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Momusayusa u yens: KiroueByro posib B pa3BUTUHM U MPOTPECCUU OIyXOJIEH HUIparoT
SMUreHeTHYeCKne U3MeHeHus. B uacTHoCTH, pe3ynpTaTbl MHOTOYMCIIEHHBIX
HCCIICIOBAHNH OHO3HAYHO MOATBEPKAAIOT BOBJICUCHHOCTh B OHKOT€HE3 aHOMAJIbHOTO
MetunupoBanus JIHK. PeruonanbHOe runepMerunupoBanue npoMoTopHbeix CpG-
OCTPOBKOB psAJa reHoB (Oe’ok-konupyromux, MUKpoPHK, minHHBIX HeKoAUpYOmNX
PHK u np.) — eme ogHO pacmpocTpaHEHHOE SIBICHHE TPH OIYXOJEBOM IIPOIECCE.
Pe3ynpTaToM TaKMX OSIMICHETHYECKHMX H3MEHEHHH MOXET CTaTh HHTUOHMpOBaHUE
TPAaHCKPHITIUK T€HOB-CYIPECCOPOB, 00ECIIEUNBAIOIINX B HOPMAJIbHBIX KIETKAX 3alIUTY
OT 3JI0KauecTBeHHOH TpaHchopmaruu [1]. KatanuzaTtopamu 100aBieHUS METHIBHBIX
rpym ciayxat ¢pepmeHTs U3 cemerictBa JJHK-metuntpancdepas (DNMTs), B To Bpems
KaK 3a yJajeHue MOAu(HUKAIIUY IJIaBHBIM 00pa30M OTBETCTBEHHBI TUOKCHTeHa3bl 1ET
[2]. Hapymenuss B pabore 3THX (epMEHTOB, OOYCIOBICHHBIE MYyTalUsMHI,
STMHUICHETHYECKUMH COOBITHSMU MM UHBIMU IPUYUHAMU, MOTYT OBITH aCCOLUMPOBAHBI
C pa3BUTHEM 3JI0KaYE€CTBEHHBIX HOBOOOPA30BaHUH.

I]envio Hacrosimed paboThl ObUT TOMCK BO3MOXHBIX oceit HHPHK/MuPHK/MPHK,
YYaCTBYIOIIMX B PEryjsiMA HEKOTOPBIX T'CHOB, OTBETCTBEHHBIX 33 MEXaHU3MBI
MetunupoBanus u gemetunupoBanus JHK, npu ckIIKP.

Memoowt u  areopummvl:  BUOMHPOPMATHYECKUI  aHAIU3  TPOBOJIMICS  C
WCIIOJIb30BAaHMEM  OTKPBITBIX  0a3  jaHHBIX  BXoasmux B Oasy  NCBI
(https://www.ncbi.nlm.nih.gov/): PubMed, Gene u ap. B paGore Taxxe ObLIH
ucnonb3oBanbl  Lnc2Cancer 2.0 (www.bio-bigdata.net/Inc2cancer), GEPIA2.0
(http://gepia2.cancer-pku.cn/#index), miRCode (http://www.mircode.org/), miRWalk
2.0 (http://mirwalk.umm.uni-heidelberg.de/), TargetScan 8.0.
(https://www.targetscan.org/vert 80/) u The Genotype-Tissue Expression (GTEX,
https://www.gtexportal.org/home/).

Peszynomamur: Otoop mHPHK, ydacTByrOmMX B MpOrpeccHd SMHUTENIUATBHBIX (HOpPM
paka, B ToM uncie ckIIKP, nmpoBoanics Ha OCHOBaHMM aHANM3a AAHHBIX JUTEPATYPBI
PubMed c ucnionb3oBanueM KIIFO4EBBIX CJIOB 10 opmysie: “human” AND ((“long non-
coding RNA”) OR (“IncRNA”) OR (“lincRNA”) OR (“long intergenic non-protein
coding RNA”) OR (“long non-protein-coding RNA”)) AND “cancer”. Kputepuem
0TOOpa ABJSIIOCH TO, YTO MCCIEAOBAHUS JOIDKHBI OBbUTH OBITH OPUTHHAIBHBIMU M B HUX
oneHuBaiace skcrpeccuss AHPHK B 0IyXos1€Boil TKaHU SIUTENHAIBHBIX OIyXOJIEH, B
toM yncie u npu cklIKP. Kputepun uckmouenus ObUM CIEAYIOIUMHE: ITyOIHKALIIH
HamnMCaHbl Ha S3bIKE, OTIIMYHOM OT AHIJIMKACKOTO; CTaThH OTHOCSTCS K KaTETOPHSM:
OTYETHl O CITy4asx 3a0oJieBaHMs, KOMMEHTapHH, MMChMa, 0030phl MM METaaHaJIN3bL;
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Opyrue 3a0oneBaHMs; UccieqoBaHUs He oueHMBanu poib THPHK B muarHoctmke,
nporHo3e u otBere Ha jedenue. Cesisb THPHK ¢ oHko3aboneBanmsaMu Takxe Oblia
OLICHEHA c HCIOJIb30BaHUEM 0a3 JAHHBIX LncRNADisease 2.0
(www.cuilab.cn/Incrnadisease) u INcCATLAS (https://Incatlas.crg.eu/).
Tpanckpuntomubiii  mangmadgr aHPHK Ob1  waeHTHQHUUUpOBAH C  MOMOILIBIO
Lnc2Cancer 2.0. Ilo pesympraTam aHamm3a Obuto oTtoOpano okomo 400 maPHK,
M3MEHSIOIIUX SKCIPECCUIO B SIUTEINANBHBIX OIYXOJISIX PA3HBIX JIOKATU3ALHH.

C npusineuenuem 0a3nl nanHbix GEPIA2.0 [3] ObuT MpoBeicH MHTEPAKTUBHBIN aHAIH3
npoduns skcnpeccuu oToOpaHHBIX TeHoB Npu cKIIKP. Beimm oroOpaHbl reHbl ¢
nmud dhepeHnranbHON IKCIIpECCHel B OIyX0JIeBOi TKaHd. B pe3ynbrare 66U10 0TOOpaHo
oxoio 150 muPHK, n3MeHsonux 3KCIpeccHIo B OIyX0JICBOM TKaHU 0oJjiee ueM B 2 pasa.
Crenyrommm 3TanoM aHanu3a 0bu10 BeisiBiieHHe Hannausg CPG ocTpoBKOB B 00JIaCTH HE
maiee 2000 mH. OT 5’ KOHIIA T€HA WIH CTapTa TpaHCKpUIIuu 1o 6ase Epigenomics,
Bxomsimet B maker NCBI. B pesymbrare mowmcka Obuto otoOpano 50 nuPHK.
Xapaktepuctuku npeactaBiennoctd THPHK 1 MPHK B HopManbHOM TKaHU MOTyYEHBI
¢ momorpto pecypca GTEX.

OnHuM W3 OCHOBHBIX JTaroB OwomHGpopMaTHUecKoro anamusa Ob1 monck MuPHK,
B3aMMOJCHCTBYIOIMX Kak ¢ oroOpanHbiMu MHPHK, Tak u Oenok-koaupyromuMu
reramu (TETL, TET2, TET3, TDG, DNMT3A, DNMT3B u DNMT1). CkpuHuHr ObLI
OCHOBaH Ha aHAJIW3€ [aHHbIX MonHoremMHoro cekBeHupoBanuss NCBI GEO wu
ONpEeNeNICHNH TPOLEHTa KOMIUIEMEHTApPHBIX Iap C IOMOLIbIO  JIOKAJIBHOTO
BBIPaBHMBAHUS C HCMOJIb30BaHHEM anroputMa Cmuta-Barepmana. 3atem mpoBepsuiu
otobpanusie MUPHK mo wm3BectHbiM 0azam nmaHHBIX (miRCode, miRWalk 2.0 u
TargetScan 8.0). Otoupamun MuPHK mMuHUMYM ¢ aByMs caliTaMH B3aWMOJEHCTBHIA.
MunumaneHas cBoboaHas sHeprusi (AG) <-15 kkan/mons ObUTa yCTaHOBJICHA B
KadecTBe Mopora B3aumopeicTBus. PaccmarpuBanuchk aymiexkcsl MuPHK/MPHK un
MuPHK/maPHK co cmapuBanmem ocHOBaHWI IO MEHBIEH Mepe U3 7-8 HYKICOTHIIOB B
3aTpaBoyHOi mociaenoBarenbHoctTh MUPHK. B pesynprate, ans panbHeifero
UCIIOIb30BaHus ObLIH 0ToOpanbl miR-124-3p, miR-129-5p u miR-125b-5p, HeratueHO
Koppenupymomme Kak ¢ axcnpeccueit MPHK 6enok-koaupyromux reHoB-MHUIIeHe!, TaK
u naPHK.

B panpheiimneM notpelyercs mpoBepKa MOMYy4YEHHBIX JAHHBIX Ha perpe3eHTaTHBHOMN
BBIOOPKE KIIMHMYECKUX 00pas3LoB C MOCIEeAYIOUIeH BAIMAAUEeH Ha KyJIbTYpax KIIETOK.

Buvisoowi: B pesynbrare xomrmiekcHoro anHammsza otoopano 17gaPHK (OIP5-AS1,
FAM222A-AS1, GAS5, HAND2-AS1, LINCO00339, LINC00886, MALAT1, MEGS3,
NCK1-DT, NEAT1, SNHG1, SNHG12, TINCR, TP73-AS1, XIST, SNHG6, ADAMTS9-
AS2), 3 muPHK (miR-124-3p, miR-129-5p, miR-125b-5p) u 7 Genok-koaupyrommx
reroB (TET1, TET2, TET3, TDG, DNMT3A, DNMT3B u DNMT1). [IpoBenena ornenka
BEPOSITHOCTU MX B3auMOJiecTBHs. [loyueHbl TeopeTniecKre JaHHbIe O KOMOHHAINN
TpUILIETOB (0Cei ), BOBMOXKHO Y4acCTBYIOINX B pa3BuTuu ckIIKP.

Qunarncuposanue: ViccrenoBanue MOANEPKaHO TOCYNAapCTBeHHBIM 3amaHuem FGFU-
2022-0007.
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Motivation and Aim: Epigenetic changes play a key role in the development and
progression of tumors. In particular, the results of numerous studies unequivocally
confirm the involvement of abnormal DNA methylation in oncogenesis. Regional CpG
islands promoter hypermethylation of a number of genes (including genes coding
proteins, microRNAS, long non-coding RNAs, etc.) is another common phenomenon in
the tumor process. The result of these epigenetic changes may be the inhibition of the
transcription of suppressor genes that protect normal cells from malignant
transformation [1]. Enzymes from the DNA methyltransferase (DNMT) family catalyze
the transfer of methyl groups, while TET dioxygenases remove this modification [2].
Disorders in the functioning of these enzymes induced by mutations, epigenetic events
or other causes may be associated with the development of malignant neoplasms.

The aim of this work was to search for possible I"cRNA/miRNA/mRNA axes involved
in the regulation of some genes responsible for the mechanisms of DNA methylation and
demethylation in ccRCC.

Methods and Algorithms: Bioinformatic analysis was carried out using open-access
databases included in the NCBI database (https://www.ncbi.nlm.nih.gov/): PubMed,
Gene, etc. Lnc2Cancer 2.0 (www.bio-bigdata.net/Inc2cancer), GEPIA2.0
(http://gepia2.cancer-pku.cn/#index), miRCode (http://www.mircode.org/), miRWalk
2.0 (http://mirwalk.umm.uni-heidelberg.de/), TargetScan 8.0.
(https://www.targetscan.org/vert_80/) and The Genotype-Tissue Expression (GTEX,
https://www.gtexportal.org/home/) was also used in the work.

Results: The selection of IncRNAs involved in the progression of epithelial forms of
cancer, including ccRCC, was carried out based on the analysis of PubMed publication
data using keywords according to the formula: “human” AND ((“long non-coding
RNA”) OR (“IncRNA”) OR (“lincRNA”) OR (“long intergenic non-protein coding
RNA”) OR (“long non-protein-coding RNA”)) AND “cancer”. The selection criteria
were as follows: the studies had to be original and they evaluated the expression of
IncRNA in the cancer tissue of epithelial tumors, including in ccRCC. The exclusion
criteria were as follows: publications were written in a language other than English;
articles belong to the categories: case reports, comments, letters, reviews or meta-
analyses; other diseases; studies did not evaluate the role of IncRNA in diagnosis,
prognosis and response to treatment. The association of INCRNA with cancer was also
evaluated using LncRNADisease 2.0 databases (www.cuilab.cn/Incrnadisease) and
INCATLAS (https://Incatlas.crg.eu/). The transcriptomic landscape of IncRNA was
identified using Lnc2Cancer 2.0. According to the results of the analysis, about
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400 IncRNAs were selected that change expression in epithelial tumors of different
localizations.

Using the GEPIA2.0 database [3] an interactive analysis of the expression profile of the
selected genes was performed in ccRCC. Genes with differential expression in tumor
tissue were selected. As a result, about 150 IncRNAs were selected that change
expression in tumor tissue by more than 2 times.

The next stage of the analysis was to identify the presence of CpG islands in the region
no further than 2000 bp from the 5’ end of the gene or the start of transcription according
to the Epigenomics database included in the NCBI package. As a result of the search,
50 IncRNAs were selected. The characteristics of the representation of IncRNA and
mMRNA in normal tissue were obtained using the GTEX resource.

One of the main stages of bioinformatic analysis was the search for miRNAs interacting
with both selected IncRNAs and protein-coding genes (TET1, TET2, TET3, TDG,
DNMT3A, DNMT3B and DNMT1). The screening was based on the analysis of NCBI
GEO full-system sequencing data and the determination of the percentage of
complementary pairs using local alignment using the Smith-Waterman algorithm. Then
the selected miRNAs were checked against well-known databases (miRCode, miRWalk
2.0 and TargetScan 8.0). miRNAs with at least two interaction sites were selected. The
minimum free energy (AG) <-15 kcal/mol was set as the interaction threshold. Duplexes
of MIRNA/MRNA and miRNA/IncRNA with base pairing of at least 7-8 nucleotides in
the miRNA seed sequence were considered. As a result, miR-124-3p, miR-129-5p and
miR-125b-5p were selected for further use, negatively correlating with both mRNA
expression of protein-coding target genes and IncRNA.

In the future, it will be necessary to verify the data obtained on a representative sample
of clinical samples with subsequent validation on cell cultures.

Conclusion: As a result of the complex analysis, 16 IncRNAs (OIP5-AS1, FAM222A-
AS1, GAS5, HAND2-AS1, LINCO00339, LINC00886, MALAT1, MEG3, NCK1-DT,
NEAT1, SNHG1, SNHG12, TINCR, TP73-AS1, XIST, SNHG6, ADAMTS9-AS2),
3 miRNAs (miR-124-3p, miR-129-5p, miR-125b-5p) and 7 protein-coding genes
(TET1, TET2, TET3, TDG, DNMT3A, DNMT3B and DNMT1). The probability of
their interaction has been estimated. Theoretical data have been obtained on the
combination of triplets (axes) possibly involved in the development of ccRCC.
Funding: The study is supported by the FGFU-2022-0007 state assignment.
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