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CLUSTERS OF miRNAs BINDING SITES
in 3'UTR mRNA OF BREAST CANCER CANDIDATE GENES

Abstract. Breast cancer is the most common disease among women and the development of methods for early
diagnosis requires the identification of non-invasive molecular markers of oncogenesis. Associations of miRNAs
and breast cancer candidate genes can serve as such markers. Characteristics of the interaction of miRNAs with
mRNAs of several genes were predicted using the MirTarget program. It has been established that miRNA binding
sites (BS) can be located in the mRNA with overlapping nucleotide sequences, forming clusters of BS. The studied
genes contained BS of one or more miRNAs in the 3'UTR mRNA. When the nucleotide sequences of the BS in the
cluster overlap, a multiple decrease in the occupied part of mRNA takes place. As a result of the compactization of
BS between the miRNAs, there is competition for binding in the cluster. Identified 1D00436.3p-miR and
ID01030.3p-miR with BS with the overlap of nucleotide sequences in the 3'UTR mRNA containing multiple repeats
of the GU and CA dinucleotides of BACHI, CD19, CDK6, ETS1, FGFR3, FOXP1, IGF2R, FOXPI, IGF2R, IGF2R,
IGF2R, IGF2R, SP1, ST8SIA1 and WTI genes. Established ID00470.5p-miR and 1D02299.5p-miR which BS are
also located with the overlap of nucleotide sequences in the mRNA of CARNSI, CCNDI, EFNBI, IGF2, SMAD4
and ZEBI genes. ID01727.5p-miR and ID02882.3p-miR have coinciding sites in the mRNA of ELK4, FOXPI and
SEN genes. ID01382.3p-miR has BS in TGFBI and SMAD3 genes consisting of four repeats of GCCCC. The asso-
ciations of ID00436.3p-miR and ID01030.3p-miR with target genes are proposed for early molecular diagnosis of
the disease. These associations include BACHI, CDK6, ETS1, IGF2, SFN, SMAD4, SP1 and ST8SIA1 genes. Asso-
ciations of ID00470.5p-miR and 1D02299.5p-miR with CARNSI, CCNDI, EFNBI, IGF2, SMAD4 and ZEBI genes
are recommended to use for early molecular diagnosis of the disease.

Key words: miRNA, mRNA, cluster, target gene, breast cancer.

Introduction. The incidence of breast cancer (BC) has high rates in the world and Kazakhstan [1].
This is due to the insufficiency of preventive measures, such as early diagnosis. Recently, there have been
many studies on the diagnosis of BC using miRNA (mRNA-inhibitory RNA), which play a key role in
the post-transcriptional regulation of genes involved in proliferation, differentiation, angiogenesis,
migration, apoptosis and carcinogenesis [2]. More than 600 genes are involved in the development of BC
[3] and it seems important to identify which of them may be targets for miRNAs. Earlier, we studied the
interactions of miRNAs from miRBase database with BC candidate genes [3-5] and it was shown that
miRNAs can be strong regulators of the expression of many genes and serve as markers for developing
methods for early diagnosis of BC [6]. According to the literary data, miRNAs are predominantly bind in
the 3'UTR mRNA [7]. Thereby, in this work, we studied interaction characteristics of recently discovered
and poorly studied 3707 miRNAs [8] with mRNA of BC candidate genes.

Materials and Methods. The nucleotide (nt) sequences of 19 BC candidate genes were downloaded
from GenBank (http://www.ncbi.nlm.nih.gov). The nucleotide sequences of 3707 miRNAs were taken
from the publication [8]. RPKM wvalues [9] are given in the Human Protein Atlas data
(https://www.proteinatlas.org). Human Protein Atlas data were used as a quantitative measure of
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transcript expression in mammary gland. Recently, computer approaches in biotechnology [10] and
biology [11] have been actively used. The miRNAs binding sites (BS) in mRNAs of several genes were
predicted using the MirTarget program [10]. This program defines the following features of miRNA
binding to mRNA: a) the start of the initiation of miRNA binding to mRNAs; b) the localization of
miRNA BS in 5'UTRs, CDSs and 3'UTRs of the mRNAs; c) the free energy of interaction miRNA and
the mRNA (AG, klJ/mole); 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
fully complementary nucleotide sequence). The miRNA BS located in mRNAs had AG/AGm ratios of
87% or more. AG/AGm ratios were taken on the assumption that the members of the miRNA of one
family generally differ by no more than 1-3 nucleotides, that with a miRNA length of 22 nt, the AG/AGm
value was 96% (21 nt/22 nt = 96%) - 87% (19 nt/22 nt = 87%). With a larger difference in the number of
mismatched nucleotides, the probability of two or more miRNAs to bind in one site increases, which
excludes the natural property of the miRNA to interact selectively with the mRNA of the target gene. The
MirTarget program identifies the positions of the BSs on the mRNA, beginning from the first nucleotide
of the mRNA's 5'UTR. 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 [12-14].

Results and Discussion. The AKT gene is the target of three miRNAs (Table 1). The BSs of these
miRNAs are located with the overlap of nucleotide sequences that form the mRNA region named by us as
cluster of BSs. The total length of three miRNAs BSs is 64 nt and, due to compactization, they are located
in a cluster of 35 nt length. The length of 3'UTR is 992 nt and there is no need to compactizied BSs.
Probably, the compactization of BSs is intended to limit the dependence of gene expression on three
miRNAs simultaneously, since only one miRNA can be bind at a 35 nt cluster. The binding characteristics
of the three miRNAs are close (table 1) and miRNA present in greater concentration will have an advan-
tage in interacting with mRNA.

Table 1 — Characteristics of miRNA binding in the 3'UTR mRNA of BC genes

Gene; MiRNA Start of site, AG, AG/AGm, Length,

RPKM nt kJ/mole % nt
ID00403.3p-miR 2864 -117 93 21
AKTI;33.6 ID00722.5p-miR 2866 -113 93 20
ID00843.5p-miR 2875 -119 90 23
1D00436.3p-miR (8) 4257+4279 -104+-106 8991 23

BACHI; 5.6 -
1D01030.3p-miR (6) 4257+4267 -108 89 23
ID00700.5p-miR 546 -117 92 20
BIK; 3.5 1D02766.3p-miR 548 -123 92 22
ID02108.3p-miR 553 -113 90 22
CARNSI; 0.8 ID00470.5p-miR (4) 3225+3231 -108 89 23
CCND1;27.6 1ID00470.5p-miR (2) 2595+2597 -108 89 23
1D00436.3p-miR(2) 1862+1864 -104+-106 89+91 23

CD19;0.1 ]

1D01030.3p-miR 1862 -108 89 23
1D00436.3p-miR (9) 1896+1920 -104+-106 89+91 23
CDK6; 2.2 1D01030.3p-miR (7) 1900+1918 -108+-115 89+95 23
ID02513.5p-miR 1901 -102 91 22
ID01332.3p-miR 2780 -113 91 22
CREBI; 5.3 ID03006.5p-miR 2781 -121 89 24
ID03149.5p-miR 2784 -115 92 22
ID02868.3p-miR 8296 -113 90 23
ELK4:0.1 ID01727.5p-miR 8297 -104 89 23
1D02882.3p-miR 8302 -110 93 21
EFNBI; 30.4 1D00470.5p-miR (3) 2526+2530 -108 89 23
1D01030.3p-miR (12) 3875+3908 -108 89 23

ETSI;28.5 -
ID00436.3p-miR (11) 3888+3908 -104 89 23
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Continuation of table 1
ID00436.3p-miR 2814 -108 93 23
FGFR3;2.3 ID01030.3p-miR 2814 -113 93 23
ID01727.5p-miR 2819 -104 89 23
ID00436.3p-miR 5952 -104 89 23
ID01727.5p-miR (2) 5953+5955 -104+-106 89+91 23
FOXPI;5.3 -
1D02882.3p-miR 5960 -110 93 21
D00436.3p-miR 5970 -104 89 23
D00470.5p-miR (9) 2286+2463 -108+-113 89+93 23
1D02299.5p-miR (3) 2302+2458 -100 94 21
IGF2;20.4 ,
1D00470.5p-miR (3) 25202539 -108 89 23
ID00470.5p-miR (3) 2655+2672 -108+-110 89+91 23
ID00436.3p-miR(6) 8447+8457 -104 89 23
IGF2R; 13.5 -
ID01030.3p-miR(5) 8447+8455 -108 89 23
1D02062.3p-miR 3098 -121 90 22
ID03306.3p-miR 3104 -123 94 21
PAX2;0.2 -
ID02781.3p-miR 3105 -117 93 20
1D00329.3p-miR 3107 -127 92 22
ID00790.3p-miR 1179 -104 89 23
ID02868.3p-miR 1188 -113 90 23
1D00436.3p-miR (7) 1190+1202 -104 89 23
SFN; 9.4 :
ID01030.3p-miR (6) 1190+1200 -108 89 23
ID01727.5p-miR 1203 -106 91 23
1D02882.3p-miR 1210 -108 91 21
1D02822.5p-miR 2070 -127 91 23
SMAD3; 14.0 ID00978.5p-miR 2072 -119 90 22
ID01382.3p-miR 2075 -113 93 20
ID00470.5p-miR (5) 7744+7752 -108 89 23
SMAD4; 9.8 :
1D02299.5p-miR (6) 7743+7753 -96 90 21
ID01839.3p-miR 2994 -123 89 23
ID01282.3p-miR 3000 -125 95 23
SOX4; 13.2 -
ID00101.3p-miR 3001 -115 92 22
ID03445.3p-miR 3001 -121 89 23
Pl 155 1D00436.3p-miR (8) 4147+4161 -104+-106 89+91 23
T ID01030.3p-miR (7) 4147+4159 -108 89 23
ID00790.3p-miR 4531 -104 89 23
ID00436.3p-miR (14) 4537+4563 -104+-106 89+91 23
ST8SIAL; 0.5 -
ID01030.3p-miR (12) 4537+4559 -108 89 23
ID01727.5p-miR 4562 -106 91 23
ID03306.3p-miR 2060 -123 94 21
TGFBI; 19.5 ID01382.3p-miR 2062 -113 93 20
1D03208.5p-miR 2066 -125 88 24
ID02513,5p-miR 2698 -104 92 22
WTI;0.0 ID00436.3p-miR (8) 2705+2719 -108 89 23
ID01030.3p-miR (12) 2705+2715 -104 89 23
ZEBI; 11.3 ID00470.5p-miR (10) 3587+3605 -108 89 23
ID03324.3p-miR 2547 -115 90 22
21CT 0.1 1D00849.3p-miR (2) 2551+2558 -119+-121 92+93 22
o ID01545.3p-miR (2) 2552+2559 -110+-113 91+93 21
ID01911.5p-miR 2553 -127 92 23
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In the mRNA of BACH]I gene, the BSs of two miRNAs are located, which have eight and six arran-
ged sites. The nucleotide sequence of cluster is represented by 17 repeats of GU dinucleotide. With a
length of 3'UTR equal to 3315 nt, there is no point in compactizing BSs. By overlapping the miRNA BSs,
as in the AKT1 gene, competition is created between two miRNAs. To date, there is no explanation for the
biological function of nucleotide repeats in the 3'UTR. In our work, the value of dinucleotide repeats as
miRNA BSs was established for the first time. The mRNA of CDK6 gene contains BSs of ID00436.3p-
miR and ID01030.3p-miR, which have nine and seven arranged BSs, respectively. The 46 nt cluster
consists of 23 dinucleotide GU repeats. The length of 3’'UTR is equal to 10219 nt, that is, it is much longer
than the length of the cluster and there is no need for superposition of these miRNAs BSs. However, there
is a competition between these miRNAs for binding in the cluster.

The cluster of ID00436.3p-miR and ID01030.3p-miR BSs in the mRNA of E7SI gene contains 11
and 12 BSs of these miRNAs 57 nt long, consisting of 28 repeats of GU dinucleotide. The length of
3'UTR is equal to 3601 nt and the superposition of two miRNAs BSs slightly reduces its length. That is,
in this case, there is competition between two miRNAs. The mRNA of FGFR3 gene has only one BS for
ID00436.3p-miR and ID01030.3p-miR, but the nucleotide sequences of their BSs are overlap. The cluster
of six miRNAs BSs in the mRNA of SFN gene contains seven and six BSs of 1D00436.3p-miR and
ID01030.3p-miR, respectively. The cluster 67 nt long consists of 33 repeats of GU dinucleotide. 3'UTR
includes 498 nt so clustering does not significantly affect the length of 3'UTR, but competition between
miRNAs arises. The mRNA of SP/ gene has eight and seven BSs for ID00436.3p-miR and ID01030.3p-
miR. The cluster of BSs 38 nt long consists of 19 GU dinucleotides with a length of 3'UTR equal to 5207 nt.

The mRNA of ST8SIA1 gene contains 14 and 12 BSs of ID00436.3p-miR and 1D01030.3p-miR,
which are included in the cluster of BSs of four miRNAs. The cluster consists of 23 GU dinucleotide
repeats, 46 nt long, which is significantly less than the length of 3'UTR equal to 8162 nt. Six and five BSs
of ID00436.3p-miR and ID01030.3p-miR, respectively, were identified in the mRNA of /GF2R gene.
Eight and twelve BSs of ID00436.3p-miR and ID01030.3p-miR, respectively, were identified in the
mRNA of WTI gene.

In addition to ID00436.3p-miR and ID01030.3p-miR, which have BSs with overlapping nucleotide
sequences in mRNA of several genes, we have identified ID00470.5p-miR and 1D02299.5p-miR BSs,
which are also located with overlapping nucleotide sequences in mRNA of /GF2 gene. The first cluster is
located from 2286 nt to 2486 nt, the second from 2520 nt to 2562 nt and the third from 2655 nt to 2695 nt.
All three clusters consist of CA dinucleotide repeats with irregular inserts of C or A nucleotides. The
length of 3'UTR is 3871 nt. ID00470.5p-miR and ID02299.5p-miR have five and six sites in SMAD4
gene, respectively. ID00470.5p-miR has four sites in the mRNA of CARNSI and CCNDI genes, three
sites in EFNBI mRNA and ten BSs in ZEB! mRNA.

The results show that a single gene can be targeted by several alternative miRNAs. One miRNA can
interact with several alternative target genes. On the one hand, such links between miRNA and target
genes significantly complicate the use of associations of miRNA and genes in the diagnosis of the disease.
On the other hand, such associations of miRNA and target genes make diagnosis more reliable, since such
associations are not random and more accurately reflect the contribution of each component to the
development of the disease.

A feature of the miRNA BSs in the 3'UTR mRNA BC candidate genes is their organization into
clusters with the number of sites from two to six. However, in the 3'UTR mRNA of many genes there are
clusters consisting of multiple BSs of one or two miRNAs. These miRNAs can significantly affect the
translation of mRNA of many BC candidate genes, which increases the probability of their influence on
oncogenesis. The associations of ID00436.3p-miR and ID01030.3p-miR with target genes must be used
for early molecular diagnosis of the disease. These genes include BACHI, CDK6, ETSI, IGF2, SFN,
SMAD4, SP1 and ST8SIA1, characterized by the RPKM value from 0.5 to 28.5. Consequently, these
miRNAs can suppress translation regardless of the rate of target genes expression.

Schemes of interaction of nucleotide sequences of BS of miRNA with mRNA candidate genes of
breast cancer in table 2 show how miRNA interacts with mRNA by all miRNA nucleotides. The miRNA
and mRNA interaction schemes clearly demonstrate advantages of MirTarget program over the existing
programs for predicting miRNA BSs with mRNA target genes.
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Table 2 — Schemes of interaction miRNA nucleotide sequences with mRNA BSs of breast cancer candidate genes

IGF2R; ID00436 3p-miR; 8447; -104; 89; 23

5' —GUGUGUGUGUGUGUGUGUGUGUG-3 '
NEARRRRRRERERRRRRRERE

3'-CACACACGCAUAUAUACACACAU-5'

IGF2R; ID01030.3p-miR; 8443; -106; 88; 23
5' —GUUUGUGUGUGUGUGUGUGUGUGU-3 '

LErrrrrrrrr el
3'-CGUACACGUACA-ACACACACACA-5'

SMAD4; ID02299 5p-miR; 7743; -96; 90; 21

5'-CACACACACACACACACACACA-3'
FErrrrrrrrrrrrrr el

3'-GUAUAUGUGUGUACGU-UGUGU-5"

SMAD4; ID00470.5p-miR; 7744; -108; 90; 23

5'-ACACACACACACACACACACACA-3'
LEEETErrrrrr et

3'-UGUGUGUGCGUAUGUGUGCAUGU-5"

WT1; ID00436.3p-miR; 2705; -104; 89; 23
5'-GUGUGUGUGUGUGUGUGUGUGUG-3"
FEEEEEEEr et el
3'-CACACACGCAUAUAUACACACAU-5"

WT1; ID01030.3p-miR; 2705; -108; 89; 23
5'-GUGUGUGUGUGUGUGUGUGUGUGU-3"
CEEEEEErr et el
3'-CGUACACGUACA-ACACACACACA-5"

FOXPI1,; ID01727.5p-miR; 5953; -106; 91; 23

5'-UGUGUGUGUGUGUGUGUGUGUGC-3"
LEEErrr rrr rrrrrrrrrd

3'-ACACACAAACAAACAUACACACG-5"

FOXPI1,; 1ID02882.3p-miR; 5960; -110; 93; 21
5'-GUGUGUGUGUGUGUGCGCGCGU-3"

LEE e rrrrreer 1l
3'-CACUCACACGCACACGCGC-CA-5"

SFN; ID01727.5p-miR; 1203; -106; 91; 23
5'-UGUGUGUGUGUGUGUGUGUGUGC-3"
FEErrrr rrr rrrrrrrrrnd
3'-ACACACAAACAAACAUACACACG-5"

SFN; ID02882.3p-miR; 1210; -108; 91; 21
5'-GUGUGUGUGUGUGUGCGCGCGC-3"
FEE et rrrrrrer 1l
3'-CACUCACACGCACACGCGC-CA-5"

SMAD3; ID01382.3p-miR; 2075; -113; 93; 20

5'-GCCCCGCCCCGCCCeGreee-3"
FEEEErrrr et

3' -CGGGGCGEGGAAGAGCGGGG-5"

TGFBI; ID01382.3p-miR; 2062; -113; 93; 20
5'-GCCCCGCCCCGCCCCGCCee-3"

FEEEEEErrr rrr e
3' -CGGGGCGEGGAAGAGCGGGG-5"

Note: Gene; miRNA; start of binding site (nt); the free energy, AG (kJ/mole); length of miRNA
(nt). The upper and lower nucleotide sequences of mRNA and miRNA, respectively.

The obtained results in this work show that several miRNAs can affect the expression of several
genes and one gene can be target of several miRNAs. For example, ID00436.3p-miR and 1ID01030.3p-
miR have the BSs of the mRNA of FGFR3, FOXPI, SFN and ST8SIA1 genes. Therefore, the use of indi-
vidual miRNA and individual genes for the diagnosis does not give a reliable result. Thus, it is necessary
to control several miRNA associations and the corresponding target genes to identify the contribution of
each association to the development of the disease.

Conclusion. In the mRNA of BC candidate genes, both single BSs of miRNAs and two or more
miRNA BSs organized into cluster were identified. The formation of clusters of BSs leads to competition
between the miRNAs for binding to one mRNA. The identified associations of miRNA and target genes
can be used to develop molecular methods for the BC diagnosis.
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A. E. Al?icmlal, P.E. Hnﬂ3onal, III. A. ATaMGaeBal, E. H. l/lMﬂHI/ITOBz, A. T. UBamenxo'

'On-Mapabu ateiHaarsl Ka3ak yITTHIK YHHBEPCUTETIHIH
Buonorus sxoHe OMOTEXHOJIOTHSI MOCeNIeIePiHiH FhUIBIMU-3ePTTEY HHCTUTYThI, AnMmatsl, KazakcraH,
’H. H. IleTpoB aThIHAAFbl OHKOJIOTHS YITTBIK MEAULIMHAIBIK-3EPTTEY OPTaJbIFbl 36PTXaHACHI,
Peceii, Cankt-IlerepOypr

CYT BE3I KATEP.JII ICII'THIH mRNA KAHTAJATTBI TEHAEPIHIH 3'UTR-1e miRNA
KJIACTEPJIEPIHIH BAUJIAHBICY CAUTTAPBI

Annoranusi. CyT Oe3iHiH KaTepuii iciri oiiengep/iH apachlHAa eH KOl Ke3/IeCeTiH aypy OO0JIbI Ta0bUIa/Ibl HKIHE
ANJIBIH ajla TMarHOCTUKallay SAICTEpiH JaMbITy YIIiH OHKOTEHE3[[IH MHBAa3MBTI €MEC MOJEKYJSIPIbIK MapKepiepiH
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aHbIKTay Kepek. MEPHK-nap xoHe cyT Oe3iHiH KaTepii iCik KaHANIATTHI TeHAEPiHIH acCOaNMsIIapbl MYHIAH Map-
Kkepiiep perinae 6omysl Mmymkia. MirTarget 6armapiaamacel apkputbl miRNA-1w1H xoHe OipHemre reHaepain MPHK-
MEH e3apa OopeKeTTeCyiHiH cumarramanapsl aHbIKTangsl. MuPHK-HeH Oaitnansicy caiitrapsl MPHK-ma Hyxieo-
TUATIK Ti30eKTepaiH OypKeayl apKbUIbI KJIACTepIIepal KypalThIHBl aHBIKTANAL 3eprrenred redaepaid MPHK-HbIH
3'UTR-me 6ip memece OGipueme MuPHK-npiH kemreren OGaiinmanpicy caitrapel Oomnasl. Kimactepmeri GaiinmanpICy
caifTTapIpIH HYKJICOTHUATIK Ti30exrepi kabarrackanma, MEPHK-asH Oemirinig OipHeme ece TeMmMeHIEyi OOmasbl.
baiinanbicy caliTTapbl THIFBI3ATYbl HOTHKeCiHIe KinacTepae MUPHK-1bIH apackiniarbl OailiaHBICTRIPY YILIiH Oace-
KeJecTik maiina Oonanel, eiTkeHi OipHente MuPHK-nap MPHK-HBIH y3biHABIFBL 25-50 HyKI€OTHATED KIacTEpiHIE
0ip yakpITTa ©3apa opekertece anmaiinel. GU sxone CA munykieotunrep 6ap CD19, CDK6, ETS1, FGFR3, FOXPI,
IGF2R, SFN, BACH] reunepinin MPHK-Hb1H 3'UTR-ze ID00436.3p-miR sxone ID01030.3p-miR MuPHK-znb1H HyK-
JICOTHUATIK Ti30eKTepaiH OypKein OpHaNacKaH KenTereH OainaHbICy calTTapsl 6ap exeHi Oenrimi 6onnsl. CARNSI,
CCNDI, EFNBI, IGF2, SMAD4, ZEBI reunepinin MPHK-ceiana 1ID00470.5p-miR >xene 1D02299.5p-miR-nb1H
OaifmanpIcy calTTapsl KabaTTachln opHanacKaH. KiactepmiH Oapnsik Oaimaneicy caiitrapel CA AHHYKIICOTHATI
Kadtamanapaan typansl. ELK4, FOXPI, SFN reunepinig MPHK-cerma ID01727.5p-miR sxone 1D02882.3p-miR
Oaiinanpicy caitraphl coiikec kemeni. TGFBI, SMAD3 rennepiane ID01382.3p-miR-HBIH TepT peT KalTalaHATHIH
GCCCC mneHTaHYKJICOTUATEH TypaTblH OainaHbicy caliTTapsl 6ap. Hotmxenep Gip reH OipHemie anpTepHATHBTI
MuUPHK-nb1H HBICaHBICH 00IyBI MYMKiH ekeHmiriH kepcereai. ID00436.3p-miR »xone ID01030.3p-miR Hrpicana
TeHAEPIMEH accolMalMsIapAbl aypyOblH AJIIbIH ajla MOJEKYNalbIK JUAarHOCTHKACHI YIIIH YChIHyFa Oomansl. by
accoumanusiiapra BACHI, CDK6, ETSI, IGF2, SFN, SMAD4, SP1, STSSIAI rennep xipeni. CARNSI, CCNDI,
EFNBI, IGF2, SMAD4, ZEBI npicana rennepain sxoHe ID00470.5p-miR men 1D02299.5p-miR acoumnanusuiapast
aypYy/AbIH aJ/IbIH ajla MOJIEKYJIaJIBIK AUAarHOCTHKA YIIIH MaiilallaHyFa YCHIHBLIa b
Tyiiin ce3gep: miRNA, mRNA, kiactep, HplcaHa r'eH, cyT Oe3iHiH KaTepJi iciri.

A. E. AﬁCI/IHal, P.E. Hnmonal, III. A. ATaMGaeBal, E. H. I/IMHHI/ITOBZ, A. T. UBamenxo'

'HayuHo-Hcc1e10BaTeNbCKUit MHCTUTYT PO6IIeM GHONOTHH 1 GHOTEXHONOTHH,
Kazaxckuil HaMOHaIBHBIA YHUBEpCUTET UM. alb-Dapadbu, Anmarsl, KazaxcraH,
*JTaGopaTopHs HALMOHANLHOTO MEMIMHCKOTO HCCIIeI0BATELCKOTO IeHTpa onkosiorku um. H. H. Tletposa,
Cankr-IlerepOypr, Poccust

KJIACTEPBI CAUTOB CBSI3BIBAHUSI miRNA B 3'UTR mRNA
KAHJIUJATHBIX TEHOB PAKA MOJIOYHOM KEJIE3bI

AHHoTanus. Pak MOIIOYHOMN KeJe3bl SABISAETCS CaMBbIM PACIPOCTPAHEHHBIM 3a00JIEBAHHUEM CPEAH KCHIIHH U
JUTS pa3pabOTKH METOIOB PaHHEH TUArHOCTHKU HEOOXOJUMO BBISBICHHE HEMHBA3UBHBIX MOJICKYJISIPHBIX MapKepOB
oHKoreHeza. TakumMu MapkepamH MOTYT CiIyKUTh accounannd miRNA u xangupnatHeix renoB PMOK. Xapakre-
puctuku B3aumozeiictBusi miRNA ¢ mRNA HeckonbKMX T€HOB OBLIM NpEICKa3aHbl C IOMOIIbIO ITPOrPaMMBbl
MirTarget. YcraHoBiieHO, 4TO caiiThl cBsi3biBaHKs MIRNA Moryt pacrnonararscst B mMRNA ¢ HajoXeHHEM HYKJIEO-
TUJIHBIX IIOCIIEAOBAaTENbHOCTEH, 00pasysl KilacTephl CaiToB cBsi3biBaHMA. V3yueHHble reHsl comepkanu B 3'UTR
mRNA MHOXECTBCHHBIC CaWTBI CBS3bIBaHUA OAHOH U Oonee miRNA. [Ipu HaNOXKeHUN HYKICOTHUIHBIX ITOCIIEIOBA-
TENPHOCTEH CalTOB CBS3BIBAHMSA B KJIACTepe INPOWCXOAUT MHOTOKPAaTHOE YMCHBIICHHE 3aHIMAaeMOW WMH IOJH
mRNA. B pe3ynprare KOMIIaKTH3aIlH CAalTOB CBA3bIBaHUA MeXay MiRNA BO3HUKaeT KOHKYpPEHIIHUA 32 CBS3BIBAHHE
B KJIacTepe MOCKOJIbKY HecKojbko miRNA He MOryT oHOBpeMeHHO B3auMojeicTBoBaTh ¢ MRNA B kiactepe 1uiu-
HoW 25-50 mykneotnnos. Besienenst ID00436.3p-miR u ID01030.3p-miR, umeromnmne MHOKECTBEHHBIE CAalTHI CBSI-
3BIBaHUS C HAJIOKEHHEM HYKJICOTHIHBIX TocienoBaTensHocTer B ygacTkax 3'UTR mRNA, comepxamux MHOXECT-
BeHHbIe TIOBTOpH! MuHYKIeoTHI0B GU u CA renos BACHI, CDI19, CDK6, ETSI, FGFR3, FOXPI, IGF2R, SFN,
SP1, ST8SIAI, WT1. Ycranosnensl ID00470.5p-miR u 1D02299.5p-miR, caiiThl CBSI3bIBaHHS KOTOPBIX TOXKE PacIo-
JIO)KEHBI C HAJIO)KEHHWEM HYKJIEOTHAHBIX mocienoBaTenbHocteid B mRNA renoB CARNSI, CCNDI, EFNBI, IGF2,
SMAD4, ZEBI. Bce caiiTl CBsI3bIBaHUS KjlacTepa cocTosAT U3 noBTopoB CA nmunykneoruzaa. ID01727.5p-miR u
ID02882.3p-miR mumeroT coBmagaromue caitel cBsi3biBanus B MRNA renos ELK4, FOXPI, SFN. ID01382.3p-miR
MMeeT callThl cBs3bIBaHUs B reHax TGFBI, SMAD3, cocrosiiye u3 yeTbipex NoBTopoB nenranykieoruga GCCCC.
[MomyueHHbIE pe3yNbTaTHl MOKA3BIBAIOT, YTO OJMH TE€H MOXET OBITh MHIICHBIO HECKOJNBKHX ANbTEPHATHBHBIX
miRNA. A oxaa miRNA MoxeT B3aMOACHCTBOBATH C HECKOJNBKAMH AIbTEPHATHBHBIMHA T€HAMH MHUIICHIMH. ACCO-
muanuy [D00436.3p-miR u ID01030.3p-miR ¢ renamu MumeHsIMu IpeayaracTcs MCIONb30BaTh JJIs PaHHEH MoJe-
KyJSApHOH AMAarHOCTHKH 3a0oJneBanus. B st accoumarm Bxonsat reusl BACHI, CDK6, ETSI, IGF2, SFN, SMAD4,
SP1, ST8SIA1, Accormannu 1ID00470.5p-miR u 1D02299.5p-miR ¢ renamu mumensmu CARNSI, CCNDI1, EFNBI,
IGF2, SMAD4, ZEB1 pekoMeHTyeTCs HCIIONB30BaTh ISl paHHEH MOJEKYJISIPHON AUAarHOCTUKU 3a00IeBaHUs.
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