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CHARACTERISTICS OF miRNA INTERACTION WITH mRNA
OF CANDIDATE GENES OF THE NON-SMALL CELL LUNG CANCER

Lung cancer is one of the most common malignant diseases. It is expected to involve more than
200 candidate genes in the development of the non-small cell lung cancer (NSCLC). The present study
aimed to study the interaction characteristics of the 137 NSCLC candidate genes and miRNAs. The data
obtained show that a significant number of genes are targets of two or more mRNAs. The mRNA of some
genes contain binding sites for several miRNAs with overlapping nucleotide sequences, which have
been termed clusters. The properties of clusters of non-small cell lung cancer genes, containing binding
sites of several miRNAs, were studied for the first time. The properties of clusters with a large number
of miRNA binding sites in the 5’UTR are considered. The mRNA of CHKA, E2F1, HMGA2, PTEN,
HTRA2, ING1, MTA3, SMARCA4, NFATC2 genes contain clusters of binding sites for the largest number
of miRNAs. Several clusters are available in the CDS mRNA of CEBPA, NOTCH3, TRIO, LATS2, RB1 and
ZBTB7A genes. 32 genes are targets of 49 miRNAs, binding sites of which are localized in the 3'UTR.
The CDK®6 and IRS1 genes have clusters with the largest number of miRNA binding sites. The AKT1, EMP
and HMGAZ2 genes have clusters of 34 nt, 40 nt and 41 nt in length, respectively, of the binding sites of
three miRNAs. Each mRNA of BCAR1, ITGA11, MYLK, PTK6, PXN, SOX2 and SSX2 genes has clusters
of the binding sites of two miRNAs. It is assumed that the expression of the examined genes will depend
more on the miRNA interacting with mRNA with a higher free binding energy.

Key words: miRNA, mRNA, Non-Small Cell Lung Cancer, target genes.
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miRNA-AbIH, 6Kne KaTepAi iciriHiH, ycak, emec »acyluaAbl CyOTHNIHIH,
KaHAMAATTbI reHaepiHih MRNA-meH e3apa apekeTiHiH, cunaTramasapbl

Okne KaTepAi iCiriHiH ycak emec >kacywaabl cyOTumiHiH AamybiHa 200-A€H Ker KaHAMAQTTbI
reHAEpAIH KaTbICybl KApacTbipblAaAbl. 3epTTeyaiH, MakcaTbl 137 ekne KaTepAi iCiriHiH ycak, emec
>KacylaAbl CyOTUMIHIH KAHAMAATTbI TeHAEPIHIH XkoHe MIRNA-AbIH ©3apa 8pekeTiHiH crnaTTamasapbIH
3epTTey 6OAAbL. AAbIHFAH MOAIMETTED FEHAEPAIH KOr CaHbl eki Hemece 0AaH Aa ke MiRNA HbicaHaAapbl
60AbIN TabblAaTbiHbIH kepceTTi. Keibip reHaepain MRNA-pAapbl KAacTepAaep Aen atasatbiH Oip-
6ipiMEH KMbICTbIPbIAFAH HYKAEOTUATI TisbekTepi 6ap GipHewe MiRNA 6aiAaHbICTbIPaTbIH CaiTTapbiH
KamTuAbl. AAraw pet GipHewe mMiRNA-HbIH 6afAaHbICTbIPATbIH CalTTapbl 6ap eKrne KaTtepAi iciriHiH
yCaK, emec cyOTuMiHiH reHAep KAacTepAepiHiH kacuetTepi 3eptTeareH. 5'UTR-ae kentereH miRNA
6anAaHbICTbIPY CalTTapbl 6ap KAacTepaepaAiH Kacuettepi Kapactbipbiraabl. CHKA, E2F1, HMGA?2,
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PTEN, HTRA2, ING1, MTA3, SMARCA4, NFATC2-TiH reHaepaiH MRNA-pbl kenwiaik miRNA-ra
apHaAfaH 6aiAaHbICTbIpy canTTapabl kKamtnabl. CEBPA, NOTCH3, TRIO, LATS2, RB1 »xeHe ZBTB7A
renaepitii mMRNA CDS-aa 6ipHewie kaactepaep 6ap. 32 reH 49 miRNA HbicaHAapbl 6OAbIN TabbIAAAbI,
OAapAbIH 6arAaHbICTbIpy canTTapbl 3'UTR anmarbiHaa AokaamsaumsaadFad. CDK6 meH IRST renaepi
eH ken MIRNA 6anAaHbICTbIpy canTTapbl 6ap kaacTepAaepai kamTtmabl. AKT1, EMP xeHe HMGA2
reHAepiHAe y3biHAbIFbI 34 nt, 40 ntand 41 nt, TmiciHwe, kAacTepaep 6ap, yw MiRNA-HbIH 6aiAaHbICTbIPY
canTrapbiHaH Typaabl. BCART, ITGA11, MYLK, PTK6, PXN, SOX2 >xaHe SSX2 reHaepiHit op6ip mRNA-
Aa eki MiIRNA-HbIH 6afAaHBICTbIPY CariTTapbiHaH TypaTblH KAacTepAepi 6ap. 3epTTeAeTiH reHAEpAiH
skcnpeccunsacbl MiRNA-meH MRNA-AbIH 6aiAaHbICYAbIH XKOFapbl 60C 3HEPrMsSCbiHA TOYEAAI.
Tyiin ce3aep: MiIRNA, mRNA, ycak emec xacyllaAbl eKrne KaTepAi iciri, HbicaHa reHAep.
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Xapaktepuctuku B3aumoaeincTeus miRNA
¢ mRNA KaHAMAQTHbIX FEHOB HEMEAKOKAETOYHOr0 paka Aerkoro

Pak Aerkmx siBASIETCS OAHMM M3 HanboAee pPacrpOCTPaHEHHbIX 3A0KAaYeCTBEHHbIX 3a60AeBaHuin. B
PasBMTUN HEMEAKOKAETOUYHOIO paka Aerkoro rnpearnoaAaraercsa yyactme 6oaee 200 KaHAMAATHbBIX FT€HOB.
LleAblo MCCAEAOBAHMS ObIAO M3YUMTb XapakTEPUCTMKM B3aMMOAENCTBMS 137 KaHAMAAQTHbIX FE€HOB
HEMEAKOKAETOYHOro paka Aerkoro u miRNA. [MoAy4yeHHble AaHHble MOKa3blBalOT, YTO 3HAUMTEAbHOE
UMCAO FEHOB SIBASIIOTCS MULLEHSAMM ABYX M 6oaee MIRNA. mMRNA HEKOTOpbIX FeHOB COAep KaT CaiTbl
CB$13bIBaHUSI HECKOAbKMX MIRNA € HaAOXKeHMeM HYKAEOTUMAHbIX MOCAEAOBAaTEAbHOCTEN, KOTopble
ObIAM Ha3BaHbl KAACTepamMu. Briepeble M3ydeHbl CBOMCTBA KAQCTEPOB FeHOB HEMEAKOKAETOUYHOro paka
AErkoro, copepykaljye camTbl CBS3biBaHMS HECKOAbKMX MIRNA. PaccMoTpeHbl CBOMCTBA KAAQCTEPOB C
OGOAbLLIMM YMCAOM caitToB cBa3biBaHnsg MIRNA B 5’UTR. mRNA renos CHKA, E2F1, HMGA2, PTEN,
HTRA2, ING1, MTA3, SMARCA4, NFATC2 coaep>kaT KAaCTepbl CalnTOB CBS3bIBAHUSI AASI HAMOOAbBLLIErO
koAanyectBa MiRNA. Heckoabko kaactepoB mumeetcs B CDS mRNA reHos CEBPA, NOTCH3, TRIO,
LATS2, RB1 n ZBTB7A. 32 reHa gBAsitoTCS MulleHamn 49 miRNA, caiTbl CBSI3blBaHUSI C KOTOPbIMU
AOKaAM3oBaHbl Ha yuactke 3’UTR. Tenbl CDK6 1 IRST 06AaaatoT KAacTepamMm € HaMBGOAbLIMM YUCAOM
cantoB cBsi3biBaHns MIRNA. B reHax AKT1, EMP 1 HMGA2 umetotcs kaactepbl AAMHOM 34 HT, 40
HT and 41 HT, COOTBETCTBEHHO, M3 CanTOB CBa3biBaHus Tpéx MIRNA. Kaxaas mRNA reqos BCART,
ITGA11, MYLK, PTK6, PXN, SOX2 1 SSX2 umeloT KAacTepbl M3 CalTOB CBS3biBaHMS ABYX MIRNA.
[NpeAnoAaraeTcst 4To 3KCNPeccusi PACCMOTPEHHbIX FeHOB BYAET 3aBMCETb B GOAbLLEN CTENeHn OT MiR-
NA B3anmoaericteyowern ¢ mRNA ¢ 60AbLIelt CBOOOAHOM SHEPIUEN CBSA3M.

KatoueBbie croBa: miRNA, mMRNA, HEMEAKOKAETOUHbBIN paK AErkoro, reHbl-MULLIEHN.

Introduction

Lung cancer is one of the most common ma-
lignant diseases. Lung cancer consists of two main
subtypes: small-cell lung cancer (SCLC) and non-
small-cell lung cancer (NSCLC) that are classified
according to their physiological phenotypes (Pao
W., 2011). NSCLC may be mainly divided into two
pathological subtypes, adenocarcinoma and squa-
mous cell carcinoma (Houston K., 2014). Emerging
studies demonstrated that genes and miRNAs played
fundamental roles in prognosis, diagnosis, treatment
and metastatic potential of lung cancer subtypes.
CBX3 and CRABP2 genes expression was mark-
edly increased in lung cancer tissues and especially

CRABP?2 may be promising candidate genes in lung
adenocarcinoma (Han SS., 2014). The expression of
APOC]I gradually increased from early to late stage
in lung cancer patients (Ko HL., 2014). The level
of Rb1 expression in NSCLC was inversely corre-
lated with those of miR-155 and MCRS! (Liu M.,
2015). INGS5 was offered as a potent tumor suppres-
sor in lung cancer growth and metastasis (Zhang F.,
2015). RACK] is a candidate gene associated with
the prognosis of patients with early stage non-small
cell lung cancer (Choi YY., 2015). ARHGDIB and
HOXD3 demonstrated significant associations with
the overall survival of lung cancer patients (Huang
T., 2015). SFRPI was specifically indicated to target
B-catenin, and thus might be targeted by epigenetic
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therapy in NSCLC cell lines (Taguchi YH., 2016).
NEK2, DLGAPS and ECT2 were found to be highly
expressed in tumor samples of lung cancer patients
and might be used as promising biomarkers for the
early detection of lung cancer, as well as predict-
ing the prognosis of lung cancer patients (Shi YX.,
2017). Human epidermal growth factor receptor 2
(HER?2 or ErbB2) can be overexpressed, amplified
and/or mutated in malignant tumors, and is a candi-
date for therapeutic targeting. However, molecular
associations and clinical significances of these alter-
ations were controversial in lung cancer (Kim EK.,
2017). Combination of CALR and PDIA3 might
serve as an efficient biomarker and improved the
prediction of NSCLC prognosis significantly (Wang
K., 2017). TOP24, MELK and CENPF genes might
contribute to high proliferation and early metastatic
spread of SCLC cells (Mizuno K., 2017). CNTN6
and LBX2 genes were commonly downregulated in
all the 4 stages of NSCLC (Wang J. 2017). A2MLI,
CCNEI, COBL, ESCO2, GPRI115, MMP10, OVOLI
and SCGBI1A1 genes may be used as potential prog-
nostic biomarkers of lung squamous cell carci-
noma (Zhang W., 2018). AFAP1-ASI, BLACATI,
LOC101928245, and FENDRR were most differen-
tially expressed IncRNAs in lung adenocarcinoma
(Ding X., 2018). TTF1, SP-A, Napsin A, MUC5AC,
CDX2 and CKS5 genes allows to identify prognostic
subgroups among lung ADC (Tabbo F., 2018). Pre-
viously, we studied the associations of miRNAs and
mRNAs of genes involved in the development of
non-small cell lung cancer (Niyazova R.Y., 2015).
The data on the functions of genes increases every
year, and accordingly increases the number of can-
didate genes. The present study aimed to identify
the interaction characteristics of potential candidate
genes and miRNAs and identification the clusters of
binding sites and their properties.

Materials and methods

The nucleotide sequences of 243 candidate genes
of'the BC subtypes were downloaded from GenBank
(http://www.ncbi.nlm.nih.gov). 3701 miRNAs
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
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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 NSCLC subtype of lung
cancer.

Results and Discussion

It is expected to involve more than 200 candidate
genes in the development of the NSCLC subtype of
lung cancer. Tables 1-3 show characteristics of the
interaction of miRNA with mRNA of 137 NSCLC
candidate genes. The data obtained from this study
show that a significant number of genes are targets
for two or more miRNAs. Among these genes, those
that contain mRNA binding sites with overlapping
of nucleotide sequences are of particular interest.
These groups of miRNA binding sites are called
clusters.

In the article considered the properties of clusters
with a large number of miRNA binding sites in the
5’UTR (Table 1). Ten mRNAs of the candidate
genes have clusters for two miRNA binding sites
and six clusters for three miRNA binding sites. The
mRNA of CHKA gene have 13 miRNA binding
sites, three binding sites for miR-2-3313-3p, and
two binding sites for miR-19-21199-3p and miR-1-
155-3p. The total cluster length of all binding sites
is 362 nt, and the cluster has a length of 44 nt, which
is 8.2 times smaller than the total length. The 5’UTR
of the CHKA gene is 214 nt, that is, less than the
total length of all binding sites. Due to the compact
arrangement of the 12 miRNAs binding sites, they
occupy only 21% of the 5’UTR length.
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Table 1 — Characteristics of miRNAs interaction in the 5’UTR mRNA of NSCLC candidate gene

Gene Characteristics of binding
ACTN4 | miR-19-41803-3p, 86, 90, -113, 22
ACVRLI |miR-19-44097-5p, 165, 92, -123, 23
miR-12-32997-5p, 67 + 81 (3), 89 + 94, -125 + -132, 23; miR-1-3554-3p, 73, 89, -121, 23; miR-8-22944-3p, 143,
ADAM?23
93,-115, 20
ALK miR-2-4035-3p, 51 + 52 (2), 90 + 100, -117 + -129, 23
BAD miR-11-29089-3p, 237, 90, -113, 22
BCARI | miR-20-22562-3p, 127, 89, -134, 24; miR-19-35955-3p, 136, 89, -117, 23
miR-7-18337-3p, 173, 91, -123, 23; miR-17-39011-3p, 222 + 228 (3), 89 + 92, -117 + -121, 23; miR-3-8809-3p,
BMI1
251,90, -117,22
BMP4 miR-9-26506-3p, 33, 90, -110, 22
CASP9  |miR-1-2631-5p, 100, 91, -106, 21; miR-17-38067-3p,180,93, -132,23; miR-14-37896-3p, 272,93,-115,21
CDI51 miR-19-21199-3p, 24, 89, -140, 25; miR-3-8100-5p, 20, 88, -129, 24; miR-3-9461-3p, 30, 89, -121, 23
CD44 miR-16-40163-5p, 129, 90, -121, 23
CDC42 | miR-2-4804-5p, 115+ 116 (2), 93 =97, -117 + -121, 24; miR-19-43871-5p, 120, 91, -110, 22
CDC6 miR-10-27065-3p, 7, 92, -115, 21
CDHI miR-14-36073-5p, 57, 89, -123, 23
CDK6 miR-17-21769-5p, 261, 91, -106, 21
miR-2-3313-3p, 51 + 54 (3), 87 + 89, -138 + -142, 25; miR-3-8100-5p, 53, 90, -132, 24; miR-2-4453-3p, 54, 92,
-121, 21; miR-19-21199-3p, 56 = 57 (2), 88, -138, 25; miR-1-155-3p, 57 + 62 (2), 91, -125, 22; miR-20-43381-
CHKA 5p, 61, 94, -123, 21; miR-19-43966-3p, 64, 89, -125, 23; miR-7-15849-3p, 65, 100, -115, 18; miR-22-23987-3p,
66,92, -121, 21; miR-5-8853-5p, 69, 93, -117, 20; miR-9-13610-3p, 69, 97, -127, 21; miR-13-18339-3p, 70, 88,
-125, 24; miR-1-367-3p, 95, 89, -125, 23
CYLD miR-15-37972-3p, 15, 90, -110, 22
CYR61 miR-20-45753-5p, 80, 94, -127, 22; miR-7-15849-3p,125,96,-110,18; miR-12-26632-3p,180,89,-125, 23
DDRI1 miR-5-14114-5p, 73, 91, -125, 23
DIABLO | miR-9-25031-3p, 409 + 426 (2), 92, -119, 21
DKK3 | miR-19-42426-5p, 93, 92, -125, 23
DLX5 miR-1-1418-3p, 46, 92, -117, 20; miR-11-18690-5p, 82, 90, -110, 22
DPP4 miR-3-9273-3p, 369, 93, -108, 20
DVLI miR-20-45152-5p, 23, 89, -132, 24
miR-4-11239-3p, 84, 93, -115, 20; miR-20-45152-5p, 84 + 85 (2), 90 + 100, -134 + -149, 24; miR-2-4453-3p, 87,
E2F1 94, -123, 21; miR-1-1714-3p, 90, 93, -117, 20; miR-12-5800-5p, 90, 93, -113, 20; miR-19-21199-3p, 90, 88, -138,
25; miR-8-24509-3p, 90, 100, -108, 17; miR-2-3313-3p, 91, 87, -138, 25
ECT2 miR-17-34996-5p, 231, 93, -115, 23
prEypy | MiR-19-41434-3p, 331,93, -113, 21; miR-5-14114-5p, 333, 89, -123, 23; miR-17-39672-3p, 338, 91, -113, 21;
miR-20-44786-5p, 425, 93, -121, 21
EGRI miR-15-32047-5p, 13, 90, -132, 24; miR-2-3313-3p, 13, 91, -144, 25; miR-22-46979-5p, 14, 91, -125, 23; miR-
10-13655-3p, 15,91,-123,22; miR-15-38504-5p,90,92,-138,24; miR-1-123-3p, 216, 89, -123, 24
miR-11-29089-3p, 17, 90, -113, 22; miR-9-20317-3p, 106 + 116 (4), 90, -134, 24; miR-17-39416-3p, 111 + 114
EIF24K2 | (2),92,-121, 22; miR-5-15733-3p, 116, 90, -134, 24; miR-1-3679-3p, 455, 90, -113, 23; miR-1-3679-5p, 455, 90,
-113,23
EIF4B miR-3-10329-5p, 100, 92, -125, 24
ENG miR-16-37746-3p, 6, 91, -123, 23
EPASI miR-16-37573-3p, 273, 93, -119, 21; miR-17-37993-5p, 418, 90, -115, 22

86

Bectauk. Cepust 6uonorndeckast. Ne3 (76). 2018




Niyazova R.E. et al.

Continuation of table 1

Gene Characteristics of binding
EPB4IL3 |miR-5-15611-5p, 7,90, -117, 22
EPHA2 |miR-17-39972-5p, 56, 93, -108, 20
EPHA3 | miR-20-28747-5p, 32, 90, -110, 22
EPHB6 | miR-19-41131-3p, 21, 94, -136, 23; miR-17-38067-3p, 75, 90, -127, 23
ERBB3 miR-1-163-3p, 114 + 115 (2), 91 + 93, -110 + -113, 21
ERRFII | miR-3-9439-3p, 4, 96, -108, 18; miR-5-15733-3p, 4, 90, -134, 24; miR-11-25459-3p, 100, 90, -119, 23
EZHD miR-2-6831-5p, 112, 95, -113, 20; miR-5-15733-3p, 120, 93, -138, 24; miR-19-36133-3p, 122, 90, -119, 22; miR-
3-9439-3p, 126, 98, -110, 18; miR-13-32613-3p, 127, 88, -125, 24
FENI miR-21-45306-5p, 320, 89, -121, 23
FOXOI miR-14-14807-5p, 120, 91, -110, 21; miR-12-17229-5p, 228, 91, -110, 22; miR-1-654-3p, 305, 92, -115, 20; miR-
22-40302-3p, 356, 90, -119, 22
GATA? miR-8-25030-3p, 189, 89, -117, 23; miR-11-28671-3p, 210, 90, -115, 22; miR-8-4989-5p, 413, 93, -115, 20; miR-
12-5800-5p, 415, 95, -115, 20
miR-2-3313-3p, 99, 87, -138, 25; miR-17-38391-3p, 312, 90, -115, 23; miR-3-9317-3p, 314, 90, -110, 22; miR-
19-43373-3p, 539, 93, -119, 21; miR-15-32047-5p, 541 + 544 (2), 88 + 91, -129 + -134, 24; miR-1-265-3p, 542,
HMGA2 |91, -125,22; miR-17-41168-3p, 542, 95, -117, 20; miR-3-9301-5p, 542, 93, -115, 20; mir-1-2121-3p, 544, 93,
-146, 25; miR-19-33623-3p, 544 + 545 (2), 89 + 96, -132 + -142, 24; miR-1-155-3p, 550, 95, -132, 22; miR-10-
26815-5p, 575, 88, -121, 24; miR-11-18690-5p, 585, 90, -110, 22; miR-1-1819-3p, 788, 89, -123, 23
HNRNPD | miR-12-31754-5p, 141, 89, -117, 23
HTRA? miR-22-46979-5p, 239, 91, -125,23; miR-15-32047-5p, 241, 90, -132, 24; miR-17-40348-5p, 243, 89, -121, 23;
miR-19-21199-3p, 243, 89, -140, 25; miR-2-4005-5p, 243, 94, -140, 24
miR-8-22077-3p, 361, 95, -127, 22; miR-19-34067-3p, 531, 89, -119, 23; miR-11-28698-5p, 595, 92, -127, 23,
INGI miR-2-4005-5p, 657, 89, -132, 24; miR-1-275-3p, 664, 90, -127, 23; miR-19-43966-3p, 665, 89, -125, 23; miR-1-
155-3p, 667, 92, -127, 22; miR-3-9441-3p, 667, 91, -127, 23; miR-17-40274-3p, 820, 90, -113, 22
JAK1 miR-11-29827-3p, 66, 90, -129, 24
KIF14 miR-14-35852-5p, 223,91, -113,22
miR-17-39416-3p, 17 +29 (2), 92 + 94, -121 = -123, 22; miR-9-20317-3p, 37, 89, -132, 24; miR-13-32878-3p,
KRAS
96,91, -113, 21
LATS2 miR-2-4453-3p, 92, 92, -121, 21
LRIG3 miR-4-11437-3p, 170, 89, -125, 23; miR-7-20431-3p, 170, 90, -113, 22
MAPKI | miR-17-39570-5p, 11, 97, -132, 22
MAPK3 | miR-17-36936-3p, 84, 90, -113, 22
miR-17-39416-3p, 110, 92, -121, 22; miR-5-15733-3p, 127, 90, -134, 24; miR-12-32603-3p, 145, 90, -113, 23;
MTA3 miR-22-40302-3p, 146, 90, -119, 22; miR-16-37579-3p, 153, 91, -110, 21; miR-1-1819-3p, 158, 89, -123, 23;
miR-19-43342-3p, 162, 90, -119, 22
MYC miR-19-44540-3p, 14, 93, -132, 23; miR-3-9461-3p, 16, 89, -121, 23; miR-2-5150-5p, 22, 91, -113, 21; miR-19-
44191-3p, 232, 87, -132, 25; miR-17-39987-3p, 296, 90, -110, 22
MYLK miR-13-18339-3p, 59, 91, -129, 24; miR-17-40321-3p, 75, 90, -113, 22
miR-20-45152-5p, 4, 89, -132, 24; miR-1-1714-3p, 10, 92, -115, 20; miR-2-3313-3p, 10, 87, -138, 25; miR-19-
NFATC2 | 21199-3p, 10 + 12 (2), 88 + 91, -138 + -142, 25; miR-17-40348-5p, 12, 91, -123, 23; miR-10-13655-3p, 13, 94,
-127, 22; miR-20-43381-5p,17,92,-121,21; miR-19-43966-3p,179,89,-125, 23
NFKBI miR-10-13655-3p, 126, 94, -127, 22; miR-17-40141-3p, 223, 92, -115, 20; miR-9-13610-3p, 231, 95, -125, 21;
miR-19-42137-5p, 292, 89, -117, 23
NKX2 miR-11-18690-5p, 306, 95, -117, 22
ORAI3 miR-12-34513-5p, 136, 88, -121, 24
PDK1 miR-2-4736-5p, 2, 92, -121, 21; miR-5-16438-3p, 3, 92, -121, 22
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miR-20-43459-5p, 75, 92, -115, 20; miR-5-15564-3p, 486, 91, -125, 22; miR-17-39416-3p, 531, 90, -119, 22;
PTEN miR-3-9439-3p, 533, 96, -108, 18; miR-5-15733-3p, 533, 89, -132, 24; miR-7-20203-3p, 536, 90, -121, 22; miR-
17-40141-3p, 705, 92, -115, 20; miR-17-41310-3p, 708, 96, -110, 18; miR-3-9461-3p, 790, 89, -121, 23
PTGIS miR-19-44127-3p, 13, 90, -134, 24
PTGS2 miR-9-23969-3p, 108, 92, -123, 21
PXN miR-11-29831-3p, 2 + 3 (2), 89,-134, 24; miR-17-39227-3p,4,89,-123,23; miR-10-8203-5p,7,92,-115, 20
RAF1 miR-3-8604-5p, 303, 90, -115, 22
RBL2 miR-5-16634-3p, &, 90, -121, 22
REPS2 miR-9-20317-3p, 64, 91, -136, 24; miR-5-15733-3p, 67 + 73 (2), 89 + 91, -132 + -136, 24; miR-17-39416-3p, 71,
90, -119, 22; miR-3-9439-3p, 73, 96, -108, 18
RHOA miR-16-38447-3p, 16, 90, -121, 23; miR-19-21199-3p, 97, 88, -138, 25
RND3 miR-2-6824-3p, 100, 90, -110, 22
RRM1 miR-10-28238-3p, 123, 93, -108, 20
S§10042 | miR-9-24929-3p, 133, 89, -115, 23
SMARCA4 miR-10-26812-3p, 85, 91, -132, 24; miR-20-44754-3p, 86, 89, -123, 23; miR-5-14873-3p, 87, 94, -125, 22; miR-
11-29999-3p-2, 96, 90, -129, 24; miR-3-8775-3p, 98, 88, -123, 24
SOX2 miR-19-43069-3p, 344, 89, -117, 23
STK11 miR-7-21139-3p, 47, 90, -134, 24; miR-19-43345-3p, 113, 92, -125, 24; miR-22-16963-5p, 254, 91,-127,22
TACC3 miR-3-8242-5p, 70, 89, -119, 23
TGFBR3 |miR-7-19076-5p, 49, 91, -110, 22
miR-1-2077-5p, 32, 93, -110, 20; miR-10-27065-3p, 140, 92, -115, 21; miR-8-977-5p, 140 + 141 (2), 89 + 91,
TJP2 )
-125+-127,23
TWISTI miR-1-3558-3p, 153, 91, -113, 22; miR-5-14114-5p, 157, 91, -125, 23; miR-19-43426-5p, 173, 93, -121, 21; miR-
16-37196-5p, 233, 93, -115, 20
USPI miR-2-4600-5p, 574, 90, -117, 23
USP15 miR-2-3313-3p, 24, 89, -142, 25; miR-17-35260-3p, 28, 90, -115, 22
miR-1-265-3p, 9, 92, -127, 22; miR-19-21199-3p, 14 + 104 (8), 88 + 95, -138 + -149, 25; mir-1-2121-3p, 15 +
96 (7), 88 + 95, -138 + -149, 25; miR-19-33623-3p, 15+ 99 (5), 89 + 93, -132 + -138, 24; miR-20-22562-3p,15
+103 (3),90 + 97,-136 + -146,24; miR-3-9461-3p,17,89,-121,23; miR-20-43381-5p, 18 + 105 (2), 94 + 98, -123
+-129, 21; miR-4-6496-3p, 23 + 110 (3), 92 + 95, -119 + -123, 21; miR-3-9137-3p, 29, 89, -123, 23; miR-2-
4005-5p, 44 + 94 (2), 90 = 91, -134 + -136, 24; miR-8-4989-5p, 45 + 95 (2),93,-115, 20; miR-9-25099-3p, 68,90,-
115,22; miR-15-32047-5p, 89 + 98 (4), 88 + 91, -129 + -134, 24; miR-17-41168-3p, 90 + 93 (2), 93 + 95, -115 =
USP7 -117, 20; miR-20-45152-5p, 92, 89, -132, 24; miR-3-8100-5p, 92, 91, -134, 24; miR-2-3313-3p, 93 + 98 (4), 88
+92, -140 + -146, 25; miR-2-4453-3p, 93 + 101 (3), 94, -123, 21; miR-17-40348-5p, 94, 92, -125, 23; miR-10-
13655-3p, 95 + 104 (5), 91, -123, 22; miR-1-155-3p, 95 + 107 (4), 92 = 98, -127 + -136, 22; miR-17-42540-3p,
95 + 121 (2), 92, -115, 20; miR-8-24509-3p, 96, 100, -108, 17; miR-19-43966-3p, 99, 89, -125, 23; miR-16-
13062-5p, 102 + 108 (2), 90 + 91, -134 + -136, 24; miR-5-8853-5p, 104, 93, -117, 20; miR-22-16963-5p, 104 +
110 (3), 91 =92, -127 + -129, 22; miR-22-23987-3p, 104 + 110 (2),94,-123, 21; miR-4-11923-3p, 105, 95, -127,
22; miR-16-38418-5p, 108 + 130 (2), 95, -115, 19; miR-5-16438-3p, 116, 90, -119, 22; miR-22-16699-3p, 121 +
122 (2), 92, -117, 20; miR-5-12460-5p, 135, 90, -129, 24
40 miR-19-41131-3p, 17 + 18,90 + 91, -129 + -132, 23
YBX1 miR-2-4453-3p, 81, 92, -121, 21; miR-2-4736-5p, 82, 92, -121, 21; miR-22-23987-3p, 92, 130, -121, 21
ZBTB7A miR-12-17704-3p, 104, 94, -132, 23; miR-7-22377-3p, 107, 97, -132, 22; miR-19-30988-5p, 109, 90, -129, 23;
miR-5-16165-5p, 112, 95, -115, 20
ZFX miR-15-32047-5p, 27, 88, -129, 24; miR-19-21199-3p, 29, 88, -138, 25; miR-1-356-5p, 31, 93, -136, 23

Note: miRNA; the beginning of binding site; the AG/AGm (%); the free energy change (AG, kJ/mole); length of miRNA (nt)
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In the cluster organization of miRNA binding
sites, the problem of competition between miRNA
for binding with mRNA is peculiarly solved. If
miRNA within the RISC complex binds to mRNA
in a cluster of 44 nt in length, another miRNA in the
RISC complex will no longer be able to communicate
with it. Thus, the expression of CHKA gene will
depend more on miRNA interacting with mRNA
with a higher free binding energy. In considered
example, miR-2-3313-3p has three binding sites in
the cluster. There is a cluster in the mRNA of E2F]
gene with a length of 33 nt including eight miRNAs
binding sites. The total length of these binding sites
is 196 nt, that is more of the length of the 5’UTR
which equal to 140 nt. With the cluster organization
of binding sites for eight miRNAs, they occupy
only 24% of the length of the 5’UTR. Among these
miRNAs, miR-20-45152-5 has the greatest free
energy, which has two binding sites in mRNA of
E2F1 gene.

The mRNA of HMGA2 gene can bind 16
miRNAs. The binding sites of miR-17-38391-3p
with miR-3-9317-3p and miR-10-26815-5p with
miR-11-18690-5p form two clusters. Binding
sites for seven miRNAs with a total length of 205
nt are organized into a cluster 32 nt long, which is
4% of the length of the S’UTR mRNA of HMGA?2
gene.

The mRNA of PTEN gene can bind 9 miRNAs.
The binding sites of miR-17-39416-3p and miR-17-

40141-3p form two clusters. Binding sites for four
miRNAs with a total length of 86 nt are organized
into a cluster 27 nt long, which is 0.3% of the length
of'the 5’UTR of PTEN gene.

Each of the mRNA of HTRA2, INGI, MTA3
and SMARCA4 genes have clusters of the binding
sites of five mRNAs. Seven miRNAs can bind to the
mRNA of NFATC?2 gene, wherein miR-19-21199-
3p has two binding sites and interacts with free
energy -138 + -142 kJ/mole.

The USP7 gene is unique, the mRNA of which
has a cluster of binding sites of 33 miRNAs with a
length of 151 nt, with the 5’UTR length of 199 nt.
The total length of all 33 miRNA binding sites is
1798 nt, which is nine times more than the length of
the S’UTR.

Table 2 presents data on the characteristics of
the interaction of miRNA in the CDS mRNA of the
candidate NSLC genes.

mRNA of CEBPA, NOTCH3 genes can bind
with 17 miRNAs. The miRNAs binding sites in the
mRNA of CEBPA gene form three clusters. The 13
miRNA binding sites form a 35 nt long cluster. The
miRNA binding sites in mRNA of CEBPA gene
form one cluster with a total length of 50 nt.

The mRNA of TRIO gene can bind 14 miRNAs.
The binding sites of seven miRNAs are organized in
a cluster of 306 nt in length.

Eight miRNAs have clusters of binding sites in
mRNA of LATS2, RBI and ZBTB7A4 genes.

Table 2 — Characteristics of miRNAs interaction in the CDS mRNA of NSCLC candidate gene

Gene Characteristics of binding
ABCCI10 |miR-14-35246-5p, 3430, 88, -121, 24
ACLY miR-11-24912-5p, 1084, 91, -108, 21
ADAM?23 | miR-5-3563-5p, 337, 94, -129, 22; miR-4-13274-3p, 340, 91, -113, 21
AKTISI | miR-12-30944-5p, 824,91, -110, 22
ALK miR-9-23745-3p, 1036, 95, -115, 20; miR-16-38700-5p, 1337, 92, -125, 23; miR-3-10496-3p, 3079, 89, -117, 23;
miR-1-2802-3p, 3395, 90, -113, 22; miR-8-22818-3p, 5212, 96, -108, 20
miR-12-32603-3p, 687 + 741 (2), 92 = 93, -115 + -117, 23; miR-9-26506-3p, 751, 91, -113, 22; miR-9-25099-3p,
ANP324
778, 90, -115, 22
BCARI miR-17-42375-5p, 662, 89, -119, 23; miR-3-6141-3p, 888, 92, -100, 20
BIRCE miR-8-23323-3p, 221, 89, -121,23; miR-18-41949-5p, 264, 90, -121, 22; miR-2-5674-3p, 266, 89, -123, 23; miR-
9-20317-3p, 266, 90, -134, 24
BMP4 miR-19-44061-5p, 906, 91, -106, 21
CARDI0 miR-16-37330-3p, 6, 92, -117, 21; miR-19-38260-3p, 24, 90, -113, 22; miR-12-32603-3p, 1167, 90, -113, 23;
miR-1-875-3p, 1820, 90, -115, 22
CCDC6 miR-10-29090-5p, 245 + 246 (2), 91 = 100, -110 + -121, 21; miR-9-27797-5p, 338, 88, -125, 24; miR-11-29839-
5p, 1505, 89, -115, 23
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Gene Characteristics of binding
CDHI miR-2-6803-5p, 484, 90,-119,22; miR-1-3928-3p, 573, 90, -110, 22; miR-15-37333-3p, 2454, 92,-100,20

miR-22-45959-3p, 97, 90, -113, 22; miR-20-24547-3p, 138, 90, -121, 22; miR-1-124-5p, 199, 89, -134, 24; miR-
CDT1 5-3563-5p, 200, 91, -125, 22; miR-5-14705-3p, 202, 95, -123, 21; miR-10-13751-3p, 204, 94, -123, 21; miR-21-
45472-3p, 210, 89, -125, 23; miR-4-14131-5p, 287, 88, -121, 25; miR-14-33186-5p, 578, 90, -132, 24

miR-19-28028-5p, 233, 89, -132, 24; miR-21-23994-3p, 236, 91, -113, 21; miR-19-33623-3p, 648, 89, -132, 24;
mir-1-2121-3p, 648 = 651 (2), 89 + 91, -140 = -142, 25; miR-2-3313-3p, 651 + 654 (2), 87 = 88, -138 + -140, 25;
miR-19-21199-3p, 651 + 660 (4), 88 = 96, -138 = -151, 25; miR-12-5800-5p, 653, 95, -115, 20; miR-2-4453-3p,
CEBPA | 654,95, -125, 21; miR-10-13655-3p, 654 = 657 (3), 92 + 94, -125 + -127, 22; miR-1-155-3p, 654 = 660 (3), 91 +
94, -125 + -129, 22; miR-4-6496-3, 657, 92, -119, 21; miR-5-8853-5p, 657, 93, -117, 20; miR-19-43966-3p, 658,
89, -125, 23; miR-4-11923-3p, 661, 92, -123, 22; miR-20-43381-5p, 661, 97, -127, 21, miR-20-40417-3p, 777,
96, -113, 19; miR-22-16963-5p, 782, 91, -127, 22

CHFR miR-1-3633-5p, 1537, 90, -121, 22; miR-19-21199-3p, 386 + 395 (4), 88 + 92, -138 + -144, 25

mir-1-2121-3p, 386 + 423 (4), 88 + 96, -138 + -151, 25; miR-1-155-3p, 389, 91, -125, 22; miR-3-8100-5p, 397,
CHKA 93, -136, 24; miR-19-33623-3p, 422 + 423 (2), 89 + 94, -132 + -140, 24; miR-20-22562-3p, 429 + 430 (2), 92,
-138, 24

CTDSPL |miR-16-20705-3p, 852, 89, -123, 24
DAPKI miR-2-6184-3p, 4436, 89, -115, 23

miR-8-21738-3p, 570, 90, -110, 22; miR-3-10387-3p, 2409, 91, -110, 22; miR-3-10387-5p, 2409, 91, -110, 22;
miR-7-23800-3p, 2871, 91, -123, 23

DIABLO | miR-1-2802-3p, 1465, 90, -113, 22
DLX5 | miR-1-1488-5p, 489, 88, -108, 24; miR-22-44023-3p, 1015, 92, -121, 21
DVLI | miR-9-23297-3p, 1087, 93, -106, 20

miR-20-23817-3p, 290 = 291 (2), 100, -153, 24; miR-10-5299-5p, 290 + 291 (2), 95, -115, 19; miR-17-40141-3p,
E2F1  |295,93,-117, 20; miR-1-1714-3p, 381, 95, -119, 20; miR-17-36033-3p, 446, 87, -129, 25; miR-22-44137-3p,
764, 89, -115, 23; miR-22-44137-5p, 764, 89, -115, 23; miR-16-36797-3p, 1382, 93, -115, 22

EGFR miR-3-7886-3p, 1779, 88, -127, 24

miR-9-25082-3p, 467, 90, -127, 24; miR-22-40302-3p, 470, 92, -121, 22; miR-11-18690-5p, 806, 90, -110, 22;
miR-5-14103-5p, 813, 93, -108, 20; miR-2-6184-3p, 1682, 89, -115, 23

EIF4E miR-8-18887-3p, 2148, 92, -93, 21

ENG miR-16-37839-3p, 508, 89, -115, 23; miR-11-28996-5p, 1159, 90, -115, 23

ENOI miR-17-39143-3p, 1554, 88, -121, 24

EPASI miR-17-40452-5p, 1446, 90, -117, 22; miR-5-15664-3p, 1928, 92, -104, 20
EPB4IL3 |miR-19-36133-3p, 154, 95, -125, 22

miR-2-6640-3p, 204, 90, -119, 23; miR-22-46516-3p, 211, 92, -117, 21; miR-17-40725-5p, 756, 90, -110, 22;
miR-22-40730-3p, 1148, 90, -113, 22; miR-2-6494-3p, 2706, 92, -102, 21

EPHB6 miR-12-30818-5p, 1607, 88, -123, 24; miR-12-32998-3p, 3815, 90, -113, 22
FGF2 miR-8-22077-3p, 344, 92, -123, 22; miR-17-36033-3p, 383, 87, -129, 25

miR-9-20317-3p, 655 + 658 (2), 91 + 94, -136 + -140, 24; miR-5-15564-3p, 660, 91, -125, 22; miR-5-15733-3p,
FOXO0lI 661, 89, -132, 24; miR-3-9439-3p, 667, 96, -108, 18; miR-2-3313-3p, 669, 89, -142, 25; miR-15-39028-5p, 745,
91, -123, 23; miR-3-9461-3p, 749, 91, -123, 23

FUBP! | miR-12-30416-5p, 1503, 90, -115, 22
GATA2 | miR-5-17240-3p, 859, 89, -119, 23; miR-4-12483-3p,865,90,-115,22; miR-16-38537-3p,877,89,-125,24
HNRNPD | miR-11-29998-3p, 366, 89, -125, 23
HSPBI | miR-1-265-3p, 320, 92, -127, 22
HTRA2 | miR-8-22077-3p, 962, 90, -121, 22; miR-1-1670-5p, 1185, 90, -110, 22
IDI miR-8-977-5p, 117, 91, -127, 23; miR-4-6496-3p, 122, 93, -121, 21; miR-11-29553-3p, 123,92, -119, 21
ILK3  |miR-3-11072-3p,318,90,-113,22; miR-20-44572-3p,730,90,-113,22; miR-22-44471-3p,1388,91, -102.21

DDRI1

EGRI

EPHA2
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IRS] miR-3-7886-3p, 412, 88, -127, 24; miR-8-23997-5p, 1418, 94, -102, 19; miR-22-45452-5p, 2084, 92, -102, 20;
miR-10-26714-5p, 2085, 89, -121, 24; miR-19-37450-3p, 3446, 93, -106, 21
JAKI miR-3-10699-5, 2532, 96, -108, 21
miR-5-14233-3p, 1673, 88, -125, 24; miR-1-124-5p, 1705, 90, -136, 24; mir-1-2121-3p, 1851, 91, -142, 25; miR-
LATS? 17-40081-5p, 1851, 91, -134, 23; miR-19-33623-3p, 1851, 89, -132, 24; miR-1-28-5p, 1854,90, -134, 24; miR-11-
28484-5p, 1856, 90, -117, 22; miR-22-16963-5p, 1857 + 1863, 91 + 92, -127 + -129, 22; miR-9-25031-3p, 1861,
98,-127, 21; miR-2-2621-5p, 1864, 95, -134, 22
MAP2K4 | miR-7-20203-3p, 91, 92, -123, 22
MAPKI miR-5-14873-3p, 243, 90, -121, 22; miR-9-20317-3p, 243, 90, -134, 24; miR-17-39416-3p, 244, 92, -121, 22;
miR-19-41910-5p, 246, 90, -132, 24; miR-12-33610-3p, 246, 91, -136, 24
MAPK3 | miR-1-2802-3p, 1144, 93, -117, 22; miR-19-42375-3p, 1144, 91, -110, 21
MYLK miR-3-9317-3p, 5995, 91, -113, 22
NFKBI miR-11-29785-3p, 2249, 91, -108, 21; miR-11-29785-5p, 2249, 91, -108, 21
NKX2 miR-7-7134-3p, 431, 93, -113, 20; miR-9-22187-3p, 1041, 89, -119, 23; miR-5-15704-3p, 1048, 97, -123, 21;
miR-3-8419-3p, 1289, 89, -121, 23
NNMT miR-1-2236-3p, 1014, 90, -113, 22
miR-20-45152-5p, 85, 93, -138, 24; miR-15-32047-5p, 85 + 86 (2), 88, -129, 24; miR-2-3313-3p, 85 + 92 (3),
89 + 93, -142 + -149, 25; miR-11-1939-5p, 87, 92, -115, 20; miR-2-4005-5p, 88 + 113 (2), 89, -132, 24; miR-9-
NOTCH3 5204-5p, 89, 90, -121, 22; miR-12-5800-5p, 90, 93, -113, 20; miR-19-8151-3p, 90 + 115 (2), 92, -117, 21; miR-
11-28656-5p, 91, 89, -125, 23; miR-2-4453-3p, 94, 92, -121, 21; miR-19-43966-3p, 126, 94, -132, 23; miR-11-
32084-3p, 4257, 91, -110, 22; miR-21-44879-5p, 4305, 92, -117, 23; miR-8-23353-3p, 6288, 90, -121, 22; miR-5-
15599-5p, 6340, 90, -110, 22; miR-2-6803-5p, 6799, 90, -119, 22; miR-3-10473-5p, 6921, 92, -104, 20
ORAI3 miR-5-14747-3p, 927,91, -113, 21
PDCD6 | miR-10-27918-3p, 126, 91, -123, 23; miR-1-163-3p, 457, 91, -110, 21
PDK1 miR-17-10097-3p, 145, 89, -119, 23; miR-8-4989-5p, 147, 93, -115, 20
PLAUR | miR-17-40348-5p, 233,91, -123, 23
miR-9-20317-3p, 375 + 420 (3), 89 + 91, -132 + -136, 24; miR-17-39416-3p, 379 + 418 (2), 90 + 95, -119 + -125,
POU3F2 22; miR-1-1819-3p, 385, 89, -123, 23; miR-12-33610-3p, 392 + 393 (2), 89, -132, 24; miR-2-6772-3p, 400, 91,
-134, 24; miR-11-29463-5p, 404, 88, -125, 24; miR-2-3313-3p, 879, 87, -138, 25; miR-12-5800-5p, 878, 93, -113,
20
PTK6 miR-19-44132-3p, 184, 90, -115, 22
PXN miR-21-42431-3p, 879, 88, -123, 24
RAPGEF! |miR-18-40504-5p,1992,91,-106,22; miR-19-42673-3p,2125,90,-113,22; miR-2-6482-3p,2675,93,-119,21
RASSF5 | miR-5-8853-5p, 160, 92, -115, 20; miR-19-43003-3p,294,90,-121,22; miR-17-39416-3p,318,90,-119, 22
miR-15-32047-5p, 192, 91, -134, 24; miR-2-3313-3p, 192, 91, -144, 25; miR-2-4453-3p, 192, 92, -121,21; miR-
RBI 22-46979-5p, 193, 89, -123, 23; miR-3-8100-5p, 194, 93, -136, 24; miR-19-21199-3p, 195 + 224 (3), 88 + 92,
-138 +-144, 25; miR-1-155-3p, 195 + 230 (3), 91 + 92, -125 + -127, 22; miR-3-9461-3p, 198, 91, -123, 23; miR-
1-1714-3p, 224, 92, -115, 20
REPS2 miR-17-39416-3p, 178 + 187 (3), 90 + 94, -119 + -123, 22; miR-5-15733-3p, 189, 89, -132, 24; miR-21-45056-
3p, 1173, 92, -104, 20
ROSI miR-11-31014-5p, 7102, 90, -100, 22; miR-11-32280-3p, 7102, 90, -100, 22
RRM2 miR-3-10227-5p, 112, 90, -119, 22
miR-16-39450-3p, 656, 94, -123, 23; miR-4-12861-5p, 681, 90, -117, 22; miR-17-38067-3p, 972, 90, -127, 23;
SMARCA4 | miR-9-25099-3p, 5080, 93, -119, 22; miR-9-26506-3p, 5086, 90, -110, 22; miR-5-15733-3p, 5191, 94, -140, 24,
miR-4-12154-5p, 5194, 88, -127, 24
SOX2 miR-9-24392-5, 455, 93, -106, 20; miR-17-40730-3p, 1218, 90, -121, 23
SRSF1 miR-9-22187-3p, 501, 92, -123, 23
STK11 miR-5-14952-3p, 1157, 91, -106, 21
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Continuation of table 2

Gene Characteristics of binding
TACC3 miR-19-42195-3p, 337, 93, -113, 22
TEK miR-14-35424-3p, 2003, 90, -119, 23
TJP2 miR-12-33740-3p, 1132, 90, -117, 22
TOPORS | miR-2-6128-5p, 208, 88, -129, 24
TPBG miR-1-265-3p, 1262, 91, -125, 22; miR-16-16153-5p, 1269, 100, -108, 17
miR-10-13655-3p, 26, 91, -123, 22; miR-9-23270-3p, 84, 90, -136, 24; miR-16-33136-3p, 85, 91, -123, 22; miR-
8-21978-5p, 100, 88, -125, 24; miR-16-35596-3p, 4331, 93, -110, 23; miR-19-43584-3p, 5567, 92, -121, 23;
TRIO miR-17-39416-3p,6875,92, -121, 22; miR-9-20317-3p, 6877, 89, -132,24; miR-5-15733-3p, 6883, 89, -132, 24;
miR-1-1819-3p, 6884, 91, -125, 23; miR-9-22187-3p, 6907, 89, -119, 23; miR-5-15564-3p, 6927, 100, -138, 22;
miR-9-25265-3p, 6934, 90, -119, 22; miR-11-28698-5p, 7145, 89, -123, 23; miR-11-28041-3p, 7181, 89, -123, 23
TWISTI miR-7-20781-5p, 428, 90, -113, 22; miR-15-37572-3p, 486, 92, -125, 22; miR-16-33136-3p, 490, 91, -123, 22;
miR-13-32613-3p, 602, 90, -127, 24
WWTRI |miR-4-11421-3p, 357, 89, -125, 23
YBXI miR-11-28484-5p, 201, 90, -117, 22; miR-19-28028-5p, 201, 89, -132, 24; miR-5-14114-5p, 205, 89, -123, 23;
miR-12-28419-3p, 272,91, -108, 21
mir-1-2121-3p, 664 + 671 (3), 88, -138, 25; miR-19-44540-3p, 667, 90, -127, 23; miR-19-21199-3p, 669 + 670
ZBTB7A (2), 88 +92,-138 +-144, 25; miR-1-1714-3p, 670, 92, -115, 20; miR-10-5299-5p, 671 + 672 (2), 95, -115, 19;
miR-12-5800-5p, 672, 95, -115, 20; miR-1-155-3p, 673, 91, -125, 22; miR-2-3313-3p; 673 + 674 (2); 87 + 91,
-138 +-144, 25; miR-11-31496-5p, 1619, 90, -127, 23; miR-16-36024-3p, 1696, 91, -129, 23

Note: miRNA; the beginning of binding site; the AG/AGm (%); the free energy change (AG, kJ/mole); length of miRNA (nt)

Of the 243 genes participating in the
development of the NSCLC subtype of lung cancer,
32 genes are targets of 49 miRNAs whose binding
sites are localized in the 3’UTR. Table 3 presents
data on the characteristics of the miRNA interaction
in the 3’UTR mRNA of the candidate genes. The
data obtained show that a larger number of genes

are targets of two or more mRNAs. Among them,
mRNA of genes that contain binding sites with
overlapping of nucleotide sequences are of great
interest. Such groups of miRNA binding sites are
called clusters. The five mRNAs have clusters of
two miRNAs binding sites, four mRNAs have
clusters of three miRNAs binding sites.

Table 3 — Characteristics of miRNAs interaction in the 3’UTR mRNA of NSCLC candidate gene

Gene Characteristics of binding
AKTI miR-10-27065-3p,2864,93,-117,21;miR-12-5800-5p,2866,93,-113,20;miR-13-36375-5p,2875,90,-119,23
BCARI | miR-14-35410-5p, 3046, 90, -113, 22; miR-4-12483-3p, 3046, 92, -117, 22
CCDC6 | miR-10-29282-3p, 5279, 89, -104, 23
CDH]I miR-2-4804-5p, 3413, 88, -110, 24
miR-9-24961-3, 1678, 90, -98, 22; miR-10-29282-3p, 1896 + 1920 (9), 89 + 91, -104 + -106, 23; miR-15-36862-
CDK6 3p, 1900 + 1918 (7), 89 + 95, -108 + -114, 23; miR-4-13015-5p, 1901, 91, -102, 22; miR-9-9900-3p, 3041, 94,
-102, 20; miR-8-23986-3p, 7773, 88, -127, 24
CDTI miR-17-40078-3p, 2389, 88, -113, 24
CEBPA | miR-22-45967-3p, 2440, 92, -115, 22
CYLD miR-10-29282-3p, 6075, 91, -106, 23
E2F1 miR-21-40861-3p, 2178, 90, -110, 22
EIF24K2 | miR-1-210-5p, 2654, 91, -102, 21
EMP3 ?312-220644484-3@ 748, 89, -119, 23; miR-16-40261-3p, 765, 92, -115, 20; miR-17-12804-3p, 767 + 768 (2), 93,
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Continuation of table 3

Gene Characteristics of binding
ENOX2 |miR-3-5147-5p, 3059, 90, -100, 22
EPHA2 |miR-2-6331-3p, 3699, 90, -117, 22
FOXOI |miR-3-10274-3p, 4489, 92, -93, 21
GATA2 | miR-2-6824-3p, 2340, 97, -119, 22
HDAC2 | miR-2-4804-5p, 5132 + 5832 (2), 88 =90, -110 +-113, 24
HMGA2 miR-2-6081-3p, 1255, 90, -113, 23; miR-13-35476-3p, 1261 + 1268 (2), 90, -117, 22; miR-19-43804-3p, 1275,
95, -115, 21
IRS] m%R-10-29282-3p, 7321 + 7425 (8), 89 +.91, -104 +-106, 23; miR-15-36862-3p, 7321 + 7333 (2), 89, -108, 23;
miR-19-42814-5p, 7334, 91, -106, 23; miR-8-23415-3p, 7351, 90, -98, 22
ITGAIl | miR-101-27078-5p, 4598 + 4634 (19), 89, -108, 23; miR-3-5147-5p, 4598 + 4634 (19), 90, -100, 22
KRAS miR-8-23744-5p, 3163, 92, -121, 23
MYLK miR-10-29282-3p, 7649 + 7651 (2), 89, -104, 23; miR-19-42814-5p, 7652, 89, -104, 23
PDSS2 | miR-8-23744-5p, 2043 + 2044 (2), 89 + 90, -117 + -119, 23; miR-1-1444-5p, 3351, 93, -106, 20
PTGIS | miR-10-22863-3p, 2569, 90, -113, 22; miR-2-4804-5p, 4356, 88, -110, 24
PTKG miR-7-205§3-3p, 2078, 89, -119, 24; miR-1-2142-3p, 2356, 90, -121, 23; miR-2-4826-5p, 2464 + 2465 (2), 90,
-113, 23; miR-17-40078-3p, 2480, 88, -113, 24
PXN miR-13-28252-3p,1963,90,-117,22; miR-12-31811-3p,2313,89,-117,23; miR-3-9956-3p,2314,89,-121,24
RAPGEFI 12113iR-14-35683-5p, 3488, 91, -106, 22; miR-14-35556-3p, 4413, 91, -104, 21; miR-18-41332-3p, 6021, 89, -123,
RASSF2 | miR-10-29282-3p, 1423, 91, -106, 23
RRM2 miR-2-4804-5p, 2664, 90, -113, 24
SOX2 miR-1-2142-3p, 1671, 90, -121, 23; miR-1-2602-3p, 1671, 90, -113, 22
SSXx2 miR-101-27078-5p, 1104 = 1129 (12), 89, -108, 23; miR-3-5147-5p, 1109 + 1127 (10), 90, -100, 22
P53 miR-3-8997-3p, 1397, 89, -119, 24; miR-2-4804-5p, 2459 + 2460 (2), 88 + 92, -110 + -115, 24; miR-12-33375-5p,
2520, 90, -113, 23
JBTB7A m@R-5-15026-5p, 2127, 89, -123, 23; miR-5-14687-5p, 2246, 93, -119, 21; miR-9-25031-3p, 2719, 92, -119, 21,
miR-16-36024-3p, 2784, 91, -129, 23
Note. miRNA; the beginning of binding site; the AG/AGm (%); the free energy change (AG, kJ/mole); length of miRNA (nt)

The CDK6 and IRS1 genes have clusters with
the largest number of miRNA binding sites. The
mRNA of CDK6 gene contains binding sites of six
miRNAs, miR-10-29282-3p has nine binding sites,
and miR-15-36862-3p has seven binding sites.

The total length of all binding sites cluster is 390
nt, and the cluster length is 5 nt, which is 78 times
smaller than the total length. The mRNA of /RS!
gene contains four miRNA binding sites, wherein
miR-10-29282-3p has eight binding sites, miR-15-
36862-3p has two binding sites. The total cluster
length of all binding sites is 275 nt, and the cluster
length is 30 nt, which is 9.2 times less than the total
length. The mRNA of AKTI, EMP and HMGA?2
genes have clusters of 11 nt, 20 nt and 20 nt in
length, respectively, from the binding sites of the
three miRNAs. Among these miRNAs, the largest
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free energy of binding is for miR-13-36375-5p
(-119 kJ/mole, AKTI), miR-20-44484-3p (-119 kJ/
mole, EMP) and miR-13-35476-3p (-117 kJ/mole),
which has two binding sites in mRNA of HMGA?2
gene.

Each mRNA of BCARI, ITGAI1, MYLK, PTK6,
PXN, SOX2 and SSX2 genes has clusters of two
miRNAs binding sites. miR-101-27078-5p and
miR-3-5147-5p have 19 binding sites in mRNA
ITGAI1l gene, 12 and 10 binding sites in mRNA of
SSX2 gene.

The total length of all binding sites cluster for
ITGAII gene is 855 nt, and the cluster length is 36
nt, which is 23.75 times less than the total length.
The total cluster length of all binding sites for the
SSX2 gene is 496 nt, and the cluster length is 25 nt,
which is 19.8 times smaller than the total length.
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The binding sites of the mRNA of these two genes
are identical by the site of localization, the value
of free energy and the percentage equivalent of the
bond (Score).

Conclusion

Of the 243 genes participating in the
development of the NSCLC subtype of lung cancer,
85 genes are targets of 260 miRNAs whose binding
sites are localized in the 5’UTR, 79 genes are targets
of 261 miRNAs whose binding sites are localized
in the CDS and 32 genes are targets of 49 miRNAs
whose binding sites are localized in the 3’UTR. The
location of mRNA binding sites in clusters containing
two or more binding sites with overlapping their
nucleotide sequences has been found. The mRNA

of CHKA, E2F1, HMGA2, PTEN, HTRA2, INGI,
MTA3, SMARCA4, NFATC?2 genes contain clusters
of miRNA binding sites in the 5’UTR. Several
clusters are available in the CDS mRNA of CEBPA,
NOTCH3, TRIO, LATS2, RBI and ZBTB7A genes.
The CDK6, IRSI, AKT1, EMP, HMGA2, BCARI,
ITGAIll, MYLK, PTK6, PXN, SOX2 and SSX2 genes
have clusters of miRNA binding sites in the 3’UTR.
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