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HucepraniiiHa poOoTa MNPUCBSIYEHA BHUBYEHHIO 3MIHM PIBHSA eKcIpecii
nosrux Hekonytounx PHK H19, TUGI1, GASS ta MIAT Ha ekcnepuMeHTalIbHUX
MOJIETISIX TBAPHUH (aHOKCii/peoKCUreHallii KyJabTypy Kap11l0MIOIUTIB HEOHATATBHUX
nypiB, iH(DapKTy Miokap/a, imemii/penepdy3ii cepiist JOPOCIUX IIYpiB) Ta JOBIUX
Hekonyrounx PHK HI19, HIF1A-AS1, LIPCAR, MIAT ta MHRT y kniHiuHHX

3pa3Kkax MaiieHTiB (Miokapi, mia3Mi KpoBi Ta JICHKOITUTAX ).

AHOKCIIO/pEOKCUTECHAIlII0 MOJIEIIOBAIM HAa KyJIbTypl KapJiOMIOIUTIB
HEOHATANFHUX IMYpIB Ta MPOBOAWIM y ABOX pekuMax — KopoTrkomy (30 xa.
aHokcii, 60 xB. peokcureHamii) Ta jgoBromy (60 XxB. aHOkcii, 24 TO.I.
peokcurenarii). [lokazano, mo piBeHb ekcmpecii moBroi Hexomyrouoi PHK H19
3HIKYEThCS OLIbINE HDK Y 84 pasu micist kopoTkoi A/P ta y 4,3 pa3u micis 10Broi
A/P, nopiBasiHO 13 KOHTpoaeMm. s mosrux nHexoxyrounx PHK TUGI, GASS Tta
MIAT cnocTtepiranu 3HM>KeHHs ekcripecii y 8,7, 8 ta 19 pa3iB BiIMmoOBiAHO Mics
KOpOTKOi aHoOKcii/peokcurenanii. [Ipore micas moBroi aHokcii/peokcureHarii
piBenb excmpecii IncRNA TUGI € 3HauHO BHUIUM HDK MICIA KOPOTKOi
aHOKCIi/peoKcureHarlii Ta BITHOBIIOETBCA A0 62% 100 KOHTPOJIBHUX
BenuunH. PiBerr GASS 3anmumaerscs maiibke Ha piBHI KopoTkoi A/P, tomi sk
piBeHb excripecii MIAT mocToBipHO MiABUIIYETHCS OUTBIN HIX y 3 pa3u MOPIBHSHO
13 koHTpojeM. IlokazaHo, 1O 3a YMOB SK JOBroi, TaKk 1 KOpPOTKO1
aHOKcli/peokcureHarlii Mu croctepiranu miaBuiieHas ekcrpecii MPHK daxkropy,

mo iHaykyerbcs rinokciero (HIF-lo) Ounbimie HBXK y 2 pa3u, MOPIBHSHO 13



KOHTPOJIbHUM 3pa3koM. Taki pe3ylbTaTd BKa3ylOTh Ha Te, IO €KCIpPEeCis JOBIUX
Hekonyrounx PHK HI9 Tta TUGI y kapuniomionurax 3a  yMOB
aHoKcli/peokcurenarnlii perymorbes He ¢pakropoMm HIF-1la, a yepes i1 cUrHagbH1

HJIAXH.

VY npucyrtHocti iHridoiropa HIF-nponin rigpokcunasu (PHD) 3a ymoB
HOPMOKCIi y KyJbTYpi KapAlOMIOIIUTIB HEOHATAJIbHUX IIYpPIB CIIOCTEPIraeThCs
30utbmeHHs excrpecii MPHK HIF-1a maitke y 3 pasu. PiBenb ekcnpecii J0Broi
Hexoaytouoi PHK H19 nocroBipHo 30utbmIyeThCs Y 2,7 pasiB, a TUG1 — y 2,4
pasu. IIpu nbomy piBeHb ekcrpecii qoBroi Hekoayrouoi PHK MIAT 3umkyeThes
oinbie HK y 16 pasziB. Taki pe3ynbTaTd BKa3ylTh Ha Te, [0 PIBEHb €KCIpecii
nosrux Hekoayrunx PHK H19 ta TUGI imoBipHo peryntoetses HIF-1a 3a ymoB
HOPMOKCIi, B TOW Yac fK 3a aHOKCIi/pEOKCUTEHAIlll MU I[LOTO HE CIIOCTEPIraeMo.
OueBunHo, mo g0Bri Hekoayrui PHK H19 ta TUGI 3axaisHi 10 MaTOreHeTUYHUX
MEXaHI3MIB, aJle Peryysiis iX ekcrpecii 3AIHCHIOETBCA Yepe3 1HII IUIIXH.
3amkeHHs piBHA excnpecii MIAT mu crioctepirainy 3a yMOB HOPMOKCIi 1 KOPOTKOT
aHoKcii/peokcureHarii Ha ¢oHi 30uTbmenHs exkcnpecii HIF1-o, mo Takox Moxe
BKa3yBaTH Ha MPOTEKTUBHUN e(eKT ocTaHHKOTO. [IpoTe BiH HIBEIIOETHCS 3a YMOB

JIOBroi aHOKCIi peoKCHUreHalrii, 3a skoi piBeHb excrpecii MIAT cTpimko 3pocTae.

INoctpuii iHpapKT MioKapaa MOJIETIOBAIM MIJIIXOM HaKJIaJaHHS JIraTtypu Ha
HU3XITHY TUIKY JiBOi KOpOHApHOi apTepii Ta crocTepiraid 3a TBapUHAMHU
mpoTtsarom 4-x TkHIB. ['pymi TBapuH 13 ynaBanoto oneparliero (YO) Hakmamanacs
miratypa, ane 0Oe3 meperuckanHs aptepii. Ilicns 4-X THXHIB peecTpyBaH
KapJ1oreMOANHAMIYH]1 MOKa3aHUKH, a TaKOX BimOWpanu 3pa3Ku KpOB1 Ta cepIst
TBApUH JJIs MPOBEJACHHS aHai3y piBHS ekcmpecii goBrux Hekomyrounx PHK.
[memiro/peniepdyziro  (I/P) MomemroBanm NIISXOM HaKJIaAaHHS JraTypd Ha
cToBOyp miBOi KOpoHapHOi aptepii Ha 40 xB (imemis), MICIS YOTO JraTypy
3HiManu Ha 120 xB (penepdysisi) Ta peecTpyBadud KapAlOreMOJUHAMIYHI
MOKa3HUKW. YJaBaHy OIEpaIlio 3AIHCHIOBAIA MPOCTUM HAaKIIQJaHHSM IIIOBHOTO

Marepially 0e3 nepetuckanHsi aprepii Ha 40 xB. Ta Koro BujaieHHsM Ha 120 xB.



OTtpumani JaHi CBiIYaTh, O Y MIOKap[Al TBapuH 3 1H(APKTOM MIOKapAa pIBEHb
excrpecii 1oBroi Hekoaytouoi PHK H19 3umxyerscs maibke B 2 pasu, a TUGI ta
MIAT — 30uiblnyeThcss Maibke y 2 Ta 3 pasu BIANOBIOHO. Y IIa3Mi KpOBI
JIOCTOBIpHI 3MIHM criocTepiranu ais noBrux Hekogaytouux PHK H19 (3HmwkenHs y
2,42 pa3u) Ta MIAT (3poctanns y 2,66 pa3u). Kopemnsuiiauii ananiz [lipcona mix
KapJ10reMOAMHAMIYHUMU NapaMeTpaMu Ta eKcipeciero JoBrux Hekonyrounx PHK
MOKa3ye KOpeysIiio MDK ekcrpeciero H19 13 KiHIIEBO-CUCTONIYHUM THUCKOM
(r=0,68), 130BOJIIOMIYHOIO KOHCTAaHTOIW posciabaenns Tau W (r=-0,74) Ta
nokazHukoM dP/dTmax (r=0,73). dns TUG] mokazaHa MmoO3UTHUBHA KOPEJALis 13
KIHIIEBO-CUCTOITYHUM 00'eMoM (1=0,74) Ta KiHIIEBO-A1aCTOJIYHUM TUCKOM (1=0,7).
Bucokuii piBeHb MO3UTUBHOI KOPEJSIli MoKa3aHuil 1jist JoBroi Hekoayrouoi PHK
MIAT 13 kinueBo-aiactoiaiyauM o0'eMom (r=0,98) Ta KIHIIEBO-1aCTOIIYHUM
tuckoMm (r=0,64). 3a ymoB I/P y Miokapai TBapuH piBEHb BIIHOCHOI €KCIpecii
nosroi Hekoayrouoi PHK H19 nmocrtoBipHo 3umxkyerwscs y 3,79 pasu, a TUG1 —
30UTBIIYEThCS OUTbIe HiK Yy 33 pasu. Y mia3Mmi KpoBi JTOCTOBIpHUMH 3MiHU Oyiu
numie nys poeroi Hekoayrdoi PHK MIAT, piBens ekcnpecii sikoi npu I/P 3pocrtae
Ha 49,11%. Otpumani naHi CBig4aTh NOpPO MOTEHIIHHY poJdb y NaToreHesi
IIIIEMIYHOTO YIIKOJDKeHHST Miokapaa noBrux Hekoayrouumx PHK HI19, TUGI Ta
MIAT. HaBeneHi KopensiiiiHi 3B'I3KH MK €KCIIPECII0 IIMX MOJICKYJ 31 3MiHAMHU

KapI0TeMOIMHAMIYHUX TTOKAa3HUKIB IMATBEPIKYIOTh OTPUMAHUK pe3yJIbTar.

B macTtynHiil gacTuH1 JOCTiIKEeHHS HaMH OyJia MpoaHali3oBaHa eKCIpecis
nosrux Hekoxytouux PHK HI19, HIFIA-AS1, MIAT, LIPCAR ta MHRT vy
MAIlIEHTIB 3 IMIEMIYHOI XBOPOOOIO cepllsd, 3a yYMOB BIJAJICHOrO IIEMIYHOTO
MPEKOHIMITIONYBAaHHS Yy TMAIlI€HTIB, SKAM TPOBOJWIN OMEPAII0 130JbOBAHOTO
AOPTOKOPOHAPHOTO NIYHTYBaHHS Ha MPAIIOI0UuoMy cepili. Takoxx mpoaHamizoBaHa
excrpecisi goprux Hekoayrounx PHK y mmasmi kpoBi mrojelt moxuioro BiKy, 3a
SKUMHU BEJM CIOCTEPEKEHHS TPOTATOM 14 pOKIB 3 METOI BCTAHOBJICHHS
KOpEJSIIMHOrO 3B'I3Ky MK piBHeM ekcmhpecii goBrux Hekoayrounx PHK Ta

PU3UKOM CMEpTI



VY namieHTiB 13 1IEMIYHOIO XBOPOOOIO cepus y Iula3Mi KpOBI piBEHb
excrpecii H19 3poctae na 52,32%, a goBrux nekonyrounx PHK HIFIA-ASI Tta
LIPCAR — y 2,44 1 1,96 pa3ziB BianoBigHo. PiBens excnpecii H19 y miokapnai 3a
YMOB BIJJQJICHOTO 1IEMIYHOTO MPEKOHAUIIIOHYBAHHS JIOCTOBIPHO 3MEHIIIYETHCS Y
6,7 pasu, a y mna3mi kpoi — B 20,5 pa3iB. B neitkonurax ekcrpecis H19 3a ymoB
BI/IJIaJICHOTO 1MIEMIYHOTO MPEKOHIUIIIOHYBAHHS 30UTBINYEThCS Oulble, HOK y 3
pasu. Ekcnpecis nmoerux Hekomyrouunx PHK HIF1A-AS1, MIAT, LIPCAR Tta
MHRT 3a ymOB BinJajaeHOro IimeMiyHOTO NPEKOHIUIIOHYBaHHS Yy MIOKapal
3MEHIyeThes y 6,95, 5,42, 8,65 ta 2,5 pa3u BIANOBIAHO. Y IUIa3Mi KPOBI TaKOX
CIIOCTEPIraEMO 3HIKEHHS PiBHS eKcrpecii Bkazanux aoBrux Hekoayrounx PHK 3a
YMOBH BiIIAJICHOTO iieMigyHOTO npekonauitionyBanns: st HIFIA-AST — B 9,79
pasu; MIAT — na 27,15%; LIPCAR — y 23,61 pasu; MHRT — Ginbiie Hik y 15
pasziB. CiiJ 3a3HaA4YMUTH, 110 B JICHKOIIUTAX CIIOCTEPITAETHCS 3BOPOTHA KapTHUHA 3MIH
ekcrpecii. Y maiieHTiB 13 TPYNU BIAAAICHOTO IMIEMIYHOTO MPEKOHIUIIIOHYBaHHSI
piBerb ekcripecii HIF1A-AS1, MIAT Tta LIPCAR 3poctae y 3,8, 9,89 ta 4,34 pa3u

BIJIITOB1HO.

OtpumaHi pe3ynbTaTd BKa3ylOTh, 10 IUPKYJO0Yl 10Bri Hekoayroui PHK
H19, HIF1A-AS1 ta LIPCAR MOXyTb po3risaaTucs SIK MOTEHIIHHI OioMapKepH
imemMigyHoi XBopoou cepiid. OCKUIBKY BifJiajieHe ieMidHe MPEeKOHIUIIOHYBAaHHS
Ma€e TMPOTEKTUBHUM edeKT Ha MioKapJ, TO 3HIKCHHS eKCIpecii JOBTruUx
nexkonyrounx PHK H19, HIF1A-AS1, MIAT, LIPCAR ta MHRT y miokapmi 3a
TAaKUX YMOB BKa3y€ Ha YYacTh IMX MOJEKYyJ Yy TATOTeHe3l IMeMIYHOTO

VIIKOKEHHS CEepLIs.

Excrpecis nosrux Hexkoayrounx PHK H19, HIF1A-AS1, MIAT, LIPCAR Ta
MHRT Oyna Bu3HaueHa y mia3mi kpoBi 361 mamienTta y Bimi 75 pokiB, 3a SIKUMHA
BeNU crocTepekeHds mpotsiroMm 14 pokis, 3 2000 mo 2013 poxu. Brepmie Oyio
BCTAHOBJICHO, IO MIJBUIIEHHS eKcrpecii JoBroi Hekoaytodoi H19 y mnasmi kposi
MOB'A3aHE 13 MIABUILEHUM pPU3UKOM cMmepTi. Perpeciiinuii ananiz 3a Kokcom

JI03BOJIUB BCTAHOBUTH, 110 pPIBEHb eKcmpecii noBroi Hekonyrwoudoi PHK Bumie



MOPOTrOBHX 3HAYEHb € HE3AJIECKHUM (Bl 1HIIMX (DAKTOPIB) MPEAUKTOPOM CMEPTI

JUTSL JIFOJIEW TTOXUJIOTO BIKY.

KuarouoBi caoBa: noBri Hekonytroui PHK, imewmis, miokapa, roctpuii
iHpapkT Miokapaa, rimeprpodis miokapna, cepue, IncRNA, pemoxentoBaHHS
ceplld, ieMiyHa XBopoba cepilsi, eKCIpecis T'eHIB, PEeMOJICIIIOBAaHHS MIOKap/a,

cepueBo-cyauHHi 3axBoproBanHus, PHK, ren, IHK.
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The dissertation is devoted to studying the changes in the expression levels
of long non-coding RNAs H19, TUGI, GASS, and MIAT in experimental animal
models (anoxia/reoxygenation in neonatal rat cardiomyocyte cultures, myocardial
infarction, and ischemia/reperfusion in adult rats) and long non-coding RNAs H19,
HIF1A-AS1, LIPCAR, MIAT, and MHRT in clinical samples from patients

(myocardium, blood plasma, and leukocytes).

Anoxia/reoxygenation was modeled in neonatal rat cardiomyocyte cultures
and conducted in two modes: short (30 minutes of anoxia, 60 minutes of
reoxygenation) and long (60 minutes of anoxia, 24 hours of reoxygenation). The
expression level of the long non-coding RNA HI19 decreased more than 84-fold
after short anoxia/reoxygenation and 4.3-fold after long anoxia/reoxygenation
compared to the control. For long non-coding RNAs TUG1, GASS, and MIAT, an

8.7-fold, 8-fold, and 19-fold decrease in expression was observed, respectively,



after short anoxia/reoxygenation. However, after long anoxia/reoxygenation, the
expression level of long non-coding RNA TUGTI is significantly higher than after
short anoxia/reoxygenation and recovers to 62% of control values. The GASS level
remains almost at the short anoxia/reoxygenation level, while the MIAT expression
level significantly increases more than 3-fold compared to the control. It is worth
noting that in both long and short anoxia/reoxygenation, we observed an increase
in the mRNA expression of the hypoxia-inducible factor (HIF-1a) more than 2-
fold compared to the control sample. These results indicate that the regulation of
the expression of long non-coding RNAs H19 and TUGI in cardiomyocytes under
anoxia/reoxygenation conditions is not mediated by HIF-la but through other

signaling pathways.

In the presence of a HIF-prolyl hydroxylase (PHD) inhibitor under normoxia
conditions, a nearly 3-fold increase in HIF-1o mRNA expression is observed. The
expression level of long non-coding RNA H19 significantly increases 2.7-fold, and
TUGI increases 2.4-fold. At the same time, the expression level of long non-
coding RNA MIAT decreases more than 16-fold. These results indicate that the
expression levels of long non-coding RNAs H19 and TUGI are likely regulated by
HIF-1a under normoxia conditions, while under anoxia/reoxygenation, we do not
observe this. It is evident that long non-coding RNAs H19 and TUGI are involved
in pathogenic mechanisms, but their expression regulation is carried out through
other mechanisms. Interestingly, a decrease in MIAT expression was observed
under normoxia and short anoxia/reoxygenation, accompanied by an increase in
HIF1-a expression, which may also indicate the protective effect of the latter.
However, this effect is negated under long anoxia/reoxygenation conditions, where

the MIAT expression level increases sharply.

Myocardial infarction was modeled by ligating the descending branch of the
left coronary artery and observing the animals for four weeks. In the sham-
operated group, a ligature was applied without clamping the artery. After four

weeks, hemodynamic parameters were recorded, and blood and heart samples were



taken from the animals for long non-coding RNA expression analysis.
Ischemia/reperfusion was modeled by ligating the left coronary artery trunk for 40
minutes (ischemia), followed by removing the ligature for 120 minutes
(reperfusion) and recording hemodynamic parameters. Sham operations were
performed by simply applying suture material without clamping the artery for 40
minutes and removing it for 120 minutes. The data obtained show that in the
myocardium of animals with myocardial infarction, the expression level of long
non-coding RNA HI19 decreases almost 2-fold, while TUGI and MIAT increase
nearly 2-fold and 3-fold, respectively. In blood plasma, significant changes were
observed for long non-coding RNAs HI19 (2.42-fold decrease in myocardial
infarction) and MIAT (2.66-fold increase in myocardial infarction animals).
Pearson correlation analysis between hemodynamic parameters and long non-
coding RNA expression shows a correlation between H19 expression and end-
systolic pressure (r=0.68), isovolumetric relaxation constant Tau W (r=-0.74), and
dP/dTmax (r=0.73). For TUGI, a positive correlation was shown with end-systolic
volume (r=0.74) and end-diastolic pressure (r=0.7). A high level of positive
correlation was shown for long non-coding RNA MIAT with end-diastolic volume
(r=0.98) and end-diastolic pressure (r=0.64). Under ischemia/reperfusion
conditions in animal myocardium, the relative expression level of long non-coding
RNA HI19 significantly decreases 3.79-fold, while TUGI increases more than 33-
fold. In blood plasma, significant changes were observed only for long non-coding
RNA MIAT, whose expression level increases by 49.11% under
ischemia/reperfusion conditions. The data obtained indicate a potential role in the
pathogenesis of ischemic myocardial injury for long non-coding RNAs HI9,
TUGI1, and MIAT. The presented correlations between the expression of these

molecules with changes in hemodynamic parameters only confirm this assumption.

In the next part of the study, we analyzed the expression of long non-coding
RNAs H19, HIF1A-AS1, MIAT, LIPCAR, and MHRT in patients with ischemic
heart disease, under remote ischemic preconditioning in patients undergoing

isolated coronary artery bypass grafting on a beating heart, as well as in the blood



plasma of elderly people monitored for 14 years (to establish a correlation between

long non-coding RNA expression levels and mortality risk).

In patients with ischemic heart disease, the blood plasma expression level of
H19 increases by 52.32%, and long non-coding RNAs HIF1A-AS1 and LIPCAR
increase 2.44-fold and 1.96-fold, respectively. The expression level of H19 in the
myocardium under remote ischemic preconditioning significantly decreases 6.7-
fold, and in blood plasma - 20.5-fold. In leukocytes, H19 expression increases
more than 3-fold under remote ischemic preconditioning. The expression of long
non-coding RNAs HIFIA-AS1, MIAT, LIPCAR, and MHRT under remote
ischemic preconditioning in the myocardium decreases 6.95-fold, 5.42-fold, 8.65-
fold, and 2.5-fold, respectively. In blood plasma, we also observe a decrease in the
expression levels of these long non-coding RNAs under remote ischemic
preconditioning: for HIFIA-AST - 9.79-fold; MIAT - 27.15%; LIPCAR - 23.61-
fold; MHRT - more than 15-fold. It should be noted that in leukocytes, we observe
the opposite pattern of expression changes. In patients in the remote ischemic
preconditioning group, the expression levels of HIF1A-AS1, MIAT, and LIPCAR
increase 3.8-fold, 9.89-fold, and 4.34-fold, respectively.

The results obtained indicate that circulating long non-coding RNAs HI19,
HIF1A-AS1, and LIPCAR can be considered potential biomarkers of ischemic
heart disease. Since remote ischemic preconditioning has a protective effect on the
myocardium, the decrease in the expression of long non-coding RNAs HI19,
HIF1A-AS1, MIAT, LIPCAR, and MHRT in the myocardium during this
procedure indicates the involvement of these molecules in the pathogenesis of

ischemic heart injury.

The expression of long non-coding RNAs HI19, HIFIA-AS1, MIAT,
LIPCAR, and MHRT was determined in the blood plasma of 361 patients aged 75
years, who were monitored for 14 years, from 2000 to 2013. It was first established
that an increase in the expression of long non-coding RNA H19 in blood plasma is

associated with an increased risk of death. Cox regression analysis showed that the



expression level of long non-coding RNA above threshold values is an independent

(from other factors) predictor of mortality for the elderly.

Keywords: long non-coding RNA, ischemia, myocardium, acute myocardial
infarction, myocardial hypertrophy, heart, IncRNA, cardiac remodeling, coronary
heart disease, gene expression, myocardial remodeling, cardiovascular disease,

RNA, gene, DNA.
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