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       %5FGDV0AV �. �@VA8 5>ECD5EVW 4B238E A5>B4GNG8E  ��, 70?GG5A8E 4B 
3VCB>E8GABW CDB3D0@8, CD8 VH5@VGAB@G GH>B465AAV E5DFO. 3 

�64?VHV>4JV=A4 A4G>B64 CD4JO A4 CD464I DG>BC<EG. 

       �<E9DF4JVO A4 ;8B5GFFO A4G>B6B7B EFGC9AO 8B>FBD4 HV?BEBHVW 6 74?G;V 

;A4Aь 09 «�VB?B7VO» ;4 EC9JV4?ьAVEFN 091 «�VB?B7VO F4 5VBIV@VO». - ІAEF<FGF 

HV;VB?B7VW V@. ".". �B7B@B?ьJO !�! '>D4WA<, �<W6, 2024. 

       �<E9DF4JV=A4 DB5BF4 CD<E6OK9A4 6<6K9AAN ;@VA< DV6AO 9>ECD9EVW 

8B67<I A9>B8GNK<I $!� H19, TUG1, GAS5 F4 MIAT A4 9>EC9D<@9AF4?ьA<I 

@B89?OI F64D<A (4AB>EVW/D9B>E<79A4JVW >G?ьFGD< >4D8VB@VBJ<FV6 A9BA4F4?ьA<I 

MGDV6, VAH4D>FG @VB>4D84, VL9@VW/D9C9DHG;VW E9DJO 8BDBE?<I MGDV6) F4 8B67<I 

A9>B8GNK<I $!�  H19, HIF1A-AS1, LIPCAR, MIAT F4 MHRT G >?VAVKA<I 

;D4;>4I C4JVєAFV6 (@VB>4D8V, C?4;@V >DB6V F4 ?9=>BJ<F4I). 

       �AB>EVN/D9B>E<79A4JVN @B89?N64?< A4 >G?ьFGDV >4D8VB@VBJ<FV6 

A9BA4F4?ьA<I MGDV6 F4 CDB6B8<?< G 86BI D9:<@4I 3 >BDBF>B@G (30 I6. 

4AB>EVW, 60 I6. D9B>E<79A4JVW) F4 8B67B@G (60 I6. 4AB>EVW, 24 7B8. 

D9B>E<79A4JVW). #B>4;4AB, MB DV69Aь 9>ECD9EVW 8B67BW A9>B8GNKBW $!� H19 

;A<:GєFьEO 5V?ьL9 AV: G 84 D4;< CVE?O >BDBF>BW �/$ F4 G 4,3 D4;< CVE?O 8B67BW 

�/$, CBDV6AOAB V; >BAFDB?9@. �?O 8B67<I A9>B8GNK<I $!� TUG1, GAS5 F4 

MIAT ECBEF9DV74?< ;A<:9AAO 9>ECD9EVW G 8,7, 8 F4 19 D4;V6 6V8CB6V8AB CVE?O 

>BDBF>BW 4AB>EVW/D9B>E<79A4JVW. #DBF9 CVE?O 8B67BW 4AB>EVW/D9B>E<79A4JVW 

DV69Aь 9>ECD9EVW lncRNA TUG1 є ;A4KAB 6<M<@ AV: CVE?O >BDBF>BW 

4AB>EVW/D9B>E<79A4JVW F4 6V8AB6?NєFьEO 8B 62% MB8B >BAFDB?ьA<I 

69?<K<A.  $V69Aь GAS5 ;4?<L4єFьEO @4=:9 A4 DV6AV >BDBF>BW �/$, FB8V O> 

DV69Aь 9>ECD9EVW MIAT 8BEFB6VDAB CV86<MGєFьEO 5V?ьL AV: G 3 D4;< CBDV6AOAB 

V; >BAFDB?9@. #B>4;4AB, MB ;4 G@B6 O> 8B67BW, F4> V >BDBF>BW 

4AB>EVW/D9B>E<79A4JVW @< ECBEF9DV74?< CV86<M9AAO 9>ECD9EVW @$!� H4>FBDG, 

MB VA8G>GєFьEO 7VCB>EVєN (HIF-1α) 5V?ьL9 AV: G 2 D4;<, CBDV6AOAB V; 



>BAFDB?ьA<@ ;D4;>B@. &4>V D9;G?ьF4F< 6>4;GNFь A4 F9, MB 9>ECD9EVO 8B67<I 

A9>B8GNK<I $!� H19 F4 TUG1 G >4D8VB@VBJ<F4I ;4 G@B6 

4AB>EVW/D9B>E<79A4JVW D97G?NFьEO A9 H4>FBDB@ HIF-1α, 4 K9D9; VALV E<7A4?ьAV 

L?OI<.  

' CD<EGFABEFV VA7V5VFBD4 HIF-CDB?V? 7V8DB>E<?4;< (PHD) ;4 G@B6 

ABD@B>EVW G >G?ьFGDV >4D8VB@VBJ<FV6 A9BA4F4?ьA<I MGDV6 ECBEF9DV74єFьEO 

;5V?ьL9AAO 9>ECD9EVW @$!� HIF-1α @4=:9 G 3 D4;<. $V69Aь 9>ECD9EVW 8B67BW 

A9>B8GNKBW $!� H19 8BEFB6VDAB ;5V?ьLGєFьEO G 2,7 D4;V6, 4 TUG1 4 G 2,4 

D4;<. #D< JьB@G DV69Aь 9>ECD9EVW 8B67BW A9>B8GNKBW $!� MIAT ;A<:GєFьEO 

5V?ьL9 AV: G 16 D4;V6. &4>V D9;G?ьF4F< 6>4;GNFь A4 F9, MB DV69Aь 9>ECD9EVW 

8B67<I A9>B8GNK<I $!� H19 F4 TUG1 V@B6VDAB D97G?NєFьEO HIF-1α ;4 G@B6 

ABD@B>EVW, 6 FB= K4E O> ;4 4AB>EVW/D9B>E<79A4JVW @< JьB7B A9 ECBEF9DV74є@B. 

"K96<8AB, MB 8B67V A9>B8GNKV $!� H19 F4 TUG1 ;48VOAV 8B C4FB79A9F<KA<I 

@9I4AV;@V6, 4?9 D97G?OJVO WI 9>ECD9EVW ;8V=EANєFьEO K9D9; VALV L?OI<. 

ЗA<:9AAO DV6AO 9>ECD9EVW MIAT @< ECBEF9DV74?< ;4 G@B6 ABD@B>EVW V >BDBF>BW 

4AB>EVW/D9B>E<79A4JVW A4 HBAV ;5V?ьL9AAO 9>ECD9EVW HIF1-α, MB F4>B: @B:9 

6>4;G64F< A4 CDBF9>F<6A<= 9H9>F BEF4AAьB7B. #DBF9 6VA AV69?NєFьEO ;4 G@B6 

8B67BW 4AB>EVW D9B>E<79A4JVW, ;4 O>BW DV69Aь 9>ECD9EVW MIAT EFDV@>B ;DBEF4є.   

�BEFD<= VAH4D>F @VB>4D84 @B89?N64?< L?OIB@ A4>?484AAO ?V74FGD< A4 

A<;IV8AG 7V?>G ?V6BW >BDBA4DABW 4DF9DVW F4 ECBEF9DV74?< ;4 F64D<A4@< 

CDBFO7B@ 4-I F<:AV6. �DGCV F64D<A V; G8464ABN BC9D4JVєN ('") A4>?484?4EO 

?V74FGD4, 4?9 59; C9D9F<E>4AAO 4DF9DVW. #VE?O 4-I F<:AV6 D9єEFDG64?< 

>4D8VB79@B8<A4@VKAV CB>4;4A<><, 4 F4>B: 6V85<D4?< ;D4;>< >DB6V F4 E9DJO 

F64D<A 8?O CDB6989AAO 4A4?V;G DV6AO 9>ECD9EVW 8B67<I A9>B8GNK<I $!�. 

ІL9@VN/D9C9DHG;VN (І/$) @B89?N64?< L?OIB@ A4>?484AAO ?V74FGD< A4 

EFB65GD ?V6BW >BDBA4DABW 4DF9DVW A4 40 I6 (VL9@VO), CVE?O KB7B ?V74FGDG 

;AV@4?< A4 120 I6 (D9C9DHG;VO) F4 D9єEFDG64?< >4D8VB79@B8<A4@VKAV 

CB>4;A<><.  '8464AG BC9D4JVN ;8V=EAN64?< CDBEF<@ A4>?484AAO@ LB6AB7B 

@4F9DV4?G 59; C9D9F<E>4AAO 4DF9DVW A4 40 I6. F4 =B7B 6<84?9AAO@ A4 120 I6. 



"FD<@4AV 84AV E6V8K4Fь, MB G @VB>4D8V F64D<A ; VAH4D>FB@ @VB>4D84 DV69Aь 

9>ECD9EVW 8B67BW A9>B8GNKBW $!� H19 ;A<:GєFьEO @4=:9 6 2 D4;<, 4 TUG1 F4 

MIAT 4 ;5V?ьLGєFьEO @4=:9 G 2 F4 3 D4;< 6V8CB6V8AB. ' C?4;@V >DB6V 

8BEFB6VDAV ;@VA< ECBEF9DV74?< 8?O 8B67<I A9>B8GNK<I $!� H19 (;A<:9AAO G 

2,42 D4;<) F4 MIAT (;DBEF4AAO G 2,66 D4;<). �BD9?OJV=A<= 4A4?V; #VDEBA4 @V: 

>4D8VB79@B8<A4@VKA<@< C4D4@9FD4@< F4 9>ECD9EVєN 8B67<I A9>B8GNK<I $!� 

CB>4;Gє >BD9?OJVN @V: 9>ECD9EVєN H19 V; >VAJ96B-E<EFB?VKA<@ F<E>B@ 

(r=0,68), V;B6B?N@VKABN >BAEF4AFBN DB;E?45?9AAO Tau W (r=-0,74) F4 

CB>4;A<>B@ dP/dTmax (r=0,73). �?O TUG1 CB>4;4A4 CB;<F<6A4 >BD9?OJVO V; 

>VAJ96B-E<EFB?VKA<@ B5'є@B@ (r=0,74) F4 >VAJ96B-8V4EFB?VKA<@ F<E>B@ (r=0,7). 

�<EB><= DV69Aь CB;<F<6ABW >BD9?OJVW CB>4;4A<= 8?O 8B67BW A9>B8GNKBW $!� 

MIAT V; >VAJ96B-8V4EFB?VKA<@ B5'є@B@ (r=0,98) F4 >VAJ96B-8V4EFB?VKA<@ 

F<E>B@ (r=0,64). З4 G@B6 І/$ G @VB>4D8V F64D<A DV69Aь 6V8ABEABW 9>ECD9EVW 

8B67BW A9>B8GNKBW $!� H19 8BEFB6VDAB ;A<:GєFьEO G 3,79 D4;<, 4 TUG1 4 

;5V?ьLGєFьEO 5V?ьL9 AV: G 33 D4;<. ' C?4;@V >DB6V 8BEFB6VDA<@< ;@VA< 5G?< 

?<L9 8?O 8B67BW A9>B8GNKBW $!� MIAT, DV69Aь 9>ECD9EVW O>BW CD< І/$ ;DBEF4є 

A4 49,11%. "FD<@4AV 84AV E6V8K4Fь CDB CBF9AJV=AG DB?ь G C4FB79A9;V 

VL9@VKAB7B GL>B8:9AAO @VB>4D84 8B67<I A9>B8GNK<I $!� H19, TUG1 F4 

MIAT. !46989AV >BD9?OJV=AV ;6'O;>< @V: 9>ECD9EVN J<I @B?9>G? ;V ;@VA4@< 

>4D8VB79@B8<A4@VKA<I CB>4;A<>V6 CV8F69D8:GNFь BFD<@4A<= D9;G?ьF4F.  

� A4EFGCAV= K4EF<AV 8BE?V8:9AAO A4@< 5G?4 CDB4A4?V;B64A4 9>ECD9EVO 

8B67<I A9>B8GNK<I $!� H19, HIF1A-AS1, MIAT, LIPCAR F4 MHRT G 

C4JVєAFV6 ; VL9@VKABN I6BDB5BN E9DJO, ;4 G@B6 6V884?9AB7B VL9@VKAB7B 

CD9>BA8<JVBAG64AAO G C4JVєAFV6, O><@ CDB6B8<?< BC9D4JVN V;B?ьB64AB7B 

4BDFB>BDBA4DAB7B LGAFG64AAO A4 CD4JNNKB@G E9DJV. &4>B: CDB4A4?V;B64A4 

9>ECD9EVO 8B67<I A9>B8GNK<I $!� G C?4;@V >DB6V ?N89= CBI<?B7B 6V>G, ;4 

O><@< 69?< ECBEF9D9:9AAO CDBFO7B@ 14 DB>V6 ; @9FBN 6EF4AB6?9AAO 

>BD9?OJV=AB7B ;6'O;>G @V: DV6A9@ 9>ECD9EVW 8B67<I A9>B8GNK<I $!� F4 

D<;<>B@ E@9DFV  



' C4JVєAFV6 V; VL9@VKABN I6BDB5BN E9DJO G C?4;@V >DB6V DV69Aь 

9>ECD9EVW H19 ;DBEF4є A4 52,32%, 4 8B67<I A9>B8GNK<I $!� HIF1A-AS1 F4 

LIPCAR 4 G 2,44 V 1,96 D4;V6 6V8CB6V8AB. $V69Aь 9>ECD9EVW H19 G @VB>4D8V ;4 

G@B6 6V884?9AB7B VL9@VKAB7B CD9>BA8<JVBAG64AAO 8BEFB6VDAB ;@9ALGєFьEO G 

6,7 D4;<, 4 G C?4;@V >DB6V 4 6 20,5 D4;V6. � ?9=>BJ<F4I 9>ECD9EVO H19 ;4 G@B6 

6V884?9AB7B VL9@VKAB7B CD9>BA8<JVBAG64AAO ;5V?ьLGєFьEO 5V?ьL9, AV: G 3 

D4;<. �>ECD9EVO 8B67<I A9>B8GNK<I $!� HIF1A-AS1, MIAT, LIPCAR F4 

MHRT ;4 G@B6 6V884?9AB7B VL9@VKAB7B CD9>BA8<JVBAG64AAO G @VB>4D8V 

;@9ALGєFьEO G 6,95, 5,42, 8,65 F4 2,5 D4;< 6V8CB6V8AB.  ' C?4;@V >DB6V F4>B: 

ECBEF9DV74є@B ;A<:9AAO DV6AO 9>ECD9EVW 6>4;4A<I 8B67<I A9>B8GNK<I $!� ;4 

G@B6< 6V884?9AB7B VL9@VKAB7B CD9>BA8<JVBAG64AAO: 8?O HIF1A-AS1 4 6 9,79 

D4;<; MIAT 4 A4 27,15%; LIPCAR 4 G 23,61 D4;<; MHRT 4 5V?ьL9 AV: G 15 

D4;V6. %?V8 ;4;A4K<F<, MB 6 ?9=>BJ<F4I ECBEF9DV74єFьEO ;6BDBFA4 >4DF<A4 ;@VA 

9>ECD9EVW. ' C4JVєAFV6 V; 7DGC< 6V884?9AB7B VL9@VKAB7B CD9>BA8<JVBAG64AAO 

DV69Aь 9>ECD9EVW HIF1A-AS1, MIAT F4 LIPCAR ;DBEF4є G 3,8, 9,89 F4 4,34 D4;< 

6V8CB6V8AB.  

"FD<@4AV D9;G?ьF4F< 6>4;GNFь, MB J<D>G?NNKV 8B67V A9>B8GNKV $!� 

H19, HIF1A-AS1 F4 LIPCAR @B:GFь DB;7?O84F<EO O> CBF9AJV=AV 5VB@4D>9D< 

VL9@VKABW I6BDB5< E9DJO. "E>V?ь>< 6V884?9A9 VL9@VKA9 CD9>BA8<JVBAG64AAO 

@4є CDBF9>F<6A<= 9H9>F A4 @VB>4D8, FB ;A<:9AAO 9>ECD9EVW 8B67<I 

A9>B8GNK<I $!� H19, HIF1A-AS1, MIAT, LIPCAR F4 MHRT G @VB>4D8V ;4 

F4><I G@B6 6>4;Gє A4 GK4EFь J<I @B?9>G? G C4FB79A9;V VL9@VKAB7B 

GL>B8:9AAO E9DJO. 

�>ECD9EVO 8B67<I A9>B8GNK<I $!� H19, HIF1A-AS1, MIAT, LIPCAR F4 

MHRT 5G?4 6<;A4K9A4 G C?4;@V >DB6V 361 C4JVєAF4 G 6VJV 75 DB>V6, ;4 O><@< 

69?< ECBEF9D9:9AAO CDBFO7B@ 14 DB>V6, ; 2000 CB 2013 DB><. �C9DL9 5G?B 

6EF4AB6?9AB, MB CV86<M9AAO 9>ECD9EVW 8B67BW A9>B8GNKBW H19 G C?4;@V >DB6V 

CB6'O;4A9 V; CV86<M9A<@ D<;<>B@ E@9DFV. $97D9EV=A<= 4A4?V; ;4 �B>EB@ 

8B;6B?<6 6EF4AB6<F<, MB DV69Aь 9>ECD9EVW 8B67BW A9>B8GNKBW $!� 6<M9 



CBDB7B6<I ;A4K9Aь є A9;4?9:A<@ (6V8 VAL<I H4>FBDV6) CD98<>FBDB@ E@9DFV 

8?O ?N89= CBI<?B7B 6V>G.  

�?NGB2V E?B20: 8B67V A9>B8GNKV $!�, VL9@VO, @VB>4D8, 7BEFD<= 

VAH4D>F @VB>4D84, 7VC9DFDBHVO @VB>4D84, E9DJ9, lncRNA, D9@B89?N64AAO 

E9DJO, VL9@VKA4 I6BDB54 E9DJO, 9>ECD9EVO 79AV6, D9@B89?N64AAO @VB>4D84, 

E9DJ96B-EG8<AAV ;4I6BDN64AAO, $!�, 79A, �!�.  

SUMMARY 

Khetsuriani M. Changes in the expression of long non-coding RNAs 

involved in the hypoxic program during ischemic heart injury. 3 A 

Qualification Scientific Work in the Form of a Manuscript. 

Dissertation for the Degree of Doctor of Philosophy in the Field of 

Knowledge 09 "Biology" under the Specialty 091 "Biology and Biochemistry". - 

O.O. Bohomolets Institute of Physiology of the National Academy of Sciences of 

Ukraine, Kyiv, 2024. 

The dissertation is devoted to studying the changes in the expression levels 

of long non-coding RNAs H19, TUG1, GAS5, 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 H19 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, GAS5, 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 TUG1 is significantly higher than after 

short anoxia/reoxygenation and recovers to 62% of control values. The GAS5 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-1α) 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 TUG1 in cardiomyocytes under 

anoxia/reoxygenation conditions is not mediated by HIF-1α 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-1α mRNA expression is observed. The 

expression level of long non-coding RNA H19 significantly increases 2.7-fold, and 

TUG1 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 TUG1 are likely regulated by 

HIF-1α under normoxia conditions, while under anoxia/reoxygenation, we do not 

observe this. It is evident that long non-coding RNAs H19 and TUG1 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-α 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 H19 decreases almost 2-fold, while TUG1 and MIAT increase 

nearly 2-fold and 3-fold, respectively. In blood plasma, significant changes were 

observed for long non-coding RNAs H19 (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 TUG1, 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 H19 significantly decreases 3.79-fold, while TUG1 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 H19, 

TUG1, 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 HIF1A-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 HIF1A-AS1 - 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 H19, 

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 H19, 

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 H19, HIF1A-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, lncRNA, cardiac remodeling, coronary 

heart disease, gene expression, myocardial remodeling, cardiovascular disease, 

RNA, gene, DNA. 
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