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KnwueBble ciioBa: aJcHOKapIMHOMA, IUIOCKOKIETOUHBI pak, [uuHHas Hekoxupyroomas PHK,
OITyXOJIEBbIE MAaPKEPBI

Momusayus u yenv. Pak 5erkux sBisieTcsi HauOoJiee YacTO JHArHOCTUPYEMBIM
3JI0KaYeCTBEHHbIM HOBOOOPAa30BaHMEM M BEOYIIMM HCTOYHHUKOM HEOJIArOMPHUSTHOTO
ucxona oT paka [1]. DTOT B 3110Ka4eCTBEHHBIX HOBOOOPA30BaHMI, TaKKe KaK U
Jpyrue, UMeeT TeTEPOreHHYI0 MPHUPOY U MPEICTaBlIeH IBYMsl OOJIBIINMHU KIaCCaMH:
MEJKOKJIeTOUHBIN pak nerkoro (MPJI) u Hemenkokietounsli pak nerkoro (HMPJI). Ha
HMPJI npuxomutcs He Mmenee 85 % Bcex ciaydaeB paka JIETKHX. JTOT BUA pPakKa
nosipa3ziesnisieTcs Ha aJieHOKapIIMHOMY, IIJIOCKOKJIETOUYHBIHN pak U KpYMHOKIETOYHBIN paKk
[2]. Ormerum, yTO TIEpBBIC J1Ba KJacca MMEIOT CBOM CYIIECTBEHHBIC OCOOCHHOCTH B
JIUarHOCTHKE, IaTOr€He3e, JJOKAIU3ally, BU3yaIn3allii, METaCTa3UPOBAHNH U JICUCHUH
[3]. B cBsi3u ¢ 3TUM, aKTyaJ bHOM 3a/1aueii SIBISICTCS IOUCK BO3MOXHBIX MOJICKYJISIPHBIX
MapKepoB, KOTOPbIE MOT'YT IIOMOYb OJIHO3HAYHO OIpPEIENINUTh, KaK KJIAcC, TaK U MOJITHUI
paka n€rkux. TakuM MHCTPYMEHTOM MOTYT CTaThb MAapKepbl SIMUTEHETHYECKOH
peryisiuuu, npeacTaBieHHble Hekonupyrommmu PHK. 3Ortor kimacce momekyn
XapaKTepu3yeTcsl TeM, YTO BOBJIEYEH B YIpPaBJI€HHE BCEX KJIETOYHBIX IPOLECCOB, U
HapyIleHus: B paboTe 3TUX MOJIEKYJ MOTYT CTaTh KJIIOYEBBIM (aKTOPOM Pa3BUTHUS Kak
paka B wnenoMm, Tak 1 HMPJI B wactHocTu. CorjmacHO TE€OpHH KOHKYPUPYIOIIHUX
suporenHsix PHK, amuanble Hekomupyromue PHK (mHPHK) xonkypupyror ¢ MPHK
OeJoK-KoqUpyoNHX reHoB 3a cBsa3biBanue ¢ MUKpoPHK (MuPHK), Tem cambim Biusist
Ha yposenb MPHK [4].

Lemvo  macmoaweeo  ucciredosanusi  SBISUICSL  TOUCK  HOBBIX — MapKepoB
HEMEJIKOKJIETOYHOT'O paKa JeTKOro Ha OCHOBE KOHKYPEHTHBIX HI0reHHbIXx PHK.
Memoowt u aneopummoi. JlanHeie 00 3KcHpeccuu TeHOB y mnamueHtoB ¢ HMPJI
nonydensl U3 Atnaca reHoma paka (TCGA, https://portal.gdc.cancer.gov/). Beumm
orobpanbl auddepenmanbao dKcnpeccupyemble (D) TeHbl MH(POPMAIMOHHBIX
(marpuunbix) PHK (MPHK), muxkpoPHK (MuPHK) u anunabix Hexomupytommx PHK
(zaPHK), ynosnerBopsromue npasuiy |[Log2 FoldChange[>3 u p <0.01. CBsa3p suPHK
¢ pakoM Obuta m3ydena mo 6azam LncRNADisease 2.0 (www.cuilab.cn/Incrnadisease) u
IncATLAS (https://Incatlas.crg.eu/). Tpanckpunromusiii naaamadgt maaPHK Obin
uneHTudunuposan ¢ momoiipio Lnc2Cancer 2.0 (www.bio-bigdata.net/Inc2cancer).
s u3ydenust 6monornueckux ¢ynkuuit AOMPHK Obutn ncnosib30BaHBl CHCTEMBI
«[ennas ontonorus» (Gene ontology, https://geneontology.org/) m sHimKIONEIUS
renos 1 renomoB (Kuorto) (KEGG, https://www.genome.jp/kegg/).

B mnacrosmem wuccnenoBanun Obima mocrpoeHa cerh  (qHPHK-muPHK-mPHK)
KoHKypupyromux sHaorenHsix PHK, kotopast ocHoBana Ha runorese o ToM, yto JTHPHK
aBIstoTCA «Tyokoi» ans MuPHK, TemM caMbiM ocymiecTBisist peryssiuio akTUBHOCTH
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MPHK Genok-koaupyromux TeHoB. J[1s TomxydeHHss MJaHHBIX O BO3MOMKHBIX
Baumoneiicteusix MUPHK-MPHK wu mMuPHK-muPHK B nporpammy starBase2.0
(http://starbase.sysu.edu.cn) 6sutr BBemens! manusle o qaPHK, muPHK, u MPHK c
AHOMAJIBHBIM YPOBHEM dKcIpeccHu (KpaTHOCThIO m3MeHenuit >3.0, <0.33 u p < 0.01).
Hns  mpornosupoBanust  B3aumopeiictBuii  AHPHK-muPHK  ucnonw3oBanuce
HHCTPYMEHTBI miRanda (http://www.microrna.gr/) u miRCode
(http://wvww.mircode.org/), a MuPHK-MPHK — miRWalk 2.0 (http://mirwalk.umm.uni-
heidelberg.de/),  TargetScan  (http://www.targetscan.org/y u  miRTarBase
(https://mirtarbase.cuhk.edu.cn). /Iy mocTpoeHUs CETH KOHKYPUPYFOLIUX 3HIOTCHHBIX
PHK ©Opum BeiOpanst MuPHK, KoTOopble HMEOT HETaTHBHYIO KOPPEISIHIO C
skcnpeccuert THPHK u MPHK. Jlns xoHcTpynpoBanus u Busyanusanuu cetu AHPHK-
MuPHK-MPHK  ucnonw3oBanum  uHCTpyMeHTanbHyro cpeay  Cytoscape v3.0
(http://www.cytoscape.org/).

Peszynomamer. Ilpu cpaBHEHUH OITyXOJIEBBIX TKAaHEW W MPHUIIETAIOIINX THCTOIOTHIECKH
HEU3MCHEHHBIX TKAHEW MAaIMCHTOB C pPakoM Jerkux u3 0a3pl gaHHbIX TCGA MbI
oOHapyxwiu B o0mel cnoxHoctu 735 JIOMPHK, 12 IOMuPHK u 107 A2auPHK.
JlomomHATENBHBIM 3TarioM oTOopa ObLIO BhIsBIeHHE B 001actu He nanee 2000 m.H. oT
5’ KOHIAa TI'eHa WIM CcTapTa TpaHCKpumniuu o000co0ieHHbIX CpPG OCTPOBKOB ¢
ucronb3oBanueM 0a3el Epigenomics https://www.nchi.nlm.nih.gov/gene/. B pe3ynbrate
u3 BhlLIEnepeunciaeHHoro ocranock okono 60 nuPHK, 6 MuPHK u oxono 250 MPHK
0EOK-KOTUPYIOIINX TEHOB.

B pesynbraTte QyHKIMOHAIBHOTO aHanu3a ObUIo Mmoka3ano, 4o MPHK ¢ nmoBbieHHBIM
YPOBHEM JIKCIPECCHU B OCHOBHOM YyYaCTBYIOT B MHUTOTHYECKOM KIETOYHOM IHKIIE U
nenenun kiertok, a MPHK ¢ moHmxeHHON skcnpeccueil B OCHOBHOM YYacTBYIOT B
epefadye CUrHajla B KIETKE, KIECTOYHOM aAre3ud MU HMMYHHOM oTBere. Mbl
MIPEMOIOKUIIM, YTO T€HBI YYaCTBYIOIINE B KJIIETOYHOM IHKJIE, CUTHAIBHBIX MyTAX pS3,
PI3K-Akt, Ca?" Moryt GbITh BOBIIEYEHBI B iporpeccuro HMPJL.

Bcero B ceTh koHKYpeHTHBIX dH0reHHBIX PHK O0b1i1 BoBneuens! 6 tTHPHK (ADAMTSO-
AS2, HAND2-AS1, HOTAIRM1, MEG3, SNHG12, NCK1-AS1) 4 muPHK (miR-124-3p,
miR-203a-3p, miR-125b-5p, miR-129-5p) u 26 MPHK. B ommyxoJieBbIX TKaHSX YPOBEHb
NCK1-AS1 Opur moBbImieH, Torga kak ypoBeHb ADAMTS9-AS2, HAND2-AS1,
HOTAIRM1, MEG3, SNHG12 3HauuMo CHWXaJCs B CpPaBHEHHMH C TaKOBBIM
MPHIJIEKANUX THUCTOJIOTHYECKN HEM3MEHEHHBIX TKaHIX. KOMU4ecTBo y310B U TUHHN B
cetu coctaBmiio 36 u 60 coorBercTBeHHO. M3 6 THPHK xommuectBo MuPHK, cBsizaHHBIX
¢ ADAMTS9-AS2, HAND2-AS1, MEG3 6buto Goibiie, yeM y apyrux aHPHK, dro
yKa3bIBaeT Ha UX BaxkHYyI0 poib nporpeccun HMPJIL. U3 aux 3 nHPHK, 2 muxkpoPHK u 15
MPHK OpuH TeCHO CBsA3aHEI ¢ OOIIEH BEDKUBAEMOCTBIO.

DTO UCCIIeIOBaHNE NMEET HEKOTOPhIE OrpaHIueHUs. Bo-1IepBBIX, MBI HE IPOBEPSLITH STH
HOBBIE OMOMapKepbl C HCIOJIb30BAHHEM JIOMOJHHUTENBHBIX BBIOOPOK JIaHHBIX. Bo-
BTOPHIX, MBI HE TPOBOJIWIA MOJEKYIIPHO-OMOIOTHYECKHE OSKCIIEPUMEHTHI IS
JATBHENIIeH MPOBEPKH (YHKIMHA U MEXaHU3MOB PETYJINHA HUIACHTU(DHUIINPOBAHHBIX
suporennsix PHK y manuentoB ¢ HMPJI. HeoOxoauMbl TaibHEHIINE UCCICIOBAHUS C
WCTIOJIb30BaHUEM KIMHUYECKUX O00pa3loB M (YHKIHOHAIBHBIX JKCICPUMEHTOB Ha
KIJIETOYHBIX JTMHHSIX JIJIS1 TIOATBEPIKICHUS HAIITUX BHIBOJIOB.

Buisoow. Takum o6pazom, Mbl nioctporwn cetb THPHK-MuPHK-MPHK y marmenToB ¢
HMPJI u omnpenemmmm 15 MPHK, 2 mukpoPHK u 3 nuPHK B kauectBe ¢axrtopos
NporHo3a oOmIed BBDKMBAEMOCTH B BBIMICYNIOMSHYTOH momyisinuu. Hacrosimee
WCCJIEJOBAaHUE MTO3BOJISIET Ty0XKe OLEHUTH POJI KaXIIOr0 JIEMEHTa CETH SHIOTEHHBIX
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PHK, y nmartuentoB ¢ HMPJI, a HEKOTOpBIE M3 T'eHOB 3TO# CETH MOTYT OBITh UCTIOJIb30BaHbI
B KQU€CTBE HOBBIX MMOTEHIUAIBHBIX TEPAIIEBTUUECKUX MULLIEHEH.

Qunancuposanue. ViccnenoBanue MoJIepkaHO TOCyJIapcTBeHHBIM 3anaanuem FGFU-
2023-0001.
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Motivation and Aim. Lung cancer is the most frequently diagnosed malignant neoplasm
and the leading source of cancer adverse outcome [1]. This type of malignant neoplasm,
as well as others, has a heterogeneous nature and is represented by two large classes:
small cell lung cancer (MRL) and non-small cell lung cancer (NSCLC). NSCLC
accounts for at least 85% of all lung cancer cases. This type of cancer is divided into
adenocarcinoma, squamous cell carcinoma and large cell carcinoma [2]. It should be
noted that the first two classes have their own significant features in diagnosis,
pathogenesis, localization, visualization, metastasis and treatment [3]. In this regard, an
urgent task is to search for possible molecular markers that can help uniquely identify
both the class and subtype of lung cancer. Markers of epigenetic regulation, represented
by non-coding RNAs, can become such a tool. This class of molecules is characterized
by the fact that it is involved in the regulation of all cellular processes, and dysregulation
in the work of these molecules can become a key factor in the development of both
cancer in general and NSCLC in particular. According to the theory of competing
endogenous RNAs, long non-coding RNAs (IncRNAs) compete with the mRNAs of
protein-coding genes for binding to microRNAs (MiRNAS), thereby affecting the mRNA
level [4].

The aim of this study was to search for new markers of non-small cell lung cancer based
on competitive endogenous RNAS.

Methods and Algorithms. Gene expression dataset of patients with NSCLC were
obtained from the Cancer Genome Atlas (TCGA, https://portal.gdc.cancer.gov/).
Differentially expressed (DE) genes of informational (matrix) RNAs (mRNAs),
microRNAs (miRNASs) and long non-coding RNAs (IncRNAs) that satisfying the rule
|Log2FoldChange|>3 and p<0.01 were selected. The association of IncRNAs with cancer
was studied using LncRNADisease 2.0 (www.cuilab.cn/Incrnadisease) and IncATLAS
(https://Incatlas.crg.eu/) databases. The transcriptomic landscape of IncRNAs was
identified using Lnc2Cancer 2.0 (www.bio-bigdata.net/Inc2cancer).

Gene ontology (https://geneontology.org/) and the Kyoto Encyclopedia of Genes and
Genomes (KEGG, https://www.genome.jp/kegg/) systems were used to study the
biological functions of DEmMRNAs.
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In present study, a network (InNcRNA-miRNA-mRNA) of competing endogenous RNAs
was constructed, which is based on the hypothesis of INcRNAs were to be the "sponge"
for miRNAs, thereby regulating the activity of mRNA protein-coding genes. To obtain
data of possible mMiIRNA-mRNA and miRNA-INcCRNA interactions, the data of
abnormal IncRNAs, miRNAs, and mRNAs expression levels (multiplicity of changes
>3.0, <0.33, and p<0.01) were entered in the starBase2.0 program
(http://starbase.sysu.edu.cn). Database miRanda (http://www.microrna.gr/) and
miRCode (http://www.mircode.org/) tools were used to predict INCRNA-miRNA
interactions, and miRWalk 2.0 (http://mirwalk.umm.uni-heidelberg.de/), TargetScan
(http://www.targetscan.org/) and miRTarBase  (https://mirtarbase.cuhk.edu.cn)
databases were used for miRNA-mRNA interactions. To build a network of competing
endogenous RNAs, miRNAs that have a negative correlation with the expression of
IncRNA and mRNA were selected. Cytoscape v3.0 instrumental environment was used
to construct  and visualize the InNcRNA-miRNA-mRNA network
(http://www.cytoscape.org/)/.

Results. When comparing tumor tissues and adjacent histologically unchanged tissues of
lung cancer patients from the TCGA database, we found a total of 735 DEmMRNASs,
12 DEmiRNAs and 107 DEIncRNAs. An additional stage of selection was the
identification of isolated CpG islands in the region no farther than 2000 bp from the 5’
end or the start of transcription of the gene using the Epigenomics database
https://www.ncbi.nlm.nih.gov/gene/. As a result, about 60 IncRNAs, 6 miRNAs and
about 250 mRNAs of protein-coding genes remained from the above mentioned.

As a result of functional analysis, it was shown that mMRNAs with an increased level of
expression are mainly involved in the mitotic cell cycle and cell division, and mRNAs
with reduced expression are mainly involved in signal transmission in the cell, cell
adhesion and immune response. We hypothesized that genes involved in the cell cycle,
signaling pathways p53, PI3BK-Akt, Ca2+ may be involved in the progression of NSCLC.
A total of 6 IncRNAs (ADAMTS9-AS2, HAND2-AS1, HOTAIRM1, MEG3, SNHG12,
NCK1-AS1), 4 miRNAs (miR-124-3p, miR-203a-3p, miR-125b-5p, miR-129-5p) and
26 mRNAs were involved in the network of competitive endogenous RNAs. In tumor
tissues, the level of NCK1-AS1 was increased, whereas the level of ADAMTS9-AS2,
HAND2-AS1, HOTAIRM1, MEG3, SNHG12 significantly decreased in comparison with
that of adjacent histologically unchanged tissues. The number of nodes and lines in the
network was 36 and 60, respectively. From the 6 IncRNAS, the number of miRNAs
associated with ADAMTS9-AS2, HAND2-AS1, and MEG3 was higher than that for other
IncRNAs, indicating their important role in NSCLC progression. Of these set,
3 IncRNAs, 2 microRNAs, and 15 mRNAs were closely associated with overall survival.
This study has some limitations. Firstly, we did not test these new biomarkers using
additional data samples. Secondly, we did not conduct molecular biological experiments
to further verify the functions and mechanisms of regulation of identified endogenous
RNAs in patients with NSCLC. Further studies using clinical samples and functional
experiments on cell lines are needed to confirm our findings.

Conclusion. Thus, we constructed a InNCRNA-miRNA-mRNA network in patients with
NSCLC and identified 15 mRNAs, 2 microRNAs and 3 IncRNAs as predictors of overall
survival in the above-mentioned population. This study allows us to more deeply
evaluate the roles of each element of the endogenous RNA network in patients with
NSCLC, and some of the genes in this network may be used as new potential therapeutic
targets.
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