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miRNA binding sites in mRNAs of human tumor suppressor genes

The search of binding sites of 18 miRNAs in 230 mRNAs of human tumor suppressor genes using the MirTarget
program has been completed. It was predicted that miR-566, miR-619-5p, miR-1268a, miR-1268b, miR-1273a, miR-
1273¢, miR-1273d, miR-1273e, miR-1273f, miR-1273g-3p, miR-1273h-5p, miR-1285-3p, miR-1285-5p, miR-1972,
miR-5095, miR-5096, miR-5585-3p u miR-5585-5p have from 2 to 85 target genes. 510 miRNA binding sites with the
hybridization free energy of the bonds equaled to or greater than 90% of the maximum were predicted in all mRNA
parts. The arranged groups of some miRNA binding sites were revealed in 2D-structure of mRNAs of tumor suppressor
genes. The role of miRNAs with arranged binding sites in the regulation of expression of tumor suppressor genes are
discussed.
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C. Habwuega, O. bepuio
miRNA-HBIH 0HKOCYTIpeccopJIbIK reHaepinin mRNA-chIHAaFbI 0allJIaHBICY CAHTTApPBI
MirTarget 6arnapnamachis naiinanrana oteipsin 18 miRNA-uHbH agamabiH 230 mRNA oHKOCyIpeccop-reHaepiMeH
OaiinaHbICy caliTTapbIH 13/1€CTIpY KYMBICTApHI XKYpri3inai. miR-566, miR-619-5p, miR-1268a, miR-1268b, miR-1273a,
miR-1273c, miR-1273d, miR-1273e, miR-1273f, miR-1273g-3p, miR-1273h-5p, miR-1285-3p, miR-1285-5p, miR-
1972, miR-5095, miR-5096, miR-5585-3p xone miR-5585-5p-ueiH 2-meH 85-ke [neitiH HbicaHa-TeHIEpi Oap
OomateHABFE Oomkanabl. MRNA-HBIH Oapiblk OexiMmuepiHie THOpHIM3AIUAHBIH O00c 3Heprisickl 90% XoHE oJaH
JKorapel OomateiH 510 OGaiimaHpICy cadTTapsl ipikreninm ameiHABL. MiRNA OaiimaHpICy CaWTTapBIHBIH KE3EKTECIIT
opHasiacy opsiHAapsl MRNA-HBIH eKiHII PeTTIK KYPBUIBIMBIHAA aHBIKTaNAsl. MiRNA-MeH OaiinaHbICy calTTapbIHBIH
KE3EKTEeCINl OpHAJIaCy PETTIIITiHIH OHKOCYTIPECCOPIBIK TeHAEPIIH AKCIPECCHACHIH PETTEYAETT MaHbI3BI 9Jli TAJIKBUIAHY
YCTiHze.
Tyiiin co30ep: oukocynpeccop, mRNA, miRNA, GaitiaHbICy caiTTapsbl.

C. Habwuega, O. bepmuio
Caiitpl cBa3biBaHusi MiRNA B mRNA oHKkocynpeccOpHBIX FeHOB

Iposenn mowuck caiitoB cesi3piBaHUsS 18 MiRNA B 230 mRNA TeHOB-OHKOCYIIPECCOPOB YEIOBEKA, HCIIONB3YS
nporpammy MirTarget. Hamu npenckazano, yro miR-566, miR-619-5p, miR-1268a, miR-1268b, miR-1273a, miR-
1273c, miR-1273d, miR-1273e, miR-1273f, in-miR-1273g-3p, in-miR-1273h-5p, miR-1285-3p, in-miR-1285-5p, in-
miR-1972, in-miR-5095, miR-5096, miR-5585-3p u miR-5585-5p umeror ot 2 mgo 85 renoB-mumeneit. Otodpano 510
CaiiToB CBs3BIBaHHMA CO CBOOOMHOW sHepruedl rubOpuamsammu paBHOH 90% wm OGomee Bo Bcex ydacTkax mMRNA.
YnopsmodeHHbIEe TPYNIBI HEKOTOPBIX CalTOB CBsA3bIBaHMA ¢ MiRNA BBISBIEHBI BO BTOPUYHOHN cTpykType mRNA.
Ponp ymopsimodeHHO pacIoIOKEHHBIX CAWTOB CBS3BIBAHMS B PETYJLIIUU SKCIPECCHH OHKOCYIIPECCOPHBIX TE€HOB
00CyKmaeTcsl.

Knroueswie cnosa: onxocynpeccop, mRNA, miRNA, caiiTbl CBSI3bIBaHUS.

Tumor suppressor genes are genes protecting cell from cancer. Dysregulation of these genes cause the
loss of their function and promote oncogenesis [1]. One of important expression regulators are microRNAs
(miRNAs). miRNAs are a class of short, non-coding RNAs that regulate the translation or degradation of
messenger RNAs (mRNAs) [2]. It was shown that multiple changes in expression of some microRNAs had
identified in cancer [3]. The miRNA level was lower in cell lines of 13 non-small-cell lung carcinomas but
was 11-fold higher in another cell line [4]. 130 miRNAs showed significant differential expression in breast
tumors compared to the normal adjacent tissue [5]. The expression levels of these 38 miRNAs were changed
more than two-fold in cells of colon carcinoma [6]. Change fold of miRNA concentration at cancer was
shown in many investigations, but their target genes did not have studied enough. Therefore, it is important
to define miRNAs which are bound to mRNAs of tumour suppressor genes. Development of methods for
prediction and identification of microRNA binding sites helps to understand their functions. An individual
mRNA may be simultaneously targeted by multiple miRNAs. Currently, about 2500 human miRNAs were
discovered, but part of them and their target-genes need to be well known.

The tumor suppressor genes were selected. It is possible to find miRNA binding sites with high level of
reliability using the MirTarget program written in our laboratory. The localization of miRNA binding sites
in secondary structure of mRNAs was not studied. According to these unresolved questions the following
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aims of our work were set: (a) to find miRNAs binding sites with mRNAs of tumor suppressor genes, (b) to
identify different arranged groups of miRNA binding sites, (c) to reveal features miRNA interactions with
different mRNAs of tumor suppressor genes in two-dimensional structures (2D-structures).

Material and methods

The human gene mRNAs were obtained from GenBank (http://www.ncbi.nlm.nih.gov) using
Lextractor002 script (http://sites.google.com/site/malaheenee/software), which was written in our
laboratory. Human miRNA sequences and information regarding their origin was obtained from the
miRBase database (http://mirbase.org).

The search for target genes of miRNAs was achieved using the MirTarget program, which was written in
our laboratory. 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'-untranslated regions
(5'UTRs), the coding domain sequences (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
mRNAs. The AG/AGm ratio (%) was determined for each site (AGm equals the free energy of a miRNA
binding with its perfect complementary nucleotide sequence). The miRNA binding sites located on the
mRNAs had AG/AGm ratios of 90% or more. We also noted the positions of the binding sites on the
mRNA, beginning from the first nucleotide of the mRNA's 5S'UTR. The MirTarget program calculated the
interactions between the nucleotides of the miRNAs and those of the mRNA target gene. This program
identified hydrogen bonds between adenine (A) and uracil (U), guanine (G) and cytosine (C), G and U, and
A and C [7]. The distance between A-C was same as that as between G-C, A-U, and G-U [8] nucleotides.
The number of hydrogen bonds between G-C, A-U, G-U and A-C and the value of their free energy of
binding is equal to 3, 2, 1 and 1, respectively.

The UNAFold 3.7 program (http://unafold.software.informer.com/) was used for creation 2D-structure of
mRNAs.

Results and discussion

Previously binding sites of 2563 miRNAs in 13000 human genes with AG/AG,, ratio of 90% were
predicted in our laboratory (unpublished data). These genes were selected as genes participating in different
kinds of carcinogenesis, including lung cancer and breast cancer. The most of these miRNAs have intronic
origin (in-miRNAs) and some are intergenic (ig-miRNAs). The arranged binding sites of these miRNAs
were located in the 5'UTRs, CDSs and 3'UTRs of all studied target genes. 12 miRNAs (miR-619-5p, miR-
1273a, miR-1273c, miR-1273d, miR-1273e, miR-1273f, miR-1273g-3p, miR-1273h-5p, miR-1285-3p,
miR-5095, miR-5096 and miR-5585-3p) have high quantity of binding sites and more than 400 target genes
for each of them and arranged binding site localization in corresponding group. The arranged binding sites
are binding sites of different miRNAs, which have overlapping nucleotide sequences or are located within
the same distance in different mRNAs of genes. miR-619-5p, miR-5095, miR-5096 and miR-5585-3p
create one group with arranged binding sites [9] and miR-1273 family with miR-1285-3p is another group
[10, 11]. In the present work, the target genes of apoptosis have arranged groups of miRNA binding sites
that are presented at Figure 1A, B.

We revealed another six miRNAs (miR-566, ig-miR-1268a, miR-1268b, miR-1285-5p, miR-1972 and
miR-5585-5p), their binding sites located near described over arranged binding sites. As a result, 510
miRNA binding sites in 145 mRNAs of human tumor suppressor genes were identified.

Previously it was identified two groups with binding sites with arranged localization: miR-1273 family
and miR-619-5p. The binding sites of miR-1273 group have arranged localization in 100 nucleotide parts of
some target genes and consist of two subgroup: miR-1273g-3p and miR-1273f. The miR-1273g-3p
subgroup contain of miR-1273a, miR-1273c, miR-1285-3p and miR-5684. The distance between the end of
miR-1273g-3p binding site and begins of miR-1273f binding site was equaled 12 nucleotide (nt). The miR-
1273f subgroup consist of miR-1273d, miR-1273e, miR-1273g-5p and miR-1273h-5p.
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UUCUUUCUCAGAACGAAACAGCGGG miR-1273a AGGUGAAGGACCCAAGUUCGUU miR-1273e
CUGUCCCAGAGCAAAACAGCGG miR-1273c UGACGUCGGAACUGGAGGGUC miR-1273h-5p
UCCAGAGUGAAACAACGGGUCU miR-1285-3p UGACGUCGGAGUUGGAGUACCCAAG miR-1273d
GACAACGAGUCCGAUCUCAA miR-5684 UGAAUGACGUCGGAGUUGGUGG miR-1273g-5p

miR-1273g-3p 3’ GAGUCCGACCUCACGUCACCA 5’ 3’ GUGACGUUGGAGGUAGAGG 5’ miR-1273f
5/ [ARARRRR AR RRRRNA RN FECEEREEEErrreernn 3"
‘GAGACAGUCUCUCGCUCUGUUGCCCAGGCUGGAGUGCAGUGGCGCGAUCUCGGCUCACGGCAACCUCCGCCUCCCGGGUUCAAGCAAUUCUCCUGCCUCA IKZF3 4518*
....... AG....U..................G.....A.....U.....U.......U.........,A....U.................UG....... Cl20rf5 2973
....... GA....A..............iiiiunnn.....U..A. ..AU ......CA.GCUC. .GUGA. .CU.CCA.CUC IKZF3 2940

.. .C... B NF2 5096
UU..GGCAG....A........ UA..A.. LU .U.....U.A. . e .....U..U.CA.GCG.UUCUCCUGC.U.GG RBBP4 5439
P | R B .aaaaaaaaiial, SPN 5650

. o G..... U...CUGGG STK4 3855
4444444 AG....A....... e eeiiaiii.......... STR4 4624
AAAAA U.GG.......U...... .U..U...G...UU.... .C.CG. . .AGUCCUGCCU.AG.C TP53 2317
-...UG.AG...U.......... c.. UGL L LALLL L U. TRIM13 2386
AGAUGGAGUCUCACUCU. . .CA. ..C.U...C......AG.AG VHL 1824
....UG.LAG...CA......... VHL 3423
.GUU.C.CUCUGUCA. . . . . CA . ZC3H12D 4017
A A..G.AG........... CA. . UGCCAUUCU. . .G.C ZC3H12D 4268
mir-5096 miR-5095
3/ CGGACUGGUUGUACCACUUUG 5’ 3’ GCGCCACCAAGUGCGGACAUU 5/
5’ Lrerrrreerreerreeeen 3 5’ Lerrrrrrerereerrren 37
AGACCUGCCUGACCAACAUGGAGAAACCCCCAU IKZF3 5465%  AUCCAGCGCAGUGGCUCAUGCCUGUAAUCCCAG SPN 5281%
..... A.....G......AU.GUG. .A...UG. Cl2orf5 1841 GC.GG....GA.A.....C.........G.... IKZF3 5385
..... A ....G .....U.......UGUC Cl2orf5 6427 G..AG.U..G........C.............. IKZF3 6766
..... A ... .....U.......UGUC IKZF3 3315 GC.AG....G........C.............. RBBP4 4230
..... A ... eei-.......UGUC IKZF3 6846 GC.GG.U..G........C..........U... SPN 3911
..... A.....G....G....U........GU. RBBP4 4308 GC.AG...UG........CA............. SPN 6627
A G U..ooo... GU. SPN 3989 GC.GG. .AUG. . ... ... Covieeiie VHL 2983
AU UGU. SPN 6093 GC.GGC...G.C..ocovvieieeiei VHL 3892
A ....G.........U....... UGUC SPN 6702
A ....G.........U. ....... AU. VHL 3063

...... U.AUC VHL 3838
B ... A ... G UL UGUC ZC3HI12D 2886

The nucleotide sequences of miRNAs corresponding to the binding sites in mRNA regions.

«|» - symbol shows the presence of the hydrogen bond(s) between the miRNA and mRNA nucleotides. The nucleotide
sequence the gene with «*» contain arranged binding sites that was selected for comparison with other mRNAs of target
genes.

(A): Some binding sites of miR-1273 group. (B): Some binding sites of miR-5096 and miR-5065.

Figure 1 - Schema of the localizations of the aligned nucleotide sequences of some arranged miRNA binding sites in the
mRNASs of tumour suppressors.

Lines are shown places of miRNA binding sites on mRNA of /KZF3 gene.

A - binding sites of miR-1273g-3p, miR-1273f, miR-1273e, miR-5095, miR-5096, miR-5585-3p and miR-619-5p are presented.B -
binding sites of miR-5095, miR-619-5p, miR-5096, miR-619-5p, miR-1285-5p, miR-5585-3p, miR-1285-5p, miR-1273g-5p, miR-
1273d, miR-1273e and miR-1285-3p are presented.C - binding sites of miR-5096, miR-619-5p, miR-5585-3p, miR-1285-5p, miR-
1285-3p, miR-1273g-3p, miR-1273h-5p and miR-1285-3p are presented.

Figure 2 — miRNA binding sites of /KZF3 gene presented on 2D-structure.

The nucleotide sequences of binding sites in each subgroup are overlapped [10, 11]. The binding sites
with this miRNA group were revealed in mRNAs of tumour suppressor genes (Figure 1A). The miR-619-5p
group consist of arranged miR-5095, miR-619-5p, miR-5096 and miR-5585-3p binding sites located in 180
nucleotide part of target genes. The homology level of nucleotide sequences is high in binding sites and
between them. The binding sites of miR-5095 and miR-619-5p are overlapped. The distance between miR-
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5095 and miR-5096 binding sites is equaled 57-59 nt and the distance between miR-5096 and miR-5585-3p
is equaled 46-47nt. We revealed that two groups with arranged binding sites are located on the different
sides of /[KZF3 mRNA's stem loop in 2-D structure (Figure 2A-C).

mRNA of /KZF3 gene (IKAROS family zinc finger 3 (Aiolos)) consist of 5S'UTR with length 62nt, CDS
(1529nt) and 3'UTR (8075nt). 28 miRNA binding sites located in the 3'UTR were predicted. 2D-structure of
IKZF3 3'UTR have four long stem loops with many complementary nucleotide pairs, in which was located
arranged miRNA binding sites (Figure 2A-C). The binding sites of studied miRNA binding sites located on
the both sides of mRNA stem /KZF3, which have one or three binding sites located in opposite sides of
mRNA in 2D-structure (Figure 1B, C). miR-1285-5p and miR-1285-3p are complementary between
themselves as well as miR-5585-3p and miR-5585-5p. 1285-5p and miR-5585-3p belong to miR-619-5p
arranged group, and 1285-3p and miR-5585-5p belong to miR-1273 group. Therefore these two arranged
group of binding sites have connection of their mRNA part of nucleotide chains for creation such the 2D-
structure with four long stem loops.

In order to miRNA as a part of a RNA-induced silencing complex bind to almost complementary
sequence of mRNA of a target gene, it needs to overcome the free energy of interaction in two nucleotide
chains of mRNA. miRNA binding sites often located in the parts of mRNA, where there are some not
complementary nucleotides (1-3 bugles), which destabilize mRNA structure.

As a result, the homology degree of nucleotide sequences in studied gene regions is high, which confirms
the important role of these binding sites in the biological function of tumour suppressor genes. The
connections between some arranged miRNA binding sites on 2D-structure of mRNA were revealed. Various
disruptions in the influence of miRNAs on the expression of target genes containing the arranged groups of
binding sites can be the result of strong changes in the metabolism. The change in the regulation of target
gene expression via these miRNAs might be the reason underlying many diseases including cancer. For
example, the increasing of the miRNA expression can lead to decreasing of tumour suppressor translation
and contribute oncogenesis.
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