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ASSOCIATIONS OF miRNA WITH mRNA
OF ATHEROSCLEROSIS CANDIDATE GENES

Abstract. Atherosclerosis is a complex multifactorial disease where multiple genetic and environmental factors
are involved. This research presents the characteristics of miRNA (mRNA-inhibiting RNA) interactions with mRNA
of atherosclerosis candidate genes. 46, 59, and 33 target genes were identified with miRNA binding sites in the
5’-untranslated region (5°UTR), CDS (coding sequence), and 3'-untranslated region (3’UTR), respectively. Genes
have been identified which are most susceptible to miRNA because of interaction with miRNA in more than one
mRNA region: ABCA1; ABCG8; ADCY9; ADRB3; APH1B; ALOX15; HMOX1; GAS6; GNB3; ID3; LRP6; PDEA4D;
PHACTR1; PROCRTN3; SERPINE1; TIMP3; TNFSF12 and ZNF202. Based on the criteria selected in our research,
candidate genes were determined that have a free energy interaction with miRNAs equal to -120 kJ/mole and higher
in the following associations: in 5’'UTR - ID01336.3p-miR and ADCY9, ID02142.3p-miR and ALDH2, miR-4707-5p
and APH1B, ID00216.3p-miR and LGALS2, 1D02363.5p-miR and NOS3, ID00551.3p-miR and NPC1, 1D01310.3p-
miR and PDE4D, 1D03397.3p-miR and RTN4, ID00561.3p-miR and SERPINE1, 1D02903.3p-miR and TIMP3,
ID01323.3p-miR and TNFRSF11B, ID01770 .3p-miR and ZNF202; in CDS region - ID03064.3p-miR and ABCG8;
ID02771.3p-miR and ADIPOR1; ID00252.5p-miR and ANGPTL2; ID00457.3p-miR and APOAL; ID01641.3p-miR
and PDE4D; 1D02050.3p-miR and TNF; 1D01804.3p-miR and XBP1; 1D00182.5p-miR and ZNF202; in 3’'UTR -
ID00305.3p-miR and ADRB3; 1D01213.5p-miR and AGTR2; ID02221.3p-miR and CDKS5; 1D03371.3p-miR and
ID3;1D02229.3p-miR and LCN2; ID00704.5p-miR and TLR9. Identified associations could be used as biomarkers in
diagnosis of atherosclerosis.
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Introduction. The diagnosis, prevention and treatment of atherosclerosis are still the most important
tasks of modern medicine. And accordingly, the success of treatment of diseases such as heart attack,
stroke and other cardiovascular complications largely depends on the solution of such a problem like
atherosclerosis [1]. According to statistical calculations, the share of deaths from cardiovascular diseases
in the world, among which atherosclerosis is one of the first, continues to increase and in 2020 year could
reach to 31.5% [2].

Despite the fact that modern clinical medicine is focused primarily on the use of drugs, non-
pharmacological treatment methods attract specialists in the field of prevention and treatment. A growing
number of studies have emphasized the importance of miRNAs (mRNA-inhibiting RNA) in the
development of atherosclerosis. MiRNAs have been shown to be involved in the development of
atherosclerosis by regulating the expression of atherosclerosis candidate genes [3].
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The miRNAs are nanoscale RNAs which ranging in length from 18 to 27 nucleotides [4], capable of
regulating the expression of more than 60% of all protein coding genes [5, 6, 7]. The miRNAs are able to
regulate gene expression at the translation by binding to mMRNA of the target gene. With complete
complementarity of miRNA and mRNA, the latter either degrade or block the activity of the gene.
However, incompleteness is most often observed, in which case miRNASs inhibit translation by binding to
the 5’-untranslated region (5’UTR), 3'-untranslated region (3'UTR) or protein coding sequence (CDS) of
mMRNA [8,9,10]. The miRNAs are involved in many biological processes at the stages of development of
atherosclerosis, from early endothelial dysfunction to rupture of an unstable atherosclerotic plaque [11].
The determination of miRNAs in the blood of patients could be a direction for the diagnosis of such
clinical complications of atherosclerosis as ischemic stroke and myocardial infarction [8,11]. Several
thousand publications describe changes in miRNAs concentrations in various diseases and changes in the
expression of protein coding genes. In such experiments, correlations are usually established between
changes in expression from one to tens of miRNAs and supposed target genes. In this situation, the
question arises of the significance of such experiments in establishing the existing direct interactions of
miRNAs and candidate genes. As a result, there are not methods for diagnosing diseases using miRNAs
and are not therapeutic methods for treating diseases involving these molecules. There are many reasons
for this outcome, and some of them are given below. Currently, more than seven thousand miRNASs are
known that can regulate the expression of about 20 thousand human genes with varying efficiencies.
When setting the task of studying the effect of miRNAs on genes using bioinformatics methods, it is
possible to establish the most effective associations of miRNAs and target genes. However, existing
programs for searching for miRNAs binding sites with mRNAs analyze only sequences of 6-8 nucleotides
in length at the 5’'UTR of miRNA. As a result, programs predict many false positive binding sites. This
misconception is the main reason for the failure to identify miRNAs associations and target genes. An
approach is needed to evaluate the comparative participation of all miRNAs with all genes and to
determine the quantitative characteristics of miRNAS interactions with mRNAs. In addition, it is necessary
to establish the estimated concentrations of mMiRNAs and mRNAs of target genes, because the result of
miRNASs interactions with mRNAs will depend on their ratio. Further researches are needed to fully
understanding the role of miRNAs in atherosclerosis pathogenesis and in the development of its
complications, as well as in the development oftargeted therapeutic approaches.

M aterials and methods. The nucleotide sequences of mMRNA candidate genes were obtained from
GenBank (http://www.ncbi.nlm.nih.gov). The miRNA base consisted of 2565 miRNAs that were
downloaded from miRBase (http://mirbase.org) and 3707 miRNAs were obtained from a report by Londin
E. etal. [12]. A search for the target genes of mMiRNAs was performed using the MirTarget program [13].
This program defines the following binding characteristics: the start ofthe miRNA binding site of MRNA;
the locations of mMiRNA binding sites in 5’UTR, CDS and 3’UTR regions; the interaction free energy (AG,
kJ/mole). For each binding site, the ratio AG/AGm (%) was determined, where AGm is equal to the free
energy binding of mMIiRNA with its full complementary nucleotide sequence. The obtained
MiRNA-mRNA binding sites were selected with the AG/AGm ratio of 90% or more.

Results and discussion. The search for miRNA binding sites was carried out in the 5’'UTR, CDS and
3'UTR mRNA ofthe candidate atherosclerosis genes in order to reveal interaction features of mMiRNAS in
these regions. To option the most effective associations of miRNA and candidate genes, the following
criteria and characteristics of the miRNAs interaction with mRNAs of target genes were selected: the
value of the interaction free energy of miRNAs with mRNAs of the candidate target gene; the degree of
complementarity of miRNA nucleotides and binding sites of mMRNA candidate genes; the possibility ofthe
candidate gene participation on the basis of its function in studied disease. There are others, depending on
the characteristics of the disease in addition to these criteria and characteristics. Priority between criteria
and characteristics is difficult to establish in advance, so there will always be uncertainty in the correct
choice of their list. This difficulty is due to various causes of the disease at an early stage and deviations
from the norm in subsequent stages. The most effective associations of miRNA and atherosclerosis
candidate genes were selected which based on the above considerations.

Table 1 presents the characteristics of miRNAs interactions with mRNAs of 47 candidate
atherosclerosis genes. Free energy interaction (AG) of miRNAs with mRNA is -120 kJ/mole or more
could be recommended as associations: 1D01336.3p-miR and ADCY9, ID02142.3p-miR and ALDH2,
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miR-4707-5p and APH1B, ID00216.3p-miR and CD40, miR-6789-5p and HIF1A, ID01242.3p-miR and
LGALS2, ID02363.5p-miR and NOS3, ID00551.3p-miR and NPC1, ID01310.3p-miR and PDE4D,
ID03397.3p-miR and PTGS2, ID00561.3p-miR and RTP4, 1D01098.3p-miR and SERPINEIL,
ID02903.3p-miR and TIMP3, ID01323.3p-miR and TNFRSF11B, ID01770.3p-miR and ZNF202. Three
associations of miRNA and candidate genes (1D02813.3p-miR and CAPN10, ID01152.3p-miR and
HMOX1, ID01840.5p-miR and PHACTR1) were characterized by the value of AG/AGm equal to 95%,
which indicates an almost complete complementarity ofthe interaction of miRNA nucleotides and binding
site nucleotides.

Table 1- Characteristics of miRNA interactions
in the 5'UTR of the mRNAs of atherosclerosis candidate genes

Gene miRNA Start of site, nt AG, kl/mole AG/AGM, % Length, nt
ABCA1l miR-4435 331 -110 a1 22
ABCGS8 1D00122.5p-miR 55 -110 90 22
ADCY9 1D01336.3p-miR 465 -136 89 24
ADRB3 1D01568.3p-miR 36 -115 90 22
AGT miR-3126-5p 326 -108 a1 22
ALDH2 1D02142.3p-miR 8 -123 92 21
APH1B miR-4707-5p 5 -129 92 23
CAPN10 1D02813.3p-miR 105 -115 95 20
CD40 1D00216.3p-miR 10 -123 a1 23
CX3CR1 1D01330.3p-miR 164 -119 89 23
DPP4 1D02385.3p-miR 369 -108 93 20
FGF23 miR-6878-3p 48 -102 a1 21
GAS6 miR-4749-5p 320 -117 92 22
GNB3 1D00388.3p-miR 234 -110 87 22
HBEGF 1D03416.5p-miR 66 -117 92 20
HIF1A miR-6789-5p 53 -132 90 24
HMOX1 1D01152.3p-miR 75 -113 95 20
ICAM1 1D00195.3p-miR 106 -117 89 23
ID3 1D00461.3p-miR 238 -113 90 22
1L15 1D01713.5p-miR 63 -115 92 20
1L18 miR-548au-3p 102 -100 90 21
IRS2 1D02344.3p-miR 66 -132 91 24
KDR 1D02534.5p-miR 143 -119 92 22
LGALS2 1D01242.3p-miR 75 -123 89 24
LPL miR-4430 287 -96 94 18
LRP6 miR-6752-5p 68 -119 90 22
MMP2 1D02014.5p-miR 264 -117 89 23
NOS3 1D02363.5p-miR 200 -123 88 24
NPC1 1D00551.3p-miR 34 -121 88 24
NR4A1 1D01213.5p-miR 139 -119 89 23
PDE4D 1D01310.3p-miR 66 -121 92 22
PHACTR1 1D01840.5p-miR 9 -113 95 22
PLA2G7 miR-4722-5p 40 -119 90 23
PLTP 1D01382.3p-miR 108 -113 93 20
PON2 1D02200.3p-miR 8 -119 90 22
PTGS2 1D03397.3p-miR 108 -123 92 21
PTX3 miR-6866-5p 36 -106 91 23
RTN4 1D00561.3p-miR 247 -121 93 21
SCAP ID00757.3p-miR 23 -108 91 21
SELP 1D03109.5p-miR 49 -106 94 21
SERPINE1 1D01098.3p-miR 30 -123 88 24
SOAT1 1D03036.3p-miR 46 -115 89 23
SPP1 miR-1913 60 -117 92 22
TMP3 1D02903.3p-miR 1102 -121 90 22
TNFRSF11B 1D01323.3p-miR 115 -125 92 22
TNFSF12 1D01254.5p-miR 56 -110 a1 21
ZNF202 1D01770.3p-miR 70 -123 94 22
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The results of the analysis of miRNAs interactions in the CDS region of 59 candidate genes are given
in table 2. Among them, associations can be distinguished with a free energy (AG) is -120 kJ/mole and
higher: ID03064.3p-miR and ABCG8; I1D02771.3p-miR and ADIPOR1; ID00252.5p-miR and ANGPTL2;
ID00457.3p-miR and APOA1l; 1D01641.3p-miR and PDE4D; 1D02050.3p-miR and TNF;
ID01804.3p-miR and XBP1; ID00182.5p-miR and ZNF202. Four associations of miRNAs and candidate
genes were also identified, which were characterized by a AG/AGm value of 95% or more: 1D02129.5p-miR
and CD4; ID01797.3p-miR and PLA2G10; miR-1281 and PHACTR1;1D00182.5p-miR and ZNF202.

Table 2 - Characteristics of miRNA interactions in the CDS of the mRNAs of atherosclerosis candidate genes

Gene miRNA Start of site, nt AG, kJ/mole AG/AGmM, %  Length, nt

1 2 3 4 5 6
ABCA1 1D00653.3p-miR 6416 -110 90 23
ABCG5 1D03409.5p-miR 441 -115 93 20
ABCGS8 1D03064.3p-miR 1727 -136 89 24
ADCY9 1D01569.3p-miR 2981 -115 92 20
ADIPOR1 1D02771.3p-miR 1092 -121 93 22
AGTR1 1D02795.5p-miR 102 -117 92 22
AHSG miR-6794-5p 955 -108 93 20
ALOX15 1D01385.5p-miR 258 -110 91 21
ANGPTL2 1D00252.5p-miR 1145 -136 91 24
ANXAS5 miR-3613-5p 475 -96 92 22
APOA1 1D00457.3p-miR 841 -123 a1 22
APOL1 miR-146b-3p 1506 -113 93 22
BRAP miR-1908-5p 233 -113 91 21
CD4 1D02129.5p-miR 1090 -113 9%5 20
CDKN1C 1D01313.3p-miR 360 -110 91 21
COMT 1D00215.3p-miR 199 -108 91 21
CPE 1D02448.5p-miR 355 -115 90 22
CX3CL1 1D02488.5p-miR 561 -113 93 21
CXCR3 1D00240.5p-miR 293 -106 a1 21
CXCR4 miR-3119 736 -93 92 20
CYBA 1D01251.3p-miR 578 -119 92 22
CYP27A1 1D01201.5p-miR 557 -106 91 21
CYP2E1 miR-4445-3p 1366 -100 92 21
FADS2 1D01205.5p-miR 1447 -110 90 22
GAS6 1D01154.5p-miR 2163 -115 93 20
GNB3 miR-6736-3 1167 -104 a1 21
GSTM1 1D01955.3p-miR 462 -108 89 23
HP 1D00253.5p-miR 1178 -98 92 20
LPCAT3 1D02232.3p-miR 740 -110 90 22
LRP6 1D03063.3p-miR 3421 -110 90 22
LTA miR-6831-5p 581 -117 0 24
MMP3 1D00314.3p-miR 132 -119 93 23
NLRP3 1D00662.3p-miR 3638 -102 92 20
NPC1 miR-4459 1031 -119 93 22
PCSK9 1D01810.3p-miR 1052 -115 89 23
PDE4D 1D01641.3p-miR 335 -132 89 24
PHACTR1 miR-1281 1563 -93 9 17
PIN1 1D02643.3p-miR 627 -119 89 23
PLA2G10 1D01797.3p-miR 731 -110 95 20
PNPLA3 1D02224.3p-miR 918 -106 93 22
PON1 miR-5003-3p 330 -100 92 21
PROC miR-185-3p 744 -110 90 22
RTN3 miR-718 254 -117 92 21
SELE 1D03022.3p-miR 829 -100 90 22
SERPINE1 miR-4758-3p 276 -119 90 23
SHBG miR-6746-5p 821 -115 90 22
SOCS1 1D00171.3p-miR 461 -115 92 20
TGFB1 miR-6742-5p 2046 -110 0 22
THBS2 miR-598-3p 2941 -104 a1 22
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Continuation oftable 2

1 2 3 4 5 6
TLR2 1D00935.5p-miR 295 -104 94 20
TNF 1D02050.3p-miR 230 -121 92 23
TNFSF12 miR-6739-3p 4901 -100 92 21
TNNT2 1D02813.3p-miR 164 -113 93 20
TRIB3 miR-596 731 -113 91 21
TSPO 1D02332.3p-miR 134 -115 89 23
uCP2 miR-6878-3p 509 -102 91 21
XBP1 ID01804.3p-miR 110 -134 a1 23
ZNF202 1D00182.5p-miR 935 -125 97 23

Data of the miRNASs interactions with mRNA of 33 candidate genes in 3’UTR region are shown in
table 3. Based on these interactions, six associations can be distinguished, which were characterized by
free energy equal to (AG) -120 kJ/mole and higher: 1D00305.3p-miR and ADRB3; ID01213.5p-miR and
AGTR2; 1D02221.3p-miR and CDK5; 1D03371.3p-miR and ID3; 1D02229.3p-miR and LCNZ2;
ID00704.5p-miR and TLR9. Of all the revealed interactions in the 3’UTRs, one maximum index of
complementarity equal to 98% was determined between miR-1273g-3p and mMRNA ofALOX15 gene.

Table 3 - Characteristics of miRNA interactions
in the 3'UTR of the mRNAs of atherosclerosis candidate genes

Gene miRNA Start of site, nt AG, kJ/mole AG/AGM, % Length, nt
ADCY9 miR-2392 5360 -102 92 20
ADIPOR2 1D01700.3p-miR 1398 -119 90 23
ADRB3 1D00305.3p-miR 2347 -121 88 24
AGTR2 1D01213.5p-miR 2307 -121 90 23
ALOX15 miR-1273g-3p 2393 -115 98 21
APLN miR-3661 1260 -110 90 22
APH1B 1D01642.3p-miR 2230 -119 90 24
CDK5 1D02221.3p-miR 1096 -125 89 24
CHI3L1 1D01707.5p-miR 1497 -110 93 22
CXCL12 1D00483.3p-miR 932 -119 90 23
CXCL13 miR-4326 830 -100 92 20
CXCL5 miR-567 1817 -108 a1 23
CYP27A1 1D00964.5p-miR 2078 -119 90 24
DAP miR-6762-5p 525 -119 90 23
DKK1 1D00436.3p-miR 1580 -106 a1 23
FASLG 1D00790.3p-miR 1595 -104 89 23
HMOX1 miR-3155a 1227 -106 a1 21
ID3 1D03371.3p-miR 974 -123 91 23
IL10 1D01332.3p-miR 1200 -110 90 22
LCN2 1D02229.3p-miR 682 -123 94 21
LRP6 miR-4693-3p 9159 -108 94 23
NCEH1 miR-6728-3p 3101 -106 a1 21
PCSK9 miR-6877-3p 2468 -110 a1 21
PDE4D 1D02141.5p-miR 7731 -100 90 22
PROC miR-6736-3p 1672 -106 93 21
PSMAG 1D02529.5p-miR 954 -106 93 20
ROCK1 miR-5010-3p 5650 -106 a1 22
RTN3 miR-6785-5p 4652 -110 90 22
S100A9 1D02629.5p-miR 436 -108 93 21
SELPLG 1D02248.5p-miR 1818 -106 94 20
TIMP3 miR-1224-5p 3267 -104 9 19
TLR9 1D00704.5p-miR 3779 -123 88 24
TNFSF12 miR-3151-5p 907 -108 93 21
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From the above Tables it follows that in the protein coding region, more than all single interactions of
different miRNAs with mRNAs were determined in comparison with the 3’'UTR and 5’UTR regions. In
the course of studying the miRNASs interactions with mRNAs various regions of the atherosclerosis
candidate genes, there were identified that single associations not only in one mRNA region. Candidate
genes which had interactions with miRNAs in two regions: ABCA1; ABCG8; ADRB3; APH1B; ALOX15;
HMOX1; GAS6; GNB3; ID3; PHACTR1; PROC RTN3; SERPINE1; TIMP3 and ZNF202, and in three
regions: ADCY9; LRP6; PDE4D and TNFSF12. Accordingly, these genes are most affected by different
miRNAsS.

Genes selected in associations, including which have significant interactions with miRNAs with high
free energy, are directly involved in the development of atherosclerosis. For example, disorders of lipid
metabolism often accompany the development of cardiovascular pathology. Polymorphisms of genes
involved in the control of lipid metabolism have been identified. These are the genes of apolipoproteins A
(LPA), B (APOB), C (APOC1-3), E (APOE), low density lipoprotein receptor (LPLR), paraoxonase
(PON1), etc. [14]. An inverse relationship has been established between high density lipoproteins (HDL)
and atherosclerosis. Lecithin-cholesterol-acyltransferase (LCAT) is a key enzyme in cholesterol reverse
transport and HDL metabolism. Mutations in LCAT gene are associated with low HDL and an increased
risk of dyslipidemia and atherosclerosis [15]. Also, the LRP gene is a multifunctional receptor that is
involved in several biological processes associated with the development of atherosclerosis [16]. The
absorption of exogenous cholesterol occurs in enterocytes using a special NPCL transport system.
Mutations in the NPC1 gene contribute to the accumulation of huge amounts of cholesterol due to
impaired intracellular transport of lipids, which leads to the development of atherosclerosis [17]. It was
found that the level and activity ofthe CETP gene is associated with the level of HDL in plasma, which
affects the risk of developing atherosclerosis [18]. Endothelial dysfunction plays a key role in the
development and progression of this disease. The reduced bioavailability of nitric oxide (NO) obtained by
endothelial NO synthase (eNOS) leads to deterioration in endothelial relaxation of the arteries. eNOS is
encoded by the NOS3 gene, the polymorphisms of which are associated with atherosclerosis [19]. Genes,
which connected with inflammation, are also associated with the development of this disease. It has been
suggested that toll-like receptors (TLRs) may be a key link between the development of cardiovascular
disease and the immune system. TLR expression is regulated in endothelial cells and macrophages of
atherosclerotic lesions. A299G polymorphism of TLR gene is associated with a risk of carotid
arteriosclerosis, acute coronary syndrome [20]. Polymorphisms of LGALS2 gene of galectin-2 protein
were also identified as a genetic risk factor for myocardial infarction and coronary atherosclerosis [21].

Conclusion. The associations of a large number of genes with atherosclerosis reflect the enormous
complexity of this disease. Therefore, it is important to establish associations of these genes with
miRNAs. The data obtained in this research significantly expand the understanding of the dependence of
atherosclerosis candidate genes expression from miRNAs. These data allow us to consider miRNAs with
target genes as perspective diagnostic and therapeutic molecular markers of atherosclerosis.

Funding. This study was supported by a grant (AP05132460) from the Ministry of Education and
Science, Kazakhstan Republic, SRI of Biology and Biotechnology Problems, al-Farabi Kazakh National
University.

O.0. MykywkuHal, 3. JTa6eiit2, A.T. MBaweHkol

BENoNorns xaHe BMOTEXHONOTNA MICeNeNepLu Ll FblibIMU-3ePTTEY UHCTUTYThI,
an-Papabu atbiHgarsl Kasak "TTbly yHUBEpcUTeTN Anmatbl, KasaxcTaH;
2 HTErpaTnBn NaTouU3NoN0orusa MHCTUTYThI, Ceiigensbepr yHuBepcnTeT MaHreiim, FepmaHus

ATEPOCKNEPO3 KAHANAATTbW N/EHHLW, MPHK-MEH MuPHK-HbLW, ACCOLUNALNANAPHI

AHHOTauus. ATepOCKNepos - 6™ KenTereH reHeTUKablK X3He 3KOMOMMANbIK PakTopnap KatbicaTbiH KYPgaeni,
MynbTUdaKTOpbl aypy Gonbin TaGbinagsl. COLrbl Xbliapbl aTepoCcKepo3abll, FeHeTUKaNbIK Kaylw (hakTopiapbiH
aHblLLTayra JereH Kbi3biTyWblbIK eTe Te3 ecyfe. ATepPOCKAepo3bll, NaToreHeslwe AMNUATEPALL, anMacy akaynapbl,
3HAOTEeNUanabl AUCHYHKUNACHI, TOTbITY CTpecc” KaGblHY X3He UMMYHZbIK peakuusnap, xacyla npongepayuscsi
)K3He reMoCTaTuKablK akaynap CUsKTbl GipHelle dakTopnap Katbicafbl. TLUCLWILWE, aTepOCKIepo3ra KaHAMAATThbIK
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reHfep aHbiKTandbl, 0nap OCbl NpouecTepre TXenei acep eTegT Anaiiga, OCbl aypyfbll, AamyblHa 3cep eTeTiH,
apTYpni 6uonorusanbik npouectepre KarbicatoblH reHgepaeH 6acka, miRNA (MRNA-inhibiting RNA) kaHAnAaTTbIK
aTepocKnepo3 reHiHil, 3KCNPecCUACbIH PeTTey apKbi/bl, aTEPOCKAEPO3bll, AaMyblHA KaTblCATbIHAbITbI aHbIKTaNAbI.
MiRNA-TbIL reHaepre acepiH 3epTTey MIiHAETIH KOK KesiHAe, 6MOMH(pOopMaTKanbiK 34icTepAi KongaHa OTbIpbin,
miRNA neH wMmakcaTTbl reHfepaiy ey Tuimai 6ipnecTikTepiH k¥pyra 6onagbl. BAn x”mbicta MIRNA-HbIL
(mMRNA-inhibiting RNA) atepocknepo3 YLWiH KaHAMAaTTbIK reHgep mRNA-ra esapa spekeTTecy cunartamanapbl
kennpwreH. mMiRNA-Toi, mMRNA-ra KaHAUAaTTbIK reHjepiMeH GaiinaHbiCTblpaTbliH  caiiTTap MirTarget
b6argapnaMacblH  MaifganaHbin  aHbikTangbl. bB~n 6argapnama  mRNA  -Hbiy  3pTYpni  aiimakTapbiHAa
GaiinaHbICTbipaTblH CaiTTapabll, OpHanacybiMeH KkaTap, MIRNA-Hbi, MRNA-ra 6aiinaHbicaTblH CcaliTTapAblL,
6actanyblH, miRNA-HbIL, MRNA-ra epkiH aHepretukanbik acepnecy kepcetwuwiw (AGm, kd/mole) xaHe miRNA
HykneoTuaTepw, MRNA-HbIL 6aiinaHbiCTbipaTbiH caiTTapbiHbiLy, (AG/AGM) TONbIKTay A3PEXECiH aHbIKTahgbl.
Ocbl aiimapTapgarbl mMIRNA  -Hbll, e3apa 93pekeTTecy epekwen”epw aHblktay YwiH mMIiRNA  -Hbl
GaiinaHbICTbIpaTbiH caiTTapabl i3gey 5'-TpaHcnauusnaHb6anTeiH arimakta (5'UTR), akybi3gbl KofgTay anmarbiHAa
(CDS) x3He mRNA aTepocknepo3fbll, KaHAMAATTbIK reHepwy 3'- TpaHcnauuanaH6ainTeiH aimarbiHga (3'UTR)
xYprizingi. CDS aiimarbiHga ap TYpni miRNA-Hbi, MRNA -meH e3apa eke apekeTTecy Kebwece 3'UTR XaHe
5'UTR aiimakTapblHa KaparaHga, Kebipek 60naTbiHAbITbl aHblKTanabl. MiRNA-MeH aTepocknepo3aHblil, KaHAMAATThI
reHgepi MRNA-HbIY 3pTYpni afimakTapbiMeH e3apa 3peKeTTecyiH 3epTTey Ke3iHAe, >XeKe accouuauusnapsb
mRNA-HbIL, 6lp raHa emec aiimarbiHga 6ap, reHgep aHbikTangbl. KaHgngat reHgepwiw, miRNA-MeH e3apa
apekeTTe” ew 6arbiTTa 6ongbi: ABCALl; ABCG8; ADRB3; APH1B; ALOX15; HMOX1; I'A36; GNB3; ID3;
PHACTR1; PROC; RTN3; SERPINE1; TIMP3 »xaHe ZNF202, xaHe Yw 6arbitta;: ADCY9; LRP6; PDE4D xaHe
TNFSF12. Ttcwwe, 6”n reHgepre kebwece MURNA 3cep eTear bisgiy 3epTTeyimisge TaHfjanraH kputepuiinep
HerisiHAe, Keneci KaHAWAATTbIK reHgep aHblikTangbl. Onap mMiIRNA-MeH eplH 3HepreTukanblK 3pekeTTecin,
-120 kJ/mole-ra Tey >X3He Kefea accouyunauusnapga orapbipak 6onagbl: 5°U TR~ - ID01336.3p-miR 3He
ADCY9, 1D02142.3p-miR »3He ALDH2, miR-4707-5p xaHe APH1B, 1D00216.3p-miR »x3He CD40, miR-6789-5p
X3He HIF1A, 1D01242.3p-miR x3aHe LGALS2, 1D02363.5p-miR »xa3He NOS3, ID00551.3p-miR >3He NPC1,
1D01310.3p-miR »3He PDE4D, 1D03397.3p-miR x3aHe PTGS2, ID00561.3p-miR »3He RTN4, 1D01098.3p-miR
X3He SERPINE1, 1D02903.3p-miR »3He TIMP3, 1D01323.3p-miR >3He TNFRSF11B, ID01770.3p-miR »3He
ZNF202; B CDS - ID03064.3p-miR >3He ABCGS8; I1D02771.3p-miR »3He ADIPOR1; ID00252.5p-miR >3He
ANGPTL2; 1ID00457.3p-miR >x3He APOA1; 1D01641.3p-miR >3He PDE4D; 1D02050.3p-miR »3He TNF;
ID01804.3p-miR xa3He XBP1; 1D00182.5p-miR x3aHe ZNF202; 3’UTR-ga - ID00305.3p-miR >x3He ADRBS3;
1ID01213.5p-miR »3He AGTR2; 1D02221.3p-miR x3aHe CDKS5; 1D03371.3p-miR x3He ID3; 1D02229.3p-miR xaHe
LCN2; ID00704.5p-miR >3He TLR9. MIRNA MeH KaHAuaaTTapAbll reHAepiHiy accoumaumnscbl aHbIKTanabl, onap
95% G/AGm M3HiMeH cmnaTtTangbl, 6”1 miRNA HykneoTuaTepi MeH 6aiilaHbICTbIPYLLbI XEPAIL, HYKNeoTUATEPIHIL
e3apa 3peKkeTTecyiHiy TonbikTak Yinecimginirin kepcetegi: 5'UTR - 1D02813.3p-miR >3He CAPNI10,
1D01152.3p- miR »3He HMOX1, 1D01840.5p-miR x3He PHACTR1; CDS - 1D02129.5p-miR »3He CD4 60/ibIHWa;
ID01797.3p-miR  x3He PLA2G10; miR-1281 x3He PHACTRI; ID00182.5p-miR  X3He ZNF202;
3'UTR - miR-1273g-3p »3He ALOX15. AHbIKTanraH KaybIMAacTbiKTapAbl 6oMapKkep peTiHAe aTepoCKIepo3fbil,
JvarHocTukacblHa KongaHyra 6onagbl.
TYWiH ce3fiep: atepocksiepo3, mMiRNA, mRNA, kaHAMAATTbIK reHgep, accouunaluanap.

O.0. MykywkuHal, 3. JTa6eit2 A.T. NBaweHkol

HWNW npobnem 6ronorum n 6moTexHonormm Kasaxckoro HauoHanbHOro yHuBepcuTeTa
M. anb-dapabu, Anmatbl, KazaxcraH;
MHCTUTYT NHTerpaTuBHOM natousmonorun YHueepcuteta eiigens6epra, MaHHreinm, MepmaHus

ACCOUNMALNN miIRNA C mRNA KAHOWAATHBIX TEHOB ATEPOCKJ/TEPO3A

AHHOTOauMA. ATepocknepos npefcTaBnfeT cob0i KOMMNAEKCHOe MynbTU(aKTOpHOe 3ab0neBaHne, B KOTOPOM
3a/leicTBOBaHbl MHOXECTBEHHble TeHeTMYeckme W 3konoruyeckme akTopbl. B nocnefHue rogbl 04YeHb ObICTPO
BO3pacTaeT WMHTepec K uAeHTUdUKauum (HakTopoB FeHETUYECKOro pucka Ans aTepockneposa. MHOXeCTBEHHbIe
(hakTOpbl, TakMe Kak fedekTbl B MMNMAHOM MeTabonn3me, sHAoOTennanbHas AUCHYHKLMNA, OKUCINTENbHBIA CTpecc,
BOCNaseHne W WMMYHHble OTBeTbl, KneTo4YHasa nponudepauus u remocTatuyeckume pAedekTbl y4acTBYHOT B
natoreHese  aTepockneposa. COOTBETCTBEHHO,  BbIABWIUCb  TeHbl-KaHAWAATbl  aTepoCK/iepo3a,  KOTopble
HeMmoCpefCTBEHHO BAMAIOT Ha faHHble npoueccbl. OAHAKO MOMUMO TEHOB, BOBJIEUEHHbIX B pas/NyHbIe
6uonornyeckme MpoLecchbl, KOTOPble BAMAIOT Ha pa3BUTUe faHHOro 3abonesaHus, 6bin0 onpegeneHo, 4To MiIRNA
(mMRNA-inhibiting RNA) TakXe y4acTBYIOT B pa3BUTUWM aTepocKiepos3a MOCPEACTBOM perynsuumm 3skcnpeccuu
KaHAWAATHbIX TEHOB aTepockneposa. [pu nocTaHOBKe 3ajaqu mM3ydyeHusa BANAHWA MIRNA Ha reHbl C MOMOLLbIO
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6MOUH(POPMATMYECKMX METOJ0B MOXHO YCTAaHOBUTb Haubonee 3dekTuBHble accoumauum mMIiRNA u reHos-
MuLeHell. B gaHHON paboTe npeacTaBieHbl XapakTepucTuku B3anmogeicteuiAi miRNA ¢ mMRNA KaHAMAaHTHbIX
reHoB arepockneposa. CaiiTbl cBasbiBaHMA MIRNA ¢ mRNA KaHAMAATHbIX TEHOB OMNpPefensnM C MOMOLLbIO
nporpaMmmbl MirTarget. [laHHas nporpamma, NOMWMO PAacnofOXEHUS CaliTOB CBA3bIBAHWUA B Pas/MUYHbIX PernoHax
mRNA, onpefenseT Hayano caiitoB cBA3biBaHUS mMIRNA ¢ mRNA, nokasatenb CBOGOAHON 3Heprum
B3anmogeiictena miRNA ¢ mRNA (AGm, kl/mole), a Takxke cCTeneHb KOMNJeMEHTAPHOCTU HyKneoTngoB miRNA ¢
caintom cBaAsbiBaHMA MRNA (AG/AGm). Mowuck caiitoB cBs3biBaHUS MIRNA npoBogunu B 5’-HeTpaHCIMpyemoi
obnactn (5'UTR), 6enok-kogupytowen ob6nactm (CDS) wu 3’-HeTpaHcnupyemoii o6nactu (3'UTR) mRNA
KaHAWAATHbIX TeHOB aTePOCK/Iep03a C LieNiblo BbISIBIEHNS 0COOEHHOCTeN B3aumogeincteus miRNA B 3aTUX pervoHax.
BbisgBneHbl 46, 59 u 33 reHOB-MULLEHeN, uMmelolwmne caiTel cBA3biBaHuMsS MIRNA B 5°UTR, CDS u 3°’UTR,
COOTBETCTBEHHO. B CDS 06n1acTn ycTaHOBNEHO 60/bLIEe OAMHOYHbIX B3aMMOAENCTBMIA pa3nmyuHbix MiRNA ¢ mRNA
B cpaBHeHuu ¢ o6nactamu 3°'UTR u 5°UTR. B xofe u3yyeHus szammogeinctsuii miRNA ¢ pas3finyHbiMK 061acTamm
MRNA KaHAMAATHbIX FTeHOB aTepoCK/iepo3a Oblny BbIABNEHbI TEHbl, KOTOPble UMeNW O4MHOYHbIE accouuauum He
TONbKO B 0A4HON 06nacT MRNA. [eHbl-KaHAMAaTbl MMenu B3aumogeiicTeus ¢ miRNA B AByx obnacTax: ABCAL;
ABCGS8; ADRB3; APH1B;ALOX15; HMOX1; GAS6; GNB3; ID3; PHACTR1; PROC;RTN3; SERPINEL; TIMP3 u
ZNF202, n B Tpex obnactax: ADCY9; LRP6; PDE4D u TNFSF12. CoOTBeTCTBEHHO, [aHHble FeHbl Haubonee
nofiBep>KeHbl BANAHUIO CO CTOPOHbI MIRNA. OCHOBbIBaACb Ha KPUTEPUAX, BbIOPAHHbLIX B Hallem WCCefoBaHuu,
OblNn onpejeneHbl KaHAMAATHbIE TeHbl, MMeKLWMe CBOGOAHYIO 3Hepruio B3ammogeincTsma ¢ miRNA pasHoi 120
kd/mole n Bblwe B cnegyrowmnx accouunaumax: B 5’UTR - ID01336.3p-miR and ADCY9, 1D02142.3p-miR and
ALDH2, miR-4707-5p and APH1B, 1D00216.3p-miR and CD40, miR-6789-5p and HIF1A, 1D01242.3p-miR and
LGALS2, 1D02363.5p-miR and NOS3, ID00551.3p-miR and NPC1, ID01310.3p-miR and PDE4D, ID03397.3p-miR
and PTGS2, 1D00561.3p-miR and RTN4, 1D01098.3p-miR and SERPINE1, 1D02903.3p-miR and TIMP3,
ID01323.3p-miR and TNFRSF11B, 1D01770.3p-miR and ZNF202; B CDS - 1D03064.3p-miR un ABCGS;
ID02771.3p-miR n ADIPOR1; ID00252.5p-miR n ANGPTL2; ID00457.3p-miR n APOAL; ID01641.3p-miR u
PDEA4D; 1D02050.3p-miR n TNF; 1D01804.3p-miR 1 XBP1; 1D00182.5p-miR u ZNF202; B 3’'UTR - ID00305.3p-
miR n ADRB3; 1D01213.5p-miR n AGTR2; ID02221.3p-miR n CDK5; 1D03371.3p-miR 1 ID3; 1D02229.3p-miR un
LCN2; 1D00704.5p-miR un TLR9. BbigBneHbl accounaunn miRNA ©“  KaHAMAATHbIX T[EHOB, KOTOpble
XapakTepusoBanucb  BennumHoin  AG/AGm, paBHOW 95%, 4TO CBMAETENLCTBYET O MOYTM  MOJHOM
KOMMN/JEMEHTAPHOCTN B3aMMOAENCTBUSA HykKneoTngoB MIRNA v HykneoTugoB caiTa cesisbiBaHMA: B 5°UTR -
1ID02813.3p-miR 1 CAPN10, ID01152.3p-miR n HMOX1, 1D01840.5p-miR n PHACTR1; B CDS - 1D02129.5p-miR
n CD4; 1D01797.3p-miR n PLA2G10; miR-1281 n PHACTR1; 1D00182.5p-miR n ZNF202; B 3’'UTR- miR-1273¢g-
3p u ALOX15. BbifiBNeHHble accouuauum MOXHO MWCMO0Ab30BaTb B KavyecTBe OMOMapKepoB Mpu AMArHOCTUKe
aTepockeposa.
Kntouesble cnosa: atepocknepo3, miRNA, mRNA, kaHAnAaTHbIE TeHbl, accouualum.
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