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CHARACTERISTICS OF MIRNA INTERACTION
WITH 5’UTR, CDS, 3’'UTR MRNA CANDIDATE GENES
OF METABOLIC SYNDROME DISEASE

Studying of the pathogenesis of metabolic syndrome is one of the most topical because of the
widespread of this pathology. The study of genetic nature of cardiovascular diseases is one of the most
promising areas of molecular medicine worldwide. Identification of a group of individual genetic mark-
ers allows early diagnosis and optimization of primary and secondary prevention of metabolic syndrome.
Therefore, the process of biomarkers discovery should improve the therapy and assessment of the risk of
cardiovascular disease. The search for effective markers is the subject of ongoing research. The miRNAs
interaction with mRNAs of candidate genes were predicted using the MirTarget program. The genes re-
sponsible for the development of metabolic syndrome, regulated by miRNAs were selected by searching
in the PubMed database. ADRA2A and SCAP genes are regulated by 12 and 15 miRNAs through 5'UTR
with the highest binding energy is -144 kJ/mole and -151 kJ/mole, respectively. AR, CEBPA, IGFBP2, KL
and SIRT1 genes are regulated through CDS by 7, 19, 11, 13 and 6 miRNAs, with the highest binding
energy is -134 kJ / mole, -142 k)/mole, -140 k)J/mole, -142 kj/mole and -138 kJ/mole, respectively. Clus-
ters of miRNA binding sites with overlapping nucleotide sequences were detected in mRNA of several
genes. Several associations of miRNA and genes are proposed as biomarkers for developing methods for
diagnosing the metabolic syndrome.

Key words: miRNA, mRNA, metabolic syndrome, candidate genes.
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mMiRNA-AbIH MeTabOAUTUKAABIK, CHHAPOM aypybl KAHAMAQTTbl FeHAEPIHIH,
mRNA-abiH, 5’UTR, CDS xoaHe 3’UTR-meH 63apa apekeTiHiH, cunaTttamasapbl

MeTO6OAUTUKAABIK, CUHAPOMbBIHbIH KEH TapaAFaHAbIFbIHAH OHbIH, MaTOreHesiH 3epTTeyi eH
MaHbI3AbICbI GOAbIM TaObIAAAbl. OAEMAIK MOAEKYASPAbI MEAMLMHAAA MEPCNeKTUBTI TypAe >KoHe
>KaH->KaKTbl KAPaCTbIPbIAbIMN KaTKaH aypyAapAbiH Oipi — >Kypek-KaH Tamblp aypyblHbIH reHEeTUKACbIH
3epTTey. beAeK reHeTMKaAblK, MapkepAepAl aHbIKTay — MeTabOAUTMKAAbIK, CUHAPOMHbIH, GipiHLLIAIK
>KOHE eKiHLWIAIK MPOMUAAKTUKACIHbIH ONTUMM3ALMACHI MEH epTe AMAarHOCTUKACbIHA MYMKIHAIK Oepeai.
Ocblraniua, GMoOMapKepAEP apKbliAbl XKYPEK-KaH TambIp aypyAapbiHbIH, Kayirn-KatepAepiH 6arasay >keHe
TepanuscbiH >KakcapTyra GO0AaAbl. YKyMbICTbIH, MakcaTbl — 3deKTUBTI MapKepAepAi Taby 6G0Abin
Tabbiraabl. MIRNA-Aap koHe KaHAMAATTbl reHaep MRNA-AbIH apacbiHAAFbl ©3apa opekeTTecyAepi
MirTarget GaraapAamMa apkpiAbl TabbiAabl. MIRNA-MeH peTTeAiHeTiH MeTabOAMTUKAAbIK, CMHAPOMFa
>kayanTbl reHAep PubMed aepekTep kopbiHaH i3aecTipinai. ADRA2A sxaHe SCAP renaepi 5’'UTR-ae 12
skaHe 15 miRNAs-meH 6araaHbicasbl, >KOFapbl 6anAaHbICy aHepruschbl 144 KAXK/MOAb xoaHe 151 KAX/
MOAb Kyparabl. AR, CEBPA, IGFBP2, KL >xeHe SIRT1 reHaepi CDS-te, 7, 19, 11, 13 >xaHe 6 miRNAs-
MeH 6arAaHbICaAbl, >KOFapbl 6aMAaHbICy 3HEPrmschl -134 KAXK/MOAb, -142 KAX/MOAb, -140 KAK/MOAb,
-142 KAX/MOAb xoHe 138 KAX/MOAbAT Kyparabl. bya reHaepae miRNA-meH GaiAaHbICaTbiH KOMTEreH
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canTTapbl 6ap >keHe Ae OCbl GarAaHbICy KAACTEPAEP METabOAMTUKAABIK, CUHAPOM AMAarHOCTMKACbIHAA
6GromMapkepAep peTiHae 60Aa araAbl.
Ty#in cesaep: miRNA, mMRNA, METaBOAUTUKAABIK, CUHAPOM, KAHAMAATTbI FEHAEP.
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XapakTtepuctuku B3aumoaeiicteus miRNA ¢ 5’UTR, CDS
1 3’UTR mRNA KaHAMAQTHbIX FTeHOB MeTa0O0AMYEeCKOro CMHAPOMa

M3yyeHre reHeTMUYeckomn nprupoAbl METaBOAMYECKOrO CMHAPOMA SIBASIETCS OAHOM M3 Hamboaee
NepCrneKkTUBHbIX 06AACTEN MOAEKYASIPHOM MEAMLIMHbI BO BCEM MUPE. BbiSIBAEHME reHeTMUYECKMX MapKepoB
MO3BOASIET pas3paboTaTb PaHHIOD AMArHOCTMKY 3a00AeBaHMsS M ONTMMM3MPOBATb MPOQUAAKTUKY
MeTaboAMYeCcKoro crHapoma. O6Hapy>keHre 6MOMapKepPOB AOAXKHO YAYHLIMTb TEPAnMio M OLEHKY
pUCKa CEePAEYHO-COCYAMCTbIX 3aboAeBaHMit. [1oMck 3(hEeKTUBHBIX MapKepoB MeTaboAMYecKoro
CMHAPOMA SBASIETCS TMPEAMETOM TeKylWMX MccAepoBaHui. BsanmoaeictBue miRNA ¢ mRNA
KaHAMAATHbIX TEHOB BbIAO MPEACKa3aHO C MOMOLLIbIO Mporpammbl MirTarget. [eHbl, OTBETCTBEHHbIE 3a
pasBuTHE MEeTabOAMYECKOro CMHAPOMA, peryampyembie MUKpoPHK, 6biAn 0ToOpaHbl nmyTem nomcka B
6ase PubMed. Tenbl ADRA2A 1 SCAP peryampytotcs 12 n 15 miRNAs B 5'UTR, HanboAbLIast 3HEPrus
CBSI3bIBaHMS cocTaBAgeT -144 kKAK/MoAb M -151 KAX/MOAb cooTBeTcTBeHHO. B CDS mRNA reHos
AR, CEBPA, IGFBP2, KL un SIRT1 cBssbiBatotcs ¢ 7, 19, 11, 13 1 6 miRNA co cBo6oaHOM 3Heprmeit
B3aMMOAENCTBUS paBHOM -134 KAXK/MOAb, -142 KAX/MOAb, -140 KAXK/MOAb, -142 KAX/MOAb 1 -138
KAK/MOAb, coOTBETCTBEHHO. B MRNA HECKOAbKMX IeHOB BbISIBAE€HbI KAACTEPbl CATOB CBA3bIBAHMS
mMiRNA ¢ HaAOXKeHMEeM HYKAEOTUAHbIX MOCAeAOBaTeAbHOCTeN. HeckoAbko accoumaumii miRNA v reHoB
NnpeAAaraioTCs B Kayectse OMOMapKepoB AAS Pa3paboTKM METOAOB AMArHOCTMKM MeTaboAMYeCcKOoro

CUHAPOMa.

KaroueBbie caoBa: miRNA, mRNA, MeTaboAMYECKMiIA CUHAPOM, FeHbl KAaHAMAATBI.

Introduction

Cardiovascular diseases are the leading cause
of death worldwide. Essential hypertension
is a major risk factor for the development of
other cardiovascular diseases and is caused by a
combination of environmental and genetic factors,
with up to 50% of blood pressure variance currently
attributed to an individual’s genetic makeup.
[1]. Metabolic syndrome is a cluster of various
combinations of metabolic abnormalities associated
with an increased risk of cardiovascular disease and
type 2 diabetes mellitus (DM) [2, 3]. Efforts to date
have identified several candidate genes involved in
primary hypertension, including 4DDI, ABCBI,
CYP3A45, AGT, GRK4, GNB3 and NOS3 [4-7]. Genes
ACACB, APOAI, APOA2, APOB, APOCI, APOCS3,
APOD and APOE are associated with metabolic
syndrome [8]. MiRNAs are small noncoding RNAs
that have emerged as important regulators of many
biological and pathological processes, including
those relevant to the development of the heart and
cardiovascular disease, such as metabolic syndrome.
There are still several interesting reviews about
recent progress on miRNAs and cardiovascular
disease, which discusses the relationship between
miRNAs and cardiac development, myocardial
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regeneration, and cardiovascular disease [9-21]. The
search for effective markers of the risk of metabolic
syndrome is the subject of this research.

Materials and methods

The nucleotide sequences of candidate genes
of the metabolic syndrome (MS) were downloaded
from GenBank [http://www.ncbi.nlm.nih.gov].
3701 miRNAs were taken from the publication of
Londin E. et al. [22]. The miRNAs binding sites in
5’-untranslated regions (5’UTRs), coding domain
sequences (CDSs) and 3’-untranslated regions
(3’UTRs) of several genes were predicted using
the MirTarget program [23]. This program defines
the following features of binding: a) the origin
of the initiation of miRNA binding to mRNAs;
b) the localization of miRNA binding sites in the
5’UTRs, CDSs and the 3’UTRs of the mRNAs; ¢)
the free energy of hybridization (AG, kJ/mole); and
d) the schemes of nucleotide interactions between
miRNAs and mRNAs. The ratio AG/AGm (%) was
determined for each site (AGm equals the free energy
of miRNA binding with its perfect complementary
nucleotide sequence). The miRNA binding sites
located on the mRNAs had AG/AGm ratios of 90%
or more. The program identifies the positions of the
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binding sites on the mRNA, beginning from the first
nucleotide of the mRNA’s 5’UTR. The MirTarget
program found hydrogen bonds between adenine
(A) and uracil (U), guanine (G) and cytosine (C), G
and U, and A and C. The distances between A and C
were equal to those between G and C, A and U, and
G and U [24-25]. The numbers of hydrogen bonds in
the G-C, A-U, G-U and A-C interactions were found
to be 3,2, 1 and 1, respectively.

Results and Discussion

miRNAs bound with the high AG/AGm value
in 5’UTR, CDS and 3’UTR of mRNAs genes
participating in MS. 41 target genes were associated
with 70 miRNAs in 5’UTR (Table 1).

mRNA of ADRA2A gene had binding sites for
miR-19-33623-3p, miR-1-2121-3p, miR-19-21199-

3p, miR-17-41168-3p, miR-4-11421-3p, miR-22-
16963-5p, miR-8-24509-3p and miR-20-22562-
3p located in a cluster from 256 nt to 288 nt. The
total length of the miRNAs is 180 nt, which would
sequentially take 965 nt of the 5’UTR of this gene.
Thus, such arrangement of nine sites in a cluster of
32 nt in length makes sense to reduce the proportion
of binding sites.

30 binding sites for miR-19-37933-5p, miR-
1-2121-3p, miR-3-8100-5p, miR-19-21199-3p,
miR-19-33623-3p, miR-1-155-3p, miR-1-1714-
3p, miR-17-40348-5p, miR-2-3313-3p, miR-15-
32047-5p, miR-9-28523-5p, miR-2-4453-3p and
miR-19-43966-3p were detected in mRNA of
SCAP gene forming a cluster of 39 nt in length
from 96 to 135 nt. Without overlapping sites, their
length would be 294 nt, which exceeds the 5S’UTR
size of 259 nt.

Table 1 — Characteristics of miRNAs interaction in the 5’UTR of mRNA of metabolic syndrome candidate gene

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
ACSLI miR-19-42639-3p 81 -115 90 22
miR-5-15435-5p 9 -108 93 20
ACVRIC
miR-22-46172-3p 207 -121 90 22
miR-2-3578-5p 36 -110 96 18
miR-17-38379-3p 496 -119 89 23
ADRA24
miR-11-29838-3p 871 -121 89 23
miR-4-13479-5p 913 -106 93 20
ALDH? miR-21-16482-3p 8 -123 92 21
APLN miR-6-16211-3p 263 -123 89 23
AR miR-19-41434-3p 621 -115 95 21
BRAP miR-X-44865-3p 162 -115 92 20
CAPNI10 miR-6-16793-3p 105 -115 95 20
miR-19-41383-3p 311 -115 90 23
CAV1
miR-16-39450-3p 779 -117 89 23
miR-2-7122-3p 88 -119 93 21
CXCLI6
miR-17-35758-5p 439 -117 93 22
EPO miR-12-31979-3p 12 -121 89 23
ESR2 miR-17-38870-3p 41 -117 92 22
FAAH miR-5-15548-3p 19 -129 92 23
miR-12-31701-3p 151 -115 90 22
FGF19 miR-11-28201-3p 163 -127 88 24
miR-13-32816-5p 298 -115 90 22
H6PD miR-6-16847-3p 58 -121 92 22
HMGAI miR-22-46516-3p 350 -117 92 21
HMOXI1 miR-16-22443-3p 75 -113 95 20
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Continuation of table 1

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
HNF4A4 miR-9-26042-5p 53 -125 92 22
HSDI11B1 miR-9-26506-3p 24 -115 93 22
HTR24 miR-1-2136-3p 600 -104 91 21
HTR2C miR-4-10151-3p 424 -119 90 22
1CAM1 miR-1-1109-3p 106 -117 89 23
miR-17-39570-5p 65 -123 91 22
IGFBP2 miR-19-34424-3p 84 -113 95 20
miR-8-22971-3p 86 -117 92 21
miR-19-30988-5p 329 -129 90 23
IL6R miR-10-13751-3p 336 -121 92 21
miR-7-15849-3p 341 -110 96 18
INPPLI miR-3-7790-3p 96 -121 93 21
INSIG miR-4-11181-3p 5 -115 93 20
miR-11-14307-3p 53 -115 92 21
MMP2 miR-2-6328-5p 264 -117 89 23
miR-18-41332-3p 281 -125 91 23
MTMR9 miR-2-6530-5p 288 -119 92 22
miR-2-5888-3p 290 -125 91 23
NEDDA4L miR-5-12460-5p 56 -129 90 24
NOS3 miR-3-8846-5p 200 -123 88 24
NPY2R miR-7-20689-3p 903 -96 92 20
PDKA miR-11-12657-3p 47 -108 91 21
miR-19-34424-3p 216 -110 93 20
PLTP miR-17-12804-3p 108 -113 93 20
miR-20-43459-5p 75 -115 92 20
PTEN miR-5-15564-3p 486 -125 91 22
miR-17-41310-3p 708 -110 96 18
miR-3-9461-3p 790 -121 89 23
scAp miR-12-30825-5p 22 -115 92 22
miR-12-31721-3p 23 -108 91 21
SERPINE1 miR-16-38458-3p 30 -123 88 24
SH2B1 miR-11-23098-5p 225 -110 91 21
STEAP4 miR-14-33186-5p 49 -129 88 24
miR-20-43381-5p 1 -121 92 21
miR-5-8853-5p 6 -115 92 20
miR-9-13610-3p -121 92 21
miR-12-30416-5p 186 -117 92 22
TGFBI1 miR-10-13655-3p 209 -129 95 22
miR-11-29785-3p 232 -108 91 21
miR-11-29785-5p 232 -108 91 21
miR-9-26506-3p 237 -113 91 22
miR-17-38733-3p 241 -119 89 24
TPM1 miR-19-8151-3p 168 -117 92 21
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Continuation of table 1

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
miR-2-3313-3p 233 -142 89 25
miR-17-40348-5p 239 -127 94 23
TRIB1 miR-1-155-3p 245 -127 92 22
miR-2-7252-3p 303 -123 88 24
miR-4-7472-5p 360 -110 91 21

Binding sites for five miRNAs were identified
in mRNA of MMP2 gene in the region from 110
nt to 125 nt, the miRNAs lengths without sites
overlapping would be 114 nt.

Four binding sites in the mRNA of TGFBI gene
formed a 33 nt long cluster from 232 nt to 265 nt,
without overlapping miRNAs lengths would be
equal to 88 nt.

mRNAs of MTMR9 and TRIB1 genes had three
miRNA binding sites formed in the cluster. Four
miRNA binding sites were found in mRNAs of
PTEN and TGFBI genes in the cluster from 531
to 558 nt and from 232 to 265, respectively. In the
mRNA of PNPLA3 gene, binding sites of miR-X-
13195-3p, miR-1-265-3p, miR-19-33623-3p, miR-
17-41168-3p, and miR-1-1714-3p are located in a

cluster from 148 nt to 172 nt, the total length of the
miRNAs is 109 nt.

The average free energy of miRNAs bind-
ing with all target mRNAs in 5’UTR was equal to
-122,4 £ -10,5 kJ/mole. There were 69 associations
of miRNAs with mRNAs having a free energy of
binding of more than -120 kJ/mole.

The following miRNAs and gene pairs were
established as effective associations: miR-2-3313-
3p and TRIBI, miR-2-3313-3p and SCAP, miR-1-
2121-3p and SCAP, miR-19-21199-3p and SCAP,
miR-1-2121-3p and ADRA2A, miR-19-21199-3p
and ADRA2A with free interaction energy of -140
kJ/mole and more.

Of the 66 miRNAs target genes in CDS, their
mRNA was associated with 133 miRNAs (Table 2).

Table 2 — Characteristics of miRNAs interaction in the CDS of mRNA of metabolic syndrome candidate gene

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
ABCAI miR-11-21109-3p 6416 -110 90 23
miR-10-27065-3p 60 -117 93 21
ACE miR-11-28656-5p 62 -125 89 23
miR-2-3313-3p 63 -138 87 25
miR-3-8100-5p 64 -132 90 24
ACVRIC miR-17-39672-3p 278 -113 91 21
ADIPOR1 miR-6-16717-3p 1092 -121 93 22
ADRAIA miR-17-34996-5p 1761 -113 91 23
miR-7-20411-3p 1064 -123 91 23
miR-X-44737-3p 1526 -123 89 24
miR-19-43342-3p 1535 -119 90 22
ADRA2A4 miR-5-15733-3p 1536 -132 89 24
miR-16-38088-5p 1842 -123 89 23
miR-13-32613-3p 2006 -125 88 24
miR-19-43736-3p 2049 -119 90 22
miR-15-36451-5p 455 -121 89 23
ADRA2B miR-22-44023-3p 465 -121 92 21
miR-12-32603-3p 882 -115 92 23
miR-19-43065-3p 889 -113 90 22
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Continuation of table 2

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt

miR-21-45808-3p 1138 -115 95 20
ADRB3 miR-2-4736-5p 1306 -121 92 21
miR-1-654-3p 1312 -115 92 20
miR-5-8853-5p 1312 -115 92 20
AGTRI1 miR-6-3109-5p 102 -117 92 22
ALDH?2 miR-1-3575-5p 1559 -119 89 23
miR-19-43315-5p(2) 258+259 -121+-134 90+100 23

ANGPTL4 -
miR-9-26025-3p 567 -113 90 22
miR-19-43342-3p 433 -121 92 22
miR-7-20142-5p 526 -119 89 23
ANGPTL6 miR-19-42224-5p 535 -117 95 21
miR-6-18047-5p 599 -100 94 19
miR-16-37839-3p 855 -117 90 23
APOAI miR-10-13655-3p 841 -123 91 22
miR-13-36375-5p 179 -119 90 23
APOB miR-19-25731-3p 2054 -93 92 20
miR-19-25731-5p 2054 -93 92 20
miR-X-45440-5p 643 -121 95 22
APOE miR-9-23547-5p 766 -115 93 20
miR-9-24355-5p 768 -115 93 20
miR-10-26714-5p 1363 -127 94 24
miR-17-35260-3p 1517 -115 90 22
AR miR-17-40389-5p 1744 -113 95 20
miR-5-15733-3p 2514 -134 90 24
miR-1-1819-3p(2) 25152518 -123+-125 89+91 23
BTN2A41 miR-10-26815-5p 280 -121 88 24
CAPNIO miR-22-45441-3p 474 -115 89 23
miR-2-5634-5p 1114 -104 89 24
CDHI3 miR-2-7128-3p 1089 -102 89 23
miR-19-28028-5p 233 -132 89 24
miR-21-23994-3p 236 -113 91 21
CEBPA miR-20-40417-3p 777 -113 96 19
miR-22-16963-5p 782 -127 91 22
miR-6-16525-3p 885 -119 89 23
CLOCK miR-3-11123-5p 1181 -98 90 22
miR-11-1939-5p 124 -115 92 20
miR-19-42999-3p 832 -110 90 22
miR-22-45904-3p 3313 -115 92 22

CUL7 -

miR-17-38391-3p 4439 -119 93 23
miR-13-35476-3p 4443 -117 90 22
miR-9-25099-3p 4444 -115 90 22
CYP46A41 miR-1-527-3p 1469 -106 93 20
DYRKIB m?R-5-15058-5p 1562 -113 93 20
miR-9-25558-3p 1810 -125 88 24
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Continuation of table 2

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
ENPPI miR-X-44972-5p 32 -119 93 20
EPO miR-3-8171-3p 741 -110 93 22
ESR] m%R-5-4100—5p 409 -106 91 22
miR-4-5310-3p 1852 -115 90 23
Al m?R-17-38856-3p 108 -115 93 20
miR-15-36321-3p 901 -115 90 22
FADS2 miR-16-33426-5p 1447 -110 90 22
FGF23 miR-2-7679-5p 301 -102 91 22
GCKR miR-10-26109-5p 820 -119 92 22
GPXI miR-5-15733-3p 98 -134 90 24
miR-5-16634-3p 338 -121 90 22
HePD miR-4-12982-5p 519 -110 91 21
miR-7-20135-3p 1080 -110 90 22
HMGAI miR-19-43704-3p 550 -115 90 23
LINFIA m?R-4-12346-5p 1463 -108 89 23
miR-8-24124-3p 1825 -113 90 22
HP miR-1-3943-5p 1178 -98 92 20
IGFBP2 miR-15-39164-3p 214 -121 97 20
IL6R miR-2-4533-3p 483 -125 89 23
miR-5-14202-5p 161 -123 91 22
INPPLI miR-20-42676-3p 161 -127 91 23
miR-22-45334-5p 169 -123 92 23
miR-10-26505-5p 1162 -119 89 23
INS miR-16-38416-3p 402 -115 90 22
miR-8-23775-5p 339 -117 95 21
INSIG1 miR-14-14807-5p 414 -110 91 21
miR-11-28905-3p 601 -117 89 23
INSR miR-4-11316-5p 127 -132 89 24
miR-3-7886-3p 412 -127 88 24
miR-8-23997-5p 1418 -102 94 19
IRS1 miR-22-45452-5p 2084 -102 92 20
miR-10-26714-5p 2085 -121 89 24
miR-19-37450-3p 3446 -106 93 21
KL miR-1-3822-3p 539 -121 92 22
miR-19-41858-5p 2542 -121 89 23
LDLR miR-10-26537-5p 2452 -108 96 20
LMNA miR-16-37015-3p 1392 -113 93 20
miR-17-38580-3p 148 -115 90 22
miR-2-2243-3p 2090 -106 91 21
LRPS5 miR-19-41684-3p 2469 -121 89 24
miR-1-3919-5p 4788 -121 88 24
miR-19-38895-3p 4824 -123 89 24
LRP6 miR-7-20135-3p 3421 -110 90 22
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Continuation of table 2

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-21-45324-5p 379 -125 91 23
MMP?2 miR-19-43421-5p 1681 -108 91 21
miR-17-39037-3p 1691 -113 90 22
miR-17-38947-5p(2) 219220 -113 90 22
MMP9 -
miR-16-34158-5p 698 -113 93 22
MTRR miR-12-31626-5p 1751 -108 89 23
miR-5-14114-5p 853 -123 89 23
NEDDA4L -
miR-3-9322-5p 2585 -102 91 21
miR-15-38767-3p 2946 -123 89 24
NOS3 miR-X-45814-5p 3073 -117 89 24
miR-19-43338-3p 3599 -117 90 22
PNPLA3 miR-22-46211-3p 918 -106 93 22
miR-4-11714-5p 2235 -110 96 20
miR-11-27530-5p 2876 -119 89 23
PRDM16
miR-11-29785-3p 3424 -108 91 21
miR-11-29785-5p 3424 -108 91 21
miR-16-33426-5p 46 -110 90 22
RLN3 miR-17-39466-3p 55 -110 90 22
miR-3-7740-5p 304 -113 96 20
SCAP miR-12-17092-3p 2486 -125 91 22
SERPINE1 miR-2-3962-5p 542 -125 88 24
miR-5-15578-5p 2148 -119 89 23
SH2BI miR-4-13219-5p 2834 -106 91 22
miR-1-1109-3p 2898 -117 89 23
miR-5-13181-3p 232 -123 89 24
SIRT1
miR-9-25099-3p 435 -115 90 22
SREBF?2 miR-1-2002-3p 564 -121 90 22
miR-20-42898-3p 230 -121 92 23
TNF -
miR-20-42898-5p 230 -121 92 23
TPM1 miR-15-35627-5p(2) 332+333 -117+-123 95+100 22
TRIBI miR-8-24549-5p 756 -127 90 24
UCP3 miR-19-42357-3p 406 -115 89 23
miR-9-26506-3p 775 -113 91 22
VEGFA -
miR-8-21883-3p 887 -123 88 24

mRNA of AR gene contained 21 miRNA binding
sites for miR-9-20317-3p and miR-17-39416-3p,
whose nucleotide sequences are overlapped.

miR-10-27065-3p, miR-11-28656-5p, miR-
2-3313-3p, miR-3-8100-5p binding sites were
identified in a cluster in the region from 60 to 88
nt of mRNA of ACE gene, the total length of the
miRNAs is 93 nt.

The 22 miRNA binding sites in mRNA of
CEBPA gene formed a cluster with a length of 35
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nt, which, without overlapping of sites, would be
308 nt.

18 binding sites for 11 miRNAs were identified
in mRNA of /GFBP2 gene in the region from 139
ntto 177 nt.

There is a 45 nt in length cluster in mRNA of KL
gene formed by 14 binding sites of 11 miRNAs with
a total length of 279 nt, therefore such a compact site
arrangement is necessary to reduce the proportion of
binding sites.
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Six binding sites in mRNA of SIRTI gene
formed a 60 nt long cluster from 264 nt to 324
nt, without overlapping miRNAs lengths is equal
to 142 nt. mRNAs of CUL7 and INPPLI genes
contained 3 binding sites of miRNAs, forming a
cluster.

The average free energy of binding of miRNAs
with all mRNAs in CDS is equal to -118+-9 kJ/
mole. There are 120 associations of miRNAs with
mRNAs that have a free energy of binding of more
than -120 kJ/mole.

50 target genes were associated with 82 miRNAs
in 3’UTR (Table 3).

Five miRNAs had binding sites in mRNA of
CD36 gene, forming a cluster with a length of 40 nt.

The total length of these miRNAs was 115 nt, which
is almost 50% of the 275-nt CDS length. mRNA
of IGFI gene contains nine miRNA-binding sites
for miR-3-5147-5p and miR-101-27078-5p, which
nucleotide sequences completely coincided, with a
cluster length of 39 nt. mRNA of JAK2 gene bound
with miR-10-29282-3p (ten binding sites) and miR-
15-36862-3p (nine binding sites) and the formed
clusters coincide.

mRNAs of CD36, IGFI and JAK2 genes
contained 15, 18 and 19 binding sites, respectively,
which miRNA nucleotide sequences overlapped.
Four miRNA binding sites formed a cluster with a
length of 67 nt from 7321 nt to 7388 nt in mRNA of
IRS1 gene.

Table 3 — Characteristics of miRNAs interaction in 3’UTR of mRNA of metabolic syndrome candidate gene

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
miR-13-28252-3p 4068 -117 90 22
ACE miR-1-2030-3p 4657 -110 90 22
miR-X-46577-3p 4792 -106 91 21
ADIPOQ miR-17-39935-3p 1651 -104 91 21
ADRAIA miR-6-19858-3p 1975 -108 91 22
miR-10-26254-3p 2347 -121 88 24
miR-6-17487-3p 2442 -115 92 23
ADRB3 miR-10-29282-3p 2456 -108 93 23
miR-15-36862-3p 2456 -113 93 23
miR-15-36862-3p 2462 -113 93 23
AGTR?2 miR-16-40163-5p 2307 -121 90 23
AHIT miR-22-45902-3p 4645 -113 93 22
miR-9-21385-3p 5491 -96 90 22
miR-10-27065-3p 2864 -117 93 21
AKTI miR-12-5800-5p 2866 -113 93 20
miR-13-36375-5p 2875 -119 90 23
ANGPT miR-7-21133-5p 3064 -121 89 24
miR-5-18072-3p 3071 -102 91 22
AR miR-3-10752-3p 4096 -108 89 23
miR-12-31413-3p 3526 -104 89 23
miR-15-36862-3p(5) 3529+3539 -108 89 23
CD36 miR-10-29282-3p(5) 3533+3539 -104 89 23
miR-19-42814-5p 3542 -106 91 23
miR-10-29282-3p 3543 -104 89 23
CEBPA miR-22-45967-3p 2440 -115 92 22
CYPI11B2 miR-17-12514-5p 1982 -104 92 20
CYP46A41 miR-13-33774-5p 1571 -123 88 24
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Continuation of table 3

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
DIO? miR-11-28228-3p 4777 -96 92 20
miR-11-27435-3p 6187 -96 90 22
DYRKIB miR-11-28385-3p 2463 -104 92 20
ENPPI miR-10-26483-5p 6274 -110 90 22
miR-2-4804-5p(2) 6751+6752 -113+117 90+93 24
ESRI miR-8-24024-3p 3339 -121 88 24
miR-19-43386-3p 2407 -117 89 23
FADS?2 miR-1-1412-5p 2712 -117 90 22
miR-17-39583-3p 2803 -119 89 23
FTO miR-17-34996-5p 3710 -110 90 23
miR-2-5355-3p 3906 -115 90 22
GCKR miR-6-18764-3p 1956 -121 88 24
miR-1-318-5p 3669 -115 92 22
H6PD miR-22-45335-5p 5829 -113 90 23
miR-X-46030-5p 6616 -110 90 22
HMGAIL miR-15-38620-5p 877 -119 90 22
miR-15-36862-3p 2987 -108 89 23
1CAM1 miR-17-39935-3p 3022 -104 91 21
miR-10-26483-5p 3025 -110 90 22
1G] miR-3-5147-5p(9) 4042+4058 -100 90 22
miR-101-27078-5p(9) 4042+4058 -108 89 23
IGF2BP3 miR-X-48172-3p 4088 -104 91 22
IL10 miR-17-39466-3p 1200 -110 90 22
IL6R miR-14-35161-5p 3063 -119 90 24
INPPLI miR-17-40267-5p 4336 -125 88 24
miR-10-28609-3p 4512 -104 91 22
miR-19-42303-3p 5363 -117 90 23
INSR miR-12-30825-5p 5366 -115 92 22
miR-12-31721-3p 5367 -115 96 21
IRS! miR-10-29282-3p(2) 7402+7404 -104 89 23
miR-10-29282-3p 7425 -104 89 23
JAK miR-10-29282-3p(10) 5184+5202 -104+108 89+91 23
miR-15-36862-3p(9) 5184+5200 -108 89 23
LCN2 miR-22-23987-3p 682 -123 94 21
miR-17-39466-3p 3887 -110 90 22
miR-8-11096-5p 3890 -113 90 22
IDLR miR-X-45975-5p 4004 -96 92 22
miR-4-12245-3p(2) 4559+4560 -110 90 22
miR-2-4826-5p(2) 46074608 -113+115 90+92 23
miR-7-20771-3p 4974 -89 91 21
1EP miR-8-11096-5p 3087 -113 90 22
miR-17-35758-5p 3092 -113 90 22
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Continuation of table 3

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
miR-18-41332-3p 2808 -123 89 23
LMNA miR-11-28484-5p 2820 -117 90 22
miR-19-42375-3p 3033 -113 93 21
LPINI miR-17-40078-3p 4485 -113 88 24
LTA miR-16-9117-3p 1258 -98 92 21
miR-9-24450-5p 3350 -117 89 24
miR-10-11641-3p 6281 -119 89 23
MTHFR miR-X-44909-3p 6342 -108 91 22
miR-2-4684-5p 6844 -117 93 22
miR-22-45902-3p 7051 -113 93 22
miR-17-8001-3p 4094 -110 90 23
MTMRY miR-X-45975-5p 6064 -96 92 22
miR-2-4826-5p(2) 61866187 -113 90 23
MTTP miR-19-42953-5p 3438 -113 91 22
NPY2R miR-3-9607-3p 2968 -96 90 22
OLR] miR-3-5147-5p(2) 1504+1506 -100 90 22
miR-101-27078-5p(2) 1504+1506 -108 89 23
miR-19-43175-3p 4675 -113 91 21
PROMIG miR-22-44124-5p 4961 -115 89 23
miR-8-23404-5p 5193 -125 88 24
miR-X-38664-5p 5199 -110 93 22
PYY miR-1-252-5p 489 -106 91 21
SH2B1 miR-16-40163-5p 4530 -119 89 23
SLC22412 miR-7-17280-5p 2874 -119 90 22
SREBF2 miR-17-38738-5p 4196 -117 90 22
miR-1-2142-3p 4206 -123 92 23
STEAP4 miR-17-34996-5p 3201 -113 91 23
miR-9-13610-3p 2060 -123 94 21
miR-17-12804-3p 2062 -113 93 20
TGFBI miR-8-24549-5p 2066 -125 88 24
miR-15-38620-5p 2089 -119 90 22
mir-1-2121-3p 2093 -140 89 25
TRIBS miR-4-5601-5p 1228 -117 90 22
miR-16-37914-3p 1540 -121 88 25

Five miRNAs binding sites were found in
mRNA of TGFBI gene, from 2060 nt to 2118 nt,
forming a cluster with a length of 58 nt, considering
a total length of miRNAs sequences is 112. nt

mRNAs of AKTI and TGFBI genes had three
miRNA binding sites formed into clusters, and the
mRNA of ADRB3 gene contains the binding sites
of 4 miRNAs from 2442 to 2485 forming the 43 nt

length cluster while a total length of the miRNAs
sequences is 92 nt.

The average free energy of binding of miRNAs
withallmRNAsin3’UTR was-111nt. 15 associations
of miRNAs and mRNAs were found with a free
binding energy of more than -120 kJ/mole.

Among 109 genes participating in the
development of MS, 41 genes were associated with
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70 miRNAs in 5’UTR, 66 genes with 133 miRNAs
in CDS, and 50 genes with 82 miRNAs in 3’UTR.

Consequently, almost half of the miRNAs are
bound at the beginning of the nucleotide sequence
of mRNA (in the 5’UTR), which makes it possible
to stop protein synthesis before the translation
stage. This allows you to save energy resources of
the cell, since stopping protein synthesis at the late
stage of translation may result in the termination of
protein synthesis with the formation of defective
polypeptides. Binding of miRNA to mRNA at the
beginning of the CDS will also help save energy
resources. Therefore, the majority of miRNA
binding sites in the mRNA of candidate MS genes
are located in the CDS immediately after 5’UTR.
In addition to the preferential localization of
miRNA binding sites at the beginning of mRNA,
the free energy of miRNA interaction with mRNA
plays an important role in the process of regulating
gene expression. As a rule, the free energy of the
interaction of miRNA with mRNA for binding
sites located in 5’UTR is greater than for binding
sites located in CDS. And the free energy of
miRNA interaction with mRNA for binding sites
in CDS is greater than for binding sites located in
3’UTR.

Ofthem, 27 genes that bound to only one miRNA
were located in 5’UTR region, 33 genes in CDS, and
23 genes in 3’UTR. The remaining mRNAs of genes
involved in the development of MS were associated
with two or more miRNAs. Thus, 14 genes had
miRNA binding sites in 5’UTR, 33 genes in CDS,
and 27 in 3’UTR. Consequently, most of miRNA-
mRNA associations are located in CDS. mRNAs of
following genes interacted with miRNAs with the
highest value of free binding energy: SCAP gene
(ten miRNAs) in 5’UTR, CEBPA gene in CDS
(seven miRNAs), and TGFBI gene in 3’UTR (one
miRNAs) The binding sites located in 5’UTR and

CDS had the strongest interaction. Only H6PD,
HMGAI, IL6R and INPPLI1 genes had binding sites
in 5’UTR, CDS and 3’UTR. The presence of many
binding sites for several miRNAs in mRNA genes
indicates a strong dependence of their expression on
miRNA.

IdentifiedinthemRNA ofsome genes, the binding
sites of two or more miRNAs, with overlapping
nucleotide sequences, lead to competition between
these miRNAs for binding to mRNA. The overlap of
nucleotide sequences of binding sites reduces their
share in the total length of mRNA.

Conclusion

It was established that the genes responsible
for the development of metabolic syndrome are
regulated by miRNAs. So ADRA2A, PTEN, SCAP
and TGFBI genes are regulated by binding of 12, 9,
15 and 8 miRNAs to 5’UTR with the highest binding
energy is equal to -144 kJ/mole, -132 kJ/mole, -151
kJ/mole and -129 kJ/mole, respectively. APRA2A,
AR, CEBPA, IGFBP2, KL and SIRTI genes are
regulated by 7, 7, 19, 11, 13 and 6 miRNAs binding
to CDS with the highest binding energy being -132
kJ/mole, -134 kJ/mole, -142 klJ/mole, -140 kJ/
mole, -142 kJ/mole and -138 kJ/mole, respectively.
ADRA2A4, SCAP, AR, CEBPA, IGFBP2, KL, and
SIRTI genes had multiple binding sites of miRNAs,
forming clusters. Thus, these genes can be used as
potential markers for the diagnosis of the metabolic
syndrome.
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