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060cHOBaHMe. [orpaHNyHbIe OMyXonu ANYHNKOB
(MOA) npencTaBnAOT CO6OM MPOMEXKYTOUHBIV TUM
MexzAy [0O6pPOKaYeCTBEHHbIMU U 3J10KayeCcTBEH-
HbIMV HOBOOOPA30BaHMAMMN ANYHUKOB. Cepo3Hble
MOrpaHnYHble OMyXonu UMelT obLlue MOoJeKy-
NAPHbIE U reHeTuyeckme ocobeHHOCTU C cepos-
HbIMU KapumHomamu. PaHee 6bi0 MoKa3aHo no-
BbILLEHVE YPOBHA METUANPOBAHMWA FPYyMMbl FeHOB
MuUKpoPHK (M1PHK) npu pa3sutun n nporpeccmmn
paka AnuyHuKoB. OpHaKo pe3ynbTaTbl MCCNEAo-
BaHWI MPOTUBOPEUMBLI, @ UX KOMNYECTBO Heno-
cTaToyHo AnA GopMUPOBAHUA €AUHOTO MHEHUS.
B paHHoI paboTe BnepBble NpoBeAeH nonck abep-
PaHTHO MeTUANPOBaHHbIX reHoB MUPHK, cneuym-
duuHbIx ana MOA 1 HEeKOTOPbIX MMCTONOMNYECKNX
NoATUMOB paka ANYHUKOB.

MaTtepuan n metopbl. B nccnegosaHuy ncnosnb-
30Bany BbIGOPKY U3 99 napHbIx (onyxonb/Hopma)
06pasLoB onyxonen ANYHUKOB. AHANN3 MeTUIN-
poBaHWA MPOBOAMICA C NMPUMEHEHMeM MeTopaa
KOJIMYECTBEHHON MeTuiacneyndryHon nonume-
pa3Hon uenHon peakumun. CKPUHUHT Guomapke-
poB MOA BbinonHeH cpean 21 reHa MuPHK.
Pesynbratbl. Mbl OGHapyXwunu, 4YTO HEKOTO-
pble reHbl MUPHK (MIR124-1, MIR125B-1, MIR129-2,
MIR132, MIR148A, MIR193A, MIR203A, MIR107,
MIR1258, MIR339) XxapaKTepu3oBanuUCb BbICOKAM
YPOBHEM METUINPOBAHUSA B rpynne 60nbHbix MOA
B CPaBHEHUWN C TKAHAMW 3[0POBbIX »KEHLWUH. [pn
3TOM B rpynmne 60JbHbIX 3/10Ka4YeCTBEHHbIMM Oy-
xonAmMu ANYHKKOB (30A) ypoBeHb X MeTUIMpOBa-
HUA MO0 OTNMYANCA HEe3HAUYUTENbHO, NM6Oo Aaxke
cHwxkancA. Ana reHos MIR129-2, MIR132, MIR148A,
MIR203, MIR107 n MIR1258 BbisiBfieH 60siee BbICO-
KU YPOBEHb METUIMPOBaHKA B obpasuax 60sb-
HbIX MNOA B cpaBHeHUM C 06pa3uamm 605bHbIX 304.

YpoBeHb MeTunupoBaHua reHa MIR148A B IMOA
6b11 B 4 pa3a Bblwwe, yem B 304 (31,3% npotuB 7,9%,
p=0,047, MHOXKeCTBEHHbIN [ABYCTOPOHHWUA TecT
Kpackena — Yonnuca). YpoBHUW METUIMPOBAHUA
reHoB MUPHK MIR148A n MIR191 cTtatnctuyecku
3HAYMMO CHUXKEHbI B CEPO3HOW LMCTafeHOKapLu-
HOMe 1 NOBbILLEHbI B CEPO3HON 1 SHAOMETPUoOns-
HOW afieHOKapLMHOMAX.

3aknioyeHne. MeTunnpoBaHue reHoB MuUPHK
MIR148A v MIR191 cBA3aHO C pa3NNYHbIMU FUCTONO-
rMyecKUMm BapnaHTaMmm paka AMYHUKOB. [ToKasaH
MOBbILLIEHHbI YPOBEHb METUNNPOBAHWA PAJa re-
HoB MUPHK B [MOA B cpaBHeHum ¢ 301. B uenom ot-
MeUeHO BAIMAHMNE SMUreHeTnYecknx GakTopoB Ha
KNMHUYECKMe pasfnyva rMCTONOrnYecknx Gopm
paKa ANYHMKOB 1 MOrpaHnyHOM GopMbl.
KnioueBble cnoBa: norpaHnyHble OMyxonu AnY-
HUKOB, 3/10KaYeCTBEHHbIE€ OMyXONN ANYHUKOB, M-
CTONOrMYECKNA TUN paka AMYHUKOB, METUINPOBA-
Hue reHoB MUKPOPHK, ren MIR148A
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IOTPAaHMYHBIM  ONYXOMAM  AMYHUKOB
(TTIOA), Tak>Ke M3BECTHBIM KaK aTUIIMYEeCKI
nponudepupymolue OIyXOMU, OTHOCAT
HOBOOOPa30BaHNsI, KOTOPbIE XapaKTepu3y-

I0TCSL aTUIMYHON SIMTeNNaIbHOI nponudepanei

U HE MMEIOT MHBA3NM B CTpOoMYy. /laHHBI TUII OIIy-

XOny B OONBIIMHCTBE CIy4YaeB MMeeT Olaronpusar-

HBII IPOTHO3 U PEKO CKIOHEH K 3/I0Ka4Y€CTBEHHOI

tpancopmanuu [1, 2]. VI3 Bcex ammrennanbHBIX

HOBOOOpasoBauuit simaHnkoB Ha I1OS mpuxopmt-

cs1 15-20%. K Haubonee pacpocTpaHeHHBIM TUIIAM

ITOS ortHOCcATCs ceposHble (53%) 1M MYIMHO3HbIE

(43%). Opyrue tumel, B TOM 4YUC/Ie NOIPAaHUYHBIE

3H/IOMETPMON/IHbIE, CBET/IIOK/IETOYHbIe ¥ OIYXO/N

Bpeunepa, o6HapyXuBaioT muinb B 4% HabIIOREHMIT

[3]. Ceposubie IO umeroT obye MOIEKYIsIpHBIE

U TeHeTUYeCKye 4epThl C CEPO3HBIMU KapIHOMa-

MU HM3KOJ CTEIIeHM 3/I0KaYeCTBEHHOCTU M MOTYT

IpPUCYTCTBOBATh Ha 0OJ/iee TSDKEIBIX CTAAMsIX paka

C TIepUTOHEANbHbIMM VMMIUIAHTaTaMM M/VIIN IOpa-

KeHneM MuM(ATNYecKuX y3/I0B, YTO IOATBEPXK/a-

eT X 3710KadecTBeHHbIT noTeHnuan. IO rak Ha-

3bIBA€MBIX HECEPO3HBIX TMCTONOTMYECKUX TUIIOB,

K KOTOPBIM OTHOCATCA MYLMHO3HBIE, SHIOMETPUO-

UJIHBIE, CBETIIOK/IETOUHBIe 1 BpeHHepa, 06bIYHO Xa-

PaKTepu3yTCA OHOCTOPOHHEN JIoKanu3anueii 6e3

UMIUIAaHTallU}¥ B IepUTOHeaJbHOe IPOCTPAHCTBO

¥ O/1aTONPYSITHBIM IIPOTHO30M [2-4].

K HacrosmeMy BpeMeHV HaKOIUIeHa OOMIMpHas
uH(pOpPMALNsI O BIUSHUN AHOMAJIBHON 9KCIIPECCUn
mukpoPHK (MuPHK) Ha pasButue u mporpeccuto
paka AM4HMKOB. OJHAKO MIMEIOTCSA OrpaHMYeHHbIe
HaHHbIe 0 guddepeHnaTbHOM TaTTepPHE 3TON IKC-
Ipeccui, CBA3aHHOM C TMCTOJOTMYECKMMY TUIaMU
paka AMYHUKOB, U e[UHUYHBIe COOOIIeHNA O Mart-
tepre sKkcripeccun MuPHK u B no6pokadecTBeHHBIX
OIyXO/NAX AMYHUKOB, I B HOorpaHNyHbIX [5-7]. Tak,
MuPHK, cnenudnunsre gnsa 104, 6biin Haubonee
nofpo6HO mM3ydeHsl B pabore [5], e axcmpeccust
4 MuPHK (miR-30c, miR-30d, miR-30e-3p, miR-370)
3HAUNMTE/NbHO pa3Inyanach MeXAY KapIMHOMaMM
U [OOPOKAYeCTBEHHBIMM OIIYXOMSAMY SUYHUKOB,
a TaKXe MeXJy KapIOVHOMONI U IOIPaHNYHBIMU
onyxonamu. Eme 3 MuPHK (miR-181d, miR-30a-
3p, miR-532-5p) 3HAYUTENBHO Pa3MUIATUCH TOMHKO
mexpy I1OA n xkapumHOMaMu. Oxcrpeccna miR-532-
5p 6blna CyIIeCTBEHHO HIVKe B IMOIPAaHNMYHBIX OIIY-
XOJAX, 4eM B JoOpokadecTBeHHbIX. Cpeny KapLu-
HOM sANYHMKOB sKcnpeccus 4 MuPHK (miR-30a-3p,
miR-30c, miR-30d, miR-30e-3p) 6b1/1a caMoit HU3KOIA
B MYIIVTHO3HOJ U CaMoli BBICOKOII B 0Opasiiax cBeT-
JIOKJIETOYHOI KapuuHOMBL. B pabore [8] obmapy-
XKEHO, 4TOo 3Kcmpeccuss miR-106b, Hamporus, 3Ha-
YUTEIbHO BbIllle B HOPMAJIbHBIX TKAHAX SAMYHMKOB
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U JO0OPOKaYeCTBEHHBIX OIYXOJAX, YeM B KapIIMHO-
MaX ANYHMKOB U IIOIPAaHNYHBIX OyXo/Ax (p <0,01).
KonnexTnBoM aBTOpOB [9] mpoBeneH aHamu3 9K30-
comubix MuPHK B cpiBopoTke 68 HOBOOOpa3oBaHMit
AVYHUKOB, BK/IIOYas JOOpOKadeCTBEHHBbIC KICTDI
saHnKoB (n = 10), [TOS (n=10), cepo3Hble KaPLIIHO-
MBI AMYHUKOB BBICOKOM (n =39) n Huskoit (n=9) cre-
nenn guddepeHIPOBKY, YTO TO3BONIUIO OTOOPATDH
ak3ocoMuble MMPHK miR-93, miR-145 1 miR-200c co
3HAYMMO HOBBILIEHHBIM YPOBHEM 3KCIPECCUM B CBI-
BOPOTKE OO/IbHBIX PAKOM AMIHIKOB. CHIBOPOTOYHbIE
9K30comanpHble MiR-145 n miR-200¢ oTo6paHbI Kak
OroMapKephI JI/LA IIpefjolepallIOHHO AMarHOCTUKN
KapLJHOM SMYHUKOB [9].

OrmeueHo, uto mpomoTopHble CpG-0CcTpoBKHU
renoB MuPHK abeppaHTHO MeTHIMPYIOTCS, HOKO6-
HO TeHaM, KOLUPYIOLUINM 6e/IoK, 1 YTO MPOLEHT Te-
HOB, JIepeTyIMpPyeMbIX C IIOMOIIbI0 abeppaHTHOIO
METUIMPOBAHMN S, 3HAYMTE/ILHO BBIIIE CPefiy MePBbIX
TeHOB, 4YeM cpepy BTOpbIX [10]. PaHee HamMy moKa3aHa
BBICOKAs1 9(pPeKTUBHOCTD aHA/MN3A METUIMPOBAHNSA
renoB MuPHK 714 o1jeHKU cTeneHM pa3BUTUA U IIPO-
Tpeccuu paka AMYHMKOB U OIpefielieHbl HAbOPBI Map-
KepOB /ISl AMATHOCTUKIY ¥ IPOTHO32 paKa AMYHIKOB
[11-13]. B maHHOIT paboTe BIepBble IPOBEMEH MIOUCK
abeppaHTHO MeTmnMpoBaHHbIX reHoB MuPHK, crme-
uuduanbx gas I1IOS M HeKOTOPBIX THCTONOTMYe-
CKUX IOATUIIOB paKa AnIHNKOB. CKpUHUHT 6roMap-
kepos IO Beimonnen cpeau 21 rena MmuPHK.

MaTepman n MmeToabl

KnnHnuecknin matepuan
O6pasipl paka SIMYHUKOB cOOpaHbl M Mopdono-
rudecky oxapakrepusoBanbl B ®I'BY «HMMUII on-
konorun um. H.H. Broxuna» Mwunsgpasa Poccum.
B mccnenoBaHme BKIOYEHO 93 GONMbHBIX 3/10Kade-
CTBEHHBIMU onyxonsamu asudHukos (305) B Bospac-
Te 25-81 roza, a Takxe 6 6onpHbIx [10S B BO3pacre
14-39 7et, mpoxoauBIINX 00CIefOBaHNe ¥ TeYeHIe
B OIBY «HMUII onkomorum um. H.H. Broxuna»
Munspgpasa Poccuu B mepuop ¢ 1995 mo 2019 .
Vcnonb3oBany Marepuan OT MAalMEHTOK, KOTOpbIe
J0 ollepanuy He MOJydYaau My4eBylo, XUMUO- WUIN
TOpMOHOTepanuio. [ImarHo3 yCcTaHOB/IEH Ha OCHO-
BaHUU TVICTONOTMYECKOTO 3aK/I04eHMA. B kadecTse
KOHTPOJISI B3SITHI 00PasIibl TKAHU SIMYHUKOB 15 XKeH-
IIMH, yMepIIuX 0e3 IpU3HAKOB OHKOJIOTMYECKUX 3a-
6o7eBaHMIT 1O JaHHBIM aHAMHe3a.

MccnenoBanme  BBIIOMTHEHO B COOTBETCTBUU
C 3TUYECKMMM HOpMaMM Xe/lIbCUMHKCKON JeKma-
paunun BceMmpHON MeOMIMHCKON accoLManuy
(1964, 2004), Bce manueHTH HOAINCATIN UHOOPMU-
poBaHHOe [OOpPOBONIBHOE cornacre. Bce omyxomnm
AVYHUKOB KIacCU(UIMPOBAHBL B COOTBETCTBUU

OpI/IFI/IHaJ'IbeIe CTaTbW
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¢ TNM-knaccudukanueit Me>XZyHapOZHOTO IIPO-
TUBOPAKOBOT'O COI03a VM TUCTOJIOTMYeCKU BepUPuLn-
POBaHbBI Ha OCHOBAHMMU KPUTepHeB KIaccupuKanmm
BcemupHoll opraHmsanum 3ppaBooxpaHeHms [14].
ViccnenmoBaHye BBINOTHEHO II0 MEXJYHapOZHBIM
mpaBuiaM pabotsel ¢ 6uomarepuanom mogpeit. DTBHY
«Hay4Ho-1ccefoBaTe/IbCKUI MHCTUTYT OOLIell ma-
TOJIOTUN 1 TaTO(DU3UOIOT U Oy IEeHO COT/IAIIeH e
ot 20.01.2020 Ne 20/1 0 B3aMMHOM COTPYJZHUYECTBE
¢ ®I'bY «<HMMNUIL] ouxomorum mm. H.H. bmoxunua»
Munsppasa Poccnn.

B Tabn. 1 npuBeneHbI KOMMYECTBEHHbIE JaHHBIE
o rucronorunyeckomy cocrasy 305 Bcex uccnefno-
BaHHBIX 00pasuoB. 11 ot6opa 06pasLoB ¢ BBICO-
KJMM COIep)KaHUeM OIIyXO/IeBBIX K/IETOK (He MeHee
70-80%) IpOBOAM/IN [OIIOTHUTEIbHBIN TUCTOIOTNU-
YeCKIIl aHa/lIN3 MUKPOCpe30B (3-5 MKM), OKpallleH-
HBIX TeMaTOKCVUIMHOM 1 303uHOM. O6pasiibl TKaHel
xpanunu npu -70 °C.

MeTogpl

[TonydeHHble B XOfe OMOICUM MM OIIEPATUBHOTO
BMellaTenbcTBa 00pasipl ob6beMoM o 100 mm® us-
MeJIb4ajIy ¢ MCIONb30BaHMeM TOMOTeH3aTopa-iuc-
nepratopa Ultra-Turrax T10 basic (IKA, l'epmanus).
Boicokomonexynapuylo JHK Bpigensanu ms TkaHU
II0 CTAQHIApPTHOJ METOAMKe C IpUMeHeHueM e-
HOJ-X0pOdOPMHOIT 9KcTpakiyn. KadecTBo u KoH-
nerTtpannio JTHK onpepesnsany o onTmnyeckoii mioT-
HOCTU Ha crekTpodoromerpe NanoDrop ND-1000
(Thermo Fisher Scientific, CIIIA). YpoBerb MeTnan-
poBanusa renoB MuPHK ananusupoBanu meropmom
KO/IMYEeCTBEHHOI MeTWU/ICHeN(pUIHON HOINMepas-
HOJI LIEMTHOM peaKIMM C JeTeKLVeN B peaJlbHOM Bpe-
MEHI C NpUMeHeHueM OMUCYTbPUTHON KOHBEPCUN
JOHK (0,5-2,0 mkr), Kak onucano B paborax [15-18].
Hab6op peaktnsoB qPCRmix-HS SYBR («EBporen»,
Poccns) ucnonbp3oBaay B COOTBETCTBUU C PeKOMEH-
JalUsAMU TIPOU3BOAUTENSA. AMIINQUKALNIO IIPO-
poguwnu B cucreme CFX96 Touch Real-Time PCR
Detection System (Bio-Rad, CIIIA) mo mpoToxomy
npoussopuTens. IlocnenoBaTeTbHOCTY ONUTOHYKIIE-
OTHJIOB U YC/IOBY:A IPOBEleHNA MOMMEPa3HOI ell-
HOIJl peakuuu Jjisd MCCIefoBaHHBIX reHoB MuMPHK
B3sTHl M3 pabor [12, 16, 19]. IlonHOTY KOHBepcun
JHK onpepnensanyu ¢ moMolbio KOHTPOIbHOTO JIOKY-
ca reHa ACTB ¢ npuMeHeHNeM ONTUTOHYK/IeOTUIOB,
criennUIHBIX K HEKOHBEPTUPOBAHHOI MaTpuiie
[16]. B xauecTBe KOHTpOJIEN [/ HEMETU/IMPOBAH-
HBIX ajljiefiell MCTI0/Ib30BaIN KOMMepPUeCKMil Iperna-
par JHK #G1471 (Promega, CIIIA). B xauecTBe 1O-
JIOXXUTENbHOro KOHTPonA 100%-ro MeTuInpoBaHus
npuMeHsny KoMMepueckuii npemnapar JHK #SD1131
(Thermo Fisher Scientific).

Tabnuua 1. Pacnpepneneruve

®

60SbHbIX 3110KaYeCTBEHHBIMY OnyXxXonamMn ANYHNKOB B 3aBUCMMOCTIN

OT M’MCTONIOrNYeCKoro BapraHTa CTPOeHMA OnyxXonn

[ucTonornyecknn BapnaHT

YacToTa, abc. (%)

Cepo3Has aeHoKapumHoma

Cepo3Has uncTageHoKapLmHoma

MyunHo3Hasa unctageHokap

DHOOMETPUOVAHaA ajeHoKa

44 (47,3)

38(40,9)
LMHOMa 1(1,0)
puvHoma 10(10,8)

s craTucTudeckoir oOpabOTKM IIONMYy4eHHBIX
JAHHBIX MCIO/Nb30BanM mporpamMmbl IBM  SPSS
Statistics 22 u STATISTICA 10. OHa BK/II04aja ornpe-
memeHne MenuaHbl (Me), MHTepKBapTUIBHOTO pas-
Maxa [Ql; Q3] 1 MUHUMATBHOTO U MaKCUMAIbHOTO
3HaveHny (min-max). JI/19 OIeHKM CTaTUCTUIECKOI
3HAYMMOCTY Pas3NNuMii IPUMEHAMNCh HelapaMe-
Tpudeckue kputepuy ManHa — YutHu u Kpackena -
Yonnuca. Paznuuus caurany CTaTUCTUYECKM 3HAUNU-
MbIMU 11pu p <0,05.

Pe3ynbratbl u 06¢cyxaeHmne

[eHbl MUKPOPHK, cneumnduyHo
rMNepmMeTnInpOBaHHble B MOTrPaHNYHbIX OMYyXOIAX
ANYHNKOB

B rtabn. 2 06006uieHbl pe3ynbTaThl aHaIM3a MeTH-
nuposanus 21 rera MuPHK B o6pasmax I10, 3041
U I'PyTIIBI KOHTPOA. OKa3amoch, YTO YPOBHYU METH-
nuposanus 8 renos MuPHK, a nmenno MIRI124-2,
MIR124-3, MIRI27, MIRI137, MIR375 MIRY-1,
MIR9-3, MIRI30B, 6bumn Bbimre B rpymme 3050
B cpaBHeHuu ¢ rpynnoit IIOA u rpynmoit konTpona
(puc. 1). ViHTepecHO, YTO 3HaYeHNUs MefUaH 6 Apy-
rux reHoB — MIR129-2, MIR132, MIRI148A, MIR203,
MIRI107 u MIR1258 — 661711, Ha060POT, BbILIIE B IPYII-
e T1OS, wem 304 (cm. Tabm. 2). Ilpu aTom pasmmyms
B YPOBHAX MeTunuposaHus rena MIRI48A B rpym-
max [TOS n 3041 craructudecku sHaunmsl (p = 0,047,
puc. 2, cM. TabmI. 2), a B rpymmax 6onbHbIx 305 1 KoH-
Tpons — HesHaunMbl (7,9 npotus 5,0). Ha ocHoBaHMM
9TUX JaHHBIX MOXKHO INPEJIONOXUTH clenndude-
cKy1o ponb reHa MIRI148A B passutun I104.

ITpu cpaBHeHMM I'PYNIBI KOHTPONISA ¥ OOIBHBIX
ITOS cTarmcTUyecKn 3HaUYMMble Pas3NMyuMsA YCTAHOB-
nensl g 7 us 21 usyvaemoro resa (p <0,05, puc. 3).
OtmerumM: 10 renos MuPHK (MIRI124-1, MIR125B-1,
MIR129-2, MIR132, MIR148A, MIR193A, MIR203A,
MIRI107, MIR1258, MIR339) xapaKTep130BajiCh BbI-
COKNM ypPOBHEM METU/IVPOBAHIS B OIIYXOJISX OOTIb-
HpIX [IOf] B cpaBHEHNM € TKAHAMU AMYHUKOB 3[,0PO-
BbIX )KEHIIIMH, B OTCYTCTBME 3HAUYMMOTO VI3MEHEHN A
B rpymie 6onpHbIx 304 (puc. 4).

Jlykura C.C,, bypderHoit A.M., Qununnosa E.A., lMporura U.B.,, Kazybckaa T.11, Kywnuxckul J.H., Ymkun [.0., bpaza 3.A., JloeuHos B.M., KywnuHckud H.E.
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Ta6nV|u,a 2. ﬂaHHbIe aHanr3a MeTUNIMPOBaHKA reHOB MVIKDOPHK B o6pa3|_la>< TKaHW ANYHKKOB Pa3HbIX rpynmn 60MbHbIX 1 rpynnbl KOHTPONA

leH MIR MeTtunuposanue B TkaHu AnyHnKos, Me [Q1; Q3], min-max, % 3HaueHune p* (FDR=0,01)
KoHtponb (n=15) TkaHb ONyXonu ANYHUKOB
MNoA (n=6) 304 (n=93)
124-1 0,5[0,2;3,11,0,1-9,2 14,0 [8,9; 24,0], 8,8-45,0 10,0 [2,6; 21,6], 0-67,3 Po.,<0,0001
po.;=0,003
124-2 7,4[0,2;13,1],0,1-19,5 19,0 [11,0; 36,5], 6,4-92,3 29,0(6,8;51,7],0-98,1 p,.,=0,0017
124-3 4,7[0,3;8,9],0,1-17,8 16,8 [12,7;30,9], 9,6-34,6 21,4[8,5;41,7],0,04-95,3 Po.,<0,0001
125B-1 561[1,6;11,4],1,1-16,2 36,6 [1,5;75,1],0,4-97,3 34,8[11,2;60,6],0,1-99,3 Po.,<0,0001
127 8,8[0,9;11,1];0,2-18,8 12,7 [1,6; 20,41, 1,0-31,0 27,6 [4,8;53,9],0,08-93,3 po.,<0,001
129-2" 8,2[4,9,11,2],43-13,3 51,6[12,7;87,4],2,1-89,0 31,2[10,3;51,5],0,3-99,3 Po.,<0,001
po.;=0,036
132" 1,310,1;4,31,0,1-9,0 25,6 [7,6;47,2],0,2-62,5 9,81[3,6;31,9],0,05-98,8 Po.,<0,0001
po.;=0,008
137 7,5[2,9;10,0],0,3-13,2 22,9[1,8-76,7],1,0-90,0 31,1[2,5; 56,9], 0-98,5 p,.,=0,018
148A™ 5,0[3,0;10,9],0,1-13,6 31,3 [25,0; 50,0], 9,9-90,8 7,911,9;28,7],0-94,4 po.;=0,018
p,,=0,047
191 28,5[13,8;32,9], 8,6-94,4 4,811,8;22,2],1,7-33,8 7,0(2,4;25,8],0,01-90,7 po.,=0,006
193A 4,5[0,3;7,3],0,1-12,2 32,1[8,5;38,3],0,1-53,1 34,8[15,4;56,4],0,1-98,4 Po.,<0,0001
203" 6,9[0,9;9,9],0,1-15,2 13,8 [0,6; 74,5],0,2-90,9 6,8[1,3;35,3],0,01-98,2 -
212 4,611,6;8,3],0,2-13,9 591[0,4;17,8],0,03-70,5 4,811,5;12,6],0,02-98,2 -
34B/C 091[04;1,7],0,1-7,7 21,3[11,4;27,4,3,7-76,2 17,6 [3,1; 35,4],0,01-98,1 Po.,<0,0001
po.;=0,005
375 1,0[0,2;2,8],0,1-9,1 7,812,2;15,0],0,01-28,2 10,9 [3,2; 34,2],0-92,5 po.,<0,001
9-1 2,0(1,4;4,0],0,1-838 7,3[4,0;10,0],0,05-94,6 24,417,7;56,3],0,01-93,6 Po.,<0,0001
9-3 7,415,2;14,9],0-18,0 10,7 [5,4; 24,8], 2,1-36,5 21,9(7,2;36,4],0,02-98,3 po.,=0,014
130B 1,60,3;2,9],0-7,2 7,811,6;282],1,4-91,4 16,9 [6,8; 32,5],0,1-99,1 Po.,<0,0001
107" 7,2[2,4;10,2],1,6-17,4 26,1[18,2;31,1],3,5-92,3 15,7 [6,2; 53,5],0-93,0 po.,=0,024
1258 1,0[0,3;12,2],0,2-14,1 35,6[17,0;62,2],4,2-70,2 11,2 [4/4;40,8],0,1-90,8 po.,<0,001
po.;=0,002
339 791(3,2;94],1,2-11,8 23,6[9,2;48,1],8,2-99,9 21,2 [8,2;54,3],0,2-99,7 po.,<0,001
po.;=0,009

FDR - false discovery rate, oxxupaaemasn fons noxHbix oTknoHeHnn, 30f1 - 310KayecTBeHHbIe OnyXxonu ANYHUKOB; MOA — NorpaHnyHbIe OMyX0u ANYHUKOB

Po_1 — Pa3NMunA MeXAy rpynnom KOHTPonsA v rpynnoii 6onbHbix MO, p,_, — pasnuuna Mexay rpynnoi KoHTpons v rpynnoii 6onbHbix 304, p,_, — pa3nuuma mexay rpynmnoi 60/bHbIX
MOA n rpynnoi 6onbHbIx 304

" anHCTaBﬂEHbI TOJIbKO CTaTUCTUYECKU 3Ha4YMble pa3nnymna

“TeHbl, y KOTOPbIX 3HAUEHUA MeAVaH CyLLeCTBeHHO Bbiwe B MO, yuem B 301
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Puc. 1. MegmnaHbl ypoBHet MeTunvpoBaHna 8 reHoB MMPHK B rpynne 60MbHbIX 310KaYeCTBEHHbIMM OMyxonAmMM AnYHKKOB (30A) B cpaBHeHNUM C 6ObHbIMM

C NOrpaHnYHbIMK Onyxonamn AndHKKos (MOA) 1 rpynnol KoHTpona

Haubonee cymecrBeHHoe mosbimeHye (B 1,5-
4 pasa) ypoBHsI MeTWINPOBaHUs B 0Opasax 60/b-
HbIxX [1O B cpaBHeHUM ¢ obpasmamu 60mbHbIX 3051
orMeueHo nas 6 renoB MuPHK: MIR129-2, MIR132,
MIRI48A, MIR203, MIR107 n MIR1258 (cM. Tab. 2,
puc. 4), 4TO yKa3bIBaeT Ha CIEI[UPIIHYIO BOB/IEYEH-
HocTb 9TUX MUPHK B natorenes I1O4. I[ToBbiennoe
MeTU/IMPOBaHNUeE NAHHBIX CYIPECCOPHBIX I'€HOB CHU-
JKaeT MX 9KCIPECCHIO ¥ MOXKET YBeIM4MBaTh 3/I0Ka-
yecTBeHHBIN nToTeniman [104.

[Togo6Hble MOMBITKY M3YYEHNUS CTATyca METVIN-
POBaHMA NPefIPUHIMAICD M paHee IIPY MCCIefoBa-
HUM 6€TOK-KOAMPYIOLINX TeHOB IIPU PaKe SITIHIKOB
[20-22]. IIpu 9TOM CYILeCTBEHHBIX Pa3INyuil B CTa-
Tyce MeTWIMPOBAHUS T€HOB, KOAMPYIOIINX Ok,
B rpynnax 105 u 3041 BeiaBneHO He Ob0. BMmecte
C TeM Ha [JAHHbII MOMEHT HET HIU OfHOIl ITyO/nuKa-
1IN, B KOTOPOJI BBITTOJTHEH KOMYeCTBEHHDIN aHA/IN3
yposHa MetmnupoBanusa MuPHK B rpynmax I1OA
n 304 (momck Bencst o 6aze PubMed, mara o6paie-
Hyst: 14.10.2021). Hatun pesynbratsl, CBULETEIBCTBY-
IOIYie O CYI[eCTBEHHO IIOBBIIIEHHOM MeTW/IMpPOBa-
Hun 6 renoB MuPHK (MIR129-2, MIR132, MIRI148A,
MIR203, MIR107 n MIRI258, npu 3TOM pa3inyuns
B YPOBHAX MeTunuposaHus reHa MIRI48A cratu-
cTuYecky 3sHaunMbl) B rpymie 110, nmorydeHs! Briep-
Bble. TakMM 06pa3soM, HaMM BBIAB/IEHBI HOBbIE SIIN-
reHeTH4ecKue (paKTOpbl, KOTOpPble MOTYT OKa3bIBaThb
B/IVISIHVIE HA PAa3BUTHE U CTEIIEHb 3/I0KaYeCTBEHHOCTH
ITOS u cnyxutb ux 6nomapkepamu. O6HApY>KeHHbIE
HaMl HOBBIC SIIUTeHeTUYeCKMe PeryIATOpHble ¢ax-
Topbl u 6momapkepst 1O moryTt HaitTu mpumeHe-
HUe IJIA Le/ell JaTHOCTMKM 1 IPO(MIAKTUKY paka
ANYHUKOB. DTN JAHHbIE MOTYT OBITb UCIIOIb30BAHBI
B KJIMHUKe KaK KPUTEPUU TedeHMs OOMe3HM U, KaK
CNIEICTBUE, /I U3MEHEHNs TAKTUKY JIeYeHM .

100 —

80 —

60 —

40 —

YpoBeHb METUNNPOBAHWA reHa
MIRT48A B TKaHM ANYHUKOB, %

CpaBHeHVe ypoBHell METUNMPOBaHWA reHOB

MUPHK B 3110KaueCTBEHHbIX OMyXONAX AVYHNKOB

B 3aBUCMMOCTW OT MTMCTONOITMYECKOro TiMa Onyxosnn
IIpoBefeHo cpaBHEHME YPOBHEN METUIMPOBA-
HuA 21 rena MuPHK B onyxonax Au4HUKOB 4 ru-
CTONIOTMYECKUX TUIOB: Cepo3HasA aJleHOKapLHO-
Ma, Cepo3Hasl LMCTa/IeHOKAPIVHOMA, MYLJMHO3HaA
LMCTaJleHOKApIIMHOMA U 3HAOMETPUOUTHAA afieHO-
KaprmHoMa (tabm. 3).

Haura Bp160pKa 06pas1ioB MpefcTaBieHa B OCHOB-
HOM CepO3HOIT afieHoKapImHoMori (44 o6pasia, 47,3%)
M Cepo3HOI LyCTafeHoKapuuHoMoil (38 06pasios,
40,9%), KOTOpble COCTaB/IAIOT B cymMMe 82% uccie-
moBaHHbIX 30. [Ipyrue rucTOTUIBI IPUCYTCTBYIOT
B MeHbIIleM KommiectBe. MeTmnupoBanue 6OIbIINH-
CTBa TEHOB PaCIIpefe/IeHO CIy4YailHbIM 00pasoM MeXX-
Iy 4eTbIpbMA rucTonormdeckumu tunamu 304, opHa-
Ko MeTunupoBanue naByx renop MuPHK — MIR148A
n MIRI91 - uMeeT 0COOEHHOCTY U 3HAYMMO CBSI3aHO

— Me
H Q1-a3
I min - max

1 2

lpynnbl naumeHToB

Puc. 2. YposHu MeTunnpoBaHua reHa MIRT48A B TkaHn AMYHMKOB B rpynne koHTpona (0), rpynne
607bHbIX NOrPaAHNYHBIMI OMYXONAMM ANYHNKOB (1) 1 Fpymne 60MbHbIX 310KaYeCTBEHHbIMM

OMyXoNAMU ANYHUKOB (2)

Jlykura C.C,, bypderHoit A.M., Qununnosa E.A., lMporura U.B.,, Kazybckaa T.11, Kywnuxckul J.H., Ymkun [.0., bpaza 3.A., JloeuHos B.M., KywnuHckud H.E.
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Puc. 3. MeauaHbl 1 KBapTUAM YPOBHEN METUMIMPOBAHUA pAfa reHoB B rpynne KoHTpons (0) 1 rpynne 605bHbIX MOrpaHnyHbIMA OMyXONAMM ANYHKKOB (1)
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Puc. 4. lNoBbileHHble ypOBHM MeTurpoBaHna 10 reHoB MUPHK B rpynne 605bHbIX MOrpaHnyHbIMKU ONyxonamm AndHKKOB (MOS) B CpaBHEHMM Kak C rpynnoi KOHTPONA,
Tak 1 C rpynno 60MbHbIX 3M10KaYeCTBEHHBIMY OMyXxonamm AndHkoB (30£) (kpome MIRT93A)

o 35 304 32 ncronornuecknin CO Crenu(puUYHBIMU TIVCTOMOTMYECKUMU BapUaHTa-

X ,

< 30 BapuaHT CTpOeHNA MU paka ANYHMKOB. TakK, YpOBeHb MeTVIMPOBAHUA

z ) onyxonua: reHa MIRI48A B rpyie GONBHBIX CEPO3HOI LIMCTa-

g CAK JEHOKAPUMHOMOI CTaTUCTUYECKM 3HAYMMO MEHbIIe

= 20 - . = CUAK (2,4%) 1O CpaBHEHMIO KaK C BapMaHTOM CEpPO3HOI

S ’

g 15 14 N DAK ameHokaprHoMsl (11,4%, p=0,0003), Tak u ¢ Bapu-

3 10 L AHTOM 9HJOMETPUONUAHOI afeHOKapiHOMBI (30,4%,

e p=0,0011, puc. 5). AHajmorm4Hasi 3aKOHOMEPHOCTb

=8 L

2 > 24 24 MOJTy4€Ha U IIPY CPAaBHEHUM MeIMaH METUNMPOBaHUA
0 rea MIRI91. Tak, B rpymme GONbHBIX C BAPUAHTOM

148A 191 CEpPO3HOI IMCTaleHOKApIHOMbI MeJJiaHa MeTH-
JMpoBaHMs ObUIA CTATUCTUYECKN 3HAYMMO MEHbIIe
(2,4%) 1o cpaBHEHMIO C TPyNIIaMHU TNALMEHTOK Kak

Puc. 5. MeauaHbl METUAMPOBaHUA reHOB MUKPOPHK B TKaHK 0myXxonun 60/bHbIX Pakom ¢ ceposHont aHeHOKapHMHOMO{/I (14,7%, p= 0’0002):
ANYHNKOB, 3HAUMMO CBA3AHHDBIX C MTMCTONOMMYECKVM BaPUAHTOM CTPOEHWA OMyXOnu; TaKk M C  SHAOMETPUOU[HON  aICHOKAPIMHOMON
CAK - cepo3sHas ageHokapunHoma, CLIAK — cepo3Has umcTageHokapumMHoma, (32%, p=0,0003, cm. puc. 5). ¥V arux ABYyX I'€HOB —
DAK ~ 3HpOMeTPrOMHaA ajleHoKapLMHOMa MIRI48A n MIRI91 - BTpoe BO3pacTaeT ypOBEHb

leHbl MIR

26 OpurnHanbHble CTaTby
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®

onyxonu
Ten MIR MeTtunmpoBaHue B onyxonieBon TKkaHu AanyHmkos, Me [Q1; Q3], %
[MCTONOrMYeCKNin BAPUAHT CTPOEHNS OMYXONn
CAK (n=44) CLAK (n=38) 3AK (n=10) MUAK (n=1)
124-1 11,413,3;21,0] 10,0 [2,6; 30,0] 3,8[0,4;21,2] 2,1
124-2 42,0(7,2;66,7] 21,2[6,8;37,2] 11,7 [3,0; 41,2] 0
124-3 21,3[11,9; 35,8] 18,8 [4,8;50,3] 28,8 [8,6;39,8] 52,7
125B-1 32,8[11,2;57,6] 35,5[13,0;69,1] 33,4[11,2; 85,0] 7,1
127 35,9[5,1;56,1] 18,8[3,9; 45,0] 34,5[18,2;45,1] 54,3
129-2 32,1[7,6; 46,6] 39,4[12,5;84,3] 23,0[15,2;31,2] 29
132 9,4(4,5;,16,9] 11,5[3,6;57,3] 11,711,9; 35,3] 0,1
137 36,6 [8,0; 53,1] 33,3[2,0;60,1] 12,7 [1,0; 64,4] 2,3
148A° 11,4[5,9; 34,9] 2,41[1,1;10,1] 30,4 (7,2;45,8] 1,9
191" 14,7 [4,9; 28,8] 2,4100,7;7,0] 32,0(11,2;42,0] 21,3
193A 27,6 [14,5; 54,3] 42,319,0;59,7] 38,7 [24,9; 66,4] 34,6
203A 6,1[0,9; 33,7 10,3 [2,6; 40,9] 3,0(1,0;37,6] 1,3
212 8,7 [1,6; 13,6] 291[1,1;74] 9,510,5;31,1] 2,6
34B/C 12,7 [3,8;29,8] 23,1[2,3;49,2] 11,2[1,3;15,7] 31,3
375 9,810,5;36,7] 11,3 [4,3;37,6] 10,8 [8,1;18,0] 1,6
9-1 25,6 (10,6; 53,8] 38,2[3,0; 63,6] 20,0 [2,2;24,2] 2,0
9-3" 15,8[5,9; 23,9] 31,3[13,5;52,2] 16,0 [4,6; 45,1] 31
1308 16,11[7,3;23,9] 22,2[6,8;48,2] 15,1 [4,5; 39,0 1,9
107 10,5 [5,8; 56,9] 22,2[6,2;44,5] 26,3 [8,3;59,2] 2,7
1258 8,2[3,9;27,2] 25,1[7,1;56,2] 5,0(3,5;8,0] 27,2
339 18,7 [2,7;49,3] 21,1[11,2;59,1] 22,0[12,0; 26,5] 44,6

MUAK - myumnHo3Hasa unctageHokapumHoma, CAK - ceposHas ageHokapumHoma, CLIAK — ceposHas uuctageHokapumnHoma, DAK — sHaoMeTpuonaHasa ageHoKapLmHoma

“p<0,001, FDR (false discovery rate, oxuaaemas [ONA NOXKHbIX OTKNOHEHMI) =0,01

“p<0,05, FDR (false discovery rate, oxxupaemas fons NOXHbIX OTKNOHeHN) =0,01

MeTWINPOBAHMS Y OONBHBIX SHJOMETPUONFHOI ajie-
HOKapIMHOMOI (pubnusutensHo ot 10 1o 30%).

I'en MIRI91 nopsepraercsa B 305 pemernnupo-
BaHUIO, TO €CTh IPOSB/sAET OHKOT€HHBIE CBOVICTBA,
YTO NPUHUUMUATBHO OTINYAET €r0 OT OCTANbHBIX
uccnenoBaHHbIX Hamu renoB MuPHK, runepmernnn-
poBanHbBIX B 30.

Ha ocHOBaHMM HAaIIMX pe3y/lIbTAaTOB, B TOM YNC-
JIe 0COOEHHOCTEN, BBIABIEHHBIX I1d reda MIRI48A,
MOYKHO IIPEIIONIOKNTD €TO0 IBOMICTBEHHYIO IIPUPOAY.

ITox 5TMM crefyeT MOHMMATh TKaHeCIIeIUPIIHOCTD
JIAHHOTO TeHa U ero CIIOCOOHOCTDb OBITh KaK OHKOTe-
HOM, IIPOBOLMPYs Pa3BUTUE OIYXO/IN, TaK U CyTIpec-
COPOM, COOTBETCTBEHHO, TI0JjaB/AsA ee. B aToM cBere
MHTEPECHOI IPeNCTaB/ACTCA POIb METUINPOBAHNUSA
KaK MexaHu3Ma fieperynAanuu fannoi MuPHK, koTo-
PbIit MOXKeT 00YC/IOBIMBATD €€ BOVICTBEHHYIO IIPU-
pony.

VIHTepecHO OTMETUTD, YTO y reHa MIRI148A Bbile
YPOBeHb MeTUIVMPOBAHMA Yy OONBHBIX C CEPO3HOII

Jlykura C.C,, bypderHoit A.M., Qununnosa E.A., lMporura U.B.,, Kazybckaa T.11, Kywnuxckul J.H., Ymkun [.0., bpaza 3.A., JloeuHos B.M., KywnuHckud H.E.
KnuH1yeckre oCobeHHOCTV METUNPOBAHNA reHOB MUKPOPHK B MOrpaHmUHbIX OMYXOMAX AVUYHKKOB 1 B 3aBUCUMOCTY OT MMCTONOMMYECKOrO CTPOEHUSA 27
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U 9HJOMETPUOM/HOI aJleHOKAPIIMHOMOI, HO 3TOT
FeH 3HAYMMO [eMEeTUINPOBAH B ONYXOJSX OO/Ib-
HBIX C CEPO3HOII IycTafeHoKapuHoMoli. [Ipnu atom
nMeHHO TeH MIRI48A 1ioKa3an CTaTUCTUYECKN 3Ha-
4yMO 0ojlee BBICOKMII YPOBEHb METUIMPOBAHUS
B I[1IOZ]. Panee m1s1 9TOrO reHa HaMI TaK>Ke BBISIBIIE-
HO pe3Koe IOBbIIIeHVe METHIMPOBAHNS IPU KOJIO-
HU3aLMM BTOPMYHBIX OIYXOJIeH, IepUTOHeaTbHbIX
MaKpPOCKOIIMYECKNX METAacTa30B pakKa SMYHIKOB
[23]. Kak n3BeCTHO, B ITpoLjeccax MeTacTa3MpOBaHMUs
HauOOJIblllee 3HAYEHME WMEET SIIUTENMATbHO-Me-
3eHXVMMaJIbHBIN Iepexof. OHaKO NPY 3aKperyIeHNN
MEeTaCcTaTUYeCKMX K/IETOK B METaCTaTMYECKOI HUIIIE
MOXKET HPOMCXOZUTb OOpAaTHBI Me3eHXMMaIbHO-
SMUTENNA/NbHBI IepeXof. OTU MepeXOofbl MOTYT
ObITb 0OpaTMMBIL, 1 HaMOOMbLIAS ITACTUYHOCTD OT-
MeueHa IIPM MeTacTasMpPOBAHMY MMEHHO pakKa sind-
HUKOB [24, 25].

B cBeTe mpefcTaBJIeHHBIX 3heChb pe3y/IbTaTOB
BaXKHO, YTO B Pery/IALMK IIPOLECCOB OOPaTMMBIX
SMUTENNATbHO-ME3E€HXMMAJIbHOTO — ME3eHXMaJlb-
HO-3MNTEeNNATbHOTO TIEPEXOI0B I UX IIACTUYHOCTH
KJII0YeBasi PO/Ib OTBORAUTCS SIUTEHETUIeCKUM (aK-
TopaM [26, 27]. Ilpu aToM cpenn HaHHBIX (GaKTOPOB
Ba)XHOE 3HA4YeHMe B PeryIsaluy OMOTOTMYECKMUX
MIPOIECCOB, CBA3AHHBIX C IepeIpOTpaMMUPOBAHN-
€M KJIETOK OITyXOJIell AMYHNKOB, MOTYT MIMETb HEKO-
pupytomue PHK, B vactHoctn MmuPHK, n metnmu-
posanue renos MuPHK [12, 28]. C aToii KoHIenmet
COr/IacyeTcsi M OTKPBITBII HaMu HefaBHO 3ddekt
CHIDKEHUsI TUIEPMETUIMPOBAHUS psifa TeHOB
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Clinical features of the microRNA genes methylation
in borderline ovarian tumors and depending on the
histological structure in ovarian malignancies

S.S. Lukina® « AM. Burdennyy' « EA. Filippova' « I.V. Pronina’ -
T.P. Kazubskaya? « D.N. Kushlinsky? « D.O. Utkin® « E.A. Braga' «

V.. Loginov' « N.E. Kushlinskii?

Background: Borderline ovarian tumors (BOT)
belong to the intermediate type between be-
nign and malignant ovarian neoplasms. Serous
borderline tumors share common molecular and
genetic characteristics with serous carcinomas.
An increase in the methylation level of microRNA
(miRNA) genes group has been previously shown
during the development and progression of ovar-
ian cancer. However, the study results are con-
tradictory, and their number is not sufficient for
a consensus. Current study is the first to search
for aberrant methylated genes of the BOT-specific
microRNA and for some histological subtypes of
ovarian cancer.

Materials and methods: The study was based on
a set of 99 paired (tumor/healthy) ovarian tumor
samples. Methylation analysis was carried out with
quantitative methyl-specific polymerase chain
reaction (PCR). Screening for BOT biomarkers was
performed in 21 genes of miRNA.

Results: We have found that some miRNA genes
(MIR124-1, MIR125B-1, MIR129-2, MIR132, MIR148A,
MIR193A, MIR203A, MIR107, MIR1258, MIR339) were
characterized by a high methylation level in the
patients with BOT, compared to that in the tissues
of healthy women. At the same time, the meth-
ylation level in the patients with malignant ovar-
ian tumors (MOT) either differed slightly or was
even lower. For the MIR129-2, MIR132, MIR148A,
MIR203, MIR107 and MIR1258 genes, a higher level
of methylation was detected in the BOT patients,

compared to the MOT patients. The methylation
level of the MIR148A gene in the BOT patients
was 4-fold higher than that in the MOT (31.3% vs
7.9%, p=0.047, multiple two-sided Kruskal-Wallis
test). The methylation levels of the miRNA genes
MIR148A and MIR191 were significantly reduced in
serous cystadenocarcinoma and increased in se-
rous and endometrioid adenocarcinomas.
Conclusion: Methylation of the miRNA MIR148A
and MIR191 genes is significantly associated with
various histological variants of ovarian cancer.
We have shown an increased methylation level
of a number of miRNA genes in BOT, compared to
MOT. In general, epigenetic factors play a role in
the clinical differences between histological forms
of ovarian cancer and borderline tumors.

Key words: borderline ovarian tumors, malignant
ovarian tumors, histological type of ovarian can-
cer, microRNA gene methylation, MIR148A gene
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