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Prediction of miRNAs interaction
with gastrointestinal tract cancer candidate genes

Abstract. miRNAs play an important role in regulating the expression of prevailing number of genes in the
human genome. The vast majority of miRNAs are involved in the development of several diseases. Of the
more than six thousand human miRNAs, only miR-619-5p has more than 200 genes with which it interacts
fully complementary. These genes include several genes involved in the development of cancer of the
gastrointestinal tract, which is a rare property among other miRNAs. It is required to establish the features of
miR-619-5p and other miRNAs binding with candidate genes of gastrointestinal tract cancer. The location
of miRNA binding sites in mRNA, the free energy of miRNA-mRNA interaction, the miRNA-mRNA
nucleotide interaction scheme, and other quantitative characteristics of the miRNA-mRNA interaction
were determined using the MirTarget programme. The overwhelming number of miRNAs binding sites,
including miR-619-5p, are located in the 3’UTR of CYP2W1, KIAA1456, SLC26A2, SPATA13 and UQCRB
genes mMRNA. In the mRNA of these genes, in addition to the miR-619-5p binding sites, the binding sites
of seven, twenty, nine, five and four miRNAs were detected, respectively. In mRNA of these genes, clusters
of miRNAs binding sites from two and three binding sites were identified. The identified miRNAs binding
sites are conserved in mRNA of orthologous primates genes, which indicates the evolutionarily early
emergence of a link between miRNAs and their target genes. Schemes of interaction between miRNA and
mRNA nucleotides show high efficiency in determination the quantitative characteristics of this interaction.
The important role of non-canonical nucleotide pairs, which increase the free energy of the interaction
between miRNA and mRNA, is shown. The revealed associations of miRNA and CYP2W1, KIAA1456,
SLC26A42, SPATA13 and UQCRB target genes allow us to recommend them as markers in the development
of methods for the diagnosis of the gastrointestinal tract cancer.
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In recent years, it has been identified that miR-
NAs are fully complementary to mRNA target genes
[1-5]. It has been shown that such miRNAs bind
to S’UTR [3; 4; 6; 7], CDS [1; 3; 4-9] and 3’UTR
[10-13]. The miRNA target genes perform many
functions. It is shown that 201 target genes of miR-
619-5p might serve as transcription factors, kinases,
participants in metabolic processes associated with
the development of various diseases, etc. [5-9]. In
this work, the target genes of miR-619-5p that are
involved in the development of cancer of the gastro-
intestinal tract are considered: CYP2W1, KIAA1456,
SLC26A42, SPATA13, UQCRB. The CYP2WI1 gene
involved in the development of stomach cancer [14;
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15], small and large intestine [16-21], colorectal can-
cer [22-30]. The KIAA1456 gene is associated with
colorectal cancer [31]. A change in the expression of
the SLC26A42 gene in colorectal cancer was detected
[32-34]. SPATA13 [35] and UQCRB [36; 37] genes
participate in the development of colorectal cancer.
The interest in such miRNAs is determined by sev-
eral factors: what function do related genes perform;
whether these miRNAs can perform the function of
siRNA; whether these genes are targets of other miR-
NAs; whether miRNASs interactions with mRNAs of
orthologous genes persist, etc. A comparison of the
interactions of miR-619-5p and other miRNAs with
mRNAs of these genes will help to understand their
participation in the development of gastrointestinal
tract cancer.
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Materials and methods

The nucleotide (nt) sequences of candidate genes
of gastrointestinal tract cancer were downloaded
from GenBank (http://www.ncbi.nlm.nih.gov). The
nucleotide sequences of mRNA genes of Chloroce-
bus sabaeus (Csa), Homo sapiens (Hsa), Macaca mu-
latta (Mml), Pan troglodytes (Ptr) and Pongo abelii
(Pab) were downloaded from NCBI (http://www.
ncbi.nlm.nih.gov). The nucleotide sequences of
2,565 miRNAs were taken from miRBase, and 3,707
miRNAs from a previous study [38].

The MirTarget program (created at al-Farabi Ka-
zakh National University by Prof. A.Yu. Pyrkova and
Prof. A.T. Ivashchenko) [39] defines the following
features of miRNA binding to mRNAs: (a) the start
of the initiation of miRNA binding to mRNAs; (b)
the localization of miRNA binding sites in 5’UTRs,
CDSs and 3’UTRs of the mRNAs; (c) the free en-
ergy of interaction between miRNA and the mRNA
(AG, kJ/mole); and (d) the schemes of nucleotide in-
teractions 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 Mir-
Target program looks for hydrogen bonds between
adenine (A) and uracil (U), guanine (G) and cytosine
(C), G and U, and A and C [40; 41]. The MirTarget
program identifies the positions of the binding sites
on the mRNA, beginning with the first nucleotide
of the mRNA’s 5’UTR. The characteristics of the
interaction between miRNA and mRNA reflect the
intermolecular interactions of their molecules and
were calculated for given parameters without their
variation. Consequently, the results have no statisti-
cal scatter. Other factors that may have influenced
these interactions have not been studied. The subject
of changing the concentration ratio of miRNA and
mRNA was not incorporated into the current study,
since this aspect is of independent interest. For any
other pathology, other candidate genes should be
used, and other miRNA binding sites should be de-
termined. The MirTarget program determines single
miRNA binding sites in mRNA, and miRNA binding
sites in clusters (arranged in series with overlapping
of nucleotide sequences of the same or several miR-
NAs) [9].

Results and discussion

Table 1 shows the quantitative characteristics
of the interaction of miRNA with candidate genes
mRNA of gastrointestinal tract cancer. The char-
acteristics of the interaction of miR-619-5p with
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mRNA of the five candidate genes are identical. Oth-
er miRNAs were associated with the mRNAs of each
gene. The mRNA of the CYP2W1 gene had targets
for seven miRNAs, with miR-4739 binds with more
free energy than miR-619-5p. The binding sites of
the four miRNAs formed a cluster from 2160 nt to
2219 nt with a length of 59 nt. The total length of the
binding sites of these miRNAs was 88 nt, which is
1.5 times the length of the cluster. This compaction
of binding sites leads to competition between miR-
NAs for binding in the cluster.

The mRNA of KI4A41456 gene had 21 binding
sites from which two clusters of two miRNAs and
three clusters of three miRNAs were formed (Table
1). miR-5096 binds completely complementary to
the mRNA of the KI441456 gene. Therefore, the ex-
pression of this gene is under the strong control of
miRNA.

In the mRNA of the SLC26A42 gene, 10 miRNAs
binding sites were located (Table 1). Three clusters
of two binding sites significantly reduced the pro-
portion of binding sites in the total length of mRNA.
miR-1285-5p and ID01237.3p-miR had a common
start of binding sites, i.c., there is a clear competi-
tion between them for binding to the SLC26A42 gene
mRNA.

The mRNA of the SPATA13 gene had six miR-
NAs binding sites, of which two binds with miR-619-
S5p. Binding sites of 1D03024.5p-miR together with
miR-619-5p formed a cluster (Table 1).

The mRNA of the UQCRB gene also had only
one cluster including the miR-619-5p binding site
(Table 1). Single binding sites of another three miR-
NAs characterized by a AG/AGm value of 88% to
98%.

For each of the five genes, miR-619-5p binding
sites were included in the cluster. In the mRNA of the
CYP2W1 gene, the cluster consisted of IDO1811.5p-
miR, miR-5095, miR-619-5p and ID00913.5p-miR
binding sites. The cluster of ID01334.5p-miR and
miR-619-5p binding sites was present in the mRNA
of the KI4A1456 gene. In the mRNA of the SLC26A42
gene, the cluster consisted of the miR-5585-3p and
miR-619-5p binding sites. The binding sites of
1D03024.5p-miR and miR-619-5p formed a cluster
in the mRNA of the SPATA13 gene. In the mRNA of
the UQCRB gene, the cluster consisted of the binding
sites ID00913.5p-miR and miR-619-5p. The ability
of miR-619-5p to form associations with each of the
five candidate genes is hardly accidental. In addi-
tion to the ability of miR-619-5p strongly suppress
the expression of these genes; this miRNA excludes
other miRNAs from regulating the expression of five
candidate genes. In tumor cells, miR-619-5p always
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synthesized more significantly than in normal cells  5’UTR. Clusters from only 2-3 binding sites, while
[42-46]. clusters of binding sites consisting of more than ten

Of the 50 binding sites, 45 sites were localized ~ miRNAs binding sites identified in mRNA of other
in 3’UTR, four sites in the CDS and one site in the  genes.

Table 1 — The characteristics of miRNAs interaction with mRNA of colorectal cancer genes

Gene miRNA Start of site, nt Reg“’“nrtnRNA’ AG, kJ/mole | AG/AGm,% miL;II\l&?m
CYP2WI 1D03126.5p-miR 39 CDS 117 93 2
miR-7110-5p 1546 3’UTR -108 91 21
miR-4739 1739 3’UTR 125 87 25
ID01811.5p-miR 2160 3°UTR -113 90 2
miR-5095 2170 3’UTR -106 91 21
miR-619-5p 2176 3’UTR 121 100 2
1D00913.5p-miR 2196 3°UTR 17 92 23
miR-5096 2248 3’UTR -108 96 21
KIAA1456 D00442.5p-miR 1751 CDS -104 91 21
ID01334.5p-miR 2522 3'UTR -110 90 22
miR-619-5p 2536 3°UTR -121 100 22
1D02199.5p-miR 2611 3’UTR 113 90 23
miR-1303 2621 3’UTR -106 91 2
miR-1285-5p 2768 3°UTR -102 91 21
miR-1273a 3875 3’UTR -121 92 25
miR-1273¢ 3877 3’UTR -113 93 2
miR-1273g-3p 3897 3'UTR -106 91 21
ID01815.5p-miR 4037 3'UTR -106 89 23
ID01334.3p-miR 4132 3°UTR 115 92 2
1D02017.3p-miR 4133 3'UTR -115 90 22
MiR-1972 4137 3'UTR 113 91 2
miR-5096 5137 3’UTR 113 100 21
miR-619-5p 5196 3’UTR 117 96 2
ID01836.5p-miR 5286 3'UTR 113 90 23
miR-1285-5p 5302 3'UTR -102 91 21
ID01360.3p-miR 8419 3'UTR -104 91 21
ID00367.5p-miR 8422 3'UTR 115 93 22
miR-1273g-3p 8429 3'UTR -106 91 21
1D02991.3p-miR 8854 3'UTR -89 91 21
SLC2642 ID01697.5p-miR 124 5’UTR -108 93 20
ID01838.5p-miR 4438 3°UTR 119 95 24
miR-1285-3p 4442 3°UTR -110 95 22
miR-7851-3p 4495 3°'UTR -108 91 2
miR-619-5p 5066 3’UTR 121 100 2
miR-619-5p 5202 3'UTR 110 91 2
miR-5585-3p 5209 3'UTR 113 96 2
ID02175.3p-miR 5257 3’UTR -110 91 2
miR-1285-5p 5308 3'UTR -102 91 21
1D01237.3p-miR 5308 3'UTR 113 88 24
SPATAI3 IDO1412.5p-miR 3846 CDS 113 91 2
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Table 1 continued

miRNA Start of site, nt Reg‘onn‘fRNA’ AG, kl/mole | AG/AGmM.% mﬁf;if’n t
1D02484 3p-miR 4057 DS 2104 o1 20
1D03024.5p-miR 5010 3UTR 2110 91 »

miR-619-5p 5020 3UTR 121 100 2

miR-619-5p 5155 3UTR 117 9% 2

miR-6510-5p 5931 3UTR 2110 90 »

UOCRB miR-619-5p 1269 3UTR 121 100 2
1D00913 5p-miR 1289 3UTR 115 90 23

miR-5096 1343 3UTR 2110 98 20

miR-5585-3p 1412 3UTR 1108 93 2

1D00695 3p-miR 2233 3UTR 127 88 2

Particular evidence for the adequacy of the Mir-

Target program is in the interaction between miRNA
and mRNA nucleotides. Figure 1 shows the interac-

tion patterns of several miRNAs with mRNA nucle-

otides of the five studied genes. In the interaction
scheme of miR-619-5p with mRNA of the CYP2W1
gene, all nucleotides bind complementarily, which

reflects the absolute affinity of miRNA and mRNA.
For other miRNAs, in many cases, the interaction
of miRNA with mRNA occurs with the formation
of non-canonical A — C and G — U pairs. This inter-
action is weaker than in the case of canonical pairs;
however, the nucleotide interaction stacking in each
of the antiparallel RNA strands is preserved.

CYP2WI; miR-619-5p; 2176; -121; 100; 22
5'-GGCUCAUGCCUGUAAUCCCAGC-3"
Feerrrrrrrrrrrr e
3 ' -CCGAGUACGGACAUUAGGGUCG-5"

5 ' -GCACUUUGGGAGGCCGAGGCAGG-3"

feeeerrrrrrrr trrrrrrnd
3 ' -UGUGAAACCCUCUCGCUCCGUCC-5"

CYP2W1;1D00913.5p-miR; 2196; -117; 92; 23

IKI4A1456; 1D00367.5p-miR; 8422; -115; 93; 22
5'-UCUGUCACCCAGGCUGGAGGGC-3"

I 16 I 0 A O I A
3'-AGACAGUGGGUCCAACCUCCCC-5"

5 ' -AGGCGUGAGCCACCGCGCCCGG-3"

0 0 5 I 0 A 4 T M 1
3 '-UCCACACUCGGUGGCGCGUUCC-5"

IKIAA1456; 1D01334.3p-miR; 4132; -115; 92; 22

SLC2642; 1D01237.3p-miR; 5308; -113; 88; 24
5'-CCUGGGUGACAGAGCGAGACUCCG-3"'

FEEEE TErrrr e
3'-AGACCAACUGUCUCGUUCUGUGGU-5"

5 ' -GAGAGGGUCUCACUGUGUUGCCCA-3"

105110 01t T o T
3 ' -UUUCCUCAGAGUGACACAACGAGU-5"

ISLC26A42; 1D01838.5p-miR; 4439; -113; 90; 24

SPATAI13; 1D00913.5p-miR; 5040; -113; 88; 23
5'-GCACUUUGGGAGGCCAAGGCAGG-3"

FErrrerrerretr rrrrrrrnl
3'-UGUGAAACCCUCUCGCUCCGUCC-5"

UQCRB; ID00913.5p-miR; 1289; -115; 90; 23
5 ' -GCACUUUGGGAGGCCGAGGCGGG-3"'

0 0 1 o 1 0 N A
3 ' -UGUGAAACCCUCUCGCUCCGUCC-5"

IKIAA1456; miR-1273a; 3875; -121; 92; 25
5'-GAGACAGAGUCUCGCUCUGUCGCCC-3!

Feer et rrrrrrrtd
3'-UUCUUUCUCAGAACGAAACAGCGGG-5"

IKIAA1456; miR-1273c; 3877; -113; 93; 22
5 ' -GACAGAGUCUCGCUCUGUCGCC-3"
freeerrrrrrrrrr e
3 ' -CUGUCCCAGAGCAAAACAGCGG-5"

KIAA1456; miR-5096; 5137; -113; 100; 21
5 ' -GCCUGACCAACAUGGUGAAAC-3'

FEEEEEEErrr et rrrrd
3 '-CGGACUGGUUGUACCACUUUG-5"

ISLC26A42; miR-5585-3p; 5209; -113; 96; 22

5 ' -GCCUGUAGUCCCAGCUACUCAG-3"
O 6 00 00 1 A 0 Y

3'-UGGACAUCAGGGUCGAUAAGUC-5"

UQCRB; miR-5096; 1343;-110; 98; 21
5'-GCCUGGCCAACAUGGUGAAAC-3"

FEETEEEEr el
3'-CGGACUGGUUGUACCACUUUG-5"

UQCRB; miR-5585-3p; 1412; -108; 93; 22
5'-ACCUGUAAUCCCAGCUACUCGG-3"

O 0 6 A o
3 ' -UGGACAUCAGGGUCGAUAAGUC-5'

INote: Gene; miRNA; start of binding site (nt); the free energy, AG (kJ/mole); the AG/AGm (%); length of
miRNA (nt). In bold type highlighted the non-canonical A-C and G-U pairs of nucleotide

Figure 1 — The schemes of miRNAs interaction in 3’UTR mRNAs of candidate genes
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One way of proving the stability of miRNA and
target gene associations is identification of these as-
sociations in orthologous genes. We found that in the
orthologous genes of CYP2WI, the bond between
ID03126.5p-miR and orthologous genes of several
primates is conservative, which is reflected in the
identity of the LGLLGLWG oligopeptide in ortholo-
gous proteins of primates (Figure 2).

The oligopeptides prior to the binding site in the
Hsa and Ptr are different from other primates. The
oligopeptides located after the binding site are more
variable in the studied objects.

The miR-619-5p binding sites in the mRNA of
the five studied genes are conservative. The flanking
nucleotide sequences are variable (Figure 3).

The oligonucleotides located up to the conser-
vative binding site of mir-619-5p are very variable.
With the 3’-end, after a conserved oligonucleotide,
nucleotide variability is also high.

MALLLLLFLGLLGLWGLI.CACAQD
MALLLLLFLGLLGLWGLLRACARD
MALLLLLLLGLLGLWGLLRACARD
MALLLLLLLGLLGLWGLLRACTRD
MATLLLLLLLGLLGLWGLLRAYARD
MALLLLLLLGLLGLWGLLRAYARD

Hsa
Ptor
Pab
Nle
Mm1
Csa

Figure 2 — Regions of orthologous CYP2W1 proteins
containing the LGLLGLWG oligopeptide encoded
by ID03126.5p-miR binding sites

CTGACCCGGTGCGGTGGCTCATGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCAGGLCG CYPZWI
TAGGCTGAGCATGGTGGCTCATGCCTGTAATCCCAGCACTTTGGGAGGCCAAGGCAGAAG KIAAI456
TCGGCCAGGTGCAGTGGCTCATGCCTGTAATCCCAGCACGTTGGGAGGCCGAGGCGGGTG SLCZ6AZ
AAGGCTGGGTGCTGTGGCTCATGCCTGTAATCCCAGCACTTTGGGAGGCCAAGGCAGGTG SPATAL3
TTGGCAAGGCATGCTGGCTCATGCCTGTAATCCCAGCACTTTGGCGAGGCCGAGGCGGGTA UQCRB

Figure 3 — The regions of mRNA nucleotide sequences of
orthologous genes containing miR-619-5p binding sites

Conclusion

As a result of the research, the following con-
clusions can be drawn. The overwhelming number
of miRNA binding sites, including miR-619-5p, are
located in the 3’UTR. In the mRNA of CYP2W1I,
KIAA1456, SLC26A2, SPATA13 and UQCRB target
genes, in addition to the miR-619-5p binding sites,
the binding sites of seven, twenty, nine, five and
four miRNAs detected, respectively. In the mRNA
CYP2WI1, KIAA1456, SLC2642, SPATAI3 and
UQCRB target genes, there are clusters of miRNA
binding sites from only two or three binding sites. Es-
tablished miRNA binding sites conserved in mRNA
of orthologous primates’ genes. Schemes of interac-
tion between miRNA and mRNA nucleotides show
the important role of non-canonical A-C and G-U
pairs that were not previously taken into account by
other researchers, but they increase the free energy
of interaction of miRNA and mRNA. The revealed
associations of miRNA and CYP2WI, KIAA1456,
SLC26A42, SPATA13 and UQCRB target genes allow
us to recommend them as markers in the develop-
ment of methods for the diagnosis of the gastrointes-
tinal tract cancer.
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