000-0001-6522-8530;
eLibrary SPIN: 2155-1087;

e-mail: zulkarneev.shamil@gmail.com

Leysan Z. Akhmadishina, Dr. Sci. (Biol.);
ORCID: 0000-0003-0043-5090;

eLibrary SPIN: 7510-6812;

e-mail: Lakhmadishina@gmail.org

Naufal Sh. Zagidullin, MD, Dr. Sci. (Med.), Professor;
ORCID: 0000-0003-2386-6707;

eLibrary SPIN: 5910-1156;

e-mail: znaufal@mail.ru

Genes & cells



https://orcid.org/0000-0002-1695-5173
https://www.elibrary.ru/author_profile.asp?spin=1200-2906
https://orcid.org/0000-0002-0663-7219
https://www.elibrary.ru/author_profile.asp?spin=6066-8277
https://orcid.org/0000-0002-1518-774X
https://www.elibrary.ru/author_profile.asp?spin=7771-8991
https://orcid.org/0000-0001-6522-8530
https://www.elibrary.ru/author_profile.asp?spin=2155-1087
https://orcid.org/0000-0003-0043-5090
https://www.elibrary.ru/author_profile.asp?spin=7510-6812
https://orcid.org/0000-0003-2386-6707
https://www.elibrary.ru/author_profile.asp?spin=5910-1156
https://orcid.org/0000-0002-1695-5173
https://www.elibrary.ru/author_profile.asp?spin=1200-2906
https://orcid.org/0000-0002-0663-7219
https://www.elibrary.ru/author_profile.asp?spin=6066-8277
https://orcid.org/0000-0002-1518-774X
https://www.elibrary.ru/author_profile.asp?spin=7771-8991
https://orcid.org/0000-0001-6522-8530
https://www.elibrary.ru/author_profile.asp?spin=2155-1087
https://orcid.org/0000-0003-0043-5090
https://www.elibrary.ru/author_profile.asp?spin=7510-6812
https://orcid.org/0000-0003-2386-6707
https://www.elibrary.ru/author_profile.asp?spin=5910-1156

	Роль сигнальных путей, вовлечённых  в механизмы клеточного старения, и регуляторных некодирующих РНК в развитии хронической
обструктивной болезни лёгких
	Аннотация
	Как цитировать


	Contribution of signaling pathways associated  with cellular senescence and regulatory non-coding RNAs to chronic obstructive pulmonary disease
	Abstract
	To cite this article

	Введение
	Этиопатогенез хронической обструктивной болезни лёгких
	Ускоренное клеточное старение как возможный механизм развития ХОБЛ
	Роль сигнального каскада PI3K/AKT/mTOR в развитии хронической обструктивной болезни лёгких
	Роль длинных некодирующих РНК в развитии хронической обструктивной болезни лёгких
	Cтруктура и функции длинных некодирующих РНК
	Экзосомальные длинные некодирующие РНК
	Участие длинных некодирующих РНК  в патогенезе хронической обструктивной болезни лёгких

	Заключение
	Дополнительно
	Additional information
	Cписок литературы
	References
	Об авторах
	Authors' info


