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CHARACTERISTICS OF MIRNA INTERACTION
WITH 5’UTR, CDS, 3’'UTR MRNA CANDIDATE GENES
OF BREAST CANCER SUBTYPES

Different subtypes of breast cancer are distinguished by a set of candidate genes involved in the
development of this disease. The expression of many genes is regulated by binding of their mRNA with
miRNA, therefore it is required to identify which candidate genes of oncogenesis and in what degree
they can interact with miRNA. The purpose of this work was to establish the interaction characteristics
of the known 3701 miRNAs with mRNA 92 candidate genes of breast cancer subtypes. 19 genes from
25 candidate genes of the her2 subtype were targets for miRNA. The binding sites of 67 miRNAs were
located in 5’UTR, CDS, 3’UTR and the average free energy (AG) of miRNA binding with mRNA was
equal to -120,2 + -7,6 kJ/mole, -123,6 + -9,8 kJ/mole, -110,4 + -9,8 kJ/mole, respectively. 31 miRNA
associations with mRNA, having the free binding energy more than -120 kJ/mole are recommended for
the diagnosis of the her2 subtype. 33 genes from 47 candidate genes of the triple-negative subtype were
targets for miRNA. The binding sites of 90 miRNAs were located in 5’UTR, CDS, 3’UTR and the average
AG value of miRNA binding with mRNA was equal to -123,5 + -7,0 kJ/mole, -114,1 + -7,9 kJ/mole,
-106,9 £ —4,9 kJ/mole, respectively. 36 miRNA associations with mRNA are recommended for the diag-
nosis of the triple-negative subtype. 14 genes from 20 candidate genes of luminal A and B subtypes were
miRNA targets. The binding sites of 86 miRNAs were located in 5’"UTR, CDS, 3'UTR and the average AG
value of miRNA binding with mRNA was equal to -121.2 + -9,5 kJ/mole, 120,4 + -7,8 kJ/mole, -118,9
+ -8,1 kJ/mole, respectively. 51 miRNA associations with mRNA were recommended for diagnosis of
luminal A and B subtypes. In the mRNA of many genes, sites containing two or more miRNA binding
sites were identified with arranging of their nucleotide sequences, which reduces the proportion of bind-
ing sites in the nucleotide composition in 5’UTR, CDS, and 3’UTR several times. Based on the obtained
results, the groups of miRNA and mRNA associations of candidate genes are recommended to develop
methods for diagnosis subtypes of breast cancer.

Key words: miRNA, mRNA, subtypes of breast cancer, target genes.
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12359A-MDapabu aTbiHAaFbl Ka3ak, YATTbIK YHUBEPCUTETIHIH
BroAorus xxeHe GMOTEXHOAOIMS MOCEAEAEPIHIH, FbIAbIMU-3€PTTEY UHCTUTYThI,
KasakcTtaH, AAMaThl K.

miRNA-AbIH, cyT 6€e3i KaTepAi iciri cydbTunTepiHiH, KAHAMAATTbI FeHAEpPIHIH,
mRNA-AbI 5’UTR, CDS, 3’"UTR-meH e3apa apekeTiHiH, cunatramaAapbl

GyT 6e3i KaTepAi iCiriHiH TypAi cyOTMNTEPI OCbl aypyAblH AaMyblHa KATbICaTblH KAHAMAQATTbI FEHAEP
>KMBIHTbIFbIMEH epeKlleAeHeai. KenTereH reHaepAiH akcrnpeccmscbl oAapablH MRNA-HbiH MiRNA
6aiAaHbICTbIPDYbIMEH PETTEAEAI, COHAbIKTAH OHKOreHe3AIH KaHAMAATTbl FeHAEPIH >KOHEe OAapAblH
MiRNA-MeH apekeTTecy ASpe’kecCiH aHblkTay kepek. ByA >KyMbICTbIH MakcaTtbl CyT 6e3i Karepai
icirinin cybTunTepiHin, 92 kaHAMAaTbl reHiHiH MRNA-meH 6eariai 3701 miRNA-HbIH 63apa apekeTTecy
cuMnaTTamaAapbliH aHblKTay GOAAbL. 25 KaHAMAQTTbI FeHAepAiH iwiHae 19 reH miRNA HbicaHaAapbl
60AbIN KeAAi. 67 MIRNA-abIH 6arAaHbiCTbipy canTTapbl 5’UTR, CDS, 3'UTR >xeHe mRNA meH miRNA
optawa 6oc¢ 6araaHbicy aHepruscol (AG) -120,2 + -7,6 kJ/mole, -123,6 + -9,8 kJ/mole, -110,4 + -9,8
kJ/mole TeH 6oAAbI, THiciHWe. Her2 cyGTMNTIH AMarHOCTUKAChI YiliH 6aiAaHbICYAbIH 60C 3HEPrUSIChI
-120 kJ/mole >xorapbl, MRNA meH miRNA 31 accoumaumsiaapbl YCbiHbiAaAbl. Triple-negative cy6tunTin,
47 KaHAMAQTTbI reHaepiHeH 33 reH MiRNA-HbIH HbicaHaAapbl 60AAbL. 90 MIRNA-AbIH 6aiAaHbICTbIPY
cantrapbl MRNA-HbiH 5'UTR, CDS, 3’UTR opHaaackaH >keHe miRNA MeH mMRNA 6GaiAaHbICYbIHbIH
oprawa AG meHi -123,5 + -7,0 kJ/mole, -114,1 £ -7,9 kJ/mole, -106,9 = —4,9 kJ/mole TeH 60AAbI,
miciHwe. Triple-negative cy6tunti amarHoctnkasay yiiH 36 mRNA meH miRNA accoumaumsaapbl
yCbiHbiAaAbl. A >keHe B luminal cy6tuntepai anarHoctmkanay yuin 20 redHid iwiHae 14 ren miR-
NA HblcaHaapbl 60AbIn Keaai. 86 MIRNA 6aiiaanbicTbipy canTrapbl 5’UTR, CDS, 3’UTR opHaaackaH
>koHe MiIRNA men mRNA 6aiiAaHbicybiHbiH, opTawa AG meHi -121.2 + -9,5 kJ/mole, 120,4 + -7,8 kJ/
mole, -118,9 + -8,1 kJ/mole TeH 60AAbI, THiciHWe. A >oaHe B luminal cy6TunTepai AmarHoctukasay
ywiH mMRNA meH miRNA 51 accoumaumsinapbl ycbiHbiAaabl. KenTtereH renaepaid mRNA-aa eki Hemece
0AaH Aa kern MIRNA 6GarAaHbICTbIPY caiTTapbl 6ap yvackiAep aHblKTaAFaH, OAAPAbIH HYKAEOTMATIK
Tisbektepi kabartackaH, 6ya 5'UTR, CDS >xeHe 3’UTR HYKAEOTMATEP KypamblHAA GaiAaHbICTbIPY
CanTTapAblH YAECIH OipHelle peTke AeMiH asanTaAbl. AAbIHFAH HOTMXKEAEPAIH HerisiHae cyT 06esi
KaTepAIi iCiriHiH, CyOTUNTEPIH AMAarHOCTMKAAAy SAICTEPIH OHAEY YILUIH KaHAMAATTbI reHAepAiH MRNA
MeH MiRNA accoumaumsiaap TonTapbl YCbIHbIAQADI.

Ty#in cesaep: miRNA, mRNA, cyT 6e3iHiH KaTepAi iciriHiH cy6TunTepi, HbicaHa reHAep.
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Xapaktepuctuku B3aumoaeicteus miRNA C 5’UTR, CDS, 3’'UTR mRNA
KaHAMAQTHbIX TeHOB CyOTHINOB paka MOAOYHOMN XKeAe3bl

PazAmuHble Ccy6TUMbI paka MOAOYHOM >KEAe3bl OTAMYAIOTCS HabOPOM KaHAMAATHbLIX [EHOB,
YUaCTBYIOLMX B PA3BUTMM 3TOr0 3a60AEBaHMs. DKCNPECCUS MHOTMX TEHOB PErYAUPYETCS CBA3bIBAHMEM
ux MRNA ¢ miRNA, nostomy TpebyeTcs BbiIBUTb, KakMe KaHAMAQTHbIE FeHbl OHKOreHe3a M B Kakow
CTeneHu MOryT B3anMoAeincTBoBaTb ¢ MiRNA. LleAb HacTosiein paboThbl 3akAlOMaAACh B YCTAaHOBAEHMU
XapaKTePUCTUK B3aMMOAENCTBUS M3BeCTHbIX 3701 MiIRNA ¢ mRNA 92 kaHAMAATHBIX FEHOB CyOTMINOB
paka MOAOYHOM XeAe3bl. M3 25 KaHAMAATHbIX reHoB cyOTuna her2 mueHsmm miRNA aBasiancs 19
reHos. Cantbl cBsi3biBaHMs 67 MIRNA pacnoaaraamch B 5'UTR, CDS, 3’UTR u cpeaHsisi cBo6oAHas
sHeprua ceasbiBaHms (AG) miRNA ¢ mRNA paBHsaack -120,2 + -7,6 kJ/mole, -123,6 + -9,8 kJ/
mole, -110,4 + -9,8 kJ/mole, cooTBeTCcTBEHHO. AASt AMarHoCTMKM cy6Tmna her2 pekomeHaoBaHbl 31
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accoumaumns miRNA ¢ mRNA, nmetome cBo60AHYIO 3Heprmio B3ammoaeincteus 6oaee -120 kj/mole.
M3 47 kaHAMAATHbIX reHoB cybTuna triple-negative muwensmmn miRNA gsasgancb 33 reda. Cantbl
cBs3biBaHMst 90 miRNA pacnoaaraamcsk B 5'UTR, CDS, 3’'UTR u cpeaHss BeanunHa AG cBS3biBaHMS
miRNA ¢ mRNA pasHsaach -123,5 + -7,0 kJ/mole, -114,1 + -7,9 kJ/mole, -106,9 + —4,9 kJ/mole,
COOTBETCTBEHHO. AAS AMArHoCcTMkM cyOTuna triple-negative pekomeHaoBaHbl 36 accoumaumii miR-
NA ¢ mRNA. M3 20 kaHAMAaTHbIX reHoB cyoTmnos luminal A n B muwensmm miRNA gaBasiancs 14
reHoB. CanTbl cBg3biBaHMsg 86 MiIRNA pacnoaaraancs B 5’'UTR, CDS, 3’'UTR u cpeaHss BeanumHa AG
cBa3biBaHnsg MIRNA ¢ mRNA pasHsinach -121.2 + -9,5 kJ/mole, 120,4 + -7,8 kJ/mole, -118,9 + -8,1
kJ/mole, cooTBeTcTBEHHO. AAS AMarHocTrkM cy6TMnos luminal A n B pekomeHaoBaHbl 51 accoumaums
miRNA ¢ mRNA. B mRNA MHOrvMx reHoB BbISIBA€HbI Y4YaCTKM, COAep>Kallme ABa M OOAee CailToB
cBa3biBaHMS MIRNA € HaAOXKEHMEM MX HYKAEOTUAHbBIX MOCAEAOBATEAbLHOCTEN, UTO B HECKOAbKO pas3
YMeHbLLIAeT AOAID CalMTOB CBS3blBaHMS B cocTaBe HykaeoTnaoB B 5'UTR, CDS mn 3’UTR. Ha ocHose
MOAYYEHHbIX PE3YAbTAaTOB PEKOMEHAYIOTCS rpynnbl accoumaumii miRNA 1 mRNA kaHAMAAQTHBIX FeHOB

AAS Pa3pabOTKM METOAOB AMArHOCTMKM CYBTUMOB paka MOAOYHOM XKEAEe3bl.
KatoueBbie caoBa: miRNA, mRNA, cy6Turnbl paka MOAOYHOW >KEAE3bl, FeHbI-MULLIEHMN.

Introduction

In recent years, molecular markers have been
actively searched for the diagnosis of breast
cancer (Banin Hirata, 2014: 513158; Chistiakov,
2016: 107-121; Donepudi, 2014: 506-11; Healy,
2012: 2215-22; Hsieh, 2015: 494-509). Different
subtypes of breast cancer are distinguished by a set
of candidate genes participating in the development
of the disease (Barba, 2017: 101; Ergiin, 2015: 497-
505; Fasching, 2018: JCO2D17772285; Feldinger,
2014: 6633-46; Jin, 2015: 1594-6D2; Leccia, 2014:
213; Ray, 2015: 224-34). These candidate genes
may be targets for miRNA (mRNA-inhibiting
RNA) that regulate their expression. In the process
of oncogenesis, the concentration of miRNA is
changed, which is usually interpreted as a cause, as
a consequence of the disease (Chakraborty, 2016:
13039-13048; Hamam, 2016: 25997; Pastrello,
2010: 2124-6; Zhang, 2014: 950-8). However, the
correlation between changes in the expression of
gene and miRNA is not proof that these genes are
targets of these miRNAs (Atambaeva, 2017: 428;
Ivashchenko, 2014: e8; Ivashchenko, 2014: el1). It
is impossible to experimentally identify how a well-
known miRNA can interact with more than 20,000
genes and their isoforms. Therefore, it is required
with the help of computational technologies to
predict the target genes of certain miRNAs and
then to test them experimentally. The purpose of
this work is to establish the characteristics of the
interaction of new miRNAs not included in the
MirBase with mRNA of candidate genes involved
in the development of different subtypes of breast
cancer. Candidate genes are divided into groups
that include candidate genes of only one subtype.
This will reveal specific associations of miRNA and
target genes on the basis of which it is possible to

develop methods for early noninvasive diagnosis of
selected subtypes of breast cancer.

Materials and methods

The nucleotide sequences of candidate genes of
the BC subtypes were downloaded from GenBank
(http://www.ncbi.nlm.nih.gov). 3701  miRNA
were taken from the publication of Londin E. et al.
(Londin, 2015: 1106-1115). 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 (Ivashchenko, 2016:
237-240). 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; c) the free energy of
hybridization (AG, kJ/mole); and d) the schemes of
nucleotide interactions between the miRNAs and the
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 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
(Kool, 2001: 1-22; Leontis, 2002: 3497-3531). 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. Table 1 shows sources of information
on candidate genes of breast cancer subtypes.
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Table 1 — List of the candidate genes of breast cancer subtypes

Subtype Her2

ADAMI0 (doi: 10.1038/s41598-016-0013-4.); ADAM17 (doi: 10.1016/j.acthis.2011.03.009); AURKA (doi: 10.1038/s41523-
017-0049-z); BRCA2 (doi: 10.1155/2016/5718104); BRIPI(BRIP) (doi: 10.18632/oncotarget. 7027); CCNE2 (doi: 10.1371/journal.
pone.0031422.); CDK2 (doi: 10.1093/annonc/mdr340.); CDK4 (doi: 10.2147/BCTT.S150540.); CDK6 (doi: 10.2147/BCTT.
S150540); EPO (doi: 10.5114/a0ms.2016.62723.); EPOR (doi: 10.1007/s10549-012-2316-x); ERBB3 (HER3) (doi: 10.18632/
oncotarget.22027); FKBPL (FKBP4) (doi: 10.1038/s41523-017-0049-z.); H2AFX (H2AX) (doi: 10.18632/oncotarget.2259);
LIN28B (doi: 10.1089/ ¢br.2014.1610.); MAPK3 (ERK!) (doi: 10.1016/j.bbrc.2017.06.001); MAZ (doi: 10.1371/journal.pone.
0026122); NISCH (doi: 10.1016/j.artmed.2016.10.003); PAEP (GD) (doi: 10.1007/s10549-010-1065-y.); PARPI (PARP) (doi:
10.1053/j.seminoncol.2017.06.006.); PCNA (doi: 10.1634/theoncologist.2013-0163.); RAD21 (DOI: 10.1186/bcr3176); RASSF1
(DOI: 10.18632/oncotarget.4062); TIMP3 (doi: 10.1016/j.humpath. 2011.12.022); TNF ( doi: 10.17219/acem/62120.).

Subtype Triple-negative (basal-like)

ANXA3 (doi: 10.1016/j.clbc.2017.11.009.); ARHGAP19 (doi: 10.1186/bcr2867.); ASAHI (AC) (DOI:10.1158/1078-0432.CCR-
06-1109); ATG4D (doi: 10.1038/emboj.2011.331.); ATM (doi: 10.1007/s40262-017-0587-4); AXL (doi: 10.1155/2017/1686525);
BIRCS5(doi: 10.1186/1756-9966-31-58); CBL (doi: 10.1073/pnas.1300873110); CD44 (doi: 10.1093/protein/gzx063); CDC25C (doi:
10.1038/0nc.2010.510.); CEACAMS (CEA) (doi: 10.1016/j.cca.2017.04.023); CLDN1 (doi: 10.1186/1471-2407-13-268.); CYP19A1
(DOI:10.1016/j.jsbmb.2005.04.028); DRAM1 (doi: 10.1016/j.febslet.2012.12.027.); ERBB3 (doi: 10.18632/oncotarget.13284);
F2RLI (PAR2) (doi: 10.1002/cmdc.201700640); FGFR2 (doi: 10.1007/s00428-016-1950-9); FH (doi: 10.2147/0TT.S101677.);
FNI(doi: 10.1016/j.jprot.2016.07.033;); IAPP (IAP) (doi: 10.18632/oncotarget.20227); IL11 (doi: 10.1371/journal.pone.0037361);
JHDMI1D(KDM7A4) (doi: 10.1002/ijc.27629); LAMCI (doi: 10.1016/j.molonc.2012.03.003); LAMTORS (HBIXP) (doi: 10.1002/
ijc.28154.); LASPI (doi: 10.1186/1756-9966-31-58); LEPR (doi: 10.1016/j.stemcr.2017.11.010.); LINC01554 (F1IS) (doi: 10.1186/
bcr3588.); MAGEAILO (410) (doi: 10.1016/j.acthis.2014.01.003); MID1 (doi: 10.1016/j.ajpath.2013.02.046); MMP2 (doi: 10.1038/
srep28623); MSN (doi: 10.1186/bcr2867); MTCH?2 (doi: 10.1016/j.ajpath.2013.02.046.); MYL9 (doi: 10.1002/ijc.27629); NTRK?2
(doi: 10.1186/bcr2867.); PARPI (doi: 10.1016/j.yexcr.2017.12.032.); PFN1 (doi: 10.1080/15384101.2017.1346759); PRKCE (doi:
10.1038/onc. 2013.91); PRRT2 (PKC) (doi: 10.1002/cmdc.201700640); PTGS2 (doi: 10.1073/pnas. 1709119114); RAB5A (doi:
10.3390/ijms17040443.); RPSA (SA) (doi: 10.1073/pnas.1005978107.); RUNXI (doi: 10.1016/j.ebiom. 2016.04.032); SERPINE
(PAII) (doi: 10.1186/1471-2407-13-268); SFN (doi: 10.1073/pnas.1315022110); STMNI (doi: 10.3892/ij0.2017.4085); TBP ( doi:
10.1002/ijc.28154); TLR-4 (doi: 10.1002/ijc.27629.).

Subtype Luminal A and B

AKT3 (doi: 10.1002/gcc.22279.); ANGPTL4 (doi: 10.1038/ncb2672.); EZHI (doi: 10.1371/journal.pgen. 1002751);
FOXAI (doi: 10.1038/modpathol.2017.107); GTF2IRD1 (doi: 10.2353/ajpath.2010.090837); HMGA2 (doi: 10.1371/journal.
pgen.1002751); ITGA6 (doi: 10.1038/ncb2672.); ITGBI (doi: 10.1080/ 15548627.2016.1213928); J4K1 (doi: 10.1371/journal.
pgen.1002751); LOX (doi: 10.3390/ijms18122775.); MAPT (doi: 10.1007/s00428-012-1357-1); MCM?7 (doi: 10.1371/journal.
pgen.1002751); NATI ( doi: 10.1007/ s10549-016-3741-z.); PONI (ESA) (doi: 10.1186/1476-4598-13-213); POSTN (PN) (doi:
10.1186/1471-2407-12-216); SMAD3 (doi: 10.1074/jbc.M113.506535); SOX4 (doi: 10.1371/journal.pgen.1002751); TGFBI
(TGFB) (doi: 10.1038/ncb2672); TNC (GP) ( doi: 10.2147/IIN.S56070.); TP63 (doi: 10.1186/s13058-015-0607-y.).

Results and Discussion

The interaction of miRNA with mRNA candidate genes subtype her2

Table 2 — Characteristics of miRNAs interaction in the 5’UTR mRNA of BC subtype her2

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-19-43936-3p (ID01772) 134 -108 93 22
miR-9-26506-3p (ID03238) 165 -117 95 22
ADAMI10
miR-5-15733-3p (ID02761) 416 -132 89 24
miR-1-2047-5p (MIR12047) 420 -113 90 22
BRCA2 miR-19-42224-5p (ID01563) 25 -115 93 21
BRIPI miR-18-39953-5p (ID01508) 7 -129 90 23
CDK6 miR-17-21769-5p (ID01415) 261 -106 91 21
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Continuation of table 2

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
miR-19-39380-3p (ID01633) 77 -108 91 21
EPOR miR-19-42218-3p (ID01599) 79 -119 89 23
miR-19-41131-3p (ID01626) 30 -129 90 23
EPO miR-12-31979-3p (ID00752) 12 -121 89 23
ERBB3 miR-1-163-3p (MIR1163) 114 -113 93 21
MAPK3 miR-17-36936-3p (ID01422) 34 -113 90 22
miR-15-39164-3p (ID00968) 16 -117 93 20
miR-18-41189-3p (ID01476) 16 -134 91 23
MAZ miR-11-29998-3p (ID00620) 27 -127 91 23
miR-14-31624-3p (ID00915) 112 -127 38 24
miR-7-12728-5p (ID02979) 114 -121 92 22
miR-X-48174-3p (ID03445) 31 -125 38 24
NISCH miR-19-43644-3p (ID01560) 38 -123 89 23
miR-8-21978-5p (ID03119) 41 -125 88 24
RAD21 miR-1-3919-5p (ID00264) 180 -121 38 24
TIMP3 miR-6-17519-3p (ID02903) 1102 -121 90 22

23 miRNAs were bound in the 5’UTR mRNAs
of 12 target genes (Table 2). mRNA of ADAMI0,
MAZ and NISCH genes (Jin, 2013: 2884-96;
Madoux, 2016: 11; Peurala, 2011: 26122)
contained two miRNA binding sites, nucleotide
sequences of which overlapped. Three binding sites
of miR-19-39380-3p, miR-19-42218-3p and miR-
19-41131-3p comprised a 26 nt cluster located from
77 nt to 103 nt in the 5’UTR mRNA of EPOR gene.
Without overlapping sites, their length would be 67
nt, which is half of the 5’UTR site equal to 135 nt.
Consequently, the compacting of miRNA binding
sites is useful in reducing the proportion of binding
sites in the 5’UTR mRNA of EPOR gene.

In mRNA of MAZ gene the binding sites of miR-
15-39164-3p, miR-18-41189-3p, miR-11-29998-3p
were located in a cluster with length of 34 nt from
16 nt to 50 nt. The total length of the three miRNA
is equal to 66 nt, which would occupy an essential
part of the 5’UTR equal to 168 nt.

The average free energy of binding miRNA to
mRNA in the site of 5S’UTR of all mRNA is equal
to -120,2+-7,6 kJ/mole. Therefore, the number of
associations of miRNA with mRNA, having free
binding energy more than -120 kJ/mole are equal to 13.
All of them can serve as biomarkers in the development
of methods for early diagnosis of the subtype her2.

mRNA of eight genes were targeted by 26
miRNAs (Table 2). mRNA of MAPK3 and NISCH
genes had two binding sites of miRNA with
overlaying of nucleotide sequences. The MAZ
gene was targeted by 15 miRNAs, whose binding
sites were located in four clusters. The first cluster
included binding sites of miR-5-17008-3p and miR-
4-12861-5p. The second cluster with the length of
74 nt is located from 457 nt to 530 nt. The total
length of all binding sites of miRNAs of this cluster
is 260 nt, which requires their compaction, since, as
a rule, in the CDS, all nucleotides participate in the
coding of functionally important amino acids.

Table 3 — Characteristics of miRNAs interaction in the CDS mRNA of BC subtype her2

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
CDK2 miR-1-83-3p(MIR183) 906 -110 90 22

EPO miR-3-8171-3p(ID02345) 741 -110 93 22
FKBPL miR-3-4734-5p(ID02318) 769 -115 89 23
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Continuation of table 3

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
MAPKS miR-1-2802-3p(ID00149) 1144 -117 93 22
miR-19-42375-3p(ID01748) 1144 -110 91 21
miR-5-17008-3p(ID02623) 363 -125 89 23
miR-4-12861-5p(1ID02460) 372 -119 92 22
miR-3-8100-5p(ID02294) (3) 457 + 469 -134 +-138 91 + 94 24
miR-7-16350-5p(ID02986) 459 -119 93 21
miR-2-6809-5p(ID01819) 461 -125 87 25
miR-2-3313-3p(ID01804) (2) 464 ~ 467 -140 38 25
miR-20-43381-5p(ID02064) 489 -121 92 21
Az miR-4-11923-3p(ID02538) 489 -125 94 22
mir-1-2121-3p(ID00296) 500 -138 88 25
miR-19-33623-3p(ID01641) 506 -132 89 24
miR-19-33623-3p(ID01641) 608 -134 90 24
miR-19-41914-3p(ID01705) 608 -117 92 21
miR-3-7886-3p(ID02344) 671 -129 90 24
miR-19-43065-3p(ID01768) 893 -113 90 22
miR-2-7331-5p(ID01911) 900 -123 89 23
miR-13-35476-3p(ID00849) 901 -125 97 22
miR-3-7979-3p(ID02290) 1474 -93 92 21
miR-12-32603-3p(ID00777) 2045 -117 93 23
NISCH
miR-9-26506-3p(ID03238) 2055 -113 91 22
miR-17-36936-3p(ID01422) 2120 -115 92 22
PARPI miR-19-36095-3p(ID01616) 1275 -119 90 23
TNF miR-20-42898-3p(1D02050) 230 -121 92 23

The third cluster consisted of miR-19-33623-
3p, miR-19-41914-3p binding sites with the length
of 24 nt. The fourth cluster with the length of 31
nt included binding sites for three miRNAs from
893 nt to 923 nt. All binding sites for miRNAs
interacted with mRNA gene have a total length
of 440 nt, which is about 30% of the total CDS
length. Clustered binding sites for miRNA occupy
only 12% of the CDS length. The MAZ gene is the

most vulnerable target for miRNA, so its expression
should be monitored as a matter of priority.

The average free energy of miRNA binding in
the CDS mRNA of all target genes was equal to
-123,6 £ -9.8 kJ/mole. 13 from 26 miRNAs had
free binding energy more than -120 kJ/mole, which
gives the reason to use their associations with the
corresponding target genes as biomarkers for the
development of the subtype her2.

Table 4 — Characteristics of miRNAs interaction in the 3’UTR mRNA of BC subtype her2

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
ADAMI17 | miR-7-20036-5p(ID02997) 3449 -113 93 22
miR-1-356-5p(MIR1356) 10722 -102 91 21
BRCA?2 miR-5-18072-3p(ID02744) 10738 -104 92 22
miR-22-45335-5p(ID02199) 10821 -113 90 23
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Continuation of table 4

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-6-19858-3p(ID02880) 4481 -110 93 22
miR-1-735-3p(ID00162) 6417 -102 92 22

BRIPI
miR-X-45975-5p(ID03437) 6689 -96 92 22
miR-2-4826-5p(ID01836) 6811 -113 90 23
miR-9-24961-3p(ID03264) 1678 98 90 22
miR-10-29282-3p(ID00436) (9) 1896 + 1920 -104 +-106 89 +91 23

CDK6 miR-15-36862-3p(ID01030) (7) 1900 + 1918 -108 +-115 89 +95 23
miR-4-13015-5p(ID02513) 1901 -102 91 22
miR-9-9900-3p(ID03284) 3041 -102 94 20
miR-8-23986-3p(ID03163) 7773 -127 88 24
miR-20-45152-5p(ID02052) 506 -136 91 24
miR-1-3919-5p(ID00264) 632 -123 89 24

H2AFX | miR-16-33136-3p(ID01069) 827 -123 91 22
miR-17-37169-3p(ID01440) 834 -110 96 18
miR-7-20437-5p(ID03031) 970 -115 89 23

LIN28B miR-19-38260-3p(ID01654) 3909 -113 90 22

MAPK3 miR-5-14412-5p(ID02712) 1789 -115 90 23

MAZ miR-X-48174-3p(ID03445) 2072 -127 90 24

In the 3’"UTR mRNA of BRCA2 and H2AFX
genes, two miRNA binding sites were identified
with overlapping of nucleotide sequences (Table 4).
The gene CDK6 (Johnson, 2016: 4829-35) was the
target for six miRNAs. Nine binding sites of miR-
10-29282-3p, seven binding sites of miR-15-36862-
3p and one miR-4-13015-5p binding site formed a
cluster from 1896 nt to 1943nt with the length of
47 nt. The total length of all 17 binding sites was
equal to 390 nt, which is 3.8% of the total length
of the 3’UTR mRNA of CDK6 gene of 10219 nt.
Compacting the sites of miRNA binding is difficult
to explain only by saving the length of 3’UTR.
Apparently, there are other reasons for compacting
the binding sites. For example, the binding of a one
RISC to miRNA does not allow other miRNAs to
communicate with their site, and if this miRNA is
a signal of the host gene, the CDK6 gene does not
perceive this signal. That is, there is competition
between different miRNAs for the binding site and
for the ability to regulate the expression of the target
gene.

The average value of the free energy of binding
of all miRNAs with mRNA in 3’UTR was equalto
-110.4 £ -9.8 kJ / mole. Five miRNAs from 22
miRNAs were bound with the mRNA of the
corresponding target genes with free binding energy

more than -120 kJ/mole (Table 3). Associations
of these miRNAs with their target genes are
recommended to be used as markers for diagnosis
of the subtype her2. miR-10-29282-3p and miR-
15-36862-3p, having nine and seven binding sites,
respectively, in the mRNA of CDKG6 target gene, are
also recommended as markers for early diagnosis
because an increase in the number of miRNAs
binding sites contributes to an increase in the
likelihood of their detection. Only miR-20-45152-
S5p interacted with mRNA of H2AFX gene with AG
more than -130 kJ/mole.

Table 5 shows the interaction patterns of
some miRNAs with different mRNA regions
(5°’UTR, CDS, 3’UTR) of the candidate genes
of subtype her2 of breast cancer. These data
demonstrate the advantages of our MirTarget
program before the programs used in many
studies. The disadvantage of these programs is
the search for binding sites only over the site of
the miRNA called the “seed” of 7-9 nucleotides
located at the 5°-end of the miR. Therefore, these
programs predict many false positive binding
sites. The MirTarget program calculates the
complementarity of the miRNA nucleotides with
mRNA over the entire length of their interaction
and such errors are excluded.
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Table 5 — Schemes of miRNA binding sites with mRNA of candidate gene’s of BC subtype her2

BRCAZ, miR-5-18072-3p; 3'UTR; 10738; -104; 92
5 ' -AGCUCGAUGGCUCATGCCUGUA-3 !

trrrrrrrrrrrerrenrrnntl
3'-UUGAGUCACCGAGUAUGGAUAT-5"

BRCAZ; miR-1-356-3p; 3'UTTE; 10723; -102; 01
o' -AAACANCTUNOGGCUGAGCUCG-3"

trrrrrrrrrreerrernrntl
3'-UUUGUARARACCGGECCCGAGC-5"

CDES; miB-10-20282 53p; 3TUTR; 1920; -108; 91
o' -GUGUGOGEUGOGUGUGUGUGUGETA -3

trrrrrrrrrreerrrerrrntl
3'-CACACACGCAUAUAUACACACAU-5"

CDES, miR-17-21769-5p; S'UTR; 261; -106; 91
o' -GGCGGEGGCEGGCGGEGACTCT-3"

trrrrrrrrrreerrnrrnrntl
3'-CUGUCGUCGCCGUCGUUGAGA-5"

ERBE3; miR-1-163-3p; 3'UTR; 115; -110; 81
S '-CCCGEACUCCGGCUCCGSECUC-3!

(NN
3" -GAGUCCGAGGCCGAGGCUGAG-S!"

AMAZ, miB-T-12728-53p; SUTER; 114; -121; 22
' -CGGCCCGEGCCCCCGECCCCEG-3"

(RN RERERRRRRY
3" -GCUGGACGCGLGGGUCGGLGEGA-S "

EPOR; miR-5-16362-3p; CD5; 173; -119; 58
o' -GCUCCCUNUSUCUCCUGCUCECUG-3 !

teereeenr reeeeeeer el
3'-CLAGGGAGAGAGAGGACGACCGAC -5

MAZ, miB-1-2121-3p; CD5; 613; -134; 85
o '-CGGCCCGEGCCCCCGECCCCEG-2"

(RN RRRRRRY
3" -GCUGGACGCGLGGGUCGGLGEGA-S "

Note: Gene; miRINA; the beginning of binding site;
klmeole); the AG/AGm (%); length of miBRNA (nt).

the miBMNA region; the free energy change (AG,
In bold type highlighted the “zeed™ nuclectides.

The interaction of miRNA with mRNA candidate genes subtype triple-negative

Table 6 — Characteristics of miRNA interaction in the 5’UTR mRNA of BC subtype triple-negative

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
ANXA3 miR-6-17875-3p(1ID02846) 132 -117 90 23
AXL miR-17-40012-5p(ID01321) 131 -115 93 21
miR-16-35004-5p(ID01145) 110 -125 89 23
BIRCS
miR-16-36548-3p(ID01145) 110 -125 89 23
miR-9-20317-3p(ID03332) (4) 16 +25 -134 +-140 90 + 94 24
miR-17-39416-3p(ID01310) (4) 17 +26 -121 92 22
CBL miR-5-15733-3p(ID02761) 28 -138 93 24
miR-1-1819-3p(ID00278) 32 -125 91 23
miR-3-9439-3p(ID02430) 34 -110 98 18
miR-16-40163-5p(ID01213) 129 -121 90 23
bt miR-6-7754-5p(ID02860) 376 -113 91 21
ERBB3 miR-1-163-3p(MIR1163) 114 -113 93 21
miR-7-21139-3p(ID03047) 48 -132 89 24
FGFR2 miR-19-34067-3p(ID01542) 60 -123 92 23
miR-1-2228-3p(MIR12228) 152 -125 89 24
FNI miR-19-43437-5p(ID01723) 109 -115 90 23
IL11 miR-2-4531-3p(ID01869) 384 -106 91 21
LAMCI miR-19-43342-3p(ID01667) 51 -119 90 22
miR-10-13655-3p(ID00457) 115 -123 91 22
LASP] miR-16-36476-5p(ID01071) 68 -119 90 22
miR-5-16438-3p(ID02653) 206 -119 90 22
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Continuation of table 4

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

miR-1-1819-3p(ID00278) 110 -123 89 23
miR-17-39416-3p(ID01310) 113 -121 92 22
NP> miR-7-20203-3p(ID03037) 115 -121 90 22
miR-9-27797-5p(1ID03345) 124 -127 90 24
miR-9-24743-3p(ID03368) 125 -117 89 23
miR-2-6328-5p(ID02014) 264 -117 89 23
MTCH?2 miR-5-15926-3p(1D02660) 74 -123 94 22
miR-17-39416-3p(ID01310) 61 -125 95 22
NTRK2 miR-5-15564-3p(ID02611) 65 -127 92 22
miR-10-13940-3p(ID00332) 171 -110 96 18
miR-3-8242-5p(1D02292) 78 -119 89 23
miR-9-23803-5p(ID03396) 78 +~ 84 -123 +-129 88+92 24
PFNI miR-19-42375-3p(ID01748) 436 -113 93 21
miR-3-10870-3p(ID02450) 507 -115 92 21
miR-3-9317-3p(ID02428) 511 -115 93 22
PRRT2 miR-X-48174-3p(1D03445) 51 -125 88 24
PTGS?2 miR-9-23969-3p(ID03397) 108 -123 92 21
miR-12-32603-3p(ID00777) 137 -113 90 23
miR-6-17815-3p(1ID02930) 184 -132 89 24
miR-X-48174-3p(ID03445) 189 -127 90 24

RABS5A miR-2-6862-5p(ID01859) 191 -121 89 23
miR-2-3313-3p(ID01804) 325 -140 38 25
miR-9-28523-5p(ID03367) 328 -121 97 20
miR-1-155-3p(MIR1155) 334 -127 92 22

RUNXI miR-5-14114-5p(ID02592) 1417 -123 89 23

SERPINEI | miR-16-38458-3p(ID01098) 30 -123 38 24

Twenty candidate genes of the triple-negative
subtype of breast cancer were targets for 47 miRNAs
(Table 6). There are two miRNA binding sites in the
5’UTR of BIRCS5, FGFR2 and NTRK? (Burstein,
2015: 1688-98; Howe, 2011: R45; Wang, 2012: 58)
genes and two clusters of two miRNAs were located
in the mRNA of PFNI gene.

The CBL gene was a target for five miRNAs, two
of which had four binding sites. A cluster of binding
sites for five miRNAs is located from 16 nt to 45 nt.
All binding sites for miRNAs had a total length of 247
nt. The cluster size was 29 nt. With a length of 5’UTR
mRNA of CBL gene 142 nt, the need for cluster
organization of miRNA binding sites is obvious.

The five miRNAs were bound in the 5°’UTR
mRNA of MMP2 gene with a length of 311 nt with

overlapping binding sites. As a result, with a total
length of 114 nt, they occupied a section of mRNA
with a length of 38 nt, that is, three times less than
the total length of binding sites.

The RAB5A4 gene was a target for seven miRNAs,
three of them were formed into two clusters. As
a result, six binding sites of length 138 nt were
compacted into a section of 61 nt of length, which is
considerably smaller than the length of the 5’UTR
mRNA of RAB5A gene.

The average free energy of all miRNAs binding
was equal to -123,5 + -7,0 kJ/mole. 16 miRNAs had
the free binding energy more than -123 kJ/mole.
Associations of these miRNAs with relevant target
genes are recommended as markers for the diagnosis
of subtype triple-negative breast cancer.

38 Xab6aprsl. buonorus cepusicer. Ne2 (75). 2018



Aisina D. et al.

Table 7 — Characteristics of miRNAs interaction in the CDS mRNA of BC subtype triple-negative

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
ATG4D miR-10-12491-5p(ID00455) 239 -115 89 23
AXL miR-1-875-3p(ID00166) 2838 -115 90 22
CBL miR-11-29461-3p(ID00478) 176 -125 89 23
FH miR-13-33973-3p(ID00844) 939 -104 91 22
FNI miR-6-16740-5p(1D02776) 1392 -110 90 22
JHDMID | miR-3-8153-3p(ID02337) 95 -113 91 21
LAMCI miR-6-18496-3p(1D02883) 388 -119 90 22
miR-21-45324-5p(ID02146) 379 -125 91 23
MMP?2 miR-19-43421-5p(ID01636) 1681 -108 91 21
miR-17-39037-3p(ID01456) 1691 -113 90 22
MSN miR-1-1585-3p(ID00272) 821 -96 92 21
PARPI | miR-19-36095-3p(ID01616) 1275 -119 90 23
PRRT miR-12-31369-5p(ID00657) 343 -108 89 23
miR-19-41746-3p(ID01631) 1081 -117 90 23
SERPINEI | miR-2-3962-5p(ID01786) 542 -125 38 24

The 12 mRNA of genes from 47 candidate genes
of the triple-negative subtype had binding sites in
the CDS (Table 7). miR-19-43421-5p and miR-
17-39037-3p had overlapping binding sites only in
mRNA of MMP2 gene. The average value of the
free energy of binding of all miRNAs with mRNAs
was equal to -114,1 + 7,9 kJ/mole.

Only miR-11-29461-3p, miR-21-45324-5p and
miR-2-3962-5p interacted with free energy more
than -120 kJ/mole with mRNA of CBL, MMP?2
and SERPINEI genes, respectively. These three
associations of miRNA and genes can be used as
markers for the diagnosis of the triple-negative BC
subtype.

Table 8 — Characteristics of miRNAs interaction in the 3’UTR mRNA of BC subtype triple-negative

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
ARHGAPI9 | miR-3-8671-3p(ID02367) 2305 -96 90 22
AT miR-7-21133-5p(ID03006) 9778 -121 89 24
miR-10-26483-5p(ID00367) 11069 -110 90 22
XL miR-12-31899-3p(ID00677) 3071 -102 91 22
miR-17-39935-3p(ID01360) 3313 -104 91 21
miR-4-13015-5p(ID02513) 3219 -102 91 22
CBL miR-2-4804-5p(ID01838) 7728 -117 93 24
miR-2-5355-3p(ID02017) 7984 -115 90 22
miR-2-5411-3p(ID01933) 2045 -102 89 23

DRAM1
miR-22-45335-5p(ID02199) 2984 -113 90 23
14PP miR-14-35161-5p(ID00913) 824 -117 89 24
miR-22-45902-3p(ID02175) 992 -110 91 22
IL11 miR-17-34996-5p(ID1404) 1470 -113 91 23
JHDM1D miR-9-27051-5p(ID03228) 5526 -102 92 23
ISSN 1563-0218 Experimental Biology. Ne2 (75). 2018 39




Characteristics of miRNA interaction with 5’UTR, CDS, 3’UTR mRNA candidate genes of breast cancer subtypes

Continuation of table 8

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
1ASP] miR-10-27287-3p(ID00318) 1287 -108 93 20
miR-15-36862-3p(ID01030) 3899 -108 89 23
MIDI miR-22-45438-5p(ID02185) 5669 -106 93 22
miR-19-43662-5p(ID01657) 639 -121 93 23

MYLY

miR-X-46723-3p(ID03478) 1083 -115 93 21
NTRK?2 miR-11-26830-5p(ID00623) 7962 -106 91 22
PFNI miR-16-37915-3p(ID01151) 1240 -123 89 24
miR-4-11239-3p(ID02574) 3123 -115 93 20
RUNAL miR-1-2558-3p(MIR 12558) 3368 -117 93 22
miR-15-36862-3p(ID01030) (2) 5454 + 5464 -108 +-113 89 +93 23
miR-10-29282-3p(ID00436) 5464 -108 93 23
miR-19-30988-5p(ID01774) 835 -129 90 23
miR-20-44122-5p(1D02037) 945 -108 91 22
miR-12-31413-3p(ID00790) 1179 -104 89 23
SFN miR-6-17487-3p(1ID02868) 1188 -113 90 23
miR-15-36862-3p(ID01030) (6) 1190 + 1200 -108 89 23
miR-10-29282-3p(ID00436) (6) 1190+ 1202 -104 89 23
miR-19-42814-5p(ID01727) (2) 1203 + 1205 -104 +-106 89+ 91 23
miR-6-17605-3p(1ID02882) 1210 -108 91 21
miR-5-17240-3p(ID02697) 1096 -119 89 23
o miR-7-13347-5p(ID03011) 1730 -106 91 22
miR-10-26483-5p(ID00367) 1744 -113 91 22
miR-2-5355-3p(ID02017) 1987 -119 93 22

The 16 candidate genes had binding sites of 38
miRNAsinthe 3’UTR mRNA (Table 8). The clusters
of binding sites for two miRNAs were identified in
the 3’ UTR mRNA of RUNXI and STMNI genes.
There is a cluster of binding sites for six miRNAs
in the region with the length 53 nt, from 1179 nt to
1231 nt in the 3’'UTR mRNA of SFN gene. The sum
of the lengths of all miRNAs binding sites is equal
to 366 nt. Due to the clustering of the binding sites
of six miRNAs, the site occupied by them is only
10% of the length of the 3°UTR mRNA of SFN gene
equal to 498 nt.

The free energy of miRNA binding in the 3’UTR
mRNA of target genes was low, equal to -106,9 +
—4.9 kJ/mole. Only with the interaction of miR-19-
43662-5p, miR-16-37915-3p and miR-19-30988-5p
with the mRNA of MYL9, PFNI and SFN genes,
respectively, the free energy value was larger than
-120 kJ/mole. Associations of these miRNAs with
relevant target genes are recommended as markers

for the diagnosis of subtype triple-negative breast
cancer.

Table 9 shows the schemes of miRNA binding
with mRNA of candidate genes of the triple-negative
subtype. In all cases, the interaction of nucleotides
occurs over the entire length, with the exception of
the absence of hydrogen bonding between purines
(A, G) or pyrimidines (C, U).

The 20 binding sites of miRNAs with
overlapping of nucleotide sequences were identified
in the 5’UTR mRNA of FOXA1 (Chaudhary, 2017:
1247-1264) gene (Table 10). All 18 miRNAs
formed a cluster from 99 nt to 130 nt with the
length of 31 nt. The total length of all 20 sites was
427 nt. The formation of a cluster of binding sites
for FOXAI gene in the 5S’UTR indicates a greater
ability of this gene for compaction, which causes
the competition of miRNAs data for the binding
site. The average binding energy for 20 miRNAs
was -116,8 kJ/mole.
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Table 9 — Schemes of miRNAs binding sites with candidate gene’s of BC subtype triple-negative

AN, paB-T-21133-3p 3'UTR; 0778; -121; 89
o' -CEGGCUGEGCGCAGCGGEUCACGC-3"

Frrrrrrreer e reneeretd
' -ACCCERACCCGUGUCCCCGAGUGUA-S "

CEACAMS, miF-7-21133-5p; 3'UTE; 3220; -119;
27
&' -UGGGCCEGGGEGEaGUGGEUCACGC -3

trrerrrerererr reeerettl
3'-ACCCGACCCGUGUCCCCGAGUGUA-S"

EREE3, miB-1-163-3p; 3TUTER,; 115; -110; ¢1
&' -CCCGGACUCCGGCUCCGECUC-3"

trrrrrrrrerrrerrernn
3' —GAGUCCGAGGCCGAGGCUGAG-5"

EREE3; mik-14-35161-5p; 3'UTE; 4970; -113; 86
&' -GCACUTUGEGAGGCUGAGGCAGAL -3 "

Prrrrrerrrerr reerneentl
3'-UGUGAAACCCUCUCGCUCCGUCCU-5"

FH, puR-13-33973.3p; CDS; 939; -104; 91
o' -GEUOGCUGCAARRGUGGCETGCA-3 "

FErrrerrrrrreererrennl
3'-CCAACAACGUUUUCAUUGACGC-5"

JLIT; miR-17-34096-5p; 3'UTE; 1470; -113; 91
' -GCAACCUCCACCUCCCGGLUUCA-3"

FEErreerr rrerrrrrrnnnd
3' -CGUUAGAGRAGGAGAGCCCAAGT-5"

NIRED;, puR-9-20317-3p; 3'UTR; 63; -129; 87
S'-AGCAGAGGECGGCGGCGGEGGETCC-3"

trrrrereeer reeeernen i
3'-CCGCCUCCRCCUCCGCCGCCGLGE-5"

PENT; muB-9-23803-5p; 5'UTR; 84; -128; 92
&' -GECGCAGGCGCAGGCGEGEGEACA -3

AR RN RN
3'-CCGCGUCCRCGUCCGCGUCUGCAT-5"

Note: Gene; iR A the beginning of binding site; the miBINA region; the free energy change (AG,
klmole); the AGAGm (%0); length of miB™A (nf). In bold type highlighted the “seed”™ nucleotides.

The interaction of miRNA with mRNA candidate genes subtype luminal A and B

Table 10 — Characteristics of miRNA binding in the 5’UTR mRNA of BC subtype luminal A and B

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
miR-1-1904-5p(ID00297) 99 -123 89 24
miR-20-43873-3p(ID02106) 110 -123 89 23
miR-1-1510-5p(ID00252) 111 -140 94 24
miR-5-3563-5p(ID02769) 112 -127 92 22
mir-1-2121-3p(ID00296) 115 -140 89 25
miR-16-16153-5p(ID01099) 116 -108 100 17
miR-1-1714-3p(MIR11714) (2) 118+ 121 -117 = -121 93 +97 20
miR-16-29933-5p(ID01190) 118 -108 100 17

FOXAl miR-4-9774-3p(ID02457) 118 -108 100 17
miR-5-16727-5p(ID02595) 118 -115 92 20
miR-17-40348-5p(ID01403) 120 -123 91 23
miR-19-21199-3p(ID01702) 120 -140 89 25
miR-9-28523-5p(ID03367) (2) 121+ 122 -117 93 20
miR-19-33623-3p(ID01641) 122 -134 90 24
miR-10-13655-3p(ID00457) 124 -123 91 22
miR-1-155-3p(MIR1155) 127 -129 94 22
miR-4-6496-3p(1D02499) (2) 127 = 130 -119 +-121 92 +93 21
miR-14-35532-3p(ID00962) 206 -117 89 23

GTF2IRDI | miR-12-32997-5p(ID00663) 208 -125 89 23
miR-8-23353-3p(ID03172) 340 -123 92 22
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Continuation of table 10

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-2-3313-3p(ID01804) 99 -138 87 25
miR-17-38391-3p(ID01352) 312 -115 90 23
miR-3-9317-3p(ID02428) 314 -110 90 22
miR-19-43373-3p(ID01737) 539 -119 93 21
miR-15-32047-5p(ID01041) (2) 541 + 544 -129 +-134 88 +91 24
miR-1-265-3p(MIR1265) 542 -125 91 22
miR-17-41168-3p(ID01323) 542 -117 95 20

HMGA2 miR-3-9301-5p(ID02296) 542 -115 93 20
mir-1-2121-3p(ID00296) 544 -146 93 25
miR-19-33623-3p(ID01641) 544 -142 96 24
miR-1-155-3p(MIR1155) 550 -132 95 22
miR-9-28523-5p(ID03367) 550 -115 92 20
miR-10-26815-5p(ID00425) 575 -121 88 24
miR-11-18690-5p(ID00564) 585 -110 90 22
miR-1-1819-3p(ID00278) 788 -123 89 23
miR-2-4035-3p(ID01810) 111 -115 89 23

ITGA6
miR-7-20589-3p(1ID02982) 161 -113 91 21
JAK1 miR-11-29827-3p(ID00580) 66 -129 90 24
VAPT miR-5-13986-5p(ID02608) 107 -113 90 22
miR-17-40141-3p(ID01315) 120 -115 92 20
miR-7-20142-5p(ID03055) 26 -119 89 23
MCM7 miR-8-23353-3p(ID03172) 111 -121 90 22
miR-16-39014-5p(ID01191) 846 -106 91 21
miR-7-15849-3p(ID03064) 4 -115 100 18
miR-4-12789-5p(ID02547) 31 -115 93 21

SMAD3
miR-15-11315-5p(ID01020) 194 -117 100 19
miR-12-29625-3p(ID00659) 243 -125 92 23
miR-20-43381-5p(1D02064) 1 -121 92 21
miR-5-8853-5p(ID02770) 6 -115 92 20
miR-9-13610-3p(ID03306) 6 -121 92 21

TGFBI miR-12-30416-5p(ID00795) 186 -117 92 22
miR-10-13655-3p(ID00457) 209 -129 95 22
miR-11-29785-3p(ID00529) 232 -108 91 21
miR-9-26506-3p(ID03238) 237 -113 91 22
miR-17-38733-3p(ID01344) 241 -119 89 24

The mRNA of GTF2IRDI gene (Cicatiello,
2010: 2113-30) had three binding sites, of which
two sites formed a cluster with overlapping of
nucleotide sequences. The HMGA2 gene had 16
binding sites for 15 miRNAs, miR-17-38391-3p
and miR-3-9317-3p formed a cluster from 312 nt to
214 nt, 11 miRNAs had a cluster from 539 nt to 585

nt, with a total length of 268 nt. The ITGA6, MAPT
genes had two binding sites, the JAK gene had one
binding site for miR-11-29827-3p. The MCM?7 gene
had three binding sites for different miRNAs, the
SMAD3 gene had four binding sites for miRNAs
from 4nt to 243 nt without overlapping of nucleotide
sequences. The TGFBI gene had nine binding sites
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for different miRNAs, two clusters of them for miR-
9-26506-3p, miR-17-38733-3p, there was a cluster
of binding sites for miR-20-43381-5p, miR-5-8853-
5p, miR-9-13610-3p.

Theaverage free energy of binding ofallmiRNAs
with mRNAs in the 5’UTR was equal to -119.2+9.0

kJ/mole. The 29 miRNAs from all miRNAs, were
bound with mRNAs of the corresponding target
genes with a free binding energy more than -120 kJ/
mole. The associations of these miRNAs with their
target genes are recommended to be used as markers
for diagnosis of the subtype luminal A and B.

Table 11 — Characteristics of miRNAs interaction in the CDS mRNA of BC subtype luminal A and B

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

miR-19-43315-5p(ID01593) 259 -134 100 23
ANGPTL4

miR-9-26025-3p(ID03320) 567 -113 90 22
miR-X-44972-5p(ID03416) 762 -117 92 20
FOXAl miR-5-15733-3p(ID02761) 768 -132 89 24
miR-9-20317-3p(ID03332) 1150 -134 90 24
GTF2IRDI | miR-8-21162-5p(ID03096) 959 -121 92 23
miR-10-26815-5p(ID00425) 61 -127 92 24
miR-22-46979-5p(1ID02187) 91 -127 92 23
ITGBI miR-10-13655-3p(ID00457) 95 -123 91 22
miR-5-8853-5p(ID02770) 98 -117 93 20
miR-16-40261-3p(ID01184) 101 -117 93 20
JAKI miR-3-10699-5p(ID02371) 2532 -108 96 21
miR-2-6184-3p(ID01787) 883 -117 90 23
miR-4-13460-3p(ID02568) 1291 -123 91 22
miR-5-14873-3p(ID02692) 1293 -121 90 22
miR-6-16793-3p(ID02813) 1323 -113 93 20
miR-4-11437-3p(ID02477) 1402 -125 89 23
SOX4 miR-X-48174-3p(1D03445) 1454 -125 88 24
miR-9-28523-5p(ID03367) 1544 -115 92 20
miR-12-30075-3p(ID00695) 1721 -127 88 24
miR-9-27181-5p(1ID03354) 1723 -127 92 22
miR-8-24013-5p(1d03222) 1826 -113 91 21
miR-9-13610-3p(ID03306) 1900 -121 92 21
e miR-19-42814-5p(ID01727) 1199 -104 89 23
miR-19-41413-3p(ID01524) 3739 -110 90 22

Two binding sites were found in the CDS
mRNA of ANGPTL4, TNC genes, for miR-19-
43315-5p with 100% complementarity and binding
energy -134 kJ/mole. The FOXAI gene had a cluster
of binding sites for two miRNAs. The GTF2IRD],
JAKI genes had one binding site for miR-8-21162-
5p with the binding energy -121 kJ/mole and a
degree of complementarity of 92%, and for miR-
3-10699-5p, respectively. The ITGBI gene had
a cluster for four binding sites from 91 nt to 101
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nt each. The SOX4 gene had 11 binding sites, two
clusters of them had two binding sites each.

The average free energy of binding ofallmiRNAs
with mRNAs in the CDS was equal to 120.4 + 7.8
kJ/mole. The 14 miRNAs from 25 miRNAs were
bound with mRNAs of the corresponding target
genes with a free interaction energy more than -120
kJ/mole (Table 11), which allows us to recommend
miRNAs as markers for the diagnosis of breast
cancer of the subtype luminal A and B.
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Table 12 — Characteristics of miRNAs interaction in the 3’UTR

mRNA of BC subtype luminal A and B

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-17-39273-3p(ID01256) 3085 -115 89 23
EZHI miR-9-26506-3p(ID03238) 3699 -110 90 22
miR-19-43614-3p(ID01533) 3832 -125 91 23
miR-2-6081-3p(ID01970) 1255 -113 90 23
HMGA2 | miR-13-35476-3p(ID00849) (2) 1261 + 1268 -117 90 22
miR-19-43804-3p(ID01545) 1275 -115 95 21
1TGA6 miR-4-13401-5p(1ID02524) 5720 -96 92 22
miR-6-16980-5p(1D02822) 2070 -127 91 23
miR-15-38620-5p(ID00978) 2072 -119 90 22

SMAD3 -

miR-17-12804-3p(ID01382) 2075 -113 93 20
miR-14-35670-5p(ID00956) 4330 -119 89 23
miR-11-29077-3p(ID00568) 2428 -123 88 24
miR-2-5674-3p(ID01839) 2994 -123 89 23
SOX4 miR-17-39011-3p(ID01282) 3000 -125 95 23
miR-X-48174-3p(ID03445) 3000 -127 90 24
miR-1-2558-3p(MIR12558) 3001 -115 92 22
miR-9-13610-3p(ID03306) 2060 -123 94 21
miR-17-12804-3p(ID01382) 2062 -113 93 20
TGFBI miR-8-24549-5p(1D03208) 2066 -125 88 24
miR-15-38620-5p(ID00978) 2089 -119 90 22
mir-1-2121-3p(ID00296) 2093 -140 89 25
TNC miR-2-4826-5p(ID01836) 8073 -115 92 23

Table 13 — Schemes of miRNAs binding sites with candidate gene’s of BC subtype luminal A and B

ANGPILS; miR-19-43315-5p; CD5; 259; -134; 100
' -AGCGCUCAGGGOGGACCCGUGCA-3"

Frrrrrrrrerrrrerrrnentl
3'-UCGCGAGUCCCGCCUGRGCACET-5"

FOXATD miB-4-12154-3p; CD5; 1129; -123; §7
S ' -GEGGCCEGCGGCGEGGECGGGAGE-3"

trrrerrrrerrenrr rereenl
3'-CCUCGRCCGCCGCCUCGGCUCCCA-5"

FOXAL; miR-9-20317-3p; CD5; 1150; -134; 90
' -AGCGEARGCGGEGECAGCGGEGCC-3"

trrrrrrrrerrrererrereen
3'-CCGCCUCCGCCUCCGCCGCCGOGGE-5"

LOX, miR-3-11126-3p; CD5; 333; -113; 8
S -AGGUGIUCAGCUUGCOGAGCCTG-3 "

frrreerrnner rereeertnl
A -TUCACAGEUCGAUCGACCCGGAC -5

SMADI; miR-15-11315-5p; 3'UTR; 194; -117; 100
o' -GEGACCGCGGCAGGCCCCE-3"

RN RARRRRERRRRY
3'-CBCUGGCGCCGUCCRREGE-5"

SMADZ; miR-17-12804-53p; 3'UTR; 2075; -115; 93
S'-GCCCCGCCCCGCCCCGCCCC-3"

FEEEErreer reerrennd
3 ' -CGGGGECGGGEEAAGAGCGGGG-5"

SOXS; miB-2-6184-3p; CDS; 883; -118; 90
' -UCGCCUCCUCCCCCACGCCCGGC-3"

trrrererrererner e i
3'-AGUGGAGGAGGAGGUGAGGGACG-5"

INC; miR-14-35161-3p; 3'UTE; 7856; -113; B3
&' -ACACTOUGGEGAGGCCARGGUGEGEA-T "

trrrerrrreeer reeeereinl
3'-UGUGARACCCUCUCGCUCCGUCCU-5"

Note: Gene; miRNA; the beginning of binding site; the miRWNA region; the free energy change (AG,
kl'moley; the AGIAGm (%); length of miBNA (nt). In bold type highlighted the “seed™ nucleotides.

There were three binding sites for different
miRNAs in the 3’UTR mRNA of EZH]1 gene (table
12). For HMGA?2 gene there was a cluster for three

binding sites from 1261 nt to 1275 nt. ITGA6, TNC
genes had one binding site. There were four binding
sites for SMAD3 gene, of which three formed a
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cluster for three miRNAs. The mRNA of SOX4,
TGFBI genes had five binding sites for miRNAs,
where was a cluster of binding sites for five miRNAs
with mRNA of TGFBI gene and a cluster for four
binding sites for SOX4 gene.

The average free energy of binding ofallmiRNAs
with mRNAs in the 3’'UTR was equal to -118.9 +
8.1 kJ/mole. The nine miRNAs from 22 miRNAs
were bound with mRNAs of the corresponding
target genes with a free binding energy more than
-120 kJ/mole (Table 6). The associations of these
miRNAs with their target genes are recommended
to be used as markers for the diagnosis of the triple-
negative subtype.

Table 13 shows diagrams of binding of miRNAs
with mRNAs of candidate genes of the subtype
luminal A and B. The interaction of nucleotides
occurs along the entire length, except for the absence
of hydrogen bonding between purines (A, G) or
pyrimidines (C, U). Interactions of non-canonical
pairs of nucleotides A-C and G-U are accounted for
by the MirTarget program.

Conclusion
1. The associations of miRNA and their target

genes have been identified in each group of candidate
genes, they have an increased degree of interaction

and can serve as markers for the development of
methods for early diagnosis of her2, triple negative
and luminal A and B subtypes.

2. The average free energy of miRNA binding
with mRNA genes of all subtypes is greater in
5’UTR and CDS as compared to the 3’UTR, which
suggests preferential binding of miRNA to 5’UTR
and CDS.

3. The location of mRNA binding sites in
clusters containing two or more binding sites with
overlapping their nucleotide sequences has been
found. Such a compact arrangement of binding
sites in mRNA allows a multiple reduction in
the proportion of binding sites in the nucleotide
sequence of mMRNA. The overlap of miRNA binding
sites creates competition between miRNAs for
binding sites, since the RISC complex with miRNA
having a large amount of free interaction energy will
not allow binding to another RISC complex with
miRNA having a weaker interaction with mRNA.
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