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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-1³) more than 2-fold compared to the 

control sample. These results indicate that the regulation of the expression of long non-
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coding RNAs H19 and TUG1 in cardiomyocytes under anoxia/reoxygenation conditions 

is not mediated by HIF-1³ 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-1³ 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-1³ 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 HIF1-³ 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 
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(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 
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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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��& 4 4V0AB>;VG=89 0@B5@V0;ь=89 B8A:  

%�& 4 A8AB>;VG=89 0@B5@V0;ь=89 B8A:  

��#%" 4  V=45:A 7030;ь=>3>  ?5@8D5@8G=>3> AC48==>3> >?>@C 

*�& 4 F5=B@0;ь=89 25=>7=89 B8A:  

�/$ 4 0=>:AVO/@5>:A835=0FVO 

�  4 V=D0@:B <V>:0@40  

+%% 4 G0AB>B0 A5@F528E A:>@>G5=ь  

�%" 4 :V=F52>-A8AB>;VG=89 >1'є<  

��" 4 :V=F52>-4V0AB>;VG=89 >1'є< 

�%& 4 :V=F52>-A8AB>;VG=89 B8A: 
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��& 4 :V=F52>-4V0AB>;VG=89 B8A:  

'" 4 C40@=89 >1'є< 

(� 4 D@0:FVO 28:84C 

)"� 4 E28;8==89 >1'є< :@>2V 

'$ 4 C40@=0 @>1>B0  

�� 4 0@B5@V0;ь=0 6>@AB:VABь  

dP/dtmax 3 <0:A8<0;ь=0 H284:VABь 71V;ьH5==O B8A:C C ;V2><C H;C=>G:C dP/dtmin 3 

<V=V<0;ь=0 H284:VABь @>7A;01;5==O C ;V2><C H;C=>G:C 

dV/dtmax 3 <0:A8<0;ь=0 H284:VABь 7<V=8 >1'є<C  

dV/dtmin 3 <V=V<0;ь=0 H284:VABь 7<V=8 >1'є<C 

Tau W 4 V7>2>;N<VG=0 :>=AB0=B0 @>7A;01;5==O  

Pamp 4 <0:A8<0;ь=0 ?>BC6=VABь 7 C@0EC20==O< ?5@54=020=B065==O 

�/$ 4 VH5<VO/@5?5@DC7VO  

PDK1 4 :V=070 ?V@C20B453V4@>35=078 1 

GLUT1 4 3;N:>7=89 B@0=A?>@B5@ 1 

mTOR 4 <VH5=ь @0?0<VF8=C C AA02FV2 

BDNF 4 =59@>B@>DVG=89 D0:B>@ <>7:C 

�)% 4 VH5<VG=0 E2>@>10 A5@FO  
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�%&'# 

 �:BC0;ь=VABь. )2>@>18 A5@FO 4 >4=0 7 ?@>2V4=8E ?@8G8= A<5@BV B0 

V=20;V4=>ABV C 2Aь><C A2VBV [Mc Namara, 2019]. �>A;V465==O <5E0=V7<V2, I> 

;560Bь 2 >A=>2V F8E ?0B>;>3V9, <>65 4>?><>3B8 C @>7@>1FV =>28E B5@0?52B8G=8E 

B0 4V03=>AB8G=8E ?V4E>4V2. "4=8< 7 CH:>46CNG8E D0:B>@V2 A5@F52>-AC48==>W 

A8AB5<8, O:89 Aь>3>4=V @5B5;ь=> 282G0єBьAO =0 <>;5:C;O@=>-35=5B8G=><C @V2=V, є 

3V?>:AVO [Salva, 2018]. 

�=0G=0 @>;ь C ?0B>35=57V 3V?>:A8G=>3> AB0=C B0 VH5<VG=8E CH:>465=ь 

A5@F52>3> <'O7C 2V42>48BьAO 1V;:>2><C D0:B>@C, I> V=4C:CєBьAO 3V?>:AVєN 

(hypoxia-inducible factor, HIF) [Semenza, 2013]. *5 35B5@>48<5@=89 

B@0=A:@8?FV9=89 D0:B>@, O:89 0:B82Cє B@0=A:@8?FVN 45:V;ь:>E 35=V2, I> 

A?@8ONBь 286820==N 2 C<>20E =87ь:>W :>=F5=B@0FVW :8A=N. "4=8< 7 V<>2V@=8E 

<5E0=V7<V2 @53C;OFVW HIF-A83=0;ь=>3> H;OEC є 4>23V =5:>4CNGV $!� [Barth, 2020]. 

*V <>;5:C;8 ?@54AB02;ONBь 7=0G=C G0AB8=C B@0=A:@8?B><C, I> =5 28ABC?0є 2 @>;V 

<0B@8FV 4;O A8=B57C ?@>B5W=V2 [Jarroux, 2017]. !0B><VABь F59 :;0A =C:;5W=>28E 

:8A;>B 28:>=Cє G8A;5==V @53C;OB>@=V DC=:FVW O: =0 B@0=A:@8?FV9=><C, B0: V 

?>ABB@0=A:@8?FV9=><C @V2=OE. 

�AB0=>2;5=> @53C;OB>@=C @>;ь 4>238E =5:>4CNG8E $!� ?@8 G8A;5==8E 

?0B>;>3VG=8E B0 DV7V>;>3VG=8E AB0=0E, 7>:@5<0 V C A5@F52>-AC48==V9 A8AB5<V. 

�>:@5<0, V45=B8DV:>20=> 4>23C =5:>4CNG8E $!� HIF1A-AS1, O:0 є ?@8@>4=V< 

0=B8A5=A>< 4> <$!� 0;ьD0 AC1>48=8FV D0:B>@C 3V?>:AVW HIF-1 [Uchida, 2004]. 

�C;> ?>:070=>, I> @V25=ь HIF1A-AS1 C ?;07<V :@>2V ?><VB=> 7@>AB0є 70 C<>2 

=87ь:>W :>=F5=B@0FVW :8A=N [Mounier, 2009]. �AB0=>2;5=>, I> $!�-V=B5@D5@5=FVO 

HIF1A-AS1 A?@8Oє 286820==N :0@4V><V>F8BV2 in vitro [Acun, 2017]. !0B><VABь 

?>@V2=O;ь=>W 5:A?@5AVW D0:B>@C 3V?>:AVW HIF-1³ B0 HIF1A-AS1 ?@8 A5@F52>-

AC48==8E ?0B>;>3VOE I5 =5 1C;> ?@>45<>=AB@>20=>. �=H8<8 4>238<8 

=5:>4CNG8<8 $!�, I> 70;CG5=V 4> @53C;OFVW HIF-A83=0;ь=>3> H;OEC є H19, 

TUG1, MIAT B0 V=HV [Son, 2021]. �> ?@8:;04C, 2AB0=>2;5=>, I> 35=8 H19 B0 TUG1 
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C ?@><>B>@=V9 4V;O=FV <0NBь A09B8 72'O7C20==O V7 D0:B>@><, I> V=4C:CєBьAO 

3V?>:AVєN HIF-1³ [Wu, 2017, Wang, 2022].  

�45=B8DV:0FVO B0 287=0G5==O @>;V 4>238E =5:>4CNG8E $!�, 70;CG5=8E 4> 

@53C;OFVW 3V?>:AVW, <>65 AB0B8 V=AB@C<5=B>< 4;O @0==ь>W 4V03=>AB8:8 A5@F52>-

AC48==8E ?0B>;>3V9, 0 B0:>6 2V4:@820є <>6;82>ABV 4;O AB2>@5==O =>28E <5B>4V2 

B5@0?VW. �>:@5<0, =0HV 4>A;V465==O =0 B20@8=0E A?@O<>20=V =0 ?>HC: ?>B5=FV9=8E 

<VH5=59 4;O $!�-V=B5@D5@5=FVW 01> =045:A?@5AVW $!� in vivo. �>A;V465==O 

:;V=VG=>3> <0B5@V0;C 4>72>;OBь 287=0G8B8 ?>B5=FV9=V 1V>;>3VG=V <0@:5@8 

VH5<VG=>3> CH:>465==O A5@FO.  

 �;NG>2V A;>20. 4>23V =5:>4CNGV $!�, VH5<VO, <V>:0@4, 3>AB@89 
V=D0@:B <V>:0@40, 3V?5@B@>DVO <V>:0@40, A5@F5, lncRNA, @5<>45;N20==O A5@FO, 

VH5<VG=0 E2>@>10 A5@FO, 5:A?@5AVO 35=V2, @5<>45;N20==O <V>:0@40, A5@F52>-

AC48==V 70E2>@N20==O, $!�, 35=, �!�.  

 �2'O7>: @>1>B8 V7 =0C:>28<8 ?@>3@0<0<8, ?;0=0<8, B5<0<8. 
�8A5@B0FV9=0 @>1>B0 28:>=0=0 2 @0<:0E 2V4><G8E B5< !�$ 2V44V;C 7030;ь=>W B0 

<>;5:C;O@=>W ?0B>DV7V>;>3VW �=AB8BCBC DV7V>;>3VW V<. ".". �>3><>;ьFO !�! 

':@0W=8: «�=0G5==O 4>238E =5:>4CNG8E $!� 2 <5E0=V7<0E @>728B:C 

5:A?5@8<5=B0;ь=>W B0 :;V=VG=>W ?0B>;>3VW» (45@602=89 @5єAB@0FV9=89 =><5@ 4 

0118U007348, 2019-2023 @@.), «�>A;V465==O <5E0=V7<V2 @5<>45;N20==O <V>:0@40 

2 ?0B>35=57V @>728B:C A5@F52>W =54>AB0B=>ABV B0 WW :>@5:FVW» (45@602=89 

@5єAB@0FV9=89 =><5@ 4 114U007233, 2015-2018 @@.), 70 FV;ь>2>N ?@>3@0<>N 

«#V4B@8<:0 ?@V>@8B5B=8E 4;O 45@6028 =0C:>28E 4>A;V465=ь V =0C:>2>-B5E=VG=8E 

(5:A?5@8<5=B0;ь=8E) @>7@>1>: 2V44V;5==O 1V>EV<VW, DV7V>;>3VW V <>;5:C;O@=>W 

1V>;>3VW !�! ':@0W=8  (@5єAB@0FV9=89 =><5@ 0120U101281, 2021@.).  

  5B0 @>1>B8: �AB0=>28B8 7=0G5==O 7<V=8 5:A?@5AVW 45O:8E 4>238E 

=5:>4CNG8E $!�, O:V 70;CG5=V 4> @53C;OFVW 3V?>:A8G=>W ?@>3@0<8, 2 

5:A?5@8<5=B0E =0 <>45;OE B20@8= 7 VH5<VG=8< CH:>465==O< A5@FO B0 C ?0FVє=BV2 

7 VH5<VG=>N E2>@>1>N A5@FO. 
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 �V4?>2V4=> 4> <5B8 ?>AB02;5=V =0ABC?=V 70240==O:  

1. �AB0=>28B8 @V25=ь 5:A?@5AVW 4>238E =5:>4CNG8E $!� H19, TUG1, MIAT B0 

GAS5 70 C<>2 0=>:AVW-@5>:A835=0FVW C ?5@28==V9 :C;ьBC@V :0@4V><V>F8BV2 

=5>=0B0;ь=8E IC@V2. 

2. �87=0G8B8 5:A?@5AVN 4>238E =5:>4CNG8E $!� H19, TUG1, MIAT B0 GAS5 

B0 :0@4V>35<>48=0<VG=V ?>:07=8:8 ?@8 <>45;N20==V V=D0@:BC <V>:0@40 C 

IC@V2 ;V=VW Wistar. #@>25AB8 :>@5;OFV9=89 0=0;V7 <V6 

:0@4V>35<>48=0<VG=8<8 ?>:07=8:0<8 B0 5:A?@5AVєN 4>238E =5:>4CNG8E 

$!� H19, TUG1, MIAT B0 GAS5.  

3. �87=0G8B8 5:A?@5AVN 4>238E =5:>4CNG8E $!� H19, TUG1, MIAT B0 GAS5 

B0 :0@4V>35<>48=0<VG=V ?>:07=8:8 ?@8 <>45;N20==V VH5<VW-@5?5@DC7VW 

<V>:0@40 C IC@V2 ;V=VW Wistar. 

4. �>A;V48B8 5:A?@5AVN 4>238E =5:>4CNG8E $!� H19, MIAT, HIF1A-AS1, 

LIPCAR B0 MHRT C ?;07<V :@>2V ;N459 V7 VH5<VG=>N E2>@>1>N A5@FO. 

5. �87=0G8B8 35<>48=0<VG=V ?>:07=8:8 B0 5:A?@5AVN 4>238E =5:>4CNG8E $!� 

H19, MIAT, HIF1A-AS1, LIPCAR, MHRT B0 HIF-1-alpha-70;56=8E 35=V2 

PDK1, GLUT1, BDNF B0 mTOR C <V>:0@4V, ;59:>F8B0E B0 ?;07<V :@>2V 

?0FVє=BV2, O:8< 1C;> ?@>2545=> >?5@0FVN V7 0>@B>-:>@>=0@=>3> HC=BC20==O 

70 C<>2 ?@>2545==O 2V440;5=>3> VH5<VG=>3> ?@5:>=48FV>=C20==O. 

6. �87=0G8B8 5:A?@5AVN 4>238E =5:>4CNG8E $!� H19, MIAT, HIF1A-AS1, 

LIPCAR B0 MHRT C ;N459 ?>E8;>3> 2V:C B0 2AB0=>28B8 :>@5;OFV9=89 

72'O7>: <V6 5:A?@5AVєN :>=:@5B=8E 4>238E =5:>4CNG8E $!� V7 @878:>< 

A<5@BV.  

�5'є>F 8BE?V8:9AAO 4 VH5<VG=5 CH:>465==O :C;ьBC@8 :0@4V><V>F8BV2 B0 

<V>:0@40 IC@V2, VH5<VG=0 E2>@>10 A5@FO B0 2V440;5=5 VH5<VG=5 

?@5:>=48FV>=C20==O C ?0FVє=BV2.  

�D98@9F 8BE?V8:9AAO 4 5:A?@5AVO 4>238E =5:>4CNG8E $!�, 70;CG5=8E 4> 

3V?>:A8G=>W ?@>3@0<8, 70 VH5<VG=>3> CH:>465==O :C;ьBC@8 :0@4V><V>F8BV2, 
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<V>:0@40 C IC@V2, VH5<VG=>W E2>@>18 A5@FO B0 2V440;5=>3> VH5<VG=>3> 

?@5:>=48FV>=C20==O C ?0FVє=BV2.  

�9FB8< 8BE?V8:9AAO:  

4 C4FBHV;VB?B7VKAV (0=>:AVO-@5>:A835=0FVO ?5@28==>W :C;ьBC@8 

:0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2, <>45;ь V=D0@:BC B0 VH5<VW-@5?5@DC7VW 

<V>:0@40 C IC@V2); 

4 HV;VB?B7VKAV (287=0G5==O :0@4V>35<>48=0<VG=8E ?>:07=8:V2 C IC@V2 V7 

28:>@8AB0==O< C;ьB@0B>=:>3> :0B5B5@0 Millar, 287=0G5==O 35<>48=0<VG=8E 

?0@0<5B@V2 C ?0FVє=BV2 <5B>4>< V<?540=A=>W :0@4V>3@0DVW);  

4 @BDHB?B7VKAV (A2VB;>20, D;C>@5AF5=B=0 <V:@>A:>?VO);  

4 @B?9>G?ODAB-5VB?B7VKAV (284V;5==O B>B0;ь=>W $!�, 72>@>B=0 

B@0=A:@8?FVO, ?>;V<5@07=0 ;0=FN3>20 @50:FVO 2 @50;ь=><C G0AV); 

4 EF4F<EF<KAV (?5@28==0 >1@>1:0 40=8E, >4=>D0:B>@=89, 42>D0:B>@=89 

B5AB ANOVA, :>@5;OFV9=89 0=0;V7 #V@A>=0, B5AB �V;:>:A>=0, >FV=:0 286820=>ABV 

70 �0?;0=><- 59є@><, @53@5AVO V7 ?@>?>@FV9=8<8 @878:0<8 �>:A0).  

!0C:>20 =>287=0. ' 48A5@B0FV9=V9 @>1>BV 2?5@H5 ?>:070=0 7<V=0 5:A?@5AVW 

4>238E =5:>4CNG8E $!� H19, TUG1, MIAT B0 GAS5 C :0@4V><V>F8B0E 

=5>=0B0;ь=8E IC@V2 70 C<>2 0=>:AVW-@5>:A835=0FVW, 0 B0:>6 ?@8 <>45;N20==V 

V=D0@:BC <V>:0@40 B0 VH5<VW-@5?5@DC7VW C IC@V2 ;V=VW Wistar. !0 :C;ьBC@V 

:0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2 2AB0=>2;5=>, I> @V25=ь 5:A?@5AVW 707=0G5=8E 

4>238E =5:>4CNG8E $!� 7=86CєBьAO ?@8 0=>:AVW/@5>:A835=0FVW. #@8 4>4020==V C 

:C;ьBC@C :;VB8= V=3V1VB>@0 HIF-?@>;V; 3V4@>:A8;078 @V25=ь 5:A?@5AVW 4>238E 

=5:>4CNG8E $!� H19 B0 TUG1 7=86CєBьAO, 0 MIAT 4 ?V428ICєBьAO.  

�8O2;5=>, I> ?@8 <>45;N20==V V=D0@:BC <V>:0@40 @V25=ь 5:A?@5AVW lncRNA 

H19 7=86CєBьAO, 0 TUG1 B0 MIAT 4 71V;ьHCєBьAO C <V>:0@4V B0 ?;07<V :@>2V 

IC@V2. �?5@H5 C 48A5@B0FV9=V9 @>1>BV 2AB0=>2;5=V :>@5;OFV9=V 72'O7:8 <V6 
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5:A?@5AVєN 4>238E =5:>4CNG8E $!� H19, TUG1, MIAT B0 GAS5 V7 =87:>N 

:0@4V>35<>48=0<VG=8E ?>:07=8:V2, B0:8E O: :V=F52>-A8AB>;VG=89 B8A:, :V=F52>-

4V0AB>;VG=89 B8A:, V7>2>;N<VG=0 :>=AB0=B0 @>7A;01;5==O Tau W, dP/dTmax B0 

C40@=0 @>1>B0 A5@FO.  

' @>1>BV 4>A;V465=V >A>1;82>ABV 5:A?@5AVW 4>238E =5:>4CNG8E $!� H19, 

MIAT, HIF1A-AS1, LIPCAR, MHRT C ?0FVє=BV2 V7 VH5<VG=>N E2>@>1>N A5@FO. 

#>:070=>, O: 7<V=NєBьAO 5:A?@5AVO 707=0G5=8E 4>238E =5:>4CNG8E $!� C 

<V>:0@4V, ;59:>F8B0E B0 ?;07<V :@>2V 70 C<>2 2V440;5=>3> VH5<VG=>3> 

?@5:>=48FV>=C20==O C ?0FVє=BV2, O:8< ?@>2>48;8 >?5@0FVN 0>@B>:>@>=0@=>3> 

HC=BC20==O. �?5@H5 ?@>2545=> 4>A;V465==O 5:A?@5AVW 4>238E =5:>4CNG8E $!� 

H19, MIAT, HIF1A-AS1, LIPCAR, MHRT =0 25;8:V9 281V@FV 74>@>28E ;VB=VE 

?0FVє=BV2. #>:070=>, I> 4>230 =5:>4CNG0 $!� H19 є =570;56=8< ?@548:B>@>< 

A<5@BV C >AV1 ?>E8;>3> 2V:C.  

&5>@5B8G=5 B0 ?@0:B8G=5 7=0G5==O >B@8<0=8E @57C;ьB0BV2.  

"B@8<0=V @57C;ьB0B8 48A5@B0FV9=>W @>1>B8 <0NBь O: B5>@5B8G=5, B0: V 

?@0:B8G=5 7=0G5==O. �87=0G5==O >A>1;82>AB59 5:A?@5AVW 4>238E =5:>4CNG8E $!�  

H19, TUG1, MIAT B0 GAS5 C IC@V2 40є @>7C<V==O 1V;ьH 3;81>:8E <>;5:C;O@=8E 

<5E0=V7<V2, O:V ;560Bь 2 >A=>2V VH5<VG=>3> CH:>465==O <V>:0@40. "B@8<0=V 40=V 

<>6CBь 1CB8 28:>@8AB0=V 4;O ?@>2545==O ?>40;ьH8E 4>A;V465=ь V7 

V=B5@D5@5=FVєN 01> =045:A?@5AVєN 707=0G5=8E 4>238E =5:>4CNG8E $!�. 

$57C;ьB0B8 48A5@B0FV9=>W @>1>B8 <>6CBь 1CB8 28:>@8AB0=V 4;O =0?8A0==O 

<5B>48G=>W, >A2VB=ь>W ;VB5@0BC@8 4;O =02G0;ь=8E 70:;04V2 <548G=>3> B0 

1V>;>3VG=>3> ?@>DV;N. �@V< B>3>, @57C;ьB0B8 @>1>B8 <>6CBь 1CB8 28:>@8AB0=V 4;O 

>1ґ@C=BC20==O <>6;82>3> 70AB>AC20==O V=D>@<0FVW ?@> 4>23V =5:>4CNGV $!� C 

:;V=VG=V9 ?@0:B8FV.  

$57C;ьB0B8 4>A;V465==O V7 287=0G5==O 5:A?@5AVW 4>238E =5:>4CNG8E $!� 

H19, MIAT, HIF1A-AS1, LIPCAR, MHRT C ?0FVє=BV2 V7 VH5<VG=>N E2>@>1>N 

A5@FO B0 C 74>@>28E ?0FVє=BV2 ?>E8;>3> 2V:C <>6CBь 1CB8 28:>@8AB0=V 4;O ?>HC:C 
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=>28E <0@:5@V2 4;O 4V03=>AB8:8 B0 ;V:C20==O A5@F52>-AC48==8E 70E2>@N20=ь. 

�V4><>ABV ?@> lncRNA H19 O: =570;56=>3> ?@548:B>@0 A<5@BV C >AV1 ?>E8;>3> 

2V:C, <>6CBь 1CB8 28:>@8AB0=V 4;O 287=0G5==O 3@C? @878:C A5@54 ;VB=VE ;N459.  

"A>18AB89 2=5A>: 74>1C20G0. �>;>2=0 V45O B0 70240==O 48A5@B0FV9=>3> 

4>A;V465==O AD>@<>20=V @07>< V7 ?>?5@54=V< =0C:>28< :5@V2=8:>< 4.<.=. �>A5=:> 

�V:B>@>< Є235=>28G5< B0 =0C:>28< :5@V2=8:>< :.1.=. ,8H �=65;>N 

 8E09;V2=>N. �2B>@>< ?@>2545=> 0=0;V7 ;VB5@0BC@8 B0 107 40=8E 4;O 281>@C 

=87:8 4>238E =5:>4CNG8E $!�, 5:A?@5AVO O:8E 287=0G0;0AO =0 

5:A?5@8<5=B0;ь=8E <>45;OE B0 C 4>1@>2>;ьFOE. �2B>@>< 1C;0 ?@>2545=0 >A=>2=0 

G0AB8=0 5:A?5@8<5=B0;ь=8E 4>A;V465=ь 4 0=>:AVO-@5>:A835=0FVO :C;ьBC@8 

:0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2, <>45;N20==O 3>AB@>3> V=D0@:BC <V>:0@40, 

VH5<VW-@5?5@DC7VW, 287=0G5==O 5:A?@5AVW 4>238E =5:>4CNG8E $!� C 2V4V1@0=8E 

7@07:0E. �2B>@>< 1C;0 ?@>2545=0 AB0B8AB8G=0 >1@>1:0 >B@8<0=8E @57C;ьB0BV2 B0 

=0?8A0=V 2AV @>74V;8 48A5@B0FV9=>W @>1>B8.  

�2B>@ 28A;>2;Nє ?>4O:C :>;530< V7 2V44V;C 7030;ь=>W B0 <>;5:C;O@=>W 

?0B>DV7V>;>3VW, O:V 4>?><030;8 C ?@>2545==V 4>A;V465=ь. %?V2CG0ABь :>;53 02B>@0 

1C;0 2V4<VG5=0 C A?V;ь=8E ?C1;V:0FVOE.  

�?@>10FVO @57C;ьB0BV2 48A5@B0FVW. "A=>2=V @57C;ьB0B8 B0 ?>;>65==O 
?@54AB02;5=V =0 B0:8E :>=D5@5=FVOE, A8<?>7VC<0E B0 :>=3@5A0E: 

- Khetsuriani M, Ioffe NO, Drevytska TI, Niekrasova VN, Dosenko VE. 

Expression of long non-coding RNAs HIF1A-AS1, LIPCAR, and MIAT under 

remote ischemic preconditioning in patients with coronary artery disease. XV 

IMBG all-Ukrainian Conference of Young Scientists with international 

participation. Biopolymers and Cell. 2021. Vol. 37. N 3. 3 P. 199. Kyiv 2021.  

- )5FC@V0=V  ., �@528Fь:0 &.�., !є:@0A>20 �."., �>A5=:> �.Є. �=0G5==O 

5:A?@5AVW 4>23>W =5:>4CNG>W $!� !19 ?@8 V=D0@:BV <V>:0@40. �1V@=8: 

<0B5@V0;V2 ��� =0C:>2>-?@0:B8G=>W :>=D5@5=FVW ABC45=BV2 B0 <>;>48E 2G5=8E 
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7 <V6=0@>4=>N CG0ABN «�V4 5:A?5@8<5=B0;ь=>W B0 :;V=VG=>W ?0B>DV7V>;>3VW 

4> 4>AO3=5=ь ACG0A=>W <548F8=8 B0 D0@<0FVW». 12 B@02=O, 2021, )0@:V2, 

':@0W=0. A. 170-172. 

- �>23V =5:>4CNGV $!� O: <0@:5@8 A5@F52>-AC48==8E 70E2>@N20=ь». 19-25 

25@5A=O, 2021, �ь2V2, ':@0W=0. 

- !є:@0A>20 �. ". )5FC@V0=V  ., �@528Fь:0 &. �. �>A5=:> �. Є. �?;82 

:C@:C<V=C =0 5:A?@5AVN 4>238E =5:>4CNG8E $!� H19, MIAT, MALAT1, 

HOTAIR 70 2?;82C 0=>:AVW/@5>:A835=0FVW. )�) <V6=0@>4=0 =0C:>20 

:>=D5@5=FVO ABC45=BV2 B0 <>;>48E 2G5=8E ",52G5=:V2Aь:0 25A=0: 

4>AO3=5==O 1V>;>3VG=>W =0C:8«». �1V@=8: B57. �8W2, 12-13 B@02=O, 2021. %. 

158-161.  

- Expression of long non-coding RNAs HIF1A-AS1, LIPCAR, and MIAT under 

remote ischemic preconditioning in patients with decompensated heart failure. 

Frontiers in CardioVascular Biomedicine 2020, Budapest. 

- �>23V =5:>4CNGV $!� C :0@4V>;>3VW: A?>4V20==O B0 @50;ь=VABь. #5@A?5:B828 

@>728B:C ?@>DV;0:B8G=>W B0 :;V=VG=>W <548F8=8, �8W2, 19 :2VB=O 2019 @>:C. 

%2.  

- �>23V =5:>4CNGV $!� ?@8 ?0B>;>3VW A5@FO: :;NG>2V @53C;OB>@8, 1V><0@:5@8 

G8 0@B5D0:B8? Kyiv Non-Coding Meeting 2018, Kyiv, Ukraine. 

- M. Khetsuriani, V. Dosenko. Long non coding RNAs in regulation of hypoxic 

program in heart. Journal of Molecular and Cellular Cardiology, Volume 120, 

Supplement, 2018, Page 45, ISSN 0022-2828, 

https://doi.org/10.1016/j.yjmcc.2018.05.135 

 #C1;V:0FVW. �0 B5<>N 48A5@B0FVW 1C;> >?C1;V:>20=> 15 @>1VB, 7 =8E 7 AB0B59. 
�2V AB0BBV >?C1;V:>20=V 2 6C@=0;0E, O:V 70 @59B8=3>< Scimago 2V4=5A5=V 4> 

https://doi.org/10.1016/j.yjmcc.2018.05.135
https://doi.org/10.1016/j.yjmcc.2018.05.135
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?5@H>3> B0 4@C3>3> :20@B8;V2 (Q1, Q2). +>B8@8 AB0BBV >?C1;V:>20=V 2 C:@0W=Aь:8E 

D0E>28E 2840==OE, 2V4=5A5=8E 4> =0C:>2>-<5B@8G=>W 1078 Scopus (Q4).  

 %B@C:BC@0 V >1'є< 48A5@B0FVW. �8A5@B0FVO =0?8A0=0 =0 141 AB>@V=FV 

4@C:>20=>3> B5:ABC B0 <VAB8Bь B0:V @>74V;8: ?5@5;V: C<>2=8E A:>@>G5=ь, 2ABC?, 

>3;O4 ;VB5@0BC@8, <0B5@V0;8 V <5B>48 4>A;V465==O, @57C;ьB0B8 4>A;V465==O B0 WE 

>13>2>@5==O, 0=0;V7 V C7030;ь=5==O @57C;ьB0BV2 4>A;V465==O, 28A=>2:8, A?8A>: 

28:>@8AB0=8E 465@5;, I> 2:;NG0є 2 A515 189 =09<5=C20=ь. �8A5@B0FV9=0 @>1>B0 

?@>V;NAB@>20=0 22 @8AC=:0<8.   
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$"���� 1 

"��/� ��&�$�&'$� 

1.1. �;0A8DV:0FVO, 2;0AB82>ABV B0 DC=:FVW 4>238E =5:>4CNG8E $!�  

1.1.1. �;0A8DV:0FVO 4>238E =5:>4CNG8E $!�  

�0 40=8<8 ?@>5:BC ENCODE, 80,4% 35=><C ;N48=8 ?@54AB02;5=V 35=0<8, 

I> B@0=A:@81CNBьAO, 7 =8E 7G8BCєBьAO V=D>@<0FVO C 283;O4V @81>=C:;5W=>2>W 

:8A;>B8 ($!�) [10]. #@8 Fь><C ?5@5206=0 1V;ьHVABь B@0=A:@8?B><C є 

=5:>4CNG>N. !0 35=8, I> 2V4?>2V40NBь 70 :>4C20==O <0B@8G=8E $!� (<$!�) 4;O 

A8=B57C ?>;V?5?B84V2 ?@8?040є =5 1V;ьH5 2% CAь>3> 35=><C [11]. 

�57>:A8@81>=C:;5W=>2C :8A;>BC (�!�), I> =5 2V4?>2V40є 70 :>4C20==O 1V;:V2, 

4>2389 G0A 22060;8 «A<VBBє2>N» [12]. #@>B5 7=0G=V CA?VE8 2 F0@8=V A5:25=C20==O 

B0 1V>V=D>@<0B8:8 70 >AB0==V 45AOB:8 @>:V2 A?@>AB>2CNBь F5 B25@465==O [13].   

#>?@8 B5, I> 1V;ьHVABь B@0=A:@8?BV2 є =5:>4CNG8<8, FV $!� 28:>=CNBь 

206;82V DC=:FVW [14]. %ь>3>4=V =5:>4CNGV $!� ?@89=OB> 4V;8B8 =0 42V 25;8:V 

3@C?8: <0;V =5:>4CNGV B0 4>23V =5:>4CNGV $!�. �>238<8 =5:>4CNG8<8 $!� 

(lncRNAs 4 Long Non-Coding RNAs) ?@89=OB> 22060B8 =5:>4CNGV 

@81>=C:;5W=>2V :8A;>B8, @>7<V@ O:8E ?5@528ICє 200 =C:;5>B84V2 [15]. �V>35=57 

lncRNAs ?>4V1=89 4> B0:>3> C <$!�. &@0=A:@8?FVO lncRNAs, O: V <$!�, 

70157?5GCєBьAO ?@><>B>@=8<8 5;5<5=B0<8, B@0=A:@8?FV9=8<8 D0:B>@0<8, 0 B0:>6 

?52=8<8 <>48DV:0FVO<8 3VAB>=>28E 1V;:V2 [16]. /: V <$!�, lncRNAs ?V440NBьAO 

A?;09A8=3C, 5’-:5?C20==N B0 3’-?>;V045=V;N20==N 4;O CB2>@5==O 7@V;8E D>@< 

<>;5:C; [17]. �V;ьHVABь ?@>2545=8E 4>A;V465=ь ?>:07CNBь, I> lncRNAs, 

=02V4<V=C 2V4 <$!�, :>@>BHV B0 <0NBь 7=0G=> <5=H5 5:7>=V2 [18-20]. &0:, 1;87ь:> 

42% CAVE lncRNAs <0NBь C A2>є<C A:;04V ;8H5 2 5:7>=8 [21]. �@V< B>3>, C 

lncRNAs, ?>@V2=O=> V7 <$!�, :>@>BH0 2V4:@8B0 @0<:0 7G8BC20==O (ORF 4 Open 

Reading Frame) B0 =86G89 @V25=ь 5:A?@5AVW [22-24].  
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 �>?>:8 =52V4><>, G8 CAV lncRNAs <0NBь 1V>;>3VG=V DC=:FVW. �@0E>2CNG8 F5, 

7030;ь=>?@89=OB>N є :;0A8DV:0FVO lncRNAs 70 WE=ь>N 35=><=>N ;>:0;V70FVєN 

lncRNAs (@8A. 1.1.1.).  

 

$8A. 1.1.1. �;0A8DV:0FVO lncRNAs 7 >3;O4C =0 WE 35=><=C ;>:0;V70FVN.  

1 3 V=B5@35==V lncRNAs; 2 3 V=B@>==V lncRNAs; 3 3 42>=0?@02;5=V lncRNAs; 4 3 

5=E0=A5@=V lncRNAs; 5 3 A<8A;>2V lncRNAs; 6 3 0=B8A<8A;>2V lncRNAs. 

 $>73;O=5<> >A=>2=V 2848 lncRNAs 2 70;56=>ABV 2V4 WE 35=><=>W ;>:0;V70FVW:  

1. �=B5@35==V lncRNAs 3 @>7B0H>2CNBьAO <V6 42><0 1V;>:-:>4CNG8<8 

35=0<8. *5 =091V;ьH @>7?>2AN465=89 284 4>238E =5:>4CNG8E $!� [25].  
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2. �=B@>==V lncRNAs 3 @>7B0H>20=V 2A5@548=V V=B@>=0 1V;>:-:>4CNG8E 35=V2 

[26]. 

3. �2>=0?@02;5=V lncRNAs 3 B@0=A:@81CNBьAO 70 CG0ABN 42>=0?@02;5=>3> 

?@><>B>@0, @>7<V@ O:>3> =5 ?5@528ICє 1 kb. &0:8< G8=><, 42>=0?@02;5=V 

lncRNAs B@0=A:@81CNBьAO C ?@>B8;56=><C =0?@O<:C 2V4 1V;>:-:>4CNG>3> 

B@0=A:@8?BC [27].  

4. �=E0=A5@=V lncRNAs 3 B@0=A:@81CNBьAO 7 5=E0=A5@=>W 4V;O=:8 35=><C [27]. 

5. %<8A;>2V lncRNAs - B@0=A:@81CNBьAO 7V A<8A;>2>3> ;0=FN30 1V;>:-

:>4CNG8E 35=V2 V <>6CBь ?5@5:@820B8 V=B@>=8, G0AB8=C 01> 25Aь 5:7>= [26, 

27]. 

6. �=B8A<8A;>2V lncRNAs - B@0=A:@81CNBьAO 7 0=B8A<8A;>2>3> ;0=FN30 

1V;>:-:>4CNG8E 35=V2 V <>6CBь ?5@5:@820B8 5:7>= 35=0 2 A<8A;>2><C 

;0=FN3C B0/01> V=B@>=8 [21, 26, 27]. 

 �0 @V2=5< B@0=A:@8?FV9=>W 0:B82=>ABV =091;ьH5 ?>4V1=V 4> <$!� є 

V=B5@35==V lncRNAs [28, 29]. �=B5@35==V lncRNAs ?@>O2;ONBь 1V;ьHC 

:>=A5@20B82=VABь, =V6 V=B@>=8 B0 0=B8A<8A;>2V B@0=A:@8?B8 [28, 29]. �@V< B>3>, WE 

5:A?@5AVO <0є 1V;ьHC B:0=8==C A?5F8DVG=VABь, ?>@V2=O=> V7 1V;>:-:>4CNG8<8 

35=0<8 [21, 28, 30].  

1.1.2. �;0AB82>ABV B0 DC=:FVW 4>238E =5:>4CNG8E $!�  

!0 2V4<V=C 2V4 <$!� B0 <V:@>$!�, lncRNAs <0NBь 2V4=>A=> =87ь:89 @V25=ь 

:>=A5@20B82=>ABV. !0 Aь>3>4=V 2V4><>, I> lncRNAs є 206;828<8 @53C;OB>@0<8 

1030Bь>E 1V>;>3VG=8E ?@>F5AV2 O: C A5@FV, AC48=0E, B0: V 2 V=H8E >@30=0E V 

B:0=8=0E [31]. � B>9 G0A, O: <V:@>$!�, O: 2V4><>, 7=86Cє 5:A?@5AVN 35=V2 

?5@5206=> H;OE>< V=4C:C20==O 453@040FVW <$!�, @53C;OFVO 5:A?@5AVW 35=V2 

4>238<8 =5:>4CNG8<8 $!� 2V41C20єBьAO H;OE>< 1V;ьH @V7=><0=VB=8E 

<5E0=V7<V2. $>73;O=5<> >A=>2=V DC=:FVW 4>238E =5:>4CNG8E $!�. 

LncRNAs O> E<7A4?ьAV @B?9>G?<. %83=0;ь=V lncRNAs @53C;NNBь 

B@0=A:@8?FVN 35=V2 C 2V4?>2V4ь =0 @V7=V 7>2=VH=V G8==8:8 B0 AB8<C;8 [27]. 
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/A:@028< ?@8:;04>< A83=0;ь=>W lncRNA є 4>230 =5:>4CNG0 $!� KCNQ1OT1. 

�>=0 @5:@CBCє <5B8;B@0=AD5@07C G9a B0 :><?;5:A PRC2, I> ?@872>48Bь 4> 

<5B8;N20==O ;V78=V2 !3�9 B0 !3�27 ($8A. 1.1.2.). &0:8< G8=>< 74V9A=NєBьAO 

A09;5=A8=3 35=V2, @>7B0H>20=8E O: 2 F8A- B0: V B@0=A-?>;>65==V [32, 33].  

 

$8A. 1.1.2.  5E0=V7< 4VW lmcRNAs. �. %83=0;ь=V <>;5:C;8. �.  >;5:C;O@=V 

?0AB:8. �. !02V30FV9=V <>;5:C;8. �. �=E0=A5@8. �. �40?B>@=V <>;5:C;8.  

LncRNAs O> @B?9>G?ODAV C4EF><. �>23V =5:>4CNGV $!� <>6CBь 72’O7C20B8AO 

7 D0:B>@0<8 B@0=A:@8?FVW, D5@<5=B0<8, I> 70;CG5=V 4> <>48DV:0FV9 E@><0B8=C, 0 

B0:>6 7 <V:@>$!�. "4=8< V7 OA:@028E B0:8E ?@8:;04V2 є lncRNA MALAT1 

(metastasis-associated lung adenocarcinoma transcript 1), O:0 <>65 72’O7C20B8AO 7 

A5@8=/0@3V=V=>28<8 D0:B>@0<8 A?;09A8=3C 2 V=B5@E@><0B8=>28E 3@0=C;0E. &0:8< 

G8=>< 74V9A=NєBьAO :>=B@>;ь 0;ьB5@=0B82=>3> A?;09A8=3C [34]. +8<0;> lncRNAs, 

I> DC=:FV>=CNBь O: <>;5:C;O@=V ?0AB:8, ?@54AB02;5=V V 2 @53C;OFVW ?0B>;>3VG=8E 

?@>F5AV2 C A5@F52>-AC48==V9 A8AB5<V. !0?@8:;04, lncRNA CHRF (Cardiac 

Hypertrophy-Related Factor) 28:>=Cє @>;ь <>;5:C;O@=>W 3C1:8 4;O miR-489. 

 VH5==N 4;O miR-489 є 35= 040?B>@=>3> 1V;:0 MyD88, O:89 704VO=89 4> @>728B:C 

3V?5@B@>DVW A5@F52>3> <'O70 ($8A. 1.1.2.) [35]. &0:8< G8=><, ?V428I5=0 5:A?@5AVO 
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lncRNA CHRF ?@872>48Bь 4> A5:25AB@0FVW miR-489, =0 D>=V G>3> 70?CA:0єBьAO 

B@0=A;OFVO MyD88, I> A?@8Oє @>728B:C 3V?5@B@>DVW.  

LncRNAs O> A46V74JV=AV @B?9>G?<. �>23V =5:>4CNGV $!� <>6CBь 72’O7C20B8AO 

7 0:B820B>@0<8 B0 @5?@5A>@0<8 5:A?@5AVW 35=V2, @5:@CBCNG8 CB2>@5=V 

@81>=C:;5>?@>B5W=>2V :><?;5:A8 4> ?@><>B>@V2 FV;ь>28E 35=V2. !0?@8:;04, 

lncRNA FENDRR CB2>@Nє :><?;5:A V7 PRC2 (polycombrepressive complex 2), I> 

72’O7CєBьAO V7 ?@><>B>@0<8 35=V2 FOXF1 B0 PITX2 B0 ?@83=VGCє 5:A?@5AVN F8E 

35=V2 [36]. *V:02>, I> lncRNA FENDRR <>65 B0:>6 72’O7C20B8AO V 7 1V;:0<8 

3@C?8 Trithorax, 0:B82CNGV 5:A?@5AVN 35=V2 ($8A. 1.1.2.) [36]. 

LncRNAs O> 9AI4AE9D<. �5O:V 4>23V =5:>4CNGV $!� 15@CBь CG0ABь C 

270є<>4VOE 5=E0=A5@C 7 ?@><>B>@><. *5 5=E0=A5@=V lncRNAs (elncRNAs), O:V 

4>A8Bь H8@>:> ?@54AB02;5=V 2 @53C;OFVW @>1>B8 A5@F52>-AC48==>W A8AB5<8 [27]. 

"4=8< V7 B0:8E ?@8:;04V2 є lncRNA mm85, O:0, 72’O7CNG8Aь 7 5=E0=A5@><, 

?>A8;Nє 5:A?@5AVN <$!� <V>:0@48=C ($8A. 2) [37]. !09G0ABVH5 elncRNAs 

157?>A5@54=ь> 270є<>4VNBь V7 ?@><>B>@=8<8 4V;O=:0<8 42>;0=FN3>2>W �!�, 

D>@<CNG8 B@8?;5:A8 [15].  

LncRNAs O> 484CFBDAV @B?9>G?<. �5O:V lncRNAs <>6CBь >4=>G0A=> 

72’O7C20B8AO 7 45:V;ь:><0 <>;5:C;O@=8<8 :><?;5:A0<8, I> 28ABC?0NBь 2 @>;V O: 

0:B820B>@V2, B0: V @5?@5A>@V2 B@0=A:@8?FVW 35=V2. *5 B0: 720==V A:0DD>;4 lncRNAs, 

>4=VєN V7 O:8E є lncRNA ANRIL (CDKN2B-AS1). LncRNA ANRIL @5:@CBCє 

:><?;5:A8 PRC1 B0 PRC2, I> ?@872>48Bь 4> A09;5=A8=3C ;>:CAC INK4b-ARF-

INK4a ($8A. 1.1.2.) [38]. LncRNA ANRIL 7304CєBьAO 2 O:>ABV 35=5B8G=>3> D0:B>@0 

@878:C :>@>=0@=>W E2>@>18 A5@FO [39]. �AB0=>2;5=>, I> 71V;ьH5==O 5:A?@5AVW 

lncRNA ANRIL ?>2’O70=5 V7 48ADC=:FVєN ;V2>3> H;C=>G:0 ?VA;O 3>AB@>3> 

V=D0@:BC <V>:0@40 [40]. 

�0@B> 2V47=0G8B8, I> 1V;ьHVABь 4>238E =5:>4CNG8E $!� <>6CBь ?@>O2;OB8 

@V7=V B8?8 DC=:FV>=0;ь=>W 0:B82=>ABV, I> 2 @57C;ьB0BV A?@8G8=Nє ?@83=VG5==O G8 

?>A8;5==O 5:A?@5AVW 35=V2. !0?@8:;04, lncRNA HOTAIR (HOX Transcript Antisense 
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RNA) 70 @V7=8E C<>2 28ABC?0є 2 @>;V O: A83=0;ь=>W <>;5:C;8, <>;5:C;O@=>W 

?0AB:8, B0: V =02V30FV9=>W $!� [41]. 

1.1.3. �=B5@0:B>< 4>238E =5:>4CNG8E $!�  

":@V< 270є<>4V9 V7 <V:@>$!� B0 1V;:0<8, 4>23V =5:>4CNGV $!� B0:>6 

270є<>4VNBь V7 V=H8<8 $!� (D>@<CNG8 4C?;5:A8) B0 =02VBь V7 �!� (D>@<CNG8 

B@8?;5:A8). $>73;O=5<> 1V;ьH 45B0;ь=> >A>1;82>ABV V=B5@0:B><C lncRNAs ($8A. 

1.1.3.). 

  

$8A. 1.1.3. &8?8 270є<>4V9 lncRNAs 7 V=H8<8 =C:;5W=>28<8 :8A;>B0<8 

В;4є@B8VW V; @V>DB �К F4 F9BDVO >BA>GD9AFA<I 9A8B79AA<I  �К. /: 2V4><>, 

<V:@>$!� <>6CBь 270є<>4VOB8 7 <0B@8G=8<8 $!� H;OE>< ?@8є4=0==O 4> 

A?5F8DVG=8E ?>A;V4>2=>AB59 <$!�, I> 72CBьAO MRE (miRNA responsive element) 

[42]. ' 2011 @>FV 1C;0 70?@>?>=>20=0 B5>@VO :>=:C@5=B=8E 5=4>35==8E $!� 

(ceRNA 3 competitive endogenous RNA) [43]. %CBь FVєW B5>@VW ?>;O30є 2 B><C, I> 
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=5:>4CNGV $!� B0 <V:@>$!� 2?;820NBь >48= =0 >4=>3>, D>@<CNG8 25;8G57=C 

<5@56C, I> @53C;Nє B@0=A;OFVN <0B@8G=8E $!�. �3V4=> FVєW B5>@VW <$!�, 

lncRNAs, F8@:C;O@=V $!�, B@0=A:@8?B8 ?A524>35=V2 B0 V=HV $!� <>6CBь 

:>=:C@C20B8 <V6 A>1>N 70 72’O7C20==O 7 <V:@>$!� [44]. #>2’O70=> F5 V7 B8<, I> 

@V7=V =5:>4CNGV $!� <>6CBь <0B8 >4=0:>2V MREs. &0:8< G8=><, 5=4>35==V 

:>=:C@5=B=V $!�, 270є<>4VNG8 V7 <V:@>$!� CB2>@NNBь 28A>:>>@30=V7>20=C 

@53C;OB>@=C <5@56C C B@0=A:@8?B><V. !0O2=VABь >4=0:>28E MREs C @V7=8E 

=5:>4CNG8E $!� 4>72>;Oє 7<V=N20B8 0:B82=VABь <V:@>$!�, I> 2 :V=F52><C 

@0EC=:C ?@872>48Bь 4> 7<V= C B@0=A;OFVW FV;ь>28E <$!� [45]. 

/A:@028< ?@8:;04><  ceRNA є lncRNA H19. �:7>= 1 35=C !19 :>4Cє 

<V:@>$!�-675-3p B0 <V:@>$!�-675-5p.  VH5=O<8 4;O >AB0==VE є <$!� 1V;:V2 

Smad1, Smad5 B0 Cdc6, O:V @53C;NNBь 48D5@5=FV0FVN B0 @535=5@0FVN A:5;5B=8E 

<'O7V2 [43, 46]. � V=H>3> 1>:C H19 28ABC?0є V O: ceRNA 4;O β-:0B5=V=C (>A:V;ь:8 

2V= B0:>6 є <VH5==N 4;O <V:@>$!�-675-3p B0 <V:@>$!�-675-5p), I> 0:B82Cє 

Wnt/β-:0B5=V=>289 A83=0;ь=89 H;OE [43, 47].  

В;4є@B8VW V; @ �К. $53C;OFVO B@0=A;OFVW <$!� 4>238<8 =5:>4CNG8<8 $!� 

74V9A=NєBьAO =5 BV;ь:8 G5@57 270є<>4VW V7 <V:@>$!�, 0 V H;OE>< ?@O<>W 270є<>4VW 

lncRNA-<$!�. LncRNAs <>6CBь 72’O7C20B8AO V7 :><?;5<5=B0@=8<8 4V;O=:0<8 

<$!�, 2?;820NG8 O: =0 AB01V;ь=VABь <$!�, B0: V =0 A?;09A8=3, V ?@>F5A8=3 <$!� 

[48]. 

�0@B> 707=0G8B8, I> ?5@5206=0 1V;ьHVABь V=D>@<0FVW ?@> 4C?;5:A8 lncRNA-

<$!� =04E>48Bь 7 @57C;ьB0BV2 1V>V=D>@<0FV9=>3> 0=0;V7C V =5 ?V4B25@465=0 

5:A?5@8<5=B0;ь=8<8 4>A;V465==O<8. #@8?CA:0єBьAO, I> 270є<>4VW 4>238E 

=5:>4CNG8E $!� V7 ?@5-<$!� 2V4V3@0NBь 206;82C @>;ь C 0;ьB5@=0B82=><C 

A?;09A8=3C. � >3;O4C =0 B5, I> 1V;ьH5 90% 35=V2 C ;N459 ?V440NBьAO 

0;ьB5@=0B82=><C A?;09A8=3C, 270є<>4VW lncRNA-<$!� <>6CBь 2V4V3@020B8 

25;8G57=C @>;ь C @>728B:C, DV7V>;>3VG=8E V ?0B>;>3VG=8E ?@>F5AV2 [48]. $53C;OFVO 

A?;09A8=3C 4>238<8 =5:>4CNG8<8 $!� 74V9A=NєBьAO 42><0 H;OE0<8: lncRNA 
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157?>A5@54=ь> 72’O7CєBьAO 7 <$!�, I> 1;>:Cє 71V@:C A?;09A>A><8, 01> 6 lncRNA 

270є<>4Vє V7 D0:B>@0<8 A?;09A8=3C, O: 73040=0 28I5 MALAT1, O:0 є <VH5==N 4;O 

A5@8=/0@3V=V=>28E D0:B>@V2 A?;09A8=3C [49-52]. 

(BD@G64AAO FD<C?9>EV6 lncRNA-Д�К. �>23V =5:>4CNGV $!� <>6CBь 

270є<>4VOB8 =5 BV;ь:8 V7 V=H8<8 $!�, 0 V 7 �!�, D>@<CNG8 B@8?;5:A8 lncRNA-

�!�. &0:V AB@C:BC@8 D>@<CNBьAO 70 @0EC=>: CB2>@5==O EC3ABV=V2Aь:8E ?0@. *5 

0;ьB5@=0B82=89 20@V0=B 72’O7C20==O =C:;5>B84V2 =5 70 :0=>=VG=>N, C>BA>=-

:@8:V2Aь:>N 270є<>4VєN. � 70;56=>ABV 2V4 >@Vє=B0FVW lncRNA 4> 

:><?;5<5=B0@=>3> ;0=FN30, B@8?;5:A8 lncRNA-�!� <>6CBь 1CB8 O: 

?0@0;5;ь=8<8, B0: V 0=B8?0@0;5;ь=8<8 [53]. 

�3040=0 28I5 lncRNA FENDRR @53C;Nє 5:A?@5AVN 35=V2 FOXF1 B0 PITX2 

O:@07 70 @0EC=>: D>@<C20==O B@8?;5:AC V7 ?@><>B>@=8<8 4V;O=:0<8 F8E 35=V2, 

?VA;O G>3> FENDRR @5:@CBCє :><?;5:A PRC2. /A:@028< ?@8:;04>< =5:>4CNG>W 

$!�, I> D>@<Cє B@8?;5:A8 є :0@4V>A?5F8DVG=0 lncRNA Khps1. �>=0 270є<>4Vє V7 

B@8?;5:A>D>@<CNG8< 3><>?C@8=>28< ;0=FN3>< ?@><>B>@C ADV=3>78=:V=078 1 

(SPHK1) B0 @5:@CBCє 3VAB>=0F5B8;B@0=AD5@07C p300/CBP. �F5B8;N20==O 

;V78=>28E 70;8H:V2 =0 3VAB>=0E D5@<5=B>< p300/CBP ?@872>48Bь 4> 72’O7C20==O 

B@0=A:@8?FV9=>3> D0:B>@0 E2F1, I> V ?>A8;Nє 5:A?@5AVN ADV=3>78=:V=078 SPHK1 

[54].  

1.2. $>;ь 4>238E =5:>4CNG8E $!� C DV7V>;>3VW A5@F52>-AC48==>W A8AB5<8 

!0@07V 265 V45=B8DV:>20=> @O4 :0@4V>A?5F8DVG=8E lncRNAs B0 >?8A0=V 

<>;5:C;O@=V <5E0=V7<8 WE DC=:FV>=C20==O. #@>F5A ?>HC:C =5:>4CNG8E $!�, I> 

5:A?@5ACNBьAO ?V4 G0A 5<1@V>35=57C A5@FO B0 70 @>728B:C ?52=8E 70E2>@N20=ь 

?@>4>26CєBьAO, V 22060єBьAO =04728G09=> A:;04=8< B0 <0AHB01=8< ?@>5:B>< 

A2VB>2>W =0C:>2>W A?V;ь=>B8. 

(C=:FV>=0;ь=5 7=0G5==O 45O:8E :0@4V>A?5F8DVG=8E lncRNAs 265 

2AB0=>2;5=5. !0@07V 1V;ьHVABь V45=B8DV:>20=8E :0@4V>A?5F8DVG=8E $!� >?8A0=V 
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4;O <8H59. �>:@5<0, 3;81>:89 0=0;V7 ?>A;V4>2=>AB59 =C:;5W=>28E :8A;>B A5@FO 

<8HV ?VA;O 3>AB@>3> V=D0@:BC <V>:0@40 4>72>;82 287=0G8B8 =>2V 

:0@4V>>A?5F8DVG=V lncRNAs, I> ?5@5206=> ?>2'O70=V 7 5=E0=A5@0<8 B0 

A?5F8DVG=8<8 >A>1;82>ABO<8 AB0=C E@><0B8=C [55].  

#>40;ьHV 4>A;V465==O 4>72>;8;8 28O28B8 1V>;>3VG=V DC=:FVW 

V45=B8DV:>20=8E lncRNAs. !0?@8:;04, 240;>AO 28O28B8 72'O7>: 45O:8E lncRNAs 7 

@V7=8<8 AB0=0<8 E@><0B8=C C :0@4V><V>F8B0E. �;O @O4C :0@4V>A?5F8DVG=8E 

lncRNAs 240;>AO >E0@0:B5@87C20B8 WE DC=:FV>=0;ь=C 0:B82=VABь O: =0 

B@0=A:@8?FV9=><C, ?>ABB@0=A:@8?FV9=><C, B0: V 5?V35=5B8G=><C @V2=OE. 

&0, =572060NG8 =0 ?>?C;O@=VABь lncRNAs, O: >1’є:BC 4>A;V465=ь 2?@>4>26 

>AB0==VE 10 @>:V2, DC=:FVW lncRNAs 2 A5@F52>-AC48==V9 4VO;ь=>ABV 2A5 I5 =5 

282G5=V. �V;ь:0 4>A;V465=ь 4>72>;8;8 >B@8<0B8 >?>A5@54:>20=V 4>:078 B>3>, I> 

lncRNAs @53C;NNBь <5B01>;V7< :0@4V><V>F8BV2, 3V?5@B@>DVN, 48D5@5=FVN20==O B0 

?@>;VD5@0FVN [36]. � 5=4>B5;V9=8E :;VB8=0E lncRNAs 15@CBь CG0ABь C @53C;N20==V 

<V3@0FVW B0 48D5@5=FV0FVW [56]. ' DV1@>1;0AB0E lncRNAs :>=B@>;NNBь AB@C:BC@C 

B5;><5@, 0 B0:>6 ?>2'O70=V 7 ?@>F5A0<8 AB0@V==O< [57]. !0@07V 4>AB5<5==> 

=52V4><>, G8 15@CBь CG0ABь lncRNAs C @53C;OFVW 70?0;5==O B0 DV1@>7C. $>73;O=5<> 

45B0;ь=VH5 @>;ь >:@5<8E :0@4V>A?5F8DVG=8E lncRNAs C @>728B:C A5@FO B0 

?0B>;>3VG=8E ?@>F5AV2 A5@F52>-AC48==>W A8AB5<8 (@8A. 1.2.1.).  

+8A;5==V 4>A;V465==O 5<1@V>=0;ь=8E AB>21C@>28E :;VB8= 45<>=AB@CNBь, 

I> lncRNAs 2V4V3@0NBь 206;82C @>;ь C :;VB8==V9 48D5@5=FV0FVW B0 :0@4V>35=57V. 

�C;> 28O2;5=> 1V;ьH5 1000 lncRNAs, 5:A?@5AVO O:8E ACBBє2> 7<V=8;0AO ?V4 G0A 

:;VB8==>W 48D5@5=FV0FVW [58]. #>40;ьH89 0=0;V7 B@0=A:@8?B><C 5<1@V>=0;ь=8E B0 

48D5@5=FV9>20=8E :;VB8= A5@FO <8H59 4>72>;82 V45=B8DV:C20B8 45:V;ь:0 

lncRNAs, I> 70;CG5=V 4> ?@>F5AC :;VB8==>W 48D5@5=FV0FVW B0 @>728B:C A5@F528E 



36

B:0=8=[59]. 

 

$8A. 1.2.1. $53C;OFVO A83=0;ь=8E H;OEV2 45O:8<8 4>238<8 =5:>4CNG8<8 

$!� C A5@F52>-AC48==V9 A8AB5<V.  �40?B>20=> [27].  

1.2.1. �>230 =5:>4CNG0 $!� BVHT B0 5<1@V>=0;ь=89 @>728B>: A5@FO  

�>230 =5:>4CNG0 $!� Braveheart (BVHT) 3 ?5@H0 7 V45=B8DV:>20=8E 

lncRNAs, I> ?@89<0є 157?>A5@54=N CG0ABь C :;VB8==V9 48D5@5=FV0FVW B0 @>728B:C 

A5@F528E B:0=8= C <8H59. �:A?@5AVO lncRNA BVHT 1C;0 4>A8Bь 25;8:>N ?V4 G0A 

5<1@V>=0;ь=>3> @>728B:C A5@FO. *V:02>, I> 703;CH5==O V=B5@D5@CNG8<8 $!� 

5:A?@5AVW FVєW lncRNA A?@8G8=Nє C?>2V;ь=5==O :0@4V>A?5F8DVG=>W 48D5@5=FV0FVW 

4 CB2>@NєBьAO 7=0G=> <5=H5 :0@4V><V>F8BV2,  O:V 740B=V A:>@>GC20B8AO [60]. 

�;O :0@4V>A?5F8DVG=>W 48D5@5=FV0FVW 2:@09 206;828< є 5:A?@5AVO 

B@0=A:@8?FV9=>3> D0:B>@C Mesp1, O:89 2V4V3@0є 206;82C @>;ь C @>728B:C 

<57>45@<8 A5@FO [61]. �8O2;OєBьAO, I> 5:A?@5AVO 35=C MESP B0 @O4C V=H8E 

:0@4V>A?5F8DVG=8E 35=V2 2V41C20єBьAO A0<5 70 CG0ABV lncRNA BVHT [62]. *O 

lncRNA 4Vє O: <>;5:C;O@=0 ?0AB:0 4;O :><?;5:AC 1V;:V2 PRC2, I> ?@872>48Bь 4> 

V=0:B820FVW >AB0==ь>3>. ' A2>N G5@3C V=0:B820FVO PRC2 0:B82Cє B@0=A:@8?FVN 

35=C MESP, 7024O:8 G><C 70?CA:0єBьAO =>@<0;ь=0 48D5@5=FV0FVO AB>21C@>28E 

:;VB8= C :;VB8=8 7 :0@4V>A?5F8DVG=8< D5=>B8?><. 
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1.2.2. $>;ь 4>238E =5:>4CNG8E $!� CARMEN B0 FENDRR C :;VB8==V9 
48D5@5=FV0FVW  

�>230 =5:>4CNG0 $!� CARMEN (cardiac mesoderm enhancer-associated non-

coding RNA) 2V4V3@0є 206;82C @>;ь O: @53C;OB>@0 :;VB8==>W 48D5@5=FV0FVW B0 

A?5FV0;V70FVW. $V25=ь 5:A?@5AVW CARMEN ACBBє2> ?V428I5=89 C :;VB8=0E-

?>?5@54=8:0E :0@4V><V>F8BV2 ;N48=8 ?V4 G0A WE 48D5@5=FV0FVW [63, 64]. CARMEN 

B@0=A:@81CєBьAO 2 157?>A5@54=V9 1;87ь:>ABV 2V4 206;82>3> 4;O @>728B:C A5@FO 

;>:CAC <V:@>$!� miR-143 B0 miR-145. LncRNA CARMEN 270є<>4Vє V7 

AC1>48=8FO<8 :><?;5:AC PRC2 3 SUZ12 B0 EZH2, I> 2:07Cє =0 <>6;82VABь 

@53C;OFVW 5:A?@5AVW FVєN =5:>4CNG>W $!�. �AB0=>2;5=>, I> =>:40C= CARMEN 

?@83=VGCє 48D5@5=FV0FVN :;VB8=-?>?5@54=8:V2 :0@4V><V>F8BV2 =570;56=> 2V4 

5:A?@5AVW miR-143 B0 miR-145 [63, 64]. 

-5 >4=0 lncRNA, I> 704VO=0 4> @>728B:C A5@F528E B:0=8= 3 FENDRR. *O 

=5:>4CNG0 $!� FV:020 B8<, I> 2>=0 <>65 270є<>4VOB8 O: @5?@5A>@0<8 (PRC2), 

B0: V 0:B820B>@0<8 5:A?@5AVW (1V;:8 3@C?8 Trithorax). LncRNA FENDRR 

5:A?@5ACєBьAO 2 B:0=8=0E ;0B5@0;ь=>W <57>45@<8, 45 @53C;Nє 0:B82=VABь 35=V2, I> 

2V4?>2V40NBь 70 A8=B57 B@0=A:@8?FV9=8E D0:B>@V2 Foxf1 B0 Pitx2, O:V є 206;828<8 

4;O :;VB8==>W 48D5@5=FV0FVW [36]. 

1.3. �=0G5==O 4>238E =5:>4CNG8E $!� C ?0B>;>3VW A5@FO B0 AC48= 

1.3.1. �>23V =5:>4CNGV $!� B0 VH5<VO <V>:0@40 

!5 482;OG8Aь =0 B>9 D0:B, I> ACG0A=V <5B>48:8 4V03=>AB8:8 B0 ;V:C20==O 

V=D0@:BC <V>:0@40 4>72>;8;8 ACBBє2> ?>:@0I8B8 O:VABь 68BBO B0 286820==O 

?0FVє=BV2, FO E2>@>10 2A5 I5 70;8H0єBьAO >4=VєN 7 >A=>2=8E ?@8G8= A<5@B=>ABV C 

A2VBV [65]. �82G5==O <5E0=V7<V2 @>728B:C VH5<VW B0 3>AB@>3> V=D0@:BC <V>:0@40 

?@>4>26CєBьAO 4>AV. �>:@5<0, V45=B8DV:>20=> @O4 4>238E =5:>4CNG8E $!�, 

5:A?@5AVO O:8E 7<V=NєBьAO 70 C<>2 VH5<VG=>W E2>@>18 A5@FO. 

ДB674 A9>B8GNK4  �К ANRIL. �0 4>?><>3>N 1V>V=D>@<0B8G=8E <5B>4V2 

4>A;V465==O 240;>AO 2AB0=>28B8 72'O7>: <V6 ;>:CA>< INK4 B0 @878:>< @>728B:C 
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:>@>=0@=8E 70E2>@N20=ь A5@FO, 2 B><C G8A;V V V=D0@:BC <V>:0@40. *59 ;>:CA 

2V4V3@0є 206;82C @>;ь C @53C;N20==V :;VB8==>3> F8:;C B0 :;VB8==>3> @>ABC. ' 

;>:CAV INK4 @>7B0H>20=V 35=8-AC?@5A>@8 ?CE;8= CDKN2A B0 CDKN2B, 0 B0:>6 

lncRNA ANRIL (Antisense Noncoding RNA in the INK4 Locus) [66]. !0 Aь>3>4=V 

240;>AO V45=B8DV:C20B8 45:V;ь:0 ;V=V9=8E B0 F8@:C;O@=8E V7>D>@< lncRNA 

ANRIL, O:V A?5F8DVG=> 5:A?@5ACNBьAO C ?52=8E B:0=8=0E B0 70 ?52=8E C<>2 

(7>:@5<0, ?@8 E2>@>10E A5@F52>-AC48==>W A8AB5<8). 

�AB0=>2;5=>, I> lncRNA ANRIL є >4=8< V7 @53C;OB>@V2 :;VB8==>W 

?@>;VD5@0FVW, E>G0 <5E0=V7< B0:>W @53C;OFVW 4>?>:8 =5 2AB0=>2;5=> [67]. LncRNA 

ANRIL 3 $!�, I> F8@:C;Nє C :@>2V, V 71V;ьH5==O WW :>=F5=B@0FVW C :@>2V 

A?>AB5@V30єBьAO ?@8 48ADC=:FVW ;V2>3> H;C=>G:0 A5@FO [68]. ' Fь><C 6 

4>A;V465==V 1C;8 >?8A0=V V V=HV lncRNAs, :>=F5=B@0FVO O:8E C F8@:C;NNGV9 :@>2V 

71V;ьHCєBьAO ?@8 V=D0@:BV <V>:0@40. *5 lncRNAs MIAT (Myocardial Infarction3

Associated Transcript) B0 MALAT1 [68]. �@V< B>3>, ?>:070=>, I> 71V;ьH5==O 

F8@:C;NNG>W lncRNA ANRIL B0:>6 A?>AB5@V30єBьAO C ?0FVє=BV2 7V AB5=>:0@4VєN B0 

VH5<VG=>. E2>@>1>N A5@FO [69, 70].  

ДB67V A9>B8GNKV  �К Mirt1 F4 Mirt2. �>A;V465==O <>45;V 3>AB@>3> V=D0@:BC 

<V>:0@40 =0 <8H0E 4>72>;8;8 28O28B8 @O4 4>238E =5:>4CNG8E $!�, @V25=ь 

5:A?@5AVW O:8E 7<V=NєBьAO 70 @V7=8E C<>2. "4=8<8 7 =091V;ьH FV:028E 2 Fь><C 

@0:C@AV 28O28;8AO Mirt1 B0 Mirt2 (Myocardial infarction3associated transcript  1 B0 2) 

[71-75]. $V25=ь 5:A?@5AVW F8E lncRNAs 4>AO30є A2>3> ?V:C G5@57 24 3>48=8 ?VA;O 

V=D0@:BC <V>:0@40, 0;5 G5@57 48 3>48= 3 ?>25@B0єBьAO 4> 1070;ь=>3> @V2=O 

5:A?@5AVW. &0:V :>;820==O 5:A?@5AVW Mirt1 B0 Mirt2 A2V4G0Bь ?@> WE=є 70;CG5==O 4> 

?0B>;>3VG=89 ?@>F5A. #>:070=>, I> @V25=ь Mirt1 B0 Mirt2 :>@5;Nє 7 @V2=5< 

5:A?@5AVW 35=V2, O:V 2?;820NBь =0 72>@>B=5 @5<>45;N20==O ;V2>3> H;C=>G:0, I> 

2:07Cє =0 ?@>B5:B82=V 2;0AB82>ABV F8E =5:>4CNG8E $!�. �>A;V465==O Mirt1 B0 

Mirt2 ?>:07CNBь <>6;82>ABV WE B5@0?52B8G=>3> 28:>@8AB0==O, 0;5 3><>;>3V2 F8E 

$!� C ;N459 ?>:8 I> =5 7=0945=>. 
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ДB674 A9>B8GNK4  �К ZFAS1. ZFAS1 (Zinc finger antisense 1) 3 

:0@4V>A?5F8DVG=0 4>230 =5:>4CNG0 $!�, :>=F5=B@0FVO O:>W C :@>2V @V7:> 

7=86CєBьAO C ?0FVє=BV2 V7 V=D0@:B>< <V>:0@40 [76]. LncRNA ZFAS1 B0:>6 

5:A?@5ACєBьAO C IC@V2. �AB0=>2;5=>, I> 5:A?@5AVO ZFAS1 7@>AB0є C 

?>H:>465=><C <V>:0@4V B20@8= ?@>BO3>< 48 3>48= ?VA;O V=D0@:BC. #>BV< 

5:A?@5AVO ZFAS1 @V7:> 7=86CєBьAO ?@>BO3>< 1-2 B86=V2 [77]. �AB0=>2;5=>, I> 

ZFAS1 270є<>4Vє V7 miR-150 B0 28ABC?0є 2 O:>ABV <>;5:C;O@=>W 3C1:8 4;O 

>AB0==ь>W. !>:40C= ZFAS1 01> =045:A?@5AVO miR-150 C?>2V;ь=N20;8 7=865==O 

68BBє740B=>ABV :0@4V><V>F8BV2 B0 7<5=HC20;8 ?>H:>465==O A5@F52>3> <’O7C C 

IC@V2 ?@>BO3>< B86=O ?VA;O V=D0@:BC <V>:0@40 [78]. 

ДB674 A9>B8GNK4  �К APF. �0=V I>4> @>;V 0CB>D03VW ?@8 VH5<VG=><C 

?>H:>465==V <V>:0@40 є AC?5@5G;828<8. /: 2V4><>, ?52=89 @V25=ь 0CB>D03VW ?@8 

VH5<VW <0є :0@4V>?@>B5:B82=89 5D5:B [78], 0;5 7 V=H>3> 1>:C =0:>?8G5==O 

0CB>D03>A>< C :0@4V><V>F8B0E 71V;ьHCє 28@>3V4=VABь :;VB8==>W A<5@BV, 7>:@5<0 

?@8 ?>AB-VH5<VG=V9 @5?5@DC7VW [79]. "4=VєN V7 lncRNAs, I> 28ABC?0є 2 O:>ABV 

@53C;OB>@0 0CB>D03VW, є APF (autophagy-promoting factor), @V25=ь O:>W 7@>AB0є ?V4 

G0A VH5<VW-@5?5@DC7VW. APF є <>;5:C;O@=>N 3C1:>N 4;O miR-188-3p. &0:8< G8=><, 

71V;ьH5==O 5:A?@5AVW APF ?@872>48Bь 4> 7=865==O @V2=O miR-188-3p B0 

71V;ьH5==O 5:A?@5AVW 35=C ATG7 (35=-<VH5=ь 4;O  miR-188-3p), I> є V=VFV0B>@>< 

0CB>D03VW [80]. � >3;O4C =0 @>;ь APF B0 miR-188-3p, >1842V FV $!� @>73;O40NBьAO 

2 O:>ABV ?>B5=FV9=8E <VH5=59 4;O B5@0?VW. 

ДB67V A9>B8GNKV  �К HIF1A-AS1 B0 HIF1A-AS2. HIF1A-AS1 B0 HIF1A-AS2 3 

0=B8A5=A-B@0=A:@8?B8 4;O <$!� D0:B>@C, I> V=4C:CєBьAO 3V?>:AVєN 4 HIF-1³. 

�AB0=>2;5=>, I> @V25=ь 5:A?@5AVW HIF1A-AS2 (B0:>6 2V4><0 O: aHIF) C ?;07<V 

:@>2V 71V;ьHCєBьAO ?@8 A5@F52V9 =54>AB0B=>ABV, 0 B0:>6 ?@8 V=D0@:BV <V>:0@40 

[68]. �V@>3V4=>, I> V HIF1A-AS1 B0:>6 <0є A515 ?>2>48B8 0=0;>3VG=>. 
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1.3.2. 'G0ABь 4>238E =5:>4CNG8E $!� C @>728B:C 3V?5@B@>DVW A5@FO 

�V?5@B@>DVO <V>:0@40 є A?>G0B:C 040?B82=>N @50:FVєN =0 =020=B065==O 01> 

?5@520=B065==O >@30=C 704;O ?V4B@8<0==O A5@F52>3> 28:84C. /: 1C4ь-O:89 

:><?5=A0B>@=89 <5E0=V7<, 3V?5@B@>DVO <V>:0@40 <0є ?52=89 4V0?07>= 040?B0FVW V 70 

?>ABV9=>3> =020=B065==O =0 A5@F5 A?@8G8=Nє ?>3V@H5==O <V:@>F8@:C;OFVW, 

B:0=8==C 3V?>:AVN, 703815;ь :0@4V><V>F8BV2 B0 70<VI5==O A:>@>B;828E 5;5<5=BV2 

DV1@>7=>N B:0=8=>N V7 @>728B:>< A5@F52>W =54>AB0B=>ABV. � ?>O2>N 28A>:>B>G=8E 

<5B>4V2 0=0;V7C ?>A;V4>2=>ABV $!� 1C;> ?@>2545=> @O4 4>A;V465=ь 4;O 282G5==O 

@>;V lncRNAs ?@8 3V?5@B@>DVW <V>:0@40. �;O 45O:8E lncRNAs 2AB0=>2;5=V 

<>;5:C;O@=V <5E0=V7<8 WE ?@>- G8 0=B83V?5@B@>DVG=8E 2;0AB82>AB59. 

ДB674 A9>B8GNK4  �К CHRF. CHRF (cardiac hypertrophy related factor) 3 

4>230 =5:>4CNG0 $!�, O:0 28ABC?0є 2 @>;V <>;5:C;O@=>W 3C1:8 4;O miR-489. 

#>:070=>, I> 71V;ьH5==O 5:A?@5AVW CHRF A?@8Oє @>728B:C 3V?5@B@>DVW <V>:0@40, V 

<>;5:C;O@=89 <5E0=V7< B0:>W 2V4?>2V4V ?>2’O70=89 7V A?>=68=3>< miR-489, 4;O 

O:>W <VH5==N є 35= F8B>7>;ь=>3> 040?B>@=>3> 1V;:0 MyD88. &0:8< G8=><, 

=045:A?@5AVO CHRF ?@872>48Bь 4> ?>A8;5==O 5:A?@5AVW 35=0 MyD88, O:89 2V4V3@0є 

>4=C V7 :;NG>28E @>;59 C @>728B:C A5@F52>W 3V?5@B@>DVW [81]. 

ДB674 A9>B8GNK4  �К Chaer. �>A;V465==O 5:A?@5AVW @V7=8E =5:>4CNG8E 

$!� 28O28;8 1V;ьH5 20 lncRNAs, ?@>DV;ь 5:A?@5AVW O:8E 707=0202 ACBBє28E 7<V= 2 

<>45;V 3V?5@B@>DVW A5@FO C <8HV [82]. %5@54 =8E Chaer 3 :0@4V0;ь=89, 

0A>FV9>20=89 7 3V?5@B@>DVєN 5?V35=5B8G=89 @53C;OB>@ (Cardiac Hypertrophy-

Associated Epigenetic Regulator), O:89 <>65 157?>A5@54=ь> 270є<>4VOB8 7 

:0B0;VB8G=>N AC1>48=8F5N :><?;5:AC PRC2, B8< A0<8< V=3V1CNG8 <5B8;N20==O 

;V78=C 27 3VAB>=C H3 C ?@><>B>@=8E 4V;O=:0E 35=V2, I> 15@CBь CG0ABь C 

3V?5@B@>DVW A5@FO, V, B0:8< G8=><, A?@8Oє @>728B:C Fь>3> ?0B>;>3VG=>3> 

?@>F5AC[82].  

#>@O4 7 V=H8<8 lncRNAs, I> 270є<>4VNBь 7 PRC2, B0:V O:  Fendrr B0 Bvht, 

O:V, O: 1C;> ?>:070=>, є 206;828<8 2 5?V35=5B8G=V9 @53C;OFVW ?V4 G0A @>728B:C 
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A5@FO, Chaer B0:>6 є 5?V35=5B8G=>N @53C;OB>@=>N lncRNA.  �=0:B820FVO Chaer 2 

<>65 1CB8 B5@0?52B8G=>N <5B>48:>N ?@8 ?0B>;>3VG=><C @5<>45;N20==V, 

7C<>2;5=><C 3V?5@B@>DVG=>N :0@4V><V>?0BVєN [82].  

ДB674 A9>B8GNK4  �К LncRNA Chast. Chast (Cardiac Hypertrophy-Associated 

Transcript) 3 4>230 =5:>4CNG0 $!�, I> 0A>FV9>20=0 7 3V?5@B@>DVєN A5@FO. *O $!� 

?@>O2;Oє F8A-@53C;NNGC 0:B82=VABь AB>A>2=> 35=C, I> @>7B0H>20=89 =0 

?@>B8;56=><C ;0=FN3C - Plekhm1 (Pleckstrin homology domain-containing protein 

family M member 1). � 5:A?5@8<5=BV =0 <8H0E 2AB0=>2;5=>, I> @V25=ь 5:A?@5AVW 

Chast 71V;ьHCєBьAO =0 4-13 B86=V ?VA;O >?5@0FVW V7 =0:;040==O< ;V30BC@8 =0 0>@BC 

7 ?V:>< 5:A?@5AVW =0 6 B86=V [83]. #V:>20 5:A?@5AVO 3><>;>30 Chast C ;N48=8 B0:>6 

A?>AB5@V30єBьAO ?@8 3V?5@B@>DVW A5@FO, I> 1C;> ?>:070=> =0 B:0=8=0E A5@FO 

?0FVє=BV2 7 0>@B0;ь=8< AB5=>7>< [83]. 

-> AB>ACєBьAO <>;5:C;O@=>3> <5E0=V7<C 4VW FVєW $!�, B> 1C;> ?>:070=>, I> 

Chast  =530B82=> @53C;Nє Plekhm1. $V25=ь 5:A?@5AVW  Plekhm1 1C2 <V=V<0;ь=89 

A0<5 =0 6-><C B86=V ?VA;O >?5@0FVW 72C65==O 4C38 0>@B8. /: 2V4><>, Plekhm1 

7=86Cє @V25=ь 0CB>D03VW, I> 2 A2>N G5@3C ?@872>48Bь 4> V=B5=A8DV:0FVW ?@>F5AV2 

@5<>45;N20==O <V>:0@4C [84]. 

ДB674 A9>B8GNK4  �К ROR. ROR 3 I5 >4=0 lncRNA, @V25=ь 5:A?@5AVW O:>W 

ACBBє2> ?V428ICєBьAO ?@8 <>45;V V=D0@:BC B0 3V?5@B@>DVW <V>:0@40 C <8H59, 0 

B0:>6 C :C;ьBC@V :0@4V><V>F8BV2 7 4>4020==O< D5=V;5D@8=C. �AB0=>2;5=>, I> 

A09;5=A8=3 ROR 7=86Cє @V25=ь 3V?5@B@>DVW :0@4V><V>F8BV2, V=4C:>20=>W 

D5=V;5D@8=><. 

 >;5:C;O@=89 <5E0=V7< 4VW ROR ?>2’O70=89 V7 B8<, I> FO lncRNA є 

<>;5:C;O@=>N ?0AB:>N 4;O miR-133 [85]. � >4=><C 7 4>A;V465=ь 1C;> 

?@>45<>=AB@>20=>, I> 4;O miR-133 VA=CNBь 42V <VH5=V: RhoA 3 ��(-�&( 

>1<V==89 1V;>:, 70;CG5=89 4> @53C;OFVW A5@F52>W 3V?5@B@>DVW; Cdc42, I> 28ABC?0є 

2 @>;V 0=B83V?5@B@>DVG=>3> <>;5:C;O@=>3> ?5@5<8:0G0. &0:8< G8=><, 71V;ьH5==O 

5:A?@5AVW miR-133 ?@872>48Bь 4> 7<5=H5==O @>7<V@V2 :0@4V><V>F8BV2, 0 B0:>6 4> 
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7=865==O 5:A?@5AVW 35=V2, 70;CG5=8E 4> @>728B:C 3V?5@B@>DVW. �<5=H5==O 5:A?@5AVW 

miR-33 (2 B><C G8A;V, V=4C:>20=5 71V;ьH5==O< 5:A?@5AVW ROR) ?@872>48Bь 4> 

72>@>B=>3> 5D5:BC. &0:8< G8=><, ROR, 28ABC?0NG8 2 @>;V <>;5:C;O@=>W 3C1:8 

4;O miR-133, ?@>O2;Oє ?@>3V?5@B@>DVG=V 2;0AB82>ABV [86]. 

ДB674 A9>B8GNK4  �К MIAT. !0 <8H0GV9 <>45;V B0 C :;VB8=0E H9c2 @V25=ь 

5:A?@5AVW lncRNA  MIAT (Myocardial Infarction3Associated Transcript) ACBBє2> 

7@>AB02 70 C<>2 3V?5@B@>DVW, V=4C:>20=>W 0=3V>B5=78=>< II. � V=H>3> 1>:C, 

?@83=VG5==O 5:A?@5AVW MIAT 7<5=HCє @V25=ь A5@F52>W 3V?5@B@>DVW 28:;8:0=>W 

AngII, 0 B0:>6 5:A?@5AVN 35=V2 ?5@54A5@4=>3> =0B@V9C@5B8G=>3> 3>@<>=C (ANP), 

=0B@V9C@5B8G=>3> ?5?B84C B8?C � (ANB) B0 35=C 206:8E ;0=FN3V2 β-<V>78=C (β-

MHC). �AB0=>2;5=>, I> ?V4 G0A @>728B:C 3V?5@B@>DVW MIAT 4Vє O: 3C1:0 4;O miR-

150. !045:A?@5AVO MIAT ?@872>48Bь 4> ACBBє2>3> 7=865==O @V2=O miR-150 C 

:;VB8=0E H9c2. � A2>N G5@3C =045:A?@5AVO miR-150 7=86Cє @V25=ь 5:A?@5AVW 

<0@:5@=8E 35=V2 A5@F52>W 3V?5@B@>DVW [87]. 

#>:070=>, I> MIAT 28ABC?0є 2 O:>ABV <>;5:C;O@=>W 3C1:8 =5 BV;ь:8 4;O 

miR-150, 0 9 4;O miR-93, @V25=ь 5:A?@5AVW O:>W B0:>6 7<5=HC202AO C :C;ьBC@V 

:;VB8= 7 4>4020==O< AngII.  VH5==N 4;O miR-93 28ABC?0є TLR4 (Toll-like receptor 

4). &0:8< G8=><, MIAT 71V;ьHCє 5:A?@5AVN TLR4, I> 2 A2>N G5@3C A?@8Oє 

@>728B:C 3V?5@B@>DVW. � >4=><C 7 4>A;V465=ь ?>:070=>, I> TLR4 A?@8Oє @>728B:C 

3V?5@B@>DVW H;OE>< 71V;ьH5==O @V2=O D0:B>@V2 70?0;5==O B0 7<5=H5==O 

?@>B870?0;ь=8E F8B>:V=V2 [88]. �@V< B>3>, ?>:070=>, I> 4> TLR4->?>A5@54:>20=>W 

3V?5@B@>DVW A5@FO B0:>6 70;CG5=89 V PI3K/Akt/mTOR A83=0;ь=89 H;OE [89]. 

ДB674 A9>B8GNK4  �К H19. LncRNA H19 є >4=VєN V7 ?5@H8E >?8A0=8E 

4>238E =5:>4CNG8E $!�. !19 704VO=0 4> @53C;OFVW 1030Bь>E DV7V>;>3VG=8E B0 

?0B>;>3VG=8E ?@>F5AV2 C A5@F52>-AC48==V9 A8AB5<V, B><C 2V4=5AB8 WW 4> O:>3>Aь 

:>=:@5B=>3> 70E2>@N20==O G8 ?@>F5AC =5<>6;82>. 

-> AB>ACєBьAO A5@F52>W 3V?5@B@>DVW, B> 2AB0=>2;5=>, I> !19 є ?@5:C@A>@>< 

4;O miR-675, I> ?@83=VGCє 3V?5@B@>DVN :0@4V><V>F8BV2. !045:A?@5AVO !19 2545 4> 
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71V;ьH5==O 5:A?@5AVW V miR-675-3@, I> ?@872>48Bь 4> 7<5=H5==O @>7<V@C 

:0@4V><V>F8BV2 B0 7<5=H5==O 5:A?@5AVW <$!� 35=V2, 70;CG5=8E 4> 3V?5@B@>DVW 

A5@FO. �>A;V465==O V7 28:>@8AB0==O< ;NF8D5@07=>3> @5?>@B5@=>3> 35=C 

?>:070;>, I> <VH5==N 4;O miR-675-3@ 28ABC?0є <$!� CaMKII· 

(:0;ьFV9/:0;ь<>4C;V= 70;56=0 ?@>B5W=:V=070 II·). &0:8< G8=><, A09;5=A8=3 miR-

675-3@ ?@872>48Bь 4> 71V;ьH5==O 5:A?@5AVW CaMKII· B0, 2V4?>2V4=>, 71V;ьH5==O 

@V2=O A5@F52>W 3V?5@B@>DVW [90]. 

1.4. 'G0ABь 4>238E =5:>4CNG8E $!� C 48ADC=:FVW :;VB8= 5=4>B5;VN V 3;045=ь:8E 
<’O7V2 AC48= 

�0A:C;O@=5 @5<>45;N20==O, I> ?5@5206=> E0@0:B5@87CєBьAO 48ADC=:FVєN 

AC48==8E 5=4>B5;V9=8E :;VB8= B0 ?@>;VD5@0FVєN 3;045=ь:8E <'O7V2 AC48=, BVA=> 

?>2'O70=5 7 G8A;5==8<8 ?0B>;>3VG=8<8 ?@>F5A0<8, B0:8<8 O: 0B5@>A:;5@>7, 

0B5@>B@><1>7 V7 @>728B:>< 3>AB@>3> V=D0@:BC <V>:0@40. /: 28O28;>AO, lncRNA 

15@CBь CG0ABь C @53C;OFVW @5<>45;N20==O AC48=. 

1.4.1. �>23V =5:>4CNGV $!� MALAT1 V TGFB2-OT1 B0 48ADC=:FVO :;VB8= 
5=4>B5;VN 

�AB0=>2;5=>, I> 5:A?@5AVO lncRNA MALAT1 (Metastasis-Associated Lung 

Adenocarcinoma Transcript 1) 28A>:0 C :;VB8=0E 5=4>B5;VN, B0 ACBBє2> 

71V;ьHCєBьAO ?@8 3V?>:AVW. #@83=VG5==O 5:A?@5AVW MALAT1 70 4>?><>3>N 30?<5@V2 

?@872>48Bь 4> V=3V1C20==O ?@>;VD5@0FVW 5=4>B5;V0;ь=8E :;VB8=. �0?<5@8 - F5 

0=B8A<8A;>2V >;V3>=C:;5>B848, O:V 5D5:B82=> 30;ь<CNBь A?5F8DVG=V O45@=V 

<VH5=V. &0:>6 ?@>45<>=AB@>20=>, I> D0@<0:>;>3VG=5 ?@83=VG5==O 5:A?@5AVW 

MALAT1 70 4>?><>3>N 30?<5@V2 7<5=HCє 2V4=>2;5==O :@>2>B>:C B0 IV;ь=VABь 

:0?V;O@V2 ?@8 VH5<VW 704=VE :V=FV2>:. �=3V1C20==O MALAT1 B0:>6 ?@872>48Bь V 4> 

7=865==O 5:A?@5AVW @O4C 35=V2, 70;CG5=8E 4> @53C;OFVW :;VB8==>3> F8:;C [91]. 

#>:070=>, I> lncRNA TGFB2-OT1 (TGFB2 Overlapping Transcript 1) 

70;CG5=0 4> ?@>F5AV2, ?>2’O70=8E 7 48ADC=:FVєN 5=4>B5;V9=8E :;VB8=. TGFB2-

OT1 2 HUVECs (5=4>B5;V0;ь=V :;VB8=8 ?C?>28=8 ;N48=8) <>65 @53C;N20B8 
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@V25=ь miR-3960, miR-4459 V miR-4488, 0 ?>BV< @53C;N20B8 5:A?@5AVN <VH5=59 

F8E <V:@>$!�, B0:8E O: CERS1, NAT8L B0 LARP1, 7 O:8E NAT8L V CERS1 <>6CBь 

1@0B8 CG0ABь C 0CB>D03VW, @53C;NNG8 <VB>E>=4@V0;ь=C DC=:FVN. �V;ьH5 B>3>, 

=04<V@=0 5:A?@5AVO TGFB2-OT1 <>65 V=4C:C20B8 ?@>4C:FVN IL-6 B0 IL-8 C 

:;VB8=0E 5=4>B5;VN, I> 2:07Cє =0 B5, I> TGFB2-OT1 <>65 28:;8:0B8 70?0;5==O 

[92]. 

1.4.2. �>230 =5:>4CNG0 $!� LincRNA-p21 2 ?@>;VD5@0FVW :;VB8= 3;045=ь:8E 
<’O7V2 AC48= 

�AB0=>2;5=>, I> 5:A?@5AVO lincRNA-p21 ACBBє2> 7=865=0 2 B20@8==V9 <>45;V 

0B5@>A:;5@>7C. $V25=ь  lincRNA-p21 7=86CєBьAO 2 0B5@>A:;5@>B8G=8E 1;OH:0E 

ApoE (-/-) <8H59. #>:070=>, I> lincRNA-p21 <>65 ?@83=VGC20B8 ?@>;VD5@0FVN 

:;VB8= 3;045=ь:8E <’O7V2 AC48= B0 V=4C:C20B8 0?>?B>7 in vitro. 

�@V< B>3>, 1C;> ?V4B25@465=>, I> lincRNA-p21 є ?5@A?5:B82=>N 

B@0=A:@8?FV9=>N <VH5==N 4;O p53. #>:070=>, I> V=3V1C20==O  lincRNA-p21 

?@872>48Bь 4> 7<V=8 5:A?@5AVW 35=V2-<VH5=59 @53. �:A?@5AVO lincRNA-p21 1C;0 

7=0G=> 7=865=0 2 B:0=8=0E :>@>=0@=>W 0@B5@VW ?0FVє=BV2 V7 70E2>@N20==O< 

:>@>=0@=8E 0@B5@V9. *V 40=V 28A2VB;8;8 206;82C @>;ь V 2V4?>2V4=89 <5E0=V7< 

lincRNA-p21 2 0=3V>35=57V [93].   

1.5. �>23V =5:>4CNGV $!� 2 4V03=>AB8FV B0 B5@0?VW A5@F52>-AC48==8E 70E2>@N20=ь 

1.5.1. �>23V =5:>4CNGV $!� O: 1V><0@:5@8 A5@F52>-AC48==8E 70E2>@N20=ь 

%ь>3>4=V 6202> >13>2>@NєBьAO V45O AB2>@5==O ?5@A>=0;V7>20=>W A5@F52>-

AC48==>W <548F8=8. �>?>:8 4>ABC?=V V=AB@C<5=B8 B0 <5B>48 2A5 I5 =5 

4>72>;ONBь 2?@>2048B8 B0:C ?@0:B8:C, V 282G5==O <>;5:C;O@=8E <5E0=V7<V2 

28=8:=5==O A5@F52>-AC48==8E ?0B>;>3V9 <>65 ACBBє2> ?>:@0I8B8 O:VABь =5 BV;ь:8 

B5@0?VW A5@F528E ?0B>;>3V9, 0;5 9 4V03=>AB8:8. 

*8@:C;NNGV 1V><0@:5@8 7=0G=> ?>:@0I8;8 4V03=>AB8:C @O4C A5@F528E 

70E2>@N20=ь. �V>EV<VG=V V <>;5:C;O@=V ?>:07=8:8 ?@>3@5AC20==O 70E2>@N20=ь 
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?>;53HCNBь 4;O ;V:0@O ?@>F5A ?@89=OBBO @VH5=ь B0 4>72>;OBь V=482V4C0;ь=> 

?V4E>48B8 4> <548G=>3> >1A;C3>2C20==O. �C;> 28O2;5=> 45:V;ь:0 ?5?B84=8E 

1V><0@:5@V2, O:V 70@07 28:>@8AB>2CNBьAO 4;O 4V03=>AB8:8 A5@F528E 70E2>@N20=ь. 

$>7@>1;5=V =0 >A=>2V $!� 4V03=>AB8G=V 0=0;V78, O:V A?>G0B:C 107C20;8Aь =0 

?@>DV;V 5:A?@5AVW <$!�, 0 73>4>< V F8@:C;NNG8E <V:@>$!�, 28:>@8AB>2CNBьAO  

O: 1V><0@:5@8, I> <0NBь 25;8:89 ?>B5=FV0; 4;O ?5@A>=0;V7>20=>W <548F8=8 [94]. 

%?5F8DVG=0 5:A?@5AVO lncRNAs ?@8 ?52=8E ?0B>;>3VG=8E AB0=0E =02>48Bь =0 

4C<:C, I> FV <>;5:C;8 B0:>6 <>6CBь 1CB8 28:>@8AB0=V 2 O:>ABV 1V><0@:5@V2 4;O 

A5@F52>-AC48==8E 70E2>@N20=ь. 

�8:>@8AB0==O V7>?@>B5@5=>;C 4;O AB2>@5==O <8H0G>W 5:A?5@8<5=B0;ь=>W 

<>45;V A5@F52>W =54>AB0B=>ABV 45<>=AB@Cє, I> 5:A?@5AVO 32 lncRNAs 7<V=NєBьAO 

?@8 A5@F52V9 =54>AB0B=>ABV =5 BV;ь:8 C B:0=8=0E A5@FO, 0;5 V 2 7@07:0E :@>2V B0 

?;07<8 [95]. *5 4>A;V465==O ?V4B25@46Cє 4C<:C ?@> B5, I> :@>2 є @575@2C0@><  

4;O 4>238E =5:>4CNG8E $!�, O:V <>6CBь 1CB8 28:>@8AB0=V O: 1V><0@:5@8 A5@F52>-

AC48==8E 70E2>@N20=ь, >A>1;82> 7 >3;O4C =0 B5, I> lncRNAs ?@8ACB=V 2 

5:7>A><0E, >B@8<0=8E 7 ?;07<8. 

�>A;V465==O @V2=O MT-LIPCAR (<VB>E>=4@V0;ь=>W lncRNA, O:0 2:07Cє =0 

@5<>45;N20==O A5@FO ?VA;O V=D0@:BC <V>:0@40 B0 A<5@BV C E2>@8E 7 A8AB>;VG=>N 

A5@F52>N =54>AB0B=VABN) C ?;07<V 1C;0 ?5@H8< 4>:07>< B>3>, I> lncRNAs 2 

?;07<V :@>2V <>6CBь 1CB8 28:>@8AB0=V O: 1V><0@:5@8 ?@>3=>7C A5@F52>-AC48==8E 

70E2>@N20=ь [96]. 

#@>DV;V 5:A?@5AVW lncRNAs C :;VB8=0E :@>2V B0:>6 ?>:070;8 <>6;82VABь 

28:>@8AB0==O WE C O:>ABV 1V><0@:5@V2. $V2=V HIF1A-AS2, KCNQ1OT1 B0 MALAT1 

1C;8 ?V428I5=V, B>4V O: @V25=ь 5:A?@5AVW ANRIL 1C2 7=865=89 C ;N459 7 

V=D0@:B>< <V>:0@4C 2 ?>@V2=O==V 7V 74>@>28<8 ;N4ь<8. �@V< B>3>, ANRIL, 

KCNQ1OT1, MALAT1 B0 MIAT 1C;8 ?5@542VA=8:0<8 48ADC=:FVW ;V2>3> H;C=>G:0 

?VA;O V=D0@:BC <V>:0@40.  �06;82>, I> ANRIL B0 KCNQ1OT1 70;8H0;8AO 
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AB01V;ь=8<8 <0@:5@0<8 48ADC=:FVW ;V2>3> H;C=>G:0 2 1030B>28<V@=><C 0=0;V7V B0 

70157?5GC20;8 4>40B:>2C ?@>3=>AB8G=C FV==VABь [68]. 

!0 Aь>3>4=V 4>23V =5:>4CNGV $!� 265 @>73;O40NBьAO 2 O:>ABV 206;828E 

DC=:FV>=0;ь=8E <>;5:C; 2 @>728B:C A5@F52>-AC48==>W A8AB5<8 B0 A5@F52>-

AC48==8E 70E2>@N20=ь, V, >B65, є ?>B5=FV9=8<8 B5@0?52B8G=8<8 <VH5=O<8, 0;5 

=5>1EV4=V ?>40;ьHV 4>A;V465==O, I>1 ?@>45<>=AB@C20B8 WE 28:>@8AB0==O 2 O:>ABV 

1V><0@:5@V2. !5>1EV4=> 2AB0=>28B8, G8 є F8@:C;NNGV 4>23V =5:>4CNGV $!� 

AB01V;ь=8<8. �=:@5<5=B=5 7=0G5==O 4>238E =5:>4CNG8E $!� =0 4>40B>: 4> 

=0O2=8E <0@:5@V2 I5 4>2545BьAO >FV=8B8. �@V< B>3>, =5>1EV4=> 287=0G8B8 

;>:0;V70FVN lncRNAs C ?;07<0B8G=8E :><?0@B<5=B0E, =570;56=> 2V4 B>3>, G8 2>=8 

0:B82=> A5:@5BCNBьAO, G8 <>6CBь 4VOB8 O: ?0@0:@8==V <54V0B>@8. 

!0 =0HC 4C<:C, FV==VABь lncRNAs O: 4V03=>AB8G=8E <0@:5@V2 C 28A>:V9 

V=D>@<0B82=>ABV F8E <>;5:C; 265 =0 ?>G0B:C ?0B>;>3VG=8E 7<V=, O:V =5 <>6CBь 

1CB8 287=0G5=8<8 70 4>?><>3>N =0O2=8E ;01>@0B>@=8E B0 V=AB@C<5=B0;ь=8E 

4>A;V465=ь. � >3;O4C =0 25;8G57=C :V;ь:VABь lncRNAs, H8@>:89 A?5:B@ WE DC=:FV9, 

0 B0:>6 >A=>2=V ?>;>65==O< B5>@VW <%2VBC $!�=, <>6=0 ?@8?CAB8B8, I> 7<V=8 2 

5:A?@5AVW A0<5 =5:>4CNG8E $!� є ?5@H8< 040?B82=8< :@>:><, 70 O:8< 265 945 

;0=FN6>: V=H8E ?5@5B2>@5=ь.  

1.5.2. �>23V =5:>4CNGV $!� O: <VH5=V 4;O B5@0?VW 

#@8 @>73;O4V B5@0?52B8G=>3> ?>B5=FV0;C =>2>W 3@C?8 1V>;>3VG=8E @5G>28=, 

B0:8E O: 4>23V =5:>4CNGV $!�, =5>1EV4=> 28@VH8B8 45O:V 206;82V ?8B0==O. /:0 

B>G=0 1V>;>3VG=0 @>;ь F8E 4=$!� C :>6=><C A5@F52><C 01> AC48==><C 

70E2>@N20==V? +8 <>6=0 D0@<0:>;>3VG=> ?@83=VGC20B8 01> V<VBC20B8 WE DC=:FVN, 

V G8 157?5G=> F5 @>18B8? /:V <>6CBь 1CB8 =5A?@8OB;82V =0A;V4:8 70;56=> 2V4 WE 

DC=:FVW 2 V=H8E >@30=0E? /:0 =09:@0I0 <>45;ь in vivo G8 in vitro 4;O ?@>2545==O 

4>:;V=VG=8E 4>A;V465=ь, B0 O: FV 40=V <>6CBь 1CB8 V=B5@?@5B>20=V B0 70AB>A>20=V 

=0 ;N4Aь:><C >@30=V7<V? 
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->1 <0B8 4>40B:>2C B5@0?52B8G=C FV==VABь ?@8 ;V:C20==V A5@F52>-AC48==8E 

70E2>@N20=ь =0 4>40B>: 4> VA=CNG>3> 30;ь<C20==O =59@>3C<>@0;ь=>W 0:B820FVW, 

=>289 ;V:0@Aь:89 ?@5?0@0B =0 107V lncRNAs ?>28=5= 1CB8 A?@O<>20=89  =0 

A?5F8DVG=V <>;5:C;O@=V ?@>F5A8, B0:V O: 70?0;5==O, 0=3V>35=57, DV1@>7 G8 

:;VB8==89 @VAB. "G5284=>, I> 2 F8E ?@>F5A0E V=482V4C0;ь=V lncRNAs <0NBь 

2V4<V==V 1V>;>3VG=V DC=:FVW, V, >B65, ?@83=VG5==O WE DC=:FV9 <>65 ?V425AB8 2G5=8E 

4> ?>HC:C =>28E <5B>4V2 ;V:C20==O A5@F52>-AC48==8E 70E2>@N20=ь. 

�=3V1C20==O lncRNAs <>65 1CB8 4>AO3=CB> 7 28:>@8AB0==O< 30?<5@V2, O:V 

G0AB> 28:>@8AB>2CNBьAO 4;O 1;>:C20==O DC=:FVW lncRNAs. �5B5@>4C?;5:A8 $!�-

�!�, CB2>@5=V ?VA;O ?>A;V4>2=>-A?5F8DVG=>3> 72'O7C20==O 0=B8A<8A;>28E 

>;V3>=C:;5>B84V2 7 WE=ь>N B0@35B=>N lncRNAs, @>7I5?;NNBьAO D5@<5=B>< 

$!�07>N !. "AB0==O є D5@<5=B><, I> 7CAB@VG0єBьAO O: C O4@V, B0: V 2 F8B>?;07<V 

2AVE :;VB8=, V 3V4@>;V7Cє $!� $!�-�!� 35B5@>4C?;5:AV2. &0:8< G8=><, 30?<5@8 

<>6=0 @>73;O40B8 C O:>ABV  ?>BC6=8E V=3V1VB>@V2 lncRNAs [97]. 

 #5@H =V6 V=3V1C20==O lncRNAs C B5@0?52B8G=8E FV;OE 4;O ;N459 <>65 

AB0B8 @50;ь=VABN, =5>1EV4=> 2V4?>2VAB8 =0 45O:V ?8B0==O. /:5 ?>є4=0==O 30?<5@V2 

=09:@0I5, I>1 >B@8<0B8 4>AB0B=V9 @V25=ь WE ?@>=8:=>ABV C B:0=8=8 V :;VB8=8? 

!0A:V;ь:8 B0:V 70E>48 є 157?5G=8<8, V O:89  ?5@V>4 =0?V2282545==O B0:8E 

?@5?0@0BV2? +8 є 0;ьB5@=0B828 4;O 30?<5@V2, B0:V O: 0?B0<5@8 (>4=>;0=FN3>2V 

�!� 01> <>;5:C;8 ?5?B84V2, O:V <>6CBь 72'O7C20B8AO 7 <>;5:C;O@=8<8 <VH5=O<8, 

B0:8<8 O: 1V;:8 7 28A>:>N A5;5:B82=VABN B0 A?>@V4=5=VABN)? /:V WE =5A?@8OB;82V 

=0A;V4:8? � V=H>3> 1>:C, O:I> 2@0EC20B8, I> 4>23V =5:>4CNGV $!�, O: <V:@>$!�, 

B0:>6 <>6CBь ?@>O2;OB8 70E8A=V 2;0AB82>ABV 2V4 @>728B:C 70E2>@N20==O, G8 

<>6;82> 4>AO3B8 <V<V:@VW DC=:FVW lncRNAs? � 40=89 G0A V<VB0FVO DC=:FVW 

=5:>4CNG8E $!� in vivo 70;8H0єBьAO A:;04=>N V =54>AO3=CB>N <5B>N 2 $!�-

B5@0?VW. 

 >6;82VABь 28:>@8AB0==O lncRNAs 2 O:>ABV <VH5=59 4;O B5@0?VW A5@F52>-

AC48==8E 70E2>@N20=ь 2?5@H5 1C;0 ?@54AB02;5=0 =0 B20@8==8E <>45;OE 
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0=3V>35=57C B0 :;VB8==>3> @>ABC. �>:@5<0, 1C;> 2AB0=>2;5=>, I> A09;5=A8=3 

Malat1 7=86Cє :0?V;O@=89 @VAB =5 BV;ь:8 ?@8 VH5<VW 704=VE :V=FV2>: C <8H59 [91], 

0;5 V C IC@V2 ?@8 4V015B8G=V9 @5B8=>?0BVW [98].   

�=3V1C20==O V=B5@35==>W lncRNA-@21 A?@8Oє CB2>@5==N =5>V=B8<8 C <8H59 7 

=>:0CB>20=8< Apoe 35=>< ?@8 CH:>465==V A>==8E 0@B5@V9 [93]. $5?@5AVO Mhrt C 

A5@FV <8HV ?@872>48Bь 4> ?@>3@5AC20==O A5@F52>W 3V?5@B@>DVW B0 V=D0@:BC 

<V>:0@40, 0 2V4=>2;5==O 5:A?@5AVW 4> =>@<0;ь=>3> @V2=O 70?>1V3;> @>728B>: 

:0@4V><V>?0BVW [99]. !572060NG8 =0 4>AB>2V@=V 40=V ?@> CG0ABь 28I573040=8E 

=5:>4CNG8E $!� C DV7V>;>3VG=8E V ?0B>;>3VG=8E ?@>F5A0E, 4>?>:8 4>A;V465==O =0 

B20@8=0E I5 =5 28O28;8 O2=>3> B5@0?52B8G=>3> ?>B5=FV0;C 4>238E =5:>4CNG8E 

$!� ?@8 A5@F52>-AC48==8E 70?0;ь=8E ?@>F5A0E 01> ?@8 DV1@>7V. 

"?8A0=V 28I5 @57C;ьB0B8 1C;8 >B@8<0=V 2 <>45;OE 3@87C=V2 7 :>@5;OFVєN 

40=8E =0 @V25=ь 5:A?@5AVW C A5@FV G8 :@>2V C ;N459, ?>2'O70=8E 7 ?@>3@5AC20==O< 

70E2>@N20==O. �@0E>2CNG8 B5, I> 4>23V =5:>4CNGV $!�, =0 2V4<V=C 2V4 4>1@5 

:>=A5@20B82=8E <V:@>$!�, A;01:> 715@V30NBь A2>N :>=A5@20B82=VABь <V6 @V7=8<8 

2840<8, 5:AB@0?>;OFVO @57C;ьB0BV2 =0 B20@8==8E <>45;OE 4> ;N48=8 є 

=04728G09=> A:;04=>N. �8:>@8AB0==O 2V4?>2V4=8E :;VB8==8E ;V=V9 ;N48=8, 3D ex 

vivo :C;ьBC@ @V7=8E A5@F528E :;VB8=  <>65 4>?><>3B8 ?>4>;0B8 FV >1<565==O C 

28I573040=8E 4>A;V465==OE. �45=B8DV:0FVO A?5F8DVG=8E 4;O ;N48=8 lncRNAs, 

;N4Aь:8E >@B>;>3V2, 7=0945=8E C 3@87C=V2, 01> lncRNAs, I> 1C;8 5:A?@5A>20=V ?V4 

G0A 48D5@5=FV0FVW 5<1@V>=0;ь=8E AB>21C@>28E :;VB8= C :0@4V><V>F8B0E, є 

:;NG>28< 4;O ?>40;ьH>3> ?>HC:C B5@0?52B8G=8E ?@5?0@0BV2 =0 >A=>2V 4>238E 

=5:>4CNG8E $!� C ;N459. !5 482;OG8Aь =0 B5, I> 72'O7>: <V6 4>238<8 

=5:>4CNG8<8 $!� B0 A5@F52>-AC48==8<8 70E2>@N20==O<8 2:07Cє =0 B5, I> 

lncRNAs <>6CBь 1CB8 =>28<8 B5@0?52B8G=8<8 <VH5=O<8, 1030B> 70240=ь B0 

?8B0=ь 70;8H0NBьAO 2V4:@8B8<8, ?5@H =V6 ?>AB02;5=C <5BC <>6=0 1C45 4>AO3B8. 
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��.  �&�$���� �  �&"�� 

 �>A;V465==O, =02545=V C 48A5@B0FV9=V9 @>1>BV, ?@>2>48;8AO =0 ?5@28==V9 

:C;ьBC@V :0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2, IC@0E-A0<FOE ;V=VW Wistar 2V:>< 6 

<VAOFV2, 203>N 280-320 3.  'AV 5:A?5@8<5=B8 =0 B20@8=0E ?@>2>48;8AO 7 

C@0EC20==O< <V6=0@>4=8E ?@8=F8?V2 Є2@>?59Aь:>W :>=25=FVW ?@> 70E8AB B20@8=, 

O:V 28:>@8AB>2CNBьAO 4;O 5:A?5@8<5=B0;ь=8E FV;59 (%B@0A1C@3, 1986) B0 

?>;>65==O<8 �><VB5BC 7 1V>5B8:8 �=AB8BCBC DV7V>;>3VW V<. ".". �>3><>;ьFO !�! 

':@0W=8.  

 �7OBBO 1V>;>3VG=>3> <0B5@V0;C ?0FVє=BV2 =5 AC?5@5G8Bь >A=>2=8< 

?>;>65==O< GCP, �>=25=FVW $048 Є2@>?8 ?@> ?@020 ;N48=8 B0 1V><548F8=8, 

�5;ьAV=Aь:>W 45:;0@0FVW �A5A2VB=ь>W <548G=>W 0A>FV0FVW ?@> 5B8G=V ?@8=F8?8 

?@>2545==O =0C:>28E <548G=8E 4>A;V465=ь 70 CG0ABN ;N48=8 V �0:>=C ':@0W=8 

«#@> ;V:0@Aь:V 70A>18» B0 ?>;>65==O< �><VAVW 7 ?8B0=ь 5B8:8 ?@8 �' 

«!0FV>=0;ь=89 V=AB8BCB A5@F52>-AC48==>W EV@C@3VW V<5=V  . . �<>A>20» !� ! 

':@0W=8».  

2.1. �V>V=D>@<0FV9=89 ?>HC: B0 1078 40=8E  

 �V4?>2V4=V lncRNAs 4;O 5:A?5@8<5=BV2 ?V418@0;8 H;OE>< >?@0FN20==O 

;VB5@0BC@8 B0 0=0;V7C V=D>@<0FVW C =87FV 107 40=8E 4;O =5:>4CNG8E $!�. %5@54 

B0:8E 4 NONCODE, DeepBase V2.0, DeepBase V3.0, DIANA-LncBase, 

LncRNADisease V.3.0 B0 HDncRNA [100-108].  

2.2. #5@28==0 :C;ьBC@0 :0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2  

�;O 284V;5==O B0 :C;ьB82C20==O :0@4V><V>F8BV2 28:>@8AB>2C20;8 <5B>48:C, 

>?8A0=C 2 465@5;0E [109, 110]. !5>=0B0;ь=8E IC@V2 2V:>< 4> 48 3>48= C<5@B2;O;8 

H;OE>< F5@2V:0;ь=>W 48A;>:0FVW. +5@57 ?>74>26=V9 @>7@V7 3@C4=>W :;VB:8 2840;O;8 

A5@F5 B0 2V4>:@5<;N20;8 H;C=>G:8. ,;C=>G:8 ?@><820;8 C 1CD5@=><C @>7G8=V, 

I> <VAB82 20 <<>;ь/; HEPES, 5,4 <<>;ь/; KCl, 116,4 <<>;ь/; NaCl, 5,5 <<>;ь/; 

3;N:>78, 0,4 <<>;ь/; Na2HPO4 B0 0,4 <<>;ь/; K2HPO4. #>4@V1=5=V H;C=>G:8 

?V44020;8 D5@<5=B0B82=><C @>7I5?;5==N 70 <5B>48:>N Reinecke et al [111] C 
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A5@54>28IV, O:5 <VAB8;> 1,75 <3 :>;035=078 �� B8?C B0 3 <3 ?0=:@50B8=C =0 5 <; 

@>7G8=C. �;VB8=8 @5ACA?5=4C20;8 C A5@54>28IV 4;O :C;ьB82C20==O, I> 

A:;040;>AO 7 DMEM, A5@54>28I0 199 (A?V22V4=>H5==O DMEM/199 4 4:1), 8% 

B5;OG>W A8@>20B:8, 4,2 <<>;ь/; Na2CO3, 15 <<>;ь/; HEPES B0 0=B81V>B8:V2 (100 

<:3/<; AB@5?B><VF8=C, 0,05 <3/<; 35=B0<VF8=C, 100 "�/<; ?5=VF8;V=C). #VA;O 

D0@1C20==O 0,2% @>7G8=>< B@8?0=>2>3> A8=ь>3> ?V4@0E>2C20;8 :;VB8=8 70 

4>?><>3>N A2VB;>2>W <V:@>A:>?VW. �C;ьB82C20==O B@820;> ?@>BO3>< 24 3>48= ?@8 

37°C C 307>2V9 AC<VHV 7 5% CO2 B0 95% 0B<>AD5@=>3> ?>2VB@O. 

2.3. �>4020==O 4> :C;ьBC@8 :;VB8= V=3V1VB>@0 HIF-?@>;V;3V4@>:A8;078  

�C;ьB82>20=V =5>=0B0;ь=V :0@4V><V>F8B8 IC@V2 1C;8 >1@>1;5=V V=3V1VB>@>< 

HIF-?@>;V;3V4@>:A8;078 (2,4-4V5B8;?V@848=48:0@1>:A8;0B, C11H13NO4, Alexis 

Biochemicals, ,259F0@VO), @>7G8=5=8< 2 5B0=>;V, ?VA;O 24 3>48= :C;ьB820FVW C 

:V=F52V9 :>=F5=B@0FVW 2,5 <:  [112].  

2.4.  >45;ь 0=>:AVW-@5>:A835=0FVW :C;ьBC@8 :0@4V><V>F8BV2 =5>=0B0;ь=8E 
IC@V2  

�=>:AVN-@5>:A835=0FVN <>45;N20;8 C 42>E @568<0E: :>@>B:><C B0 

4>23><C. �;O :>@>B:>W 0=>:AVW :;VB8=8 05@C20;8 157:8A=52>N 307>2>N AC<VHHN 

(5% CO2 B0 95% Ar) ?@>BO3>< 30 E28;8=, ?VA;O G>3> 70<V=N20;8 6828;ь=5 

A5@54>28I5 B0 :C;ьB82C20;8 WE 70 28EV4=8E C<>2 ?@>BO3>< 60 E28;8= 4;O 

@5>:A835=0FVW. �;O 4>23>W 0=>:AVW B@820;VABь 157:8A=52>W 05@0FVW AB0=>28;0 60 

E28;8=, 0 @5>:A835=0FVO 3 24 3>48=8 [113]. �C;> 7V1@0=> ?> 8 :>=B@>;ь=8E B0 

5:A?5@8<5=B0;ь=8E 7@07:V2 4;O :>6=>3> @568<C. 

2.5. �87=0G5==O =5:@>B8G=8E B0 0?>?B>B8G=8E :;VB8=  

�V;ь:VABь 6828E, =5:@>B8G=8E B0 0?>?B>B8G=8E :;VB8= 287=0G0;8 70 

4>?><>3>N D0@1C20==O :0@4V><V>F8BV2 1VA-15=78<V4>< (Hoechst 33342) B0 

9>484>< ?@>?V4VC<C (:>=F5=B@0FVO 8,75 <:<>;ь/;) [114]. #V4@0EC=>: 6828E B0 

<5@B28E :;VB8= 74V9A=N20;8 70 4>?><>3>N D;C>@5AF5=B=>W <V:@>A:>?VW (Nikon 

Eclipse E200, /?>=VO). 
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2.6. �@C?8 B20@8=  

 �;O 28:>=0==O 5:A?5@8<5=B0;ь=8E <>45;59 1C;> 28:>@8AB0=> 35 IC@V2 ;V=VW 

Wistar 2V:>< 6 <VAOFV2 B0 <0A>N 280-320 3. �;O <>45;N20==O V=D0@:BC <V>:0@40 9 

IC@V2 1C;> 70;CG5=> 4> 3@C?8 V7 C4020=>N >?5@0FVєN, 0 9 4 4> 

5:A?5@8<5=B0;ь=>W. #@8 <>45;N20==V VH5<VW-@5?5@DC7VW 9 IC@V2 1C;> 70;CG5=> 4> 

5:A?5@8<5=B0;ь=>W 3@C?8, 0 8 4 4> 3@C?8 V7 C4020=>N >?5@0FVєN. &20@8= 

282>48;8 V7 5:A?5@8<5=BC H;OE>< =0@:>B870FVW C@5B0=>< V7 @>7@0EC=:C 1,5 3/1 :3 

<0A8. #VA;O Fь>3> 28;CG0;8 D@03<5=B <V>:0@4C B0 ?;07<C :@>2V 4;O ?>40;ьH8E 

4>A;V465=ь.  

2.7.  >45;ь V=D0@:BC <V>:0@40  

&20@8= =0@:>B87C20;8 2=CB@VH=ь>>G5@52=8< 22545==O< :5B0<V=C C 4>7V 8 

<3/100 3. ,BCG=C 25=B8;OFVN ;535=ь 74V9A=N20;8 G5@57 V=BC10FVN B@0E5W ?VA;O 

>1@>1:8 3>@B0=V 2% @>7G8=>< ;V4>:0W=C. ,�� ?@>2>48;8 G5@57 B@0E5>AB><C 70 

4>?><>3>N 0?0@0BC Harvard (�5;8:>1@8B0=VO) ?@8 G0AB>BV 60 48E0;ь=8E F8:;V2 70 

E28;8=C B0 48E0;ь=><C >1’є<V 3 <;/100 3 <0A8 BV;0.  

�>ABC? 4> A5@FO >B@8<C20;8 G5@57 G5B25@B5 <V6@515@’O 7 4V03>=0;ь=8< 

@>7B8=>< H:V@8 2V4 <5G>?>4V1=>3> 2V4@>AB:0 4> A5@54=ь>W 0:AV;O@=>W ;V=VW B0 

@>72545==O< 3@C4=8E <’O7V2. #VA;O @>7B8=C ?5@8:0@4C =0:;040;8 ;V30BC@C =0 

AB>21C@ ;V2>W :>@>=0@=>W 0@B5@VW ($8A. 2.7.1.) [115, 116]. +5@57 4 B86=V 7=V<0;8 

:0@4V>35<>48=0<VG=V ?>:07=8:8 70 4>?><>3>N Millar tip Catheter (USA) B0 1@0;8 

1V>;>3VG=89 <0B5@V0;. 
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$8A. 2.7.1. %E5<0B8G=5 7>1@065==O 5:A?5@8<5=BC V7 =0:;040==O< ;V30BC@8 

=0 ;V2C =8AEV4=C :>@>=0@=C 0@B5@VN. �40?B>20=> [116].  

2.8.  >45;ь VH5<VW-@5?5@DC7VW <V>:0@40  

�>ABC? 4> ;V2>W =87EV4=>W :>@>=0@=>W 0@B5@VW 74V9A=N20;8 0=0;>3VG=> <>45;V 

V=D0@:BC <V>:0@40 ($8A. 2.7.1.). &20@8= =0@:>B87C20;8 2=CB@VH=ь>>G5@52=8< 

22545==O< C@5B0=C C 4>7V 1,5 3/:3. ,�� ?@>2>48;8 G5@57 B@0E5>AB><C 70 

4>?><>3>N 0?0@0BC Harvard (�5;8:>1@8B0=VO) ?@8 G0AB>BV 60 48E0;ь=8E F8:;V2 70 

E28;8=C B0 48E0;ь=><C >1’є<V 3 <;/100 3 <0A8 BV;0.  

�V30BC@C =0:;040;8 =0 AB>21C@ ;V2>W =87EV4=>W :>@>=0@=>W 0@B5@VW =0 40 E2 

(VH5<VO), ?>BV< 7=V<0;8 =0 120 E2 (@5?5@DC7VO). '4020=C >?5@0FVN 28:>=C20;8 

=0:;040==O< H>2=>3> <0B5@V0;C 157 ?5@5B8A:0==O 0@B5@VW =0 40 E2 B0 9>3> 

2840;5==O< =0 120 E2.  

2.9. $5єAB@0FVO B0 0=0;V7 :0@4V>35<>48=0<VG=8E ?>:07=8:V2 in vivo 

 �;O @5єAB@0FVW :0@4V>35<>48=0<VG=8E ?0@0<5B@V2 28:>@8AB>2C20;8 

AB0=40@B=89 2F <V:@>:0B5B5@ SPR-838 (Millar Instruments, Houston, TX) 4;O 
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28<V@N20==O B8A:C B0 >1’є<C C ;V2><C H;C=>G:C. �0B5B5@ :0;V1@C20;8 H;OE>< 

70=C@5==O C :0;V1@C20;ь=C :N25BC P/N 910-1048, 70?>2=5=C :@>2’N IC@0.  

&20@8= =0@:>B87C20;8 C@5B0=>< C 4>7V 1,5 3/:3. �0B5B5@ 22>48;8 

@5B@>3@04=> G5@57 ?@02C A>==C 0@B5@VN C ;V289 H;C=>G>:. �0?8A 

:0@4V>35<>48=0<VG=8E ?>:07=8:V2 74V9A=N20;8 70 4>?><>3>N ?@>3@0<8 ChartTM 

v.5.4.2 (AD Instruments, Millar Instruments, Houston, TX).  

#0@0<5B@8 0=0;V7C20;8 70 4>?><>3>N ?@>3@0<=>3> 70157?5G5==O PVAN 3.6 

(AD Instruments, Millar Instruments, Houston, TX). �>=25@B0FVN 2V4=>A=8E >48=8Fь 

>1’є<C (RVU) C 01A>;NB=V >48=8FV (<V:@>;VB@8) ?@>2>48;8 70 D>@<C;>N: slope 

19,82*RVU 4 intercept 72,03.  

%8AB5<0 MPVS 400 B0 <V:@>:0B5B5@ SPR-838 4>72>;ONBь >B@8<C20B8 :@82V 

70;56=>ABV B8A:C 2V4 >1’є<C ;V2>3> H;C=>G:0 C @50;ь=><C G0AV ($8A. 2.9.1.), 

=040NG8 ?0@0<5B@8 <0:A8<0;ь=>3> B0 <V=V<0;ь=>3> B8A:V2, G0AB>BC A5@F528E 

A:>@>G5=ь, >1’є< ;V2>3> H;C=>G:0 B0 ?5@HC ?>EV4=C B8A:C 4 dP/dt. 
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$8A. 2.9.1. �@820 70;56=>ABV B8A:C 2V4 >1'є<C (7;V20), B8A:, >1'є< ;V2>3> 
H;C=>G:0 B0 dP/dtmax (A?@020 725@EC 2=87 2V4?>2V4=>).  

2.10. (0@1C20==O 3VAB>;>3VG=8E 7@V7V2 70 �0= �V7>=><  

�;O >FV=:8 @V2=O DV1@>7C 2 <V>:0@4V 28:>@8AB>2C20;8 7010@2;5==O 70 

<5B>4>< �0= �V7>=0 [117]. �0<>@>65=V A5@FO @>7@V70;8 =0 4 G0AB8=8 B>2I8=>N 33

4 << (?>?5@5G=V 7@V78), 7 O:8E 70 4>?><>3>N <V:@>B><0 >B@8<C20;8 7@V78 

B>2I8=>N 10312 <:<. �@V78 DV:AC20;8 C 96% 5B0=>;V ?@>BO3>< 20 E28;8= B0 

V=:C1C20;8 2 =0A8G5=><C @>7G8=V ?V:@8=>2>W :8A;>B8 ?@>BO3>< 1 3>48=8. 

#>A;V4>2=> 28:>=C20;8 V=:C10FVN C 0,5% @>7G8=V ;ь>4O=>W >FB>2>W :8A;>B8 

?@>BO3>< 10330 A5:C=4, V=:C10FVN 2 AC<VHV :8A;>3> DC:A8=C B0 =0A8G5=>3> 

@>7G8=C ?V:@8=>2>W :8A;>B8 (1:10) ?@>BO3>< 132 E28;8=, ?@><820==O C 

48AB8;ь>20=V9 2>4V B0 DV:A0FVN C 96% @>7G8=V 5B0=>;C. �010@2;5=V 7@V78 

A:0=C20;8 B0 0=0;V7C20;8 70 4>?><>3>N A?5FV0;V7>20=>3> <>@D><5B@8G=>3> 
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?@>3@0<=>3> 70157?5G5==O ImageJ («!0FV>=0;ь=89 V=AB8BCB 74>@>2'O», %,�) 

[118]. 

2.11. #0FVє=B8  

' 4>A;V465==V 27O;8 CG0ABь 42 ?0FVє=B8, 7 O:8E 31 1C;> ?@>>?5@>20=> C 

!0FV>=0;ь=><C V=AB8BCBV A5@F52>-AC48==>W EV@C@3VW V<.  . �<>A>20 G5@57 

VH5<VG=C E2>@>1C A5@FO. #0FVє=B0< 28:>=C20;8 V7>;ь>20=5 :>@>=0@=5 HC=BC20==O 

=0 ?@0FNNG><C A5@FV.  

�;O >FV=:8 35<>48=0<V:8 ?@8 2V440;5=><C VH5<VG=><C ?@5:>=48FV>=C20==V 

(��#�) 1C;8 >B@8<0=V 40=V 2V4 31 ?@>>?5@>20=>3> ?0FVє=B0. �@C?0 4>A;V465==O 

2:;NG0;0 14 ?0FVє=BV2, O:8< ?@>2>48;8 ?@>F54C@C ��#� 4> ?>G0B:C >?5@0FVW. 

�>=B@>;ь=0 3@C?0 A:;040;0AO 7 17 ?0FVє=BV2 157 ?>?5@54=ь>3> ��#�.  

%5@54=V9 2V: ?0FVє=BV2 4>A;V46C20=>W 3@C?8 AB0=>282 61,3±4,7 @>:V2, 

:>=B@>;ь=>W 4 59,2±6,5 @>:V2. �0 :;0A8DV:0FVєN NYHA ?0FVє=B8 =0;560;8 4> ��3

��� DC=:FV>=0;ь=>3> :;0AC. #5@V>?5@0FV9=89 @878: 70 H:0;>N EUROSCORE 2 

AB0=>282 1,92±0,31% B0 1,83±0,56% 2V4?>2V4=> C 4>A;V46C20=8E B0 :>=B@>;ь=8E 

3@C?0E. %5@54=O D@0:FVO 28:84C ;V2>3> H;C=>G:0 1C;0 57,3±6,4% B0 60,1±5,3%. 

%5@54=O :V;ь:VABь 48AB0;ь=8E 0=0AB><>7V2 AB0=>28;0 3,1±0,8 B0 3,0±0,6.  

�;O 70:;NG=>W G0AB8=8 4>A;V465==O 28:>@8AB>2C20;8 ?;07<C :@>2V 361 

?0FVє=B0 2V:>< 75 @>:V2, 70;CG5=8E C ?>?C;OFV9=5 4>A;V465==O Vienna Transdanube 

Aging Study (VITA) [119-122]. 

2.12.  5B>48:0 2V440;5=>3> VH5<VG=>3> ?@5:>=48FV>=C20==O  

�;O ?@>2545==O ��#� ?0FVє=B0< 4>A;V46C20=>W 3@C?8 =0 ?@025 ?5@54?;VGGO 

=0:;040;8 <0=65B:C 4;O 28<V@N20==O 0@B5@V0;ь=>3> B8A:C. &8A: C <0=65BFV 

?V428IC20;8 4> 200 << @B. AB. B0 70;8H0;8 =0 5 E2. !0ABC?=8< 1C2 5B0? 

@5?5@DC7VW ?@>BO3>< 5 E2. #5@V>48 VH5<VW B0 @5?5@DC7VW ?@>4>26C20;8 ?> 5 E2, 

?>2B>@N20;8 B@8GV [123]. #0FVє=B0< :>=B@>;ь=>W 3@C?8 <0=65B:C =0 ?@025 

?5@54?;VGGO B0:>6 =0:;040;8, 0;5 ?@5:>=48FVN20==O =5 ?@>2>48;8.  
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2.13. �7OBBO 1V>;>3VG=>3> <0B5@V0;C ?0FVє=BV2 

�@07:8 :@>2V ?0FVє=BV2 2V418@0;8 G5@57 20 E2 ?VA;O ?@>F54C@8 ��#� (C 3@C?V 

4>A;V465==O) 01> C4020=>W ?@>F54C@8. �@>2 F5=B@8DC3C20;8 15 E2 =0 1000 rpm 

4;O @>74V;5==O =0 D@0:FVW. �V>?B0B8 <V>:0@4C ?0FVє=BV2 1C;8 2V4V1@0=V ?@>BO3>< 

>?5@0FVW.  

2.14. "FV=:0 35<>48=0<VG=8E ?>:07=8:V2 ?0FVє=BV2  

�5<>48=0<VG=V ?0@0<5B@8 >FV=N20;8AO 70 4>?><>3>N <5B>4C V<?540=A=>W 

:0@4V>3@0DVW (ICG). �8:>@8AB>2C20;8AO <>=VB>@8 ?0FVє=B0 Life Scope A5@VW PVM-

2700 V7 21C4>20=8< <>4C;5< ICG 2V4 Nihon Kohden (/?>=VO). &5E=V:0 ICG 

4>72>;Oє 287=0G8B8 B0:V 35<>48=0<VG=V ?0@0<5B@8: V=45:A C40@=>3> >1'є<C (SVI), 

A5@F5289 28:84 (CO), V=45:A A5@F52>3> 28:84C (COI), A8AB5<=89 AC48==89 >?V@ 

(SVRI). 

2.15. �84V;5==O $!�  

&>B0;ь=C $!� 7V 7@07:V2 (:0@4V><V>F8B8, B:0=8=8 <V>:0@40, ?;07<0 :@>2V, 

;59:>F8B8) 284V;O;8 3C0=V48= V7>BV>FV0=0B-D5=>;-E;>@>D>@<=>N 5:AB@0:FVєN 7 

28:>@8AB0==O< @5035=BC Trizol (Invitrogen, %,�). "B@8<0=V 7@07:8 $!� 

@>72>48;8 C 50 <:; 48AB8;ь>20=>W 2>48, ?VA;O G>3> 3 28<V@N20;8 :>=F5=B@0FVN 

$!� A?5:B@>D>B><5B@8G=8< <5B>4>< (NanoDrop ND1000, %,�).  

2.16. �2>@>B=0 B@0=A:@8?FVO  

!0 =0ABC?=><C 5B0?V 1C;8 >B@8<0=V :><?;5<5=B0@=V �!� (:�!�) 70 

4>?><>3>N @50:FVW 72>@>B=>W B@0=A:@8?FVW, O:C ?@>2>48;8 C 420 5B0?8. !0 ?>G0B:C 

3>BC20;8 AC<VH V7 1 <:; 35:A0<5@=>3> ?@09<5@0 (Random Hexamer primer), 6 <:; 

B>B0;ь=>W $!� B0 5 <:; >G8I5=>W 2V4 =C:;507 !2". �0;V AC<VH V=:C1C20;8 ?@8 70 

°C 2?@>4>26 5 E2 =0 0<?;VDV:0B>@V Gene Amp® PCR System 2700, Applied 

Biosystems (%,�). !0 4@C3><C 5B0?V 4> AC<VHV 4>4020;8 2 <:; 10-:@0B=>3> 

@>7G8=C =C:;5>B84V2 (dNTP), 4 <:; 1CD5@0 (Buffer RT), 0,5 <:; V=3V1VB>@0 $!�078 

(Ribo Lock RNAse inhibitor) B0 0,9 <:; 72>@>B=>W B@0=A:@8?B078 (RevertAid H 



57

Minus Reverse Transcriptase). "B@8<0=V 7@07:8 70;8H0;8 ?@8 42°C ?@>BO3>< 60 E2, 

?VA;O G>3> V=:C1C20;8 ?@8 70°C 2?@>4>26 10 E2.  

�2>@>B=C B@0=A:@8?FVN 4;O $!� ?;07<8 @>18;8 7 28:>@8AB0==O< 

A?5F8DVG=8E ?5B;528E ?@09<5@V2 4;O <V:@>$!� cel-miR-39 (miR Neasy 

Serum/Plasma Spike-In Control, Syn-celmiR-39 miRNA, Lot No. 227926630, %,�), 

O:C 4>4020;8 C 7@07:8 ?;07<8 :@>2V ?5@54 5:AB@0:FVєN $!�.  V:@>$!�  cel-miR-

39 28:>@8AB>2C20;8 O: =>@<0;V7>20=89 :>=B@>;ь 4;O 287=0G5==O 2V4=>A=>W 

5:A?@5AVW lncRNAs.  

2.17. #>;V<5@07=0 ;0=FN3>20 @50:FVO C @50;ь=><C G0AV  

#>;V<5@07=C ;0=FN3>2C @50:FVN C @50;ь=><C G0AV ?@>2>48;8 =0 

B5@<>F8:;5@V 7500 Fast Real Time PCR 2V4 Applied Biosystems (%,�). �;O Fь>3> C 

96-;C=:>289 ?;0=H5B 2=>A8;8 ?> 10 <:; AC<VHV V7 5 <:; C=V25@A0;ь=>W AC<VHV 4;O 

:V;ь:VA=>W #�$ (SYBR™ Green PCR Master Mix 01> TaqMan™ Universal PCR 

Master Mix), 2 <:; :�!�, 0,08 <:; A?5F8DVG=8E ?@09<5@V2 4;O lncRNAs, 0,2 <:; 

@5D5@5=A=>3> 10@2=8:0 Rox (1:9) B0 2,72 <:; H2O. �5=0BC@0FVN :�!� 

74V9A=N20;8 ?@8 95°C ?@>BO3>< 15 A. �V4?0; ?@09<5@V2 B0 5;>=30FVN ?@>2>48;8 

?@8 60°C ?@>BO3>< 1 E2. #@>3@0<0 ?>;V<5@07=>W ;0=FN3>2>W @50:FVW C @50;ь=><C 

G0AV A:;040;0AO V7 50 F8:;V2.  

�;O ?@>2545==O ?>;V<5@07=>W ;0=FN3>2>W @50:FVW C @50;ь=><C G0AV 1C;8 

28:>@8AB0=V A?5F8DVG=V ?@09<5@8 B0 3V4@>;V7=V 7>=48 TaqMan, O:V =02545=V C 

B01;8FV 2.17.1.  
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&45?<JO 2.17.1.  

#@09<5@8 B0 3V4@>;V7=V 7>=48 4;O 287=0G5==O 5:A?@5AVW lncRNAs  

lncRNA #@O<89 �2>@>B=89 

Rattus Norvegicus 

H19 5`GCACAGGATGAAGCCAG-3` 5`TCTCCGAGACACCGATCAC-3` 

TUG1 5`-ACAGTTTCCCTCTACCC-3` 5`-GCCTATGTCAAACTTTGC-3` 

MIAT 5`-CGGGTACTTGAACACCT-3 5`-ATCCTGTCCTCCCCAGTAC-3 

GAS5 5`-TCTCACAGGCAGTTCTG-3 5`-ATCCATCCAGTCACCTCTG-3 

β-0:B8=  5`-CTTGCAGCTCCTCCGTC-3` 5`-CTTGCTCTGGGCCTCCTCG-3` 

Homo Sapiens 

MIAT 5′-TGTCTCCATTTGCTCAGT-3′ 5′-TCAGGATGGTGCACTCTC-3′ 

LIPCAR 5′-AAAGGATGCGTAGGGA-3′ 5′-TTCATGATCACGCCCTCAT-3′ 

HIF1A-AS1 5′- GGTTGTTCATCTCGTCT-3′ 5′- CTTCTGGTTGGGGTACTGG-3′ 

MHRT 5′-ACACGGCGTTCTTGAGT-3′ 5′-AGTATGAGGAGTCGCAGT-3′ 

Гідр>лі7=і 7>=д8 TaqMan (Homo Sapiens) 

H19 Hs07287083_s1 

β-0:B8=  Hs01060665_g1 

 

2.18. %B0B8AB8G=0 >1@>1:0 >B@8<0=8E @57C;ьB0BV2  

#5@28==0 >1@>1:0 >B@8<0=8E @57C;ьB0BV2 4>A;V465==O 74V9A=N20;0AO 

H;OE>< >4=>D0:B>@=>3> B0 42>D0:B>@=>3> B5ABC ANOVA. �;O >FV=N20==O 
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@57C;ьB0BV2 =570;56=8E 281V@>: 70AB>A>2C20;8 B5AB �V;:>:A>=0. �>@5;OFVN <V6 

:0@4V>35<>48=0<VG=8<8 ?0@0<5B@0<8 B0 5:A?@5AVєN 4>238E =5:>4CNG8E $!� 

74V9A=N20;8 H;OE>< :>@5;OFV9=>3> 0=0;V7C 70 #V@A>=>< V7 ?>40;ьH>N ?>1C4>2>N 

:>@5;OFV9=>W <0B@8FV. �86820=VABь ?0FVє=BV2 >FV=N20;8 70 <5B>4>< �0?;0=0-

 59є@0.  �;O 287=0G5==O ABC?5=O =570;56=>ABV D0:B>@V2 @878:C A<5@BV 

70AB>A>2C20;8 <>45;ь @53@5AVW V7 ?@>?>@FV9=8<8 @878:0<8 �>:A0.  
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$"���� 3. $��'�Ь&�&� �"%�����!Ь 

3.1. ��%#$�%�/ H19, TUG1, GAS5 &� MIAT ' #�$��!!�� �'�Ь&'$� 
��$��" �"*�&�� !�"!�&��Ь!�) -'$�� 

#5@H>G5@3>28< 70240==O< ?@>2545==O in-vitro 5:A?5@8<5=BC 1C;> 

287=0G5==O @V2=O 5:A?@5AVW lncRNAs H19, TUG1, GAS5 B0 MIAT C ?5@28==V9 

:C;ьBC@V :0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2 70 C<>2 0=>:AVW/@5>:A835=0FVW. �;O 

5:A?5@8<5=BC 1@0;8AO =5>=0B0;ь=V IC@8 ;V=VW Wistar 2V:>< 2 4>18. �:A?@5AVO 

lncRNAs, 0 B0:>6 mRNA HIF-1³ 287=0G0;0AO C 42>E @568<0E 

0=>:AVW/@5>:A835=0FVW: :>@>B:><C - 30 E2. 0=>:AVW/60 E2. @5>:A835=0FVW B0 4>23><C - 

60 E2. 0=>:AVW/24 3>48=8 @5>:A835=0FVW. �=>:AVO 4>AO30;0AO H;OE>< =03=VB0==O C 

35@<5B8G=C є<=VABь V7 4>A;V46C20=>N :C;ьBC@>N :;VB8= AC<VHV V7 5% %"2 B0 95% 

Ar, O:>N 70<VIC20;>AO ?>2VB@O. �;O @5>:A835=0FVW ?@>2>48;0AO 70<V=0 ?>682=>3> 

A5@54>28I0 B0 05@0FVO ?>2VB@O<. 

'H:>46CNG0 4VO 0=>:AVW/@5>:A835=0FVW 287=0G0;0AO H;OE>< ?V4@0EC=:C 

6828E B0 <5@B28E (=5:@>B8G=8E) :;VB8= ?VA;O D0@1C20==O 0,2% @>7G8>< 

B@8?0=>2>3> A8=ь>3>. �V7C0;V70FVO :V;ь:>ABV 6828E, =5:@>B8G=8E B0 0?>?B>B8G=8E 

:;VB8= ?@>2>48;0AO H;OE>< D0@1C20==O 8,75 μM 1VA15=7V<V4C ()ь>:AB 33342) B0 

?@>?V4VC<C 9>484C. 

3.1.1. �87=0G5==O 5:A?@5AVW lncRNAs H19, TUG1, GAS5, MIAT, <$!� HIF-1α 

B0 @V2=O 286820=>ABV :;VB8= C ?5@28==V9 :C;ьBC@V :0@4V><V>F8BV2 
=5>=0B0;ь=8E IC@V2 70 C<>28 0=>:AVW/@5>:A835=0FVW 

�0 @57C;ьB0B0<8 4>A;V465==O, @V25=ь =5:@>B8G=8E B0 0?>?B8G=8E :;VB8= 70 

C<>2 =>@<>:AVW A:;02 6,72%.  #VA;O 30 E2. 0=>:AVW B0 60 E2. @5>:A835=0FVW F59 

?>:07=8: A:;02 19,58%, 0 ?VA;O 60 E2. 0=>:AVW B0 24 3>48= @5>:A835=0FVW 4 27,86% 

($8A. 3.1.1.). 
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$8A.3.1.1. $V25=ь =5:@>B8G=8E V 0?>?B>B8G=8E :;VB8= 70 C<>2 =>@<>:AVW 

(n=8), «:>@>B:>W» (�/$ 0,5/1) (n=8) B0 «4>23>W» (�/$ 1/24) (n=8) 

0=>:AVW/@5>:A835=0FVW. 

�V7C0;V70FVN CH:>46CNG>3> 2?;82C 0=>:AVW/@5>:A835=0FVW =0 :C;ьBC@C 

:0@4V><V>F8BV2 74V9A=N20;0AO 70 4>?><>3>N D;C>@5AF5=B=>W <V:@>A:>?VW ($8A. 

3.1.2.).  

 

$8A.3.1.2. (;C>@5AF5=B=0 <V:@>A:>?VO ?5@28==>W :C;ьBC@8 :0@4V><V>F8BV2. 

� 3 :>=B@>;ь; � 3 �/$ 30/60; � 3 �/$ 60/24. (0@1C20==O - Hoechst 33342 B0 

?@>?V4VC< 9>484.  
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/: 284=> 7 @8A. 3.1.2., 70AB>AC20==O 4>23>W 0=>:AVW/@5>:A835=0FVW (�/$ 60/24) 

?@872>48Bь 4> 1V;ьH>3> CH:>465==O :C;ьBC@8 :0@4V><V>F8BV2 =5>=0B0;ь=8E 

IC@V2, 7>:@5<0, 71V;ьH5==O =5:@>B8G=8E B0 0?>?B>B8G=8E :;VB8=. 

"B@8<0=V 40=V A2V4G0Bь ?@> CH:>46CNG89 2?;82 0=>:AVW/@5>:A835=0FVW =0 

:0@4V><V>F8B8. �5DVF8B :8A=N ?V4 G0A 0=>:AVW ?@872>48Bь 4> 7<5=H5==O 

28@>1;5==O �&( B0 <5B01>;VG=>3> AB@5AC [124]. � V=H>3> 1>:C, @5>:A835=0FVO 

?@872>48Bь 4> 71V;ьH5==O @50:B82=8E D>@< :8A=N B0 >:A840B82=>3> AB@5AC. *V 

AB@5A>2V D0:B>@8 CH:>46CNBь :;VB8==V <5<1@0=8, >@30=5;8 B0 �!�, I> A?@8Oє 

=5:@>7C B0 70?CA:C 0?>?B>7C.  

�87=0G5==O 7<V= 5:A?@5AVW >:@5<8E lncRNAs 70 DV7V>;>3VG=8E B0 

?0B>;>3VG=8E C<>2 є >4=8< V7 ?5@H8E :@>:V2 4;O 282G5==O @>;V F8E <>;5:C;. 

"A:V;ь:8 <5B>N @>1>B8 є 282G5==O 5:A?@5AVW lncRNAs, I> 70;CG5=V 4> 3V?>:A8G=>W 

?@>3@0<8 A5@FO, B> 4;O 5:A?5@8<5=BC 1C;8 >1@0=V lncRNAs, I> ?>2’O70=V V7 

D0:B>@><, I> V=4C:CєBьAO 3V?>:AVєN 1 0;ьD0 - HIF-1³. �=0;V7 40=8E ;VB5@0BC@8, 0 

B0:>6 107 40=8E DIANA LncBase B0 DeepBase V.3.0 402 7<>3C 287=0G8B8 @O4 B0:8E 

lncRNAs, 7 ?><V6 O:8E 1C;> >1@0=> 4 3 H19, TUG1, GAS5 B0 MIAT [101-106]. 

!0 ?5@H><C 5B0?V =0<8 1C;0 ?@>0=0;V7>20=0 5:A?@5AVO lncRNA H19, TUG1, 

GAS5 B0 MIAT, 0 B0:>6 HIF-1³ C ?5@28==V9 :C;ьBC@V :0@4V><V>F8BV2 =5>=0B0;ь=8E 

IC@V2 70 C<>2 :>@>B:>W B0 4>23>W 0=>:AVW/@5>:A835=0FVW. "A:V;ь:8 2 7 =02545=8E 

lncRNAs (H19 B0 TUG1) є 70;56=8<8 2V4 D0:B>@C, I> V=4C:CєBьAO 3V?>:AVєN HIF-

1³, B> B0:>6 287=0G0;0AO 5:A?@5AVO mRNA HIF-1³ 4;O ?>@V2=O==O 7 5:A?@5AVєN 

H19 B0 TUG1.  

�=0;V7 >B@8<0=8E @57C;ьB0BV2 ?>:0702, I> @V25=ь 5:A?@5AVW HIF-1³ ?@8 

:>@>B:V9 0=>:AVW/@5>:A835=0FVW 4>AB>2V@=> 71V;ьHCєBьAO C 2,34 @078, ?>@V2=O=> V7 

:>=B@>;ь=8< 7@07:>< (p<0,05). �;O 4>23>W 0=>:AVW/@5>:A835=0FVW ?>:070=> 

71V;ьH5==O @V2=O 5:A?@5AVW 2 2 @078 (p<0,05),  ?>@V2=O=> V7 :>=B@>;5<. #VA;O 4>23>W 

0=>:AVW/@5>:A835=0FVW @V25=ь 5:A?@5AVW HIF-1³ 7<5=HCєBьAO =0 15%, ?>@V2=O=> V7 

:>@>B:8< @568<><, E>G0 FV 7<V=8 є =54>AB>2V@=8<8 (p>0,05) ($8A. 3.1.3.). 

https://diana.e-ce.uth.gr/lncbasev3
https://www.targetscan.org/vert_80/
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$8A. 3.1.3. $V25=ь 5:A?@5AVW <$!� HIF-1³ 2 ?5@28==V9 :C;ьBC@V 

:0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2 70 C<>28 0=>:AVW/@5>:A835=0FVW. 0.5/1 3 30 E2. 

0=>:AVW/60 E2. @5>:A835=0FVW; 1/24 3 60 E2. 0=>:AVW/24 3>48=8 @5>:A835=0FVW. 

�>AB>2V@=V 2V4<V==>ABV <V6 ?>:07=8:0<8 ?@8 @<0,05. 

�;O lncRNA H19 1C;> ?>:070=> VAB>B=5 7=865==O 5:A?@5AVW ?VA;O �/$ 0.5/1 

1V;ьH5 =V6 C 84 @078, ?>@V2=O=> V7 :>=B@>;ь=8<8 7@07:0<8 (p<0,05). �;O �/$ 1/24 

A?>AB5@V30єBьAO B0:>6 ACBBє25 7=865==O (C 4,3 @078) ?>@V2=O=> V7 :>=B@>;5< 

(p>0,05). $V7=8FO C 5:A?@5AVW H19 <V6 �/$ 05/1 B0 �/$ 1/24 є 4>AB>2V@=>N V AO30є 

19,4 @078 (p<0,05) ($8A. 3.1.4.). 
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$8A. 3.1.4. $V25=ь 5:A?@5AVW lncRNA H19, TUG1, GAS5 B0 MIAT 2 ?5@28==V9 

:C;ьBC@V :0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2 70 C<>28 0=>:AVW/@5>:A835=0FVW. 0.5/1 

3 30 E2. 0=>:AVW/60 E2. @5>:A835=0FVW; 1/24 3 60 E2. 0=>:AVW/24 3>48=8 @5>:A835=0FVW. 

�>AB>2V@=V 2V4<V==>ABV <V6 ?>:07=8:0<8 ?@8 @<0,05. 

#>4V1=89 5D5:B A?>AB5@V30;8 0=0;V7CNG8 7<V=8 @V2=N 5:A?@5AVW lncRNA 

TUG1. �0 C<>28 :>@>B:>W �/$ @V25=ь TUG1 4>AB>2V@=> 7=86CєBьAO C 8,7 @07V2 

(p<0,05). )>G0, ?VA;O 4>23>W �/$ @V25=ь 5:A?@5AVW lncRNA TUG1 є 7=0G=> 28I8< 

=V6 ?VA;O :>@>B:>W �/$ B0 2V4=>2;NєBьAO 4> 62% I>4> :>=B@>;ь=8E 25;8G8=, 0;5 

F5 ?>@V2=O==O =5 є 4>AB>2V@=8< (p>0,05). %B0B8AB8G=> =54>AB>2V@=8<8 B0:>6 є 

?>@V2=O==O @V2=O 5:A?@5AVW lncRNA TUG1 <V6 3@C?0<8 0.5/1 B0 1/24 C 5,44 @078 

(p>0,05) ($8A. 3.1.4.). 



65

$V25=ь 5:A?@5AVW lncRNA GAS5 C :C;ьBC@V :;VB8= 4>AB>2V@=> 7=86CєBьAO C 

1V;ьH =V6 8 @07V2 70 C<>2 :>@>B:>W �/$ (p<0,05). &0 =0 2V4<V=C 2V4 lncRNA H19 G8 

TUG1, ?@8 4>23V9 �/$ @V25=ь 5:A?@5AVW =5 71V;ьHCєBьAO, 0 70;8H0єBьAO =0 @V2=V 

:>@>B:>W �/$. /:I> 70 :>@>B:>W �/$ @V25=ь 5:A?@5AVW lncRNA GAS5 1C2 0,51 

C<>2=8E >48=8Fь, B> 70 4>23>W 3 0,42 C.>. ($8A. 3.1.4.). 

  �=0;V7CNG8 @V25=ь lncRNA MIAT C :C;ьBC@V :0@4V><V>F8BV2 =5>=0B0;ь=8E 

IC@V2 1C;> 2AB0=>2;5=> 7=0G=5 7=865==O @V2=O WW 5:A?@5AVW 70 C<>2 :>@>B:>W �/$ 

($8A. 3.1.4.). �:A?@5AVO lncRNA MIAT 7=86CєBьAO <0965 C 19 @07V2, ?>@V2=O=> V7 

:>=B@>;ь=8<8 ?>:07=8:0<8 (p<0,05). *V:02>, I> 70 4>23>W �/$ @V25=ь 5:A?@5AVW 

lncRNA MIAT 4>AB>2V@=> ?V428ICєBьAO 1V;ьH, =V6 C 3 @078, ?>@V2=O=> V7 

:>=B@>;5< V 2V4?>2V4=> C 1V;ьH =V6 60 @07V2, ?>@V2=O=> V7 5:A?@5AVєN ?@8 :>@>B:V9 

�/$ (p<0,05).  

3.1.2. �87=0G5==O 5:A?@5AVW lncRNAs H19, TUG1, GAS5 B0 MIAT C ?5@28==V9 
:C;ьBC@V :0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2 ?@8 4>4020==V V=3V1VB>@0 HIF-

?@>;V; 3V4@>:A8;078  

�;O 2AB0=>2;5==O V<>2V@=>W @>;V HIF-1³ C @53C;N20==V 5:A?@5AVW lncRNAs 

H19 B0 TUG1 1C;> 287=0G5=> 5:A?@5AVN 2V4?>2V4=8E lncRNAs 70 C<>2 4>4020==O 

2,4-4V5B8; ?V@848= 48:0@1>:A8;0BC, I> є V=3V1VB>@>< D5@<5=BC HIF-?@>;V; 

3V4@>:A8;078 (Alexis Biochemicals, ,259F0@VO). "AB0==O 15@5 CG0ABь C ?@>F5A0E 

453@040FVW HIF-1³ 70 C<>2 =>@<>:AVW. �0 3V?>:A8G=8E/0=>:A8G=8E C<>2 0:B82=VABь 

HIF-?@>;V; 3V4@>:A8;078 ACBBє2> 7=86CєBьAO, I> V ?@872>48Bь 4> 71V;ьH5==O 

@V2=O HIF-1³. &0:8< G8=><, =0<8 1C;> ?@>0=0;V7>20=> 5:A?@5AVN <$!� HIF-1³, 

lncRNAs H19, TUG1, 0 B0:>6 V lncRNAs GAS5 B0 MIAT 70 C<>28 =>@<>:AVW ?@8 

4>4020==V C :C;ьBC@C :;VB8= V=3V1VB>@0 HIF-?@>;V; 3V4@>:A8;078. 

�;O ?>G0B:C 1C;> 287=0G5=> 5:A?@5AVN <$!� HIF-1³ 70 C<>28 4>4020==O 4> 

:C;ьBC@8 :;VB8= V=3V1VB>@0 HIF-?@>;V; 3V4@>:A8;078. /: 284=> =0 $8A. 3.1.5., 

@V25=ь 5:A?@5AVW <$!� HIF-1³ C ?@8ACB=>ABV V=3V1VB>@0 4>AB>2V@=> 71V;ьHCєBьAO 

<0965 C 3 @078, I> 2 FV;><C 1C;> >GV:C20=> (p<0,001). 
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-> AB>ACєBьAO HIF-1³-70;56=8E lncRNAs 3 H19 B0 TUG1, B> @V25=ь WE 

5:A?@5AVW C ?5@28==V9 :C;ьBC@V :0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2 B0:>6 

71V;ьHCєBьAO ?@8 =>@<>:AVW C ?@8ACB=>ABV V=3V1VB>@0 HIF-?@>;V; 3V4@>:A8;078 

(PHD). $V25=ь 5:A?@5AVW lncRNA H19 4>AB>2V@=> 71V;ьHCєBьAO C 2,7 @07V2 (p<0,01) 2 

5:A?5@8<5=B0;ь=8E 7@07:0E, ?>@V2=O=> V7 :>=B@>;ь=8<8 ($8A. 3.1.6.). $V25=ь 

5:A?@5AVW lncRNA TUG1 B0:>6 71V;ьHCєBьAO 2 2,4 @078 C ?@8ACB=>ABV V=3V1VB>@0 

HIF-?@>;V; 3V4@>:A8;078, ?@>B5 B0:5 71V;ьH5==O =5 є 4>AB>2V@=8< (p>0,05) ($8A. 

3.1.6.). 

  

$8A. 3.1.5. $V25=ь 5:A?@5AVW <$!� HIF-1³ 2 ?5@28==V9 :C;ьBC@V 

:0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2 70 C<>28 =>@<>:AVW ?@8 4>4020==V V=3V1VB>@0 

HIF-?@>;V; 3V4@>:A8;078.  �>AB>2V@=V 2V4<V==>ABV <V6 ?>:07=8:0<8 ?@8 @<0,05.  
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$8A. 3.1.6. $V25=ь 5:A?@5AVW lncRNAs H19, TUG1, GAS5 B0 MIAT 2 ?5@28==V9 

:C;ьBC@V :0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2 70 C<>28 =>@<>:AVW ?@8 4>4020==V 

V=3V1VB>@0 HIF-?@>;V; 3V4@>:A8;078.  �>AB>2V@=V 2V4<V==>ABV <V6 ?>:07=8:0<8 ?@8 

@<0,05. 

!0<8 B0:>6 1C;> ?@>0=0;V7>20=> 5:A?@5AVN lncRNAs GAS5 B0 MIAT ?@8 

=>@<>:AVW C ?@8ACB=>ABV V=3V1VB>@0 HIF-?@>;V; 3V4@>:A8;078. $V25=ь 5:A?@5AVW 

lncRNA GAS5 =54>AB>2V@=> 7=86CєBьAO 1V;ьH5 =V6 C 2 @078, ?>@V2=O=> V7 

:>=B@>;ь=8<8 ?>:07=8:0<8 (p>0,05) ($8A. 3.1.6.). � >B @V25=ь lncRNA MIAT 
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VAB>B=> 7=86CєBьAO C 7@07:C :;VB8= V7 4>4020==O< V=3V1VB>@0 HIF-?@>;V; 

3V4@>:A8;078. *5 4>AB>2V@=5 7=865==O 1V;ьH5 =V6 C 16 @07V2 (p<0,01) ($8A. 3.1.6.). 

#V4AC<>2CNG8 28I5707=0G5=5, <>6=0 7@>18B8 28A=>2>: ?@> B5, I> @V25=ь 

5:A?@5AVW lncRNAs H19 B0 TUG1 V<>2V@=> @53C;NєBьAO HIF-1³ 70 C<>2 =>@<>:AVW. 

#@8 Fь><C 70 0=>:AVW/@5>:A835=0FVW <8 Fь>3> =5 A?>AB5@V30є<>. "G5284=>, I> 

lncRNAs H19 B0 TUG1 704VO=V ?> ?0B>35=5B8G=8E <5E0=V7<V2, 0;5 @53C;OFVW WE 

5:A?@5AVW 74V9A=NєBьAO G5@57 V=HV <5E0=V7<8.   

$57C;ьB0B8, ?@54AB02;5=V 2 Fь><C @>74V;V, >?C1;V:>20=> C =0C:>28E ?@0FOE 02B>@0: 

1.  . )5FC@V0=V, &. �. �@528Fь:0, �.  . ,8H. �<V=8 5:A?@5AVW 4>238E 

=5:>4CNG8E $!� H19, TUG1, GAS5, MIAT ?@8 VH5<VW-@5?5@DC7VW <V>:0@40. 

  (V7V>;. 6C@=., 2024, &. 70, № 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.15407/fz70.01.052
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3.2. ��%#$�%�/ H19, TUG1, GAS5 &� MIAT ' -'$�� ��!�� WISTAR #$� 
 "���.��!!� �!(�$�&'  �"��$�� 

' Fь><C @>74V;V ?@54AB02;5=V @57C;ьB0B8 4>A;V465==O :0@4V>35<>48=0<VG=8E, 

<>@D>;>3VG=8E 7<V=, 0 B0:>6 7<V= C 5:A?@5AVW lncRNAs C <V>:0@4V B0 ?;07<V :@>2V 

4>@>A;8E IC@V2 ;V=VW Wistar ?@8 <>45;N20==V E@>=VG=>3> V=D0@:BC <V>:0@40. /: V 

C 28?04:C 7 ?5@28==>N :C;ьBC@>N :0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2, 

4>A;V46C20;8 7<V=8 C 5:A?@5AVW lncRNAs H19, TUG1, GAS5 &� MIAT.  

3.2.1. �0@4V>35<>48=0<VG=V B0 <>@D>;>3VG=V 7<V=8 A5@FO C IC@V2 ?@8 
<>45;N20==V V=D0@:BC <V>:0@40  

�=D0@:B <V>:0@40 <>45;N20;8 H;OE>< =0:;040==O ;V30BC@8 =0 =8AEV4=C 

3V;:C ;V2>W :>@>=0@=>W 0@B5@VW ?@>BO3>< 4-E B86=V2. �>=B@>;ь=V9 3@C?V 

=0:;040;0AO ;V30BC@0, 0;5 157 ?5@5B8A:0==O 0@B5@VW. #VA;O 4-E B86=V2 7=V<0;8 

:0@4V>35<>48=0<VG=V ?>:070=8:8, 0 B0:>6 1@0;8AO :@>2 B0 A5@F5 B20@8= 4;O 

?@>2545==O 0=0;V7C 5:A?@5AVW lncRNAs.  

 �;O ?V4B25@465==O V=D0@:BC <V>:0@40 C 5:A?5@8<5=B0;ь=V9 3@C?V 1C;> 

?@>2545=> D0@1C20==O 7@V7V2 A5@FO 70 �0= �V7>=>< V7 287=0G5==O< ?;>IV DV1@>7C. 

�0 =0H8<8 40=8<8, A5@54=V9 @V25=ь DV1@>7C A5@FO IC@V2 5:A?5@8<5=B0;ь=>W 3@C?8 

AB0=>282 13,2 %±1,28. ' 3@C?V 7 C4020=>N >?5@0FVєN F5 7=0G5==O AB0=>28;> 3,4 

%±0,31. &0:8< G8=><, ?;>I0 DV1@>7C 2 3@C?V IC@V2 7 <>45;;N V=D0@:BC <V>:0@40 

1C;0 <0965 2 G>B8@8 @078 1V;ьH>N, =V6 C 3@C?V E C4020=>N >?5@0FVєN ($8A. 

3.2.1.). 
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0                                                        1 

$8A. 3.2.1. �@V78 A5@4F5Fь IC@V2 G5@57 4 B86=V ?VA;O C4020=>W >?5@0FVW (0) B0 

V=D0@:BC <V>:0@40 (1). &5<=V 4V;O=:8 4 7>=0 DV1@>7C; D0@1C20==O 70 �0= 

�V7>=><.  

�>A;V465==O :0@4V>35<>48=0<VG=8E 7<V= 70 C<>2 V=D0@:BC <V>:0@40 O: C 

B20@8=, B0: V C ;N459 ?@54AB02;5=V H8@>:>. #@>B5 V=D>@<0FVW I>4> :>@5;OFV9=8E 

72'O7:V2 V7 5:A?@5AVєN =5:>4CNG8E $!�, G8 <5E0=V7<V2 2?;82C =5:>4CNG>3> 

B@0=A:@8?B><C =0 35<>48=0<V:C >1<0;ь. %0<5 B><C =0<8 1C;> 282G5=> 

35<>48=0<V:C 7 <5B>N ?>40;ьH>3> 2AB0=>2;5==O :>@5;OFV9=8E 72'O7:V2 V7 

5:A?@5AVєN 281@0=8E lncRNAs.  

$57C;ьB0B8 4>A;V465==O :0@4>35<>48=0<VG=8E ?0@0<5B@V2 in vivo C IC@V2 

?@8 <>45;N20==V V=D0@:BC <V>:0@40 =02545=V C B01;8FV 4.1.  
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&45?<JO 3.2.1. 

�0@4V>35<>48=0<VG=V ?>:07=8:8 C IC@V2 ;V=VW Wistar 7 <>45;;N V=D0@:BC <V>:0@40 

B0 C4020=>N >?5@0FVєN.  

 

                   #>:07=8:  

�@C?0 V7 C4020=>N 

>?5@0FVєN (n=9) 

�@C?0 V7 V=D0@:B>< 

<V>:0@40 (n=9) 

+0AB>B0 A5@F528E A:>@>G5=ь, E2 322,89±39,6 323,33±22,62 

�V=F52>-A8AB>;VG=89 >1'є<, <:; 210,87±18,74 303,63±39,83* 

�V=F52>-4V0AB>;VG=89 >1'є<, <:; 377,96±47,98 448,9±22,63* 

�V=F52>-A8AB>;VG=89 B8A:, << @B. 

AB.  

88,22±8,52 94,88±5,97 

�V=F52>-4V0AB>;VG=89 B8A:, << @B. 

AB.  

2,07±2,17 8,13±1,51* 

'40@=89 >1'є<, <:;  166,47±12,4 141,02±23,91 

(@0:FVO 28:84C, % 44,04±3,73 31,29±3,24* 

)28;8==89 >1'є< :@>2V (A5@F5289 

28:84), <:;/E2 

53 751,21±4693,8 45 137,4±1682,54* 

'40@=0 @>1>B0, << @B. AB.*<:;  16187,33±2537,83 14589,44±3265,22 

�@B5@V0;ь=0 6>@AB:VABь (Ea), << 0,47±0,06 0,56±0,09 
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@B. AB./<:; 

dP/dtmax, << @B. AB./A  9556,56±1269,88 9582±1712,99 

dP/dtmin, << @B. AB./A -7013,11±436,15 -6116±552,67 

dV/dtmax, <:;/A 17312±2879,34 13239,89±2512,24* 

dV/dtmin, <:;/A -12490,7±1611,54 -11365,8±1470,14 

Tau W, <A 7,04±1,04 10,49±0,56* 

 0:A8<0;ь=0 ?>BC6=VABь 7 

C@0EC20==O< ?5@54=020=B065==O, 

<�B/<:;2.  

8,26±1,78 3,26±0,26* 

* �>AB>2V@=V 2V4<V==>ABV <V6 ?>:07=8:0<8 ?@8 @<0,05.  

 �0 4>?><>3>N =02545=8E :0@4V>35<>48=0<VG=8E ?>:07=8:V2 <>6=0 

>FV=N20B8 =0A>A=C DC=:FVN A5@FO. #>@CH5==O 2 F8E ?0@0<5B@0E є @57C;ьB0B>< =5 

BV;ь:8 A5@F52>-AC48==8E 70E2>@N20=ь, 0 V @O4C V=H8E ?>@CH5=ь 2 >@30=V7<V.  

 /: 284=> 7 B01;. 4.1., G0AB>B0 A5@F528E A:>@>G5=ь (+%%), C IC@V2 7 C4020=>N 

>?5@0FVєN B0 V=D0@:B>< <V>:0@40 є <0965 >4=0:>2>N. ' =0H><C 5:A?5@8<5=BV 4-

B86=525 ?5@5B8A:0==O =8AEV4=>W 3V;:8 ;V2>W :>@>=0@=>W 0@B5@VW =5 2?;8=C;> =0 

@V25=ь +%%. *V:02>, I> ACBBє28E 7<V= =5 707=0;8 V B0:V 206;82V ?>:07=8:8 DC=:FVW 

A5@FO O: C40@=89 >1'є< ('"), C40@=0 @>1>B0 ('$) B0 0@B5@V0;ь=0 6>@AB:VABь (Ea).  

'" 4 F5 >1'є< :@>2V, I> 28:840єBьAO H;C=>G:>< A5@FO 70 >48= C40@. '$ 4 

?>:07=8:, I> 2V4>1@060є @>1>BC ;V2>3> H;C=>G:0 4;O 28:84C :@>2V. )"� 4 >1'є< 

:@>2V, O:89 A5@F5 ?5@5:0GCє G5@57 :@>2>=>A=C A8AB5<C 70 >4=C E28;8=C. �0@B> 
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2V47=0G8B8, I> C IC@V2 V7 <>45;;N �  )"� 1C2 =86G8< =0 16,03%, 0 (@0:FVO 

28:84C ((�) 4 =86G>N =0 12,75% (p<0,05).  

 ":@V< 28I573040=8E ?>:07=8:V2, A8AB>;VG=C DC=:FVN A5@FO B0:>6 

0=0;V7C20;8 70 4>?><>3>N ?0@0<5B@V2 4 :V=F52>-A8AB>;VG=89 >1'є< (�%"), 

:V=F52>-A8AB>;VG=89 B8A: (�%&), dP/dtmax, 0 B0:>6 ?>:07=8: <0:A8<0;ь=>W 

?>BC6=>ABV V7 C@0EC20==O< ?5@54=020=B065==O. "AB0==V9 2V4>1@060є 740B=VABь 

A5@FO 35=5@C20B8 5=5@3VN 7 C@0EC20==O< ?5@54=020=B065==O (?>G0B:>2>3> 

@>7BO3=5==O :0@4V><V>F8BV2).  

/: 284=> 7 B01;. 4.1., >1'є< :@>2V C ;V2><C H;C=>G:C C :V=FV A8AB>;8 (�%") 

C 3@C?V B20@8= V7 <>45;;N �  4>AB>2V@=> 71V;ьHCєBьAO =0 43,99%, ?>@V2=O=> V7 

IC@0<8 7 C4020=>N >?5@0FVєN. �=0G5==O �%& =54>AB>2V@=> ?V428ICєBьAO C 3@C?V 

IC@V2 V7 �  =0 7,55%.  8 B0:>6 =5 ?><VB8;8 7<V= C 7=0G5==OE ?>:07=8:0 dP/dtmax 

<V6 3@C?0<8 4 ?0@0<5B@0, I> 2V4>1@060є <0:A8<0;ь=C H284:VABь A:>@>G5==O 

H;C=>G:0. #@8 Fь><C ?>:07=8: <0:A8<0;ь=>W ?>BC6=>ABV V7 C@0EC20==O< 

?5@54=020=B065==O 7<5=HCєBьAO C 2,53 @078 C 3@C?V IC@V2 V7 � . &0:89 @57C;ьB0B 

45<>=AB@Cє 7=865==O 740B=>ABV 4> A:>@>G5==O, 35=5@0FVW 5=5@3VW B0 ?>@CH5==O 

@>7A;01;5==O A5@FO ?VA;O � .  

�V0AB>;VG=C DC=:FVN >FV=N20;8 70 ?>:07=8:0<8 :V=F52>-4V0AB>;VG=>3> 

>1'є<C (��"), :V=F52>-4V0AB>;VG=>3> B8A:C (��&), dP/dtmin, dV/dtmax, dV/dtmin, 0 

B0:>6 Tau W. ��", I> E0@0:B5@87Cє 4V0AB>;VG=C DC=:FVN A5@FO, C IC@V2 V7 �  

4>AB>2V@=> 1C2 ?V428I5=89 =0 18,77%, I> <>65 A2V4G8B8 ?@> ?>@CH5==O 

A:>@>B;82>W DC=:FVW A5@FO B0/01> 740B=>ABV H;C=>G:V2 @>7A;01;N20B8AO. ��& C 

IC@V2 7 �  4>AB>2V@=> 71V;ьHC202AO C 3,93 @070, ?>@V2=O=> V7 B20@8=0<8 7 

C4020=>N >?5@0FVєN, I> B0:>6 A2V4G8Bь ?@> 2B@0BC 740B=>ABV 4> A:>@>G5==O, 

@5<>45;N20==O H;C=>G:V2 B0/01> :><?5=A0B>@=V <5E0=V7<8.   

#0@0<5B@ dP/dtmin ?>:07Cє H284:VABь B0 5D5:B82=VABь @>7A;01;5==O 

<V>:0@4C. ' =0H><C 5:A?5@8<5=BV F59 ?>:07=8: 7=86CєBьAO C 3@C?V 7 �  =0 12,8%, 

0;5 FO 7<V=0 є =54>AB>2V@=>N (p>0,05). #0@0<5B@8 dV/dtmax B0 dV/dtmin, 
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2V4>1@060NBь H284:VABь 7<V=8 >1'є<C, I> ?>2'O70=0 V7 D070<8 =0?>2=5==O B0 

283=0==O :@>2V. dV/dtmax 7=86CєBьAO =0 23,52% C 3@C?V IC@V2 V7 � , I> <>65 1CB8 

?>2'O70=> V7 ?>H:>465==O< <V>:0@40, 7<V=>N 2=CB@VH=ь>A5@F52>3> B8A:C B0/01> 

@5<>45;N20==O< A5@FO.  +5@57 73040=V ?@8G8=8 C 3@C?V V7 �  B0:>6 7=86CєBьAO 

?>:07=8: dV/dtmin =0 9%, E>G0 FO 7<V=0 є =54>AB>2V@=>N.    

"4=8< V7 =091V;ьH 4>AB>2V@=8E ?>:07=8:V2 4V0AB>;VG=>3> @>7A;01;5==O є 

V7>2>;N<VG=0 :>=AB0=B0 @>7A;01;5==O Tau W (τ w). *59 ?0@0<5B@ C 3@C?V B20@8= 7 

�  71V;ьHCєBьAO =0 49%, 7 7,04 4> 10,49 <A. &0:V 7<V=8 A2V4G0Bь ?@> 7=0G=5 

?>3V@H5==O 4V0AB>;VG=>W DC=:FVW ?VA;O � .    

3.2.2. �<V=8 5:A?@5AVW lncRNAs H19, TUG1, GAS5 B0 MIAT C <V>:0@4V B0 ?;07<V 
:@>2V IC@V2 ?@8 <>45;N20==V V=D0@:BC <V>:0@40  

/: V C 28?04:C 7 <>45;N20==O< 0=>:AVW-@5>:A835=0FVW =0 ?5@28==V9 :C;ьBC@V 

:0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2, <8 287=0G8;8 @V25=ь 5:A?@5AVW lncRNAs H19, 

TUG1, GAS5 B0 MIAT ?@8 <>45;N20==V V=D0@:BC <V>:0@40 C 4>@>A;8E IC@V2 ;V=VW 

Wistar. �=0;V7 ?@>2>482AO C B:0=8=0E <V>:0@4C B0 ?;07<V :@>2V, I> 1C;8 27OBV 

?VA;O 28 4V1 7 <><5=BC <>45;N20==O �  (=0:;040==O ;V30BC@8 =0 ;V2C 3V;:C 

=8AEV4=>W :>@>=0@=>W 0@B5@VW).  

' 4>A;V46C20=V9 3@C?V B0 C 3@C?V 7 C4020=>N >?5@0FVєN ('"), ?@>:>; 

4V;O=:8 <V>:0@40 =02:>;> ;V2>W 3V;:8 =8AEV4=>W 0@B5@VW 157 WW ?>40;ьH>3> 

?5@5B8A:0==O) 1C;> ?> 9 B20@8=. $57C;ьB0B8 0=0;V7C 5:A?@5AVW lncRNAs H19, 

TUG1, GAS5 B0 MIAT C <V>:0@4V IC@V2 =02545=V =0 $8A. 3.2.2.  
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$8A. 3.2.2. $V25=ь 2V4=>A=>W 5:A?@5AVW lncRNAs H19, TUG1, MIAT B0 GAS5 C 
<V>:0@4V IC@V2 ;V=VW Wistar 7 C4020=>N >?5@0FVєN ('") B0 V=D0@:B>< <V>:0@40 

(� ). �>AB>2V@=V 2V4<V==>ABV <V6 ?>:07=8:0<8 ?@8 @<0,05. 

/: 284=> 7 @8AC=:C, @V25=ь 5:A?@5AVW lncRNA H19 7=86CєBьAO <0965 2 2 @070 

C 3@C?V B20@8= V7 <>45;;N V=D0@:BC <V>:0@40. #@>B8;56=0 :0@B8=0 

A?>AB5@V30єBьAO V7 lncRNA TUG1, @V25=ь O:>W 71V;ьHCєBьAO <0965 242VGV C 3@C?V 7 

� . �=0;V7 5:A?@5AVW lncRNA MIAT C <V>:0@4V IC@V2 ?>:0702, I> 70 C<>2 V=D0@:BC 

2<VAB lncRNA MIAT 4>AB>2V@=> 71V;ьH82AO <0965 2B@8GV, 7 4,78 C.>. 4> 13,95 C.>. 

-> AB>ACєBьAO lncRNA GAS5, B> @V25=ь WW 5:A?@5AVW 70 C<>2 V=D0@:BC <V>:0@40 

=54>AB>2V@=> 7<5=H82AO =0 35%, 7 2,3 C.>. 4> 1,49 C.>. (p>0,05).  $57C;ьB0B8 
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0=0;V7C 5:A?@5AVW lncRNAs H19, TUG1, GAS5 B0 MIAT C ?;07<V :@>2V IC@V2 

=02545=V =0 $8A. 3.2.3. *V:02>, I> 48=0<V:0 7<V= 5:A?@5AVW 2:070=8E lncRNAs C 

?;07<V <0965 B0:0, O: V C <V>:0@4V IC@V2. &0:, @V25=ь 5:A?@5AVW lncRNA H19 

7=86CєBьAO ?@8 �  C 2,42 @070 (p<0,01). #@8 Fь><C 5:A?@5AVO TUG1 C 3@C?V 7 �  

7@>AB0є =0 46,7%, ?@>B5 FO 7<V=0 =5 є 4>AB>2V@=>N (p>0,05). /: V C <V>:0@4V, @V25=ь 

5:A?@5AVW lncRNA MIAT 7@>AB0є C 2,66 @070 C 3@C?V IC@V2 V7 �  (p<0,01). ' B>9 65 

G0A 5:A?@5AVO lncRNA GAS5 C ?;07<V :@>2V 71V;ьHCєBьAO =0 20,47% C 3@C?V B20@8= 

7 V=D0@:B>< <V>:0@40, ?@>B5 F5 71V;ьH5==O =5 є 4>AB>2V@=8< (p>0,05).  

 

 

$8A. 3.2.3. $V25=ь 2V4=>A=>W 5:A?@5AVW lncRNAs H19, TUG1, MIAT B0 GAS5 C 

?;07<V :@>2V IC@V2 ;V=VW Wistar 7 C4020=>N >?5@0FVєN ('") B0 V=D0@:B>< <V>:0@40 

(� ). �>AB>2V@=V 2V4<V==>ABV <V6 ?>:07=8:0<8 ?@8 @<0,05. 
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3.2.3. �>@5;OFV9=89 0=0;V7 <V6 5:A?@5AVєN  lncRNAs H19, TUG1, MIAT, GAS5 

B0 35<>48=0<VG=8<8 ?>:07=8:0<8  

' FV9 @>1>BV ?@>2545=> 4>A;V465==O 72'O7:C <V6 35<>48=0<VG=8<8 ?0@0<5B@0<8 

B0 5:A?@5AVєN 4>238E =5:>4CNG8E $!� V7 28:>@8AB0==O< :>@5;OFV9=>3> 0=0;V7C 70 

#V@A>=><. �>A;V465==O 35<>48=0<VG=8E ?0@0<5B@V2 B0 WE 270є<>72'O7:C 7 

<>;5:C;O@=8<8 <0@:5@0<8 =0 @V2=V lncRNAs 4>72>;Oє 3;81H5 7@>7C<VB8 

<5E0=V7<8 @53C;OFVW A5@F52>-AC48==>W A8AB5<8 B0 28O28B8 ?>B5=FV9=V 1V><0@:5@8 

4;O 4V03=>AB8:8 B0 ?@>3=>7C20==O A5@F52>-AC48==8E 70E2>@N20=ь. 

�>@5;OFV9=89 0=0;V7 70 #V@A>=>< 4>72>;Oє >FV=8B8 ABC?V=ь B0 =0?@O<>: 

;V=V9=>3> 72'O7:C <V6 42><0 :V;ь:VA=8<8 7<V==8<8.  5B>4 ґ@C=BCєBьAO =0 

@>7@0EC=:C :>5DVFVє=B0 :>@5;OFVW #V@A>=0 (r), O:89 <>65 =01C20B8 7=0G5=ь 2V4 -1 

4> +1. �=0G5==O +1 2:07Cє =0 V450;ь=C ?>78B82=C ;V=V9=C :>@5;OFVN, 7=0G5==O -1 

4 =0 V450;ь=C =530B82=C ;V=V9=C :>@5;OFVN, 0 7=0G5==O 0 4 2V4ACB=VABь ;V=V9=>3> 

72'O7:C <V6 7<V==8<8. �>5DVFVє=B :>@5;OFVW #V@A>=0 @>7@0E>2CєBьAO 70 B0:>N 

D>@<C;>N: 

 

45 Xi V Yi3 7=0G5==O 7<V==8E X B0 Y 4;O i-3> A?>AB5@565==O, X B0 Y   4 A5@54=V 

7=0G5==O F8E 7<V==8E.   

�06;82>, I> :>@5;OFVO #V@A>=0 5D5:B82=> 70AB>A>2CєBьAO 4;O 40=8E, 

@>7?>4V; O:8E 1;87ь:89 4> =>@<0;ь=>3>, V ?5@5410G0є ;V=V9=VABь 270є<>72'O7:C <V6 

0=0;V7>20=8<8 7<V==8<8. �>@5;OFV9=0 <0B@8FO ?>B5=FV9=8E 72'O7:V2 <V6 

35<>48=0<VG=8<8 ?0@0<5B@0<8 B0 @V2=5< 5:A?@5AVW lncRNA =02545=0 =0 $8A. 3.2.4. 
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$8A. 3.2.4. �>@5;OFV9=0 <0B@8FO 35<>48=0<VG=8E ?0@0<5B@V2 B0 5:A?@5AVW lncRNAs H19, TUG1, MIAT B0 GAS5 C <V>:0@4V IC@V2 
;V=VW Wistar. * 4 4>AB>2V@=V ?>:07=8:8 :>@5;OFVW ?@8 @<0,05.  

 

 



79

%8;C :>@5;OFV9=>3> 72'O7:C <V6 ?0@0<5B@0<8 287=0G0;8 70 H:0;>N +544>:0, I> 

=02545=0 C B01;8FV 4.2.  

&45?<JO 3.2.2.  

%8;0 72'O7:V2 <V6 7<V==8<8 70 +544>:><  

�=0G5==O  �=B5@?@5B0FVO  

2V4 0 4> 0,3; 2V4 - 0,3 4> 0. 4C65 A;01:0 

2V4 0,3 4> 0,5; 2V4 -0,5 4> -0,3.  A;01:0 

2V4 0,5 4> 0,7; 2V4 -0,7 4> -0,5.  A5@54=O 

2V4 0,7 4> 0,9; 2V4 -0,9 4> -0,7.  28A>:0 

2V4 0,9 4> 1; 2V4 -1 4> -0,9.  4C65 28A>:0 

 /: 284=> 7 :>@5;OFV9=>W <0B@8FV =0 $8A. 3.2.4., 5:A?@5AVO lncRNA H19 <0є 

4>AB>2V@=C A5@54=N ?>78B82=C :>@5;OFVN V7 :V=F52>-A8AB>;VG=8< B8A:>< (r=0,68), 

28A>:C ?>78B82=C :>@5;OFVN V7 ?>:07=8:>< dP/dTmax (r=0,86) B0 28A>:C =530B82=C 

:>@5;OFVN V7 V7>2>;N<VG=>N :>=AB0=B>N @>7A;01;5==O Tau W (r= - 0,74) �8A>:0 

=530B82=0 :>@5;OFVO C lncRNA H19 V7 5:A?@5AVєN lncRNA MIAT (r= - 0,89).  

�;O lncRNA TUG1 ?>:070=0 28A>:0 ?>78B82=0 :>@5;OFVO V7 B0:8<8 

35<>48=0<VG=8<8 ?>:07=8:0<8 O: :V=F52>-A8AB>;VG=89 >1'є< (r=0,74) B0 :V=F52>-

4V0AB>;VG=89 B8A: (r=0,7).  

 �8A>:89 @V25=ь ?>78B82=>W :>@5;OFVW ?>:070=89 4;O lncRNA MIAT V7 

:V=F52>-A8AB>;VG=8< >1'є<>< (r=0,98). %5@54=V9 @V25=ь ?>78B82=>W :>@5;OFVW 

?>:070=89 <V6 5:A?@5AVєN lncRNA MIAT B0 :V=F52>-4V0AB>;VG=8< B8A:>< (r=0,64). 

-> AB>ACєBьAO lncRNA GAS5, WW 5:A?@5AVO :>@5;Nє BV;ь:8 V7 :V=F52>-4V0AB>;VG=8< 

B8A:>< (r=0,84).  
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$57C;ьB0B8, ?@54AB02;5=V 2 Fь><C @>74V;V, >?C1;V:>20=> C =0C:>28E ?@0FOE 

02B>@0:  

1. M. Khetsuriani,  T. I. Drevytska, L. V. Tumanovska, G. V. Pirtnichenko, Y. 

Hegel-Valentych, V. O. Niekrasova, A. M. Shysh, V. E. Dosenko. Alterations in 

lncRNAs H19 and TUG1 expression and their correlation with hemodynamics in 

myocardial infarction. Biopolymers and Cell, Volume 39, pp 231-241.   

2. )5FC@V0=V  ., �@528Fь:0 &.�., !є:@0A>20 �."., �>A5=:> �.Є. �=0G5==O 
5:A?@5AVW 4>23>W =5:>4CNG>W $!� !19 ?@8 V=D0@:BV <V>:0@40.  0B5@V0;8 ��I 

=0C:>2>-?@0:B8G=>W :>=D5@5=FVW ABC45=BV2 B0 <>;>48E 2G5=8E 7 

<V6=0@>4=>N CG0ABN «�V4 5:A?5@8<5=B0;ь=>W B0 :;V=VG=>W ?0B>DV7V>;>3VW 4> 

4>AO3=5=ь ACG0A=>W <548F8=8 V D0@<0FVW». 12 B@02=O, 2021, )0@:V2, ':@0W=0.  
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3.3. ��%#$�%�/ H19, TUG1, GAS5 &� MIAT ' -'$�� ��!�� WISTAR #$� 
 "���.��!!� �,� ��/$�#�$('���  �"��$�� 

' Fь><C @>74V;V ?@54AB02;5=V @57C;ьB0B8 4>A;V465==O 

:0@4V>35<>48=0<VG=8E 7<V=, 0 B0:>6 7<V= C 5:A?@5AVW lncRNAs H19, TUG1, GAS5 

&� MIAT C  <V>:0@4V B0 ?;07<V :@>2V 4>@>A;8E IC@V2 ;V=VW Wistar ?@8 VH5<VW-

@5?5@DC7VW <V>:0@40.  

3.3.1. �0@4V>35<>48=0<VG=V 7<V=8 C IC@V2 ?@8 <>45;N20==V VH5<VW-@5?5@DC7VW  

 >45;ь VH5<VW-@5?5@DC7VW <V>:0@40 ?@>2>48;8 =0 IC@0E ;V=VW Wistar 2V:>< 6 

<VA B0 <0A>N 2803320 3. �Aь>3> C 3@C?V 7 C4020=>N >?5@0FVєN 1C;> 8 IC@V2, 0 2 

5:A?5@8<5=B0;ь=V9 4 9. &20@8= =0@:>B87C20;8 2=CB@VH=ь>>G5@528==8< 

22545==O< C@5B0=C C 4>7V 1,5 3/:3. ,�� 74V9A=N20;8 G5@57 B@0E5>AB><C 70 

4>?><>3>N 0?0@0BC Harvard (�5;8:>1@8B0=VO).  

�>ABC? 4> A5@FO 28:>=C20;8 G5@57 G5B25@B5 <V6@515@'O 7 ?>?5@54=V< 

4V03>=0;ь=8< @>7B8=>< H:V@8 2V4 <5G>?>4V1=>3> 2V4@>AB:0. !040;V @>72>48;8 

<'O78 B0 =0:;040;8 ;V30BC@C =0 AB>21C@ ;V2>W :>@>=0@=>W 0@B5@VW =0 40 E2 (VH5<VO), 

?VA;O G>3> ;V30BC@C 7=V<0;8 =0 120 E2 (@5?5@DC7VO).  '4020=C >?5@0FVN 

74V9A=N20;8 ?@>AB8< =0:;040==O< H>2=>3> <0B5@V0;C 157 ?5@5B8A:0==O 0@B5@VW =0 

40 E2 B0 9>3> 2840;5==O< =0 120 E2.  

/: V C 28?04:C 7 <>45;;N V=D0@:BC <V>:0@40, 7=OBBO :0@4V>35<>48=0<VG=8E 

?>:07=8:V2 ;V2>3> H;C=>G:0 ?@>2>48;8 V7 28:>@8AB0==O< C;ьB@0<V=V0BN@=>3> 

:0B5B5@0 SPF-838 (Millar Instruments, %,�). $57C;ьB0B8 4>A;V465==O =02545=V C 

B01;8FV 3.3.1.  
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&45?<JO 3.3.1. 

�0@4V>35<>48=0<VG=V ?>:07=8:8 C IC@V2 ;V=VW Wistar 7 <>45;;N VH5<VW-@5?5@DC7VW <V>:0@40 B0 C4020=>N >?5@0FVєN ('"). * 4 

4>AB>2V@=V 2V4<V==>ABV <V6 ?>:07=8:0<8. 

 

 

#>:07=8: 
0 E2 20 E2 40 E2 100 E2 160 E2 

'" �H5<VO '" �H5<VO '" �H5<VO '" $5?5@DC7VO 60 
E2 

'" $5?5@DC7VO 
120 E2 

+0AB>B0 A5@F528E 
A:>@>G5=ь, E2 

356.02±19.59 349.48±40.53 386.83±33.67 369.31±72.67 364.71±58.6 334.42±27.2 415.17±95.53 318.82±43.93 420±138.37 305.52±74.65 

�V=F52>-A8AB>;VG=89 
>1'є<, <:; 

112.34±26.82 114.1±43.41 139.16±42.51 197.16±32.27 160.09±21.86 180.36±32.5 130.82±25.59 142.38±12.34* 153.02±46.15 158.66±38.99 

�V=F52>-4V0AB>;VG=89 
>1'є<, <:; 

226.67±43.54 205.18±33.37 242.43±28.18 312.43±35.84* 249±26.84 276.53±33.05 211.9±28.93 218.13±17.85 244.76±23.78 261.83±47.82 

�V=F52>-A8AB>;VG=89 
B8A:, << @B. AB. 

76.46±11.17 60.01±5.74* 70.99±16.87 86.54±14.8 80.07±8.73 68.11±6.02* 92.47±22.94 70.38±8.84 86.52±13.98 63.83±14.17* 

�V=F52>-4V0AB>;VG=89 
B8A:, << @B. AB. 

6.4±4.95 6.85±2.02 4.08±1.27 6.01±1.93 5.26±2.42 5.66±1.43 5.14±2.08 4.63±1.65 8.14±4.32 11.24±5.37 

'40@=89 >1'є<, <:; 114.92±18.32 100,94±13.45 107.43±12.02 115.32±12.74 89.02±18.34 92.33±22.08 84.32±19.69 76.22±13.03 91.02±21.22 103.03±14.85 

(@0:FVO 28:84C, % 50.34±6.21 48.2±5.72 44.84±9.62 37.85±8.93 39.63±7.85 35.37±8.28 40.74±7.21 35.61±8.3 39.08±7.15 38.92±9.02 

)28;8==89 >1'є< 
:@>2V (A5@F5289 
28:84), <:;/E2 

40584.92± 

14194.60 

34948.86± 

8491.3 

41302.64± 

12625.74 

42553.08± 

18674.82 

33127.28± 

2505.59 

29728.35± 

4206.13 

35007.13± 

7104.28 

22693.96± 

8392.39* 

38220.73± 

7403.39 

30372.15± 

2930.71* 
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'40@=0 @>1>B0, << 
@B. AB.*<:;  

6197.4± 

1285.96 
4261± 

894.3* 
6040.75± 

2277.42 
3589.99± 

582.35* 
5756.52± 

1587.41 
2957.03± 

683.47* 
5018.37± 

1204.08 
2992.73± 

929.17* 
3862.23± 

919.67 
2646.52± 

792.82* 

�@B5@V0;ь=0 6>@AB. 
(Ea), << @B. AB./<:; 

1.11±0.54 1.02±0.28 1.34±0.75 1.74±0.61 1.16±0.8 1.97±0.21* 1.27±0.4 1.55±0.81 2.04±0.43 2.47±0.91 

dP/dtmax, << @B. AB./A  6897.46± 

2062.52 

4142.75± 

1218.25 

8792.489± 

2419.18 

5086.27± 

1893.63 

5085.11± 

1646.93 

4650.47± 

1932.42 

4798.55± 

1034.39 

5154.15± 

1598.88 

7883.06± 

2975.8 

4953.98± 

1419.03* 

dP/dtmin, << @B. AB./A  - 4412.20 

±1312.03 

 - 3166.82 

±1009.49 

 - 4512.59 

±1591.14 

 - 4230.47 

±1766.4 

 - 4252.79 

±1920.22 

 - 3447.84 

±984.56* 

 - 4820.51 

±1674.24 

 - 3124.16 

±797.18 

 - 4892.21 

±1843.45 

 - 2767.74 

±1098.78 

dV/dtmax, <:;/A 2545.36±17763935.21±10543157.72± 

1637.2 

2372± 

983.29 

2706.71± 

1287.1 

2028.34± 

895.6 

2523.34± 

1016.54 

2360.91± 

659.48 

2204.04± 

953.39 

1907.68± 

920.23 

dV/dtmin, <:;/A  - 3596.88 

±2486.66 

 - 3220.63 

±1352.5 

 - 3564.49 

±1897.76 

 - 3417.39 

±1256.35 

 - 3713.43 

±1221.52 

 - 2252.89 

±605.02* 

 - 2549.53 

±984.97 

 - 2346.58 

±929.15 

 - 3166.75 

±1480.62 

 - 2328.42 

±1010.54 

Tau W, <A 8.55±5.32 11.62±3.91 9.56±0.94 13.12±2.91* 9.94±2.78 14.56±2.49* 10.46±2.63 14.08±3.57 9.62±3.01 12.04±3.67 

 0:A8<0;ь=0 
?>BC6=VABь 7 
C@0EC20==O< 
?5@54=020=B065==O, 
<�B/<:;2.  

12.67±2.71 8.32±1.6* 11.72±3.34 8.14±2.07* 12.18±3.29 8.82±4.87 8.59±3.02 8.18±4.47 10.69±4.08 8.44±3.75 
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/: 284=> 7 B01;. 3.3.1., 7<V=8 :0@4V>35<>48=VG=8E ?>:07=8:V2 <V6 3@C?0<8 

'" B0 5:A?5@8<5=B0;ь=>N 3@C?>N 1C;8 =5 B0:8<8 ACBBє28<8, O: ?@8 <>45;V 

V=D0@:BC <V>:0@40. #@>B5 2V4<V==>ABV C 45O:8E ?0@0<5B@0E є 4>AB>2V@=8<8 B0 

2:07CNBь =0 ?>3V@H5==O A8AB>;VG=>W B0 4V0AB>;VG=>W DC=:FV9 A5@FO.  

+0AB>B0 A5@F528E A:>@>G5=ь 2 >1>E 3@C?0E 70;8H0єBьAO 2V4=>A=> 

AB01V;ь=>N ?@>BO3>< CAь>3> 5:A?5@8<5=BC. �1V;ьH5==O G8 7<5=H5==O Fь>3> 

?>:07=8:0 2?@>4>26 CAь>3> 5:A?5@8<5=BC =5 =01C20є 4>AB>2V@=8E 2V4<V==>AB59.  

�>AB>2V@=V 7<V=8 :V=F52>-A8AB>;VG=>3> >1'є<C A?>AB5@V30;8 ?VA;O 60 E2 

@5?5@DC7VW, 45 C 5:A?5@8<5=B0;ь=V9 3@C?V ?>:07=8: 1C2 1V;ьH8< =0 9,23%. #@8 

Fь><C ?0@0<5B@ ?>ABV9=> 71V;ьHC202AO ?V4 G0A VH5<VW, 0;5 ?>G02 A?040B8 ?@8 

@5?5@DC7VW, I> <>65 2:07C20B8 =0 G0AB:>25 2V4=>2;5==O A:>@>B;82>W DC=:FVW 

<V>:0@40.  

�AB>B=5 ?V428I5==O :V=F52>-4V0AB>;VG=>3> >1'є<C A?>AB5@V30;8 C 

5:A?5@8<5=B0;ь=V9 3@C?V =0 20-V9 E2 VH5<VW. *V:02>, I> VAB>B=8E :>;820=ь Fь>3> 

?>:07=8:0 C 3@C?V 7 '" =5 1C;> 2?@>4>26 CAь>3> 5:A?5@8<5=BC. ' B>9 G0A O: C 

IC@V2 5:A?5@8<5=B0;ь=>W 3@C?8 A?>AB5@V30єBьAO ?V428I5==O ?V4 G0A VH5<VW, 0;5 =0 

5B0?V @5?5@DC7VW :V=F52>-4V0AB>;VG=89 >1'є< 7=86CєBьAO =0 60-9 E2, 0;5 ?>BV< 

?V428ICєBьAO =0 120-9. . #>4V1=V 7<V=8 <>6CBь 2:07C20B8 =0 G0AB:>25 ?>3V@H5==O 

4V0AB>;VG=>W DC=:FVW <V>:0@40. 

�?@>4>26 5:A?5@8<5=BC A?>AB5@V30;8 4>AB>2V@=5 7=865==O @V2=O :V=F52>-

A8AB>;VG=>3> B8A:C C IC@V2 5:A?5@8<5=B0;ь=>W 3@C?8. &0:V 7<V=8 DV:AC20;8 =0 

?>G0B:C 5:A?5@8<5=BC (7=865==O =0 21,5% 2V4 ?>:07=8:0 2 3@C?V '"), =0 40-9 E2 

VH5<VW (7=865==O =0 14,9%) B0 =0 120-9 E2 @5?5@DC7VW (7=865==O =0 26,22%). �0@B> 

2V47=0G8B8, I> !0 5B0?V @5?5@DC7VW ?>:07=8: �%& ?>G02 7@>AB0B8 =0 60-9 E2, 0;5 

=0 120-9 7=>2C ?>G02 7=86C20B8AO V <0965 =01;8782AO 4> 28EV4=>3> @V2=O.  

-> AB>ACєBьAO :V=F52>-4V0AB>;VG=>3> B8A:C, B> ACBBє28E 7<V= Fь>3> 

?0@0<5B@C <8 =5 A?>AB5@V30;8 2 6>4=V9 V7 3@C? 2?@>4>26 CAь>3> 5:A?5@8<5=BC. � 
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:V=FV 5:A?5@8<5=BC, =0 160-9 E2 DV:AC20;8 45O:V ?V428I5==O Fь>3> ?>:07=8:0, 

?>@V2=O=> V7 28EV4=8<8 7=0G5==O<8. �;5 ?>@V2=O=> 28A>:V ?>:07=8:8 

AB0=40@B=>3> 2V4E8;5==O ?@8 ?@>2545==V AB0B8AB8G=>W >1@>1:8 @57C;ьB0BV2 =5 

40NBь 7<>38 7@>18B8 >AB0B>G=V 28A=>2:8. !5 707=0;8 VAB>B=8E 7<V= <V6 3@C?0<8 

B0:>6 B0:V ?0@0<5B@8 O: C40@=89 >1'є< B0 D@0:FVO 28:84C. #@8 Fь><C 20@B> 

70C2068B8, I> D@0:FVO 28:84C ;V2>3> H;C=>G:0 7 50,34% B0 48,2% C 3@C?0E '" B0 

VH5<VW-@5?5@DC7VW 2V4?>2V4=> 7=86CєBьAO 4> 39,08% B0 38,92%.  8 22060є<>, I> 

?>4V1=V 7<V=8 ?>2'O70=V V7 ?>3V@H5==O< =0A>A=>W DC=:FVW A5@FO 2?@>4>26 

4>A;V465==O O: C 3@C?V 7 '", B0: V C IC@V2 5:A?5@8<5=B0;ь=>W 3@C?8.  

�>AB>2V@=V 2V4<V==>ABV ?>:07=8:0 E28;8==>3> >1'є<C :@>2V (01> A5@F52>3> 

28:84C) ?@>AB56CNBьAO =0 5B0?V @5?5@DC7VW. /: 284=> 7 B01;. 5.1., =0 60-9 E2 

@5?5@DC7VW )"� 7<5=HCєBьAO =0 35,18%, 0 =0 120-9 E2 =0 20,54% C IC@V2 

5:A?5@8<5=B0;ь=>W 3@C?8. /:I> ?>@V2=N20B8 7=0G5==O )"� 2?@>4>26 CAь>3> 

5:A?5@8<5=BC, B> 284=>, I> C IC@V2 :>=B@>;ь=>W 3@C?8 2V= 70;8H0єBьAO 

AB01V;ь=8<, 0 B20@8= 5:A?5@8<5=B0;ь=>W 3@C?8 4 7=86CєBьAO.  

�=0G5==O C40@=>W @>1>B8 A5@FO C IC@V2 7 �-$ 1C;0 4>AB>2V@=> =86G>N =0 

2AVE 5B0?0E 5:A?5@8<5=BC, ?>@V2=O=> V7 B20@8=0<8 7 '". #@8 Fь><C 20@B> 

2V47=0G8B8, I> C B20@8= 7 �-$ 25;8G8=0 C40@=>W @>1>B8 A5@FO ?>G8=0є 

7=86C20B8AO ?VA;O 20-W E2 VH5<VW. !0 40-9 E2 VH5<VW, 0 B0:>6 =0 60-9 B0 120-9 E2 

@5?5@DC7VW 2>=0 70;8H0єBьAO AB01V;ь=>N =0 @V2=V 2646.52-2992.73 <<. @B AB*<:;.  

�>AB>2V@=V 2V4<V==>ABV 0@B5@V0;ь=>W 6>@AB:>ABV <V6 3@C?0<8 A?>AB5@V30;8 

?VA;O 40 E2 VH5<VW. ' 3@C?V IC@V2 V7 VH5<VєN F59 ?>:07=8: 28O282AO C 1,7 @070 

28I8<. �0@B> 2V47=0G8B8, I> 2?@>4>26 5:A?5@8<5=BC A?>AB5@V30єBьAO 7030;ь=0 

B5=45=FVO 4> 7@>AB0==O ?>:07=8:0 0@B5@V0;ь=>W 6>@AB:>ABV 2 >1>E 3@C?0E.  

#>:07=8: dP/dtmax 70;8H0єBьAO 157 4>AB>2V@=8E 7<V= <V6 3@C?0<8 IC@V2, 

>:@V< 120-W E2 @5?5@DC7VW, 70 O:>W <8 A?>AB5@V30;8 7=865==O Fь>3> ?0@0<5B@0 =0 

37,16%, ?>@V2=O=> V7 3@C?>N 7 '". -> AB>ACєBьAO ?0@0<5B@0 dP/dtmin, B> 

4>AB>2V@=V 7<V=8 <V6 3@C?0<8 B20@8= <8 A?>AB5@V30;8 ;8H5 ?VA;O 40 E2 VH5<VW. ' 
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IC@V2 7 V=4C:>20=>N VH5<VєN 01>A;NB=89 ?>:07=8: dP/dtmin 7=8782AO =0 18,93%. 

�0@B> 70C2068B8, I> ?VA;O 60 B0 120 E2 @5?5@DC7VW <8 =5 A?>AB5@V30;8 ?V428I5==O 

Fь>3> ?0@0<5B@0 C IC@V2 V7 �-$, I> <>3;> 1 A2V4G8B8 ?@> G0AB:>25 ?>:@0I5==O 

4V0AB>;VG=>W DC=:FVW A5@FO.  

#>:07=8:8 dV/dtmax B0 dV/dtmin, I> 2V4>1@060NBь H284:VABь 7<V=8 >1'є<C, 

?>2'O70=>W V7 D070<8 =0?>2=5==O B0 283=0==O :@>2V, <V6 3@C?0<8 70;8H0NBьAO 157 

4>AB>2V@=8E 7<V=, >:@V< ?0@0<5B@0 dV/dtmin, 01A>;NB=5 7=0G5==O O:>3> 7=86CєBьAO 

C 5:A?5@8<5=B0;ь=V9 3@C?V IC@V2 =0 39,33% ?VA;O 40 E2 VH5<VW. � FV;><C, <8 

A?>AB5@V30;8 7<5=H5==O ?0@0<5B@V2 dV/dtmax B0 dV/dtmin C G0AV C 3@C?V 7 �-$ 

2?@>4>26 CAь>3> 5:A?5@8<5=BC. *5 A2V4G8Bь O: ?@> A?>2V;ь=5==O <0:A8<0;ь=>W 

H284:>ABV =0?>2=5==O ;V2>3> H;C=>G:0 B0 <V=V<0;ь=>W H284:>ABV 283=0==O :@>2V, 

0 B0:>6 7=865=C A:>@>B;82VABь.  

�7>2>;N<VG=0 :>=AB0=B0 @>7A;01;5==O Tau W (τ w) 4>AB>2V@=> 7@>AB0є C 

IC@V2 7 �$ =0 20-9 B0 40-9 E2 VH5<VW =0 37,24% B0 46,48% 2V4?>2V4=>, I> A2V4G8Bь 

?@> ?>3V@H5==O 4V0AB>;VG=>W DC=:FVW A5@FO. �0@B> 2V47=0G8B8, I> VAB>B=8E 7<V= 

25;8G8=8 Tau W C 3@C?V V7 '" =5 ?@>AB56CєBьAO 2V4 ?>G0B:C 4> :V=FO 

5:A?5@8<5=BC. #@8 Fь><C C 3@C?V V7 �-$ F59 ?>:07=8: 7@>AB0є V7 9,62 <A 4> 12,04 <A 

=0?@8:V=FV 4>A;V40.  

#0@0<5B@ <0:A8<0;ь=>W ?>BC6=>ABV 7 C@0EC20==O< ?5@54=020=B065==O C 

3@C?V V7 �-$ 1C2 =86G8< =0 34,33% 265 =0 ?>G0B:C 5:A?5@8<5=BC (>4@07C ?VA;O 

=0:;040==O ;V30BC@8 =0 ;V2C 3V;:C =8AEV4=>W :>@>=0@=>W 0@B5@VW).  0965 B0:V 7<V=8 

<8 A?>AB5@V30;8 =0 20-9 E2 VH5<VW, 45 C 3@C?8 IC@V2 V7 �-$ F59 ?>:07=8: 1C2 

=86G8< =0 30,55%, ?>@V2=O=> V7 3@C?>N B20@8= 7 '". *V:02>, I> ?VA;O 60 E2 

@5?5@DC7VW <0:A8<0;ь=0 ?>BC6=VABь V7 C@0EC20==O< ?5@54=020=B065==O 

7<5=HCєBьAO C 3@C?V IC@V2 V7 '", ?>@V2=O=> V7 40=8<8 =0 ?>G0B:C 5:A?5@8<5=BC 

B0 ?VA;O 20 B0 40 E2 VH5<VW. #@8 Fь><C C IC@V2 V7 �-$ F59 ?0@0<5B@ 70;8H0єBьAO 

=57<V==8<, B><C ?VA;O @5?5@DC7VW 4>AB>2V@=>W @V7=8FV <V6 3@C?0<8 <8 =5 

A?>AB5@V30;8.  



87

 &0:8< G8=><, <>6=0 :>=AB0BC20B8, I> 35<>48=0<VG=V 7<V=8 70 C<>2 VH5<VW-

@5?5@DC7VW є =5 B0:8<8 VAB>B=8<8, O: C IC@V2 V7 <>45;;N V=D0@:BC <V>:0@40. $O4 

?>:07=8:V2 2:07CNBь =0 ?>3V@H5==O O: A8AB>;VG=8E, B0: V 4V0AB>;VG=8E DC=:FV9 

A5@FO =0 5B0?V VH5<VW. $5?5@DC7VO 45I> ?>:@0ICє ?>:07=8:8 �%", ��", )"�, 

C40@=C @>1>BC A5@FO, E>G0 2 FV;><C <8 A?>AB5@V30;8 7030;ь=5 ?>3V@H5==O 

35<>48=0<VG=8E ?>:07=8:V2 C B20@8= V7 �$, ?>@V2=O=> V7 28EV4=8<8 40=8<8.   

3.3.2. �<V=8 5:A?@5AVW lncRNAs H19, TUG1, GAS5 B0 MIAT C <V>:0@4V B0 ?;07<V 
:@>2V IC@V2 ?@8 <>45;N20==V VH5<VW-@5?5@DC7VW <V>:0@40 

 8 287=0G8;8 @V25=ь 5:A?@5AVW lncRNAs H19, TUG1, GAS5 B0 MIAT ?@8 

<>45;N20==V VH5<VW-@5?5@DC7VW <V>:0@40 C 4>@>A;8E IC@V2 ;V=VW Wistar. �=0;V7 

?@>2>482AO C B:0=8=0E <V>:0@4C B0 ?;07<V :@>2V, I> 1C;8 27OBV >4@07C ?VA;O 

5:A?5@8<5=BC (?VA;O 120-W E28;8=8 @5?5@DC7VW). ' 4>A;V46C20=V9 3@C?V B0 C 3@C?V 7 

C4020=>N >?5@0FVєN ('", ?@>:>; 4V;O=:8 <V>:0@40 =02:>;> ;V2>W 3V;:8 =87EV4=>W 

0@B5@VW 157 WW ?>40;ьH>3> ?5@5B8A:0==O) 1C;> 9 V 8 B20@8= 2V4?>2V4=>. $57C;ьB0B8 

0=0;V7C 5:A?@5AVW lncRNAs H19, TUG1, GAS5 B0 MIAT C <V>:0@4V IC@V2 =02545=V 

=0 $8A. 3.3.1. 
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$8A. 3.3.1. $V25=ь 2V4=>A=>W 5:A?@5AVW lncRNAs H19, TUG1, MIAT B0 GAS5 C 

<V>:0@4V IC@V2 ;V=VW Wistar 7 C4020=>N >?5@0FVєN ('") B0 VH5<VєN-@5?5@DC7VєN 

<V>:0@40 (�-$). �>AB>2V@=V 2V4<V==>ABV <V6 ?>:07=8:0<8 ?@8 @<0,05.  

/: 284=> 7 $8A. 3.3.1. @V25=ь 2V4=>A=>W 5:A?@5AVW lncRNA H19 4>AB>2V@=> 

7=86CєBьAO C 3,79 @070 ?VA;O VH5<VW-@5?5@DC7VW. $V25=ь 5:A?@5AVW lncRNA TUG1 

4>AB>2V@=> 71V;ьHCєBьAO 1V;ьH5 =V6 C 22 @070 ?VA;O VH5<VW-@5?5@DC7VW. �<V=8 C 

5:A?@5AVW GAS5 B0 MIAT 1C;8 =54>AB>2V@=8<8: A?>AB5@V30;8 7=865==O lncRNA 

GAS5 =0 26,24%, 0 MIAT 4 71V;ьH5==O   =0 49,11%.  



89

 

 

$8A. 3.3.2. $V25=ь 2V4=>A=>W 5:A?@5AVW lncRNAs H19, TUG1, MIAT B0 GAS5 C 
?;07<V :@>2V IC@V2 ;V=VW Wistar 7 C4020=>N >?5@0FVєN ('") B0 VH5<VєN-

@5?5@DC7VєN <V>:0@40 (�-$). �>AB>2V@=V 2V4<V==>ABV <V6 ?>:07=8:0<8 ?@8 @<0,05.  

�5I> V=0:HC :0@B8=C <8 A?>AB5@V30;8 ?@8 0=0;V7V 2V4=>A=>W 5:A?@5AVW 

lncRNAs H19, TUG1, GAS5 B0 MIAT C ?;07<V :@>2V IC@V2 ($8A. 3.3.2.).  

%B0B8AB8G=> 7=0GCI8<8 28O28;8AO ;8H5 2V4<V==>ABV C 5:A?@5AVW lncRNA MIAT. 

#VA;O VH5<VW-@5?5@DC7VW WW @V25=ь C ?;07<V :@>2V 71V;ьH82AO C 2,3 @070. �:A?@5AVO 

lncRNA H19 =54>AB>2V@=> 7=86CєBьAO =0 32,43%, TUG1 71V;ьHCєBьAO =0 38,95%, 0 

GAS5 4 =0 33,64%.  

�0@B> 2V47=0G8B8, I> O: V C 28?04:C V7 35<>48=0<VG=8<8 ?0@0<5B@0<8, 

7<V=8 5:A?@5AVW lncRNAs H19, TUG1, GAS5 B0 MIAT ?@8 VH5<VW-@5?5@DC7VW B0:>6 
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28O28;8AO =5 B0:8<8 >4=>7=0G=8<8, >A>1;82> C ?;07<V :@>2V, 45 4>AB>2V@=0 

@V7=8FO A?>AB5@V30єBьAO ;8H5 4;O lncRNA MIAT. � B>9 65 C <V>:0@4V =091V;ьH 

4@0<0B8G=>W 7<V=8 707=0;0 lncRNA TUG1 A0<5 ?@8 3>AB@><C 5:A?5@8<5=BV.  

$57C;ьB0B8, ?@54AB02;5=V 2 Fь><C @>74V;V, >?C1;V:>20=> C =0C:>28E ?@0FOE 

02B>@0:  

1.  . )5FC@V0=V, &. �. �@528Fь:0, �.  . ,8H. �<V=8 5:A?@5AVW 4>238E 

=5:>4CNG8E $!� H19, TUG1, GAS5, MIAT ?@8 VH5<VW-@5?5@DC7VW <V>:0@40. 

  (V7V>;. 6C@=., 2024, &. 70, № 1.  
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3.4. ��%#$�%�/ HIF-1α �����!�) �"���) !��"�'.+�) $!� &� 

��!�� ' #�*�Є!&�� �� �,� �+!". )�"$"�". %�$*/ &� 
�!(�$�&"   �"��$��  

' 70:;NG=V9 G0AB8=V @>1>B8 1C;0 ?@>0=0;V7>20=0 5:A?@5AVO =87:8 4>238E 

=5:>4CNG8E $!� C ?0FVє=BV2 V7 VH5<VG=>N E2>@>1>N A5@FO, V=D0@:B>< <V>:0@40, 0 

B0:>6 C ?0FVє=BV2, O:8< @>18;8 ?@>F54C@C 2V440;5=>3> VH5<VG=>3> 

?@5:>=48FV>=C20==O (��#�) ?5@54 ?@>2545==O< >?5@0FVW V7>;ь>20=>3> 

:>@>=0@=>3> HC=BC20==O. #@>2545==O B0:>3> 4>A;V465==O 4>72>;8;> =0< 

2V4?>2VAB8 =0 45:V;ь:0 206;828E ?8B0=ь. �>:@5<0, G8 A?>AB5@V30єBьAO 7<V=0 

5:A?@5AVW lncRNAs C ?0FVє=BV2 V7 VH5<VG=>N E2>@>1>N A5@FO? /:V lncRNAs C 

?;07<V :@>2V є =091V;ьH V=D>@<0B82=8<8, B0 G8 <>6=0 WE @>73;O40B8 O: 

?>B5=FV9=V 1V><0@:5@8 VH5<VG=>W E2>@>18 A5@FO? /: 7<V=NєBьAO 5:A?@5AVO 

>1@0=8E lncRNAs ?VA;O ?@>F54C@8 ��#�?  

�87=0G5==O 5:A?@5AVW lncRNAs ?@8 ��#� 1C;> ?@>2545=> 704;O @>7C<V==O 

48=0<VG=>ABV lncRNAs 4 O: =0 5:A?@5AVN F8E <>;5:C; 2?;8=5 =57=0G=5 VH5<VG=5 

=020=B065==O? ��#� 4 O28I5, 7024O:8 O:><C :>@>B:V ?5@V>48 VH5<VW, I> 

AC?@>2>46CNBьAO @5?5@DC7VєN B:0=8=, 70157?5GCNBь ?>40;ьH89 70E8AB <V>:0@4C 

2V4 ?>H:>465==O, A?@8G8=5=>3> VH5<VєN. �0 1V;ьH5 =V6 30 @>:V2 4>A;V465=ь 

70?@>?>=>20=> G8<0;> <>;5:C;O@=8E <5E0=V7<V2, I> ;560Bь 2 >A=>2V ��#�. 

�>:@5<0, V45=B8DV:>20=> @O4 <>;5:C;O@=8E <54V0B>@V2 3V?>:AVW, O:0 є F5=B@0;ь=8< 

:><?>=5=B>< VH5<VW. �><V=CNGC @>;ь C :>>@48=0FVW B@0=A:@8?FV9=>W @53C;OFVW 

?@8 3V?>:A8G=8E AB0=0E 2V4V3@0є D0:B>@, I> V=4C:CNBьAO 3V?>:AVєN 4 

B@0=A:@8?FV9=89 D0:B>@ HIF-1³. #@8 Fь><C ?@> @>;ь lncRNAs ?@8 ��#� <0965 

=VG>3> =52V4><>. %0<5 B><C 1C;> 28@VH5=> ?@>25AB8 0=0;V7 5:A?@5AVW =87:8 

lncRNAs, 0 B0:>6 HIF-1³ 70;56=8E 35=V2  ?@8 ��#�.  

�;O ?@>2545==O Fь>3> 5:A?5@8<5=BC =0<8 1C;8 >1@0=V lncRNAs, I> 

?>2'O70=V V7 HIF-1³, 7>:@5<0 F5 lncRNA H19, 0 B0:>6 ?@8@>4=V9 $!�-0=B8A5=A 4> 

<$!� HIF-1³ 4 HIF1A-AS1. �@V< B>3>, 1C;0 ?@>0=0;V7>20=0 V 5:A?@5AVO lncRNAs 
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MIAT, LIPCAR B0 MHRT O: ?>B5=FV9=8E 1V><0@:5@V2 A5@F52>-AC48==>W A8AB5<8. 

�0@B> 2V47=0G8B8, I> ?5@5;V: lncRNAs, O:89 <8 0=0;V7C20;8 C IC@V2 45I> 

2V4@V7=OєBьAO 2V4 B0:>3> C ?0FVє=BV2. *5 ?>2'O70=> V7 ?>@V2=O=> =87ь:8< @V2=5< 

<V6284>2>W :>=A5@20B82=>ABV lncRNAs. %0<5 B><C, >:@V< lncRNAs H19 B0 MIAT 

(I> 1C;8 >1@0=V 4;O 4>A;V465==O =0 5:A?5@8<5=B0;ь=8E ?0B>;>3VOE =0 B20@8=0E 

B0 :C;ьBC@V :;VB8=), =0<8 1C;> >1@0=> 4>40B:>2V lncRNAs 4  HIF1A-AS1, LIPCAR 

B0 MHRT.  

":@V< lncRNAs, =0<8 B0:>6 1C;0 ?@>0=0;V7>20=0 5:A?@5AVO 4-E HIF-1³ 

70;56=8E 35=V2. *5 35=8-<VH5=V HIF-1³ 4 :V=070 ?V@C20B453V4@>35=078 1 (PDK1), 

3;N:>7=89 B@0=A?>@B5@ 1 (GLUT1), 0 B0:>6 35=8, ?@>4C:B8 O:8E 2?;820NBь =0 

5:A?@5AVN HIF-1³ 4 <VH5=ь @0?0<VF8=C C AA02FV2 (mTOR) B0 =59@>B@>DVG=89 

D0:B>@ <>7:C (BDNF). ' =87FV @>1VB 1C;> ?>:070=>, I> mTOR B0 BDNF 

?>A8;NNBь B@0=A:@8?FVN HIF-1³. �=D>@<0FVO AB>A>2=> 5:A?@5AVW <$!� F8E 35=V2 

4>?><>65 C @>7C<V==V <>6;828E <>;5:C;O@=8E <5E0=V7<V2, 70;CG5=8E 4> 

VH5<VG=>3> =020=B065==O C ?0FVє=BV2.  

3.4.1. �<V=8 35<>48=0<VG=8E ?0@0<5B@V2 ?VA;O ��#� ?@8 V7>;ь>20=><C 

:>@>=0@=><C HC=BC20==V C ?0FVє=BV2 7 VH5<VG=>N E2>@>1>N A5@FO 

�;O ?@>2545==O ��#� ?0FVє=B0< 4>A;V46C20=>W 3@C?8 =0 ?@025 ?5@54?;VGGO 

=0:;040;8 <0=65B:C 4;O 28<V@N20==O 0@B5@V0;ь=>3> B8A:C. &8A: C <0=65BFV 

?V4=V<0;8 4> 200 <<. @B. AB. B0 70;8H0;8 =0 5 E2. #VA;O Fь>3> 9H>2 5B0? 

@5?5@DC7VW ?@>BO3>< 5 E28;8=. #5@V>48 VH5<VW B0 @5?5@DC7VW ?> 5 E2. ?>2B>@N20;8 

B@8GV. #0FVє=B0< :>=B@>;ь=>W 3@C?8 <0=65B:C =0 ?@025 ?5@54?;VGGO =0:;040;8 

B0:>6, 0;5 157 =03=VB0==O ?>2VB@O. 

"?5@0FVN V7>;ь>20=>3>  :>@>=0@=>3> HC=BC20==O =0 ?@0FNNG><C A5@FV 

@>7?>4V;8;8 =0 45:V;ь:0 5B0?V2. #5@H89 5B0? 4 ?V43>B>2:0 ?0FVє=B0 4> >?5@0FVW: 

=0;03>465==O <>=VB>@8=3C, :0B5B5@870FVO ?5@8D5@8G=>W 25=8 B0 0@B5@VW 4;O 

28<V@N20==O V=20782=>3> 0@B5@V0;ь=>3> B8A:C. �@C389 5B0? 4 V=4C:FVO B0 

V=BC10FVO.  &@5BV9 5B0? 4 D>@<C20==O 48AB0;ь=8E 0=0AB><>7V2. +5B25@B89 5B0? 
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70:V=G5==O >?5@0FVW. �5<>48=0<VG=V ?>:07=8:8 7=V<0;8 B@8GV 4 =0 5B0?V V=4C:FVW, 

D>@<C20==O 48AB0;ь=8E 0=0AB><>7V2 B0 70:V=G5==O >?5@0FVW. $57C;ьB0B8 

A?>AB5@565=ь =02545=V C B01;8FV 3.4.1.  

!0 5B0?V V=4C:FVW 35<>48=0<VG=V ?>:07=8:8 ACBBє2> =5 2V4@V7=O;8AO 2 >1>E 

3@C?0E. Є48=0 2V4<V==VABь ?>;O30;0 C ?>:07=8:C ��#%" (V=45:A 7030;ь=>3>  

?5@8D5@8G=>3> AC48==>3> >?>@C), O:89 C 4>A;V46C20=V9 3@C?V A:;02 

2163,4±121,4*, 0 C :>=B@>;ь=V9 - 2385,4±163,5* (p<0,05). %CBBє2V 7<V=8 

35<>48=0<VG=8E ?0@0<5B@V2 1C;8 2V4<VG5=V =0 5B0?V D>@<C20==O 48AB0;ь=8E 

0=0AB><>7V2. /: 284=> 7 B01;8FV 3.4.1, C ?0FVє=BV2 4>A;V46C20=>W 3@C?8 %� 

(A5@F5289 V=45:A) 1C2 28I8< =0 19% C ?>@V2=O==V V7 ?0FVє=B0<8 :>=B@>;ь=>W 

3@C?8.  #>:07=8:8  %�& (A8AB>;VG=89 0@B5@V0;ь=89 B8A:) B0   ��& (4V0AB>;VG=89 

0@B5@V0;ь=89 B8A:)  1C;8 4>AB>2V@=> 28I8<8 C ?0FVє=BV2 1 3@C?8. #>:07=8: '� 

(C40@=89 V=45:A)  C ?0FVє=BV2 4>A;V46C20=>W 3@C?8 1C2 28I8< =0 14%,  0 ?>:07=8: 

��#CO (V=45:A 7030;ь=>3> AC48==>3> ?5@8D5@8G=>3> >?>@C)  1C2 4>AB>2V@=> 

=86G8< C 1 3@C?V ?0FVє=BV2.  

В<EB8яG< V; CB>4;A<>V6 79@B8<A4@V>< @B:A4 ;DB5<F< 6<EAB6B>, IB 

C4FVєAF< 1 7DGC< 5G?< 5V?ьH 79@B8<A4@VGAB EF45V?ьA<@< A4 FьB@G 9F4CV 

BC9D4FVW. Н4 9F4CV ;4>VAG9AAя BC9D4FVW 8BEFB6VDABW DV;A<FV CB>4;A<>V6 '

(G4EFBF4 E9DF96<E E>BDBG9Aь), %А& (E<EFB?VGA<= 4DF9DV4?ьA<= F<E>), ДА& 

(8V4EFB?VGA<= 4DF9DV4?ьA<= F<E>), &В& (F9AFD4?ьA<= 69AB;A<= F<E>) A9 

5G?B 6V8@VG9AB G C4FVєAFV6 86BE 7DGC, CDBF9 CB>4;A<>< І F4 'І 5G?< 

8BEFB6VDAB 6<I<@< G 1 7DGCV, 4 CB>4;A<> ІЗП G 1 7DGCV 5G6 8BEFB6VDAB 

A<:G<@.
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&45?<JO 3.4.1.  
#>:07=8:8 35<>48=0<V:8 =0 5B0?V V=4C:FVW, D>@<C20==O 48AB0;ь=8E 0=0AB><>7V2 B0 70:V=G5==O >?5@0FVW C ?0FVє=BV2 
4>A;V46C20=>W (3@C?0 1) B0 :>=B@>;ь=>W (3@C?0 2) 3@C?. * - 2V@>3V4=VABь 2V4<V==>AB59 ?>:07=8:V2 <V6 3@C?0<8 p<0,05. 

 

 

#>:07=8: 

�=4C:FVO (>@<C20==O 48AB0;ь=8E 0=0AB><>7V2 �0:V=G5==O >?5@0FVW 

 �@C?0 1 
N = 14, M  ± SD 

 �@C?0 2 
N = 17, M  ± SD 

 �@C?0 1 
N = 14, M  ± SD 

�@C?0 2 
N = 17, M  ± SD 

 �@C?0 1 
N = 14, M  ± SD 

�@C?0 2 
N = 17, M  ± SD 

 +%%, 70 1 E2  87,69 ± 2,17  91,69±3,42  82,31±3,17  84,25±5,45  76,42±4,63  81,36±5,32 

 %�&, << @B. AB. 120,14 ± 3,17   118,14±8,17  98,54 ± 4,35*  91,65 ± 5,7*  125,42±5,10  121,14±3,70 

 ��&, <<, @B. AB.  68,3±5,34  62,3±5,34  58,15 ± 5,4*  52,15 ± 3,3*  62,3±5,16  59,3±5,16 

 *�&, << 2>4. AB.  52,3±7,4  48,1±6,2  62,1 ± 5,4  59,3 ± 9,8  63,1±4,8  59,2±3,5 

 %�, ;/E2/<2  3,21±0,52  3,18±0,37  3,12±0,85*  2,42±1,12*  3,42±0,86*  3,05±0,95* 

 '�, <;/<2  48,15±2,15  46,23±3,21  43,34±2,26*  35,50±5,45*  46,24±3,26*  40,13±4,15* 

 ��#%", 48=*A*A<5*<2 2163,4±121,4*  2385,4±163,5*  2367,3±213,5*  2638,5±494,2*  2247,3±189,5*  2472,3±165,5* 
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3.4.2. �:A?@5AVO HIF-1α, PDK1, GLUT1, BDNF B0 mTOR C <V>:0@4V B0 

;59:>F8B0E ?VA;O ��#� ?@8 V7>;ь>20=><C :>@>=0@=><C HC=BC20==V C 

?0FVє=BV2 7 VH5<VG=>N E2>@>1>N A5@FO 

!0<8 1C;0 ?@>0=0;V7>20=0 5:A?@5AVO HIF-1³ C <V>:0@4V B0 ;59:>F8B0E 

?0FVє=BV2 ?VA;O ��#� ?@8 V7>;ь>20=><C :>@>=0@=><C HC=BC20==V. &0:>6 4;O 

0=0;V7C 1C;8 >1@0=8 2 35=8-<VH5=V HIF-1³ 4 PDK1 B0 GLUT1, 0 B0:>6 2 35=8, 

?@>4C:B8 O:8E ?>A8;NNBь 5:A?@5AVN HIF-1³ 4 mTOR B0 BDNF. $57C;ьB0B8 

4>A;V465==O =0 $8A. 3.4.1.  

$V25=ь 5:A?@5AVW <$!�  HIF-1³ C <V>:0@4V 4>AB>2V@=> 7=86CєBьAO 1V;ьH5 =V6 

C 7,5 @070 C ?0FVє=BV2 ?VA;O ��#�, ?>@V2=O=> V7 3@C?>N 7 '". �=865==O 5:A?@5AVW 

<$!�  HIF-1³ =0 48,34% B0:>6 A?>AB5@V30;8 C ;59:>F8B0E ?0FVє=BV2 V7 ��#�. 

/: ?>:070=> =0 $8A. 3.4.1. 7=86CєBьAO V 5:A?@5AVO <VH5=59 HIF-1³ 4 35=V2 PDK1 

B0 GLUT1 O : 2 <V>:0@4V, B0: V 2 ;59:>F8B0E ?VA;O ?@>2545==O ?@>F54C@8 ��#�. ' 

<V>:0@4V @V25=ь <$!� PDK1 C 3@C?8 7 ��#� 4>AB>2V@=> 7=86CєBьAO C 2,56 @070, 0 2 

;59:>F8B0E 4 2 1,8 @070, ?@>B5 FO 7<V=0 =5 є 4>AB>2V@=>N (p>0,05). !54>AB>2V@=8< 

B0:>6 28O28;>AO 7=865==O 5:A?@5AVW  <$!� GLUT1 C <V>:0@4V B0 ;59:>F8B0E 

?0FVє=BV2 ?VA;O ��#� C 1,91 B0 2,13 @070 2V4?>2V4=>.  

 $V25=ь 5:A?@5AVW 35=V2 mTOR C <V>:0@4V ?0FVє=BV2 3@C?8 V7 ��#� 7=86CєBьAO 

C 2,91 @070, ?@>B5 FO 7<V=0 =5 є 4>AB>2V@=>N (p>0,05).  #@8 Fь><C 7=865==O @V2=O 

5:A?@5AVW mTOR C 10,46 @070 C ;59:>F8B0E 1C;> 4>AB>2V@=8< (p<0,05). -> 

AB>ACєBьAO 5:A?@5AVW 35=C BDNF, B> C <V>:0@4V 2>=0 =54>AB>2V@=> 7=86CєBьAO 

<0965 C 7 @07V2 (p>0,05) C ?0FVє=BV2 V7 ��#�, 0 C ;59:>F8B0E 4 =54>AB>2V@=> 

71V;ьHCєBьAO =0 12,43% (p>0,05).  
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$8A. 3.4.1. $V25=ь 2V4=>A=>W 5:A?@5AVW HIF-1³, PDK1, GLUT1, mTOR B0 BDNF C <V>:0@4V (�) B0 ;59:>F8B0E (�) ?VA;O 
��#� ?@8 V7>;ь>20=><C :>@>=0@=><C HC=BC20==V C ?0FVє=BV2 7 VH5<VG=>N E2>@>1>N A5@FO. �>AB>2V@=V 2V4<V==>ABV <V6 
?>:07=8:0<8 ?@8 @<0,05.  
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�<V=0 5:A?@5AVW 35=V2 <VH5=59 HIF-1³, PDK1 B0 GLUT1 C AB>@>=C 

7<5=H5==O, A:>@VH5 70 2A5 ?>2'O70=0 V7 7=865==O< 5:A?@5AVW HIF-1³ C ?0FVє=BV2, 

O:8< ?@>2>48;8 ?@>F54C@C ��#�. /: ?>:07CNBь @57C;ьB0B8, <>6;828< 

<5E0=V7<>< F8E 7<V= <>6CBь 1CB8 7=865=V 5:A?@5AVW 35=V2 mTOR B0 BDNF, O:V 2 

A2>N G5@3C ?>A8;NNBь 5:A?@5AVN HIF-1³.  

3.4.3. �<V=8 5:A?@5AVW lncRNAs H19, HIF1A-AS1, MIAT, LIPCAR B0 MHRT C 

?0FVє=BV2 7 VH5<VG=>N E2>@>1>N A5@FO 70 C<>2 2V440;5=>3> VH5<VG=>3> 

?@5:>=48FV>=C20==O  

�C;0 ?@>0=0;V7>20=0 5:A?@5AVO lncRNAs H19, HIF1A-AS1, MIAT, LIPCAR B0 

MHRT C ?;07<V ?0FVє=BV2 V7 VH5<VG=>N E2>@>1>N A5@FO, 2 0=0<=57V O:8E 1C2 

V=D0@:B <V>:0@40, B0 74>@>28E ;N459 (:>=B@>;ь=0 3@C?0). �@V< B>3>, 287=0G5=0 

5:A?@5AVO lncRNAs H19, HIF1A-AS1, MIAT, LIPCAR B0 MHRT C <V>:0@4V, D@0:FVW 

;59:>F8BV2 B0 ?;07<V ?0FVє=BV2 V7 VH5<VG=>N E2>@>1>N A5@FO C ?0FVє=BV2 V7 

VH5<VG=>N E2>@>1>N A5@FO (�)%), O:8< ?@>2>48;0AO ?@>F54C@0 ��#� ?5@54 

>?5@0FVєN V7>;ь>20=>3> 0>@B>:>@>=0@=>3> HC=BC20==O =0 ?@0FNNG><C A5@FV. 

$57C;ьB0B8 4>A;V465=ь =02545=V =0 $8A. 3.4.2.  

/: ?>:07CNBь @57C;ьB0B8 4>A;V465==O, C ?0FVє=BV2 V7 VH5<VG=>N E2>@>1>N 

A5@FO 2 ?;07<V :@>2V 4>AB>2V@=> 28I5 @V25=ь 5:A?@5AVW  lncRNAs H19, HIF1A-AS1 

B0 LIPCAR. $V25=ь 5:A?@5AVW lncRNA H19 C ?0FVє=BV2 7 �)% 7@>AB0є =0 52,32%, 0 

lncRNAs HIF1A-AS1 B0 LIPCAR 4 C 2,44 V 1,96 @07V2 2V4?>2V4=>. �<V=8 @V2=V2 

5:A?@5AVW lncRNAs H19, HIF1A-AS1, MIAT, LIPCAR B0 MHRT C <V>:0@4V 

?0FVє=BV2 70 C<>2 ��#� <0NBь B0:89 65 =0?@O<>:, O: V C ?;07<V. #@8 Fь><C 

72>@>B=0 :0@B8=0 A?>AB5@V30єBьAO 2 ;59:>F8B0E. !0 2V4<V=C 2V4 <V>:0@40 B0 ?;07<8 

:@>2V, 2 ;59:>F8B0E @V25=ь 5:A?@5AVW lncRNAs H19, HIF1A-AS1, MIAT, LIPCAR B0 

MHRT 71V;ьHCєBьAO C 3@C?V ?0FVє=BV2 V7 ��#�.
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$8A. 3.4.2. $V25=ь 2V4=>A=>W 5:A?@5AVW lncRNAs H19, HIF1A-AS1, MIAT, LIPCAR B0 MHRT C ?;07<V ?0FVє=BV2 V7 
VH5<VG=>N E2>@>1>N A5@FO B0 74>@>28E ;N459 (�), C <V>:0@4V (�), ?;07<V (�) B0 ;59:>F8B0E (�) ?0FVє=BV2 V7 VH5<VG=>N 
E2>@>1>N A5@FO ?@8 ��#�. �>AB>2V@=V 2V4<V==>ABV <V6 ?>:07=8:0<8 ?@8 @<0,05.  
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$V25=ь 5:A?@5AVW lncRNA H19 C <V>:0@4V 70 C<>28 ��#� 4>AB>2V@=> 

7<5=HCєBьAO C 6,7 @070, 0 C ?;07<V :@>2V 4 2 20,5 @07V2 (p<0,05). � ;59:>F8B0E 

5:A?@5AVO lncRNA H19 70 ��#� 71V;ьHCєBьAO 1V;ьH5, =V6 C 3 @078 (p<0,05). 

�:A?@5AVO lncRNA HIF1A-AS1 70 C<>28 ��#� C <V>:0@4V 7<5=HCєBьAO C 6,95 @070 

(p<0,05), C ?;07<V :@>2V 4 2 9,79 @070 (p<0,05), 0 2 ;59:>F8B0E 70 C<>2 ��#� 

71V;ьHCєBьAO C 3,8 @070 (p<0,05). �>AB>2V@=5 7<5=H5==O 5:A?@5AVW C 5,42 @070 70 

��#� C <V>:0@4V B0:>6 A?>AB5@V30;8 4;O lncRNA MIAT. �0 ��#� @V25=ь 5:A?@5AVW 

lncRNA MIAT C ?;07<V :@>2V 7=86CєBьAO =0 27,15%, ?@>B5 B0:0 7<V=0 =5 є 

4>AB>2V@=>N  (p>0,05). /: V C 28?04:C 7 lncRNAs H19, HIF1A-AS1, 5:A?@5AVO 

lncRNA MIAT 2 ;59:>F8B0E ?0FVє=BV2 V7 3@C?8 ��#� 71V;ьHCєBьAO C 9,89 @070 

(p<0,05). $V25=ь 5:A?@5AVW <VB>E>=4@V0;ь=>W lncRNA LIPCAR 70 C<>28 ��#� C 

<V>:0@4V 7<5=HCєBьAO C 8,65 @070, (p<0,05), C ?;07<V :@>2V 4 2 23,61 @070 (p<0,05), 

0 2 ;59:>F8B0E 70 C<>2 ��#� 71V;ьHCєBьAO C 4,34 @070 (p<0,05). �:A?@5AVO lncRNA 

MHRT C <V>:0@4V 70 C<>28 ��#� 4>AB>2V@=> 7<5=HCєBьAO C 2,5 @070 (p<0,05). 

�=865==O 2<VABC lncRNA MHRT C ?;07<V 70 C<>28 ��#� 1V;ьH VAB>B=5 V AO30є 

1V;ьH5, =V6 C 15 @07V2 (p<0,05). � ;59:>F8B0E 5:A?@5AVN lncRNA MHRT =5 

A?>AB5@V30;8.  

3.4.4. LncRNA H19 O: ?>B5=FV9=89 <0@:5@ ?V428I5=>3> @878:C A<5@BV  

�:A?@5AVO lncRNAs H19, HIF1A-AS1, MIAT, LIPCAR B0 MHRT 1C;0 

287=0G5=0 C ?;07<V :@>2V 361 ?0FVє=B0 C 2VFV 75 @>:V2, 70 O:8<8 25;8 

A?>AB5@565==O ?@>BO3>< 14 @>:V2, 7 2000 ?> 2013 @>:8. *5 ?0FVє=B8, 2 0=0<=57V 

O:8E @V7=V E@>=VG=V 70E2>@N20==O 4 0@B5@V0;ь=0 3V?5@B5=7VO, VH5<VG=0 E2>@>10 

A5@FO, 5?V7>48 V=D0@:BC <V>:0@40, 70E2>@N20==O ?5@8D5@8G=8E 0@B5@V9 B0 3>AB@V 

?>@CH5==O <>7:>2>3> :@>2>>1V3C. �0 14 @>:V2 A?>AB5@565=ь 193 ?0FVє=B0 ?><5@;>. 

!0<8 1C;> 287=0G5=> 5:A?@5AVN lncRNAs H19, HIF1A-AS1, MIAT, LIPCAR B0 

MHRT C ?;07<V :@>2V ?0FVє=BV2, O:0 1C;0 2V4V1@0=0 =0 ?>G0B:C 4>A;V465==O 7 

<5B>N 2AB0=>28B8 <>6;82V :>@5;OFV9=V 72'O7:8 <V6 5:A?@5AVєN :>=:@5B=8E 

lncRNAs B0 @878:>< A<5@BV.  
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#>?5@54=ь> 0<?;VDV:0FVN 74V9A=N20;8 =0 55 28?04:>2> 2V4V1@0=8E 7@07:0E 

7 <5B>N >1@0B8 ;8H5 BV lncRNAs, @V25=ь 0<?;VDV:0FVW O:8E =5 ?5@528ICє 30 Ct 

<V=V<C< C 40% 7@07:V2. *8< :@8B5@VO< 2V4?>2V40;0 ;8H5 lncRNA H19, 5:A?@5AVO 

O:>W 40;V 1C;0 287=0G5=0 2 CAVE 7@07:0E. ' ?><5@;8E ?0FVє=BV2 (193 >A>18) 

5:A?@5AVO  lncRNA H19 1C;0 28I>N. �V;ьH5 B>3>, A5@54 FVєW 3@C?8 ?0FVє=BV2 

G0ABVH5 1C;8 G>;>2V:8, 0 B0:>6 ?0FVє=B8 V7 VH5<VG=>N E2>@>1>N A5@FO, V=D0@:B>< 

<V>:0@40, FC:@>28< 4V015B>< B0 VH5<VG=8< CH:>465==O< <>7:C (70 40=8<8  $&-

4>A;V465=ь). �07>2V (28EV4=V) E0@0:B5@8AB8:8 CAVE 361 ?0FVє=B0, 2:;NG=> V7 @V2=5< 

5:A?@5AVW  lncRNA H19 =02545=V C B01;8FV 3.4.2.   

 

&45?<JO 3.4.2.  

�07>2V E0@0:B5@8AB8:8 70;CG5=8E ?0FVє=BV2, O:V 70 14 @>:V2 4>A;V465=ь 4>AO3;8 B0 

=5 4>AO3;8 :V=F52>3> ?C=:BC 4>A;V465==O (A<5@Bь 7 1C4ь-O:>W ?@8G8=8). 

�>AB>2V@=V 2V4<V==>ABV <V6 ?>:07=8:0<8 ?@8 @<0,05. 

#0@0<5B@ �82V ?0FVє=B8 

(n=168) 

#><5@;V ?0FVє=B8 

(n=193) 

p 

�V=>G0 AB0Bь 114 (67,9%) 107 (55,4%) 0,017 

�H5<VG=0 E2>@>10 A5@FO 34 (20,7%) 65 (33,9%) 0,008 

�=D0@:B <V>:0@40 8 (4,9%) 32 (16,7%) <0,001 

*C:@>289 4V015B 21 (12,8%) 51 (26,6%) 0,001 

�@B5@V0;ь=0 3V?5@B5=7VO 120 (73,6%) 127 (69,0%) 0,406 

)2>@>10 ?5@8D5@8G=8E 0@B5@V9 14 (8,6%) 31 (16,2%) 0,037 

�H5<VG=5 CH:>465==O <>7:C 14 (8,5%) 25 (13,0%) 0,233 

H19 (&&Ct) 1,2×10-4 C.>.  1,5×10-4 C.>. 0,028 
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�87=0G5=V ?>@>3>2V 7=0G5==O 4;O 5:A?@5AVW lncRNA  H19 AB0=>28;8 1,3×10⁻⁴ 

C.>. 70 V=45:A>< .45=0. #VA;O @>74V;5==O ?>?C;OFVW 70 F8< ?>@>3><, 3@0DV: 

�0?;0=0- 59є@0 ?>:0702, I> ?0FVє=B8 7 28I8< @V2=5< F8@:C;NNG>W lncRNA  H19 

<0;8 7=0G=> 7=865=C 286820=VABь (<54V0=0 286820==O: 10,3 @>:8, 

<V6:20@B0;ь=89 @>7<0E (IQR) [6,5312,3] ?@>B8 11,7 @>:V2, IQR [8,9312,9], $8A 

3.4.3. �030;><, AC1'є:B8 7 28I8< @V2=5< H19 <0;8 =0 36,3% 71V;ьH5=89 @878: 

A<5@BV ?@>BO3>< 14 @>:V2 A?>AB5@565==O. 

 

$8A. 3.4.3. �@0DV: �0?;0=0- 59є@0. %C1'є:B8 :;0A8DV:>20=V 73V4=> 7 ?>@>3>< 

H19, 287=0G5=8< 70 V=45:A>< .45=0. 

 >45;ь @53@5AVW 7 ?@>?>@FV9=8<8 @878:0<8 �>:A0 ?>:070;0, I> lncRNA H19 

є =570;56=8< ?@548:B>@>< A<5@B=>ABV ($8A. 3.4.4.). �0@B> 2V47=0G8B8, I> FO 

<>45;ь 2:;NG0;0 AB0Bь, VH5<VG=C E2>@>1C A5@FO, FC:@>289 4V015B, A:>@83>20=V (?> 

2V4=>H5==N 4> V=H8E 7<V==8E) B0 =5 A:>@83>20=V 7=0G5==O 5:A?@5AVW lncRNA H19.  
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$8A. 3.4.4. �VA>289 3@0DV: @53@5AVW 7 ?@>?>@FV9=8<8 @878:0<8 �>:A0. 

�=0GCIV ?@548:B>@8 284V;5=V G5@2>=8<8 A<C30<8.  

/: 284=> =0 3@0DV:C, @878: A<5@BV C >AV1 ?>E8;>3> 2V:C 7@>AB0є C 1,489 @070 

70 C<>2 5:A?@5AVW lncRNA H19 28I5 ?>@>3>2>3> 7=0G5==O.  

$57C;ьB0B8, ?@54AB02;5=V 2 Fь><C @>74V;V, >?C1;V:>20=> C =0C:>28E ?@0FOE 

02B>@0:  

1. M. Khetsuriani, N. O. Ioffe, T. I. Drevytska, V. O. Niekrasova, V. E. Dosenko. 

MHRT expression during remote ischemic preconditioning in patients with 

coronary artery disease. Biopolymers and Cell, Volume 37, pp 270-277.  

2. )5FC@V0=V,  ., �>DD5, !. "., $C45=:>,  . �., �@528Fь:0, &. �., & �>A5=:>, �. 

Є. (2020). �?;82 2V440;5=>3> VH5<VG=>3> ?@5:>=48FV>=C20==O =0 5:A?@5AVN 

4>23>W =5:>4CNG>W $!� !19 B0 D0:B>@C, I> V=4C:CєBьAO 3V?>:AVєN HIF-1³, 

?@8 V7>;ь>20=><C :>@>=0@=><C HC=BC20==V C ?0FVє=BV2 7 VH5<VG=>N 

E2>@>1>N A5@FO. '>D4WAEь><= :GDA4? E9DJ96B-EG8<AABW IVDGD7VW, (3 (40), 49-

54. 
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3. Lapikova-Bryhinska T, Ministrini S, Puspitasari YM, Kraler S, Mohamed SA, 

Costantino S, Paneni F, Khetsuriani M, Bengs S, Liberale L, Montecucco F, 

Krampla W, Riederer P, Hinterberger M, Fischer P, Lüscher TF, Grünblatt E, 

Akhmedov A, Camici GG. Long non-coding RNAs H19 and NKILA are 

associated with the risk of death and lacunar stroke in the elderly population. Eur 

J Intern Med. 2023 Nov 17:S0953-6205(23)00411-9. 

4. Serebrovska ZO, Xi L, Tumanovska LV, Shysh AM, Goncharov SV, 

Khetsuriani M, Kozak TO, Pashevin DA, Dosenko VE, Virko SV, et al. 

Response of Circulating Inflammatory Markers to Intermittent Hypoxia-

Hyperoxia Training in Healthy Elderly People and Patients with Mild Cognitive 

Impairment. Life. 2022; 12(3):432. 

5. Khetsuriani M, Ioffe NO, Drevytska TI, Niekrasova VN, Dosenko VE. 

Expression of long non-coding RNAs HIF1A-AS1, LIPCAR, and MIAT under 

remote ischemic preconditioning in patients with coronary artery disease. XV 

IMBG all-Ukrainian Conference of Young Scientists with international 

participation. Biopolymers and Cell. 2021. Vol. 37. N 3. 3 P. 199. Kyiv 2021.  
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$"���� 4. �!���� � '�����Ь!�!!/ $��'�Ь&�&�� �"%�����!!/ 

 #>HC: =>28E <>;5:C;O@=8E <5E0=V7<V2 @53C;OFVW DV7V>;>3VG=8E B0 

?0B>;>3VG=8E ?@>F5AV2 A5@F52>-AC48==>W A8AB5<8 4 0:BC0;ь=5 70240==O ACG0A=>W 

=0C:8. +8A;5==V 4>A;V465==O, 0 B0:>6 V =0HV 5:A?5@8<5=B8 ?>:07CNBь, I> GV;ь=5 

<VAF5 C Fь><C 709<0NBь 4>23V =5:>4CNGV $!� [27]. �>A;V48 =0 ?5@28==V9 :C;ьBC@V 

:0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2 45<>=AB@CNBь, I> 0=>:AVO-@5>:A835=0FVO 

ACBBє2> 2?;820є =0 5:A?@5AVN 281@0=8E lncRNAs H19, TUG1, MIAT B0 GAS5 

[125]. &0:V 7<V=8 (I> ?>45:C48 AO30NBь 45AOB:8 @07V2) 2:07CNBь =0 <>6;82C WE 

CG0ABь C @50;V70FVW ?0B>;>3VG=8E 7<V= C <V>:0@4V.  �C;> ?>2V4><;5=> 

:0@4V>?@>B5:B82=C @>;ь lncRNA H19, O:0 ?@83=VGCє 3V?5@B@>DVN <V>:0@40, 

CB2>@NNG8 <>;5:C;O@=C ?0AB:C 4;O miR-145 [126]. Gong B0 A?V202B. [127] 

?>:070;8, I> lncRNA H19 70E8I0є :0@4V><V>F8B8 ?V4 G0A 3V?>:A8G=>3> 

CH:>465==O. �>=8 70?@>?>=C20;8 <>;5:C;O@=89 <5E0=V7< :0@4V>?@>B5:FVW G5@57 

0:B820FVN lncRNA H19 A83=0;ь=8E H;OEV2 PI3K/AKT B0 ERK/p38, I> <0NBь 

206;825 7=0G5==O C 70E8ABV :;VB8= <V>:0@40 2V4 VH5<VG=>3> CH:>465==O. �=HV 

4>A;V4=8:8 4>25;8, I> =045:A?@5AVO H19 ?@83=VGCє 0?>?B>7 :0@4V><V>F8BV2 

=5>=0B0;ь=8E IC@V2 [128]. *V 40=V FV;:>< C73>46CNBьAO V7 @57C;ьB0B0<8, O:V 1C;8 

>B@8<0=V =0<8, >A:V;ь:8 @V25=ь 5:A?@5AVW lncRNA H19 C =0A 7=86C202AO ?@8 

0=>:AVW-@5>:A835=0FVW. 

�=865==O 5:A?@5AVW lncRNA H19 <8 B0:>6 A?>AB5@V30;8 ?@8 <>45;N20==OE 

V=D0@:BC B0 VH5<VW-@5?5@DC7VW <V>:0@4C, ?@8G><C F5 AB>AC20;>AO O: <V>:0@4C, B0: V 

?;07<8 :@>2V IC@V2 [125, 129]. �:A?5@8<5=B8 7 <8H0<8 ?>:070;8, I> H19 <0є 

:0@4V>?@>B5:B82=C DC=:FVN ?V4 G0A V=D0@:BC <V>:0@40. �4V9A=NєBьAO F5 H;OE>< 

0:B820FVW 0CB>D03VW G5@57 ?V428I5==O A?V22V4=>H5==O LC3-II/I B0 5:A?@5AVW Beclin-

1 V ATG-7 [130]. 

%;V4 707=0G8B8, I> :0@4V>?@>B5:B82=V 2;0AB82>ABV H19 70;8H0NBьAO 

?@54<5B>< >13>2>@5==O. *O 4>230 =5:>4CNG0 $!� <>65 1CB8 70;CG5=0 C @V7=V 

H;OE8, V :>6=89 :>=:@5B=89 28?04>: ?>B@51Cє 3;81>:>3> 282G5==O. !0?@8:;04, C 
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4>A;V465==V Tao H B0 V=., 1C;> 70?@>?>=>20=> <>;5:C;O@=89 <5E0=V7<, 70 O:8< 

lncRNA H19 A?@8Oє @>728B:C DV1@>7C 2 B:0=8=0E A5@FO [131]. ' 4>A;V465==V 

Choong OK B0 V=., 1C;> ?>:070=>, I> H19 <>65 CB2>@N20B8 =C:;5>?@>B5W=>289 

:><?;5:A 7 Y-1>:A-72'O7CNG8< 1V;:>< (YB-1) 2 C<>20E 3V?>:AVW, I> 28:;8:0є 

DV1@>7 V @5<>45;N20==O A5@FO ?VA;O V=D0@:BC [132]. 

*V:02>, I> 7=865==O 5:A?@5AVW lncRNA H19 C :C;ьBC@V :0@4V><V>F8BV2 

=5>=0B0;ь=8E IC@V2 <8 A?>AB5@V30;8, ?>?@8 71V;ьH5==O 5:A?@5AVW <$!� HIF-1³. 

�V4><>, I> HIF-1³ є B@0=A:@8?FV9=8< D0:B>@>< V 4;O lncRNA H19, 0465 35= !19 

C ?@><>B>@=V9 7>=V <VAB8Bь 4V;O=:8, I> 72'O7CNBьAO V7  HIF-1³ 4 HREs (Hypoxia 

Responsive Elements) [133-136]. &0:0 7<V=0 5:A?@5AVW lncRNA H19 ?@8 0=>:AVW <>65 

2:07C20B8 =0 B5, I> FO =5:>4CNG0 $!� 70 C<>2 =5AB0GV :8A=N ?@8 =0HV9 <>45;V 

@53C;NєBьAO G5@57 V=HV H;OE8. !0B><VABь 70 C<>2 =>@<>:AVW, ?@8 4>4020==V 4> 

:C;ьBC@8 :;VB8= V=3V1VB>@0 HIF-?@>;V; 3V4@>:A8;078 <8 A?>AB5@V30;8 ?V428I5==O 

5:A?@5AVW O: <$!� HIF-1³, B0: V H19. �2060є<>, I> B0:0 7<V=0 5:A?@5AVW ?>2'O70=0 

7V AB01V;V70FVєN D0:B>@0, I> V=4C:CєBьAO 3V?>:AVєN, HIF-1³ [137, 138]. 

� >3;O4>2V9 AB0BBV Reinier A. Boon B0 A?V202B. 2:07CNBь =0 1030B>3@0==V 

DC=:FV>=0;ь=V <>6;82>ABV lncRNA H19 [139]. � 70;56=>ABV 2V4 C<>2 7>2=VH=ь>3> 

A5@54>28I0, 0 B0:>6 <>;5:C;O@=>3> (0 G0ABVH5 B@0=A:@8?B><=>3>) :>=B5:ABC, 

lncRNA H19 <>65 1CB8 70;CG5=0 4> @50;V70FVW @V7=8E A83=0;ь=8E H;OEV2. &0:8< 

G8=><, 02B>@8 2:07CNBь, I> 4;O A5@F52>-AC48==>W A8AB5<8 lncRNA H19 <>65 

1CB8 O: :0@4V>?@>B5:B82=8<, B0: V ?@>?0B>;>3VG=8< G8==8:>< [140-147]. 

�2060NG8 =0 7=0G=5 7=865==O @V2=O H19 C =0HV9 <>45;V V=D0@:BC <V>:0@40, <8 

?@8?CA:0є<>, I> =045:A?@5AVO H19 (O: 20@V0=B $!�-B5@0?VW) <>65 ?>:@0I8B8 

35<>48=0<VG=V ?>:07=8:8 B20@8=, 0 B0:>6 7=878B8 @V25=ь ?>ABV=D0@:B=>3> 

DV1@>7C. 

�;O TUG1 ?>:070=>, I> FO lncRNA 15@5 CG0ABь C @50;V70FVW VH5<VG=>3> 

CH:>465==O <V>:0@40 G5@57 CB2>@5==O <>;5:C;O@=>W ?0AB:8 4;O miR-132 [148]. ' 

=0H8E 4>A;V465==OE 5:A?@5AVO lncRNA TUG1 4>AB>2V@=> 71V;ьHCєBьAO 1V;ьH =V6 
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C 2 @078 C IC@V2 7 V=D0@:B>< <V>:0@40 B0 <0965 C 22 @078 2 <V>:0@4V ?VA;O VH5<VW-

@5?5@DC7VW.  8 22060є<>, I> 4> @53C;OFVW 5:A?@5AVW TUG1 B0:>6 <>65 1CB8 

70;CG5=89 B@0=A:@8?FV9=89 D0:B>@, I> V=4C:CєBьAO 3V?>:AVєN (HIF-1³). *5 

?@8?CI5==O 28<030є ?>40;ьH8E 4>A;V465=ь V7 2AB0=>2;5==O B0:>W @>;V 4;O HIF-

1³. �V4><>, I> 2V= <>65 72'O7C20B8AO V7 ?@><>B>@=8<8 4V;O=:0<8 35=0 lncRNA 

TUG1, ?>A8;NNG8 5:A?@5AVN >AB0==ь>3> [149]. #>:070=>, I> TUG1 CB2>@Nє 

=C:;5>?@>B5W=>289 :><?;5:A 7 1V;:>< FUS (fused in sarcoma), :>B@89 70;CG5=89 

4> @535=5@0FVW  A5@F52>3> <'O70 ?VA;O V=D0@:BC <V>:0@40 [150]. �@V< B>3>, 

2AB0=>2;5=>, I> lncRNA TUG1 28ABC?0є O: <>;5:C;O@=0 ?0AB:0 4;O <V:@>$!� 29-

3p B0 miR-34a, I> ?@872>48Bь 4> 3V?5@B@>DVW A5@F52>3> <'O70 [151, 152].  

' =0H><C 4>A;V465==V 4>AB>2V@=5 71V;ьH5==O 5:A?@5AVW TUG1 ?>:070=> 

BV;ь:8 4;O <V>:0@40 ?VA;O VH5<VW-@5?5@DC7VW. #@8 :>@>B:89 0=>:AVW-@5>:A835=0FVW 

2>=0 =02?0:8 ACBBє2> 7<5=HCєBьAO, 0;5 ?VA;O 4>23>W 0=>:AVW-@5>:A835=0FVW 4 

7@>AB0є. &0:0 =52V4?>2V4=VABь <V6 5:A?@5AVєN lncRNA TUG1 C ?5@28==V9 :C;ьBC@V 

:0@4V><V>F8BV2 B0 <V>:0@4V 4>@>A;8E IC@V2 V<>2V@=> A?@8G8=5=0 45:V;ь:><0 

D0:B>@0<8. #>-?5@H5, F5 ?>;VDC=:FV>=0;ь=VABь lncRNAs. "4=0 9 B0 A0<0 lncRNA 

<>65 1CB8 704VO=0 4> @V7=8E <>;5:C;O@=8E <5E0=V7<V2, O:-B> <>;5:C;O@=V ?0AB:8 

4;O <V:@>$!�, CB2>@5==O :><?;5:AV2 V7 1V;:0<8, B0 =02VBь D>@<C20==O B@8?;5:AV2 

V7 ?@><>B>@=8<8 4V;O=:0<8 �!� [27, 31, 35, 42, 43]. �@C30 <>6;820 ?@8G8=0 

?>;O30є C @V7=><C ?@>DV;V 5:A?@5AVW :0@4V><V>F8BV2 =5>=0B0;ь=8E B0 4>@>A;8E 

IC@V2 [153].  

�>A8Bь =5>4=>7=0G=V @57C;ьB0B8 =0<8 1C;8 >B@8<0=V AB>A>2=> 5:A?@5AVW 

lncRNA GAS5. �>AB>2V@=5 7=865==O 2V4=>A=>W 5:A?@5AVW <8 A?>AB5@V30;8 ;8H5 

?VA;O :>@>B:>W B0 4>23>W 0=>:AVW-@5>:A835=0FVW. %B>A>2=> @>;V FVєW lncRNA 

B>G0BьAO 48A:CAVW, >A:V;ь:8 @V7=V 3@C?8 4>A;V4=8:V2 4V9H;8 4> 4V0<5B@0;ь=> @V7=8E 

28A=>2:V2. !0?@8:;04, C ?@0FV Du B0 A?V202B. [154] ?>:070=>, I> ?@83=VG5==O 

5:A?@5AVW GAS5 7=86Cє @V25=ь 0?>?B>7C B0 70E8I0є :0@4V><V>F8B8 2V4 703815;V, 

A?@8G8=5=>N 3V?>:AVєN. �>4=>G0A 40=V Hao B0 A?V202B. 2:07CNBь =0 72>@>B=5 4 

?@> 7<5=H5==O 0?>?B>7C :0@4V><V>F8BV2 [155]. *V:02>, I> V ?5@H5, V 4@C35 
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B25@465==O <>6CBь 1CB8 FV;:>< ?@024828<8, 2@0E>2CNG8 73040=C 

?>;VDC=:FV>=0;ь=VABь, 0 B0:>6 V=B5@0:B>< lncRNAs. *V;:>< V<>2V@=>, I> GAS5 

<>65 1CB8 :>=:C@5=B=>N 5=4>35==>N =5:>4CNG>N $!�, O:0 70;CG5=0 4> 

@53C;OFVW B@0=A;OFVW <$!�. �<>2V@=>, I> 70;56=> 2V4 @V7=8E C<>2 (=0?@8:;04, 

VH5<VG=5 CH:>465==O), 0 B0:>6 =0O2=>ABV V=H8E $!� (7 O:8<8 GAS5 <>65 

270є<>4VOB8 01> :>=:C@C20B8 70 A09B8 72'O7C20==O V7 <V:@>$!�) F5 ?@872>48Bь 4> 

@V7=8E (V=:>;8 V 4V0<5B@0;ь=> ?@>B8;56=8E) =0A;V4:V2.  

!0@07V lncRNA MIAT @>73;O40NBь O: ?>B5=FV9=89 <0@:5@ A5@F52>-AC48==8E 

?0B>;>3V9, 7>:@5<0 V=D0@:BC <V>:0@40 [156-162]. ' =0H><C 4>A;V465==V @V25=ь WW 

5:A?@5AVW 7=86CєBьAO ?VA;O :>@>B:>W, 0;5 AB@V<:> 7@>AB0є ?VA;O 4>23>W 0=>:AVW-

@5>:A835=0FVW, E>G0 2V4<V==>ABV 2V4=>A=> 5:A?@5AVW C =>@<>:A8G=8E :0@4V><V>F8BV2 

є =54>AB>2V@=8<8.  8 ?@8?CA:0є<>, I> V=HV @568<8 0=>:AVW-@5>:A835=0FVW V7 

1V;ьH CH:>46CNG8< 2?;82>< =0 :0@4V><V>F8B8 <>3;8 1 ?@8725AB8 4> VAB>B=VH>3> 

7@>AB0==O MIAT. *V:028< є B>9 D0:B, I> :>@>B:0 0=>:AVO-@5>:A835=0FVO 

A?@8G8=Oє 7=865==O 5:A?@5AVW MIAT, 0 7@>AB0==O 265 A?>AB5@V30єBьAO ?@8 4>23V9 

0=>:AVW-@5>:A835=0FVW. *5 A?>=C:0є =0A 4> ?@>2545==O =0ABC?=8E 5:A?5@8<5=BV2 V7 

287=0G5==O< @V2=O 5:A?@5AVW MIAT C ?;07<V IC@V2 =0 @V7=8E 5B0?0E @5?5@DC7VW.  

�87=0G5==O 5:A?@5AVW lncRNAs C 1V>;>3VG=><C <0B5@V0;V ?0FVє=BV2 

4>72>;ONBь =0< ?@8?CAB8B8, I> 45O:V 7 F8E <>;5:C; є ?>B5=FV9=8<8 <0@:5@0<8 

=5 BV;ь:8 A5@F52>-AC48==8E 70E2>@N20=ь, 0;5 V ?V428I5=>3> @878:C A<5@BV. &0:, C 

?;07<V :@>2V ;N459 V7 VH5<VG=>N E2>@>1>N A5@FO A?>AB5@V30єBьAO ?V428I5==O 

2<VABC lncRNAs H19, LIPCAR B0 HIF1A-AS1. #@8 Fь><C C ?0FVє=BV2 V7 �)% 

5:A?@5AVO F8E lncRNAs, 0 B0:>6 lncRNAs MIAT B0 MHRT 7=86CєBьAO ?@8 ��#� O: 

C <V>:0@4V, B0: V ?;07<V :@>2V. �V47=0G8<>, I> ��#� 4 O28I5, 7024O:8 O:><C 

:>@>B:V ?5@V>48 VH5<VW, I> AC?@>2>46CNBьAO @5?5@DC7VєN B:0=8=, 70157?5GCNBь 

?>40;ьH89 70E8AB <V>:0@4C 2V4 ?>H:>465==O, A?@8G8=5=>3> VH5<VєN [163-166]. 

�0 1V;ьH5 =V6 30 @>:V2 4>A;V465=ь 70?@>?>=>20=> G8<0;> <>;5:C;O@=8E 

<5E0=V7<V2, I> ;560Bь 2 >A=>2V ��#�. �>:@5<0, V45=B8DV:>20=> @O4 <>;5:C;O@=8E 

<54V0B>@V2 3V?>:AVW, O:0 є F5=B@0;ь=8< :><?>=5=B>< VH5<VW. �><V=CNGC @>;ь C 
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:>>@48=0FVW B@0=A:@8?FV9=>W @53C;OFVW ?@8 3V?>:A8G=8E AB0=0E 2V4V3@0NBь 

D0:B>@8, I> V=4C:CNBьAO 3V?>:AVєN (HIF - hypoxia inducible factors). 

&@0=A:@8?FV9=89 D0:B>@ HIF-1 є >4=VєN V7 F5=B@0;ь=8E <>;5:C;, GCB;82>W 4> 

:8A=N, O:0 G8=8Bь ?@>B5:B82=C 4VN C 2V4?>2V4ь =0 3V?>:AVN [167, 168].  

�0@B> 2V47=0G8B8, I> ?VA;O ��#� <8 A?>AB5@V30;8 V 7=865==O @V2=O HIF-1³. 

*5 1C;> 4;O =0A =5>GV:C20=>, 0465 <8 @>7@0E>2C20;8, I> B0:5 =020=B065==O, O: 

��#�, ?@872545 4> 71V;ьH5==O 5:A?@5AVW HIF-1³. ' 1V;ьH>ABV >?C1;V:>20=8E @>1VB 

945BьAO ?@> ?@>B5:B82=89 5D5:B ��#� C ?V7=N D07C, O:0 =0AB0є G5@57 12 3>48= 

?VA;O ?@>F54C@8, V <>65 B@820B8 4> 72 3>48= [167, 169, 170]. �1V;ьH5==O 5:A?@5AVW 

HIF-1³ B0:>6 ?>2’O7CNBь A0<5 7 ?V7=ь>N D07>N VH5<VG=>3> ?@5:>=48FV>=C20==O, 

0 =5 @0==ь>N, O: C =0H><C 4>A;V465==V (701V@ :@>2V G5@57 20 E2 ?VA;O ��#� B0 

27OBBO 1V>?B0BC <V>:0@40 ?@>BO3>< >?5@0B82=>3> 2B@CG0==O). #@>B5 є 45:V;ь:0 

4>A;V465=ь, O:V ?>:07CNBь, I> 5:A?@5AVO HIF-1³ <>65 71V;ьHC20B8AO >4@07C ?VA;O 

VH5<VG=>3> ?@5:>=48FV>=C20==O [171, 172]. �>:@5<0, C @>1>BV Eckle et al. 1C;> 

?>:070=>, I> @V25=ь HIF-1³ C B:0=8=0E A5@FO <8H59 ACBBє2> 7@>AB0є 2?@>4>26 30 

E28;8= ?VA;O VH5<VG=>3> ?@5:>=48FV>=C20==O [173]. &0:V 4>A;V465==O =0 ;N4OE 

I5 =5 ?@>2>48;8AO, B><C <8 ?@8?CA:0є<>, I> =0 @0==V9 D07V ��#� FV;:>< 

<>6;825 7=865==O @V2=O 5:A?@5AVW <$!� HIF-1³.  >6;82> F5 ?>2'O70=> 7V 

AB01V;V70FVєN 1V;:0 HIF-1³ B0 B8<G0A>2>N @5>@30=V70FVєN B@0=A:@8?FV9=>W 

0:B82=>ABV :;VB8= <V>:0@4C. "B@8<0B8 2V4?>2V4V =0 FV 70?8B0==O <8 ?;0=Cє<> 2 

?>40;ьH8E 4>A;V465==OE =0 =0H8E :;V=VG=8E 7@07:0E.  

' 3@C?V ?0FVє=BV2 V7 ��#� <8 A?>AB5@V30;8 7=865==O @V2=O 5:A?@5AVW C 

<V>:0@4V CAVE >1@0=8E =0<8 lncRNAs 4 H19, HIF1A-AS1, MIAT, LIPCAR B0 

MHRT. *V:02>, I> =0 D>=V ?>:@0I5==O 35<>48=0<VG=8E ?>:07=8:V2 7=86CєBьAO 

@V25=ь 5:A?@5AVW H19, G>3> <8 =5 ?><VG0;8 C 4>A;V465==OE =0 :C;ьBC@V :;VB8= B0 

B20@8=0E. �<>2V@=>, I> B0:0 :0@B8=0 5:A?@5AVW ?>2'O70=0 7V 73040=>N 

1030B>3@0==8<8 DC=:FV>=0;ь=8<8 <>6;82>ABO<8 lncRNA H19 [139]. $O4 

4>A;V465=ь ?>:07CNBь, I> lncRNA H19 є ?>B5=FV9=8< <0@:5@>< A5@F52>-

AC48==8E 70E2>@N20=ь C ;N459 [174]. !0HV 4>A;V465==O ?>:07CNBь, I> 
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?V428I5=0 5:A?@5AVO lncRNA H19 <>65 2:07C20B8 V =0 ?V428I5=89 @878: A<5@BV C 

;N459 ?>E8;>3> 2V:C [175].  

�5O:V 4>A;V465==O ?>:07CNBь, I> =0 @>;ь 1V><0@:5@0 A5@F52>-AC48==8E 

70E2>@N20=ь ?@5B5=4Cє V lncRNA HIF1A-AS1. !0 :C;ьBC@0E :;VB8= :0@4V><V>F8BV2 

;N459 ?>:070=>, I> @V25=ь HIF1A-AS1 71V;ьHCєBьAO 70 C<>2 >:A840B82=>3> 

AB@5AC [8]. HIF1A-AS1 є <>;5:C;O@=>N ?0AB:>N 4;O <V:@>$!�-204. �AB0=>2;5=>, 

I> 71V;ьH5==O 5:A?@5AVW HIF1A-AS1 (B0 WW 270є<>4VO V7 <V:@>$!�-204) ?@872>48Bь 

4> @5<>45;N20==O A5@F528E H;C=>G:V2 ?@8 VH5<VW/@5?5@DC7VW [176].  �@V< B>3>, 

?>:070=0 ?@>0?>?B>B8G=0 B0 ?@>70?0;ь=0 @>;ь HIF1A-AS1 C <V>:0@4V [177]. &><C 

7=865==O @V2=O WW 5:A?@5AVW C ?0FVє=BV2, O:8< ?@>2>48;8 ��#�, >?>A5@54:>20=> 

2:07Cє =0 ?@>B5:B82=C @>;ь FVєW ?@>F54C@8.  

#>B5=FV9=8<8 <0@:5@0<8 A5@F52>-AC48==8E 70E2>@N20=ь B0:>6 

22060NBьAO lncRNAs LIPCAR B0 MIAT. �> ?@8:;04C, 2AB0=>2;5=>, I> 71V;ьH5==O 

5:A?@5AVW lncRNA LIPCAR :>@5;Nє V7 @>728B:>< A5@F52>W =54>AB0B=>ABV B0 

@5<>45;N20==O< <V>:0@40 [178-181]. LncRNA MIAT 704VO=0 4> =87:8 A83=0;ь=8E 

H;OEV2, I> ;560Bь 2 >A=>2V ?0B>;>3VG=8E ?@>F5AV2 C A5@F52>-AC48==V9 A8AB5<V 

[156-162]. &0:8< G8=><, 7=865==O @V2=O 5:A?@5AVW lncRNAs LIPCAR B0 MIAT C 

<V>:0@4V 70 C<>2 ��#�, O: V C 28?04:C 7 H19 B0 HIF1A-AS1, B0:>6 >?>A5@54:>20=> 

2:07Cє =0 70E8A=C @>;ь VH5<VG=>3> ?@5:>=48FV>=C20==O 4;O <V>:0@40.  

�0 C<>28 ��#� B0:>6 <8 A?>AB5@V30;8 7=865==O 5:A?@5AVW lncRNA MHRT. ' 

=87FV 4>A;V465=ь ?>2V4><;ONBь, I> MHRT <>65 1CB8 1V><0@:5@><, ?>2’O70=8< V7 

A5@F52>N 3V?5@B@>DVєN B0 A5@F52>N =54>AB0B=VABN [182, 183]. � V=H>3> 1>:C, 

Hang CT B0 A?V202B. ?>:070;8, I> @>728B>: A5@F52>W 3V?5@B@>DVW C <8H59 

?>2'O70=89 7 0:B820FVєN E@><0B8=>2>3> @5?@5A>@=>3> :><?;5:AC Brg1-Hdac-Parp, 

O:89 ?@83=VGCє 5:A?@5AVN MHRT [184]. !0H5 4>A;V465==O ?>:07Cє, I> @V25=ь 

5:A?@5AVW MHRT C <V>:0@4V ?0FVє=BV2 RIPC ?@81;87=> 2 2,5 @078 =86G89, =V6 C 

3@C?V 7 C4020=>N >?5@0FVєN. *5 I5 >4=5 =5?@O<5 ?V4B25@465==O 70E8A=>3> 5D5:BC 

RIPC.  8 ?@8?CA:0є<>, I> 7=865==O 5:A?@5AVW MHRT C ?0FVє=BV2 RIPC <>65 
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1CB8 ?>2'O70=5 7V 7=865==O< >:A840B82=>3> AB@5AC. �V4><>, I> RIPC 70E8I0є 2V4 

>:A840B82=>3> AB@5AC [185]. Yildirim F B0 A?V202B. ?>:070;8 7=865==O @V2=O 

2V;ь=8E :8A=528E @048:0;V2 C 7@07:0E :@>2V ?0FVє=BV2, O:8< ?@>2>48;8 ?@>F54C@C 

��#� ?5@54 >?5@0FVєN :>@>=0@=>3> HC=BC20==O [186]. �5O:V 4>A;V465==O =0 

:C;ьBC@0E :;VB8= B0 B20@8=0E ?>:07CNBь, I> 71V;ьH5==O 5:A?@5AVW  lncRNA MHRT 

2V41C20єBьAO =0 D>=V >:A840B82=>3> AB@5AC, V I> MHRT 704VO=0 4> 70E8A=8E 

<5E0=V7<V2 2V4 2V;ь=8E :8A=528E @048:0;V2 [187, 188]. &0:8< G8=><, <8 22060є<>, 

I> 7=865==O @V2=O 5:A?@5AVW lncRNA MHRT <>65 1CB8 ?>2'O70=5 7V 7=865==O< 

>:A840B82=>3> AB@5AC =0 D>=V ��#�.  

*V:02>, I> <0965 B0:C 6 :0@B8=C 7<V= 5:A?@5AVW lncRNAs H19, HIF1A-AS1, 

MIAT, LIPCAR B0 MHRT <8 A?>AB5@V30;8 2 ?;07<V :@>2V (>:@V< lncRNA MIAT, 

7<V=8 5:A?@5AVW O:>W 1C;8 =54>AB>2V@=V). *5 <>65 2:07C20B8 =0 B5, I> FV lncRNAs 

<>6CBь @>73;O40B8AO O: ?>B5=FV9=V 1V><0@:5@8 A5@F52>-AC48==8E 70E2>@N20=ь. 

#@8 Fь><C @V25=ь 5:A?@5AVW lncRNAs H19, HIF1A-AS1, MIAT B0 LIPCAR C 

;59:>F8B0E 4>AB>2V@=> 71V;ьHCєBьAO C ?0FVє=BV2 V7 3@C?8 ��#�. �<>2V@=>, B0:0 

7<V=0 5:A?@5AVW ?>2'O70=0 V7 B8<, I> 4;O F8@:C;NNG8E ;59:>F8BV2 ?@>F54C@0 

��#� є CH:>46CNG8< G8==8:>< (=0 2V4<V=C 2V4 <V>:0@40), I> V ?@872>48Bь 4> 

71V;ьH5==O 5:A?@5AVW 2:070=8E lncRNAs.  

-5 >4=0 >A>1;82VABь 4>A;V465==O C B><C, I> 2 <V>:0@4V 7<5=H5==O @V2=O 

5:A?@5AVW lncRNAs =5 B0:5 VAB>B=5, O: C ?;07<V :@>2V.  8 22060є<>, I> F5 <>65 

1CB8 ?>2'O70=5 V7 B@0=A?>@B>< lncRNAs 2 5:7>A><0E. �> ?@8:;04C, 2AB0=>2;5=>, 

I> ��#� ?@83=VGCє 0:B82=VABь 5:7>F8B>7C [189]. �> B>3> 6, 73V4=> V7 40=8<8 1078 

Deep Base V.3.0, 28A>:89 @V25=ь 5:A?@5AVW lncRNAs H19, HIF1A-AS1 B0 MIAT 

?>:070=89 2 5:7>A><0E, 284V;5=8E V7 ?;07<8 :@>2V [101-103].  

'7030;ь=5=0 AE5<0 @57C;ьB0BV2 48A5@B0FV9=>3> 4>A;V465==O =02545=0 =0 

@8AC=:C 4.1.  
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$8A. 4.1. '7030;ь=5=0 AE5<0 @57C;ьB0BV2 48A5@B0FV9=>3> 4>A;V465==O.
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��%!"��� 

 �8A5@B0FVO ?@8A2OG5=0 282G5==N @V2=O 5:A?@5AVW 4>238E =5:>4CNG8E $!� 

H19, TUG1, MIAT, GAS5, HIF1A-AS1, LIPCAR B0 MHRT ?@8 VH5<VG=><C 

CH:>465==V A5@FO. $V25=ь 5:A?@5AVW 73040=8E <>;5:C; 287=0G02AO C ?5@28==V9 

:C;ьBC@V :0@4V><V>F8BV2 =5>=0B0;ь=8E IC@V2 70 C<>2 0=>:AVW/@5>:A835=0FVW, C 

<V>:0@4V B0 ?;07<V :@>2V 4>@>A;8E IC@V2 ?@8 <>45;N20==V V=D0@:BC <V>:0@40 B0 

VH5<VW/@5?5@DC7VW A5@FO. &0:>6, 287=0G0;8 @V25=ь 5:A?@5AVW 4>238E =5:>4CNG8E 

$!� C ?;07<V :@>2V ?0FVє=BV2 V7 VH5<VG=>N E2>@>1>N A5@FO, B0 C <V>:0@4V, ?;07<V 

:@>2V, ;59:>F8B0E ?0FVє=BV2 ?@8 ?@>2545==V 2V440;5=>3> VH5<VG=>3> 

?@5:>=48FV>=C20==O ?5@54 ?@>2545==O< >?5@0FVW V7>;ь>20=>3> :>@>=0@=>3> 

HC=BC20==O, 0 B0:>6 C ?;07<V :@>2V >AV1 ?>E8;>3> 2V:C.  � >3;O4C =0 ?>AB02;5=C 

<5BC, AD>@<C;ь>20=V 70240==O B0 >B@8<0=V @57C;ьB0B8, 4V9H;8 =0ABC?=8E 
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