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GENES AND MIRNAS INVOLVED IN THE
DEVELOPMENT OF ATHEROSCLEROSIS

Atherosclerosis is a complex multifactorial disease. miRNAs, single-stranded RNA molecules may
play an important role in the regulation genes expression which involved in atherosclerosis. The work
studied binding of miRNAs with mRNA of genes responsible for development of human atherosclerosis.
Based on the literature data of PubMed, a database of 14 genes sequences associated with development
of atherosclerosis was created. The miRNA binding sites in mRNAs of the studied genes were found
using the miRWalk, miRTarBase, TargetScan, miRDB, and MirTarget programs. 94 binding sites of 51
miRNAs were revealed in mRNA of genes responsible for the development of atherosclerosis. Of the
studied binding sites, 15 sites are located in CDS, 17 in 5’'UTR, and 62 in 3'"UTR. It was defined that
some mRNAs of genes have several binding sites with miRNAs. Thus, TNFRSF9 has 15, LDLR - 11 bind-
ing sites, TGFB1 — 14 binding sites. It was shown that miR-619-5p more frequently than others binds
to mRNA of genes responsible for the development of atherosclerosis. miR-619-5p binds to CD36 with
a AG/AGm ratio of 100%, miR-5096 with a AG/AGm equal to 100% binds to IL18. Among the studied
genes, TGFB1 is the most preferred target of miRNA with high values of interaction, indicating the de-
gree of miRNA binding to mRNA. Thus, using miRWalk, miRTarBase, TargetScan, and miRDB programs,
it was shown that mRNA of TGFB1 is a target for many miRNAs in CDS, 5’UTR, and 3’UTR regions.

Key words: miRNA, mRNA, binding sites, atherosclerosis, CDS, 5’UTR, 3’UTR, and nucleotide
sequences.
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ATepockAepo3gblH gamyblHa Xxayan 6epeTiH 2zengep med muPHK

ATepockAepo3 — ke (akTopAbl aypy. miRNAs, 6ip Tisbekti PHK MoAekyAaAapbl, aTepockaeposra
KaTbICATbIH FEHAEPAIH 3KCMPECCUSICbIH peTTeyAe MaHbI3Abl POA aTKaPybl MYMKIiH. 2KymbicTa MUPHK-HbIH,
aAAMHbIH, aTepPOCKAEPO3bIHbIH AaMybiHa ayan 6epeTiH reHaepAiH MPHK-meH 6aiiAaHbICbl 3epTTeAA|.
PubMed aaebueTTepiHiH, aAepekTepi HerisiHAe aTepoCKAEpPO3AbIH AaMyblHa 6alAaHbICTbl 14 reHHiH,
MOAIMeTTep 6a3achl KypblAAbl. TaHAaAraH reHaepaid, MPHK-aarbl miRNA 6aiAaHbICTbIpaTbiH calTTap
miRWalk, miRTarBase, TargetScan, miRDB >xeHe MirTarget 6ar aAapAamasapbiHbiH, KOMEriMeH TaObIAAbI.
ATEPOCKAEPO3AbIH AaMyblHa >kayar 6epeTiH reHaepaid MPHK-cbiHaa 51 MMPHK-HbI GaiiaaHbICTbIpa-
TbiH 94 canT TabbiAAbl. AHbIKTaAFaH GarAaHbicy camttapAaH 15 cant CDS-ae, 17-i 5'UTR-ae xoHe
62-i 3'UTR-ape opHanackaH. ATEPOCKAEPO3AbIH AamyblHa >kayar GepeTiH reHaepaiH kenbip MPHK-
cbiHAa MUPHK-mMeH 6anaaHbicaTbiH GipHewe canTTap 6ap ekeHAiri aHbikTaaabl. CoHbiMeH TNFRSF9
reHAepiHiH 15 6anaanbicy canttapbl, LDLR — 11 6anaanbicy canttapbl, TGFB1 — 14 6aiAaHbic canT-
Tapbl 6ap. KepceTiAreHAEN, aTeEPOCKAEPO3AbIH AaMyblHa >kayarn 6epeTiH reHaepAin MPHK-men MrPHK
miR-619-5p eH ken 6GanaaHbicasbl. MiR-619-5p CD36 reHimeH AG/AGm kaTbiHacbl 100% 60AAbI,
miR-5096 AG/AGm 100%-ke TeH IL18 reHimeH OaiiaaHbiCaabl. bapAblk 3epTTeAreH reHAEepAiH, iliHeH
TRFB1 reHi MuPHK-HbiH MPHK-MeH 6aiAaHbIC A9peXKeciH cunaTTaiTbiH >KOFapbl KepceTKilTepiMeH
MUPHK-HbIH eH KOAaMAbI HbiCaHbl eKeHAIr aHbikTaAAbl. OcbiAariiwa, miRWalk, miRTarBase, TargetScan
>koHe miRDB GaraapAaamanapbiH KoaaaHa oTbipbin, TGFB1 reninin MPHK-cbl CDS, 5’UTR xoaHe 3'UTR
anmakTapbiHAarbl kentereH MMPHK-AQpAbIH HbICaHbl EKEHAITT KOPCETIAAIL

Tydin ce3gep: MmPHK, MPHK, 6aiiaaHbicatbiH caitTTap, atepockaepos CDS, 5'UTR, 3'UTR,
HYKAEOTUATIK Ti3bekTep.
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Genes and miRNAs involved in the development of atherosclerosis

O.10. lOpukosa’, T.1. Abayaraesa, LLI.A. AtambaeBa, A. bekeHkaAm
Kasaxckui1 HaumMoHaAbHbIN yHBEpcuTeT uM. anb-Dapabu, Kasaxcran, KasaxcraH, r. Aamarbl
“e-mail: oksanayurikova@mail.ru

l'eHb1 u muPHK, yyactBylowue B pa3Butuu arepockaepo3sa

ATEPOCKAEPO3 SABASIETCS MHOrO(aKTOPHbIM 3ab6oAeBaHeM. MiIRNA, oaHOLENoYeUHbIE MOAEKYADI
PHK, MoryT urpatb BaKHyl0 pOAb B PEryAsiMmn 3KCNPecCcum reHoB, y4acTBYIOWMX B Pa3BUTUKN aTepo-
ckAepo3sa. B pabote 6biA0 u3ydeHo ceasbiBaHne MrPHK ¢ MPHK reHoB, 0TBETCTBEHHbIX 3a pa3BuTUe
aTepocKkAepo3a yeaoBeka. Ha ocHoBe anTepaTtypHbIx AaHHbIX My6amkaumin PubMed 6biaa co3aara 6a3a
AaHHbIX M3 14 reHoB, CBSI3aHHbIX C pa3BUTMeEM aTepockAepo3a. Cantbl cBa3biBaHMs MMPHK B MPHK
0TOOpPaHHbIX reHOB OblAM HaMAEHbI C MCMoAb30BaHuem nporpamm miRWalk, miRTarBase, TargetScan,
miRDB n MirTarget. B mMRNA reHoB, OTBETCTBEHHbIX 3a pa3BMTME aTEPOCKAEPO3a, HanAaeHo 94 caiTa
cBs3biBaHUs AAst 51 MmuPHK. M3 BbisiBAeHHbIX caiToB cBg3biBaHnsa MMPHK, 15 pacnoaoxensl B CDS,
17 —B 5’"UTR 1 62 — B 3’"UTR. bbino BbiSiBAEHO, UTO HekoTopble MPHK reHoB, oTBeTCTBEHHbIX 3a pas-
BUTME aTEPOCKAEPO3a, UMEIOT HECKOAbKO canToB cBsi3biBaHus ¢ MMPHK. Tak, reHbl TNFRSF9 umetot
15 caintoB cBsi3biBaHus, LDLR — 11 caitoB cBsidbiBaHusi, TGFB1 — 14 canToB cBg3biBaHMS. bbiAno no-
KasaHo, 4To GoAblue Bcero ¢ MPHK reHoB, OTBETCTBEHHbIX 3a pa3BUTHE aTEPOCKAEPO3a, CBSA3bIBAAACh
MMPHK miR-619-5p. miR-619-5p cBa3biBaeTtcsi ¢ reHom CD36 coTtHolweHnem AG/AGm, pasHbim 100%,
miR-5096 ¢ AG/AGm, paBHbiM 100%, cBsi3biBaloTCsl € reHom IL18. BbiAO yCcTaHOBAEHO, UTO M3 BCEX
n3yyeHHbIx reHoB reH TGFB1 aBaseTcs Hamboaee npeanountaemon muiueHbio MMPHK ¢ BbicokmMmm
rnokasaTeAsdMM, XapakTepuayiolmnmmu cteneHb cBa3biBaHusg MMPHK ¢ MPHK. Tak, ¢ nomouybio nporpamm
miRWalk, miRTarBase, TargetScan n miRDB 6biA0 nokasaHo, uto MPHK reHa TGFB1 aBasieTcs muLie-

Hblo AAst MHOTMX MMPHK B CDS, 5'UTR 1 3"UTR yyacTkax.
KaroueBbie croBa: MuPHK, MPHK, caiitbl cBsidbiBaHus1, aTepockaepo3, CDS, 5°UTR, 3'"UTR, HykAe-

OTMAHbIE MOCAEAOBATEABHOCTMN.

Introduction

Atherosclerosis is a complex multifactorial dis-
ease of medium and large arteries influenced by
many genetic and environmental factors. In recent
years, the number of candidate genes for atheroscle-
rosis has been growing rapidly. This, in turn, leads
to a significant increase in interest in identifying ad-
ditional genetic risk factors for atherosclerosis and
initiating a large number of genetic studies to prove
a genetic effect on atherosclerosis [1].

Atherosclerosis is a chronic inflammatory dis-
ease, in which lipid macrophages accumulate in
the subendothelial layer of arteries [2, 3]. It is well
known that adhesion of monocytes is stimulated
by endothelial dysfunction of the artery wall, after
which they divide into macrophages and absorb li-
poprotein particles into foam cells [4, 5]. The accu-
mulation of these lipids causes inflammation, which
stimulates and intensifies the atherosclerotic process
[6].

MicroRNAs (miRNAs) are short, single-strand-
ed RNA molecules that interact with mRNA and
may affect protein synthesis [7, 8]. They make up
about 1-5% of the human genome and are formu-
lated as evolutionary conserved components that
control the post-transcriptional expression of cer-
tain genes [8- 10]. Due to this action, miRNA can
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suppress the expression of a particular protein and,
therefore, bind to this gene and suppress it. miRNA
suppresses the expression of a gene by dividing or
disrupting its subsequent target mRNA, or by inhib-
iting the translation process. The method of action
used to suppress a gene is determined by the degree
of complementarity between the miRNA complex
and its target mRNA [11].

Since miRNAs play an important role in the si-
lencing of target genes, they subsequently decrease
protein synthesis and, therefore, affect cell function;
hence, it has been hypothesized that miRNAs may
indeed play a role in endothelial damage and cell fu-
sion, growth, and inflammatory responses [12 — 15].
It has also been suggested that miRNAs may be sig-
nificant regulators of smooth muscle proliferation
and phenotypic changes [16 — 20] and may affect
macrophage activity. Thus, understanding the effect
of miRNAs on cells that provoke the development
of atherosclerosis may be crucial for using their po-
tential in clinical therapy in the process of vascular
diseases. The aim of this study was to determine the
genes and miRNAs involved in the development of
atherosclerosis, as well as the identification of their
miRNAs — candidate genes associations, effectively
interacting to each other. As a result of the study, a
database of genes responsible for the development
of atherosclerosis was created, and the features of



O.Yu. Yurikova et al.

the interaction of mRNA genes with miRNAs in-
volved in the development of atherosclerosis were
revealed.

Methods and materials

NCBI database (www.ncbi.nlm.nih.gov/) was
used for the genes search; the name of the disease
was used as a keyword (the choice of keywords was
in different variations). For each request for ath-
erosclerosis, there were several hundred candidate
genes in the database, each of which was studied
separately. The study was conducted by looking for
the association of this gene with the corresponding
disease in publications over the past decade (Www.
ncbi.nlm.nih.gov/PubMed). Thus, the relationship
between the gene and the corresponding disease
was identified, and a database of genes involved
in the development of atherosclerosis was created.
Further, a comparative analysis of the database of
candidate genes was carried out.

Table 1 — Genes involved in the development of atherosclerosis

All nucleotide sequences of selected genes
mRNAs were obtained from GenBank (www.ncbi.
nlm.nih.gov). The miRNA nucleotide sequences
were obtained from miRBase (www.mirbase.org).
The search for the target gene for miRNA was car-
ried out using the MirTarget program [20]. The
program was used to search for sites of interaction,
free energy of interaction (AG) and schemes of their
interaction. AG/AGm is a relative quantitative mea-
sure of the strength of interaction between miRNAs
and mRNAs, where AGm is equal to the binding en-
ergy of the fully complementary miRNA nucleotide
sequences. The location of the miRNA binding sites
were determined at the 5’-UTR, protein Coding Se-
quence (CDS), or at the 3°’UTR. The search for a
target gene for miRNA was also carried out using
miRWalk program [22 — 25].

Results and Discussion

14 genes involved in development of atheroscle-
rosis were selected from NCBI database (Table 1).

Gene Full gene name PMID
TNFRSF9 TNF receptor superfamily member 9 25032953
ABCAI ATP binding cassette subfamily A member 1 25527331
ACE angiotensin I converting enzyme 18298340
PDE4D phosphodiesterase 4D 22045424
GCLM glutamate-cysteine ligase modifier subunit 19126404
NQOI NAD(P)H quinone dehydrogenase 1 31332605
IL18 interleukin 18 20350254
CD36 CD36 molecule 28691408
ICAM1 intercellular adhesion molecule 1 18420209
ITGBS5 integrin subunit beta 5 30131040
IGFBP7 insulin like growth factor binding protein 7 30131040
LDLR low density lipoprotein receptor 31834409
TGFBI transforming growth factor beta 1 30942415
MTHFR methylenetetrahydrofolate reductase 29501539

The binding of mRNA to miRNA and their
characteristics are shown in Figure 1. Of the genes
involved in the development of atherosclerosis:
four genes interact with miRNAs in 5’UTR, six
genes interact with miRNAs in CDS, and nine
genes interact with miRNAs in 3’UTR. mRNAs of
the genes presented in Table 1 are most often asso-
ciated with the following miRNAs: miR-466, miR-
619-5p, miR-1273g-3p, miR-1285-3p, miR-5095,
and miR-5096.

Some mRNAs involved in the development of
atherosclerosis have been associated with two or
more miRNAs. CD36, IL18, and ICAM1 genes in-
teract with four miRNAs, GCLM — with six miR-
NAs, LDLR and MTHFR — with seven miRNAs, and
TNFRSF9 gene — with eight miRNAs. In 5’UTR,
mRNA of ITGB5 gene is associated with five miR-
NAs. The greatest number of miRNAs-mRNA inter-
actions (14 binding sites) were identified in mRNA
of TGFBI gene (Figure 1-2).
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miR-762 (22)
miR-499a-5p (21)
CDS miR-1237-5p (21)
miR-609 (20)
ABCA1 miR-3178 (17) 5'UTR
miR-4435 (22) 5UTR
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'UTR
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Figure 1 — Interactions of miRNAs and mRNAs of the genes involved in development of atherosclerosis

Most interactions were found predominantly in
3’UTR of mRNAs. The largest number of miRNA
bindings are in 3’-untranslated region of the stud-
ied mRNAs. TGFBI1 gene was the only that has
miRNA binding sites in 5’UTR, CDS, and 3’UTR.
The length of miRNAs associated with genes asso-
ciated with the development of atherosclerosis var-
ied within 17-23 nucleotides. Some miRNA-mRNA
interactions was more effective than others as the
free energy of binding was high: mRNA of CD36
and miR-619-5p interacted with the free energy
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value equal to -121 kJ/mol, /TGB5 and miR-762
(free energy of interaction -123 kJ/mol), TGFBI and
miR-6089 ( -136 kJ/mol). The average free energy
of binding in 5’UTR, CDS and 3’UTR was calcu-
lated by dividing the sum of free energy value of
all binding sites by the number of these sites and
it was around -104 kJ/mol for 5’UTR located bind-
ing sites, -101 kJ/mol for CDS located binding sites,
and -108 kJ/mol for 3°’UTR located binding sites.
Some mRNAs have multiple binding sites of miR-
NAs. The largest number of interactions was found
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between miR-619-5p, miR-1273g-3p, miR-1285-5p
and TNFRSF9, LDLR, and TGFB1 mRNAs. Nota-
bly, these several miRNAs — mRNAs interactions
were with full complementarity and therefore with
AG/AGm value equal to 100%. There were such
pairs miR-619-5p and CD36 mRNA, miR-5096 and
IL18 mRNA. The high AG/AGm ratio that is around
98% was revealed between miR-1273g-3p, miR-
619-5p, miR-5096 and mRNAs of ICAMI, ILI18,
NQOI, LDLR, TNFRSF9. In addition, high AG/
AGm values were found in genes GCLM and ACE.

In result of the conducted analysis 14 miRNA
binding sites were revealed in mRNA of TGFBI
gene. As it was established that mRNA of gene
TGFBI interacted with different miRNAs, it might
be associated with the development of atheroscle-
rosis. In addition the prediction of miRNAs inter-
acting with 7TGFB1 was performed using miRWalk
open-source platform [22-25]. Table 2 shows the
identified interactions of mRNA of TGFBI with
various miRNAs at Score 1,000 in its, 5’UTR, CDS,
and 3°’UTR.

B Energy, AG, kJ/mole B AG/AGm, %
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Figure 2 — Characteristics of binding sites of miRNAs and mRNAs
of the genes involved in development of atherosclerosis
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Table 2 — Interactions of mRNAs with miRNAs, involved in the development of atherosclerosis, obtained using miRWalk

Target Site
miRNA gene location Score Localization miRTarBase Target Scan miRDB

hsa-miR-17-5p | TGFBI 2279 1,000 3UTR MIRT437865

hsa-miR-106a-5p | TGFBI 2279 1,000 3UTR MIRT734164

hsa-miR-124-3p | TGFBI 1177 0,981 CDS +
hsa-miR-361-3p | TGFBI 2739 1,000 3UTR +
hsa-miR-609 TGFBI 2616 1,000 3UTR +
hsa-miR-609 TGFBI 2465 1,000 3UTR +
hsa-miR-654-5p | TGFBI 1025 1,000 CDS +
hsa-miR-744-5p | TGFBI 1891 1,000 CDS MIRT037719 + +
hsa-miR-1827 TGFBI 1834 1,000 CDS +
hsa-miR-3907 TGFBI 2648 1,000 3UTR +
hsa-miR-4472 TGFBI 519 1,000 SUTR +
hsa-miR-4510 TGFBI 726 1,000 SUTR +
hsa-miR-6129 TGFBI 2247 1,000 3UTR +
hsa-miR-6130 TGFBI 2220 1,000 3UTR +
hsa-miR-6856-3p | TGFBI 2742 1,000 3UTR +

Note: miRTarBase is experimentally confirmed miRNA-database of interactions with targets;
TargetScan is a web server that predicts miRNA targets;

miRDB is an online database for miRNA targets prediction;

The score is calculated by running the TarPmiR algorithm to predict miRNA targets based on the random-forest method.

It was also found that the interaction between  which is demonstrated by the Diana Tools platform
hsa-miR-6856-3p and 7GFBI is conservative, (Figure 3) [26].

Region Binding Type  Transcript position Score Conservation
UTR3 8mer 648-670 0.045705736317204 4

Position on 19:41836876-41836898

chromosome:
Conserved species: panTro2,rheMac2,rn4, mm9
(Tr‘anscr‘ip‘t) 5'CCCCCG CrUUGCCCAUG 3
. . cuG GGEGCUGUA
Binding area: 1] AN
GAC UCCCGACAL
(min'lA) 3! CUUUCUAGUG 5'

Figure 3 — Characteristics of binding sites of hsa-miR-6856-3p and TGFB1 obtained using program Diana Tools

It should be noted that interactions between = miRWalk program, and also confirmed by Tar-
TGFBI gene mRNA and hsa-miR-17-5p, hsa-miR-  getScan and miRDB programs. Most interactions
106A-5p, hsa-miR-744-5p have been experimen-  between TGFBI mRNA and miRNAs shown in Ta-
tally confirmed. The relationship between TGFBI  ble 2 are also determined by miRDB miRNA target
mRNA and hsa-miR-744-5p was demonstrated by  prediction database.
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Conclusion was shown that its expression is regulated by various

miRNAs. The efficiency of using mRNA of TGFBI

The analysis revealed that TGFBI gene, which  gene as a regulator of the development of atheroscle-

is responsible for the development of atherosclero-  rosis was also shown using miRWalk, miRTarBase,
sis, may become the most effective biomarker, and it ~ TargetScan, miRDB and Diana Tools programs.
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