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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: ABCAI; ABCGS; ADCY9; ADRB3; APHIB; ALOX15; HMOXI; GAS6; GNB3; ID3; LRP6; PDE4D;
PHACTRI; PROC RTN3; SERPINEI1; 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 5S'UTR - ID01336.3p-miR and ADCY9, ID02142.3p-miR and ALDH?2, miR-4707-5p
and APHIB, ID00216.3p-miR and LGALS2, ID02363.5p-miR and NOS3, ID00551.3p-miR and NPC/, ID01310.3p-
miR and PDE4D, 1D03397.3p-miR and RTN4, ID00561.3p-miR and SERPINEI, 1D02903.3p-miR and TIMP3,
ID01323.3p-miR and TNFRSF11B, ID01770 .3p-miR and ZNF202; in CDS region - ID03064.3p-miR and ABCGS;
ID02771.3p-miR and ADIPORI; ID00252.5p-miR and ANGPTLZ2; ID00457.3p-miR and APOAI, ID01641.3p-miR
and PDE4D; 1D02050.3p-miR and 7NF; ID01804.3p-miR and XBPI; ID00182.5p-miR and ZNF202; in 3’UTR -
ID00305.3p-miR and ADRB3; ID01213.5p-miR and AGTR2; 1D02221.3p-miR and CDKS5; ID03371.3p-miR and
1D3; 1D02229.3p-miR and LCN2; ID00704.5p-miR and TLR9. Identified associations could be used as biomarkers in
diagnosis of atherosclerosis.

Key words: atherosclerosis, miRNA, mRNA, candidate genes, associations.

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 mRNA 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 miRNAs inhibit translation by binding to
the 5’-untranslated region (5’UTR), 3'-untranslated region (3'UTR) or protein coding sequence (CDS) of
mRNA [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 miRNAs 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 miRNAs and mRNAs of target genes, because the result of
miRNAs 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 of targeted therapeutic approaches.

Materials and methods. The nucleotide sequences of mRNA 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. et al. [12]. A search for the target genes of miRNAs was performed using the MirTarget program [13].
This program defines the following binding characteristics: the start of the miRNA binding site of mRNA;
the locations of miRNA 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 miRNA 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 of the candidate atherosclerosis genes in order to reveal interaction features of miRNAs 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 mRNA candidate genes; the possibility of the
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: ID01336.3p-miR and ADCY9, 1D02142.3p-miR and ALDH?2,
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miR-4707-5p and APHIB, 1D00216.3p-miR and CD40, miR-6789-5p and HIF14, ID01242.3p-miR and
LGALS2, 1D02363.5p-miR and NOS3, ID00551.3p-miR and NPCI, ID01310.3p-miR and PDE4D,
ID03397.3p-miR and PTGS2, ID00561.3p-miR and R7P4, 1D01098.3p-miR and SERPINEI,
ID02903.3p-miR and 7IMP3, ID01323.3p-miR and TNFRSF11B, ID01770.3p-miR and ZNF2(02. Three
associations of miRNA and candidate genes (ID02813.3p-miR and CAPNI0, ID01152.3p-miR and
HMOXI, 1ID01840.5p-miR and PHACTRI) were characterized by the value of AG/AGm equal to 95%,
which indicates an almost complete complementarity of the interaction of miRNA nucleotides and binding
site nucleotides.

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

Gene miRNA Start of site, nt AG, kJ/mole AG/AGm, % Length, nt
ABCAI miR-4435 331 -110 91 22
ABCGS 1D00122.5p-miR 55 -110 90 22
ADCY9 ID01336.3p-miR 465 -136 89 24
ADRB3 ID01568.3p-miR 36 -115 90 22
AGT miR-3126-5p 326 -108 91 22
ALDH?2 1D02142.3p-miR 8 -123 92 21
APHIB miR-4707-5p 5 -129 92 23
CAPNI0 1D02813.3p-miR 105 -115 95 20
CD40 1D00216.3p-miR 10 -123 91 23
CX3CRI 1D01330.3p-miR 164 -119 89 23
DPP4 1D02385.3p-miR 369 -108 93 20
FGF23 miR-6878-3p 48 -102 91 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
HIFIA miR-6789-5p 53 -132 90 24
HMOX]I ID01152.3p-miR 75 -113 95 20
ICAM1I 1D00195.3p-miR 106 -117 89 23
D3 1D00461.3p-miR 238 -113 90 22
IL15 ID01713.5p-miR 63 -115 92 20
ILI1S 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
NPCI ID00551.3p-miR 34 -121 88 24
NR4AI ID01213.5p-miR 139 -119 89 23
PDE4D 1D01310.3p-miR 66 -121 92 22
PHACTRI 1D01840.5p-miR 96 -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 ID00561.3p-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
SOATI 1D03036.3p-miR 46 -115 89 23
SPP1 miR-1913 60 -117 92 22
TIMP3 1D02903.3p-miR 1102 -121 90 22
TNFRSF11B 1D01323.3p-miR 115 -125 92 22
TNFSFI2 ID01254.5p-miR 56 -110 91 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 ABCGS; 1D02771.3p-miR and ADIPORI; ID00252.5p-miR and ANGPTL?2;
ID00457.3p-miR  and APOAI; 1D01641.3p-miR and PDE4D; 1D02050.3p-miR and 7NF;
ID01804.3p-miR and XBPI,; 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; ID00182.5p-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/AGm, % | Length, nt

1 2 3 4 5 6
ABCAI 1D00653.3p-miR 6416 -110 90 23
ABCGS 1D03409.5p-miR 441 -115 93 20
ABCGS8 1D03064.3p-miR 1727 -136 89 24
ADCY9 ID01569.3p-miR 2981 -115 92 20
ADIPORI1 1D02771.3p-miR 1092 -121 93 22
AGTRI 1D02795.5p-miR 102 -117 92 22
AHSG miR-6794-5p 955 -108 93 20
ALOX15 1D01385.5p-miR 258 -110 91 21
ANGPTL?2 1D00252.5p-miR 1145 -136 91 24
ANXAS miR-3613-5p 475 -96 92 22
APOAI 1D00457.3p-miR 841 -123 91 22
APOLI miR-146b-3p 1506 -113 93 22
BRAP miR-1908-5p 233 -113 91 21
CD4 1D02129.5p-miR 1090 -113 95 20
CDKNIC 1D01313.3p-miR 360 -110 91 21
CcoMT 1D00215.3p-miR 199 -108 91 21
CPE 1D02448.5p-miR 355 -115 90 22
CX3CLI 1D02488.5p-miR 561 -113 93 21
CXCR3 1D00240.5p-miR 293 -106 91 21
CXCR4 miR-3119 736 -93 92 20
CYBA ID01251.3p-miR 578 -119 92 22
CYP27A41 1D01201.5p-miR 557 -106 91 21
CYP2EI miR-4445-3p 1366 -100 92 21
FADS?2 ID01205.5p-miR 1447 -110 90 22
GAS6 ID01154.5p-miR 2163 -115 93 20
GNB3 miR-6736-3 1167 -104 91 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 90 24
MMP3 1D00314.3p-miR 132 -119 93 23
NLRP3 ID00662.3p-miR 3638 -102 92 20
NPCI miR-4459 1031 -119 93 22
PCSKY ID01810.3p-miR 1052 -115 89 23
PDE4D ID01641.3p-miR 335 -132 89 24
PHACTRI miR-1281 1563 -93 96 17
PINI 1D02643.3p-miR 627 -119 89 23
PLA2GI0 1D01797.3p-miR 731 -110 95 20
PNPLA3 1D02224.3p-miR 918 -106 93 22
PONI 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
SERPINEI miR-4758-3p 276 -119 90 23
SHBG miR-6746-5p 821 -115 90 22
SOCS1 1D00171.3p-miR 461 -115 92 20
TGFBI1 miR-6742-5p 2046 -110 90 22
THBS?2 miR-598-3p 2941 -104 91 22

— 8§ —
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Continuation of table 2

1 2 3 4 5 6
TLR2 ID00935.5p-miR 295 -104 94 20
TNF 1D02050.3p-miR 230 -121 92 23
TNFSF12 miR-6739-3p 491 -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
XBPI 1D01804.3p-miR 110 -134 91 23
ZNF202 ID00182.5p-miR 935 -125 97 23

Data of the miRNAs 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: ID00305.3p-miR and ADRB3; ID01213.5p-miR and
AGTR2; 1D02221.3p-miR and CDKS5; 1D03371.3p-miR and [D3; 1D02229.3p-miR and LCN2;
ID00704.5p-miR and 7LRY. Of all the revealed interactions in the 3’UTRs, one maximum index of
complementarity equal to 98% was determined between miR-1273g-3p and mRNA of ALOX15 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
ADIPOR?2 1D01700.3p-miR 1398 -119 90 23
ADRB3 ID00305.3p-miR 2347 -121 38 24
AGTR2 ID01213.5p-miR 2307 -121 90 23
ALOX15 miR-1273g-3p 2393 -115 98 21
APLN miR-3661 1260 -110 90 22
APHIB 1D01642.3p-miR 2230 -119 90 24
CDK5 1D02221.3p-miR 1096 -125 89 24
CHI3LI 1D01707.5p-miR 1497 -110 93 22
CXCLI2 1D00483.3p-miR 932 -119 90 23
CXCL13 miR-4326 830 -100 92 20
CXCL5 miR-567 1817 -108 91 23
CYP27A41 1D00964.5p-miR 2078 -119 90 24
DAP miR-6762-5p 525 -119 90 23
DKK] 1D00436.3p-miR 1580 -106 91 23
FASLG 1D00790.3p-miR 1595 -104 89 23
HMOXI miR-3155a 1227 -106 91 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
NCEH] miR-6728-3p 3101 -106 91 21
PCSK9 miR-6877-3p 2468 -110 91 21
PDE4D 1D02141.5p-miR 7731 -100 90 22
PROC miR-6736-3p 1672 -106 93 21
PSMA6 1D02529.5p-miR 954 -106 93 20
ROCKI miR-5010-3p 5650 -106 91 22
RTN3 miR-6785-5p 4652 -110 90 22
S10049 1D02629.5p-miR 436 -108 93 21
SELPLG 1D02248.5p-miR 1818 -106 94 20
TIMP3 miR-1224-5p 3267 -104 96 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 miRNAs 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; ABCGS8; ADRB3; APHIB; ALOXI5;
HMOXI1; GAS6; GNB3; ID3; PHACTRI1; PROC RTN3; SERPINEI; TIMP3 and ZNF202, and in three
regions: ADCY9; LRP6; PDE4D and TNFSF12. Accordingly, these genes are most affected by different
miRNAs.

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 (APOCI1-3), 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 NPCI 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 of the 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 7LR 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.
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ATEPOCKIJIEPO3 KAHAUJATTBIK 'EHHIH MmPHK-MEH muPHK-HBIH ACCOLUALIUSJIAPBI

AHHOTaUMA. ATEPOCKIIEPO3 — OYJI KONITEreH TeHETHKAIBIK KOHE YKOJOTHSUIBIK (DakTopiap KarbicaThiH KYpen,
MyJbTH(hAKTOPIBI aypy OoJbin Tadbuiaabl. COHFBI KBUIAAPHI aTePOCKIEPO3IbIH ITeHETHKAJIBIK Kayill (hakTopiiapbiH
aHBIKTayFa JIETeH KbI3BIFYIIBLUIBIK OTE Te3 ocyle. ATepOCKIepO3/bIH MaToreHe3iHe JIUMHATEPIH ajIMacy akayjiaphl,
SHIOTEIHMAJIbI AUCHYHKIMSACHI, TOTBIFY CTPECCi, KAOBIHY JKOHE UMMYHIBIK PEaKIusIap, )acyiia mpoiudepausicht
JKOHE TeMOCTATHUKAJIBIK aKayliap CHSKTHI OipHemie (akrtopiap Karbicaipl. THICIHIIE, aTepOCKICPO3Fa KaHIUIATTHIK
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TeH/Iep aHBIKTANBI, OJlap OCHI MpolecTepre Tikejael ocep erenmi. Anaija, OCbl aypyAblH JaMyblHa dCEep ETEeTiH,
OpTYpPITi OHONIOTHSUIBIK IPOIIECTEPre KaTbicaThiH reHaepacH 6acka, miRNA (mRNA-inhibiting RNA) KaHI#IATTHIK
aTepOCKIIEPO3 TeHIHIH 3KCIPECCHUSACHIH PETTEY apKbUIbI, aTePOCKICPO3IbIH AaMyblHA KAThICATBIHIBIFBI aHBIKTAJIIBI.
miRNA-TBIH TeHaepre d9CepiH 3epTTey MIHACTIH KO Ke3iHle, OMOMH(DOPMATHKAIBIK 9MICTEPAl KOJJIaHa OTBHIPHIIL,
miRNA neH MakcarThl TEHACPHIH ©H THIMII OipiecTIKTepiH Kypyra Oomambl. byn sxymbicta miRNA-HBIH
(mRNA-inhibiting RNA) arepockiepo3 ymiH kaHaunartelk reHaep mRNA-ra e3apa opekeTTecy cHUrarramaiapbl
kenripinreH. miRNA-tertH, mRNA-fa KaHAMTATTBIK TeHIAEpiMEH OailmaHBICTBRIpAaThIH — caitrap MirTarget
OarjapiamMachlH  NalianaHbil  aHbIKTANABL ~ Byn  OGarmapamama mRNA  -HbIH  opTypii  aifiMakrapeiHjga
OaliIaHBICTHIPATEIH CAWTTapAbIH OpHanacybiMeH Karap, MiRNA-#HeiH mRNA-ra OalaHBICATBIH CaWTTapAbIH
GacramysrH, miRNA-#6iH MRNA-Fa epkiH SHEpreTHKANBIK dcepiecy kepcerkimin (AGm, kJ/mole) xore miRNA
HykieotuarepiniH mRNA-HBIH OaiimaHbICTHIpaThIH caHTTaphIHBIH (AG/AGM) TONBIKTay IOpEKECiH AaHBIKTAHIHI.
Ocbl  aiiMakrapmarbl mMiRNA -HBIH ©3apa OpeKeTTecy epeKIIeNnikTepiH aHblkray YurH miRNA  -Hb
OaiiaHbICTBIPAThIH CaiiTTapabl i3xey S'-TpaHcisiumsuiaHOaiTein afimakra (5'UTR), akybi3abl koxray aiiMarbiHzia
(CDS) xone mRNA arepockiepo3ablH KaHIUAATTHIK TeHAepiHiH 3'- TpaHcmsusuianOaiTeiH aliMarsiaaa (3 'UTR)
xyprizingi. CDS aiimarbiana op typiii miRNA-upiH mRNA -meH e3apa xeke opekerrecy keOiHece 3'UTR sxone
5'UTR aiimakTapbiHa KaparaHia, keOipek OOJaThIHIbIFbl aHBIKTAIAbl. MiIRNA-MEH arepoCKIepO3aHbIH KaHIUIATThI
reagepi MRNA-HBIH opTypii alMakTapbIMEH ©3apa OpPEKeTTECYiH 3epTTey Ke3iHjae, JKEKE acCOIMAIHsIIaphl
mRNA-HBIH Oip FaHa emec aiMarbiHIa Oap, TreHaep aHbIKTangbl. Kanmunmar renpepiniH miRNA-men e3apa
opekertecyi eki OarbitTa Oonmbl: ABCAI; ABCGS; ADRB3; APHIB; ALOX15, HMOXI; IA36; GNB3,; ID3;
PHACTRI; PROC; RTN3; SERPINEI; TIMP3 xoue ZNF202, xoue ym Oarvitra: ADCY9; LRP6; PDE4D xone
TNFSF12. Tuicinme, 0yn1 renaepre kebinece MURNA ocep eremi. bi3nmiH 3epTTeyiMi3ne TaHmaIFaH KpUTEpHiliep
HETi3iHIe, Keleci KaHTUAATTHIK TeHnaep aHblKTanapl. Omap miRNA-MeH epkiH »HEpPreTHKalbIK OpeKeTTECill,
-120 kJ/mole-ra TeH skoHe Kejeci accormanusuiapaa skorapbipak Oomagsl: S’UTR-ma - 1D01336.3p-miR sxone
ADCY?9, ID02142.3p-miR xone ALDH2, miR-4707-5p xone APHIB, ID00216.3p-miR xone CD40, miR-6789-5p
xone HIFIA, 1D01242.3p-miR xone LGALS2, 1D02363.5p-miR sxone NOS3, ID00551.3p-miR sxone NPCI,
ID01310.3p-miR xone PDE4D, 1D03397.3p-miR xone PTGS2, ID00561.3p-miR sxone RTN4, 1ID01098.3p-miR
xoHe SERPINEI, 1D02903.3p-miR xone 7IMP3, 1ID01323.3p-miR >xone TNFRSF1IB, 1D01770.3p-miR xone
ZNF202; 8 CDS - 1D03064.3p-miR xsne ABCGS; 1D02771.3p-miR xone ADIPORI; 1D00252.5p-miR xone
ANGPTL2; 1D00457.3p-miR sxone APOAI; 1D01641.3p-miR xome PDE4D; 1D02050.3p-miR xone TNF;
ID01804.3p-miR >xone XBPI; ID00182.5p-miR »xone ZNF202; 3’UTR-ma - ID00305.3p-miR xone ADRB3;
ID01213.5p-miR xone AGTR2; ID02221.3p-miR xone CDKS5; ID03371.3p-miR xone /D3; 1D02229.3p-miR >xone
LCN2; ID00704.5p-miR >xone TLRY. MiRNA MeH KaHIUIATTapIbIH TeHICPIHIH acCOIMAUSICH aHBIKTAIIBI, OJlap
95% G/AGm moniMeH cunartanapl, Oya miRNA HykneoTnaTepi MeH OaillaHBICTBIPYIIBI KEPIAiH HYKJICOTHATEPIHIH
e3apa OpeKeTTeCyiHiH TonbIKTai yinecimmimria kepcereni: S5'UTR - ID02813.3p-miR xome CAPNIO,
ID01152.3p- miR sxone HMOXI, ID01840.5p-miR sxone PHACTRI; CDS - ID02129.5p-miR sxone CD4 0OoiibIHIIa,
ID01797.3p-miR  xome PLA2G10; miR-1281 xone PHACTRI; 1D00182.5p-miR xome ZNF202,
3'UTR - miR-1273g-3p xxoHe ALOXIS5. AHbIKTaFaH KaybIMAACTBIKTApIbl OMOMapKep PEeTiHIEe aTepoCKIEePO3IbIH
JTIUArHOCTUKACHIH/IA KOJIIaHyFa 0oJa bl
Tyiiin ce3nep: arepockiiepo3, miRNA, mRNA, kaHIUIATTHIK T€HIEP, aCCOLMALUsIAP.

I . Mykymkunal, 3. JIadeiir?, A.T. Usamenko!

'HUU mpo6ireM GHOIOTHU U OMOTEXHOIOTHE Ka3aXxCKOro HallMOHATEHOTO YHHBEPCUTETA
uM. anb-Dapabdu, Anmarsl, Kazaxcran;
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ACCOIUAIIMA miRNA C mRNA KAHINJATHBIX TEHOB ATEPOCKJIEPO3A

AHHOTOANMSA. ATEPOCKIIEPO3 MPEACTABIACT CO00i KOMIUIEKCHOE MYyJIbTU(AKTOPHOE 3a00JIeBaHKUE, B KOTOPOM
SaﬂeﬁCTBOBaHbI MHO>XECTBCHHBIC I'€HCTHUYCCKUE U JKOJIOT'MYCCKHEC q)aKTOp])l. B IIOCJICAHUE TOAbl OYCHb 6])ICTpO
BO3pacTaeT MHTEpeC K HMICHTH(HKAUKM (aKTOPOB I€HETHYECKOTO PHCKAa Ul aTepockiepo3a. MHOKeCTBEHHBIC
(hakTOpBI, TakKe Kak Je(eKThl B JUMUAHOM MeTabo0IM3Me, SHAOTENNAIbHAs AUCQYHKIMS, OKUCIUTENBHBIN cTpece,
BOCIIAJICHWE WM WMMYHHBIE OTBETHI, KIETOYHas Npoiudepanus M TeMocTaTHdecKre Ae(eKThl ydYacTBYIOT B
naroreHe3e  arepockiiepo3a. COOTBETCTBEHHO, BBISIBIJIWCh  IEHBI-KAaHAWAATHl  aTepOCKIepO3a,  KOTOpHIC
HEMOCPEICTBEHHO BIIUSIOT Ha JaHHbIe npouecchl. OJHAKO MOMHMO TI'EHOB, BOBJICUYCHHBIX B Ppa3IMYHbIC
Omonornyeckne MpoIecChl, KOTOPBIE BIMSIOT Ha Pa3BUTHE NAHHOTO 3a0oieBaHUs, ObUIO ompeaencHo, uTo miRNA
(mRNA-inhibiting RNA) Takxke ydacTBYIOT B pa3BUTHH aTepOCKJIEPO3a IOCPEICTBOM PETYJISILUU 3KCIPECCHU
KaH/IM/IaTHBIX TeHOB aTepockieposa. [Ipu mocraHoBke 3amaud u3yudeHus BiusiHAs MIRNA Ha reHbl ¢ HOMOIIBIO
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OronH(pOpPMaTHYECKUX METOJIOB MOXHO yCTaHOBUTh HaubOonee 3dpdekruBHbie accouuanuu MiRNA U reHos-
MuineHe. B ganHOW paboTe mpeacTaBiieHbl XapaKTepUCTHKH B3anMonaercTBUii MiRNA ¢ mRNA kaHIWTaHTHBIX
reHoB arepockieposa. Caittel cBs3biBaHus MIRNA ¢ mRNA kaHAMJATHBIX TEHOB ONPEICNISIIM C TOMOIIBIO
nporpammbl MirTarget. JlanHas mporpamma, HOMHMO PacIiojIOXKEHHs CalTOB CBS3BIBAHUS B Pa3IMYHBIX PErnoHax
mRNA, onpenenser Hauasio caiitoB cBs3piBanuss mMIRNA ¢ mRNA, mnokasartenp CBOOOAHOW JHEpruu
B3aumozeiictBust miRNA ¢ mRNA (AGm, kJ/mole), a Takxe crerneHb KOMIUIEMEHTapHOCTH HYKJIeOTHI0B MiRNA ¢
caiitoMm cBs3piBaHusI MRNA (AG/AGm). Ilouck caiitoB cBsi3piBannst miRNA mpoBoguan B 5’-HeTpaHCIUpPyeMOH
obmactu (5'UTR), Oenox-kommpyromieid obmactu (CDS) u 3’-nerpancimpyemoit obmactu (3'UTR) mRNA
KaHIUIATHBIX TEHOB aTePOCKIIepOo3a C MEeIbI0 BRIIBICHUS 0COOCHHOCTEH B3anMoaencTBist miRNA B 3THX pernoHax.
BristBiiensr 46, 59 u 33 reHos-mmmieHeil, mMmerommue caidtel cBs3piBaHnsg mMiRNA B 5’UTR, CDS u 3’UTR,
cootBeTcTBeHHO. B CDS 00MacTu ycTaHOBIIEHO OONBINE OAMHOYHBIX B3aUMOACUCTBUH pa3nunyHbix miRNA ¢ mRNA
B cpaBHeHuH ¢ obmactsimu 3°UTR u 5°UTR. B xone u3yuenns p3anmoaeiicTuil miRNA ¢ pa3nuaHeIMU 001aCTIMHI
mRNA kaHIMAATHBIX T€HOB aTEPOCKIEPO3a OBUIN BBIABICHBI I'€HBI, KOTOPHIC UMEJM OAMHOYHBIE aCCOLMALMM HE
TONBKO B ogHOM o6mactn mRNA. I'eHsl-kanauaaTel umenu B3aumozecTBusi ¢ miRNA B nByx obmactsax: ABCAI;
ABCGS; ADRB3; APHIB; ALOX15; HMOXI; GAS6; GNB3; ID3; PHACTRI; PROC; RTN3; SERPINEI; TIMP3 u
ZNF202, u B tpex obnactsax: ADCY9; LRP6; PDE4D u TNFSFI2. COOTBeTCTBCHHO, JaHHBIC T'eHbl HaubOoJiee
MIOJIBEPIKEHBI BIMSHHUIO cO cTopoHbl MIRNA. OCHOBBIBasiCh Ha KPUTEPUSIX, BHIOPAHHBIX B HAIlleM HCCIIEIOBAaHHH,
ObUTH OmpesieNieHbl KaHUIaTHBIE TeHbl, UMEIOIINe CBOOOAHYIO 3HEepruio B3anmojencTBus ¢ miRNA pasnoit 120
kJ/mole n Bbmme B cnenyromux accormamusax: B S’UTR - ID01336.3p-miR and ADCY9, 1D02142.3p-miR and
ALDH?2, miR-4707-5p and APHIB, 1D00216.3p-miR and CD40, miR-6789-5p and HIFi1A, ID01242.3p-miR and
LGALS2, 1D02363.5p-miR and NOS3, ID00551.3p-miR and NPCI, ID01310.3p-miR and PDE4D, 1ID03397.3p-miR
and PTGS2, 1ID00561.3p-miR and R7TN4, ID01098.3p-miR and SERPINEI, 1D02903.3p-miR and 7IMP3,
ID01323.3p-miR and TNFRSF1IB, ID01770.3p-miR and ZNF202; 8 CDS - ID03064.3p-miR u ABCGS,
ID02771.3p-miR u ADIPORI; 1D00252.5p-miR u ANGPTL2; 1D00457.3p-miR u APOAI; 1ID01641.3p-miR u
PDE4D; 1D02050.3p-miR u 7NF; 1ID01804.3p-miR u XBPI; ID00182.5p-miR u ZNF202; B 3’°UTR - ID00305.3p-
miR u ADRB3; ID01213.5p-miR u AGTR2; 1D02221.3p-miR u CDKS; ID03371.3p-miR u /D3; 1D02229.3p-miR n
LCN2; 1D00704.5p-miR u T7LR9. BeisiBnensl acconuanuun miRNA ©  KaHAMJATHBIX T'€HOB, KOTOpbIE
xapaktepusoBaiuch BenmuuuHOoW AG/AGm, paBHOW 95%, 4YTO CBUACTENBLCTBYET O TIOYTH  IOJHOH
KOMIUIEMEHTapHOCTH B3aMMOJICUCTBHS HykJeoTHI0B MiRNA u HykmeotunoB caiita ces3biBanusi: B 5’UTR -
1D02813.3p-miR u CAPN10, ID01152.3p-miR u HMOX1, ID01840.5p-miR u PHACTRI; 8 CDS - ID02129.5p-miR
u CD4; 1D01797.3p-miR u PLA2G10; miR-1281 u PHACTRI; ID00182.5p-miR u ZNF202; 8 3’UTR- miR-1273g-
3p u ALOXI5. BBIABICHHBIE acCOUMAIMA MOXHO HCIOJNB30BaTh B KAaueCTBE OMOMAapKEpOB MpPHU TUATHOCTHKE
aTepoCKIIepO3a.
KuroueBsle ciioBa: arepockiepos, miRNA, mRNA, kanmunaTHbIe T€HBI, aCCOLUAIIHN.
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