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Pe3rome
®daktop Tpanckpumniuu STAT3 urpaet KiIo4eByrO PoJib B MiepeIadye CUrHasia
OT PElEnTOPOB IIUTOKHHOB M TIOSTOMY BBITIOJHSET POJIb UMMYHOpPETYIIATOpa. B TO
K€ BpeMsi, B Pa3IWYHBIX TUIMAX PaKOBBIX KJIeTOK STAT3 mpuHHUMaeT ydacTue B
MOJIEKYJISIPHBIX MEXaHHW3MaX OHKOreHe3a. B wacTHocTH, IS rimo0iacToMbl ObLTa
nokKazaHa CBA3b HUMMyHoperyiaropa STAT3 ¢ ycTOWYMBOCTBIO K HauOoliee
pacnpoCTpaHEHHOMY ISl JICUEHUS OTOTO THMA paka XUMHYECKOMY arcHTy
TeMo3oiomMuy. Kpome Toro, B iutepaType ecTh JaHHBIC O TOM, aKTHUBAIMS TAHHOTO
OHKOT€HAa B KJIETKaX TJIMOOJIACTOMBI CIOCOOHA WIrpaTh KIIOYEBYH pOJIb B
MOIYJISIIAN TOJIEPOTEHHOTO MUKPOOKPYKEHUS OITYXOJIH, ocnaosis
MIPOTUBOOIYXOJICBBI UMMYHHBIH OTBET U CIIOCOOCTBYSl arp€CCUBHOMY TEUYEHUIO
3a0oneBanus. Takum o6pazom, nogasieHue STAT3 MoXeT BIUITH HE TOJIBKO Ha
POCT KJIETOK M YCTOMYMBOCTh K XUMHUOTEPAITHH, HO U TaK)Ke HA MHKPOOKPYKCHHE
OITYXOJIH, YCUJIUBass NUMMYHHBIH OTBET.

C pa3BuUTHEM TEXHOJOTHUW CEKBEHHWPOBAHUS MOSBUIIUCH JAaHHBIE O TOM, YTO
OomnpIllas  4YacTh  TPAHCKpHOMpyeMOro Marepuaga B  KIETKE  SIBISIETCS
Hekoaupymomeid. Bee Oosbliie monynasipHOCTH HaOUpaeT MCCIEeNOBaHHE JUIMHHBIX
Hekogupytomux PHK B oHkorenese, /uisi KOTOphIX Oblla MOKa3aHa
(GyHKIIMOHATBHAS POJIb B PA3BUTUU DPA3NUYHBIX 3a00JI€BaHMSIX, B TOM YHUCIE B
OHKOJIOTUH. B wyacTHOCTH, 0cO0O€ BHMMaHWE TPUBICKAET MOATHI JIMHHBIX
Hekogupyomux PHK, TpaHckpuOupyeMmblii ¢ SHXAHCEPHBIX JJIEMEHTOB,
HazbiBaeMbli dHXaHcepHble PHK, Tak kak nanubiit kinacc PHK oGnanaet Bbhicokoi
CHEIM(PUIHOCTHIO B PA3IMYHBIX KJIETKAX U TKaHIX. AHAJIN3 KOIKCIIPECCUHU TEHOB B
OITYXOJISIX TJIMO0JIACTOMBI BBISIBIII Koppessiiuto akcnpeccunt STAT3 ¢ suxaHcepHOn
PHK LINCO00910, ren koTopoi HaXOAUTCS B OJTHOM XPOMOCOMHOM JIOMEHE C TEHOM
STAT3. Panee no nuteparypusiM nanHbiM LINC00910 Obuta accouuupoBaHa ¢
KOJIOPEKTAJIbHBIM PakoM M pakoM >xenyjaka. Jlanueie 6a3pl GeneHancer rtakke
yKa3bIBalOT Ha BO3MOXKHOe yuyactue suxancepHoit PHK LINC00910 B perynsituu
ummyHoperynaropa STAT3. Ml nipoBenu 3¢ (EKTUBHBIN HOKJIAyH SHXAHCEPHOU
PHK LINCO00910 c ucnonszoBanuem Mmetoga PHK-unTepdepeniuu, xoTopbiii
npuBell K 8 - 10 KpaTHOMY CHMXEHHIO €r0 3KCIPECCHHM B KIETOYHBIX JIMHUSIX
rimobmactoMbl. CHmkenne skcnpeccun LINC00910 He okazano 3HAYMTEIBHOTO
BIMSHUS Ha dKcrpeccuio reHa STAT3 B KIETOYHBIX JIMHUAX TIMOOIACTOMBI
DBTRG-05MG u U251. D10 yka3pIBaeT Ha TO, 4YTO Koppesius skcnpeccnn PHK
LINC00910 c oskcnpeccueit rena STAT3 He sBusercs CIEACTBUEM MPSIMOTO
yuactusi LINCO0910 B perynsuuu rena STAT3 B atux kierkax. JlanpHeime
HCCIICIOBAaHUS C HCIOJb30BaHUWEM TMojoOpaHHor wuHTepdepupytomeir PHK
MO3BOJIAT yTOUHHUTH poib dHXxaHcepHoi PHK LINCO00910 B npyrux cUTHaIbHBIX
NyTsX, a TakkKe MOTEHIMAIbHYIO CBs3b AaHHOW suxaHcepHod PHK c pasBuTuem
paka.

Kuarwuenle cioBa: suxancepnas PHK, sPHK, STAT3, rmuo6aactoma, PHK-
untepdepenius, Hekoaupyromas PHK, LINC00910.
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Abstract
The transcription factor STAT3 serves as an immunoregulator by playing a
crucial role in cytokine receptor signalling. However, in various cancer cell types,
STAT3 is involved in the molecular mechanisms of oncogenesis. Specifically, in
glioblastoma, the STAT3 immunoregulator has been linked to resistance to
temozolomide, the most commonly used chemical agent for treating this type of
cancer. Furthermore, literature suggests that activation of this oncogene in
glioblastoma cells can significantly impact the tolerogenic tumour
microenvironment, weakening the antitumour immune response and contributing to
the aggressive course of the disease. Therefore, suppressing STAT3 may not only
affect cell growth and resistance to chemotherapy but also enhance the immune
response by improving the tumour microenvironment.

The development of sequencing technologies has revealed that most of the
transcribed material in the cell is noncoding. Long non-coding RNAs are gaining
popularity in the study of oncogenesis due to their functional role in the development
of various diseases, including oncology. A subtype of long non-coding RNAs
transcribed from enhancer elements, known as enhancer RNAs, has garnered
attention due to their high specificity in various cells and tissues. Gene co-expression
analysis in glioblastoma tumours showed a correlation between STAT3 expression
and the enhancer RNA LINCO00910, which is located in the same chromosomal
domain as the STAT3 gene. Previous literature has shown that LINC00910 is
associated with both colorectal and gastric cancer. Additionally, data from the
GeneHancer database suggests that the enhancer RNA LINC00910 may be involved
in regulating the STAT3 immunoregulator. RNA interference was used to
effectively knockdown the enhancer RNA LINC00910, resulting in an 8- to 10-fold
reduction in its expression in glioblastoma cell lines. The reduction of LINC00910
expression did not significantly affect STAT3 gene expression in glioblastoma cell
lines DBTRG-05MG and U251. This suggests that the correlation between
LINC00910 RNA expression and STAT3 gene expression is not due to
LINCO00910's direct involvement in STAT3 gene regulation in these cells. Further
studies using the selected interfering RNA will help to clarify the role of the
enhancer RNA LINC00910 in other signalling pathways, as well as its potential
relationship with cancer development.

Keywords: enhancer RNA, eRNA, STATS3, glioblastoma, RNA interference,
non-coding RNA, LINC00910.
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1 BBenenue
['muobnactoma ABISIETCS TAKEIBIM OHKOJIOTUYECKUM 3a00JIEBAHUEM C MSITHIIETHEN
BBDKMBAaEMOCThI0  okojio  10%. CranpapTHas Tepamus 3TOro HauOosee
pacpoCTPaHEHHOI'0 BHUJIA Paka MO3ra 3aKJIKYaeTcs B XUPYPrUUECKOM YJAJICHUU
OIYXOJIH, Ty4€BOM TEPANUU U BO3AECHCTBUH AIKWIMPYIOIINM XUMUYECKUM areHTOM
TEMO30JI0MUIOM. OIHAKO MPOLEHT JIETAJbHBIX MCXOJOB OCTAE€TCS BBICOKUM, B
YaCTHOCTH, M3-3a BBICOKOW ycTOMYMBOCTU K Temo3onomuay [1]. STAT3 sBasercs
OJIHUM M3 Ba)KHBIX OHKOT€HOB, BIIMAIOUIMX HA KJIETOYHBIA POCT M YCTONYMBOCTH
IMOOIACTOMBI K XMMHOTEPANeBTUUECKUM TperapataM. M3BecTHO, 4TO HOKAayH
STAT3 wunu ero WHrHOMPOBAHHWE YBEIMYMUBAIOT UYBCTBUTEIBHOCTH KIIETOK
rIIMo0JIacTOMBI K TeMo3osiomuay [2,3]. [ToMumo peryssium omyxoieBoi HHBa3UH,
aHTHOTeHe3a, Tpojudepanuu pPaKoBBIX KJIETOK, a TakKe MPEIOTBPAIICHHUS WX
anontotuyeckoi rudenu, STAT3 wurpaer KiIOYEBYIO poJib B MOAJAECPKAHUU
XUMHUOPE3UCTEHTHOCTH  TJIMOOJIACTOMBI,  MOAABJSAS  IPOTHUBOOIYXOJIEBBIN
MMMYHHBIA OTBET, uTO AenaeT STAT3 noreHunanbHOH UMMYHOTEPANEBTUYECKOM
MulieHbl0  [4]. LIUTOKMHBI, O3KCIpEeCCHpyEeMble CTBOJIOBBIMH  KJIETKaMHU
rJIM00JIaCTOMBI, aKTUBUPYIOT UMMYHOPETYIATOpHBINA Oenku B7-H4 B omyxoneBbix
Makpocarax nocpenctBoM STAT3-curnanuura, yTo B JajibHEiIIeM OJOKUPYET
bynkuuo T-KIETOK U CIOCOOCTBYET UMMYHHOMY M30€TaHHIO OYXO0JIEBBIX KIIETOK
[5,6]. Takum oGpazom, BozaeiicTBue Ha STAT3 MoxkeT SBIATHCS MEPCIEKTUBHBIM
HaIpaBJICHUEM UMMYHOTEpAIIUU paKa.

Hexonupyromue PHK coctaBisioT 00ibIy0 4acTh TPAHCKPUITOB B KiETKe [7].
Onxancepasie PHK (APHK) - moartun gnunHBIX  Hekonupyromux PHK,
TPAaHCKPUOMPYEMBIH C IHXAHCEPHBIX 31eMeHTOB. M3BecTHO, uTO Kcnpeccus 3PHK
KOppenupyeT ¢ aKTUBHOCTHIO TKaHecmenuduaeckoro ’uxancepa [8]. Jms maOTHX
»PHK 0pl1a mokazana ciocOOHOCTH BIUSATH HA SKCIIPECCUIO OHKOTEHOB, YTO BIMSIET
Ha KJIETOUHYIO Mpoiudepanno U ycTonduBocTh K xumuorepanuu [9,10]. sPHK,
Bausitonias Ha skcrnpeccuto STAT3, moxer ObITh Kak MapKepOM aKTUBHOCTU
KOHKPETHOI'O JHXAHCEpa, YTO JAcCT MOHMMAHHE B MEXaHU3ME PEryJIMpOBaHUS
STAT?3, Tak 1 MOTEHIIMATBLHON MUILIEHbIO 11 ToaaBieHus skcnpeccun STAT3.

2 MarepuaJjbl 1 METObI
Benenue KJI€TOYHBIX JMHUN U HOKIAYH

B pabote ucnonb3oBanuch KiaeTouHble JUHUHM TinoOiaactombl DBTRG-05MG u
U251. Knetounsle nuauu Benuch B cpeqe DMEM c coneprkanuem ritoko3sl 4,5 1/
(ITansko0), ¢ moOGaBIeHMEM CMeCH aHTHOMOTHKOB W3 neHutumHa (100 Ex./mn) u
crpentomuninaa (100 mxr/mn) (ITansko), 1% pacTBopa 3aMEHUMBIX AMUHOKHUCIIOT
(ITanako0) u 10% >mbpuoHanbpHOM Obrubeii chiBopoTkol (FBS, Biosera).

[Tonanenue skenpeccun PHK LINC00910 npon3Boaniochk ¢ MOMOIIBIO METOAA
PHK-untepdepenuu. i storo ¢ momormipio nporpammbl Invivogen siRNA
Wizard v3.1 tool (https://www.invivogen.com/sirnawizard/ ) ObuUIM TOI0O0paHBI
nocneaoBareabHocTH Manbix uHTepdpepupyomux PHK (siRNA). Hoknayn sPHK
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LINCO00910 MIPOU3BOIUIICS C IIOMOIIILIO siRNA:
GUCGGACAACUAGCCAUAUCTITAT,;
AGAUAUGGCUAGUUGUCCGACATAT (AHK-Cunre3). B xauectBe KOHTPOJISI
ObLIH UCIIOJIb30BaHBI pPaHAOMHU3UPOBAHHbBIE PHK:
GUCUCCACUCCGAAGUAUAGATAT;
UCUAUACUUCGGAGUGGAGACATAT (JJHK-Cuntes). J[loctaBka siRNA
pOM3BOAMIACH ¢ TOMOIIIbIO pearenta Lipofectamine RNAIMAX (InvitroGen).

Uepes yac nociie TpaHcPeKry K KJIETOUHBIM JIMHUSIM ObLT J00ABJIEH TEMO30JIOMU/
(TMZ) B xoHuenTparuu 20 Mxr/mi, pactBopeHHbiii B DMSO. B kauecTBe KOHTPOJIs
OBbLJT MCTIOJIL30BaH PACTBOPUTEIND TepaneBTuueckoro Bemecrsa DMSO.

Boinesienne PHK u mosimmepasHasi nenHasi peakuusi B peaJJbHOM BPeMeHH.

Brinenenne totanbHoit PHK u3 knetox mpousBoamiioch uyepe3 24 yaca mocie
TpaHcekmu ¢ momoiibio peareHTa ExtractRNA (EBporeH) mo mnpoTokody,
pexkomenoBanHoMy B HaOope. kJIHK u3 toransnoit PHK nomyyanu ¢ momorsto
Habopa pearentoB MMLV RT kit (EBporen) ¢ wucmnosib3oBaHHeM OJUTO-AT
NpaliMepOB M CIy4allHbIX HYKJIEOTHUIHBIX NpaiMepoB B cooTHomeHuu | k 1,
corsiacHo WHCTpykiuu. Ilonmumepasnas uennas peaknus (ITLIP) mpoBomumics ¢
MTOMOIIIBIO PEareHTOB qPCRmix—HS SYBR (EBporen) u cnenuuyHbIx mpaitMepos:
LINCO00910 TCTGCACCCAAACCAGATGC;
TCAGGCGGTGATACTTGCTC STAT3 - ATGGAGATTGCCCGGATTGTG;
GCTGCTGTGGGGTGGTTG. HopmupoBka mpou3BOJMIIACH HA T€H JOMAIIHETO
X034iCTBA GAPDH - CAAGGTCATCCATGACAACTTTG;
GGCCATCCACAGTCTTCTGG.

PE3YJIbTATHI UCCJIEJJOBAHUN U OBCYXJIEHUE PE3YJIbTATOB

Jns maxoxaenus 3PHK, crioco6Ho¥M koHTponupoBaTh skcnpeccuto reHa STAT3,
OBbLJI MPOBEJIEH MOUCK C UCIIOJIB30BAHUEM PA3INYHbIX 0a3 JaHHBIX. [1o 6aze qaHHBIX
PHK  eRic  (https://hanlaboratory.com/eRic/) 6pumn  orobpansl  PHK,
koppenupyromue 1o dxcnpeccuu ¢ STAT3. Cpenu oToOpaHHBIX BapHaHTOB ObLIA
obOHapyxeHa oana 5PHK, npo kotopyto Obu1a HaiiieHa nHbopMalus B JINTEPATYPE.
beimo mokazaHo, YTO MNPOUCXOAUT 3HAYUTEIBHOE MOBBIIIEHHE HKCIPECCUU
LINCO0910 B MOHOHYKJIEapHBIX KJIETKax MepupepuyecKoil KpoBU MpH
KojopektaibHoM  pake [11]. Ilpm paxe xemyaka LINCO00910 Obuia
TUIEPMETHIIMPOBAHA U BBICOKO SKCIPECCUPOBAIACh MPpH pake xkenyaka [12]. Takxke
no gaHHbeiM 0a3el  GeneHancer Double Elite suxancep (GH17J043366),
nepekpriBatouiicss ¢ PHK LINC00910, MoxeT B3auMo1€iiCTBOBATH C TPOMOTOPOM
STAT3. Ucnonb3ys nannbie 6a3e1 GEPIA (http://gepia.cancer-pku.cn), Oblia Tak xe
noaTBepxkAcHa Koppensnus mexay S3PHK LINC00910 u STAT3 (puc. 1A). B
KOpTEeKcax 4esnoBeka, mpenacrabiieHHbIX B mpoekte GTEx, Obl1 mpou3BeaeH aHamus
koakcnpecun reHoB ¢ LINCO00910 kak omucano B [13]. Cpeaum mnomydeHHBIX
(GYHKUIHMOHAJIBHBIX KJIACTEpOB ObUIM OOHApY>KEHBI TPYIIbI, CBA3aHHBIE C
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penaparnueit [IHK u ki1eTOYHBIM IIUKIIOM, YTO COOTBETCTBYET MPEANOI0KEHUIO 00
yuyactur LINC00910 B perynsiinu XeMUpEe3UCTETHOCTH U KJIIETOYHOI'O pOCTa.

Ha xneTounbIx nuHUAX ramo0aacToMsl ObLT mpou3seneH HokayT 3PHK LINC00910
¢ momotnisio PHK-urTepdepennnu (puc 2). Sxcnpeccus LINC00910 cHusmmace B
cpeaqHeM B 6-8 paza mpu go6amienun si LINCO00910, kak mnpu mgoOaBiaeHUU
TEMO30JIOMHU/Ia, TaK B KOHTPOJIBHBIX 00pa3iiax (puc 2A, B).

ITpu Hoknayne LINC00910 skcnpeccust STAT3 octanacs HensmeHHoit (puc 2b, I).
Takum obpazom B kinerkax rauodmactomsl DBTRG-05MG u U251 sddexr nHa
onkoreH STAT3 ue Habmonaercs. [Ipu 5TOM OTAEIBHO OTMETHM, YTO YaCTO MOKHO
HaOM0aTh CreUu(pUYHBIA I KIETOK 3(PQdeKT, TakuM o0pa3oM B JAPYIrux
KJIETOYHBIX JIMHUSAX TJIHOOJIACTOMBI MOXKET HaOmromathesi BosnelcTue ot 3PHK
LINCO00910 na STAT3.

3 3akaouenue

STATS3 - BaxHBIH OHKOTEH U UMMYHOCYNpeccop B riuobdmacrome. C mOMONIIbIO
pa3nuuHbIX 0a3 JaHHBIX OblT ocymiecTBieH mnouck 3PHK, koppemupyrommx c
STAT3 u sHxaHCep KOTOPHIX MOTEHUHAIBHO B3aUMOJIEUCTBYET C MPOMOTOPOM
STAT3. Cpenu kaHau1aToB Mbl OCTaHOBWIM cBoe BHUManne Ha PHK LINC00910,
TaK KaKk OHa aHHOTHPOBAHA ¥ UMela YIIOMUHAHUS B HAYYHOU JIMTEPATYPE.

Hns  momaBnenus PHK LINCO00910 Opumn  ycmemHO TOAOOpaHBI  Majbie
unteppepupytonme PHK. Hokmayn mnpousBoamics Ha KIETOYHBIX JIMHHSIX
rimobmactombl DBTRG-05MG u U251, u cumxenue skcrpeccuun LINCO00910
coctaBmwiio okono 0,15 ot skcnpeccun PHK B koHTponbHBIX 00pasiax. Takoe
U3MEHEHUE  OKCIPECCHMM  CBHUJETENBCTBYET O  BBICOKOM  3(d@eKkTuBHOCTU
nogoOpanHoii wmanoi wuHTepdepupytomeid PHK. Opnnako, mnpensaputenbHbIe
nporHo3bl, kacatenbHo BiausHUS LINC00910 Ha curnansubiii nyth STAT3 B aTHX
KJIETOYHBIX JTUHUSIX, OCHOBaHHbIEC HA JAHHBIX OMOMH(OpMaTHUECKUX 0a3, HE HAIILIU
NOATBEPKIeHUsI. B cBeTe ATUX pe3ylbTaToOB, MPEACTABISETCS 11e1ecO00pa3HbIM
MIPOBECTH JAJBHEUIINE HMCCIEIOBaHUs Ui OUCHKHM BiusHuS naHHoM PHK Ha
JIPYTUE CUTHAJIBHBIE TIYTH C UCIIOJIH30BAHUEM OTPaOOTAaHHOW METOINKH.

buaarogapuocTu

PaboTta BeImosiHeHa nmpu (GUHAHCOBOHM moaaepkke Poccuiickoro HaydHoro ¢omaa
(rpant No024-24-00130).
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PUCYHKHA

Pucynok 1. Koppensauuonnsiii ananus 35PHK LINC00910.
Figure 1. Correlation analysis of LINC00910 eRNA.
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(A) Ha pucynke npencrasiieH koppessauronsbii ananu3 3PHK LINC00910 u

STAT3 B oOpasuax rimo0JacTOMbI YelloBeKa (KOPPEIsSUUOHHBIN Kod(hduineHt
[Mupcona). Jlns pacuera B3saThl AanHbie PHK cexkBenupoBanus mo rimmobdiactomMaM
u3 mnpoekta TCGA. (b) OOoramenue (QyHKIHMOHAIBHBIX TPYII C ThICSUEH
noioxkutesbHo kKoskcnpeccupyembix ¢ LINC00910 reHoB B KOpTEKcax 4eIOBEKa U3
npoekta GTEX.

(A) The figure displays the correlation analysis of LINC00910 and STAT3 eRNA
in human glioblastoma samples using Pearson's correlation coefficient. RNA
sequencing data on glioblastomas from the TCGA project were used for calculation.
(B) Enrichment of functional groups with thousand positively co-expressed with
LINCO00910 genes in human cortexes from the GTEX project.
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Pucynok 2. Hoxknayn PHK LINC00910 B k1€TOYHBIX JUHUSX TTHOOJACTOMBI.

Figure 2. LINC00910 RNA knockdown in glioblastoma cell lines.
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GOC:0006520: amino acid metabolic process

WP4225: Pyrimidine metabolism and related diseases
hsa01240: Bipsynthesis of cofactors

GO:0006258: DNA metaholic process

GO:.0006298: mismatch repair

(0:0034655: nucleobase-containing compound catabolic process
R-HSA-88962: Activation cof the pre-replicative complex
hsa01232: Nucleotide metabolism

R-HSA-5696398: Nucleotide Excisien Repair

GO:0006780: folic acid-containing compound metabolic process
GO:0048713: lation of oligodend jiffe iati
R-HSA-1640170: Cell Cycle

GO:0014003: oligodendrocyte development

GO:0034205: amyloid-beta formation

GO.0001514: selenocysteine incorporation

G(:0050962: detection of mechanical stimulus

hsa00340: Histidine metabolism

GO:0033539: fatty acid beta-oxidation using acyl-CoA dehydrogenase
R-HSA-174403: Glutathione synthesis and recycling

GO:0016446: somatic hypermutation of immunoglebulin genes

Ha pucynke nzobpaxena sxcrpeccuss PHK LINC00910 (A, B) u STAT3 (b, ') B
kierounbix Junusix DBTRG-05MG (A, b) u U251 (B, I') npu nonasnennun PHK
LINCO00910 (si LINC00910) npu no6asinennn TMZ u pactBoputens DMSO. * - p
<0,05, ** - p <0,01 (kpurepuit ManHa-Yutan). JlaHHBIC TIPEACTABICHBI B BUJE
CpeIHEro 3HAYCHHsI U CTAaHAAPTHOW OIMMUOKU CPETHETO.

The figure displays the expression of LINC00910 (A, C) and STAT3 (B, D) RNA
in DBTRG-05MG (A, B) and U251 (C, D) cell lines when LINC00910 RNA (si
LINCO00910) was suppressed by the addition of TMZ and DMSO solvent. Statistical
significance is indicated by * - p < 0.05, ** - p < 0.01 (Mann-Whitney test). The
data are presented as the mean value and standard error of the mean.
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