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pa3nuuHbIX TKaHed u oOpasuoB. [IpeacraBnensl npuMepbl. [Ipodunb METHIMPOBaHHS MOXET OBITH
ompeneneH Uil IUIOJHOW/OMYXOJICBOM TKaHH Ha OCHOBE CpAaBHEHWS METWIMPOBAHHA B IUIa3Me
(wmu nmpyrom obOpasne, coiepkameMm cobongayro ot kierok JIHK) c¢ mpodumem mernmmposanus
marepu/naruenTa. [Ipoduinb MeTHIMPOBaHUS MOXKET OBITH OITPEAEIIEH AJIS IIOAHOW/OITyX0IeBOM TKaHH C
MIpUMEHEHHEM TKaHecnennduaecknx ayureneit st uaenTudukanuu JJHK mrona/omyxonn, ecnm oOpasen
comepxutr cmech JJHK. [Ipoduiap MeTHIMpOBaHUS MOXKET NPUMEHSTHCS IJISl ONpEAeICHUs] BapHaluii
YHClla KOMUH B TEHOME IJI0/a/0nmyXoinu. MapKepbl MEeTHIIMPOBaHUs I TUI0/1a WACHTU(UIMPOBAIH C
MIOMOIIBIO Pa3IMYHBIX METOAHK. [IpodiiIs MeTHINPOBAHNS MOXKET OBITH ONIPENISIICH ITyTEM ONIpEIeIICHUS
pa3MepHOTo nmapaMeTpa pacnpeseneHus pasmepos ¢pparmenros JJHK, nmpu 3ToM MOTYT HCIONIB30BaThCs
pedepeHcHbIe 3HaueHNUs U1 pa3MEpHOTo NapaMeTpa AJis ONpeAeieH s YpoBHeH MeTminpoBanus. Kpome
TOTO, YPOBEHb METMIIMPOBAHUS MOXKET UCIIONB30BATLCA IS ONPEIeIeHNs] YPOBHS pakKa.
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HEWHBA3UBHOE OINPEAEJIEHUE METHJIOMA IVIOJA WX OITYXOJIN
1O IIJTIASME

ITEPEKPECTHBIE CCBIJIKM HA POJICTBEHHVYIO 3ASBKY

[0001] Hacrosiimasi 3asiBka mpencrasisier coboi 3asBky PCT, ucmpaimmBaromyro
NPUOPUTET MO mpeaBapuTenbHON 3asiBke Ha mateHT CIIA Ne 61/830571, o3arnaBieHHOI:
«Tumor Detection In Plasma Using Methylation Status And Copy Number» («Jlerekiwsi
OMyXoJiel B IUla3Me€ C HCIOJb30BAHHEM JaHHBIX O CTaTyce METWIMPOBAHMUS U KOJIUYECTBE
Konuit» ), monanHoi 3 utons 2013 r.; u 3asBke Ha nmateHT CIITA Ne 13/842209, o3ariaBlieHHOI:
«Non-Invasive Determination Of Methylome Of Fetus Or Tumor From Plasma»
(«HenHBa3uBHOE OmMpeneNeHne METHJIOMAa IUIOJA HJIM OMYyXOJH IO IUIa3Mey»), MojaHHoH 15
mapta 2013 r., KoTOpas mpencraBiseT cOOOH HENpenBapHUTETIbHYIO 3asBKY M HCIPAIIHUBAET
NPUOPUTET MO mpenBapuTenpHON 3asiBke Ha mateHT CIIA Ne 61/703512, o3arnaBieHHOM:
«Method Of Determining The Whole Genome DNA Methylation Status Of The Placenta By
Massively Parallel Sequencing Of Maternal Plasma» («Cnoco0 ompenenenus crartyca
metrunuposanus JIHK mogHOro reHoMma mianeHThl ¢ IPUMEHEHHEM MacCUBHO-NAPaJUIEbHOTO
CEeKBEHHPOBAHUS MATEPUHCKOM IMi1a3mbly, nogaHHoi 20 ceHTs0ps 2012 1., KOTOpBIE BKIIFOUEHBI B
HACTOSILINI JOKYMEHT OCPEACTBOM CCBIJIKU MOJHOCTBIO BO BCEX OTHOLICHUSIX.

OBJIACTb TEXHUKH

[0002] PackpbiToe B HACTOSINEM ONMUCAHUM H300pETEHHE OTHOCUTCS B LEJIOM K
onpeneNeHuI0 matrepHa MerwiupoBaHust (Mmetmnoma) JIHK, u, KOHKpeTHee, K aHaIu3y
Ouosiornueckoro obOpasua (HampuMep, IUTa3Mbl), KOTOpbIA comepxkutr cMmech JIHK pasHbix
T'€HOMOB (HampuMep, oA U MaTePH, UM OMYXOJH U HOPMAJBHBIX KJIETOK), IUIsl ONPEAeICHHs
NaTTepPHA METWIMPOBAaHUS (METWJIOMa) MHHOPHOTO TeHOMa. Takke ONUCaHbl BapUAHTHI
NPUMEHEHHUs YCTAHOBJIIEHHOTO METUJIOMA.

YPOBEHb TEXHUKH

[0003] Pa3BuTHe SMOpuMOHAa W TUIONA TIPEACTABISIET COOOW CIOXKHBIA MpOLecC W
BKJIFOYAET MHOYKECTBO BBICOKOKOOPIMHHUPOBAHHBIX T€HETHYECKUX U STIUTCHETHUECKUX COOBITHH.
PasBuTHe pakoBOro 3a00yieBaHUs TAKKE MPENCTABISIET COOOH CIIOKHBIN MPOLECC, BKIFOYARO NN
psiA TE€HeTHMYeCKUX U SMHUINeHETHMYECKUX 3TanoB. AHOMaJIUU 3MUTME€HETHYECKOro KOHTPOJIS
NPOLIECCOB PA3BHUTHUS CBSA3aHbI C OECIUIOAMEM, CaMOIPOU3BOJbHBIMU abOpTaMH, aHOMAUSMH
BHYTPUYTPOOHOI'O pPOCTa U MOCTHATAJNbHBIMU TociencTsusamMu. Merunuposanue [IHK siBisercs
OOHMM U3 HaumboJee WHTEHCHUBHO  MCCIENYEMbIX  JMUICHETUYECKUX  MEXaHHU3MOB.

Metunuposanue /IHK B OCHOBHOM NPOUCXOAUT B KOHTEKCTE AOOABIEHHUS METUIIBHOM I'PYTIITBI K
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5’-KOHLIEBOMY aTOMy YIJIepofa OCTaTKOB LUTO3MHA B AuHykineotuzaax CpG. MerunuposaHue
LIUTO3MHA NOOABJSIET €lle OAMH YPOBEHb KOHTPOJIA TpaHCKpunuuu reHoB U ¢pynkumu JTHK.
Hanpumep, runmepmMeTnnupoBaHue T€HHBIX NPOMOTOPOB, Ooratbix nuHykiaeorupamu CpG u
Ha3biBaeMbIX CpG-OCTpOBKaMH, Kak MPABUJIIO, CBSI3aHO C MOJIAaBJIeHUEM (PYHKLIUHU reHa.

[0004] HecmoTpss Ha Ba)kHYIO pOJIb SMUIEHETHUYECKUX MEXAHU3MOB B ONOCPENOBaHUU
IPOLIECCOB PA3BUTHS, TKAHU 3MOPHOHA U ILIONA YeJIOBEKa HE SIBJISIOTCS JIETKOAOCTYITHBIMU IS
aHaymm3a (AHAJIOTMYHBIM 00pa3oM MOTyT ObITh HEOOCTYNHBI M omyxonu). HccnemoBaHus
OUHAMMYECKUX WM3MEHEHHM TaKUX SMUIeHEeTHMYECKUX NPOIECCOB B HOPME U TMPU HAJIUIUU
3a0oneBaHuil BO BpeMsl BHYTPUYTPOOHOTO MEPHOAA Y YEJOBEKA MPAKTUYECKU HEBO3MOJKHBL
OnHO W3 TJaBHBIX  HANpaBJICHW  TaKUX  KMCCIENOBAaHMN  OBUIO  TPEACTABIIEHO
BHESMOPHUOHAJIBHBIMH TKAHSIMH, B YaCTHOCTH, IUIALIEHTOH, KOTOPbIE MOTYT OBITh IMOJIYYEHBI B
XOJIe MPEHATANbHBIX JHArHOCTHYECKUX MPOLEAYp MM MOocie poxaeHus: pedenka. OgHako aus
TaKUX TKaHeH TpeOyeTcst OCyLIeCTBICHNE HHBA3UBHBIX MPOLEIYP.

[0005] ITpodune merunmposanust JJHK muianeHTBl uYenoBeka WHTEPECOBAJ YYEHBIX B
TE€4YEeHHEe MHOTHX JecsaTuwieTuil. [lnanenra yenoBeka 1eMOHCTPHPYET MHOJKECTBO CBOEOOPA3HBIX
¢dusnonormueckux ocodeHHoctel, 3aneiicTByromux wmermiupoBanue JHK. Ha rmobamsHoM
YPOBHE IUIALIGHTAPHBIE TKAHW THIIOMETUIMPOBAHBI IO CPABHEHUIO C  OOJBIIMHCTBOM
coMaThdyeckux TKaHel. Ha ypoBHe TIeHOB CTaTyC METUJIMPOBAHUS OTAEJIBHBIX T€HOMHBIX
JIOKYCOB SIBJISIETCS crielnUIeckoil CUrHATY POl IuIalieHTapHbIX TKaHel. Kak riobanbHbIH, Tak 1
JoKyc-cnenupudeckuii  npoQuiaM  METHJIMPOBAHUS  J€MOHCTPUPYIOT  3aBHCHMBIE  OT
reCTalMOHHOTO BO3pacTa W3MeHeHUs. VIMIpUHTHHIOBBIE T€HBbI, & UMEHHO T€HBI, 3KCIIPECCHs
KOTOPBIX 3aBUCUT OT POAUTENBCKOTO IMNPOUCXOKACHMS ajuleNel, OCYyLIECTBJIIOT KIIOUEBBIE
¢yHkumu B muanente. [lnanenra ObUTa OMKMCaHa Kak MPEBAO3JIOKAYECTBEHHOE OOpa3oBaHME, U
HaOJIF01AJI0Ch TUIIEPMETUIIMPOBAHNE HECKOJIbKHX T€HOB-CYNPECCOPOB OMYXOJIEH.

[0006] Vccnenosanusi mpoduiast  merunupoBanusi JIHK  mnaneHTtapHbIx — TKaHew
obecrieymyin IEHHYI0 HH()OpPMALUIO IJIi MOHUMAaHHs MaTO()H3HOIOIHH ACCOLMHPOBAHHBIX C
OEpeMEHHOCTBIO WJIM CBSI3aHHBIX C TMPOLIECCAMHM PA3BUTHS 3a00N€BaHMN, TaKUX Kak
NPESKIIAMIICHsT U 3a7epXKKa BHYTPUYTPOOHOro passuTusi. PaccTpoiicTBa T'€HOMHOTO
UMIPUHTUHIA CBSI3aHbl C TAKUMH PacCTPONCTBAMHU pa3BUTHs, Kak cuHapoM Ilpanepa-Bumiu u
CHHApPOM AHrenpbmana. V3MeHeHHble TPO(QHIN TE€HOMHOIO HMMIPHUHTHUHTA M TJI0OAJIBHOTO
metunuposanus JIHK B rmaneHTapHBIX M TUIOIHBIX TKAHSAX HAOJOAAINCh NPU OepEeMEHHOCTSIX,
HACTYTMBIINX B PE3yJIbTAaTe MPUMEHEHUs] BCIIOMOTaTENIbHBIX PENPOAYKTUBHBIX TexHojorui (H
Hiura et al. 2012 Hum Reprod; 27: 2541-2548). Psin pakTOpOB OKpy Karowieil Cpeapl, TAKIX Kak
kypenune marepu (KE Haworth et al. 2013 Epigenomics; 5: 37-49), nuranue matepu (X Jiang et
al. 2012 FASEB J; 26: 3563-3574) u merabonuueckuii cratyc matepu, Hanpumep, nuader (N



Hajj et al., Diabetes. [IMO: 10.2337/db12-0289), Obutn acCOLMUPOBAHBI C SMUTE€HETUYECKIMHU
abeppanusiMu y OTOMCTBA.

[0007] HecmoTpst Ha necsThieTusi padOThI, OTCYTCTBOBAIHM KaKHe-JTHOO MPAKTUYECKUe
CpeAcTBa JJIsl U3Y4YEHHUs METWJIOMBI IUIOAA WM OMYyXOJU M JUIsi MOHUTOPHHIA AMHAMHYECKUX
WU3MEHEHHH Ha TNPOTSDKEHMH BCe OepeMEeHHOCTH WM BO BpeMsi OOJIE3HEHHBIX IPOLIECCOB,
HAIlpUMep, TPU  3JOKAYEeCTBEHHBIX HOBOOOpa3zoBaHMsAX. TakuMm o00pa3oM, CyIIecTBYeT
NOTPeOHOCTh B HEMHBA3UBHBIX CIOCO0AX aHAJIN3a MOJHOTO MJIOAHOTO M OMYyXOJIEBOr0 METUIIOMA
WIH ero (parMeHTOoB.

KPATKOE OITMCAHUE U30BPETEHUA

[0008] B BapuaHTax peaju3aiiyl MPEACTABIEHbI CUCTEMBI, CIIOCOOBI U YCTPOUCTBA IS
ONpENeNIeHUs] W TpPHMEHEHHs Npoduield METHIUPOBAHUS PA3JIMYHbIX TKaHEW M OOpasLoB.
IIpuBenensl  mpumepsl. IIpodwmnp  MeTwiupoBaHHST  MOXeT  ObITh  BBIBEAEH IS
TUTOJTHOW/OMYX0JIEBOM TKAHU HA OCHOBAaHHH CPABHEHHsI METHJIMPOBAHMS B IJIa3Me (WU OPyTroM
obpasue, conepxamem JIHK, cBoOOIHYIO OT KJIeTOK, HanmpuMep, oOpasie MOUH, CIIFOHBI, CMBIBAX
C TIOJIOBBIX OPTaHOB) C MpOodHIEM METHINPOBaHUS MaTtepu/manuenTa. [Ipoduns MeTunnpoBaHus
MOXET  ObITh  OmpemeNeH Uil IUIOAHOM/OMyXOJeBOH  TKaHM € NPUMEHEHHEM
TKanecrienupudecknx amnened st upentuduxkanmn JHK mioma/omyxonn, ecnu obpasert
cogepxxutr cmech JIHK. Ilpodunb MeTHIMpoBaHUS MOXKET NPUMEHSATBHCS Ui OIpENesIeHUs
BapUalMM dYHCJAa KOMUH B TIeHOME IuIofa/onyxonu. Mapkeppl METHJIMPOBaHUSA Y IUJIOAA
UIEHTU(PULHPOBAIN C MOMOIIBIO PA3IUUHBIX MeTOAMK. [Ipodnnb MeTunnpoBaHust MOKeT OBbITh
OTIpe/ieJIeH My TeM OIPEAEICHUs] PA3MEPHOTro MapaMerpa pacrpeneseHus pasmMepoB GparMeHTOB
JAHK, mpu sTOoM pedepeHCHbIe 3HaYeHHs Pa3MEPHOro Mapamerpa MOTYT NPHUMEHATHCS Ul
orpeneNeHus] ypOBHEH METUINPOBAHMSL.

[0009] Kpome TOro, ypoBeHb METHUIMPOBAHMS MOKET NMPUMEHATBCS sl ONPENeIeHUs
ypOBHS paka. B KOHTEKCTe paKkOBBbIX 3a00JIeBaHUN M3MEpPEHHE M3MEHEHHII METUJIOMA B TIa3Me
MOXET TO3BOJISITh JAETEKTUPOBaTh paK (Hampumep, IJIsl LeJed CKPUHUHTA), MPOBOIUTH
MOHUTOPHHI (HampuMmep, HETeKTHPOBATh OTKIMK Ha NPOTHBOPAKOBYK) TEPaNUI;, U
IETEKTUPOBATh PELUANB pPaKa) M OCYIIECTBIATH IPOTHO3MPOBaHHE (HANpPUMeEp, HU3MEPEHHE
Harpy3Kyd OpraHM3Ma pakOBBIMU KJIETKAMHM WM JJIsl CTaJUPOBaHUsA, OLEHKU BEPOATHOCTH
JEeTANbHOTO HWCXOZa B pe3ysbTare 3a0oJieBaHMs, NPOrPECCUPOBAHMSA 3a0OJEBaHUS WU
METaCTaTUIECKUX MTPOLIECCOB).

[0010] Jlyumee noOHMMaHWE NOPUPOABI W MNPEUMYLIECTB BAPUAHTOB pEATU3ALUU
HACTOSIIETO M300pETeHHsT MOXKeT ObITh JOCTUTHYTO Ha OCHOBE IPHUBEIEHHOTO HUXKE

noAPOOHOTO ONMUCAHUS U CONPOBOIUTENbHBIX YePTEIKEH.
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KPATKOE OITMCAHUE YEPTEXEM

[0011] Ha ¢ur. 1A npuBenena tabmuua 100 pe3ynbTaTOB CEKBEHHPOBAHUS IS
MAaTE€PUHCKON KpPOBH, IUIALIEHTHI M MAaTEPUHCKOM IUIa3Mbl B COOTBETCTBMU C BapHaHTaMU
peanu3aliy HaCTOSIIEro N300peTeHus.

[0012] Ha ¢ur. 1B nokaszaHa riioTHOCTb METHJIMPOBAHUSI Y4acTKOB pasmepoM 1 MO u3
CEKBEHHPOBAHHBIX O0pas3lOB B COOTBETCTBUM C BAPHAHTAMH pPEAJM3ALUH  HACTOSLIErO
U300peTeHwusl.

[0013] Ha ¢ur. 2A-2C npuBeneHs! rpaduku 3aBUCUMOCTH OeTa-3HAYEHUN OT MHAEKCOB
metunuposanusi: (A) Knerku marepunckoit kposu, (B) Obpasen Bopcun xopuona, (C) TkaHb
3peJION TJIALICHTHL

[0014] Ha ¢ur. 3A u 3B mnpuBeneHsl TUCTOrPaMMBbI IPOLEHTHOTO COMEPIKAHUS
MeTuanpoBaHHbIX CpG-caliTOB B IUla3Me€ M B KIETKaX KPOBH, MOJYYEHHBIX OT B3POCIIOTO
MY KYHHBI 1 HeOepeMeHHOH B3pocoi xkeHIuHbL: (A) AyTocomel, (B) X-xpomocoma.

[0015] Ha ¢ur. 4A wu 4B mpuseneHsl TrpapuKd IUIOTHOCTEH METHIMPOBAHUS
cooteercTByoLUX JoKycoB B JIHK kierox xposu u JIHK mnasmer: (A) HeGepemennast B3pociast
KeHIuHa, (B) B3apocblit Mysx4nHa.

[0016] Ha ¢ur. SA u 5B mnpuBeneHsl THUCTOrPaMMbl IPOLEHTHOTO COJAEPIKAHUS
metunrpoBaHHbIX CpG-caiiToB B 0Opasiax, MOJy4YeHHBIX NpH OepeMeHHOCTH: (A). AyTOCOMBI,
(B) X-xpomocoma.

[0017] Ha ¢ur. 6 npuBeneHa rucrorpaMMa YpOBHsS METUJIMPOBAHUS Pa3HBIX KJIACCOB
MIOBTOPOB B F€HOME 4eJIOBEKa Il MATEPUHCKON KPOBH, MIJIALIEHThI 1 MATEPUHCKON TIA3MBbL.

[0018] Ha ¢ur. 7A npusenen Circos-rpaduk 700 mns 0Opa31oB, MOJYYEHHBIX B IEPBOM
tpumectpe. Ha ¢ur. 7B mpusenen Circos-rpadux 750 mist oOpa3uoB, MOJYYEHHBIX B TPETbEM
TPUMECTpE.

[0019] Ha ¢ur. 8A-8D mpusBenens! rpadguku CpaBHEHUS TUIOTHOCTEH METHIIUPOBAHUS
reHomHol TkaHeBo JIHK c¢ JAHK wmartepunckoii miasmbl ans CpG-caiiToB, OKpy’KaroLIuX
UH(pOPMATHUBHBIE OTHOHY KJICOTHIHBIE TOTUMOP(HU3MBIL.

[0020] Dur. 9 mnpexncraBnseT coOOU ONOK-CXeMy, WILTFOCTPUPYIOIYO crocod 900
ompenesieHus] MePBOro MpoQuiss METUIIUPOBAHUS MO OMOJIOrHYEeCKOMY OOpasily OpraHu3Ma B
COOTBETCTBHUH C BAPUAHTAMH PEAN3ALNN HACTOALIETO H300PETEHUSI.

[0021] Dur. 10 mpencrasisier coboli OJOK-CXeMy, WLTIOCTpHUPYrOMmy crocod 1000
oTmpenesieHus] MepBOro MpoQuiss METUJIUPOBAHUS MO OMONIOrHYeCKOMYy OOpasily OpraHu3Ma B
COOTBETCTBHUHM C BAPUAHTAMH PEAIN3ALNN HACTOALIETO H300PETEHUsI.

[0022] Ha ¢ur. 11A u 11B npusenens! rpapudeckue npencraBieHust 3QpQPexTuBHOCTH

aJTOPUTMA MPOTHO3UPOBAHUS C NMPUMEHEHHEM IaHHBIX MAaTEPUHCKOHN IUIa3Mbl U (PaKLIMOHHOM



koHUeHTpauuu mioaHod JIHK B COOTBETCTBUM C BapuUaHTaMU pPEATM3ALMM HACTOSIIETO
n300peTeHus.

[0023] Dur. 12A mnpenctasmisier coboii Tabmuiyy 1200, roe npuBeneHbl MOAPOOHBIE
naHHble U1 15 BBIOpAaHHBIX T'€HOMHBIX JIOKYCOB JUJIsl NMPOTHO3MPOBAHMS METHUJIMPOBAHUS B
COOTBETCTBUM C BapHaHTaAMH peajn3aluy HacTosmero n3odperenus. Ha ¢ur. 12B nmpuseneno
rpaduueckoe mpencrapieHue 1250 BBIBEACHHBIX KaTeropuil s 15 BbIOpaHHBIX T€HOMHBIX
JIOKYCOB M COOTBETCTBYIOILINX UM YPOBHEH METHUIMPOBAHHUS B IIALIEHTE.

[0024] ©ur. 13 mnpencraBisier coboii Onok-cxemy crnocoba 1300 nperexTupoBaHMS
XPOMOCOMHOM aHOMAaJIMU IJIOAA MO OHOJOTHYeCKOMYy OOpasily, MOJYYEeHHOMY OT CyObekTa —
OepeMeHHOI 1O MEHbIIEH Mepe OJHUM IIJIOZAOM JKEHIIHUHBL

[0025] Dur. 14 mnpencraBnsier coboii Onok-cxemy crnocoda 1400 wmpenTuduKarym
MapKepoB METHJIHMPOBAHMUS TIyTEM CpPaBHEHHs MNPOQWIs METHIHUPOBAHUS IUIALIGHTBI C
MAaTepUHCKUM TPOQHIeM METHIUPOBAHUA B COOTBETCTBUM C BapHaHTAMH peaU3aluu
HACTOSIIIETr0 H300pETeHMUS.

[0026] ®ur. 15A npeacraBmsier cobod  Tabmmiy 1500, mpencTaBISIOLIYIO
s¢dexTuBHOCTE anroputMa uaeHTHPukanmu DMR ¢ mpumMeHeHHEM NaHHBIX IUIsI MEPBOTO
TpUMecTpa ¢ y4eToM 33 paHee ONUCAaHHBIX MapkepoB mepBoro Ttpumecrtpa. Pur. 15B
npeacrasasier coboit  Tabmmuy 1550, mpeacraBmsomyro  3QQEKTHBHOCTH — alroOpUTMa
uneHTuukanun DMR ¢ npuMeHeHHeM NaHHBIX JJIsI TPEThEro TPUMECTPA, CPABHHUBAEMBIX C
00pa3LioM IUTaLIEHTHI, TOJY4YE€HHBIM IPU POJax.

[0027] ©dur. 16 npexncraBnsier coboii Tabmuiy 1600, rme npuBeneHbI KOJHUYECTBA
JIOKYCOB, TUNEPMETUJIMPOBAHHBIX WJIM THIIOMETUIMPOBAHHBIX COIJVIACHO MPOTHO3y HA OCHOBE
NPSIMOTO aHAJIN3a TaHHBIX OUCYIB(HUTHOTO CEKBEHHUPOBAHMUS JIs1 MATEPUHCKOM TIa3MBbl.

[0028] dur. 17A nmpencraBisier cobori  rpajuk 1700, nmEMOHCTPUPYHOLIMIA
pacnpenenenue pasmepo JJHK marepuHCKOW Mmiia3Mbl, KOHTPOJBHOW IJIa3Mbl HeOepeMEHHOM
xeHmuabl, raneHTapHod JIHK u JIHK nepudepuueckoit kposu. @ur. 17B mpencrasmiser
coboii rpaduk 1750 pacnpeneneHus pasMepoB U NpOQHIS METUIMPOBAHUS MAaTEPHHCKOM
IUIa3Mbl, KOHTPOJBHOM IUIa3Mbl OT B3POCJION KEHUIWHBI, IUIALEHTAPHON TKAHU U KOHTPOJIBHOU
KPOBH OT B3POCJION >KEHIIUHBI.

[0029] Dur. 18A u 18B npencrasnsaroT coOo¥ rpaduKu MIOTHOCTEH METHINPOBAHUS U
pasmepoB Monekyn JIHK mnnasmel B COOTBETCTBUM C BapHUaHTaMM pealu3alliy HAaCTOSLIETO
M300peTeHMs.

[0030] Ha ¢ur. 19A npusenen rpadux 1900 mjaoTHOCTEH METHIMPOBAHUS U PA3MEPOB
PUIOB CEKBEHMPOBAHUsS Il B3pOCiol HebepeMeHHOH skeHiuHbel. Pur. 19B mnpencrasmiser

coboii rpaduk 1950, nemoHCTpHUPYIOIIMIA pacTipeiesieHne pa3MepoB U MPO(HIIb METHITMPOBAHHUS
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cieunpUIHBIX IS 11042 U criennuaHbIx 151 Matepu Mojekya JIHK B maTtepuHckoii masme.

[0031] Dur. 20 mnpencraBisier coboii Onok-cxemy crocodba 2000 OmeHKH YpOBHS
metunuposanus JIHK B Ouonormueckom obOpasiie opraHu3Ma B COOTBETCTBHHM C BapHaHTaMH
peanu3alyy HACTOSIIEro n300peTeHus.

[0032] ©ur. 21A mnpencraBisier coboii Tabauuy 2100, roe npuBeneHbI IIOTHOCTH
METWJIMPOBAHUS Ul TPENONEePAlMOHHbIX  O0pa3sLoB IUIa3Mbl M TKAHM [AlUMEHTa C
renaroue/urossipHon kapiuaomoit (I'LIK). ®@ur. 21B npexacrasnser coboii tabmuuy 2150, rae
NPUBEACHO KOJIMYECTBO PUAOB MOCIENOBATEIbHOCTEH W TOCTUTHYTast TIIyOHHA CEKBEHUPOBAHHSI
Ha oOpaserl.

[0033] Dur. 22 mnpencraBisier coboit Tabmuuy 220, rOe NPUBEAEHBI IUIOTHOCTH
METHJIMPOBAHUS B ayTocomax, Bapeupyromue ot 71,2% no 72,5%, B obOpasmax Iia3Mel
310POBBIX KOHTPOJIEH.

[0034] Ha ¢ur. 23A u 23B npuBeneHa IUIOTHOCTh METHJIMPOBAHUS JIEHKOLUTAPHOM
IUIEHKH, OIyXOJIEBONH TKaHM, HEOMYyXOJIEBON TKaHU IE4YeHH, NPENONepaliOHHON IJa3Mbl U
nocjeonepauuoHHoN miasmel nanuenrta ¢ LK.

[0035] Dur. 24A mpencrasisier codoii rpadux 2400, NEMOHCTPUPYIOIUN TUIOTHOCTH
METUJIMPOBAHUS MPeNonepaunoHHoN miasMbl nammenTa ¢ ['TIK. @wur. 24B npencrasisier coboit
rpadpuk 2450, DeMOHCTPHUPYIOMIMHA TUIOTHOCTH METHJIMPOBAHHS IMOCJICONEPALMOHHON IJIa3MbI
naruesTa ¢ I'TIK.

[0036] Ha ¢ur. 25A u 25B nmpusenens! Z-nokas3ateu mioTHoctel metunuposanus JJHK
wiasMbl Uil mpenonepaiMoHHbx (rpaduk 2500) u mocneonepaiuoHHbIX (rpadux  2550)
oOpasuoB mia3mel naipienta ¢ ['TIK ¢ mpuMeHeHHeM HaHHBIX O METHJIOME IUIa3Mbl YeThIpeX
3I0OPOBBIX KOHTPOJIBHBIX CYOBEKTOB B KAUECTBE HTAJIOHA AJIST XPOMOCOMBI 1.

[0037] dur. 26A mnpencrasisier coboit Tabmuny 2600, roe npuBENeHBI NaHHbIE Z-
MOKa3aTesiel i IpeonepatiOHHON U MOCIeOnepaloHHON miasmel. @ur. 26B npeacrasisier
coboii Circos-rpaduk 2620, oTpakaromuil Z-mokazareiib IOTHOCTel Merunupoanus JJHK
TUTA3MbI IS TIPEOTIEPALMOHHBIX U MOCJIEONEPALMOHHBIX 00pa3uoB mia3mel nauuenta ¢ [ 1K ¢
UCTIOJIb30BAaHMEM YETHIPEX 3IOPOBBIX KOHTPOJIBHBIX CYOBEKTOB B KayeCTBE 3TaJOHA [
y4acTKOB pazMepoM 1 MO, nmpoaHanu3upOBaHHBIX AJsl Bcex ayTocoM. @ur. 26C npexncrasiser
coboii Tabmuiy 2640, NpencTaBISIOMYIO pacnpeeNeHne Z-noka3areied y4acTKOB pa3mMepom |
MO nanst MONHOTO reHOMa Kak B MPEAONEPAOHHBIX, TAK M B IOCJIEONEPALMOHHBIX 00pa3ax
miazmbl nanueHTa ¢ LK. ®@ur. 26D npencrasnser coboit Tabmmy 2660, rae mpencraBieHbl
YPOBHH METWIMPOBAaHUsI B o00Opaslie OMNyXOJeBOH TKAHM M NPEAOIEPAlMOHHON IIJIa3MBl,
NEePEKPHIBAIOIINECS] C HEKOTOPBIMH M3 KOHTPOJIbHBIX 00pa3loB miasmel B koHTekcte CHH n

CHG.
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[0038] Ha ¢ur. 27A-H mnpencrasnen Circos-rpaduk IUIOTHOCTH METHJIMPOBAHHUS y 8
MALIUEHTOB C pPAaKOBBIMH 3a00JI€BaHUSIMH B COOTBETCTBUM C BAapUAHTAMHU peaU3aLUH
Hacrosimero uzobperenus. @ur. 271 mpeacrasisier coboi Tabmuiy 2780, rae mpuUBEAEHO
KOJIMYECTBO PUIOB TOCJIEIOBATENILHOCTEH M JOCTUTHYTas! ITyOHMHA CeKBEHUPOBAaHUS Ha oOpasel.
@ur. 27)] mnpexncraBiser coboii Tabmuiy 2790, NpPEACTaBISIIOIIYIO pachpeneieHue Z-
noKasaTesiedl y4acTKoB pasMepoM 1 MO 11s MOJHOro reHoMa B IUIa3Me MAIEeHTOB C Pa3HBIMU
3JI0KAQUeCTBEHHbIMU HOBOOOpasoBanusimu. AJl = aneHokapimuHoma Jerkoro, HIK =
HocorsotouHas kapuuHoMa, KPK = konopekranbHas kapunHoma, HOK = HeliposHnokpuHHast
kapuuHoMa, I MC = rimagkomelieyHas capkoma.

[0039] Ddur. 28 mpencraBiusier coboit  Onmok-cxemy cmocoda 2800  aHanmza
Ouonornueckoro oOpasna OpraHu3Ma JJIsl YCTAaHOBJICHUS KiacCH(UKAaLWK YpPOBHA paka B
COOTBETCTBHUH C BAPUAHTAMH PEAU3ALNN HACTOALIETO H300PETEHUSI.

[0040] dur. 29A nmpencraBmsier coboii  rpaduk 2900, IEMOHCTPUPYIOLIHHA
pacripenesneHre TUIOTHOCTEH METHIINPOBAHUS Y pepepeHCHBIX CyOBEKTOB MPH MPENOIOKEHNH,
YTO YKA3aHHOE paCIpeAesieHue COOTBETCTBYET HOpPMalIbHOMY pacnpeaeneHutro. @ur. 29B
npencTtaBisier cobdoit  rpadpuk 2950, IOEMOHCTPUPYIOIIMIA paclpeiesieHue IUIOTHOCTEH
METUJIMPOBAHUS Y MALEHTOB C PAKOBBIM 3a00JIEBAaHUEM IIPU MPEITOIOKEHNH, YTO YKa3aHHOE
pacrpesneneHle COOTBETCTBYET HOPMAJbHOMY pPACIpPEAENEHUI0, U CPelHEe 3HAUYEHUE YPOBHs
METHJINPOBAHUS HUKE TOUYKH OTCEUEHUs Ha 2 CTAaHIapPTHBIX OTKJIOHEHUS.

[0041] Dur. 30 mpencrasnsieT coboii rpaduk 3000, TEMOHCTPUPYIOLIHNI pacmpeaeeHIe
wiotHocted MetwnupoBanuss JJHK mmasMbl 310pOBbIX CYOBEKTOB M MALMEHTOB C PAKOBBIMHU
3a00JIeBaHISAMU.

[0042] Ha ¢ur. 31 mpuBemeno rpaduyeckoe npencrtasienue 3100 pacnpeneneHus
pasnmuuuii  cpenHero ImioTHocted MetwimpoBanust JIHK mmasmbl 310poBBIX CyOBEKTOB U
onyxoJsieBor Tkanu nauuenta ¢ I'TIK.

[0043] Dur. 32A mnpencraensier coboit Tabmuuy 3200, roe mnpeactaBieH 3¢dekT
YMEHBLICHUS TJyONHbI CEKBEHUPOBAHMS B CJIydasx, Koraa o0pasen Iua3Mbl comeprxkan 5% wimm
2% onyxonesoii JTHK.

[0044] Ha ¢ur. 32B mnpuseneno rpaduueckoe mnpexncrasienue 3250 MIIOTHOCTEH
METUJIMPOBAHUS TIOBTOPSIFOIIUXCS 3JIEMEHTOB M oOnacTeil O€3 MOBTOPOB B IUIa3Me YeThIpEX
3IOPOBBIX KOHTPOJIbHBIX CYOBEKTOB, B JICWKOLMTAPHOH IUIEHKE, HOPMAJbHON TKAHM TI€YEHH,
OINYyXOJIEBOW TKaHH, o0paslax MNpeAonepanlioHHON IUIa3Mbl M MOCIEONEPALIHOHHON IUIa3Mbl
namuenta ¢ I'TIK.

[0045] Ha ¢ur. 33 npeacraBinena OJoK-guarpaMma NpuMepa KOMITBIOTEPHOH CHCTEMBI

3300, mogxonsAweit 1 NPUMEHEHUsI C CUCTEMON M crioco0aMu B COOTBETCTBUU C BapHAHTAMU



peann3auy HacTOSIIIEr0 N300 peTeHNUSI.

[0046] Ha ¢ur. 34A npexncrasieno pacnpexnenenue pasmepos JJHK miasmel y nanuenTta
¢ cuctemHoil kpacHoi Boiuankoi (CKB) CKBO04. Ha ¢ur. 34B u 34C npencraBneH aHaius3
metmnpoBanus st JIHK mnasmer maumenta ¢ CKB CKBO04 (®ur. 34B) u manumenTa ¢ I'LK
TBR36 (®ur. 34C).

[0047] ©ur. 35 mnpencraBisier coOoii Onok-cxemy cmocoba 3500 ycTaHOBIEHHS
KJaccu(pUKaALUKN YPOBHS paka Ha OCHOBe rurnepmMeTiupoBanus CpG-OCTPOBKOB B COOTBETCTBUU
C BapUAHTAMH PEATU3ALUH HACTOSIIErO H300PETEHMSI.

[0048] dur. 36 mpencraBisier coboit  Omok-cxemy cmocoda 3600 aHanmza
Ouonornueckoro obpasa OpraHu3Ma C MPUMEHEHHEM MHOXKECTBA XPOMOCOMHBIX OOJacTeil B
COOTBETCTBHUH C BAPUAHTAMU PEATU3ALNN HACTOSALIETO H300PETEHUSI.

[0049] Ha ¢ur. 37A mnpencrasnen anamu3 CNA (abeppauuii dymcna KOmWid) st
OIyXOJIEBbIX TKaHeH, He oOpaboranuHoii OGucynbpurom (BC) JIHK mmasmbr u oOpaboTaHHOH
oucynbpurom JHK mmasmel (or uentpa kx kpasm) mist nanueHtra TBR36. @ur. 37B
npencTaBisier codoil rpaduk paccestHUs], OTPAKAIOIIMKA 3aBUCHMOCTh MEKAY Z-TOKa3aTesIMU
mist perekimun CNA, ¢ mpumeHeHweMm oOpabotanHON Oucyinbputom u He 0OpadoTaHHOMH
Oucynb(UTOM TUIA3MBIL, AJIs Y4acTKOB pasMepoM 1 M6 y naunenra TBR36.

[0050] Ha ¢ur. 38A mpencraBinen anamu3 CNA st ONyXoJieBbIX TKaHEH, He
obpadorannoit 6ucynaspurom (BC) JJHK mnasmer u odpadorannoii oucynspurom JJHK miazmer
(ot uenTpa x kpasm) mist naumenta TBR34. ®@ur. 38B npencrasnsier coboii rpaduk paccesHus,
OTpa)kalIUN 3aBUCUMOCTb MEXAy Z-mokasateisimMu s nerekuuu CNA, ¢ npuMeHeHHeM
obpaboTtaHHO# OucynbhputoM u He 00paboTaHHOH OHCYJIBGHUTOM TIA3MBIL, JJIsI YYACTKOB
pa3mepom 1 M6 y nanuenta TBR34.

[0051] Dur. 39A mnpencraBisier coboit Circos-rpaduk, nemonctpupyroomumii CNA
(BHYTpeHHHMI Kpyr) M aHaJIW3 METWIMPOBaHWA (BHEWIHWHA Kpyr) [uis oOpaboTaHHOM
oucynspurom mmasmbel nanuenta ¢ ['TIK TBR240. ®wur. 39B mnpencrasnsier coboit Circos-
rpaduk, nemonctpupyrommii CNA (BHYTpEeHHHUH KPyr) M aHAJIM3 METUIMPOBAHUS (BHEIIHUIA
KpyT) aist obpaborannoit bucynbpuTom masmel nanpenta ¢ ['LIK TBR164.

[0052] Ha ¢ur. 40A npencrasnen anann3 CNA y naunenta TBR36 obpasna 1o nedeHust
u obpasua mocie sedeHus. Ha ¢ur. 40B mpencrasieH aHaiu3 METHJIMPOBAHUS Y TMALMEHTA
TBR36 obpasua no nedyenus u obpasua nocne ipedenns. Ha ¢ur. 41 A npencrasien ananns CNA
y nanuenta TBR34 oOpasma no nedeHuss u obpasua mocne neuenus. @ur. 41B npencrasiexn
aHaM3 MeTUINpoBaHus y nanueHra TBR34 obpasna no nedenus u oOpasima mocie JeueHusl.

[0053] Ha ¢ur. 42 mnpencraBieHa auarpaMma TUATHOCTHYECKOH 3((EeKTHUBHOCTH

MMOJIHOI'CHOMHOI'O aHaJIn3a TUIIOMETHIINPOBAHUA npu pa3HoOM KOJIMYCCTBEC puaos



CEeKBEHHPOBAHUSI.

[0054] Dur. 43 npexncrapinsieT coboi quarpaMmy, IeMOHCTpupyomyto kpusbie ROC mst
JETEeKLIMN PAKOBOrO 3a00JIeBaHUsI HA OCHOBE ITOJIHOTEHOMHOI'O aHaJn3a TMIIOMETUIMPOBAHUS
npu pa3HoM pasmepe ydacTkoB (50 k0, 100 k0, 200 k6 u 1 MO).

[0055] Ha ¢ur. 44A mnpencraBieHa auarHoctuueckas 3(QekTMBHOCTb CyMMapHOI
BepositHocTu (CP) m mpoueHTHOe conepkaHue ydacTkoB ¢ aOeppaumsimu. Ha dur. 44B
NPE/ICTaBJICHA QUArHOCTHYECKash 3(P(EKTUBHOCTh aHAIN3a IJIa3Mbl JUIs OLEHKH TJIOOAJIbHOTO
runometrunuposanusi, CpG-octpoBkoB runepmerunupoanus u CNA.

[0056] Ha ¢ur. 45 npuBenena Tabmuua  pe3yJbTaToOB i [IOOATBHOTO
runomerunuposanus, CpG-ocTpoBkoB runepmermnupoBanuss U CNA y MalUeHTOB C
renaToLEUTIOIIPHON KapLIMTHOMOI.

[0057] Ha ¢ur. 46 npuBenena Tabnuua pe3yJabTaTOB i [JIOOATBHOTO
runomerunuposanus, CpG-ocTpoBkoB runepMmeruinposanust 1 CNA y ManueHToB ¢ paKOBbIMU
3a00JIeBaHUAMH, OTJIMYHBIMH OT T€NATOLEIITFOISIPHON KapLINHOMBI.

[0058] Ha ¢ur. 47 npencraBieH CepUHHBIA aHANIW3 METHJIMPOBAHUS B IUIA3Me JUIS
nanueHta TBR34.

[0059] Ha ¢ur. 48A npencrasnien Circos-rpaduk, neMoHCcTpupyromuii n3meHeHust CNA
(BHYTpeHHMI KpyT) U METHJIMPOBaHUS (BHEIIHUN Kpyr) B oOpaboranHoi Oucynbdurom JIHK
wiasme nanuenta ¢ [TIK TBR36. ®ur. 48B mnpencrasisier coboil rpaduk Z-mokasareneit
METWJIMPOBaHUs U1 oOnactell ¢ no0aBlieHMEM WM yTPaTOH XPOMOCOMHOIO Marepuana, |
obnacrteit 6e3 u3smeHneHust uyucna konui 15t nauenta ¢ ['LIK TBR36.

[0060] Ha ¢ur. 49A npencrasien Circos-rpaduk, neMmoHcTpupyromuii n3meHenns CNA
(BHYTpEHHHMI KPYT) M METHJIMPOBaHUs (BHEUIHUN Kpyr) B oOpaboranHO# Oucynbdurom JTHK
wiasmbl nanuenta ¢ [TIK TBR34. ®ur. 49B mpencrasisier coboii rpaduk Z-mokasaresei
METUJIMPOBAHUSL sl o0nacTeil ¢ J0OaBIEHHWEM WM YTPATOH XPOMOCOMHOIO MaTepuana, |
obacreii 6e3 n3MeHeHus yncia ko as nanuenta ¢ I 1IK TBR34.

[0061] Ha ¢ur. SOA u 50B mpencraBieHbl pe3ysbTaThl aHAIN3a THIOMETHINPOBAHUS
mia3mel 1 CNA nns maruentos ¢ CKB, CKB04 u CKB10.

[0062] Ha ¢ur. S1A u 51B npencrasneH aHanu3 Zmeth 1151 odnacreii ¢ CNA u 6e3 CNA
B ua3me Byx nanueHtoB ¢ ['LIK (TBR34 u TBR36). @ur. 51C u 51D mnpencraBneH Zmeth
ananmu3 st oonacreii ¢ CNA u 6e3 CNA B ma3me n8yx nauueHtoB ¢ CKB (CKB04 u CKB10).

[0063] Ha ¢ur. 5S2A mpencrasieH nepapXU4eCKHil KJIACTEPHBIM aHAIU3 IJIs1 00pas3IoB
mwia3Mbl 0T nammenToB ¢ 'K, maumentoB ¢ ornuunbiM ot I'LIK 3a0oneBaHneM U 310pOBBIX
KOHTPOJIbHBIX CYOBEKTOB C MCIONB30BaHMEM Ipu3HakoB rpymmbl A s CNA, rioOanbHOro

metunupoBanuss U  MerwnupoBaHus CpG-octpoBkoB. Ha ¢ur. 52B  mnpencraBnena
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uepapxudeckas KiacTepuszallds C HWCIOJb30BaHWEM ImpusHakoB rpynnbl B ama CNA,
rJ100aJIbHOrO METHIMPOBaHUs U MeTuinpoBaHust CpG-0CTPOBKOB.

[0064] Ha ¢ur. 53A mpencrasieH nepapxu4eckuil KJIaCTEpHBIM aHAIU3 Ul 00pas3IoB
miazMbl o1 namuenToB ¢ I'TIK, maumentoB ¢ ornuusbiM or I'LIK 3a0oneBaHneM U 310pOBBIX
KOHTPOJIBHBIX CYyOBEKTOB C HCIOJNb30BaHHEM NpU3HAKoB MermiupoBanusi CpG-oCTpOBKOB
rpynnsl A. Ha ¢ur. 53B npencrasneH nepapxuueckuil KJIacTepHbII aHAIN3 0Opa3LOB ILIa3Mbl
or manmuentoB ¢ ['LK, nmaumentoB ¢ ommmuyabiM ot ['TIK 3a0oneBanmeM U 310pOBBIX
KOHTPOJIBHBIX CYOBEKTOB C HCIIOIB30BAHUEM TUIOTHOCTEH TJI00AIBHOTO METHIIUPOBAHUSI TPY IIThI
A.

[0065] Ha ¢ur. 54A mnpencraBieH uepapxXUUeCKUH KJIACTEPHBIA aHamu3 OOpas3IoB
wiasMbl ot manmenToB ¢ 'K, maumentoB ¢ ornuunbiM ot I'LIK 3a0oneBaHneM U 310pOBBIX
KOHTPOJIBHBIX CYOBEKTOB C HCHOJb30BaHUEM TIiiobanmpHOro coxepskanuss CNA rpynmsr A. Ha
¢ur. 54B npencTaBiieH HepapXUIECKUI KJIACTEPHBIN aHAIN3 00Pa3LOB IJIa3Mbl OT MAIIUEHTOB C
I'TK, nammentoB ¢ ommmuHbiM OT 'K 3aboneBanreM U 3M0POBBIX KOHTPOJIBHBIX CYOBEKTOB C
UCIOJIb30BaHNEM IIIOTHOCTEN MeTunnposanus CpG-ocTpoBKOB rpymmsl B.

[0066] Ha ¢ur. SSA mpencrasieH nepapXU4eCKuil KJIaCTEPHBIM aHAIU3 IJsi 00pas3IoB
mwiazMbl 0T nammenToB ¢ 'K, maumentoB ¢ ornuunbiM ot I'LIK 3a0oneBaHneM U 310pOBBIX
KOHTPOJIbHBIX CYOBEKTOB C MCIIOJIb30BAHUEM IUIOTHOCTEH IJI00AIbHOTO METHIIMPOBAHUS IPYTIIIbI
B. Ha ¢ur. 55B mnpexncraBieH uepapXu4ecKHil KJIacTEPHbIH aHamn3 oOpasloB IUIa3Mbl OT
nauueHToB ¢ I'TIK, manuenTos ¢ ornmmysabiM ot I'LIK 3a0oneBaHneM U 310pOBBIX KOHTPOJIBHBIX
CyOBEKTOB C UCIIOJIB30BAHUEM IUIOTHOCTEH II100aIbHOIO METHIIMPOBAHUS Py bl B.

[0067] Ha ¢ur. 56 npencraBieHO CcpenHee TUIOTHOCTH METUJIMPOBAHUS Y4YacCTKOB
pasmepom 1 MO (kpacHbie TOUYKH) ¥ 32 300POBBIX CyOBEKTOB.

OITPEJEJIEHUA

[0068] «Metunom» npeacTaBisieT  cobol  Mepy
BequunHbl MetwiaupoBanHus JIHK Bo MHOkecTBe CalTOB WJIM JIOKYCOB B TeHOME. MeTuiom
MO>KET COOTBETCTBOBAaTb BCEMY I€HOMY, CYILIECTBEHHOM YaCTH TI'€HOMAa WU OTHOCUTEJIBHO
HeOonpimoi(um) yvactu(siM) reHoma. «ILmOgHBIH METHUIIOM» COOTBETCTBYET METHIIOMY IUIOAA
OepeMeHHOW >KeHINUHBI. [LIOMHBI METHJIIOM MOXKET OBITh ONpeneNeH C HCIOIb30BAHUEM
pa3HOOOpa3HBIX TUIONHBIX TKaHeW win UCTOYHHMKOB TutogHoW JIHK, BkjrOYasi ruianieHTapHbIE
TKaHU W CcBOOOmHyr0 oOT kietok miognyro JHK B wmarepunckoii mnasme. «OmyXoseBbiid
METUJIOM» COOTBETCTBYET METHJIOMY OIYXOJH OpraHusma (Hampumep, denoseka). OmyxoseBbiit
METUJIOM MOXKET OBbITh ONpENeNeH C HUCIOJIb30BAHHEM OMNyXOJEBOH TKaHU WM CBOOOAHOH OT
kyetok onyxogesoi JIHK B maTtepunckoi mnasme. [1nonHbl METUIIOM U ONyXOJIEBBIA METUIIOM

NPEACTaBISIIOT COOOH MpHUMEph! MPEACTABIAIOLIEr0 HHTEpeC MeTuioma. Jpyrummu npumepamu
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NPEACTABISIIOIUX HHTEPEC METHIIOMOB SIBJISIFOTCSI METHJIOMBI OPTaHOB (HampUMep, METHIIOMBI
KJIETOK TOJIOBHOT'O MO3Tra, KOCTEH, JIETKHUX, Cepllia, MBI U MOo4YeK, u T.A.), u3 kotopbix JTHK
MOXET IOMaAaTh B XXUIKOCTH OpraHu3Ma (Hampumep, MjasMmy, CbIBOPOTKY, IOT, CIIOHY, MOYY,
BBIJI€JICHNs] TTOJIOBBIX OPraHOB, CEMEHHYIO JKUAKOCTb, KUAKOCTb U3 UCIPAKHEHUN, THAPEHHYIO
JKUJKOCTb, CIUHHOMO3IOBYH) JKUAKOCTb, BBIACNEHUS U3 SKEJIyJOYHO-KHIIEYHOIO TpPAaKTa,
BBIIEICHUsS  MODKENYJOYHOM  JKeNle3bl, BBbIAEICHHs  KULICYHUKA, MOKpPOTY,  CIIE3bl,
aCIHUPALIMOHHYIO JKUAKOCTh U3 MOJIOYHBIX JKeJie3 M LIUTOBUIHOW JKeJe3bl, U T.J.). YKa3aHHbIE
OpTaHbl MOTYT MPENCTaBIATh COOOH TPAHCIIAHTUPOBAHHBIE OPTaHBL.

[0069] «Metunom muasMby MpeaCTaBisieT cOOOW METHIIOM, OMpPENEIeHHbIN 10 TUia3Me
WIN CHIBOPOTKE JKUBOTHOTO (HampuMmep, 4ejoBeka). MeTHIoM Iia3Mbl MpencTaBisieT coOoit
npumep MetwiioMm cBobomnol ot kierok JIHK, mockonbky rutasma WM CBIBOPOTKA COAEPIKAT
cBobomayro ot kierok JIHK. MerunoMm mmasmsel sIBISETCS TaKke€ NPUMEPOM CMELIAHHOTO
METUJIOMA, TTOCKOJIBKY OH IPEICTABISET COOOH CMECh IUIOAHOrO/MAaTEPUHCKOrO METHIIOMA HIIH
MeTUJIOMa ornyxoju/mauneHTa. «[lmaneHTapHblii METHIOM» MOXKET OBITh ONpenesieH Mo odpasiy
BopcuH xopuoHa (CVS) mmu obpasiy mianeHTapHOW TKaHW (HarpuMep, MOJYYeHHOMY IIOCTe
ponoB). «KierouHelli METHJIOM» COOTBETCTBYET METHJIOMY, OIpPENEICHHOMY II0 KJIETKaM
(HampuMep, KJIE€TKaM KPOBH) MalieHTa. METHJIOM B KJIETKaX KPOBH HA3bIBAIOT METHIIOMOM
KJIETOK KPOBH (MJIM METHJIOMOM KPOBH).

[0070] «CaiiT» COOTBETCTBYET OJHOMY CalTy, KOTOPBIH MOXET MPEICTaBIATH COOON
OJIHO OCHOBAaHWE€ WU TPYIIy CBs3aHHBIX OCHOBaHMM, Hampumep, CpG-caiir. «JIokyc» moxer
COOTBETCTBOBaTh OOJACTH, KOTOpas BKJFOUAET HECKOJBbKO CAaHTOB. JIOKyC MOXET BKIIIOYATh
BCErO OJJUH CAMNT, 4TO AEJAET JOKYC SKBUBAJEHTHBIM CAITy B JAHHOM KOHTEKCTE.

[0071] «MHAekC MeTUIMPOBAHUS» KaXKIOro TeHOMHoro caira (Hampumep, CpG-caiita)
OTHOCHUTCS K COOTHOIUEHHUIO PHUIOB CEKBEHUPOBAHUS, JEMOHCTPUPYIOLIUX METWIMPOBAHHE B
YKa3aHHOM CaliTe, K 00IeMy KOJHYeCTBY PHUIOB, TIOKPBIBAIOLINX YKa3aHHBINA calT. «[LITOTHOCTH
METUJIMPOBAHUSD) OOJIACTH TPENCTABJIET COOOW YHCIO NEMOHCTPUPYIOIIUX METHIMPOBAHUE
pUIOOB Ha calTax BHYTPU YKa3aHHOH oOO0JacTH, pasfelieHHoe Ha oOlnee 4YHCJIO PHAOB,
NOKPBIBAKOIINX CaliTel B yKkasaHHOW oOmactu. CaiiTel MOTryT HUMeTh crenuduyecKue
XapaKTEPUCTHKH, Hampumep, npenctasisiTe coboit CpG-calitel. COOTBETCTBEHHO, (IUIOTHOCTD
metmupoBanuss CpG» mnst obmactu mpencraBisier coboid uucio nemoHcrpupyrommx CpG
METUJIMPOBAHUE PHUAOB, pa3leJieHHOe Ha olmiee 4ucio punaoB, mokpsBaromux CpG-caiiTel B
yKka3zaHHOH obnactu (Hampumep, koHKpeTHbIH CpG-caiit, CpG-calitel B cocraBe CpG-ocTpoBKa
win obnacte Gonbinero pasmepa). Hanpumep, mioTHOCTh MeTHIIMpOBaHUs st Kaxaoro 100-kx0
yY4aCTOK B T'€HOME YeJloBeKa MOKeT ObITh OmpezaesieHa 1Mo OOINeMy YHCIy LUTO3WHOB, HE

KOHBEPTHPOBAHHBIX MOCje 00paboTKu OHCYNbGUTOM (YTO COOTBETCTBYET METWJIHPOBAHHOMY
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uro3uny) B CpG-caiitax, kak mponopuuoHaabHOH noiu or Bcex CpG-caliToOB, MOKPHIBAEMBIX
pUoamMH TMOCIEeNOBATENbHOCTEH, KapTUpyeMbIMH Ha obnactb pasmepoMm 100 k0. YkazaHHBIH
aHaJIN3 MOXET TaK»Ke MPOBOIUTHCS Il YUACTKOB APYTUX pa3mMepoB, Hanpumep, S0 k6 nimm 1 MO,
u 1.4 OOnacte MOXET NpencTaBiATh COOOH BeChb I'€HOM, HJIM XPOMOCOMY, WM YacThb
XPOMOCOMBI (Hanpumep, miedo xpomocomel). Munekc mernnuposanust CpG-caiita coBnamaer ¢
IUIOTHOCTBIO METHJIMPOBAHUS OOJIACTH, €CJIN yKa3aHHAs O0JIACTb BKJIIOYAET TOJIBKO YKAa3aHHBINA
CpG-caiit. «J/lons MeTUIMPOBAHHBIX IIUTO3UHOB» OTHOCUTCA K OTHOIIGHUIO 4YHCIA
LIUTO3WHOBBIX CalTOB, «C», KOTOpble, Kak I[OKAa3aHO, METWINPOBAHbI (HApUMep, He
KOHBEPTHPOBAHBI TOCIE 00paboTku Oucyiabpurom), K 0oOLIeMy KOJHYECTBY AHAIU3UPYEMBIX
OCTaTKOB LIUTO3WHA, T.€. B TOM YHCJIE, LIUTO3MHOB BHEe KOoHTeKcTa CpG, B yKa3aHHOW 00IacTH.
WHpexc MeTunMpoBaHUs, IUIOTHOCTh METUJIIMPOBAHUS U JIOJsI METHJIMPOBAHHBIX LIUTO3MHOB
NPECTABISIIOT COOOM MPUMEPBI KYPOBHEH METHIIMPOBAHUS .

[0072] «IIpodune meTunupoBaHUs» (TaKXK€ HA3bIBAEMBIH CTATYCOM METWIIMPOBAHHMS)
BKJIOUaeT HuHpopMaimoo oTHocuTedpbHO MerwimpoBanus JHK nmns obmactu. Mudopmarms
oTHOocuTenpbHO MetunuposaHus JIHK moskeT BkiIOYaTh, HE OrpaHUYMBAsICh MEPEUHCIIEHHBIM,
uHnexkc mermnupoBanus CpG-caiira, miotHocTh Metuimposanusi CpG-calitoB B obmacrwy,
pacmipenenenne CpG-caiiToB Ha MPOTSDKEHUH HETPEPbIBHON O0NACTH, MATTEPH WM YPOBEHb
METUJIMPOBaHUS ISl Kaxaoro uHamsuayainbHoro CpG-caiita B cocraBe 00nacTu, KOTOpas
comepkut Oonee yem onuH CpG-caiit, 1 MeTWIMPOBaHUs MO caiiram, He sBystromuMmcs CpG.
IIpodpunbp MeTHIUPOBaHMSA CYLIECTBEHHOW YacTH I€HOMAa MOXET CUMUTAThCA SKBUBAJEHTHBIM
metmiiomy. «Merunuposanue JIHK» B reHOMax MIIEKONUTAKOIINX, KaK MPaBUJIO, OTHOCUTCS K
100aBIEHUIO METUJIBHON TPYMIIbI K 5’ -KOHLIEBOMY aTOMy yTIJIepOAa OCTAaTKOB LUTO3MHA (T.e. S5-
MeTuiauTo3uHaM) B nunykieoruaax CpG. MerwnmupoBanue JIHK mno uurosmHam moxker
NPOMCXOAUTh B Npyrux koHTekctax, Hanpumep, B CHG u CHH, rne H npencrasnsier coboii
aJleHUH, [IUTO3UH WIA THMUH. MEeTHINPOBAHNE LIMTO3MHA MOXKET TaKXKe OBbITh MPEICTABIICHO S-
T'HAPOKCUMETHIILUTO3MHOM. Takke ObUIO ONUCAHO METHJIMPOBAHHE 10 HE SBJSIOIIUMCS
LIUTO3MHAaM OCHOBaHUSM, Hampumep, 1o NO-MeTunaaeHuHy.

[0073] «Txaub» cooTBeTcTByeT JIOOBIM KjeTkaMm. Pa3Hble THUIBI TKaHU MOTYT
COOTBETCTBOBATh PA3HBIM THUIIAM KJIETOK (HAIpUMEp, MEYEeHH, JIETKOTO WM KPOBH), a TaKXkKe
MOTYT COOTBETCTBOBATh TKAHSM pAa3HbIX OPraHM3MOB (MaTepu/Tuiofa) WM 3JOPOBBIM
KJIETKaM/OMyXOJIeBbIM KJIeTKaM. «buonocuueckuii obpasey» OTHOCUTCS K JroOoMy oOpasiy,
KOTOPBIA TONYYaOT OT CyObeKTa (Hanpumep, YeIoBeKa, TAKOrO Kak OepeMeHHasl JKEeHIIHHA,
UHIUBUAYYM C PAaKOBBIM 3a00JIeBAaHHUEM WIM HHIUBUAYYM, Y KOTOPOTO MPEIANOJIOKHUTEIBHO
UMEETCsl pakoBoe 3a00JieBaHME, PELMIMEHT TPAHCIUIAHTHMPOBAHHOIO OpraHa WM CyOBEKT, Y

KOTOPOTO MPEANONIOKUTENBHO UMeeTCsl OOJIE3HEHHBIN MpOoIlecC, B KOTOPBIM BOBIIEYEH OpraH
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(Hampumep, cepaue npu HHGAPKTE MHOKAPAA, WM TOJIOBHON MO3T NPU MHCYJIBTE), U CONEPIKUT
OJHY WU OOJblliee KOJHYECTBO NMPENCTABIIIOLUINX MHTEPEC MOJEKYJ HYKJIEHHOBOW KHCIOTBHL
buonorndeckuii oOpaszer; MOXKeT MPENCTaBIATh COOOH KUIKOCTh OPraHU3Ma, TaKyl Kak KpPOBb,
IUIa3Ma, ChIBOPOTKA, MOYA, BJIATAIUIIHOE OTAENISIEMOE, CMbIBbI M3 MAaTKU WJIM BJAraJIMILLA,
IUIEBPAJIbHASL JKUIKOCTb, ACLUTHYECKasl *XUAKOCTb, CIMHHOMO3IOBasl >KUAKOCTb, CJIIOHA, IOT,
clie3a, MOKpPOTa, YKUAKOCTh OPOHXOAIBBEOJSIPHOTO JIaBaka U T.J. Takyke MOTYT MCHOJIb30BaThCs
00pasiel CTyJIa.

[0074] Tepmun «yposens paka» MOXET OTHOCUTBCS KaK K HAJIMYUIO PaKOBOIO
3a0oNeBaHMs, TaK U K CTaUU PAKOBOTO 3a00JIEBAHUSI, pa3Mepy OIyXOJIH, HAJIUYHIO METACTa30B,
oOmel OmyxoNeBOW Harpy3ke Ha OpraHu3M W/WIM K JPYrod Mepe TSDKECTH PaKOBOTO
3a0oneBaHusl. YPOBEHb paka MOKET OBITh BBIPAXKEH UHCJIOM WM ODO3HA4YeH MHave. Y POBEHb
MoxeT ObITh paBeH 0. YPOBEHb paka Tak:Ke BKIHOYAET MPEA3JIOKAYeCTBEHHBIE HIIH MPEIPAKOBbIE
COCTOSIHUS (CTaTyChl), CBSI3aHHBIE C MYTaLMSMHU M PAJOM MyTalUui. YPOBEHb paka MOXKET
OBITh NCIIOJIB30BAH PA3JNNYHBIM 00pa3zoM. Hanpumep, CKpUHUHT MOXET MTOKAa3bIBATh, HIMEETCS JIN
pakoBoe 3aboneBaHHE y KOro-mudo, MO HMMEIOUINMCS CBENEHHsSM paHee He CTPagaBIIEro
pakoBbIM 3a0oneBaHreM. OLEeHKa MOKET MPOBOAUTHCS ISl KOTO-JIHOO C THArHOCTHPOBAHHBIM
pPaKkoBbIM 3a00NIeBaHMEM Ui MOHHUTOPHHIAa NPOTPECCHPOBAHMS PAKOBOro 3a0ojeBaHUs C
TE€YEHHUEM BPEMEHH, UcclenoBaHus 3((PEKTUBHOCTH T€PaIuy WIN AJIS ONPENesIeHUs] IPOTrHO3a.
CornmacHO OJHOMY BapHaHTy peaNU3alMM MPOTHO3 MOXKET ObITh TMPEACTABIEH B BHUAE
BEPOSITHOCTH CMEpPTH TMAalMeHTa B pe3yJbTaTeé paKoBOro 3abOJeBaHMs, WM BEPOATHOCTHU
IPOrPECCUPOBAHUST PAKOBOTO 3a00JIEBAHUSI uepe3 ONpeNeSIeHHbIH NMEepHOA WIH IMPOMEXKYTOK
BPEMEHH, WIN BEPOATHOCTH METACTa3UpOBaHUs paka. JeTekuus MOXKeT O3HadaTb «CKPUHMHI»
WIK MOXET O3HayaTh MPOBEPKY HAa HaJIM4YHe paka y KOro-audo, AEMOHCTPHPYIOLIETO
YKa3bIBAIOIIME HA PAKOBOE 3a00JjieBaHWE TMPH3HAKH (HANPUMEpP, CUMITOMBI WM JpyTue
TIOJIOXKHUTEJbHBIE TECTHI).

ITOJPOBHOE OITMCAHUE U30BPETEHHA

[0075] DnureneTudeckre MeXaHU3MbI UTPAIOT BAXKHYIO POJIb B PAa3BUTHH SMOpHOHA W
wiona. OgHAako TKaHW 3MOPHOHA U TUIOJA 4esioBeKa (B TOM UHWCIE TUIALICHTAPHbIE TKAHH) He
ABISIFOTCS  JerkonoctynHbiMu  (mateHtr  CITA  Ne6927028). Hekotopble  BapHaHTHI
OCYILECTBIICHHsI HANpaBJIEHbl HA pEIICHHE YKa3aHHOH mMpobiembl MyTeM aHaim3a obpasua,
comepskamero Mojiekysy cBodomHoW ot kierok rogHo JIHK, mnpucyTcTByromeid B
MaTE€PHUHCKOM KpOBOTOKe. ITOHBIH METHIIOM MOKET OBITh BBIBEAECH PA3JIUYHBIMH CIOCOOAMHU.
Hanpumep, ™oxeT ObITh TNPOBENEHO CpaBHEHHWE METHJIOMA MAaTEPUHCKOW IUIa3Mbl U
MaTE€PHUHCKOr0 KJIETOYHOrO0 METHJIOMa (IO KJIETKaM KPOBH MaTepH), U OOHApY>KEHbI Pa3JIUUMs,

KOTOpbIE KOPPETUPYIOT € IUIOAHBIM MeTmioMoM. CorjacHo Apyromy mnpumepy crenupuyHble
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IUIA TUTOZ1a aJljIeNId MOTYT IPUMEHATHCS ISl ONpeesIeHNsl METUIIMPOBAHUS MIJIOJJHOTO METUIIOMA
B KOHKPETHBbIX JIOKycax. Kpome Toro, pasmep ¢pparmMeHTa MOXKET NPUMEHATHCS B KaueCTBE
MHAMKATOpa MpPOLEHTa METUJIMPOBAHMS, TaK KaK IMOKa3aHa KOppessALus MEXIy pasMepoM H
NPOLIEHTOM METHJINPOBAHUS.

[0076] CormacHO OnmHOMY BapHaHTy peall3alli MOJHOTEHOMHOEe OuCyb(puTHOE
CEKBEHHPOBAHUE MPUMEHSETCS AJIsl aHaIM3a NMpoQuiist MEeTHIMPOBaHMS (BCErO METHJIOMA WU
ero yactu) JIHK MaTepuHCKOW IUla3Mbl C paspelieHHeM 10 OAHOro Hykjieotwpa. [lpu
UCTIOJIb30BAHUK  PA3IMYUiA MOJUMOPPHU3MOB MaTepu M IUIOJAa MOXKHO cOoOpaTh IUIOAHBIH
METUJIOM 1Mo oOpa3iaM MarepuHCKOH KpoBu. COrJIacHO elle OJHOMY BapHaHTy pealu3alud
paznuuusi TOMUMOP(GU3MOB HE HCIOJIB30BATUCH, OJHAKO MOKET HCIIOJIb30BAThCS pPa3INune
MEXly METUJIOMOM IJIa3Mbl U METUJIOMOM KJIETOK KPOBH.

[0077] CormacHO aApyroMy BapwaHTy peaju3aldyd 3a CUeT  HCIOJIb30BAHUS
OJHOHYKJICOTUIHBIX BapUalMi W/uian adeppanuii 4ucjia KOMUH MEXOy T€HOMOM ONyXOJH H
HEONyXOJIEBBIM T'€HOMOM, a TaKX€ NaHHBIX CEKBEHUPOBAHUS U IUIa3Mbl (WK OPYroro
oOpasia), MOXKeT OBbITh TIOJTy4YeH MPOUITb METHIIHPOBAHUS OMyXOJIH st 00pa3lia OT MalueHTa,
y KOTOPOrO MpPEAIOJOKHUTEIBHO WM TOYHO UMeeTCsl pakoBoe 3aboneBanue. OTindne ypoOBHS
METUJIMPOBaHUS B oOpaslie IUa3Mbl TECTHPYEMOrO MHIWBUAYYMA NPU CPABHEHHU C YPOBHEM
METWJIMPOBAHUS IJIa3Mbl 37J0POBOTO KOHTPOJS WM TPYMIMbl 3JO0POBBIX KOHTPOJEH MOXKET
o0ecrieunBaTh WACHTUPUKALMIO TECTUPYEMOIO WHAMBUAYYMa Kak HMEIOINEro paKkoBOe
3aboneBanue. Kpome toro, npoduiab METHIUPOBAHUSA MOXKET BBITIOJIHSITH POJIb CUTHATYPBI THUIIA
pakoBOro 3a00JIeBaHMsl, HAPUMED, TIOKa3bIBaTh, U3 KAKOTO OpraHa MPOUCXOIUT PaK y JAHHOTO
WHAUBUIYYMa, U UMEIOTCS JIU METACTa3bl.

[0078] Bnaromapsi HEMHBAa3WBHOW MPHUPOIE YKA3aHHOTO CIOCO0a aBTOPbI HACTOSIIETO
U300peTeHrss UMeNId BO3MOXKHOCTb MPOBECTH CEPUIHYIO OIEHKY IUIOAHBIX METHJIOMOB H
METUJIOMOB MaTEPUHCKOW IJIa3Mbl IO 00pas3laM MaTepUHCKOW KPOBH, COOPAaHHBIM B MEPBOM
TPUMECTpE, TPETbeM TPUMECTpe U mocie ponos. Habmronaanch W3MEHEHMs, CBS3aHHBIE C
rectaunedl. YKa3aHHbI CHOCOO Takke MOXKET TPUMEHAThCS B OTHOIIGHHWH OOpasloB,
MOJIyUEHHBIX HA MPOTSIKEHUH BTOPOro Tpumectpa. IInogHblli MeTUNIOM, OIpeneseHHbIH 10
MAaTePUHCKOH IUIa3Me BO BpeMs OEpeMEHHOCTH, HANOMHUHAJ IUIALIEHTAPHBIA METHIJIOM.
WmnpuHTHHTOBBIE TeHBl U Au(depeHInanbHO METUIIMPOBAHHBIE 00JIACTH MASHTU(HULIUPOBAIN
IO JJAHHBIM MATEPUHCKOM M1a3Mbl.

[0079] Takum oOpa3om, aBTOpPBI pa3paboTanu Ccrnocod CepuHHOro KOMIUIEKCHOTO
HEMHBAaXUBHOIO MCCIEAOBAHMSA IIJIOJHOITO METWJIOMAa HEMHBA3UBHBIM, NPEJararouiero,
COOTBETCTBEHHO, BO3MOXHOCTb HIEHTH(UKALUN OHMOMAapKepOB WM MPSIMOTO TECTUPOBAHHS

CBsA3aHHBIX C naToJIOrusAMHU 6epeMeHHOCTI/I. B ApUaHTBI pean3aliui  TAKKE MOTyT
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UCTIONIb30BAThCA JJISI CEPUIHOTO KOMIUIEKCHOTO HEMHBA3MBHOT'O HCCIEAOBAHUS OITyXOJIEBOTO
METUJIOMA, JJIsI CKPUHUHIa WM AETEKLHUH HaJIuuus y CyObeKTa pakoBOro 3aboyeBaHus, I
MOHHUTOPHHIA 3JI0KAY€CTBEHHBIX 3a00JIeBaHM Y OOJIbHOTO PAaKOBBIM 3a00JIeBAaHUEM MAI[UEHTa U
IUI TIPOTHO3MPOBaHUsl. BapuaHThl peannzauuu MOTYT ObIThb NMPUMEHEHBl K JIOOOMY THITY
pakoBoro 3aboyieBaHMs, BKJIIOYAs, HO HE OIPAHUYMBASICH NMEPEUHUCIEHHBIM, PaK JIETKOro, pak
MOJIOYHOM JKeJIe3bl, paKk TOJICTOM W MPsAMOM KHIIKH, paK NPENCTATEIbHON >KeNe3bl, pak
HOCOTJIOTKH, paK >KeJIyAKa, paK SUYKa, paK KOXU (HAmpUMep, MeJNaHOMa), TOparKaroLIuii
HEPBHYIO CHCTEMY PaK, pak KOCTEH, paKk SMYHUKA, PaK MeueHH (HampuMmep, rernaTolesUTFoIsipHast
KapLUHUHOMA), T'e€MAaTOJIOTHUECKHE 3JI0KAaYeCTBEHHbIE HOBOOOPA30BAaHMUS, PaK MOKETyIOYHON
JKeJIe3bl, SHIOMETPUOHIHAS KAPIIUHOMA, PAK MOYKHU, PAK IIEHKH MATKH, pPAK MOYEBOTO My3bIPsI U
T.J.

[0080] CHauana oOCyKHarOTCST CHOCOOBI OMNpeneNieHHs] METHJIOMAa WU TPOQUIIs
METHJINPOBAHUS, 3aT€M OMHUCHIBAIOTCS PA3JIUYHBIE METHJIOMBI (TaKHe KaK IUIOHbIE METHJIOMBI,
OIyXOJIEBBIA METHJIOM, METHJIOMBbI MaTePH WX MAIIUEHTA, U CMELIaHHBIA METHJIOM, HampuMep,
I1a3Mbl). 3aTEM OMHUCAHO OMpereNneHne NpoQuisi METHIIMPOBAHUS Y TUIOA C HUCTIONb30BAHUEM
cnem(UUHbIX JUIS TUIOAA MapKepOB WMJM TMYyTEM CpPaBHEHUS CMEIIAHHOTO MPOQUIIs
METIJINPOBAHUS C KJIETOYHBIM MpoduieM MeTmupoBanus. [1monHbie MapKepbl METHITHPOBAHHS
OTIPENENSAIOT MyTeM CpaBHEHUs npoduiel MmeTnianpoBanus. O0CykaaeTcs 3aBUCUMOCTb MEXKITY
pasMepoM U MeTHJIUpOBaHHEM. Takke TMpensioKeHbl BapUAHTBl TPUMEHEHUs mnpodueit
METWJINPOBAHUS JUIsl IETEKLUU PAKOBBIX 3a00JI€BaHHIH.

L ONPEAEJIEHUE METHJIOMA

[0081] [Ins1 uccnemoBaHMs IUIALEHTAPHOTO METWJIOMA MCMOIb30BAJIOCh MHOXKECTBO
MOJXOOB, OHAKO Ka’KIbIi MOAX0 UMEET CBOM OorpaHuveHus. Hampumep, OUCYIbGUT HATPUS,
XUMHYECKOE BEIIEeCTBO, KOTOpOe MOAUPHUUUPYET HEMETHJIMPOBAHHBIE OCTATKH LUTO3HHA,
npeBpamiasi uX B YpalWI, U OCTABJIIET METHJIIMPOBAHHBIA IIUTO3MH B HEM3MEHEHHOM BUIIE,
npeoOpasyer pa3iu4yus B METHJIMPOBAHMM LUTO3WHA B  Pa3jIM4Ms TeHETUYECKHX
NOCJIEIOBATENbHOCTEN  AJI  JajbHelInero u3yudeHus. 30JIOTOH CTaHAapT HCCIeN0BaHUM
METHJIMPOBAHUSI LIMTO3MHA OCHOBaH Ha 00paborke Tkanesou JIHK Oucynbputom HaTpusi C
MOCTEAYIOIUM TIPSIMBIM CEKBEHHPOBAHUEM WHAMBUIYAIbHBIX KJIOHOB KOHBEPTHPOBAHHBIX
oucynbdpurom monekyn JAHK. Tlocne ananusza mHoxkectBa kKjaoHOB Monekyn JIHK moryt Obith
NOJTyYEHBI MATTEPH METHJIMPOBAHUS LINTO3MHA U KOJNYEeCTBEHHBIN npodmis B pacuere Ha CpG-
caifit. Tem He MeHee, OUCYTBUTHOE CEKBEHUPOBAHHE KJIOHOB MPENCTABIISET COOOH TPYAOEMKYIO
NpoLeAypy € HU3KOM TPOMYCKHOH CHOCOOHOCTBIO, KOTOPYHO HEBO3MOXKHO C JIETKOCTBIO
MPUMEHSATDH B TTOJIHOTEHOMHOM MaciuTaoe.

[0082] UyBcTBUTEIBHBIE K METHIIMPOBAHHUIO PECTPUKLIMOHHBIE (DEPMEHTBI, KOTOPBIE, KaK
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npaBwio, pacumerusiioT  HemetwinpoBanHyro JIHK, oOecneumBaror Hemoporoit cmocob
uccienoannss  MmerwiupoBanusi  JIHK.  OpHako  nmaHHble, oOecrnieuynBaeMble  TaKUMH
UCCIIEIOBAHUSAMY, OTrPAaHUYEHBbl JIOKYCaMH, COJEpKallUMH pacro3HaBaeMble (epMeHTaMu
MOTHUBBI, U pe€3yJbTaTbl HE SBJSIFOTCS KoaudecTBeHHbIMH. Mmmynonpeuunuranus JIHK,
CBSI3bIBAEMOM AaHTUTENAMU MPOTUB METWIMPOBAHHOIO LUTO3MHA, MOXKET NPUMEHATbCA IS
UCCIIeOBaHMs OONIBIINX CErMEHTOB TIeHOMa, OJHAKO Ui HEro XapakTepHa TEeHACHLUS K
CMELICHHI0O B TOJB3Y JIOKYCOB C BBICOKOH TUIOTHOCTBIO METHJIMPOBAHMS H3-3a OoJee
WHTEHCHBHOT'O CBSI3bIBAHUS aHTUTEN ¢ TakUMH oOjacTsaMu. CriocoObl HA OCHOBE MHUKPOMATPHII
3aBHCAT OT UW3HAYAJbHOM KOHCTPYKLHMHM AQHAJIUTHYECKUX 30HAOB U 3((HEeKTUBHOCTH
rubpuanszaunu 308108 ¢ nenesoi JJHK.

[0083] /111 KOMIUIEKCHOIO M3Y4Y€HMs METHJIOMA B HEKOTOPBIX BAPHAHTAX pPeaU3aLUU
UCTIONIb3YETCS  MAacCHUBHO-MapajienbHoe  cekseHupoBanue (MIIC) ana  monmyueHus
MOJTHOT€HOMHOM WH(pOPMaMU U KOJMYECTBEHHONW OLIGHKH YPOBHS METHIIMPOBAHUS B PacUYeTe Ha
HYKJICOTHI W Ha aulelb. HenaBHO CTano BO3MOMKHBIM OCYIIECTBIEHHE OHCYJIbOUTHON
koHBepcHH ¢ nocneayromum noasoreHoMHbIM MIIC (R Lister et al 2008 Cell; 133: 523-536).

[0084] 113 HeOonpmoro uncia onyoOsnukoBaHHbIX uccienoBanuii (R Lister et al. 2009
Nature; 462: 315-322; L Laurent et al. 2010 Genome Res; 20: 320-331; Y Li et al. 2010 PLoS
Biol; 8: €1000533; u M Kulis et al. 2012 Nat Genet; 44: 1236-1242), roe npuMeHsIIOCH
MOJTHOT€HOMHO€E OUCYJIBUTHOE CEKBEHHUPOBAHUE I UCCIEOBAHNS METUIIOMOB UYE€JIOBEKa, ABa
uccienoBaHuss (POKyCHPYIOTCS Ha SMOPHOHAIBHBIX CTBOJIOBBIX KJIETKaX U (heTalbHbIX
¢dubpobnacrax (R Lister et al. 2009 Nature; 462: 315-322; L Laurent et al. 2010 Genome Res; 20:
320-331). B oboux rccienoBaHUsAX UCCIEIOBAIH MOMYUYSHHYO U3 KieTouHbIX juHuil JJHK.

A. Tonnoeenomnoe 6ucyrvghumnoe cexeenuposanie

[0085] Hekotopble BapuaHTBhl pealu3allUd MO3BOJSIOT MPEOJOJETh BbILIEONUCAHHBIE
npoOJjeMbl M TPOBOAMTH KOMIUIEKCHOE HEWHBA3WBHOE CEPHIHOE HCCIENOBAHUE TIUIOIHOTO
mermioma. CornacHo OJHOMYy BapuaHTy peaju3alud UCIOJb30BAIU  MOJHOTEHOMHOE
Oucynb(pUTHOE CEKBEHHPOBAHUE IS aHAJIN3a CBOOOAHBIX OT KJIETOK MojiekyJ rutonHoi JIHK,
NPUCYTCTBYIOLINX B KPOBOTOKE OepeMeHHbIX JKeHIMWH. HecMoTps Ha HE3HAYHTEIbHOE
comep:kaHne W (pparmMeHTHpoBaHHYIO mpupoxny Monekyia JIHK B mmasme, aBTopam ynaioce
coOpaTh IJIOAHBIA METHUJIOM C BBICOKHM Pa3pEeLICHHEM 10 MATEPHHCKOH Ila3Me M MPOBECTH
cepuiiHble HAOJIOAEHNST N3MEHEHUH ¢ TeueHHneM OepeMEeHHOCTH. YUUTHIBAsl, YTO HEMHBA3HBHOE
npeHatanbHoe TectupoBanne (NIPT) mpencrasisier 3Ha4YMTEIBHBIA WHTEPEC, BAPUAHTHI
peanu3anmuy MOTyT O0€CIeYNTh HOBBIM MOIIHBIH HHCTPYMEHT il TOMCKAa (PeTanbHbIX
OMOMapKepOB WJIM CITyKUTh HETIOCPENCTBEHHO B KauecTBe Iiatdopmel st nposeaeruss NIPT

3a0oneBaHMi IJIOZAa WM CBSI3aHHBIX C OepeMeHHOCThIO 3a0oneBaHuil. [IpencTaBneHbl naHHBIE
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MOJTHOT€HOMHOTO OMCYJIb(UTHOTO CEKBEHUPOBAHUS PA3JIMYHBIX 00PA3LOB, UCXOAS U3 KOTOPBIX
MOXET OBITh YCTAHOBJIEH IUIOAHBIH MerwjoM. CoOriacHO OIHOMY BapHAHTy peaNHU3aALUH
yKa3aHHasi TEXHOJOTUS MOXKET MPHUMEHSThCS AJIsl ONpeneseHus Mpouiis METWINPOBAHHS NPU
OepeMeHHOCTH, OCJIOKHEHHOH NpeskyiaMIcuel, I BHYTPUYTPOOHOH 3alep:KKOH pocTa, WM
NPEeKAEBPEMEHHbBIMA  poxaMu. IIpM Takux OCJIOKHEHHBIX OEPEeMEHHOCTSIX —yKa3aHHas
TEXHOJIOTHSI MOXET MPUMEHSATBCS CepUITHO Oaronapsi CBOe HEMHBA3UBHON MPUPOLIE, TTO3BOJISI
NPOBOANTb MOHUTOPHHT, W/WJIM IPOTHO3MPOBAHUE, W/WIJIH OLIEHKY OTBETa Ha JICUEHHE.

[0086] Ha ¢ur. 1A mnpuBenena tabmuua 100 pe3ynbTaTOB CEKBEHHUPOBAHUS ISl
MaTepUHCKON KpOBH, IUIALEHTHl M MATEPUHCKOH IUIa3Mbl B COOTBETCTBHUH C BapHaHTAMHU
peamm3ammu  Hacrosimero  u3oOpereHus. CorjiacHO OJHOMY  BAapHAaHTy  pean3aluu
NOJJTHOTEHOMHOE  CEKBEHHPOBAHWE OCYLIECTBISUIM HAa KOHBEPTHPOBAHHBIX OUCYJIb(PHUTOM
o6ubmmorekax JIHK, monydeHHBIX ¢ MPUMEHEHHEM alanTepoB sl OMOIHOTEK METHIIMPOBAHHOM
JHK (Illumina) (R Lister et al. 2008 Cell; 133: 523-536), kierkax KpoBU u3 oOpasLia KpPOBH,
B3ATOro B nepsoM Tpumectpe, CVS, mianeHTapHOW TKaHH, COOPaHHOH NMPH CBOEBPEMEHHBIX
pomax, oOpasmax MaTepUHCKOH IUIa3Mbl, COOPaHHBIX B NMEPBOM U TPETbEM TPUMECTPAX U B
nociaeponoBoM mnepuone. Takke wucciemoBanmu oOpasusl JIHK kjIeTok KpoBH U IUIA3MBI,
MOJIyYeHHBbIE OT OJHOTO B3POCJIOTO MYKYMHBI U OTHOW B3pPOCIIONH HeOepeMEeHHOW >KEHIIHMHBI.
Bcero B yka3aHHOM HCCIE€AOBAaHUH MONydYadw 9,5 MUIUIMApAOB nap HEOOPaOOTAaHHBIX PUAOB
nocyienoBaTenbHoCcTel. ['yOMHAa CEeKBEHHPOBAHHUS AN Kakaoro oOpaslia NpeACTaBiIeHa B
tabmune 100.

[0087] Punbl mocienoBaTenbHOCTEH, YHUKAIBHO KapTUPyeMble HA pedepeHCHBIN TeHOM
yenoBeka, obecrneunBamu S0-kpatHoe, 34-kpaTHOe U 28-KpaTHOE CpenHee MOKpPbITHE
TafuIOUIHOTO T€HOMA, COOTBETCTBEHHO, IJIsi OOpa3sLioB MAaTePUHCKOW IUIa3Mbl B IEPBOM
TPUMECTpe, TPETheM TPUMeCTpe U B mocieponosoil nepuon. Ilokpeitne CpG-caliToB B reHOME
BapbupoBasio oT 81% mo 92% mna o0pas3loB, MONYYEHHBIX MpH OEpeMEHHOCTH. Pujbl
nocienoBatenbHocTel, 3axBarbiBaromne CpG-caiitel, oOecneunBanu 33-KpaTHOE CpenHee
MOKPBITHE TaIlJIONJHOrO IeHOMAa Ha Lenb, 23-KpaTHOE IOKPBITHE HAa Lenb U 19-kpaTHOe
MOKPBITHE HA LeTTh, COOTBETCTBEHHO, JIJIs1 00Pa30B MATEPUHCKOH TIa3Mbl B TIEPBOM TPUMECTPE,
TPEThEM TPUMECTPE U B MOCIEPOA0OBOH nepro. DPpPeKkTHBHOCTH OMCYTbPUTHON KOHBEPCHH IJIS
BCex 00pasuoB coctasisia > 99,9% (tabauma 100).

[0088] B Tabmmue 100 mnokaszarens HEOJHO3HAYHOCTH (TIOMEYEH HHIEKCOM «a»)
OTHOCHTCS K JIOJIe PHIOB, KapTHPyeMbIX Ha o0e nenu YorcoHa-Kpuka (u mernp 5'—3', u nenb
3'—5") pedepencroro renoma uenoseka. [lokazarens KOHBepCHH JsIMOZA OTHOCHUTCS K JOJIE
HEMETWIMPOBAHHBIX [IUTO3MHOB BO BHYTpeHHEM KOHTpolie, nsimoOna-/IHK, koHBepTHpYEMBbIX B

OCTaTKH «TUMHHA» B pe3ysbTare OucynbdurHoi Monudukammu. H — 06obmennoe obo3HavueHne
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A, C wmu T. «a» OTHOCUTCS K pHUIaM, KOTOpPbIE MOTYT OBITh KapTUPOBaHbl HA KOHKPETHBIN
T€HOMHBIHN JIOKYC, HO HE MOTYT OBITh COOTHECEHBI ¢ Liemblo YorcoHa (5'—3") wimm Kpuka (3'—5").
«b» OTHOCHTCS K TapHBIM pHIAM C HIEHTHMYHBIMH KOOPAMHATAMM Hadana M KOHLA. «O»:
HeKoTopoe kojuuecTBo JisiMOma-/IHK BHocunm B kaxawlii obOpasen 10 OuCysb(UTHOM
koHBepcun. ITokas3arenp KOHBEpCHU JSIMOZA OTHOCUTCS K JIOJI€ LIUTO3HMHOBBIX HYKJIEOTHIIOB,
OCTAIOLINXCSI IUTO3UHOBBIMH I10CJe OMCYIb()UTHON KOHBEPCHM M HCHOJb3YEMBIX B KaueCTBE
UHIUKATOpPA CKOPOCTH YCHEINHOW OuCYNb(pUTHON KOHBEpCHUU. «d» OTHOCHTCS K YHUCIY
LIUTO3UHOBBIX HYKJICOTUAOB, TPUCYTCTBYIOIIMX B pepepeHCHOM TeHOME 4YeJOBeKa U
COXPAHSIOIINX MOCJIEN0BATEIbHOCTh LIMTO3MHA TIOCHIE OUCYTB(UTHONH KOHBEPCHU.

[0089] [Tpu  OwmcynbpuTHOH  MoaMUKALMKM  HEMETHJIMPOBAHHBIE  LIUTO3HHBI
NPEBPALIAIOTCS B YPALMJIbI M BIIOCJAEACTBUN B TUMHHBI rtocie [TIP-ammmudukaimm, Toraa Kak
METHJIMPOBAHHBIC LIUTO3MHBI OCTarOTCA MHTaKTHBIMU (M Frommer et al. 1992 Proc Natl Acad
Sci USA;89:1827-31). Ilocne cekBEeHUpPOBAaHWs W BBIPABHHBAHMS CTATyC METHINPOBAHUS
uHauBuayanbHoro CpG-caiiTa MOJKET, COOTBETCTBEHHO, OBITh BBIBEAECH MPHU MOMOLIH MOJCYETa
pPUIOB  METHJIMPOBAHHBIX  IOCIEeNOBaTeNbHOCTEH «M»  (METHIMpOBaHHbIE) M PUAOB
HEMETUJIMPOBAHHBIX MOCIENOBaTeIbHOCTH «Uy (HEMETHIMPOBAHHBIE) [0 OCTATKAM LIUTO3MHA B
koHTekcTe CpG. C mpuMeHeHueM AaHHBIX OHMCYJNbQUTHOrO CEKBEHHPOBAHHS KOHCTPYHUPOBAIU
NOJIHBIE METHJIOMbI MAaTE€PHMHCKOH KpOBH, IUIALIGHTBI M MaTepUHCKOW masmbl. Cpennee
wiotHoctn MetunupoBaHus CpG (Takke Ha3bIBAE€TCs IUIOTHOCTBIO MeTuiupoBaHus AMD)
KOHKPETHBIX JIOKYCOB B MAaTEPUHCKOM IIa3Me MOXET ObITh PAcCCUUTAHO C INPUMEHEHUEM

YPaBHEHUS:

M

MD =
M+U

rne M mnpencraBnseT CcoOOM MONCYMTAHHOE HYHCJIO METHJIMPOBAHHBIX puUmoB u U
npeACTaBIIsieT COOON MOICYUTAHHOE YUCIIO HEMETHIIUPOBAaHHbBIX puaoB B CpG-caiitax B cocTaBe
reHeTudeckoro Jiokyca. Ecnu B cocraB jiokyca BxomuT Oojee yem omud CpG-caiit, M u U
COOTBETCTBYIOT NIOJYUTAHHOMY YHUCIIYy BO BCEX OTHX CANTax.

B. Paznuynvie memoourxu

[0090] CormacHo  mpWBENEHHOMY  BBIIE  OMHCAHUIO,  OMNpenejieHHe  MPOQUIIs
METUIMPOBAHMUST MOXKET OCYILIECTBIATBCA C NPHUMEHEHHEM  MAaCCHBHO-NAPAJIEIBHOTO
cekBeHnpoanusi (MIIC) kouBeptupoBanHHod  Omcynbputom JIHK  mmasmer. MIIC
KOHBepTHpOBaHHON Oucynbpurom JIHK mma3smbl MOKET OCYLIECTBISITECS CITydaliHbIM 00pazoM
W «MEeTOAOM apoOoBuKay. I TyOnHA CEKBEHHPOBAHHSI MOXKET BapbUPOBATh B COOTBETCTBUU C
pa3MepoM NpeACTaBIIIOE HHTepec 00aCcTH.

[0091] CormacHo npyromMy BapuaHTy peajHM3alMM MPEACTaBIsIomas(ie) HHTepec
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obmacte(n) B koHBepTUpoBaHHOH Omcynbputom JAHK minasmer moxer(ryt) ObITh cHavana
3axBaueHa(bl) C TPHUMEHEHHEM crocoba Ha OCHOBE XKHAKO(pa3sHOW M TeepaodasHoi
rubpuanzaunn ¢ nocnenyromuM MIIC. MaccuBHO-apaiieIbHOE CEKBEHHPOBAHHUE MOXKET
OCYIIECTBIISATBCSI C TNPUMEHEHHEM IUIaTPOpM Uil CEKBEHHPOBAHMUS CHHTE30M, TaKHX Kak
[llumina, nmardopm U1 CEKBEHNPOBAHUS JIMTUPOBaHUEM, TakuX kak ratgopma SOLID or Life
Technologies, cuctembl Ui CEKBEHHPOBAHMS HAa OCHOBE IOJYIPOBOAHUKOB, TAaKOH Kak
mwiatgopmel  Ion Torrent wmm Ion Proton ot Life Technologies, wnu cucrema s
OZTHOMOJIEKYJIIPHOTO CeKBeHUpoBaHusi, Takas kak Helicos nmm Pacific Biosciences, wiu cucrema
IUIsS CEKBEHHPOBAHUS Ha OCHOBE HaHOMOp. CeKBEHUPOBAHHE HA OCHOBE HAHOIOP, B TOM YHUCIIE
HAHOTIOP, KOHCTPYHUPYEMBIX C MPHMEHEHHEM, HarpuMep, JUNHIHBIX OHCIIOeB, OEIKOBBIX
HAHOTIOP U TBEPIOTEJbHBIX HAHOMOP (Hampumep, Ha ocHOBe rpadeHa). [lockonbKy BHIOpaHHBIE
wIaTGOPMBI JIJIs1 OZTHOMOJIEKYJIIPHOTO CEKBEHMPOBAHUS TIO3BOJISIFOT YCTAHOBUTH METHIIMPOBAHUE
mosnekyn JAHK (Bxirouass NO-mMeTWnageHWH, S-METHILUTO3UH M S-THUAPOKCHMETHIILUTO3HH)
HeToCcpeACTBEeHHO, 0e3 OucynbpdurHoit koHBepcun (BA Flusberg et al. 2010 Nat Methods; 7:
461-465; J Shim et al. 2013 Sci Rep; 3:1389. IIUO: 10.1038/srep01389), npruMeHeHHE TaKHX
wiatpopM  MO3BOJSIET  MPOAHATU3UPOBATH  CTAaTyC  METWIMPOBaHUs B oOpasie
HekoHBepTupoBaHHOH Oucynsdurom JIHK (manpumep, JIHK mnaszmer).

[0092] Hapsiny ¢ cekBeHMpOBaHMEM MOTYT MPUMEHATbCA Apyrue meroauku. CornacHo
OJTHOMY BapHaHTy peaJM3alliy OlpeesieHue Npouisi METUIIMPOBAHUS MOXKET OBITh IIPOBEIEHO
C MpUMEeHeHueM crieruduueckoi k Meruuposanuto ITLP mnu pacinensienys 4y BCTBUTEIbHBIMU
K METHJIHPOBAHHUIO PECTPUKIMOHHBIMHU (epMeHTamMu ¢ nociexnyromei [P wnm nurasHon
uenHoi peakimei ¢ mocneayromuMm IIP. CornmacHo apyrum Bapuantam peanuzauuu TP
npeacTassier codboit hopmy omHoMonekysipHoi wiu uudposoii ITLP (B Vogelstein et al. 1999
Proc Natl Acad Sci USA; 96: 9236-9241). CoriacHO IOMOJHUTENBHBIM BapHAHTAM PeaTH3alun
ITLP moxer npexncraisth coboii TP B peanpHOM BpeMenn. CoriacHO APYruM BapHaHTaM
peanuzauuu [P MoxeT npeactaBnsats co0oit My apTumiekcHyro TP,

II. AHAJIU3 METWIOMOB

[0093] HekoTopble  BapwaHTBI — peajH3alldd  MO3BOJIIIOT  ONPENessiTh  NPOQUIb
meruiuposanuss  JIHK mmasmMel ¢ npuUMEHEHHEM  MOJIHOTEHOMHOTO  OWCYJIB(HUTHOTO
cekBeHHpoBaHus. [Ipoduiap MeTHIMPOBAHUS IUIOAA MOXET OBITh OMNpENeNieH IMOCPEACTBOM
cexBeHnpoBanusi JIHK w3 00pas3moB MaTepuWHCKOW IJIa3Mbl COTJIACHO TNPHUBEIEHHOMY HIUXKE
ormmcaanto. CoorBercTBeHHO, Mojekybl ruonHo JAHK (M mumomHelii METHIOM) OLEHHMBAJIH
HEMHBA3UBHBIM 00pa30M BO BpeMsi OEpEMEHHOCTH, 1 N3MEHEHHsI OTCIIEKUBAIN CEPUITHO 110 Mepe
pasButusi OepeMeHHOCTU. brnaromapsi MOJIHOTE NAHHBIX CEKBEHUPOBAHMS aBTOpPAM YAaJOCh

HUCCJICA0BATb MCTHUIIOMBI MaTepHHCKOﬁ IJIa3Mbl B TTIOJTHOT€HOMHOM MaciuTade ¢ paspemeHuEM 10
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OJTHOTO HYKJICOTHAA.

[0094] ITockonbKy T€HOMHbBIE KOOPAWHATHI PUAOB CEKBEHUPOBAHUS OBLIM H3BECTHBI
yKa3aHHbIE JaHHBbIE MO3BOJSUIM HCCIIEAOBATh OOINME YPOBHM METWJIMPOBAHHS METWUJIOMAa WU
moOOoH mpeAcTaBsAoIel HHTepec 00JacTU B F'€HOME, U MPOBECTH CPABHEHUE MEXIy pa3HbIMU
reHeTnyeckumu sjementamu. Kpome Ttoro, kaxnbiii CpG-caiT wiM JIOKYC MOKPBIBAJICS
HECKOJIbKMMH PUAAMH MOCIEA0BATENbHOCTU. B HacTOsIEM NOKYMEHTE NMPUBOAUTCS ONMUCAHHE
HEKOTOPBIX METPHK, UCIIONb30BAHHBIX JJIs1 U3MEPEHHUST METHIIOMA.

A. Memunuposanue monexyn JIHK nnazmol

[0095] Monexynb IHK npucyTCTBYIOT B IJIa3Me 4eJIOBEKA B HU3KUX KOHLEHTPAaLUsX, B
BUzie (pparMeHTOB, JJIMHA KOTOPBIX, KaK MPABHJIO, HATIOMUHAET MOHOHYKJIEOCOMHBIEC €IUHHIIbI
(YMD Lo et al. 2010 Sci Transl Med; 2: 61ra91; u YW Zheng et al. 2012 Clin Chem; 58: 549-
558). HecmoTpss Ha yKa3aHHbIE OTPaHHYEHHUS, CHUCTEMa IIOJIHOTEHOMHOIrO OHCYIb()HUTHOTO
CEKBEHHPOBaHUs I[O3BOJIMJIA TPOBECTH aHanu3 MetunupoBanus Mmosekyn JIHK mnnmasmsL
CornmacHo JApyruM BapwaHTaM peaju3aluy, TaK KaK BbIOpaHHbIE TUIATOPMBI IS
OJTHOMOJIEKYJIIPHOT'O CEKBEHUPOBAHUsI MO3BOJISIOT YCTAHOBUTD CTaTyC METUJIMPOBAHUS MOJIEKY I
JTHK nenocpencteenHo, 6e3 oucynbpurhoit koasepcuu (BA Flusberg et al. 2010 Nat Crioco0br;
7: 461-465; J Shim et al. 2013 Sci Rep; 3:1389. ITMO: 10.1038/srep01389), npumeHeHne TaKux
mwiaTopM TO3BOJIAET HCHOJb30BAaTh HEKOHBEPTHPOBaHHYI Oucynbdpurom JHK mmasmer nis
onpeneneHus yposHen Metunuposanus JJHK nnasMbl unm ais onpeneneHust METUIIOMA MJIa3Mbl.
Takue mnaTdopmMbl TO3BOJSIOT AETEKTHPOBATh NO-METUNIANEHWH, S-METHILUTO3WMH U 5S-
T'HAPOKCUMETWILMTO3MH, YTO MOXET O0eCHeYuTh YJy4YLIeHHbIE pe3yJbTaThl (HampuMep,
YJIYUYLIEHHYIO YyBCTBHTEJIbHOCTb MJIM CIEUU(UYHOCTb) B OTHOIIEHHH PA3HBIX OMOJIOTMYECKHX
¢byHKuMi pasHeix Gopm MeTHupoBaHus. Takue yay4IleHHbIe pe3yIbTaThl MOTYT OBITh MOJIE3HBI
NpU TPUMEHEHHH BAPUAHTOB peaJHM3alMU Ui JETEKUUH WJIA MOHHUTOPUHTAa KOHKPETHBIX
PacCTPOICTB, HAIPUMEP, MPEIKIAMIICUU HITH PAKOBOTO 3a00JI€BaHUS ONPEEIICHHOTO THIIA.

[0096] bucynsdurHOE CEKBEHHUpPOBAHHME MO3BOJSIET TAKXKE Pa3IMdaTh pasHble (HOPMBI
MetunrposaHus. COrjgacHO OAHOMY BapUaHTy peajn3alii MOXKHO BKJFOUMTDH JOMOJHUTENbHbIE
STaIbl, O3BOJSIOLINE PA3IUYUTD S-METUIILUTO3UH U S-THIPOKCUMETUILUTO3UH. OAUH U3 TaKUX
MOJAXOAOB TMPENCTaBJIeH OKUCIUTEIbHBIM OHCYJIh(UTHBIM CeKBeHupoBaHueM (0xBS-seq),
KOTOPO€ MOKET YCTAHOBUTH JIOKAIU3ALMIO S-METHJILIUTO3MHA U S-TUAPOKCUMETHIILIUTO3HUHA C
paspermeHuemM, paBHbIM onHOMY ocHoBanmio (MJ Booth et al. 2012 Science; 336: 934-937; MJ
Booth et al. 2013 Nature Protocols; 8: 1841-1851). Ilpu OucynppuTHOM CEKBEHHPOBAHUU H S-
METHJILIUTO3UH, U 5-THAPOKCUMETUIILIUTO3UH CUUTBIBAIOTCS KAK LIMTO3UHBI U, COOTBETCTBEHHO,
pa3nuuuTh UX HeBO3MOkHO. C npyroit croponsl, ipu oxBS-seq cneuuguyueckoe okucieHue 5S-

THIPOKCUMETUJIIIUTO3UHA 10 S-PpOPMUILMTO3MHA 3a c4eT 0OpabOTKM MeppyTEeHATOM KaJIus
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(KRuO4) ¢ mocnenyromeii KOHBEpCcHEl HOBOOOPAa30BaHHOTO S-(QOPMIUILIUTO3MHA B YPaLWI C
NpUMeHEeHHeM OUCYIb(PUTHON KOHBEPCUN MO3BOJISIET OTJIUYNUTD S-THAPOKCUMETUILUTO3HH OT S-
METUINUTO3MHA. TakuM 00pa3oM, perucTparust S-METWILHUTO3MHA MOKET OBITh NMPOBEAEHA 3a
onuH IMKJ 0xBS-seq, a ypOBHH S-THAPOKCUMETUJILIMTO3MHA BBIBOIAT IIyTEM CPAaBHEHUS C
pesynpTatamu OMCYJIb(PUTHOrO cekBeHupoBaHusi. COrjacHO APYroMy BapUaHTy peaju3aluf S-
METUJILMTO3UH  MOXHO  OTJIMYUTb OT  S-TUAPOKCUMETHJILIUTO3MHA C  IPUMEHEHHUEM
oucynbpuTHOrO cekBeHupoBaHus ¢ ucrnojb3oBanuemM Tet (TAB-seq) (M Yu et al. 2012 Nat
Protoc; 7: 2159-2170). TAB-seq no3BossieT MACHTU(PUIUPOBATD S-THAPOKCUMETUIILIUTOZUH C
pasperieHnueM, paBHbBIM OTHOMY HYKJIEOTHZY, & TaKXKe ONPENEeUTh ero COAEpPIKaHUE B KAKIOM
ydacTke  Momudukamuu.  YKa3aHHBIA ~ CrOCOO  3aleHCTBYeT  ONMOCPENOBAHHYIO  [3-
TJFOKO3WIITPAaHChEepasoll  3alUTy  S-TUAPOKCHMETWIILMTO3MHA  (TJIOKO3WJIMPOBAHHE) U
orocpenoBaHHOe pekoMOMHAHTHBIM Tetl (mTetl) MpliM OKHCIEHHE S-METHILMTO3MHA A0 S-
kapOokcunmrosnHa. [Tocne nmocnenyromeii odpaborku oucynspurom u IIP-ammnpukanmm u
LIUTO3UH, U S-KapOOKCHIILUTO3UH (MOJMYYESHHBIH U3 S-METHIILUTO3HHA) MPEBPALIAIOTCS B TUMUH
(T), mpu 3TOM S-TUAPOKCHUMETHIILUTO3UH Oy1eT CUNTBIBaThCA Kak C.

[0097] Ha ¢wur. 1B mnpexncraBieHa TUIOTHOCTh METHJIMPOBAHUS HA  y4acTKax
CEeKBEHHPOBAHHBIX 00pa3loB pasmMepoM | MO B COOTBETCTBHM C BapUaHTAMHU peaU3aLUH
Hactosimero u3obperenus. ['padux 150 mpencrasmsier coboii Circos-rpaduk, OTparKaroIIHid
w1oTHOCTE Metunuposanuss B JIHK marepunckon mnasmel u renomuHon JIHK Ha yuacTkax
pasmepom 1 M6 mo Bcemy remomy. OT IeHTpa K KpasM: UIEOTrPaMMbl XPOMOCOM MOTYT OBITb
OPHEHTHPOBAHbI OT KOPOTKOrO Iuleda K JUIMHHOMY Iuledy (pter-qter) mo 4YacOBOH CTpelske
(ueHTpOMEpHl OOO3HAYEHbI KPACHBIM LIBETOM), MATEPUHCKAas KpPOBb (KPACHBI), TIJIaLleHTA
(cKenThIii), MaTepUHCKas Tuia3Ma (3eseHbli), o0Iue PUIbl B MATEPUHCKON TuiasMe (roiy0oi), u
ceun(pUYHbIe ISl TUIOA PUAbI B MaTepuHCKOW mazme (¢uoserossiii). O6mue CpG ypoBHH
METUJIMPOBaHUSl (T.€. YPOBHH IUIOTHOCTH) KJETOK MATEPUHCKOH KpPOBH, IUIALIEHTHI |
MAaTePUHCKON TMIa3mMbl mpuBeneHbl B Tabmuue 100. YpoBeHb METHIMPOBAHUS KIIETOK
MAaTE€PUHCKOH KPOBHU B LIEJIOM BBIIE, YeM YPOBEHb METIJIMPOBAHMS IUIALICHTHL, 1O BCEMY
T€HOMY .

B. Cpasnenue 6ucyib@umnoco ceK6eHUpoBansl ¢ OpyeUMu
MEMOOUKamMU

[0098] ABTOpB!I MCChenoOBanu IUIALIGHTAPHBIH METUJIOM C NPUMEHEHHEM MaCcCHUBHO-
napajjieNnbHOro  OMCYJNB(UTHOTO CEeKBEeHHpOBaHUS. Kpome TOro, aBTOpbI HCCIENOBAIH
IUTALIEHTAPHBIH METHUJIOM C IIPUMEHEHHEM TUIATPOPMBI HA OCHOBE OJINTOHYKJICOTHUAHBIX MATPHII,
nokpseiBaromieit npudmusurtenbao 480 000 CpG-caiiroB B renome yenoseka (Illumina) (M Kulis

et al. 2012 Nat Genet; 44: 1236-1242; u C Clark et al. 2012 PLoS One; 7: €50233). CornacHo
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OTHOMY BapHAaHTy pealn3alli C NMPUMEHEeHWeM reHoTunupoBaHuss Ha ocHoBe BeadChip wu
aHamM3a METHJIMPOBAHUS, TE€HOTUIHPOBAHHE BBINONHAIN C IPUMEHEHHEM MaTPHLbl JJs
renorunupoBanus Illumina HumanOmni2.5-8 B COOTBETCTBHM C NPOTOKOJIOM MPOM3BOIUTEIS.
I'eHoTUIIBI TPOrHO3UPOBANIN C MPUMEHEHHEM ajJropuTma nporpammHoro odecnedenus: GenCall
Genome Studio Software (Illumina). ITokasatenun nporHosupoBanus npesbimanu 99%. s
aHamM3a METWIMPOBaHUS Ha oOcHoBe Mukpomarpun reHomuyro JIHK (500-800 Hr)
oOpabarbiBasiu OucyabpuToM Hatpusi ¢ npumeHenneM Habopa Zymo EZ DNA Methylation Kit
(Zymo Research, Opunmk, Kamugopuus, CIIIA) B COOTBETCTBHH C pPEKOMEHIALMSIMHU
NPOM3BOAUTENS Ut aHAM3a Metuirposanus [llumina Infintum Methylation Assay.

[0099] Ananu3z MeTHNIHMPOBaHUS OCYINECTBISIM Ha 4 MKI KOHBEPTHPOBAHHOM
oucynspurom reHomuon JIHK B koHuentpammu 50 HI/MKJI B COOTBETCTBHH C IPOTOKOJIOM
aHamm3a MetwidpoBanus Infintum HD  Methylation Assay. I'mOpunusupoBaHHBI 4N
(BeadChip) ckanupoBamu ¢ momoinbto uHCTpyMeHTa Illumina iScan. J[aHHBIE METHIIMPOBAHHUS
JHK wuccnenoBanm ¢ momouipio mporpamMmHoro obecnedenuss GenomeStudio (v2011.1)
Methylation Module (v1.9.0), ¢ HOpManu3auueii Mo BHYTPEHHHM KOHTPOJISIM U BBIYMTAHUEM
¢dona. MUanekc mermmupoBanus aiisi nHauBUayansHoro CpG-caiita mpencrasieH B Buae Oera-
3HaueHus: (), KOTOpOe paCCUUTHIBAIA C HCIONIH30BAHINEM OTHOLICHHS HWHTEHCUBHOCTEU
¢yopecLeHIIT METHITUPOBAHHBIX 1 HEMETHIINPOBAHHBIX aJUIeNe:

5= Intensity of methylated allele
Intensity of unmethylated allele + Intensity of methylated allele +100

[0100] Jnss CpG-caiiToB, NpPeACTaBICHHBIX HAa MaTpPULE M CEKBEHHPOBAHHBIX IIO
MeHbLIel Mepe ¢ 10-kpaTHOW TyyOMHOH, aBTOpPbI CpaBHMBAJIKM OeTa-3HAYEHHUE, MOJyUYEHHOE C
MOMOIIBIO  MAaTPHULBl, C HHAEKCOM  METHJIHPOBAHHUS, OIpPENeJeHHbBIM  IOCPENCTBOM
CEKBEHHUPOBAaHUs TOro ke cailiTa. bera-3zHaueHus BBIPAXKAIOT IUIOTHOCTH METWJIMPOBAHHBIX
30H/IOB B BHJI€ OTHOIIEHUSI OOBETUHEHHON INIOTHOCTH METHJIMPOBAHHBIX U HEMETHIIMPOBAHHBIX
30HJIOB, MOKpBIBaOIIUX OANH U TOT ke CpG-caiiT. Unaexc merunuposanus ais kaxnoro CpG-
caiiTa OTHOCHUTCSI K OTHOLICHHIO METHJIMPOBAHHBIX PHUIOB K OOIIEMy KOJUYECTBY PHIIOB,
NOKpbIBarOLINX yka3zaHHbi CpG.

[0101] Ha ¢ur. 2A-2C mpuBeneHsl rpaduKkd 3aBUCHUMOCTH OeTa-3HAYEHUH,
omnpeneneHHbIX ¢ momombio MaTpuiel BeadChip [llumina Infintum HumanMethylation 450K, ot
WHJIEKCOB METHJIMPOBAHUS, OINPENEICHHBIX C IOMOINBIO ITOJHOT€HOMHOTO OWCYIB(PHUTHOTO
CEeKBEHHPOBaHUs, CoOTBeTCTBYOINX CpG-caliTaM, HCCIENOBAHHBIX C IOMOINBI O0enx
miatdopm: (A) Knerku marepunckoii kposy, (B) Obpasen Bopcun xopuosna, (C) Tkanb 3penoit
mianeHThl. JlagHble 00enx riaTgopM XOpPOIIO COTNIACOBAIMCH, U KO3(PPHUIMEHTH KOPPEIsLuU

TIMupcona coctassnu 0,972, 0,939 u 0,954; 3nauenus R? cocrasnsu 0,945, 0,882 u 0,910 mns
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KJIETOK MaTepuHCKON KpoBU, CVS 1 TKaHU 3pesoil MIaneHThbl, COOTBETCTBEHHO.

[0102] ABTOpBI Takke CpaBHIIIM COOCTBEHHbIC NAHHBIX CEKBEHHPOBAHHS C JaHHBIMH,
ornucaHHbiIMH Chu ¢ koJuleramu, uccliefnoBaBIIUX NMPOQPHIN MeTHIUpoBaHUA 12 map oOpasuos
JHK CVS u JIHK kneTok MaTepUHCKON KPOBU C IPUMEHEHUEM OJIMTOHYKJIEOTUAHON MaTPULIbI,
3axBareiBatoineil npudnusurenbHo 27 000 CpG-caiiroB (T Chu et al. 2011 PLoS One; 6:
e14723). JlaHHBIE OTHOCUTENBHO KOppessiuuu pesynbraToB cekBeHuposanus JIHK CVS nu
KJIETOK MaTePUHCKOH KpOBU M Kaxxaoro u3 12 map oOpa3loB B TNPOBEACHHOM paHee
HCCNIeIOBAHUU faBanu cpeanuil kospdurment IMupcona (0,967) u R? (0,935) ans MaTepuHCKOi
kpoBH, U cpemHuii kospduiment IMupcona (0,943) u R* (0,888) ana CVS. IonyueHHble
aBTOPAaMHU HACTOSIIEro M300peTeHus naHHble OTHOCUTENbHO Cp(G-CalTOB, MPEACTABICHHBIX HA
o0OMX MaTpuIax, XOPOIIO KOPPEIHPOBAIH C ONYyOJMKOBAHHBIMU JaHHBIMH. Y POBHH
METUJIMpOBaHus caiitoB, He sBiswouuxcs CpG-caiitamu, coctaBmsuin < 1% and KieTok
marepuHCKoil kpoBH, CVS u mmaneHtapHbix TkaHeil (Tabmuma 100). Vka3aHHBIE pe3yJbTaThl
COMJIaCyIOTCSl C COBPEMEHHBIMM MPEACTABIEHUSIMH O TOM, YTO CYyLIECTBEHHbIE YPOBHHU
METUJINPOBaHUs caiiToB, He sBnomuxcs CpG-calitaMyu, B OCHOBHOM OrpPaHHYEHBI
wiropurnoreHTHbIME KieTkamu (R Lister et al. 2009 Nature; 462: 315-322; L Laurent et al. 2010
Genome Res; 20: 320-331).

C. Cpasnenue memuiomos niazmul U KPOGU HeOepemMenHbIX
cyovexkmos

[0103] Ha ¢ur. 3A u 3B mnpuBeneHsl THUCTOrPaMMbl IPOLEHTHOTO COAEPIKAHUSA
metunupoBaHHbIXx Cp(G-caliTOB B Iula3Me M KJIETKax KPOBH, IOJNYYEHHBIX OT B3POCJIOrO
My KUMHBI 1 HeOepeMeHHON B3pocioil xeHuuHbl: (A) Aytocomsl, (B) X-xpomocoma. I'paduxu
JEMOHCTPHUPYIOT CXOACTBO METUJIOMOB IIJIa3Mbl U KPOBU MY KYHHBI 1 HEOEPEMEHHOM JKEHIIUHBI.
OOmmue ortHomeHus: MeTwiupoBaHHbIX CpG-caiiToB B oOpasmax IiasMbl MYKYHHBI U
HeOepeMeHHO!H SKEeHIIUHBI ObLIM IMOYTH TaKUMHU ke, Kak B coorBercTByrommei JIHK kierok
kpoBu (Tabmuma 100 u ¢ur. 2A u 2B).

[0104] 3aTem aBTOpBI HACTOSIIETO U300OPETEHHUS] UCCIEAOBAIN KOPPESLUI0 NPOQUIei
METUJIMPOBaHUST 00PA3LOB IIa3Mbl U KJIETOK KPOBH JIOKYC-CIIELU(UIECKUM 00pa3oM. ABTOPBI
OTIPENENNIIH TUIOTHOCTh METHIIUPOBAHUS KaXKIOTO y4acTka pasmMepoM 100 kO B reHOMe denoBeka
IyTEM ONpeAeIeHNs] O0Iero Ynucia HEeKOHBEPTUPOBAHHBIX UTO3WHOB B CpG-caiitax kak 1omu
Bcex CpG-caliToB, 3axBaThIBAEMBIX pUAAMH IOCJIEI0BATENbHOCTEH, KapTUPYIOLIMMUCS Ha
obmacte 100 6. ITMOTHOCTH METHIIMPOBAHMS XOPOIIO COTJIACOBAINUCH B OOpasuax IJjia3mbl U
cootBeTcTBYOLINX oOpasuax JIHK kieTok KpoBH U My >KUHHBI, 1 JKEHIITUHBI.

[0105] Ha ¢ur. 4A u 4B npuseneHsl TIpapuKd IUIOTHOCTEH METHIHPOBAHUS

cootBercrBytomux JokycoB B JIHK knerok kposu u JIHK mnasmer: (A) HeGepemennast B3pociast
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xenmuna, (B) Bapocnbiii Mysxunna. Kosdduiuent koppensiuuu ITupcona u 3Hadenune R? s
00pa3oB OT HeOepeMeHHOW >KEHIIMHBI COCTAaBJISUIM, COOTBeTCTBeHHO, 0,963 u 0,927, a mus
00pa3LoB OT MYK4YHHBL, COOTBeTCTBeHHO, 0,953 u 0,908. DTH nHaHHbBIE COTNIACYIOTCS C
NOJyYEHHBIMU pPaHee pe3ysbTaTaMi, OCHOBAaHHbIMU Ha OLIEHKe reHotunoB Mousekyn JIHK
IUIa3Mbl PELIUNUEHTOB TPAHCIUIAHTUPOBAHHBIX AJIJIOTEHHBIX TIE€MOMNO3THYECKUX CTBOJIOBBIX
KJIETOK, KOTOpble IIOKa3ajd, YTO TE€MOMOSTHYECKHE KIETKH SIBJISIOTCS MpPeo0afarommum
ucrounukoM JIHK B mnaszme yenoseka (YW Zheng et al. 2012 Clin Chem; 58: 549-558).
D. Vpoenu memunupoeanusn pazuvix memunomos

[0106] 3aTem aBTOpBI HACTOSINErO M300PETEHUS] MCCIENOBAIN YPOBHU METHIHUPOBAHUS
JIHK MaTepuHCKON IuIa3Mbl, KJETOK MAaTepPUHCKOM KpPOBM W IUIALIEHTAPHON TKAaHU IS
ONpeNeNIeHUs] YPOBHEH METWIMPOBAHMs. YKa3aHHbIE YPOBHH OIpenessuin aisi  objacteit
TIOBTOPOB, 00J1acTeli 6e3 MOBTOPOB, a TAKIKE ONMPEAEIISTN 00I1e YPOBHH.

[0107] Ha ¢ur. SA u 5B mnpuBeneHsl THUCTOrPaMMbl IPOLEHTHOTO COMEPIKAHUS
meturpoBaHHbIX CpG-caiiToB B 0Opas3iax, MOJyYeHHBIX NpH OepeMeHHOCTH: (A). AyTOCOMBI,
(B) X-xpomocoma. Obmee copeprxanne metuinposanHbeIx CpG cocrasisio 67,0% u 68,2% nist
00pa3LoB MaTEPUHCKOH IUTa3Mbl B MIEPBOM H TPETHEM TPHMECTPE, COOTBETCTBEHHO. B oTnnume
OT Pe3yJIbTATOB, IOJYUYEHHBIX OT HeOEPEMEHHBIX HHINBUAYYMOB, YKa3aHHOE COAep KaHue ObUIO
HIDKE, 4eM B oOpaslle KJIETOK MAaTepUHCKOW KPOBU B IIEPBOM TPUMECTPE, HO BBIIIE, YEM B
obpasuax CVS u Tkanum 3penoi mmaneHts! (tabmuua 100). IIpumeuarenbHO, YTO MPOLIEHT
metunupoBaHHbIX CpG B 00pasue MaTepUHCKOH IUIa3Mbl MOCIEPOAOBOrO MEPHOAA COCTABIISII
73,1%, 4YTO aHAJOTMYHO JAAHHBIM JJs1 KJIETOK KpoBu (Tabmuuma 100). YkasaHHBIE TpeHIBI
HaOmonamuch B CpG, BCTpewaroIUXCs BO BCEX AayTOCOMax, a TakkKe X-XpoMocoMme, |
3axXBaThIBAIH Kak 00yiacTu 0e3 MOBTOPOB, TAK U HECKOJIBKO KJIACCOB MOBTOPSIFOLIMXCSI 3JIEMEHTOB
reHOMa YeJIoBeKa.

[0108] bruto 0OHapy’KE€HO, YTO W MOBTOPSIOIIMECS, W HETIOBTOPSIOLUIUECS 3JIEMEHTHI B
IUTalleHTe TUIIOMETUJIHMPOBAHbI OTHOCUTENBHO KJIETOK MATEPUHCKONW KPOBHU. OJTU pe3yJbTaThbl
COMJIaCOBAMCh  C  ONMyOJNMKOBAHHBIMU  JAHHBIMH,  COIJIACHO  KOTOPBIM  IUIALIEHTA
THITIOMETHIIMPOBAHA OTHOCUTEJIBHO IPYTHX TKaHEH, BKIIIOYAs KJIETKH Nepu(epruiIecKoil KPOBH.

[0109] Ot 71% no 72% cexBenupoBanabix CpG-caiitoB Obun MeTunpoBansl B JIHK
KJIETOK KPOBH OEPEMEHHOH >KEHINUHBI, HEOEPEMEHHOH >KEHIMUHBI M B3POCJIOTO MY KYHHBI
(Tabmuma 100 Ha ¢wur. 1). Otu naHHBIe comocTaBuMbI ¢ coodmmenneM Y Li et al. (Y Li et al. 2010
PLoS Biol; 8: e1000533) o 68,4% CpG-caiiToB MOHOHYKJIEAPHBIX KJIETOK KpOBU. B
COOTBETCTBUH C MPEIBIAYLIMMH COOOMEHUAMU OTHOCHTEIBHO THIOMETHIIMPOBAHHON MPUPOJIBI
ianeHTapHbIx Tkane, 55% u 59% CpG-caiitoB Obutn MeTHMpoBaHbl B CVS u TKaHU 3peroit

IUTIALIEHTBI, COOTBETCTBEHHO (Tabmuua 100).



25

[0110] Ha ¢ur. 6 npuBeneHa rucrorpaMMa YpOBHS METHUJIMPOBAHUS PA3HBIX KJIACCOB
MOBTOPOB B I'€HOME 4EJIOBEKa, [JIs1 MATEPUHCKON KpOBH, IUIALEHTHl U MATEPUHCKOHN IIa3MBbl.
VYkaszaHHble KJIacChl MOBTOPOB COOTBETCTBYIOT OmpenesieHHbM Opayszepam renomoB UCSC.
IIpuBeneHs! naHHbIE Ui OOpa3LOB MEPBOrO TpUMECTpa. B oTimume OT paHee MOy4YEHHBIX
JAHHBIX, TMPEANOJArarluX, YTO TUIOMETWIMPOBAHHAS MPUPOAA IUIALIEHTapHBIX TKaHEH
HaOJII01aIach TIIaBHBIM 00pa30oM B ONPENeNIeHHBIX Kilaccax nmoBTopoB B reHoMe (B Novakovic et
al. 2012 Placenta; 33: 959-970), B HACTOSIIEM ONMUCAHUU ABTOPBI U300PETEHUST TEMOHCTPHUPYIOT,
YTO IUIALIEHTA HAa CaMOM JieJieé THUIOMETHJIMPOBAaHA IO OOJBLUIMHCTBY KJIACCOB T'€HOMHBIX
3JIEMEHTOB OTHOCUTENIbHO KJIETOK KPOBU.

L. Cx00cmeo memunomos

[0111] BapuanTsl peanusalud TMO3BOJISIOT ONpPENeNsATb METWIOMBI IJIALEHTapHBIX
TKaHEeH, KJIETOK KPOBM M IUIA3Mbl C TIPUMEHEHHEM OJHOM W TOH ke mIaT(hOopMBbL
CoOTBETCTBEHHO, MOJKHO OBUIO MPOBOAMTD MPSIMbIE CPABHEHUS] METHJIOMOB YKa3aHHBIX THUIIOB
Ouonornueckux 00pa3oB. BBICOKHIT ypOBEHb CXOACTBA METHJIOMOB KJIETOK KPOBHU M IUIA3MBbI
MyXYHMHBl U HEOEpPEMEHHOH J>KEHINMHBL, a TaKXe KJIETOK MaTepUHCKOW KpoBH M obpasia
MAaTepUHCKON I1a3Mbl B IMOCIEPOAOBON MEpPHOJ JOMOJHUTEIbHO MOATBEPXKAAOT, UTO
reMOTIO3TUYECKNE KIIETKH SIBJISIOTCS OCHOBHBIM HcTouHukoM JIHK B mmasme uenoseka (YW
Zheng et al. 2012 Clin Chem; 58: 549-558).

[0112] CxoncTBO OUEBUAHO C TOYKHU 3peHMs Kak oOImei nojau MmetunupoBaHHbix CpG B
T€HOME, TaK U BBICOKOM CTENEHU KOPPENSILMUU IJIOTHOCTEH METUIMPOBAHUS COOTBETCTBYIOLIUX
aokycoB B JIHK xnerox xposu u JIHK mnasmel. Opnako npu sTtoM ofmas mons
metmnpoBaHHblX CpG B 0o0pasnax MaTepHHCKOW IJIa3Mbl B MEPBOM TPUMECTPE U B TPEThEM
TpuMecTpe OBLIO MOHMKEHO MO CPABHEHHUIO C MAHHBIMH JJIsl KJIETOK MAaTEPUHCKOW KPOBH HIIU
o0pasua MaTepruHCKOH TUIa3Mbl B ITOCeponoBoi nepuos. [ToHmkeHHbIe YPOBHU METHIIMPOBAHUS
BO BpeMst OepeMeHHOCTH ObUIM OOYCJIOBJEHBI THIIOMETHJIHMPOBAHHOW TPUPOIAONW MOJEKYJI
mwiogHou JIHK, npucyTCTBYOIUX B MAaTEPUHCKON ILIa3Me.

[0113] Obpamenne npoduis MeTUIMPOBaHUS B O0Opa3le MATEPUHCKOW IUIa3Mbl B
MOCJIEPOIOBON mepuon ¢ npuobpeTeHreM OOJbIIEro CXOACTBA C mMpoduiieM KJIETOK
MaTEePUHCKON KPOBU TMpeamnojiaraer, 4to Mosekysasl rwuionHo JIHK Obumm ycTpaHeHsl u3
MaTepuHCKOro kposoToka. Pacuer xoHueHtpauuii monHoit JIHK na ocHoBe mapkepos OHII
IUIOa AEHCTBUTENBHO IIOKA3aj, 4YTO yKa3aHHas KOHLEHTpauus u3sMeHuinacb ot 33,9% B
noponoBoM odpasiie 10 Bcero 4,5% B o0pasiie B MOCIePOIOBOM MEPHO.

F. Jlpyeue npumenenus
[0114] CornmacHo BapuaHTaMm peanuzanuu ObuUIH ycremHo coOpanbl Metuiombl JITHK ¢

nomombto MIIC-ananusza JIHK mnnasmbl BO3MOXKHOCTB ompezeneHus IUIaLleHTapHOrO WM
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IUIOJHOTO METWJIOMa TIO0 MATepUHCKOW IiasMe oOecreunBaeT HEWHBA3WBHBIA CIIOCOO
OTIpeNeNeHus, JETEeKUMH U MOHHUTOpPHHra abeppaHTHbBIX npoduiell MeTUIMPOBaHUS,
aCCOLIMMPOBAHHBIX CO CBSI3aHHBIMH C OEPEMEHHOCTBIO COCTOSHUSMU, TAKUMHU KaK MPE3KIIAMIICHS,
3a7iepykka BHYTPUYTPOOHOTO Pa3BHUTHS, MpPEXIEBPEMEHHble poabl U ap. Hampumep, nerexuus
cneruaeckoit s 3a00NeBaHUST CUTHATYPBl A0EPPAHTHOIO METHJIMPOBAHHS ITO3BOJISIET
NPOBOIUTH CKPUHUHI, AMAHOCTUKY M MOHUTOPUHI TAaKUX CBS3aHHBIX C OEpeMEHHOCTBHIO
cocTosiHUM. M3MepeHne ypoBHS METUIMPOBAHHUS MAaTEPUHCKON IUIa3Mbl MO3BOJISIET MPOBOAUTH
CKPUHUHT, JHATHOCTHKY W MOHUTOPHHI TAaKUX CBS3aHHBIX C OEPEeMEHHOCTBIO COCTOSIHUH.
I[ToMMMO HEMOCPENCTBEHHOTO MPUMEHEHHs JIsl MCCICNOBAHUS CBA3AHHBIX C OEPEeMEHHOCTBIO
COCTOSIHUH, YKa3aHHbIA CHOCOO MOXKET MPHUMEHSATHCS B APYTUX OOJNACTSIX MEOULMHBL, IS
koropbix aHanu3 JIHK mnmasmbel npencrasinser uHTepec. Hanpumep, METHIOMBI PakOBBIX
3aboneBaHui MOryT OBITH onpeneseHsl no JIHK mia3Mbl cTpafarommx pakoBbIM 3a00eBaHHEM
MALUEHTOB. AHAIM3 METUJIOMOB PAaKOBBIX 3a0OJIeBaHMH MO IUIA3ME, COTJIACHO OIMCAHMIO B
HACTOSIIEM JOKYMEHTE, MPEACTAaBJIACT COOOH MOTEHIHAIBHYI0 CHHEPTHYECKYI) TEXHOJOTHIO
aHanu3a pakosoro renoma mo miazme (KCA Chan et al. 2013 Clin Chem; 59: 211-224 u RJ
Leary et al. 2012 Sci Transl Med; 4:162ral54).

[0115] Hanmpumep, omnpeneneHne YpOBHS METHJIMPOBaHMsS oOpas3la Iuia3Mbl MOJXKET
UCTIONIb30BAThCA Uil CKPUHUHTA PAaKOBbIX 3aboneBanuil. Ecnu ypoBeHb MeTHnpoBaHus obpasia
IUIa3Mbl IEMOHCTPHUPYET aOeppaHTHblE YPOBHU IO CPABHEHHUIO CO 31OPOBBIMU KOHTPOJISIMHU,
MOXKHO TIPEATIONOXKUTD HalIMuue paka. B TakoM ciyuae MOXeT ObITh MOJIy4€HO AOMOJTHUTEIBHOE
HIOATBEP KICHUE U MPOBEIEHA OLEHKA THUIIA PAKOBOTIO 3a00JI€BaHUS MIIM TKAHU MPOUCXOXKICHUS
pakoBoro 3a0oJieBaHUSI MyTEM ONpeneseHus Npo(uist METHIMPOBAaHMS IUIA3Mbl B Pa3HBIX
T€HOMHBIX JIOKyCaxX WJIM MyTeM '€HOMHOIO aHaju3a IJIa3Mbl JJIs1 JETEKIIUH aCCOLIMUPOBAHHBIX C
ONMyXOJibl0 abeppalii 4Yucyia KOMHUH, XPOMOCOMHBIX TPAHCJIOKALMH M OJHOHYKJIEOTHIHBIX
Bapuanmii. Tak, coOriacHo OJHOMY BapHAHTY peaNH3alMU HACTOSALIEr0 H300peTeHus,
omnpeneneHue MNpopMiIs PaKOBOrO METWIOMAa W TeHOMa B IUIa3M€ MOXKET MPOBOIUTHCS
onHOBpeMeHHO. Kak BapuaHT, MOIyT MHCIONb30BAThCS PAaJUOJIOTMYECKHE MCCIEOBAHUSA U
BU3yaIu3anys (HampuMmep, KOMIBIOTEPHAst TOMOTrpadusi, MAarHUTHO-PE30HAHCHAST BH3YAJTH3aLIKS,
MO3UTPOHHO-3MUCCHOHHAs TOMOTpadust) WM SHAOCKONHA (HANpUMep, SHIOCKOIHUS BEPXHUX
OTAEJIOB  KENYJOYHO-KUIIEYHOTO TPaKTa WM KOJIOHOCKOMHUS) [UIA  JOTOJHHUTEIBHOTO
o0clenoBaHsl WHANBHAYYMOB, V KOTOPBIX HA OCHOBAHMH aHAJIN3a YPOBHS METHUJIMPOBAHUS B
I1a3Me MpPeAIoaraeTcsl HaIu41ue PaKoBOro 3a00IeBaHUs.

[0116] Ilpu ckpuHMHTe WM JETEKIMHM PakOBOrO 3a00JE€BaHUs ONpeNeseHHEe YPOBHS
METUJIMPOBaHUS oOOpa3ma MiasMbel (WM APYyroro OWOJNIOTHYECKOTO MaTepHalia) MOXKET

NpUMECHATBCA B COYCTAHUU C [OJPYruMu METOAaMU CKpPHUHUHIA WKW JACTCKLIHUHU pPAKOBOI'O
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3a00neBaHysl, TAKUMH KaK U3MEPEHUE MPOCTATHYECKOTO CIe(pHIecKoro aHTUreHa (Hanpumep,
Il paka TMPEeACTATENbHOW JKeje3bl), KapLUHUHOAMOPHOHAJIBHOTO AaHTWUIeHA (Hampumep, A
KOJIOPEKTAJIIbHOM KapLUHOMBI, KapLUHOMBI >KEJyJKa, KapLUUHOMBI IOJDKETYyJOUYHON >KEJe3bl,
KapLUHOMBI JIETKOTrO, KapLIUHOMBI MOJIOYHOU KEJIe3bl, MEIYJUIAPHON KapLUUHOMBI LIUTOBUIHOU
KeJesbl), anbda-peronporenHa (Hampumep, AN paka MEYSHHW WM T'€PMUHATHBHO-KJIETOUHBIX
onyxoneit), CA125 (mampumep, Il paka sUYHMKA U paka MoJO4HOM skene3b)) u CA19-9
(HampuMmep, 11 KAPLUUHOMBI TIOJKEITY IOYHOH JKeNe3bl).

[0117] Kpome Toro, Moryt OBITb CEKBEHHPOBAaHbI IPyTrH€ TKAHH I TOJNYyYESHHS
KJIETOUYHOro MeTmioma. Hampumep, MokeT OBITh INMpOAaHAJTU3UPOBAHA TKAHb MEUEHU IS
OTpEeNICHUs TIATTEPHA METHJIMPOBAHUS, CIIEHU(UUECKOrO sl IEYSHHU, KOTOPBIA MOXKET OBbITH
UCIIOJIb30BAH Uil UACHTU(UKALIUN TAaTOJIOTHUH nedeHu. J{pyrue TKaHH, KOTOPBIE TaKXKe MOTYT
OBITh NMPOAHATU3UPOBAHBI, BKJIIFOYAIOT KJIETKH T'OJIOBHOTO MO3Ta, KOCTH, JIETKHE, CEPALIE, MBIIILIbI
U noykd u T.4. llpodunn MeTmnupoBaHHMA Pa3TUYHBIX TKAHEH MOTYT BpEMsi OT BPEMEHH
U3MEHSTBCS, HANpUMep, B pe3yJibTaTe pa3BUTHS, CTApeHHs, OOJE3HEHHBIX IMPOLECCOB
(HampuMep, BOCHANEHHsI WJIM LUPPO3a, WM AyTOMMMYHHBIX IPOLECCOB (TakMX Kak IpH
CHCTEMHOH KpAacHOW BOJYAHKE)) WM JiedeHHs (Harmpumep, JICUeHUs eMETHIIHPYIOIUMHU
areHTaMy, TaKUMHU KakK S5-a3aluTHIWH W 5-a3ale30KCUIMTUAMH). JlMHamuueckas Npupona
metunuposanus JIHK nenaer Takol aHainu3 NOTEHUUAIBHO OYEHb MOJIE3HBIM 1JII MOHUTOPUHIA
(U3NONOrMYECKUX M TMATOJOTHMUeCKUX mpoueccoB. Hanpumep, ecnu  oOHapy>kHBaeTCs
U3MEHEHHEe METUJIOMAa IUIa3Mbl WMHAMBUAYYMa OTHOCUTENBHO HMCXOOHOIO  3HAYCHHS,
HOJIyYEHHOTO, KOTAA YyKAa3aHHbIH MHAMBUAYYM ObUI 370POB, MOXHO JETEKTHPOBATb
Oone3sHeHHbIe IPOLIECCHI B OpraHax, KoTtopsle BHOCAT Bkian B JIHK mmasmer

[0118] Takske MOryT OBITH OMpEEIeHbl METUIOMBI TPAHCIUIAHTHPOBAHHBIX OPTaHOB IO
JJHK nnasMbl  peLUMIMEHTOB TPAHCIUIAHTUPOBAHHBIX OpPraHoB. METUIOMHBIN — aHAIN3
TPAHCIUIAHTATOB MO IUIA3M€ COIJIACHO OIMCAHMIO HACTOSIIEr0 W300peTeHHs] MOTEHIHAJIbHO
NPEeCTaBIsIeT COOOH CHHEPTUYECKYH) TEXHOJOTHI0O M€HOMHOI'O aHAJN3a TPAHCIUIAHTATOB IIO
mwiasme (YW Zheng et al, 2012; YMD Lo et al. 1998 Lancet; 351: 1329-1330; u TM Snyder et al.
2011 Proc Natl Acad Sci USA; 108: 6229-6234). ITockonpky JAHK mmasmbl kak mpaBuio,
paccMaTpUBaETCA B KaUeCTBE MapKepa KJIETOYHOH CMEPTH, NOBbIlIeHHE B miasMe yposHs [JHK,
BBICBOOOXKIAEMON M3 TPAHCIUIAHTHPOBAHHOTO OPraHa, MOXKET HCIIOJIb30BAThCS B KadeCTBE
MapKepa MOBBIIIECHNs] KJIETOYHOW CMEPTH B YKa3aHHOM OpraHe, HalpuMep, Kpu3a OTTOPKEHHUs
WU IPYTHX NaTOJIOTHYECKUX MPOLIECCOB € YYaCTHEM YKa3aHHOTO OpraHa (HarnpuMep, HHPEKIUH
i adcrecca). B ciydae ycnenrHoro npoBeneHus Teparuy, HalpaBIeHHOH MPOTUB OTTOPKEHUS,
YPOBEHb  BBICBOOOXKAAEMOH  TpaHCIUIaHTUpoBaHHBIM  opranom JIHK B mmasme

NPEATIONOXKUTENBHO Oy1eT CHUXKATBCS.
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III. OHNPEAEJIEHUE METHJIOMA IUVIOAA WIHX OITYXOJIA C

NCIIOJIB3OBAHHUEM OHII

[0119] CornmacHO NpPUBEAEHHOMY BBILIE OMUCAHUIO METUJIOM ILUIa3Mbl COOTBETCTBYET
METWJIOMY KpOBH Yy HeOepeMEeHHOro 310poBoro wuHAauBuayyma. OpHako y OepeMeHHOH
JKEHIIIUHBl YKa3aHHbIE METUJIOMBbI pasznuyarorcs. Monekynsl mioaHon JHK mupkynupyror B
MaTepUHCKOH IJIa3Me Hapsily C COCTAaBIISIOINM (OH OOJNBIIMHCTBOM MOJIEKYJ MaTEPHHCKON
JHK (YMD Lo et al. 1998 Am J Hum Genet; 62: 768-775). Takum obOpa3om, y OepeMeHHOI
JKEHIIMHbI METHJIOM TIUIa3Mbl B 3HAYUTENBHOW CTENMEHW NpPEACTaBIsieT Co0OH  cMech
IUIALIEHTAPHOTO MeTujioMa M MeTwioMa KpoBU. (COOTBETCTBEHHO, MOXKHO TOJYYUTh
IUTALIEHTaPHbII METUIIOM, UCIIOJIB3YS IJIa3My.

[0120] CormacHo opHOMYy BapuaHTy peanu3alUd pa3Iuyus OJHOHYKJIEOTHAHBIX
noymmopduzmon (OHIT) Mexy MaTephio U TIIOJOM UCTIONB3YIOT JJIST HIEHTH()HUKALUN MOJIEKY T
wionnoi JIHK B marepunckoii mnasme. Lenp 3akmovanack B unentudukanun OHII-10KkycoB,
0 KOTOPbIM MaTh T'OMO3HMI'OTHA, & IUIOJ T€TEPO3UTOTEH; CHEeUU(UYHBbIA AN TUIONA aJuleihb
MOXET TIPUMEHSAThCS Al ompeneneHus toro, kakue (pparmentel JJHK mpunaanexar rony.
I'enomnyro JIHK u3 kj1€TOK MaT€pUHCKOH KPOBHM HCCJIENOBAIN C MPUMEHEHUEM MaTPULbl AJIs
renorunuposanusi OHIT lllumina HumanOmni2.5-8. C gpyrotii ctoposnsl, ains OHII-nokycoB, mo
KOTOPBIM MaTh I€TePO3UrOTHA, a IIoA romosurorel, amwtens OHII, cneunduynbii s Matepwy,
MOXET NMPUMEHSTbCA AN omnpeneneHus: toro, kakue ¢parments! JIHK mmazmer npunaanexat
marepu. YpoBeHb MeTwiaupoBaHusi Takux ¢Qparmentos JIHK Oyner ortpakaTe ypoBeHb
METWJINPOBAHUS COOTBETCTBYIOIUX T'€HOMHBIX 00JIacTel y MaTepu.

A. Koppensyus memunuposanus cneyughuunvix ons niooda puooe u
niaye HMapHo20 MemuIoMd

[0121] Jlokycel, B KOTOpPBIX COAEPKUTCS [Ba Pa3HbIX ajules, NPUYEeM KOJIUYECTBO
oxHoro ayess (B) 3HaUUTeNTbHO MEHbINE KOJIMYeCTBA APYroro ajuiesns (A), HASHTUPUIHPOBAIIH
IO pe3yJibTaTaM CEKBEHHUPOBAHMS OMOJIOTHUECKOro oOpasua. Puabl, mokpeiBaroue auienn B,
CUMTAJIN CTIeUU(UYHBIMA IS Tuioza (crienugpuyHbIe A TUIoAa pHUabl). MaTh ONMpenessii Kak
TOMO3UTOTHYIO MO A, a IJIOA Kak TeTepo3uroTHeli mo A/B, W, COOTBETCTBEHHO, PHJBI,
MOKPBIBAIOIIHNE ajuTesib A, ObUTH OOIMMU 11 MaTepu U Tutoaa (odimue puabl).

[0122] B ogHOM mpoaHaTU3UPOBAHHOM Cliydae OepeMEHHOCTH, KOTOPBIA HUCTIOIb30BAJIH
IUISL WULTFOCTPALMK HECKOJIBKUX KOHLIEMIMI HACTOSIIEro u300peTeHus, ObU1o 0OHAPYKEHO, YTO
OepeMeHHast MaTh TOMO3MroTHa mo 1945516 nokycam Ha ayrtocomax. HW3ydamum punel
cexBeHuposanus JIHK matepunckoii mnasmsl, nokpeiBaromue ykazanubie OHIL Punel, Hecymue
HE SIBJIIOLIUICA MAaTEpPUHCKUM ajuienb, Obutn oOHapyskeHbl B 107 750 nokycax, U yKa3aHHbIE

JOKychl cunTanu uHpopmatusHeiMu. B xaxnom nnpopmatiusaom OHII annens, npoucxonsmuit
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HE OT MaTepH, Ha3bIBAIM CHEIU(PUUHBIM Ui TUIOHA ajuieeM, a APYTroil Ha3bIBAK OOIIMM
ajiesneM.

[0123] Moxer ObiTh ompeneneHa (ppakUOHHAS KOHLEHTPALUS IUIOAHON/OMyXOJeBOM
JHK (taxxe HaspiBaemass mnpoueHToMm muiogHod JIHK) B marepunckoit miasme. CornacHo
OHOMY BapUaHTy peanu3anuu (pakLUOHHYIO KOHUeHTpauuto mioaHoi JIHK B marepuHCkoit

IIa3Me, f, OTIPEAENAIOT U3 yPaBHEHA:
Zp
ptyg

r7e p MPEnCTaBIsieT COOOM YMCIIO PUIOB CEKBEHUPOBAHMS CO CHEM(UIHBIM UIs TUIOJA

f=

aJJIeNieM, U ¢ TPECTaBIsieT COO0H YUCIIO PUIOB CEKBEHHPOBAHUS C OOLIUM JIJIsl MATEPHU U TUIOAA
amnenem (YMD Lo et al. 2010 Sci Transl Med; 2: 61ra91). Jons monuoit JIHK B oOpa3max
MaTEepUHCKOI IJIa3Mbl IEPBOM TPUMECTpPE, TPETheM TPUMECTpPE U B MOCIEPOJOBON MEPUON, KaK
OBLIO ycTaHOBJIEHO, cocTaBisieT 14,4%, 33,9% u 4,5%, coorsercTBeHHO. Jlomo mmonuoit JIHK
TaK)K€ PACCUMUTBHIBAJIN C NMPUMEHEHHEM YHCJa PUOB, BbIpaBHUBaeMbIX MO Y-xpomocome. Ha
OCHOBE JaHHBIX Y-XPOMOCOMBI 3TH pe3ysibTarel coctaBuwin 14,2%, 34,9% wu 3,7%,
COOTBETCTBEHHO, B 00pa3liax MaTepPUHCKOMN IJI1a3Mbl B IEPBOM TPUMECTPE, B TPETHEM TPUMECTPE
Y B MIOCJEPOIOBON MEPUO.

[0124] BapuanTsl peanusanuy, r7ie UCHOJB3YETCS Pa3AeibHBIN aHAIN3 CHeru(UIHBIX
IUIS TUIOAA WM OOIMMX PUIOB MOCIENOBATENbHOCTEH, AEMOHCTPUPYIOT, YTO LHPKYJIUPYIOIINE
moJiekybl onHo# JIHK B 3HaunTenbHO OOJbIneli CTeneHN ruIOMEeTHIINPOBAHbI, YeM (POHOBBIE
mosekyabl JIHK. CpaBHeHHsI MJIOTHOCTEH METHUIMPOBAHUS COOTBETCTBYIOIIMX JIOKYCOB B
criepMIHBIX IS IUIOA PUIAX MATEPUHCKOH IUIa3Mbl U JAHHBIX IJIS TUTALEHTAPHOW TKaHH,
KaK JJIsl IePBOT0, TaK U JUIsl TPEThEro TPUMECTPA, MOKA3aJIl BbICOKHE YPOBHHU KOPPEISILIUUA. DTH
JaHHbIe 00ECNEeUNBAIOT HA T€HOMHOM YPOBHE MOATBEPKIEHHE TOTO, YTO TUIALICHTA SIBJISIETCS
OCHOBHBIM HMCTOYHHUKOM Mpoucxomsamux ot miona monekyn JAHK B martepunckoii mnasme, u
NPEICTABISIIOT COOOH BaXKHBIA IIAar BIEpeX [0 CPaBHEHUID C HWMEBIIUMHECS JIaHHBIMHU,
OCHOBAaHHBIMU Ha UH(OPMALINH, TIOJTyUE€HHOHN JIJISl OTEIIBHBIX JIOKYCOB.

[0125] ABTOpBI OmpeneNsiu TUIOTHOCTh METHIMPOBAaHUS Kakmaou obymactu odbemom 1
M6 B reHoMe C HCIOJNB30BaHUWEM JHOO CHeMU(PUYHBIX Ui TUIOHa, JHOO OOMMX pPHIIOB,
3axBarbiBaroux  CpG-caiitel, cmexHele ¢ uH(popmatuBHeiMH OHIL  Ilnomweii wu
HecTleU(UUHBIA Ui TUIOA METHJIOMBbI, COOpaHHblE W3 PHIOB TIOCJIEAOBATENIbHOCTEN
MAaTE€PUHCKON IU1a3Mbl, MOTyT ObITh mpencrasieHsl, Hanpumep, Ha Circos-rpapuxe (M
Krzywinski et al. 2009 Genome Res; 19: 1639-1645). IInoTHOCTH METUIMPOBAHUS B pacyeTe Ha
ydacTok pasmepoM 1 MO Takxke ompeneimsuid i oOpas3LioB KJIETOK MAaTePUHCKONH KpPOBH U

MJIALEHTAPHON TKaHU.
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[0126] Ha ¢ur. 7A nmpusenen Circos-rpadux 700 mayist 00pa3oB, MOJTYYSHHBIX B IEPBOM
tpumectpe. Ha ¢ur. 7B npusenen Circos-rpadux 750 mis oOpas3ios, MOMyYEHHBIX B TPEThEM
tpumectpe. ['paduxu 700 u 750 oToOpakarOT MIOTHOCTh METUIIMPOBAHNUS B PacUeTe HA Y4aCTOK
1 MO. HUneorpammbl XpoMOCOM (BHEUIHMH KpPyT) OPHEHTHPOBAHbI OT KOPOTKOIO Ijieda K
JJIMHHOMY IUIeYy IO 4YacOBOH CTpesike (LEHTPOMEphI BbIIENEHbI KPAaCHBIM IBeTOM). BTopoii
CHapy>xu Kpyr mpeacrasisier yucio CpG-caiiToB B COOTBETCTBYIOIUX O0JacTsIX pazmepom 1
MOG. JInst kpacHBIX CTONOLOB mpuBeaeHa mmkana 10 20 000 caiitoB Ha ydactok 1 MO. ITnoTHOCTH
METUJIMPOBAHUSI COOTBETCTBYIOIUX obyactrel pasmepom 1 MO mokaszaHbl Ha OPYTHUX Kpyrax C
HCTIOJIb30BAaHUEM LIBETOBOI CXEMBI, IPUBEEHHO B LIEHTpE.

[0127] [Ans obpa3uos mepsoro tpumectpa (dur. 7A), OoT LEHTpa K KpasM, Ha Kpyrax
Npe/CTaBICHbl: 00pa3el] BOPCUH XOPHOHA, Creru(uIHbIE IUIs TUIOAA PUABI B MAaTEPHHCKOM
iasMe, cnenuuaHbIe 11T MaTepu PUABI B MATEPUHCKOH I1a3Me, KOMOMHAIUS TUIOHBIX U He-
IUTOJTHBIX PUJIOB B MATEPUHCKOM TUIa3Me, M KJIETKH MaTEPUHCKOH KpoBH. J{J1s1 00pas3oB TpeThero
TpumecTpa (¢ur. 7B) Ha Kpyrax NpencTaBie€Hbl. TKaHb 3PEJOH IJIALEHTHI, CenuUIHbIE I
IUTOZIa PUIbI B MATEPUHCKOH TIa3Me, crieliuUIHbIe A MaTePU PUBI B MATEPUHCKOH TUIa3Me,
KOMOMHAIMS TUIOMHBIX M HE OTHOCSIIUXCS K IUIOAY PHIOB B MAaTEpUHCKOW IUIa3Me, B
MaTE€PUHCKOH T1a3Me B IMOCIEPOJOBON MEPUOI M KIETKax MaTepuHCKOH Kposu (u3 oOpasma
KpPOBU TIEpBOro TpumecTtpa). BumHo, uto B 0Opasmax miasmMbel U B TEPBOM, U B TPETbEM
TPUMECTpE IJIOAHbIE METHIIOMBI OOJIee THIOMETHIIMPOBAHBI, YeM B HECTIELM(UYHBIX IS TUIOJA
METHJIOMAX.

[0128] OOwmmii mpoduae METHINPOBAHUS IUIOAHBIX METHJIOMOB OOJbIIE HANIOMHUHA
npodmie obpasuoB CVS wmum mnanentapuoit Tkanu. C  JApyrod CTOpOHBI, MPOGUIIb
metuauposanusi JIHK pns oOmux puaoB B muiasme, MPEUMYIIECTBEHHO MPECTABISFOIINX
marepuHckyro JIHK, Gompine HanoMuHan npoduib KJIETOK MaTEPUHCKON KPOBU. 3aT€M aBTOPBI
HACTOSIIIETr0 M300pETEeHHs POBENIN CUCTEMATHUECKOE CPABHEHHE IIOTHOCTEH METHIIMPOBAHUS
JIOKyCOB ofHOro 3a apyrum, punos JJHK matepuHCKON nia3mbel 1 MAaTEPUHCKUX WU TJIOJAHBIX
TKaHel. ABTOpPbI  ONpeneNuiu  IIOTHOCTH  MetunupoBaHusi CpG-caliToB, KOTOpbIE
NPUCYTCTBOBAJIM HAa TOM JK€ PHIE MOCIenoBaTeIbHOCTH, 4TOo M HHGopmatuBHbele OHIL u
KOTOpble OBUTM TIOKPBITHI MO MeHbIIEH Mepe S5 pumamu mnocienosatenpHocTelt JIHK
MAaTE€PUHCKOM IJIa3MBbl.

[0129] Ha ¢ur. 8A—8D npuBenens! rpadpuku CpaBHEHHs IIOTHOCTEH METHIIMPOBAHUS
reHomHol TkaHesoW JIHK u JIHK martepunckoii mnasmsl st Cp(G-caiiToB, OKpy’KaroLIuX
uH(pOpMaTUBHBIE ONHOHYKJIEOTHAHbIE mnonuMopdusmel. Ha ¢ur. 8A mnokaszaHel MmioTHOCTH
METUJIMPOBAHUS Ui CIeU(PUUHBIX U1 IUIOJAa PUAOB B 0OOpasle MaTEepPUHCKOHW IUIa3Mbl B

NIEPBOM TPUMECTPE OTHOCUTENIBHO IIOTHOCTEN MeTUIMpOBaHus aist punos B oopasue CVS. Kax
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MOYKHO BHUJIETh, CelM(UUHBIE I TUIO/IAa 3HAUEHHs] XOPOLIO COTJIACYIOTCS CO 3HAYEHMSMH IS
CVS.

[0130] Ha ¢ur. 8B moka3zaHbl IUIOTHOCTH METHJIMPOBAHUS JIJIsl CIEU(PUIHBIX JUISI TUIOAA
punoB B oOpaslle MaTEpUHCKOW IIa3Mbl B TPETbEM TPHUMECTPE OTHOCHTEIBHO IUIOTHOCTEH
METWJIMPOBAHUS U PUOB B TKaHM 3penoil ruaneHTel. Habophl MIIOTHOCTEH TakXke XOpOLIO
COIJIACYIOTCS, YKa3bIBasi HA TO, YTO IUIOJHBIN MPO(GIIb METHIMPOBAHUS MOKET OBIThH MOJy4EH
MyTeM aHaJIU3a PUIOB CO CHeHMPUIHBIMU IS TUIOAA AJIJISIISTMH.

[0131] Ha ¢ur. 8C mokas3aHbl TUIOTHOCTH METHJIHUPOBAHUS IJIsi OOIIUX PUAOB B 0Opasiie
MaTepUHCKOHN IUIa3Mbl B MIEPBOM TPUMECTPE OTHOCUTENIBHO TUIOTHOCTEN METHJIMPOBAHUS IS
pPUIOOB B KJIETKaX MaTepuHCKOW KpoBH. C y4eToM TOro, 4ro OOJIbIIMHCTBO OOLIMX PHIIOB
MPOUCXOMAST OT MaTepH, YKa3aHHbIe Ba HaOopa 3HaueHui xopomo corjacyrores. Ha ¢ur. 8D
NOKa3aHbl TUIOTHOCTH METHJIMPOBAHMS JJIsi OOIIMX PUAOB B 0Opaslie MAaTEPUHCKON IJIa3Mbl B
TPETbeM TPUMECTPE OTHOCUTEJIBHO IUIOTHOCTEH METUIMPOBaHUS I PUIOB B KIETKax
MaTEPUHCKON KPOBHU.

[0132] Inst cemmpuyHBIX AN TJI0JAa PUOOB B MATePUHCKOW Mwiazme Kodddumment
xoppemsauuu CriupMeHa MekAy MaTepUHCKOH Mia3Moil B nepsoM Tpumectpe u CVS cocraBisia
0,705 (P <2,2*e-16), Mexny MaTepUHCKON IIA3MOH B TPETbEM TPHUMECTPE M TKAHBIO 3PENOi
IUIALIEHThl yKa3aHHbIA Kod(duiument cocrasiusan 0,796 (P <22*e-16) (¢pur. 8A u 8B).
AHaNoru4HOe CpaBHEHHE BBIMOJHAIM U OOIIMX PUAOB B MATEPUHCKON IUIa3Me C JaHHBIMU
KJIeTOK MaTepuHckoi kpoBu. Kosdduument xoppemsauu Iupcona cocrasmsn 0,653 (P <2,2*e-
16) nnst obpasua miuasmsl B epBoM Tpumectpe, u 0,638 (P <2,2*e-16) nnst oOpasua mia3mbl B
tpetbeM TpumecTpe (pur. 8C u 8D).

B. 1noonviit memuiom

[0133] CormacHO OgHOMY BapHWaHTy peanu3aluu JJisi COOPKH IMJIOJHOTO METHUJIOMA IO
MaTE€PHUHCKOH IJIa3Me aBTOPBI HACTOSIIIEr0 H300peTeHHs OTOUPAH PUIBI IOCIEIOBATEIbHOCTEN,
3axBaThIBAIOIIME 10 MeHbIIeH wMepe oauH wuHbopMartuBHbIM 1uonHbeld OHII-caiit u
conep:kaBiine 1o MeHbineil mepe onuH CpG-caiit B cocTtaBe TOro k€ puma. Pumel, rme
OOHapY KUBAJINCH CrIeU(HYHBIE ISl IUIOAA AJUISNH, BKIFOYAIN B COOPKY IUIOIHOTO METHIIOMA.
Punel, rne oOHapyskuBascss oOmMUi ayuiesb, T.. ajulelb, HE SIBJISIOLIMNACS CHEUU(pUUHBIM IS
Iona, BKIIOYAIM B COOpPKYy HecmenupuyHOro i IJIOAa METHJIOMA,  KOTOPBIH
MPEUMYLIECTBEHHO COCTOUT U3 MPOUCXOAAIUX OT MaTepu moisekya JTHK.

[0134] Crneunduunsie mist tona puasl nokpbBain 218 010 CpG-caiiToB Ha ayToOCOMax
B oOpasuax MaTepUHCKOH IIasMbl B mepBoM TpuMmecTtpe. COOTBETCTBYIOIINME 3HAUEHUS IS
00pa3LioB MaT€PUHCKOM IJIa3Mbl B TPEThEM TPUMECTPE U B IOCJIEPOAOBOH MEPUOJ COCTABIISIH

263 611 u 74 020, coorBercTBeHHO. B cpennem, oOmmue punbl mokpbiBaiu yka3zaHHeie CpG-
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caiTel co cpemHel kpaTtHOCThIO 33,3, 21,7 u 26,3, coorBercTBeHHO. CrnieripuuHbIe s TUIOAA
punbl nokpsiBaau ykaszaHHble CpG-caiiTel ¢ kpaTHOCTBIO 3,0, 4,4 u 1,8, COOTBETCTBEHHO, IS
00pa3LioB MAaTEPUHCKOH IIa3Mbl MEPBOTO TPUMECTPA, TPETHETO TPHUMECTPA U MOCIEPOIOBOTO
NepUoaa.

[0135] ITnonnas JJHK mnpencraBnsieT co00Oif MHUHOPHYIO TMOMYJISIIMIO B MAaTEPUHCKOU
Ila3Me M, COOTBETCTBEHHO, MOKpbITHE yka3aHHbIX CpG-caliToB crnenu(pUYHbIMU AJIsl TUIOAA
punamMu ObLIO MpomopuUMOHANbHO TpoueHty mmiogHo JIHK B oOpasme. s obpasua
MaTEPUHCKOHN IJ1a3Mbl B MEPBOM TpUMeCTpe OOIIMi mpoueHT MeTwiupoBanHbix CpG B pumax
wiona cocraBisul 47,0%, Torma kak Jis oOmmMX puaoB oH coctaBist 68,1%. Jlns obpasma
MaTEPUHCKOHN TIa3Mbl B TPEThEM TPUMECTPE MPOLEHT MeTmnnpoBaHHbX CpG B pumax mioxa
cocraBisit 53,3%, Torma kak ajist oOmUX PpUAOB OH cocTaBisl 68,8%. DTH HaHHBIE MOKA3aJH,
YTO criel(UIHbIe IJIs TUIOAA PUABI B MATEPUHCKOU I1a3Me ObuH OoJiee THIIOMETHIINPOBAHBI,
4yeM oOIIHe puabl B MATEPUHCKOH TUIa3Me.

C. Cnocod

[0136] OmucanHbie BbIIIE METOAMKH TAKXKE€ MOTYT MPUMEHSTBCS ISl ONPEAETeHUs
omnyxoJyeBoro npoduirs mMerwiuposanusi. Hipke ommcansl crnocoObl ONpeneneHus IUIOAHBIX U
OIyXOJIEBBIX NMPOUIEH METUIMPOBAHUS.

[0137] ®ur. 9 mnpexncrasisier coOO OJIOK-CXeMy, HLIFOCTPUPYIOIYO crocod 900
OTIpeeNIeHUs] TIepBOro NMpoQuiIsi METWIMPOBAHUS MO OHOJOrMYeckoMy oOpasily OpraHu3Ma B
COOTBETCTBUM C BapUAHTAMM pealu3alu Hacrosmero msodperenus. Crnocod 900 mosBossier
CKOHCTPYHPOBATh SMUTC€HETHUECKYIO KapTy IUIOAA MO MPO(HII0 METHIMPOBAHHS MAaTEPUHCKON
wia3Mel. bruonorndeckuit oOpasen Bkmouaer cBoboxHyro ot kierok JIHK, comepxxamyro cmech
cBobonHoi ot kierok JIHK, npoucxonsimeli U3 nepBoi TKaHU M U3 BTOPOM Tkanu. Hampumep,
yKa3aHHasi TiepBas TKaHb MOXET MPOUCXOAUTb OT IUIOJA, W3  ONyXOJu WU
TPaHCIIAHTUPOBAHHOT'O OpraHa.

[0138] Ha »stane 910 ananusupyroT MHOkecTBO Mmosekya JIHK wu3 ykaszanHoro
Ouonornueckoro obOpasua. Amnamm3 Monekyiasl  JJHK wMoker BkIFOUaTh —oOmpeneneHue
JOKaMu3aluMu yka3aHHOW MoJiekysbsl JIHK B reHoMme yka3aHHOTO OpraHu3Ma, OINpenesieHUe
redotuna monekyiel JIHK, u onpenenenue Toro, MeTunupoBaHa 1 ykasaHHast mosekyya JIHK B
OJTHOM HJIH OOJIBIIIEM YHCIIE CANTOB.

[0139] CormacHo omHOMy BapuaHTy peanuzanuu wmosekysel JIHK anHanmusupyror ¢
UCIOJBb30BaHUEM pUAOB mocienoBarenbHocTell Mozekyn JIHK, mpu sTtom cexkBeHHpoBaHHE
YyBCTBUTEJBPHO K METWIMPOBaHUIO. COOTBETCTBEHHO, YKA3aHHbIE PUJbI MOCIEA0BATEIbHOCTEN
BKJIIOYAIOT cTaryc MetuiupoBanHust mojekyn JJHK u3 ykasanHoro Omonormueckoro obpasia.

CTaTYC MCTUITUPOBAHHA MOKET BKJIHOYATh I/IH(I)OpMaLII/II-O O TOM, MABJKACTCA JIU KOHerTHbIﬁ
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OCTATOK LMTO3MHA S5-METUJILUTO3MHOM WIH S-TUAPOKCUMETHJILIUTO3UHOM. YKa3aHHbIE PUIBI
NOCJIEZIOBATENIbHOCTEH  MOTYT OBITh TOJYYEHbI C TIOMOLIBIO  PA3JIUYHBIX  METOIMK
cexBeHHpoBaHus, Meroauk I[P, mMaTpui u Apyrux MOAXOASALINX METOAUK HUIACHTU(UKALIH
MOCJIEIOBATEIbHOCTEN (bparmeHTOB. Cratyc METUJIUPOBAHUS CalToB puna
HIOCJIEIOBATENILHOCTEH MOXKET OBITh ONpPEeIeH COrJIACHO ONMCAHUIO B HACTOSIIEM JOKYMEHTE.

[0140] Ha srane 920 mpeHTHGUIMPYIOT MHOKECTBO MEPBBIX JIOKYCOB, OTIMYAIOIINXCS
TE€M, YTO TMEPBBbI T€HOM NEepBONH TKAHU TIETEPO3UTOTEH I0 COOTBETCTBYIOIIEMY IE€PBOMY
aJIeNI0, U COOTBETCTBYIOLIUIT BTOPOM ajulesib U BTOPOM I'€HOM BTOPOW TKaHU I'OMO3HMIOTEH IO
COOTBETCTBYIOLIEMY TepBOMYy ajutero. Hanpumep, cnienngudHbie Ist TUI0a PUIbI MOTYT OBITH
UIEHTU()ULHIPOBAHBI BO MHOKECTBE MEPBBIX JOKYCOB, MM CHEUU(PUYHbIE IJIST OMyXOJIU PHUJIbI
MOTYT OBITh WACHTU(PUIHUPOBAHBI BO MHOJKECTBE MEPBBIX JIOKYCOB. TkaHeceUn(pUIHbIE PUABI
MOTYT OBITh HMIEHTHQULUUPOBAHBI 1O pHUAAM TIPH CEKBEHUPOBAHUH, TIJ€ IPOLEHT pPHIOB
MOCJIEIOBATENBHOCTEN BTOPOrO ajulesis MONAaAaeT B OINPENeNICHHbI [HMana3oH, Halpumep,
npubm3uTeNbHO 3—25%, TakuM 00Opa3oM yKas3biBas HA MUHOPHYIO MOMYJSIHHI (pparMeHTa
JHK w3 rerepo3suroTHOro reHOMa B YKa3aHHOM JIOKYC€ W Ma)KOPHYIO MONYJISILUIO U3
TOMO3UI'OTHOT'O F€HOMA B YKa3aHHOM JIOKYCE.

[0141] Ha stane 930 ananusupyror monekyiel JHK, nokanusoBaHHblE B OHOM WU
OonpleM 4YHCIIEe CAWTOB KaXIOro W3 MepBBIX JOKycoB. Ompenenstor uucno monekyn JTHK,
KOTOpPbIE METHWJIMPOBAaHbl B CAUT€ U COOTBETCTBYIOT COOTBETCTBYIOLIEMY BTOPOMY aJUIEIIIO
YKa3aHHOTO JIOKyca. MOXKeT MpUCYTCTBOBAaTh OoJsiee OHOrO caiita Ha jJokyc. Hampumep, OHII
MOKET YKa3bIBaTh Ha TO, YTO (PparMeHT crierupuyeH Ui IUIoAa, U YKa3aHHbIA (parMeHT MOXKET
COZIepKaTh HECKOJBKO CAMTOB, CTaTyC METIJIMPOBAHMS KOTOPBIX ONpenesstoT. MokeT ObITh
OMpEeeNIEHO YUCIIO METHJIIMPOBAHHBIX PUIOB B KAXKIOM caliTe u o0liee YUCIO METHITMPOBAHHBIX
PUIOB IS JIOKyCa.

[0142] Jlokyc mMoxeT ObITh ONpeneNneH uepe3 KOHKPETHOE YHCIIO CAaHTOB, KOHKPETHBIH
Ha0Op CalTOB, WJIM KOHKPETHBIH pa3Mep 0OJacTH BOKPYI BapHALMM, KOTOpas CONEPIKUT
cneunpUIHbIA AN TKaHU ajutelb. JIOKyC MOKET coneprkaTb BCero onuH calT. CalTel MOTYT
obianate cienudrueckuMu CBoMcTBaMu, Hanpumep, ObiTh CpG-caiitamu. OnpeneneHue ducia
HEMETUJIMPOBAHHBIX PUJOB 3KBUBAJIECHTHO ONPEIEIEHUIO CTaTyCa METHUIMPOBAHUS U BKIKOYEHO
B HETO.

[0143] Ha stane 940 nia KaxAoro M3 NEPBBIX JIOKYCOB PAacCUUTHIBAKOT IJIOTHOCTh
METUJIMPOBAHUS Ha OCHOBe KonmdecTB Moseky JIHK, MeTnnnpoBaHHBIX B OTHOM WM OOJIbIIEM
YHUCJIe CAaUTOB YKa3aHHOIO JIOKYyCa U COOTBETCTBYHOILIUX COOTBETCTBYIOLIEMY BTOPOMY AJLIEINIO
yKa3aHHOTro JIoKyca. Harpumep, MiI0THOCTh METHIINPOBAHUS MOKET ObITh onpeneneHa ais CpG-

CalTOB, COOTBETCTBYIOIIUX JIOKYCY.
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[0144] Ha sTane 950 onpenemnsiror nepsblii Tpopuiib METUIMPOBAHUS MEPBON TKaHH IO
IUIOTHOCTSIM ~ METHJIMPOBAHMS I TEPBbIX JIOKYCOB. YKAa3aHHbIM MepBblii  mpoduib
METHJINPOBAHUS MOKET COOTBETCTBOBATb KOHKPETHbIM caiitaMm, Hampumep, CpG-caiitam.
VYkazaHHBI NPOQHIP METUIMPOBAHUS MOXKET OTHOCHTHCS KO BCEM JIOKyCaM, COIEp KaIluM
criel ) MIHBIH IS TUI0/1A aJUIENb, WJIM TOJIBKO K HEKOTOPBIM M3 YKa3aHHBIX JIOKYCOB.

IV. HCHOJIb30BAHHUE PA3JINYNIA METHUJIOMOB ILIA3MbBI 1

KPOBH

[0145] Beime ObLIO MOKA3aHO, 4YTO CrHelM(UUHbIE A IUIOAA PUIObI W3 ILJIa3MbI
KOPPENUPYIOT C IUJIalleHTapHBIM METUIOMOM. [1OCKONBbKY MaTepHUHCKUII KOMIIOHEHT METUJIOMa
MaTepUHCKON IUIa3Mbl B OCHOBHOM OIpeAensercss KJIeTKaMU KPOBM, pasivuus MEXIy
METHJIIOMOM IUIa3Mbl M METWJIOMOM KPOBH MOTYT TIPUMEHSATbCS JJIsl  OINpenesIeHMUs
IUTALIEHTAPHOTO METWJIOMA U BCEX JIOKYCOB, @ HE TOJIbKO JIOKAIU3ALWHU CIEHU(PUUHBIX IS
wiona ajuieneil. Pasnuuus Mexay METHWJIOMOM IUIa3sMbl U METHUJIOMOM KPOBU TakXe MOTYT
NPUMEHATHCS AJIs ONpeeNIeHUs] METHIIOMA Oy XOJIH.

A. Cnocod

[0146] Dur. 10 mpencrasisier cobol OJOK-CXeMy, WLTIOCTpHUPYrOmy crmocod 1000
ompenesieHus] MepBOro MpoQuiis METUIUPOBAHUS MO OMOJOrMYECKOMY O0pasly OpraHu3Ma B
COOTBETCTBHM C BapHaHTAMH peaIM3allud  HACTOSINEro  H300peTeHus. Y Ka3aHHBIN
Oouosnormueckuii  oOpasen (Hampumep, Iula3mMa) BkMoudaeT cBodomnyr ot kietok JIHK,
cozmeprKayro cmech cBoboanoi ot kierok JJHK, npoucxonsineit u3 nepBoil TKaHU U U3 BTOPOH
TKAaHU.  YKa3aHHbI TepBbli  NpPoQWIb  METWIMPOBAHUS  COOTBETCTBYET  HPOQUIIIO
METUJIMPOBAHUS MEPBON TKAHU (HAIIpUMeEp, IUIOJHONW TKAHU WM OnyXosieBoil TkaHu). Crocob
1200 moxer obecrneunBath omnpenenerue nupHepeHIuaibHO METHIMPOBAHHBIX O0NacTel Mo
MaTEPUHCKOH IIa3Me.

[0147] Ha stane 1010 monyuaroT Ononornveckuii oopaser]. YKa3aHHbINH OHOJIOTHYECKHHA
oOpazery MokeT OBbITh TOJYYEeH MPOCTO C TOMOINBIO ammapara (Hampumep, CEKBEHATOpa).
VYkazanHblii Ouonorudeckuii obpaszer] MoKeT ObITh TPEACTaBieH (OPMOH, MONyYEHHOH W3
opraHusma, wini o0paboTaHHOH (HopMOii, HarpUMep, YKa3aHHBII 00pa3er MOKET MPENCTaBISTh
co0oH ma3My, 3KCTParupoBaHHYIO U3 00pasLa KPOBH.

[0148] Ha stane 1020 nony4aroT BTOpOH NMpoduis METHIINPOBAHHS, COOTBETCTBY O LM
JAHK BTOpO#i TKaHW. YKa3aHHBIH BTOPOH NpPO(QHIb METHIMPOBAHUS MOXKET OBITH CUHMTAH W3
NaMATH, TaKk Kak BO3MOXXHO OH OBbUI ONpenesieH paHee. YKa3aHHBIH BTOPOH mpoduib
METUJIMPOBAHUSI MOXKET OBITh ONpeneNieH MO BTOPOIH TKaHH, HampuMep, Apyroro obpasia,
KOTOPBIN CONEPKUT UCKIIFOUUTEIBHO UJIU MPEUMY LECTBEHHO KJIETKH BTOPOU TKAHU. Y Ka3aHHbIN

BTOPOH mpopmib METHJIUPOBAHUS MOXKET COOTBETCTBOBATH  KIETOYHOMY  INPOQUITO
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MeTUIMPOBaHus U ObITh oyueH u3 kierouHod JIHK. CornacHo npyromy npumepy yKa3aHHBIH
BTOPO Mpodrib MOKET OBITH ONPEAeNIeH Mo 00pa3Ily IJIa3Mbl, MOJYYEHHOMY 10 O€peMEHHOCTH
WIN [0 pa3BUTHS pAaKOBOro 3a0oieBaHus, Tak KaKk METWJIOM IUIa3Mbl HeOepeMEeHHOro
UHIUBUAYYMa, HE CTPAJAIOIIEro PakOBbIM 3a00JE€BaHUEM, B 3HAUUTENBHOM Mepe aHaJOrmyeH
METHJIOMY KJIETOK KPOBH.

[0149] Vka3auHblii Bropoii npoduib METHIMPOBAHHUS MOXKET 0OeCHeYHBaTh INIOTHOCTD
METHJINPOBAHUS B KaXJIOM M3 MHOXECTBa JIOKYyCOB B T€HOME YKa3aHHOTO OpraHHu3Ma.
IInoTHOCTH METUNIMPOBAHUS B KOHKPETHOM JIOKYCE COOTBETCTBYET foje MetunuposanHoi JTHK
BTopoil TKaHu. CoOrylacHO OJHOMY BapHUaHTy pealu3allid IUIOTHOCTb METHJIMPOBAHMUS
npexacrasisier coboit miorHocth Metwiuposanusi CpG, npu 3Tom CpG-CaliThl, CBS3aHHBIE C
JIOKyCOM, HCHOJB3YIOT IJIsl ONpeeNeHus IUIOTHOCTH MeTwWiupoBaHus. Eciu Ha OnMH JIOKyC
NPUXOAUTCST OOWH CalT, IUIOTHOCTh METIJIMPOBAHHMS MOXKET OBIThb paBHA HHIEKCY
MeTunrupoBaHus. [IIOTHOCTP MeTUNMPOBAaHUS TaKXe COOTBETCTBYET IIJIOTHOCTU OTCYTCTBUSI
METHJINPOBAHUS, TaK KaK YKa3aHHbIE /1B 3HaUEHUs B3AUMHO JOMOIHSIOT YT pyra.

[0150] CormacHo oOmHOMY BapHWaHTy peaj3aldd YKa3aHHbIA BTOPOH MpOQUIiIb
METWJIMPOBAHUS IMOJNYYAIOT IyTeM [IPOBEAEHUS] UyBCTBUTENBHOIO K METHJIMPOBAHMUIO
cexBeHnposanus kierouHor JIHK n3 oOpasua opranuszma. OnuH U3 MpUMEpOB 4y BCTBUTEIBHOTO
K METHJIMPOBAHUIO CEKBEHHpOBaHMs BKitouaeT obpadorky JAHK Oucynepurom HaTpus u 3atem
ocymecteienne ceksenuposanuss JIHK. CornmacHo npyroMy mnpumepy 4YyBCTBUTEIBHOE K
METWJIMPOBAHUIO CEKBEHHPOBAHHE MOXET OCYLIECTBJIATbCS Oe3 NpHMeHeHus Oucyibdpura
HATpUs, C TpPUMEHEHHWeM IUIaTGOpPMbl JUII  MOHOMOJIEKYJSIPHOIO  CEeKBEHMPOBAHMS,
MO3BOJISIIOLIEN yCTaHaBIMBaTh craryc Metunuposanus wmojekyn JHK (Bkmrouas N6-
METUJIAEHUH, S5-METWILHTO3MH U  S-TUAPOKCHMETWILUTO3WH) HEMOCPEACTBeHHO, 0e3
oucynedpurHol koHBepcuu (AB Flusberg et al. 2010 Nat Methods; 7: 461-465; J Shim et al.
2013 Sci Rep; 3:1389. IIMO: 10.1038/srep01389); mnm mocpeacTBOM HUMMYHONPELUTUTALUN
METUJIMPOBAHHOTO IMTO3MHA (HAMpHUMEp, ¢ MPUMEHEHHEM aHTHUTENa MPOTUB METHILUTO3WHA
WIN ¢ IPUMEHEHHeM CBsi3biBaroinero MetwinpoBanHyto JIHK Genka nnn nentuna (LG Acevedo
et al. 2011 Epigenomics; 3: 93-101) ¢ mnocienyroImUM CEKBEHHPOBAHUEM, WM MyTEM
NPUMEHEHUS] YYBCTBUTENbHBIX K  METUJIHPOBAHUID  PECTPUKLHUOHHBIX  (EPMEHTOB C
NoCJeAyIOLUM ceKBeHupoBaHueM. (COrnacHO JpyromMy BapHaHTy pealu3allid HCIONb3YIOT
METONHKH 0e3 CEKBEHHPOBAHMSI, TaKhe Kak MaTpuLpl, udposas TP 1 Macc-criekTpoMeTpHsL.

[0151] CornacHo npyroMy BapuUaHTy peaju3alliy BTOpasl MJIOTHOCTb METHJIMPOBAHMS
BTOPOH TKaHU MOKET OBITh IMOJyYeHa paHee W3 KOHTPOJIbHBIX OOpa3loB OT CyOBEKTa WJIHU OT
apyrux cyObekToB. IIIOTHOCTH METHIMpPOBaHMUA OT Jpyroro cyOpekra MoxkeT paboTaTh B

KadyecTBe pedepeHCHOro mnpoduis METHIHPOBAHUS, XapakTepusyrolerocs pepepeHCHbIMU
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IUIOTHOCTSIMH  METHJIMPOBaHUS. PedepeHCHble IUIOTHOCTH METHUJIMPOBAHUS MOTYT OBIThH
OTIpEeNIEHBI IO HECKOJIBKUM 00pa3iam, Ipu 3TOM CpefiHee YPOBHS (UM APyTas CTATUCTUYECKast
BEJINYMHA) PA3HBIX IJIOTHOCTEH METWJIMPOBAHHS B JIOKYCE MOXET MCIIOJb30BAThCS B KaueCTBE
pedepeHCHOM IIOTHOCTU METUIIMPOBAHHUS B YKa3aHHOM JIOKYCE.

[0152] Ha stane 1030 ompenemnsitoT mpoduib METHIMPOBAHUS CBOOOAHOH OT KJIETOK
JHK mno cBobomnoii or kmerok JIHK wu3 cmecn. VYkaszaHHblii mpoduib METHIMPOBAHUS
cBoboaHoM ot kietok /IHK ompenenser mioTHOCTb METHJIMPOBAHHS B KAXKIOM M3 MHOXKECTBA
JIOKYCOB. YKa3zaHHbIH mnpoduib MeTuaupoBaHusi cBobomHoi ot kierok JJHK mosker ObITh
OTpEeeNieH My TeM TMOJyYESHUsT PHIOB MOCIEN0BATEIBHOCTEH IPU CEKBEHHPOBAHUN CBOOOIHOM OT
kierok JIHK, mnpu stoM wuHbOpMAIMIO O METWIMPOBAHHHM TMOJNYYAIOT C pHOAMH
NOCJIeIOBATENIbHOCTEH. YKa3aHHBIA Tpoduib MeTHIupoBaHusi cBodomHoi ot kietok JIHK
MOXET OBITh OTPEIETICH TEM K€ CITIOCOOOM, YTO M KJIETOUYHBIH METHIIOM.

[0153] Ha stame 1040 ompenensiroT mpoueHT cBodomnoi ot kjerok JJHK u3 mepsoii
TKaHU B OnonorndeckoMm obpasue. CoracHO OTHOMY BapUaHTy peau3aliy YKa3aHHAas IepBas
TKaHb TPEACTaBysIeT coOOH MIOAHYI0 TKaHb, U cooTBercTByromas JIHK mpencrasnsier coboii
mwionnyto JIHK. CorjnacHo papyromy BapuaHTy peajlu3allud YyKa3aHHas IiepBas TKaHb
npenacTaBisier coboi omyxoneByr TkaHb, M coorBerctBytomas JIHK mnpencrasnser coboit
omyxonesyto JIHK. Yka3aHHBI HPOLEHT MOXKET ObITh OMpEeAeNieH Pa3IUYHBIMH CIIOCOOaMH,
HarpuMep, C HCIOJIb30BAHHEM CIEHU(PUUHOrO IJIsl TUIOJA ajiesis WM CIEeHU(pUUHOrO IS
ornyxonu ajuend. Yucno komui Takke MOXeT ObIThb HCIOJNBb30BAHO IS ONpEeAeNeHHs
YKa3aHHOTO MPOLEHTA, HAallpUMep, COMIaCHO OMUCAHUIO0 BO BKJIFOUEHHON MOCPEACTBOM CCBUIKU
3asiBke Ha mateHT CIITA 13/801748, o3arnasiennoi «MyTtaunonnbsiii anaau3 JJHK miasmer mist
JEeTeKLMU pakoBbIX 3aboneBanuit» («Mutational Analysis Of Plasma DNA For Cancer
Detection»), kotopas 6buta nogana 13 mapra 3013 r.

[0154] Ha »stane 1050 wuaeHTH(QUIMPYIOT MHOMKECTBO JIOKYCOB U ONpEAeTeHHUS
NEPBOr0 METWJIOMAa. YKa3aHHbIE JIOKYCbl MOTYT COOTBETCTBOBATb KaXXAOMYy U3 JIOKYCOB,
UCTIONIB3YEeMbIX Uil OmpeaesieHus: mpoduis METHIUPOBaHus CcBoOOmHONW OT kietok JIHK wu
BTOpPOro mpoduisi MeTHIUpOBaHUSA. TakuMm 00pa3oM, COOTBETCTBOBATH MOXKET MHOXECTBO
JOKYyCOB. BO3MOXXHO, MOKeT OBITh HCIIONB30BAHO OOJbIIee KOJMYECTBO JIOKYCOB IS
onpeneneHus: npodwis MeTwinpoBaHus cBobomHo oT kierok JHK u BTrOporo mpodus
METHJINPOBAHUSI.

[0155] CornacHO HEKOTOPHIM BapHaHTAM PeATU3aLH MOTYT ObITh WACHTU(PUIIMPOBAHBI
JIOKYCBI, KOTOpPbIe OBLIM THIEPMETHJINPOBAHbl WJIM TUIOMETHIMPOBAHBI BO BTOPOM Mpoduie
METUJIMPOBAHUS, HAIIPUMeED, C IPUMEHEHNEM KJIETOK MaTeprHCKOM KpoBu. [{na unentudpukaumn

JIOKyCOB, KOTOpPbIC ObLIH THIICPMETUIIMPOBAHBI B  KJICTKaxX MaTepHHCKOﬁ KpOBHU, MOXHO
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NPOBECTH CKAHMPOBAHHE XPOMOCOMBI C OAHOro KoHua mansi obnapyxkenus CpG-caiita ¢
uHIEKCOM MetmupoBaHust > X% (Hanpumep, 80%). 3areM MOXKHO TIIPOBECTH IIOHCK
cnenytommero CpG-caiita B pacnoyioskeHHOH Hike (3') obnactu (Harnpumep, Ha pacroiOKEHHOM
Hioke otpeske 200 m.o.). Ecnu pacnonokenHbiii HemocpencrtseHHO Hibke CpG-caliT Takxke
MMeeT MHAEKC MEeTHIIUPOBaHus > X% (Miu > Apyroil yka3aHHOH BEJNYNHbI), IEPBbIH U BTOPOH
CpG-caiiTel MOTYT OBITH CIPYIIIHPOBaHBL PacrpeneneHne mo rpymnmnam MOXKET MPOAOJDKATHCS
b0 10 TeX MOop, MOKa B COCTaBe CIEAYIOLIEH pacroJIOXKEHHOH HIbke 00JaCTH He OCTAHETCs
CpG-caiitoB, 00 10 TeX TOp, TMOKA HWHAEGKC METWIMPOBAHHUS  PACHOJOXKEHHOTO
HeriocpenctBeHHo Hmxke CpG-calita He coctaBuT < X%. ObGnacte crpynnupoBanHbix CpG-
CaiiTOB MOJKET OBITh OMHCAaHA KaK TMIIEPMETIJIMPOBAHHAS B KJIETKAX MATEPHUHCKON KPOBH, €CIIH
yKa3aHHast o00JacTh CONEPKUT N0 MEHbIIEH Mepe TATh HEMOCPEACTBEHHO CMEKHBIX
runepmeTnnpoBadHbix CpG-caiiToB. AHaNOrWYHBIA aHANIWU3 ISl TOMCKA JIOKYCOB, KOTOpBIE
ObUIM THITOMETUJIMPOBAHBI B KJIETKAX MATEPUHCKON KPOBH, MOXeT ocyuecTBisThes it CpG-
caliToB ¢ uHAekcamu MeTmwinpoBaHuss < 20%. II1O0THOCTM METHIMPOBaHUS IJIsI BTOPOTO
npo st METHIIMPOBAHUS MOTYT OBITh PACCUUTAHBI IS MPEIBAPUTEIHHO OTOOPAHHBIX JIOKYCOB
Y HCTIOJIb30BAHBI JIJIs1 YCTAHOBJICHHS TIEPBOTO MPOQHIIS METHIINPOBAHMS (HATIPUMED, INIOTHOCTH
METUJIMPOBAHUS TUIALIEHTAPHON TKaHU) COOTBETCTBYIOIIMX JIOKYCOB, HalpUMeEp, IO IaHHBIM
OUCYIBUTHOTO CEKBEHUPOBAHMS MATEPUHCKON IJIA3MBbL.

[0156] Ha sTane 1060 ompenensroT mepBblii MpoQuiib METHIMPOBAHUS NMEPBOI TKaHU
nyTeM pacuera JIu(pepeHIHaNbHOrO MapaMeTpa, KOTOpBI BKIKOYAET PAa3HOCTb MEXIY
IUVIOTHOCTBIO ~ METWJIMPOBAHUS  BTOPOrO  MPOGMIS  METHJIMPOBAHUS U IJIOTHOCTBIO
METUJIMPOBAHUST MPOPUIIs MeTWIHpoBaHus cBoOomHoW ot kimerok JHK nmas xaxmoro w3
MHO>KECTBA JIOKYCOB. YKa3aHHYI0 Pa3HOCTb BbIPAXKAIOT B MPOLIEHTAX.

[0157] CormacHO OmHOMY BapHWaHTy pealU3alliu TEPBYIO IUIOTHOCTh METUIIUPOBAHUS
JOKyca B TMepBOW (HampuMep, IUIALIEHTApHOW) TKaHU ([)) BBIBOOWIM C NPUMEHEHHUEM

CJIENYIOIero YPaBHEHUS:

B {mbc — mp)
D =mbe — W {:1)

rae mbc 00O3HA4YAeT IUIOTHOCTh METUJIMPOBAHHUS BTOPOrO NMPOQHIs METHIHNPOBAHUS B
JOKyce (Hampumep, MpPEIBAPUTENIbHO OTOOPAHHOM JIOKYCE, OMNpPEIENIEHHOM II0 JaHHBIM
OUCYIBUTHOrO CEKBEHHPOBAHUS B KJIETKAX MATEPUHCKOW KPOBH), 7p 0003HAYAET IUIOTHOCTH
METUJIMPOBAHUSI  COOTBETCTBYIOLIETO JIOKyCa B MAaTePUHCKOH Iula3Me€ IO  JaHHBIM
Oucy nb(UTHOTO CEKBEeHHPOBAHMUS, f OTpakaeT nmpoueHT cBodomnoi ot kierok JIHK u3 mepsoii
TKaHu (Harmpumep, ¢(pakipoHHyro koHueHtpaumio miogHod JHK), u CN orpaxkaer umcio

KON B yKa3aHHOM JIOKyce (Hampumep, Oojiee BBICOKOE 3HAUEHHE AN aMIUTU(pUKALMH WU
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OoJee HU3KOE YUCIIO IS eJIeLIU OTHOCUTEIBHO HOpMBI). Eciin ammmndukammy nim nenenyy B
nepBoil TkaHU OTCYTCTBYIOT, CN Moxer ObiThb paBeH 1. Ilpu Tpucomum (wnm AyTUTHKALUH
obmact B omyxonu wi y mioga) CN moxer Obith paBeH 1,5 (IOCKOJNBKY TNPOUCXOIUT
yBeJMYeHne OT 2 KOMuil 10 3 KOmuii) M Ajsl MOHOCOMUHM MoxkeT ObiTh paseH 0,5. Ilpu Oonee
BBICOKHX YPOBHSIX aMILTH(UKALIH MOXKET IPOUCXOIUTD yBenudyeHue ¢ marom 0,5. B ykasanHOM
npumepe D mosker cooTBeTcTBOBaThH U PepeHIaIbHOMY apamMeTpy.

[0158] Ha »srtame 1070 mnpeoOpasyrOT NEPBYIO IUIOTHOCTh METHIIUPOBAHUS IS
MOJTy4E€HHs] CKOPPEKTUPOBAHHON NEPBON MJIIOTHOCTH METUIMPOBAHUS NIEPBOM TKAHU. Y Ka3aHHOE
npeoOpa3oBaHUE MO3BOJISIET YYECTh (PUKCUPOBAHHBIC PA3IUYMsA MeXIy TU(PepeHIHaTIbHBIMU
napamerpaMu W (pakTHYECKUM TpoduiIeM METUIMPOBAaHUS TEepBOH TKaHW. Hampumep,
yKa3aHHbIE 3HAYECHUSI MOTYT OTJIMYAThCS HAa (PUKCHPOBAHHYIO KOHCTAHTY WM Ha KO3 duumeHT.
VYkazaHHOe npeoOpa3oBaHUE MOKET OBITh JINHEHHBIM WJIH HETMHEHHBIM.

[0159] CornacHo ogHOMY BapHaHTy peanu3aiuu ObUio OOHAPYIKEHO, YTO paclpeesieHue
BBIBEZICHHBIX 3HA4YEHHH, [, HIKE, 4YeM (aKTHUECKUH YPOBEHb METHJIMPOBAHMS IUIALICHTAPHOM
TkaHu. Hampumep, BbIBeIeHHbIE 3HA4YEHUST MOTYT OBbITh JIMHEHHO mpeoOpa3oBaHbl C
npuMeHeHneM naHHbIX i1 CpG-OCTPOBKOB, MPEACTABISBIIMX COOOH N€HOMHBIE CETMEHTBI C
npeoOnananuem CpG-caiitoB. ITlonoxenuss B renome CpG-OCTPOBKOB, HCIONB3YEMbIX B
yKa3aHHOM HCCJICIOBAHHH, MMOTy4aiu u3 0assl qanHbix Opaysepa reaomoB UCSC (Bepcust NCBI
36/hgl18) (PA Fujita et al. 2011 Nucleic Acids Res; 39: D876-882). Hanpumep, CpG-ocTpoBok
MOXKET OBITh ONpeeNieH KaKk 'eéHOMHbII cerMeHT ¢ copepkanueM GC >50%, miuHOH B reHoMe
>200 mn.0. u oTHOLIeHHeM Habrogaemoro/oxunaemoro yucia CpG >0,6 (M Gardiner-Garden et
al 1987 J Mol Biol; 196: 261-282).

[0160] CormacHO OTHOMY BapUaHTy peasU3aLMK IS TTOJyUYEHUsT YPAaBHEHUSI IMHEHHOTO
npeodpa3zoBaHusi MOTYT ObITh BKIIIOUeHbl CpG-0cTpoBKM MO MeHbliel mepe ¢ 4 CpG-caiitamu u
cpenHell TiyOnHON cekBeHupoBaHus >5 Ha CpG-caliT B CeKBEHHMpPOBaHHBIX oOpasmax. ITocre
oTpeneNeHus JTMHENHBIX 3aBUCUMOCTEN MeXIy MIOTHOCTSIMHU MeTtunupoBaHus Cp(G-oCcTpOBKOB
B CVS wiu 3penoil mianeHTe, U BBIBEICHHBIMU 3HAYCHUSIMU, [), MCTIOJB30BAN CIEAYIOIINE
ypaBHEHUs 1JIsl ONpeesIeHUs TPOrHO3UPYEeMbIX 3HaUEHUH:

IIporuosupyemsble 3HaueHus A nepBoro TpuMectpa =10 x 1,6 +0,2
IIporno3upyemble 3HaueHUs 1S TpeTbero TpumMectpa =D x 1,2 + 0,05
B. Ipumep ¢ nnooom

[0161] Kax ymommuanoce Bbime, crnocod 1000 MOXET NMPUMEHSATHCS Ui BBIBEICHHUS
«naHamadTa METUIMPOBAHUSD ITUIALIEHTHI IO MaTepuHCKO# 1utazme. [{upkymupyromas THK B
IUIa3Me€ B OCHOBHOM IPOMCXOIMUT M3 NEeMOINO3THUYECKUX KJIETOK. Tem He MeHee, MPUCYTCTBYET

HEeyCTaHOBJIeHHas1 nons cBoboxHoi ot kierok JHK, moctymaromeit u3 Apyrux BHYTPEHHHX
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opraHos. Kpome Toro, mpoucxopsmas u3 IuaneHtol csoboxnas ot kierok JIHK cocrasnser
npubmm3utensio 5-40% ot Bcedt JIHK B martepuHCKOH mia3me, CO CpeIHMM 3HAaYeHHEM
npubnusutensHo 15%. CoOTBETCTBEHHO, MOXHO CIeNaTb IPEAINONIOKEHHE, 4YTO YPOBEHb
METUJIMPOBAHUS B MAaTEPUHCKON IUIa3Me SKBMUBAJIEHTEH CYMME CYIIECTBYIOLIEro (hOHOBOTO
METWJINPOBAHUS U BKJIAJIA IJIALIEHTHI BO BpeMsi OEpEMEHHOCTH, COTJIACHO NMPHUBEACHHOMY BBIIIE
OMNMCAHUIO.

[0162] YpoBenb MeTHIMPOBaHUS B MATEPUHCKOH Tu1azme, MP, MoxeT ObITh ONpeaesieH ¢
NPUMEHEHUEM CJIENYIOINErO YPABHEHHUS:

MP =BKG x{1L-f)+PLN xf

rae BKG npencrasinsier GOHOBBIN ypoBeHb MeTunnpoBanus JJHK B miasme, monydeHHOH
U3 KJIETOK KPOBU M BHYTPEHHHMX OpraHoB, PLN mnpencraBiseT ypOBEHb METHJIMPOBAHMUS
IUTALEHTbl U f TpencraBisier (pakuMOHHYIO KoHUeHTpamwio ruioxHor JIHK B marepunCKO#
IUIa3Me.

[0163] CornacHo ogHOMY BapuaHTy peaju3allid yPOBEHb METHJIMPOBAHMS IUIALIEHTHI

MOXKET TCOPETUICCKU OBITH BbIBCACH UCXOAs U3 YPABHCHUS:

s M- BKGf x (L—f) @

VYpasuenus (1) u (2) sxsuBanentssl, ecniu CN pasen 1, D pasen PLN, u BKG pasen

mbc. CornacHO ApyroMy BapUaHTy peanu3anuu GpakLUMOHHYI0 KOHLeHTpauuio ruonnoi JHK
MOKHO CUMTaTb MPUHUMAIOINEH YyKa3aHHOE 3HAY€HUEe, WM YCTaHAaBIMBATb HA YPOBHE
YKa3aHHOTO 3HAYEHHUS, HATIPUMEP, B paMKax MPEIONIOKEHHs O IPUCY TCTBUM MUHUMAJIBHOH f.

[0164] YpoBeHb MeTHNIMPOBaHMS MATEPUHCKOH KPOBM TPHHUMAIN 3a (OHOBOE
METUJIMPOBAHNE MATEPUHCKOH T1a3Mbl. [TOMHMO JIOKYCOB, KOTOpbIe ObLTH THIIEPMETHITUPOBAHBI
WIN THUIIOMETUJIMPOBAHbI B KJIETKAX MATEPHHCKOH KPOBU, ABTOPBI HACTOSLIETO H300pETEHHsI
JOTOJTHATENBHO MCCIIEOBAN CIIOCO0 BhIBEACHUS, (POKYCHPYSCH HAa OMpPEeIEHHbIX KINHHYECKU
penieBaHTHBIX o0acTsx, Harpumep, CpG-oCTpOBKaxX B TEHOME YEIOBEKA.

[0165] Cpennee tuioTHOCTH MeTwnmMpoBaHus st odmero koswmdectBa 27 458 CpG-
octpoBkoB (Bepcuss NCBI 36/hgl8) na aytocomax m X-XpOMOCOME MOJyYaid W3 HaHHBIX
CEeKBEHHPOBAHUS MATEPHHCKOH TUIa3Mbl U MIaneHThl. OTOMpPAIH TONBKO OCTPOBKHU C MOKPBITHEM
>10 CpG-caliToB u cpenHeil riyOnHON CEeKBEHUPOBAHMS =5 B pacuere Ha MOKpbITbie CpG-calTh
BO BCEX aHAJM3HPYEMbIX 00paslax, BKIIKOYAs IUIALEHTY, MATEPUHCKYIO KPOBb M MAaTEPUHCKYIO
mwiazmy. B pesynbrate ocraBmsuin 26 698 CpG-octpoBkoB (97,2%) Kak yIOBIETBOPSIIOIINX
YCJIOBUIO, WU [JIsl HUX BBIBOJWIM YyPOBEHb METUIMPOBAHUS C IPUMEHEHHEM J[aHHBIX O
METUJIMPOBAHUU TUIa3Mbl U (ppakimoHHyr koHueHTpammio miuogHoi JIHK B coorBercTBuM C

MNPpUBCACHHBIM BbILIC YPABHCHUCM.
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[0166] bruto oTMeueHO, YTO pacrpeneeHne BbIBEICHHbIX 3HadeHui PLN Obuio HuXe
¢dakTiueckoro  ypoBHs  MerwiupoBaHuss Cp(G-OCTpPOBKOB B  IUIALIEHTAPHOH  TKaHU.
COOTBETCTBEHHO, COrJIaCHO OJHOMY BAapUaHTy peaju3alyd BbIBEECHHblE 3HaueHus PLN, unu
IPOCTO BBIBEICHHBIE 3HA4Y€HUs (1)) UCIONB30BaJM B KAa4yeCTBE YCIOBHOH €IUHHLBI OLIEHKH
ypoBHsi MetmnupoBanusi CpG-octpoBkoB B ruianieHte. Ilocne mpeoOpa3oBaHMsl BbIBEICHHbBIE
3HAQUEHHsl JIMHEApU30BAIM, M UX PACHpeseseHHe HAauMHaJO B OOJNbINEH CTENeHW HANOMHHATh
dakTiueckuii HaOop maHHbIX. [IpeoOpa3oBaHHbIE BBIBEACHHBIC 3HAYEHHs OBLIM HAa3BaHBI
MPOTHOCTUYECKUMU 3HAYeHUsIMHU MeTurposanusi (MPV) u BnocneacTBUM MCTIOIb30BAIHCH JJISI
NPOTHO3MPOBAHUS YPOBHSI METUJIMPOBAHUS T€HETUYECKHX JIOKYCOB B IUIALIEHTE.

[0167] B ykazannom mpumepe CpG-oCTpOBKH KJIacCU(PUIIMPOBAIN HAa 3 KaTErOpHH Ha
OCHOBE MX IUIOTHOCTEH MeTuinpoBaHus B ruianenre: Huskas (<0,4), Cpennsas (>0,4—<0,8) u
Bricokas (>0,8). Mcnonp3ysi ypaBHEHHE JUIsl BBIBEIEHHS, aBTOPbI HACTOSIIETO H300peTeHUs
paccuntbiBaii MPV st ogHoro u Toro ke Habopa CpG-OCTPOBKOB M 3aT€M HCIIONB30BAN
yKa3aHHbIE 3HAYEHHs Ui KIACCU(HUKALMH OCTPOBKOB Ha 3 KAaTErOpUU C OJHUMH U TEMH K€
ToukaMu otceueHuns. CpaBHHB (pakTHueckre U BbIBEJEHHbIE HAOOPBI JaHHBIX, ABTOPBI
HacTosImero w3odpereruss oOHapyxwnmm, 4dto 75,1% mnpenBapurensHo otoOpanHbIX CpG-
OCTPOBKOB MOTYT OBITh KOPPEKTHO comocTaByieHbl 10 MPV ¢ TemMu ke KaTeropusiMH JaHHBIX
ans TkaHed. [TpuGnusurensHo 22% CpG-oCcTpOBKOB ObUTH pacIpenesieHbl B OHY IPYMIy MpU
pa3IMYuU Ha OAWH YPOBEHb (BBICOKAs/CPEIHsIsl, WIIN CPEHss/HU3Kasl TUIOTHOCTh) M MEHee YeM
3% mpennonoKUTEeNbHO OBUIH MOJHOCTBIO HEMPABUIIBHO KJIACCH(HUIIMPOBAHBI (BbICOKAs/HU3KAs
wiotHocThb) (ur. 12A). Taxke onpenensiamn odmyro 3¢gdexkruBHOCTh Kiaccudukauum: 86,1%,
31,4% u 68,8% CpG-ocTpoBKOB ¢ MIOTHOCTAMU MetwmnupoBanus <04, >0,4-<0,8 u >0,8 B
IUTALIeHTe OBLTM KOPPEKTHO COYTEHbl HMEIOIIUMHU «HU3KYIO», «CPEIHIOI» U «BBICOKYIOY»
IUIOTHOCTb MeTuirpoBanus (ur. 12B).

[0168] Ha ¢ur. 11A u 11B npusenens! rpapudeckune npencraBieHust 3QPeKTHBHOCTH
JITOPUTMA TMPOTHO3UPOBAHUS C MPUMEHEHHEM TaHHBIX MATEPUHCKOH TUIa3Mbl U (PaKLIMOHHOM
koHUeHTpauuu tmionHon JIHK B COOTBETCTBUM C BapuUaHTaMU pPEATM3ALMM HACTOSIIETO
u3obperenns. Ha ¢ur. 11A npuseneno rpadudeckoe npeacrasierne 1100, neMoHCTpHpyrOIIEe
TouHOCTh Kiaccudukammu CpG-oCTPOBKOB ¢ MPUMEHEHHEM KJIACCU(PHUKAIMU C KOPPEKUUEH 1o
MPYV (BbIBe€HHAs! KaTEropHsi TOUHO COBHagaer ¢ (PakTH4eCKUM HaOOpOM NTaHHBIX), pa3Iudne
Ha 1 ypoBeHb (BBIBEIEHHAsl KaTeropusl OTiIM4aercs Ha 1 ypoBeHb OT (akTHdeckoro Hadopa
IaHHBIX), ® omuOo4YHas Kiaccupukanus (BbIBEJEHHAass KAaTEropHs IMPOTHUBOIIOJIOKHA
dakxTrueckomy HaOopy maHHbIX). Pur. 11B npencrasnser coboil rpadudeckoe nmpencTaBieHue

1150, orpaxaromee nomro kinaccupurmpyeMbix CpG-OCTPOBKOB B KaXIOH W3 BBIBEIEHHBIX

KaTerOpUu.



41

[0169] IIpu ycnoBum, 9yTo MaTepuHCKOEe (JOHOBOE METHJIMPOBAHHE B COOTBETCTBYIOIIUX
T'€HOMHBIX 00JIACTSAX HE3HAUYUTENbHO, NMPUCYTCTBUE THIEPMETHINPOBAHHON NMPOHCXOISIMEH 13
mnanenTsl JIHK B kpoBoTOKE MOBBIIAeT 00NN yPOBEHb METHIMPOBAHUS TUIA3MBbI 1O CTETICHH,
KOTOpasi 3aBUCUT OT (hpakimoHHON KoHmeHTpauuu ruoaHoi JIHK. BelpakeHHOEe M3MeHeHue
MOXKeT HaOMIomaTbCss B TOM ciydae, Kornma BbicBoOomuBiumasics muognas JIHK mnomHOCTBIO
MeTwiupoBaHa. M HampoTHB, ecnu MaTepHHCKOEe (OHOBOE METHJIMPOBAHHE 3HAYUTENBHO,
CTeNeHb HM3MEHEHUS YPOBHS METWJIMPOBAHHS TUIA3Mbl CTaHET OoJiee 3HAYMTENIBHOW MpH
BBICBOOOXKAeHNM runomerwinpoBanHoi tiognoit JIHK. Takum oOpasom, mnpumeHeHue
YKa3aHHOTO aJIrOPUTMa BBIBEACHUSI MOXKET OBITh OoJiee 1es1eco00pa3HbIM TOrIa, KOTrJa YPOBEHb
METHJINPOBAHUS BBIBOJAT JJIs1 T€HETHUECKHUX JIOKYCOB, KOTOpPbIE, N0 UMEIOIIUMCS CBEIACHUSIM,
PA3MTUYAIOTCS JIs1 MATEPUHCKOTO (POHA U TUIALICHTBI, B YACTHOCTH, ISl THIIEPMETHWIINPOBAHHBIX U
TUIIOMETUIINPOBAHHBIX MapKepOB IJIALIEHTHL

[0170] @ur. 12A mnpenctasnsier coboii Tabmuiyy 1200, roe mpuBeneHbl MOAPOOHBIE
ImaHHble UIA 15 BBHIOpAHHBIX T€HOMHBIX JIOKYCOB JJISI MPOTHO3HPOBAHMS METHIIMPOBAHHS B
COOTBETCTBHHM C BAapUAHTAMU peATM3alUN HaCToAlero nzobpereHus. s moaTBep KIeHUs
METOIMK AaBTOPBl HACTOALIEro Uu300peTeHus BbIOpann 15 B pasnUyUHOM  CTENEHH
METUJIMPOBAHHBIX T'€HOMHBIX JIOKYCOB, KOTOpble OBLIM HCCIENOBaHBI paHee. Y POBHU
METUJIMPOBAHUS BBIOPAHHBIX 00JacTel BBIBOJWIM M CPABHUBAJIN C PaHEE HCCIENOBAaHHBIMU 15-
10 METWJIMPOBAHHBIMH B pa3iN4HOl cTeneHu reHerndeckumu jJokycamu (RWK Chiu et al. 2007
Am J Pathol; 170: 941-950; S.S.C. Chim et al. 2008 Clin Chem; 54: 500-511; SSC Chim et al.
2005 Proc Natl Acad Sci U S A; 102: 14753-14758; DWY Tsui et al. 2010 PLoS One; 5:
e15069).

[0171] Dur. 12B npexacrasisier coboii rpaduueckoe npeacrasienue 1250 BbIBeIEHHBIX
kateropuii 15 BbIOpaHHBIX TI'€HOMHBIX JIOKYCOB M COOTBETCTBYIOLIMX WM YpPOBHEH
METHJIMPOBAHUS B IUIaLleHTe. bplTN BeIBEIEHbI CleAYOINE KaTETOPUU METHIIMPOBAHUS: HU3KOE,
<0,4; cpenuee, >0,4-<0,8; Bricokoe, >0,8. Tabnuua 1200 u rpadudeckoe npencrapienue 1300
IEMOHCTPHUPYIOT, YTO YPOBHH METHJIMPOBAHUS B IJIALIEHTE MOTYT OBITh KOPPEKTHO BBbIBEICHBI
st HuX ¢ Heckonbkumu uckmodeHusiMu: RASSF1A, CGI009, CGI137 u VAPA. U3 yka3aHHBIX
4 mapkepos Tobko CGI009 nmoka3zan 3aMeTHOe pacxokaeHue ¢ (PakTHUeCKUM HAaOOPOM JTaHHBIX.
OcranbHble OB B MUHIMAJIBHOH CTENIEHN HETPABWJIbHO KJIACCH(ULIUPOBAHBI.

[0172] B Ttabmuume 1200 «l» OTHOCUTCS K  BBIBEAEHHBIM 3HadeHWsM (1),

_ MP-BKGx(1-f)

PacCYUTBHIBAEMBIM IO YPaBHEHUIO: f ,rae f mpexncrasysier coOoi
¢dpaxunonnyro koHueHtpauuro iogHod JIHK. Otmerka «2» OTHOCHTCS K MPOTHOCTHYECKUM

3HaueHussM MetmnupoBanus (MPV), oTHocAmMMCS K JIMHEAPU30BAHHBIM  BBIBEIEHHBIM
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3HAYEHUsIM C MPUMEHEHHeM cienyrouero ypasHenus: MPV = D x 1,6 + 0,25. Ormerka «3»
OTHOCHUTCS K TOYKAM OTCEUeHUs KjacCU(UKAIuu JJisi BbIBEACHHbIX 3HaueHui: Huskas, <0,4;
Cpennsisi, >0,4-<0,8; Bpicokas, >0,8. Otmerka «4» OTHOCUTCS K TOUYKaM OTCEUEHUS
kjaccuukanuu it GakTUIECKOro IianeHtapHoro Hadopa nanueix: Huskas, <0,4; Cpenssis,
>0,4-<0,8; Bricokas, >0,8. OTmerka «5» O3HauUaeT, YTO IJIALICHTAPHBIA CTaTyC OTHOCHUTCS K
CTaTyCy METUJIMPOBAHMS IUIALEHTBl OTHOCHUTEIBHO CTATyCa METUJIMPOBAHUS  KJIETOK
MaTEPUHCKON KPOBHU.
C. Pacuem ¢hpaxyuonnvix konyenmpayuii nroonoii J[HK

[0173] CormacHO OmHOMY BapHaHTy peau3aliul JUisl OMpPEAeIeHUs] MPOLEHTa IJIOIHON
JAHK u3 nepBoil TKaHU MOKHO HCIOJIB30BaTh Y-XPOMOCOMY AJi IUIOAA MY KCKOro nosna. Jlons
nocaenoBatebHOCTel  Y-xpomocombl (% chrY) B oOpasume MaTepuHCKOW ria3Mbl Obiia
MPENCTABJIEHa CMECBI0 PUAOB Y-XPOMOCOMBI, MOJYYEHHBIX OT IUIOAA MY>KCKOTO TOJia, W psiga
MaTEePUHCKHUX (KEHCKHMX) PHIOB, KOTOpbIE OMIMOOYHO BBIpaBHHMBAIM MO Y-xpomocome (RWK
Chiu et al. 2011 BMIJ; 342: ¢7401). CoOTBETCTBEHHO, 3aBUCUMOCTb Mexnay %chrY wu
¢bpakunonnoit konuentpauuei mwiogaoi JHK (f) B obpasie MmokeT ObITh 3a/1aHa KaK:

YochrY =%chrY, < [ +%chrY , . x(1—f)

rae %ochrYmale OTHOCHTCSI K COOTHOIIEHHUIO PHIOB, BBIPABHUBAEMBIX MO Y -XpPOMOCOME, B
obopasue mmra3mel, copepxkamem 100% wmysxkckoit JIHK; u  %chrYfemae OTHOCHTCS K
COOTHOILIEHHUIO PHUIOB, BBIPABHHBAEMBIX IO Y-XpOMOCOME B 0Opaslie IUIa3Mbl, COIEpIKalleM
100% sxenckoit JIHK.

[0174] 3nauenue %chrY moxer ObITH ONMpPERENEHO MO PHAAM, KOTOPbIe BbIPABHUBAIICH
no Y-xpomocome Oe3 HeCcOBManeHHi, U3 oOpasia, MOJTy4YeHHOrO OT KEHIIHMHBI, OepeMEeHHOM
IUIOZIOM My KCKOTO TI0JIa, HalpuMmep, IO pHAaM, T[OJy4YeHHBIM U3 KOHBEPTHUPOBAHHBIX
oucynbpurom o00pasuoB. 3HaueHue %cChrYmae MokeT OBITH TMOJYYEHO C TMOMOIIBIO
OUCYNBUTHOTO CEKBEHHUPOBAHMS ABYX OOpPA3LOB ILUIa3Mbl B3POCJIOTO MY’KYHHBL 3HAUYEHUE
%chrY female MOJKET OBITh MOJYHYEH C IOMOLIBIO OUCYJIBPUTHOTO CEKBEHUPOBAHUS IBYX 00Pa3LIOB
TU1a3Mbl HeOEPEMEHHON B3POCIION JKEHIIUHBL.

[0175] CornacHo npyrum BapuaHTam peanuzanuu npoueHT mionHou JIHK mosxker ObITh
ornpeneneH mo crenuuyuHBIM U TUIOAA aJulelisiM Ha aytocome. B ppyrom mpumepe st
onpeneneHuss npoueHra maoaHo JIHK MoOryt ucmonb30BaTbCsl 3MUTN€HETHUECKHE MapKEpHL.
MoryT Takke HCIIOIb30BaThCs APYTHe CriocoObl onpeneneHus npouenra miogHon JJHK.

D. Cnocob npumenenus MemunupoOSanus O ONpeoeneHUs: Yucid
Konuii
[0176] ILnaueHTapHbIi reHOM OoOJiee THIIOMETIIIUPOBAH, YeM MaTepuHCKui reHom. Kak

OOCY’KIaJioCh  BbIIIEe, METWIMPOBAHHE IUIA3Mbl OEPEMEHHON KEHIIWHBI 3aBUCUT OT
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(bpaKIMOHHON KOHIEHTpAaMK Mpoucxoseii 3 ruraueHTol miogHo JIHK B marepuHCkoit
miazme. Takum 00pa3oM, MOCPENCTBOM aHaIW3a IUIOTHOCTH METHJIMPOBAHHS XPOMOCOMHOM
00NacCTH MOKHO AETEKTUPOBATh Pa3JINdMe BKJAJa IUIOMHBIX TKaHEH B MAaTEPUHCKYIO IUIA3My.
Hampumep, y OepeMeHHON JKEHIIMHBI, BbIHAIIMBAIOIIEH TPHUCOMHBIA IUIOA (Hampumep,
crpanaromuii Tpucomueit 21, nnu tpucomueit 18, nnm tpucomueit 13), ykaszaHsblid wion Oyaer
BHOCHUTb AONOJHUTENbHOE koauuecTBO JIHK u3 TpucomMmueckoi XpOMOCOMBI B MAaTEPUHCKYHO
IUIa3My 1O CPABHEHUIO ¢ JMCOMUYECKHMMHU XPOMOCOMaMH. B yka3aHHOW CUTyaluu MJIOTHOCTb
METUJIMPOBAHUS TUTA3MBI JJIsl TPUCOMUYECKOH XPOMOCOMBI (MITH JIFOOOH XpOMOCOMHOMN 001acTH,
comepkaiert amruindukanno) Oyaer HUXKe, YeM IUIOTHOCTH METHIIMPOBAHMS JUCOMHYECKUX
xpoMocoM. CrerneHb pa3auuus MOXHO NMPOTHO3UPOBATH MyTEM MaTEMAaTHUECKOro pacuera, C
ydueroM (paknuoHHoW koHueHTpauuu miogHoi JIHK B oOpasue mmasmel. Uem  Bbime
¢bpakunonHass koHueHtpauus miogHo JIHK B oOpasme muiasmbel, TeM 3HadHWTeNbHee Oynaer
pasnuuue IUIOTHOCTHM  METUJIMPOBAHMS  MEXAY TPUCOMUYECKHMMM UM JAUCOMHUYECKUMU
xpomocoMamu. st obacTeid, cogepiKalnx AeJIelni0, TNIOTHOCTh METUIMPOBAHUS Oy IeT BBILIE.

[0177] OnHuM U3 MPUMEPOB NENIELUN ABJISIETCS] CUHAPOM TepHepa, mpu KOTOPOM ILIOJ
JKEHCKOrO I0jJla UMEET TOJBKO OAHY KOmuK X-XpOMOCOMBL B ykazanHoW curyauuu y
OepeMeHHOM JKEeHINUHBI, BbIHAIIMBAOLIEH TUION, CTPAAAoIUil CHHApOMOM TepHepa, MIOTHOCTh
metunuposanusi X-xpomocoMbl B JIHK mmasmbl Oyner Bblie, 4eM B CHUTyalMM, KOTAa Ta XKe
OepeMeHHas! KeHIMHA BBIHALIUBAET IO/ JKEHCKOTO T0JIa ¢ HOPMAJIBbHBIM YHCIOM X-XPOMOCOM.
CornacHO OZHOMY BAapHAHTy peaNU3alMU YKAa3aHHOW CTpAaTerud CHa4dajla MOXeT OBITh
NpOAaHaJU3UpOBaHA  MAaTEpPUHCKas  IUla3Ma  HAa  MNPUCYTCTBUE  WIM  OTCYTCTBHE
NoC/IeI0BaTeNIbHOCTEH Y-XpoMocombl (Hanmpumep, ¢ npumeHeHrneM MIIC wiam metoawku Ha
ocHose III[P). Ecnu mocnenoBaTenbHOCTH Y-XPOMOCOMBI MPUCYTCTBYIOT, IUION MOXKET OBITH
KJIacCU(PUIMPOBAH KaK IUIOJ MY’KCKOrO TMOJia, M B TMOCJIEAYIONIeM aHajiu3e He Oyner
HeoOxomumocTH. C Ipyroii CTOPOHBI, €CITN MOCIEA0BATENBHOCTH Y -XPOMOCOMBI B MATEPHUHCKOH
IIa3Me OTCYTCTBYIOT, IUIOZ MOXeT OBITh KJIACCH(PUUMPOBAH Kak IUION KEHCKOro moja. B
YKa3aHHOH CHTyaIluy MOKET OBbITh MPOBEIEH aHAJIN3 TUIOTHOCTH METHIIUPOBAHHS X-XPOMOCOMBI
B MAaTEpPUHCKON IuIa3me. bosjee BpICOKas IJIOTHOCTb METUIMPOBAHMS X-XPOMOCOMBI IO
CPaBHEHHIO C HOPMAaJIbHOH OyJeT yKa3blBaTh HA BHICOKHI PUCK HAIM4Ws CHHApoMa TepHepa y
wiona. YKa3aHHbBIN CIOCOO Takke MOMKET MPUMEHATHCS Ui JPYTHUX aHEYTUIOMAHMH ITOJIOBBIX
xpomocom. Hampumep, y mmoga XYY IJIOTHOCTP METHJIHPOBAHUS Y-XPOMOCOMBI B
MaTEePUHCKOHN Tuia3Me OyaeT HUKe, 4YeM Yy HOPMaJbHOro Iuiona XY NpU aHAJOTHYHOM YPOBHE
mwiogHoi JIHK B MarepuHckol miasme. B npyrom npumMepe y miofa, CTpajarolero CHHIPOMOM
Knaiinpensrepa (XXY), B MaTepuHCKOH IUla3Me MPUCYTCTBYIOT TOCJEIOBATEIBHOCTH Y -

XPOMOCOMBI, OAHAKO INIOTHOCTb MECTHUIIHUPOBAHUA X-XpOMOCOMbI B MaTepHHCKOﬁ mIasMe€ HHUIKEC,
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4yeM JJIl HOpMaJibHOro 1miofga XY Npu aHalorudHoMm yposHe mnoanoit JIHK B mMarepunckon
IasMe.

[0178] Mcxonst W3 BBILIECKA3aHHOIO, IUIOTHOCTh METWIMPOBAHMsS B IUIa3Me I
JVCOMHUYECKON XPOMOCOMBI (MPnon-aneu) MOJKET OBITH paccuuTaHa KaK:

MP,

onanenw = BKG x(1— f)+ PLN x f , tne BKG mnpexncraBisger coboil (OHOBBII ypOBEHb
metmnposanus JIHK B masme, mosyueHHbIH Ha KJIeTKaxX KPOBU U BHYTPEHHUX OopraHos, PLN
npeacTaBsieT CcoO0OW  ypOBEHb METWJIMPOBAaHUSl IUIAIGHTHI W [ TpencraBisieT coOoi
bpakuuoHHyr0 KoHIeHTpaluio moaHoi JIHK B matepuHckoit mna3me.

[0179] ITnoTHOCT METHIIMPOBAHUS B IJIa3M€ JUJISI TPUCOMUYIECKOH XpOMOCOMBI (MP Aneu)
MOkeT ObITb paccunrana Kak: MPape, = BKG x{1-f)+PLN x f x15 = rpe 15
coorBercTByeT ynciay kormuii CN u noGaBiieHue eme OIHOW XPOMOCOMBI JaeT yBEJINYCHHUE HA
50%. Pasnuuue Mexay TPUCOMUYECKHMMH M TUCOMHUYECKMMH xpomocomamu (MPpiff) Oynmer
COCTAaBJISITh

MPp.er= PLN x f x0,5

[0180] CornacHo onHOMY BapuaHTy peaju3alii CpaBHEHHUE IIOTHOCTH METHUJIMPOBAHMS
MOTEHIUATBHO AHEYTUIOMIHOH XpPOMOCOMBI (HJIM XPOMOCOMHOH OOJIACTH) C ONHON WM
HECKOJIbKMMHU JIPYTUMU MPEATIONOKUTEIbHO HE SIBJISIFOIIUMUCS aHEYIUIOUAHBIMU XPOMOCOMaMH,
win o0mas IMJIOTHOCTh METWJIMPOBAHHMS TI'€HOMAa MOXKET MpHUMEHSAThCs s 3(dexTuBHOM
HOpMHUpPOBKH KoOHUeHTpaumu ruogHod JIHK B oOpasue mnnasmel. CpaBHEHHE MOXKET
NPOBOIUTBCS TOCPENCTBOM pacueTa mapamerpa (HampuMep, BKIJIFOYAIOIIEro OTHOLICHHE WU
Pa3HOCTB), CBSA3BIBAIOLIETO IUIOTHOCTH METHJIMPOBAHMS JBYX OONacTed, AN MOJNyuYeHHs
HOPMHUPOBAHHON IUJIOTHOCTH METUJMPOBAHMs. YKA3aHHOE€ CpPAaBHEHHE MOXKET YCTPaHSThb
3aBHCUMBIN XapaKTep MOJY4YEHHOTO YPOBHS METHIIUPOBAHMS (HANPHMEpP, ONPEAECHHOTO Kak
napameTp o JBYM IUIOTHOCTSIM METHIIUPOBAHUS).

[0181] Eciiu maoTHOCT METHJIMPOBAHUS MOTEHIMAIBHO aHEYIUIOUIHONW XPOMOCOMBI HE
HOPMHUPOBaHa IO IUIOTHOCTU METHJIMPOBAHMSI OJHOM MJIM HECKOJBKUX JPYTHX XPOMOCOM, WM
Mo JPYrUM TapaMeTpaM, OTpPakaroluM (PPakIUOHHYK KoHUeHTpauuto miogHon JIHK,
(bpakIMOHHAsT KOHIEHTpalusi OyJIeT MpeAacTaBisATb COOOH OCHOBHOH (hakTop, BIMSIOMUNA HA
IUIOTHOCTh METUJIMPOBAaHUs B mazMe. Hanpumep, NIOTHOCTb METUIIMPOBAHUS XPOMOCOMBI 21 B
a3Me OepeMEeHHON JKEHIIMHBI, BBIHAIMMBAIOIEH TUION ¢ TpucoMuen 21, mpu ¢ppakunOHHOMI
koHueHrpanuu tiogHo JIHK 10% Oynmer Takoil ke, 4To M y OepeMeHHOW >KEHIIHHBI,
BBIHAIIMBAIOLIEH 3YIUIOUAHBIA IUIOA, NpU (PpakUnOHHOW KoHumeHTpauuu miogHoi JIHK 15%,
TOrJa KaK HOPMHUPOBAHHAs IIOTHOCTb METUJIMPOBAHMS TOKAXKET pa3auyue.

[0182] CormacHo pApyromMy BapuaHTy peaju3alid  IUIOTHOCTb  METHJIMPOBAHUS
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NOTEHIMAJIBHO AHEYIUIOUAHON XpPOMOCOMBI MOJKET OBITh HOPMHpPOBaHa IO (HPAKIIHOHHON
koHUeHTpauuu mogHon JIHK. Hanpumep, 1 HOpMUPOBKHU INIOTHOCTU METUJIMPOBAHUSL MOXKET

OBITb MCIOJB30BAHO CleAylollee ypaBHeHue: MP, =MP +(BKG—-PLN)x f

ormalized — non—normalized
rae MPnomalized TpeACTaBiseT COOOW IUIOTHOCTb METHJIMPOBAHMS, HOPMHPOBAHHYIO IIO
¢bpakumonnoit koHuentpauuu rionHo JHK B mmasme, MPNon-normalized TIPEACTaBISIET COOOH
U3MEpPEHHYI0 TIOTHOCTh MeTmnupoBanus, BKG mnpencrasnsier coboi (HOHOBYHO MIOTHOCTB
METUJIMPOBAHUSI B KJIETKaX MAaTepPUHCKON KpoBu wim TkaHed, PLN mnpexncrasisier coboi
IUIOTHOCTh METHJIMPOBAHMSI B IUTALIEHTAPHBIX TKaHsX, U f mpencrasiser coOoi (PppakLHOHHYIO
koHuentpauuo miogHod JIHK. ITnorHoctnn mermnmupoBanuss BKG u PLN wmoryt ObITh
OCHOBAaHbI Ha pe(ePEHCHBIX 3HAYCHHSAX, YCTAHOBJICHHBIX PaHEe 10 KJIETKaM MaTePHHCKOIN KPOBH
U IUIALICHTAPHBIM TKAHSIM, IOJIyYE€HHBIM TPH 3I0POBbIX OepeMeHHOCTsX. st ompeneneHus
¢pakumonnoit koHueHtpaumu tiogHoit JIHK B oOpasue mia3mMbl MOTYT NPHMEHSTBCS
pa3NUYHbIE TEHETUYECKHE U SIUTCHETHYECKHE CIIOCOOBI, HANpHMEp, HW3MEPEHHE NPOLEHTA
PUIOB CEKBEHUPOBAHMS OT Y-XPOMOCOMBI C MPHUMEHEHHUEM MAaCCHBHO-NAPAJLIEIBHOIO
cexBeHnposanus wiu [P He koHBepTHUpOBaHHOH Oucyapdurom THK.

[0183] CormacHo oaHOMY BapuaHTy peaju3allid HOPMHPOBAaHHas IJIOTHOCTb
METUIMPOBAHMs IOTEHLUAJIbHO AaHEYIUIOUJAHOW XPOMOCOMBI MOXKET CPaBHUBATBCS C
pedepeHCHOM TpymIol, KOTOpas MpeACcTaBieHa OepeMEeHHON >KEHINMHOH, BBIHALIWBAIOLICH
SYIJIOUAHBIE TUIOABL. MoxkeT ObITh ompeneneHo cpenHee U SD HOPMHPOBAHHOM IUIOTHOCTU
METWJINPOBaHUs pe(epeHCHOl rpynmbl. 3aTeéM HOPMHUPOBAHHAs IUIOTHOCTh METHJIMPOBAHHS B
TECTUPYEMOM CJIydae MOXKET ObITb MpPEACTaBieHa B BUIE Z-NOKA3aTeJs, OTPAKAIOIIEro YUCIIO
CTaHIAPTHBIX OTKJIOHeHHH SD OT cpenHero 3HaveHus Aisi pedepeHCHOW TIpymmbl, Kak:

M. —Mean .
z — score = —Nermalized , Tne MPnNomalized TpeacTaBisieT coOOH HOPMHPOBAHHYIO

SD

IUIOTHOCTh METWJIMPOBAHUS U TECTUPYEMOro ciydvas, Mean mpencrasisier coOOH cpenHee
HOPMHPOBAHHOM IUIOTHOCTH METUJIMPOBaHuUs pedepeHcHbIX cayvaeB 1 SD npexncrasisier coboit
CTaHIAPTHOE OTKJIOHEHHE HOPMHPOBAHHOH IUIOTHOCTH METHIIMPOBAHUS peEePEeHCHBIX CITyUaes.
Touka orcedeHusi, Hampumep, Z-mokaszareiab <-3, MOXET NPUMEHSTbCSA Ul Kiaccuukauuu
XPOMOCOMBI KaK 3HAUUTEJIbHO THIIOMETUJIMPOBAHHOW M, TaKMM O0Opa3oM, Uil ONpeneeHHUs
aHeYIUIOUIHOTO CTaTyca odpasia.

[0184] CormacHOo napyromy BapuaHty peanuzauud MPpifft MOXET NPUMEHATHCS B
Ka4eCTBE HOPMHUPOBAHHOM IUIOTHOCTH MeTwinpoBaHus. CoriaacHO mMonoOHOMY BapHAaHTY
peammsarmu PLN mMosxeT ObITh BBIBEIEH, Hanpumep, ¢ npumeHeHuem crnocodba 1000. CormacHo
HEKOTOPBIM BapUaHTaM peann3aluu pedepeHCcHas IUIOTHOCTh METUIMPOBAHUS (KOTOPAsi MOKET

OBITH HOPMHPOBAaHA C UCTIONIB30BaHUEM f) MOXKET OBITH OIpeziesieHa 10 YPOBHIO METHIINPOBAHHUS
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He-aHeyTuionaHol obmactu. Hampumep, cpennee (Mean) MokeT ObITh OMpPENeIeHO MO OIHOM
W HECKOJIbKUM XPOMOCOMHBIM OOJIacTsiIM B ofgHOM oOpasie. Touka oTceueHus MOKeT ObITh
MacmrabupoBaHa 1o f, WM MPOCTO YCTaHOBJIEHA HA YPOBHE, JOCTATOYHOM IIPHU YCIIOBUH
MPUCYTCTBUSI MUHUMAJIbHON KOHLIEHTPALIUHL.

[0185] CooTBeTcTBEeHHO, CpaBHEHUE YPOBHS METWJIMPOBAHUS Ui OOJACTH C TOUYKOH
OTCEYEHUS] MOXKET OCYLIECTBJIATBCA PA3IUUHBIM 00pa3oM. YKa3aHHOE CpPaBHEHHE MOXKET
BKJIFOYATh HOPMHPOBKY (HAmpuMep, COTJIACHO MPHBEISHHOMY BBIIIE OMHMCAHUIO), KOTOpas
MOKET OCYIIECTBJSIThCS OSKBHBAJCHTHBIM O0pPa3oM IO YPOBHIO METWJIMPOBAHUS WA IO
npeIeIbHOMY 3HAYEHHIO, B 3aBHCUMOCTH OT crocoda onpenenenus 3HadeHnii. COOTBETCTBEHHO,
MOXKHO PAa3JIMYHbIMH CIIOCOOAMU ONPEAESUTb, OTJIMYAETCSl JIM CTAaTHCTUYECKU YPOBEHb
METUJIMPOBAHUST O0JIACTH OT pedepeHCHOro YPOBHA (ONpEeeHHbIH IO TOMY K€ 00pasiy HIIH
apyrum odpasuam).

[0186] OmucanHblli BBIIE AHAINW3 MOXKET NPUMEHSTHCS TNPU AHAIN3E XPOMOCOMHBIX
o0nacTeil, KOTOpble MOTYT BKJIOYATh LEJIYI0 XPOMOCOMY HWJIM YaCTH XPOMOCOMBI, BKITFOYas
NIOCJIEZIOBATENbHBIE WM Pa3oOLIeHHbIe Toao0gacT XxpoMocoMbl. COrTacHO OAHOMY BapHAaHTY
pean3auy NOTEHIMAJIBHO aHEYIUIOUIHAS XPOMOCOMa MOKET OBITh pa3fiesieHa Ha PsA YIaCTKOB.
Pasmepbl yKa3aHHBIX Y4YacTKOB MOTYT OBITh OJHMHAKOBBIMH WJIH pa3HbIMU. [LIOTHOCTB
METUJIMPOBAHUS KAKAOTO YUYaCTKa MOKET ObITh HOPMHPOBAHA 1O (PPAKIIMOHHON KOHLEHTPALUU
o0pasua MM Mo TUIOTHOCTH METHJIMPOBAHMS OAHOW WMJIM HECKOJIBKHUX IMPENIONIOKUTEIbHO He-
AHEYIUIOMIHBIX XPOMOCOM, WJIM MO OOWeld IUIOTHOCTH METHJIMPOBAaHUA TI'eHOMa. 3aTreM
HOPMHUPOBAaHHYIO IJIOTHOCTb METHJIMPOBAHMUA KaXXAOrO Yy4aCTKa MOXHO CpPaBHUTb C
pedepeHCHOI Tpynmoi i ONpeneeHus HATHYUS €€ 3HAYUTEIbHOrO THIOMETHIIUPOBAHMS.
3areM MOeT ObITh ONpPENeseH MPOLEHT 3HAUYUTENIbHO THIIOMETUIMPOBAHHBIX yUacTKOB. Touka
oTcedyeHus, Hampumep, Oomee uyem 5%, 10%, 15%, 20% wunu 30% 3HAYUTENHHO
TUMIOMETHJIMPOBAHHBIX YYaCTKOB, MOXKET MPUMEHATHCS IJIsl KJIACCH(HMKALMK aHEYTUIOUTHOTO
cTaTyca TeCTUPYEMOro Clyyas.

[0187] Ilpu TecTupoBaHMM Ha HAJIWYHE AMIUIM(QUKALUN WM JEIeUUH IUIOTHOCTD
METUJIMPOBAHUSI MOXKET CPaBHHUBATHCSA C PepepeHCHON IUIOTHOCTBIO METHIJIMPOBAHMUS, KOTOPAs
MOXeT ObITh crienn(UIecKOl Uit KOHKPETHON TecTupyemoii obnactu. Kaxnas obnacte MokeT
UMETh OTVIMYHYIO pe(epeHCHYIO IUIOTHOCTh METHUJIMPOBAHUS, TaK KaK METUIMPOBAHUE MOXKET
BapbUpOBaTh OT OOJMacTH K OOJAacTH, B YAaCTHOCTH, B 3aBHUCHMOCTH OT pa3Mepa oOnacteil
(Harmpumep, 00JIaCTH MEHBIIETO pa3Mepa IEMOHCTPUPYIOT OOJIBINYI0 BapHaOeTbHOCTD).

[0188] Kak ynoMuHaiIOCh BBIIIE, OAHA WJIK HECKOJIBKO OEPEMEHHBIX KCHINUH, KaXKaast
U3 KOTOPBIX BBIHAIIMBAET OBYIJIOWJAHBIA IJIOJ, MOTYT WCIOJB30BAaThCA I OIpeneIeHHUs

HOPMAJIbHOI'O JHala30Ha IMJIOTHOCTU METUIIUPOBAHUSA HpeI[CTaBJ'IHIOH.Ieﬁ HHTEPEC obnacTu win
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Pa3HOCTH IUIOTHOCTEH METHJIMPOBAHHMS MEXAY [JBYMs XPOMOCOMHBIMH  OOJIACTSIMH.
HopwmanbHbiil muana3zoH MokeT Takxke ObITh onpexneneH st PLN (Hanpumep, myTeM mpsiMOro
U3MEpEeHMs WK BbIBeeH corjacHo crocody 1000). CornmacHo ApyruM BapuaHTaM pean3aliu
JUIS aHAJM3a MOJKET NMPHUMEHSTBhCS OTHOLIEHHE ABYX IUIOTHOCTEH METUJIMPOBAHUS, HANpUMeED,
NOTEHLUAJIbHO AHEYIUIOMIHOW XPOMOCOMBI U HEAHEYIUIOMIHOW XPOMOCOMBI, BMECTO HX
pasHOCTH. YKa3aHHBI CHoco0 aHaiM3a METWJIMPOBAHUS MOXET OBITh CKOMOMHUPOBAaH C
MeronoM mnozacueta punos nocienosarenabHocTeir (RWK Chiu et al. 2008 Proc Natl Acad Sci
USA;105:20458-20463) u meronamu, BKJIOYaOIUMU aHaiu3 pasmepos JJHK miasmbl (mateHT
CHIA 2011/0276277), nnst onpeneseHusi Wi MOATBEPKACHUS aHeyIUIonauu. Merox moncyera
PHUIOB TMOCENOBATEIbHOCTEH, NMPUMEHSEMbIi B KOMOHMHAIIMU C AHAJIM30M METHJIHPOBAHUS,
MOYET OCYIIECTBJIIThCS JTHOO ¢ MpuMeHeHHeM ciydaiiHoro ceksennpoBanust (RWK Chiu et al.
2008 Proc Natl Acad Sci USA;105:20458-20463; DW Bianchi DW et al. 2012 Obstet Gynecol
119:890-901), nubo nHampaeneHHoro cexBeHupoanus (AB Sparks et al. 2012 Am J Obstet
Gynecol 206:319.e1-9; B Zimmermann et al. 2012 Prenat Diagn 32:1233-1241; GJ Liao et al.
2012 PLoS One; 7:¢38154).

[0189] Hcnonp3oBanre BKG mo3BosisieT yYUTHIBATh Bapralii (pOHa MEKIY OOpa3lamu.
Hanpumep, y onHoO# keHIIUHBI ypoBHU MeTunupoBanus BKG mMoryT otianuaTecs OT ypoBHEH y
JPYTOH JKEHIIWHBI, OTHAKO B TAKON CUTYyallMd MOKHO UCMOJb30BaTh pasHocTh BKG u PLN s
Bcex 00pa3ioB. Touka OTCeueHMs AJsl Pa3HBIX XPOMOCOMHBIX OOjacTel MOXKET OBITh pPa3HOM,
HaIrpuMep, €ClIU MJIOTHOCTh METUIIMPOBAHUS OAHOIN 00JaCTH reHOMa OTJIMYAETCs OT IUIOTHOCTH
METWJINPOBAHUS JPYrol o0IacT reHoma.

[0190] VkazanHbIl crioco0 MOkeT ObITh 0000IIEH AT JETEKIMU JIFOOBIX XPOMOCOMHBIX
abeppanwii, BKJIFOYAst JeNIeUH 1 aMIUTU(UKALNY, B INIOAHOM reHome. Kpome Toro, paspemenue
YKa3aHHOTO aHAJIM3a MOXKET ObITh CKOPPEKTUPOBAHO A0 TPeOyeMOoro ypoBHsI, HAITPUMEP, T€HOM
MO3KeT ObITh pasnesieH Ha ydactku 10 M6, 5 M6, 2 M6, 1 M6, 500 k6, 100 k6. CooTBeTCTBEHHO,
yKa3aHHasl TEXHOJIOTHSI TAK)Ke MOXKET TMPUMEHATHCS IJIsl NETEKTHPOBAHUS CyOXPOMOCOMHBIX
AYTUIMKAUUH Wi CyOXPOMOCOMHBIX JeNeluil. YKa3aHHas TEXHOJIOTHS, COOTBETCTBEHHO,
NO3BOJISIET YCTAHABIMBATH NPEHATAIBHBIH MOJIEKYJIIPHBI KAapHOTUN IUIOAAa HEMHBA3HBHBIM
oOpasom. Ilpu mpuMeHEeHNHN yKa3aHHBIM OOpa30M JaHHAS TEXHOJIOTHS MOXKET NMPUMEHSTHCS B
KOMOMHAIMHU €O CrToco0aMy HEMHBA3HBHOTO NPEHATAIBHOIO TECTUPOBAHUS HA OCHOBE MOJCUETa
moJiekyt (A Srinivasan et al. 2013 Am J Hum Genet;92:167-176; SCY Yu et al. 2013 PLoS One
8: €60968). CormacHo ApPYyruM BapHaHTaM peANH3aLMU pPa3Mep Y4YacTKOB He 00S3aTeNbHO
IOJoKeH ObITh MaeHTHYeH. Hampumep, pasmep ydacTKOB MOKET OBITh CKOPPEKTHPOBAH TaKUM
o0pa3oM, 4TOOBl KaKIbI Y4YaCTOK conmepkall HAeHTH4Hoe uuciio auHykieorunos CpG. B

yKa3aHHOM ciyuae (pusnueckuil pasmep y4acTkoB OyAeT pa3HbIM.
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[0191] VpaBHeHne moxer ObITh mepeOpMyIMPOBAHO U NMPUMEHEHHs Ui Pa3HbBIX

TUMOB XpoMocoMmHbIX abeppaumit kak MP, =(BKG —PLN)x f x0.5xCN , rone CN -

BEJINYMHA M3MEHEHUsI YHcia Konui B nopakeHHoH obmactu. CN = 1 npu nobasnenun 1 konuu
XPOMOCOMBI, 2 mpu A0oOaBieHHHM 2 KOMUII XPOMOCOMBI U -1 Il yTpaThl ORHOW M3 IBYX
rOMOJIOTMYHBIX XpPOMOCOM (HaImpuMmep, Npu IeTeKTHPOBaHUU cUHApoMa TepHepa y ruona, npu
KOTOPOM Y IUIOZA KEHCKOTO MOJIa yTpaueHa OfHA U3 X-XpPOMOCOM, YTO MPUBOAUT K KAPUOTUITY
XO0). Yka3aHHOe ypaBHEHHE He TpeOyeT BHECEHHs MPABOK NMPU M3MEHEHUHU pa3Mepa Y4acTKOB.
Tem He MeHee, YyBCTBUTEJILHOCTb U CIELU(PUUYHOCTD MOTYT CHMKATHCS MPH HCIOJIb30BAHUHU
y4acTKOB MEHBILEro pa3Mepa, Tak Kak Ha y4acTKaxX MEHbIIEro pa3Mepa MpUCyTCTBY€ET MEHbLIee
yucno auaykineotnaoB CpG  (wimm  apyrux KOMOWHAUMK HYKJIEOTHAOB, JJISI KOTOPBIX
HaOmronmaroTest pasnmuust B MetwinpoBannn miogHodt JIHK u wmarepunckoit JIHK), uto
NPUBOIUT K YBEJIMYCHUIO CIYYaWHBIX KOJIEOAHUN MPH U3MEPEHHUH IJIOTHOCTEH METHUINPOBAHUSL.
CornacHO OHOMY BapHaHTy peai3alMi HEOOXOAMMOE YHCIIO PUIOB MOXKET OBITh ONPENeIeHO
nyTeM aHajm3a Ko3(duiuenTa Bapuanuu TUIOTHOCTH METWJIMPOBAHHS W TPeOyeMOro ypOBHS
4yBCTBUTEJIBHOCTH.

[0192] YToOBl MpOAEMOHCTPHPOBATH OCYILIECTBUMOCTh YKa3aHHOTO Crocoba, aBTOPHI
HACTOSIIIEr0 M300peTeHnsT UccienoBaiu oOpasiipl iasMbl 9 OepeMeHHbIX keHIMH. Kaxnas u3
sITH OepeMEeHHBIX JKEHIIUH BbIHALIMBAJIA 3YIUIOMIHBIA IJIOA, KaXKJash U3 OCTAIbHBIX YEThIPEX
JKEHIINH BbIHaIuBajia oy ¢ tpucomueii 21 (T21). Tpu u3 nsatu symiongHeIx OepeMeHHOCTeN
ObuTH BBIOpaHBI CiTydalHbIM OOpasoM it popmupoBanusi pedepeHcHoON rpymnmel. OcTajbHbIE
nse symionnHeix 6epemennoctu (Eul u Eu2) u werbipe caywas T21 (T21-1, T21-2, T21-3 u
T21-4) uccnenoBanu ¢ MpUMEHEHUEM YKa3aHHOTO Crocoba sl TECTUPOBAHUS TOTEHLIUATBHOTO
craryca T21. JIHK mia3mbl KOHBEpTHPOBAIH OUCYIbOUTOM U CEKBEHUPOBAIH C MPUMEHEHHUEM
wiatopmel [llumina HiSeq2000. CoriacHo OJHOMY BapHaHTy peaM3allidl PacCYUTHIBAIN
IUIOTHOCTh METHJIMPOBAHUS WHAUBUAYAIbHBIX XPOMOCOM. 3aTeM OIpeAeNsid pa3HOCTb
IUIOTHOCTH METWIMPOBAaHMs MEXIy XpOMOCOMOW 21 W cpenHuMM 3HadYeHueM 1no apyrum 21
ayTOCOMaM JJIsl TIOJYYEeHUs] HOPMUPOBAHHOH ITUIOTHOCTH MeTwinpoBaHus (tabmuma 1). Cpennee

u SD pedepeHCHOI rpy bl HCIONB30BAN IS pacdeTa Z-ToKa3aTels ISl IeCTH TECTHPY eMbIX

CJIy4aes.
Eul Eu2 T21-1 | T21-2 | T21-3 | T21-4
Z-nokazarenb A5 -1,48 1,09 -4,46 -5,30 -8,06 -5,69
MPoisr Mexxay
xpomocomoii 21 u
OpyTUMU
ayTOCOMaMU
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Tabnmuuma 1: Ilpu npuMEHEHHMH TOUKH OTCeYeHuss <-3 I Z-mokKaszaTens s
knaccuukammn obpasma kak T21, kmaccudukanusi Bcex ciaydaeB syrmionanu u 121 Obuta
KOPPEKTHOM.

[0193] CormacHO napyromMy BapuaHTy pealu3allud TIe€HOM pas3Aesisuidi Ha Yy4YacTKU
pasmepom 1 MO u onpenensiiy IIOTHOCTh METHIMPOBAHMS JJIST KAKAOTO y4acTka pasMepom |
MO. T1nOTHOCTh METHIIMPOBAHMS BCEX YYaCTKOB HA MOTEHIMAIBHO AHEYIUIOMIHOH XPOMOCOME
MOXKeT OBbITh HOPMHpPOBaHa IO MeEAWAHE TIUIOTHOCTH METUJIMPOBAHUS BCEX YYaCTKOB,
PacHoNIOXKEHHBIX Ha IPEANOJOKUTEIbHO HE SBJSIOIUXCA AHEYIUIOUAHBIMU XPOMOCOMAX.
CornacHoO OZHOMY BapUAHTy peaNH3alMU JUIS KaXIOrO0 y4acTKa MOXKET OBITh PacCYUTAHO
pasnuuue IIOTHOCTH METUIIMPOBAHMS OT MEAUAHBI HE SIBJISAIOIIMUXCS aHEYIJIOUIHBIMU YYaCTKOB.
Z-moKa3aTesib MOXKET OBITh PACCUMTAH JUIS YKA3aHHBIX 3HAYEHHH C NMPUMEHEHHEM 3HAYeHHH
cpenHero u SD pedepencHoit rpynmbl. MOKHO OMNpPEAeNUTh MPOLEHT Y4YacTKOB, TJe
HaOJro1aeTCs TUIMOMETUINpOoBaHue (Tabauna 2), U CPaBHUTH C MPOLIEHTOM, COOTBETCTBYOLIUM

TOYKE OTCCUCHUA.

Eul Eu2 T21-1 | T21-2 | T21-3 | T21-4
IIpouent 0% 0% 33,3% | 58,3% | 19,4% | 52,8%
y4aCTKOB Ha
xpomocome 21 ¢
Z-1noKasaTeseM
s MPoigr <-3
Tadauna 2: [Ipu npumenenun 5% B kauecTBE TOUKU OTCEUEHHs [T 3HAYUTEIBHO Ooee

TUIIOMETHJIMPOBAHHBIX YYaCTKOB Ha xpomocome 21, Bce ciay4au ObLTH KJIaCCHU(PHULIMPOBAIH
KOPPEKTHO B OTHOLIEHUH craryca T21.

[0194] VkazaHHbIlE  CcOCOO  METEKTHPOBAHUS  IUIOAHBIX ~ XPOMOCOMHBIX — WJIH
CyOXpoMOCOMHBIX abeppanuii Ha oOcHoBe MerwnupoBanus JHK MokeT npumeHsIThCs B
COYETAaHHM C METOAaMH, OCHOBAHHBIMH Ha TIOJCYETa MOJIEKYJ, HAmpUMep, MOCPEACTBOM
cexBenupoBanus (RWK Chiu et al. 2008 Proc Natl Acad Sci USA; 105: 20458-20463), uiu
udposoit TP (YMD Lo et al. 2007 Proc Natl Acad Sci USA; 104: 13116-13121), unm
onpeneneHuem pasmepos mojiekyn JIHK (marentnast mybmukauus CIIA 2011/0276277). Takoe
koMOuHUpOoBaHue (Hampumep, wmermwiupoBanne JIHK tumroc moacuer Monekyn, Wi
metunnposanue JIHK mmoc onpenenenne pazmepos, win metuuposanue JIHK mmoc moacuer
MOJIEKYJI U IUIFOC OTpeneieHne pa3MepoB) OyleT naBaTh CHHEPreTHUECKUH 3 QeKT, KOTOpBIH
ObLT ObI OJTATONPUSATHBIM B KIIMHUYECKUX YCIIOBUSIX, HAITPUMEP, TIOBBIIAJ Obl 4yBCTBUTEIILHOCTD
wwm cneuupuyHocth. Hampumep, wumcnmo wmomekyn JHK, xoropoe Heobxomumo
MPOAHAIM3NPOBATh, HAMPUMED, MOCPEACTBOM CEKBEHHUPOBAHUS, MOXKET OBITh YMEHbIIEHO Oe3
OTPHUIATEILHOTO BO3JEWCTBUS HA JHMArHOCTUYECKYIO TOYHOCTb. YKa3aHHasi OCOOEHHOCTH

MO3BOJIAET IMPOBOAUTH TAaKHUE TECTbl C MCHBIIMMH 3aTpaTaMH. B APyrom IMmnpumepe aJid
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omnpeneseHHOro aHaausupyemoro uucia moyiekys JJHK xomMOuHupOBaHHBIN MOAXOA MO3BOJISIET
IETEKTUPOBATh IUIOJHBIE XPOMOCOMHBIE MJIM CyOXpOMOCOMHBIE abeppauuu npu Oosee HU3KOH
¢bpaxkunonHo# koHueHTpaunu rmogHou JAHK.

[0195] Ha ¢ur. 13 mpuBemena Omnok-cxema crnocoba 1300 perekrupoBaHHS
XPOMOCOMHOW aHOMAJIMU IO OHOJIOrH4YecKOMy 00pasiy opraHu3ma. Y Ka3aHHbIH OMOJIOTHYeCKUit
oOpasenr BkiroyaeT cBobomaHyro oT kietok JIHK, comepkainyro cmech CBOOOAHOH OT KJIETOK
JIHK, npoucxonsinei u3 nepBoil TKaHU U U3 BTOPOH TkaHU. IlepBas TkaHb MOXKET MPOUCXOAUTD
U3 TUIOZIA WJIH OMyXOJIM, U BTOPAasi TKAHb MOKET MPOUCXOAUTH OT OEPEMEHHON JKEHIIUHBI UJIH OT
MaLEeHTa.

[0196] Ha stanme 1310 ananusupyrotr MHOkecTBO Mmosiekyna JIHK wu3 ykaszanHoro
Ouonornueckoro obOpasua. Anammz Monekyisl  JJHK  Moker BKIIOUaTh  OmpeneneHue
Jokanu3auuu ykasaHHou Mmojekyibl [JHK B reHome yka3aHHOro opranusma W OIpeAesieHue
TOr0, METWJIMPOBaHa JH ykasaHHas monekyna JIHK B omHoMm wmnm OonblueM yucie CaiToB.
AHanu3 MOXKET OCYLIECTBJISITbCS MyTeM IMOJy4YeHUs] PUIOB MOCIEA0BATEIbHOCTEN C MOMOIIBIO
YyBCTBUTEJIBHOTO K METHJIMPOBAHUK) CEKBEHHUPOBAHUS, U, COOTBETCTBEHHO, AHAJIU3 MOXKET
OCYIIECTBJIATHCS UCKIFOUUTENBHO MO paHee nonydeHHbM ans JIHK nanusmv. CornacHo apyrum
BapUaHTaM peajIM3allii aHAJH3 MOXKET BKIOUATh (PAKTUYECKOE CEKBEHHPOBAHUE WM APYTHUe
AKTUBHBIE HTalbl NOJYUYEHUS JaHHBIX.

[0197] Onpenenenue JOKaIU3alMd MOXKET BKJOUYaTh kapTtupoBaHue mojekyn JHK
(HampuMep, ¢ MPUMEHEHUEM PHUIOB IOCJIEN0BATEILHOCTEH) HA COOTBETCTBYIOLIIE YACTH IeHOMa
yeJoBeKa, Hampumep, Ha crneruduueckue odnactu. COrnacHO OJHOMY BapUaHTY peaU3allvy,
€CJTU PUJI He KapTUPYETCs Ha MPEACTABISIFOIIYI0 HHTEPEC 00NaCTh, OH MOKET HE YUUThIBATHCS.

[0198] Ha stane 1320 nns kaknoro U3 MHOXKECTBA CANTOB ONMPEAENISIOT OTHOCUTEIbHOE
konuyectBo Mosiekyn JIHK, xkotopeie meTunupoBaHbsl B yka3aHHOM caiite. CoOriacHO OfHOMY
BAPMAHTY peaJu3alud YKa3aHHbIE CaWThl MpencTaBistoT coboii CpG-calTel, W MOTYT
NpeACTaBIsTh co00M ToNbKO omnpeneneHHble CpG-caliTel, BRIOpaHHBIE C TPUMEHEHHEM OIHOT'O
Wiy OOJIBLIEr0 KOJIMYECTBA YIIOMUHAEMBIX B HACTOSIIEM JAOKYMEHTe Kpurepuen. OnpeneneHue
KOJIMYECTBA METUJINPOBAHHOMN JHK 5KBHBAJIEHTHO OIPEIEIICHUIO KOJIMYECTBA
HemeTwnpoBanHoi JIHK, ecnu HOpMHUpPOBKa MPOBOOUTCS C MCIOJB30BAHMEM OOIIEro 4Hcia
aHammsnpyembix Mosiekyn JIHK B KOHKpeTHOM caiiTe, Hampumep, OOIIEro 4Yhcjia pPHIOB
CEeKBEHUPOBAHMSL.

[0199] Ha stane 1330 paccUMUTBIBAIOT MNEPBBIA yPOBEHb METWIMPOBAHUSA IEPBOH
XPOMOCOMHOM 00J1aCTM Ha OCHOBAaHMM COOTBETCTBYIOIIMX KonmuecTB Mojekyn JIHK,
METUJIMPOBAHHBIX B CalTax B COCTaBE IEPBOH XPOMOCOMHON oOnacTu. YKa3zaHHas IepBas

XPOMOCOMHasi 00J1aCTh MOXKET OBITh JIFOOOro pa3mepa, HalpuMep, UMETh pPa3Mepbl, ONHCAHHBIE
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BBIIIE. YPOBEHb METWJIMPOBAHUS MOXET Y4uThIBaTH obOmee uyucno wmosekyn JIHK,
BBIPABHMBAEMbIX C TIE€PBOH XPOMOCOMHOM OOJNAcTBhiO, HAmpUMep, B paMKax MPOLEAYpPbI
HOPMHPOBKH.

[0200] ITepBasi xpomocomHasi 00nacTb MOKeT ObITh J0OOro pasmepa (Hampumep,
NPENCTaBIsITh COOOM LNyl XpOMOCOMY) U MOXET OBITb COCTOSITh U3  Pa30OIIEHHbIX
noxnoOiacTei, T.e. moxoOnacTel, KOTOpble OTAENEHbI OHA OT APYroil. YPOBHU METHINPOBAHUS
KaXXJI0# MO001aCTH MOTYT OBITh OMpeeNieHbl U CKOMOMHUPOBAHbBI, HATPUMED, B BUAE CPETHETO
3HAYECHUs] WIM MEAWAHBI, JJISl ONpPENEeeHUs] YPOBHS METHIIMPOBAHHS IMEPBOH XPOMOCOMHOMN
obnacTw.

[0201] Ha stane 1340 mepBblli ypOBEHb METWINPOBAHUS CPABHUBAKOT C MNPEAEIbHBIM
3HaYeHHEM (3HaueHHeM otcedeHus1). [IpenenpHOEe 3HAYEHHE MOXKET TPEACTaBIATH COOOU
pedepeHCHBIII ypOBEHb METWJIMPOBAHHS WM OBbITh CBA3aHO C pedepeHCHBIM YPOBHEM
METUJIMPOBaHUS (HApUMep, HAXOOWTHCS Ha OMNPENEeJCHHOM pACCTOSIHUM OT HOPMAJBHOTO
ypoBHsi). [IpenenbHoe 3HAUEHNE MOXKET OBbITh OIMPENENIEHO MO APYTUM OEpeMEHHBIM CyObeKTamM
JKEHCKOTO TI0JIa, BBbIHALIMBAIOIIUM IUIOABI 0€3 XPOMOCOMHOH aHOMaJiWHM 10 MepBOH
XPOMOCOMHOM 001acTH, o 00pasaM HHIUBUAYYMOB, HE CTPAJAIOIIUX PAKOBBIM 3a00JIeBaHUEM
WU TI0 JIOKYCaM YKa3aHHOI'O OpPraHu3Ma, KOTOpbIe, KaK N3BECTHO, HE CBS3aHBI C aHEyIUIONIUEH
(T.e. Mo 00naCTAM, KOTOPBIE SIBJIAIOTCS AUCOMUYECKIMH).

[0202] CormacHo OgHOMY BapUAHTY peaM3alUd NpPeeTbHOE 3HAYEHHE MOXKET ObITh
ONpENeNIeH0  KaK  OTiuyaroieecss OT  pedepeHCHOro  ypOBHS  METUIMPOBAaHUS  HA
(BKG —PLN)xf X 05X CN | rpe BKG mpencrasuser coboii (OH yKa3aHHOH jKEHIIMHBI (MK
CpeaHee 3HAYCHUE WM MEIUaHy AJisi IPyTux cyObeKToB), f mpeacTasiser co0oi GppakunoHHYIO
KOHLEHTpauio cBobomgHor ot kierok JIHK, npoucxomsimeit w3 mnepsoit Tkanu, u CN
npencrasisier coboit Tectupyemoe umciao komuil. CN  mpencraBnsier coOod  mpumep
MaciuTabupyroomero ko3gQuimenta, COOTBETCTBYIOIIEr0 THIY aHOMAIUU (OeNeldd WU
AyTUMKaunu). M3HavanbHO Ui TECTHPOBAHUS BCEX aMIUTM(PUKALUN MOXKET HCIOJIb30BATHCS
Touka orcedeHus: [yt CN, paBHas 1, 1 TOTONHUTENbHBIE TOUYKHA OTCEYEHHST MOTYT TIPUMEHSTHCS
Uil onpeneneHus creneHn amruindukanuu. IIpenenpHoe 3HaYeHHE MOXKET OBITh OCHOBAaHO Ha
(bpakumoHHO# KoHLeHTpaunu cBodomuHoi ot kierok JIHK, mpoucxonsiieit u3 mepBod TKaHH,
IUIL  OTIPENEeNICHUs] OXKHIAeMOrO YPOBHS METHJIMPOBAHMS JUIA JIOKyCa, HAmpuUMep, ecliu
abeppars 4rciia KOIUH OTCYTCTBYET.

[0203] Ha stane 1350 kinaccupuuupyroT aHOMAJIUIO MIEPBOM XPOMOCOMHOM 00JIAaCTH Ha
OCHOBE YKa3aHHOTO cpaBHeHMs. CTaTUCTHYECKH 3HAUNMOE Pa3inure YPOBHEH MOXKET YKa3bIBaTh
Ha TOBBILUICHHBIH PHCK XPOMOCOMHOM aHOMannu y miofa. COrjacHO pas3jiuyHbIM BapHaHTaM

peanu3alnry yKa3aHHas XPOMOCOMHAsI aHOMAJHs MOKET MpPEeNCTaBJsITh coOoi Tpucommo 21,
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tpucommto 18, tpucommro 13, curgpom Teprmepa nmm cunnpom Kuaiindensrepa. [pyrue
NpUMEPBI TPENCTaBIEeHbl CyOXpPOMOCOMHOM nenenueii, cyOXpOMOCOMHOHM NyIUTMKALed Wi
cunapomom Ju JLxopaxu.

V. ONPEJEJIEHUE MAPKEPOB

[0204] Kak Obut0 OTMEYEHO BBILIE, HEKOTOPBIE YACTH TIOAHOTO FT€HOMa METHIMPOBAHBI
MHA4e, Ye€M MATepUHCKUI TeHOM. YKa3aHHbIe pPa3JNyusi MOTYT ObITb OOIMMH Ui BCEX
OepemenHocTeil. OONacTH OTJIMYAIOLIETOCS METHWJIMPOBAHUS MOTYT HCIIOJNb30BAThCS IS
unentudukaumnu pparmenros JJHK, npoucxonsmumx ot mioza.

A. Cnocob onpeoenenust DMR no nnayenmapnoii mxanu u
MAmepuHcKon mkanu

[0205] [TnaeHTa CONEPKUT TKaHECTIEUM(pUUHbIE CHTHATYPbl METHJIMPOBaHUS. Jluist
JeTeKLMd B MAaTepUHCKON IiasMe M JUlsl NMPUMEHEHUs NpU HEWHBA3UBHON NpeHATalbHOMN
IUarHOCTHKE ObLTH pa3paboTaHbl crienudpuyuHbie A mioga Mapkepbl MeTmupoanus JIHK Ha
OCHOBE JIOKYCOB, MU(QepeHINaIbHO METIINPOBAHHBIX B IUIALICHTAPHBIX TKAHAX U B KJIETKAaX
marepurckoi kpoBu (SSC Chim et al. 2008 Clin Chem; 54: 500-511; EA Papageorgiou et al
2009 Am J Pathol; 174: 1609-1618; u T Chu et al. 2011 PLoS One; 6: €14723). IIpennoxeHbl
BApPUAHTBl peaNu3aluy sl aHanu3a Takux AuddepeHuranbHO METHIMPOBAHHBIX oOacTei
(DMR) B mOTHOr€HOMHOM MaciuTade.

[0206] dur. 14 mnpencrasisier coboit Onok-cxemy crocoba 1400 wunmeHTHPUKALTU
MapKepoB METHJIMPOBAHUSA IIyTEM CpPaBHEHHUs MNpoQUIs METHWIMPOBAHUSA IUIALIEHTHI C
MaTEepPUHCKUM MpOQHIeM METHIMPOBaHMS (HAIpUMeEp, ONMPEAETCHHBIM IO KJIEeTKaM KPOBH) B
COOTBETCTBUHM C BapHaHTAMH peaju3aluu Hactosmero mu3odperenus. Crmocob 1400 mosker
TAK)Ke TPUMEHSTBCS JUIA OMpENeNieHHsT MapKepOB OMNYXOJH MyTeM CPaBHEHUS MPOPUIIs
METHJIUPOBAHUS OMYXOJU C MPOPUIEM METHIIMPOBAHUS, COOTBETCTBYIOIIUM 30POBOH TKAHH.

[0207] Ha »tame 1410 nonay4arOT IJIAUEHTAPHBIM METHJIOM W METUJIOM KPOBH.
IMnaneHTapHBINH METUIIOM MOKET OBITh OMpeNesieH Mo MiaueHTapHoMy odpasiy, Hanpumep, CVS
wiu 3penoil muaneHtsl. CneayeT MOHMMATh, YTO METHUJIOM MOJKET BKJIIOUATh IUIOTHOCTH
METUJIMPOBAaHUSI TOJIBKO YaCTH FE€HOMA.

[0208] Ha stame 1420 unenTundunupyroT 0daacTh, KOTOpasi COAEPKUT YKA3aHHOE YUCIIO
caitroB (Harpumep, 5 CpG -caliToB) U 1151 KOTOPOH OBLIO MOJNYYEHO JOCTATOYHOE YUCIIO PUAOB.
CornacHo OHOMY BapHaHTY pealn3alvy MASHTU(UKALUIO HAYMHAIOT C OJHOTO KOHIA KaKIOH
XPOMOCOMBI TSI OTIPEAeNICHUs! JIOKaTH3aliy nepBoi obmactu pasmepom 500 1m.o., comepkamiei
1o MeHblieil Mepe nATh noaxoasmux CpG-calitoB. CpG-caiT MOXKET CUUTATBHCS MOAXOASLINM,
€CJIM YKa3aHHbIN CAalT MOKPBIBAIOT M0 MEHbILIEH Mepe MATh PUAOB MOCIEAOBATEIBHOCTEN.

[0209] Ha stanme 1430 ans kaxxgoro canWta pacCUUTHIBAKOT WMHIEKC METWIMPOBAHMS



53

IUTALIEHTHl U UHAEKC METUINPOBaHMs KpoBu. Hanpumep, MHAEKC METUIMPOBAHUS PACCUUTHIBAIH
UHIUBUAYAIBHO AJis Beex noaxonsamux CpG-caiToB B kaxkaoit obnactu pasmepom 500 m.o.

[0210] Ha sTanme 1440 cpaBHMBaJM WHIOEKCHl METWJIMPOBAHMUS KJIETOK MAaTEPUHCKOMN
KPOBH M WHIEKChl METWIMPOBAHHUS IUIALIEHTapHOro oOpasua, A OnpeAeNeHus TOoro,
pasnuyaroTCs JIM  MHOXKECTBA YKa3aHHBIX MHAEKCOB. Hanpumep, cpaBHHMBaIu WHIEKCHI
METUJIMPOBAHUS KJIETOK MAaTepUHCKON KpOBH U HHAEKChl MeTunupoBaHus CVS umm 3penoit
IUTALIEHTHI C IPUMEHEHHEM, Harpumep, kputepuss MaHHa-YUTHU. P-3HaueHue, COCTaBIISIOLIEe,
HanpuMmep, < 0,01 cuuranu ompeaeNsOLUM CTATUCTUYECKH 3HAYUMOE pa3jIuyue, XOTS MOTYT
UCTIOIb30BaThCsl U APyTHe 3HAU€HHs, NPU 3TOM MEHbllee 3HA4YeHHe NMPUBENET K YMEHBIICHUIO
KOJINYECTBA JIOJKHOMOJIOKUTEIBHBIX 00J1aCTeH.

[0211] CormacHO OOHOMY BapUaHTy peajn3alid B CIAy4ae, €CIU YUCIO TMOIXOISIIUX
CpG-caiiToB cocTaBisio MeHee S5, unu KpuTepuil MaHHa-YUTHU MOKa3blBal OTCYyTCTBHE
CTaTUCTUYECKON 3HAYMMOCTH, 00JacTh pasmMepoM 500 m.o. casuranu Hiwke (B 3'-HaNpaBIeHUN)
Ha 100 mo. Ob6nacTh mpomOKAIN CABUTATh B 3'-HANpPaBIEHUH, TIOKa KpUTeprii MaHHa-YUTHU
HE TIOKAa3bIBAJI CTATUCTHYECKYK) 3HAUYMMOCTh My obmactu pasmepom 500 mo. Torma
paccMaTpuBaM CIEAYIOIyr0 oOmacte pasmepoM 500 mo. Eciu BBICHAJIOCH, 4YTO IS
crenyromei odmactu HabMOAAETCs CTATUCTHYECKAs! 3HAYMMOCTh COTJIACHO KpUTepHio MaHHa-
VYurHu, ee no0aBsIM K TeKylled oOmacTd, NpU YCIOBHUH, YTO pa3Mep KOMOMHHUPOBaAHHOMN
nocjen0BaTeNbHOM obnactu He npesbimai 1000 m.o.

[0212] Ha »tane 1450 cmexHble 0OJacTH, KOTOpble OBUIM OINpENeiIeHbl Kak
CTATHCTHYECKH 3HAYMMO OTJIMYAIOINMECs (HampuMep, Mo KpuTepuo MaHHa-YWUTHH), MOTYT
ObITh 00BenMHEHbl. OTMETHM, YTO YKa3aHHOE Pa3jMyue OTHOCUTCS K MHIASKCAM METHJIUPOBAHHUS
st iByX 00pa3oB. COriacHO OTHOMY BapUAHTY PEAU3alUK B CIIy4ae, €CJIH CMEXHbIe 001acTH
HAXONSTCS B MpefeNiaX ykazaHHOro pacctostaus (Hanmpumep, 1000 m.0.) mpyr OT apyra, U ecju
IUIl HUX HAOJFONAeTCsl aHAJOTHYHBIA MpOoQuiIb METWIHPOBaHUs, uX oObeauHsroT. CoriacHo
OHOMY BapHaHTy peajM3aliu CXOACTBO MPOQWI METIITUPOBAHUS CMEKHBIX 00JacTell MOKET
OBITH OIpenesieHO Ha OCHOBAHWH JIFOOOro W3 cienyromux nyHKToB: (1) mpu HaOmonmaemoit
OJIMHAKOBOI TEHJEHLMH B IJIALIEHTAPHONW TKAHM OTHOCUTEJIbHO KJIETOK MATEPUHCKON KpOBH,
HarpuMep, o0e o0NacTH CHJIbHEe METHJIMPOBAHbl B IUIALICHTAPHBIX TKAHSAX, YeM B KJIETKaX
KpOBH, (2) MO pa3inu4usiM IUIOTHOCTEH METHJIMPOBAHMS, COCTABISIOIINM MeHee deM 10% s
CMEKHBIX 00JIacTell B IUIALIEHTAPHOH TKaHH, U (3) MO pa3JuyusIM IJIOTHOCTEH METHIIMPOBAHUS,
COCTaBJISIIOLINM MeHee ueM 10% NI1st CMeXXHBIX 00JIacTel B KJIeTKaX MaT€PUHCKOM KPOBH.

[0213] Ha stane 1460 paccuuTeiBaiu MIOTHOCTH METUIMPOBAHUA IJI1 METHJIOMA KPOBH
no JTHK knerok mMaTepuHCKOH KpPOBM U IianieHTapHOro obpasua (Hampumep, CVS wmnu TkaHH

3peNiofl IUIALeHTh) B yKa3zaHHbIX oOmacTsax. IImoTHocTM MeTHIMpOBaHHUA MOTYT OBITh
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ONpeeseHbl COTNIACHO ONMUCAHUIO B HACTOSIIIIEM TOKYMEHTE.

[0214] Ha stane 1470 onpenenstor npeanonaraemble DMR, ortnngaromuecs: teM, 4to
o0Imas rianeHTapHasi INIOTHOCTh METHJIMPOBAHUS U OOIIasi TNIOTHOCTh METHJIMPOBAHUS KPOBH
CTaTUCTUYECKH 3HAYMMO PA3JIMYAIOTCS Uil BCeX caliToOB B ykasaHHOI oOmactu. CoriacHo
OIHOMY BapHaHTy peajm3anuu Bce noaxozsmue CpG-caiiTel B cocTaBe 00beIMHEHHON 001acTH
OLIEHUBAIOT C MpUMeHeHWeM kputepusi y 2. Kpurepmii y’ mokasblBan, TpPHCYTCTBOBANO JH
CTATUCTUYECKU 3HAYMMOE DPA3IUYMe MEXAY KIETKAMM MATEPUHCKOW KPOBH U IUIALIEHTAPHOMN
TKQHU M0 YHUCJIYy METWIHPOBAHHBIX LMUTO3UHOB, KaK IPONOPLUMU METUJIMPOBAHHBIX U
HEMETWJINPOBAHHBIX IIUTO3WHOB BO Beex momxomsumux CpG-calitax B coctaBe 0ObeIMHEHHON
obnactu. CornacHo ogHOMY BapHaHTy peanu3aluu 1 kpuTepus x> P-3nadenue < 0,01 mMoxer
CUUTATHCS ONPENEISIFOIUM CTATUCTUIECKH 3HaUuMoe pasznuune. OObeIMHEHHbIE CerMEHTBI, JUTs
KOTOPbIX Obljla MOKa3aHa 3HAYUMOCTb C IPUMEHEHHEM KPUTepHs 7, CYUTAJIH TIPENoaaraeMbIMU
DMR.

[0215] Ha stane 1480 upeHTHUIMPOBATN JIOKYCHI, TA€ IJIOTHOCTH METHJIMPOBAHHS
JHK kJieTok MaTepHHCKOW KPOBU OBUTH BBIIIE BEPXHEW TOUKH OTCEYSHUs WJIM HIDKE HIDKHEH
Touku oTcedeHus. COrjlacHO OTHOMY BapHaHTy peau3aliyl HIeHTHQULIHNPOBAIN JIOKYCBHI, e
wiotTHocTy MeTmmposanus JJHK kinerok mMatepuHCckoit kpoBu cocTaisuin Jinbo < 20%, mudo >
80%. CorymacHO [pPYyrMM BapHaHTaM peajn3allid MOTYT ObITh HCHOJb30BAHBI SKHUAKOCTH
OpraHu3Ma, OTJIUYHBIE OT MAaTEPUHCKOW KPOBH, BKJIIOYAsl, HE OIPAHUYUBASCH NEPEUUCIECHHBIM,
CJIFOHY, CMBIBbI C MATKHU WJIM LIEMKU MATKH U3 MOJIOBBIX IyTEH JKEHIUHBL, CJIE3bl, MOT, CJIIOHY U
MOy .

[0216] Kimrouom Kk yCHEmHOMY TMOJNYYEHUIO CHequUUYHBIX AJIsl IJI0Aa MapKepoB
metuauposanusi JIHK B MaTepuHCKON miazMe MOXeT ObIThb TO, YTO CTATyC METHJIMPOBAHHS
KJIETOK MATEPUHCKOW KPOBH COOTBETCTBYET JHOO BBICOKOMETHJIMPOBAHHOMY, JTHOO HACTOJBKO
HEMETWJIMPOBAHHOMY, HACKOJBKO 3TO BO3MOXKHO. OTO MOXKET CHU3UTh (Hampumep,
MHUHHMH3UPOBATh) BEPOATHOCTb BIHMsIHUA Mosiekyn wmarepunckoit JIHK Ha anamms
MPOUCXOISAIINX U3 IUIALEHTHI MoseKyJ mogHon JIHK, aeMOHCTpUpyOmMUX NTPOTUBONOIOKHBIN
npodune  MerunupoBaHuAa. COOTBETCTBEHHO, COIJIACHO OJHOMY BapHaHTy pean3aluu
kaHgunatiele DMR  BbIOWpany TyTeM JOMOJHUTENbHOH ¢uibTpanuu. KaHIumaaTHBIMU
TMIOMETWIMPOBAHHBIMY ~ JIOKYCAMHM  CUMTAJINA  JIOKYCbl, JE€MOHCTPUPYIOIIHE IUIOTHOCTH
metunupoBanuss < 20% B KJIETKaX MAaTEPUHCKOH KPOBU M MO MeHbIned mepe Ha 20% Oomnee
BBICOKME  IUIOTHOCTM  METWIHMPOBaHUsS B  IUIAUEHTapHBIX  TKaHAX. KangupatHeiMu
TMIEPMETWINPOBAHHBIMU ~ JIOKYCAMHM  CUMTAJIN  JIOKYCbl, JE€MOHCTPUPYIOLIHE IUIOTHOCTH
MetunuposaHus > 80% B KJeTKax MaTepUHCKOI KpOBU U MO MeHbleill Mepe Ha 20% MeHbline

IJIOTHOCTHU METHUIIMPOBAHUA B ILIAHCHTAPHBIX TKAHSIX. MOFYT OBITb HCIIOJIb30BAHbI U Apyrue
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MPOLIEHTHbIE OTHOLIEHUS.

[0217] 3atem Ha sTane 1490 unentudpuuuporasu DMR B mogMHOKeCTBE JIOKYCOB, TIe
IUTALICHTAPHbIE IIJIOTHOCTA METWJIMPOBAHUS 3HAYMUTEIBHO OTJIMHAKOTCA OT IUIOTHOCTEH
METHJINPOBAHUS KPOBU IyTE€M CPAaBHEHMsI YKAa3aHHOIO pasiauuus ¢ noporosbiM. (CornacHo
OJTHOMY BapHaHTy peanu3auuu nopor cocrasisier 20%, Tak 4YTO IUIOTHOCTH METHJIMPOBAHMS
OTJIMYAJIUCh N0 MeHbInell Mepe Ha 20% OT IUIOTHOCTEH METHJIMPOBAHMS KJIETOK MAaTE€PUHCKOM
kpoBu. COOTBETCTBEHHO, MOXET OBITh paccuMTaHa pPa3HOCTb MEXAY IUIALEHTAPHBIMU
IUIOTHOCTSIMH  METWJIMPOBAHMSI M IUIOTHOCTSIMM METHJIMPOBAHUS KPOBH B KaXXAOM U3
UIeHTU()ULMPOBAHHBIX JIOKYCOB. YKa3aHHAs Pa3HOCTb MOXKET MPENCTaBJIATbh COOOH pe3ysbTaT
npocroro BbrMuTaHus. CoOrnacHO APYrUM BapuaHTaM peaju3alid MOTYT IPUMEHSThCS
Macmradupyomue Ko3gGuuueHTs! U Apyrue (pyHKIUN A ONpeaesieHus] Pa3HOCTH (HampuMep,
Pa3HOCTh MOXKET OBITh MPEACTABICHA B BHIE PE3yJIbTaTa MPUMEHEHUs] (PYHKIMU K Pe3yJIbTaTy
MPOCTOTO BHIYUTAHMUSA).

[0218] CornacHo omHOMY BapHWaHTy pealn3alyy ¢ MPUMEHEHUEM YKa3aHHOTO Crocoba
uneHTuduumposamu 11 729 runepmeTHianpoBaHHbIX U 239 747 rUNOMETHUIIMPOBAHHBIX JIOKYCOB
1O IJIallEHTapHOMY 00pasiy nepBoro Tpumectpa. 100 mepBeIX THIIEPMETHIINPOBAHHBIX JIOKYCOB
nepeuncienbl B Tabmune S2A mpunokeHus. 100 mepBBIX THMIIOMETUIMPOBAHHBIX JIOKYCOB
nepeuncienbl B tabnune S2B mpunokenus. B taGmumax S2A u S2B yxkazaHa xpomocoma,
JIOKaJIM3alysl Hadaja M KOHIA, pasMep OOJacTH, IJIOTHOCTb METUJIMPOBAHUS B MAaTEPUHCKOMN
KPOBH, IJIOTHOCTb METHJIHPOBAaHMS B IUIAlleHTapHOM oOpasue, P-3Hauenus (Bce P-3HaueHus
OYeHb HEBBICOKME) M pa3Juuusd B METWIHpOBaHUM. JIOKanu3allmuu COOTBETCTBYIOT
pedepercHoMy T€HOMY hgl8, KOTOPBIii MO3KHO HaWTH o aapecy:
hgdownload.soe.ucsc.edu/goldenPath/hg18/chromosomes.

[0219] 11 920 runepmerunupoBaHHbIXx U 204 768 rUNOMETUINPOBAHHBIX JIOKYCOB
UIEeHTUQHULIMpPOBAIM TO IUTALEHTapHOMY oOpasiy Tperbero TpumecTpa. 100 mepBbIX
TUTIEPMETHUIINPOBAHHBIX JIOKYCOB JIJIsl TPETHETO TpUMecTpa nepeunciensl B Tadmuue S2C, u 100
NEePBBIX THIOMETIJIMPOBAHHBIX JIOKYCOB mepedncieHsl B Tabnuue S2D. 33 nokyca, KOTOpbIe
ObuTH paHee onucaHbl Kak 1uHepeHInaIbHO METHINPOBAHHBIE B KJIETKAX MATEPUHCKOH KPOBH
U B IUIALIGHTAPHBIX TKAHSIX MEPBOrO TPUMECTPA, HUCIOIb30BAIU AJI BAIUAALMU MOJYy4YEHHOIO
aBTOPAMHU HACTOSIIEro M300pEeTeHus] CIICKa KaHAWAATHBIX JIOKYCOB MEPBOro Tpumecrpa. 79%
U3 YyKa3zaHHBIX 33 JOKycoB Obutn wuueHTu¢uIupoBansl kak DMR ¢ mnpumeneHuem
NPEJIOKEHHOTO aBTOPAMH HACTOSIIETO N300PETEHNUs alITOPUTMA.

[0220] ®Dur. 15A npexncrasmisier coboii Tabmuiy 1500, orpakaromyo 3(Q¢eKTHBHOCTD
anroputMa uaentTudukarmu DMR npu npuMeHeHNN JaHHBIX AJIS IEPBOTO TPUMECTPA C YUETOM

33 paHee OIMCAHHBIX MAapKEPOB MEPBOro TpuMmecTpa. B ykasanHo# Tabnuue «a» 03Ha4aeT, 4ro
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nokycel 1-15 Obutn panee onmucansl B (RWK Chiu et al. 2007 Am J Pathol; 170:941-950 u SSC
Chim et al. 2008 Clin Chem; 54:500-511); nokycel 16-23 Opiu panee onucansl B (KC Yuen,
thesis 2007, The Chinese University of Hong Kong, Hong Kong); u nokycsl 24-33 Obutu panee
ormucanbl B (EA Papageorgiou et al. 2009 Am J Pathol; 174:1609-1618). «b» o3Hauaet, uTO
yKa3aHHbIE JaHHbIE ObUIH MOJYYEeHbI U3 MEPEYHCIICHHBIX BbILIE IMyOIMKALUNA. «C» O3HAYAET, YTO
IUIOTHOCTH METWJIMPOBAHUS KJIETOK MATEPHHCKOW KPOBH M 0oOpasua BOPCHH XOPHOHA M HX
paznuuusi HaOJNIOJANM B NAHHBIX CEKBEHHPOBAHUS, MOJYYEHHBIX B HACTOSLIEM HCCIIEIOBAHHY,
HO OHHM OCHOBAHbI HA TEHOMHBIX KOOPAWHATAX, PUBEICHHBIX B OPUTHHAJBHBIX UCCIIEIOBAHUSX.
«d» oO3Ha4aer, YTO JAAHHBIC IUIA JIOKYCOB HIEHTH(PHLUPOBAHBI C NPUMEHEHHEM BAapUAHTOB
peanusanuu crocoba 1400 Ha nmaHHBIX OUMCYJIHPUTHOrO CEKBEHHPOBAaHMS 0€3 HCIOb30BAHMS
pedepeHCHBIX HaHHBIX W3 ynoMuHaeMbix Bbine myOmukanmid Chiu et al (2007), Chim et al
(2008), Yuen (2007) u Papageorgiou et al (2009). YkazaHHBIE JIOKYCBl COIEpIKaJU paHee
ONMCAaHHbIE TEHOMHbIE OOJIACTH, ONHAKO, KaK IPABHJIO, 3aXBaThIBAIN 0oJiee MPOTSIKEHHbIC
oOmactu. «e» oO3Hadaer, uTo KaHaupatHble DMR  knaccupuiupoBanu Kak HCTHHHO
nosnoxwurenbhble (TP) wnn noskHoorpunarenbubie (FN) Ha ocHOBaHMH COOIOIEHUS TPEOOBAHUS
HaOmonaemol pasHoctd > 0,20 MeXAy IUIOTHOCTSIMH METWJIMPOBAHHS, COOTBETCTBYIOIIUMHU
TeHOMHBIM KOOpJIUHATaM ykazaHHbIXx DMR B kjieTkax MaTepuHCKONM KPOBU M B 0Opaslie BOPCHH
XOpHOHA.

[0221] ®ur. 15B mpencrasusier coboit Tadmuiy 1550, orpaxaroinyo 3(QQeKTHBHOCTD
anroputMa upeHtupukaun DMR ¢ npumeHeHHeM MAaHHBIX Uil TPETbEro TPUMECTpa U
CpaBHEHUsI ¢ 0Opa3LOM IJIALEHTHI, MOJTYUYEHHbIM NPU POJAX. «a» O3HAYAET, UYTO HCIOJIb30BAJH
TOT K€ CIUCOK M3 33 JIOKYCOB, uTO U Ha ¢ur. 17A. «b» o3Ha4aeT, 4TO MOCKOJIBKY yKa3aHHbIE 33
Jokyca ObputM paHee HIEeHTH(GUUMPOBAHBI MO OOpas3l@aM, MOJYYEHHbIM HAa PAHHHUX CPOKax
OepeMeHHOCTH, OHH MOTYT HE COOTBETCTBOBATH JAHHBIM Il TPEThEro Tpumectpa. IlosTomy
JaHHbIe OMCYJIb(QUTHOTO CEKBEHUPOBAHMUS, TIOJYYESHHBIC B HACTOSIIEM HUCCIIEAOBAHUH Il TKAHU
3peNioil MUIAIeHThI HAa OCHOBE TI'E€HOMHBIX KOOPAWHAT, TMOJYYEHHbIX B OPUTMHAJIBHBIX
UCCJIEIOBAHMAX, NepecMaTpuBaiuch. PasHOCTe muoTHOcTeW MetminupoBanus > 0,20 mexny
KJIETKAMH MAaTEPUHCKOW KPOBU M TKAHBIO 3PEJIOH IIALIEHTHI MCIOJIB30BAIHN Uil OMPENEIICHUs
TOTO, NEHCTBUTENBHO JIM YKa3aHHBIE JIOKYChI ABJISIUCH obnactaMmu DMR B TpeTbeM TpumecTpe.
«C» O3HAYaeT, YTO JaHHbBIE IO JIOKycaM ObLIM HAEHTHU(PHUIMPOBAHBI C MPUMEHEHHEM crocoda
1400 x naHHBIM OHUCYJIB(PUTHOTO CEKBEHHPOBAHHUS 0O€3 y4deTa YHNOMSHYTBIX BbILIE MyOIHUKALIHI
Chiu et al (2007), Chim et al (2008), Yuen (2007) u Papageorgiou et al (2009). Yka3anHble
JIOKYCBI COZIEPIKaJId paHee OMUCAHHBbIE T€HOMHBIE OOJIACTH, OHAKO, KaK MPAaBUIIO, 3aXBAaTHIBAJIN
Oonee mpoTspkeHHBIE 0OnmacTu. «d» o3Hauaer, uTo KaHmupatHele DMR, conmepikamue JIOKyCHI,

noaxoadanmue B KadC€CTBE ):[I/I(b(bepeHLII/IaJ'IbHO MCTUJIMPOBAHHBIX B TPETbEM TPUMECTPE,
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KJIacCU(pUIMPOBAIN KaK UCTHHHO mojoxkwurenbHble (TP) mmu noxHootpunarensabie (FN) Ha
OCHOBaHUU coOmoneHus TpedoBanus Habmoparomeiicss pazHoctu > 0,20 Mexay IIIOTHOCTAMU
METUIMPOBAHUs COOTBETCTBYIOLIUX F€HOMHBIX koopauHaT DMR B kileTkax MaTepUHCKOU KPOBU
U B TKAaHHU 3peJof IUtaneHThl. [ JIOKyCOB, HE MOIXOIAIUX B KadecTBe Au(pdepeHunanbHo
METWJIMPOBAHHBIX B TPeTbEM TPUMECTpE, OTCyTCTBylomue B cnucke DMR  unm
npucytcTeyromue DMR, copepkalue yka3aHHbIE JIOKYChbl, HO A€MOHCTPUPYIOIIHUE PA3HOCTb
metunupoBanus < 0,20, cuuranu obnactsmu DMR ¢ UCTHHHO OTPHUIATENIbHBIM PE3yJIbTATOM
(TN).
B. DMR no oannsim cexeeHUPOBAHUSE MAMEPUHCKOT NAA3Mbl

[0222] DMR mnnaneHTapHOW TKaHU MOKHO HISHTHU(PHUIIUPOBATH HETIOCPENCTBEHHO IO
naHHbIM OucynbdurHoro cekseHuposanusi JIHK maTepuHCKOW IIa3mbl, TPU YCIOBHH, YTO
TaKXKe M3BeCTHa (pakuuoHHas KoHHeHTpauus monHo JIHK ofOpasma. DTO BO3MOXKHO,
MOCKOJIbKY IUIALIEHTA SIBJIAETCSI OCHOBHBIM MCTOYHHUKOM muoaHou JIHK B matepuHckoi mnasme
(SSC Chim et al. 2005 Proc Natl Acad Sci USA 102, 14753-14758), u aBTOpPBI HACTOSIIETO
M300peTeHNs MOKA3aJId B HACTOSIIIEM UCCIIEOBAHUH, YTO CTATyC METUIIMPOBAHUS CIELU(UIHOM
s roaa JIHK B MaTepuHCKON IutasMe KOPpeNupyeT ¢ MIaleHTapHbIM METHIOMOM.

[0223] Takum oOpasom, acmekTbl crmocoda 1400 MoryT OBITh peasiu30BaHbl C
UCIIOJIb30BAHUEM METWIOMA IUIa3Mbl U BBIBEJEHUS IUIALEHTAPHOIO METHJIOMa BMECTO
UCTIOJIB30BaHMs IUianieHTapHoro oopasua. CoorserctBeHHo, criocod 1000 u crmocod 1400 moryT
ObiTe ckoMOmHMpOBaHbl ans ompeneneHnss DMR. Cnoco6 1000 MOXKeT NpPUMEHSITBCS Uit
OTpe/ieJICHUs] TPOTHO3UPYEMBIX 3HAYEHUIl MNpopMIs METWIMPOBAHUS IUIALIGHTBI U HX
ucnosb3oBanHusi B crocobe 1400. B mpumepe yka3aHHOTO aHajiu3a BHUMAHHE TaKXKe
c(hpOKYCHPOBAHO Ha JIOKycax, KoTopbie ObutH 100 <20%, 160 > 80% MeTUIMPOBAHbBI B KJIETKAX
MaTEPUHCKON KPOBHU.

[0224] CormacHO OTHOMY BapUaHTy peaM3aly JJIsl ONPEAEIeHHUs] JIOKYCOB, KOTOPbIE
ObUTH TUIIEPMETHIIUPOBAHBI B TUIALICHTAPHBIX TKAHIX OTHOCHUTENBHO KJIETOK MAaTEPHUHCKOH KPOBH,
aBTOPBI HACTOSILIETrO M300peTeHHs] OTOMPANIN JIOKYCBhI, IE€MOHCTPUPOBABIINE METHJINPOBAHHUE <
20% B KJIeTKax MaTepUHCKON KpoBH, M MeTuiaupoBaHue > 060% B COOTBETCTBHU C
NpeACKa3aHHbIM 3HAa4Y€HHEM C pa3HOCTbIO MO MeHblledl Mepe 50% Mexay IUIOTHOCTBIO
METUIMPOBAHNs KJIETKAMH KPOBHM M INpPEACKA3aHHBIM 3HadeHueM. [ onpeneseHus JIOKYCOB,
KOTOpble OBUIM T'HIIOMETUJIMPOBAHBI B IUIALEHTAPHBIX TKAHSAX OTHOCHTEIBHO KJIETOK
MAaTePUHCKOH  KPOBM,  aBTOPbl  HACTOSILEro  H300peTeHuss  OTOMpanu  JIOKYCBI,
J€MOHCTpUpOBaBIINe MeTunuposanue > 80% B KJleTKaX MaTePUHCKON KpPOBH, U METUIIMPOBAHHUE
< 40% B COOTBETCTBUM C IpPEACKA3aHHBIM 3HAUEHUEM C PA3HOCTHIO MO MeHbluel Mepe 50%

MEXKAY MIIOTHOCTBHO METUTITUPOBAHUS KIIETOK KPOBU U NIPEACKA3aHHbIM 3HAYCHUEM.
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[0225] ®Dur. 16 mpencraBnsier coboit Tabmuiy 1600, OTpasKarOUIyIO YUCIO JIOKYCOB,
TMIEePMETWINPOBAHHBIX WU TMIIOMETHIMPOBAHHBIX COIVIACHO MPOrHO3Y HA OCHOBAHUU MPSIMOTO
aHaIM3a JaHHBIX OMCYJNBUTHOrO CEKBEHHUPOBAHMS MaTepUHCKON mua3smel. «H/O» o3Hauaer «He
ONpPEAEIICHOY». «a» O3HAYAET, YTO MOUCK TMIIEPMETUINPOBAHHBIX JIOKYCOB HAYMHAJIMU CO CIIUCKA
JIOKYCOB, AEMOHCTPUPYIOIIUX IJIOTHOCTH MerwiaupoBaHus < 20% B KJIeTKaX MaTePUHCKOM
KPOBH. «b» O3HA4aeT, YTO MOMCK MMITIOMETHIMPOBAHHBIX JIOKYCOB HAUMHAJIH CO CIHCKA JIOKYCOB,
JEMOHCTPHUPYIOIIUX TUIOTHOCTU MeTunupoBanus > 80% B KJI€TKax MaTEPUHCKONW KPOBH. «C»
O3HAYaeT, 4YTO JaHHble OUCYJIb(QUTHOTO CEKBEHUPOBAHUsS MJsi OOpasla BOPCHH XOPHOHA
WCIIOJIb30BAIM AJI1 NPOBEPKU AAHHBIX MAaTEPUHCKOM IUIa3Mbl NMEPBOTO TPUMECTPA, U TKAHb
3pesofl IJIALEHThl HCIONb30BAIU [JIs1 NPOBEPKU NAaHHBIX MATEPUHCKONW IUIa3Mbl TPETBETO
TpUMeECTpA.

[0226] Kak BumHO u3 Tabmuier 1600, OONBIIMHCTBO OMpPENETICHHBIX HEHMHBA3HBHBIM
0o0pa3oM JIOKYCOB JE€MOHCTPHPOBAIHM OXHIAEMbI NATTEPH METHJIHPOBAHHUSA B TKAHAX M
nepekpeiBanch ¢ DMR, yCTaHOBJIEHHBIMY IO NaHHBIM TKAHEHW U MPEACTABJICHHBIMU B pa3fene
Beire. B mpunokenun npuseneH cnucok DMR, naeHTHGUIMpOBaHHBIX B IutasMe. B tabnune
S3A nepeuncnensl 100 nepBbIX JOKYCOB, AJisl KOTOPBIX YCTAHOBJIEHO TMIEPMETUIMPOBAHUE 10
TaHHBIM OHMCYJNBb(UTHOTO CEKBEHHPOBAHHUS AJIsI MAaTEPHHCKOH IJIa3Mbl MepBOro Tpumecrpa. B
tabmunie  S3B  mepeuncnenst 100 mepBBIX  JIOKYCOB, [IJIsI  KOTOPBIX  YCTaHOBJIIEHO
TUNIOMETHJINPOBAHHE 110 AAHHBIM OUCYJIB(QUTHOrO CEKBEHUPOBAHUS AJII MATEPUHCKON IIa3Mbl
nepBoro Tpumectpa. B Tabmuue S3C mnepeuncnenst 100 mepBbIX JIOKYCOB, IJIsl KOTOPBIX
YCTAQHOBJIEHO THIIEPMETHIIMPOBAHUE TI0 JAHHBIM OHCYJB(HUTHOTO CEKBEHUPOBAHUS IS
MaTEePHUHCKOM MJ1a3Mbl TpeThero TpuMecTpa. B Tadiuue S3D nepeuncnenst 100 nepBbIX JIOKYCOB,
IUIS KOTOPBIX YCTAHOBJICHO TMIIOMETHIIMPOBAHHME TIO JAHHBIM OHMCYJB(UTHOTO CEKBEHHPOBAHUS
IUTs1 MATEPUHCKOM IIA3MBbl TPETHETO TPUMECTPA.

C. lecmayuonnsie eapuayuu niayeHmapHo2o 1 N0OHO20
MEMUIOMOB

[0227] O6mas nonst metunuposanubix CpG B CVS coctasisina 55%, u 59% st 3penoit
wianeHTel (Tabmuma 100 ma @ur. 1). B CVS wmoryr Owbith uaeHtudunmpoBansl Oonee
runoMetuauposaniele  DMR, d4em B 3penol  mianeHte, MNOpPU OTOM  HEKOTOpPBIE
runepmetunupoBaHabie DMR ananornuse!r B 00enx TkaHsax. COOTBETCTBEHHO, OBLIO OUEBUIHO,
yro CVS 0oree rumoMeTHIMpPOBAaHBL, 4YeM 3pefas IUIAlleHTa. YKa3aHHAs TEHACHLUS TpHU
recTauuy ObLTa Tak)Ke OYEBHIHA JJIs1 JAHHBIX TI0 MAaTEPUHCKOH I1a3Me. JloJsi MeTHITMPOBAaHHBIX
CpG B cieunpuuHbIX 1t TUona puaax coctaBisuia 47,0% B MaTepUHCKON IUla3Me B MEPBOM
TpumecTtpe, HO 53,3% B MaTepuHCKOM IuasMe B TpeTbeM Tpumectpe. Komnuuectsa

BaJIMAUPOBAHHBIX TUNECPMETUITUPOBAHHBIX JIOKYCOB ObLIH AHAJIOTHNYHbI B o6pa3uax
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MaTEepPUHCKON ma3mel mepBoro Tpumectpa (1457 nokycoB) m Tperbero tpumectpa (1279
JIOKyCOB) ONHAKO B oOpaslax MepBOro TPUMECTpa NPUCYTCTBOBAJIM IO CYLIECTBY OoJee
TUIIOMETHIINPOBaHHbIe JIOKYChI (21 812 nokycoB), uem B oOpasuax Tpersero Tpumectpa (12 677
nokycoB) (Tabnuma 1600 Ha @ur. 16).
D. IIpumenenue mapkepos

[0228] [uddepenumanbHo MeTunupoBaHHble Mapkepbl, win DMR, nomxomar s
NPUMEHEHUS] B HECKOJbKUX acnekrTax. [IpucyTcTBue TakuMx MapKepoB B MATEPUHCKOH IIa3Me
YKa3bIBa€T HA HAJIWYHME U NOATBEPKAAET NPUCYTCTBUE WM IUIOAHON, miM mianeHtapHon /IHK.
VYKka3zaHHOE MOATBEPKIECHUE MOKET NPUMEHSTHCS AJI1 KOHTPOJS KadecTBa NMPU HEMHBA3UBHOM
NpeHaTalbHOM TecThupoBaHud. DMR MOryT ciy>kuth yHHBEPCAJIBbHBIMU MapKepaMH IUIOAHOU
JJHK B wMaTepuHCKOH Im1a3Me u OONAar0T MPEerMYIIeCTBAMH OTHOCHTEJbHO MapKepOB,
OCHOBAHHBIX Ha F€HOTUIIMYECKUX PA3IMUUAX MEXKAY MaTepbIO U IJIOAOM, TAKUX KaK MapKepbl Ha
OCHOBE MOJMMOP(U3MOB HJIM Ha OCHOBE Y-xpoMocoMbl. DMR sBISOTCS yHHBEpCAJIbHBIMU
IUIOJHBIMUA MapKepamu, MOIXOMSLUIUMH JJIsI BceX OepeMeHHocTell. Mapkepbl Ha OCHOBE
NOJTMMOP(HU3MOB MOIXOAST AJsl MPUMEHEHHsI TOJBKO B MOATPYyINe OepeMEHHOCTEH, IIie IJIox
HacJenyeT YKa3aHHbIA Mapkep OT OTLA, & T€HOM MaTepu He COAEP>KUT YKAa3aHHOIO MapKepa.
Kpowme Toro, MmoxxHO m3meputh koHueHTpanmto iogHoi JIHK B oOpasue MaTepHHCKON T1a3Mbl
myTeM KonudecTBeHHOro omnpenenenust monexkyn JHK, mpoucxopsamux us ykazanaeix DMR.
IIpn wHanuuuu wm3BecTHOoro mpoduiast DMR, oxupmaemMoro 1uisi HOpMaJbHBIX O€peMEHHOCTEH,
MOTyT OBITh JETEKTHPOBAHbI CBSI3aHHBIE C OEPEeMEHHOCTBIO OCJOXKHEHHs, B YaCTHOCTH,
BKJIIOYAIOLINE M3MEHEHHUs! TUIAIIeHTAPHOM TKaHU, PH HAOMIOAEHNH OTKJIOHEHHH npodmist DMR
B MAaTEPHHCKOW IUIa3Me WM NpoQmiIs METHJIMPOBAHUS OT OXKHUAAEMOTO Ui HOPMAJIbHBIX
OepemenHocTeil. CBsizaHHBIE € OEPEMEHHOCTBIO OCJIOKHEHUS], BKJIIOYAIOIINE W3MEHEHHsI
IUTALICHTAPHON TKAHHW, BKJIOYAIOT, HE OrPaHUYMBASCh YKA3aHHBIM, IUJIOJHBIE XPOMOCOMHBIE
aHeyrjiouau. [IpuMepsl BKJIIOYAIOT TPUCOMHIO 21, MPESKIAMIICUIO, BHYTPHUYTPOOHYIO
3a1epKKY POCTa U MPEXKIAECBPEMEHHBIE POJIBL.

E. Habopvr ¢ maprepamu

[0229] CornmacHo BapmaHTaM peanu3aluyd MOTYT O00eCHeunBaThCS KOMIIO3MLUU |
HaOOpBI AN peaju3alliil ONHMCAHHBIX B HACTOSINEM JOKYMEHTE W JPYTHX TOAXOISIINX
crioco6oB. Haboper MOryT mpuUMeHATHCS TSI TIpoBeaeHus anaian3os mioxHoi JIHK, nanpumep,
cBobonHO ot kierok ruonHoW JIHK B marepuHckoit mimazme. CornacHO OZHOMY BapHaHTY
peanm3anmy HaOOp MOXKET BKIIFOYATh IO MEHbIIEH Mepe OJUH OJMIOHYKJICOTUM, IMOAXOMSIINN
s cneunpuyeckoi rudpuan3alui ¢ OJHUM MM OOJNBIIMM  KOJMYECTBOM JIOKYCOB,
UIeHTU(QULIMPOBAHHBIX COTJIACHO HACTOALIEMY NOKyMeHTy. HaOop Tak:ke MOXKET BKIJIIOYATh I10

MEHbLIEH Mepe OAMH OJUIOHYKJIEOTH[, MOAXOAALINI s creunpudeckoil ruOpuausanuu
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OIHUM WM OOJBIINM KOJUYeCTBOM pedepeHCHBbIX JoKycoB. COracHO OTHOMY BapHaHTY
peann3aluy U3MepsIOT IJIalleHTapHble TMIepMETUINPOBaHHbIE Mapkepbl. TecTupyeMslil JIOKyC
MOXET IMpeACTaBNIATh coOoi Mermnuposannyto JIHK B marepunckoil mnasme, u pedepeHCHbIH
JOKYC MOKET TpeAcTaBisiTh coboi wmerwnupoBannyto JIHK B MarepwHCKON mIia3me.
AHanorn4Hblli HAOOp MoXkeT ObITh coOOpaH 11 ananu3a onyxoinesoit JJHK B mnazme.

[0230] B HekoTOpbIX clyyasix HaOOpPbI MOIYT BKJIKOYATh 1O MEHbIIEH Mepe Ba
OJIUTOHYKJIEOTHUIHBIX TMpaiiMepa, KOTOpPbIE MOTYT TPUMEHSTHCS TMPH AMIUTU(PUKALUUA 10
MEHbLIEH Mepe YacTH LEeJIEBOro JIOKyca (HampuMep, JIOKyca, MPEACTABICHHOTO B MPUJIOKEHUH)
u pedepeHcHOro Jiokyca. BMecTo mim momuMo mpaiiMepoB HAOOp MOXKET BKIIHOYATh MEUYEHbIE
30HAbI st gerekunu ¢pparmenta JIHK, cooTBeTCTBYyIOIIETO LIENeBOMY JIOKYCY U pedepeHCHOMY
aokycy. CoriacHO pasIMYHBIM BapUAHTAM pEANH3alMU OJUH WM OOJblIee KOJHYECTBO
OJIMTOHYKJIEOTHAOB HabOpa COOTBETCTBYIOT JIOKYCYy W3 TaOmuu mpwioxkeHus. Kak mpasuiio,
yKa3aHHble HAaOOpBI TaKXe CONEpKaT PYKOBOACTBO IO SKCIUIyaTalMH Uil HaNpaBJICHUS
NOJIB30BATENIEH NPU aHATN3E TECTUPYEMbIX 0Opa3LOB U OLEHKE (PU3MOIOTHIECKOTO COCTOSHHS
WU TIATOJIOTUH Y TECTHPYEMOTO CyOBeKTa.

[0231] CornacHO pa3nUYHBIM BapHaHTAM peau3allid NPEIJIOKEeH Habop Il aHan3a
wionnoi JIHK B 6uonormueckom odpasie, conepxamem cmech ioanoi JIHK u JIHK cyObekra
— OepeMeHHOI MIoaoM >keHIMuHbL. Habop MOXkeT BKIIOYaTh ONUH WM OOJbIIee KOJHMYECTBO
OJIUTOHYKJICOTHIIOB ISl crielipuieckoi rubpuan3anii o MeHbIIeH Mepe ¢ YaCThi0 TeHOMHOM
obmactu w3 mepeunciaeHHbix B Tabmumax S2A, S2B, S2C, S2D, S3A, S3B, S3C u S3D.
CoOTBETCTBEHHO, MOET OBITh HCIOJIb30BAHO JIFOOOE YHCIO OJMIOHYKJICOTHAOB M3 JIFOOBIX
TaOMUIl WIM  TOJBKO W3 OOHOH TaOnuubl. YKa3aHHbIE OJUTOHYKJIEOTHIbI  MOTYT
(YHKIMOHUPOBATh B Ka4yecTBE TMpaliMepoB, U MOTYT ObITh MpPENCTaBJIEHbI B BHUIE Iap
npaiiMepoB, TMPU 3TOM TMapa COOTBETCTBYET KOHKPETHOH OONacTH W3 TEPEUHCIICHHBIX B
TabIuIax.

VI. CBs3b MEXIQY PASMEPOM n IJIOTHOCTBIO

METUWJINPOBAHUA

[0232] H13BectrO, uto Monekynbl JIHK mimasMbel mpUCYTCTBYIOT B KPOBOTOKE B (hopme
KOPOTKHX MOJIEKYJI, IPH 3TOM JJTMHA OOJIBIIMHCTBA MOJIEKYJI COCTABISET MpUONMU3uTeNnbHO 160
m.0. (YMD Lo et al. 2010 Sci Transl Med; 2: 61ra91, YW Zheng et al. 2012 Clin Chem; 58: 549-
558). HHTepecHO, 4YTO JaHHBIE AaBTOPOB HACTOSIIETO W300pPETeHUsT JIEMOHCTPUPYIOT
3aBUCHUMOCTb MEXIy CTaTyCOM MeTWIMpoBaHus U pasmepoMm Mosekyn JIHK mnasmsl
CootercTBenHo, mmuHa (parmenta JIHK masmel cesizaHa ¢ ypoBHeMm metmnposanus JHK.
Xapakrepuctuueckue npodunu pasmepos mosaekyn JAHK nnasmbr npeanonararot, 9yro 66abmas

UX YacThb CBSI3aHa C MOHOHYKJIEOCOMaMH, BO3MO>KHO, 00pa3yroluMucs npu (HepMEeHTAaTUBHOM
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paclleIUIeHUH BO BpeMsl anonTosa.

[0233] Llupkymupyromass JHK B npupome ¢parmenTupoBana. B uacTHOCTH,
upkynupyromas ruonHas JIHK xopoue, yem mpoucxopsmas ot matepu JJHK B oOpasmax
marepuHckoil mna3mel (KCA Chan et al. 2004 Clin Chem; 50: 88-92). Tak xax BbIpaBHUBaHUE
CapEeHHBIX KOHIIOB MO3BOJIIET MPOBOAUTH aHAIM3 pazMepa oOpaboranHoi oucyiasdurom THK,
MOJKHO HENOCPEICTBEHHO OLIGHUTbh HAJU4Me KakKoW-IMOO KOppeNsiMU MEXAY pa3MepoM
mosekyn JIHK mmasmel U COOTBETCTBYIOLIMMHU KM YPOBHSIMU METUJIMPOBAHUS. ABTOpBI
HACTOSIIEr0 M300PETeHUs] UCCIIENOBAIN YKA3aHHYI) KOPPEISLUI B MATEPUHCKOW IUia3Mme, a
TaKXKe B KOHTPOJIBbHOM 00pasLe 1mia3mMbl HeOepeMeHHOH B3pOCIION KEHIUHBI.

[0234] CexBeHupoBaHKe CHApEeHHBIX KOHIIOB (BKJIIOYAKOIIEEe CEKBEHHMPOBAHHUE IMOJHOM
MOJIEKYJIbI) JJisi 000MX KOHIOB Kaxknoi mojekynsl JIHK mcrmonb3oBamu s aHamu3a KaskIqoro
oOpasuma B VyKa3aHHOM HCCIeOBaHMM. IlyTeM  BBIpaBHHUBaHHS  Mapbl  KOHIEBBIX
nocyienosarenbHocTel  kaxknoi monekysael JJHK ¢ pedepeHCHBIM TeHOMOM denoBeKa W
MOJIyYeHHUs] TEHOMHBIX KOOPJAMHAT KOHLIOB PUIOB CEKBEHUPOBAHUS, MOXXHO ONPEIENUTh AJNHBI
cekBeHupoBanHbix Mojiekysn JIHK. Monekynst JIHK mmasMbl  eCTeCTBEHHBIM  00pa3oMm
(bparMeHTHPOBaHBI HA HEOOIBIINE MOJIEKYJIBI M OMOIHMoTeKH cekBeHupoBanus st JIHK mia3mer,
KaK MPaBUJIO, TMOJNY4YaroT Oe3 Kakux-nmubo stanoB ¢parmeHtanun. COOTBETCTBEHHO, AJIMHBI,
YCTaHOBJIEHHBIE C MOMOLIbIO CEKBEHHUPOBAHUS, OTPaXKarOT pa3Meprl UcxoaHbix mousekyn JTHK
IU1A3MBl.

[0235] B npenpiayineM HCCIETOBAHMM aBTOPbI HACTOSLIETO M300PETEHHUS ONpeaeUIN
nporu pa3MepoB MIOAHBIX 1 MaTepuHckux mojekys JJHK B marepunckoii mnasme (YMD Lo
et al. 2010 Sci Transl Med; 2: 61ra91). ABTOpbI HACTOSILErO HU300PETEHUS] TOKA3aJH, YTO
mosiexynsl JIHK mmasmbl uMMeOT pa3Mephl, HAOMUHAIOLIHE MOHOHYKJIEOCOMBI, MOJIEKYJIbI
wionHor JIHK Obutn kopoue, 4yeM MarepuHCKHE. B yKa3aHHOM WCCIEOBAHUU aBTOPbI
HACTOSIIIETO U300PETEHH s ONPEIeNIMIN CBsA3b cTaTyca MeTrupoBanus Mosiekyst JIHK mnasmel ¢
UX pa3Mepamu.

A. Pesynomameur

[0236] Ha ¢ur. 17A npencrasnen rpadux 1700, oTpakaromuii pacrpeneiieHue
pasmepoB JIHK wmaTepuHCKOH TUIa3Mbl, KOHTPOJBHOW ILIa3Mbl HEOEPEMEHHOU >KEHIIHHBI,
mwianentapuoit JIHK u JIHK nepudepuueckoii kpou. J[Ba 00paboTaHHBIX OHCYIBGUTOM
oOpasua mma3mMel U3 00pa3lOB MAaTEPUHCKON IIa3Mbl M KOHTPOJBHOH IJIa3Mbl HEOEpEMEHHOM
JKEHIIUHBI JIEMOHCTPUPOBAIM T€ K€ XapaKTepUCTHUECKHE paclpeiesieHUs] pa3MepoB, UTO U
panee ommcanHble (YMD Lo et al. 2010 Sci Transl Med; 2: 61ra91), ¢ naubonee
pacmpocTpaHeHHOH 001mel IIMHON mocnenoBarenbHocTel 166—167 m.0. u nepuonudHocThio 10

n.0. 1 moaekys JIHK, annna koTopeIix cocTasisieT MeHee 143 m.o.
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[0237] ®ur. 17B mpencrasisier coboii rpaduk 1750 pacnpeneneHus pasMepoB H
npo st METHIINPOBAHUS MATEPUHCKOHN IJIa3Mbl, KOHTPOJBHON IIa3Mbl B3POCJIOHN JKEHIIUHBI,
IUTALICHTAPHONM TKAaHU W KOHTPOJIBHOM KPOBH B3pOCOW >keHIuuHblL g monekyn JIHK
OJIMHAKOBOIO pasMepa U cojepskalmux no MeHbiield mepe oauH CpG-caliT paccUUTHIBAIU
cpenHee 3HA4YeHHWE IUIOTHOCTH METHJIMPOBAHMS. 3aT€M aBTOPbl HACTOSIIEro H300peTeHus
crpomnn rpaduk 3aBUCHMOCTH Mexay pasmepamu wmojekyn JHK wu ux miotHocTsIMH
METUJIMPOBaHUs. B gacTHOCTH, onpenesnsiiu cpenHee 3HaUeHUe MJIOTHOCTU METHJIMPOBAHUS IS
KaX 10 UTHHBI (hparMenTa, Bapbupytomieit or 50 mo. 1o 180 m.o., 1jist pUIOB CEKBEHUPOBAHMS,
nokpsiBaroux no messineil Mepe 1 CpG-caiit. IHTepecHO, YTO IMJIOTHOCTH METHJIMPOBAHUS
yBeIu4MBajgach npu Bodpacranuu pasmepa JHK nnasmel, u uMena MakCcumManbHOE 3HAY€HHUE NPU
pa3mepax npudnusutenbHo 166—167 m.0. YKa3aHHbINA NAaTTePH, TEM HE MEHee, He HaOFoaacs B
obpasumax JIHK mmameHTBl W KOHTPOJBHBIX 0Opas3max KpoBH, (ParMEHTHPOBAHHBIX C
MPUMEHEHUEM YJIbTPA3BYKOBON CUCTEMBI.

[0238] Ha ¢ur. 18 npuBeneHsl rpaduku IUIOTHOCTEH METHJIUPOBAHUS W pa3Mepa
mozekyn JIHK mnasmbr. @ur. 18A npencrasisier coboii rpadux 1800 s MaTepuHCKOHN TIa3MBbI
B niepBoM Tpumectpe. @ur. 18B mpencrasnser coboit rpadux 1850 nist MaTepuHCKOH TIa3Mbl B
TpeTbeM TpuMecTpe. JlaHHblE 11 BCEX PHUAOB CEKBEHHUPOBAHUS, KOTOPbIE IMOKPBIBAIA IO
menblieit Mepe onuH CpG-caiit, npeacrasiensl ronyooi kpusod 1805. /laHHble 11 pUIOB,
coZiepKaBIINX TaKke crneunuunbii 1 mwoaa amnens OHIL, npeacraBieHbl kpacHOH KpUBOI
1810. JlaHHble AN PUAOB, COIEPKABIIMX Takke crieruduuHblii nust matepu amtens OHIL,
NpeACTaBJIECHbI 3€1eH0M kpuson 1815.

[0239] Puner, comepxkabmue cnenmuduyHblii s wiopa  amiens OHIL,  cumranu
OTHOCSAIIMMUCS K MosiekyiaM tuogHor JIHK. Punel, copepikapuine cnenu@UYHbIN 11 MaTepH
amnens OHIL, cumrtanu oTHocammmucs k Mojekyiaam Martepunckod JIHK. Kax mpasuio,
mosiekyibl JIHK ¢ BBICOKUMH IUIOTHOCTSIMH METUJIMPOBAHUS HMMEIH OOJBIIUI pasmep.
VYkazaHHasi TEHIEHIUsST HAOIIONaIach Uik MOJIEKYJT KaK MJIOAHOM, Tak U MatepuHckoi JIHK, u B
NEepBOM, M B TpeTbeM TpuMecTpax. Kak paHee y)ke TOBOPHIJIOCH, OOIIHE pa3sMepbl MOJEKYJI
wionHol JIHK Obutn MeHbIne, 4eM pa3Mepbl MATEPUHCKUX MOJIEKYI.

[0240] Ha ¢ur. 19A npusenen rpadpuk 1900 mioTHOCTEH METUIMPOBAHUS U Pa3MEPOB
PHUIOB CEKBEHUPOBAHUS JUIsI B3POCIONH HeOepeMmeHHOU »keHIquHbI. J{ys1 obpasma JIHK mia3mer
B3pOCIION HeOepeMEeHHON JKEHIIMHBI HAOM0JaNach Takas Jk€ 3aBHCUMOCTb MEXAY pasMepamu U
cocrosiHueM MetwmpoBanus Mmosiekyn JIHK. C npyroit croponel, Ha sTanme o0paOoTku
yAbTpa3BykoMm, 10 aHaimm3a ¢ mnpumeHeHnem MIIC, obpasusr reHomuoit JIHK Obutu
¢parmenTupoBanbl. Kak BugHO Ha rpaduxe 1900, B maHHBIX Ay 00pas3LoOB KJIETOK KPOBU H

nnaueHTapHoﬁ TKaHHU YyKa3aHHasd TCEHACHLUUA OTCYTCTBYCT. HOCKOJ’Ibe IMPOU3BOAUTCH
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UCKYCCTBEHHasl (pparMeHTanusi KIETOK, MOXKHO OXHIaTh, YTO CBS3b MEXAY pa3MepoM H
IUIOTHOCTBIO Oy/eT OTCYTCTBOBaTh. Tak Kak IJisi (JparMEeHTHPOBAHHBIX €CTECTBEHHBIM 00pa3zoM
mosekyn JIHK B mmasme HaOmromaercs 3aBUCUMOCTb OT pa3Mepa, MOXKHO HPEANOIOXKUTh, YTO
MOJIEKYyJIbl ¢ OoJjiee HHM3KUMH IUIOTHOCTSMH METWJIMPOBaHUS C OOJblIeH BEPOSTHOCTHIO
pacnagarorcs Ha Oosee KOpoTkue GparMeHThI.

[0241] ©ur. 19B mnpencrasnsier coboii rpaduk 1950, orpaxaromuii pacmpeneneHue
pa3MepoB U MpOPUIb METHIUPOBAHUS CHEHU(PUUHBIX I MJIOAA W CelU(PUYIHBIX I MaTepu
mosiekyn JIHK B matepunckoit mmasme. Jnsi crienquduuHbIX Ui TUIOAA U CIEHU(PUYHBIX IS
marepu mosekyn JJHK mma3mer Takke HaOIr01a1aCh yKa3aHHAS KOPPENSLUs MEXKIY pa3MepaMu
(parMeHTOB M YpOBHEM MeETHIHpPOBaHUA. JTMHBI (PparMEeHTOB KakK TNPOUCXONALICH U3
IUTALICHTBI, TAK ¥ MAaTEPUHCKOHN LMpKyIupyromel ceoboanoi ot kietok JJHK yBennuuBamuce ¢
yBEIMYEHUEM ypOBHs MeTwiupoBaHus. Kpome Toro, pacnpeaeneHuss HX — craryca
METUIMPOBAHNS HE NEPEeKPBIBAINCH, NpPEANojaras, 4ro YKa3aHHOE SBJIEHUE CYLIECTBYET
HE3aBHCHMO OT UCXOIHOM JUTHHBI (PparMeHTa M3 HCTOYHUKOB LUPKyIHpyromux Moiekyn JJHK.

B. Cnocob

[0242] CoOTBETCTBEHHO, pacHpenesieHue pa3MepoB  MOXKET TMPUMEHSTBCS IS
onpeneneHusl OOIero MpoLeHTa METHIMPOBaHUs o0pasua IUla3Mbl. YKa3aHHOE H3MEpEeHHe
METHJIMPOBAHUSL 3aTE€M MOXKET OTCJIEKHBATBHCA BO BpeMsi O€PEeMEHHOCTH, NMPH MOHHUTOPHUHIE
pakoBOoro 3a0ojeBaHMs, WM TPU JIEUEHHUM IIyTeM CEPUIHbIX M3MEpPEHHH pachpeneneHui
pasmepos JIHK ma3Mbl B COOTBETCTBUH C 3aBHCUMOCTBIO, IIpeACTaBIeHHON Ha ¢gur. 18A u 18B.
HsmepeHne METUIMPOBAHUS TAKKE MOXKET NIPUMEHATHCS JJIs1 OTCIIEKUBAHUs MOBBIIIEHHOTO WX
NOHIKeHHOro BbicBoOOOXKAeHus: JIHK w3 mpencraBisrolmero HWHTEpeC OpraHa WM TKaHHU.
Hampumep, MOXHO KOHKPETHBIM O0pa3oM OTCIEKHBaTh CUTHATypbl MetwiupoBanus JIHK,
cnermpUIeckre sl KOHKPETHOrO OopraHa (Hampumep, AJis MeYeHH) U U3MePSITh KOHIIEHTPALUN
yKazaHHbIX curHatyp B miasme. [lockompky JIHK BbIcBOOOXKHAaeTcs B Tuia3My NpH THOENH
KJIETOK, NOBBILIEHUE YPOBHEH MOXKET O3HA4aThb YBEJIWYEHUE YPOBHEH KJIETOYHONH CMEPTH WU
MOBPEXKACHUsSI YKAa3aHHOTO KOHKPETHOro opraHa wiu TkaHd. CHIDKEHHE YpOBHS Ui
KOHKPETHOI'O OpraHa MOKET 03Ha4aTb, YTO MPOTUBOACHUCTBYIOLIEE MOBPEKACHUIO JICUCHUE WU
MATOJIOTMYECKUE MPOLIECCHI B YKA3aHHOM OPraHe HAaXOAATCs MO KOHTPOJIEM.

[0243] ©ur. 20 mnpencraBisier coboili Onok-cxemy crocoda 2000 OmEHKH YPOBHS
metunuposanusi JIHK B Ouonmormueckom obOpasiie opraHM3Ma B COOTBETCTBHH C BapHaHTaMH
peanm3any HaCcTOSINEro H300peTeHns. Y POBEHb METIIIMPOBAHMS MOXKET OBITh ONpENesieH s
KOHKPETHOH 00JIacTH reHoma wiu At Bcero reHoma. Ecnu TpeOyercst KOHKpeTHass 00JacTh,
MOryT OBITh HcTIONb30BaHbl pparmenTsl JJHK nckmrounTenbHO U3 3TOH KOHKPETHOH 00IacTu.

[0244] Ha stane 2010 wm3mepsitor konmvecta (parmentos JIHK, coorBercTByromux
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pa3nUUHBIM pa3mepam. JlJist KaKAoro pazMepa U3 MHOXKECTBA Pa3MEPOB MOKET OBITh U3MEPEHO
KonuuecTBO MHOkecTBa (pparmentoB JIHK w3 ykasanHoro Owuonormueckoro oOpasua,
COOTBETCTBYIOLIMX YKa3aHHOMY pasMepy. Hampumep, wmoxer OBITh H3MEPEHO HYHCIO
¢parmenros JIHK ¢ nnunHo# 140 ocHOBaHMiA. YKa3aHHBIE KOJINYECTBA MOTYT ObITh COXPAHEHBI B
Buzie rucrorpaMMbl. COrJacHO OAHOMY BapHaHTy peajM3alld HU3MEPSIOT pa3Mep Kaxaou u3
MHOJKECTBA HYKJIEMHOBBIX KHUCJIOT U3 YKA3aHHOTO OMOJIOrM4ecKoro odpasna, 4To MOXKET ObITh
peanr30BaHO HA HWHIMBUAYAJIbHOW OCHOBE (HampuMep, TMyTeM MOHOMOJIEKYJISIPHOTO
CEeKBEHHPOBAHUS LIEJION MOJIEKYJIbI WJIM UCKIFOUUTENbHO KOHIIOB MOJIEKYJIbI) HJTH Ha TPYIIIOBOM
OCHOBe (HampuMep, TOCPeACcTBOM 3jekTpodope3a). Pasmepbl MOIyT COOTBETCTBOBATH
nuanasoHy pasmepoB. COOTBETCTBEHHO, KOJIMYECTBO MOXKET OTHOCUThCS K (pparmentam JIHK,
HMEOLIMM  pa3Mep, MNONaJarollhii B  oOmnpeneneHHbll auana3oH. Ilpu nposeneHuun
CEeKBEHHPOBAHUSl CIAPEHHBIX KOHLIOB KapTupoBaHue (BelpaBHHBaHME) (parmenToB JIHK
(onpeneneHHbIX MO MApHBIM PHIAM IOCIENOBATEIBHOCTEH) MO KOHKPETHOW OOJACTH MOKET
OBITb NCTIOJIB30BAHO ISl OTIPENIEJICHHUS YPOBHS METUIIMPOBAHUS YKAa3aHHOW 00JI1acTH.

[0245] Ha stane 2020 paccuuThIBalOT NEPBOE 3HAUEHUE MEPBOrO NMapaMeTpa Ha OCHOBE
xonuuectBa (¢parmentoB JIHK pasnmunbpix pasmepoB. CoOriacHO OZHOMY AacleKTy IMepBbIi
napameTp 00ecreunBaeT CTaTHCTHUECKYIO Mepy Npoduiist pa3MepoB (HanmpuMmep, TUCTOTPaMMYy )
¢parmenros JIHK B Oumonormueckom oOpasie. YKa3aHHbIH NapaMeTp MOKET Ha3bIBATHCS
pasMEepHBbIM MapaMeTpPOM, MOCKOJIBbKY OH OIpenesseTcs Ha OCHOBAHUM Pa3MEPOB MHOXKECTBA
¢parmenros JTHK.

[0246] IlepBeii mapamerp MOXKET IPUHUMATh paszauuHble ¢GopMbl. OmHMM U3
napaMeTpoB sBisieTcst npoueHT (parmentoB JIHK KOHKpeTHOro wmim mnomagarmomero B
HEKOTOpBI JMama3oH pa3Mmepa OTHOCHTENbHO Bcex ¢parmentoB JAHK, winm oTHOCHTENBHO
¢parmenros JIHK npyroro pasmepa uiu u3 Ipyroro auana3ona. Takol mapamerp npeacTaBiisieT
coboi umcno ¢parmentoB JIHK KOHKpeTHOro pasmepa, pasfesieHHOe Ha oflmee Yucio
(parMeHTOB, KOTOpPO€ MOKHO TMOJYYUTh M3 TUCTOrpamMmbl (JIFOOOW CTPYKTYpBl HAHHBIX,
MO3BOJBIIOIIEH MOACYUTATh aOCONIOTHOE WM OTHOCHUTENBHOE KOJIHYECTBO (PParMEeHTOB
KOHKPETHBIX pa3MepoB). B apyrom mpumepe mapaMerp MOKET MNPENCTaBJsATh COOOH 4YHCIO
(parMeHTOB KOHKPETHOTO pasMepa WM OTHOCSIIUXCS K ONPENCNICHHOMY AHAaIa3oHy,
pas3neneHHoe Ha 4YuCiIo (PparMeHTOB OPYTrOro pasMep MM U3 Jpyroro auanasoHa. JleneHue
MOKET CJY>XUTb B KaueCcTBE HOPMHUPOBKH JJis1 yueTa pa3HOro 4YHcia aHaJIU3UPYEMBbIX
¢parmenTos JIHK mis pasabix oOpa3nos. HopMupoBka MOKET OCYIIECTBIISTLCS MyTEM aHATH3a
onuHakoBoro yucna ¢parmenros JIHK nns xaxgoro obpasma, uro s¢pdexruBHo obecneunBaer
TOT K€ pe3yJbTaT, 4YTO M JAeJeHHe Ha o0lee 4YHCIO AaHaTN3UPYEeMbIX (PparMeHTOB.

ﬂOHOJ’IHI/ITeHbeIe MPUMEPHI IapaMETPOB U aHAJIN3a pa3sMEPOB MOXKHO HalTH B 3asIBKE HA MATEHT
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CIIA 13/789553, xoTopasi BKJIIOUE€HA B HACTOSIIIHUN JOKYMEHT MOCPEACTBOM CCBUIKHU BO BCEX
OTHOILEHHUSX.

[0247] Ha stame 2030 cpaBHMBaIOT ©iepBOE 3HAUEHHE pasMepa C pedepeHCHbIM
3Ha4YeHueM pasmepa. PedepeHcHoe 3HaUeHNEe pa3Mepa MOXKET ObITh PACCUNUTAHO MO (pparMeHTam
JHK pedepencHoro obpasua. s onpenenenust pedepeHCHBIX 3HAYEHUH pazMepa MOXKeT ObITh
paccUuTaH M KOJMYECTBEHHO ONpereseH Npoduiib METHINPOBaHUS Ui pedepeHcHOro odpasua,
a Tak)xe 3Ha4YeHHe MepBOro pasmepHoro napamerpa. COOTBETCTBEHHO, NPU CPAaBHEHUH NEPBOTO
3HAYeHUs pasMepa U pedepeHCHOro 3HAYEHUsl pa3Mepa MOXKeT ObIThb ONpeneieH YPOBEHb
METHJINPOBAHUSL.

[0248] Ha stane 2040 onpenenstoT ypOBEHb METUIMPOBAHNS HA OCHOBAHUU YKa3aHHOTO
cpaBHeHus. CoOracHO OIHOMY BapHaHTy peall3allud MOXKHO OIpeNeNUTb, BBILIE UM HUXKe
NepBOE 3HAUCHHUE MEPBOTo MapaMmeTpa, yeM pedepeHCHOe 3HAUeHHE pa3Mepa, U TAKHM 00pazom
OTIPENEeNUTD, BBIIIE HJIN HIDKE YPOBEHb METHIIMPOBAHHS TECTUPYEMOro oOpasua, YeM ypPOBEHb
METUIMPOBaHusl 1Js1 pedepeHcHoro 3HadeHuss pasmepa. CorjacHo ApyromMy BapHaHTY
peanu3aiuy CpaBHEHHE OCYIIECTBIISIOT MyTEM BBEIEHHs IEPBOTO 3HAUEHUs B KAJIMOPOBOYHYIO
¢bynkuro. Kanmubposounast GpyHKIus mo3BOsieT 3PPEeKTHBHO CpaBHUBATH MEPBOE 3HAYCHHE C
KaTMOpOBOYHBIMH  3Ha4eHUSIMH (HAOOpOM pedepeHCHBIX 3HAYeHUH pa3MepoB) MyTeM
UIeHTH(UKAIMK TOYKH Ha KPUBOM, COOTBETCTBYIOLIEH MEPBOMY 3HAYEHHIO. 3aTEM IOJyHarOT
pacyeTHbli YpOBEHb METHJIMPOBAHUA B KauyeCTBE BBIXOJHOIO 3HAYEHMs KaJIUOpOBOYHOMN
byHKIUH.

[0249] CooTBeTCTBEHHO, MOXHO OTKaJUOpOBAaTh pPa3sMEPHBIH MapameTp IO YPOBHIO
MeTmnpoBaHusi. Hampumep, ypoBeHb METHIMPOBAHUS MOXET OBITh HM3MEPEH M CBsI3aH C
KOHKPETHBIM Pa3MEpPHBIM MapaMeTpoM Ui YKa3aHHOro oOpas3ia. 3aTeM TOYKH TaHHBIX IS
Pa3MUYHBIX 00pa3LOB MOTYT ObITh aNMMPOKCUMHUPOBAHBI KaauOpoBouHOW (yHKImer. CormacHo
OTHOMY BapHaHTy peanu3alud sl pasHbix noaMHoxkecTs JIHK moryT mpumeHsITbCsl pasHble
kanuOpoBouHble (QyHKIMU. COOTBETCTBEHHO, MOXKET TPUMEHATbCS Hekoropas ¢dopma
KaTMOPOBKH, OCHOBAHHAS HA TPEABAPUTEIBPHOM 3HAHWHU 3aBHCUMOCTH MEXIY METHIHPOBAHUEM
U pa3MepoM il KoHKpeTHoro noamHoxkectBa JJHK. Hampumep, xanuOpoBka It TUIOMHOH H
matepuHckoit JIHK MoxkeT ObITh pa3sHOM.

[0250] Kak Opu1o mokaszaHo BbIIIE, TUTALIeHTa 00Jiee TMMOMETUINPOBAHA TI0 CPABHEHHIO C
MAaTEPUHCKON KPOBBIO, M, COOTBETCTBEHHO, muoaHass JIHK wmmeer meHpmuil pasmep BBULY
MeHbIlleH cTeneHn MeTwiupoBaHus. (COOTBETCTBEHHO, [JIsi OMNpEAENEHUs IUIOTHOCTH
METUJIMPOBAHUS MOKET MCIIONB30BAThCs CPEAHMI pasmep ¢parMeHTOB oOpasua (wiu apyras
cTaTUCTUYecKass BenuumHa). Tak Kak pasmepbl (pParMeHTOB MOIYT OBITb H3MEpPEHBl C

NPUMCHCHUEM CCKBCHUPOBAHUA CIIAPCHHBIX KOHLOB, 4 HC MNOTCHLUAJIIBHO 0oJiee CIIOKHOIO
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TEXHUYECKH 4yBCTBUTEIBHOIO K METWIMPOBAHUIO CEKBEHHPOBAHUS, YKA3aHHBIA CIIOCOO0 MOXKET
OBbITb MOTEHLHAIBHO 00JIe€ SKOHOMUYHBIM MPH KIMHUYECKOM IPUMEHEHNHU. Y Ka3aHHBIH Cr1oco0
MOJKET MPUMEHSTBCS 711 MOHUTOPUHIA U3MEHEHUI METUIIMPOBAHUS, CBSI3aHHBIX C IIPOrPECCOM
OepeMEeHHOCTH, WM CBSI3aHHBIX C OEPEMEHHOCTBIO PACCTPOMCTB, TAKMX KakK MPEIKIAMIICHS,
IPEeKAEBPEMEHHbIE POMIbI U PACCTPOICTBA IIOAa (HApUMep, BbI3BAHHBIE XPOMOCOMHBIMH HJIN
reHeTHYECKMMH aHOMAJIMSMH WIN BHY TPy TPOOHOH 3a1epiKKOH pocTa).

[0251] CormacHo npyroMy BapuaHTy peaju3alMd  YKa3aHHBIA CHOCOO  MOXKeT
NPUMEHSITBCS. U JE€TEeKTHPOBAHUS U MOHUTOPHMHIra pakoBoro 3adoneBanus. Hampumep, mpu
YCIELTHOM JISUeHUH PakKoBOro 3aboyieBaHUs NMPOQUIb METHIUPOBAHUSA B IUIA3ME WM JPYTrou
JKUAKOCTH OpraHu3Ma IO OLEHKE C INPUMEHEHHWEM YKAa3aHHOIO OCHOBAHHOIO Ha pa3sMepax
cniocoba OyneT M3MEHATbCS B HANPABICHUU NPOQIIS 300POBBIX WHAMBHUAYYMOB, Y KOTOPBIX
OTCYTCTBYET pakoBOe 3abojeBaHue. 11 HampoOTHB, B TOM Cllydae, €ClM pakoBoe 3aboyeBaHUE
nporpeccupyer, npoduib METWINPOBAHKS B IJIa3Me UM JPYTOd KUIKOCTH OpraHu3Ma OyneT
pacxomuTbesi € TMpoduiIeM 300POBBIX HMHAMBHIAYYMOB, Y KOTOPBIX OTCYTCTBYET pakKOBOE
3aboneBaHue.

[0252] B menmoMm, TrUNOMETWIMPOBAHHBIE MOJIEKYJIbI B IUIa3Me ObUTH  KOpOdYe
TUNEPMETHUIIMPOBAHHBIX. YKa3aHHas TEHAEHLUs HaOmonanacb W AN IUIOAHBIX, H  JJIS
matepuHckux Mosekyn JHK. ITockonbky wuszBecTtHO, yro merunuposanue JIHK Biausier Ha
YIAaKOBKY HYyKJIEOCOM, JIaHHBIE aBTOPOB HACTOSALIEr0 H300pPETEHUs MPEAINONArarwT, uTO,
BO3MOXKHO, THUIIOMETHIINpOBaHHble MosiekyJibl JIHK Oblin MeHee IIoTHO yrakoBaHbl THCTOHAMHU
u ObutH, TakuM 00pa3om, Oosiee BOCIPUUMUNBEI K (pepMeHTaTHBHOMY paciueruienuto. C apyroit
CTOPOHBI, IaHHbIE, MpeacTaBieHHbie Ha Gur. 18A u 18B, TakKe MOKa3BIBAIOT, YUTO HECMOTPS HA
3HAYUTEIBHO Ooublee runomerwinpoBanue miogHoi JHK mo cpaBHEHHIO B MaT€pHUHCKUMH
punamu, pacnpeneneHus pasmMepos miogHon u mMarepuHckor JIHK He momHOCTBIO 000Cc00MEHBI
apyr ot apyra. Ha ¢ur. 19B MOXXHO BUAETD, YTO JaXke B OAHOH pa3MEepHOH KaTeropHH YPOBHHU
METUJIMPOBAHUS CIIEMU(PUUHBIX U TUIOJA M JJISI MaTePU PUAOB OTJIMYAKOTCS JAPYT OT JApYyra.
VYkazaHHOe HaOJIOIeHNE MPEANOJaraeT, 4YTo THIOMETHIIHPOBAHHOE cocTostHue monuon JIHK —
HE eIUHCTBEHHBIH (DAKTOp, KOTOPBIH OOYyCIaBIMBAET €€ OTHOCHUTEJbHO HEOOJBINYIO JJIHHY IO
cpaBHeHHIO ¢ MatepuHckoil JIHK.

VII. MMIPHHTHHI OBBII CTATYC TEHHBIX JIOKYCOB

[0253] B marepuHCKoO# 1Tuia3mMe MOTYT ObITh A€TEKTHPOBAHBI NMPOUCXOMSIINE M3 IUIOAA
monexynsl JIHK, umeromue TOT e TE€HOTUI, YTO WU MaTh, HO APYTHE€ 3MHUIE€HETHYECKHE
curHatypsl (LLM Poon et al. 2002 Clin Chem; 48: 35-41). UroObl npoaeMOHCTPHPOBATD, YTO
Croco0 C TPUMEHEHHEM CEKBEHHUPOBAHHS SIBJISETCS UYYBCTBUTENBHBIM CIIOCOOOM BBIOOpa

npoucxondammx ot miuona monekya JIHK B marepuHckol mnia3me, aBTOpPbI HACTOSLLETO
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M300peTeHNsT WCIOJB30BANN Ty K€ CTPATETHIO0 AN NETEKIUH WMIPUHTHHIOBBIX IUIOIHBIX
anneneii B oOpasme MaTepuHCKOW  IuasMbl.  MpeHTuuIupoBasud BE€ T'€HOMHBIX
uMNpUHTUHTOBBIX obnactu: H19 (chrll:1 977 419-1 977 821, Bepcus NCBI 36/hg18) u MEST
(chr7:129 917 976-129 920 347, Bepcust NCBI 36/hg18). O6e conep:xat unpopmarusuasie OHIT
JUTSL Pa3fIMueHus] MAaTEPUHCKUX U MJIOAHBIX nocnenosaTenabHocTeil. [1o H19, skcnpeccupyemomy
y Marepu reHy, MaTh Oblia romo3urotHa (A/A) u minon Obut rereposuroreH (A/C) mo OHIIL
1s2071094 (chr11:1 977 740) B ykazanHoi obnactu. OnuH M3 MaTepUHCKUX A ajuiened ObLl
TIOJTHOCTBIO METUJIMPOBAH, a IPyTroil He MEeTHJIUpPOBaH. B rianeHTe mpu 3ToM ajienb A ObuT HE
METUJIMPOBAH, TOT/Ia KaK YHACJIEeNOBAaHHBIA OT oTua amiesnb C ObUl MOJHOCTHIO METHJIMPOBAH.
ABTOpPBI HACTOSIIIETO U300PETEHUS NETEKTUPOBAIM J1BA METHIIMPOBAHHBIX pHa ¢ reHoTHroM C,
COOTBETCTBYIOLIUX HMMIIPUHTHHIOBBIM OTLIOBCKHM QJUIEISIM, MPOHMCXOMSIIIUM U3 IUIALICHTHI, B
MaTEPUHCKOH IIa3Me.

[0254] MEST, Ttakxe u3BectHbiii kak PEG1, mpencrasnsieT coboit skcnpeccupyemslii y
otua red. U mats, u tuion 6sutn rerepo3urotasl (A/G) mo OHIT rs2301335 (chr7:129 920 062) B
COCTaBe YKa3aHHOTO HWMIIPUHTHUHIOBOrO JIOKyca. B marepuHckodl kpoBu amtens G Obut
METUJIMPOBaH, a ajiesib A Obul HE MeTwinpoBaH. llarrepH MeTHIupoBaHHS B TUTALIEHTE ObLI
NPOTHUBOTIONIOXKHBIM M BKJIFOYAJ ~ METHJIMPOBAHHBIA ~ MaTepHMHCKUA A auenb |
HEMETWIMPOBaHHBI OTHOBCkMM amtens G. B marepuHckoil masMe MOXXHO — ObLIO
JETEKTUPOBATh TPU HEMETUIIMPOBAHHBIX ajuiens G, KOTopble Mpoucxoauiu ot orua. Hamporus,
VAV, nis HEMMIIPUHTUHTOBOIO T'€HHOIO JIOKyca Ha xpomocome 19 (chrl9:6 723 621-6 724
121) ne Habmromanoch Kakoro-aubo amienbHoro narrepHa metruwiauposanusi JJHK B obpasuax
TKaHU U IJ1a3MBbl.

[0255] Takum oOpazom, CTaTyC METHIUPOBAHHUS MOXKET MPUMEHSITHCS JJISI ONPEAeSICHHSI
toro, kakue (parmentsl JJHK nmpunamiexar mony. Hampumep, camo mo cebe oOHapykeHHe
anjenss A B MaTePUHCKOH IUIa3Me HEe MOXKET HCIOJb30BAaThCS B KA4eCTBE IJIOAHOTO MapkKepa,
ecnu mMath reteposurotHa (GA). OgHako eciv HaOMIOAaeTCsl OTIIMYHBIA CTaTyC METHUITMPOBAHHUS
MOJIEKYJl A B IUIa3Me, METHJIHMPOBAHHbIE MOJIEKYJbl A cnenuuyHbl U IUIOAA, a
HEMETWJINPOBAHHBIE MOJIEKYJIbI A crien(UIHbI ISt MATEPH, UM HAOOOPOT.

[0256] /lanee aBTOpBI HacTOsIEro U300peTeHNs (POKYCHUPOBAIHCH HA JIOKYCaX, KOTOpPbIE
ObUTM OMHCaHBI KaK JEMOHCTPUPYIOIINE FeHOMHBIN NMIPUHTUHT B IUIALICHTAPHBIX TKaHsIx. Ha
OCHOBE CITHCKA JIOKYCOB, npencrasieHHoro Woodfine et al. (2011 Epigenetics Chromatin; 4: 1),
aBTOPBl HACTOSINEro M300pETeHUs] [OMOJIHUTEIBbHO OTOMpaNy TakKue JIOKYChl, KOTOpBIE
cogepxkam OHII B oOmacTé KOHTPOJS WMIPUHTHHTra. YeTslpe JIOKyca YAOBIETBOPSIIH

yKa3aHHBIM KPUTEPHsM; yKa3aHHbIe JOKychl Obumn mpencrasiensl H19, KCNQ10T1, MEST u

NESP.
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[0257] Uto kacaercs punmoB u3 oOpas3la KJIETOK MaTepuHCKoW kpoBu 1t H19 u
KCNQI10T1, marepunckue punbl Obutr romo3urotHel mo OHIT u gomu MeTHIMPOBaHHBIX U
HEMETWIMPOBAHHBIX PUAOB ObuIM mpubmu3uTenbHo paBHbL OOpasupsl CVS u TkaHuM 3penoit
IUTALIEHTHI IOKA3aJIM, YTO IO OBUT reTepOo3UroTeH Mo 0OOMM JIOKYCaM, U KaXKIblH ajuiesib ObL1
crporo JubO METWIMPOBAaH, JHOO HEMETWIMPOBAaH, T.€. HAOIIOJANIOCh MOHOAJUIENBbHOE
MmetmnpoBanue. B obpasmax maTepuHCKOH miasme ObuiM OOHAPYKEHBI YHACIIEAOBAHHBIE OT
orua Mmonekysbl tiogHoi JIHK nmnst obomx nokycos. Jlns H19 yHaciemoBaHHbIe OT OTHA
MOJIEKYJIbl OBLTH MPEICTaBJIECHBbI PUAAMU CEKBEHHPOBAHUS, KOTOPBIE COACPIKATIH CrelMDUIHBIH
s wiona atens u Obutn MetwsupoBaHbl. s KCNQIOT1 yHacnenoBaHHbIE OT OTIA
MOJIEKYJIbl OBLTH MPENCTABJIEHBI PUAAMU CEKBEHHPOBAHUS, KOTOPBIE COAEPIKAIH Creln( UIHbIH
IUIS TUTOJTA aJUTETTh U He ObUTH METHIIMPOBAHBI.

[0258] C npyroii croponsl, MaTh OblIa rerepo3urorHa kak mo MEST, Tak u mo NESP. B
cnyuae MEST u mate, u rton 6putn rerepo3uroTtHsl (GA) mo OHIT IIpu 5ToM, 94TO OYEBUIHO U3
OAHHBIX IJs1 Uenu 5’—3° [ KJIETOK MAaTePUHCKOW KPOBU M TUIALIGHTAPHON TKaHH, CTaTyC
metunuposanus 1t CpG, cmexknoro ¢ OHIL, Opu1 y mMatepu M miofa NMPOTHBOMOJIOXKHBIM.
Annens A Obut Hemerwmpoad B JIHK marepu, nHo mermnmuposan B JIHK mnonma. B ciyugae
MEST wmatepuHckuii ayutens Obut MeTuHpoBaH. COOTBETCTBEHHO, MOJKHO TOYHO ONPEAEIIUTb,
YTO IJIO yHaclenosanl ajuieib A or marepu (MetwmmpoBaH B CVS), a maTh yHacinenosajia
anjenb A OT CBOEro otua (HEMETWIMPOBAH B KJIETKaX MAaTEPUHCKOM kpoBu). MIHTEpecHO, 4TO B
oOpa3uax MaTepUHCKOW IUIa3Mbl BCE YeTbIpE TPYIIbI MOJIEKYJ MOXHO JIETKO Pa3JIM4MTh,
BKJIIOYAst KAKIBIH M3 IBYX ajulesieil MaTepH U KaKAbIH U3 ABYX ajenei miona. Takum oOpasom,
KOMOWHHPYSI T€HOTUITHYECKYI0 HH(YOPMALIHIO CO CTATyCOM METHIIUPOBAHMS B HMIIPHHTHUHTOBBIX
JIOKYCax, aBTOPBI HACTOSIIIETO H300PETEH s MOTJIH JIETKO OTJIMYUTh YHACIESIOBAHHbIE OT MaTepH
moJiekyJbl iogHou JIHK ot ¢ponoBeix MaTepunckux monekys JJHK (LLM Poon et al. 2002 Clin
Chem; 48: 35-41).

[0259] VkazaHHBII €cOCOO MOKET MPUMEHSITHCS MJIsl JETEKIUU OJHOPOIHUTEBCKOM
aucomuu. Hampumep, eciau M3BECTHO, UTO OTEL[ AAHHOIO IUIOAAa MOMO3UIOTEH Mo aieno G,
HEBO3MOKHOCTb JI€TEKTUPOBAaTb HEMETHJIMPOBaHHbIM aiens (G B MaTEepUHCKON IUIa3Mme
O3Ha4YaeT OTCYTCTBHE BKJIaAa OTLOBCKOro awens. Kpome Toro, B Takux 0OCTOATENBCTBAX, €CIIH
B TUIa3Me TPU YKAa3aHHOW OepeMEeHHOCTH ObUIH AETEKTHPOBAHbl M METHIIMPOBAHHBIN ayutens G, u
METUJIMPOBAHHBIA ajulenb A, y IUIOAa TPEAINONOKUTENbHO HAOMIOAAaeTCsl MaTepUHCKAs
reTepOIUCOMHUS, T.€. HACJIEJOBAHUE JIBYX PA3HBIX ajjiesieil or MaTepu O0e3 HacleaOBaHUs OT OTIA.
Kak BapuaHT, €ciiu B MATEpHHCKOH 11a3Me ObLUTH 1€TEeKTUPOBAHBI U METHIIMPOBAHHBINA aJjuienb A
(nomHBIA  ansjenb, YHACIENOBaHHBIMN OT MaTepu) W HEMETWIMPOBAaHHBIA amienb A

(MaTepuHCKUI ajuleNb, YHACIEAOBAHHBINM MaTEpbO OT CBOErO OTIA) 0€3 HEeMETUIHPOBAHHOTO
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amens G (OTHOBCKHI ajuteib, KOTOPBIH JOJDKEH ObLT ObITh YHACJIENOBAaH IUIONOM), y IUIONA
NPEATONIOKUTENIbHO HAONMI0OaeTCss MaTepUHCKas H30JUCOMUS, T.€. HACJEeJOBaHHE MABYX
UJIEHTHYHBIX ajuiesiel oT MaTepy 0e3 Haclea0BaHMs OT OTLA.

[0260] B caysae NESP wmartp Obuta rereposurotHa (GA) mo OHIL, a mmox Obut
romosuroted nmo amiento G. OruoBckuit amnenb Obum MetunupoBaH nmo NESP. B ob6pasmax
MaTepUHCKOH IUla3Mbl yHACJIENOBaHHbIE OT OTHA IUIOnHble amienn G, KoTopele ObuIH
METUJIMPOBAHBI, MOTYT OBITh JIETKO OTJHYEHbI OT (DOHOBBIX MATEPUHCKHUX ajuiened G, KoTopble
ObLIN HE METHITUPOBAHBL.

VIII. PAKOBBIE 3ABOJIEBAHUA/IOHOPbI

[0261] HexkoTopele BapuaHTBl pealu3alUUd MOIYT IPUMEHATbCA I JETEeKLUH,
CKPUHUHTA, MOHUTOPHHI (HampuMep, peLuOuBa, PEMUCCHM WIH OTBeTa (Hampumep,
NPUCYTCTBHS UM OTCYTCTBUSI OTBETA) HA JIEUCHHUE), CTATUPOBAHMSA, KIacCUPUKALNK (Hanpumep,
IUIsl COAEMCTBUS PU BBIOOpE Hanboee 1esecooOpa3Horo MeTo/a JeUeHHs ) U POTHO3HUPOBAHUS
pakoBbIX 3a00JIeBaHUI C TPUMEHEHHEM aHaJIu3a MeTWIMpoBaHus wupKymnupyromeii JHK
TUTIa3Mbl/CHIBOPOTKH.

[0262] M3BecTHO, uTo B pakoBoii JJHK naOnromaercs abeppantHoe metunuposanue (JG
Herman et al. 2003 N Engl J Med; 349: 2042-2054). Hanpumep, CpG-0CcTpOBKOBBIE ITPOMOTOPBI
I'€HOB, HAaIpUMep, IeHOB-CYIIPECCOPOB OMyXOoJeH, runepMeTuInpoBansl, Torna kak CpG-caiiTsl
B TeJIe FeHa THIOMETHIINPOBAHBI [0 CPABHEHMIO C HE SIBJIIOLIUMHECS PAaKOBbIMU KieTkamu. [Ipu
YCIIOBHH, YTO NMPOQUIb METUIUPOBAHUS PAKOBBIX KJIETOK MOXKET OBITh NPECTABIEH MpOoduIeM
METUJIMPOBAHUS MPOUCXOAAIUX u3 omyxoaun wmojekyn JHK mmasmel ¢ npumeHeHuem
ONMCAHHBIX B HACTOSALIEM JOKYMEHTE CIOCOOOB, AaBTOPBI HACTOSLIETO H300peTeHus
NPEANONAaralT, 4YTo OOmMi Tnpouip METWIMPOBaHUS B IUIa3Me OyAeT OTIHYaThCs Y
UHIUBUAYYMOB, OOJBHBIX pAKOBBIM 3a00JIeBaHHEM, IO CPABHEHHUIO CO 3J0POBBIMHU
UHIUBUAYYMAMH, Y KOTOPBIX OTCYTCTBYET pPaKOBOE 3a00JI€BaHME, WJIM IO CPABHEHUIO C
WHIUBUAYYMAaMH, HW3JICYUBIIUMUCS OT pPaKOBOro 3a0oneBaHMsA. THIbl pasnuuuii mpoduis
METUJIMPOBAHUST MOTYT  OTHOCHUTBCS K  KOJNIMYECTBEHHBIM  PA3JMYUsIM  IUIOTHOCTEH
METUJIMPOBAHUS] T€HOMa W/WJIM TUIOTHOCTEH METHJIMPOBAHHs CErMEHTOB reHOMOB. Hampuwmep, B
Ia3Me CTPajaroIluX PAaKOBbIM 3a00J€BaHHMEM MAILMEHTOB OyaeT HaONIoNaThCs YMEHBIIECHUE
IUIOTHOCTEH METHJIMPOBAHHMS METHUJIOMAa IUIa3Mbl WJIM CErMEHTOB T'€HOMa BBUAY OOIIeit
runometmnpoBanHoi npuponsl JIHK pakoBeix Tkaneid (Gama-Sosa MA et al. 1983 Nucleic
Acids Res; 11: 6883-6894).

[0263] KauecTBeHHBIE M3MEHEHHUs MNPOPUIS METIJIHPOBAHMSA TAaKXKe JOJDKHBI OBITh
OTpa’keHbl B JAHHBIX MeTwiIoMa ria3mel. Hanpumep, monexyisl JJHK nnmasmel, npoucxoasinue

U3 TCHOB, KOTOpPbIC THICPMETUIHNPOBAHBI HCKIHOUYUTCIBHO B PAKOBBIX KIJICTKAX, 6YI[YT
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JEMOHCTPUPOBATh TMIEPMETWIMPOBAHUE B IIIa3M€ MalLMEeHTa, CTPAJarollero pPaKOBbIM
3aboneBanuneM, oTtHocuTenbHO Mosekysn JIHK mmasmel, mpoucxonsmmx U3 TeX K€ I'eHOB, HO
NPUCYTCTBYIOLINX B 00Opasiie OT 310poBOro KOHTpoJs. ITockonbky abeppaHTHOE METUIIMPOBAHUE
HPOUCXOIUT TPHU OOJBIIMHCTBE PAKOBBIX 3a00JI€BAHHIA, ONMHMCAHHbIE B HACTOSIIEM JOKYMEHTE
CrIocOOBbI MOTYT NMPUMEHSITHCS JAJIs1 AETEKLMU BCeX (POPM 3710Ka4eCTBEHHBIX HOBOOOPA30BaHMH C
aOeppaHTHBIM  METWIMPOBAHUEM, HAlNpuUMep, He  OrpPaHUYUBAACH  IEPEUYHCICHHBIMH,
3JI0KaYeCTBEHHbIX HOBOOOpPA30BaHUN B JIETKOM, MOJIOYHOW 3Keje3e, OOOMOYHONW U TMPSMOK
KHUIIKY, TPEACTAaTEIbHOM >KeNe3bl, HOCOTJIOTKH, KEJIyIKa, sIMYeK, KOXKH, HEPBHON CHUCTEMBI,
KOCTEH, AMYHUKA, IEYeHH, FeMaTOJOTMUECKUX TKAHEH, MOKENyJOUYHOH JKeJe3bl, MATKH, NOYEK,
MOYEBOIO My3bIpsi, JUM(OUAHBIX TKaHEHW M T.I. 3JIOKAaYeCTBEHHBbIE HOBOOOPA30BAHUS MOTYT
OBITh MPECTABIEHBI PA3HOOOPA3HBIMU TUCTOJOTMYECKUMH MOATHIIAMH, TAKIMHU KaK KapPLIMHOMBI,
aJ€HOKapLIMHOMBI, CapKOMBI, ¢$ubpoaneHOKapIHHOMA, HEHUPOIHOKPUHHBIE u
HenudepeHIpPOBaHHBIE, U T. 1.

[0264] C npyroii CTOPOHBL, aBTOPbI HACTOALIETO HM300PETEHMs MPENINOJararT, YTO
NPOUCXOASIIIUE U3 OMmyxosu MoJiekyJibl JJHK MOXXHO OTIHUNTE OT OHOBBIX MPOUCXOIAIINX HE
u3 onyxonu mojnekya JIHK, tak xak oOmwmii HeOGonbLIONH pa3sMepHbIi NPodHiIb MPOUCXOASIIEH
u3 onyxomu JIHK Oonee Boipaxken y wmomnekyn JIHK, npoucxopsmmx u3 JIOKYCOB C
ACCOLIMMPOBAHHBIM C OIYXOJbI0 a0eppaHTHBIM THUIOMETIJIMPOBAHUEM, KOTOPOE OJDKHO
OKa3bIBaTh JNOMOJHUTENbHBIH 3(dexT Ha pasmep monekyssl JJHK. Takxxe mpoucxopsiiue u3
onyxonu Mosekynbl JIHK mmazmel MOXHO OTIMYUTH OT (DOHOBBIX NPOUCXOASALINX HE W3
onyxonu Mojiekysn JIHK mia3smbl ¢ mMpUMeHEHHEM HECKOJBbKHX XapaKTEPHBIX OCOOEHHOCTEH,
cBsA3aHHbIX ¢ omnyxonesoit JIHK, Bkimrowas, HO HE OIPaHUYUBAACH NEPEUUCIECHHBIMU,
OJIHOHYKJICOTHJIHbIE BapUaLlU{, yBEJIWYEHUE W YMEHBIIEHHE YUCIA KOIUN, TPaHCJIOKALuy,
WUHBEPCHH, a0epPaHTHOE TUTIEP- WM TMIIOMETWINPOBAHUE U pa3MepHbIi npoduib. Tak Kak Bce
NePEYNCIICHHbIE W3MEHEHHsT MOTYT TPOUCXOAHNTh HE3aBUCHUMBIM 00pa3oM, KOMILIEKCHOE
UCIIOJIb30BAHUE YKAa3aHHBIX IPU3HAKOB MOXKET O0ECIEYHTh IOMOJHUTENBHOE MPEUMYIIECTBO
IUIs1 4y BCTBUTENBHOM U cieungpuaHoi aerekunu pakosor JJHK B muazme.

A. Pazmep u paxossie 3a60nesanus

[0265] Pasmep npoucxoasuux usz onyxonu JJHK Monekys B rmjia3mMe Tak:ke HAIOMUHAET
pa3Mepbl MOHOHY KJIEOCOMHBIX €IUHHIL, yKa3aHHBIE MOJIEKYJIbl KOpOUe (POHOBBIX MPOUCXOISLIIX
He n3 onyxonu moJekya JIHK, kotopele Takxke NPUCYTCTBYIOT B IUIa3Me CTPAAAOLINX PAKOBBIM
3a00NeBaHNEM TMALMEHTOB. bBBUIO MOKa3aHO, YTO pa3MEpHbIE IapaMeTpbl KOPPEIUPYIOT C
pPaKoBBIMU 3a0O0JIEBAHUSIMU COTJIACHO OmNMUCaHWi0 B 3asBke Ha mareHT CIIA 13/789553,
BKJIFOUEHHO! B HACTOSILUI JOKYMEHT ITOCPEACTBOM CCBIJIKHA BO BCEX OTHOLICHUSIX.

[0266] IIockOnBKY MPOAEMOHCTPHUPOBAHA 3aBUCUMOCTb MEXKIY Pa3MEpOM U CTaTyCOM
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METUJIMPOBAHUST MOJIEKYJIBI U JJIsl MPOUCXOMAIIEH OT IUIOAA, W U MPOUCXOAALIEH OT MaTepH
JHK B muiasme, oXumaercsi, 4To JUIsl mpoucxonmsamux u3 omyxonu wmojekyn JIHK Oyner
HaOMroaThCs Ta ke TeHAaeHuus. Hampumep, runoMeTunupoBaHHbIE MOJIEKYJBI OyayT KOpode
TUNEPMETHUIINPOBAHHBIX MOJIEKYJI B IUIa3Me€ CTPAJAIOLINX PaKOBbIM 3a00JIEBAaHHEM MAIEHTOB
WIN CyOBEKTOB, Y KOTOPBIX IIPOBOAUTCS CKPUHHUHT HA PaKOBbIE 3a00JI€BaHUS.
B. LI nomnocmu memuauposanus pasHuix mraned y 00n1bHbIX
PAaKosvimM 3a0071e6AHUAMU NAYUEHMOB

[0267] B nanHOM mpuMepe aBTOPbI HACTOSIIETO H300pETeHHs HCCIENOBad 0Opasiibl
I1a3Mbl M TKaHU TalpeHta ¢ remarouesrosipaoit kapumnomoi (I'LIK). OOpasubl kpoBu
MOJy4YaJii OT yka3aHHOro nauuenrta ¢ I'TIK 1o Xxupyprudeckoro yaaneHus Onyxouu u yepes |
HENeI0 TOCe XHUPYPrUuecKOoro yIaleHus omyxosd. Ilmasmy u JIEHKOLMTapHYHO IUIEHKY
cobupanu nocie ueHTpudyrupoBanust o0pasoB kposu. Cobupanu pe3elupOBAHHYIO OMyXOJb U
COCENHIOI HeomyxosieByro TkaHb medeHn. OOpasusl JIHK, skctparmpoBanHble M3 00pasLoB
IUTa3Mbl U TKaHH, MCCIEIOBAIN C MPUMEHEHHEM MAaCCHBHO-IMAPAJUIENIbHOTO CEKBEHHPOBAHUS C
npenBaputenbHOil  oOpaboTkoit  Oucynburom wu  Oe3  mpeaBapuTebHOH — 0OpaboTKH
oucynbpurom. Tarxxke uccnemosanu JIHK mmasmbl deTbipex 3M0pOBBIX HHAWBHUAYYMOB 0Oe3
pakoBbIX 3a0oyieBaHuil B KadecTBe KoHTposiel. Obpaborka Oucynbdpurom JTHK mpeobpasyer
HEMETUJIMPOBAHHBIE OCTAaTKH IUTO3WHA B ypaumi. B Xome mnocneayromux MNOJHMMEpa3sHON
LIEMHON peakLUu U CEKBEHHUPOBAHMs YKa3aHHbIE OCTaTKM ypanwiaa OyayT BecTH cels Kak
tumuauH. C  gpyroit croponel, oOpa®oTka OHCYJIb(PHUTOM HE TPUBOAUT K KOHBEPCUH
METUJIMPOBAHHBIX ~ OCTaTKOB LUTO3MHAa B ypauma [locine  MaccHBHO-MapajienbHOro
CEKBEHUPOBAHMUS PUIBI TIOCIIEOBATENbHOCTEH HccnenoBanu ¢ nomousto Methy-Pipe (P Jiang, et
al. Methy-Pipe: An integrated bioinformatics data analysis pipeline for whole genome
methylome analysis («Methy-Pipe: koMIuiekcHasi cucTeMa aHaiu3a JaHHBIX OMOUH(OPMATHUKU
IUI  TIOTHOTEHOMHOTO AaHaJM3a METWJIOMa»), JAOKJal NPEACTaBiIeH Ha MexIyHapoaHoH
NpakTU4ecKol KoH(pepeHUMH 1o OuomH(pOpMaTHKe MU OuoMennuuHe MeXIyHapOgHOro
UHCTUTYTa HHXEeHepoB 3nekTpoTexHuku u snekTpoHuku (IEEE International Conference on
Bioinformatics and Biomedicine Workshops), TI'onkonr, 18-21 nexabps 2010 r.), s
ONpENeNeHNs] CTaTyCca METWJIMPOBAHUS OCTATKOB LUTO3MHA BO BCEX MOJOXKEHUAX C
aunykineorunamu CG, t.e. B CpG-caiitax.

[0268] ©ur. 21A mnpexacraBmsier coboii Tabmuiy 2100, rme mpUBEAEeHBI TUIOTHOCTH
METUJIMPOBAHUS TPEAONEePALIHOHHBIX 00pa3oB ia3Mbl U TkaHu naruenrta ¢ ['TIK. ITnoTtHOCTD
metmmpoBanuss CpG mns mpexacraeisiomux uHTepec obnacreit (Hampumep, CpG-calTos,
NPOMOTOpPAa WJIM TOBTOPSIOLIMXCS oOnactedl, ¥ TJA.) OTHOCUTCA K JOJ€ PHUAOB,

neMoHCTpupyromux Metwinposanne CpG, B o0lIeM KOJIHYECTBE PHAOB, MOKPBIBAIOLINX



72

reHomHble nuHykieotuasl CpG. IlnoTHOoCTM MeTWMIMpPOBAHUS JEHKOLMTAPHONW IUIEHKU MU
HEONyXOJIEBOH TKAaHU MMEeYeHH aHanoruyHbl. OOIIas IJIOTHOCTh METHUIIMPOBAHUS OITyXOJIEBOM
TKaHH, Ha OCHOBE JaHHBIX JJIsI BCEX ayTocoM, Obuta Ha 25% HMXKe, 4YeM IUIOTHOCThb
METHJINPOBAHUS JIEHKOLMTAPHON IJIEHKU U HEOMyXOJeBOM TKaHU NevYeH!. [ nnoMeTunupoBaHue
ObUTO CTAaOMJIBHBIM JUIS KaXIOW HMHAMBHAYAJIBHOH XPOMOCOMBI. IIOTHOCTH METHIMPOBAHMS
IUIa3Mbl HAXOAMJIACh MEXKAY 3HAYEHUSIMHU IUIOTHOCTH [UIsl HE3JIOKAYeCTBEHHBIX TKAaHEH W
PaKoBBIX TKaHeil. YkazaHHOe HaOMoJeHue coriacyercs ¢ TeM (pakTOM, 4TO M PAKOBBIE, W HE
SIBJISIFOLIIMECS] PAKOBBIMU TKAHU BHOCAT BKJIad B nupkyaupyromyto JIHK manuenra ¢ pakosbiM
3aboneBaHreM. BbIJIO IOKA3aHO, YTO T€MOIIO3THYECKAsT CUCTEMA SIBJISIETCSI TIABHBIM UCTOYHUKOM
upkynupyromer JIHK y uHnuBuayymMoB 0e3 aKTUBHBIX 3JI0KAQ4eCTBEHHBbIX cocTosHU (YYN

Lui, et al. 2002 Clin Chem; 48: 421-7). ITosToMy aBTOpBI HACTOSINErO M300PETEHHS TAKKE

>
UCCIIEOBANIM 00pa3Lbl MJIa3Mbl, MTOJyUYE€HHBIE OT YEThIPEX 3AOPOBBIX KOHTposied. Uucno pugos
CEeKBEHHPOBAHUS U JOCTHTHYTasl TJyOMHA CEKBEHUPOBAHHUS Ha OOpas3el MPUBENEHBI B TaOIHUIE
2150 na ¢wur. 21B.

[0269] Dur. 22 mnpencraBmsier coOoit Tabmuuy 220, rae NPUBENEHBI IUIOTHOCTH
METIJIMPOBAHUS B ayTOCOMax, Bapbupyrommue ot 71,2% no 72,5% B obpasuax mia3mbl 3T0POBBIX
KOHTpOJIEH. DTH JaHHbIE MMOKA3bIBAIOT OKUAAeMbIl ypoBeHb Metuinposanus JJHK B oOpasmax
IUIa3MBl, NIOJYYE€HHBIX OT MHAUBUAYYMOB, Y KOTOPBIX OTCYTCTBYET UCTOUHUK omyxoseson /THK.
VY GonpHOTrO pakoBbIM 3200JI€BaHUEM ITALIUEHTA ONyXO0JieBas TKaHb Takxke BbicBoOOknaeT JIHK B
kpoBoTOK (KCA Chan et al. 2013 Clin Chem; 59: 211-224); RJ Leary et al. 2012 Sci Transl Med;
4: 162ral54). H3-3a runomerunupoBaHHON mnpuponsl omyxonu I'TIK npucyrcTBue kax
MPOUCXONSIIEH U3 OMyXOJH, TaK U npoucxonsamen He u3 onyxonu JHK B mpenonepannonHoit
IUIa3Me NalUeHTa MNPUBOAWIO K YMEHBUIEHUI) IUIOTHOCTH METHJIMPOBAHUS OTHOCUTEIBHO
YPOBHEH B IJIa3Me 3I0POBBIX KOHTposiel. PakTH4ecku, IIOTHOCTh METHIIMPOBAHMS B oOpasie
NPEeIONEPAlMOHHON IJIa3Mbl HAXOAWJIACh MEXAY 3HAYCHHMSIMHU IUJIOTHOCTEN METHUIMPOBAHUS
ONyXOJIEBOW TKAHU W IUIA3Mbl 3J0POBbIX KOHTpoJed. Ilpuumna 3akirodaercs B TOM, YTO Ha
ypoBerb MetmiupoBanus JIHK muasmbl cTpagaromiux pakoBbIM 3a00JEBAaHHEM TALIUEHTOB
BJIMSICT CTETEHb a0EpPaHTHOTO METUJIMPOBAHHUS, B YKA3aHHOM CJIydae — THIIOMETHIIMPOBAHUS,
OMyXOJIEBOW TKaHU W (PaKUUOHHAS KOHIEHTpalus npoucxomsmed ms onyxonu JHK B
KpPOBOTOKE. MeHbIasi IUIOTHOCTb METHJIMPOBAHUS OITyXOJIEBOW TKaHHM W Ooyiee BBICOKAs
¢dpakumonHass KoHLeHTpauus npoucxonsmedi n3 omyxonu JIHK B KpoBOTOKE NPHUBOIAT K
MeHbIed mioTHocTu MeTwinpoBanus JIHK mmasmbel y OGoJbHOTO pakoBbIM 3abojieBaHHEM
nauyeHTa. bONBIIMHCTBO — Omyxonel, Kkak coolmaercs, AEMOHCTPHPYIOT IiIo0ajbHOE
runiometmniposanue (JG Herman et al. 2003 N Engl J Med; 349: 2042-2054; MA Gama-Sosa et

al. 1983 Nucleic Acids Res; 11: 6883-6894). CoOTBETCTBEHHO, AaHHbIE HAOMIOAEHHSA IS
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obpasuos ['LIK momkHBI OBITH TaK)ke IPUMEHUMBI K IPYTUM THIIAM OITyXOJIeH.

[0270] CormacHo opgHOMY BapuaHTy peaju3aluy IUIOTHOCTh MetunuposBanus JIHK
IVIa3Mbl  MOXET  HCIIONB30BAaTbCA  JUId  OmpeneseHus  (pakiMOHHOH  KOHLEHTPALUH
npoucxopsmeit u3 omyxonu JIHK B oOpasie mia3Mbl/CBIBOPOTKH, €CJIHU HU3BECTEH YPOBEHb
METWJINPOBAHUS OIyXOJEBOW TKaHW. YPOBEHb METUJIUPOBAHUS, HAINpUMeEp, IJIOTHOCTb
METWJINPOBAHUS OMyXOJIEBOW TKAHH, MOXET OBITh OIPENeNIeH, eCIIU AOCTYTIeH 00pa3el] OnmyXoyu
win Ouonrat onyxoiu. COrinacHo Apyromy BapuaHTy peain3alud MHOOPMAIUsi OTHOCUTEIBHO
YPOBHSI METHJIMPOBAHHs OMyXOJIEBOH TKAHM MOXKET ObITh IMOJydY€Ha NMPH HM3YYEHUU YPOBHS
METUJIMPOBAHUSI B TPYIMIE OMyXOJed AaHAJOTHYHOTO THIMA, M YKAa3aHHYK HH(OPMAIHIO
(HampuMmep, cpeqHee 3HAYSHHE YPOBHS FJIM MEIUaHa YPOBHS) MCIOJNB3YIOT ISl UCCIIENyEeMOro
MalMeHTa C TMPUMEHEHHEM OIMCAHHOW B YKa3aHHOM H300pPETEHWH TEXHOJOTHH. YPOBEHb
METUJIMPOBAHUS OMYXOJIEBOH TKAHU MOXKET OBITh OMPEEIICH MOCPEACTBOM aHAIHN3a OIyXOJIEBOM
TKAaHU NallMeHTa WINU BbIBEIEH IO aHAJIM3y ONYyXOJEBBbIX TKaHEW APYTUX MaLUEeHTOB C PAKOBBIM
3a005I€BaHNEM TOTO K€ WM aHAJIOTMYHOTO THIA. MEeTHINPOBaHHE OIMYXOJIEBBIX TKAHEH MOXKET
OBITH ONpeneNneHo ¢ NMPUMEHEHWEM psAga YyBCTBUTEIBHBIX K METHJIMPOBAHHUIO IUIATHOPM,
BKJIFOYasi, HO HE OrPAHUYMBASICh NEPEUUCICHHBIMH, MaCCUBHO-NIAPAJIIEIbBHOE CEKBEHUPOBAHUE,
OJHOMOJIEKYJIIPHOE  CEKBEHHPOBAHWE, MHUKPOMATPUIBI (HANPUMEp, OJHUIOHYKJICOTHIHBIE
MaTpHLbl), WIH Macc-cnekrpoMmerpusi (Hampumep, aHamu3z Epityper or Sequenom Inc.).
CornacHO HEKOTOPBIM BapUaHTaM peaju3aluy TaKOW aHaJlIW3 MOXKET IPeBapsThCs
NpoLeNypaMy, YyBCTBUTENIBHBIMU K CTaTyCy MeTtunuposaHus monekys JIHK, Bkimrodas, HO He
OTPAaHUYMUBASCh  MEPEUUCIICHHbIM, HMMyHONPELMIUTALMS LUTO3MHA U pacllelyieHue
YyBCTBUTEJIBHBIMA K METWIMPOBAHUIO PECTPUKIMOHHBIMU (epmentamu. Ecmm wusBecteH
YPOBEHb METHJIMPOBAHUS OMYXOJIH, TIOCJIEe aHAJIM3a METHIOMA TUIa3Mbl MOXET ObITh paCCUMUTAHA
(bpakroHHas KoHLEeHTpauus onyxojesoii JIHK B miia3me crpamaroimux pakoBbiM 3a00JieBaHHEM
MAIEeHTOB.

[0271] 3aBucuMOCTE MEXIy YpPOBHEM METWIHMPOBaHHs B miasme, P, ¢ ¢pakunoHHoM
koHueHTpanuei onyxonesoir JIHK, f, u ypoBHem merunmpoBanusi onyxojeBod Tkauu, TUM,
Moxetr ObiTh ommcaHa kak: P=BKG x(1-/)*TUM xf, rne BKG npexncrasnsier codoii (poHOBBII
ypoBeHb Metunuposanus JJHK B nnasme, nojydeHHON U3 KJIETOK KPOBU U APYTUX BHYTPEHHUX
opraHos. Hampumep, ObpUIO MOKa3aHO, 4TO OOMIAasl TUIOTHOCTh METHIJIMPOBAHHS BCEX ayTOCOM
coctaBysieT 42,9% B OWonTare ONMyXOJIEBOW TKAHH, MOJIYYEHHOM OT yYKa3aHHOrO MAIMeHTa C
I'lIK, T.e. sro 3Hauenue TUM nnsa ykazanHoro ciydas. CpenHee 3HaUY€HHE ILIOTHOCTU
METUJIMPOBaHUS 00Pa3IOB IJIA3Mbl OT YEThIPEX 3O0POBBIX KOHTpoOJeH coctasisio 71,6%, T.e.
sHauenne BKG gns ykazanHoro ciay4as. IInoTHOCT MeTUIMpOBaHUS B IIasMe  JUIs

MpeNoNepaMOHHON MJ1a3Mbl cocTaBisiia 59,7%. Mcnonb3ys ykazaHHbIe 3HAUECHUS, OTPEAEIISIIOT,
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gro f cocrasisier 41,5%.

[0272] CornacHo apyroMy BapMaHTy peaju3allii ypOBEHb METUIMPOBAHUS OMyXOJIEBOU
TKaHH MOXXET OBITh YCTAQHOBJIEH HEWHBA3WBHBIM 0O0pPa3sOM HAa OCHOBE JAHHBIX O METHUJIOME
IUIa3Mbl, €CJIM W3BEeCTHA (PaKLMOHHAs KOHLEHTpauus mnpoucxonsmed u3z omyxomu JIHK B
oOpasue tuasMbl. PpakiMOHHAs KOHLEHTpalms npoucxonsied u3 onyxonu JJHK B obOpasie
IUIa3MBbl MOKET OBbITh OmIpenieseHa MOCPEACTBOM JPYyroro IeHETHYECKOro aHayn3a, HarpuMmep,
MOJTHOTEHOMHOTO aHajm3a notepu amenei (GAAL) u aHanu3a OMHOHYKJIECOTUIHBIX MYyTaLlHi
cornacHo Ooyiee panHemy omnucanuro (3asiBka Ha mateHT CIITA 13/308473; KCA Chan et al.
2013 Clin Chem; 59: 211-24). Vka3aHHBIH pacueT OCHOBaH Ha T€X K€ B3aMMOCBS3SX, UYTO U
OMUCAHHBIE BBIIIE, 3a MCKIIOUYEHHEM TOr0, YTO COTJIACHO YKa3aHHOMY BapUaHTY pealu3aluu
3HaueHue [ u3BecTHO, a 3HaueHue TUM CTaHOBUTCS HEM3BECTHBIM. Y Ka3aHHOE BBIBEIECHUE
MO>KET OCYLIECTBJIATHCS JJI MOJHOTO T'€HOMa WM ISl YacTel I'eHOMa, aHAJIOTMYHO JaHHBIM,
PACCMOTPEHHBIM B KOHTEKCTE ONpEAeNeHUs] YPOBHsS METWJIMPOBAaHMs IUIALIEHTAPHON TKaHU IO
JAHHBIM MAaTEPUHCKOI MIa3Mbl.

[0273] CormacHo  gpyroMy  BapuaHTy  peaju3alud  MOXET  HCIOJIb30BaThCs
BAPUATHBHOCTh MEXIY YyYaCTKaMH WIH MNpOQWIAMHA ITUIOTHOCTEH METWUJIMPOBAHUS IS
pa3nuueHus CyOBEKTOB, HMEIOLIUX pPakoBble 3a00eBaHUS W HE MMEIOLINX pPaKOBBIX
3a0oneBannii. Paspemenne aHanm3a METHIIMPOBAHMS MOXKET ObITh JIOTIOJIHUTENIBHO YBEIMYEHO
NyTeM pas[elieHus] FeHOMa Ha Y4acTKM KOHKpETHOro pasmepa, Hampumep, 1| M6. Cormacho
No00HOMY BapHUaHTy peaM3aliy PACCYUTHIBAIN IUNIOTHOCTh METHIMPOBAHUS KaXKIOTO y4acTKa
pasmepom 1 MO mist coOpaHHbBIX 00Opa3lLOB, HampUMeEp, JIEHKOLMTAPHOHN IUIEHKH, TKaHU
peseuupoBaHHoil I'TIK, HeomyxoneBON TKaHU MEYEHH, CMEXKHONH C OINyXOJbIO U IUIa3MBbl,
coOpaHHOM 10 U mocie yaaneHust onyxoiu. CoracHO ApyroMy BapHaHTy peaTu3aliiy pa3Mephbl
YYaCTKOB HE O0s3aTeNIbHO MJOJUKHBI ObITh MOCTOSHHBIMU. COIJIACHO OIHOMY BapHaHTY
peanuzauuu ynciao CpG-caliToB ocTaeTcs MOCTOSHHBIM B COCTaBE Ka)KJIOTO ydacTKa, IPU STOM
pasmep caMOro y4acTka MOXeT BapbHUpPOBaTh.

[0274] Ha ¢ur. 23A u 23B mpencrasieHa MIOTHOCTh METHIMPOBAHUS JIEHKOIUTAPHOM
IUIEHKH, OIyXOJIEBONH TKaHM, HEOIMYyXOJIEBON TKaHU IE4Y€HH, MPENONepPaLiOHHON IU1a3Mbl U
nocieonepanoHHoi masmel nauuenta ¢ ['TIK. @ur. 23 A npencrasnser codoii rpadpux 2300
pe3ynbTaToB A xpomocombl 1. @ur. 23B mpencrasnsier coboli rpaduk 2350 pe3yapTaToB A
XPOMOCOMBI 2.

[0275] [Ans OonmplumMHCTBA ydYacTKOB pasMepoM 1 MO IUIOTHOCTH METHIMPOBAHHUS
JeUKOLUTAPHONW ITUIGHKH M HEOMyXOJIeBOW TKAaHM TI€UYeHU, CMEXKHOH C OMyXOJblo, ObLIH
aHAJIOTHYHBI, TOT7Ia KaK IJIOTHOCTH METHJIMPOBAHUS OIyXOJIEBbIX TKaHEH Obui OoJiee HU3KUMU.

3HadyeHUs ILJIOTHOCTH METUIINPOBAHUA HpeHOHepaHHOHHOﬁ IjasMbl HaxOAATCA MEXKAY
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3HAUEHUSAMHU JUIsl OINyXOJM M HE3J0KaueCTBEHHBbIX TKaHel. IInoTHocTH MeTunmpoBaHUs
UCCIIENlyeMbIX T€HOMHBIX O0JaCTel B OIYXOJIEBBIX TKAHSAX MOIYT OBbITb BBIBEACHBI C
NPUMEHEHUEM JaHHBIX O METHJIMPOBAHUU IPEIONEPALMOHHON Tua3Mbl M (PaKLIMOHHOM
koHueHTpauun omnyxoneBoi JIHK. VYkasanHblii cnoco0 HAEHTHYEH OMNMCAHHOMY BBILIE
OIHCAHUIO CHOCO0y C HCIONb30BAHMEM 3HAYEHUI IUIOTHOCTH METWIMPOBAHUS JUIS BCEX
ayrocoM. OmnucaHHOE BbIBEAEHHUE 3HAUEHUH METHJIMPOBAHUS OIyXOJIM MOXKET TaKxke
NPOBOAMTHCS C TIPUMEHEHHEM YKa3aHHBIX JAHHBIX O0Jiee BHICOKOTO Pa3peIleHus] OTHOCHTEBHO
metunupoBanuss JIHK mnasmber. Takke MOTryT MCHONB30BAaThCS yYacTKH APYroro pasmepa,
Harpumep, 300 k6, 500 k6, 2 MO, 3 M6, 5 M6 wnmm Gonee uem 5 M6. CoriacHo OmHOMY
BAPUAHTy peajM3alliid pPa3Mephbl YYAaCTKOB HE O00s3aTENbHO JOJDKHBI OBITh TOCTOSHHBIMH.
CornacHo ogHOMY BapuaHTy ucnojHeHus1 uncyio Cp(G-caliTOB OCTAeTCsl MOCTOSIHHBIM B COCTABE
KaXX10r0 Y4acTKa, [PU 3TOM pa3Mep caMoro y4yacTka MOXKeT BapbHUpOBaTh.
C. Cpasnenue niomaocmu MemuUIUPOBAHUsL 8 NAA3ME OONbHO20
PAaKosvIM 30001e8anUeM NAYUEHMA U 300POBLIX UHOUBUOYYMOS

[0276] Kak BugHo w3 2100, mnorHoctu metunupoBanus JIHK npenonepanmonHoi
wia3Mbl y OOJNBHOTO pAaKOBbIM 3a00OJIeBaHHMEM TMalWeHTa ObUIM HIDKE, YeM IUIOTHOCTH
METUJIMPOBAHUS  HE3JIOKAYEeCTBEHHBIX TKaHEH. ITO  MNPEennojIoKUTEIbHO OOYCIIOBJIEHO
npucytcreueM JIHK u3 omyxoneBoil TkaHH, KOTOpas THIOMETHIMPOBAaHA. YKazaHHas Oojee
HU3Kasg MIOTHOCTh MertunuposaHue JIHK mnmasmel mOTEHLMAIbHO MOXKET HCIONB30BATHCS B
KauecTBe OMoMapkepa IJisl IeTeKLUU 1 MOHUTOPUHTA PaKOBbIX 3a0o0ieBanuii. [Ipn MOHUTOpUHTE
pakoBoro 3aboyieBaHMsS B TOM Clly4dae, €CIIM pak IPOrpeccHpyeT, CO BpeMeHeM Oyner
HAOJTFOIaTHCs TIOBBIIIEHHOE KOJIMYECTBO MPOUCXOsIeN U3 pakoBoro HoBooOpasosanus JJHK B
wiasme. CoriacHO yKa3aHHOMY TIPUMEpPY TIOBBIIIEHHOE KOJUYECTBO ILUPKYJIHPYIOIIEH
npoucxonsimeld w3 pakoBoro HoBooOpasoBanuss JIHK B mmasme OynmeT NpUBOAWTH K
NOCTIEeAYIOLEMY CHIDKEHHMIO IUIOTHOCTH MeTmnupoBanus JIHK B nnasme B MOJTHOr€HOMHOM
macrade.

[0277] U manpotuB, ecnu pakoBoe 3a00JieBaHKE peardupyeT Ha JICUEHUE, KOJIHMYECTBO
npoucxonsimeil u3 pakoBoro HoooOpasosaHusi JIHK B mmasme Oyaer yMeHbIIATBCS CO
BpeMeHeM. COrjacHO yKa3aHHOMY IpUMEPY YMEHbLIEHHE KOJIMYeCTBA MPOMCXOIALIEN U3
pakoBoro HoBooOpaszoBanuss JIHK B mjasme mnpuBener K YBENIWYCHUIO IUIOTHOCTH
metunuposanus JIHK B mnasme. Hanpumep, eciu NpoBOAUIIOCH JIEUEHUE MALMEHTA C PAKOM
JIETKOr0 € MyTalHUel peLenTopa 3nuaepMaibHOro (pakTopa pocTa ¢ MPUMEHEHHEM TapreTHON
TEpaIuy, HapuMep, UHrUOMPOBAHUS TUPO3WHKMHA3, YBEJIUYEHHE IIOTHOCTH METHUIIMPOBAHUS
JHK B nmnasme cuperenbcTByer 00 oreere. Ilocnenyroinee MosBIEHHE OMYyXOJIEBOTO KIIOHA,

YCTOﬁqHBOFO K I/IHFI/I6I/ITOpaM THUPO3UHKUHA3DI, 6YI[6T CBsA3aHO C YMCHBIICHUEM IIJIOTHOCTHU
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metunuposanus [JHK B rmasme, 4To MOXKET yKa3bIBaTh HA PELIUIMB.

[0278] HU3mepennst TUIOTHOCTHM METHIIMPOBAaHUA B IUIa3ME€ MOTYT OCYIUECTBIIATHCS
CEepUIHO, MpPH TAaKUX M3MEPEHUsIX MOIYyT OBITh pPAaCCUUTAHbI CKOPOCTH HW3MEHEHHs U
UCIIOJIb30BAHbl Ul NMPOTHO3UPOBAHUA WJIH KOPPESUUU C KIMHUYECKUM IIPOrpeCCUPOBAHUEM
WIN PEMHCCHEH, WM MPOrHo30M. [yl BBIOpaHHBIX T€HOMHBIX JIOKYCOB, THITEPMETHIHPOBAHHBIX
B PAKOBBIX TKAHSX, HO TMIIOMETWIMPOBAHHBIX B HOPMAJIbHBIX TKAHSX, HAIPUMEP, IPOMOTOPHBIX
o0nacTeil HEKOTOPBIX T€HOB-CYyPECCOPOB OMYXOJIei, 3aBUCHMOCTb MEKAY MPOrPECCHPOBAHUEM
paka u OJarompusATHBIM OTBETOM Ha JieueHHe OyaerT OOpaTHOH OTHOCHTEIBHO MATTEPHOB,
OTHMCAHHBIX BBILIE.

[0279] UToOBl MpOAEeMOHCTPHPOBATH OCYLIECTBUMOCTh YKa3aHHOTO Crocoda, aBTOPBI
HACTOSIIEr0 M300peTeHus] CpaBHHUBAIM IUIOTHOCTH Metwianposanus JIHK obOpasios miasmsl,
NOJIYYEHHBIX OT OOJIbHOTO PakOBBbIM 3a00JIeBaHHMEM MAIEHTa 10 U TOCJE XHUPYPTrHUECKOTro
yaanenuss onyxonu, ¢ JHK mnnasmbl, NOAy4eHHONH OT 4YeTbIpeX 3A0POBBIX KOHTPOJBHBIX
CyOBEKTOB.

[0280] B Ttabmuue 2200 mnpuBenmeHel rmiotHocTd MetmnupoBanus JHK  kaxnoit
ayTocOMbl W OOBeAMHEHHBbIE 3HAUEHWs] JJsI BCEX AayTOCOM MPENONEepalUOHHBIX U
NOCJIEONEPAIMOHHBIX  00pa3lOB IUIa3Mbl OOJIBHOTO pPAaKOBBIM 3a00JI€eBAaHHEM MAIUEeHTa, |
OOBEMHEHHBIE 3HAUEHHS JIs1 BCEX ayTOCOM YEThIPeX 30POBBIX KOHTPOJBHBIX CyOBeKTOB. JliIst
BCEX XpoMocoM rioTHocTH Metunuposanus JIHK B oOpasue npenonepaunoHHO# miia3Mel ObLIH
HIDKE, Y€M IIJIOTHOCTH B MOCJIEONEPALIMOHHOM oOpaslie n o0paslax IIa3Mbl YeThIpEX 310POBbIX
cyOpekToB.  Pasmmume  miotHocredt  mermnmposanms  JJHK B mmasme  mexay
NPENONEePAlliOHHBIMA U IOCJIEONEPALMOHHbBIMUA  00pasumaMu  TPENCcTaBisieT  coOOoH
JOKa3aTeNbCTBO TOTO, YTO Oojiee HHU3KHE IUIOTHOCTH METHJIUPOBaHHMA B  oOpasue
npeonepauoHHON mia3Mbl ObuTH 00y cioBiensl npucyTcreueM JJHK u3 onmyxomu 'K,

[0281] Bosspawmenue MJIOTHOCTEN METUJIMPOBAHUS JHK B obpasie
NOCJICONIEPAIIMOHHON TUTa3Mbl K YPOBHSIM, AQHAJOTUYHBIM YPOBHAM B 00pas3max IJjIa3mbl
3[0POBBIX KOHTPOJIEH, MPEANOiaraeT, 4To 3HAYMUTENbHAsi 4acTh MPOMUCXOASIEN U3 OMyXOJU
JHK wucye3na Gnarogapss XUpyprudecKoMy YIAJICHUI0 UCTOYHHKA, T.€. OMYXOJU. DTH JaHHBIE
NPEANOJarawT, YTO MJIOTHOCTh METHUIHPOBAHUS NMPEAONEPALMOHHON IIa3Mbl, ONPENENICHHas C
NPUMEHEHUEM JOCTYIHBIX JUIsi OOIIMPHBIX T€HOMHBIX O0OJlacTel MAaHHBIX, TAKHX Kak BCE
ayTOCOMBI WJIN WHIUBUIYaJbHBIE XPOMOCOMBI, HAaXOAMJIach Ha 0OJjiee HU3KOM YPOBHE, 4YeM
IUIOTHOCTh METHJIMPOBAHMUSA Yy 3AO0POBBIX KOHTPOJEH, 4YTO TO3BOJIAET HISHTH()ULHPOBATH
TECTHPYEMBIH Cllydail Kak pakoBoe 3a00yeBaHHE, T.€. YCTAHOBHUTH JHMArHO3 WM IPOBECTH
CKPUHMUHT.

[0282] {anHble M1 mpenonepallMOHHON IUIa3Mbl TaK)Ke IMOKA3ajl 3HAYUTENbHO Oojee
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HU3KUH YPOBEHb METHWIMPOBAHUSA, Y€M B MOCJICONEPALMOHHON IIa3Me, YTO yKa3bIBA€T HA TO,
YTO YPOBE€Hb METWJIHPOBAHHUSI B IUIa3ME€ TAakK€ MOXKHO HCIOJb30BaTh [JII MOHUTOPUHIA

OHYXOHeBOﬁ Harpyskm H COOTBETCTBCHHO, MJiI TMPOrHO3UPOBAHUA W  MOHUTOpPHUHIA

>
NPOTPECCUPOBAHUST PAKOBOTO 3a00JeBaHMs y MNalueHTa. PedepeHCHble 3HAYEHUS MOXKHO
ONIpPEeNeNuTh MO IIa3Me 3J0POBBIX KOHTPOJIEH WM MHAUBUAYYMOB, Y KOTOPBIX UMEETCSl PUCK
pa3BUTHS PakoBOro 3a00seBaHMsl, HO HAa TEKYIIUIl MOMEHT HE UMEIOIINX PAKOBBIX 3a00JI€BaHUI.
WnnuBunyymel, y KOTOpbIX uMeercss puck passutuss I[TIK, BKIHOYAOT CTpazaroImux
XPOHMYECKHUM rematuToM B  wnm  wuHQuumupoaHHbix renatutoM C, WHIMBUAYYMOB C
reéeMOXpPOMAaTO30M U MHAMBHUAYYMOB C LUPPO3OM MEUEHH.

[0283] 3HaueHUs MIOTHOCTU METWJIMPOBAHUSA B TUTa3MeE 3a MPEIeIaMH, HApUMeEp, HUKE
YKa3aHHOW TOYKM OTCEYEHHs, OCHOBAHHOH Ha pe(epeHCHBIX 3HAYCHHSX, MOXKET MPUMEHSATHCS
IUI OLIGHKHU HAJIWYHsI VI OTCYTCTBHS B IUIa3Me HeOEpPEeMEHHOrO WHAMBHAYYMa OMyXOJEBOH
JHK. JIns gerexuuu NpuUCyTCTBUS TMIIOMETUIMPOBAHHON LUPKyJupyromen omyxonesor [IHK
TOYKA OTCEUEHHs] MOXKET OBITh ONpenesieHa KaK YPOBEHb HIKE S5-rO WM 1-r0 MpPOLEHTHIIA
3HAYeHUH B KOHTPOJIbHOW TOMYJISILMH, MM MOXKET OBITh OIpeesieHa Ha OCHOBE HECKOJBKHX
CTaHIAPTHBIX OTKJIOHEHWH, HampuMep, 2 Wiu 3 CTaHAAPTHBIX OTKJIOHeHUH (SD), HIKe cpemHux
3HAQYEHUM IUIOTHOCTH METWJIMPOBAHUSl Y KOHTPOJIEH, WM HA OCHOBE HECKOJbKMX MEJUAHHBIX
3HaueHuit (MoM). Jlns runepmerwnupoBaHHol omyxojesoii JIHK Touka oTceueHus: Moxker
OBITb OIpenesieH Kak YPOBEHb BbIe 95-ro wiM 99-ro nmpoueHTHIs 3HaYeHUH B KOHTPOJBHOM
HOMYJIALIUH, WIX MOXeT OBITb ONpeesieHa Ha OCHOBE HECKOJIbKUX CTAHAAPTHBIX OTKJIOHEHHH,
Harpumep, 2 wiu 3 SD Bellle CpegHUX 3HAUEHUH IUIOTHOCTH METUJIMPOBAHUS 3HAYEHUI
KOHTpPOJIEH, WJIM HA OCHOBE OIpe/eNIeHUs] HECKOJMbKUX MeAuaHHbIx 3HaueHuit (MoM). CornacHo
OIIHOMY BapUaHTy peajM3alUUd BO3PACT B KOHTPOJBHOHN MOMYJISIMUU COBMAJAET C BO3PACTOM
TecTupyemoro cyonrekra. CoBmajeHHe Mo BO3PAcTy He 00s3aTeNIbHO JOJHKHO ObITh TOYHBIM U
MOXKeT OBITh IPEACTABJICHO BO3PACTHBIMU IpynmnaMu (Hampumep, ot 30 1o 40 jet, mpu Bo3pacrte
TECTHPYEMOT0 CyOBEKTa, COCTABIISIOLIEM 35 JIeT).

[0284] 3aTem aBTOpBI HACTOSIIETO M300PETEHUST CPABHHIIN IUIOTHOCTH METHIIMPOBAHUS
y4acTKoB pazMepoMm 1 M6 B oOpasuax mia3Mbl OOJBHOTO PaKOBBIM 3a00JIeBAaHHEM MALIEHTa U B
oOpasuax OT 4eThIpeX KOHTPOJBHBIX CyOBeKTOB. [[JIsl HArISMHOCTH MPENCTABICHBI YKa3aHHbBIE
Pe3yabTaThl AJIs1 XPOMOCOMBI 1.

[0285] ®ur. 24A mpencraBnser coboii rpaduk 2400, oTparkarOIMA IUIOTHOCTH
METUIMPOBAaHMs MPEeAoNnepalnoHHON miuasmel oT nauueHta ¢ I'TIK. @ur. 24B npeacrasisier
coboii rpaduk 2450, oTpakaroUIMil MJIOTHOCTH METHJIMPOBAHUS B IMOCICONEPALIMOHHON TUIa3Me
ot nanuenTa ¢ I'LIK. ['onyOble TOUKH MPeACTaBISIOT Pe3yIbTaThl [JI1 KOHTPOJIBHBIX CYOBEKTOB,

KPaCHBIMU TOYKaMH 0003Hau€HbI Pe3yJIbTaThl Ul 0Opasiia miasmsl oT nanuenra ¢ I'TIK.
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[0286] Kak BumHO Ha ¢ur. 24A, IUIOTHOCTU METHJIUPOBAHUS B MPEIONEPAIHOHHON
miazMe ot nanuenta ¢ ['TIK Opum Hibke, 4eM IUIOTHOCTH METHJIMPOBAHHUS KOHTPOJIBHBIX
CyOBeKTOB sl OONBLUIMHCTBA Y4YacTKOB. AHAJOTHYHbIE MATTEPHbI HAOMIOAANUCH ISl IPYTHX
xpomocoM. Kak BuaHO Ha ¢ur. 24B, mIoTHOCTH METUIMPOBAHUS B MOCJIEONEPALIOHHON I1a3Me
or maumenta ¢ [TIK Obum aHaNOTMYHBI IUIOTHOCTSIM METHJIMPOBAHMSA Yy KOHTPOJBHBIX
cyOBeKTOB /Jisi OOJBIIMHCTBA YYAaCTKOB. AHAJIOTMYHBIE TATTEPHBI HAOIIOAANKCH ISl IPYTUX
XPOMOCOM.

[0287] [Inst oLleHKM TOTO, UMEETCS JIU PAKOBOE 3a00JIEBaHMS Y TECTHPYEMOTO CyOheKTa,
pe3yJbTaT ISl TECTUPYEMOTo CyObeKTa CPAaBHUBAIOT CO 3HAYCHUSIMU JUTsI pe(epEeHCHON TPYIIIBL
CornmacHo OmHOMY BapHaHTy peanu3auuu pedepeHcHas rpynna MOXKET ObITh COCTaBJIEHA
HECKOJBKHUMH 310pOBBIMH CyOBbekTamu. COrtacHO IpyroMy BapHaHTy peain3anuu pedepeHcHas
rpyIina MOXKeT ObITh COCTABJIEHA CYOBEKTAMHU C HE3JIOKAYECTBEHHBIMH COCTOSTHHSIMHU, HATIPHMeED,
uH(pEeKIrel XpOHHYECKOro remaTura B umm muppo3om. 3aTeM MOXKET OBITh KOJHYECTBEHHO
OTNPENENIEHO pa3jfyue IUIOTHOCTEH METHIIMPOBAHHS MEXKIY TECTHPYEMbIM CYOBEKTOM W
pedepeHCHO rpyIoii.

[0288] CormacHo ogHOMY BapHaHTy peaiu3anuy peepeHCHbIH Tuana3oH MOXKET ObITh
ONpeneNieH 10 3HAUeHUsIM KOHTPOJNBHOH Tpymmbl. 3aTeM MOTyT OBITh HCIOJIb30BAHBI
OTKJIOHEHHsI pe3yJIbTaTa AJisl TECTUPYEMOro CyOBeKTa OT BEPXHEro WJIM HIDKHEro Tpenaena I
pedepeHcHON Trpynmbl I ONpeAeNeHHs TOro, uMmeercs U y cyOwekta omyxonb. Ha sty
BeMMUMHy Oyaer BiIMATh (PpakIMOHHAsI KOHLEHTpanus mnpoucxonsmeil uz onyxomu JIHK B
wasMe W pa3Iu4yue  YpOBHS ~— METWIMPOBAHMS ~ MEXKIY  3J0KAUYEeCTBEHHBIMU U
HE3JIOKAaYeCTBEeHHbIMH TKaHAMHU. bonee BbICOKas (pakiMOHHAsT KOHLIEHTPALUs MPOHCXOASIIEH
w3 onyxoimu JIHK B mmasme mpuBogutr k OONBLIMM Pa3IM4MsAM IUIOTHOCTH METHJIMPOBAHHS
MEKAY TECTUPYEMbIM OOpa3LOM IUIA3Mbl U KOHTPOJISIMH. BOJbIIast CTeNeHb pa3nyus ypOBHEH
METUJIMPOBAHUS 3JIOKAYECTBEHHBIX M HE3JIOKAYECTBEHHBIX TKAHEH Takke CBsi3aHa ¢ OOJBIIUMHU
pPa3MUUUSAMHU  IUIOTHOCTH METWIMPOBAHHA MEXIY TECTUPYeMbIM o00pa3loM Iula3Mbl U
KOHTposiMA. COTJIaCHO eIle OAHOMY BAapUAaHTy peau3aliyl Uil TECTUPYEMbIX CYOBEKTOB U3
Pa3HBIX BO3PACTHBIX AHANA30HOB BRIOUPAIOT pa3Hble pedepeHCHbIE TPYIIIBL

[0289] CormacHo mpyromMy BapHaHTy pealn3aldd PaCCUUTHIBAINA CPENHEE 3HAUCHUE U
SD minoTHOCTEHl METHIIMPOBAHUS YEThIPEX KOHTPOJBHBIX CYOBEKTOB U KaXKIOTO YYaCTKa
pasmepom 1 MO. 3ateM 1Isi COOTBETCTBYIOIIMX YYAaCTKOB PACCUUTHIBAIN PA3HOCTh MEXKIY
IUIOTHOCTAMU MeTunupoBaHusi nauuveHta ¢ I'TIK u cpenHum 3HaueHHEM [l KOHTPOJBHBIX
cyOobekToB. COrylacHO OMHOMY BapHaHTy peajiM3allii YKa3aHHYI0 Pa3HOCTh aajiee nenmwiu Ha SD
COOTBETCTBYIOILETO Y4acTKa [ ONpeAeseHus Z-nokasaress. JApyrumu cioBamu, Z-1noKas3aTesb

MPEACTABIISIET PA3HOCTh IMUIOTHOCTEH METHJIMPOBAHUS TECTHPYEMOrO U KOHTPOJIBHOTO 00pa3IoB
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IUIa3Mbl, BBIPAXKEHHYIO B BUZE HECKONBKUX SD cpenHux 3Ha4eHUH 111 KOHTPOJIbHBIX CYyOBEKTOB.
Z-nokazarenb >3 nns ydactka oszHadaer, uro JHK mmasmer mamumenta ¢ I'LIK Gonee
TUNEPMETUIINPOBAHA, Y€M Yy KOHTPOJBHBIX CyOBeKTOB, Oonee yem Ha 3 SD Ha yka3aHHOM
y4acTKe, TOraa Kak Z-nokasarenp < -3 Ha ydyacTke o3HadaeT, uto JJHK mna3zmsr nanuenta ¢ I'LIK
Oonee rUMOMETHIIMPOBAHA, YeM Y KOHTPOJBHBIX CyObekTOB, Oojiee ueM Ha 3 SD Ha yka3aHHOM
y4acTKe.

[0290] Ha ¢ur. 25A u 25B mpexncrasieHsl Z-MoOKa3aTeNd MUIOTHOCTEH METHIIUPOBAHUS
JHK mmasmel st npeponepaipionHbix (rpaguk 2500) u nocaeonepapioHHbix (rpaguk 2550)
oOpasuoB miasmel nmampenta ¢ [TIK ¢ nmpuMeHeHHeM HaHHBIX O METHJIOME IUIa3Mbl YeThIpeX
3IOPOBBIX KOHTPOJIbHBIX CYOBEKTOB B KadeCTBE STaJOHA st XpoMmocombl 1. Kaxknmas Touka
NPEACTABIISIET PE3YJIBTAT sl OOHOTO y4acTka pasmepom | MO. UepHbiMU TOUKamMu 00O3HAYEHBI
YUACTKH € Z-TIOKa3aTesieM B Auana3oHe oT -3 10 3. KpacHbiME ToukamMu 0003HAYEHBI YYACTKHU C
Z-nokasareneMm <-3.

[0291] Dur. 26A mnpencrasisier coboit Tabmuuy 2600, roe npuBeNeHBI NaHHbIE Z-
MOKa3aTesIed A1 MPEAONEePALIMOHHON U MOCIEONEePaMOHHON M1a3Mbl. bONBIIMHCTBO y4aCTKOB
Ha xpomocome 1 (80,9%) B oOpa3le mpenonepalliOHHON IUIa3Mbl UMENU Z-TIoOKa3atesb <-3,
ykaspBatomuii Ha 1O, uro JIHK mnpemonepanmonHoii mnasmel mammenta ¢ LK Obuia
3HAYUTEIbHO OoJiee TUMOMETIIIMPOBAaHA IO CPABHEHUIO C KOHTPOJbHBIMH cyObekTamu. C
APYyrol  CTOPOHBI, YHCJIO KpPacCHBIX TOYEK CYLIECTBEHHO CHIDKAJIOCh B  oOpasue
noceonepaoHHoi mia3mbl (8,3% ydacTkoB Ha Xpomocome 1), mpeamonaras, 4To OOblLIast
yacte onyxoneBoii [IHK Obuia ycTpaneHa U3 KpOBOTOKA Oyiarofapsi XUpypraueckoMy yIaaieHUEO
HCTOYHUKA HUpKyJIupyroumen onyxonesoit JJHK.

[0292] ®ur. 26B npencraBusier coboit Circos-rpadux 2620, neMOHCTpUpyrOIUN Z-
nokasaresb IUoTHOCcTeW MerwnupoBanus JHK rnnasmel  ang  npegonepauydoOHHBIX U
NOCJIEONePAIIMOHHBIX  00pa3noB TmasMel mauueHta ¢ 1K ¢ #Crmonb3oBaHHEM 4YeThIpex
3IOPOBBIX KOHTPOJBHBIX CYOBEKTOB B KayeCTBE 3TAJOHA IJIsI Y4acTKOB pasmepom 1 MO,
MPOAHAIN3UPOBAHHBIX AJIs1 BCEX ayTOCOM. BHEINHUI KPYyr MPEACTaBIseT UAEOTPAMMBbI ayTOCOM
yenoBeka. CpenHWi Kpyr MpencTaBisieT JaHHblE ISl oOpasia NpenonepanuoHHON IIa3MBbl.
BHyTpeHHMI KPYT MpenCTaBiIsAeT YKa3aHHbIE JaHHbIE ISt 00pa3iia MoCIeonepaluOHHON M1a3Mbl.
Kaxpass Touka mpencTaBisieT pe3yJbTaT Ul OJHOrO ydacTka pasmepom 1 MO6. YepHbiMu
TOYKaMHU 00O3HAUEHB! YUACTKH C Z-TI0Ka3aTessiMu oT -3 10 3. KpacHeiMu ToukaMu 0003HAUEHBI
YYaCTKH C Z-ToKa3aTessiMi <-3. 3eJeHbIMH TOYKAaMH OOO3HA4YE€HBl YUACTKH C Z-TIOKa3aTeIsIMU
>3,

[0293] ®ur. 26C npeacraBnser cobod Tabmuuy 2640, IEMOHCTPUPYIOMIYIO

pacmipenenieHne Z-mokasaTeied ydacTKoB pa3MepoM | MO nnsi mojHOro reHomMa Kak B
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NpeoNepPaOHHBIX, TAK U B IOCJIEONEPALMOHHBIX oOpa3nax masMbl nampenta ¢ LK. Otu
pesyJabTaThl okaseiBaroT, 4ro JJHK nmpenonepammonnoii mna3mel namuenta ¢ ['1[K 6buta 6omee
THIIOMETIJINPOBAHA, YeM y KOHTpOJIeH, st OonbInHCTBa obJacTeit (85,2% y4acTkoB pazMepom
1 M06) Bo Bce reHome. C apyroi cTopoHbl, OONBIIMHCTBO obnactelt (93,5% yuacTkoB pazmMepom
1 MO) B ofpasue moCiIeonepanMoOHHONW IUIa3Mbl HE JEMOHCTPHPOBAIN 3HAUUTEIBHOTO
TUNEPMETUINPOBAHUS UM TUIOMETUJIMPOBAHUS 10 CPABHEHMIO C KOHTPOJSIMH. ODTU JaHHBIE
MOKa3bIBAKOT, 4TO OoJbinasi 4acth omyxoneBor JIHK, mo cBoeii mpupope riaBHbIM 00pa3om
TUMOMETHNIMpOBaHHON nisi  manHoit I['1IK, Oosbime He mpucyTCTBOBaja B 0oOpasie
MOCJICONEPALMOHHON TIJIa3MBl.

[0294] CornacHo ogHOMY BapuaHTy peanu3aliy YUCJO, MPOLEHT WIM JOJS YYaCTKOB C
Z-moKa3aTeNs MU <-3 MOJKET MPUMEHSITbCS Uil ONPENeTIeHUs] HAJIUYHs PAKOBOTO 3a00JIeBaHMUS.
Hanpumep, kak Bunnao u3 Tadbmuier 2640, 2330 u3 2734 npoaHaIU3UPOBAHHBIX Y4acTKOB (85,2%)
JEMOHCTPUPOBANIU Z-NOKA3aTeNH <-3 B IPEAONEPALMOHHON IJIa3Me, HO IPU 3TOM TOJIbKO 171 u3
2734 mnpoaHaNM3MPOBAHHBIX YYacTKOB (6,3%) neMOHCTpUpoBaNM Z-ToKaszatenu <-3 B
NOCJIEONEPAIMOHHON Ta3Me. DTU JaHHbIe MOKa3bIBalOT, uYTO Harpyska omyxosesod JHK B
npefonepaoHHON m1a3Me Oblla 3HAYUTEIPHO BBILIE, YeM B ITIOCJIECONEPALIMOHHON TIa3Me.

[0295] [IpenenbHble 3HAYEeHUs YHUCIA YYAaCTKOB MOTYT OBITb OMPEHENeHbI C
NPUMEHEHHEM CTAaTUCTHYeCKHX MeTonoB. Hampumep, mpubnusurensHo 0,15% yuacTkoB, Kak
okunaeTcs, OynyT UMeTh Z-mokas3areib <-3 Ha OCHOBE HOPMAaJIbHOTO pacrpeneieHus. Takum
o0pa3oM, TOYKAa OTCEHYEHHMsS Ui YHCIAa YYaCTKOB MOXKET cocTaBisith 0,15% ot olmero umcna
aHAJIM3UPYEMbIX Y4acTKOB. JIpyruMu cioBamHM, e€ciy B oOpasle Iula3Mbl HeOepeMEeHHOIrO
uHauBHIyyMa HaOmromaercs Oosnee dem 0,15% y4acTKOB ¢ Z-MokasaTeqsiMH <-3, HUMEETCs
ucroyHuk runomerunuposanHoi JIHK B mna3sme, a uMeHHO, pakoBoe 3aboseBanue. Hampumep,
0,15% wu3 2734 yvactkoB pasmepom 1 MO, KOTOpbIe aBTOpPBI HACTOSLIETO H300PETEHHS
UCCIIEIOBAJIA B JAHHOM NPUMEpPE, COCTABISIET NPUOIM3UTENbHO 4 yuacTka. [1pu ucnonbp3oBanuu
YKa3aHHOH BEJIMYMHBI B KAaueCTBE TOYKU OTCEYEHHUs OOpasubl M MPEJONEepaluOHHOW, U
MOCJIEONEPALIMOHHON TIa3Mbl COAEP KaId TMIIOMETHIIMPOBAHHYIO MPOUCXOALIYIO U3 OMyXOJH
JIHK, XOTsi ee KOJWYECTBO 3HAYHMTEJIHHO BBIIIE B OOpasie MpenonepalliOHHON IUIa3Mbl IO
CPaBHEHHMIO C O0Opa3LOM IOCJIEONEePALUOHHON TUIa3Mbl. Y HYeThIPEX 3AOPOBBIX KOHTPOJBHBIX
CyObEKTOB HHM OAMH W3 YYaCTKOB HE IIOKAa3aJ] 3HAYUTEIBHOIO TUIEPMETHIIMPOBAHHUSA WIIH
TUMIOMETHIINPOBaHMsL. MOTYT IPUMEHATHCS APYTHe NpeneibHble 3HaueHus (Hanpumep, 1,1 %) u
OHH MOTYT BapbHUpPOBaTh B 3aBHCHUMOCTH OT TPeOOBaHHMI HCIIONB3yeMOro aHainmsa. B mpyrux
IpUMepax IPOLEHT OTCEYEHUs] MOXKET BapbUPOBAaThb HA OCHOBAHMM CTaTHUCTUYECKOTO
pacripeneneHus, a Takke TpeOyeMoil UyBCTBUTENBHOCTH M TPUEMIIEMON CIeIM(PUIHOCTH.

[0296] CornmacHo npyromy BapHaHTy pealu3allid TOYKA OTCEYEHUS MOXKET ObITh
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oTpezieNieHa TMOCPEACTBOM aHAJIM3a KPUBBIX (PYHKIMOHAIBHBIX XapakTepucTHk (kpuBbix ROC),
NyTEM aHaJIM3a YUCNa CTPAJAOLINX PAKOBBIM 3a00JIeBAHMEM NAllMEHTOB U MHIUBUAYYMOB 0Oe3
pakoBbIX 3a0oneBanuil. [lJi JONOIHUTENPHON BaTMAALMN CIEM(PUIHOCTH YKa3aHHOT'O MOAX0a
uccienoBany oopaser] IiasMel OT MalMeHTa, OOPaTUBLIErOCs 32 MEIULIMHCKON KOHCYJIbTalluel B
CBSI3M C He3JokadecTBeHHbIM coctostHueM (C06). 1,1% ydacTkoB mmenu Z-mokaszarenp <-3.
CornmacHO OJHOMY BapuUaHTy pealu3allid pasHble IOPOTH MOTYT NPUMEHSTHCA IS
KkjaccuuKau pasHbIX YPOBHEW cratyca 3aboneBanus. bojiee HU3KUI MOPOTOBBIM MPOIEHT
MOYKET TPUMEHSITBCS JIST PA3IMYSHHsI CTaTyca 37J0POBbsi OT JOOPOKAYECTBEHHBIX COCTOSHHM, U
Ooyee BBICOKMII TIOPOTOBBIM MPOLEHT M PA3JIMYCHUS AOOPOKAYECTBEHHBIX COCTOSIHUH U
3JI0KaQUECTBEHHBIX HOBOOOPA30BAHUH.

[0297] quarnoctudeckast 3(p¢PEKTUBHOCTh aHAJIHM3a THUIOMETHIMPOBAHUS IUIa3Mbl C
NPUMEHEHHEM MAacCCUBHO-NAPAJUIEIbBHOTO CEKBEHHPOBAHUsA, IMO-BUAMMOMY, BbIIIE, YeM
3¢ (eKTUBHOCTD TIpH MPUMEHEHHH TojiuMepasHoh uenHou peakiuu (I[1LP), ocHOBaHHOIW Ha
aMITUpUKAINN CTIEHU(PUIECKUX KJIACCOB IMOBTOPSIOLINXCS 3JIEMEHTOB, HAalpUMeEp, IJIHHHOTO
aucrieprupoanHoro sineprHoro snementa-1 (LINE-1) ( P Tangkijvanich et al. 2007 Clin Chim
Acta; 379:127-133). OnHuM U3 BO3MOXKHBIX OOBSCHEHNH YKa3aHHOTO HAOJIOIEHUS SIBJISIETCS TO,
YTO XOTs TUIIOMETHIMPOBAHHE LIMPOKO PACHPOCTPAHEHO B IE€HOME OIyXOJH, €My BCE XKe
CBONCTBEHHA HEKOTOpPAsi CTENeHb HEOJHOPOAHOCTH B PA3HBIX T€HOMHBIX O0JIACTAX.

[0298] dakTuuyecku, aBTOPBI HACTOSINErO H300peTeHuss HAOMIOAaNu, YTO CpeoHHE
3HAQYEHHsI IJIOTHOCTEH METWJIMPOBAHUS B IUla3Me y peepeHCHbIX CYOBEeKTOB BapbUPOBAIH IO
BceMy reHomy (¢dur. 56). Kaknas kpacHasi Touka Ha ¢ur. 56 oTpakaeT CpeaHee 3HAUEHHUE
IUIOTHOCTA METHJIMPOBAHUSI OIHOTO y4actka pasmepom 1 MO y 32 3xa0poBbix cyObekToB. Ha
rpadyike mpeacTaBIeHbI BCe MPOAaHATU3UPOBAHHbIE y4acTKH pasmepoMm 1 MO mo Bcemy reHomy.
Uucno B KaxIoOH paMKe TNPEACTaBNsIeT COOOW HOMEpP XPOMOCOMBI. ABTOPBI HACTOSIIETO
u300peTeHnst HaOMIOJaId BapbUPOBAHUE CPENHUX 3HAYEHHH IJIOTHOCTH METHJIMPOBAHHS OT
y4acTKa K y4acTKy.

[0299] [lnarHOCTHYECKHIT alrOpuTM MpPOCTOro aHanusa Ha ocHoBe I[P He mo3BossieT
YVUUTBIBATh TAKYK TE€TEPOr€HHOCTh Mexay oOnactsimu. Takas TeTepOreHHOCTh pacIIUupseT
IMAarna3oH TUIOTHOCTEH METHIMPOBAaHMS, HAOMOAAeMbIX Y 3JOPOBbIX MHAMBHAYYMOB. ITosTOMY
MOXeT TpeOoBaTbCsi Ooyiee 3HAUMTENIPHOE CHIDKEHHE IUIOTHOCTH METHIIMPOBAHHS, YTOOBI
oOpasery cUMTaNCsd AEMOHCTPHPYIOLIUM THUIOMETIIIMPOBAHHE. JTO TNPHUBENET K CHIDKEHHIO
4yBCTBUTEJIBHOCTH TECTA.

[0300] HampoTuB, mpu UCHOMB30BAHUU CHOCOOa Ha OCHOBE MAaCCHBHO-IAPAJUICTBHOTO
CEeKBEHHPOBAHUS T€HOM pa3JeNseTcsi Ha y4acTku pasMepoM 1 MO (MM ydacTKu JpyTHX

pa3Mep0B) U TUIOTHOCTU MCETUIIUPOBAHUSA MJIA TAKHUX YYACTKOB HU3MCPSAIOTCSA HHAWBUAYAJBHO.
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VYka3aHHBIH cOCO0 YMEHBLIAET BIMSHUE BapHAalUH MCXOIHBIX IUIOTHOCTEH METHIIMPOBAHMS B
Pa3HBIX TEHOMHBIX O0JIACTSIX, ITOCKOJIBKY CPAaBHUBAIOT KAXKIYI0 00JIaCTh B TECTUPYEMOM oOpasLe
U B KOHTpoJssiX. Tak, A OJHOTO M TOrO K€ Yy4acTKa BApUAaTUBHOCTb MEXAY 32 340pOBBIMU
KOHTPOJIbHBIMA MHAMBHUAYYMaMHU ObliIa OTHOCUTEJIbHO HeBenuka. /i 32 3M0pOBbIX KOHTPOJIEH
95% yuactkoB nmenu kodpduunuent Bapuaimu (CV), cocrasmsomuii < 1,8%. OnmHako s
JOTIOJIHUTENBHOTO MOBBILICHHS] Uy BCTBUTEJIBHOCTU ITPU I€TEKTUPOBAHUNU CBA3AHHOIO C PAKOBBIM
3a00JieBAaHNEM THUIMOMETHIIUPOBAHUS CPABHEHHE MOXKET OCYIIECTBJIATBCS IO HECKOJIbKUM
T€HOMHBIM 00sacTsiM. UyBCTBUTENBHOCTh OyJEeT MOBBILATHCS MPU TECTHPOBAHUU HECKOJIBKUX
I€HOMHBIX O0JIaCTeH, IMOCKOJBKY 3TO TapaHTHPYeT OTCYTCTBUE BIIUSHUS OHUOJIOTHYECKOM
WU3MEHYMBOCTH, KOT/Ia MPH TECTHPOBAHUU BCETrO OJHON O0JIACTH TMIIOMETHIIMPOBaHHE obOpasia
PaKoBOTO HOBOOOPA30BAHUS TSI KOHKPETHOM 00JIaCTH HE HAOJFO1aeTCs.

[0301] Crioco0, BriFOUarOIMK CpaBHEHHE IJIOTHOCTH METHIIMPOBAHMS 3KBUBAJIECHTHBIX
T'€HOMHBIX 00JIaCTell B KOHTPOJISIX U TECTUPYEMbIX 00pa3iax (Hampumep, TECTHPOBAHUE KaXKIOM
I€HOMHOM 00JIaCTH MO OTAENBHOCTH, M 3aT€M, BO3MOXKHO, OOBEINHEHHE TAKUX PE3YJIbTATOB) U
OCYIIECTBIIEHHE YKAa3aHHOTO CPAaBHEHUs Ui HECKOJBKMX Te€HOMHBIX oOOnacteil maer Oomnee
BBICOKO€ OTHOLIEHHWE CUTHAJ/IIYM MPU IETEKIUH MMIIOMETHIINPOBAHUS, CBSA3aHHOTO C PAKOBBIM
3a0oneBaHneM. YKa3aHHBIH CIIOCO0, BKIIIOYAIOIIMN MaCCHBHO-TIAPAIIIENIbHOE CEKBEHHUPOBAHHE,
NpEACTaBlIeH B WUIIOCTPATHBHBIX LeENsAX. MOXHO OXuaaTh, 4TO M JpyrHe€ METOIUKH,
MO3BOJISIIOIUE OIpPENENATh IUIOTHOCTH METHIIMPOBAHMS HECKOJIBKMX T'€HOMHBIX oOJacTeil u
NPOBOIUTH CPABHEHHE IJIOTHOCTE METHIMPOBAHUS COOTBETCTBYIOLIMX OOJNACTEeH B KOHTPOJAX
U TecTUpyeMbIX oOpasuax, Oyaytr oOecreunmBarh aHajJoruuHbii d¢¢ext. Hampumep, s
nocTIoKeHust Tpedyemoro 3¢ dekra MOryT ObITh CKOHCTPYUPOBAHBI 30HABI THOPHIU3ALNHA WIIH
WHBEPTHPOBAHHBIE MOJIEKYJISIPHBIE 30HBI, KOTOPbIE MOTYT OBbITh HaueJeHbl Ha MosiekyJibl JJTHK
IUTA3Mbl, TPOMCXOSINNE U3 KOHKPETHBIX M€HOMHBIX 00JjlacTeH, a Tak)ke ONMpeneNsiTh YPOBEHb
METUJIMPOBAHUS YKA3aHHOW 00J1acTH.

[0302] CornacHo eme ogHOMY BapHaHTy peajM3alliid MOKET MPUMEHATbCS cymMma Z-
NOKa3areield BCeX YYacTKOB JJIsl ONpPEAENIeHHs MPHUCYTCTBUS PAKOBOrO 3a0OJIEBAHUS WU IS
MOHHUTOPHUHIA MOCJEI0BATENbHbIX U3MEeHEeHUH ypoBHs MeTunuposanus [IHK B nnasme. B cBsa3u
¢ olmieil runmoMeTWIMpOBaHHOW mpupoxol omyxojesoit JJHK cymma Z-mokasareneii Oynet
HIDKE B IUIa3Me, TMOJYYEeHHOH OT MHAMBHAYyMa, OOJBHOTO PakKkOBBIM 3a00JE€BaHHEM, YEM Y
3nopoBbix KoHTposied. Cymma Z-mokaszarenedi 1isi  oOpasLioB  MNPeAoNepallioHHOW U
nocjeonepauuoHHon minasmbel  naumeHra ¢ I'TIK  cocraBmsana -49843.8 wu  -3132,13,
COOTBETCTBEHHO.

[0303] CoracHo npyruM BapHaHTaM peaju3allii MOTYT MPUMEHSTHCS APYTHUe CIIOCOOBI

1 uccnenosanus yposHs meruwinposanus JIHK nnasmer. Hanpumep, Moxer ObITh onpeneneHa
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JOJsT METWJIMPOBAHHBIX OCTaTKOB IIUTO3MHA B OOLIEM COIEP’KAaHHMHM OCTAaTKOB LIUTO3MHA C
npumeHenneM macc-cnekrpomerpun (ML Chen et al. 2013 Clin Chem; 59: 824-832) wiu
MaCCHBHO-TIAPAJUIEIbHOTO CeKBeHHpoBaHus. OHAKO Tak KakK OOJBIIMHCTBO OCTATKOB LIUTO3MHA
HAXO/IUTCSI BHE KOHTEKCTa AMHYKJIeoTHa0B CpG, A0S METHIMPOBAHHBIX [IMTO3MHOB B OOIIEM
KOJIMYECTBE OCTATKOB LINTO3MHA OyAeT OTHOCUTEJIBHO HEOOJNBIION MO CPABHEHUIO C YPOBHIMHU
METUJIMPOBAHUs, OIpeNeNsseMbIMU B KOHTeKcTe AMHYKIeoTUAoB Cp(G. ABTOpPBI HAaCTOSILIETO
U300peTeH s ONPEAeTUIN YPOBEHb METHIIMPOBAHUS OOPA3LIOB TKAHU U IJIA3MBbI, TIOJTY4YE€HHBIX OT
narvienta ¢ ['TIK, a Takke deTbipex 0Opa3lOB IIa3Mbl, TIOJYYEHHOU OT 3J0POBBIX KOHTPOJIEH.
YpoBHU MeTUHpOBaHUs U3Mepsiiu B KoHTekcTe CpG, moObIX UTO3MHOB, B KOoHTekcTax CHG u
CHH c npuMeHeHneM JAaHHBIX TOJHOT€HOMHOIO MacCUBHO-IApalIeIbHOTO ceKkBeHuposaHus. H
OTHOCHTCS K aJIEHUHY, TAMUHY WJIM OCTaTKaM LINTO3MHA.

[0304] ©ur. 26D mnpencraBnsier coboii Tabmuuy 2660, rae TPEencTaBiIeHbl YPOBHH
METUJIMPOBAHUS B 00OpasLie OMyX0oJeBOH TKAHH U MPEAONEePAIOHHON TIa3MBbl, IEPECEKAIOIUECS]
C HEKOTOPBIMH W3 KOHTPOJBHBIX 0OpasuoB miuasmbel B koHTekcre CHH u CHG. VYposHH
METUJIMPOBAHUS B 00paslie OMyxOoJeBON TKaHU M NPEAONEPALIIOHHON IIa3Mbl ObLIH CTaOMIIBHO
Ooyee HU3KMMHU MO CPABHEHUIO C JICHKOLMTAPHOHN IUIEHKOW, HEONYyXOJIEBOW TKAHBIO IMEUEHH,
00pa3LoM IMOCNeoNnepalluOHHON IUIa3Mbl U OOpPA3LOB IUIa3MBbl 3IOPOBBIX KOHTPOJIEH, Kak I
CpG, Tak n gt mo0bIx uTO3MHOB. OHAKO NaHHbIE HA OCHOBe MeTwinpoBaHHbIX CpG, T.e.
IUIOTHOCTH METWIINPOBAHUSA, IEMOHCTPUPOBAIN OoJiee MMPOKUN TUHAMUYECKHH IUANa30H, YeM
JJAHHBIE HA OCHOBE METUJIMPOBAHHbBIX LIUTO3UHOB.

[0305] CornacHo npyrum BapuaHTaMm peanusauuu cratyc metumiuposanus JJHK mazmer
MOXXeT OBITb OIpeneseH CHocoO0aMu C TNPUMEHEHHEM AHTHTENl IPOTHUB METHJIMPOBAHHOIO
LMUTO3WHA, Hampumep, HMMyHonperunuranuein merwnupoBanHoii JIHK (MeDIP). Onnako
TOYHOCTh YKa3aHHBIX CIOCOOOB, KaK OXHMIAeTCs, OyNeT HMXKe, 4eM TOYHOCTh CHOCOOOB Ha
OCHOBE CEKBEHHPOBAHMs, U3-32 BapUAOEIbHOCTH CBA3bIBAaHUS aHTUTEN. COIJIACHO eIe OIHOMY
BApUAHTY peau3alli MOXXET OBITh ONpenesieH ypoBeHb S-ruapokcumerwinurosuHa B JIHK
wiasMbl. [Ipu 3ToM OBUTO OOHAPY’KEHO, YTO CHUKEHHME YPOBHS S-THAPOKCHMETHIILIUTO3WHA
SBJISIETCS.  STIMTCHETUYECKUM TPU3HAKOM HEKOTOPBIX PAaKOBBIX 3a00JIE€BaHUH, Hampumep,
menanombl (CG Lian, et al. 2012 Cell; 150: 1135-1146).

[0306] ITomumo I'TIK aBTOpBI HACTOAIIETO M300PETEHUS TAKKE UCCIEAOBAIH, BO3MOXKHO
JU TPUMEHEHHE YKa3aHHOro crocoba aisi APYruxX THIIOB PAaKOBBIX 3a00ieBaHUil. ABTOpPBI
HACTOSIIIETO N300PETEHMUs NCCIIENOBAIN 00pa3Lbl MJIa3Mbl OT 2 MALUEHTOB C aIeHOKAPLIMHOMOM
aerkoro (AJI1 u AJI2), 2 mammentoB ¢ HocorjorouHod kapumHomoit (HI'K1 u HI'K2), 2
naLnueHToB ¢ pakoM tosictor u npsimoit kumku (KPK1 u KPK2), 1 nanuenra ¢ MmeracTaTH4eCKOi

HeliposHnokpuHHON omyxonbto (HOK1) u 1 mammenra ¢ meracTaTU4eCcKOW IJIaJKOMBIIIEYHOM
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capkomoii (I'MC1). IHK mnnasmbl yka3aHHbIX CYyOBEKTOB KOHBEPTHUPOBAIHM OHCYIBOUTOM U
CeKBEHHPOBaJH ¢ nmpuMeHeHneM 1atdopmsl [llumina HiSeq2000 ans 5O m.o. Ha OHOM KOHLIE.
UeTpipex 310pOBBIX KOHTPOJBHBIX CYOBEKTOB, YIIOMSHYTBIX BBILIE, MCIIOIB30BAIN B Ka4eCTBE
pedepeHcHON rpynmbl AN aHANIM3a y yKaszaHHbIX 8 manueHtoB. McnonbzoBanu 50 mo. punos
HIOCJIEIOBATEIbHOCTEH Ha OJHOM KOHIE. Bech reHoM pasnensiam Ha y4acTku pasmepom 1 MO.
Cpennee 3HaueHue U SD IUIOTHOCTH METUJIMPOBAHUS PACCUUTBHIBAIM JIS KaKIAOTO y4acTKa C
NPUMEHEHUEM NaHHBIX pedepeHCHOW Tpymnmbl. 3aTeM 3TH Pe3yJbTaThl Ui 8 OONBHBIX PAKOM
MAIMEeHTOB BbIpAXKAJM B BUOE Z-TOKa3zaTesel, MpeacTaBisomux coboit unucio SD cpennero
3HayeHus1 pedepeHcHON rTpymnmbl [lojokuTeapbHOE 3HAUYEHWE O3HAYAET, YTO IUIOTHOCTH
METUJIMPOBAHUSI B TECTHPYEMOM ClIydae HUXKE, YeM CpelHee 3HaueHue asi pedepeHCHON
IpyIIbL, 1 HA000poT. UUCIIO PUIOB CEKBEHUPOBAHUS M JOCTUTHYTasl rITyOMHA CEKBEHUPOBAHUS
Ha oOpasen npuBeneHsl B TadOnuie 2780 Ha ¢ur. 271

[0307] Ha ¢wur. 27A-H mnpencrasnen Circos-rpaduk IIIOTHOCTH METHJIMPOBAHHS y 8
MALUEHTOB C pPAaKOBBIMH 3a00JI€BaHUSIMH B COOTBETCTBUM C BAapUAHTAMHU pEATU3ALUH
Hacrosimero n3obperenus. Kakmas Touka mpeacTaBisieT pe3ysbTaT Ul ydacTKa pasMepoMm |
MO6. YepHbiMu TOUKaMH OOO3HA4YEHBI YUACTKU C Z-TIOKA3aTeNsIMU B JHAMa3oHe OT -3 10 3.
KpacupiMu TOukamMu 00O3HaY€HBI Y4YaCTKH C Z-TOKa3aTesNssMu <-3. 3eJeHbIMH TOYKAMHU
00O03Ha4YeHbl YUaCTKU C Z-mokaszaTtensiMu >3. MHTepBan Mexay ABYMs IOCIENOBATEIbHBIMU
JUHUSIMU NIPEACTABIISIET PA3HOCTDb Z-MOKa3aTenen, pasHyro 20.

[0308] 3HaunTeNbPHOE THIOMETWIMPOBAHHME HAONMIOAANAacCh B HECKOJbKUX O0O0NIacTsIX
I€HOMOB TALIEHTOB NMpH OOJIBIIMHCTBE THIIOB PAKOBBIX 3a00JIEBaHUH, BKJIIOYAs Pak JIETKOTO,
HOCOTJIOTOYHYK) KapUMHOMY, paK TOJCTOM M NPsAMOW KHUIIKA M  METaCTaTUYECKYIO
HEWPOIHIOKPUHHYIO OMyX0Jib. HTEpEeCHO, 4TO, MOMHMO TMIIOMETHMIMPOBAHUS, HAOJ0IAIACh
3HAYUTEIBHOE THIEPMETHIMPOBAHHE HECKOJBKUX O0JIacTell MO BCEMy T€HOMY B Cliydae C
METACTATUYECKON IJIaJKOMBILIEYHON CapKOMOH. | JlagkoMbllledHass capkoMa NPOUCXOAUT W3
SMOPHOHAIBHOW ME30[ePMbl, TOrJa KaK IPyTHe THITbI PAKOBBIX 3a00JIEBAHUHA Y OCTaJbHBIX 7
NALUEHTOB HMEIOT 3KTOAEPMAIbHOE SMOPHOHANIBHOE TNPOUCXOXKIeHHe. Takum obpaszom,
BO3MOXKHO, 4TO marrepH MerwiupoBanus JIHK capkoMbl MokeT OTiaMuYaTbCs OT MaTTEpHA
KapLMHOMBI.

[0309] Kak BUIHO U3 yKa3aHHOrO ciy4asi, narrepH Metunuposanus JIHK masmel Taxxke
MOXET MOIXOANTh 1isl AudQepeHratiuy pa3HbIX THIIOB PAKOBBIX 3a00JE€BaHUMN, B YKa3aHHOM
npumepe — st AuddepeHnnanu KapUUHOMBI U CAPKOMBL. DTH JaHHBIE TAKXKE MPENIOararoT,
YTO  yKa3aHHbIH Crnoco0  MOXKET  HCIIONb30BaThCs IS JETeKIMH  abeppaHTHOro
TUNEPMETHUIIMPOBAHNSA, CBSI3aHHOIO CO 3JIOKAYeCTBEHHbIM HOBooOpasoBaHueM. Bo Bcex

yKa3aHHbIX 8 cydasix ObUIM TOCTYIHBI TOJIBKO O0OpasLibl IUIa3Mbl M aHAJIN3 OMyXOJIEBOI TKaHU
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HE TPOBOAMJCS. DTO IMOKA3allo, YTO Jake€ MPHU OTCYTCTBUU MPEABAPUTENHHOTO MPOGUIIS
METHJINPOBAHUS UJIM YPOBHEH METWJIMPOBAHUs OIMyXOJIEBON TKaHU MPOMCXOIALIAs U3 OMyXOJH
JIHK MosxeT OBbITh JIETKO AETEKTHPOBAaHA B IUIA3Me C IPUMEHEHUEM OIMMCAHHBIX CIIOCOOO0B.

[0310] Pur. 27J npexncrasnsier codoit Tabnuiy 2790, oTpakaroUIyo pacnpeneieHue Z-
nokKasarejield y4acTkoB pa3mepoM | MO moOjHOro reHoma B IUla3Me MALMEHTOB C Pa3HBIMH
3JI0Ka4e€CTBEHHBIMH HOBOOOPa30BaHMSIMU. ISl KasKAOTO CiIydasi MOKa3aH NPOLEHT YYaCTKOB C Z-
nokazareneMm <-3, -3-3 u >3. bonee uem 5% yuacTKOB uMenu Z-mokaszatrenb <-3 ISl BCeX
cnydaeB. Takum 00pa3oMm, MHpPH HCIONB30BAHUH AaBTOPAMM HACTOSLIETO H300pETeHUS IS
KiIaccudukapy odpasia Kak MOJIOKUTEBHOTO MO PAaKOBOMY 3a00JIEBAHUIO TOYKU OTCEYCHUS,
paBHOI 5% 3HAYUTENHHO TUIIOMETWJIMPOBAHHBIX YYAaCTKOB, BCE€ yKa3aHHbIE Cly4aw OyayT
KJIacCU(UIIMPOBAHBI KaK IMOJIOKUTENbHBIE IO pakoBOMY 3abosieBaHuro. [TonyueHHble aBTOpaMu
pe3ybTaThl MOKA3bIBAIOT, YTO TMIIOMETWJIMPOBAHHUE IMPEAIOJOKHUTEIBHO MPENCTABISIET COOOH
oOmmee siBIe€HHE MU Pa3HbIX THIIOB PAKOBBIX 3a00JEBaHUH, W aHAJIM3 METWJIOMA IUIa3Mbl
MOAXOMUT JUTSL AETEKLUU Pa3HbIX TUIIOB PAKOBBIX 3a00JI€BaHU.

D. Cnocod

[0311] dur. 28 mpencraBiusier coboit  Onmok-cxemy cmocoba 2800 aHammza
Ouonormueckoro obpasma OpraHu3Ma JJIsl YCTaHOBJEHHUS KiacCH(pUKaMU YpOBHS paka B
COOTBETCTBHM C BapHaHTAMH peaIM3allud  HACTOSINEro  H300peTeHus. Y Ka3aHHBIN
Ouonornueckuii obpaszer Bkmouaer JJHK, nmpoucxonsinyro U3 HOPMAJIbHBIX KJIETOK, X MOKET
noreHuuanabHO BKitovyath JJHK U3 kieTok, CBA3aHHBIX ¢ pakoBbIM 3a0oneBaHueM. I1o meHbIei
mepe yacts JIHK B Ononorndyeckom oOpasiie MOkeT ObITh CBOOOIHON OT KJIETOK.

[0312] Ha stane 2810 ananusupyroT MHO)kecTBO Mosekyn JIHK wu3 ykasanHoro
Ouonornueckoro obOpasua. Axammz Monekyiabl  JJHK Moker BkIIOYaTh —ONpenesieHue
Jokanusauuu ykazaHHou mousekyabsl JIHK B reHoMme yka3aHHOro opraHusma U ONpeneeHue
TOr0, METHWJIMPOBaHA JH ykasaHHas monekyna JJHK B omHoMm wim OonblieM yuciie CadTOB.
VYka3aHHBIN aHAIU3 MOXKET OCYLIECTBJATHCSA MyTEM IMOJNYyUYEeHHs] PUAOB IMOCIEA0BATENbHOCTEHN C
MIOMOIIIBIO YYBCTBUTEJIBHOIO K METHJIMPOBAHUIO CEKBEHHPOBAHMS, U, COOTBETCTBEHHO, aHANIU3
MO>KET OCYLIECTBJISATECA MCKIFOUYUTEIBHO HAa OCHOBE paHee NMOJydeHHBIX s ykasaHHoW J[IHK
naHHbIX. COrnacHO IPyrMM BapUaHTaM peajiM3allid aHAJN3 MOXKET BKIOYATh (PaKTUYECKOe
CEKBEHHPOBaHUE WIH JPyTrUe aKTUBHbIE 3TaIlbl Oy YeHHs] JaHHBIX.

[0313] Ha stane 2820 misa kaXIoro U3 MHOXKECTBA CAMTOB ONMPEAECIAIOT OTHOCUTEIBHOE
xonuuectBo Mosekyn JIHK, xoTopeie MeTunupoBaHbl B yka3aHHOM caiite. COrliacHO OHOMY
BApUAHTy peaNu3aluil yKa3aHHble caiiTel mnpencrasneHsl CpG-caiitaMu, U MOTyT OBITH
NpeCTaBJIeHbI TOJBKO HeKoTopbiMU CpG-calitamu, BBIOpAaHHBIMHU C IPUMEHEHUEM OIHOTO WJIH

HECKOJIbKMX KPUTEPUEB, YIIOMHHAE€MbIX B HacTosleM aAokymeHre. Yucino mosekyn JIHK,
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KOTOpbIE METHJIMPOBAHBI, 3KBUBAJIEHTHO ONpPEAENIEHUIO 4YMCia HEMETUIMPOBAHHBIX MOJIEKYI,
€clli HOPMHUPOBKA INPOBOAUTCS C UCIOJNB30BAHHEM OOLIEro YHCIAa AHAIU3UPYEMBIX MOJIEKYJI
JIHK B KOHKpeTHOM caiire, Hampumep, OOIIero 4mcjia pUAOB CeKBeHUpoBaHMsA. Hampumep,
yBenn4eHue IUIoTHOCTH MetwnupoBaHuss CpG B o0macTH 5KBHBAJIEHTHO YMEHBIIEHUIO
IUIOTHOCTH HeMeTwnpoBaHHbIX CpG B TOI e o0nacTu.

[0314] Ha sTane 2830 paccuuThIBAIOT MEPBbIM YPOBEHb METUIMPOBAHUS HA OCHOBaHUU
cooTBeTcTByOIUX KomudectB Mosiekya JIHK, MeTunupoBaHHBIX BO MHOMKECTBE CaNTOB.
IlepBplii ypOBEHb METWUJIMPOBAHHUS MOXKET COOTBETCTBOBATH IUIOTHOCTH METUIIMPOBAHUS,
KOTOPYIO OINpeNessiioT Ha OCHOBaHMM uucia moisekysn JIHK, cooTBeTcTByrOLINX yKazaHHOMY
MHO>KECTBY CaWTOB. YKa3aHHblE€ CalThl MOTYT COOTBETCTBOBATb MHOXECTBY JIOKYCOB WJIH
TOJIbKO OZIHOMY JIOKYCY.

[0315] Ha »tame 2840 cpaBHUBAIOT NEPBBIM yPOBEHb METUIMPOBAHUS C NEPBBIM
npenenbHbIM  3HaueHHeM. IlepBoe mpenenpbHOE 3HAUYEHHE MOXKET TMPEACTaBIsTh COOOi
pedepeHCHBIII ypOBEHb METWJIMPOBAHHMS WM OBbITh CBSA3aHO C pedepeHCHBIM YPOBHEM
METUJIMPOBaHUS (HApUMep, HAXOIWTHCS Ha OINPENEeJCHHOM pACCTOSIHUM OT HOPMAJbHOTO
ypoBHsi). PedepeHCHbII ypOBEHb METWJIMPOBAHUS MOXET OBITh OmpeneleH Mo obpasuam
UHIUBUAYYMOB 0€3 pakoBBIX 3a00NeBaHMN, WJIM IO JIOKyCaM OpPraHHW3Ma, KOTOpBIE, Kak
U3BECTHO, HE CBsI3aHbI C PAKOBBIM 3a00JIeBAaHUEM Y YKa3aHHOro opranusma. Ilepsoe npenenbHoe
3HaYeHUE MOXKET OBITh YCTAaHOBJIEHO 1O pepepeHCHOMY VPOBHIO  METHIIMPOBAHMS,
ONpENeNIeHHOMY IO TpenbaylieMy OuojoruueckoMy oOpaslly OT YKa3aHHOTO OpraHu3Ma,
HIOJIyYEHHOMY paHee TECTUPYEeMOro OMOJIOrH4eckoro oopasia.

[0316] CormacHO oOnmHOMY BapuaHTy pealu3alll IepBOe TNpenelbHOe 3HaYeHHEe
NpenCcTaBisieT coOON yKa3aHHOE pAacCTOsiHME (HarpuMep, YKa3aHHOE YHCIO CTaHIApTHBIX
OTKJIOHEHHH) OT peepeHCHOTrO YPOBHA METHIMPOBAHUS, YCTAHOBIEHHOTO 1O OUOJOrHYECKOMY
o0pasily, IOJTy4eHHOMY OT 30pOBOro opranusma. CpaBHEHHE MOXKET OCYLIECTBIIATBCS IyTEM
OTpENeNIEHUs] PA3HOCTH MEXIY IMEePBbIM YPOBHEM METHJIUPOBAHHA U peEepEeHCHBIM YPOBHEM
METHJIMPOBAHUs, M 3aT€M CpPaBHEHUs YKa3aHHOM pPa3sHOCTHU C IOPOTrOM, COOTBETCTBYIOLIMM
NEPBOMY TMPENEeIbHOMY 3HAUeHHIO (Hampumep, Uil ONpPEIeNeHHs TOro, OTJIMYAeTCs JIH
CTaTUCTUYECKH YPOBEHb METHIIUPOBAHUSA OT PeHEPEHCHOTO YPOBHS METHIIUPOBAHHUS).

[0317] Ha »srtame 2850 mnpoBomsT KiacCH(PHUKAIMIO YPOBHA paka Ha OCHOBAHHU
yKa3aHHOro cpaBHeHus. I[lpumepsl ypoBHs paka BKJIHOYAIOT Hajluuue WIM OTCYTCTBHE Y
cyOBeKTa pakoBOro 3a0O0NI€BaHUS WIN TPEA3JI0KAuYeCTBEHHOTO COCTOSIHMS, WM IIOBBIIICHHAS
BEPOSATHOCTb Pa3BUTHUsl pakoBOro 3adosjesaHus. CoOryiacHO OZHOMY BapHUaHTy pealnu3aLHU
nepBoe IMpeAebHOEe 3HAUEHHE MOXKET ObITh OINpefeNeHO MO paHee MOIyuYeHHOMY oOpasily OT

cyObekTa (Hanpumep, pedepeHCHbINH YPOBEHb METUIIMPOBAHUS MOXKET ObITh OMPEIENIeH M0 paHee



87

MOJIy YeHHOMY 00pasiy).

[0318] CornacHO HEKOTOPBIM BapHaHTaM peau3alliy NEePBbI YPOBEHb METHUIMPOBAHMUS
MOXET COOTBETCTBOBATh psAy oOJacTel, rae ypOBHH METUIMPOBAHUS IMPEBBINAIOT MTOPOrOBOE
3HaueHne. Hampumep, Moxer ObIThb HAEHTH(ULMPOBAHO MHOXKECTBO obOjacreil reHoma
YKa3aHHOT'O OpraHu3Ma. YKa3aHHbIe 00JaCTH MOTYT OBbITh MIEHTU(HUIUPOBAHBI C IPUMEHEHUEM
YIOMHMHAEMBIX B HACTOSILIEM JOKYMEHTE KPUTEPHEB, HAPUMED, MO ONPEAENICHHON UIMHE WU
OTpenesieHHOMY YHCJy caiToB. B cocraBe kakmod M3 yKa3aHHBIX O0JacTell MOryT ObITh
UIeHTU(UIMPOBAHbI ONUH WM HECKOJbKO caiToB (Hampumep, CpG-caiitoB). s kakmoit
oOmacTi MOXeT OBITh pacCUWTaH YpOBeHb MeTwinpoBaHusi obmactu. IlepBwiii ypoBeHb
METUJIMPOBAHUS] COOTBETCTBYET MepBo oOmact. Kaxknblil U3 ypoBHEH METIIIUPOBAHUS 001aCTH
CPaBHHUBAIOT C COOTBETCTBYIOIIUM IPEEIbHBIM 3HAUEHUEM JJIs1 00J1aCTH, KOTOPOE MOXKET OBITh
OMHAKOBBIM WJIM BapbUpPOBAaTh Ui pa3HbIX obOsacteid. IlpenenpHoe 3Ha4YeHHWE IJISI TIEPBOI
o0NacTH Ha3bIBAIOT TMEPBBIM TpenenbHbIM 3HaueHHeM. (COOTBETCTBYIOIIME TNpPEAesIbHbIE
3Ha4eHUs1 JUIA obyacteld MOryT OBITh MpPENCTaBIIEHbl YKAa3aHHBIM KOJHYECTBOM (HAIMPHMED,
nojiouHOH (0,5)) pedepeHCHOro YpOBHSI METHJIMPOBAHUS, TaKUM OOPa3oM, MOACUUTHIBAIOTCS
TOJIbKO 00JIACTH, 3HAYUTEIPHO OTIMYAIOIINECS OT STAJIOHA, KOTOPBIH MOKET OBITh ONpPEeNieH 10
cyObeKTam, He UMEIOIINM PaKOBbIX 3a00JIeBaHU.

[0319] Moxer ObITh ONpeneseHo MepBoe 4YuCIO 00JlacTed, YPOBEHb METHIHNPOBAHUS
KOTOPBIX TPEBBILIIAET COOTBETCTBYIOLIEE NPEAENbHOE 3HAaueHHe Al OOJACTH, U OHO MOJKET
CPaBHHUBATbCS C MOPOrOBBIM 3HAUYEHUEM Ul onpezneneHus kinaccupuxauuu. CoriacHO OJHOMY
BAPUAHTY peaJu3alliy IOPOroBOE 3HAYEHHE IpeAcTaBiser coOoi mnpoueHT. CpaBHeHHe
YKa3aHHOT'O NIEPBOr0 YUCJIA C IOPOTrOBBbIM 3HAYEHUEM MOKET BKJIIOYATh [EJICHHUE MEPBOTo Ynucia
oOjiacreil Ha BTOpOe YHCIIO obyacTedt (Hampumep, BCe OOJNACTH) MO CPaBHEHHS C MOPOTrOBBIM
3HaYeHHEM, HallpuMep, B paMKax IpoLecca HOPMUPOBKU.

[0320] CormacHo mnpuUBENEHHOMY BBIII€ OMHCAHUIO (DPAKIMOHHAS KOHLEHTPALUS
onyxonesoii JIHK B Ouonoruyeckom oOpasie MOKET HPUMEHSITBCS MJI pacyeTa IMepBOrO
npefenbHOro 3HadeHus. PpakLMOHHAs KOHLEHTpAaLUs MOXKET ONpeAeNsaTbCs IPOCTO Kak
NPEBBILIAIOINAS MUHUMAJIBHOE 3HAUEHHE, TPU 3TOM oOpasel ¢ (pakIMOHHON KOHIEHTpaLuei
HIDKE MUHUMAJIBHOTO 3HAYEHHsT MOXKET OBITh NOMEYEH, HAalmpuMep, KaK HEMOAXOMSLIMHA IS
aHanmm3a. MUHUMaIbHOE 3HAYEHHUE MOXKET OBbITh ONpPENEeNIEHO Ha OCHOBE OXKMAAEMOTO Pa3IHUHsI
YPOBHEW METHJIMPOBAHMS OIyXOJH OTHOCHTEIBHO pe(epeHCHOr0 YPOBHS METHIIMPOBAHMSL.
Hanpumep, ecnu pasnuna coctasnsier 0,5 (Harpumep, UCHOIb3yeMasi B Ka4eCTBE MPEAETbHOrO
3Ha4YeHus1), TpeOyeTcsl OomperesieHHass OIMyXoJyieBas KOHLIEHTPALMs], AOCTATOYHO BBICOKAs MJIS
TOT0, 4TOOBI MPOSIBUJIACH YKA3aHHAS PAa3HHULIA.

[0321] Crenupuueckue MeToauku cornacHo criocody 1300 MOryT MCroNb30BaThCs U B
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cniocobe 2800. CornacHo cniocoOy 1300 aiist OnmyxoJii MOTYT OBITh OIpeAeNieHbl BAPUALIH YHCTIa
KoM (Hampumep, mepBasi XpPOMOCOMHAsi OOJIaCTh OIMyXOJIM MOXKET ObITh IMPOTECTUPOBaHA Ha
U3MEHEHHEe 4YHCJIa KOMUH OTHOCHTEJIbHO BTOPOH XPOMOCOMHOH 00JIACTH  OIMyXOJIH).
CootBercTBeHHO, crniocod 1300 mosker mpeamnosiaraTbh, 4TO OMyXoidb cyliecTByeT. COrjacHo
croco0y 2800 obOpaser;r MOKET ObITh MPOTECTUPOBAH HA HAJNUYME KAKOW-IUOO OMyXOiHu B
NPUHLUIE, HE3aBUCHUMO OT KaKMX-THOO XapaKTepUCTHUK 4Hcia Komud. Hexoropsle mMeTomawku
YKa3aHHBIX JBYX CIOCOOOB MOTYT OBITh aHaJOrMYHbIMU. OIHAKO MpeneNbHble 3HAYCHUS WU
napameTpbl METHJIMPOBAaHUS (HAIIPUMEpP, HOPMHPOBAHHBIC YPOBHU METHJIMPOBAHUS) COTJIACHO
crioco0y 2800 mo3BONSIFOT OOHAPYKHUTh CTATUCTUYECKOE OTJIMYHME OT pPeepeHCHOro YpPOBHS
MeTuianpoBaHusi st HeomyxosieBor JIHK, a He omamume oOT pedepeHCHOro ypoBHs
MetunupoBanuss s cMmecu pakoson JIHK wu neonmyxonesoi JIHK, mpu 3TOM HekoTOpble
oOiacTi, BO3MOXKHO, conxepkaT Bapuanmu uyncia konwid. CoOOTBETCTBEHHO, pedepeHCHbIe
3HaueHus: st crmocoda 2800 moryT ObITh ompexdeneHbl mo obpasuam 0Oe3 pakosoit JIHK,
HarpuMep, MOJYYEHHbIM OT OPTraHHU3MOB, HE HMEIOIINX pPAaKOBbIX 3a00JIEBAaHWH, WU IO
oOpa3uaM HEOMyXOJIEeBOH TKaHH TOTO JK€ MalueHTa (HalpuMep, IUIa3Mbl, MOJYYEHHOH paHee,
WIN TIO TIOJYYEHHBIM B TO JK€ CaMoe BpeMsl o0paslaM, KOTOpbIe, KaK M3BECTHO, HE 3aTPOHYTHI
PaKOBBIM 3200JIEBAaHNUEM, YTO MOXKeET ObITh onpenesneHo no kierouHoi JJHK).
L. IIpoeno3zuposanie MUHUMANLHOU PPAKYUOHHON KOHYE HMPAyuu
onyxoneeoii /[HK, oemexmupyemoii ¢ npumenenuem ananuza Memuiuposans
JIHK nnazmuol

[0322] OmuH U3 crocoOOB U3MEPEHHUsT 4y BCTBUTEIBHOCTH CIOCO0a NETEKIMU PaKOBOTO
3a0oJeBaHus ¢ UCIIONIb30BaHNeM ypoBHs MeTrirposanus JJHK mima3mbl cBsi3aH ¢ MUHUMAJIBHOM
(bpakUHMOHHON KOHLEeHTpauued mnpoucxomsieii u3 onyxomu JIHK, HeoOxomumoi st
oOHapyskeHHs1 u3MeHeHus1 ypoBHsi Metuinuposanust JIHK mnasmbl npu CpaBHEHUH C YPOBHSMH
KOHTposiel. UyBCTBUTENBHOCTb TECTUPOBAHUS TakK€ 3aBUCUT OT CTENEHU PpPazIudus
metunuposanus JIHK mexny oryxoneBoil TKaHbIO U MCXOIHBIMH YPOBHSMU METHJIMPOBAHMUS
JHK mnnasmser 3poposeix kontponed wiu JHK knerox kposu. KneTtkn kpoBu SABIAIOTCS
ocHOBHbIM ucTouHUKOM JIHK B mia3me 310pOBbIX MHIWBUAYYMOB. UeM OoJible yKa3aHHOE
pasnuyme, TeM MPOILNEe OTIMYUTh OOJNBHBIX PAKOBBIM 3a00JIEBAHHEM TALIMEHTOB OT HE MMEIOLINX
PaKoOBBIX 3a00JIEBaHMN WHIWBHUAYYMOB, YTO HAXOAWT OTPaK€HHE B OoJjiee HM3KHX MOPOrax
nerekuuu mnpoucxomsmeit w3 omyxonu JHK B minasmMe u 0Oojiee BBICOKOW KJIMHHYECKOH
qyBCTBUTEJIBHOCTH TPU JAETEKIUHM PAKOBBIX 3a00neBaHmi y nanueHToB. Kpome Toro, Bapuanmu
merunupoBanus JIHK B mnasme 310poBbIX CyOBEKTOB mim cyOBeKTOB pasHoro Bosdpacta (G
Hannum et al. 2013 Mol Cell; 49: 359-367) Taxxe BIMAIOT Ha YyBCTBUTENBHOCTDH NETEKIMU

W3MEHEHUH METUWJINPOBAHUSA, CBA3AHHBIX C HAJIWUYUCM PAKOBOI'O 3aboneBaHusi. MeHblast
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BapuaTuBHOCTh MeTHiupoBanus JIHK B mimazme 310poBBIX CYOBEKTOB YIPOINAET OETEKIIHIO
U3MEHEHUH, 00yCIIOBJIEHHBIX HAJHMYUEM HEOOJBIIOr0 KOJIMYECTBA MPOUCXOAINEH U3 PaKOBOTO
HoBOOOpa3zosanus JJHK.

[0323] Dur. 29A mnpencraBisier codoit rpadux 2900, oTpakaroUINil pacrpeneieHue
IUIOTHOCTEH METHIIMPOBaHUs Y pedepeHCHBIX CyOBEKTOB MPH MPEATIONOKEHUH, YTO YKa3aHHOE
pacnpeznesneHne COOTBETCTBYET HOPMAJIbHOMY PacHpeneeHH0. Y Ka3aHHbIM aHaIu3 OCHOBAaH Ha
HAJTUYUU JJIS1 KQXKI0ro odpasia mia3Mbl TOJbKO OAHOTO MOKa3aTes MIIOTHOCTH METHIIMPOBAHUS,
HarpuMep, TUIOTHOCTH METHJIMPOBAHMS BCEX ayTOCOM MJIM KOHKPETHOH Xpomocombl. [TokazaHo,
KaK 3TO BJUSET Ha crnenupuuHoCcTh aHanm3a. COrJacHO OJHOMY BAapUAHTY peaTU3aALUH
UCTIONIb3YEeTCS TOUKA OTcedeHust Ha 3 SD Hmke CpefHero 3HaYeHHs TUIOTHOCTH METHIIUPOBAHHUS
JHK y pedepeHCHbIX CyOBEKTOB IUisl ONPENeNICHUS HAJU4Yusl 3HAYUTEIBHO OOJBIIEro
TUMIOMETIJIMPOBAHMS TECTHPYEMOro o0pasua Mo CpaBHEHHIO ¢ obpasuamu OT pedepeHCHbIX
cyObekToB. IIpn HCNOMB30BAHNHT YKA3aHHOW TOYKH OTCEUEHUS OXKUIAETCS, YTO MPHOIU3UTEIBHO
s 0,15% He wMerommx — pakoBbix  3a0oneBaHuil  CyOBeKTOB  OyAyT — IMONy4YeHBI
JIO)KHOTIOJIOKUTENBbHBIE PE3YJIBTAThI, MOATBEPIKIAIOIINE HAJINYHE PAKOBOTO 3a00NIE€BAHUS, YTO
COOTBETCTBY €T crieruduuHocTH 99,85%.

[0324] Dur. 29B mnpencrasnsier coboii rpaduk 2950, oTpaxaromuil pacnpeneneHHs
IUIOTHOCTEH METHJINPOBAHHS Y pedepeHCHbIX CyOBeKTOB M OONBHBIX PAKOBBIM 3a00JI€BaHUEM
nauueHtoB. IlpenenbHoe 3HaueHue Ha 3 SD  HWKe CpenHEro 3HA4Y€HUs] IUIOTHOCTEH
METWJINPOBaHUs Y pedepeHCHbIX CyObekToB. Eciu ykasaHHOe cpenHee 3Ha4eHUE IUIOTHOCTEH
METWJINPOBaHUsST OOJIBHBIX PAKOBBIMH 3a00JIeBaHMSIMU MAalMeHToB Ha 2 SD Hike mpenenbHOro
3HavyeHus (T.e. Ha 5 SD Huke cpeaHero 3Ha4YeHHs s peepeHCHBIX CyOBEKTOB), OXKUIAETCH,
910 y 97,5% OONBHBIX PaKOBbIM 3a00JIeBaHHEM CYOBEKTOB IJIOTHOCTh METHIIUPOBAaHUsI OyaeT
HIDKE TPEAeNIbHOrO 3Ha4eHus. J[pyruMu ClioBaMH, OKUAaeMasi 4yBCTBHTEIBHOCTb COCTABUT
97,5%, ecnu s Kaxkaoro cyObekTa M3BECTEH OAWH IMOKA3aTejIb IUIOTHOCTH METHJIMPOBAHMS,
HaNpUMep, €CJIM aHAJM3UPYyeTcss oO0mas IUIOTHOCTh METHIIMPOBAHUS BCEro TIeHOMA, BCeX
ayTOCOM MWJIM KOHKPETHOW XpOMOCOMBL. Ha pa3HOCTb CpemHuX 3HA4Y€HUN IUJIOTHOCTEN
METUJIMPOBAHUS JUIsI ABYX MOMYJISIUUI BIMSAIOT Ba (PaKTOpa, a WUMEHHO, CTETEHb Pa3IHUHs
YPOBHSI METWIMPOBAHUS MEXIY PAKOBBIMH W HEPAKOBBIMH TKaHSIMH, H (PpaKkLHOHHAS
KOHIeHTpanusi npoucxomsmeit u3 onyxonun JIHK B oOpasne minasmbl. UeM Bbille 3HAYCHHS
YKa3aHHBIX IBYX IapamMeTpoB, TeM OOJbIIE PAa3HOCTb 3HAYEHWH IUIOTHOCTEH METHUIIMPOBAHUS
JUTSl YKa3aHHBIX ABYX nomyJisiuuii. Kpome toro, uem Hiske SD nnst pacnpeneneHuil mIOTHOCTEH
METUJIMPOBAHUS ISl YKA3aHHBIX ABYX IMOMYJISALUN, TEM MEHBIIE TepeCceKaroTCsl PaCIpeaeseHIs
IUIOTHOCTEH METHUIIMPOBAHUS [Tl YKA3aHHBIX ABYX IOy JISILIUMN.

[0325] B HacTosIeM ONMUCAHWM aBTOPBI HCIOJIB3YIOT THIIOTETHUECKUN MPUMEP, YTOOBI
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NPOUJUTFOCTPUPOBATh YKAa3aHHbIA NpuHUUM. [Ipeanonokum, 4TO IJIOTHOCTb METHUIMPOBAHHUS
OIMyXOJICBOW TKaHW cocTaByisieT npudnusureapbHo 0,45, a mmotHocTh MetunupoBanusi JIHK
IUIa3Mbl 37I0POBBIX CYOBEKTOB cocTaBisier npubausurenbHo 0,7. YkazaHHbIE MpeAIoiaracMble
3HA4YE€HUs] AHAJIOTUYHBI MTOJIy4eHHbIM U1 Hawero nanuenTa ¢ 'K, npu aTom ob1ast mioTHOCTh
METUJIMPOBAHUS ayTOCOM cocTaBisieT 42,9% U cpenHee 3HAUYEHUE ITUIOTHOCTU METHIIMPOBAHMUS
ayTocoM JUIsi 00pa3sLoB IUIa3Mbl OT 370POBBIX KOHTpouseit coctaeimsuia  71,6%. Ilpu
npennonoxkeHuu, 9yro CV usmepeHus miotHoctu merunupoBanus JIHK mnmasmsl njst monHOro
reHoma coctaBisier 1%, npenenbHOe 3HadeHue Oyner coctaBisath 0,7 x (100% — 3 x 1%) =
0,679. Hns obecrnedeHusi 4yBCTBUTENbHOCTH 97,5%, cpenHee 3HA4YEHUE IUIOTHOCTH
metuiuposanusi JIHK mmasmbr uist OONBHBIX PaKkOBBIMH 3a00JE€BAHUSMH MALIMEHTOB JOJDKHO
coctaBysATe npudausutenvHo 0,679 — 0,7 x (2 x 1%) = 0,665. Ilycte f mpencrasnsier
($pakuMOHHYIO KOHIEHTpauuto npoucxoxpsmei 3 onyxonu JHK B obpasue mimasmel. Torna f
MoxeT ObITh paccuntaH kak (0,7 — 0,45) x f = 0,7 — 0,665. Takum oOpasom, f cocTaBisieT
npubnusutensHo  14%. C  moMommBIO 3TOro  pacdera ONPENeNsoT, HYTO MHHHUMAaJIbHAs
(bpakuMoOHHAS KOHLEHTPALHsA, KOTOPYI0 MOXKHO JETEKTUPOBATh B IUIa3Me, cocTtaBisieT 14% miist
ofecrnieueHnst TUarHOCTUYECKOW 4y BCTBUTEIBHOCTH 97,5%, ecu B Ka4eCTBE TUArHOCTUYECKOTO
napameTpa UCIOJIb3YeTCs 00MIasi INOTHOCTh METHIIMPOBAHUS BCETO T€HOMA.

[0326] 3atem aBTOpBHI HACTOSIEro H300pETEHMs NPOBOAWINM YKAa3aHHBIM aHAIU3 Ha
JAHHBIX, NMOJay4deHHbIX OT nauveHta ¢ 'K, Jlnsg MTIrOCTpaTHUBHBIX LEJI€ B 3TOM Clly4ae
OCYLIECTBJISITIOCh TOJIBKO OHO U3MEPEHHE TUIOTHOCTH METUJIMPOBAHMUSI HA OCHOBE ITOKA3aTells,
OIPE/IeJICHHOTO JJIT BCEX ayTOCOM, Al Kakporo obOpasua. CpenHee 3HAa4Y€HHE IUIOTHOCTH
METWJINPOBAHUS COCTABILIO 71,6% B 0Opasuax mia3mbl, MOJYYEHHBIX OT 310POBBIX CYOBEKTOB.
SD mIoTHOCTEW METWJIMPOBAHUS IJIsl YKa3aHHBIX dYeTbipex o0pa3uoB coctaBimsuio 0,631%.
Takum oOpas3oM, mpenenbHOE 3HAYEHHE AJISI TUIOTHOCTH METHJIMPOBAHUS B IJIa3Me JOJDKHO
cocraBisath 71,6% — 3 x 0,631% = 69,7%, utoObl obecneyuTh Z-MOKaszaTeslb <-3 H
cneuuduaaocth 99,85%. Jlns obecneueHust uyBCTBUTENBbHOCTH 97,5%, cpenHee 3HaueHUe
IUIOTHOCTH METWJIMPOBAHUSI B TUIa3Me OOJIbHBIX PAKOBBIMH 3a00JIEBAHUSMH MALUEHTOB JOJDKHO
ObiTh Ha 2 SD HmKE TOYKH OTCEYeHUs, T.e. COCTaBysATh 68,4%. ITOCKONBKY TIJIOTHOCTB
METHJIMPOBAHUSI OMyXOJIEBOM TKaHU cocTaBiisuia 42,9%, Ha ocHoBaHUU dopmyibl: P = BKG x
(1 -5+ TUM x f, f nomkHa cOCTaBIATh 110 MeHbInei mepe 11,1%.

[0327] CornacHo Apyromy BapuaHTy pealu3alliyd MIOTHOCTH METUIMPOBAHMS Pa3HbIX
I€HOMHBIX O0JacTeil MOryT ObIThb NPOAHAIN3UPOBAHBI IO OTAEIBHOCTH, HANpUMeEp, Kak
nokasaHo Ha ¢ur. 25A umm 26B. JlpyrumMu cioBaMM, OCYIIECTBIISIIM HECKOJIbKO H3MEpPEHHIt
YPOBHS METWIMPOBaHHUS [ Kaxkaoro obOpasma. Kak mokasaHo HIDKe, 3HAYUTEIbHOE

TUIIOMETUTIUPOBAHUE  MOXKET OBITh ACTCKTUPOBAHO TIPU 3HAYUTEIBHO Ooylee  HHU3KOI
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¢bpakumoHHoi  koHUeHTpauuu omyxoneBoii JHK B minasmMe ©, COOTBETCTBEHHO,

)
auarHoctuyeckass 3¢ ¢exkTuBHOCTh aHanuza MetmnupoBaHus JIHK mmasmel must nerekumun
pakoBbIX 3a0oneBaHuii Oynmer Bblme. UYWCIO TI'eHOMHBIX O0NacTel, IEMOHCTPUPYIOLINX
3HAYUTEbHOE OTKJIOHEHHE IUIOTHOCTEH METHUJIMPOBAHUS OT pe(epeHCHOH MOMyJIALUHN, MOXKET
ObITb TONCYMTAHO. 3aTeM YKa3aHHOE WYHCJIO TEHOMHBIX O0JlacTefi MOMKHO CpaBHUTH C
NpeneNbHbIM  3HaYeHWeM Ul ONpenesieHHs  HaIW4Ms  3HAYUTEeNbHOro  o0miero
runometwupoBanust JITHK mnnasmbl B monyJsiouu JJIsl UCCJIEAYEMbIX T€HOMHBIX 00JacTeH,
HampuMep, y4acTkoB pasmepoM 1 MO mo Bcemy renomy. IlpenenbHoe 3HaYeHHE MOKET OBITh
YCTAHOBJIEHO NyTEM aHAJIM3a TPyNImbl peepeHCHBIX CYOBEKTOB, HE HMEIOIIUX PAKOBBIX
3a00NeBaHNl, WJIM BBIBEIEHO MAaTEMAaTHYEeCKH, HANpUMep, B COOTBETCTBUU C (QYHKIHEH
HOPMAJIBHOTO PAaCIpeNeIeHuUsI.

[0328] Dur. 30 mpencraensier coboii rpaduk 3000, oOTpakarOIIWM pacnpenesieHue
otHoctedt Metunuposanus JIHK miasmel 3m0poBBIX CyOBEKTOB M MALMEHTOB C PAKOBBIMHU
3aboneBaHuAMU. [ITOTHOCTP METHIIMPOBAHMS KAKAOTO y4acTka pasmMepoM 1 MO cpaBHUBAKOT ¢
COOTBETCTBYIOLIUMH 3HAYEHUAMH i pedpepeHcHoM rpynmbsl. Onpenessuii NpoLeHT YYacTKOB,
JIEMOHCTPHPYIOIINX 3HAUUTEIbHOE THIIOMETHINpoBanue (Ha 3 SD Hibke cpeHero 3HaYeHHs IS
pedepencHoit rpymmbl). s ompeneneHus HaMU4YUST B 0Opasie IUIa3Mbl MPOUCXOISIIECH 3
onyxomu JIHK  wucnonp3oBanu  TOYKy  oTcedeHus, paBHyro  10%  3Ha4uTeNbHO
TUIIOMETHIINPOBaHHBIX 0OJyacTell. Takske MOryT UCIONB30BaThCS IPyTHUe MpeaesbHbIe 3HAYEeHNUS,
Takue kak 5%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%, 70%, 80% wumu 90%, B
COOTBETCTBHUH C TPeOYEMBIMH 4y BCTBUTEIBHOCTBIO M CHIELIU(UUHOCTHIO TECTA.

[0329] Hanpumep, mist knaccudukarmu oOpasua Kak COAepsKallero MmpoUCXOIsIIIy0 U3
omyxonu JIHK aBTOpbI HACTOSIIErO H300PETEHHUSI MOTYT UCTIOB30BaTh 10% y4acTKOB pazmMepoM
1 MO, IeMOHCTPHUPYIOIIUX 3HAYUTEIbHOE TUIIOMETHINPOBaHUE (Z-T0Ka3aTeNb <-3), B Ka4eCTBE
Touku otTcedenus. Eciau Oomee dvem 10% yka3aHHBIX YYacCTKOB 3HAYHMTENBbHO Ooee
TUMIOMETHJINPOBAHbI TI0 CPABHEHUIO C pedepeHCHOH rpymmoii, obpaser KiacCHPpUUUPYIOT Kak
NOJIOXKHUTEJIbHBIA MO pe3yJibTaTaM TeCTa Ha pakoBoe 3adoneBaHue. [l KaXKIoro ydacTka
pasmepom 1 MO ucnonb3yercst Touka orceueHust Ha 3 SD Hmke cpenHero 3Ha4YeHUs MIOTHOCTH
METUJIMPOBaHUSl peepeHCHON TIpymnmbl Al OnpeneieHus oOpasla Kak 3HAUYMUTENbHO Oolee
THIIOMETHIINPOBAHHOTO. JJIsT KaXXA0ro M3 y4acTkoB pasMepom 1 MO, eciu cpenHee 3Ha4YEHHE
wiotHoctd MetriupoBanus JIHK rmma3mel OONBHBIX pakoBBIMH 3a00JIEBAHUSIMH MTALIMEHTOB Ha
1,72 SD Hmxke cpennero 3HaueHus ruioTHocteld Metuiuposanus JIHK mnasmel y pedepeHcHbIX
cyOobekToB, nmeetcst 10% BEpOSTHOCTh, YTO MOKA3aTeNb IUIOTHOCTH METHIIMPOBAHMSA JHOOOTO
KOHKPETHOT'O y4acTKa y MalMeHTa C paKOBbIM 3a00sIeBaHNEM OyIeT HUXKE, YeM TOUKA OTCEUEHHS

(r.e. Z-nokazarenb <-3) W JacT TOJOXUTENbHBbIH pe3ynbTaT. B Takom cnyuae, mnpu
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pPacCMOTPEHHMH BCEX YYaCTKOB pasMepoM 1 MO 1 mONHOro reHoma, OKHAAETCs, HYTO
npubnmusutensHo it 10% yuacTkoB OyayT HaOMOAATBCS MOJIOKHUTENbHBIE PE3YJBTAThl MPH
3HAYUTENIbHO OoJiee HHU3KUX IUJIOTHOCTSX MeTuiaupoBaHus (T.e. Z-nokasarenn <-3). Ilpu
NPENIoIOKEeHHH, YTO o0masi mioTHocTh MeTwianposanus JJHK maasmbl 310poBbIX CyOBEKTOB
cocraBisier npubmmsurensHo 0,7, u kod¢p¢unment Bapuaumu (CV) n3MepeHHs IUIOTHOCTH
metuauposanusi JJTHK mnasmer mist kaxmoro yuactka pasmepom 1 MO cocrasisier 1%, cpennee
3HaYeHue IIOTHOCTH MerwimupoBanus JIHK mmasMbl OONBHBIX pPakOBBIMU 3a00J€BaHHUSIMHU
MALKUEHTOB JOJUKHO cocTaBisith 0,7 X (100% — 1,72 x 1%) = 0,68796. Ilyctb f npencrasisier
(bpaKIMOHHYIO KOHIEHTpaluio npoucxoasmei u3 onyxonu JJHK B masme, obecrneqnBaronyto
yKa3aHHOe cpenHee 3HadeHue miotTHocth Metunuposanus JHK nnasmel [Ipu npennonoxxenny,
YTO IMJIOTHOCTh METHJIUPOBAHUSI OMYyXOJIeBOU TKaHU coctapisieT 0,45, 3HadYeHue f MOXeT ObITh

pacCUUTaHO C MPUMECHCHUEM CIICAYIOIIECTO YPABHCHUA

cancer

WMp, -M,, )xf=Mp, —Mr
rae M r,, npencraBiser cpenHee 3HaueHHe IIOTHOCTH Metmnuposanus JIHK miasmsl y

pedepeHCHBIX HHOUBUAYYMOB;, M MPEACTABJISIET TUIOTHOCTh METUJIMPOBAHUS OIyXOJIEBON

tumor

TKAHU Yy OOJNBHOrO PpakKOBBIM 3a00ONeBaHHEM MalUeHTa, u Mo,

e TIPEZICTABIIAECT CPEIIHEE
3Ha4eHue IoTHOCTh MeTwiuposaHus JIHK mmasmbl y OONBHBIX pakoBBIMH 3a00JE€BaHUSMU
MaLUEHTOB.

[0330] Ha ocnHoBanum ykaszanHoro ypasHenust (0,7 — 0,45) x f = 0,7 — 0,68796.
CoOoTBETCTBEHHO, MUHUMAJIbHAs (PPaKLIOHHAS KOHLIEHTPALIUS, KOTOPYI MOXKHO JI€TEKTHPOBAThH
C MPUMEHEHHEM YKa3aHHOro criocoba, onpenensercs kak 4,8%. UyBCTBUTETBHOCTD MOXKET ObITh
JOTOJHUTEIBHO TOBBIIIEHA 32 CYET CHUKEHMS IPOLIEHTa OTCEUEHUs] 3HAYMTENbHO Oolee
TUIIOMETHIIMPOBAHHBIX YUaCTKOB, Harpumep, ot 10% no 5%.

[0331] Kak noka3aHO B IMPUBEAEHHOM BbILIE IPUMEPE, UyBCTBUTEIBPHOCTh YKa3aHHOIO
crioco0a OMpeneNseTcsi CTENEHbI0 Pa3jInYKsl YPOBHS METHJIMPOBAHHS PAKOBBIX U HEPAKOBBIX
TKaHel, HarpuMep, KIeToK kKpoBu. COrlaCHO OTHOMY BapHAaHTY peajM3alid BbIOUPAIOT TOJBKO
XPOMOCOMHBIE ~ 00JIacTH,  JAEMOHCTPHPYIOLIME  3HAYUTENbHOE  OTJIMYME  IUIOTHOCTEH
metunuposanus JJHK B mnazme cyObekTOB, HE MMEIOIINX PAKOBBIX 3a00JI€BAHHIH, U TUIOTHOCTEH
metunuposanusi JIHK omyxoneBoit Tkanu. CoriacHO OZHOMY BapHaHTy peasu3aliy BIOMPAIOT
TOJIbKO OOJIACTH, pa3jnvue IUIOTHOCTH METHUJIMPOBAHUS KOTOpBIX coctasisier > 0,5. CormacHo
APYTUM BapUaHTaM pPEATM3aLUU JJIsl BBIOOpA MOAXOASIIUX 00JacTell MOXKET HCIOIb30BATHCS
paznuuune, coctasistouee 0,4, 0,6, 0,7, 0,8 unu 0,9. CornacHo IpyruM BapuUaHTaM peasiu3aliiu
¢dusnueckuil pasmep reHOMHBIX oOjacteil He (ukcupoBaH. BMecTo 3TOro reHoMHble 00JIaCTH

ONPENENsAIT, HampuMep, Ha OCHOBE (UKCUPOBAHHOW TIJIyOMHBI CEKBEHHPOBAHUS WM
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¢ukcupoBannoro uucna CpG-caliToB. YPOBHHM METWIMPOBAHUS B HECKOJBKUX YKa3aHHBIX
T€HOMHBIX O0JIaCTSX OLEHHMBAIOT AJIS KAXKI0ro oOpasua.

[0332] ®ur. 31 npencrasisier cobolt rpaduueckoe mpencrasienne 3100, oTpaxkaromiee
pacmpeneneHre paznduil CpeaHero 3HadyeHus IUIoTHOCTed MmerwnupoBaHuss JIHK mmasmel
3M0pPOBBIX CyOBEKTOB M omyxosieBoit TkaHu mnamuenta ¢ LK. TlonoxkwurenbHoe 3HaAYeHUE
O3HAQuaeT, YTO IUIOTHOCTh MeTmiuposanus Beie i JJHK B mimasme 310poBbIX CyOBEKTOB, a
OTPULIATETIbHOE 3HAUEHUE O3HAYAET, YTO IUIOTHOCTh METUIIMPOBAHMS BBILIE B OMyXOJEBOH TKaHM.

[0333] CormacHO OmHOMY BapHaHTy peaju3aldd MOTYT BbIOUPATBCS YYacCTKH C
MaKCHUMAaJbHBIM pa3lHuheM IUIOTHOCTH METHJIMPOBAHMS PAKOBBIX U HEPAKOBBIX TKaHE,
Hampumep, Takue, MAJsd KOTOPBIX pasiuuue cocrasisger >0,5, He3aBUCHMO OT TOrO,
TMIOMETWIMPOBAHA WM TUNEPMETWIMPOBAHA OMNyXOJb IO YKa3aHHbIM yuacTkaMm. Ilpenen
neTeKiuu (PaKIMOHHONH KOHLEHTpauuu npoucxopsieii n3 onyxomu JIHK B mmasme mosker
ObITb CHWJKEH 3a c4eT (POKYCHpPOBAaHMS HAa YKa3aHHBIX YyuacTKax, Ouaromaps Oonee
3HAQUYUTENIbHBIM pa3IM4uusAM pacnpeneneHuil yposHenn metwnuposanus JHK mnmasmer mexnay
OONBbHBIMH pPakOM U He OOJBHBIMH pPAaKOM CyOBEKTaMH, NPH OJUHAKOBOH (HpaKIMOHHON
KOHLIeHTpauuu npoucxoasmen u3 onyxonau JIHK B nnasme. Hanpumep, npu ucnonap3oBaHuU
TOJIBKO y4aCTKOB C paszauuusiMu >0,5, U NPUHATUU TOYKHM OTCEUEHHUs, COOTBeTCTBYoImen 10%
3HAYUTEIBHO 0OJIe€ TMIOMETHIMPOBAHHBIX YYAaCTKOB Ul OMNPENENICHHs HAJIWYUs PAKOBOTO
3a0o0neBaHMsl y TECTUPYEMOIrO WHAMBUAYYMAa, MUHHMaJibHas (ppakuuoHHas KOHUEHTpauus (f)

nerekTupyemoi mpoucxozmsmen uz omyxonu JIHK moker ObITh paccunTaHa ¢ MpUMEHEHHEM

cienytouero ypasHenus: (Mp, —M, Vx f=Mp, —Mrp rne M p,, npencrasisier cpenHee

cancer 3
3HAYEHUE TJIOTHOCTH METUJIMPOBAHUSA JHK TJ1a3Mbl y pedepeHCHbIX

UHAUBUOYYMOB, M MIPEACTABIISIET IUIOTHOCTh METUJIMPOBAHMSI OIyXOJIEBOM TKaHU Y

tumor

0OJIPHOrO pakoBbIM 3a0ojieBaHUEM TalveHta, u M p

cancer

NpeaACTaBIAECT CPEAHEEC 3HAYCHUEC

wiotHocty MetuupoBanus JIHK mna3mbl y OOJIbHBIX pakOBBIMH 3a00JICBAHUSMU TTALIUEHTOB.
[0334] IIpu 3TOM, pa3nuyue IUIOTHOCTH METWIMPOBAaHHUS B IUIa3Me pedepeHCHBIX
CyOBEKTOB U B OMYXOJIEBBIX TKAHAX COCTaBJsieT mo MeHbineil mepe 0,5. COOTBETCTBEHHO, MBI
umeeM 0,5 x f=0,7 — 0,68796 u f = 2,4%. Takum obpa3oM, (HOKyCHPYSCh HA yUacTKax ¢ Oojee
3HAQYUTENIbHBIM pA3JIMYMEM IUIOTHOCTH METHJIMPOBAHUSI B PAKOBBIX U HEPAKOBBIX TKAaHSX,
HIDKHUH Tipenen st (pakiMOHHON KOHLeHTpauuu npoucxopsmeil n3 onyxomn JJHK moxHO
cam3uth ¢ 4,8% nmo 2,4%. HHbopmaumio OTHOCHTENBHO TOTrO, IJIsi KAaKUX YYacTKOB
HaOMroaroTest OONMbIINE Pa3IUYHs CTENEHU METIIIMPOBAHMS MEXAY PAKOBBIMU U HEPAKOBBIMHU
TKaHsIMHU, HalpUMEp, KJIETKaMU KPOBH, MOKHO IMOJY4YHUTb, HCIOJb3Yysl OMyXOJIEBbIE TKAHU W3

TOro K€ OpraHa HWJIM TKAaHU TOro K€ TCUCTOJOTUYCCKOr0 TUIla, MOJYUYCHHBIC OT APYIrUX
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WHANBUIYYMOB.

[0335] CornacHo Apyromy BapuaHTy peau3allid HA OCHOBE IJIOTHOCTU METHUIMPOBAHMUS
JIHK mna3mbl 1J1s1 BCEX YYaCTKOB MOKET OBITh MOJIyYeH MapaMeTp, YUYHUTHIBAOIIUNA pa3indue
IUIOTHOCTEH METWJIMPOBAHUSI MEXIy PAaKOBBIMH M HEPAKOBBIMH TKaHSMH. YdacTkaM C OoJjee
3HAQYUTENbHBIM PAa3IMYHeM MOXKeT NpuaaBaTbcst Oonbiunii Bec. COrsacHO OZHOMY BapHUaHTY
peanu3aluy pa3auuue IUIOTHOCTH METUIMPOBAHMSA MEXIY PAKOBOM M HEPAKOBOW TKAHBIO IS
KaQXXJOT0 y4YacTKa MOXKET HENOCPEICTBEHHO HCIIOJIb30BAaThCA B KAaueCTBE BeCa KOHKPETHOTO
y4acTKa MPH BBIYMCIEHUN KOHEYHOTO MapaMeTrpa.

[0336] CormacHo eme OAHOMY BapUaHTy peaju3alldd pa3Hble TUIBl PaKOBBIX
3a0oNeBaHNl MOTYT UMETh Pa3HbIE MATTEPHBbI METIJIMPOBAHHS B OMYXOJIEBOH TKaHU. MOKeT
OBITh TIONy4eH CHenu(UUHBbIA 1T pakoBOro 3abojeBaHHUs BECOBOH MpodUb HA OCHOBAHHH
CTETIEHN METHJINPOBAHMS MIPU KOHKPETHOM THIIE PAKOBOTO 3a00JI€BaHUS.

[0337] CormacHo emme OOHOMY BapHaHTy pealu3allid MOXKeT OBbITh OmnpeneseHa
3aBUCUMOCTD TUIOTHOCTH METUJTUPOBAHUS MEKIY YYaCTKAMU Y CyOBEKTOB, Y KOTOPBIX UMEETCS
WIN OTCYTCTBYET pakoBoe 3aboneBanue. Ha ¢ur. 8 MoxxHO HaOmOAaTh, YTO B HE3HAYUTEILHOM
YHCJIe YYACTKOB OIyXOJIeBble TKaHU Oonee MeTmnuposansl, yeM JIHK mmasmer y pedepeHcHbIX
cyObexToB. COOTBETCTBEHHO, MOTYT BBIOMPATHCS] YYACTKU C KPAMHUMH 3HAYEHUSIMU PA3JIAYHS,
Hanpumep, pasznuuusmMu >0,5 u <0. OTHOWEHHE TIJIOTHOCTH METUJIMPOBAHMS YKAa3aHHBIX
YYacCTKOB 3aT€M MOXXHO HCIOJIb30BaTh Ui ONpENENIEHUs] HaJU4Us PaKoOBOrO 3a00NeBaHUS Y
TecTupyemMoro uHausBuayyma. CorigacHo ApyruMm BapUaHTaM peanu3alid PasHOCTb U YaCTHOE
IUIOTHOCTH METWJIMPOBAHUS PAa3HBIX YHACTKOB MOTYT MPUMEHATBCS B KQU€CTBE MapaMeTPOB IJIs
OnpeneIeHus: 3aBUCUMOCTH MEXKy YUaCTKaMU.

[0338] ABTOpBI Takke OLIEHWBAJIM YyBCTBUTEIBHOCTb CIIOCOOA METEKIMHM WA OLIEHKH
OMYXOJIM C MPUMEHEHHEM IIJIOTHOCTEH METUJIMPOBAHUS HECKOJNBKUX T'€HOMHBIX 00JacTeH, uTo
WIIIOCTPUPYIOT JAaHHble, nojy4yeHHble oT mamuenta ¢ ['IIK. Chauanma aBTOpBI HacTOSIIEro
n300peTeHnst OObEAMHSIN PUABI IJIsl TIPEIONEPALIMOHHON TIa3Mbl C PUIAMH, TTOTy4YE€HHBIMU JJISI
00pa3LoB IIa3Mbl 3AOPOBBIX KOHTPOJIEH, IUII MMHUTALMK OOpAa3LOB IUIa3MbI, CONEPIKAIIUX
¢dpakunonHble KoHUeHTpauuu omyxoneod JIHK, Bapeupyromme ot 20% po 0,5%. 3artem
aBTOPBI OJCUNTHIBAIH MPOLEHT Y4acTKOB pazmepoM | MO (13 2734 yyacTKOB BCETro T€éHOMa) ¢
IUIOTHOCTSIMH METWJIMPOBAHUSI, 3KBHUBAJICHTHBIMH Z-mokazaremsiM <-3. Ilpu ¢paxnuoHHON
koHUeHTpauu omnyxojesoi JIHK B mmasme, cocrasmsromeit 20%, nns 80,0% ydacTkoB
HAaOMIONAIOCh  3HAUMTENbHOE  runomermaupoBaHne. COOTBETCTBYIOIIME  JaHHbBIE IS
¢dpakunonHoit koHueHTpaunu omyxojesoir JIHK B masme, pasHoii 10%, 5%, 2%, 1% u 0,5%,
cocraBisuin 67,6%, 49,7%, 18,9%, 3,8% wu 0,77% y4acTKOB, JIE€MOHCTPUPYIOLINX

TUIIOMETUIINPOBAHUE, COOTBETCTBEHHO. IIOCKOJIBKY TEOpeTHUeCKHil mpenen 4Yuciia Yy4acTKOB,
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IEMOHCTPHUPYIOINX Z-moKa3arenun <-3, B KOHTPOJbHbIX oOpasmax cocrtasisier 0,15%,
NOJTy4YE€HHBbIE aBTOPAMHU JAaHHbIE JEMOHCTPUPYIOT, YTO JAaXke NMpH (PPaKIMOHHONW KOHLEHTPALUH
omyxonesori JIHK, cocrasmsiromeii Bcero 0,5%, umenock Oosbine yuactkoB (0,77%) 3a
TEOPETUIECKUM MPEIENIOM OTCEUEHUS.

[0339] ®ur. 32A mnpexacrasisier coboii Tabauuy 3200, memMoHCTpupyrOUyR 3hdexrt
yMEHbIIEeHNs TITyOUHBI CEKBEHHPOBAHMSA B CIydasx, Koraa oOpaser Mmia3sMbl copepskan 5% wiu
2% onyxonesoii JIHK. Breicokoe conep:kanue y4actkoB (>0,15%), meMOHCTpUPYIOIIUX
3HAYUTEIBHOE THITOMETHIIMPOBAHHIE, MOJKET OBITh JETEKTUPOBAHO JaKe MPH CPEAHEM 3HAYCHHU
riyOnHBI CeKBeHHpOoBaHUs Bcero 0,022% rarmiongHOro reHoMa.

[0340] Dur. 32B npencrasisier coboii rpaduueckoe mpencrasienue 3250, oTpakaromiee
IUIOTHOCTH METHJIMPOBAHUS MOBTOPSIOLIUXCS JIEMEHTOB M oOjacTell Oe3 MOBTOPOB B IJIa3Me
YeThIPEX 3I0POBBIX KOHTPOJBHBIX CYOBEKTOB, JEHKOLMTAPHOH IUIEHKE, HOPMAIbHOW TKaHU
MEUEHU, OMyXOJIeBOW TKaHH, 0O0pasmax MpenonepalioOHHON IJIa3Mbl M TOCEONEPAIOHHOMN
wiasmbl nanuenTta ¢ ['1IK. BunHo, 4To moBTOpstomuecs 31eMeHThI 0ojiee METHITUPOBaHbI (Oosee
BBICOKAsI TUIOTHOCTb METWJIMPOBAHM), YeM oOmacTu Oe3 MOBTOPOB KaK B PAKOBBIX, TaK U B
HEepakoBbIX TKaHAX. OHAKO pa3iuyre METHIUPOBAHUS MEXKAY MOBTOPSIOIIMMUCS 3JEMEHTaMH
u o0nactssMu Oe3 MOBTOPOB ObUIO OoJiee 3HAYUTENbHBIM B HepakoBbiXx TKaHsX U JIHK mia3mer
3II0POBBIX CYOBEKTOB, 110 CPABHEHUIO C ONyXOJIEBBIMHU TKAHSAMHU.

[0341] B pesynbrare, nns JJHK mmazmbl O0ONbHOTO pakoBbIM 3a00JIEBAaHHEM MAI[UEHTA
HaOJIIOAAI0Ch OOJIbIIee CHIDKEHHE TUIOTHOCTH METUIIMPOBAHMS JJISl IIOBTOPSIIOIINXCS JIEMEHTOB,
yeM 111 obnacteii 6e3 nmosropos. Paszmiune minotHoctn Metwiuposanus JJHK B mnasme mexny
CPEIHUM 3HAUY€HHEM IJIsl YeThIpeX 340POBbIX KOHTpoJel u s namuenta ¢ I'LIK cocrassiio
0,163 u 0,088 nmisi MOBTOPSIFOIIMXCSI DJIEMEHTOB W oOnacrell Oe3 MOBTOPOB, COOTBETCTBEHHO.
JlanHple st 00pa3LoB MPEJONEePALMOHHON U MOCIEONEPALMOHHON TUIa3Mbl TaKXKe MOKa3aJy,
YTO JOUHAMHYECKUI JHana3oH M3MEHEHHs] IUIOTHOCTH METWJIMPOBaHUsS ObL1 Ooublne st
MIOBTOPSIFOIIUXCST O0JlacTell 1Mo CpaBHEHHIO ¢ obsactssmMu Oe3 moBTopoB. COrNIACHO OJHOMY
BapUAHTY peaJn3aliy IUIOTHOCTh METHIMPOBAHUS MOBTOpsFoImxcs syieMeHToB JIHK B miasme
MOYKET MCIIOJIB30BATHCS ISl OTPENETICHNS] HAIMYHS PAKOBOTO 3a00JIeBaHNS Y TTALIMEHTA MITH JJISI
MOHHUTOPHHIA MTPOrPECCUPOBAHUS 3a00JIEBAHUS.

[0342] Kak oOcyskmanoch BbIlIe, BapUAllX IUIOTHOCTEH METWJIMPOBAHHS B IUIA3ME Y
pedepeHCHBIX CyOBEKTOB TaKke BIHUSIOT Ha TOYHOCTH nuddepeHnuanuy OOJbHBIX PAKOBBIM
3a00NeBaHNEM TMAIEHTOB OT HWHAWBHUAYYMOB, HE HMEIOLINX pPaKOBbIX 3aloneBaHumid. Yem
IUIOTHEE pacrpeeNieHne MIIOTHOCTEN MeTHINPOBAHUS (T.€. MEHbLIEE CTAHIAPTHOE OTKJIIOHEHHE),
TeM TouHee Oynaer nuddepeHanys OONBHBIX PaKOM M HE MMEIOIINX PAKOBBIX 3a00JeBaHMN

cyopekToB. CormacHo apyromy BapuaHTy peanmsanun kodddumuent apuanuu (CV)
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IUIOTHOCTEH METWJIMPOBAHUsS YYacTKOB pasmMepoM | MO MOXET NPUMEHSATBCS B Ka4yecTBE
KPUTEPUsl Uil BBIOOpA YYaCTKOB ¢ HU3KOHM BapuaOenbHOCTHIO MIOTHOCTEH MeTuupoBanus JJHK
B 1ua3Me B pedepencHol rpynmne. Hampumep, BpiOupatot Tonbko yuactku ¢ CV <1%. Jlpyrue
3HaueHus1, Hanpumep, 0,5%, 0,75%, 1,25% u 1,5% Taxkxke MOryT NPUMEHATHCS B KayeCTBE
KPUTEPHEB AJIsl BHIOOpA YYaCTKOB C HMU3KOH BapHaOeIbHOCTBIO IIOTHOCTH METHJIMPOBAHMSL.
CornacHo eme 0OJHOMy BapHaHTy peajii3alii KpUTEpUH BbIOOpa MOTYT BKIOYaTh kKak CV s
YKa3aHHOTO YYacTKa, TaK U pas3jUudue IUIOTHOCTH METHJIMPOBAHUS MeEXAYy pPaKOBBIMHU U
HEPAKOBBIMU TKaHIMHU.

[0343] I11OTHOCTP METHIMPOBAHUS TAKXKE MOXKET HCIOJIb30BATHCS Ui OMNPENCJICHUs
(bpakuMoHHOW KOHUEHTpauuu npoucxoxsmed u3z omyxonu JIHK B obpasue mmasmbl, eciu
W3BECTHA TUIOTHOCTh METIJIMPOBAHUS OMYXOJIEBOH TKaHU. YKa3aHHast HHQOPMALHsI MOXKET ObITh
NoJlydeHa IyTeM aHalu3a OMyXOJU MalHeHTa WM HCCJIEeNOBaHUS OMyXoJiel HECKOJIbKUX
MALIUEHTOB, Y KOTOPbIX UMEETCs pakoBoe 3abosieBaHue TOro ke Thma. Kak o0cykianoce BhIIIe,
IUIOTHOCTh METHJINPOBaHUs B mutazMe (P) MokeT ObITh BrIpaskeHa ¢ MPUMEHEHUEM CIIEAYIOLIETO

ypaBHeHUst: P = BKG x(1— f)+TUM x f , rne BKG npencrasnsier coboli (POHOBYIO TUIOTHOCTD

METUJIMPOBAHUSl B KJIETKaX KPOBU M Apyrux opranax, TUM mpencrasnser coOoil MIOTHOCTh

METUJIMPOBAHUS B OIYyXOJIEBOH TKaHH, U f MpeAcTaBiseT coOol (ppakIMOHHYIO KOHLIEHTPALHIO

npoucxoxsimed u3 omyxonu JJHK B oOpasume miasmbl. Yka3aHHOE ypaBHEHHE MOXET OBITh
BKG-P

BKG-TUM

[0344] 3nauenuss BKG moryT ObITh ompeneneHsl IyTeM aHajiu3a oOpasla IIa3Mbl

nepe()OpMy IMPOBAHO KakK: f =

NalMeHTa B MOMEHT BPEMEHH, KOrZa pak OTCYTCTBYET, WJIM MyTeM H3Yy4eHUs pedepeHCHOH
IPYIIbl WHAUBUAYYMOB Oe€3 pakoBbix 3a0ojeBanuid. Takum 00pa3oM, mocie H3MepeHHs
TUIOTHOCTH METUJIMPOBAHUS B IJIA3ME, MOKET OBITh OINPEeNIEHO 3HAYCHHE f.
F. Kombunuposanue ¢ opyeumu cnocobamu

[0345] CriocoObl aHamM3a METUITMPOBAHUS, OMMMCAHHBIE B HACTOSIIEM JOKYMEHTE, MOTYT
NPUMEHSTbCS B KOMOHWHAIMM C JPYTHMH CIOCOOAMH, KOTOPBIE OCHOBAaHbI HA T'€HETUYECKUX
u3MeHeHusix npoucxonsieit uz onyxomu JIHK B mnasme. [Ipumepsl Takux cnocoO0B BKITFOYAKOT
aHaJM3 Ha CBSI3aHHBIE C PAKOBBIM 3a0oneBaHreM xpomocomHuble abeppauuu (KCA Chan et al.
2013 Clin Chem; 59:211-224; RJ Leary et al. 2012 Sci Transl Med; 4:162ral54) u cBsi3aHHBIE C
pakoBbIM 3a0oneBaHreM ogHOHyKIeoTuaHble Bapuanuu B miasmMe (KCA Chan et al. 2013 Clin
Chem; 59:211-224). IIlpuMeHeHHe aHAIH3a METHIMPOBAHUS MMEET HEKOTOpPbIE NMPEUMYINECTBA
IO CPABHEHUIO C YKA3aHHBIMHU I€HETHUECKUMH METOAMU.

[0346] Kax mokazano ©Ha ¢ur. 21A, runomermnupoBanue omyxonesoit JIHK

npesacTaBisieT coOol riaodanbHOE sIBIEHHE, OXBAThIBAKOIIEE OOJNACTH, PacCHpeneNieHHbIE MOYTH
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no Bcemy renomy. Takum obpasom, ¢parmentsr JJHK Bcex xpomMocoMHbIX obnacteit OyayT
MH()OPMATUBHBIMU B CMBICJIE BHECEHMSI NIOTEHIIMAJIBHOTO BKJIAAa B HAJIMYNE TPOUCXOASIIEH 13
onyxonu runoMerwiupoBanHoi JIHK B mmasme/ceiBopoTke mnaumeHta. B TO ke Bpems
XpOMOCOMHBIE ~ abeppauuy  (ammiudukaliss WIM  JejJenuss XpPOMOCOMHOH — oOnacti)
IPHUCYTCTBYIOT TOJBKO B HEKOTOPBIX XPOMOCOMHBIX 00nacTsx, 1 ¢pparmentsl JIHK u3 obGnacreit
6e3 XpoMOCOMHBIX abeppauuii B OMyXoJeBOl TKaHU He OyayT MHQOPMATUBHBIMH IJISI aHAJIN3A
(KCA Chan et al. 2013 Clin Chem; 59: 211-224). Anajgoru4HsiM 00pa3oM, BCErO HECKOJBKO
TBICSIY OHOHYKJIEOTHIHBIX U3MEeHEeHUN HaOmonaeTcs: B kaskaoM pakoBom renome (KCA Chan et
al. 2013 Clin Chem; 59: 211-224). ®parmentsl JIHK, He nepekpriBaromuecss ¢ yKa3aHHBIMH
OJHOHYKJICOTUIHBIX W3MEHEHHH He OyayT WH()OPMATUBHBIMU JJIsI ONMpPEIENICHUs] HAJIHYHS B
wiasme, npoucxonsimed u3 onyxonu JIHK. Takum obpaszom, mpenioskeHHbId crocod aHam3a
METUJIMPOBAHUSl TOTEHLUHAIBHO TpeAcTaBiIsieT coboii Oojee SKOHOMHYECKH 3(PQEeKTHBHBIN
MIOAXOJI, U€M YKa3aHHbIE T€HETUIECKUE METOMIBI IETEKIMH CBS3aHHBIX C PAKOBBIM 3a00JI€BaHHEM
W3MEHEHHI B KPOBOTOKE.

[0347] CormacHo oOmHOMY BapHaHTy pealu3aldd 3KOHOMHYecKass 3(QeKTHBHOCTD
aHanmm3a MetwiupoBaHus B 1uiasmMe JIHK mosker ObITh JOMONHHUTENBHO YBEIHUYEHA MyTEM
oboramenus pparmentamu JIHK 13 naubonee napopmarusHeix obnacreli, Hanpumep, odyacreit
C MaKCHUMAJIbHBIMH DPa3IMYMsMH METHWIMPOBAHUS MEXIy pPAaKOBBIMU M HE SBIISIFOIIUMUCS
pakoBbIMH TKaHsAMHU. [Ipumepbl crnocoOoB oOorameHus yka3aHHBIMH OOJNACTSIMH BKJIIOYAOT
NpUMeHeHne 30HA0B rubpunmsanmu (Hanpumep, cucrembl Nimblegen SeqCap u cucremsl
Agilent SureSelect Target Enrichment), [TI{P-ammmdukarms 1 TBepaodhasHyro riOpuaH3aLHIo.

G. Txanecneyughuunviii ananuz/0oHopsi

[0348] [Ipoucxopsimue U3 ONMyXOJiIW KJIETKU BHEAPSIOTCS U METACTa3HUPYIOT B CMEKHBIE
WIN OTHaJIeHHbIe opraHbl. [lopaskeHHbIE TKAHU WM MeTacTa3bl BHOCAT Bkiaa B JIHK miasmsl B
pesynbrate KierouyHou cmeptu. [lytem anammsza npodwuns merwnimpoBanus JJHK B minasme
CTPAAIOLINX  PAKOBbIM  3a00J€BaHMEM  NAIMEHTOB M JETeKUUH  IPUCYTCTBHS
TKaHECTIELU(UIHBIX CUTHATYP METWIMPOBAHUS, MOXKHO AETEKTUPOBATh THUIBI TKAHEH, KOTOPBIE
BOBJICYEHBI B TMATOJIOTUYECKHUI Mpolecc. YKa3aHHbIA Cnocod obecreunBaeT HEHMHBA3WBHOE
AaHATOMHYECKOE CKAHHUPOBAHWE TKAHEH, BOBJICYCHHBIX B 3JIOKAYECTBEHHBIH MPOLECC, YTO
NOMOTaeT HISHTH(QUUUPOBaTH OpraHbl, 3aefiCTBOBaHHBIE B MEPBHUYHBIX oO4arax u
METACTaTUYEeCKNX  calitax. MOHUTOPUHI  OTHOCUTENIbHBIX  KOHLEHTPALUH  CUTHATYD
METUJIMPOBAHUSI BOBJIEYEHHBIX OPraHOB B IUIa3M€ TaKXKe IIO3BOJIUT OLEHUTH OITyXOJIEBYIO
Harpy3Ky B yKa3aHHBIX OpPraHax MU ONPENEeHTb, MPOrPECCUPYIOT JH OOYCIIOBJIEHHBIE PAKOBBIM
3a00NeBaHNEM TMOBPEXIEHUS] B YKAa3aHHOM OpraHe, WM HaOMIOAAeTCsl YIy4IIeHHE WU

u3neuenne. Hanpumep, npeamnonoxum, 4to reH X crneunpudecku METUIHPOBAH B MedeHH. B
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TAKOM CJy4ae MOKHO OXHJIaTh, 4YTO I[P METACTa3MpPOBAHUM B I€YE€Hb pAKOBOTO
HOBOOOpa3zoBaHMs (Hampumep, paka TOJCTOM M NPAMON  KHUIOKM)  KOHLIEHTPALUS
METUJIMPOBAHHBIX TOCIEAOBaTeNbHOCTEHl reHa X B mua3Me Oyaer mnoBbImAThCs. MokeT
CYLLECTBOBAaTh TAKXKE€ JApyras IOCJIENOBATEIbHOCTD WU TPYIIbl IOCIENOBATENbHOCTEH C
aHAJIOTUYHBIMU IeHy X XapaKTepUCTHKaMU METHUJIMPOBaHMs. B TakoMm ciyuae pe3ysbTaTel AJIs
TAKUX IOCJIEIOBATENILHOCTEH MOIYyT OBITh OOBEAMHEHbl. AHAJOTMYHbIE COOOpPaKEHUs
NPUMEHUMBI K IPYTUM TKaHSIM, HAallpUMep, TOJIOBHOMY MO3TY, KOCTSIM, JIETKUM U TIOYKaM, U T ..

[0349] C nmpyroit croponsl, u3BectHo, uTo B JIHK M3 pasHbIX OpraHOB HAOJIOAAIOTCS
TKaHecrenupuIHbie curHatypbl MetwianpoBanus (BW Futscher et al. 2002 Nat Genet; 31:175-
179; SSC Chim et al. 2008 Clin Chem; 54: 500-511). CoOTBETCTBEHHO, ONpeneaeHue mpoQuJIs
METHJIMPOBAaHUS B IUIa3Me€ MOXET MPUMEHATbCS [JIs1 YCTAaHOBJEHHs BHOCHMOTO TKaHSIMHU
pa3IMYHBIX OPraHOB BKJIAJa B IJIa3My. Y CTaHOBJIEHHE TAKOTO BKJIa/a MOKET MPUMEHSITHCS IS
OLIEHKU TOBPEXIEHHs opraHa, Tak kak cumraercs, yto JIHK mmasmsl BbicBOOOXKIaeTcs mpu
rubenu kietok. Harmpumep, maToyorust medeHy, Takas Kak renatut (Harpumep, o0y CIOBIEHHBIN
BUPYCaMH{, ayTOUMMYHHBIMH TIPOLIECCAMH W T.II.), WJIH TEMaTOTOKCHYHOCTh (Hampumep,
NepeIo3NPOBKa JIEKapCTBaMM  (HAmpUMep, IapaneTraMojioM) MM TOKCHHAMH (Hampumep,
aJIKOTOJIEM)), BBI3BAHHAS JIEKAPCTBEHHBIMU CPEICTBAMH, CBsi3aHA C MOBPEKICHUEM KIIETOK
NeYeHHN U IPEATIONIOKUTENBHO OYIET CBA3aHA C TOBBILIEHHEM YPOBHS IIPOUCXOAIIEH U3 TIEUeHH
JHK B nnazme. Hanpumep, npeanonokum, 4to reH X cnenupuuecki METHINPOBAH B NEYEHU.
B TakoMm ciyuae MOKHO OXKHAATh, YTO IIPU NATOJOTUU NEYEHU KOHLIEHTPALUs METUIUPOBAHHBIX
HIOCJIEIOBATENIbHOCTEH reHa X B IU1a3Me OyzeT moBbIIaThes. M HAmpOTHB, MPEANOIoKUM, YTO
red Y crnenuuyHO TUIOMETHIIMPOBAH B MEUEHH. B TakoM ciiydae MOKHO OXHMIATh, YTO IMPH
MAaTOJOTUH TMEeYeHH KOHLIEHTPALUs METHJIMPOBAHHBIX IOCIENOBAaTENbHOCTEN reHa Y B IUla3me
Oyner cHmwxkarbes. COrylacHO eIe OfHOMY BapUaHTy peann3alud reH X wid Y MOXeT ObITh
3aMEHEeH Ha JIFOOble TEHOMHBIE MOCIENOBATEIBHOCTH, KOTOPBIE HE 00S3aTENIbHO MPENCTABJISIOT
co0OH reH, IEMOHCTPUPYIOIIUE PA3IHYUsI METHIIMPOBAHHS B PA3HBIX TKAHIX OPTaHU3MA.

[0350] MeTonukuy, OnMCaHHBIE B HACTOALIEM AOKYMEHTE, TaKK€ MOTYT NPUMEHATHCS
11 OLleHKH npoucxopsmei ot noHopa /IHK B mia3sme pelunueHToB TPaHCIUIAHTALMH OpPTraHOB
(YMD Lo et al. 1998 Lancet; 351:1329-1330). Pa3nuuus monuMop(u3MOB MEKIY TOHOPOM H
PELMITMEHTOM HCIIONB30BAUCh i auddepeHnnannn npoucxonsmei or moHopa JHK wu
npoucxopsimeii ot permnuenta JIHK B mnasme (YW Zheng et al. 2012 Clin Chem; 58: 549-558).
ABTOpBI HACTOSIIIETO M300pPETEHUS] NPEANIONOKUIN, YTO TKaHECTIeUU(UYHbIE CUTHATYPbI
METHJIMPOBAaHUsl TPAHCIUIAHTUPOBAHHOIO OpraHa Tak)K€ MOXHO MCIOJIb30BaTh B KadeCTBE
cniocoba nereximn noHopckoit JIHK B rutasme perunuenra.

[0351] IIyrem wmonuTopunra koHueHrpauuu JHK noHopa MOXHO HEWHBa3HUBHBIM
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o0pa3oM ONEHHUTb CTaTyC TPAHCIUIAHTUPOBAHHOTO opraHa. Hampumep, oOTTOpkeHUE
TPAaHCIUIAHTAaTa CBA3aHO C 0OJiee BBICOKMM YPOBHEM KJIETOUHOW CMEPTHU M, COOTBETCTBEHHO,
koHuentpanust JIHK nonopa B minasme perunuedta (MM ChIBOPOTKE), KOTOPYIO OTpa)kaer
CUTHATypa METUJIMPOBAHUS TPAHCIUIAHTUPOBAHHOIO OpPraHa, OyJeT MOBBIATHCS OTHOCUTENBHO
KOHLIEHTPALlMM B TO BpeMs, KOIZa COCTOSIHHE MAlMeHTa CTa0MJIbHO, WIM 10 CPABHEHHIO C
APYTMMH CTaOMJIBHBIMHM PELMITHEHTAMU TPAHCIUIAHTATOB WM 3JOPOBBIMU KOHTPOJISIMHU,
KOTOPbIM HE€ MpPOBOJWJIACH TPAHCIUIAHTALUS. AHAJOIMYHO TOMY, YTO OBLIO ONUCAHO MAJIst
pakoBbIX 3abojeBanuii, mpoucxozsmas ot nonopa JIHK moxer ObiTh maeHTH(HLIMpOBaHA B
IUIa3M€ PELUNHUEHTOB TPAHCIUIAHTALUU IyTE€M AETEKLUH BCEX WM HEKOTOPBIX XapPaKTEPHBIX
ocobeHHOCTeH, BKIrOUass paznmuuusa nonumopdusmos, JIHK mMeHbmnx pasmepoB aus
TPaHCIUIAHTHPOBAaHHBIX conuaHbIX opraHoB (YW Zheng et al. 2012 Clin Chem; 58: 549-558) u
TKaHECTIEUU(PUIHOTO NMPOP U METHITUPOBAHMUS.
H. Hopmuposka memunuposanus no pasmepam

[0352] CornacHo npuBeneHHOMY BbIIIE onucaHuto u onucanuto y Lun et al (FMF Lun et
al. Clin. Chem. 2013; I[MO:10.1373/clinchem.2013.212274) mnjaOTHOCT METHJINPOBAHHUS
(mampumep, JHK mmasmer) koppemupyer ¢ pasmepom ¢pparmentos JIHK. Pacnpenenenue
IUIOTHOCTEH MeTWIMpoBaHusl ansi Oomee kopotkux ¢parmenroB JHK mmasmer  Obuto
3HAYUTEBHO HIDKE, YeM Ui OoJiee IIMHHBIX (JparMeHTOB. ABTOPBI HACTOALIET0 M300pETeHUs
NPEANOJaraloT, 4YTO IPU HEKOTOPbIX HE SBISIOIIMXCA 3JIOKAYECTBEHHBIMU COCTOSHUSIX
(nanmpumep, cucreMHol kpacHoil Bomuanke (CKB)) ¢ anomanpHbIMU naTTepHamMu pparmMeHTanum
JHK ma3mel MoxeT HaOmoaaTbes oueBuanoe runomerwnupoBanue JJHK minasmer Gnaromapsi
NPUCYTCTBHIO OoJblero konudecrsa KopoTkux ¢parmenToB JIHK masmbl, koTOpble MeHee
MeTuiaupoBanbl. Jlpyrumu cnosamy, pacnpenenenue pasmepos JIHK mnnmasmer  moxer
MPEACTABISATh COOOH UCKaKAIU (haKkTop Iist IioTHOCTH MeTurpoBanus JIHK mia3mbr.

[0353] Ha ¢ur. 34A npencrasieno pacnpenenenue pasmepos JJHK miasmel y manueHra
¢ CKB CKBO4. Pacnpenenenust pasMepoB MJisl JEBATH 3AOPOBBIX KOHTPOJBHBIX CYOBEKTOB
NOKa3aHbl MYHKTHPHBIMHM cepbIMU JUHUsAMHU U pacnpeneneHus 1 CKBO04 mnokxaszan B Buze
crutourHor yepHou smHNK. Kopotkue ¢parmentsr JITHK mina3msel npucyTcTBOBaSM B OONBLIEM
xonunuectBe y CKBO4 mo cpaBHEHMIO C AEBATHIO 3IOPOBBIMH KOHTPOJIBHBIMH CYOBEKTAMH.
NOCKOJIbKY Oonee kopotkue (parmentsl JIHK oObMHO MeHee METHIMPOBAHBI, YKa3aHHBIN
NaTTEPH pacHpeAesICeHus] pa3MEPOB MOXKET UCKAXKATh PE3yJIbTaThl AHAIN3a METWJIUPOBAHUS AJIs
JUHK ma3msl 1 MpUBOAMTE K O0Jiee BBIPAKEHHOMY TMITOMETHIIMPOBAHUIO.

[0354] CormacHO  HEKOTOpPHIM  BapUaHTAM  pealu3allil  HU3MEPEHHbIH  YPOBEHb
METUJIMPOBAHUS MOXET OBITh HOPMHUPOBAH [JIsI YMEHBLICHUs HCKaxawoumero sddekra

pacnipenenieHust pa3Mepos Ha aHanu3 MmetwinpoBanus JIHK mnmasmel. Hampumep, Moxker ObITh
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usMeper pasmep mosiekyn JJHK Bo mHOXecTBe caiitoB. CorjmacHo pa3HOOOpasHbIM BapUaHTAM
peann3aluy yKa3aHHOE H3MEpPEeHHe MOXKET OOecleyuBaTh KOHKPETHBIH pasmep (Hampumep,
anuHy) monekynsl JIHK wnm mpocto ompenensTb, 4TO pasmep NOmanaeT B KOHKPETHBIN
IMana3oH, KOTOPbI MOXKET TakXKe COOTBETCTBOBAaTh pa3Mmepy. HopmupoBaHHBIN ypOBEHBb
METUJIMPOBAHUSL 3aT€M MOJXKET CpPaBHUBATBCS C IMpefenbHbIM 3HaueHueM. CylnecTByer
HECKOJIbKO CIIOCOOOB BBINOJHEHUS] HOPMHUPOBKH JUI CHIDKEHHS HCKakarowmero s¢dexra
pacripeneneHus pasMepoB Ha aHanu3 Metunuposanus JJHK rmasmel.

[0355] CormacHO  ogHOMY  BapwiaHTy  peaju3alid  MOXKET  OCYIIEeCTBJISATHCS
dpakunonupoBanune mno pasmepy JAHK (manpumep, JJHK mmasmei). dpakuuoHUpOBaHUE IO
pasmepy Moxer obecreunTth ucnonp3oBanne ¢pparmento JIHK ananmormuHoro pasmepa asst
OTIpEeNIEHUs] YPOBHSI METWJIMPOBAHUS B COOTBETCTBMHU C NpEAENbHBIM 3HaueHHeM. B pamkax
(dpakuuoHNpPOBaHUS MO pasMepy MOryT BbiOupaThest ¢parmentsl JJHK mepsoro pasmepa
(HampuMep, MEePBOro IUara3oHa JJIMH), IPH 3TOM MEPBOE NMPEAeTbHOE 3HAYEHUE COOTBETCTBYET
nepBoMy pasmepy. HopMHUPOBKY MOKHO OCYIIECTBJISITH IyTEM pacdeTa YPOBHS METHINPOBAHUS
C MPUMEHEHNEM UCKIIIOUUTENbHO BeIOpaHHbIX (hparmenTos JHK.

[0356] DpakumoHupoBaHHE MO pa3MepPy MOXKET IOCTUIAThCS PA3JIUYHBIM 00pazoMm,
HampuMmep, Judo (usudeckuM pasneneHueM pasHbix no pasmepy mosekyn JAHK (manmpumep,
HIOCPEIICTBOM 3JIeKTpodope3a, WIKN ¢ IOMOLIBIO TEXHOJOTUH HA OCHOBE MHUKPO(IIOMINKH, UITH
TEXHOJIOTH Ha OCHOBE LEHTPU(YTrHpoBaHMsl), JUOO MOCPENCTBOM aHanuza in silico. Jns
aHanusa in silico COrjaacHO OHOMY BapHAHTy peajn3allii MOXKET ObIThb MPOBEIEHO MAaCCHUBHO-
napaJuleIbHOe CEKBEHUPOBAaHUE CrapeHHbIX KOHIOB Mojekys JIHK mnasmel. 3arem MoxeT ObITh
YCTaHOBJIEH pa3Mep CEKBEHHPOBAHHBIX MOJIEKYJ IyTE€M CPAaBHEHUS JIOKAJIH3ALUU KaXKIOro U3
naByX KOHLIOB MouiekyJibl JJHK ma3mel ¢ peepeHCHBIM TeHOMOM YeJIOBEeKa. 3aTeM MOXKET OBbITh
NPOBENEH TMOCHEeNYIOIMUH aHaiIW3 TMyTeM oOr0opa CekBeHHpoBaHHBIX Moyekysn JIHK,
COOTBETCTBYIOLIUX OJHOMY WJIM HECKOJBKUM KPUTEPHsIM BbIOOpa pa3mepa (Hampumep,
KPUTEPUSIM, ONPENEISIIOIUM pa3sMep B yKa3aHHOM nuama3oHe). COOTBETCTBEHHO, COTJIACHO
OJHOMY BapHaHTY pPeaJM3allH IUIOTHOCTh METHJIMPOBAHUS MOXKET OBITh MPOAHAIN3UPOBAHA IS
(parMeHTOB aHAJOrMYHOrO pasMmepa (HampuMmep, B YKa3aHHOM auamna3one). l[lpenenbHoe
3HayeHue (Harmpumep, Ha stame 2840 crmocoba 2800) moxer OBITH ONMpPEAENeHO Ha OCHOBE
(parMeHTOB M3 TOTO K€ Auama3oHa pa3Mepos. Hampumep, ypoBHH METHIIMPOBAHUS MOTYT OBITH
orpezneneHsl Mo o0pas3aM, KOTOpble, KaK M3BECTHO, OTHOCITCA K PAKOBOMY 3a00JIEBAHHUIO U
HE OTHOCSITCSI K PAaKOBOMY 3a0OJIEBaHHIO, U MO YKa3aHHBIM YPOBHSIM METWJIMPOBAHHS MOTYT
OBITb OMpeNeNIeHbI MPeeIbHbIE 3HAUCHUS.

[0357] CormacHo apyroMy BapuaHTy peaju3allid MOXeT ObITh OmpeaeseHa

Q)YHKHHOHaHbHaH 3aBUCUMOCTD MCXKOY IIJIOTHOCTBIO MCTUWINPOBAHHUSA 141 pasMepoM
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mupkynupyromen JIHK. Vkasannas (yHKIMOHANbHAs 3aBUCHUMOCTb MOXKET OBITH OIperesieHa
TOYKOHN HaHHBIX WU KoddduimentamMu QyHKINHM. YKa3aHHas (yHKIMOHAJIbHAs 3aBHCHUMOCTH
MOXeT o0ecrnedynBaTh MacIITa0pyIOIIUe 3HAYeHHs, COOTBETCTBYIOLIHE COOTBETCTBYIOLIUM
pasmepaMm  (HampuMep, METWIMpPOBaHHE TIpu  Oonee  KOPOTKHMX  pasMepax  MOKEeT
COOTBETCTBYIOIIMM 00pa3oM MoBbILAaThCs). COrnacHo pa3HOOOpa3HBIM BapHAHTAM peau3aliu
MacIITadUpyroIIee 3HaUeHHEe MOKET COCTaBsiTh OT O 10 1, wiu npesbimath 1.

[0358] MoxxHO OCylIeCTBUTh HOPMHUPOBKY IO cpeaHeMy pasmepy. Hampumep, mosker
OBITb BBIYHMCJICH CPEeNHUil pasMep, cooTBeTcTByrommi Mosekynam JIHK, ucnonp3yembiM st
pacueTa MEpBOrO yPOBHsS METUJIUPOBAHUS, U YKa3aHHbIN MNEPBbIH YPOBEHb METWIMPOBAHMS
MOKeT OBITh YMHOXKEH Ha COOTBETCTBYIOIEE MaciuTtabupyrolnee 3HaueHue (T.e.
COOTBETCTBYIOLIEE CpeHEMY pasMepy). B npyrom npumepe mioTHOCTb METHIMPOBAHUS KaXKIOH
moJsekyibl JJHK mMokeT ObITh HOPMHpOBaHa B COOTBETCTBHU C pazMepom Mmosekyisl JIHK u
3aBUCUMOCTBIO MEXIy pasMepoM u Metunuposanuem JIHK.

[0359] CornacHo npyroMy BapHaHTy pea3alliil HOPMHPOBKA MOKET OBITh BBIIIOJIHEHA
B pacuyere Ha Mosekysy. Hampumep, MoxeT OBITh MNOJy4YeH COOTBETCTBYIOIIMN pa3Mep
moJsekyabl JJHK B KOHKpeTHOM calite (HarmpuMep, COrJIaCHO NMPUBEACHHOMY BBIIIE OMHCAHMUIO),
U MaclTa0Hpyrolee 3HaUYEHHE, COOTBETCTBYIOIINE COOTBETCTBYIOIIEMY pa3Mepy, MOXKET ObITh
UIEeHTUQUUUPOBAHO TO (PYyHKIMOHANIBHOW 3aBUCHUMOCTH. I[IpM HEHOPMHMPOBAHHOM pacuere
KQKIYI0O MOJIEKYJy TOACYUTHIBAIOT OJIMHAKOBBIM 00pa3soM TIpU ONpEeAeNIeHUH HHIEKCa
METHJINPOBAaHHUS B YKa3aHHOM caiite. [Ipn HOpMUPOBaHHOM pacueTe BKJIaA MOJIEKYJIbl B UHAEKC
METWJIMPOBAHUSI MOXKET OBITh B3BELIEH II0 MacIuTaOupyromeMy Kod(pQHIHUEHTY, KOTOpBIH
COOTBETCTBY €T pa3Mepy MOJIEKYJIbL.

[0360] Ha ¢ur. 34B u 34C npencrasnen ananu3 metunuposanus ais JJHK miasmer ot
nauuenta ¢ CKB CKBO04 (¢ur. 34B) u nanuenta ¢ ['TIK TBR36 (¢pur. 34C). Buemnue kpyru
oTOOpaXKaroT pe3ybTaThl Zmeth 111 JIHK mnasmel 6e3 ¢ppakunoHupoBaHus 1o pasmepy in silico.
BryTpeHHHe Kpyru oToOpakaroT pe3ysnbTarbl Zmeth 11 JJHK mmasmer pasmepom 130 m.o. wim
bonee. ¥ maumenta ¢ CKB, CKBO04, naOmoganoce runomermiupoBanne 84% ydacTkoB 0e3
¢pakumornpoBaHuss 1O pasmepy in  silico. TIpoumeHT y4YacTKOB, JE€MOHCTPUPYIOIIHNX
THIIOMETHIINPOBAHUE, CHIDKAJCS 0 15% mpu aHajm3e TOJbKO (parmMeHTOB pasmepom 130 m.o.
wiu 6onee. Y mammenta ¢ ['TIK TBR36, nabnromanoce runomerunupoanue 98,5% u 98,6%
yuactkoB JIHK masmel ¢ ppakuuonupoBanueM u 6e3 GppakLiHOHUPOBAHUS IO pa3Mepy in silico,
COOTBETCTBEHHO. YKa3aHHbIE PE3yJIbTAThl MPENIIONAralT, YTO (PPAKIUOHUPOBAHUE IO Pa3Mepy
in silico no3BossieT 3(PEKTUBHO YMEHBIIATh KOJINYECTBO JIOKHOIIOJIOKUTEIbHBIX PE3YJIbTATOB
aHaJIu3a TUMOMETUJIUPOBAHUS, CBSI3AHHBIX C MOBbIEHHOW (parmentanueir JIHK mma3mel,

HarpuMmep, y NTaqueHTOB C CKB unmu APYruMH BOCHIAJIUTEJIbHBIMU COCTOSHUSMU.
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[0361] CornmacHO OgHOMY BapuUaHTy pealu3allid MOTYT CPaBHUBATbCS PE3yJbTAThI
aHAJIN30B C (PpaKLIMOHUPOBAHHEM M Oe3 (PPaKLMOHHUPOBAHHUS MO pa3Mepy Al OOHApY KEHHs
HAJINYUsT  Kakoro-nmubo  uckaxaromero s¢dekra pasmMepa Ha pe3ysibTaThl  aHAN3A
MetunupoBaHusi. COOTBETCTBEHHO, BIOOABOK WM BMECTO HOPMHMPOBKH MOXET NPUMEHSATHCS
pacder ypOBHS METUJIMPOBAHUSA IJI1 KOHKPETHOTO pa3Mepa, AJis ONpeAesieHus: TOro, UMeeTCsl JIn
BEPOSITHOCTb JIO>KHOIIOJIOKUTENIBHOTO PE3yJIbTaTa, €CJIU IMPOLEHT Y4YacTKOB CO 3HAYEHUSMU
BBILIE MPENETbHOTO 3HAYEHHSI OTJIMYAETCs MPH (PpakLMOHUpOBaHUH U 0e3 PpaKLUOHUPOBAHHUS
1O pa3Mepy, WM OTJIMYAeTCSl TOJbKO KOHKPETHBIH YpOBEHb MeTHIHpOoBaHus. Hampumep,
NPUCYTCTBHE 3HAYMMOTO pPa3jIM4Msl MEXIy OSTHUMHU pe3yJbTaTamMud sl 00pas3loB ¢
bpakuuoHupoBaHreM U 0e3 (PAKIMOHUPOBAHUS IO Pa3MePy MOXKET HCIIOJNb30BATbCS IS
OTpEeeNIEHUs] BEPOSITHOCTH JIOKHOTIOJIOKUTENIBHOTO Pe3yJIbTaTa, 00yCIOBIEHHOTO aHOMAJIbHBIM
narrepHoM (parmeHtauuu. Ilopor nist ompeneneHHs 3HAYMMOCTH PA3IUYUNA MOXET OBITh
YCTAHOBIIEH C TIOMOLIBIO aHAJIN3a KOTOPTHI CTPAIAIOIINUX PAKOBBIM 3a00JEBAHNUEM TMALIIEHTOB U
KOTOPTBI HE UMEIOIINX PAKOBBIX 3a00JI€BaHNI KOHTPOJIBHBIX CyOBEKTOB.

L Ananusz nonnozenomnozo eunepmemunuposanus CpG-ocmposkos 6
niasme

[0362] [TomMmumo oOOmEero TUMOMETHJIMPOBAHUS, TPHU PAKOBBIX 3a00JIEBAHUSIX HACTO
HaOmonaercs takxke runepmermnnposanue CpG-ocrposkos (SB Baylin et al. 2011 Nat Rev
Cancer; 11: 726-734; PA Jones et al. 2007, Cell; 128: 683-692; M Esteller et al. 2007 Nat Rev
Genet 2007; 8: 286-298; M Ehrlich et al. 2002 Oncogene 2002; 21: 5400-5413). B nanHom
paszene aBTOPbI HACTOSINEr0 N300PETeHUST OMMCHIBAIOT MPUMEHEHHE MTOJTHOT€HOMHOTO aHaJIN3a
runepmetunnpoBanust CpG-0CTPOBKOB AJIsI JETEKLUH 1 MOHUTOPHUHIA PAKOBBIX 3a00JI€BaHUIA.

[0363] Dur. 35 mnpencraBiasier coboit  Onok-cxemy crocoba 3500 ompeneseHws
KJIaccu(pUKaALK YPOBHS paka Ha OCHOBe runepmerunnpoanuss CpG-0CTPOBKOB B COOTBETCTBUH
C BapHaHTAMH peaJM3alUU HACTOSIIEro M300peTeHus. MHOXKECTBO CAalTOB COIJIACHO Crocoly
2800 moxer Bkimo4daTh CpG-caiiTel, mpu 3ToM ykaszaHHble CpG-caliTel OpraHH30BaHbI BO
mMHOKkecTBO CpG-ocTtpoBkoB, rae kaxaeiii CpG-OCTPOBOK BKIJIFOYAET OAMH HIH OOJbluee
xonmudectBo CpG-caiitoB. VYpoBHHM MeTmnupoBaHus i kaxaoro CpG-ocTpoBka MOTYT
UCTIONIb30BAThCS ISl OTIPENIENICHHUs KITaCCU(UKALIMH YPOBHS paKa.

[0364] Ha stane 3510 wnentuduuupyor nomiexkame anamuzy CpG-octpoBku. B
YKa3aHHOM aHaJIW3€ B KadecTBE IpUMepa aBTOPbl HACTOALIETO HM300pETeHHs CHadaja
omnpenensian Habop CpG-OCTPOBKOB TS aHAJIH3A, XaPAKTEPU3YIOIINUXCS OTHOCUTEIBHO HU3KUMH
IUIOTHOCTSIMU METUJIMPOBAHUS B TIA3ME 310POBBIX pedepeHCHBIX CyOBeKTOB. COrnacHO OHOMY
acTieKTy Bapualysl IUIOTHOCTEH METWIMPOBaHUS B pe(epeHCHON rpymnme MOXeT ObITh

OTHOCHUTECJIIbBHO He3HaLII/ITeJ'IbHOI7I, uTo AcjacT Mpome ACTCKUUIO CBA3AHHOIO C pPAaKOBbIM
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3a0oneBanneM runepmeruiauposanus. COrjacHO ONHOMY BapHAaHTy pEANH3ALMU CpEeIHee
3Ha4eHWe IUIOTHOCTH MeTuinpoBaHusi CpG-OCTPOBKOB MeEHbIIE NEPBOrO TPOLEHTa B
pedepencuoit rpymnme, u koddpduuuEHT BapuaLMH UIA  IUIOTHOCTH METUJIMPOBAHUS B
pedepeHCHOI rpyIe MeHbLIIe, YeM BTOPOI MPOLIEHT.

[0365] Hampumep, B LeNsAX WUIOCTPALMU HUCHOJB3YIOT CJEAYIOLUE KPUTEPUU IS
unentudukannu nogxonamux CpG-oCTPpOBKOB!

i.  Cpennee 3HaueHue IUIOTHOCTH MetwnupoBanus st  CpG-ocTpoBka B
pedepencHoii rpymnme (Hanpumep, 3A0POBbIX CyObeKTOB) <5%

ii.  Koadduument Bapuarum st aHaIM3a MIIOTHOCTH METHIIUPOBAHMS B TIA3ME IS
pedepeHcHoi rpymnbl (HanpuMep, 310pOBbIX CyOBEKTOB) <30%.

Vka3aHHbIE TTApaMETPBl MOTYT OBbITh CKOPPEKTHPOBAHBI Uil KOHKPETHOTO MPUMEHEHHS.
B mnonydenHom aBTOopamu HabOope naHHbIX 454 CpG-OCTPOBKOB B T'€HOME YIOBJIETBOPSUIU
YKa3aHHBIM KPUTEPHUSIM.

[0366] Ha sTane 3520 paccUMTBHIBAIOT IJIOTHOCTH METUIMpOBaHUs misi kaxaoro CpG-
ocTpoBKa. IIJIOTHOCTH METWJIMPOBaHUA MOTYT OBbITh ONPENENeHbl COTJIACHO OINHCAHHI0 B
HACTOSIIIEM JJOKYMEHTE.

[0367] Ha stane 3530 onpenensitoT, TUNepMETHINPOBAH JU Kaxabii u3 CpG-0oCTPOBKOB.
Hanpumep, nna ananmza Ha runepMermnnpoBanne CpG-0CTpoBKa B TECTUPYEMOM Clydae,
IUIOTHOCTh MeTHIupoBaHUs Kaxaoro CpG-ocTpoBKa CpaBHMBAJIM C COOTBETCTBYIOIIUMU
TaHHBIMU pedepeHcHOM rpynmbl. [InoTHOCTE MeTHIMpOBaHU (IPUMEP YPOBHS METHIIUPOBAHMSA)
MOXET CPAaBHUBATLCS C OFHUM WJIM HECKOJIBKMMU IpeebHbIMU 3HAUSHUAMU Uil ONPEeeNIeHHs
TOTO, TUIIEPMETHWIMPOBAH JIU KOHKPETHBIN OCTPOBOK.

[0368] CormacHO OTHOMY BapHMaHTy peaju3alyy MepBOE MPEeAebHOEe 3HAUYEHUE MOXKET
COOTBETCTBOBATH CPEIHEMY 3HAYCHUIO TUIOTHOCTEH METHJIMPOBAHUS U pedepeHCHON rpymibl
IUTIOC YKa3aHHBIA MpOLEHT. J[pyroe mpenenbHOe 3HAUYEHHE MOXKET COOTBETCTBOBATH CPEAHEMY
3HAYCHUIO TUIOTHOCTEH METHJIMPOBAHMSA Uil pe(PepeHCHOW TIpymIbl IUIFOC YKA3aHHOE YHCIIO
CTaHIAPTHBIX OTKJIOHeHWH. COrlacHO OJHOMY BapUAHTy pean3aludl pPacCUUTHIBAIU Z-
TOKa3aTeNb (Zmeth) M CPABHUBAIM C TpeneibHbIMU 3HaueHusiMu. Hampumep, CpG-ocTpoBOK y
TECTHPYEMOro CyObekTa (Harmpumep, CyOBeKTa, y KOTOPOTO MPOBOAMTCS CKPUHHHI Ha PaK)
CUMTAJICS. 3HAYUTEJIbHO TUIEPMETHIMPOBAHHBIM, €CJIM OH YJOBJIETBOPSUT  CIEIYIOIIUM
KPUTEPUSIM:

1. €ro MIOTHOCTh METUJTUPOBAHUS ObLIA BBIIIE, YeM CpellHee 3HaUeHHe pedepeHCHOM
rpynmnsl, Ha 2%, u
1. Zmetn >3

VYka3zaHHbIE TApaMeTPbl MOTYT TaKXKe ObITb CKOPPEKTUPOBAHBI JIJIsI KOHKPETHOTO
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NPUMEHEHUS].

[0369] Ha stane 3540 ucronb3yrOT IUNIOTHOCTH METHJIMPOBAHUSA (HApuMmep, B BUAE Z-
nokasaresiel) runepMeTwiupoBaHHbIX CpG-OCTPOBKOB il ONpENENeHUs] KyMYyJISITHBHOTO
nokasarens. Hampumep, mocrne uaeHTH(PUKALMKM BCEX 3HAYUTEIBHO THUIEPMETUIMPOBAHHBIX
CpG-0CcTpOBKOB MOKET OBITh PACCUMUTAH MOKA3aTeJb, BKIIIOYAOINN CYyMMY Z-TTOKa3aTesei min
¢byHkIMK Z-nokaszareneit Bcex runepMeTiinpoBaHHbix CpG-ocTpoBkoBs. [Ipumepom mokasaress
SIBJISIETCSL TTOKa3aTeNib cyMMapHoii BepositHocT (CP), COrlacHO OMHMCaHUIO B IPYyrOM pasnene.
ITokaszarenb cyMMapHOW BEPOSTHOCTHU UCIIONB3YET Lmeth 1JI OTIPEAENIEHUS] BEPOATHOCTU TaKOTO
HAOJIFONIEHUsT 32 CYeT CiydalHoro 3(pdexra B COOTBETCTBUHU C PACTIPENEICHHUEM BEPOSTHOCTH
(Hampumep, 7-pacrpeneseHusi BeposTHOCTH CThIOZEHTa ¢ 3 CTeneHs MU CBOOOIbI).

[0370] Ha stane 3550 KkyMyJSTHBHBIA MOKa3aTelb CPaBHUBAIOT C KyMyJISITUBHBIM
NOpPOroM JJIsl YCTAaHOBJICHUS Kjaccupukauuu ypoBHS paka. Hampumep, ecnm oOmee
TUTIEPMETUITNPOBaHNE B HAeHTU(UIIUpoBaHHBIX CpG-OCTPOBKAX JOCTATOYHO BEJIHUKO, OPTAaHU3M
MOXeT ObITh UACHTU(PHUIMPOBAH KaK MOPaKEHHBIN PakoBbIM 3a0oneBaHreM. COriaCHO OJHOMY
BApUAHTY PEANTM3ALNN KYMYJATUBHBIA MOPOT COOTBETCTBYET MAKCUMAJIBHOMY KYMYJIATUBHOMY
MOKa3aTeNto peepeHCHOMN TPYIIIIbL.

IX. METHJIHPOBAHHE U CNA (ABBEPAITAH YN CJIA KOIIHUI)

[0371] Kak ynomuHaioCh BbIme, CHOCOOBI aHAIM3a METIJIMPOBAHUS, OIHMCAHHBIC B
HACTOSIIEM JOKYMEHTE, MOTYT NPUMEHATbCA B KOMOMHAIIMM C JAPYTHMU CIIOCOOAMHU, KOTOpbIE
OCHOBaHbI Ha FT€HETHUECKUX MU3MEHeHUsAX npoucxozsieii u3 onyxonu JJHK B mnasme. ITpumepst
TaKUX CIOCOOOB BKIIIOYAIOT AHAJIM3 HA CBA3AaHHBIE C PAKOBBIM 3a00JIEBAaHMEM XPOMOCOMHBIE
abeppamu (KCA Chan et al. 2013 Clin Chem; 59: 211-224; RJ Leary et al. 2012 Sci Transl Med;
4: 162ral54). Acnekts! abeppanuii yncna konuii (CNA) onucanbl B 3asiBke Ha nateHT CIITA Ne
13/308473.

A. CNA

[0372] AGeppaiin  ymcna Komud MOTryT ObITb  OOHApY)KEHbI MyTE€M MOACUYETA
¢parmenros JIHK, KOTOpBIE BBIPABHUBAIOTCS C KOHKPETHOW YacThIO T'€HOMa, HOPMHPOBKH
MOJIy4eHHOTO TIOZICUeTa W CPABHEHMs NOJCUHUTAHHOTO 3HAYCHHS C IPENEIbHbIM 3HAYCHHEM.
CornacHo pa3jMYHBIM BapUaHTAM pPEATH3ALMH HOPMHPOBKA MOXKET OCYIIECTBIATHCS MyTEM
noacuera ¢parmentos JIHK, BeIpaBHHBaeMbIX MO APYroMy raryiOTHUIY TOH K€ YacTH FeHOMa
(MeTon ananmmu3a OTHOCHUTENbHBIX 103 ramoruna (RHDO)) unu nyrem moacuera ¢pparMeHTOB
JHK, BeIpaBHUBaeMBIX IO APYTrOM YaCTH FEHOMA.

[0373] Crioco6 RHDO ocHOBaH Ha MPUMEHEHHH IeTePO3UTOTHBIX JIOKYCOB. BaphaHTBI
peanu3anuy, ONHCAHHbIE B JAHHOM pasjesie, TakKe MOTYT NPUMEHSTHCS Ui TOMO3HTOTHBIX

JIOKyCOB, TyTE€M CpaBHEHHs] JABYX OOJacTeil, a He IBYX TraIlJIOTUIOB OHOW o0iactu, W,



105

COOTBCTCTBEHHO, HE ABJIAIOTCA CHeLII/I(l)I/ILIHbIMI/I AJis1 TaIlJIOTUIIOB. B POACTBEHHOM METOAC
OTHOCHTEJIbHBIX JI03 XPOMOCOMHBIX 00J1acTei YMC/IO (PparMeHTOB OAHONW XPOMOCOMHOMN 00J1acTH
(HampuMep, OmNpefeNeHHOe ¢  MOMOILIBK  MOACYETa  PHUAOB  MOCIEAOBATEIbHOCTEH,
BBIPABHUBAEMBIX IO YKAa3aHHOW OOJNAcTH) CPaBHUBAIOT C OXHMIAEMBIM 3HaYeHHEM (KOTOpOe
MOXKET OTHOCHTBCS K pedepeHCHON XPOMOCOMHOI 00JacTH MM TOH ke oOJacTéu B IPYTOM,
3aBeOMO 310poBOoM oOpasue). Takum obOpa3om, ¢parMeHT XpOMOCOMHOM oOjactu Oyner
NnoaACHYUTaH HE3aBHUCHMO OT TOI'O, M3 KaKOro rarmjioTuria nmpoucCXoauT CEKBEHUpPyEMasa MCETKaA.
COOTBETCTBEHHO, PHUJBI TOCIEIOBATEIPHOCTEH, KOTOpbIE HE CONEPKAT Te€TEPO3UIOTHBIX
JIOKYCOB, TE€M He MEHee MOTYT HCIOJb30BaThCs. [l mMpoBeneHus: CpaBHEHHUS, COTJIACHO
BapHUaHTy pefan3aluu, IMOACUUTAHHOC YHCJIIO MCETOK MOXET 6bITb HOPMHPOBAHO TMEPEN
yKa3aHHbIM cpaBHeHHeM. Kaxxnas obmacTb onpenensiercs Mo MEeHbLIeH Mepe ABYMS JIOKYCaMHU
(KOTOpBIE OTAETECHBI APYT OT Apyra), U (parMeHThl B yKa3aHHBIX JIOKYCaX MOTYT MPHUMEHSTHCS
IS TIOJTyYeHUS O0IIero 3HaYeHUs Uil YKa3aHHOH 00acTu.

[0374] HopmupoBaHHOE 3HaUEHUE AJIST PUIOB CEKBEHUPOBAHUS (METOK) IJIsl KOHKPETHOM
obmacTi MOXeT ObITh pPACCYMTAHO TMyTEM JENICHHs YHCIa pPHUAOB CEKBEHHPOBAHMS,
BBIPABHUBAIOLINXCS C YKa3aHHOH o0nacTbio, Ha oOliee 4YHCIO pPHUIOB CEKBEHHPOBAHHS,
BbIpAaBHUBACMbIX CO BCEM TI'€CHOMOM. VYka3zaHHOe NoACYUTAHHOC YHUCJIO METOK HOPMHUPOBKHU
MO3BOJISIET CPABHHUTBH Pe3yJbTaThl OT OJHOro obpasua C pes3ysbTaTaMH IJisl Jpyroro odpasia.
Hanpumep, HOpMHUPOBaHHOE 3HAUEHUE MOKET MPEACTAaBNIATh COOOH MO0 (Hampumep, MPOLEHT
Wik (QpaxH0) PUAOB CEKBEHUPOBAHUS, MPEIIONIOKUTEIBHO MPOUCXOMSIINX U3 KOHKPETHON
obnacty, Kak yka3aHo Bbiure. COrylacHO PyriuM BapUaHTaM peaju3aliii BO3MOXKHO IPUMEHEHHE
APYTUX CHOCOOOB HOPMHUPOBKH. Hampumep, BO3MOXKHA HOPMHMPOBKA TMyTEM JEJICHUS
MOJCYMTAHHOTO YHCIIA ISl OJHOM 00J1aCTH Ha TOJCYUTAHHOE YHCIIO sl pedepeHCHO o0macTu
(B ONMUCAHHOM BbILIE Ciy4ae pedepeHcHas obgacTh MPencTaBlieHa MPOCTO TMOJHBIM T€HOMOM).
Vka3aHHOE MOACYMTAHHOE YHCJIO METOK HOPMHPOBKH 3aT€M MOKHO CPaBHHUTH C TOPOTOBBIM
3HAYEHHEM, KOTOPOe MOXKET ObITb OMpEAEJeHO MO OIHOMY HJIM HECKOJBbKUM pedepeHCHBIM
obpasiam 0e3 pakoBBIX 3a00JIEBAaHUIA.

[0375] IloacunTaHHOE 4YHUCAO METOK HOPMHUPOBKH TECTUPYEMOrO Ciyuas 3aTeM
CpaBHUBAKOT C TMNOACYUTAHHBIM YHCIOM METOK HOPMHPOBKH OJHOIO WKW HECKOJIBbKUX
pedepeHCHBIX cyOBEKTOB, HanpuMep, CyOBeKTOB Oe3 pakoBbIx 3abosyeBanuii. CorjlacHO OgHOMY
BAPUAHTY peaJM3alii YKa3aHHOe CPaBHEHHE OCYLIECTBIISIIOT MyTeM pacyera Z-moKas3aTes
YKa3aHHOTO CJjiy4asl Uil KOHKDETHOW XPOMOCOMHOW 0O0JacTh. Z-Tmokas3aTeilb MOXKET ObITh
paccuuTaH ¢ MPUMEHEHHEM CJIEAYIOIEero YpaBHEeHUs: Z-ToKa3areib = (TOACYMTAHHOE YHCIIO
METOK HOPMHPOBKH YKa3aHHOTO Cliy4das — cpenHee 3HaueHue) / SD, rae «cpenHee 3HaYCHHEY

NpeacCTaBJIsICT coboii Cpe€aAHEC 3HAUCHUEC TMOACYUTAHHOrO 4YHCjiIa METOK HOPMUPOBKH,
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BBIPABHHUBAIOLIUXCS IT0 KOHKPETHONH XPOMOCOMHOMN obnactu 11t pedepeHCHbIX 00pa3nos; u SD
NPEeCTaBIsIeT COOOM CTAaHAAPTHOE OTKJIOHEHHE MOACYUTAHHOIO YHCIAa METOK HOPMHPOBKH,
BBIPABHMBAIOLIUXCS [0 KOHKPETHOH o0nacTu ainst pedepeHcHbIx 00pa3noB. COOTBETCTBEHHO, Z-
HIOKa3aTelb MPEeACTaBIIsIeT COOOH YHMCIO CTAHAAPTHBIX OTKJIOHEHWH, Ha KOTOPOE MOACYUTAHHOE
YHUCJIO METOK HOPMHPOBKHM XPOMOCOMHOH OOJIACTH AJII TECTHPYEMOrO Cly4asi OTJIMYaeTCsl OT
CPEAHEro 3HAa4YeHUs MOJCUYUTAHHOIO YUCJIa METOK HOPMUPOBKMU Ul TOM K€ XPOMOCOMHOM
00J1aCTH Yy OTHOT'O WJIM HECKOJIBKUX pedepeHCHBIX CyOBEKTOB.

[0376] B curyarmu, xoraa y TeCTHPYEMOTO OpraHH3Ma MMeeTCsl pakoBoe 3a00yieBaHue,
XPOMOCOMHBIE 00JIaCTH, aMIUTM(PUIUPOBAHHBIE B ONYXOJEBBIX TKaHAX, OyAyT H30OBITOYHO
npencrasiensl B JIHK mmasmbl. D10 OyneT mpuUBOOUTH K IOJIOKUTENBHOMY 3HAYEHUIO Z-
nokaszarenss. C Apyroil CTOPOHBI, XPOMOCOMHBIE OOJAaCTH, KOTOpPbIE YAAJeHbl B OIMYXOJEBBIX
TKaHsx, OyayT HenonpenctasneHsl B JJHK mmazmer. O1o Oyaer npuBOAMTL K OTPULIATEIBHOMY
3HAYEHUIO Z-TI0Ka3aTesisl. BennunHa Z-nokasarens onpenessieTcss HCKOJIbKIMH (aKTOpamH.

[0377] Onun ¢dakrop mpexncraBieH (PpPakUMOHHOW KOHLEHTpALMEd MPOMCXOASIIEH u3
onyxonu JIHK B Omonormueckom obpasue (Hampumep, B mia3me). Uem Bbilne (ppakmuoHHas
KOHIeHTpanus npoucxomsimei u3z onyxonu JJHK B obpasue (Hanpumep, B 1uia3me), TeM OoJiblie
OyzeT pa3HOCTb MEXIy MOJCYUTAHHBIM YHCIOM METOK HOPMHUPOBKHU ISl TECTHPYEMOTO CIIy4ast
u pedepencHeix ciydaeB. CooTBeTcTBEHHO, Oyner HabmonmaTbCsi Oosbllee 3HaUYeHUE Z-
NIOKa3aTeJs.

[0378] [dpyroii ¢daxrop mnpeacraBieH Bapualuell MOACUUTAHHOTO 4YHCIA METOK
HOPMHUPOBKH B OJTHOM MJIM HECKOJIBKUX pedepeHCHbIX ciydasx. [Ipy oquHaKOBOM ComepskaHHU
XPOMOCOMHO# 00acTé B OuosorudeckoM obpasie (Hampumep, B IUIa3Me) Ui TECTUPYEMOro
cilydasi, MEHbIIasi Bapualysi (T.€. MEHbLIEe CTAHIAPTHOE OTKJIOHEHHE) MOJCUUTAHHOTO YHCIa
METOK HOPMHPOBKH B pedepeHcHOl rpynmne OyneTr npuBOOuUTH K 0Oojiee BBICOKOMY Z-
NOKa3aTen0.  AHAJOTMYHBIM ~ 00pa3oM, TpU  OOWHAKOBOH  CTEMEHH  MOHIKEHHON
NPEICTABJICHHOCTH XPOMOCOMHOM 00nacTu B OMonorundeckom obpasie (Hampumep, B IUIa3Me)
IUIS TECTUPYEMOTO CJIy4asi, MEHbIIee CTAHAAPTHOE OTKJIOHEHHE MOJCYUTAHHOTO YHCIA METOK
HOPMUPOBKH B pedepeHCHO! rpyrme OyaeT NPpUBOIUTE K OoJiee OTPULIATEIbHOMY 3HAYECHHIO Z-
MOKa3aTeJs.

[0379] dpyrum (akTopoMm sIBISETCS BEIMYMHA XPOMOCOMHBIX a0epparyii B ONMyXOJIEeBbIX
TKaHsIX. BennmumHa XpOMOCOMHBIX adeppainuii OTHOCUTCS K W3MEHEHWsM 4YHhClia KOMWH s
KOHKPETHOH XpOMOCOMHO# obnactu (nobaBnenue mim ytpara). UeM 3HaUMTENbHEE M3MEHEHUS
YHCJIa KOMUI B ONMyXOJIEBbIX TKAHSIX, TEM BbIIIE CTETIEHb W30BITOYHOIN NPEACTaBICHHOCTH WU
NOHM)KEHHON MPEACTABICHHOCTH KOHKPETHOW XpomocoMHO#M obmactu B JIHK mumasmsl

Hampumep, yTtpara obeumx komuii XpoMoOcCOMbl OyneT NPUBOAUTH K OOJbINENH MOHMKEHHOU
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NpeACTaBICHHOCTH XpoMocoMHOM obnactu B JIHK mma3zmel, ueM yTpara OgHOH M3 ABYX KOIHUIA

XpOMOCOMBI, H, COOTBETCTBCHHO, IPUBOAUTL K Oonee OTpULATCIIPHOMY 3HAYCHHIO Z-

>
nokaszaresns. Kak mpaBuiio, mMpu pakoBbIX 3a00JEBaHUSAX HMEETCS HECKOJIBKO XPOMOCOMHBIX
aGeppaimii. YKa3zaHHbIE XPOMOCOMHbIE a0eppalMu B KaXKIOM Cilydae PakoBOro 3a00yeBaHUs
MOT'YT JIOTIOJHHUTEIPHO BapbUPOBAThH O XapakTepy (T.e. MPeAcTaBisATh COOOH aMIUM(pUKALNIO
WIN JeNelnio), CTerneHu (OOHO MM HEeCKOJIbKO NOOaBIeHMH MM yTpaT KOmui) U oObemy
(pasmepy abeppaliiii OTHOCUTEIBHO JJTUHBI XPOMOCOMBI).

[0380] Ha TouHOCTE H3MEpEHUs MOACYUTAHHOTO YKCJIa METOK HOPMHUPOBKHU BJIUSIET
YHCJIO AHAJIM3HPYEMbIX MOJIEKYJ. ABTOpPBI HACTOSIILEr0o HM300pPETeHUs TNPENNoararwT, YTO
HeoOxomuM ananu3 15 000, 60 000 u 240 000 MoKy It JETEKIIMA XPOMOCOMHBIX abeppaunii
C OOHMM H3MEHEHHEM 4YHnClia KOmui (moOaBieHHWeM WM yTparol), ecnu (pakIuoHHas
KOHIIEHTpalusi cocTapisieT npuommsutrensHo 12,5%, 6,3% u 3,2%, coorBercTBeHHO. bonee
noapoOHasi nHGOPMAIHsI OTHOCUTENBHO MOACYETa METOK ISl IETEKLMH PAKOBBIX 3a00JIeBaHUIt
INIE  pasHbIX XPOMOCOMHBIX oOOjacTeli mnpuBeneHa B mnaTeHTHOW mnyOmukaumun CIIA
Ne2009/0029377, aBropsl Lo et al., o3arnasiennoii “Diagnosing Fetal Chromosomal Aneuploidy
Using Massively Parallel Genomic Sequencing” («/[parHoctuka XpOMOCOMHOH aHEyIJIONIHN
IUIOZIa C MIPUMEHEHHEM MAaCCHBHO-TIAPAJUIEIBHOTO CEKBEHUPOBAHMS [€HOMA»), BCE COEpIKaHUE
KOTOPOM BKJIFOUEHO B HACTOSILIUI TOKYMEHT NMOCPECTBOM CChUIKH BO BCEX OTHOLICHUSIX.

[0381] CormacHO BapuaHTaM peanu3allid MOXET TaKKe MCIOIb30BAThCSl AHAJIN3
pasMepoB BMECTO MeETOAa MOACYeTa METOK. MOXKeT Takke NPUMEHSTbCS aHalu3 pa3MepoB
BMECTO IMOJCYETa METOK HOpPMHUPOBKM. IIpu ananmuse pa3MepoB MOIYT MCIONb30BATHCS
pas3nuyHbIe NapaMeTPhl, YIIOMUHAEMbIE B HACTOSAIIEM AOKYMeHTe U B 3asiBke Ha naTeHT CIIIA Ne
12/940992. Hanpumep, MOryT HCronb30BaThes 3HaueHus: Q win F, cm. Beine. Takue pasmepHbie
3HAYEHUs] HE HYXKTAIOTCSI B HOPMHUPOBKH MO TOACYETaM Ui APYTHUX OONacTel, MOCKOIbKY
yKa3aHHble 3HAYEHMsT HE UW3MEHSIOTCS B 3aBUCUMOCTM OT 4YWCIa pUAOB. MeToauky,
UCTIOJIB3YIOMIME TaruIOTHIT-CrieupuIeckue Meroabl, Takue kak Meton RHDO, omwmcaHHBIM
BBIIIIE, a TAK)KE OMHUCAHHBIA Oonee mompoOHO B 3asBke Ha mateHT CIITA Nel3/308473, moryT
NPUMEHSTBCS TaKkke Il Hecrenuduuecknx crocodoB. Hanmpumep, MOTyT OBITh HCIIOJIB30BAHbBI
METOMKH, 3aJeHCTBYIOLINE TIIyOMHYy CEKBEHUPOBAaHUS M yToyHeHue obnactu. CoriacHo
HEKOTOPBbIM BapUaHTaM peaju3allid MOXET YUYUThIBaThbCs craHpapTHoe cMmemeHue GC s
KOHKpETHOH o0mnactH, ecnu cpaBHHMBarOTCs aBe obmactu. Ilockombky B Merome RHDO
UCTIONIb3YETCS OJTHA U Ta K€ 00JIaCTh, TaKask KOPPEKLHs HE HYKHA.

[0382] XoTst HEKOTOpPBIE paKOBbIE 3a00JIEBAHUSI MOTYT B O0IIEM ClTydae COMPOBOKIAATHCS
abeppalsiMi B KOHKPETHBIX XPOMOCOMHBIX O0JIACTSAX, TAKUE PAaKOBBbIE 3a00JI€BaHUS HE BCETaa

COIPOBOKAAIOTCS  adeppalsiMM  UCKJIFOUUTENIbHO B Takux oOnactsax. Hanpumep, wmoryT
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HaOmonaTecst abeppali B AOMOJNHUTEIBHBIX XPOMOCOMHBIX OOJACTSAX, W JIOKAJIHM3ALUS TAKUX
JOTOJHUTENbHBIX 00acTell MOKeT ObITh Hen3BecTHa. Kpome TOro, nmpu CKpUHHHIE MALUEHTOB
IUIs1 BBISIBJICHHSI PAHHHMX CTaIuil paka MOKeT TpeOOBaThCsl MACHTHU(PUKALUS LIHPOKOTO CHEKTPa
BUJIOB PakKa, NMPH KOTOPBIX MOTYT HaOmronaThes abeppauuu MO BCEMy I'eHOMY. B yka3zaHHbIX
CUTyaLsIX, COTJIACHO BapHAHTAM peajM3aLiM, MOXKHO aHAJIU3HMPOBATH MHOXKECTBO OOnacTel
CHCTEMAaTHYeCKMM O0pa3soM JJisi OIpeneleHus TOro, B Kakux o0jacTax HaOMonarTes
abeppammu. UYwcno abeppanuii W uX JoKajnu3anus (Hampumep, WHPOpPMALUS O TOM,
NIOCJIEZIOBATENbHBI JIM OHU) MOXKET HCIIOJIb30BaThCS, HATIPUMED, JUT OATBEPKISHUs abeppaLui,
OTNpENeNeHUs] CTaguu pPAKOBOro 3a00JIeBaHUs, IUATHOCTUPOBAHUS PAKOBOro 3a0oyeBaHUs
(HampuMep, eciii YKa3aHHOE YHCJIO BBIIE MOPOrOBOTO 3HAYEHHMS), U TMOJNYYEHHs MPOTHO3a Ha
OCHOBE YKAa3aHHOTO YHWCJIa U JIOKAJTU3ALUH PAa3JIMYHbIX O0JacTel, B KOTOPBIX HAaOJFOIAETCs
abepparus.

[0383] CooTBeTCTBEHHO, BapHaHTBl peATH3ALUMUA MO3BOJSIOT HASHTH(HHULUPOBATH
HaJM4yie B OpPraHM3Me PaKOBOro 3a00JieBaHUS Ha OCHOBAaHMM YHCIA O0JNACTeH, B KOTOPBIX
HaOmonaercst abeppauusi. COOTBETCTBEHHO, MOXKHO NPOTECTUPOBATH MHOXKECTBO oOJacTei
(marmpumep, 3000) mans uneHTHUKAIUK YUCTa O0NaCTel, B KOTOPhIX HaOmronaercst abeppanusi.
Vka3aHHble 00JIaCTH MOTYT 3aXBaThlBaTh BECh I'€HOM HJIM TOJBKO HaCTH I'€HOMA, HampHMep,
oOnacTp 6€3 MOBTOPOB.

[0384] dur. 36 mpencraBmsier coboit  Onmok-cxemy cmocoba 3600 aHammza
Ouonornyeckoro odpasia OpraHu3Ma C NMPUMEHEHHEM MHOJKECTBA XPOMOCOMHBIX oOjacTeil B
COOTBETCTBMM C BApUAHTAMU  pPEAIH3ALMHM  HACTOSAIIErO  HM300peTeHus.. Y Ka3aHHBIH
Ouonorndeckuii oOpasell BKJIHOYAET MOJEKYJbl HYKJICHMHOBBIX KHCJIOT (HA3bIBAEMbIE TaKXKe
¢dparmeHTamm).

[0385] Ha »stane 3610 wugeHTUPUIUPYIOT MHOXKECTBO oOjacteir  (Hampumep,
HETEePEeKPBIBAOINUXCS O0JacTell) reHoMa yKa3aHHOro opranm3ma. Kakmass XpomocoMHas
00J1acTh BKJIFOYAET MHOKECTBO JIOKYCOB. Pasmep obnactu MoxkeT cocTaBisath 1 MO, uimu ObITh
NPE/ICTABJICH KaKUM-TMOO IPYyTUM paBHBIM pa3MepoMm. B curyammu, korma pasmep oOiacTu
cocraBnsier | MO, Bech reHOM MOKeT BKIoUaTh npubdmusutenpHo 3000 obnacrel, kakmas w3
KOTOPbIX HMEET 3apaHee YCTAHOBJCHHBIM pa3Mep M JIOKAJIM3aUMIO. Takue 3apaHee
yCTaHOBJIEHHbIE O0JIACTH MOTYT BapbHpOBaTh, YTOObI COOTBETCTBOBATh MJIMHE KOHKPETHOM
XPOMOCOMBI MJIM YKa3aHHOMY YHCIy OONacTel, KOTOpbIe NPEAIoNaraeTcsi HCIONb30BaTh, U
MOOBIM PYTUM KPHUTEPHUsIM, YIIOMHHAEMbIM B HACTOsLIEM NOKyMeHTe. Eciau obnactu uMmeroT
pasHbIe AJIHHBI, TAKHE AJTUHbI MOTYT HUCIIOJIB30BATHCS 11 HOPMUPOBKH PE3yJIbTATOB, HAIIPUMED,
COIJIACHO ONMCAHUIO B HACTOALIEM JOKYMEHTe. YKa3aHHble OOJACTH MOTYT OBITh CHELUAIbHO

OTO6paHbI Ha OCHOBAHUU OINPECACIICHHBIX KPUTCPUCB IJIsI KOHKPETHOTO OpraHU3Ma U/WId Ha
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OCHOBaHMH HH(OpMAIMK O PaKOBOM 3a0OJI€BaHWH, HAa KOTOPOE IMPOBOAUTCS TECTHPOBAHUE.
Ob6nactu Taxke MOTYT OBITh BBIOPAHBI IPOU3BOJIBLHO.

[0386] Ha »stane 3620 wupeHTHGUIMPYIOT JIOKAJIM3ALHMIO MOJEKYJbl HYKJICHMHOBOM
KUCJIOTHI B pe()epEHCHOM I'eHOME YKa3aHHOIO OpraHM3Ma AJIs KaXKIOW U3 MHOXKECTBA MOJIEKYJI
HyKJIEUHOBBIX KHCIOT. Jlokanmmszauust MoxkeT ObITb ompeneneHa JEOObBIM M3 CHOCOOOB,
YIOMHHAE€MBIX B HACTOSIIEM JIOKYMEHTE, Hampumep, IOCPEACTBOM CEKBEHHPOBAHUS
(parMeHTOB JUIsI TIOJIyYEHUs] CEKBEHHPYEMbIX METOK W BbIDABHUBAHMS yKa3aHHBIX
CEeKBEHHPYEMBIX METOK MO pedepeHCHOMY reHomy. Jliisi rarmotun-cnenudpuueckux CrnocoOoB
MOXKET TaKke ObITh ONpPeeIeH KOHKPETHBIN rarIOTHIT MOJIEKYJIbL.

[0387] DTambl 3630-3650 BBIMONHSAIOT I KaKOOW M3 XPOMOCOMHBIX oOjacreil. Ha
sTane 3630 COOTBETCTBYIOLIYIO TPYIITYy MOJEKYJ HYKJICHHOBBIX KHCJIOT HASHTU(UIIUPYIOT KaK
NPOHUCXOISIIYI0 U3 XPOMOCOMHOH OOJaCTH Ha OCHOBE WACHTHU(PHIMPOBAHHBIX JIOKATH3ALMH.
VYka3aHHasi COOTBETCTBYIOLIAsl TPYINa MOMKET BKJIOUATh MO MEHbLIEH Mepe OJHY MOJIEKYIy
HYKJIEMHOBOW KHCJIOTBI, JIOKQJIM30BAHHYIO B Ka)KIOM M3 MHOXECTBA JIOKYCOB XPOMOCOMHOM
obmactu. CoriacHO OJHOMY BapHWaHTy pealu3alid yKa3aHHAs Tpynma MOXKET OBbITh
npencTaBieHa (parMeHTaMH, KOTOpPbIE BBIPABHHMBAIOTCS 10 KOHKPETHOMY TaIUIOTHITY
XPOMOCOMHOM 00J1acTy, HarpuMep, kak B onucanHoM Bbie Metone RHDO. Cornacho npyromy
BApUAHTy peaJn3alliil yKa3aHHas TpyIa MOXeT ObITb MpeAcTaBieHa JIFOBIM (parMeHTOM,
KOTOPBIH BHIPABHUBAETCS HA XPOMOCOMHYIO 00J1aCTh.

[0388] Ha »stame 3640 koMmbrOTEpHAash CHUCTEMA pPACCUUTHIBAET COOTBETCTBYIOLIEE
3Ha4eHUEe JUUIsI COOTBETCTBYIOLIEH TIpYyNIbl MOJEKYJ HYKJIEHMHOBBIX KHCJIOT. YKa3aHHOE
COOTBETCTBYIOI[€E 3HAYEHHE OIpenessieT CBOWCTBA MOJIEKYJ HYKJIEHMHOBBIX — KHCIIOT
COOTBETCTBYIOLIEH TPyNmbl. YKa3aHHOE COOTBETCTBYIOINEE 3HAYCHHE MOXKET IPENCTaBJISATh
coboli r00oe M3 3HAYEeHUH, YIIOMHHAEMbIX B HACTOSIIEM JOKyMeHTe. Hampumep, yka3aHHOe
3HAYCHUE MOXKET MPEACTaBISTh COOOH YHCIO (DparMeHTOB B TPYIE WIM CTATHCTUYECKHHA
NOKa3areib pacrpeneieHuss pasMepoB ¢parmeHToB B rpymme. COOTBETCTBYIOLIEE 3HAYCHUE
MOXKET TaKXKe MPEICTaBIATh COOOH HOPMUPOBAHHOE 3HAYECHUE, HATIPUMED, MMOJCUUTAHHOE YUCIIO
METOK YyKa3aHHOW o0nacTH, pa3feneHHOoe Ha oOliee YHUCIO MOACYMTAHHBIX METOK I
YKa3aHHOTO o0pa3la WId TOJACYMTAHHOE YHCIO METOK [uisi  pedepeHcHON obnacTu.
CooTBeTcTBYIOIIEE 3HAUEHHE MOXKET TAK)KE OMPENENSIThCS OTHOCUTENBHO APYTOro 3HAYEHHUS KaK
pasHOCTh WM cooTHomeHue (Hampumep, B Merone RHDO), ompenenss Takum oOpasom
OTJIIMYUTEIBHBIN MPU3HAK 1T 00JIaCTH.

[0389] Ha »tame 3650 coOTBETCTByIOIEE 3HAUYEHHE CPABHUBAOT C pedepeHCHBIM
3HaYeHWEM JUIsI  OmlpeAeNieHus KiacCupUKalMK MEepBOH XPOMOCOMHOH o0jacTu  Kak

JIEMOHCTPHUPYIOLIEH NeNeLH0 UIN aMIUTNpUKALII0. YKa3aHHOe pedepeHCHOe 3HAaUeHUE MOXKET



110

NPeACTaBISITh COOOW Jr000e MOoporoBoe WM pedepeHCHOe 3HAYeHHEe U3 OINHCAHHBIX B
HactosimeM nokymeHte. Hampumep, pedepeHCHOE 3HaUYeHHE MOXKET IPENCTaBIATh COOOM
MOPOrOBOE 3HAUEHHWE, OINpenesieHHOe [JIsi HopMaibHbIX oOpasuoB. B  metrome RHDO
COOTBETCTBYIOLIlEE 3HAUEHHE MOXKET IMPEACTABIATh COOOH PAa3sHOCTb WMJIM COOTHOILIEHHE
NOCYMTAHHOTO YHCJA METOK Ul JBYX TaIUIOTHUIOB, M pe(epeHCHOe 3HA4YeHHE MOXKET
NPENCTABISTh COOOH MOPOT AJIS ONPEAETCHUs] HAJTMYHS CTATUCTUYECKH 3HAUUMOTO OTKJIOHEHHUS.
B npyrom nmpumepe pedepeHCHOE 3HaAUSHHE MOKET MPEICTABIATh COOOH MOACYUTAHHOE YHCIIO
METOK WJIM Pa3MEPHYI0 BEJIMYUHY Ui JPYTOro TarjIOTHIA WM OONACTH, U CPABHEHHUE MOMKET
BKJIFOYATh TMOJYYEHHE PA3HOCTH WJIU OTHOWEHHs (WM HMX (PYHKIHUH) C TOCIEAYIOLINM
OTpENeIEHUEM TOrO, TPEBBIIIAET JIM YKa3aHHAs(0€) Pa3sHOCTh WJIM OTHOIIEHHE MOPOrOBOE
3HAYCHUE.

[0390] PedepeHcHOe 3HAaUCHHE MOXKET BAPbUPOBATH B 3aBUCUMOCTH OT PE3YJIbTATOB IJIS
apyrux obnacteit. Hampumep, ecnu cocenHue o0IacTH Takke NEMOHCTPUPYIOT OTKIOHEHHE
(XOTSl ¥ HE3HAUUTENIbHOE OTHOCUTENIbHO OHOIO MOpPOora, HampuMep, Z-1oKas3aTeis, paBHOTO 3),
MOXET TPUMEHSTbCs Ooyee HM3KHMI mopor. Hampumep, ecim mpeBblIEHHE MEPBOrO Mopora
HaOJro1aeTcs UIs TPEX MOCIIENOBATENbHBIX 00acTe, pakoBoe 3a00eBaHIe MOXKET ObITh Oolee
BepOsTHBIM. COOTBETCTBEHHO, YKa3aHHBINH MEPBBIII OPOT MOXKET OBITh HIDKE APYroro mopora,
HEOOXOMUMOro Ui UASHTU(UKALIMN paka 10 HerocJenoBaTeNbHbIM o0nacTsaM. Hamuuue Tpex
obnacreii (wiu Ooyiee ueM TpeX), AEMOHCTPUPYIOIIUX Ja)Ke HE3HAYUTENIbHOE OTKJIOHEHHE,
MOXET HMeTb JOCTAaTOYHO HM3KYI0 BEpPOATHOCTh ciyudaiiHoro sddexra s CoxpaHeHHs
4y BCTBUTEJBHOCTH M CHIELU(PHUIHOCTH.

[0391] Ha »srame 3660  ompemeisitoT  KOJMYECTBO  T'€HOMHBIX  oOiacTeid,
KJIaCCU(UIIMPOBAHHBIX ~ KaK  JEMOHCTPHUPYIOLIME  ACNELHI0 WO  aMIUTM(UKALHUIO.
[ToncuuTeiBaeMble XPOMOCOMHBIE O0JIACTH MOTYT HMETh OrpaHuyeHus. Hampumep, Moryt
MOACYUTBIBATECS TOJIBKO OOJIACTH, SIBJSIFOIUECS TOCJIEAOBATENIbHBIMA OTHOCHUTENIBHO 10
MEHbIIeH Mepe ONHON npyroi objactu (WM MOKET TPeOOBAThCS OMPENENIEHHBIN pa3Mmep
NIOCJIEIOBATENBbHBIX OOacTeli, Hanpumep, 4 win Oonee obnactu). B BapmaHTax peanuzanuu ¢
HEPaBHBIMH OONACTSIMU  YKa3aHHOE YHCIO TaKXKe MOXET ONpPEAeNsTbCS C  YYETOM
COOTBETCTBYIOLIUX JUIMH (HampUMep, YKa3aHHOE YHCIO MOXKET MPENCTaBISATh COOOH 0O0LIyro
INIMHY abeppaHTHBIX 00NacTei).

[0392] Ha stane 3670 yka3aHHO€ KOJUYECTBO CPABHUBAKOT C MOPOrOBBIM 3HAYEHHUEM
KOJINYECTBA JUIs onpeneneHus knaccudukannu odpasua. Hanpumep, ykasanHas KiaccupuKarst
MOXET OIpeNeNsiTh HaJIW4Yhe B OpPraHW3Me pakoBOro 3a00NeBaHMs, CTAAHI0O PAaKOBOTO
3a00neBaHMsl U MPOTHO3 U pakoBoro 3adoneBanust. COrjjacHO OHOMY BapHaHTY peaM3aluu

noACYUTBIBAKOT BCE a6eppaHTHbIe obmactu u HUCIIOJIB3YIOT OJAHO TIOPOroBOC 3HAYCHUC
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HE3aBHCHMO OT JIOKAJIM3ALMH yKa3aHHbIX obnactel. CoriacHo ApyroMy BapUaHTy peain3alun
NOPOrOBOE 3HAYEHHE MOKET BapbUPOBaTh Ha OCHOBAaHMM JIOKAJNW3AMM U  pa3Mepa
noAcuuThHIBaeMbIX obnacreil. Hanpumep, xonmuecTBo o0aacTell HA KOHKPETHON XpOMOCOME HIIH
Iiede XpOMOCOMBI MOXKET CPABHHBATBCS C MOPOrOM JUIsl YKa3aHHON KOHKPETHOM XPOMOCOMBI
(umu  twieda). MoKeT HCHOJB30BaThCS HECKOJNBKO MmoporoB. Hampumep, KOIM4eCTBO
abeppaHTHBIX 00JIaCTel HAa KOHKPETHOM XpOMOCOME (HMJIH IJIeue) AOKHO OBITh OOJIbIIE MEPBOTO
MIOPOrOBOrO 3HAYEHUs], a o0lIee KOJMUECTBO a0eppaHTHBIX 00JjacTell B réHOMe JOJKHO OBITh
Oosblile BTOPOro MOPOrOBOro 3HaveHus. [loporoBoe 3HAYEHHE MOXKET MPENCTaBISATH COOOH
NPOLIEHT 00JIaCTeH, st KOTOPBIX OBLIO ONPEAeSIeHO MPUCYTCTBHE ACJIELMH W aMILTH(PUKALHH.

[0393] Yka3aHHOe MOpPOroBOe 3HAYEHHE JUISI KOJMYEeCTBA OOJNACTEll MOMKET TaKKe
3aBHCETh OT TOTO, HACKOJIBKO BBIPAXKEH AMCOANAHC IS TOACYUThIBAeMbIX obOiacteil. Hampuwmep,
KOJNIMYECTBO OOyacTed, WCIONb3yeMoe B  KAadecTBE IMMOPOTOBOTO  JJIsl  ONpPEHeSICHUs
KJIacCU(UKALIH PaKa, MOXKET 3aBHCETh OT CMEMU(PUIHOCTH U 4y BCTBUTEIBHOCTH (aOeppaHTHBIHI
Hopor) Ans AeTeKuuu adeppauuu B Kakaod oOmactu. Hanmpumep, mpu HM3KOM abeppaHTHOM
nopore (Hampumep, Z-mokas3aTreinb paBeH 2) MOXeT ObITb BBIOPAaHO BBICOKOE IOPOTOBOE
konuuecTBo (Hampumep, 150). OmHako mpu BeICOKOM abeppaHTHOM mopore (Hampumep, Z-
NOKa3aTeilb PaBeH 3) MOPOroBOE KOJMYECTBO MOXKET ObIThb Oosee Hu3kuM (Hampumep, S50).
KonuuecTBo obnacteli, 1eMOHCTpUPYIOMHUX adeppalrio, MOMKET TakKKe MPEeNCTaBiIsITh COOOH
B3BELICHHYIO BEJIMYMHY, HAlpuUMep, OAHOM OO0NacTH, KOTOpas IEeMOHCTPUPYET BBICOKHI
aucbaanc, MOXKeT ObITh MPUAAH OOJBLIMK BEC, YeM O0JIaCTH, KOTOpasi JEMOHCTPUPYET TOJIBKO
HEe3HAYUTeNbHbIN nucOananc (T.e. kiaccupukamuii OoJblle, YeM MPOCTO TMOJOKUTENbHbIE H
OTpHULIATeNIbHBIE pe3yJbTaThl Ha Hajauuue adeppauuu). Hampumep, MOXeT HCHOIB30BAThCS
cyMMa Z-TioKasareel, ¢ MPUMEHEHHEM, TAKMM 00pa3oM, B3BEIIEHHBIX 3HAYECHHUH.

[0394] CooTBEeTCTBEHHO, KOJIMYECTBO (KOTOPOE MOKET BKJIFOYATh YUCJIO W/WJIH pasMep)
XPOMOCOMHBIX ~ OONacTeil,  JEMOHCTPUPYIOLIMX  3HAYUTEIbHYK)  M30BITOUHYIHO WK
HEOCTATOYHYIO IPEICTABIEHHOCTh TOACYMUTAHHBIX METOK HOPMHPOBKH (WM JIpyroe
COOTBETCTBYIOLIEe 3HAYEHHE JII CBOWMCTBA TPYIIIbI) MOXET HMCIOJB30BATHCS IS OTPAKEHHS
TsoKecTH 3a0oneBaHust. KommuecTBO XpOMOCOMHBIX OOsacTell ¢ abeppaHTHBIM MOICYHTAHHBIM
YHCJIOM METOK HOPMHPOBKH MOXET ONPEAEISIThCS MO IBYM (PakTopam, a UMEHHO, 4uciy (Wiu
pa3Mepy) XpOMOCOMHBIX aleppanuii B OMYyXOJEBbIX TKAHIX M (PPAKIMOHHON KOHLEHTPaLWU
npoucxonsimei u3z onyxonu JJHK B Guonornyeckom obpasie (Hampumep, B mia3me). [Ipu Gonee
pacIpOCTpaHEHHOM pake HaOMogaeTcs TEHACHLUUS K OoJpluieMy KoaudecTBy (M OOMBbIINX)
XPOMOCOMHBIX abeppauuii. CoOTBETCTBEHHO, B 00Opasie (Harmpumep, Iuia3Me) MOTEHIHAIBHO
MOXHO JETEeKTUPOBaTh OOJNbINE CBA3aHHBIX C PAKOBBIM 3a00JI€EBAHMEM XPOMOCOMHBIX

abeppauuii. Y mamueHToB ¢ Oojiee paclpOCTPAaHEHHBIM pPakoM OoJiee BBICOKAsl OIMyXOJeBast
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Harpy3ka OyeT mpuBOAUTh K Oosiee BBICOKOH (PPaKIMOHHON KOHLIEHTPALIUH MPOUCXOIAINEH 13
onyxonu JIHK B mmasme. B pesynpraTe acCOLMUPOBAHHBIE C OMYyXOJbKD XPOMOCOMHBIE
abeppauuu B o0pasiie mia3Mbl IPOINe AEeTEeKTHPOBATb.

[0395] OnuH U3 BO3MOKHBIX CITOCOOOB MOBBIIIEHHUS 4y BCTBUTEIBHOCTH O3 yinepOa st
Cie(pMIHOCTH 3aKIIOYAETCs] B y4eTe pe3ysbTara Uil CMEKHOTO XPOMOCOMHOIO CErMEHTA.
CornacHo OHOMY BapUaHTy pealM3allUd TOUKU OTCEUEHMs IUIsl Z-TOKas3aTelsl OCTAIOTCS Ha
ypoBHe >2 u <-2. OmHAaKO XPOMOCOMHYIO OOJIACTh KJIACCU(PHUUMPYIOT KaK MOTEHIHAIBHO
abeppaHTHYIO TOJIKO B TOM CJIydae, €CJIM B JIByX IOCJIEOBATENbHBIX CErMEHTaX HaOJI01aeTCst
OIWH U TOT e TN adeppanmii, HanpuMep, 0ba cerMeHTa UMEIT Z-nokas3atenpb >2. CorjaacHo
APYTHUM BapUaHTaM peasTu3aliy Z-TM0Ka3aTeNd COCEIHUX CETMEHTOB MOTYT OBITh CyMMHPOBAHbI
NpPU HWCIOJB30BAaHUU OO0Jiee BBICOKOrO MpeeNbHOro 3HaueHus. Hampumep, MoryT ObITh
CYMMHpPOBaHbl Z-TOKa3aTelu TpeX IOCIEeIOBAaTENbHbIX CETMEHTOB, U MOXKET INPUMEHSTHCS
npefebHOe 3HAYeHHe, paBHOe 5. YKa3aHHBIA MPHUHIUI MOKET OBITh PAaCpOCTpaHeH Ha Oojee
4eM TPH MOCJIeI0OBATENIbHBIX CETMEHTA.

[0396] KomOuHMpoBaHUe KOJNIWYECTBEHHBIX M aOEpPaHTHBIX MOPOTOB MOXKET TaKXKe
3aBHCETH OT LIEJIN AHAJIN3A, U JIFOOBIX NMPEIBAPUTENBHBIX JaHHBIX OTHOCUTEIBHO OpraHusma (Wi
ux OTCyTCTBUs). Hampumep, mpu CKpUHHHIE HOPMaJbHOM 30POBOH MOMYJSILMK HAa HAJIMIHE
PaKOBBbIX 3a00NIE€BaHMM, KaK MPABHUJIO, UCIOJB3YETCs] BBICOKAs CIELU(PHUUHOCTD, MOTEHIHAIBHO
KaK B OTHOIIEHHM KOJM4YecTBa oOjacTell (T.e. BBICOKMI MOpor i uucia obnacreil), Tak U B
OTHOIIEHNH abeppPaHTHOro Mopora Mpu HASHTUPHKALNY 00JacTH KaK copepskaleil abepparuio.
OnHako Ui manueHTa ¢ Oosiee BBICOKMM PHCKOM (Hampumep, AJsl MALMeHTa ¢ JKano0aMu Ha
HaJMuue OINyXOJM WIM TalUeHTa C CeMeHHbIM aHaMHE30M, KYypWIbLINKA, HOCHUTEJ
XpoHMYeCcKoW MHpeKImn nammwiioMasupyca yenoseka (HPV), Hocutens Bupyca rematura win
APYroro BUpPyCa) TOPOrH MOryT ObIThb Oojee HHU3KUMH, 4YTOOBI 00ecrneduTh OOJBINYIO
YyBCTBUTEIBHOCTh (MEHbBIIEE KOIMYECTBO JIOKHOOTPHUIATEIBHBIX PE3yJIbTATOB).

[0397] CormacHO OAHOMY BapUAHTy peaNU3aldy TMPU HCIOJB30BAHUU I JETEKIUU
XPOMOCOMHOM aleppaumu paspemeHuss 1| MO um HmwkHero mpenena aerekuuu npu 6,3%
npoucxonsimei u3 onyxonu JIHK, uyucio monekyn B kaxxnom cermeHnte pasmepom 1| MO nomKHO
coctasysATe 60 000. IIpu Tpancmsauu 310 gact npudmmsutenbHo 180 muH. (60 000 punos/MO x
3000 M6) BbIpaBHHBAaEMbIX PUAOB AJIS TIOJIHOTO TE€HOMA.

[0398] Menbmmii pasmep cermeHTta obecrmedyuBaeT Oojiee BBICOKOE pa3pellieHue Jyis
JETEeKIMN MEHBIINX XPOMOCOMHBIX abeppaumii. OQHAKO 3TO yBENIWYMBAET HEOOXOOUMOE IS
aHanmm3a obuee yuciao MoseKkyJs. bompmuil pasmep cermMeHTa CHIDKaeT TpedyeMoe I aHaju3a
YHCJIO MOJIEKYJT B yiiepd paspewmeHuto. COOTBETCTBEHHO, MOTYT ObITh OOHapY’KE€HBI TOJBKO

abeppaumn  Oombmiero  pasmepa. CoOrjacHO OXHOMY — BapHaHTy — peai3alidd  MOTYT
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UCTIOIB30BaThCsT 00J1acTH OOJIBIIEro pa3Mepa, JEMOHCTPHUPYOIIHe abeppalnio CerMEHThI MOTYT
ObITb pa3neseHbl U TOJNyYeHHbIe MOAOONACTH MPOAHAIM3UPOBAHBI JUIA TOJYYEHHs JIyYIIEro
paspereHusi (HampuMmep, COTJIACHO ONMUCAHMIO Bbilne). IIpym HanMYuM pacdeTHBIX NAHHBIX AJIS
pasMepa AeTeKTUPYEMOH JeNelu WM aMITuukanuy (UM MUHUMAJIbHON KOHLIEHTPALUK AJIs
AETEeKLMH) MOKET ObITh ONPEAEICHO YUCIIO MOJIEKYJI AJISl aHAJIN3A.
B. CNA na ocnoge cexgenuposanus 06padbomannoil Gucyivpumom
JIHK nnazmor

[0399] TTonHoreHOMHOEe rTuUnoOMerwiupoBaHue U CNA  4acTo HaOMIONAKTCS B
OIyXOJIEBbIX TKAHSX. B TaHHOM OIMUCAHWU aBTOPbI HACTOSINETO M300PETeHUSI JEMOHCTPHUPYIOT,
yt0o uHpopmauus 0 CNA u CBSI3aHHBIX C PAKOBBIM 3a00JIEBAHUEM M3MEHEHHUSIX METUIIHPOBAHUS
MOKeT OBITh OJHOBPEMEHHO NOJy4YeHa npu OucynbpuTHOM cexBeHupoBannu JIHK mmasmer
ITockonbKy yKa3aHHBIE IBa THUIIA aHAJTH3a MOTYT OBITh MPOBEIEHBI HA OXHOM HaOOpe JaHHBIX,
MPAKTUYECKH OTCYTCTBYIOT NOMOJIHUTENbHbIE pacxoabl Ha aHanmu3 CNA. CormacHo apyrum
BApUAHTAM peaJH3allMd MOTYT TIPOBOAUTHCS OTHAEIbHbIE NPOLEAYPBl Ui  TOJYYECHHUS
UHpOpPMALMK O METWIMPOBAHUHU M reHeTndeckod nHpopmarmu. CoriacHo IpyruM BapHaHTaM
peanu3alu MOKET MPOBOAMTHCS aHAJOTHYHBIA aHAJIN3 CBS3aHHOTO C PAKOBBIM 3a00JIeBaHHEM
TUINEepMETIIINPOBAaHUs B coueTaHuu ¢ aHann3soMm CNA.

[0400] Ha ¢ur. 37A mnpencraneH ananmu3 CNA 1y OnyxoJieBbIX TKaHEW, Ha He
obpaborannoii oucynspurom (bC) JHK mmasmer u oOpadorannoii ducynspurom THK mmazmbl
(ot mentpa k kpasm), mis nanuenra TBR36. Ha ¢ur. 37A npencrasnen ananmuz CNA s
OMyXOJIEBbIX TKaHel, Ha He oOpabotannoii 6ucynbpurom (BC) JHK mmasmber u obpabotaHHOM
oucynbpurom JIHK mmasmbel (0T uentpa k kpasim), ans naumeHra TBR36. Buewnwii kpyr
npeacrasisier coboil upeorpaMmy XpoMocombl. Kaxniasi TOuka MpencTaBlsieT pe3ysbTaT AJis
obiactu oobemom 1 MO. 3eneHbIMH, KPaCHBIMH U CEPbIMH TOYKAMU OOO3HA4YEeHBI OOJIACTH C
noOaBjieHHEeM KOMUH, yTpaTol Komud u 0e3 HM3MEHEeHHs] YHCJia KOMHM, COOTBETCTBEHHO.
[IpuBeneHs!l Z-moKa3aTeNny Ui aHAJIH3a TUIa3Mbl. Pa3HOCTh MEXIy ABYMSI KOHLEHTPHYECKUMHU
nuHusAMH coctasisger 5. IlokazaHo 4yucino KOmMMHM I aHanu3a ONMyXOJeBOM TkaHW. Pa3HOCTB
MEXIY OBYMsI KOHLEHTPHYECKUMH JIMHUAMH cocTaisier 1 xormmro. Ha ¢ur. 38A mpencrasnen
aHanu3 CNA 11t omyxoneBbIX TKaHel, Ha He obpaboTannoit 6ucynbpurom (BC) JIHK mnasmer u
oOpaborannoii Oucynbpurom JIHK mnasmel (oT meHTpa k Kpasm), ans manueHta TBR34.
ITatrepuer CNA, nerekTupoBaHHbE B 00OpabOTaHHBIX OUCYIBGHUTOM M HE 00pabOTAHHBIX
oucynbpuToM 00pasuax rmiasmbl, COrJIacOBAINCE.

[0401] ITatreprbr CNA, neTekTUPOBaHHBIE B OMYXOJEBBIX TKaHAX, HE 0OpabOTaHHOI
OoucynbpuTtoM 1azMe U oOpaboTaHHONW OHCynbQUTOM IUIa3Me, COrJlacoBamuch. s

JanbHEeHIel OLeHKH COOTBETCTBUS MEXIY pe3yjbTaraMu aisi oOpaboTaHHON OHCYNbGUTOM U
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He oOpaboTtaHHOI OucynbduToM 1uasmel ctpornu rpaduk paccesauss. @ur. 37B npencrasnser
co0oli rpaduK paccesHus, OTPAKAIOIMUN 3aBUCUMOCTb MEXIy Z-MOKa3aTesIMHU IS AETEKLHUU
CNA Ha yuactkax pasmepoMm | MO ¢ npumeneHuem oOpabOoraHHON OucynbhuTOM U HE
oOpabotanHoi Oucynbdurom masmel, ans nanueHra TBR36. Habmromanace monoskutenbHas
KOppeJssiLus My Z-MOoKa3aTeJsIMH yKa3aHHbIX ABYX aHanu3os (r=0,89, p<0,001, koppemnsiuus
ITupcona). @ur. 38B mpexncraBnser cobol rpaduk paccesHHs, OTPaKAOIINUH 3aBUCHUMOCTb
Mexxay Z-mokasarensimu aisi netekiud CNA Ha yvacTtkax pasmepoM | MO ¢ mpumeHeHHEM
oOpaboTaHHON OHCYJIBUTOM U He OOpadOTaHHOH OUCYJIB(PUTOM IUIA3MbI, IS TMAlUEHTA
TBR34. HaGmonanace moJOXKHUTEIbHAS KOPPEJSALUS MEXAY Z-TIOKa3aTeNSIMU YKa3aHHbBIX ABYX
anam3oB (r=0,81, p<0,001, xoppemsiims [Tupcona).

C. Cunepeemuyeckuii ananu3 CEA3AHHBIX C PAKOBLIM 3A001e6aAHUEM

CNA u uzmenenuti memunupoeanus

[0402] CornacHo npuBeneHHOMY BbIlle OonMucaHU0 aHaiu3 Ha CNA MokeT BKJIHOYaTh
NOACYET YHCJIa PHUIOB CEKBEHHUPOBAHHMS B Kaxnol oOiactu pasmepom 1 MO, a ananms
IUIOTHOCTH METHUJIMPOBAHUS MOXKET BKJHOYATh BBIABJIEHHE IOJH METHJIMPOBAHHBIX OCTaTKOB
muro3uHa B aumHykieotnaax CpG. KomOuwHMpoBaHME VYKa3aHHBIX [IByX AaHAJIM30B MOXKET
o0ecreynTh CUHEPreTUIECKY0 HH(POPMALIHIO JIsl AETEKLMHN PaKoBbIX 3a0oneBanuii. Hanmpumep,
kinaccupukaiyss MeTwiupoBaHus U kiaccudukaimuss CNA  MOryT HCHOJB30BATHCS IS
OTIpeeNIeH s TPEThel KIIacCU(pUKALMU YPOBHS paka.

[0403] CornacHo ogHOMY BapHaHTy peaju3alMM HaJIU4dhe JUOO CBSI3aHHBIX C PAKOBBIM
3aboneBanneM CNA, 1u00 M3MEHEHUH METUIMPOBAHMUS MOXKET HCIIONb30BAThCA IS
YCTaHOBJIEHHsI ITOTEHIIMAIBHOTO HAJMYMS pakoBOro 3adbosesaHust. COriacHO TaKOMY BapHAHTY
peanu3aiyy 4yBCTBUTEIBHOCT JETEKIIUH PAKOBOTO 3a00JI€BAHHS MOXKET ObITh MOBBILIEHA TPU
Hanmmyuu Jubo CNA, nubo u3MeHeHulN MeTUJIMPOBAHHUS B IUIa3Me TECTHPYEMOro CyOBeKTa.
CornacHo npyromMy BapHaHTy peaji3aliy HaIUIre 000X U3MEHEHUH MOXKET MPUMEHSIThCS IS
YCTAHOBIIEHHsSI HAJTU4Usl PakoBOoro 3adonesanus. COracHO TAaKOMy BAapHAHTy peaTH3aLHA
cneuru(pUIHOCTb TECTA MOKET OBITh MOBBIIIEHA, TAK KAK U3MEHEHUs JIF0OOTr0 U3 YKa3aHHBIX JABYX
TUTNOB TOTEHIHATbHO MOTYT JETEeKTHPOBATBHCA Yy HEKOTOPBIX HE MMEKINX PaKOBBIX
3a0oneBannii  cyObekTOB. COOTBETCTBEHHO, TPeTbs  KIacCUPUKALMS  MOXKET  OBITh
NOJIOXKHUTEIbHOM TIO0 PAakoBOMYy 3a0OJIEBAHMIO TOJIBKO B TOM Clydae, €CIH U IepBas
KJIaccU(pUKALWSL, U BTOPasi KJIaccu(pUKaIusl yKa3bIBalOT HA PaKOBOE 3a00IeBaHNE.

[0404] B uccnenosanue Brirovanu 26 mauueHtoB ¢ I'LIK u 22 3n0poBbix cyObekToOB. Y
kaxaoro cyowrekra Opanm obpasen kpoBu u cekBeHuposaian JJHK mmasmbr mocie obpaboTku
oucynbdurom. Y namuenton ¢ I'LIK oOpa3ubl kpoBu Opaiii B MOMEHT YCTAHOBJICHHSI JUArHO3a.

Hanuuyue 3Haummoro komuuectBa CNA onpenensiay, Hanpumep, Kak npucytctsue >5%
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Y4aCTKOB, AE€MOHCTPUPYIOIIMX Z-mokasatenab <-3 uiau >3. Hanuume 3HaYMMOro CBSI3aHHOIO C
pPaKkoBbIM 3a00JIEBAHHEM THUIIOMETIIIMPOBAHMS ONPEAENSUIM KaK NMPUCYTCTBHE >3% yYacCTKOB,
IeMOHCTpHUpyoIUX Z-nokazatenp <-3. KommuectBo obOnacred (y4acTKOB) MOXKET OBITh
NPE/ICTaBJIEHO, HAIIPUMeEp, B BUJE MOJACUUTAHHOrO 0e3 00pabOTKU YKCNa YUACTKOB, MPOLIEHTA U
JJIMHBI YKA3aHHBIX Y4aCTKOB.

[0405] B Tabnume 3 mokasaHa aeTekims 3Ha4YMMbIX KojuuecTB CNA M M3MeHeHHit
METUINpPOBaHUs B muasme 26 mauueHToB ¢ I'TIK npu mpumeHeHMH MacCHBHO-NApasUIEIbHOTO
cekBeHUpoBaHus obpadboranHou oucynbdurom JJHK mnazmer.

CNA

Hanuune | OtcyTcTBre

Hsmenenue Hanuuue 12 6
METUJIUPOBAHUS

OrcytcTBHE 1 7

Tabanua 3

[0406] YpoBHH [neTeknMM CBSI3AHHOTO C  PAKOBbIM  3a00JICBAaHHEM  HM3MEHECHHSI
metmnipoBanuss 1 CNA cocraBmsumm 69% u 50%, COOTBETCTBEHHO. YPOBEHb JAeTeKuuu (T.e.
IMAarHOCTHYECKasi YyBCTBUTEJIbHOCTD) MOBBIIAICS 10 73% NpU HCIIONBb30BAHUH MPHUCYTCTBUS
MoOO0T0 MoKa3aTesst [UIsl yCTAHOBIIEHHSI MOTEHIIHAIBHOTO HAJIMYNS PAKOBOTO 3a00JI€BaHMUS.

[0407] IToka3zanbl pe3yabTaThl AJIs ABYX MAMEHTOB, oTpakaromue nudo Hammune CNA
(®ur. 39A), mubo usmenenus: merwnuposanus (Pur. 39B). dur. 39A npexncrasisier coboit
Circos-rpaduk, mnpexncrausromuii CNA (BHYTPEeHHUH Kpyr) W aHaiu3 METWINPOBAHUS
(BHemHMI Kkpyr) mns obpaboranHHO# Oucynbpurom miaasmbl nmanuenta ¢ I'LIK TBR240. B
ananmmnze CNA 3eneHbIMH, KPAaCHBIMU U CEPbIMH TOYKaMHU 0003HaueHbI 00J1acTH ¢ 10OABICHUSIMU
XPOMOCOMHOTO MaTepuaja, yTpaTaMH XPOMOCOMHOTO MaTepuana, a Takke obOnactu 0e3
U3MEHEHHUS YHCIa KOMHH, COOTBETCTBEHHO. B aHanmM3e MeTHIIMPOBAHUS 3€IeHbIMU, KPACHBIMH U
CepbIMH TOYKaMH OOO3HA4YeHbI OOJIACTH C TUIEPMETUIMPOBAHUEM, THIOMETIIIMPOBAHUEM U
HOPMaJIbHBIM ~METHJIMPOBAHUEM, COOTBETCTBEHHO. Y VKa3aHHOTO TMALMEHTa B IUIa3Me
IETEKTUPOBAJIN CBSI3aHHBIE C PakoBbIM 3a0oneBanneM CNA, Torga Kak aHaJIN3 METUIIMPOBAHUS
He OOHApy>XWJI 3HAYUTEJBHOTO CBS3aHHOTO C PAKOBBIM 3a00JIEBAHUEM THIIOMETHUIIMPOBAHUS.
@ur. 39B npencrasisier codoit Circos-rpaduk, npencrassronuii CNA (BHyTpeHHHH KpyT) H
aHaJIN3 METHJIMPOBaHUS (BHEIIHUH KPyT) st 00paboTaHHOH OMCYJIb(GUTOM IUIa3Mbl ALIUEHTA C
I'TIK TBR164. V yka3aHHOrO MalMeHTa NEeTEKTUPOBAJN CBS3aHHOE C PAaKOBBIM 3a00JIeBaHUEM
TUNOMETIIINpOBaHue B miazMe. OgHako 3HaUnTeNbHBIX kKonndecTB CNA He Habmonanoce. Itu
pe3ynbTaThl UIsI ABYX NAIMEHTOB, OTpaxaromue Hamuune kak CNA, Tak ¥ H3MeHEHHH

MeTUINpoBaHus, npenctasneHs! Ha ¢ur. 48A (TBR36) u 49A (TBR34).
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[0408] B Tabnuie 4 mokazaHa AeTeKLUs 3HAYUTENbHBIX KojudecTB CNA u M3MeHeHui
METUJIMPOBAaHUSI B Tula3Me 22 KOHTPOJbHBIX CYObEKTOB C MPUMEHEHHEM MAaCCHBHO-
napaJuleJIbHOTO CeKBeHHpoBaHUs oOpadoranHoit Oucynbpurom JIHK mmasmbr [y oueHkH
KQXIOTO U3 KOHTPOJBHBIX CYOBEKTOB WCIOJb30BAIM MeTOn OyTcTpenmnuHra (T.e. C
UCKJIFOYeHHEeM MO OxHOMy oOpasily). COOTBETCTBEHHO, MPHU OLEHKE KOHKPETHOTO CyOBbeKTa
octanbHble CyOBekThl (21 cyOBeKT) HMCHONB30BaJHMCh Al pacdera cpemHero u SD s

KOHTPOJIBHOH IPYyMIIBL.

CNA

Hanuuue | OtcytcTBHe
Hsmenenue Hannuue 1 2
METHITHpOBAHY OtcyTcTBUE 1 18
Tabanua 4

[0409] CrienupudHOCTh NETEKIMU 3HAYMTEIBHBIX M3MeHeHH MeTwiupoBanus u CNA
coctaBisia 86% u 91%, coorBercTBeHHO. CrienuduyHOCTE mMOBBITANACh 10 95%, ecnu
TpeOOoBaIOCh MPUCYTCTBHE OOOHMX MOKa3aTeel A YCTAHOBJIEHUS MOTEHIMAIbHOrO HAJTUYUS
paxoBOro 3a00JIeBaHMS.

[0410] CormacHo omHOMY BapwWaHTy peanu3auuud oOpasmbl, mojokutenabable Mo CNA
WWIN THINOMETUIMPOBAHUIO CUYHUTAIOT TIOJIOKUTENbHBIMUA II0 PAaKOBOMY 3a00JI€BaHHIO, U
o0pasupl, rae He AETEKTUPYETCs HU TO, HU APYroe, CYUTAIOT OTpUIaTelbHbIMU. IIpuMeneHue
JIOTUYECKOW CXeMbl «WIm» obecrieunBaeT Oojiee BBICOKYIO 4yBCTBUTENIBHOCTb. COrNIacHO
APYTroMy BapUaHTy peaju3aldy TOJbKO MoJoKuTeNbHble U 10 CNA, U 10 rMIOMeTHINPOBAHHUIO
o0pasubl CYUTAIOT TOJOXKUTENbHBIMA MO pPakoBOMYy 3a0OJNeBaHUIO, TakuM 00Opazom
obecnieunBaetcst Oonee BbICOKast crieuduuHOCTh. COrNIaCHO ele OJHOMY BapHUAHTY peasu3aliiu
MOKET HCIIOIb30BaThCsl TpH YpoBHA Kiaccupukanuu. CyObeKTOB KIACCHPUIUPYIOT IO
HAJIMYHIO. 1. 0OOUX HOPMAJIbHBIX TIOKa3aTeNiel; 1i. OJHOr0 aHOMAJIBHOTO MOKa3aTeJs; iii. 00oux
AHOMAJIBHBIX NTOKA3aTeNeH.

[0411] ns ykas3aHHBIX TpeX KJIACCU(PUKALMIA MOTYT MPUMEHSATHCS Pa3HBbIE CTPATETHH
nocienywmero uccnenosanus. Hampumep, ansg cyObekToB (iii) MOXET HCIONIb30BATHCS
HanOoJiee MHTEHCHBHBIN MPOTOKOJ TMOCIEAYIOIIEro HCCICNOBAHUS, HANpPUMeEpP, BKIFOYAROLIUIA
BU3YQJIM3AIMIO BCEro OpraHm3Ma, misg CyObekToB (i) MOKET HCIOJb30BaThCS MEHee
WHTEHCHBHBII ~ NPOTOKOJ  TOCJHEAYIOLIEr0  HMCCIENOBAHMs,  HANPHUMEP,  IOBTOPHBIE
cexpenuposanusi JIHK mnmasMbl 4epe3 OTHOCUTENBHO KOPOTKHMHM IPOMEXKYTOK BpPEMEHH,
COCTABJISIFOLINHA HECKOJBKO HeNeNb, U I CyOBEeKTOB (1) MOXKET HCIIOJNb30BaThCS HAMMEHee

WHTEHCUBHBIN MPOTOKOJI MOCJEAYIOLIEr0 UCCIENOBAHUS, HAIPUMEpP, NMOBTOPHOE TECTUPOBAHUE
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yepe3 HecKosbko JieT. CornacHo APyruM BapuUaHTaM pealnu3aliyd U3MEpeHHs] METUIUPOBAHNUE U
CNA MOXeT NMPUMEHSATECS B COYETAHUU C JPYTHMH KIMHUYECKUMH TapaMeTpaMu (Hampumep,
pe3ynbpraTaMl BHU3yalu3alM WIM OHOXUMHUYECKUMH IIOKAa3aTeNsIMH  ChIBOPOTKH)  JJIs
JOTMOJTHUTEIBHOTO YTOYHEHUS KJIaCCU(PUKALIIH.
D. IIpoenocmuueckas  yennocms aunanuza JIHK niaasmer  nocie
HANPAGNIeHHO20 HA U3NeYenue JeveHus

[0412] Hanuurie cBsizaHHBIX C pakoBbiM 3aboneBanreM CNA  w/uiau  W3MEHEHHI
METUJIMPOBAHUSl B IUIa3M€ YKa3blBa€T Ha Hajauuue npoucxonsmenn u3z omnyxonu JHK B
KpPOBOTOKE OOJIbBHOTO pPaKOBbIM 3a0ojieBaHMeM mnarmeHTa. llocne neueHust (Hampumep,
XUPYPTUYECKOr0) OKUJAETCSl YMEHBIIEHHE WM HMCYC3HOBEHHE YKA3aHHBIX CBS3aHHBIX C
pakoBbIM 3aboneBaHueM wu3MeHeHHH. C Opyroil CTOPOHBI, NEPCUCTHPOBAHUE YKA3aHHBIX
U3MEHEHUIl B IMJa3Me I[oclie JIeUeHHs MOXET YKa3blBaTb Ha HEMNOJHOE YJalleHHe BCeX
ONyXOJIEBBIX KJETOK U3 OpraHu3Ma U MOXKET MOAXOAMTH [Jisi NMPOTHO3UPOBAHUS peLUANBa
3a0oneBaHMs.

[0413] O6pa3usr kpoBu Opamm y asyx namuentoB ¢ I'LIK, TBR34 u TBR36, uepes
HEJleNII0 TOCNie HAIPABJIEHHOTO Ha M3JIEYeHHE XUPYPrU4YecKOro yJaleHus omyxoJiedl. AHamus
CNA u MeTWIUpOBaHUS TPOBONMIM Ha oOpaboTaHHbIX OHCYyJIbPUTOM oOpa3uax
MOCJIEONEPALMOHHOM TJIa3MBl.

[0414] Ha ¢ur. 40A noxazan ananmu3 CNA Ha oOpaboranHoii Oucynbpurom JIHK
wia3Mbl, COOpaHHOW 10 (BHYTPEHHUH Kpyr) M mociie (BHELIHHUH KPYr) XHUPYPTUYECKOrO
yaanenus: onyxonu y nauuenta ¢ I'lIK, TBR36. Kaxnasa Touka npencrasiseT pes3yibTaT AJis
obnactu pasmepom 1 MO. 3eneHbIMH, KPAaCHBIMH U CEPbIMH TOYKaMU OOO3HA4YeHbI 00JIacTH C
YBEJIMYCHUEM YHUCJIA KOMHM, YTPATOH KOMUil 1 Oe3 M3MEHEHUN YMCJIa KOMUM, COOTBETCTBEHHO.
BonbiuacTBo CNA, HaOMOOABIINXCS OO0 JISYSHHs, UCUYE3aIH MOCHe yaaleHus: onyxomu. Jlons
y4acCTKOB, IEMOHCTPUPYIOIIUX Z-MoKa3aTenb <-3 wiu >3, cHuxkanach ot 25% 1o 6,6%.

[0415] Ha ¢ur. 40B mokasaH aHajau3 MeTWIHPOBaHHUS 0OpabOTaHHOW OUCYIBGUTOM
JHK miasmbl coOpaHHOW 10 (BHYTPEHHUI Kpyr) W mocjie (BHEUIHUH KpPYT) XHPYPrUdecKoe
ynaneane omyxonu y mauueHta ¢ I'LIK TBR36. 3eneHpiMu, KpacHbIMH U CEPBIMH TOYKAMHU
o0o3HaueHbl 00JaCTH C TUMEPMETHIUPOBAHHEM, THUIOMETHIHUPOBAHUEM M HOPMAJbHBIM
METUJIMPOBAHUEM, COOTBETCTBEHHO. Halmromajaoce 3aMeTHOE CHWKEHHE JIOJIM  YYacTKOB,
IEMOHCTPHUPYIOIIUX 3HAYUTENbHOE runoMeTuianposanue, ¢ 90% no 7,9%, m Habmronmanoce
TaK)K€ 3aMETHOE CHIDKEHUE CTENEeHU TMIIOMETHIINPOBaHUA. Y YKa3aHHOIO MalUeHTa HAacTyIuia
MOJIHAs KIIMHUYECKasl PEMUCCUs Yepe3 22 Mecsila Mocie yAAIECHUs OMyXOJIu.

[0416] Ha ¢ur. 41A nmoxazan anamm3 CNA oOpaGorannoii oucynasdurom JIHK mnazmer

coOpaHHOH a0 (BHYTpPEHHHH Kpyr) U mocie (BHEIIHUN Kpyr) XHPYPrUYECKOro yIaleHUus
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onyxonmu y mamuenta ¢ ['IK, TBR34. Xora HabmromaeTcst CHIDKEHHE KaK YHCIIA Y4YacTKOB,
nemoHcTpupyromux CNA, Ttak u BenumuuHbl CNA B MNOpaXKeHHbIX Yy4acTKax IIOCTe
XUPYPTUYECKOrO yJAaJeHUs OMyXOJH, MOXHO HabOmomath octatrounele CNA B oOpasue
NOCJIeONepaMOHHON M1a3Mbl. KpacHeiM kpyrom o0o3HaueHa o0nacTh, rae HanOoiee OUeBUIHO
BeIpakeHbl octaTouHble CNA. Jlons y4acTKOB, IEMOHCTPUPYIOLINX Z-MoKa3aTenb <-3 Wiu >3,
cHmkanacek ot 57% no 12%.

[0417] Ha ¢ur. 41B. moka3aH aHaju3 METHJIMPOBaHMsS 00pabOTAaHHOU OUCYJIBPUTOM
JHK nna3mel coOpanHOW A0 (BHYTPEHHHH Kpyr) W mociie (BHEMIHUH KPYr) XHPYPrU4eCKOro
yaanenus onyxonu y nanuenta ¢ I'TIK TBR34. BennunHa runomMeTuinupoBaHusl yMEHbIIAIACh
nocje yAaleHus OMNyXOJH, IPU YMEHbIIEHUH CpPEAHEero 3HaueHus Z-TmokaszaTens i
TUIIOMETHIIMPOBAHHBIX YYacTKOB OT -7,9 1o -4,0. OnHako A7 JONIU YyYacTKOB € Z-MoKa3aTeaeM
<-3 Ha0OIAI0Ch MPOTHBOMOJIOXKHOE U3MEHEHHE, ¢ yBennueHneM ot 41% no 85%. YkasanHoe
HaOJIO/IEHNE MOTEHLHAIBHO YKa3bIBAET HA NMPUCYTCTBHE OCTATOYHBIX PAKOBBIX KIJIETOK IOCIE
neuenns. KimHnueckn Obpuio OOHApPYXKEHO HECKOJNBKO OUYaroB ONYXOJEBBIX VY3JIOB B
Hepe3eLMPOBaHHON MevueHu depe3 3 Mecsua nociue yaaneHus omyxonu. C 4-ro mecsua mnocie
XUPYPTUYECKOrO BMEIIATENbCTBA HAONMIOJANNCh METAacTa3bl B JIETKWE. YKa3aHHBIA MAL[UEHT
CKOHYAJICSI B Pe3yJibTaTe JIOKAJbHOIO PELUJMBA U METACTa3UpOBaHUA uepe3 8 MecsleB Mocie
OTIepaLMH.

[0418] HaOmonenust B cnyvasx ykasaHHbix nByx mnanueHtoB (TBR34 u TBR36)
HPEIOJaraloT, YTO HAJINYHE OCTATOYHBIX CBSI3AHHBIX C PAKOBBIM 3a00JI€BaHMEM H3MEHEHHUH
CNA ¥ runomMeTuIMpOBaHUsI MOXKET HCIOJIb30BAThHCS JJIi MOHUTOPHHIA U MIPOTHO3UPOBAHUSA Y
GONBPHBIX PAKOBBIMHU 3a00JIEBAHUSMH MALMEHTOB TI0CJIE HANIPABIEHHOTO HA W3JICYEHHUE JICUSHMS.
JlaHHbIE TaKXKe MOKAa3ajy, YTO CTeNeHb U3MEHEHHUs KonudecTBa aerekrupyeMbix CNA B muiasme
MOKET HCIOJBb30BaTbCsl CHHEPreTHMYeCKH C OLGHKOW CTeNneHH H3MEHEHHUs YPOBHS
runometupoBanust JIHK miasmel s mpOrHO3MPOBaHHMS W MOHUTOPUHTA 3(PPEKTUBHOCTH
JIeUeHus.

[0419] CoOoTBETCTBEHHO, COTJIaCHO HEKOTOPbIM  BapUaHTaM peaiu3allid  OIWH
Ouosormueckuii odpasel MoNydarT A0 JISYeHHs U BTOPOH OHMosormueckuii odopaser mojyydaroT
nocjae JiedeHus (Hampumep, Xupypruueckoro). Jlyis mepBoro oOpasia MONy4aroT MepBbIe
3HAYEHUsI, HampuMmep, Z-Tokasarenu mus obnactedl (HampuMep, YPOBHH METHIMPOBAHHUS
obmactn u HopmHupoBaHHble 3HaueHHs CNA), m uymucino obnactell, IEMOHCTPUPYIOIINX
runometmnposanre 1 CNA (Hanpumep, amIundpuKanuo wim aenennto). s sroporo odpasia
MOTYT OBITH MOJy4YeHbI BTOpbIE 3Ha4deHHsA. COriacHO OPYrOMy BapHaHTY pPEaJM3aLUU IOCIe
JeYEHUsT MOKET OBITh IMOJIyUYeH TPETHH WM JaXke MOCIEAYIOLINE IOMOJHUTEIbHbIE 00pasIibl.

Uucno obnacteli, neMOHCTpUpYIOIKX runoMeTinuposanre 1 CNA (Hanpumep, aMrundukannio
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WU JIETIELIUI0) MOXKET OBITh TOYYEHO IS TPETHETrO MM AAXKe IOCIEAYIOMHX JTOTOTHUTENbHBIX
00pa31os..

[0420] CornacHo nmpuBeneHHOMy Bbile onucanuio s ¢ur. 40A u 41A nepBoe 4ucio
oOmacTell, IEMOHCTPUPYIOIIMX TUIOMETHJIMPOBAHME, JJI MEpBOro o0pasla  MOKET
CPaBHMUBATHCS C BTOPHIM KOJMYECTBOM 00IaCTeH, IEMOHCTPUPYIOIIUX THIOMETUIMPOBAHUE, IS
BTOporo obpasma. CoryiacHO MpUBEIEHHOMY Bbimie onucaHuto aisi ¢ur. 40B u 41B mepsoe
KOJIMYECTBO JIEMOHCTPUPYIOIIUX TUIIOMETHIINPOBaHUe obyacTel i mepBoro odpasia, MOKET
CPaBHUBATHCS CO BTOPBIM KOJHMYECTBOM IEMOHCTPUPYIOIIMX THIIOMETHIINPOBAHUE 00IacTel st
BTOporo oOpasua. CpaBHEHHME YKa3aHHOTO TMEPBOTO KOJMYECTBA C YKA3aHHBIM BTOPBIM
KOJINYECTBOM, M IMEPBOr0 YMCIA C BTOPHIM YHUCIOM MOKET HUCIIOJIb30BAThCS MJI OIpeneIeHUs
nporHos3a jeueHus. CorjacHoO pasjMyHbIM BapHUaHTaM peaju3alH TOJbKO OAHO W3 CPaBHEHMI
MOXET OBITh OINpPENEeNSIOUINM ISl MPOTHO3a, JIMOO MOTYT HCIOJB30BaThCsl 00a CpaBHEHUS.
CornacHo BapuaHTaM peaiu3alliy, I/ie MOdy4aroT TPETUH WIH MOCIeNYIOIINe JONOJHUTEIbHbIE
oOpasupl, OAWH WM OOJbIlee KOJIMYECTBO YKAa3aHHBIX OOPa3LOB MOXKET MPUMEHSTHCS IS
OTIpeNeNIeH s MPOTHO3a JICYCHUS, OO caMu 1o cede, T1O0 B COYETAHHH CO BTOPHIM 00pa3IioM.

[0421] CormacHo OmHOMY BapuaHTy peau3aluy IeJaroT Oojee MIOXOH MPOTHO3, eCiH
nepBasi pa3HOCTb MEXAy MEpPBbIM KOJIMNYECTBOM M BTOPBbIM KOJMYECTBOM HIDKE IOpOra s
nepBoil pazHocTu. COracHo ApyroMy BapUaHTy peajM3aliy JeNarT 0ojiee IUIOXOH MPOrHO3,
€CJIM BTOpasi pa3HOCTH MEXJAy MEpPBbIM YUCJIOM U BTOPBIM YHCJIOM HHXE MOpOra Ay BTOPOM
pasHoctu. Ilopor Mosker ObITh OOMHAKOBBIM WM pa3HbIM. COIJIACHO OJHOMY BapUAHTY
peanu3zaluyd MOPOr i MNEpPBOM pa3HOCTM M MOPOr sl BTOPOM pa3sHOCTH paBHBI O.
CoOTBETCTBEHHO, B IpUMeEpEe, MPUBEICHHOM BbIllE, PAa3HOCTb 3HAUEHUH METHJINPOBAHUS
yKa3bIBaeT Ha XyALINN MPOrHo3 11 nanuenta TBR34.

[0422] TIporHo3 MokeT ObITh Jydille, €CIM TiepBas PasHOCTb W/UJU BTOpasi Pa3sHOCTH
BBILIE OJHOTO M TOTO JK€ IMopora JuOO COOTBETCTBYHOLIMX moporos. Knaccudukamms st
MPOTrHO3a MOXET 3aBUCETh OT TOT0, HACKOJIBKO BBILIE WM HIKE MOPOra UMEIOLINECs Pa3Iudus.
JUisl TONTyYeHUsI Pa3JInYHbIX KJIACCU(UKALMIA MOKET HUCTIONb30BAThCS HECKOJIBKO rmoporos. Ilpu
Oosiee 3HAYUTEIBHBIX PA3TMUYUSIX MOTYT MPOTHO3MPOBATHCS JIYUINHE WCXOMBL, & MPU MEHBIINX
pa3nuuusX (M JaXke OTPHULATENbHBIX 3HAUYEHHSIX) MOTYT ITPOrHO3UPOBATHCS XY ALIHE UCXO/BI.

[0423] CornmacHO HEKOTOpPBIM BapuaHTaM pealu3allid MOTYT TaKXe YUUTHhIBAThCS
MOMEHTBI BPEMEHH, KOrJa OTOMPArT pa3indHble oOpasipl. llpy HaMMUMM TakuX BPEMEHHBIX
NapaMeTpoB BO3MOXKHO OMNPEAENUTh KUHETUKY HJIM CKOPOCTh U3MEeHEeHUs konudecTBa. CornacHo
OJHOMY BapHaHTy peajlu3aluud ObICTPOE CHIDKEHHE AaCCOLMUPOBAHHOIO C  OMYXOJbIO
TUMIOMETHJINPOBAHMS B IJIa3Me W/WIM OBICTPOE YMEHbILIEHHE ACCOLMHPOBAHHBIX C OMYXOJbIO

CNA B mya3Me ykas3blBaeT Ha XOpPOIIMH NporHo3d. M HampoTuB, CTaTUYHOCTb HJIM OBICTpOE
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NOBBIIIEHNE ACCOLMUPOBAHHOTO € OIMYXOJIBIO THITIOMETHIMPOBAHUS B IJIA3Me W/UJIH CTATUYHOCTb
wu OBICTPOE YBEJIHMUYEHHE AaCCOLMHPOBAHHBIX ¢ 0nyXxoJbt0 CNA yka3bIBaeT Ha MJIOXOH MPOTHO3.
Wsmepennss merummposanuss u1 CNA MOIyT HCHOJB30BAaThCS B KOMOMHALMH C JPYTHMMHU
KJIMHUYECKMMHU TapaMeTpaMu (Hampumep, pe3yJibTaTaMi BH3yaln3aluHd, OMOXUMHYECKUMU
NIOKAa3aTeJsIMUA ChIBOPOTKHU HJIM OEJNIKOBBIMH MapKepaMu) JUIs MPOTHO3UPOBAHMS KIIMHUYECKOTO
UCXO07A.

[0424] CornacHo BapuaHTaM peajH3allMd MOTYT MCIOJIb30BATHCS JpyrHe OOpasLbl
NOMUMO TUTa3Mbl. Hampumep, acCOLUMHPOBAHHBIE C OMYXOJbI adeppaluy METHJIUPOBAHHS
(HampuMmep, TMIIOMETHIIMPOBAHKE) W/WJIA acCCOLMUPOBaHHbIE ¢ omyXxojbi0 CNA MoryT ObITh
U3MEpEeHbl B OMNyXOJIEBbIX KJIETKaX, LUPKYJIUPYIOIIMX B KPOBU CTPaJaAKOLIUX pPAKOBBIM
3a0oneBaHNEM MAalMEHTOB, B cBOOOAHON oT kietok JIHK mmm omyxomneBbIX KIETKax B MOYE,
CTyJie, CIIFOHE, MOKPOTE, OMIIMAPHON SKUAKOCTH, KUIKOCTH TOKENYIOYHOH KeJe3bl, IIeeUHbIX
Ma3KaxX, CeKpeTe TOJIOBbIX MyTeH (HampuMep, BiArajina), ACHUTHYECKOH JKHIKOCTH,
IUIEBPAJIbHOMN )KUJKOCTH, CEMEHHOM JKUAKOCTH, NIOTE U Clie3e.

[0425] CornacHo pa3nuyHBIM BapuaHTaM peaju3alUl aCCOLMHUPOBAHHBIE C OMYXOJIBIO
abeppanuu MeTWINPOBaHUs (HAMPUMEpP, THIIOMETIJIUPOBAHUE) W/HIIU aCCOLMHPOBAHHBIE C
onyxonpt0 CNA Moryt ObITh OETEKTHPOBAaHbI B KPOBH WJIHM IUIa3Me MAIMEHTOB C PaKkOM
MOJIOYHOM KEJIE3bl, PAKOM JIETKOr0, PaKOM TOJICTOH U MPSIMOW KMILKH, PAKOM IMOIKEIy JOYHOU
JKEJIe3bl, PAKOM SIMYHMKA, HOCOIJIOTOYHOW KapLUMHOMOM, PAKOM IIEHKU MAaTKH, MEJIaHOMOM,
ONMYyXOJISIMH TOJIOBHOTO Mo3ra U T.J. Takum o00Opa3oMm, IOCKONbKY METWJIHPOBAaHHE MU
reHeTH4ecKre m3MeHeHus, Takue kak CNA, npeactaBistoT co00il yHUBEpPCaIbHOE SIBICHNUE NPU
PaKkoBBIX 3a00JIEBAHUSX, OMHCAHHBIE CHOCOOBI MOTYT TPUMEHSTHCS U BCEX THIIOB paka.
Wsmepenuss metwnupoBanus U CNA MOryT HCHOJB30BaThCS B COYETAHUU C JAPYTUMU
KJIMHUYECKHMU MapaMeTpamMu (Harmpumep, pe3ysibTaTaMH BHU3YaJIH3alHN) JAJIsl POTHO3UPOBAHHS
KJIMHUYECKOro ucxoaa. BapuaHTel peanuzanuy Takke MOTYT MPUMEHATHCS IJIsl CKPUHUHIA U
MOHUTOPHUHIA MALKUEHTOB C MPEIPAKOBBIMU COCTOSIHUSIMU, HAIIPUMED, aleHOMaMHU.

[0426] CooTBEeTCTBEHHO, COIJIACHO OJHOMY BapHaHTy pealu3alid  YKa3aHHBIH
Ouonornueckuii obpaser OepyT A0 JedeHus1,  MoBTOPs0T u3mMepeHuss CNA U MeTHIMpOBaHUS
nocje JedeHus. YKa3aHHble H3MEpEeHus MOIyT JaBaTh Clelylollee I[epBOe KOJUYECTBO
o0nacTeil, U1 KOTOPBIX OBLIO OMpeneIeHo MPUCYTCTBHUE AENELUH WITH aMILTH(UKAIUN, 1 MOTYT
7aBaTh CIENYIOIee BTOPOE KOJMYECTBO OOJACTel, KOTOphble, Kak OBUIO ONpENeNeHO, MMEOT
YPOBEHb METWJIMPOBAHUs OOJIACTH, MPEBBILAIOIINNA COOTBETCTBYIOINEE MPEAETbHOE 3HAUCHHE
st obnactu. IlepBoe KOJTMUECTBO MOXKET CPABHUBATBCS CO CIENYIOIIUM MEPBBIM KOJHUYECTBOM,
U BTOpPO€ KOJMYECTBO MOXKET CPAaBHMBATBCA CO CIEAYIOLIUM BTOPBIM KOJIMYECTBOM IS

OonpeaAcICHYsS IPOrHO3a AJis1 YKAa3aHHOI'O OpraHusma.
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[0427] CpaBHeHHE Ay ONpEAENeHUs] MPOTrHO3a IJIsl YKA3aHHOTO OPraHU3Ma MOKET
BKJIFOUATh OIpEesIeHUe IePBOH Pa3HOCTU MEXY MEPBBIM KOJUYECTBOM U CIEAYIOIINM MEPBBIM
KOJIMYECTBOM, M YKa3aHHas NepBasi pa3HOCTb MOXKET CPABHUBATHCS C OTHUM UJIM HECKOJIBKUMHU
NOpOraMy Uil NMEpBOH PAa3HOCTH sl ompeseneHus: nporHo3a. CpaBHEHHE UL OTpEeNIeHHs
NPOTHO32a Uil YKa3aHHOTO OpPraHU3Ma Tak)Ke MOXKET BKJIHOYATh OINpeJesIeHHe BTOPOH pa3HOCTH
MEXAYy BTOPBIM KOJMYECTBOM U CIEIYIOIIUM BTOPHIM KOJIMYECTBOM, M YKa3aHHas BTOpPas
Pa3HOCTh MOYKET CPAaBHUBATBHCS C OJHUM HJIM HECKOJBKUMH MOPOTaMH JJIsi BTOPOHM Pa3HOCTH.
IToporoBoe 3HaueHHE MOKET OBITh paBHO 0 WJIM APYTOMY YHUCIY.

[0428] ITporHo3 MOkeT OBITh XY3Ke, €CJIU MepBas Pa3HOCTb HUXKE TMOpOra Ui TMepBOM
Pa3HOCTH, TIO CPABHEHHIO C MPOTHO30M, €CJIH IepBas Pa3HOCTh BBILIE MOpOra Ui MEpBOH
passoctu. IIporHo3 Mosker OBITH Xy’K€, €CNIM BTOpas Pa3HOCTh HIDKE MOpOra JUisi BTOPOH
Pa3HOCTH, TO CPAaBHEHUIO C IPOTHO30M, €CJIM BTOpas Pa3HOCTh BBILNIE MOpOra ANl BTOPOH
pasHoctu. IlpuMepsl JeueHUs] BKIOYAOT HMMYHOTEPANHIO, XHUPYPTHIO, pPaAHALUOHHYIO
TEPAITUI0, XUMHOTEPAITHIO, TEPAIUI0 HA OCHOBE AHTHUTEN, T€HHYIO TEPAIHIO, STTUM€HETUIECKYIO
TEPAITHIO FJI TAPTETHYIO TEPAITHIO.

L. Sghpexmusnocmeo

[0429] Hmwxe onuceiBaercss aumarHoctudeckas dpdextuBHocTh aHammza CNA

METUJIMPOBAHUS JIJIsl PA3HOTO YHUCJIAa PUAOB CEKBEHUPOBAHMS U YYaCTKOB PA3HOTO pa3Mepa.
1. Ymncj10 puaoB CEKBEHHPOBAHHUSA

[0430] B cooTBeTcTBUM C OJHUM BapUAaHTOM peaJlu3alUdyd aBTOPbl HACTOSIIETO
m3o0perenust uccnenosanu JJHK mnasmbl 32 310pOBBIX KOHTPOJIBHBIX CYOBEKTOB, 26 MAL[UEHTOB,
CTPAJAKOIINX TeNaTOLE/UIIOJISIPHON KapUuHOMOM u 20 MALMeHTOB, CTPAaJalOIIMX APYyTMMHU
TUTIAMH PAKOBBIX 3a00JI€BaHUMN, BKJIOYasi HOCOTJIOTOYHYHO KAPLIMHOMY, PAaK MOJIOYHOMH JKeJe3bl,
pak JIerkoro, HEWPOSHIOKPUHHBIM paK U IVIAJKOMBILIEYHYIO capkomy. 22 u3 32 310pOBBIX
CcyOBeKTOB ObLIM BBIOpaHbI CIyd4alHBIM 00Opa3oM B KadecTBe pedepeHcHON rpynmbl. CpenHee
3HAYeHUE W CTaHAapTHOEe OTKJIOHeHue (SD) mist ykasaHHbIX 22 pedepeHCHBIX WHIAMBUOYYMOB
UCTIOJIb30BAJIM JUJISL  ONPEAENIEHHs] HOPMAJIbHOTO JHAIa30Ha IUIOTHOCTH METHJIMPOBAHUS |
npencrasieHHoctd B redHome. JIHK, skcrparupoBaHHyr0 u3 oOpasua Ia3Mbl  KaXIOToO
WHIUBUAYYMa, UCIIOJNB30BAIN Ul MOJNy4YeHHs OMOJIMOTEKH CEKBEHHPOBAHUSI C MPUMEHEHHEM
HaOopa JUIsi CEeKBEHUPOBAaHUS TMapHbBIX KOHLOB oOT Illumina. 3arem Oubnmoreku st
CEeKBEHHPOBaHUsI oOpabarbiBaii OHCYJNbOUTOM, KOTOPblE KOHBEPTHUPYET HEMETHIIMPOBAHHBIC
OCTaTKM LWUTO3WMHA B ypauwi. KoHBepTUpOBaHHYH OucynbpuToM OHONIHMOTEKY IS
CEeKBEHHPOBAHUS sl KaXAOro obOpasna Iula3Mbl CEKBEHUPOBAJIM HAa OIHOM JOPOXKKE
cexBeHaropa Illumina HiSeq2000.

[0431] Ilocne pacno3HaBaHUsT OCHOBAHMM aJanTEpHbIE MOCJIEAOBATEIBHOCTH U
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OCHOBaHHSl HU3KOTO KauecTBa (T.€. C MOKaszaTeJeM KadecTBa < 5) Ha KOHIAx (parMeHTOB
ynansimi. 3atrem obOpesanHbie punbl B (opmare FASTQ oOpabaTeiBaiii ¢ MOMOILIBIO CHCTEMBI
aHanmu3a naHHbIX MeruimposaHusi Methy-Pipe (P Jiang et al. 2010, IEEE International
Conference on Bioinformatics and Biomedicine, [{F1O:10.1109/BIBMW.2010.5703866). s
BBIPABHUBAHUSI KOHBEPTUPOBAHHBIX OUCYJIB(UTOM PUAOB CEKBEHHPOBAHUS ABTOPHI HACTOSIIETO
n300peTeHrs CHavaja BBIMOJHSIM KOHBEPCHUIO i1 SilicoO BCeX OCTATKOB LIMTO3WHA B TUMHHBI Ha
uernsix YorcoHa-Kpuka Mo OTAENBHOCTH C NpUMEHEHHEeM pedepeHCHOrO TeHOMa 4YesioBeKa
(Bepcust NCBI 36/hgl9). 3atemM aBTOpBI HACTOSLIETO M300PETEHUsT BBITIOJHSIIA KOHBEPCHUIO iR
silico xaxa0ro MUTO3WHA B THMHUH BO BCEX 0OPaOOTaHHBIX PUAAX U COXPAHSIIA HH()OPMALHMIO O
PacmoNIOKEHUH  KaXJOro  KOHBepTHpoBaHHOrO ocratka. SOAP2  wucnonp3oBamu  1JIst
BBIPABHMBAHUSI KOHBEPTUPOBAHHBIX PHIOB MO JABYM MPENBAPHUTEIBHO KOHBEPTHUPOBAHHBIM
pedepencupiM reHomam venoBeka (R Li et al. 2009 Bioinformatics 25:1966-1967), makcumym ¢
IBYMS1 HECOBIAICHUSIMH UL KYKIOTO BBIPABHUBAEMOTO pra. TOJNBKO PUIBL, KAPTHPYIOLIHECS C
YHUKQJbHOW TI€HOMHOW  JIOKamu3alWel, WCIOJb30BANM Ui JAJbHEHIIEro  aHaiu3a.
HeonHo3naunble puzabl, KapTupyromuecss Ha obe nernu YorcoHa-Kpuka m nyOmmpyrommecs
(xnoHanmpHBIE) puabl yrawu. OcraTku LUTO3MHA B KOHTeKcTe auHyKjieotnnos CpG
HCTIOJIb30BAJIN JUJIS TIOCTIENYIOIIEro aHaIu3a MeTUINpoBaHus. Iloce BbIpaBHUBAHMS LIUTO3UHBI,
UCXOHO TMPUCYTCTBOBABIIHME B pUIAAX CEKBEHUPOBAHMS, BOCCTAHABJIMBAIM HA OCHOBE
uH(pOpMaILIMK O PACIONOKEHUH, COXPAHEHHOH NpH KOHBepcHM in silico. BoccTaHOBIEHHbIE
MTo3uHbl B AuHykiIeotunax Cp(G moacuYUTHIBAIM Kak METWIMPOBaHHbIE. THUMHHBI B
aunykieotnaax CpG noacuuThIBaIN Kak HEMETHIIMPOBAHHBIE.

[0432] [Ins ananu3a METHWIMPOBAHUS ME€HOM pa3Jelisyii Ha YYacTKM PaBHOIO pasmepa.
IIporecTupoBaHHbIe pa3Mepbl ydacTKoB BKio4aroT 50 k6, 100 k6, 200 k6 u 1 M6. [lnoTHOCTD
METUJIMPOBAHUS TSI KAKAOTO YUACTKA PACCUUTHIBAIN KaK YHCIIO METHJIMPOBAHHBIX ITUTO3UHOB
B KOHTeKcTe auHykieotnnoB CpG, pasmeneHHoe Ha o0Inee YUCIIO LUTO3MHOB B TOJOXKEHUSX
CpG. CornacHo ApyruM BapuaHTaM pear3allii pa3Mep YU4aCTKOB MOKET He ObITh OJJUHAKOBBIM
no Bcemy reHoMmy. COrJacHO OJHOMY BapHaHTy peaTU3alll KaKABIH yYaCTOK M3 TaKUX
YYaCTKOB HEOJMHAKOBOTO Pa3Mepa CPAaBHUBAIOT Y HECKOJIBKHUX CYyOBEKTOB.

[0433] [{na onpeneneHus TOro, sIBJASETCS JIM HOPMaJIbHOW IJIOTHOCTh METUJIMPOBAHUS B
ia3Me B TECTUPYEMOM Cllydae, IUIOTHOCTh METWJIMPOBAHUS CPABHUBAIU C Pe3yJbTaTaMH
pedepencroii rpynmsl. 22 u3 32 310pOBBIX CYOBEKTOB OBLIHM BBIOpAHBI Cy4aiiHBIM 00pa3oM B

KauecTBe pedepeHCHON IPyMIIbI AJIs pacueTa Z-IoKa3aTesst MeTUIUPOBAHUS (ZLmeih).

Z _ M)test —Eref
meth MD

SD
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rone MD

test

MJIOTHOCTh MCTUJIMPOBAHUA B TECTUPYEMOM Cliydac€ HJisi KOHKPETHOIO

ydacTka pasmepoMm 1 M6; MDD, — cpenHee 3HaueHUE TNIOTHOCTH METHIIMPOBaHUA pedepeHCHON
IPYIIBl A1 COOTBETCTBYHOIIEro y4yactka, u MDg — SD mioTHOCTHM MeTHIMPOBAHUS

pedepeHCHOI rpy bl Ui COOTBETCTBYIOLIETO YYACTKA.

[0434] [{ns ananuza CNA ompenesnsiiv 4YUCJIO PUOB CEKBEHUPOBAHUS, KAPTHUPYEMBIX C
kaxapiM yyactkoMm pazmepom 1 M6 (KCA Chan et al. 2013 Clin Chem 59:211-24). I[TnoTHOCTB
PHUIOB CEKBEHUPOBAHUS ONPEEIISLTH JIJIsl KaXKIOTO ydacTKa nocie koppekuuu cmemenus no GC
C TPUMEHEHHEM JIOKAJIbHO B3BELICHHOW PErpecCud sl CINIAKHBAaHUS Tpaduka paccesHHs
cornacHo cymectByromemy onucannto (EZ Chen et al. 2011 PLoS One 6: €21791). J{ns ananusa
IUTa3MblI IJIOTHOCTh PUIOB CEKBEHUPOBAHMS B TECTHPYEMOM CJIy4ae CPaBHHUBAIH C pedepeHCHON

rpymnmnoi ans pacueta Z-nokasatenss CNA (Z.,, ):

Z _ RDteSt _RDref
CNA —

RD

SD

rne RD

test

IJIOTHOCTb PUAOB CCKBCHUPOBAHUA HJid TECTUPYEMOro cCiiydas OJisd

KOHKPETHOTO ydYacTka pasmepom 1 MO, RD,s — cpenHee 3HaUY€HHE IUIOTHOCTH pPHIOB
CEeKBEHUPOBaHUs 1l pepepeHCHON Tpymmbl Ui COOTBETCTBYIOIIero yuactka;, u RDg, — SD

IUIOTHOCTb PUJIOB CEKBEHUPOBAHUS ISl peepEHCHON IPYTITbI JIsI COOTBETCTBYIOLIETO YUACTKA.
Yuactok onpenemsuin kak aemoHctpupyromuii CNA, ecnu Zcy4 yKa3aHHOTO ydacTka Obut <-3
Wi >3.

[0435] B pacuere Ha onuH ciy4ai NoJdy4anu CpeHee 3HAUeHUE BBIPABHUBAEMBIX PUIOB,
coctaBysirouiee 93 muH.. (nuamazoH: 39 muH.—142 min.). s oueHku >¢ddexra yMeHbIIEeHHs
YHCa PHUIOB CEKBEHHUPOBAHHSI HA JUATHOCTUYECKYH 3(PQEeKTHBHOCTh aBTOPBI HACTOSIILIETrO
u3o0pereHnst ciydaiiHbiIM oOpa3oM BbiOMpasn 10 MIJIH. BBIPAaBHHUBAEMbIX PUAOB B KaXIOM
ciydae. OnuH U TOT ke Habop pedepeHCHBIX HHANBUAYYMOB UCTIOIB30BAIH ISl YCTAHOBJICHUS
pedepercHoro nmamaszoHa IUIS KaXAOro ydactka pasmepoM 1 MO ans HaOopa AaHHBIX C
YMEHBLICHHbIM KOJIMYECTBOM PHUIOB CEKBEHHPOBaHHUA. JlJI Ka)kKAOro ciy4as ONpeaessuid
NPOLIEHT YYacCTKOB, NEMOHCTPUPYIOIINX 3HAYUTEIBHOE TMIIOMETHIINPOBAHUE, T.€. Zmeth < -3, U
npoueHT ydacTkoB ¢ CNA, t.e. Zeva <-3 mmn >3. Kpusble (QyHKIIMOHAJIBHBIX XapaKTEPUCTHK
npuemHrka (ROC) wucronp3oBany sl WIUTIOCTPALMU  TUATHOCTUYECKOH 3(PEKTHBHOCTH
MOJJTHOT€HOMHOTO aHanu3a runomerunuposanus 1 CNA nist HaOOpoB TaHHBIX CO BCEMU PHIAMHU
cexkBeHUpoBaHus ¢ 1 nopokku u 10 miH. punos Ha ciaydail. [Ipu ananuze ROC ucnone3zoBanu
BCEX 3JI0POBBIX CYOBEeKTOB (32 cyOBneKTa).

[0436] Ha ¢ur. 42 mnpuBeseHa pauarpaMma JHArHOCTUYECKOW 3(PQPEKTUBHOCTH
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MOJIHOT€HOMHOIO aHAJIW3 TUIIOMETHJIMPOBAHUS [IPU PA3HOM KOJIMYECTBE PUAOB CEKBEHUPOBAHUS.
Jna aHanu3a TUIOMETWIMPOBAHMs 3HA4YeHMs IUIOIMagu mnox kpusod ama kpusbix ROC
3HAYUTEIBHO HE OTIMYAINCH MEXKAY JBYMsI HA0OpaMU AaHHBIX, KOTOPBIE UCCIIEOBAIN BCE PHUIIBI
CEeKBEHHPOBaHUA C OAHOMN nOopokku U 10 muH. punoB Ha cinyuait (P=0,761). luarHoctuueckas
s¢pdexruBHOCT aHau3a CNA yxXyaianach, CO 3HAYUTEJIbHBIM CHH)KEHHEM 3HAUeHHH TUIOLIA M
NOJ] KPUBOM, NP YMEHBIIEHNUU YHUCJIA PUAOB CEKBEHUPOBAHMS OT JAHHBIX OJHOU JOPOXKKH 10 10
muH. (P<0,001).
2. ¢ dexT npuMeHeHHs YYACTKOB PA3JIHYHOr0 pazmepa

[0437] ITomMumo pazneneHus TeHOMa Ha y4acTKH pa3mepoMm | MO aBTOpBI HACTOSIIETO
M300peTeHHsI TaKXKe UCCIIEAOBAIM BO3MOXKHOCTh MCIIOJB30BAHUS YYACTKOB MEHBLIETO pa3Mepa.
Teoperuuecky, NpuMeHEHHE y4aCTKOB MEHBILIEro pa3Mepa MOTEHLHATbHO MOKET YMEHBIIATh
BaprabeTbHOCTh MJIOTHOCTH METHJIMPOBAHMS HA YYacTKe. ITO 00YCIOBIEHO TEM, UTO IJIOTHOCTb
METUJIMPOBAHHUSl PA3HBIX T€HOMHBIX OOJjacTell MOXKET IIHMPOKO BapbHpoBaTh. Ecnm pasmep
ydacTka OoJblie, BEpOSTHOCTH BKIFOUEHHUS 001acTell ¢ pa3sHbIMH IUIOTHOCTSIMH METHJIMPOBAHUS
NOBBIIAIOTCS M, COOTBETCTBEHHO, IPHUBOAAT K OOIIEMy VBEIHMUYEHHIO BapHaOEeNbHOCTH
TUIOTHOCTU METHJIMPOBAHUS YYaCTKOB.

[0438] XoTs wuCHONAB30BaHWE YYAaCTKOB MEHBIIETO pa3Mepa MNOTEHLUAIBHO MOXKET
YMEHbIIATh BapuabeNbHOCTh IUIOTHOCTH METHJIMPOBAHUS, CBS3AHHYIO C Pa3IMYMAMU MEXKAY
oOmacTsiMH, € JpPyroil CTOPOHBI, NPU 3TOM CHHU3UTCS YHCJIO pPHUIOB CEKBEHUPOBAHUS,
KapTUPYEeMbIX Ha KOHKPETHBIM y4acTOK. IIpu yMeHbIEeHMHM KapTHUPOBaHHUS pUAOB Ha
VHIMBHUyQJIbHBIE YYaCTKH OyJeT MOBBIIATHCS BapuaOeNbHOCTh 33 CUET BapHUALMi BBIOOPKH.
OnTtuManbHBIi  pa3Mep yd4acTka, CHOCOOHBI — 00ecreunTh  MUHHMAJbHYI  OOLIYIO
BapuabeNbHOCTh TUIOTHOCTH METUJIMPOBAHUS, MOXKET OBITh YCTAHOBJIEH 3KCIEPUMEHTAIBbHO C
y4eToM TpeOOBaHUII NMPU KOHKPETHOM IHATHOCTUYECKOM NPUMEHEHUH, HAMPUMEpP, C yUYEeTOM
o0Iero 4ncia puaoB CEKBEHUPOBAHUS Ha 00pasel] U THIa UCroyb3yeMoro cekseHaropa JJHK.

[0439] Ha ¢ur. 43 mnpusenena auarpamma, aeMmoHcTpupyroomas kpusble ROC s
JETEeKLUU PAKOBOro 3a00JieBaHMsI HA OCHOBE IMOJHOTCHOMHOI'O aHAJN3a TMIIOMETHIIMPOBAHUS
IPU pasHbIX pa3Mmepax ydacTkos (50 k0, 100 k6, 200 x6 u 1 MO). IToka3ansl P-3HaueHus nins
CpaBHEHHUsI TUIOINATU TMOJ KPUBOW mpu pasMepe ydactka 1 MO. HaOmronmaercss TeHAeHIHS K
YJIYYLICHUIO IPY YMEHbIIEHUH pa3Mepa yuactka ot 1 M6 mo 200 k6.

F. THoxazamens cymmapnoii eposimuocmu

[0440] KonmuuectBo obnacreit merunupoBanHusi 1 CNA MOXeT NMPUHUMATH Pa3JIMYHbIC
3Ha4eHUs. B TpUBENEHHBIX BBIIIE MPHUMEPAX ONUCAHO YMCJIO OONACTeH, NpeBbIIIAroIIee
npefenbHOe 3HAYeHHE WM TPOLIEHT Takux oOJjacTel, NEeMOHCTPUPYIOIIUX 3HAYUTEIBHOE

runiometrmiiiposanue wiu CNA, B kauecTBe mapamerpa kiaccupukaumd obOpasma Kak
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CBSI3aHHOTO C PaKOBbIM 3aboneBaHueM. Takue criocoObl HE YUHMTBHIBAIOT BENWYHHY aleppaunuu
Il WHAWBUAYAJbHBIX y4yacTKoB. Hampumep, y4actok ¢ Zmer, paBHBIM -3,5, Oyner
KJIacCU(pUIMPOBAH TaK K€, KaK yYaCTOK C Zmerm, paBHbIM -30, Tak kak obOa oHu OyayT
KJIacCU(UIMPOBAHBI KaK 3HAYUTENBHO TUIIOMETHINpPOBaHHbIe. OHAKO HAa CTENeHb U3MEHEHUI
TUNIOMETWJIMPOBAHMUSL B IUIa3Me, T.€. Ha BEJIUYUHY 3HAUEHUS Zmeth, BIHUSIET KOJIMYECTBO
cBsi3aHHOW ¢ pakoBbiM 3aboseBanueM JIHK B oOpasne u, COOTBETCTBEHHO, OHa MOKET
JOTMOJHUTh MHAOOPMALMIO O MPOLIEHTE YYaCTKOB, NEMOHCTPHUPYIOLIMX abeppauuu, OTpaskas
OMyXOJIEBYI0 Harpy3ky. bojee BbicOokas (pakumoHHasi koHueHTpauus omyxonesor JHK B
oOpasue miaa3mel OyaeT NpUBOAHUTH K Ooee HU3KOH TUIOTHOCTH METHIIMPOBAHHSA, U 3TO OyIeT
00yCJIaBIuBaTh MEHbINEE 3HAUECHUE Lmeth.

1. Iloka3zaTenn CYMMAapPHOH BEPOSITHOCTH KaK

AMATHOCTHYECKUI mapamMeTp

[0441] JIns ucnonb3oBaHusI HHPOPMALUN O BEIUYHHE a0eppauuii aBTOPbI HACTOSIIETO
u300peTeHns pa3zpadorain crocod, Ha3bIBaEMBbI MOKaszaTesneM cymmapHoil BepositHocTu (CP).
Ha ocHOBaHMM HOPMAaJILHOTO PACIIPEAENICHHsI BEPOSTHOCTHON (PYHKIINHM KaXKA0€ 3HAYCHHUE Lmeth
NEPEBOMIIN B BEPOSITHOCTD CJIy4aifHOrO BOSHUKHOBEHHSI TAKOTO HAOJFOACHNUS.

[0442] ITokazaTens CP paccuuthiBaiy Kak:

st yaactka (1) ¢ Zmeth <-3

rae Probi mpencrasnsier coOoil BEpOATHOCTD Zmeth ISl yuacTKa (1) B COOTBETCTBUU C f-
pacnpenenenneM CtbrofeHTa ¢ 3 creneHsMu cBoOonbl, U log mpencrasiser cobol (GyHKIMIO
HaTypaJbHOro Jorapudma. CornacHO APyroMy BapHAHTy PEANU3ALMH MOXKET HCHOJIb30BAaThCS
sorapudm no ocHoBanuro 10 (wmu apyromy umciy). CornacHO APyruM BapHaHTaM peajii3aluu
MOTYT WCIIOJIb30BaTbCSl JAPYTHE€ paclpenesieHus, HalnpuMep, HO HE OrpaHUYEHHbIE
NEPEeYNCIEHHBIMH  HOPMaJIbHBIM  paclpefelieHueM W raMma-pacnpeneneHueM, i
npeodpa3oBanus Z-nokasaressi B CP.

[0443] Bonpmmii nokazatens CP ykaspiBaeT Ha 0ojiee HU3KYIO BEPOSTHOCTD CIYHaHHOTO
BO3HUKHOBEHHUS TAKOI'O OTKJIOHEHHUs IUIOTHOCTH METWJIMPOBAHUS B HOPMAJbHOHN MOMYJISLUM.
Takum oOpa3om, Beicokmii mokaszatesnb CP Oyzner ykaspiBaTh Ha Oosiee BBICOKYIO BEPOSITHOCTH
aHomanpHOro runometunuposanus JIHK B obpasue, Hanpumep, Ha MPUCYTCTBHE CBS3aHHOM C
pakoBbIM 3a0oneBarnem JJHK.

[0444] ITo cpaBHEHMIO C TIPOLEHTOM YYacTKOB, JE€MOHCTPUPYIOIMX abeppauu,
u3mepeHHblii mokasatenb CP umeer Oosee BBICOKMH JWHAMMYECKHH AMANa3oH. XOTs
ONyXOJieBasl Harpy3ka y pa3HbIX MALMEHTOB MOXET BapbUpPOBaTh B LIMPOKOM JUaNa3oOHe,
Oonpbumii auanazoH 3HaueHH CP MOXeT MOAXOAWTh Al OTPaXXEHMsl OIMyXOJIEBOM HArpy3Ku y

MALMEHTOB C OTHOCUTEIBHO BBICOKOM M OTHOCHUTEJIBHO HU3KOM OMyXO0JeBOW Harpyskoun. Kpome
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Toro, nmnpuMeHeHune mnokazarenei CP wmoxker moreHmmanpHO —oOecneuuBaTh Ooee
YyBCTBUTEJIbHYIO IETEKLIUI0 U3MEHEHHUH KOHLIEHTpaLlUK CBsi3aHHOM ¢ onyxounbto JIHK B mnasme.
Ot0 olOecnieynBaeT MpeuMyILIeCTBa IPU MOHUTOPUHIE OTBETA HA JIEYEHHE U MPOrHO3UPOBAHMH.
CootBeTcTBEHHO, CHIKeHUE nokasareneil CP Bo Bpems JieueHHs yKa3bIBaeT Ha XOPOLIUI OTBET
Ha jiedeHue. OTCyTCTBHE CHHKEHUS WU Aake yBennueHue nokasareneil CP Bo Bpems neueHus
YKa3bIBA€T HAa HEYAOBJIETBOPUTENBbHBIA WM OTCYTCTBYHOINIUN OTBET. IIpu mpornosupoBaHuu
Boicokuii CP mokaszarenp ykasplBaeT Ha BBICOKYIO OITYXOJIEBYKD HArpy3Ky MU IpeAarnojiaraer
IUIOXOW TPOTHO3 (Hampumep, Oosiee BBICOKYIO BEPOATHOCTH CMEPTU WJIM MPOTrPECCUPOBAHHS
OIYXOJIH).

[0445] Ha ¢ur. 44A nokaszaHa auarHoctudeckas 3(pQPEeKTUBHOCTh CyMMAapHOM
BepositHOCTH (CP) M MpOLIEHTHOrO ConepkaHus ydacTkoB ¢ abeppauusimu. He HaOmronmanoce
3HAYUMOM pa3HOCTH MeXIy 3HAuYeHMsAMM I[UIOWAAW T[OJ KPUBOM JAis JABYX THUIIOB
auarHoctudeckoro anropurma (P=0,791).

[0446] Ha ¢ur. 44B mnokazana amarHoctuyeckas 3(p(eKTUBHOCTh aHaJM3a IUIa3Mbl Ha
rinobanpHOe runomMeTuianposanue, runepmermnpoBanne CpG-octpoBkoB u CNA. Ilpu oxHOi
IOpPOKKEe CEeKBEHUpOBaHUs Ha obOpazen (pasmep yuactkoB 200 k0O nns  aHammsa
TUMOMETHIINPOBaHusT U pasmep ydactkoB 1 MO mma CNA; CpG-ocTpoBKH OINpeneneHbl B
cooTBeTCTBUM C 0a3oii nanHbIx YHHBepcurera Kamndopuuu, Canra-Kpyc (UCSC)) 3nauenus
IUIOLIAAU MO KPUBOM AJIA BCEX TPEX TUIIOB aHanu3a npesbitany 0,90.

[0447] Bo Bcex mocienyroomux aHaIu3ax MakKCUMajibHbli mokazarens CP s
KOHTPOJIBHBIX CyOBEKTOB HCIIOJb30BAINM B Kau€CTBE TOUKHM OTCEHYEHHUS JUISI KAXKIOTO U3 TPex
TUNOB aHainu3a. BpIOOp yKa3aHHBIX TOYEK OTCEYEHUs O0ecrednBan IUarHOCTHYECKYIO
cneunu(puIHOCTb, cocTaBisiIomyo 100%. JluarHoctudeckas 4yBCTBUTENBHOCTb [UJIsl aHATU3a
oOmero runomerwarpoBanusi, runepmermwinposanusi CpG-octpoBkoB 1 CNA cocrassia 78%,
89% u 52%, coorBercTBeHHO. Y 43 u3 46 OONBHBIX PAKOBHIMU 3a00JIEBAHHMSIMH TAIEHTOB
JEeTEeKTUPOBAIN abeppanuy Mo MEHbIIEH Mepe OIHOrO U3 TPEX THUIIOB, YTO, COOTBETCTBEHHO,
JaBajio 4yBCTBUTENBHOCTh 93,4% u cnenuduunocts 100%. Hamm pe3yasraTel MOKa3bIBAIOT,
YTO yKa3aHHble TPU THUIA AHAIM3a MOIYT HCIIONIb30BAaThCS CHHEPreTUYEeCKU ISl AETEeKLUU
PaKoOBBIX 3200 IEBaAHHIA.

[0448] Ha ¢ur. 45 mnpusBenena Tabnuma pe3ynbTaTOB aHajn3a Ha [JI00abHOE
runometrunuposanue, runepmerunuposanue CpG-octpoBkoB 1 CNA y  mamnueHToB C
renaToueuTIoJsIpHON kapuuHoMoi. Ilpenenbhbie 3Hauenus nokazatenss CP ansa Tpex Tumos
aHanu3za coctaBsuin 960, 2,9 u 211, coorBercTBeHHO. IlONOXKMUTENBHBIE PE3YyJBTATHI JIs
nokasarenst CP BbIneseHbI )KUPHBIM IIPU(TOM U NOAUEPKHY THI.

[0449] Ha ¢ur. 46 mnpusBenena Tabiuma pe3yibTaTOB aHalW3a Ha I[JI00ANbHOE
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runometrunuposanue, runepMmerunrposanue CpG-octposkos 1 CNA y MalueHTOB ¢ paKOBBIMU
3a00N€BaHUAMY, OTJIMYHBIMH OT TIeNaTOLEIUTIONIAPHON KapuuHOMBL IlpenenpHble 3HaueHUs
nokazarenss CP nna Tpex TumoB aHammu3a cocTtaBisiaun 960, 2,9 u 211, COOTBETCTBEHHO.
ITonoxxuteneHble pe3yibTaThl st nokaszarens CP BblieneHbl KUPHBIM  HIPUPTOM U
NOJYEPKHY THI.
2. IIpumenenne nokazarenss CP nyist MOHUTOpHHTa
PAKOBBIX 3a00JI€BAHUI

[0450] Ot namumenta ¢ I'lLIK TBR34 no u nocne neveHust mojyyaid MocjaeI0BaTeIbHbIE
oOpasupbl. YkazaHHbIE 00pa3iibl UCCIEIOBANN HA IJ100aIbHOE THITOMETUITUPOBAHUE.

[0451] Ha ¢wur. 47 npencraBieH CepHHHBIA aHAIN3 METHJIHPOBAHUS B IUIA3ME IS
nanueHta TBR34. BHyTpeHHUI Kpyr OTpakaeT IUIOTHOCTb METHJIMPOBAHUS JIEMKOLMTAPHOU
TUTIEHKH (YepHBI) U OMyXOJieBbIX TKaHel ((puosetossiit). s 0Opa3LoB Mia3Mbl IOKAa3aH Zmeth
IUTSE KQXKZIOTO ydacTka pasmepoM 1 MO. PasHocTh Mexay OBYMsI JIMHUSIMH OTPakKaeT Pa3sHOCTh
Zmeth, paBHYIO 5. KpacHbIMU M CEPbIMH TOYKAMH OOO3HAYEHBI YUACTKH C TUIIOMETHIINPOBAHHEM
u 0e3 M3MEHEHWH IUIOTHOCTH METWJIMPOBAHUS IO CPABHEHHIO C pe(epeHCHOH TIpyIIoin.
Haunnas ot BToporo ot neHTpa Kpyra B HalpaBJIEHUH BHEIITHETO KpyTra MPeACTaBIeHbI 00pa3Lbl
IJ1a3Mbl, NOJyYEeHHbIE 0 JICUEHUs, uepe3 3 [HA U uepe3 2 Mecsla Mocie yAAJIeHUs OMyXoOJH,
COOTBETCTBEHHO. /[0 JeueHuss B Ila3Me MOXKHO ObUIO HaOMIOJaTh BBICOKYIO CTENEHb
TMITOMETUINPOBaHus, U 6onee 18,5% ydacTkoB umenu Zmem <—10. Yepes 3 nHs nocne ynajaeHus
OINyXOJIM MOXKHO HAOJMIOAaTh YMEHBLICHHWE CTENEeHW THIIOMETWIMPOBAHHUS B IUla3Me IpH

OTCYTCTBHUM YUACTKOB C Zmeth <—10.

AHaJIU3 METHUIMPOBAHUS
Crryqait MOMEHT BpeMeHH ITpoueHT yuacTKOB, CyMMmaTHBHBI
Ne ITokazarens
JE€MOHCTPUPYIOIINX . Z-nokasaTenpb
CYMMapHOMH
3HAUUTENBHOE
BeposiTHOCTD (CP)
TUIOMETHJIMPOBAHUE
Mo
XUPYPTUYECKOrO 62,6% 37,573 14,285
aeuenusi (OT)
TBR34 3 nus nocne OT 80,5% 17,777 9,195
2 mecsira mocine OT 40,1% 15,087 5,201
Tabauua S

[0452] Tabmua S5 neMOHCTpUpPYET, YTO, HECMOTPSl HAa YMEHbBIICHHE BEJINYHUHBI

W3MEHEHUI TUMOMETUJIMPOBAHUSA 4epe3 3 Uil TOCjIe XUPYPruuecKoro yIajeHus OIMyXOJu,
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MPOLIEHT yYacTKOB, e Habmromanmuch abeppaiuu, mapagoKCaibHbIM oOpasoM mosbimancs. C
apyroit  croponsl, rmokaszarenb CP  Ooymee TOYHO OOHAapy)KMBaJl CHIDKEHHE CTENeHH
TUMIOMETUJINPOBAHUS B IJIa3Me U MOXKET JIy4llle OTpa)KaTb U3MEHEHMs OIyXOJIEBOM HAIPy3KH.

[0453] Yepes 2 mecsaua nocine OT Bce ewe mpUCyTCTBOBAJ 3HAUUTENBHBIN MPOLIEHT
YYacCTKOB, JEMOHCTPUPYIOIIMX H3MeHeHus runoMmermwnuposanus. Ilokazarens CP  Ttaxoke
OCTaBaJICs CTAaTHYHBIM Ha YPOBHE, cocTapisnrouieM npudmmsurensHo 15 000. ITozxke, uepes 3
Mecsilla, y YKa3aHHOrO TMalueHTa ObUIM JUArHOCTUPOBAHBI MYJIBTH(POKAIBHBIE METacTa3bl
OMyX0Jii (paHee HEU3BECTHBIC HA BPEMsI XUPYPIHUECKOTO BMEIIATENbCTBA) B HEPE3ELIUPOBAHHON
YacTH Me4YeHH, U Obulo OOHApPYKEHO HECKOJBKO METACTa30B B JIETKHE 4epe3 4 Mecsua mocie
onepaiyu. IlanieHT CKOHUYAJNCS B pe3yJibTaTe METacTaTUYeCKOro mpolecca uyepe3 8 MecsleB
NOCJIe OTEepaluu. JTH Pe3yJbTaThl MPEANojaratoT, 4ro nokasarenb CP moxer ObiTh Oonee
3¢ eKTUBHBIM, YEM MPOLIEHT YYACTKOB C adeppanusMy, ISl OTPASKEHUsI ONyXOJIeBOH HATPY3KHU.

[0454] B uenom, CP Moxer moaxoauTh IJs MPUMEHEHHs B TeX CJy4asx, Koraa
Tpedyercst m3mepenue konmuectBa omyxojesoit JIHK B mnasme. [TpumMepsr Takux nmpuMeHEHUH
BKJIFOYAIOT: TPOTHO3UPOBAHME W MOHUTOPHHI Yy CTPAJAIOLINX PAaKOBBIM 3a00JEBaHHUEM
NauueHToB (HampuMep, HAOMIOAEHHWE 3a OTBETOM Ha JieueHHe, WIM HaOMoneHune 3a
NPOTPECCUPOBAHUEM OITYXOJIH).

[0455] CymmaTuBHBIH Z-1OKa3aTenb IPEACTABISAET COOOW TMpsIMyK CyMMmy Z-
nokaszarened, T.e. 0e3 mnpeoOpa3oBaHMs B BEPOSATHOCTb. B yka3aHHOM mnipumepe IS
CYMMAaTHBHOTO Z-TOKa3aTeJisi HaOJI0JaeTcsl TaKoe ke MOBeAeHue, Kak U i nokasarens CP. B
apyrux ciaydasx CP moxer ObITh Oosiee 4yBCTBHUTENEH, YeM CYMMATHUBHBIH Z-T0Ka3aTelb, s
MOHHUTOPHUHIA OCTaTOYHOTO 3a0ojieBaHMsA, Ojaromapsi OOJbLIeMy AMHAMHYECKOMY IHANa30HY
nokaszarens CP.

X. BJIMSIHUE CNA HA METHJIMPOBAHHUE

[0456] Ucnonp3zoBanne CNA u METWJIUPOBAHUS ISl OMPENENIEHUsS COOTBETCTBYIOIIHMX
KJIacCu(pUKALMA YPOBHS paka, ¢ OOBEAMHEHHWEM YKa3aHHBIX KIACCU(UKALUN IS MOJTyUEHHsI
TpeThell kiaccudukanuu, omucaHo Bbeime. Ilomumo Takoro obOwemuHerus CNA MoxkeT
UCIIOJIb30BaThCs AJIl U3MEHEHUsl NMpEeAeSbHBbIX 3HAUeHUH I aHanu3a METUJIMPOBAHUSA U IS
UIEHTUQUKAINK  JIOKHOTIOJNIOKUTENbHBIX ~ PEe3yJIbTaTOB ~ IyTEM  CPaBHEHUS  YPOBHEH
METUJIMPOBAHUS IS TPy obnactei ¢ pasHbiMu xapakrepuctukamu CNA. Hanpumep, ypoBeHb
METUJIMPOBAHUS MPH M30BITOYHOM COAepKaHuU (Hampumep, ZCNA >3) MOXKET CPaBHUBATHCS C
YPOBHEM METHJIMPOBAHUS AJII HOPMAJbHOIO copep:kaHusi (Hampumep, -3<Zcna <3). CHauana

onucaHo BnussHue CNA Ha ypOBHM METUIIMPOBAHUS.
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A. H3menenue niomuocmu Memuauposanus 8 061acmsx ¢
oobasnenuem unU ympamoii XpoOMoCOMHO20 Mamepuaicd

[0457] ITockonbky B ONyXOJNEBBIX  TKaHAX  OObMHO  Habmomaercss  oOriee
TMUIIOMETUIINPOBAaHUEe, Hanuuue mnpoucxopsamen u3 omnyxonu JAHK B nnasme crpaparomux
PaKOBBIM 3a00JIEBAHUEM TMALIMEHTOB OyeT MPUBOIUTD K CHIDKEHHIO TUIOTHOCTH METHIIMPOBAHHUS
B CPaBHEHHH C HE MMEIOLIMMH pPAKOBbIX 3aboneBaHuii cyObekramu. Teoperndecku, CTEneHb
TUIIOMETWJIMPOBAHKUST B TUIa3Me€  CTPANAIOLIMX  PAKOBbIM  3a00JIeBAHMEM  MAIEeHTOB
NPOMOPLHOHANBbHA (PPAKIIMOHHON KOHIeHTpauuu npoucxonsmeid u3 onyxomu JTHK B obpasue
IUIa3MBIL.

[0458] B cnydae obOnacreli, mnsi KOTOphIXx Habomaercss H0OaBIeHHE XPOMOCOMHOTO
Marepuaja B ONYXOJEBBIX TKaHAX, M3 amIutuduiupoBanHeix cermMeHtoB JIHK B mmasmy
BBICBOOOJKIAETCSl AOMOJMHUTENbHAs no3a omyxoneBord JIHK. Vka3aHHBIH MOBBIIIEHHBIN BKJIAM
omyxonepoii JIHK B mnasMy TeopeTWYeCKM TPHUBOAUT Oojieeé  BBICOKOW CTENeHH
THIOMETHIINpOBaHust mopaxkeHHo oOnactu JIHK tmumasmer.  JlomonmHuTeNnbHBIM - (hakTOpoM
ABJISIETCS. TO, YTO TEHOMHbIe OO0NacTH, M KOTOPBIX HaOmomaercs amIut(ukanys,

NpEANOIOKUTEIBHO CTUMYJIUPYIOT poct OMMyXOJICBBIX KJICTOK, u COOTBETCTBCHHO,

>
NPEATIONIOKUTENBHO Oy Ay T SKCIIpeccupoBaThes. Takue 001acT OOBIMHO TUIIOMETUIIMPOBAHBI.

[0459] Hanmporus, nnst obnacteit, rae HaOII0AaeTCs yTpara XpOMOCOMHOIO MaTepualia B
OIyXOJICBOW TKaHH, MOHIKEeHHbIH BKJaa onyxonesoi JIHK B miasmy Oyner npuBoauts k Hosee
HU3KOH CTENeHM THIIOMETHJIMPOBAHMS IO CPaBHEHUIO C oOyacTssMu Oe3 M3MEHEHHUs YHCia
xornuii. JlononHUTEIbHBIM (PAaKTOPOM SIBISIETCS TO, YTO T€HOMHBIE 00JIACTH, KOTOpPbIE yIaJIeHbI B
OIyXOJIEBBIX KJIETKAX, MOTYT COJEpPKaTb TI'EHBI-CYNPECCOPBl OMyXOJeH, W IJid OINyXOJIEBbIX
KJIETOK MOXeT ObITh OJaromnpusTeH cailyieHCHMHT Takux oOjacteli. COOTBETCTBEHHO, MOXKHO
OKHJIaTh, YTO BEPOSTHOCTb TMIIEPMETIIIMPOBAHMS TAKUX oOnacTeil Oyaer BhIe.

[0460] B nactosieM n300peTeHNH aBTOPBI HCIIOIB3YIOT PE3yJIbTaThl IBYX MALIUEHTOB C
I'IK (TBR34 u TBR36) nnst mumroctpanmu ykazanHoro s¢dekra. Ha ¢ur. 48A (TBR36) u 49A
(TBR34) kpyramu BbAENIEHBI 00IaCTH C JOOABICHUEM WM yTPATOH XPOMOCOMHOIO MaTepHaa,
U TMPEACTaBIE€H COOTBETCTBYIOINMM aHanu3 MetwinposBaHus. Pur. 48B u 49B npuseneHsl
rpaduku z—ToKaszareneld METHJIMPOBAHMS IPH yTpaTe, HOpME W NOOABICHMU Ui TMALEHTOB
TBR36 u TBR34, cOOTBETCTBEHHO.

[0461] Ha ¢ur. 48A mnpencraBnen Circos-rpaduk, orpaxkaroumii CNA (BHYyTpeHHHH
KpPyT) W W3MEHEHHMs METWIMPOBaHUS (BHEIIHUH Kpyr) B oOpaboranHoii Omcynbpurom JIHK
miasmel y naruenta ¢ ['TIK TBR36. KpacHbiMu kpyramu BblfeseHbl 00nacTu ¢ 100aBIeHUEM
WIN yTpaToll xpomocoMmHoro wmarepuaia. OOmactu, rae HaOmonaercs noOaBieHHe

XPOMOCOMHOIO MaTepuana, ObLtd Oojiee TMIOMETHIIMPOBAHbI, 4eM obnactu 0e3 H3MEeHEHUs
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gucna kommii. OOmactu, roe Habmromaercs yTpara XPOMOCOMHOIO MaTepuajia, ObUTd MeHee
TUTIOMETHIINPOBAaHbI, 4eM 00acTi 0e3 n3MeHeHus uncia konuid. @ur. 48B npencrasnser coboit
rpapuk Z-mokaszarenel MeTUIMpPOBaHUSA 11 obOjactell ¢ Jo0aBlIE€HHEM WM YTPaToi
XPOMOCOMHOTO Matepuaia, U obiacreil Oe3 m3MeHeHMs wucna komui anst manuenta ¢ ['TK
TBR36. Io cpaBHeHHi0 ¢ obnactsaMu 0e3 M3MEHEHMI 4Hcia KOmuid, o0iactu ¢ podaBieHHeM
XPOMOCOMHOTO ~ MaTepHaja HMenu Ooyiee  OTpULATeNbHble Z-mokasarenn  (Oosbluee
TUIIOMETWIMPOBaHKUE), a o0JacTH ¢ yTpPaToil XPOMOCOMHOIO MarepHaja HMEJIH MeHee
OTpHLATENIbHBIE Z-TI0Ka3aTeH (MEeHbLIee THITOMETUIUPOBAHUE).

[0462] Ha ¢ur. 49A mnpencraBnen Circos-rpaduk, orpaxkaroumii CNA (BHYTpeHHHH
KpPyr) W W3MEHEHHs METWIMPOBaHUS (BHEIIHWUH Kpyr) B oOpaboranHoi Omcynbpurom JIHK
wiasmbl y manuenta ¢ [T[K TBR34. ®ur. 49B mpencrasisier coboli rpaduk Z-mokasarenei
METUJIMPOBaHUSL Al o0NacTeil ¢ JoOaBICHHEM WM YTPAaTOH XPOMOCOMHOTO Marepuaia, U
obyacreii Oe3 m3MmeHnenus: yucia komui ans nmanueHta ¢ [TIK TBR34. Pasnuune mioTHOCTH
METUJIMPOBAHUST MEXIy OONacTsMu ¢ MOOAaBJIEHHUEM WM YTPAaTOH XPOMOCOMHOIO MaTepuaia
obuto Gonpie y manuenta TBR36 mo cpaBHenmo ¢ manmenToM TBR34, Tak kak ¢pakiuonHas
KOHLIEHTpauus npoucxonsamei u3 onyxonu JIHK y nepsoro narienrta Obuia Bblie.

[0463] B yxazannom mpumepe mist onpeneneHust CNA HCIONB3YIOTCS Te e 00JIacTH,
9TO0 W AN ompeneneHus MerTwinupoBaHusa. COrjacHO OJHOMY BapUaHTy —pealu3aluu
COOTBETCTBYIOLIME NpeAebHbIE 3HAUEHUS I 0OJNacTel 3aBUCAT OT TOro, HaOMIOJAeTcs JIU B
COOTBEeTCTBYIOLIEeH oOnactu nenerws win amimpukaims. COIacHO OJHOMY BapHAHTY
peanu3aly BEJIMYMHA COOTBETCTBYIOLIETO NPENEeNIbHOrO 3HaueHWs Uit objacTu (Hampumep,
TOYKA OTCEYEHHs Z-10Ka3aTes, MCHOJb3yeMas MJisl ONpenesieHus T'MIOMETHINPOBAHMS)
Oosblire B TEX Cy4asix, KOTAa B COOTBETCTBYIOIIEH 001acTH HAOMIOAAETCST aMIUTU(DUKALHS, YeM
B TE€X CJIydasix, KOrjaa aMrutudpukanys He HabmoaaeTcs (HarnpuMep, YKa3aHHas BEJIMYHHA MOJKET
NPEeBBIIATh 3, W MOXKET MPHUMEHSIThCS TOYka oOTceueHust <-3). COOTBETCTBEHHO, TPH
TECTHPOBAHUHU HA TUIIOMETIIIMPOBAHHE COOTBETCTBYIOINEE MPEAENIbHOE 3HAYCHHUE Il 00JIacTh
MOXET UMeTb OoJiblliee OTPHLATENbHOE 3HAUEHHE B TE€X CIy4Yasx, KOrJa B COOTBETCTBYIOIIEH
oOmacti HaOmromaeTcst amIuTUpHUKALMs, 4YeM B TeX Ciydasx, KOraa amIumiuukanus He
HaOmonaercs. Oskupmaercs, 4YTO TaKOW BapUAHT peajM3alUd TOBBICUT CHEH(PUIHOCTD
TECTHPOBAHUS JIJIsl NETEKIIMH PAKOBBIX 3a00JI€BaHHI.

[0464] CormacHo napyroMy BapuUaHTy pealu3allud BeJIUYMHA COOTBETCTBYIOLIETO
NpefeNbHOrO 3HAYEeHUS Ui 00J1acTH MeHbIle (HarpuMep, MeHee 4eM 3) B TeX Ciydasix, KOrja B
COOTBETCTBYIOLIEH oOnacTy HaOMOmaeTcst NeNenus, 4eM B TeX CiydasxX, KOrha AeNelus He
HaOmonaercs. COOTBETCTBEHHO, IPU TECTUPOBAHUHN HA MMIIOMETHIMPOBAHUE COOTBETCTBYIOLIEE

NpeacibHOC 3HAYCHUE JIA 00J1acTH MOXKET ObITh MEHEE OTPpULATCIIBHBIM B TEX ClIy4dasiX, KOraa B
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COOTBETCTBYIOLIEH oOnacTu HaOmromaeTcss nenenus, 4eM B TeX Cilydasx, KOTrha AeNelus He
HaOmonaerca. OkuUmaercs, YTO TAaKOM BapHAaHT pPeaJM3alMU TOBBICHUT YyBCTBUTEJIBHOCTb
TECTHPOBAHUS JJIs1 JE€TeKIMM pPakoBbIX 3aboneBaHuii. Koppekuus npenenpHbIX 3HAYEHUH
COIJIACHO ONHMCAHHBIM BBIIIE BAPUAHTAM PEAU3aLUU MOXKET OBbITh H3MEHEHa B 3aBUCUMOCTU OT
TpeOyeMOil UyBCTBUTEIBHOCTH U CHEUU(PUYHOCTH JUIi KOHKPETHOTO JHATHOCTHYECKOIO
cueHapus. CorjacHo ApyruM BapuaHTaM peatuzaluu usmepenus Merunuposanus 1 CNA moryT
NPUMEHSITCS. B COYETAHUU C JPYTUMU KIMHHYECKUMH TapameTpamu (Harmpumep, pe3yJibTaTaMu
BU3yaU3alMsl WM OHOXMMHYECKMMH TIOKA3aTENsIMA CBHIBOPOTKH) JJISI TPOTHO3UPOBAHUS
PaKoOBBIX 3200JIEBAHMIA.
B. Hcnonvzoeanue CNA ons evibopa obnacmeii

[0465] CornacHo mpuBEenEeHHOMY BBIIIE OIMMCAHUIO, aBTOPBI HACTOSILETO H300pETeHHUS
NOKa3aJl, YTO IUIOTHOCTb METWUJIMPOBAHHUS B IUIa3M€ HM3MEHsIETCS B OOJACTSX, COAEPIKAIIHX
abeppanyu 4uCiia KOMHIA, B OMyXOJEBBbIX TKAHAX. B 00NacTsAX ¢ yBelMYEeHUEM 4YHCia KOMUH B
OMNyXOJIEBOW TKAHU MOBBILIEHHBIN BKJIaA rMNOMeTHIMpoBaHHON omyxoneson JIHK B mmasmy
Oyner mpuBoauTh K Oombmueil creneHn runomMetmnupoanus JIHK mmasmbl mo cpaBHEHHIO C
obmactsimu Oe3 aleppanmii umcina komuil. Hanporu, B o0macTsix ¢ yTpaTodl Komwid B
OMNyXOJIEBOW TKAaHM IOHWKEHHBIM BKJAaJ TUIIOMETUIMPOBAHHONW MPOUCXOASALIEH M3 PaKOBOIO
HoBooOpasoBanus JIHK B rmnasmy Oyner mpuBOAUTH K MEHbIIEH CTENEHM TMIIOMETUIMPOBAHUS
JHK nmasmbl. YkasaHHas 3aBUCUMOCTb MEXKAY IUIOTHOCTBIO Metwiuposanust JJHK mnasmer u
OTHOCUTEJIbHOW  MpPEACTaBICHHOCTBKD  MOJKET  MOTEHLUAJIbHO  MCIONb30BATBCA  JJIA
augdepeHmanuy pesyabTaToB TMIIOMETHIMPOBAHMS, CBI3aHHBIX C IPUCYTCTBUEM CBSI3AHHOM C
pakoBeiM 3aboneBanuem JIHK u ¢ apyrumu He CBSI3aHHBIMH C PaKOBBIMH 3a00JI€BaHUSIMU
npuunHamu (Hanpumep, CKB) runomerunuposanus JJTHK mia3mbr.

[0466] UToOBbl mpOMJUTIOCTPUPOBATH  YKAa3aHHBIH  CHOCOO, aBTOPbI  HACTOSIIETO
u300peTeHnst HUCCIeAoBaIM O0pas3mbl IUIa3Mbl JIByX MAIMEHTOB C TeNMaTOLEIUTIOJIIPHOM
kapuuHomoit (I'LIK) u nByx mamumentoB ¢ CKB, He mMeroummx pakoBbIXx 3a0oneBaHuil. Y
yka3aHHbix 1ByX mauueHToB ¢ CKB (CKB04 u CKBI10) Habnromanoch OUeBHUAHOE HATIUYHE
runometiinpoBanust 1 CNA B mna3me. Y nanuenta CKB04 Habmomanoch runoMeTHINpOBaHUE
84% yuactkoB u CNA B 11,2% yuactkoB. VY mammenta CKB10 Habmopanoch
runomerunuposanue 10,3% yuactkoB u CNA B 5,7% y4acTKOB.

[0467] Ha ¢ur. SOA u 50B mpencraBieHbl pe3ynbTaThl aHATN3a THIOMETHINPOBAHUS
mwiazMbl 1 CNA s manmentos ¢ CKB, CKB04 u CKB10. Buemnuii kpyr oroOpaxaer Z-
MOKA3aTe METHIUPOBAHUS (Zmeth) Tpu paspeumeHun 1 MO. VYuyactku ¢ Z-mokasaTeneMm
METHIIMPOBAHUA Zmeth <-3 OTMEYEHBI KPACHBIM, C Zmeth >-3 — CEPBIM LIBETOM. BHyTpeHHMI Kpyr

orobpaxaer Z-nokazarenu CNA (ZcNa). 3eneHbIMH, KPAaCHBIMU U CEPBIMU TOYKaMHU 0003HAUEHbI
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y4acTKu ¢ ZcNa >3, <3 u oT -3 10 3, COOTBETCTBEHHO. Y yKa3aHHbIX 1ByX mauueHToB ¢ CKB
HaOro1aMch n3MeHeHus runoMetmnpoBanust 1 CNA B masme.

[0468] [1ns onpeneneHust TOro, COrNIaCOBAIUCH JIU U3MeHeHus MmeTuinpoBanus 1 CNA ¢
HaJIMYUEM NPOUCXOJsIIel 3 pakoBoro HoBooOpasosanus JIHK B miasme, aBTOpbI HACTOSILIETO
U300peTeHrst CPaBHUBAIU Zmeth AJis1 o0Oaacteit ¢ Zena >3, <-3 u ot -3 no 3. Ilpu usmMeHeHusx
merunupoBaHuss U CNA, B KOTOpble BHOCHUT BKJAJ MPOUCXOAINAs M3 PaKOBOTO
HoBOoOOpasoBanusi JIHK B miasme, okumaercsi, 4to objactu ¢ Zcna <-3 OyayT MeHee
TUIIOMETHJINPOBAaHbI U OyIyT UMETh MEHEee OTPULIATEIbHBIN Zmeth. HarpoTus, obnactu ¢ Zena >3,
KaK oxupaercs, OyayT Oosiee rUIOMETHIIMPOBAHBI U OyIyT UMETh 0OJiee OTPULATENbHBINA Zmeth.
JUIsl HarJMsAHOCTH aBTOPBI HACTOSIIIETO H300pETEeHHs NMPUMEHSUTH OJXHOCTOPOHHUN KpUTEPUH
CYMMBI PaHTOB JJIsl CPaBHEHUS Zmeth 1J1s1 oOnacteit ¢ CNA (t.e. obnacreii ¢ Zena <-3 wm >3) ¢
obmactsimu 6e3 CNA (t.e. obmactamu ¢ Zcna or -3 no 3). CornmacHO JAPYrUM BapHaHTam
peanm3ald MOTYT TPUMEHATbCS IPyTrUe CTAaTHCTUYECKHE KPUTEPUH, HANpHMep, HO He
orpaHnunBasch t-kpurepuem CTreromeHTa, nucrniepcHoHHbIM aHamm3oM (ANOVA) u kpurtepuem
Kpackena—Yomnuca.

[0469] Ha ¢ur. S1A u 51B npencrasnen aHanu3 Zmeth 15151 odnacreii ¢ CNA u 6e3 CNA
B iasme nByx naipeHToB ¢ ['1IK (TBR34 u TBR36). O6nactu ¢ Zcena <-3 U >3 npeacTaBisifoT
00J1acTH, HEIOCTATOYHO U U30BITOYHO MPECTABJICHHBIE B IJ1a3Me, cooTBeTcTBeHHO. 11y TBR34,
uy TBR36 obnactu, kotopble ObUIH HEIOMPEACTABIEHBI B 1a3Me (T.e. obnactu ¢ Zcena <-3),
MMENIH 3HAYMTENBHO Oosiee BBICOKUH Zmeth (P-3Hauenme <107, OIXHOCTOPOHHHWN KpHUTEpHii
CYMMBI PaHI'OB) IO CPAaBHEHHUIO C OOJACTSAMH, HOPMAJbHO IPEACTaBJIEHHBIMU B IUa3Me (T.e.
obmactsiMu ¢ ZcNA, COCTaBJSIIOIIMMH  OT -3 10 3). HopmanpHas mpencTaBieHHOCTh
COOTBETCTBYIOT OJKHUAAEMOM JUIsl SYIIOUAHOTO reHoMa. [IpencraBieHHble H30BITOYHO OOJIACTH B
wiazme (T.e. 00aacTu ¢ ZceNa >3) UMeN 3HAYUTENbHO Oosiee HU3KUH Zmeth O CPABHEHUIO C
00NacTAMU, HOPMAJbHO MpejCTaBleHHbIMU B TiasMe (P-3Hauenume <107, omHOCTOpOHHMIA
KpUTEepUH CyMMBI paHroB). Bce yka3aHHbIE HM3MEHEHHUs] COIJIACOBAINCH C IPHCYTCTBUEM
TUNoOMeTIIINpoBaHHOH onyxojesoi JJHK B oOpasuax mia3mel.

[0470] Ha ¢ur. 51C u 51D npencrasnen aHanu3 Zmeth 1151 oonacreii ¢ CNA u 6e3 CNA
B tutasme aByx nanueHToB ¢ CKB (CKB04 u CKB10). O6nactu ¢ Zena <-3 1 >3 mpeacTaBIsIFOT
00J1acTH, HEAOCTATOYHO M M3OBITOYHO MPENCTaBIeHHbIC B mia3Me, coorBeTcTBeHHO. Y CKBO04
o0macTy, KOTOpble OBUIM HENONpPENCTaBIeHbl B IuazMe (T.e. obnactu ¢ Zcna <-3), HE UMeNn
3HAYUTEIBHO OOJiee BBICOKOTO Zmeth (P-3Hauenne = 0,99, omHOCTOPOHHUN KPUTEPUH CyMMBI
PaHroOB) MO CPAaBHEHHIO ¢ 00JACTSMH, HOPMAJIBHO MPENCTaBICHHBIMU B TU1a3Me (T.e. o0JacTsaMu
C ZCNA, COCTaBJISIIOLUIUME OT -3 110 3); ¥ 00nacTv, U30BITOYHO NMPECTABJICHHbIE B IUIa3Me (T.e.

obnactu ¢ ZcNa >3) He UMeJH 3HAYUTENbHO 00jiee HU3KOTO Zmeth IO CPABHEHUIO C OOJIACTSIMH,
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HOPMaJIbHO TPECTaBIeHHBIMHU B 11azMe (P-3Hauenue = 0,68, OMHOCTOPOHHUI KPUTEPHUIT CYMMBI
paHroB). YKa3aHHbIE Pe3yJbTAThl OTJIMYAIOTCS OT OKUAAEMBIX U3MEHEHUH M3-3a MPUCYTCTBHS B
iazMe npoucxofsmei u3 omnyxonu runoMmerwnuposaHHoi JIHK. AnanmormusneiM obpasoM, y
CKB10 obnactu ¢ Zcna <-3 HE UMENH 3HAYUTENbHO 0OJie€ BBICOKOTO Zmeth O CPABHEHUIO C
obnactsamMu ¢ ZcNa, COCTABIIONMME OT -3 10 3 (P-3Hauenne = 0,99, oMHOCTOPOHHUIT KpUTEpU
CYMMBI PAHI'OB).

[0471] IIpuuriHa OTCYTCTBUSI THIMYHOTO CBSI3AHHOTO C PAKOBBIM 3a00jieBaHHEM
naTTepHAa B3aUMOCBSIZU MEXNY Zmeth U ZcNa y manueHToB ¢ CKB 3akimouaercs B Tom, 4TO Yy
naiieHToB ¢ CKB CNA He mpuCyTCTBYIOT B KOHKPETHOM THIE KJIETOK, B KOTOPBIX TaKXke
HaOJIrOIaeTCs TUIIOMETUIINPOBaHue. B maHHOM ciydae, HaOomaeMoe OYeBHIHOE MPUCYTCTBUE
CNA wu runomermaupoBaHusi OOYCIIOBJIEHO HM3MEHEHHBIM pAClpeNesieHHeM pa3MepoB
mupkymmpyromeii JIHK y manuentoB ¢ CKB. H3meHeHHOe pacmpeneneHue pa3sMepoB
MOTEHLHAIbHO MOXET H3MEHSATh IUIOTHOCTH PHUIIOB CEKBEHHUPOBAHHUS JJIsl Pa3HbIX I'€HOMHBIX
oOmacteil, 4yro mpuBOAMT K oueBUAHbBIM CNA, Tak Kak 3TaJOHBI TMOJYYEHBI OT 3IO0POBBIX
cyObekToB. COrlaCHO OMMCAHHUIO B MPEAIIECTBYIOLINX Pa3leax, HMEETCs KOPPEISILUs MEXKITy
pasmepom ¢parmenta uupkyaupyromedi JJHK u TIOTHOCTBIO ero meTwiupoBaHus. Takum
o0pa3om, M3MEHEHHOE paclpenelieHHe pPa3MepoB TaKke MOXET NPHUBOAUTH K abeppaHTHOMY
METUIUPOBAHHUIO.

[0472] Xots oOnactu ¢ ZeNa >3 UMeNIH HEMHOTO OoJiee HU3KHE YPOBHU METHIIMPOBAHMS
IO CPABHEHMIO C O0ONACTAMU € ZCNA, COCTABJISIIOIIUME OT -3 10 3, P-3HaueHue s yKa3aHHOTO
CpaBHEHUsI ObUIO 3HAYHMTENILHO BbIIIE, 4YeM HAaOMIOAABLIMECS AN ABYX OOJBHBIX PAKOBBIM
3aboneBaHreM maimeHToB. COrJacHO OOHOMY BapHaHTy peanu3aluuu P-3HaYeHHE MOXKeT
NPUMEHATHCS B Ka4eCTBE MapaMeTpa ISl ONpeAeseHUs] BEPOSITHOCTH HAJIUYUS B TECTUPYEMOM
ciydae pakoBoro 3aboneBaHus. COIMNIaCHO IPYyroMy BapUaHTy peaNU3alUH pPa3Tuuue Zmeth
MEKAy HOPMAJIbHO U aOeppaHTHO MPENCTaBIEHHBIMH OOJACTSIMH MOXKET HCIIOJIb30BAThCS B
Ka4eCTBE MapaMeTpa, OTPAXKAIOLIEr0 BEPOSTHOCTh HAJMYUs PakoBbIX 3aboseBanuii. CoriaacHo
OJHOMY BapHaHTY pPeaJU3aLfH IPyINa CTPAJAOMIUX PAKOBBIM 3a00JI€BAHHEM MAIlIUEHTOB MOKET
OBITb MCMOJIB30BAHA JJISI YCTAHOBJIICHUS KOPPENSALUN MEXKAY Zmeth U ZCNA, U JJIST ONIPENEIeHUs
MOPOrOB JIsl Pa3HbIX MApaMeTPOB, YTO MO3BOJSET YCTAHOBUTH, COIVIACYIOTCS JIM U3MEHEHUs C
MPUCYTCTBHEM MPOUCXOISIICH M3 PakOBOrO HOBOOOpazoBaHus runometuiaupoBanHHou JIHK B
TECTUPYEMOM 00pasIie TIa3MblL

[0473] CoOTBETCTBEHHO,  COTJIaCHO  OJHOMY  BapUaHTy  peaju3alld  MOXKET
ocymecTBisATbCs aHanmu3 CNA mns ompeneneHust nepBoro Habopa oOnacTei, Bce M3 KOTOPBIX
IEMOHCTPUPYIOT YTO-IMOO OJHO W3: JeNelud, aMIUIMQUKalud WId  HOPMajbHON

npencrasienHoctn. Hampumep, B mnepBom Habope oOnacreii Bce 00JacTM  MOTYT
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IEMOHCTPHPOBATh JENELUI0, HJIK BCEe 00JaCTH MOTYT JAEMOHCTPHUPOBATH aMILUTU(UKALIIO, W
BCEe 00JIACTH MOTYT AEMOHCTPHPOBATh HOPMAJBHYIO MPENCTABICHHOCTD (HAPUMEp, CONEPKaTh
HOpPMajIbHOE TIepBO€ KOJMYECTBO OOjacTel, HarmpuMmep, HUMETb HOPMANbHBIA Zmeth). [l
yKa3aHHOrO mepBoro Habopa obmacteii MoxeT OBbITh ONpeneneH ypOBEHb METHIIMPOBAHUS
(HampuMep, MePBbIH YPOBEHb METHIIMPOBAHUSI COrMIACHO crioco0y 2800 MOXKeT COOTBETCTBOBATh
nepBoOMy Habopy o0nacTeii).

[0474] Ananu3z CNA mo3BOJSIET ONpeaeauTh BTOPO HaOOp oOJjiacTeid, Bce U3 KOTOPBIX
IEMOHCTPUPYIOT dYTO-THOO BTOpOE H3. JENeUuH, aMIUTMPUKAUH WIH HOPMaJIbHON
NPEACTaBJIEHHOCTH. B yka3aHHOM BTOpOM Habope obnacteii OyayT HaOMIOAAThCS OTJIIMYHBIE OT
nepBoro Habopa npusHaku. Hanmpumep, eciu obnactu nepBoro Habopa ObUTM HOPMaJIbHBIMU, B
o0yacTsIX BTOPOro Habopa MOKET HaOMIoaaThes neaenns win aMmiuiindukanus. Bropoii ypoBeHb
METUJIMPOBAHUSI MOJKET OBITh PACCUNTAH HA OCHOBAHWH COOTBETCTBYIOIIUX KOJUYECTB MOJIEKYJI
JTHK, MeTHIMpOBaHHBIX B caiiTax obacTell BToporo Habopa.

[0475] 3atem MokeT OBbITh BBIMUCIEH MapaMeTp, CBSI3BIBAIOLINI MEPBbI YPOBEHb
METWJIMPOBAHUSI M BTOPOE MeETHIHpOBaHHe. Hampumep, MOKET BBIMHCIATHCS Pa3HOCTb WU
OTHOLIEHWE W CPAaBHUBATHCS C TNPEAENbHbIM 3HaUe€HHEM. YKa3aHHas(0e) pasHOCTb WU
OTHOLIEHHE MOTYT ObITh Takke 0OpadOTaHbI C MPUMEHEHHEM paCIpeNesieHUs] BEpOATHOCTEMH
(HampuMmep, B paMKax CTAaTHCTUYECKOIO TECTUPOBAHUS) JJIsl ONpENeNieHUs BEePOSTHOCTH
NOJNyYeHHs] 3HAYEHUS, W YKa3aHHAs BEPOSITHOCTD MOJKET CpPaBHHUBAThCS C MpPEeAeSbHBIM
3HA4YeHUEM Uil ONpesesIeHUs] YPOBHs pPaka Ha OCHOBE YPOBHEW MeTuiupoBaHMs. Takas TOuka
OTCEYEeHHS MOXKET OBbIThb BBIOpaHA MAJSI pasiuueHHss O0OpasLOB, OTHOCSIIMXCS K PaKOBOMY
3a00JIeBaHHIO U HE OTHOCSILIUXCS K pakoBoMy 3aboneBanuto (Hanpumep, CKB).

[0476] CormacHo OmHOMY BapuaHTy pealu3alud MOXKET ObITh OIpenejeH YPOBEHb
METUJIMPOBAHUS JIsl epBoro Habopa obnacTel wiM Aisi cMecu oOsactel (a UMEHHO, CMeCH
o0nacTe, JEMOHCTPHUPYIOLINX aMIUTU(UKALIIIO, AEJELHI0, & TAK)Ke HOPMAJIbHBIX). YKa3aHHBIN
yPOBEHb METUJIMPOBAHUS 3aTEM MOXKET CPABHUBATHCS C MEPBOM TOYKOW OTCEYEHHs] B paMKax
NepBOro STana aHainn3a. [Ipu mpeBbIlIeHUH TOUYKH OTCEUSHHMs, YTO YKa3bIBA€T HAa BEPOSITHOCTH
HAJIMYUSl PAKOBOTO 3a0OJIEBaHMS, MOJKET OCYLIECTBIISITHCS OIMMCAHHBIA BBIIE AHAJIH3 IS
ONpENeNeHus,  SIBISIETCS  JIM  YKa3aHWe  JIOXKHOMOJOXKUTENbHBIM.  Pe3ynsrupyromias
KJIaccu(pUKALMs YPOBHS paka MOXET, COOTBETCTBEHHO, BKJIIOUATh CPAaBHEHHME Mapamerpa Il
IBYX YPOBHEN METHWJIMPOBAHUS C BTOPOU TOUYKOM OTCEYEHUSI.

[0477] IlepBbiii ypOBEeHb METHIMPOBAHUSI MOXKET MPEICTABISITH COOOH CTATUCTHUECKHI
nokasarenb (HalpuMep, CpefHee 3HaueHHe WIM MeAUaHy) YPOBHEH MeTWJIMpOBaHHs 00NacTy,
paccuMTaHHBIX AN KaxAgoW olOmact wu3 mepBoro Habopa oOnacreil. Bropoli ypoBeHb

MCTUWJIIMPOBAHUSA MOKET TAKXKE IMPEACTABIIATH co0OM CTaTUCTHYECKHH IOKa3aTelb ypOBHGI’I
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METUJIMPOBAHUST OOJNACTH, PACCUMTAHHBIA Ui Kaknaol oOxactu BTOporo Habopa obmacteid.
Hanpumep, cratucTuyeckuil mokas3aTeslb MOXKET OBITb ONpeneileH ¢ NPUMEHEHHUEM
OJHOCTOPOHHETO KPUTEPHUsI CYMMBbI paHroB, t-kputepust CTbhIOJIEHTa, JUCIIEPCUOHHOTO aHaJIH3a
(ANOVA) unu xpurepust Kpackena—Y omnuca.

XI. KJACCH®HUKAIHUA TUIIOB PAKOBBIX 3ABOJIEBAHUI

[0478] ITomMmumo ompeneneHusi HAIWYHMs WM OTCYTCTBHUSL PAKOBOro 3a00jeBaHUs B
OpraHu3Me BAPHAHTHI PeATM3aLUHU MMO3BOJISIOT UASHTU(UIUPOBATD THIT PAKOBOTO 3a00JIeBaHMUS,
CBSI3aHHOTO ¢ OOpasmoM. Yka3aHHas WIEHTHU(HKAIMs THIA PAKOBOrO 3a00JIEBAaHUS MOMKET
3aefCTBOBaTh MATTEPHBI TIIOOATBPHOrO THIIOMETUIMPOBaHus, runepmermiupoBanus CpG-
octpoBkoB w/mmn CNA. YkasaHHble NAaTTEPHbI MOTYT BKJIOYATh pa30MEHHE Ha KJIACTEephI
MALUEHTOB C W3BECTHBIM JTMArHO30M C MPUMEHEHHEM H3MEPEHHBIX YPOBHEH METHJINPOBAHHS
obyacreii, coorBeTcTRyrOMX 3HaYeHnit CNA mns obsacredt u ypoBHsi mermnuposanust CpG-
ocTpoBKOB. IIpuBeneHHbIE HWXKE pE3yJbTaThl IEMOHCTPHUPYIOT, YTO JJsl OPTraHU3MOB C
aHAJIOTHYHBIM THIIOM PaKOBOro 3a0oyieBaHUsI HAONMIOMAIOTCA AHAJOTHYHBIC 3HAYEHUS IS
obmacreit 1 CpG-OCTPOBKOB, Tak:ke W y MALHMEHTOB, HE WMEIOIINX PAKOBBIX 3a00JieBaHUM,
HaOJIFOTAI0OTCsT aHAJIOTUYHBbIE 3HaueHus1. [Ipu pa3ObueHun Ha KiacTepsl KaKA0e U3 3HAUEHHUH IS
00JIaCTH M OCTPOBKA MOXKET IMPEICTABIATE COOOH OTAENbHOE M3MEpEeHHe NPU pa3OMeHnH Ha
KJIaCTEPHI.

[0479] H3BecTHO, 4TO IIPU OJHOM U TOM K€ TUIIE PAKOBOTO 3a00JIeBaHUST HAOIIOAAI0TCS
aHaJIOTU4YHbIe reHeTudeckue u snureHeTnueckue nsmenenus (E Gebhart et al. 2004 Cytogenet
Genome Res; 104: 352-358; PA Jones et al. 2007 Cell; 128: 683-692). Hike aBTOpBI
HACTOSIIEr0 W300peTeHUs] MPHUBOAAT OMHCAaHUE TOro, kak mnarrepHsl CNA M HM3MeHeHuit
METUJIMPOBAHUS, IETEKTUPOBAHHbIE B IUIA3ME€, MOTYT HCIOJb30BaThCS JJIsl yCTAHOBIICHHS
NPOMCXOXKIEHUsT WM THIa pakoBoro 3abonesanusi. O6paszusl JJHK mimasmel OT ManueHTOB C
I'TIK, nammentoB ¢ ommyabiM OT [ LK 3aboneBaHneM M 3MOPOBBIX KOHTPOJIBHBIX CYOBEKTOB
KJIaCCU(UIIMPOBAI C TPUMEHEHHEM, HAlpuMep, HEePapXUYecKOro KJIACTEPHOTO aHau3a.
VYka3aHHBIIl aHAJINU3 BBINONHSUIA C TPUMEHeHHeM, Hampumep, GyHKiuu heatmap.2 mnakera
ckpuntoB R (cran.r-project.org/web/packages/gplots/gplots. pdf).

[0480] UToOBl mpoOMIUTIOCTPUPOBATH MOTEHLMAN  YKa3aHHOTO  crocoda, aBTOPBI
HACTOSIIET0 M300peTeHMsI MCIONb30BAIN J1Ba Habopa kputepues (rpynma A u rpynma B) B
Ka4eCcTBE MPUMEPOB i WACHTU(PUKALMHN TMOAXONAIINX TPU3HAKOB IS KiacCH(UKALUU
oOpasuoB mmasmsl (cM. Tabmuiy 6). CornacHO J[ApyrMM BapuaHTaM pealu3alid MOTYT
NPUMEHSTHCS IPYyTHUe KPUTEPUH Al HASHTU(PUKALNN YKa3aHHBIX NMPU3HAKOB. Mcrnonb3oBaHHbIE
npusHaku BKMouanau raobanbHele CNA mpu paspemenuun 1 MO, rnoGanbHyr IUIOTHOCTB

MeTUJIMpOBaHus npu paspewmennu 1 M6 u merunuposanue CpG-OCTPOBKOB.
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I'mobanbHOE METHUIIMPOBAHHE MIPU

pazpewmenuu 1 M6

I'pynna xpurepues
A

I'pynna xpurepues
B

Kpurepuu >20 cnyvaes >20 cnyvaes
PaKoBOTO PaKoBOro
3aboneBanusi ¢ Z- | 3abonieBaHust ¢ Z-
rokasarejieMm >3 rokasareyem >2.5
i <-3 wm <-2.5

Kou-Bo 584 1911

UIeHTH() UL POBAHHBIX

NPU3HAKOB
[Tpuznaku CNA

I'pynna kpurepues
A

I'pynna xpurepues
B

Kpurepuu >10 cnyqaes >10 cny4aes
PaKoBOTO PaKoBOTO
3aboneBanus ¢ Z- | 3aboseBaHus ¢ Z-
rnmokazaresiem >3 rnokazarenem >2.5
unu <-3 <25

Kon-Bo 355 759

UIEeHTU(ULIUPOBAHHBIX
TIPU3HAKOB

MetunupoBanue CpG-0CTPOBKOB

I'pymnmna kpurepues
A

I'pynna xpurepues
B

Kpurepun >5 ciy4daes >1 cnyyas
PaxKoBOro PaKkoBOro
3a00JIeBaHUs C 3a00J1€BaHMS C
IIJIOTHOCTBIO IIJIOTHOCTBIO
METHJIUPOBAHUS, METHJTUPOBAHMSI,
OTJIMYAIOIIENCS OT | OTIIMYAIOINENCS OT
CpeIHero CpemHero
pedepeHcHoro pedepeHcHOro
3HaueHus Ha 2% B | 3Ha4yeHust Ha 2% B
koHKpeTHbIX CpG- | koHKpeTHBIX CpG-
OCTpPOBKax OCTPOBKax

Kou-Bo 110 191

UIeHTU( UIIUPOBAHHBIX

TIPU3HAKOB

Tao6auua 6

[0481] B mepBbIx AByX MpHMepax aBTOPBI HACTOSILErO N300PETEHUST HCIIOIB30BANN IS

kinaccudpukaipu Bee npusHaku CNA, riao0anpHOr0 METHIIMPOBAHMS NpHU paspermeHun 1 MO u

MCTUJIINPOBAHUSA

NPUMEHSTLCS APYTHe KPUTEPHUU, HAIPUMED,

CpG-0ocTpOBKOB.

CoracHo

OpyruMm

HO HE OrpaHUYUBasCb TOYHOCTBHO U3MCPCHUSA

BapuaHTaM  pean3anuu
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NpPU3HAKA B TUIa3Me pedepeHCHON TPy L.

[0482] Ha ¢ur. 52A mpencrasineH nepapxu4eCKUi KIACTEPHBIA aHAIU3 JUIs 00pa3IoB
miazMbl oT naimenToB ¢ I'IK, maumentoB ¢ ornuunbiM ot I'LIK 3a0oneBaHneM U 310pOBBIX
KOHTPOJIbHBIX CyOBEKTOB C mpuMeHeHHeM Bcex u3 1130 mpusHakoB rpynmbl A, BKIroudas 355
CNA, 584 mnpusHakoB TJ100aJbHOTO METWIMPOBaHHUs Tpu paspemenud | MO u craryca
metunuposanusi 110 CpG-octpoBkoB. L[BeTHO!N nuarpaMMoil B BepxHeil 4acTH NPEACTABIIECHBI
rpymmbl 0Opa3loB: 3eJIeHbI, CHHUI U KPACHBIH LIBETa MPEACTABIISAIOT 30POBBIX CYyOBEKTOB,
I'TIK u namuentoB ¢ orimunbiM oT [TIK 3aboneBaHueMm, COOTBETCTBEHHO. B 1ienoM, B
YKa3aHHBIX TPeX rpymmnax cyOBeKTOB HAOMOAANACh TEHACHLUS K COBMECTHOM KJIACTEPU3ALHH.
I[To BepTUKANBHON OCH TpPEACTABICHBl KJacCUUIUpYIOIIUEe TNpu3Haku. [Ipu3HaKw,
XapaKTEPU3YIOIIHUECS] AHAJIOTUYHBIMH TATTEPHAMHU y Pa3HBIX CYOBEKTOB, KIIACTEPHU30BAJIHCH
BMECTEe. OTH pe3yJbTaThl MpPENIOoNaraloT, YTO MaTTepHbl U3MeHeHui MetwnupoBaHus CpG-
OCTPOBKOB, M3MEHEHHUI MOJHOT€HOMHOIO0 METHJIMpOoBaHus npH paspeumernd | MO u CNA B
IU1a3Me MOTEHLHUAIbHO MOTYT HCIHOJNb30BATHCA [JIs1 OMNPEAENEHUs MPOUCXOXKAECHHsSI PAaKOBOIO
3a00NeBaHysl Y MALIEHTOB MIPU HEM3BECTHBIX MEPBUYHBIX OYarax.

[0483] Ha ¢ur. 52B mpencrasneH nepapXxU4eCcKUil KJIACTEPHBIH aHAIM3 JUIs 00pas3IoB
miazMbl 0T nammenToB ¢ 'K, maumentoB ¢ omnmmunbiM ot I'TIK 3a0oneBaHneM U 310pOBBIX
KOHTPOJIbHBIX CYOBEKTOB C puMeHeHneM Beex 2780 nmpusHakoB rpynmnel B, Bkimodas 759 CNA,
1911 npusHakoB rnOOATBHOrO METWIMPOBAaHUS mpu paspemweHnu | MO u  craryc
merunuposanusg a1 191 CpG-octpoBka. llBeTHONW amarpaMMoi B BEpXHEH 4acTH
IPENCTABIIECHbI TPYIIbI 00PA3LOB: 3€JEHbI, CHHUI M KPACHBIN LIBETA MPENCTABISIOT 310POBbIX
cyobexToB, I'IIK u mauuenToB ¢ ornuddbiM oT I'TIK 3a0oneBanneM, COOTBETCTBEHHO. B 11emiom,
B YKa3aHHBIX TPEX rpyImmnax cyObeKTOB HaOJIONaIach TEHACHIUS K COBMECTHON KJIACTEPH3ALIHH.
I[To BepTUKANBHOH OCH TpPEACTaBICHBl KJIaCCUUIMPYIOIIUE TpU3HAKU. [Ipu3HaKH,
XapPaKTEPU3YIOIIHUECS] AHAJIOTUYHBIMH TATTEPHAMHU Y Pa3HBIX CYOBEKTOB, KJIACTEPU30BAJIHCH
BMECTE. DTH pe3yJbTaThl MPEANOJaraT, YTO MaTTepHbl U3MEHEHUH METWIMPOBAHUS Pa3HbIX
HaOopoB CpG-OCTPOBKOB, U3MEHEHUH TIOJTHOT€HOMHOTO METHIIMPOBAHMS NPH pasperneHun 1 Mo
u CNA B mnpasMe MOTyT HCHONb30BATbCS MAJIsl ONPEAENEHUs MPOUCXOXKIEHUS PaKOBOIO
3a00NeBaHys Y TALIMEHTOB NMPH HEU3BECTHBIX IMEPBUYHBIX ouarax. BeiOop KiacCupUIMpyrOImx
NPU3HAKOB MOKET OBITh aalTHPOBAH IOJ KOHKPETHBIE BapUaHTHI MpuMeHeHus. Kpome Toro,
NPOTHO3Y U THUIA PAaKOBOTO 3a00J€BaHMUS MOXKET IPHCBAMBATHCS BEC B COOTBETCTBHH C
NPEIBAPUTENIbHO HW3BECTHBIMH BEPOSITHOCTSMH DPAa3HBIX THUIIOB PAKOBBIX 3a00NEBaHUN Y
cyObekroB. Hampumep, y mNanmeHTOB C€ XPOHMYECKHMM BHUPYCHBIM T€MaTHTOM HMEETCs
CKJIOHHOCTb K Pa3BUTHIO TeNaTOLEIUIFOJSPHON KapLUUHOMBIL, 4 Y XPOHUYECKUX KypPHUJIbIIUKOB

HUMECTCs CKIIOHHOCTb K PA3BUTHIO pakKa JICTKOrO. COOTBGTCTBGHHO, MOKET OBITh paccuuTaHa
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B3BEIIEHHAS BEPOSTHOCTh THIA PAKOBOTO 3a0O0JIeBaHUSI C MPUMEHEHHEM, HAlpuUMep, HO He
OTPaHUYMBASICH MEPEUYNCICHHBIM, JJOTUCTHUYECKON, MHOKECTBEHHON MJTH KJIACTEPHOU PErpeCcCUu.

[0484] CornacHo apyrumM BapuaHTaM peaiu3alludl Ui aHAIU3a KIacCU(UKAIIUH MOXKET
NPUMEHSATbCS OAMH TUIl TMpU3HAakoB. Hampumep, B HIDKECIEAYIOUIMX MpuUMepax s
MEePaPXUUECKOr0 KJIACTEPHOIO aHAJN3a MCIIOIb30BAIH TOJBKO III00ANbHOE METUIMPOBAHNE TIPU
paspemenun 1 MO, runepmermnuposanne CpG-octpoBkoB mimn CNA npu paspemennn 1 M6.
MoimHocth nuddepeHuanun MOKeT ObITh Pa3HOM MPU KMCIIOJNb30BAHUM PA3HbIX MPU3HAKOB.
JIOTIONIHUTEIPHOE YTOYHEHUE TapaMETPOB KIACCU(PHUIUPYIOIIMX TPU3HAKOB TMOTEHIMAIBHO
MO3KET TMOBBIIIATh TOYHOCTD KJIACCU(DUKALIUU.

[0485] Ha ¢ur. S3A mpencrasiieH nepapXU4eCKHid KJIACTEPHbIH aHATU3 sl 00pa3IoB
wiasmbl oT nanueHToB ¢ 'K, manmenToB ¢ ornmuyanbiM or ['TIK 3a0oneBaHueM u 310pPOBBIX
KOHTPOJIbHBIX CyOBEKTOB C MpPHMEHEHHEeM TIpyIIbl Npu3HakoB A metunupoBanusi CpG-
OCTpPOBKOB. B 1enom, OonbHBIE PaKOBBIMH 3a0O0JEBAHMSMHU TALIUEHTHl KJIACTEPHU3OBAJINCH
COBMECTHO, a CyOBEeKThI 0e3 pakOBbIX 3a00JieBaHMI TMOManaiu B Apyrod kmactep. OmHAKO
paznenenue namueHToB ¢ [ TIK u ¢ orimunbiM oT I'TIK 3a00eBanmneM ObLIIO MEHEe BhIPAsKEHHBIM
MPY CPABHEHHUH C MPUMEHEHHEM BCEX TPEX TUIIOB MPU3HAKOB.

[0486] Ha ¢ur. 53B npexncraBieH mepapxuuecKuil KJIACTEPHBIH aHAIM3 IJs1 00pas3IoB
wiasmbl oT nauueHToB ¢ 'K, maumenToB ¢ ormnmuunbiM ot ['TIK 3a0oneBaHuemM u 340pOBBIX
KOHTPOJIbHBIX CyOBEKTOB ¢ MPUMEHEHHEM TPYMIbl A IJIOTHOCTEN r100aIbHOTO METHJIMPOBAHHUS
npu paspemeHnn 1 MO B kadecTBe KiacCU(UIUPYIOIIMX MpH3HAKOB. Halmomanock
npeuMyliecTBeHHOe pazOueHune no kmactepam naumeHtoB ¢ [HIK u ormmmussim ot 'K
3a00ieBaHUEM.

[0487] Ha ¢ur. 54A mpencraBieH uepapXu4eCcKHil KJIACTEPHBbIH aHATU3 sl 00pa3IoB
wiasmbl oT nauueHToB ¢ 'K, manuenToB ¢ otnmuyunbiM oT I'TIK 3aboneBaHueM U 3A0POBBIX
KOHTPOJIbHBIX CyOBEKTOB ¢ MpuMeHeHueM rpynmbl A rinodanpHbix CNA npu paspemennn 1 M6
B Ka4eCTBe KJIaCCUPUIMPYIOINX NpU3HaKoB. Halronanoce npenmMymecTBeHHOe pa30reHne 1o
knacrepam nanueHToB ¢ ['TIK u ¢ otmmunbiM ot I'TIK 3a00neBanuem.

[0488] Ha ¢ur. 54B mpexncraBieH mepapXxUUeCKUl KIIACTEPHBIA aHAIM3 sl 0Opa3IoB
wiasmbl oT nanueHToB ¢ LK, maumentoB ¢ ommuyuHbiM oT ['TIK 3a0oneBaHueM U 3M0POBBIX
KOHTPOJIbHBIX CYOBEKTOB C MNpUMeHeHWeM TIpynmnbl B minotHocteid metmnuposanus CpG-
OCTPOBKOB B  KauecTBe  KJIACCUPULMPYIOLIUX  MPU3HAKOB. MOXHO  HaOmoOIaTh
npeuMyInecTBeHHOe paszOuenue mo kimacrepam mnanueHtoB ¢ ILHK u ¢ omnmmuneim ot T'LIK
3a0oneBaHUEM.

[0489] Ha ¢ur. 55A mpencrasieH nepapXxU4ecKuil KJIaCTEPHBIM aHAIU3 IJs1 00pas3ioB

miazMbl ot nanueHToB ¢ I'TIK, maumentoB ¢ ornuusbiM ot I'LIK 3a0oneBaHneM U 310pOBBIX
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KOHTPOJIBHBIX CYOBEKTOB C MPUMEHEHHEM Ipynibl B moTHOCTEH II0o0aNbHOr0 METHIINPOBAHHUS
npu paspemiennu | MO B kadecTBe KJIACCHPHUUMPYIOLUIMX IMPHU3HAKOB. MOXKHO HaOMIOaTh
npeuMyIecTBeHHOe pasOueHue mo kiacrepam manueHtoB ¢ ILIK u ¢ omnmmunemm ot T'LIK
3a0oneBaHIEM.

[0490] Ha ¢ur. 55B mpexncraBneH mepapxu4ecKuil KJIACTEPHBIH aHAIU3 Al 00pa3LoB
wia3mbel or nmanmeHtoB ¢ ['LIK, manmentos ¢ ornmuneiM ot I'LIK 3aboneBannemM u 3M0pOBBIX
KOHTPOJIbHBIX CyOBEKTOB ¢ mpuMeHeHueM rpymmsl B rnodansaeix CNA npu paspemmenun 1 M6
B KauyecTBe KJIACCUPUUMPYIOIINX MPU3HAKOB. MOXKHO HaOMIOAaTh MPEerMyINEeCTBEHHOE
pazbuenue no knacrepam nanueHToB ¢ ['1IK u ¢ ormuunbiv ot 'K 3a0oseBaHueM.

[0491] Vka3aHHBIE pe3yJbTaThl HEPAPXUUECKON KJIACTEPU3ALUH JJIsi 00Pa3LOB TUIA3MbI
NPEATONArarT, YTO KOMOMHAIIMH Pa3HBIX MPU3HAKOB MMOTEHIIUAJIBHO MOTYT HUCIIONIB30BATHCS JJIsI
uneHTH(GUKaIMKM THUIIOB MEpBUYHOro paka. /JlanpHellnee yTOUYHEHHE KPHUTEPHEB BbIOOpa
KPUTEPUEB MOTEHIMAIBHO MOXKET JOMOJHHUTENBHO MOBBIIATE TOYHOCTD KIIACCU(UKALIIH.

[0492] CooTBeTCTBEHHO, COTJIACHO OJJHOMY BapHAHTY peajH3alliu, eCIIU KiacCuuKarms
METUJIMPOBAHUSl YKa3blBa€T Ha pakoBoe 3a0oleBaHHMEe B OpPraHU3ME, MOXET OBITh
UIeHTH()ULMPOBAH THUIT PAKOBOTO 3a00JI€BaHMS, CBSI3AHHOTO C YKAa3aHHBIM OPTaHU3MOM, MyTEM
CPaBHEHMs YPOBHS METWJIMPOBAHUs (HampuMep, MEePBOrO YPOBHS METWJIMPOBAHHS COTJIACHO
cniocoby 2800, win ypOBHSI METHIMPOBAHUS JIOO0H 00JIaCTH) C COOTBETCTBYIOLINM 3HAYEHUEM,
OTIPENENIEHHBIM ISl APYTUX OPraHU3MOB (T.€. IPYrMX OPraHU3MOB TOTO K€ THUIIA, HAIpUMep,
YeJIoBeKa). YKa3aHHOE COOTBETCTBYIOIIME 3HAYEHHE MOXKET OTHOCUTBCS K TOH JKe 00JIacTH WM
HabOpy CalTOB, I KOTOPOH(Oro) pacCUNTHIBAIHN YPOBEHb MeTHINpOBaHus. 110 MeHblIel Mepe
y JABYX M3 YKa3aHHBIX JPYTHX OPraHM3MOB MIACHTU(PUIUPOBAHO HAJIUYHE IPYTHX THIIOB
pakoBbIX 3aboneBanuii. Hampumep, COOTBETCTBYIOIUE 3HAUEHHS] MOTYT OBbITh OPTaHHU30BAHBI B
KJIACTEPBL, TP 3TOM JBa KJIacTepa CBsI3aHbI C Pa3HbIMU TUIIAMU paka.

[0493] Hanee, ecniu CNA u METUIMPOBAHHE HCIOJB3YIOT COBMECTHO ISl TIOJTyYEeHHS
TpeTheil kiaccupukauuu ypoBHs paka, npu3Hakd CNA U METHIIMPOBAHUS MOTYT CPaBHHUBATHCS
C COOTBETCTBYIOUIMMH 3HAUEHUSMHU JJIs Ipyrux opraHusmoBn. Hampumep, mnepBoe KOJIMUYECTBO
obyacreii (Hampumep, Ha ¢ur. 36), rae HAOMIOAAETCS AENElUs W aMIUTU(PUKALUS, MOXKET
CPaBHMUBATbCSI C COOTBETCTBYIOLIMMH 3HAUYEHUSIMU, OINpPENe€HHbIMU AJI APYTUX OPraHU3MOB,
1Tl IIEHTHU(UKAMY TUTIA PAKOBOTO 3a00JIEBAHNUS, CBSI3AHHOTO C YKa3aHHBIM OPTaHH3MOM.

[0494] CormacHO HEKOTOpBIM BapHaHTaM pealu3allud IPU3HAKU METWIMPOBAHMS
NPE/ICTaBJICHbl YPOBHAMU METHJIMPOBAHMs oOnacTeil 3 MHOXkecTBa obOiacteii reHoma. MoryT
UCTIONIb30BaThC 00JIACTH, KOTOpBIE, KaK ObUIO ONpeneseHo, UMEIT YPOBEHb METHIIMNPOBAHUS
o0nacTeil, MPeBBIIAIONINN COOTBETCTBYIOLIEE NMPEAEIbHOE 3HaUeHHEe JJIsl O0ACTH, HampuMep,

YPOBHH METHJIMPOBAHUS OOJNACTH yKa3aHHOI'O OpPraHM3Ma MOTYT CPaBHUBAThCS C YPOBHSMHU
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METUJIMPOBAHUS TeX k€ 00JIacTell TeHOMa y APYTUX OPraHU3MOB. YKa3aHHOE CPABHEHHUE MOKET
no3BOJIUTE MU HepeHIpPOBaTh THITBI PakKa, MM MPOCTO OOECIEUUTh AOMOJHUTEbHbBIN QUIBTD
I TIOATBEPKACHUS HAIU4YMs pakoBoro 3aboneBaHust (Hampumep, Uil HIEHTH(QUKALUU
JIO>KHOTIOJIOKUTENBHBIX pe3ynbTaToB). COOTBETCTBEHHO, HA OCHOBAHUHM YKa3aHHOTO CPaBHEHUS
MOKHO OTIPEIeNIUTh, UMEETCs JIU B OPraHM3Me PAKOBOE 3a00JIeBaHIe NEPBOrO THIIA, OTCYTCTBYET
JM pakoBoOe 3a00JIeBaHIe WIIM UMEETCs pakoBoe 3a00sieBaHNEe BTOPOTO THIIA.

[0495] [Ipyrue opranu3mbl (Hapsiny C TECTUPYEMbIM) MOTYT OBIThb KJIACTEPH3OBaHBI C
NPUMEHEHUEM YpOBHEW MeTwiupoBaHus oOjactu. COOTBETCTBEHHO, CpPaBHEHHUE YPOBHEH
METUJIMPOBAHUST OOJIACTH MOJKET MPUMEHSIThCS JJIS ONpPENeNIEHHs] TOTO, K KaKOMy KJacTepy
NPUHAIUICKUT OpraHu3M. llpu pasOumeHnMM Ha KJIACTepbl MOTYT TaK)K€ HCIIOIb30BAThHCS
HOpMHpOBaHHbIE 3HaUeHus1 CNA st obnactel, sl KOTOPBIX ObUIO ONpEeAeNeHO MPUCYTCTBHE
AENeNH WIIH aMILUTH(UKALNH, COTIACHO OMUCAHMIO BhIIe. Takske mpu pa3dOMEHNH Ha KIIacTepbl
MOTYT HCIIOJIb30BAThCS COOTBETCTBYIOLINE MJIOTHOCTH METHJIMPOBAHHS THIIEPMETUIMPOBAHHBIX
CpG-ocTpoOBKOB.

[0496] UToOB! MpOMILTFOCTPUPOBATH MPHHLIMI, HA KOTOPOM OCHOBAH YKa3aHHBIHN C11oco0,
aBTOPBI HACTOSIIIErO M300pETEeHHs MPUBOAAT MPUMEP NMPUMEHEHHs JIOTHCTUYECKOH perpeccuu
I KJIacCU(UKAILMM ABYX HEU3BECTHBIX 00pasioB. Llenpro ykazaHHOW Kiaccupukaiuu ObLIO
oTpenesieHNue TOro, OTHOCATCS JiM yka3aHHbIe ABa obpaszna k I'LIK wimu He sisromemycst [TIK
pakoBoMy 3a0oyieBaHUIO. Bbul cocTaBieH oOydvarommii HaOop 00pa3LoB, BKIOYABLIMKN 23
obpasua rmuia3mel, mony4deHHbIXx oT mnauueHtoB ¢ [1IK, m 18 oOpa3sumoB OT naumeHToB,
crpamatoumx ormianmyHbiM oT ['LIK pakoBeiM 3aboseBanueMm. Takum oOpasom, BCero B
oOyvaromuii Habop Bxomwio 41 ciydas. B ykasanHoMm mnpumepe BbiOupanu 13 mpU3HAKOB,
BKJIIOYAsi MATh mNpu3HakoB MmetuwianpoBanusi CpG-octpoBkoB (X1-XS5), mectb NpPU3HAKOB
MeTUIHpOoBaHusi obnacteir pasmepom 1 MO (X6-X11) u 2 npusnakoB CNA misa obnacreit
pasmepom 1 M6 (X12-X13). Ilpusnaku metmnupoanus CpG BeIOMpaIn Ha OCHOBE KPUTEPHUS
HaM4us Z-mokasarensi >3 win <-3 1o MeHblneil Mepe B 15 cnyuasx u3 oOydaromero Hadbopa.
[Tpm3Haku MeTuarpoBanusi odnactel pasmepom 1 MO BbIOMpaay HA OCHOBE KPUTEPHS HATMUHUS
Z-nokazarens >3 win <-3 1o MeHbIel Mepe B 39 ciydasx u3 obyvaromero Habopa. [TpmsHaku
CNA BrIOMpany Ha OCHOBE KPUTEPHs] HAJTMYUs Z-moKas3aresst >3 wiu <-3 10 MEHbIIeH Mepe B
20 cnyuasx. JlorucTudeckuil perpecCHOHHBIA aHAIN3 OCYIIECTBIBLIN Ha o0pas3lax yKa3aHHOTO
oOyuaromero Habopa mis onpeneneHuss Ko3GPUIMeHTa PEerpeccuu sl KaKI0ro U3 MPU3HAKOB
(X1-X13). IIpu3Haku ¢ ko3P PUIIHEHTAMH perpeccuu OobLIeH BETUINHBI (HE3aBUCUMO OT TOTO,
B TOJIOXKUTEIBHOM HJIM B OTPULIATEIbHOM CMBICIIE) MO3BOJSIIOT Jydine anddepeHunpoBarsb
obopazuel I'TIK u obpasupl, He orHOcsmuecss k I'LIK. Z-mokasarenu mjisi COOTBETCTBYIOIIUX

MPU3HAKOB B KaAXIOM CJIy4da€ HCIIOJIb30BAJIN B KAYCCTBE BXOIOHBIX 3HAYEHUM HE3aBUCUMBbIX
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NEePEMEHHBIX. 3aTeM HCCIeNnoBaIU 1o 13 mpu3HakaM n1Ba oOpaslia Ia3Mbl, OAWH OT MAaIUeHTa C
I'IK (TBR36) u onuH oT naruenTa, crpagaroliero pakom jgerkoro (TBR177).

[0497] B nanHOM aHanm3e sl KiIacCH(UKAIMM THUIA paka MPEAroNarajioch, YTO
yKa3zaHHble 7Ba OOpas3lia MOJy4eHbl OT MALMEHTOB, CTPAAAIOLIUX PAKOBBIMHU 3a00JI€BAHUAMU
HENU3BECTHOTO MPOUCXOAeHMs. [l kaxkporo oOpasua Z-mokasaTeild COOTBETCTBYIOLIErO
NpU3HAKa TOACTABJIA B YPaBHEHUE JIOTUCTUYECKOM pEerpeccud [Uisi  ONpeAeIeHHUs
HATypaJbHOTO Jiorapudma oTHomeHus maHcoB (In(OTHOIIEHHE IAHCOB)), TJ€ YKa3aHHOE
OTHOILIEHUE LIAHCOB MpeACTaBisieT oTHoweHue BeposaTHocTer Hanuuus [ 1K u orcyrerBus ['TTIK
(TLIK/ue-T'LIK).

[0498] B Tabmuue 7 npuBeneHbl KO3PPUIHEHTH PErPECCHU YPABHEHHUS JIOTUCTHYECKON
perpeccun ans 13 npusHakoB. Taxke NpuBeNeHbI Z-MOKA3ATEIN COOTBETCTBYIOIUX MPU3HAKOB
s 1Byx Tectupyembix ciydaeB (TBR36 u TBR177). Jlorapudm In(otHomenue mancos) 'K
i TBR36 u TBR177 cocrasnsan 37,03 u -4.,7, COOTBETCTBEHHO. PaccuntanHas 1o yka3aHHbIM
OTHOIIEHHSIM LIAHCOB BEPOSTHOCTD TOTO, YTO 0OPa3Lbl IUTa3Mbl MTOTy4eHbI OT manueHToB ¢ 1K,
coctasnsna >99,9% u 1%, coorBercTBeHHO. Bkpatiie, cylnecTBOBana BbICOKAsl BEPOATHOCTD
toro, uto TBR36 mpencrasnsier coboli obpaszen ot manuenta ¢ 'K, u HHU3Kasi BEpOSTHOCTH

toro, uto TBR177 npencrasnsier coboii oOpasen ot naruenra ¢ I'TK.

Z-noka3zaTteJjib
COOTBETCTBYIOLEI0
Koa¢ppuunent NpU3HaKa
IIpusnak perpeccus TBR36 TBR177
X1 -2,9575 14,8 0
X2 2,2534 21,3 0
X3 -1,5099 6,1 0
X4 -0,236 34,0 0
X5 0,7426 17,3 0
X6 -0,6682 -26,3 -1,5
X7 -0,2828 -13,9 -2,6
X8 -0,7281 -9,4 -4,4
X9 1,0581 -7,8 -3,7
X10 0,3877 -20,8 -4,3
X11 0,3534 -15,5 -3,1
X12 -1,1826 4,8 3,3
X13 -0,3805 -11,7 -1,4
In(oTHOIIEHHE LITAHCOB) 37,03 -4,37463

Taoauua 7
[0499] CormacHO npyruM BapuaHTaM peaju3alid AJig  ONPENENICHUs BEPOSITHOTO
MEPBUYHOTO TPOUCXOXKIEHUSI PAKOBOTO 3a00JIEBAHUS MOXKET MPUMEHSTHCS HepapXudecKast

KJIaCTepHAasi perpeccus, aHajiu3 C TNPUMEHEHHEM JepeBbeB KiacCUpUKauuu H ApyTrue
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perpecCUOHHBIE MOAECIIH.
XII. MATEPHAJIBI H METO/bI
A. THonyuenue 6udbnuomex oopabomannoii 6ucyrehumom J{HK u
CEeKBEHUPOBANUE

[0500] 'enomuyro JIHK (5 wmkr) ¢ nmobGaenenwem 0,5% (W/W) HEMETHJIMPOBAHHOMN
asm6bna-JIHK (Promega) ¢parmentupoBanu ¢ nomoinsto cuctembl Covaris S220 (Covaris) Ha
¢dbparmenTsl anuHOM npudausuTenbHo 200 mo. bubnuorexku JIHK monyvanu ¢ nmpumeHeHHEM
HaOopa JJIsi TIOATOTOBKH OOpasLOB IJIsl CEKBEHHPOBaHUsS crapeHHbIXx KOHLOB (Paired-End
Sequencing Sample Preparation Kit, [llumina) B COOTBETCTBUH C MHCTPYKLUSIMH MTPOU3BOIUTEIIS,
32 HMCKIIOYEHHeM Toro, 4to BO (pparmentsl JJHK nurupoBanu MeTHIMpPOBaHHbBIE aganTepbl
(Illumina). ITocne nBYX payHIOB OYHUINEHUS] C MPUMEHEHHEM MarHuTHbIX rpaHyid AMPure XP
(Beckman Coulter) npoayKThl JTUTHPOBaHUS pacIleruisuin Ha 2 (parMeHTa, ONWH U3 KOTOPBIX
noaBepraiu 2 payHaam oucynbpurHoN Mogudukanuu ¢ npuMeneHneM Habopa EpiTect Bisulfite
Kit (Qiagen). Hemerunuposansbie nuTo3uHbl B CpG-calitax BCTABOK MPEBPAILAINCEH B YPALHIIBL,
TOr/1a KaK METHJIMPOBAHHBIE LIUTO3WHBI COXPAHSINCH B HeM3MeHeHHOM Bue. Monekynbl JIHK ¢
JUTUPOBAHHBIMU ajantepamu, oOpaboTaHHbIe MM HeoOpaboTaHHbIE OWUCYJIB(PUTOM HaATpUS,
oboramanu nyrem nposeaerus 10 mukmos TP ¢ mpumenennem cnenyroimero cocrasa: 2,5U
JHK-nomumepassr PfuTurboCx Hotstart (Agilent Technologies), 1X peakunonnoro Oydepa
PfuTurboCx, 25 mxM gHT®, 1 mkn [ILP-npatimepa PE 1.0 u 1 mxun IIL[P-npatimepa PE 2.0
(Illumina) B peakuuoHHoM oOveme 50 wmka.  Hcnmons3oBanu — cienyroumuii  npoduib
tepmorukiuposanus: 95°C B teuenue 2 mMunHyT, 98°C B Teuenue 30 c, 3atem 10 mukioB npu
98°C B Teuenue 15 ¢, 60°C B Teuenue 30 ¢ u 72°C B TeueHue 4 MHUHYT, C (PUHAIBHBIM 3TAIIOM
npu 72°C B Tteuenue 10 muuyt (R Lister, et al. 2009 Nature;, 462: 315-322). IIpoayktsr TTLP
OYMIIAJY C TPUMEHEHHEM MarHuTHbIX rpanyn AMPure XP.

[0501]B JTHK ma3mel, 3KkCTparupoBaHHON U3 3,2—4 M1 00pa3LioB MATEPUHCKOM TIa3MBI,
nobaBysu  KanmuOpoBOUHYO (parmentupoBannyro ysmOxa-/IHK (25 nr Ha M1 miasmel) u
KOHCTpyHupoBasn OHONMMOTEeKy coriacHo mnpueneHHoMy Bbimie onucanuro (RWK Chiu et al.
2011 BMJ; 342: c7401). Ilocme nurupoBaHHsI METHJIMPOBAHHBIX aalTEepPOB TMPOAYKTHI
JIMTUPOBAHUS PACHICTUISIN HAa 2 TOJIOBUHBI M 4acTh 00padaThiBalid B 2 payHAax OUCYJIb(UTHOM
monupukanuu. OOpaboraHHble OUCYIBGUTOM MM HEOOpaOOTaHHBIE MPOAYKTHI JIUTHPOBAHHUS
3areM oboramanmu mnytem nposeaeHus 10 uuknoe IILP cormacHo mnpuBEeneHHOMY BBIIIE
OTHCAHHIO.

[0502] bubnmuorekn obpaboranHOi wiam HeoOpaboranHoi Oucynbdurom JIHK
CEeKBEHHPOBaJIHM MO 75 m.o. B opmare CNapeHHbIX KOHIOB B NPUMEHEHHEM HHCTPYMEHTOB

HiSeq2000 (Illumina). Knacrepsr JIHK monyvanu ¢ npumenennem Habopa Paired-End Cluster
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Generation Kit v3 ¢ momompro nacTpyMenTta cBot (Illumina). Ananu3 n3o0pakeHuil B pexume
peaTbHOrO BPEMEHH U PACNO3HABAHHE OCHOBAHUI NMPOBOIUIIM C MPUMEHEHHEM yIPABISIOIIErO
nporpammuoro obecneuenuss HiSeq Control Software (HCS) v1.4 u mnporpammHOro
obOecnieuennsi aHanm3a B peambHOM BpemeHn Real Time Analysis (RTA) Software v1.13
(Illumina), ¢ NOMOIIBIO KOTOPOrO MPOBOAMUIM ABTOMATH3UPOBAHHBIM pacyeT MaTpHll |
¢asupoBanne Ha OcCHOBe KamuOpoBouHoro koHTpoist PhiX v3, cexkBeHupyemoro ¢
oubmorexamu JIHK.
B. Buipasnusanue nociredosamensnocmeii u uoeHmuurayus
MeMUNUPOBAHHBIX YUMOZUHOB

[0503] ITocne pacmo3HaBaHHWs OCHOBAHW, aAanTEpPHblE TMOCIEAOBATEIbHOCTH U
OCHOBaHHUSl HU3KOTO KadecTBa (T.e. ¢ mokasarteseM kadecTBa< 20) Ha KOHIAX (PParMEeHTOB
ynansimn. Obpesannbie punbl B ¢dopmare FASTQ 3atem oOpabaThiBaiu ¢ TpUMEHEHUEM
CHUCTEMBI aHAJIN3a JJAaHHBIX METHJINPOBaHuUs, Ha3biBaeMoii Methy-Pipe (P Jiang, et al. Methy-Pipe:
An integrated bioinformatics data analysis pipeline for whole genome methylome analysis
(«Methy-Pipe: koMIuIeKCHasi CUCTEMa aHAJIN3a JaHHBIX OMOMH(DOPMATHKY IJIs1 TOJTHOT€HOMHOTO
aHaJM3a METWIOMay), NOKJIAJ] MpeAcTaBieH Ha MexXIyHapoaHOH MPaKkTHUeCKOH KOH(pepeHUHnn
no Owounpopmarnke u  OuomenuuuHe MeXIYHAPOAHOTO  WHCTHTYTAa  HHXKEHEPOB
snektporexuukn u 3nektponuku (IEEE International Conference on Bioinformatics and
Biomedicine Workshops), T'onkonr, 18-21 pexabps 2010 r.). Jlna BeIpaBHUBaHUS
KOHBEPTHUPOBAHHBIX OUCYJIb(OUTOM PHIOB CEKBEHUPOBAHUS aBTOPBI HACTOSIIErO M300peTeHHs
CHaYaja KOHBEPTHPOBAJIN BCE OCTATKU LIUTO3MHA B TUMMHBI in silico, Ha nersix YorcoHa-Kpuka
10 OTZAEJBHOCTH, C UCTOJIb30BaHUEM pedepeHcHOro renoma uesoBeka (Bepcus NCBI 36/hgl8).
3areM aBTOpPbI HACTOSIIErO M300pPETEHUs] KOHBEPTHPOBAIHM KKABIN LIMTO3MH B TUMHH in silico
BO BCEeX OOpaOOTaHHBIX pPUAAX W COXPAHSUIM HHPOPMALMIO O PACIOIOKEHUH KaXJIOTo
koHBepTHpoBaHHoro ocrarka. SOAP2 (R Li, et al. 2009 Bioinformatics; 25: 1966-1967)
UCTIOJIb30BAJIM /U BBIPABHUBAHUS KOHBEPTHPOBAHHBIX PHUIOB IO JBYM IPEIBAPUTEIHHO
KOHBEPTHPOBAHHBIM pe(EPEHCHBIM I'€HOMaM YeJIOBEKa, MAKCUMyM C IBYMsI HECOBIAJECHUSIMH
1Tl K&KAOTO BBIPABHUBAEMOrO pHIa. BeIOupaayn TONBKO PUIbI, KAPTUPYIOIUECS C YHUKAIBHON
TeHOMHOU JIoKanu3arnmed. HeonHO3HAYHBIE PHUIBI, KapTUpyromuecs Ha obe mermu YOTCOHa-
Kpuka u nybnmupyromuecst (KJIIOHaJbHBIE) PUIBI C OAMHAKOBBIMH CTAPTOBBIMH U KOHEYHBIMHU
MOJIOXKEHUSIMA B T€HOME yJaisau. Punbl CexkBeHHUPOBaHMsS € pa3mMepoM BCTaBok <600 m.o.
COXPaHsUIN TSl aHAJIN3a METHIIMPOBAHUS U PA3MEPOB.

[0504] OcraTku uuTo3uHa B KOHTeKCTe AuHYKJIeoTHA0B CpG ObLTH OCHOBHOUM MHILIEHBIO
nocieayrmux ucciaenosanuii  merunuposanus JHK. Ilocne BblpaBHHMBaHUS LUTO3UHBI,

HUCXOOHO MPUCYTCTBOBABIIHNE HA pHUAAX CCKBCHUPOBAHUsA, BOCCTAHABJIMBAJIM HAa OCHOBAHUU
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uH(pOpMALIMK O PACIONOKEHUH, COXPAHEHHOH Npu KOHBepcHH in silico. BoccTaHOBIEHHBIE
MTO3uHBl B AuHyKiIeotunax CpG MOACUYUTHIBAIM Kak METWIMPOBaHHbIE. THUMHHBI B
muaykieornaax CpG mopcyuThIBaM Kak HeMeTWIMpoBaHHble. HemermnupoBaHHas 1siMOna-
JHK, BxioueHHasi MpU MOATOTOBKE OMOIMOTEKH, HCIOJIb30BAjaCh B KAa4eCTBE BHYTPEHHEIO
KOHTPOJIST st OLleHKHU 3¢ dexTuBHOCTH Moaupukaru OncynbpuToM HaTpust. Bee uTo3uHbI HA
aambna-IHK  nmommkHel ObuUtM  OBITH  KOHBEPTHPOBAHBI B THMHUHBI Ipu  3(ddexTuBHOCTH
Oucynb(puTHON KOHBepcuH, coctasisiroineii 100%.
XIII. BBIBOJbI

[0S0S] IIpuMeHeHne OMMCAHHBIX B HACTOSILIEM JOKYMEHTE BAapHUAHTOB pealu3aluu
NO3BOJISIET MPOBOAUTH CKPUHHHT, NETEKIHI0, MOHMTOPWUHI WJIM TMPOTHO3UPOBAHHE PAKOBOT'O
3a0oneBaHMsl HEWHBA3WBHBIM O0pa3oM C NPHUMEHEHHEM, HampuMmep, IUla3Mbl CyObeKTa.
B0O3MOXXHO Takke OCYINECTBJIGHHE TIPEHATAJbHOrO CKPHHUHIA, TMOJY4YeHHE IUarHosa,
UCCIIEIOBAHNE MJIM MOHUTOPHHI IUIOAA NYTEM YCTAHOBIEHHS NPOQPIIS METHINPOBAHUS
wionHor JIHK mo marepunckoit mmasme. [Ins wmmoctparmu 3G QeKTHBHOCTH YKa3aHHOTO
crioco0a aBTOPbI HACTOSAIIETO H300pPETeHUs] NMOKa3ailu, 4To HH(pOpMAauus, KOTOPYHO OOBIYHO
NOJy4ajJud TIyTeM HCCIEJOBAHUS IUIALICHTAPHBIX TKaHEH, MOXeT ObITh OIpeneneHa
HENOCPEACTBEHHO [0 MAaTEPUHCKON IuasMe. Hanpumep, yaanoch OnpeaenuTb UMIPUHTHHIOBbIN
CTaTyC I€HHBIX JIOKYCOB, HACHTU(PHUIMPOBATD JIOKYCHI ¢ AU PepeHInaIbHbIM METUIIMPOBAHUEM
B rutoHOM 1 MarepuHckoit JIHK u onieHUTh rectaliioHHble BapUaLiy NPOQUiIsk METHINPOBAHUS
IeHHBIX JIOKyCOB mocpencTBoM mnpsimoro aHanmsa JIHK wmarepunckoil mnasmbl BaxxHbiM
NPENMYILIECTBOM MPEIIOKEHHOTO aBTOpaMu M300peTeHus1 criocoda sIBJISeTCs TO, YTO IUIOAHBIN
METUJIOM MOJKET KOMIUIEKCHO OLICHMBAThCS BO Bpems OepeMeHHOCTH Oe3 yiiepba 1Jist
OepemMeHHOCTH WM Oe3 HeOOXOAMMOCTH HMHBA3WBHOIO OTOOpa 00pas3loB IUIOAHBIX Tkaned. C
y4ETOM HM3BECTHBIX CBsI3€H MEXIy M3MEHEHHbIM cratycoMm Metwnupoanus JIHK u mHOrMMmM
CBSI3aHHBIMH C O€PEMEHHOCTBIO COCTOSIHUSIMH, ONMUCAHHBIN B YKa3aHHOM HCCIIEIOBAHHH CIIOCO0
MOXeT ObITh LIEHHBIM MHCTPYMEHTOM JUISI UCCIENOBAHUS MAaTO(PH3HOIOTHH U UASHTU(DUKALIUH
OouomapkepoB Takux cocTossiHuil. COoKyCHpPOBAaBIINCh HA MMIIPUHTUHTOBBIX JIOKYCaX, aBTOPBI
HACTOSIIIET0 M300pETeHUs MOKA3aJM, YTO KaK MepeaaBaeMble OT OTIA, TaK U MepeaaBaeMble OT
MaTepHu IUIOAHBIE MPOPUIN METHJIUPOBAHUS MOTYT OLEHHMBATHCS IO MATEPUHCKOH IIa3Me.
VYka3aHHBIH €rocod MOTEHIUATBHO MOXKET MOAXOAHUTH ISl WCCIEAOBAHUS WMIPUHTHHIOBBIX
3a0oneBaHnid. BapuwaHTBl peanm3anMy TaKke MOTYT TPUMEHSATHCS HEMOCPEACTBEHHO IS
NpeHaTaJbHON OLIEHKH 3a00JIeBaHHUH TUIO/IA MJTH CBSI3aHHBIX C O€pPEMEHHOCTHIO 3a00JIeBaHUH.

[0506] ABTOopsl HacTosiero wW300peTeHHs TakKe MPOAEMOHCTPUPOBAIN, YTO JUIS
uccienosanust npoduis Merwupoanus JHK maneHTapHbIX TKaHEH MOXKET MPUMEHSTHCS

NOJJTHOTEHOMHOE  OMCyNb(UTHOE CEeKBEHHpOBaHHE. B reHome uyenoBeka COXEPIKUTCS
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npubnusutensHo 28M CpG-caitros (C Clark et al. 2012 PLoS One; 7: €50233). ITonyueHHble
aBTOpaMHu M300peTeHusl naHHble OucynbpuTHOrO cekBeHupoBanusa a1t CVS u obpasua TkaHU
3penoil maneHThl 3axBaTeiBain Oonee yeM 80% CpG, 4To mpeacTaBisieT 1Mo CyLIiecTBy Oosee
IIUPOKOE MOKPBITHE, YeM 00eCTieYMBaeMOe C MPUMEHEHHEM APYTHX BbICOKOMPOM3BOAUTEIbHBIX
wiar¢popm. Hanpumep, nHaGop Illumina Infinium HumanMethylation 27K BeadChip Array,
KOTOPBII UCIIONB30BAIM B IpenblayLneM ucciaenosannn Ha mianeHtapHblx Tkausax (T Chu et al.
2011 PLoS One; 6: €14723), 3axBaTbiBai ToJbK0 0,1% CpG B renome. Habop Illumina Infinium
HumanMethylation 450K BeadChip, nosiBuBLImiicsi HeqaBHO, 3axBaTbiBai ToJbKO 1,7% CpG (C
Clark et al. 2012 PLoS One; 7: e50233). ITockompky mpu merome MIIC oTCyTCTBYIOT
OTpaHWUYEHUs] B OTHOIIEHWH KOHCTPYKUUH 30HAOB, 3((eKTHMBHOCTH THOpUAM3ALMU WU
3¢ eKTUBHOCTH 3axBaTa aHTUTeN, MOryT oneHnBaTbesi CpG B coctaBe CpG-OCTPOBKOB U 32 HX
npefenaMy, B KOHTEKCTe OOJIBIINHCTBA MOCIENOBATEIBHOCTEH.
XIV. KOMIIBIOTEPHASA CUCTEMA

[0507] B nro0BIX KOMIBIOTEPHBIX CHUCTEMaX, YIOMSHYTBHIX B JaHHOW 3asBKE, MOXKET
NPUMEHSTBCA JIF000e MOAXOnsAlee KOJHMYECTBO MOACHUCTEM. lIpuMepbl TakMxX MOACHCTEM
nokaszanbl Ha ¢ur. 33 B kKommbroTepHOM ycTpoiicTBe 3300. CornacHO HEKOTOPBIM BapHaHTaM
peanu3alliid KOMIIBIOTEPHAsi CHUCTEMa BKJIIOYAET OTAENbHOE KOMIIBIOTEPHOE YCTPOICTBO, Ie
NOJCHCTEMBl MOTYT TIPEACTaBIATH COOONW KOMIIOHEHTBI YKa3aHHOTO KOMIIBIOTEPHOTO
ycTpoiictBa. CornacHO ApPYyTMM BapHaHTaM pealu3aliy KOMIBIOTEPHas CHUCTEMAa MOXKET
BKJIIOUaTh HECKOJIBKO KOMIIBIOTEPHBIX YCTPOHCTB, Ka)JI0€ M3 KOTOPBIX IMPEACTaBiseT COOOM
MOJICUCTEMY, C BHYTPEHHHMMH KOMIIOHEHTAMH.

[0508] IToncucremsl, moka3anHble Ha (Gur. 33, B3aMMOCBSI3aHbI TOCPEICTBOM CUCTEMHOM
mHbl 3375, IlokazaHbl AOMOJHUTENBHBIE TTOACUCTEMbI, TaKWe Kak NMpuHTep 3374, KiaBHaTypa
3378, ycrpotictBo(a) xpaneHus: 3379, monutop 3376, KOTOpBIH COEOUHEH C BHIEOATANTEPOM
3382, u ppyrue. Ilepudepuueckue ycrpoiictBa u ycrpoiictBa BBoga/BeiBona (I/0O), koTopsie
COEMHEHBI C KOHTPOJUIEPOM BBOAA/BbIBOAA 3371, MOXKHO TMOACOEAMHHUTb K KOMITBIOTEPHOM
cUCTeMe C MPHMEHEHHeM JIF0OOro Yrciia M3BECTHBIX B JAHHOW OOJACTH TEXHHUKH CIIOCOOOB,
TaKHUX Kak MOPT MOCJIEI0BATENbHOTO BBOAA-BbIBOAA 3377. Hanpumep, mopT nocienoBaTeIbHOTO
BBONa-BbIBOAA 3377 wim BHemHui unrepdeiic 3381 (mampumep, Ethernet, Wi-Fi u T.1.) MmoxHO
NPUMEHSTh Ul TOJICOSTUHEHUSI KOMIBIOTEpHOH cuctembl 3300 K riobaibHON KOMIBIOTEPHON
ceTu, Takon kak MHTepHET, K yCTPOMCTBY BBOJA «MBIIIb» WIM K CKaHepy. B3auMocss3b
MOCPENCTBOM CHCTEMHOW muHBI 3375 MO3BOJSET LEHTPAJIbHOMY mpoueccopy 3373
OOMEHMBATHCS JTAHHBIMH C KaKAOH MOACHUCTEMON U KOHTPOJIUPOBATh BBIMOJIHEHHE HHCTPYKLUUH
OT cucTeMHOH namsT 3372 unu ycrpoiicts(a) xpaHeHus 3379 (Harpumep, KECTKOTO IUCKA), a

Takke oOMeHHBaThcs HMHpOpMalmeinl mexnay noacucremamu. CucremHas namsatb 3372 w/wnu
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ycrpotictBo(a) xpaHeHHs 3379 MOXeT BKIOYATh B Ce0sl MAIIMHOYMTAEMBIH HOCUTeNb. JIroObie
3HAYEeHHUs], YIIOMSHYThIE B HACTOSIIEM JOKYMEHTE, MOTYT IepPeNaBaThCsl OT OAHOIO KOMIIOHEHTa
K IPyroMy KOMIIOHEHTY M MOTYT BBIBOAMTHLCS JUJIS IPEOCTABIICHUS MOJIb30BATENIO.

[0S09] KommbtoTepHast cUCTEMa  MOKET  BKJIHOYaTh  MHOXKECTBO  OJMHAKOBBIX
KOMITOHEHTOB MWJIM MOJCHCTEM, HAIpUMeEp, COEAMHEHHBIX APYr C APYrOM dYepe3 BHEIIHUl
untepdeiic 3381 wmm yepes BHyTpeHHHH wuHTepderic. CornacHO HEKOTOPBIM BapHUAHTaAM
peanu3alyu KOMITBEOTEPHBIE CHUCTEMBbI, TMOACHCTEMbI WM YCTPOHCTBA MOTYT OOMEHHBATBHCS
uadopmanueit yepe3 cerb. B Takux ciay4asix OAMH KOMIBIOTEP MOXKHO CYMTATh KIHUEHTOM, a
APYrol KOMITBIOTEP — CEPBEPOM, IMPH 3TOM KaXKIbliH M3 YKA3aHHBIX KOMITBIOTEPOB MOXKET
NPEACTaBIITh COOOH 4YacTh OOHON M TOW K€ KOMIBIOTEPHOH cucTeMbl. Kak KiMeHT, Tak u
CepBEp MOJKET BKJIFOYATh HECKOJIBKO CUCTEM, IMTOACUCTEM MM KOMIIOHEHTOB.

[0510] Cnenyer noHumaTh, 4YTo JHOOONW W3 BapHAHTOB pEANTHM3AINH HACTOSIIETO
M300peTeHNsT MOXHO OCYINECTBUTh B BHAE JIOTMYECKUX CXEM YCTPOWCTBA YIIPABIEHHS C
NPUMEHEHHUEM aIMapaTHOro obecrnedeHus (HampuMep, CHEelUaTH3HPOBAHHOW HWHTETPAJbHOM
MHUKPOCXEMBl HJIM IPOrPAMMHPYEMOH TOJB30BATENIEM BEHTWIBHON MATpPHUIbl) WWIH C
NPUMEHEHUEM KOMITBIOTEPHOTO MPOrPaMMHOI0 00ECTIEUeHH s, C POTPAMMHUPYEMBIM B LTMPOKOM
CMBICJIE TIPOLIECCOPOM B MOAYJBHOM WM MHTerpajbHOW ¢opme. B HacTosimem nOKyMeHTe
IPOLIECCOP BKIIOYAET MHOTOSIIEPHBIH MPOIIECCOP HA OAHOM U TOM K€ MHTETPAJIbHOM YHIIE HJIH
HECKOJIbKO 00palaThIBAIOIUX MOAYJIEH, pAaCIONOKEHHBIX Ha OIHOW IEeYaTHOW IuUlaTe WM
OoObeNMHEHHBIX B ceTb. Ha OCHOBaHMM HACTOSIIErO0 ONUCAHUA W WAEH, NPENJIOKEHHBIX B
HACTOSIIEM JJOKYMEHTE, CPEAHEMY CIELUAICTY B JAHHOH 00JIACTH TEXHUKHU OyayT OYE€BUAHBI U
MOHSITHBI APYTHE TMYTH /WK CHOCOOBI OCYIIECTBJICHUS BAPHAHTOB PEAU3ALUN HACTOSIIIETO
u300peTeHnsl ¢ TPUMEHEHHEM almnapaTHoro oOecrevyeHus W KOMOWHALMH —amnmapaTHOTO
o0ecrevyeHus C MPOrpaMMHBIM 00ECTIEUeHUEM.

[0511] JIroOple KOMIOHEHTHI WM (PYHKIIUH IPOrPAMMHOIO O0ECIIEYEHHs], OMHCAHHBIE B
HACTOSIIIEH 3asiBKE, MOJKHO OCYIIECTBHTb B BHJE MPOrPAMMHOIO KOJA, KOTOPBIH BBIOJIHUT
NPOLECCOp, € MPUMEHEHHEM JIF0OOro TMOAXOISIIEro si3pIKa MPOTrPAaMMHPOBAHUS, TAKOTO Kak,
Hanpumep, Java, C++ wm Perl, ¢ ucrnonb3oBanuneM, Harpumep, OOBIYHBIX WM OOBEKTHO-
OPUEHTUPOBAHHBIX METOAMK. [IporpaMMHBII KO MOKHO XPaHUTb B BUE PsAa HHCTPYKLUH HIIH
KOMaHJI Hd MaIIHHOYMUTAEMOM HOCUTEJIE JIsl XPAaHEHUs W/HITU Mepeladn, OAXOIAIINE HOCUTENN
BKJIFOUAIOT OMNEpPaTHBHOE 3amoMHuHaromee ycrpoiictBo (RAM), MOCTOSHHOE 3alOMHUHAOLIEE
yctpoiicteo (ROM), MarHWTHBII HOCHTENIb, TaKOW KaK JKECTKUW AUCK WA JHUCKETy, WU
ONTUYECKUI HOCHUTEJIb, Takol kak koMmakT-guck (CD) wam DVD (yHuBepcanbHbIi nudpoBoit
IMCK), Giem-naMaTe U T.11. MamuHOYUTaeMble HOCUTENN MOTYT MPEACTABIATh COOOH 00yI0

KOMOMHAIIMIO TAKUX YCTPONCTB XpaHEHUs WIN TIepeaadH.
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[0512] Takue mporpaMMbel TakK:K€ MOTYT KOJMPOBATbCA M MEPENABATHCA C IMOMOLIBEO
HECYIIUX CHUIHAJIOB, NMpPEIHA3HAUEHHBIX IUI Mepenadyd 4yepe3 NMPOBOAHBIE, ONTUYECKHE H/WUIIH
OecrpoBOHBIE CETH, COOTBETCTBYIOIIUX MHOXKECTBY MPOTOKOJIOB, BKMouass MHtepHer. Takum
o0Opa3oM, MAIIMHOYUTAEMbleé HOCHTEIM COIJIACHO BAPUAHTY pEANU3ALM  HACTOSIIEro
M300pEeTeHHsT MOXKHO IOJYYHTh, NMPUMEHssI HH(POPMALMOHHBIA CHUTHAJ, KOIUPYEMBIH TaKHMHU
nporpaMmMamu. MalnHOUNTaeMble HOCUTENH, KOAUPOBAHHBIE € TOMOLIBIO IPOTPaMMHOIO KOJA,
MOTYT OBITh YIIAKOBAHbI BMECTE C COBMECTHMBIM YCTPOHCTBOM HWJIM MPEIOCTABJIEHBI OTEIbHO
OT APYTUX YCTPOWUCTB (HAMpUMEp, MOCPEACTBOM 3arpy3ku uepe3 HMutepner). JlroOoi Takoii
MAIIUHOYHTAEMbI HOCUTENIb MOXKET XPAHHUTbCS HA/B €JMHOM KOMIBIOTEPHOM IMPOTrPAMMHOM
nponykre (Hampumep, Ha >kecTkoM aucke, CD-mmucke miam B cocraBe BCel KOMIBIOTEPHOM
CHCTEMBI), 1 MOXET MPHUCYTCTBOBATh B COCTaBE PA3JIMYHBIX MPOrPAMMHBIX MPOAYKTOB HIIM HA
pasNIUYHBIX MPOTrpaMMHBIX MPOAYKTaX BHYTPU CHUCTeMbl Win ceTH. KommbroTepHas cucrema
MOXET BKJIIOYaThb MOHUTOP, MPHUHTEP WMIIHM APYroe MOAXOASIIEe YCTPONCTBO OTOOPAKEHHS IS
NPEIOCTABIIEHHS MTOJIB30BATEIIIO JIFOOOTO U3 Pe3yJIbTATOB, YIIOMSHYTHIX B IaHHOMU 3asBKE.

[0513] JIroGoif u3 cmocoOOB, OMHMCAHHBIX B JAHHOW 3asBKE, MOXXHO TOJHOCTBIO WJIH
YaCTUYHO OCYLIECTBUTb C IOMOIIBIO KOMIBIOTEPHOH CHUCTEMBl, BKJOYAIOLIEH OAMH WU
Oosblee KOJMUYECTBO MPOLIECCOPOB, KOTOPBIE MOJKHO CKOH(UIYPUPOBATH ISl OCYINECTBIICHHS
yKa3aHHBIX 3TanoB. TakuM oOpa3oM, BapHaHThHl pPEATU3aLUU MOTYT OBITh HANpPaBJIEHbI Ha
KOMITBIOTEPHBIE CHCTEMBI, CKOH(UIYpPUPOBAaHHBIE JUIsI OCYILIECTBIEHHs 3TamoB JIOOOro u3
ciocoOOB, OIMHUCAHHBIX B JAHHOM 3asBKE, BO3MOXHO C pa3jJMYHBIMH KOMITIOHEHTaMH,
OCYIIECTBJISIIOLIMMH COOTBETCTBYIOLME 3Talbl WM COOTBETCTBYIOILYIO IPYNIy 3TamnoB. XOTs
STambl COTJIACHO ONMMCAHHBIM B HACTOSLIEM IOKYMEHTE Crmocob0aM U ObLIM TpPEACTaBJICHbI B
NPOHYMEPOBAHHOM BHJI€, YKa3aHHbIE 3Talbl MOTYT OCYIIECTBJSTHCS OJHOBPEMEHHO WU B
apyrom nopsinke. Kpome Toro, OJ0KH NaHHBIX 3TANOB MOXKHO MPUMEHATb ¢ OJIOKAMH JIPYyTHX
3TamoOB U3 IPYrux crnocoOoB. Takske BECh 3Tam UM OJIOKH dTana MOTyT ObITh HEOOS3aTeIbHBIMU.
Kpome Ttoro, moboii u3 3TamoB JOOOro u3 CrnocoOOB MOXKHO OCYLIECTBUTH C IMOMOIIBIO
MOy JIel, CXeM WJIU APYTUX CPEACTB JJIsl OCYLLECTBJICHUs YKA3aHHbIX 3TaloB.

[0514] Crennduueckre neTanu KOHKPETHBIX BApHUAHTOB pealiM3allil MOTYT OBbITh
CKOMOMHHPOBAHBI JIFOOBIM MOIXOISIINM CrOcoOOM 6e3 OTCTYIUICHHsI OT CYIIHOCTH U oObema
BAPUAHTOB peaNM3ali HACTOsIero wuzobpereHus. Tem He MeHee, IpyrHe BapHAHTBHI
peanm3alyy HaCTOSIIEro M300pEeTeHHsT MOTYT OBITh HAIpaBlieHbl Ha KOHKPETHBIE BapUAHTHI
peanm3anuy, OTHOCSALINECS K KaXXIOMY OTZEJIbHOMY aCHeKTy, MJIM Ha KOHKPETHbIE KOMOMHALINN
YKa3aHHBIX OT/J€JIbHBIX aCIIEKTOB.

[0515] IIpenmecTByromee ONMCaHWEe NPUMEPOB BAPUAHTOB PEANTU3ALMH HACTOSLIETO

I/1306peTeHI/IH NpeacCTaBJICHO C LCJIbIO UWIHOCTpAalu U OIMUCAHUA. He npeanojara€resi, 4YT0 OHO
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SABJISIETCS. MCYEPIBIBAIOIINM WJIM OrPAaHMYUBAET HACTOALIEE HM300pETeHHe TOYHO OMHMCAHHON
¢dopmoli, BO3MOXKHBI MHOTME MOAU(UKAINM W BapUALM B CBETE OINMCAHHBIX BBILIE HIEH.
BapuanTtel peanuzanmu OblM BBIOPAHBI M OMMCAHBI AJIST TOTO, YTOOBI HAWIYYLIMM OOpa3om
OOBSICHUTh NPUHIMIBI HACTOSALIETO M300PETEHHs] M ero MPakTHYeCKOro NMPHUMEHEHUs, C TeM,
4yTOOBI JaTh BO3MOKHOCTb JAPYTUM CHENUAINCTAM B JAHHOH OOJACTH TEXHUKHU HAMIIYYLIHM
o0pa3oM MpPUMEHATh HACTOsINee H300peTeHHe B PA3IMYHBIX BApUAHTAX pPEANTH3ALUH U C
Pa3MUYHBIMU ~ MOIUQPUKALMSIMY, MOAXOMALUIUMH  JUIi  KOHKPETHOTO  MPEanoJiaraeMoro
NIPUMEHEHUSI.

[0516] IIpennonaraercs, 4yTo NMpuMeHeHHE (HOPMbI €TUHCTBEHHOTO YHCIIa, B TOM YUCIIE B
COYETaHWH C ONpEIEIEHUEM «yKa3aHHbIN(as1/0e)», 03HAYaeT OAWH WK OOJIbIee KOJUIECTBOY,
€CJIU SIBHBIM 00pa3oM He YKa3aHO WHOE.

[0517] Bce mareHThI, 3asiBKM Ha TATEHT, NyOJHWKAIIMM W OMHCAHHS IATEHTOB,
YIOMSIHYTBbIE B HACTOSIIEM JOKYMEHTE, MOJHOCTBIO BKIIFOUEHBI TOCPEACTBOM CCBUIKH BO BCEX
oTHOLIeHHUsAIX. HU OMH U3 TaHHBIX HCTOYHUKOB HE CYUTAIOT H3BECTHBIM YPOBHEM TEXHHKH.

S2A. [TIlepeuenr 100 wHaubonee obnacrei,

Tadauna TUIEePMETHINPOBAHHBIX

UICHTU(QUIUPOBAHHBIX B O0Opaslie BOPCHH XOPHOHA M KJIETKAX KPOBH MaTepU B IEPBOM

TpPUMeECTpE.
Xpomo- | Hauano Konen Pazmep | Knerku | CVS P- Paznuune
coma (.o.) KpPOBHU 3HAYEHHs | METHJIUPOBAHMS
MaTepu
chrl3 113063600 | 113064100 | 500 0,009 0,9 3,67E-15 | 0,891
chr6 36279700 | 36280200 | 500 0,0068 | 0,8957 | 2,39E-22 | 0,8889
chrl6 66876000 | 66876500 | 500 0,0327 |09211 |3,82E-21 | 0,8884
chrl0 163500 164000 500 0,0195 10,9034 |3,60E-35 | 0,8839
chr9 3518300 3518800 500 0,0263 | 09045 | 1,32E-26 | 0,8782
chrl2 31877100 | 31877600 | 500 0,007 0,8784 | 3,08E-22 | 0,8714
chr22 37477400 | 37478400 | 1000 0,0152 [0,8848 | 0,00E+00 | 0,8696
chr4 148940500 | 148941000 | 500 0,0055 |[0,8717 | 4,40E-29 | 0,8662
chr5 131836300 | 131836800 | 500 0,075 0,9403 | 1,54E-10 | 0,8653
chrl? 26661700 | 26663600 | 1900 0,0187 [0,875 |295E-38 | 0,8563
chr2 105758600 | 105759600 | 1000 0,0305 [0,8828 | 1,19E-53 | 0,8523
chr22 39188800 | 39189800 | 1000 0 0,8514 | 2,05E-46 | 0,8514
chr3 153443900 | 153444900 | 1000 0,0436 | 0,8945 | 5,43E-34 | 0,8509
chr6 25149600 | 25150600 | 1000 0,0135 [0,8632 | 0,00E+00 | 0,8497
chr5 98296800 | 98297300 | 500 0,0432 | 0,8925 | 4,97E-23 | 0,8493
chr7 150679900 | 150680400 | 500 0,0496 | 0,8944 | 6,50E-17 | 0,8448
chr7 107563100 | 107563600 | 500 0,0495 | 0,8895 | 9,58E-26 | 0,84
chr7 37348300 | 37349300 | 1000 0,0012 | 0,8409 | 0,00E+00 | 0,8397
chrl4 58837800 | 58838300 | 500 0,0097 0,848 | 3,35E-16 [ 0,8383
chr6 119238100 | 119238600 | 500 0,0899 |0928 |238E-19 | 0,8381
chrl5 93669900 | 93670400 | 500 0,0753 (0913 |[2,19E-10 | 0,8377
chrl7 26669200 | 26670200 | 1000 0,0221 [0,859 1,44E-29 | 0,8369
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chr2 88108100 | 88108600 | 500 0,075 0,9109 | 3,55E-17 | 0,8359

chrl3 98363800 | 98364300 | 500 0,11 0,9457 | 1,28E-11 | 0,8357

chrl6 66948000 | 66948500 | 500 0,0331 | 0,8685 | 0,00E+00 | 0,8354

chr6 42098000 | 42098500 | 500 0,0484 | 0,8835 | 3,73E-16 | 0,8351

chr3 129876000 | 129876500 | 500 0,0565 |0,8897 | 8,81E-17 | 0,8332

chr3 142700300 | 142700800 | 500 0,0063 | 0,8393 | 2,59E-22 | 0,833

chr8 145883800 | 145884300 | 500 0,0392 | 0,872 0,00E+00 | 0,8328

chr10 8320700 8321200 500 0,0566 | 0,8871 | 9,40E-09 | 0,8305

chr3 120438100 | 120438600 | 500 0,102 0,9292 | 7,09E-16 | 0,8272

chr3 173792600 | 173793100 | 500 0,0182 | 0,8453 | 2,84E-39 | 0,8271

chrl7 40320700 [ 40321200 [ 500 0,0539 | 0,8788 | 6,50E-30 | 0,8249

chrls 72076200 | 72076700 | 500 0,0299 | 0,8525 | 6,48E-10 | 0,8226
chrl6 29663900 [ 29665400 [ 1500 0,0081 | 0,8305 | 0,00E+00 | 0,8224

chrll 66961100 | 66962100 | 1000 0,0489 | 0,8712 | 0,00E+00 | 0,8223

chr9 27083100 [ 27084100 [ 1000 0,097 0,9177 | 2,37E-55 | 0,8207

chr9 111249600 | 111250100 | 500 0,0613 | 0,8795 | 1,99E-20 | 0,8182

chrl4 101412400 | 101412900 | 500 0 0,8167 | 8,26E-32 | 0,8167

chrl 242549200 | 242549700 | 500 0 0,8155 | 3,50E-21 | 0,8155

chr8 38642800 | 38643300 | 500 0,0191 10,8346 | 3,22E-41 | 0,8155

chr4 85893600 | 85894100 | 500 0,0394 | 0,8533 | 1,45E-15 | 0,8139

chr5 142368600 | 142369100 | 500 0,0385 10,8523 | 1,18E-18 | 0,8138

chr8 130969500 | 130970000 | 500 0,069 0,8824 | 2,42E-24 | 0,8134

chr2 196783900 | 196784400 | 500 0 0,8123 | 3,63E-40 | 0,8123

chrl6 49258100 [ 49258600 | 500 0,0733 | 0,8851 | 4,29E-18 ] 0,8118

chrl 232601200 | 232601700 | 500 0,0594 0,8707 1,73E-13 [ 0,8113
chrl 109039500 | 109040000 | 500 0,0366 0,8471 1,07E-11 | 0,8105
chrl? 59491300 | 59491800 | 500 0,0662 0,8758 2,15E-17 | 0,8096
chr21 42194100 | 42194600 | 500 0,11 0,9182 1,61E-12 | 0,8082
chr9 116174500 | 116175500 | 1000 0,0062 0,8132 1,98E-60 | 0,807
chrl5 73429200 | 73429700 | 500 0 0,8066 9,81E-33 | 0,8066
chr6 157462800 | 157463300 | 500 0,0758 0,8819 7,94E-16 | 0,8061
chr3 16858500 | 16859500 | 1000 0,0021 0,8068 4,76E-68 | 0,8047
chr9 96662800 | 96663300 | 500 0,0614 0,8651 6,79E-28 | 0,8037
chr9 88143000 | 88143500 | 500 0,1538 0,9559 7,43E-09 | 0,8021
chrl9 16090000 | 16091000 | 1000 0,0899 0,8904 1,60E-53 | 0,8005
chrl5 29436300 | 29437300 [ 1000 0,0553 0,8556 1,18E-80 [ 0,8003
chrll 77816100 | 77816600 | 500 0,1069 0,9068 2,31E-17 [ 0,7999
chrl0 30346800 | 30347300 | 500 0,1212 0,9211 7,48E-07 | 0,7999
chrl 89510300 | 89511300 | 1000 0,0203 0,8191 3,53E-77 | 0,7988
chr3 125986100 | 125986600 | 500 0,1686 0,9674 5,24E-22 | 0,7988
chrl9 60162800 | 60163300 | 500 0,0127 0,8113 9,99E-19 | 0,7986
chrl6 73655900 | 73656900 | 1000 0,082 0,8806 4,48E-41 | 0,7986
chrl6 30104300 | 30105800 [ 1500 0,0298 0,8282 0,00E+00 | 0,7984
chrl0 118642400 | 118642900 | 500 0,0588 0,8571 8,63E-11 | 0,7983
chrl6 4495000 4496000 1000 0,0632 0,8615 2,27E-44 | 0,7983
chrl 2048300 2048800 500 0,0309 0,8289 1,19E-80 | 0,798
chr2 136481800 | 136482800 | 1000 0,0554 0,8533 8,50E-48 | 0,7979
chrl0 29959200 | 29959700 | 500 0,1429 0,94 2,60E-08 | 0,7971
chr6 139642400 | 139642900 | 500 0,0618 0,8585 2,16E-29 | 0,7967
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chrl4 69825300 | 69825800 | 500 0,0654 0,8615 6,85E-14 | 0,7961
chr8 49739700 | 49740200 | 500 0,0324 0,828 2,88E-30 | 0,7956
chrl7 42205700 | 42206200 | 500 0,057 0,852 2,11E-30 | 0,795

chrd 77445300 | 77445800 | 500 0,0442 0,8377 1,79E-35 | 0,7935
chrl?7 53762700 | 53766300 | 3600 0,0003 0,7926 0,00E+00 | 0,7923
chrl7 44269900 | 44270400 | 500 0,026 0,8182 3,49E-21 | 0,7922
chr6 42462700 | 42463200 | 500 0,0761 0,8678 4,774E-22 | 0,7917
chr2 23396200 | 23396700 | 500 0,0333 0,8235 1,25E-14 | 0,7902
chr9 100921100 | 100921600 | 500 0,0244 0,814 3,32E-21 | 0,7896
chr7 74016100 | 74016600 | 500 0,1442 0,9333 6,74E-10 | 0,7891
chr6 157879000 | 157879500 | 500 0,133 0,9219 6,36E-17 | 0,7889
chr3 3189400 3190400 1000 0,0693 0,8571 1,38E-24 | 0,7878
chrl6 29581500 | 29584500 | 3000 0,0081 0,7956 0,00E+00 | 0,7875
chrl?7 42201800 | 42202800 | 1000 0,0884 0,8751 0,00E+00 | 0,7867
chrll 94257000 | 94257500 | 500 0,1122 0,8986 4,29E-10 | 0,7864
chrl0 14741600 | 14742100 | 500 0,0139 0,8 1,73E-20 | 0,7861
chr21 33826900 | 33827400 | 500 0,0879 0,8739 2,81E-11 | 0,786

chrd 130057200 | 130057700 | 500 0,0893 0,875 1,76E-13 | 0,7857
chr21 35343400 | 35343900 | 500 0 0,7853 7.43E-18 | 0,7853
chrl2 105372800 | 105373300 | 500 0,0923 0,8767 8,67E-22 | 0,7844
chr5 10799800 | 10800300 | 500 0,1429 0,9263 821E-17 | 0,7834
chr5 16753100 | 16753600 | 500 0,041 0,8241 1,40E-15 | 0,7831
chr3 135746000 | 135746500 | 500 0,1429 0,9259 2.86E-09 | 0,783

chr6 53708300 | 53708800 | 500 0,0412 0,8235 2,74E-31 | 0,7823
chr2 128122900 | 128123400 | 500 0,0634 0,8455 4.82E-21 |0,7821
chr5 150574200 | 150574700 | 500 0,0876 0,8696 1,56E-20 | 0,782

chrl6 84326000 | 84327000 | 1000 0,1071 0,8891 3,58E-61 | 0,782

chrl 26744500 | 26745500 | 1000 0,0336 0,8152 0,00E+00 | 0,7816
chr2 234882000 | 234882500 | 500 0,0392 0,819 7,63E-14 | 0,7798

Ta6smuna S2B. Ilepeduenr 100 Haubojiee TMIOMETHJIMPOBAHHBIX — OOJaCTel,

uneHTH(GULUMPOBAaHHBIX B O0Opa3lie BOPCHH XOPHOHA M KJIETKAX KPOBH MaTepU B MEPBOM

TPUMECTpE.
Xpomo- | Hauano Komnen Pasmep | Knerxku | CVS | P- Paznuune
coma (mo.) | kpoBH 3HAYEHHS | METHIIUPOBAHUS
Marepu
chrl8 12217500 | 12218500 | 1000 0,9873 |0 3,05E-25 | 0,9873
chrl7 22885400 | 22885900 | 500 0,9714 10,0161 | 8,92E-12 | 0,9553
chr3 184827100 | 184827600 | 500 0,9875 10,033 | 4,79E-16 | 0,9545
chr5 148968300 | 148968800 | 500 0,98 0,0426 | 6,70E-09 | 0,9374
chrl0 104794500 | 104795000 | 500 0,973 0,0385 | 9,33E-10 | 0,9345
chr4 84977900 | 84978400 | 500 0,9643 10,0417 | 2,.98E-08 | 0,9226
chr3 180395300 | 180395800 | 500 0,9877 10,0667 | 6,72E-08 | 0,921
chr2 138908300 | 138908800 | 500 0,939 0,0208 | 1,10E-16 | 0,9182
chr6 139873100 | 139873600 | 500 0,9667 |0,0526 | 1,29E-07 | 0,914
chr8 59604700 | 59605200 | 500 0,9468 10,033 | 288E-14 | 0,9138
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chr6 167622300 | 167622800 | 500 0,9452 | 0,0316 | 3,86E-14 | 0,9136

chr3 175701300 | 175701800 | 500 0,9846 | 0,0735 | 7,43E-10 | 09111

chrl3 59246400 | 59246900 | 500 0,9402 [0,0313 | 2,31E-11 | 0,9089

chrl2 71263600 | 71264100 | 500 0,9296 10,0213 | 1,08E-08 | 0,9083

chr5 39459400 | 39459900 | 500 0,9219 (0,014 |5,01E-22 | 0,9079

chrl7 24904700 | 24905200 | 500 0,9161 |0,0092 | 5,04E-35 | 0,9069

chrl2 31889900 | 31890400 | 500 0,9524 10,0465 | 6,78E-13 | 0,9059

chr3 152897800 | 152898300 | 500 0,9402 | 0,0345 | 1,70E-17 | 0,9057

chrl 40378700 | 40379200 [ 500 0,9565 |[0,0526 | 3,31E-09 | 0,9039

chrl2 43979300 [ 43979800 [ 500 0,952 0,05 6,68E-13 | 0,902

chrl8 1395900 1397400 1500 0,9308 | 0,0293 [ 0,00E+00 | 0,9015

chrl 223482900 | 223483400 | 500 0,9579 | 0,0575 | 3,36E-24 | 0,9004

chr9 130357000 | 130357500 | 500 0,9282 | 0,0286 | 9,19E-13 | 0,8996

chr3 72878300 | 72878800 | 500 0,9612 | 0,0625 | 8,20E-14 | 0,8987

chr7 84347200 | 84348700 | 1500 0,9401 | 0,0418 | 0,00E+00 | 0,8983

chrl5 37317500 | 37318000 | 500 0,9358 |0,0385 | 7,58E-14 | 0,8973

chr8 42528600 | 42529100 | 500 0,9302 | 0,0337 | 1,73E-14 | 0,8965

chr6 134914000 | 134914500 | 500 0,9037 10,0076 | 4,84E-21 | 0,8961

chrl3 56207100 | 56208100 | 1000 0,9184 | 0,0245 | 0,00E+00 | 0,894

chr2 209074000 | 209074500 | 500 0,9309 0,037 |6,13E-27 | 0,8938

chrl2 74021100 | 74022100 | 1000 0,9513 | 0,058 | 0,00E+00 | 0,8933

chr4 118939300 | 118939800 | 500 0,9192 |0,0276 | 6,58E-27 | 0,8916

chr5 12626600 | 12628600 | 2000 0,9266 | 0,0355 | 0,00E+00 | 0,8911

chr5 105517300 | 105518300 | 1000 0,927 0,0359 | 0,00E+00 | 0,891

chrl2 70056300 | 70057300 | 1000 0,9488 | 0,0609 | 0,00E+00 | 0,888

chr6 153238200 | 153239200 | 1000 0,9123 | 0,0244 | 0,00E+00 | 0,8879

chrl? 60374800 | 60375300 | 500 0,9655 | 0,0777 | 3,64E-14 | 0,8878

chrl4 68272700 | 68273200 | 500 0,9389 10,0523 | 1,23E-22 | 0,8866

chr19 54533800 | 54534800 | 1000 0,9117 |0,0262 | 0,00E+00 | 0,8855

chrl2 15392200 | 15393200 | 1000 0,9307 | 0,0457 | 0,00E+00 | 0,885

chrl 212517400 | 212517900 | 500 0,9266 |0,0417 | 9,81E-12 | 0,8849

chrl0 49344400 | 49345400 [ 1000 0,9422 | 0,0579 | 0,00E+00 | 0,8844

chr3 47410400 [ 47410900 [ 500 0,9213 | 0,0381 | 5,59E-16 | 0,8832

chr3 879500 880000 500 0,9455 | 0,0625 | 8,06E-06 | 0,883

chr2 31572400 | 31573400 | 1000 0,9176 | 0,0357 | 0,00E+00 | 0,8819

chrl 89131200 | 89131700 | 500 0,9314 0,0498 5,15E-70 | 0,8816
chr8 94832000 | 94832500 | 500 0,9156 0,0351 2,16E-65 | 0,8805
chr7 14008300 | 14009800 | 1500 0,9349 0,0545 0,00E+00 | 0,8804
chrl2 12971300 | 12972300 | 1000 0,9361 0,0559 0,00E+00 | 0,8802
chr5 43114700 [ 43115200 [ 500 0,9638 0,0842 1,79E-13 | 0,8796
chrll 107872400 | 107872900 | 500 0,9472 0,0677 2,31E-32 | 0,8794
chr8 49757600 | 49758100 | 500 0,9048 0,0269 3,15E-52 [ 0,8779
chrl3 33106400 | 33106900 | 500 0,9384 0,0606 9,54E-15 | 0,8778
chr3 190658800 | 190659300 | 500 0,9388 0,0617 2,71E-22 | 0,877
chrl 181508000 | 181508500 | 500 0,9259 0,0495 3,78E-15 [ 0,8764
chrl 180436900 | 180437400 | 500 0,9412 0,0652 2,36E-13 | 0,876
chr6 122642800 | 122643800 | 1000 0,9218 0,0458 0,00E+00 | 0,8759
chr5 166429300 | 166429800 | 500 0,9551 0,08 5,26E-05 | 0,8751
chrl2 14972900 | 14973400 | 500 0,94383 0,0733 2,10E-18 ] 0,8749
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chr5 123933900 | 123934400 | 500 0,943 0,0683 1,12E-39 |0,8746
chr2 15969400 | 15970400 | 1000 0,8939 0,0196 9,43E-46 | 0,8743
chr3 167635200 | 167636200 | 1000 0,9363 0,0625 9,03E-41 |0,8738
chr5 159442700 | 159443200 | 500 0,9174 0,044 6,27E-14 | 0,8734
chr4 48027200 | 48027700 | 500 0,9839 0,1111 8,89E-06 | 0,8728
chr6 140071500 | 140072000 | 500 0,9234 0,0506 4,39E-33 | 0,8728
chr10 22356300 | 22356800 | 500 0,9548 0,0822 1,04E-18 | 0,8726
chr8 61007300 | 61007800 | 500 0,9197 0,0476 1,24E-15 | 0,8721
chrll 95463500 | 95464000 | 500 0,9348 0,0629 1,16E-20 | 0,8718
chr2 216399800 | 216400300 | 500 0,938 0,0667 5,98E-06 | 0,8713
chrl8 57359700 | 57360200 | 500 0,9293 0,0584 1,77E-19 | 0,871

chr3 102734400 | 102734900 | 500 0,8917 0,0207 7,94E-22 | 0,871

chrl 173605700 | 173606200 | 500 0,96 0,0891 5,46E-13 | 0,8709
chr2 86993700 | 86995700 | 2000 0,8965 0,0261 0,00E+00 | 0,8704
chr3 162621100 | 162621600 | 500 0,9226 0,0526 7,89E-38 | 0,8699
chrl2 10144800 | 10145300 | 500 0,929 0,0598 3,45E-17 |0,8691
chr3 113855100 | 113855600 | 500 0,9667 0,0982 3,97E-14 | 0,8685
chr2 156958200 | 156959200 | 1000 0,9252 0,0571 8,89E-50 | 0,8681
chr2 55775000 | 55776000 | 1000 0,9159 0,0483 0,00E+00 | 0,8676
chr6 124898400 | 124898900 | 500 0,8987 0,0313 1,91E-15 | 0,8675
chr5 42003700 | 42004700 [ 1000 0,9262 0,0588 0,00E+00 | 0,8674
chr3 24162200 | 24162700 [ 500 0,883 0,0161 1,75E-27 | 0,8668
chr6 35394000 | 35395000 | 1000 0,9204 0,0539 0,00E+00 | 0,8665
chrl? 8451800 8453300 1500 0,9376 0,0714 0,00E+00 | 0,8662
chrl4 53487700 | 53488700 | 1000 0,9013 0,0353 0,00E+00 | 0,866

chr7 98572800 | 98573300 | 500 0,9651 0,0995 8,37E-26 | 0,8656
chr6 52298700 | 52299200 | 500 0,9427 0,0772 1,31E-28 | 0,8655
chr6 159047900 | 159048400 | 500 0,908 0,0426 3,34E-08 | 0,8655
chrl4 22152600 | 22153100 | 500 0,9085 0,0435 4,43E-17 | 0,865

chrl2 103285000 | 103285500 | 500 0,9321 0,0674 0,00E+00 | 0,8647
chr7 43302200 | 43302700 | 500 0,968 0,1037 6,40E-16 | 0,8643
chrl4 22247400 | 22247900 | 500 0,9804 0,1163 3,83E-06 | 0,8641
chr2 66780900 | 66781400 | 500 0,9355 0,0714 8,37E-09 | 0,8641
chrl2 97393000 | 97393500 | 500 0,9045 0,0408 3,46E-21 | 0,8637
chr5 162797900 | 162798900 | 1000 0,9271 0,0635 1,75E-57 10,8636
chr2 83598400 | 83599400 | 1000 0,9354 0,0719 0,00E+00 | 0,8635
chrll 111358800 | 111359300 | 500 0,9156 0,0523 4,15E-24 ]0,8632
chrll 104891100 | 104892600 | 1500 0,9164 0,0533 0,00E+00 | 0,863

chrl 184583600 | 184584100 | 500 0,9647 0,1026 3,02E-13 | 0,8621
chr5 132350500 | 132351500 | 1000 0,9042 0,0426 1,86E-36 | 0,8616
chr5 53268300 | 53268800 | 500 0,972 0,1111 4,76E-16 | 0,8609




Taoauua

S2C. IlepeueHnp

100

153

"aubonee

THINCPMETUIINPOBAHHBIX

obnacrei,

UIEHTH(QULUPOBAHHBIX B TPETHEM TPUMECTPE B IUIALIEHTAPHONW TKAHU U B KJIETKaX KPOBHU

MaTepu.
Xpomo- | Hauano Konen Pasmep | 3penas P- Paznuune
coMma (mo.) IUIALIEHTA | 3HAYEHUs] | MEeTHJIMPOBAHMUS
chr4 78129700 | 78130200 | 500 0,0488 | 0,9747 3,97E-33 | 0,926
chr5 131467400 | 131467900 | 500 0,0213 | 0,9275 7,10E-27 | 0,9063
chrl7 26661700 | 26663600 | 1900 0,0187 | 0,9226 1,79E-41 | 0,9039
chr4 148940500 | 148941000 | 500 0,0055 10,9079 1,82E-29 | 0,9024
chr9 100921100 | 100921600 | 500 0,0244 | 0,9242 1,38E-25 | 0,8998
chr6 137114200 | 137114700 | 500 0 0,8934 8,87E-14 | 0,8934
chr3 173792600 | 173793100 | 500 0,0182 | 0,9091 1,70E-42 | 0,8908
chr5 98296800 | 98297300 | 500 0,0432 | 0,9333 2,58E-23 | 0,8901
chrl2 44898000 | 44898500 [ 500 0 0,8889 4 47E-11 | 0,8889
chr3 197328900 | 197329400 | 500 0,0169 | 0,9048 5,55E-10 | 0,8878
chr8 49739700 | 49740200 [ 500 0,0324 | 0,9194 5,71E-34 | 0,887
chrl2 122279300 | 122279800 | 500 0,0135 | 0,8969 3,46E-21 | 0,8834
chrl7 43092200 | 43092700 [ 500 0 0,8824 4 34E-10 | 0,8824
chr7 107563100 | 107563600 | 500 0,0495 10,931 1,05E-28 | 0,8815
chrll 72543200 | 72543700 | 500 0,0377 | 0,9167 2,94E-09 | 0,8789
chrl4 58837800 | 58838300 | 500 0,0097 | 0,886 9,16E-18 | 0,8763
chr3 153443900 | 153444900 | 1000 0,0436 | 0,9197 6,24E-39 | 0,876
chr3 16953200 | 16953700 | 500 0,0896 | 0,9655 6,78E-09 | 0,876
chrl?7 42205700 | 42206200 [ 500 0,057 10,933 1,13E-31 | 0,8759
chr6 53217600 | 53218100 | 500 0,0818 | 0,9571 1,54E-19 | 0,8754
chr3 112749000 | 112749500 | 500 0,0403 | 0,9154 4,11E-22 | 0,8752
chr8 22453700 | 22454200 | 500 0,003 ]0,8765 1,64E-50 | 0,8735
chrl 162860900 | 162861400 | 500 0,023 10,8932 8,37E-14 | 0,8702
chr6 36279700 | 36280200 | 500 0,0068 | 0,8762 1,14E-21 | 0,8694
chr5 80962500 | 80963000 | 500 0 0,8679 2,08E-15 | 0,8679
chrl6 11312500 | 11313000 | 500 0 0,8679 2,14E-10 | 0,8679
chrl6 29663900 | 29665400 | 1500 0,0081 | 0,8759 0,00E+00 | 0,8678
chr3 120438100 | 120438600 | 500 0,102 10,9639 2.98E-15 | 0,8618
chr8 134157000 | 134157500 | 500 0,0625 | 0,9219 6,10E-20 | 0,8594
chr6 42620900 | 42621400 | 500 0 0,8571 5,68E-08 | 0,8571
chr5 131836300 | 131836800 | 500 0,075 10,9315 1,26E-10 | 0,8565
chrl4 60290000 | 60290500 | 500 0 0,8544 5,63E-14 | 0,8544
chr6 42850300 | 42851300 | 1000 0,0676 | 0,9211 2.38E-24 | 0,8534
chr8 28974100 | 28974600 [ 500 0,0394 | 0,8927 2,03E-51 | 0,8533
chr22 22368500 | 22369000 [ 500 0,0248 | 0,8778 1,18E-70 | 0,8529
chrl4 69825300 | 69825800 | 500 0,0654 | 0,9174 2,73E-14 | 0,852
chr3 142700300 | 142700800 | 500 0,0063 | 0,8582 2,56E-23 | 0,8519
chrl?7 59491300 | 59491800 | 500 0,0662 | 0,9175 1,81E-16 | 0,8513
chrl5 30881700 | 30882200 | 500 0,0493 | 0,8995 2,38E-26 | 0,8502
chrl5 91496300 | 91496800 | 500 0 0,85 3,13E-17 | 0,85
chrl7 18745300 | 18745800 | 500 0,0294 | 0,8775 3,47E-51 | 0,848
chrl5 29436500 | 29437000 [ 500 0,0336 | 0,8811 2,62E-66 | 0,8476
chr2 217795300 | 217795800 | 500 0 0,8472 1,78E-22 | 0,8472
chrll 16328100 | 16328600 | 500 0,0278 | 0,875 3,43E-11 | 0,8472
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chr13 | 113063500 | 113064000 | 500 [ 0,0102 | 0,8571 | 1,82E-15 | 0,8469

chr5 40472400 | 40472900 | 500 0,0197  [0.8664 |7,54E-35 |0,8467
chrl 242549200 | 242549700 | 500 0 0,8462 [ 8,53E-23 | 0,8462
chrll 58099100 | 58099600 | 500 0,0162 [08612 | 4,45E-35 [0,845
chr9 16020400 | 16020900 | 500 0,0132  [0,8555 | 8,05E-23 |0,8423
chr8 37550700 | 37551200 | 500 0,0093 (08512 | 1,11E-16 |0,8419
chr5 75722400 | 75722900 | 500 0,1215 09627 |5,97E-23 |0,8411
chrl9 60454700 | 60455200 | 500 0,0316 [0,8722 |244E-62 |0,8405
chr4 99587100 | 99587600 | 500 0,0128 [0,8526 | 1,49E-12 [0,8398
chr6 25149600 | 25150600 | 1000 0,0135 |0,8514 | 0,00E+00 | 0,8379
chrl 32065200 | 32065700 | 500 0 0,8371 [ 1,09E-44 |0,8371
chr? 5337200 | 5337700 | 500 0,0727 [0,9098 [2,18E-14 [0,8371
chrl7 44269900 | 44270400 | 500 0,026 0,8621 [3,94E-22 | 0,8361
chrl 36180800 | 36181300 | 500 0,0714  [0,9067 [1,23E-09 [0,8352
chrl8 10472700 | 10473700 | 1000 0,0713 [ 0,9064 | 9,35E-70 | 0,8351
chr5 350000 350500 500 0,0297 08643 |1,49E-16 |0,8346
chr2 136481800 | 136482800 | 1000 0,0554 [0,8887 |1,87E-52 [0,8332
chr4 89241100 | 89241600 | 500 0,1091  [09423 [1,05E-12 [0,8332
chrl7 40320700 | 40321200 | 500 0,0539  [0,8859 |6,94E-31 [0.832
chr? 133897200 | 133897700 | 500 0,0769  [0,9077 | 1,64E-24 [0.8308
chr8 98060600 | 98061100 | 500 0,0741  [0,9048 [3,11E-07 |0,8307
chr8 134141500 | 134142000 | 500 0 0,829 2,77E-58 | 0,829
chrl4 80250600 | 80251100 | 500 0,0839 09122 [2,05E-18 |0,8283
chr2 100730900 | 100731400 | 500 0,0787  [0,9067 |4,85E-11 | 0,828
chr2 88108100 | 88108600 | 500 0,075 0,901 2,10E-16 | 0,826
chrl9 16338500 | 16339500 | 1000 0,0011  [0,8259 | 0,00E+00 | 0,8247
chr5 141791900 | 141792900 | 1000 0,0225 | 0,8467 | 0,00E+00 | 0,8243
chrll 116227400 | 116227900 | 500 0 0,8242 [ 1,01E-17 |0,8242
chr22 48705500 | 48706000 | 500 0,0649  [0,8891 | 4,00E-76 | 0,8242
chr9 3518300 | 3518800 | 500 0,0263 |0,8493 | 6,66E-25 | 0,823
chrll 16791000 | 16791500 | 500 0,1095 [0,9322 |1,05E-22 [0,8228
chr3 135746000 | 135746500 | 500 0,1429 10,9651 | 7,63E-10 | 0,8223
chrl 19323400 | 19323900 | 500 0,0411 08624 [2,36E-20 |0,8213
chr9 96662800 | 96663300 | 500 0,0614 [0,8826 | 1,07E-28 |0,8212
chr7 37348300 | 37349300 | 1000 0,0012  [0,821 0,00E+00 | 0,8198
chr2 234882000 | 234882500 | 500 0,0392  [0,8591 |[5,36E-15 [0,8198
chr6 44694000 | 44694500 | 500 0,1024 [0,9222 [5,68E-19 [0,8198
chrl7 18320500 | 18321000 | 500 0 0,8197 [2,78E-39 |0,8197
chr22 28992000 | 28994000 | 2000 0,0012  |0,8195 | 0,00E+00 | 0,8183
chrl7 53762700 | 53766300 | 3600 0,0003  [0,8179 | 0,00E+00 | 0,8176
chrl 114215500 | 114216000 | 500 0 0,8169 [ 224E-20 | 0,8169
chr6 13381700 | 13382700 | 1000 0,0037  [0,8206 | 1,03E-40 |0,8169
chr5 17045400 | 17045900 | 500 0,0235 | 0,84 3,24E-13 [ 0,8165
chrl2 110924300 | 110924800 | 500 0,0855  [0,9016 | 1,01E-18 [0.816
chrl 200499800 | 200500300 | 500 0,011 0,8269 [ 9,73E-24 |0,8159
chr4 8311000 | 8311500 | 500 0,053 0,8687 [ 7.82E-18 | 0,8157
chr8 6535300 | 6535800 | 500 0,0667  |0,8824 | 5,25E-09 |0,8157
chr6 42462700 | 42463200 | 500 0,0761  [0,8919 [5,78E-23 |0,8157
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chrl 91969900 | 91970400 | 500 0,0172 0,8325 5,23E-18 | 0,8152
chr2 105758600 | 105759600 | 1000 0,0305 0,8455 5,15E-52 | 0,815
chr2l 37538500 | 37539000 | 500 0,1595 0,9745 8,81E-16 | 0,815
chr9 92953000 | 92953500 | 500 0,0189 0,8333 1,88E-15 | 0,8145
chrl6 30104400 | 30105900 | 1500 0,0505 0,8636 0,00E+00 | 0,8131
chrl 234184400 | 234185400 | 1000 0,0346 0,8477 9,66E-31 |0,813
chr8 19116400 | 19116900 | 500 0 0,8125 9,33E-11 |0,8125
chr4 141194300 | 141195300 | 1000 0,0865 0,899 5,46E-30 | 0,8125
Taoauma S2D. Ilepeyenr 100 Hambonee T'MIOMETHIMPOBAHHBIX  OOJIACTEH,

UIEHTU(QHULMPOBAHHBIX B TPETHEM TPUMECTPE B IUIALEHTAPHOH TKAHHM U B KJIETKAX KpPOBH

MaTepu.
Xpomo- | Hauano Konen Pasmep | Knerku | 3penas P- Paznuuue
coma (mo.) | KpoBH | IJaleHTA | 3HAYEHUs | METHIUPOBAHHUS
Marepu
chr9 40380300 | 40380800 | 500 0,9667 | 0 1,13E-06 | 0,9667
chrl 31769200 | 31769700 | 500 0,9548 | 0,0256 5,57E-25 ] 0,9291
chrl8 12217600 | 12218100 | 500 0,9873 | 0,0602 1,63E-19 | 0,9271
chr20 19704400 | 19704900 | 500 0,9426 | 0,018 4,34E-18 | 0,9246
chrl5 37317500 | 37318000 | 500 0,9358 |0,0132 1,90E-25 | 0,9226
chrX 83368400 | 83368900 | 500 0,913 0 3,15E-07 | 0,913
chrll 27549100 | 27549600 | 500 0,9224 10,0123 3,92E-24 | 0,9101
chrl8 58141500 | 58142000 | 500 0,9737 | 0,0645 1,07E-09 ] 0,9092
chrl 159897000 | 159897500 | 500 0,9067 |0 2,53E-16 | 0,9067
chr7 84347200 | 84348700 | 1500 0,9401 | 0,0407 0,00E+00 | 0,8994
chr2 216916100 | 216916600 | 500 0,9695 | 0,0714 2,13E-16 | 0,8981
chr7 144200000 | 144200500 | 500 0,9294 |0,0317 1,24E-10 | 0,8977
chrl 241331600 | 241332100 | 500 0,9198 | 0,0227 0,00E+00 | 0,8971
chr7 123190000 | 123191000 | 1000 0,9341 | 0,0384 0,00E+00 | 0,8957
chrs 12626600 | 12628600 | 2000 0,9266 | 0,0321 0,00E+00 | 0,8944
chrl2 12971300 | 12972300 | 1000 0,9361 | 0,0438 0,00E+00 | 0,8923
chr22 20936500 | 20937000 | 500 0,9528 | 0,0606 1,87E-06 | 0,8922
chrl3 31321900 | 31322400 | 500 0,9231 | 0,0313 1,43E-06 | 0,8918
chr22 21701500 | 21702000 | 500 0,9579 | 0,0667 1,30E-09 | 0,8912
chrl0 104794400 | 104794900 | 500 1 0,1111 6,10E-09 | 0,8889
chr7 21835800 | 21836300 | 500 0,9156 | 0,0267 3,85E-13 | 0,8889
chrl0 16134800 | 16135300 | 500 0,95 0,0635 4,79E-10 | 0,8865
chr3 47410400 | 47410900 | 500 0,9213 | 0,0357 6,63E-17 | 0.8855
chrl0 49344400 | 49345400 | 1000 0,9422 | 0,0571 0,00E+00 | 0,8851
chr2 209073900 | 209074400 | 500 0,9196 | 0,0353 1,63E-22 | 0,8843
chrl 89131200 | 89131700 | 500 0,9314 |0,0472 1,05E-75 ] 0,8842
chr3 167118500 | 167119500 | 1000 0,9365 | 0,0527 0,00E+00 | 0,8838
chrl8 1395900 1397400 1500 0,9308 | 10,0472 0,00E+00 | 0,8836
chr2 59670300 | 59670800 | 500 0,9433 | 0,0599 5,09E-23 | 0,8834
chrl4 28368900 | 28369400 | 500 0,9446 | 0,0619 5,03E-64 | 0,8827
chr3 126028800 | 126029300 | 500 0,9379 | 0,0556 1,83E-20 | 0,8823
chr9 69378900 | 69379900 | 1000 0,8816 | 0 6,02E-51 | 0,8816
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chr5 105517300 | 105518300 | 1000 0,927 0,0461 0,00E+00 | 0,8808

chr2 31572400 | 31573400 | 1000 0,9176 | 0,037 0,00E+00 | 0,8806

chr5 42003700 | 42004700 [ 1000 0,9262 | 0,0462 0,00E+00 | 0,88

chrl4 94718300 | 94718800 | 500 0,9548 | 0,0764 6,67E-19 | 0,8784

chrl9 56417800 | 56418300 | 500 0,9615 | 0,0833 1,71E-06 | 0,8782

chr2 70183000 | 70183500 | 500 0,9694 |0,0914 9,49E-39 | 0,878

chr4 118939300 | 118939800 | 500 0,9192 10,0412 2,20E-34 | 0,878

chrl3 59246400 | 59246900 | 500 0,9402 | 0,0633 5,40E-12 | 0,8769

chrl2 74021100 | 74022100 | 1000 0,9513 [ 0,0752 0,00E+00 | 0,8761

chr2 173432500 | 173433000 | 500 0,9529 | 0,0778 5,39E-12 | 0,8752

chrl6 24004400 | 24004900 | 500 0,9239 | 0,0488 3,25E-23 | 0,8751

chrl3 27596300 [ 27597300 [ 1000 0,9538 | 0,0795 0,00E+00 | 0,8743

chrl5 88904300 | 88904800 | 500 0,9212 | 0,0481 7,69E-27 | 0,8731

chrl8 12720200 | 12721200 | 1000 0,9346 0,0618 0,00E+00 | 0,8728
chrl5 60975900 | 60976900 [ 1000 0,9311 0,0587 0,00E+00 | 0,8724
chr2l 39630100 | 39631100 [ 1000 0,9423 0,07 4,68E-43 | 0,8723
chr5 123933900 | 123934400 | 500 0,943 0,0707 2,60E-38 |0,8722
chr8 77382600 | 77383600 | 1000 0,9117 0,0395 0,00E+00 | 0,8722
chr2l 32238800 | 32239300 | 500 0,9396 0,0677 1,28E-18 | 0,8719
chr5 175019600 | 175020100 | 500 0,9542 0,0828 4,34E-20 |0,8714
chr8 134437400 | 134438400 | 1000 0,9083 0,037 4,79E-29 | 0,8713
chr5 69668800 | 69669300 | 500 0,9194 0,0492 2,88E-09 10,8702
chrl 60877900 | 60878900 | 1000 0,9378 0,068 0,00E+00 | 0,8698
chrl6 80650400 | 80650900 | 500 0,9309 0,0611 2,49E-32 | 0,8698
chrl8 59388800 | 59389300 | 500 0,9706 0,1008 4,84E-15 | 0,8697
chr2 15969400 | 15970400 | 1000 0,8939 0,0244 3,07E-52 | 0,8695
chrl3 56207100 | 56208100 | 1000 0,9184 0,0505 0,00E+00 | 0,868
chr3 180395300 | 180395800 | 500 0,9877 0,12 1,73E-09 |0,8677
chr6 153238200 | 153239200 | 1000 0,9123 0,0452 0,00E+00 | 0,8671
chr18 61635100 | 61635600 | 500 0,9268 0,06 2,77E-13 | 0,8668
chr3 177562200 | 177563200 | 1000 0,9121 0,0455 0,00E+00 | 0,8666
chr4 160368300 | 160370200 | 1900 0,9272 0,0606 0,00E+00 | 0,8665
chr6 144626900 | 144627400 | 500 0,9114 0,046 2,10E-12 | 0,8654
chrl6 59885500 | 59886500 | 1000 0,9407 0,0757 1,12E-62 | 0,865
chrl 55667100 | 55667600 | 500 0,9095 0,0446 8,62E-39 | 0,8649
chr2 83598300 | 83599300 | 1000 0,9366 0,0718 0,00E+00 | 0,8648
chr4 105135200 | 105136200 | 1000 0,913 0,0486 0,00E+00 | 0,8644
chrl4 32048400 | 32048900 | 500 0,9142 0,0499 5,43E-53 | 0,8643
chrl 223482700 | 223483700 | 1000 0,9636 0,0997 2,69E-34 | 0,864
chrl4 47487700 | 47488200 | 500 0,915 0,0514 5,45E-33 | 0,8636
chr3 104515000 | 104515500 | 500 1 0,1373 1,08E-06 | 0,8627
chr7 14008300 | 14009800 | 1500 0,9349 0,0725 0,00E+00 | 0,8624
chrl 243134000 | 243135500 | 1500 0,9208 0,0588 0,00E+00 | 0,8619
chrl0 14156400 | 14156900 | 500 0,9105 0,0489 0,00E+00 | 0,8616
chr2 118616200 | 118617200 | 1000 0,9178 0,0565 0,00E+00 | 0,8613
chrl? 8455500 8456000 500 0,8941 0,0331 1,94E-18 | 0,8611
chrl2 15392200 | 15393200 | 1000 0,9307 0,0697 0,00E+00 | 0,861
chr8 81275900 | 81276900 | 1000 0,9291 0,0684 0,00E+00 | 0,8606
chrl 234269300 | 234269800 | 500 0,9471 0,087 2,25E-25 10,8602
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chrl 181970300 | 181970800 | 500 0,9167 0,0566 2,15E-08 | 0,8601
chr2 55775000 | 55776000 | 1000 0,9159 0,0559 0,00E+00 | 0,8599
chr3 88338000 | 88339000 | 1000 0,8909 0,0311 0,00E+00 | 0,8598
chr5 140078700 | 140079200 | 500 0,8852 0,0253 0,00E+00 | 0,8598
chr2l 16720900 | 16721400 | 500 0,9317 0,0721 1,38E-15 | 0,8596
chrll 104891100 | 104892600 | 1500 0,9164 0,0569 0,00E+00 | 0,8595
chrl 184204700 | 184205200 | 500 0,9194 0,0603 8,16E-16 | 0,859

chr6 160732500 | 160733000 | 500 0,9191 0,0606 1,31E-10 | 0,8585
chr8 37134300 | 37134800 | 500 0,9151 0,0567 1,21E-26 | 0,8584
chrl8 5869800 5870300 500 0,913 0,0548 1,21E-09 | 0,8582
chrl 98448100 | 98448600 | 500 0,9574 0,1 2,08E-05 | 0,8574
chr3 152897800 | 152898300 | 500 0,9402 0,0828 3,28E-18 | 0,8574
chrl 110304000 | 110304500 | 500 0,9783 0,121 2,60E-18 | 0,8572
chr2 86993600 | 86995600 | 2000 0,8965 0,0395 0,00E+00 | 0,857

chrl9 15428100 | 15430600 | 2500 0,9424 0,0862 0,00E+00 | 0,8563
chrl3 75176800 | 75177800 | 1000 0,9258 0,0697 3,09E-47 | 0,8561
chrl3 24126700 | 24127200 | 500 0,9498 0,0938 1,57E-17 | 0,856

chrl6 28238500 | 28240500 | 2000 0,9427 0,0868 0,00E+00 | 0,8559
chr2 158079500 | 158080500 | 1000 0,9199 0,0642 0,00E+00 | 0,8557

Tabmumua  S3A. Ilepeuenp mepBeix 100  JIOKYyCOB,  ONpENENEHHBIX  Kak

TUNEPMETUIIMPOBAHHBIC 110 JaHHBIM 6I/ICYJ'II:>(1)I/ITHOFO CCKBCHUPOBAHUSA OJIsA MaTepHHCKOﬁ

IUTa3MBbl B IEPBOM TPUMECTPE.

Xpomocoma Hauano Konen Knerku CVS Paznuune
KPOBH METHJIMPOBAHHUS
MaTepu
chr22 39189067 39189863 | 0 0,8444 0,8444
chrl7 53763065 53764027 |0 0,7922 0,7922
chr7 41887694 41888212 |0 0,7614 0,7614
chr2 1,14E+08 1,14E+08 |0 0,751 0,751
chrl2 25096242 25097206 |0 0,7098 0,7098
chrl 66574104 66574793 | 0 0,7025 0,7025
chr6 11489985 11490755 |0 0,7004 0,7004
chr6 1,07E+08 1,07E+08 |0 0,6978 0,6978
chrl0 30858286 30858871 |0 0,6693 0,6693
chrl7 21131574 21132167 |0 0,6496 0,6496
chrl8 13454740 13455292 | 0 0,5468 0,5468
chrl6 11298755 11299326 |0 0,5373 0,5373
chr2 1,75E+08 1,75E+08 [0 0,5196 0,5196
chrl9 44060511 44061036 |0 0,5128 0,5128
chr6 1,08E+08 1,08E+08 | O 0,5 0,5
chr3 71261611 71262501 |0 0,4587 0,4587
chr9 36247847 36248885 |0 0,447 0,447
chrl9 17819240 17820082 | O 0,4279 0,4279
chrl7 53769900 53770731 |0 0,4102 0,4102
chrl 1,12E+08 1,12E+08 | 0,0002 0,6167 0,6166
chr7 1,34E+08 1,34E+08 | 0,0003 0,4351 0,4348
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chr3 11658550 | 11659929 [ 0,0004 0,4299 0,4295
chrl7 53764417 | 53765963 | 0,0005 0,7967 0,7961
chr10 11246762 | 11249052 | 0,0005 0,4002 0,3997
chr22 28992647 | 28993434 | 0,0006 0,8092 0,8087
chrl5 62460278 | 62461007 | 0,0006 0,4334 0,4328
chrl 31002038 | 31003474 | 0,0007 0,5926 0,5919
chr19 3129246 3132159 | 0,0008 0,7725 0,7717
chrl2 1,21E+08 | 1,21E+08 | 0,0008 0,7303 0,7295
chr19 12304446 | 12305741 | 0,0009 0,6986 0,6978
chr3 67788734 | 67789395 | 0,001 0,9131 0,9121
chr9 1,32E+08 | 1,32E+08 | 0,001 0,7047 0,7037
chr19 6723370 6724479 | 0,001 0,689 0,688

chr3 1,84E+08 | 1,84E+08 | 0,001 0,4384 0,4374
chr2 53848089 | 53849214 | 0,001 0,4368 0,4358
chrl7 50450886 | 59452113 | 0,0012 0,469 0,4678
chr5 1,72E+08 | 1,72E+08 | 0,0014 0,578 0,5766
chr21 35342527 | 35343373 |0,0014 0,5392 0,5378
chr21 45164804 | 45165437 | 0,0015 0,4251 0,4236
chrX 3742417 3744601 | 0,0016 0,4486 0,447

chr21 45158293 | 45159003 | 0,0017 0,7799 0,7782
chr7 39839340 | 39839876 | 0,0017 0,4074 0,4057
chr2 1,75E+08 | 1,75E+08 | 0,0018 0,4816 0,4797
chrl2 1,24E+08 | 1,24E+08 | 0,0019 0,6306 0,6287
chr3 50352688 50353823 | 0,002 0,624 0,622

chr9 97264382 97265523 | 0,0021 0,5008 0,4987
chr7 64178628 64179354 | 0,0021 0,4088 0,4066
chr9 94767202 94767802 | 0,0023 0,7568 0,7544
chr5 42986308 42988304 | 0,0023 0,4882 0,4859
chrl7 63854127 63854693 | 0,0024 0,8266 0,8242
chrl2 1,22E+08 122E+08 | 0,0024 0,4869 0,4844
chrl7 16260170 16260909 | 0,0026 0,6404 0,6378
chr4 39874787 39875456 | 0,0027 0,7233 0,7206
chrl2 6441080 6441608 0,0027 0,6228 0,6201
chr19 45015653 45016886 | 0,0028 0,5444 0,5416
chr6 30757752 30758823 | 0,0028 0,4783 0,4755
chr6 41636176 41637112 | 0,0028 0,4254 0,4226
chr12 6315199 6315765 0,0029 0,4613 0,4584
chrl4 76576283 76577070 | 0,0029 0,4365 0,4336
chrl6 48857790 48858300 | 0,0031 0,5625 0,5594
chr5 1,7E+08 1,7E+08 0,0031 0,4752 0,4721
chr13 26897813 26898557 | 0,0032 0,4354 0,4322
chr14 52753948 52754571 | 0,0032 04221 0,4189
chrl 1,66E+08 1,66E+08 | 0,0033 0,5579 0,5545
chrl2 56157424 56158348 | 0,0033 0,47 0,4667
chr22 16079971 16080532 | 0,0034 0,6226 0,6193
chr7 1946410 1946975 0,0036 0,6826 0,6789
chrll 258799 259749 0,0036 0,5072 0,5037
chr6 13381944 13382477 | 0,0037 0,5945 0,5908
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chr7 1,27E+08 1,27E+08 0,0037 0,5096 0,5058

chrl3 23743886 23744467 0,0037 0,4534 0,4497

chr2 1,21E+08 1,21E+08 0,0038 0,7175 0,7137

chr2l 25855853 25857105 0,0039 0,4661 0,4622

chr2 43211724 43212565 0,0039 0,4345 0,4306

chrl2 1,08E+08 1,08E+08 0,0041 0,6024 0,5983

chrl5 92928924 92929575 0,0041 0,4074 0,4033

chr19 10731043 10731636 0,0042 0,5868 0,5826

chr6 1,45E+08 1,45E+08 0,0043 0,5783 0,574

chrl 52875323 52875907 0,0044 0,4145 0,4101

chrl4 75058186 75058956 0,0045 0,602 0,5975

chrl2 1,21E+08 1,21E+08 0,0045 0,4821 0,4776

chrl7 76873737 76874417 0,0046 0,6012 0,5966

chr2 2.38E+08 2,38E+08 0,0049 0,7654 0,7604

chr2 1,98E+08 1,98E+08 0,0049 0,7228 0,7179

chr6 1,47E+08 1,47E+08 0,0049 0,4967 0,4918

chr9 1,36E+08 1,36E+08 0,0049 0,4584 0,4535

chrl 67545402 67546771 0,005 0,4971 0,4921

chr6 1,58E+08 1,58E+08 0,0052 0,6145 0,6093

chr3 1,7E+08 1,7E+08 0,0052 0,5845 0,579%4

chrl 2.34E+08 2,34E+08 0,0053 0,7033 0,6979

chrl0 80715722 80716751 0,0053 0,6515 0,6462

chr4 48602901 48603736 0,0053 0,6315 0,6262
chrl9 13957965 13958580 0,0053 0,599 0,5937

chrl 90081114 90082367 0,0053 0,4574 0,4521

chr2 1,06E+08 1,06E+08 0,0054 0,8858 0,8804

chrl6 29664213 29665369 0,0054 0,8339 0,8285
chrl 1,59E+08 1,59E+08 0,0054 0,7663 0,7608
chrl3 97926489 97927025 0,0054 0,6229 0,6175
chrl 41604452 41605277 0,0054 0,6011 0,5956
chr9 1,28E+08 1,28E+08 0,0054 0,5871 0,5818

Tabmmua  S3B. Ilepeuenr mepBbix 100  5TOKYCcOB,  ONpedeNeHHBbIX  Kak

TUIIOMETHJIMPOBAHHBIE TIO JAHHBIM OUCYJIB(PUTHOTO CEKBEHUPOBAHUS JJIST MATEPUHCKOH TLIA3MBbI

B [IEPBOM TPUMECTpE.

Xpomocoma | Hauano Komnen Knetku CVS Paznuune
KpOBU MCTUIIMPOBAHUA
MaTepu
chrl 235771917 235772426 0,9868 0,549 0,4377
chrl 97357972 97358622 0,9835 0,4805 0,503
chrl 4490516 4491074 0,9826 0,4793 0,5032
chr4 181124168 181124671 0,9825 0,4725 0,5099
chrl6 71908694 71909213 0,982 0,5581 0,4239
chr3 182727915 182728477 0,981 0,3577 0,6233
chr5 115339535 115340038 0,9802 0,5455 0,4347
chr3 195855575 195856122 0,9801 0,3793 0,6008
chr6 155437621 155438161 0,9799 0,5991 0,3808
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chr9 20468093 20468904 0,9798 0,4271 0,5527
chrl0 90702298 90702987 0,9787 0,3324 0,6463
chrl 170581654 170582162 0,9785 0,4817 0,4968
chr3 108816849 108817794 0,9783 0,4793 0,4989
chr20 36912749 36913319 0,9783 0,5 0,4783
chrl3 72517281 72517839 0,9782 0,4855 0,4927
chrl2 103553001 103553677 0,9774 0,492 0,4854
chr22 27638905 27639408 0,9766 0,5385 0,4382
chr7 17290850 17291462 0,9763 0,59 0,3863
chr6 17227866 17228510 0,976 0,4058 0,5703
chrls 56998547 56999107 0,9754 0,3766 0,5988
chr7 70965945 70966842 0,9753 0,5893 0,386
chr3 32159338 32160065 0,9752 0,5379 0,4372
chrl6 17043258 17043854 0,9752 0,5521 0,4231
chrl6 22776223 22776850 0,9752 0,5735 0,4017
chr5 169344029 169344869 0,9751 0,4211 0,5541
chrll 34324955 34325722 0,975 0,5561 0,4189
chr8 58554745 58555376 0,9747 0,5784 0,3964
chrl 153933389 153934121 0,9746 0,463 0,5116
chrl4 88003983 88004485 0,9745 0,5379 0,4366
chr3 151738501 151739120 0,9741 0,4901 0,484
chrl4 105618699 105619606 0,974 0,3457 0,6283
chrl6 24060085 24060702 0,9738 0,3991 0,5747
chr8 68941792 68942711 0,9738 0,5449 0,429
chrl2 53208707 53209304 0,9737 0,4847 0,489
chr7 76892564 76893249 0,9736 0,5664 0,4072
chr3 69464294 69464971 0,9736 0,5893 0,3843
chrl9 61401137 61401745 0,9732 0,4933 0,4799
chrll 124569867 124570490 0,9732 0,5136 0,4595
chr18 42618440 42619096 0,9732 0,5942 0,379
chr5 169398896 169399637 0,9731 0,498 0,4751
chr5 169328124 169328983 0,9731 0,572 0,401
chr20 34679880 34680448 0,9731 0,5922 0,3809
chrl6 9042198 9042702 0,973 0,4286 0,5444
chrl0 90205044 90205701 0,973 0,4407 0,5323
chrl3 33236454 33236997 0,973 0,5906 0,3824
chrl6 73284579 73285087 0,9729 0,5602 0,4127
chr8 29100691 29101428 0,9728 0,505 0,4678
chr2 202383851 202384447 0,9727 0,5461 0,4267
chr3 179501620 179502300 0,9722 0,5766 0,3956
chr6 107674976 107675906 0,9719 0,4434 0,5285
chr6 107880632 107881161 0,9718 0,5623 0,4095
chrl2 56350283 56350933 0,9718 0,5909 0,3809
chrl9 40636458 40637339 0,9717 0,4941 0,4776
chr2 223472599 223473287 0,9714 0,1824 0,7891
chr22 20709067 20709787 0,9714 0,5149 0,4565
chrl9 46095583 46096190 0,9713 0,5385 0,4328
chr6 90258338 90259318 0,9712 0,3415 0,6297
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chr2 54598347 54598933 0,9712 0,5894 0,3819
chr3 114810453 114811493 0,9711 0,5166 0,4545
chrl9 15851125 15851654 0,9711 0,5236 0,4476
chr8 42889138 42890084 0,9711 0,5652 0,4059
chrl8 52354390 52355064 0,971 0,598 0,373

chrl5 38206236 38207010 0,9709 0,4186 0,5523
chr7 99700554 99701110 0,9708 0,305 0,6658
chrl2 19487336 19487855 0,9708 0,4105 0,5603
chr7 87996908 87997437 0,9708 0,5462 0,4246
chr6 63628653 63629378 0,9707 0,529 0,4417
chrls 38209108 38209618 0,9706 0,5882 0,3824
chrl9 6623769 6624450 0,9704 0,5179 0,4526
chr2 10794513 10795242 0,9704 0,5976 0,3728
chr2 118472785 118474454 0,9704 0,5992 0,3712
chr5 57820209 57820801 0,9701 0,5815 0,3886
chrl0 100183380 100184702 0,9701 0,5826 0,3875
chr2 8151989 8152646 0,97 0,4701 0,4999
chrl0 3938374 3938914 0,9699 0,1741 0,7958
chr9 123724524 123725439 0,9697 0,57 0,3997
chrl4 89085469 89086097 0,9696 0,3278 0,6418
chrl6 14129437 14130133 0,9695 0,5304 0,4392
chr5 60746367 60747191 0,9695 0,5571 0,4124
chrl 92002953 92003729 0,9694 0,52 0,4494
chr6 31264677 31265413 0,9693 0,5135 0,4558
chr7 99317013 99318281 0,9692 0,5117 0,4574
chr8 8808867 8809422 0,9692 0,5691 0,4002
chrl9 20052165 20052720 0,969 0,2792 0,6898
chr8 129139026 129139573 0,969 0,3458 0,6232
chrll 122314929 122315458 0,969 0,4232 0,5458
chrl3 98377663 98378165 0,9688 0,3319 0,6369
chr9 107606194 107606872 0,9688 0,449 0,5198
chr8 56096904 56097736 0,9688 0,5267 0,4422
chr7 128093836 128094339 0,9688 0,5929 0,3758
chr2 103109370 103109916 0,9686 0,3333 0,6352
chr3 101803534 101804063 0,9686 0,5027 0,4659
chrl0 69505720 69506278 0,9684 0,2515 0,7169
chrl3 26608225 26608754 0,9683 0,3614 0,6069
chrl 90993315 90993828 0,9683 0,5519 0,4164
chr6 11361243 11361801 0,9681 0,2578 0,7103
chr2l 36529300 36529981 0,968 0,1944 0,7736
chr2l 37813953 37814521 0,9679 0,2175 0,7505
chr2 15226273 15227211 0,9679 0,5134 0,4545
chrl9 4102809 4103443 0,9679 0,5646 0,4034
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nepebix 100

JIOKYCOB,

OMPEACIICHHBIX KakK

TUNEPMETUIIMPOBAHHBIE IO JAHHBIM OUCYJb(UTHOTO CEKBEHHPOBAHUS Uil MAaTEPHUHCKOMN

IUTa3MBbl B TPETHEM TPUMECTPE.

Xpomocoma | Hauano Konen Knetku 3penas Paznuune
KpPOBHU IUIALEHTa METUJIMPOBAHUS
Marepu
chrl7 53763065 53764027 0,0000 0,8680 0,8680
chr22 39189067 39189863 0,0000 0,8233 0,8233
chrl0 30858286 30858871 0,0000 0,7713 0,7713
chr7 41887694 41888212 0,0000 0,7578 0,7578
chr2 1,14E+08 1,14E+08 0,0000 0,7500 0,7500
chrl2 25096242 25097206 0,0000 0,7332 0,7332
chr6 1,07E+08 1,07E+08 0,0000 0,7229 0,7229
chrl 66574104 66574793 0,0000 0,7136 0,7136
chrl6 11298755 11299326 0,0000 0,7005 0,7005
chr6 11489985 11490755 0,0000 0,6935 0,6935
chrl8 13454740 13455292 0,0000 0,6594 0,6594
chr6 1,08E+08 1,08E+08 0,0000 0,6231 0,6231
chrX 3627885 3628549 0,0000 0,06133 0,6133
chrl2 7979754 7980413 0,0000 0,6118 0,6118
chr3 71261611 71262501 0,0000 0,5938 0,5938
chrl? 53769900 53770731 0,0000 0,5586 0,5586
chrll 1,18E+08 1,18E+08 0,0000 0,5558 0,5558
chrl9 44060511 44061036 0,0000 0,5464 0,5464
chr2 2,38E+08 2,38E+08 0,0000 0,5330 0,5330
chrl 1,91E+08 1,91E+08 0,0000 0,5294 0,5294
chrl 1,44E+08 1,44E+08 0,0000 0,4857 0,4857
chr2 1,75E+08 1,75E+08 0,0000 0,4785 0,4785
chr4 15366889 15367646 0,0000 0,4729 0,4729
chr2 19537237 19537737 0,0000 0,4599 0,4599
chrl 1,15E+08 1,15E+08 0,0000 0,4351 0,4351
chrl 1,54E+08 1,54E+08 0,0000 0,4299 0,4299
chrl4 51383387 51384149 0,0000 0,4186 0,4186
chrl 1,12E+08 1,12E+08 0,0002 0,5350 0,5348
chr3 11658550 11659929 0,0004 0,5579 0,5575
chrl? 53764417 53765963 0,0005 0,7894 0,7889
chr22 28992647 28993434 0,0006 0,8053 0,8047
chr6 27214981 27215823 0,0006 0,4593 0,4587
chrl 31002038 31003474 0,0007 0,6309 0,6302
chrl2 1,21E+08 1,21E+08 0,0008 0,7360 0,7352
chrl9 3129246 3132159 0,0008 0,7257 0,7249
chrl9 12304446 12305741 0,0009 0,6397 0,6388
chr6 28723918 28724965 0,0009 0,4344 0,4335
chrl9 6723370 6724479 0,0010 0,7280 0,7270
chr2 53848089 53849214 0,0010 0,4060 0,4050
chr9 1,32E+08 1,32E+08 0,0010 0,7558 0,7548
chr3 67788734 67789395 0,0010 0,9219 0,9209
chrl9 18276368 18277132 0,0011 0,5136 0,5125
chrl? 59450886 59452113 0,0012 0,5196 0,5184
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chr17 | 74243852 | 74244670 | 0,0012 | 0,4117 | 0,4105
chr3 1,85E+08 1,85E+08 0,0014 0,4961 0,4948
chr21 35342527 | 35343373 0,0014 0,5126 0,5112
chr5 1,72E+08 1,72E+08 0,0014 0,6531 0,6516
chr21 45164804 | 45165437 0,0015 0,4364 0,4349
chrX 3742417 3744601 0,0016 0,7517 0,7501
chr21 45158293 [ 45159003 0,0017 0,8180 0,8163
chr2 1,75E+08 1,75E+08 0,0018 0,6214 0,6196
chrl2 1,24E+08 1,24E+08 0,0019 0,5906 0,5887
chr3 50352688 | 50353823 0,0020 0,6082 0,6062
chr9 94767202 | 94767802 0,0023 0,8327 0,8304
chrl7 63854127 | 63854693 0,0024 0,7886 0,7862
chrl2 1,22E+08 1,22E+08 0,0024 0,5021 0,4997
chrl7 16260170 16260909 0,0026 0,5780 0,5754
chrl2 6441080 6441608 0,0027 0,7471 0,7444
chr4 39874787 | 39875456 0,0027 0,7962 0,7935
chrl8 50536032 | 50536649 0,0027 0,4920 0,4893
chr6 30757752 [ 30758823 0,0028 0,4029 0,4001
chrl9 2571763 2572292 0,0031 0,4200 0,4169
chr5 1,7E+08 1,7E+08 0,0031 0,4218 0,4187
chrl3 26897813 | 26898557 0,0032 0,6485 0,6453
chrl2 56157424 | 56158348 0,0033 0,5541 0,5508
chrl 1,66E+08 1,66E+08 0,0033 0,5147 0,5113
chr22 16079971 16080532 0,0034 0,6265 0,6231
chr6 16820551 16821134 0,0035 0,4800 0,4765
chrll 258799 259749 0,0036 0,5475 0,5439
chr7 1946410 1946975 0,0036 0,8251 0,8215
chr6 13381944 13382477 0,0037 0,8221 0,8183
chr? 1,27E+08 1,27E+08 0,0037 0,4767 0,4730
chr2 1,21E+08 1,21E+08 0,0038 0,6734 0,6697
chr2 43211724 | 43212565 0,0039 0,4256 0,4217
chrl5 92928924 | 92929575 0,0041 0,5605 0,5564
chrl2 1,08E+08 1,08E+08 0,0041 0,7313 0,7271
chrl9 10731043 10731636 0,0042 0,5668 0,5626
chr6 1,45E+08 1,45E+08 0,0043 0,5910 0,5867
chrl 52875323 52875907 0,0044 0,6115 0,6071
chrl2 1,21E+08 1,21E+08 0,0045 0,5884 0,5839
chrl4 75058186 | 75058956 0,0045 0,6534 0,6489
chrl7 76873737 | 76874417 0,0046 0,5658 0,5612
chr6 1,47E+08 1,47E+08 0,0049 0,5826 0,5777
chr2 1,98E+08 1,98E+08 0,0049 0,7944 0,7895
chr2 2 38E+08 2,38E+08 0,0049 0,7328 0,7278
chr8 1,42E+08 1,42E+08 0,0050 0,7728 0,7679
chr3 1,7E+08 1,7E+08 0,0052 0,7227 0,7176
chr6 1,58E+08 1,58E+08 0,0052 0,6389 0,6337
chr2 2,38E+08 2,38E+08 0,0052 0,4238 0,4185
chrll 56948854 | 56949496 0,0053 0,4484 0,4431
chr4 48602901 | 48603736 0,0053 0,5920 0,5867
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chr5 1,31E+08 1,31E+08 0,0053 0,4858 0,4805
chrl0 80715722 80716751 0,0053 0,5249 0,5196
chrl9 13957965 13958580 0,0053 0,4379 0,4326
chrl 2.34E+08 2,34E+08 0,0053 0,8440 0,8387
chrl3 97926489 97927025 0,0054 0,7233 0,7179
chr9 1,28E+08 1,28E+08 0,0054 0,7312 0,7258
chr2 1,06E+08 1,06E+08 0,0054 0,8513 0,8459
chr2 96556705 96557637 0,0054 0,4095 0,4041
chrl6 29664213 29665369 0,0054 0,8837 0,8783
Tabmuua  S3D. Ilepeuenr mepBeix 100  JOKYyCOB,  ONpENENEHHBIX  Kak

TUMIOMETHJINPOBAHHBIE TIO JAHHBIM OUCYJIB(UTHOTO CEKBEHUPOBAHUS JJISI MATEPUHCKOMN TUIa3MBbl

B TPETHEM TPUMECTDE.

Xpomocoma | Hauano Konen Knerxu 3penas Paznuuue
KpOBU IJranfieHra MCTUIIMPOBAHUA
MaTepu
chr10 7548948 7549483 0,9866 0,5685 0,4181
chrl 4490516 4491074 0,9826 0,5015 0,4810
chr4 1,81E+08 1,81E+08 0,9825 0,5981 0,3843
chr3 1,83E+08 1,83E+08 0,9810 0,2925 0,6886
chr3 1,96E+08 1,96E+08 0,9801 0,4643 0,5158
chr6 1,55E+08 1,55E+08 0,9799 0,4610 0,5189
chrl 1,71E+08 1,71E+08 0,9785 0,5122 0,4662
chr20 36912749 36913319 0,9783 0,4513 0,5269
chr22 38583100 38583616 0,9783 0,5428 0,4355
chrl 19391314 19392207 0,9778 0,5273 0,4505
chr5 1,74E+08 1,74E+08 0,9770 0,5852 0,3918
chr19 13678906 13679531 0,9760 0,5812 0,3949
chrl4 83650790 83651395 0,9760 0,5378 0,4382
chrl5 56998547 56999107 0,9754 0,4691 0,5063
chrl6 22776223 22776850 0,9752 0,5114 0,4638
chr5 1,69E+08 1,69E+08 0,9751 0,4809 0,4943
chr8 58554745 58555376 0,9747 0,5977 0,3770
chrl4 1,06E+08 1,06E+08 0,9740 0,2069 0,7671
chr8 68941792 68942711 0,9738 0,5872 0,3866
chrl6 24060085 24060702 0,9738 0,3470 0,6268
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chr12 53208707 53209304 0,9737 0,5278 0,4459
chr5 1,69E+08 1,69E+08 0,9731 0,5057 0,4673
chrl6 9042198 9042702 0,9730 0,1860 0,7869
chr10 90205044 90205701 0,9730 0,5922 0,3808
chr3 1,89E+08 1,89E+08 0,9720 0,4949 0,4771
chr6 1,08E+08 1,08E+08 0,9719 0,5825 0,3894
chr2 2.23E+08 2.23E+08 0,9714 0,3333 0,6381
chr19 46095583 46096190 0,9713 0,5065 0,4648
chr8 1,41E+08 1,41E+08 0,9713 0,5753 0,3959
chr6 90258338 90259318 0,9712 0,4357 0,5355
chr13 51403556 51404069 0,9710 0,3980 0,5731
chr18 66875048 66875726 0,9710 0,5259 0,4451
chr7 99700554 99701110 0,9708 0,3757 0,5951
chr7 87996908 87997437 0,9708 0,5720 0,3988
chr19 6623769 6624450 0,9704 0,4774 0,4930
chrl 97639047 97639749 0,9701 0,4148 0,5553
chrl6 23892096 23892772 0,9701 0,5000 0,4701
chr10 3938374 3938914 0,9699 0,1148 0,8551
chrl4 89085469 89086097 0,9696 0,2964 0,6732
chr8 1,29E+08 1,29E+08 0,9690 0,3565 0,6126
chrl3 98377663 98378165 0,9688 0,3123 0,6566
chr8 56096904 56097736 0,9688 0,4562 0,5126
chr2 1,03E+08 1,03E+08 0,9686 0,3459 0,6227
chr13 26608225 26608754 0,9683 0,4562 0,5121
chr2 22738157 22738760 0,9682 0,5122 0,4560
chr6 11361243 11361801 0,9681 0,2646 0,7035
chr21 36529300 36529981 0,9680 0,1829 0,7852
chr21 37813953 37814521 0,9679 0,3061 0,6619
chr2 2 43E+08 2.43E+08 0,9679 0,5750 0,3929
chr4 12413543 12414103 0,9679 0,5944 0,3735
chr3 127E+08 1,27E+08 0,9677 0,4030 0,5648
chr7 33509047 33509556 0,9676 0,4627 0,5048
chrl4 59284846 59285553 0,9674 0,5254 0,4420
chrl7 42623453 42624024 0,9673 0,4318 0,5355
chr19 6778363 6779377 0,9671 0,4416 0,5255
chr4 41798250 41798788 0,9670 0,5000 0,4670
chr5 88054080 88054588 0,9669 0,2238 0,7431
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chrl6 24109379 24110289 0,9669 0,5062 0,4607
chr10 13847159 13847895 0,9667 0,3188 0,6479
chr10 1,27E+08 1,27E+08 0,9667 0,5423 0,4244
chrl2 1,12E+08 1,12E+08 0,9663 0,3722 0,5941
chr10 17220886 17221845 0,9662 0,4455 0,5207
chr8 5947355 5947862 0,9662 0,5171 0,4491
chr3 73740840 73741439 0,9659 0,3657 0,6002
chrl4 57945953 57946875 0,9658 0,5357 0,4301
chr14 50905777 50906333 0,9658 0,3008 0,6650
chrls 90275374 90276000 0,9657 0,5409 0,4248
chr22 24717299 24718197 0,9657 0,5160 0,4497
chr7 36530128 36530987 0,9656 0,5194 0,4462
chr2 131E+08 1,31E+08 0,9655 0,4384 0,5271
chr4 42116988 42117788 0,9654 0,5195 0,4459
chr12 1,16E+08 1,16E+08 0,9653 0,5594 0,4059
chr2 7491785 7492736 0,9652 0,4556 0,5097
chr19 6599638 6600187 0,9652 0,5488 0,4163
chr6 25326803 25327398 0,9651 0,3974 0,5677
chr4 1,7E+08 1,7E+08 0,9651 0,4933 0,4718
chr7 99875338 99876155 0,9650 0,2696 0,6953
chrl4 97144328 97145208 0,9649 0,5377 0,4272
chr3 11718596 11719163 0,9649 0,5521 0,4128
chrl4 1E+08 1E+08 0,9649 0,3794 0,5855
chr7 1,5E+08 1,5E+08 0,9648 0,3327 0,6322
chrl2 56357827 56358328 0,9648 0,4217 0,5430
chr10 8275750 8276276 0,9647 0,3100 0,6547
chrll 16999685 17000209 0,9647 0,2765 0,6882
chr22 34419356 34419861 0,9646 0,4245 0,5401
chrl8 72453151 72453725 0,9646 0,4700 0,4946
chr5 49919879 49920699 0,9645 0,3169 0,6476
chrl 24580891 24581805 0,9643 0,3565 0,6078
chr22 18233774 18234492 0,9641 0,5205 0,4436
chrl4 45356178 45356903 0,9640 0,3934 0,5706
chr3 53007193 53008661 0,9638 0,4902 0,4737
chr4 55027912 55028539 0,9637 0,5254 0,4384
chr5 1,37E+08 1,37E+08 0,9637 0,5290 0,4347
chrl 2.23E+08 2.23E+08 0,9636 0,0997 0,8640
chr7 1,35E+08 1,35E+08 0,9636 0,2959 0,6677
chrS 80350438 80351169 0,9636 0,4969 0,4667
chrl2 31889600 31890343 0,9636 0,1745 0,7891
chr12 8365395 8366096 0,9636 0,5721 0,3914
chr19 15424819 15425355 0,9635 0,2836 0,6799
chr10 10985469 10986409 0,9635 0,4877 0,4759
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D®OPMYJIA H30OBPETEHUSA

1. Cnoco0 ompeneneHuss TuUma pakoBOro 3a0oyieBaHUS NyTEM AaHAJN3a MOJIEKYJI
BHeksieTouHoi JIHK u3 6uonorndeckoro odpasia opranusma, riue crnocod BKIIOYAET:

(a) monydyeHwe pUOOB TOCHENOBAaTEIbHOCTEH Mosiekya BHekserouHoi JIHK wu3
Ouonornyeckoro obpasua, rae puabl MOCIeOBATEIPHOCTE! BKIIFOUAIOT CTATyC METHINPOBAHUS
B OJTHOM HJTH OoJiee caliTax KakKIoi U3 MoJieKkyJ1 BHekeTouHbix JJHK;

(b) aHanu3 pUAOB TOCIENOBATEJBHOCTEH Uil OMNpenesieHUs] KOJUYEeCTBA MOJIEKYJT
BHekJieTouHOM JIHK, mMeTunupoBaHHBIX B Ka’KAOM U3 MHOXKECTBA CAWTOB, U HMCIOJIb30BaHUS
MOJIYYEHHOTO KOJIMYECTBA Ui TOJNY4YEHUs, C pa3pelleHueM B OJHWH HYKJIEOTHI, CTaTyca
METUJIMPOBAHUS AJIs1 MHOXKECTBA CAaWTOB MOJIEKy 1 BHEKJIeTOouHbIX JIHK;

(c) ompenenenrie mpoduiis METHIIMPOBAHUS HA OCHOBAHWM CTaTyCa METHJIMPOBAHHS B
MHOKECTBE CAUTOB; U

(d) ompenenenune THma paka OCHOBAHHOE, MO MEHbBINEW Mepe HaCTUYHO, Ha mpoduie
METHJIMPOBAHUS, TJI€ ONpeNeIeHIe TUIIA MaKa BKIKYAeT CpaBHEHUE MPOGUIIST METHIIUPOBAHHUS C
OITHUM WJIU HECKOJIbKIMH 3TAJIOHHBIMU MPOQUIISIMU, U TI€ N0 MEHbIIEH Mepe OIUH M3 OJHOTO
WIA HECKOJIbKUX 3TAJIOHHBIX MPOQUIIeH METIIIMPOBAHUS TOJYYEH U3 MO MEHbIIEH Mepe OHOTO
o0pasua, MOJy4YEeHHOTo OT CYOBEKTa, NI KOTOPOro M3BECTHO, YTO Y HErO ONpPENeIeHHBbIH THI
paka.

2. Cnocob mo mn.l1, rae Omonoruueckuii obpaszer] BbIOpaH U3 TPYIIBI, COCTOAILIEH U3
KPOBH, MOUH, TUIA3MbI i CBIBOPOTKHU.

3. Cnoco6 mo mobomy m3 mm.l1-2, rae THOD paka OCHOBAaH Ha OpraHe B KOTOPOM
Pa3BHIICS paK.

4. Cnocob no mobomy u3 mm.1-2, roe THIT paka OCHOBAH HAa TKAHM IMPOUCXOXKIECHUS
paka.

5. Cnocob no m4, rae TKaHb MPOMCXOXKACHUS BbIOpaHa W3 TPYIIbI, COCTOSIICH M3
TOJIOBHOTO MO3ra, KOCTH, JIETKUX, CepAla, MOYKH, MEYSHH, MOJIOYHOM JKeJIe3bl, TOJICTON KHUIIKH,
NPEACTaTeIbHOM  KeJie3bl, HOCOTJIOTKH, JKeNyIKa, CEMEHHHKOB, KOXH, SUYHHKOB,

TIOJ’KEJTY IOYHOH JKeJie3bl, MATKU U JIUM(OY3JIOB.
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odur. 1A

HeobpabotatHble puap!

06120 KapTMpYeMocTs (%)
0B, Y1CNO KapTUPYEMBIX PUAOB
HeoaHosHauHocTs (%)°
Bynaxauyn (%)

T'nybrHa AR NOAHOIO FeHoMa
NoC/Ie YAAEHA HEOAHO3HAUHbIX
OCHOBHW, ¥

rioKkasaTens koHsepeyu Aambaa (%)
Uaeno M s resoms. noen. C
Yreno U B reHomH. noca. C
TNokpbimue reHomH. C (%)
TnybuHa cexseHup-A reHomH. C
Nn-cte memaup-A reHomH. C (%)
Yucno M e noca. CpG

Yueno U s nocn. CpG

Nokpbirne CpG (%)

TnybuHa cexsexup-a CpG
In-ctb meTnnp-a CpG (%)
Yueno He-M B noa. CpG

Yucno He-U B nocn. CpG
Tokpbiue He-CpG (%)

InybrHa cexseHnp-s He-CpG
TNn-ctb Metnp-A He-CpG (%)
Yueno M s noon. CHG

Yueno U B nocn. CHG

Mokpbrve CHG (%)

nybwHa cekseHup-n CHG
Na-cmb metannp-a CHG (%)
Yo M s nocn. CHH.

Uncno U B nocn. CHH

Nokpbrue CHH (%]

TnybuHa cexserup-a CHH
M- memmp- CHH (%)

MartepuHcan kpoBb
{1-blif TpUMecTp)
uens 53’ uens 3-5
547522712 547522712
45,08 4439
246806492 243029086
6,72 6,83
6,60 586
11,29 11,19
99,98 99,98
268498966 266662986
4484594136 4449649557
66,45 66,39
814 8,07
5,65 5,63
265203963 262504347
104163667 103976011
8517 85,12
13,12 13,01
71,80 7163
3279043 3147047
4302393851 4285094041
013 0,13
1,52 1,52
0,08 0,07
1029734 1000287
1345439602 1341393096
7750 7782
10,89 10,85
0,08 0,07
2249309 2146760
2956954249 2943700946
61,9 61,90
6,84 6381
0,08 0,07

Lenb 53
422873853
un
186985998
584
9,52

836

99,93
190603545
4232382985
62,66
757
431
183242316
146623817
81,02
11,68
66,72
7286715
3979826287
012
141
0,18
2100977
1217982855
73,26
9,86
017
5185738
2761843432
5843
6,40
019

s

uenb 3-5'
422873853
43,83
185346026
588
927

831

9994
188460370
4201356735
62,55
751
429
181245307
148498340
80,92
11,71
64,97
7162226
3971182968
012
141
018
2071015
1216609371
7313
9,85
0,17
5091211
2764673697
5832
038
0,18

1/68

3penas nraleHTa
uenb 53 uenb 35
637537170 637537170
46,70 44,40
297735873 283050215
5,26 554
3294 30,39
9,43 9,25
99,95 99,96
226378366 223722866
4968445023 4908568234
57,49 67,40
8,89 8,78
4,36 436
213757505 211325313
147248261 146617702
84,23 84,15
12,82 12,71
69,21 59,04
12502145 12301418
4560807406 4537834784
0,13 013
1,62 161
0,27 0,27
3223342 3176751
1362682765 1357568840
77,50 77,38
11,04 11,00
0,24 0,23
9278803 9124GG7
3198124641 3180265944
63,54 63,45
742 7,36
0,29 0,29

MarepmHckan siasma (nocae

MarepuHckan niasma
(1-6i¥ Tpumectp)
uens 53’ uens 35
4567226854 4567226854
29,82 29,48
1361958504 1346252254
6,35 643
64,66 64,41
2540 2529
99,96 9397
640697054 635295175
1,1699E+10 1,1641E+10
80,48 80,46
21,12 21,01
519 517
627866879 622753476
310000676 308133694
9205 92,02
3330 33,05
66,95 66,90
12818574 12532920
11356E+10 11306E+10
0,16 0,16
4,02 400
011 011
3766662 3691190
3416559203 3404225988
88,16 88,12
27,65 27,56
011 011
9052012 8841730
7939543368 7903584696
77,53 7752
18,38 1830
011 011

MaTepuHcKan nasma
(3-#iTpHmectp)
uens 53’ uenb 3-5'
1289337674 1289337674
3531 3539
461659066 456249836
586 593
2570 2518
16,95 16,85
99,96 99,96
466206420 453669856
8576357118 8538105685
69,34 69,76
15,46 15,39
5,05 5,04
443226176 440725023
206357402 206477046
86,13 86,06
23,06 294
68,23 68,20
12979169 12843942
8367572669 8330532598
014 014
2,96 295
015 0,15
3625662 3592617
2519517702 2509439947
7968 79,59
2040 20,32
0,14 014
9353007 9251325
5848054967 6821092651
65,96 65,89
13,55 13,48
0,16 016

poros)
uenb 53’ uens 3-5'
1277615263 1277615263
37,86 37,40
483697803 477778078
5,98 6,05
41,01 40,56
14,08 14,00
99,96 99,96
397672185 395159669
6896711473 6865335640
67,68 67,61
12,48 12,43
545 5,44
389810636 387417582
142858626 142271164
8493 84,86
18,91 18,81
73,18 7314
7859475 7740641
6749132596 6719112682
013 0,13
2,39 2,38
012 012
2347392 2314323
2036338055 2028059603
7784 77,75
16,48 642
0,12 0,11
5512083 5426318
4712844541 4691053079
63,65 63,58
10,91 10,86
0,12 0,12

IHECFEF




HeobpaboTtaHHbie pnabl
O6was KapTupyemocTb (%)
O61ee 4nCNO0 KapTUpyeMbiX puaos
HeopaHo3sHauHocTb (%)
Ldynaukauumn (%)°

TnybuHa ana nonHoro reHoma
nocne yaaneHnsa HeogHO3H.
OCHOBaHUM U

nokasavesns KoHsepcuu nambaa (%)°
Yucno M B reHomH. nocn. C ¢
Yuncno U B reHomH. nocn. C
NokpbiTne reHomH. C (%)
rny6uHa ceKkBeHWp-a reHomH. C
Nn-ctb meTnamp-a reHomH. C (%)
Yucno M 8 noca. CpG

Yucno U B nocn. CpG
MokpbiTne CpG (%)

TnybuHa cexkseHup-a CpG
Ma-ctb meTuaunp-a CpG (%)
Yncno M B noca. He-CpG
Yucno U 8 noca. He-CpG
Mokpsbitne He-CpG (%)

I'nybuHa cexsenunp-a He-CpG
Na-ctb metTanp-a He-CpG (%)
Yucno M s nocn. CHG

Yucno U 8 nocn. CHG
MNokpbitne CHG (%)

Tny6uHa ceksenunp-a CHG
Mn-ctb meTuanp-a CHG (%)
Yncno M s nocn. CHH

Yucno U B nocn. CHH
Nokpbitne CHH (%)

I'nybuHa cexseHup-a CHH
Mn-ctb metnanp-a CHH (%)

2/68

dur. 1A (NnpogosnkeHue)

KpoBb B3POC/IOTO MYK4YKHbI KpoBb B3pOCAO0I MEHWNHbI Mna3sma B3poca0ro MyxunHsl f1azma B3POCNOIA KEHLMHbI
uenb 5'-3’  uenb 3’5’ yenb 5-3' uenb 3’'-5"  uenb 5’3’ uenb 3’5’ uenb 5’3’ uens 3'-5’
196544792 196544792 197387755 197387755 179688600 179688600 141199439 141199439

43,52 42,97 44,94 44,35 22,47 22,29 18,98 18,79
85526774 84462496 88699242 87542953 40380938 40048964 26795699 26537762
6,05 6,13 6,29 6,37 6,09 6,14 6,29 6,35

1,99 1,73 1,88 1,53 7,89 7,64 11,71 11,47
4,13 4,09 4,28 4,24 1,83 1,82 1,16 1,15
99,96 99,97 99,97 99,97 99,96 99,97 99,96 99,97
127154246 125487793 124983462 123238608 55049489 54630306 37403328 37048480
2047971831 2026731827 2058153525 2039985644 938186429 933377753 598496591 594974253
51,66 51,55 55,17 55,06 43,76 43,66 38,39 38,28
3,72 3,68 3,74 3,70 1,70 1,69 1,09 1,08
5,85 5,83 5,72 5,70 5,54 5,53 5,88 5,86
125161042 123578850 123020928 121374309 54155037 53756413 36788819 36453865
49564325 49936003 47562383 47812716 21930864 21330555 13971713 13867179
73,37 73,25 76,24 76,12 63,93 63,80 57,87 57,77
6,20 6,16 6,06 6,01 2,70 2,68 1,80 1,79
71,63 71,22 72,12 71,74 71,18 71,12 72,48 72,44
1979410 1899750 1951160 1856642 894139 873671 614025 594289
1960312392 1950307695 1976031265 1966232257 915375235 910910490 583173346 580050464
0,10 0,10 0,11 0,11 0,08 0,08 0,07 0,07
0,69 0,69 0,70 0,70 0,32 0,32 0,21 0,21
0,10 0,10 0,10 0,09 0,10 0,10 0,11 0,10
618974 598717 594336 573203 279945 272311 191120 186135
612387336 610126996 607312325 605093927 283916067 282826050 180374803 179612404
63,24 63,11 66,75 66,62 54,69 54,56 48,57 48,45
4,96 4,94 4,91 4,90 2,30 2,29 1,46 1,45
0,10 0,10 0,10 0,09 0,10 0,10 0,11 0,10
1360436 1301033 1356824 1283439 614194 601360 422905 408154
1347925056 1340180699 1368718940 1361138330 631459168 628084440 402798543 400438060
46,93 46,83 50,48 50,38 39,32 39,22 34,20 34,11
3,12 3,10 3,17 3,15 1,46 1,45 0,93 0,93
0,10 0,10 0,10 0,09 0,10 0,10 0,10 0,10




3/68 .

150

our. 1B

&




NHpaekc meTURMpoBaHuA

4/68

[+
s
=
(4]
m
o
o
=
| =
=
-
[¢)
=
Q
x
Q
<
X
s - - -
0 o1 02 03 04 O05 06 07 08 09 1
6eTa-3HaueHue dur, 2A
1 -

Nupgekc MeTUnupoBaHus
o
wn

o o1 02 03 04 05 06 07 08 09 1
Bera-aHaueHue dur. 2B
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% MeTUnMpoBaHHbIX CpG

0,9

% MeTunupoBaHHbIX CpG

09 -

0,8
0,7
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0,5

0,4

0,3 -

0,2
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Mostop. HenomTop. O6Gwwmin
dur. 3A

Mosrop. HenosTop. O6LMi

dur, 3B

mllnasma B3pocnore My4nHsl
wKneTku KpoBM B3POCNOro MyX4MHbI
=lna3ma B3pocnon XeHWmnHbI
NKneTku KPOBM B3POCNON XeHLUHBI

slInaszma B3pOCNOro MyX4YlHbl
xKneTku kpoBM B3pOCNOro MyX4YuHbI
ilnasma B3pocnoun XeHLUHbI
wKneTku KpOBU B3POCION XKEHLWMHbBI
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% MeTunMpoBaHHLIX CpG

% MeTUnNMpoBaHHbIX CpG
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HenosTop. O6wun

dur. 5A

o6wun

HenosToOp.

dwvr. 5B

®KneTku KpoBU
marepu

2 CVS
= MnayenTa
u MarepuHckan nnasma

1-ro Tpumecrpa

m MaTepuHckan nnasma
3-ro Tpumecrpa

m MarepuvHckas nnasma
nocne pofoBs

mKnerku KpoBu
marepu

#CVS
“[nayeHTa
® MartepuHckas nnasma

1-ro TpUMecTpa

= MatepuHcKkana nnasma
3-ro TpumecTtpa

m MarepvHckas nnasma
nocrne poaos




9 "M

8/68

% MeTunuposaHHbix CpG

JIHK/AcHobo N
OHK/Mariner SN
OHK/tun MER1 &
AHK/ Tun MER1? B
JOHK/Merlin
AHK/PiggyBac S
AHK/Tc2
AHK/Tip100 H——
LINE/CR1
LINE/L1 RN
LINE/L2
LINE/RTE W
Hu3Kan CNOXKHOCTL
LTR/ERV "
LTR/ERV1 R
LTR/ERVK—[,,., N
LTR/ERVL N
LTR/MalR I
Apyrve NN
PHK - ™
PPHK W
Catennur B
Catennut/aKkpoueHTp. I
Catennut/uentpomep. R
Catennut/trenomep. W
Manas uuronnasm. PHK
Npocroii nosTop
SINE/Alu g
SINE/MIR
Manan aepHas PHH ———
PHK yacTuLibl y3HaBaHUA CUrHana ——
TPHK
Heussecren

ndalew naodx wiLaLnyj

eLHaheu|)

godolgou aoeLry

eneewuu uexouudamw
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Ot BHelLHero Kpyra
K BHYTpeHHemy:

MaorHocts CpG

KneTku kposu marepu

MNnasma matepu (1-i 700
Tpumectp)

O6uimne puabl nasmel
Cneyuduueckue ana nnoaa
puabl NAasMbl
cvs

LiseToBasi cxema
08 06 04 02 O

our. 7A
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Or sHelwHero Kpyra

K BHYTPEHHEMY:

MaoTtHocTb CpG

KneTkun KpoBu matepHu

Hnaama nocne pc(:sggs
nasma marepum (3-i1

TpUMecTp) 750

O6wue puabl naasmbl

Cneuuduyeckue gna nnopa

puAabl nhasmbl

LiBeToBas cxema
08 06 04 02
PO 5

dur. 7B
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Puabl ANA KNETOK MaTepUHCKOR KpoBU

L0'T> 07 6010

-6'0> 078010

-8'0> o7 £°0 10

-£'0> 0790 L0

-9'0> 07 5010

-§'0> o $°0 10

40> oY €0 10

€'0> 07 20 L0

FZ'0> o' 1’010

-10> 07010

T H T 1

T )
< «Q ot < N Q
- o o o o o
edlyawudl

01-¢ dweeuu yoxdHudalew 8 1I97ud aumgo

dur. 8D

Puabl ANA KNETOK MaTEPUHCKON KPOBK



13/68

910 AHanus mHoxecrsa monekyn AHK w3 6uonoruyeckoro obpasua
; ANA onpegeneHus N0KaAU3aLum, reHoTUNa U craTyca
MeTUNMPOBaHUA

, NaeHTrdMKaLMa nepBbIX NOKYCOB, TAe nepBeas
920 TKaHb reTePO3UroTHa No NepsoMy U BTOPOMY
. annenam, a BTopaa TKaHb rOMO3UroTHa

no nepsomy annenio

Ana Kaxaoro nepBoro /I0Kyca

Onpepenexune uucna moneryn AHK,

930 MEeTUNMPOBaHHDIX B CaiiTe I0Kyca

: W COOTBETCTBYIOLMX TKaHecneunpuyeckomy
annenio

BuiuMc/IeHUE MJIOTHOCTV METUIMPOBAHNUA Ha OCHOBE
940 uucna monekyn AHK, MeTMAMPOBaHHbIX B OAHOM NI
60/1b1IEM KONMUECTBE CAIUTOB NI0KYCa U COOTBETCTBYIOLLMX
TKanecneundpuyeckomy annento

NonyyeHune nepsoro npoduan

g50) METUNMPOBAHUA NEPBOM TKaHU NO

NAOTHOCTAM METUAMPOBAHUA ANS NePBbIX
NOKYCOB

dur. 9 800



1060

1010 6eckneTouHoit [JHK U3 nepsoit TKaHM U BTOPOI TKaHK

14/68

MonyyeHue 6nonoruyeckoro ob6pasuya cmecu

MonyuyeHue BTOpOro npodpuna
1020 MeTUAUPOBAHUA, COOTBETCTBYIOWErO
BTOPOM TKaHU

h

OnpepeneHue 6ecknetoyHoro npodpus
1030 meTtunuposaHua no 6ecknerouHon JHK us
cmecu
1040 OnpeaeneHne npoueHTta 6ecknerouHon AHK

B CmeCHU U3 nepaoﬁ TKaHH

UaeHTuduKaLMa NOKycoB Ana onpeaeneHus
1050 nepeoro meTuaoma

AnAa Kaxxporo noKyca

OnpeaeneHune Nepsoii NOTHOCTY METU/IMPOBAHUA NYTEM BbIMMCIEHUA
anbPepeHUUanbLHOro NapameTpa, BRKUYAIOWIEro pasanuume mexay
NNOTHOCTBIO METUAMPOBAHUA BTOPOTO NpopUNa METUAUPOBAHNA U

NNOTHOCTBLIO METUAUPOBAHUSA BECKNETOUHOTO NPOGUNIA METUNNPOBAHKA

¥
1070 Npeobpa3oBaHMe NepBO¥ NNOTHOCTH
MeTU/IMPOBaHUA SNA NONYYEHUA
CKOpPEKTUPOBaHHOrQ NepBoOro meTuaoMa
nepBoOM TKaHU

owur. 10
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Henpasnnoxan

Knanaﬂpux%aggf

1100

Gur, 11A

100 w04 #504-<0,8 ¥-08

&

”
K3

Cpapuan
BuBEACHHBIE KATErOpUM

1150

dur. 11B
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[MNOTHOCTb MEeTUIMPOBAHUA

CTaTyc METUAKPOBAHMUA

BbisegeHne
(AaHHbIE CeKBEHMpPOBaAHNA) B Ny6aMKaumax
MporHosnpyemblit
. Marep. Marep. YposeHb
FeHHbIN leHOmHasA BbiBepeHHblE nokasaTesib BblBefeHHble Cratyc
Ne Kposb |[liaueHTa) nnasma . 3 |MeTMAvposaHua 5 Cebinku
JIOKYC JIOKanu3saumA 3HaueHus (D) | meTnmposarua Kareropwu 4 NAaUeHTL!
(BKG) (mP) 2 NAauUeHTbi
(MPS}
1 | RASSF1A | chr3:50352938-50353234 | 0,000 0,637 0,067 0,506 1,060 MMnepmer. (1)
2 CGI009 | chr21:25856489-25856756 | 0,001 0,432 0,050 0,374 0,849 2O H} Mnepmer. (2)
3 CGI028 | chr21:33321942-33322182 | 0,035 0,331 0,040 0,073 0,367 Huskui Huskun Mnepmer. (2)
4 | CGI051 | chr21:36995232-36995509 | 0,043 0,303 0,046 0,072 0,365 Husknid Huskuin Mnepmer. (2)
5 CGI071 | chr21:41140466-41140898 | 0,031 0,531 0,046 0,146 0,483 CpefHuit CpeaHui M'nepmer. (2)
6 CGI113 | chr21:44953820-44953972 | 0,013 0,547 0,051 0,306 0,739 CpegHui CpeHMI}'i ‘ 'vnepmer. (2)
7 | CGI137 | chr21:46249872-46250196 | 0,940 | 0,413 | 0,820 0,030 0,299 3KUVE enHUiinE|  vnomer. (2)
8 | CGI149 | chr21:46911575-46912533 | 0,004 0,440 0,030 0,202 0,573 CpeaHuii CpepHuit MvMnepmer. (2)
9 HLCS chr21:37274945-37275031 | 0,038 0,576 0,059 0,203 0,575 Cpeanuid CpenHuii linepmer. (2)
10| PDE9A | chr21:42979270-42979525 | 0,950 0,303 0,823 -0,018 0,222 HW3Ku Huskuni Mnomer. (2)
11 - chr21:36589647-36589995 | 0,952 0,149 0,827 0,007 0,262 Huskuit Huskuit Fmnomer. Heony6a.
12 | SERPINB5 | chrl8:59294739-59295038 | 0,936 0,530 0,856 0,329 0,777 Tunomer. (3)
13 VAPA chrl8:10022563-10023186 | 0,036 0,752 0,082 0,382 0,861 KU =CpenHun= vnepmer. (4)
14 { CABLES1 | chrl8:19035954-19036069 | 0,335 0,801 0,491 1,519 2,680 Boicokui Bbicokuii Mwnepmert. (4)
15| BAGALT6 | chri8:27486040-27486932 | 0,113 0,827 0,331 1,764 3,072 BblCOKMM BbicOKMiA TMnepmert. (4)
1200

dur. 12A




MAOTHOCTb METUIMPOBAHUA B NNALLEHTE

dwur. 12B

0,9
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BAGALTS
0.8 - CABLES:
® /apa
0,7 -
@ RASSF1A
0,6 - HLCS
f ! CGH13
CG71
0,5 - SERPINBS
CaGr13z & CGlI49 @ CGIGo9
0,4 - @
CGIoz28
0,3 -~ s CGI0s1
! FPLESA
0,2
chr21: 36589647 -
6580 ©
0,1 ]
Huakana CpepgHsan BbicoKan
BbiBei@HHbIE KaTeropuu 1250
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1310 AHanus HK ansa onpeaeneHua NoKanusalumm s reHome u
MeTUIUPOBaHMe B OQHOM MU 60JbLIEM KONTUYECTBE CaliToB

. On eaneneHne COOTBeTCTBYIOI‘.I‘.Iero YUcna Monekyn
1320 OHK, MeTU/IMPOBaHHbIX B CaliTe, A/IA KAXAO0rO U3
MHOXEcTBa cauTos

BbluucneHue NnepBoro ypoBHA METUAUPOBAHUA nepsoit
1330 XPOMOCOMHOM 06/1aCTH Ha OCHOBAHUM COOTBETCTBYIOLUX YNCEN
- monekyn OHK, meTuanMpoBaHHbIX B CaUTax B cOCTaBe NepBou
XpomocomHoli obnactu

CpaBHeHMe NepBoro ypoBHsA
1340 METH/IMPOBAHUSA € NpeAeNbHbIM
3HaYeHMEM

1350

Onpepenexve KnaccupuKkalun aHomanum ana
nepBoM XpOMOCOMHOM 061acTH Ha OCHOBaHUU
YKa3aHHOro cpaBHeHUs

1300
dwur. 13
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1410 MonyyeHue NAALEHTAPHOrO METUAOMA U METUIOMA KPOBU

1420 Upentndrkauua obnacry, cogepaueii 3aaaHHoe Yncio
CalTOB, ANA KOTOPOIA 6bINO NOAYYEHO JOCTATOYHOE YMUCNO

puanos

¥

1430

BbluMCNAeHHUE UHAEKCa METUAUPOBAHNA NALLEHTbI
M MHAGKCA MeTUAUPOBAHUA KPOBU
ANA KaXkporo cauta

;

1440

CpaBHeHUue UHAEKCOB METUNUPOBAHUA KNeToK
MaTepUuHCKOU KpoBu U OGPBSIJ,B nnaueHTbl Ana

onpegeneHua Toro, 4To Ha60pb| MHAEKCOB pa3Iu4aloTCA

150 O6veanHeHUE CMEXHbIX
1450 A DMR

1460

r

y

BbluMCEHUE NNIOTHOCTEN MeTunpoBaHUA
mMmeTusioma Kposyu U oGpaau.a naaueHTbl

1470 NAOTHOCTH METU/IUPOBaAHUA NNALEHTbI U 061138 NNOTHOCTb

NaenTndukauua npegnonaraembix DMR, rge obuwas

MeTUAUPOBAHUA KPOBU A1 BCEX caiuToB obnactn
CTaTUCTUYECKU OT/INYHHDI

1480

1490
dwur. 14

MaeHTUUKaLUA IOKYCOB, rae NIOTHOCTK,
meTunmnposaHua AHK KneToKk maTtepMHCKOHU
KPOBM BbIlIE BbICOKOFO MOPOra AN HUXe
HU3KOro nopora

!

Naertudukauna DMR nyrem cpasHeHUA
pa3aiMuum ¢ NOporom

1400
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BS-Seq® DMR?
Ne@  TeHHbIn TeHomnas PasMep® [naleHTapH. | Knetkn CVS Paan Xpomo- Hava- Konel Pas- Knetku CVS P-snaue-Pasn.Knacc®
nokyc  nokanusauus® craryc® KpoBU MeTM4 coma  rio Mep  Kposu Hve MeTu-
marepu nvp. Marepu nmp.
1 RASSF1A  chr3:50352038- 297 [unepmetvnmp. 000 63,73 63,73 chr3 50351000 50354000 3000 6,226 66,68 0,00E+00 60,42 TP
2 CGl009 chriZi::z%:ajs:ez,es- 268 MnepMeTunup.| 0,08 43,20 43,13|chr21 25855500 25857500 2000 4,97 48,70 0,00E+00 43,73 TP
3 CGI028  chr21:33321942- 241 vnepmeTunmp.| 3,51 33,10 29,59|chr21 33316400 33323900 7500 4,52 23,85 0,00E+00 19,33 FN
4 CGI051 chrgfgzs%;aszzzz- 278 [nepmeTunup.| 4,26 30,33 26,07|chr21 36992800 37003900 11100 3,92 21,91 0,00E+00 18,79 FN
5 CGl071 chrzaf:iaﬁi%i%- 433 Funepmetunup,| 3,09 53,06 49,97|chr21 41140000 41141000 1000 3,40 52,00 0,00E+00 48,60 TP
6 cGI13 chr;‘: :n%%gaaazo- 153 TnepmeTunnp.| 127 54,69 53,42{chr21 44948500 44954700 6200 7,18 67,23 0,00E+00 50,05 TP
7 CGI137 chrg‘?:i%%?t?&n- 3256 [UNOMETUNMP. | 94,00 41,34 52,65|chr21 46227800 46250400 22600 89,74 52,67 0,00E+00 37,07 TP
8 CGl149 chrgﬁi%%ﬁg?s- 959 TunepmeTunup.| 0,40 43,95 43,56|chr21 46911200 46912700 1500 5,31 46,17 0,00E+00 40.86 TP
9 HLCS chr;ﬁg;2257?4345- 87 Tmnepmetvrmp.| 3.77 57,61 53,85|chr21 37274200 37275200 1000 7,33 54,24 0,00E+00 46,91 TP
10  PDE%A chrzafig??zm- 256 TUromMeTWMp. | 95,01 30,33 64,68|chr21 42978100 43004800 26700 89,97 51,44 0,00E+00 38,53 TP
11 - chr;ﬁ%%ssggn- 349 MMnomeTmnup.| 95,17 14,89 80,28[chr24 36589200 36590200 1000 94,49 19,27 0,00E+00 75,22 TP
12 SERPINBS chrfgssggzgiias- 300 Tunometunup.| 93,64 53,00 40,64{chr18 59294800 59296300 1500 88,47 40,76 3,33E-27 47,71 TP
13 VAPA chrfgﬁ%sogazesea- 625 MMNEPMETUNMD.| 363 75,17 71,54|chr18 10021800 10023300 1500 24,08 80,33 0,00E+00 56,25 TP
14 CABLES1 chr11g:%%1385£54- 117 MnepmeTunup.| 33,47 80,09 46,62 - - - - - - - - FN
15 B4GALT6 chr11;g:;i%%4o- 894 Mnepmetnup,| 11,34 82,75 71.41|chr18 27486100 27487100 1000 11,34 82,75 9,6408E- 71,41 TP
16  CASP8 chr22:72‘(1)§1683%?342- 1544 [UnepmeTUIMp.| 052 47,54 47,03} chr2 201830200 201832200 2000 3,77 49,13 4,232-42 4536 TP
17 RARB chfg:gasni%io- 251 MnepMeTUnup.| 2,28 26,93 24,65 chr3 25443900 25445400 1500 3,44 22,97 9,65E-50 18,53 FN
18 APC cnrsz;i:ﬁ%?)%gg- 945 MvnepmeTunup.] 0,71 45,78 45,06| chr5 112100300 112101800 1500 3,59 48,09 0,00E+00 44,50 TP
19 DAB2IP_ori chr191:12211051314§21- 240 TUNOMETMRNP. | 84,87 52,63 32,24| chrd 121540400 121541500 1100 85,21 36,86 5,2605E- 48,35 TP
20 DAB2IP_ex cnrg:zﬁgi;ggm- 817 TvnomeTunup. | 95,09 32,99 62,10 chrd 123127700 123129200 1500 90,72 50,61 1.4;855 4011 TP
21 THY1 chr11 1:Z :::11%97%2252- 431 MvnepmeTunup.| 0,88 39,32 38,44|chri1 118797600 118799600 2000 2,25 27,28 0,001;00 2503 TP
22 PTPNS chl?%%%%azﬁ- 3562 MMnepMeTanMp.| 1,52 79,80 78,29|chr12 6930000 6934000 4000 4,26 80,13 0,00E+00 75,87 TP
23 PYCARD_ex chr12?331317;12808- 339 [UnepMeTunnp.| 490 46,51 41,61 - - - - - - - - FN
24 chr18A chr?g:gs%;%ezm- 323 TunepMeTMnMp. 6,14 31,79 25,65 chr18 55089700 55094200 4500 4,78 22,91 0,00E+00 18,13 FN
25  chr21A chrzsf:ggggggza- 282 TnepMeTnnup.| 12,80 64,02 51,21|chr21 39279300 39279800 500 4,74 62,07 717E-62 57,33 TP
26  chr21B chrgfziigg%ﬂ- 345 MnepmeTunvp,| 0,86 83,90 83,04(chr21 44160700 44161700 1000 11,06 77,32 0,00E+00 66,26 TP
27  chr21C chr;:}ggiaz?su- 286 MMnepMeTunup.| 549 37,92 32,43[chr21 33316400 33323900 7500 4,52 23,85 0,00E+00 19,33 FN
28  chr21D chr2313:izqu%€19223- 461 [unepMeTnup.] 1302 85,84 72,82[chr21 42188700 42189700 1000 7,78 81,67 3,62E-77 73,89 TP
29 chr21El chr§12:182%6585§12- 197 Tunepmetnnnp.| 0,00 57,85 57,85|chr21 42355000 42357500 2500 521 62,23 0,00E+00 57,02 TP
30  chr21Ell chr;12:3,525395?18215- 127 TunepmeTunnp.| 357 48,25 44,68|chr21 42355000 42357500 2500 521 62,23 0,00E+00 57,02 TP
31 chr21H chr;f:gg?égos- 141 MnepmeTunup.| 049 78,84 78,35/chr21 32268300 32269300 1000 20,49 85,25 4,9563E- 64,76 TP
32 chr21l chrgiiig%szss- 301 MMnepmeTunvp.] 1,23 67,44 66,21[chr21 44079400 44080400 1000 15,19 68,06 4.9:259 52,87 TP
33 SERPINB5S_P cnrf;%ggssign- 465 TunomeTwnup.| 01,96 39,71 52,25/chr18 59204800 59206300 1500 88,47 40,76 3,3294E- 47,71 TP
1500

dur. 15A
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BS-Seq DMR*
Knetku Pasnnune | Xpomo- Knetku Pasnnune
No® | F'eHHbiM nokyc | kposu | MnauenTa b Havano Koney, Pasmep | Kposu | lnaueHta | p-3HauveHHe ' Knacc®
matepy MeTUNUp-A coma maTepu metnnnp-a
1 RASSF1A 0,00 60,84 60,84 chr3 50352100 | 50354100 2000 2,16 62,21 0,00E+00 60,05 TP
2 CGI009 0,08 20,50 20,43 chr21 25855600 | 25857100 1500 2,04 24,37 0,00E+00 22,33 TP
3 CGl028 3,51 17,38 13,86 - - - - - - - - TN
4 CGI051 4,26 13,93 9,67 - - - - - - - - TN
5 CGlo71 3,09 24,85 21,76 chr2l 41139900 | 41141400 1500 6,83 29,28 0,00E+00 22,45 TP
6 CGI113 1,27 40,24 38,97 chr21 44948500 | 44954700 6200 7,18 45,00 0,00E+00 37,82 TP
7 CGI137 94,00 37,10 56,90 chr21 46248400 | 46250400 2000 92,28 43,85 1,66E-76 48,43 TP
8 CGl14¢ 0,40 22,19 21,79 chr21 46911200 | 46912700 1500 5,31 25,73 0,00E+00 20,42 TP
9 HLCS 3,77 58,49 54,72 chr21 37274200 | 37275200 1000 7,33 56,83 0,00E+00 49,50 TP
10 PDESA 95,01 32,41 62,60 chr21 42978900 | 42990100 11200 90,89 44,38 0,00E+00 46,51 TP
11 - 95,17 19,92 75,24 chr2i 36589200 | 36590200 1000 94,49 22,66 0,00E+00 71,83 TP
12 SERPINB5S 93,64 28,06 65,57 " chrig8 59294500 | 59295500 1000 92,11 36,53 3,85E-31 55,58 TP
13 VAPA 3,63 73,88 70,25 chris 10022100 | 10023100 1000 11,67 75,76 0,00E+00 64,09 TP
14 CABLES1 33,47 81,40 47,93 - - - - - - - - FN
15 B4GALT6 11,34 88,57 77,23 chri8 27485800 | 27486800 1000 28,97 90,00 4,3779E-59 61,03 TP
16 CASP8 0,52 56,27 55,75 chr2 201830200 | 201832200 | 2000 3,77 57,60 1,33E-52 53,83 TP
17 RARB 2,28 38,18 35,90 chr3 25444000 | 25445000 1000 2,36 24,42 8,00E-54 22,06 TP
18 APC 0,71 34,89 34,18 chr5 112100700 | 112101700 1000 0,38 32,97 0,00E+00 32,59 TP
19 DAB2IP ori 84,87 40,28 44,60 chr9 121540400 | 121541400 1000 84,79 30,63 1,7338E-14 54,16 TP
20 DAB2IP_ex 95,09 16,14 78,95 chr9 123128600 | 123129100 500 95,14 17,42 9,6247E-47 77,72 TP
21 THY1 0,88 22,28 21,40 chrll | 118797800 [ 118799300 1500 1,22 20,50 0,00E+00 19,28 FN
22 PTPNG6 1,52 81,33 79,82 chri2 6930000 6934000 4000 4,26 81,58 0,00E+00 77,32 TP
23 PYCARD_ex 4,90 48,73 43,83 chri6 31121700 | 31122200 500 4,85 32,87 1,1158E-34 28,02 TP
24 chrisA 6,14 16,25 10,10 - - - - - - - - TN
25 chr21A 12,80 74,65 61,85 chr21 39278300 | 39280300 2000 9,96 75,07 0,00E+00 65,11 TP
26 chr21B 0,86 81,56 80,70 chr21 44160700 | 44161700 1000 11,06 78,6 0,00E+00 67,54 TP
27 chr21C 5,49 14,91 9,42 - - - - - - - - TN
28 chr21D 13,02 88,71 75,70 chr21 42188700 | 42189700 1000 7,78 84,42 3,5806E-77 76,64 TP
29 chr21€el 0,00 73,21 73,21 chr21 42355300 | 42357800 2500 4,66 79,19 0,00E+00 74,53 TP
30 chr2iEll 3,57 84,00 80,43 chr21 42355300 | 42357800 2500 4,66 79,19 0,00E+00 74,53 TP
31 chr21H 0,49 77,49 77,00 chr21 32268400 | 32268900 500 18,4 83,85 2,1972E-30 65,45 TP
32 chr21i 1,23 58,62 57,39 chr21 44079300 | 44080300 1000 12,16 72,55 2,3559E-60 60,39 TP
33 SERPINBS5_P 91,96 28,61 63,35 chrlg 59294500 | 59295500 1000 92,11 36,53 3,85E-31 55,58 TP

dur. 15B
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MartepuHcKaa nnasma nepsoro

TpUMecTpa

MarepuHckan nnasma

TpeTtbero TpMMecTpa

runepmer.’ runomer.?

Mnepmer.’ rvnomer.”

Yucao nporHosupyembix

JIOKycoB

3081 44455

1746 14930

Y1cho NOKYCOB C fINOTHOCTLIO
MeTUNUPOBAHUA
> 40% no AaHHbIM gna

NAaUEeHTapHOM’ TKaHU®

1,678 H/O

1525 H/0

Yucno NOKyCcoB € NOTHOCTHIO
MEeTU/IUpPOoBaHUA
< 60% no AaHHbIM ANA

NAaUEeHTapHOM! TKaHN®

H/O 23468

H/O 13475

Yucno nokycos,
nepekpsisatowuxca ¢ BMR,
YCT3aHOB/IEHHOE MO AaHHbIM
ANA NNALEHTaPHOM TKaHK® U

MaTepMHCKOﬁ nna3mbl

1457 21812

1279 12677

owur. 16 1600
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_ UsmepeHue Konnvectsa ¢pparmenros AHK, coorseTcreylowmmx
2010 pa3snuuHbIM pasmepam

BbiyucieHne Nepsoro 3HaYeHuA
niepBoOro napameTpa Ha OCHOBaHUMU KOAMYECTBA
dparmentos [ HK pasnuuHbIx pasmepos

2020

2030 CpaBHeHWe NepBoro PasmepHOro SHaYeHUs
¢ pedepeHTHbIM pasmepHbIM 3HaueHuem

OnpepeneHue ypoBHA METUIMPOBAHNUA HA OCHOBAHUM
2040 yKa3aHHOrO CpasHeHUA

owur. 20 2000
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MaumeHT ¢ MUK
Xpomocoma INevikouuntapHas |Heonyxonesas|Onyxonesas [1pegonepalnoHHas

nneHka TKaHb NeYeHu TKaHb nnasma

1 65,4% 65,7% 44,1% 60,2%
2 68,3% 68,2% 42.0% 58,6%
3 68,2% 68,5% 44.6% 60,9%
4 68,9% 67,7% 37,8% 56,9%
5 67,4% 66,7% 37,8% 56,9%
6 67,4% 67,7% 43,2% 59,9%
7 69,1% 68,8% 43,0% 60,0%
8 69,1% 68,0% 40,4% 60,0%
9 66,4% 66,2% 44.9% 60,6%
10 68,9% 68,2% 40,8% 58,5%
11 65,5% 65,6% 41,6% 58,5%
12 67,6% 67,4% 45,9% 62,0%
13 69,8% 68,8% 40,6% 60,2%
14 66,4% 66,2% 41,4% 59,2%
15 66,1% 66,8% 44.,6% 61,0%
16 68,9% 67,6% 45,6% 60,7%
17 64,0% 64,9% 45,8% 60,2%
18 69,9% 69,1% 42 9% 60,0%
19 62,3% 62,7% 47,5% 61,0%
20 66,0% 65,3% 39,1% 57,8%
21 61,8% 61,1% 39,9% 57,7%
22 67,9% 67,6% 49,1% 63,8%
Bce 67,1% 66,9% 42,9% 59,7%

ayTOCOMBI

our. 21A 2100
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[ons FnybuHa
Heaybavp. [noaxoaswmx NOKPbLITUA
Yucno obparmeHTh!  |ANA prAamMu Ha
MepeyeHb Yucno Heabpab. |KapTMpoBaHHbIX |(Tonbko ncnonbsosakua |[ny6una|MokpbiTn |cantax CpG
obpasuos pngos puaos aytocombi) |puaos % sauenb |e CpG % |Ha Uenb
KoHTponbl 159554637 56323206 41653660 |26% 1,12 54,86% |3,56
KoHtpons 2 118056735 49232079 45741385 |39% 1,23 60,26% |3,24
KoHTpons 3 181913746 75753907 68081010 [37% 1,82 65,74% 14,37
KoHTposb 4 142782870 50195168 42370350 30% 1,13 59,15% |3,14
C06 262763161 197344994 88266088 |33% 2,11 64,31% |3,65
NeiKouuTapHan | 579329822 439663895 375814248 |65% 10,07 |78,49% 21,67
nneHKa
Heonyxonesas ,
TKaHb neyeHn (549773334 417736311 355154964 |65% 9,51 84,89% 18,21
Onyxonesas 568004640 487494291 176985129 |31% 4,74 83,48% |8,32
TKaHb
Mpeponepadu,.
nnasma 796183998 637735722 474751039 |60% 12,72 |87,18% [18,69
[Tocneonepall,.
nnasma 921833848 624851729 550104801 {60% 14,73 |89,94% 124,81
odur. 21B

2150
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MnotHocTb MeTunupoeanust AHK nnasawmsl

MauuenT ¢ MUK
Xpomocoma |Mpenonepau.|Mocneonepaul. |KonTpons 1|KoHTponb 2|KoHTponb 3{KoxTpons 4
1 60,2% 69,6% 70,0% 70,3% 70,1% 71,3%
2 58,6% 71,9% 72,2% 72,4% 72,3% 73,5%
5 60,9% 72,3% 72,7% 73,1% 72,9% 73,9%
4 56,9% 71,8% 71,9% 72,2% 72,2% 73,4%
5 56,9% 70,9% 71,0% 71,3% 71,3% 72,6%
6 59,9% 71,2% 71,6% 71,9% 71,7% 72,8%
7 60,0% 72,2% 72,8% 72,8% 72,5% 73,9%
S 60,0% 72,0% 72,6% 72,6% 72,4% 737%
9 60,6% 70,4% 71,0% 71,1% 71,0% 72,2%
10 58,5% 71,7% 72,0% 72,1% 72,0% 73,2%
11 58,5% 69,6% 70,2% 70,4% 70,2% 71,6%
12 62,0% 71,0% 71,6% 71,7% 71,5% 72,7%
13 60,2% 72,8% 73,2% 73,4% 73,2% 74,3%
14 59,2% 70,2% 70,7% 70,9% 70,8% 72,0%
15 61,0% 70,5% 70,6% 71,0% 70,9% 72,0%
16 60,7% 71,3% 72,4% 71,8% 71,6% 73,3%
17 60,2% 68,6% 69,3% 69,4% 69,3% 70,8%
18 60,0% 72,7% 72,9% 73,1% 73,0% 74,2%
19 61,0% 66,9% 68,1% 68,1% 67,6% 69,3%
20 57,8% 69,6% 70,3% 70,3% 70,3% 71,6%
21 57,7% 67,0% 64,0% 64,5° 0 65,7% 67,4%
22 63,8% 71,4% 72,5% 72,0% 71,9% 73,3%
Bce ayTocoMbl 59,7% 70,8% 71,2% 71,3% 71.2% 72,5%
2200

odur. 22
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MpeponepaunoHHan NocneonepaunoHHan
Z-noKasaTtenu nna3ma (4MCNo y4acTKOB) nnasma (YUCAO0 y4acTKoB)
<-3 186 (80,9%) 19(8,3%)
OT-3 p03 42 (18,3%) 209 (90,3%)
>3 2 {0,9%) 2 (0,9%)
Bcero 230(100%) 230{100%)
dur. 26A
2600

our. 268

2620
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Mpeponepau.| Mocneonepal,
niasma nnasma KoHTtpons 1 KoHtponk 2 | KoHtpoab 3 | KoHTponb 4
z- (Yucno (Ymcno {Yucno (Yucno (Yvcno (Hucno
nokasaresnb{ y4yacTkos) Yy4acTKoB) €06 Yy4acTKos) y4acTKoB) YYacTKOB) y4acTKOoB)
<-3 2330(85,2%)| 171(6,3%) 29 (1,1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Or-3 003 | 362 (13,3%) | 2556 (93,5%) |2688 (98,3%){ 2734 (100%) | 2734 {100%) |2734 (100%) | 2734 (100%)
>3 42 (1,5%) 7 (0,2%) 17 (0,62%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Bcero 2734 (100%) | 2734 (100%) | 2734 (100%) | 2734 (100%) | 2734 (100%) {2734 (100%) | 2734 (100%)
dur.26C 2640
Oonna fdons Aona metunnposarHeix |Lona
MeTUANPOBAHHbBIX |[METUANPOBAHHBLIX |UUTO3MHOB METNIMPOBAHHbIX
CHH CHG CpG
(nnotHoCTL
MEeTUNMPOBAHUA)
NeAkoumTapHan nneHKa 0,13 0,14 5,74 67,08
ot nauuexra ¢ UK
:':::::mesa" THaHE 1516 0,15 5,45 66,85
Onyxo/eBanA TKaHb 0,09 0,09 3,29 42,88
Mpeponepau. niasma 0,09 0,10 3,99 59,67
Mocneonepau, nnasma 1,25 0,96 6,52 70,75
KoHTponbHas naasma 1 0,12 0,12 6,38 71,17
KoHTtponbHaa nnasma 2 (0,10 0,10 5,62 71,33
KoHTposbHasa nnasma 3 0,09 0,09 5,57 71,20
KoHTponbHaA nnasma 4 0,10 0,10 5,93 72,48
2660

our. 26D
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our. 27A

our. 27B
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our, 27C

dur. 27D
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dur. 27E

our. 27F
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dur. 27G

dur. 27H
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Jona
noAxXoAALMX Tnybuna
Yucno Yucno Heay6n. ana InybuHa|lokpbiTue NOKPbITHA our. 271
HeobpaboTaHHbIX| KapTMpyeMbIx| PparMeHTbi | MCNOAb30BaHMaA | Ha Lenb [CpG % pUaaMN
puaos pngos prgoe Ha cairax CpG
% Ha uenb
cu1 120807588 91750018 76890830 |64% 0,69 33,32% 2,87
CL2 101344850 76473792 66246435 |[65% 0,59 30,26% 2,79
NPC1 101883643 75281330 57236188 |56% 0,51 27,87% 12,72
NPC2 102745073 74211781 56841611 |55% 0,51 28,74% 12,70 2780
CRC1 87732645 66456695 56112543 {64% 0,50 27,38% 2,63
CRC2 109955730 82594007 67253101 [61% 0,60 29,91% 2,90
NE1 105514000 79923333 64534726 |61% 0,58 27,86% 2,58
SMS1 94727279 71698718 64426529 |68% 0,58 29,23% 2,79
z-nokasartens|CL1 CL2 |NPC1 |NPC2 CRC1 CRC2 NE1 SMS1
<-3 34,9% 33,9% |17,6% |54,3% 13,5% 9,8% 98,1% 11,2%
Or-3p03 65,0% 65,9% |82,4% |45,6%> 86,5% 90,2% 11,7% 70,8%
>3 0,07% 0,15% |0,04% |0% 0,07%> 0% 0,15% 18,0%
®ur. 27J

2790
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2810 AHanus [JHK ana onpepeneHuns nokanusaumm 8 reHome
¥ METUAKPOBAHMA B 0AHOM MK Bonbliem KoauvecTse cakTos

OnpegaeneHue COOTBETCTBYIOLIENO YACNA
2820 monekyn [IHK, MeTMAMPOBaHHbIX B caiiTe
KaXXA0ro U3 MHOXecCTBa caiiTos

BbluMcneHne Nepsoro ypoBHA METUAUPOBAHUA
2830 Ha OCHOBAHUMU COOTBETCTBYIOLETO KOAUUECTBA
monekyn AHK, metunnposaHHbIX

NO MHOXECTBY CaliTOB

2840 CpaBHeHUe NepBoro yposHsA METUIPOBaHMA
€ npegenbHbIM 3HAaYEHUEM

2850

OnpeaeneHne KnaccuduKaLum yYpoBHA paka
Ha OCHOBaHUU YKa3aHHOIO cpaBHEHUA




YacroTa

YacroTta
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PedepeHTHbIE

!/
!

cybbeKTbl

o~

dur. 29A

..3.5D

Touka

oTceHeHUAa

BosbHble pakom
naymeHTbl

odur. 29B

25

—
D

CpepgHee

MnotHocTL
MeTUANPOBaHUA

2900

eHTHbIe

Pede
cy6"LeK'rb|

-

-
-

CpegHee

Touka
oTCceyeHun

CpepHee

MAoTHOCTL
MeTU/IMPOBaHUA

2950



YacroTa
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bonbHbie pakom
nauMeHTbt

\ PedepeHTHbIE
cybbeKTbl

10% oTHOCAueica
K paKy nonyasumum

o

e
; NnorHocTb
Touka CpegHee METUAMPOBAHUA
oTceueHun ANA HOPpMbI

dwur. 30 3000
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Qur. 8

60

Yucno yyactkos
30

10
i

i | I I | | 1 |
01 -0 01 02 03 04 05 06 07

Pasnuune NNOTHOCTU METUAUPOBAHUA MEXAY cpefHUM 3HaueHnem gna AHK
nAa3mbl 340POBbIX CYyObeKTOB U ONyX0NeBoM TKaHU Y 60/1bHOro pakom
nayueHTa

dur. 31 2100
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Yucno
rMNoOMeTUANPOBAHHbIX % rMNoOMEeTUANPOBaHHbIX
y4acTkos y4yacTKos
FnybuHa ceKBeHUpPOBaHKA (z-nokasatenu <-3) {z-nokasatenu <-3)
Koadd. ymeHblueHua (KpaTHOCTb ceKBEHMPOBAHUA 8 npegonepawuoHHoM B NpenonepauuoHHoMm
rny6uHsl npu 5% ransiouaHoro reHoma) nnasme niasme
0,8 1,76 1314 48,06
0,6 1,32 1323 48,39
0,4 0,88 1220 44,62
0,2 0,44 1094 40,01
0,1 0,22 900 32,92
0,05 0,11 645 23,59
0,01 0,022 207 7,57
Yucno
rMNOMEeTUANPOBAHHbIX % rMNoOMEeTUANPOBAHHbIX
y4acTKoB y4acTKoB
rFny6uHa cekBeHWpPOBaHNA (z-nokasatenu <-3) (z-noxazatenu <-3)
Koadd. ymeHblueHUa |- (KpaTHOCTb CEKBEHWPOBAHUA B8 npeaonepauMoHHON B NpeAonepauMoHHOM
rnay6uHbl npy 2% ranaougHoro reHoma) nnasme nnasme
0,8 1,76 491 17,96
0,6 1,32 493 18,03
0,4 0,88 460 16,83
0,2 0,44 439 16,06
0,1 0,22 356 13,02
0,05 0,11 297 10,86
0,01 0,022 231 8,45
dur. 32A 3200
90%
80% -~
= o W Ob6nactb 6e3
s 70% noBTOpPOB
g 505 .- W O6nactb NOBTOPOB
Q.
= 50%
= .
5 40% -
3 30%
I i
G
2  20%
6
= 10% A
% % ™ 2 S &
© & & S ENES L
) ) ) L S® O o Qo @
EA & &L oog"voos:\' K& LS
2
+ ¥ ‘\é"‘ F S NP
dur. 32B

3250
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KOHTPOMNEP | | cucTEMHAA | | LEHTPAMBHBIN PUHTED
BBOJA/BLIBOJA NAMSITb NPOLIECCOP o)
3371 3372 3373
3375
- P N
v h 4 1 I /
A y N A VN A
v v h 4 A 4 v
MnopPT ] ]
MOCNEQOBATENb- YCTPOMCTBO| | BHEWHMI
BARECAMMNTTER || Horo BBOfIA- KTASILS | | xPAHEHMA | | UHTEP®ENC
BbIBOJA 3379 3381
3377
F N
A 4
MOHWUTOP dur. 33
3376

Q\\\“ 3300
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ot

T 1 1 T
n e n Qe
o

L) -t o

3,0
2,5
2,0 -

(%) erordeh

Pasmep (n.o.)

odur. 34A

our. 34C

dur. 34B
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3510

HUaeHtudpukauua CpG-ocTposKOB ANA aHanu3a
(Hanpumep, ¢ HU3KMMM NAOTHOCTAMM B 06pasuax,
He OTHOCALWMUXCA B paKoBoMy 3abosieBaHuIo)

3520

3530

3540

3550

our. 35

Ana kaxaoro CpG-

OCTPOBKa

!

OnpepeneHne NNOTHOCTH
MmeTuanpoBaHUA

l

OnpegenexHue Toro, ABNAETCA U

CpG-0CTPOBOK rMMepMeTUIMPOBAHHbIM

BbluucneHue COBOKYNHOro nokasarens
no NAOTHOCTAM METUAUPOBAHUA
runepmetTuanposaHHbix CpG-0CTPOBKOB

CpaBHeHWe COBOKYMHOro noKasarenn
C COBOKYMNHbIM NOPOrom AN onpeaeneHus
Knaccudpukaumum yposHA paka

i

3500



3620
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=610 Upentndurkauua obnacren

reHoma opraHusma

l

UpeHTuduKauma nokanusauum s
pedepeHCHOM reHOME MONeKY/T
HYKNEWHOBOM KUCNOTbI U3 obpasua

A 4

3600

3630

UpeHTMOVKALUA COOTBETCTBYIOWEN rPYNNbl MOJIEKYA
HYKNEMHOBOM KUCNOTbI KaK NPoucxoaaLLmx us obnacty,
Ha OCHOBaHMM MAECHTUDULMPOBAHHBIX NOKaNU3aLMIA

F 3

k 4

3640

BbluMCNEHMe COOTBETCTBYIOLWEro 3HaYeHusa gna
COOTBETCTBYIOLLElH rPpYnNbl MONEKY HYKNEUHOBOMK
KWUCAOTbI

NosTopeHne ana
Bcex obnacreid

l

3650

CpaBHeHMe COOTBETCTBYIOLLEro 3Ha4YeHUA
¢ pedepeHTHbIM 3HaYeHUem AnA Kiaccudurauum
XpomocomHoro o6pasua Kak AeMOHCTPUPYIoLLEero
Aeneuuto Unu amnandpukauuio

A 4

3660

OnpepeneHue Konuyecrsa obnacrei,
KNaccupuuMpoBaHHBIX KaK A@MOHCTpUpYoLme
Aeneumio unm amnandpukauymio

A

3670

CpaBHeHKue Yncna ¢ Noporosbim sHaueHuem And
onpeaeneHuna Knaccupukaumm Hannuma B opraHusme
pakosoro 3abonesaHus

dur. 36




O6paseu;: TBR36
Aons onyxonesoi AHK: 40%

OT UeHTpa K Kpaam:
1) Onyxonesble CNA
2) CNA nna3mbl (He o6paboTaHHoii BC)
3) CNA nnasmbl {o6paboranHoM BC)

our. 37A
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40
I

Z-nokasarenb
(o6paboTtanHas bucynbdutom nnasma)
0
i

-40
1

dur. 37B -4'10

1
-20 0 20

Z-nokasarensb
(He o6paboTtanHan 6ucynbduTom naasma)

40
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O6pasen: TBR34 n
Dons onyxonesoii AHK: 30% o Wi

OT UeHTpa K Kpaam:
1) Onyxonesbie CNA
2) CNA nnaambi (He o6paboTaHHoi BC)
3) CNA nnasmbl (06paboTaHHoik BC)

our. 38A

40

Z-noKasartenb
(obpaboTanHan 6ucynbdutom nnazma)
0

k] ¥ 1 ] k]
Pur. 38B -40 -20 0 20 40

Z-nokasaTe/sb
(He obpaboranHan bucynbduTom niasma)



O6paseu;: TBR240
Pasmep onyxonu: 2,8 x 2,3 cm

OT LeHTpa K Kpaam:
1) Z-nokasaresnb ana CNA nnasmbl

2) Z-noKasaTtesb ANA METUIMPOBaKUA
nnasmbl

®ur. 39A

our. 39B
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TBR164
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BHYTpEHHUMA KPYr: o .2§
[peponepauyoHHan nnasma

BHeWHMIA Kpyr:
MocneonepayuoHHas naasma

TBR36
AHanuns CNA b -

odur. 40A

BHyTpeHHU Kpyr:
MNpegonepalyuoHHas niasma

BHeWHNH Kpyr:
NocneonepaynoHHana naasma

TBR36
AHaNU3 METUAUPOBAHUA

our. 408
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O6paseu;: TBR34
Aonsn onyxonesoii AHK: 30%
OT Kpaes K LieHTpy:

1) Npeponepau. CNV
2) Mocneonepal,. CNV

our. 41A

BHYTPEHHUI Kpyr:
MNpeaonepayuoHHan nasma

BHeLuHuU Kpyr:
MocneonepayuoHHaa nnhasma

TBR34
AHanus meTMAMpPOBaHUA

®ur. 41B



YyscTBUTENbHOCTD (%)

40 60 80 100

20
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AHanus
rMunomMmeTUNNpoBaHUA

- o o PUabl 1-4 LOPOIKKYU
AUC=0,92

10 mnH pupos
AUC=0,92

P-3HaueHue: 0,761

AHann3 CNA

w = w= « Pypabl 1-i BOPOMKH
AUC=0,93

» 10 mnH pugos
AUC=0,74

P-3HayeHue: <0,001

i 1

80 60

i { 1

40 20 0

CneuuduryHocTb (%)

dur. 42




YyBCTBUTENBHOCTD (%)

100

80

60

40

20
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AHanus pasmepos y4acTKOB

1 M6
AUC=0,92

50 k6
AUC=0,97

P-3HaueHue: 0,16

100 k6
AUC = 0,97
P-3HayeHue: 0,14

- = e 200 K6
AUC=0,97

P-3HaveHue: 0,21

i

T

¥ i

60 40 20

CneuuduuHocTb (%)

dwur. 43
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fo ]
o
r/
D o
«©
0
E 8-
X " Mnowaae noa KpUBoM
2 % y4-8 0,97
g o CP 0,9
Q@ <7 P-3Havenue: 0,7907
s E
[+]
> .
T
o #
™~ o
bur. 44A
o - =&
1 1 L ] I i
100 80 60 40 20 0
CneuuduuHocTb (%)
38
- | — .-'
QU - T
dur. 44B ® T
E\: 1"
0 1
5 84|
2 ! Maowasb nog KpUBLIMYU
= k
) ——e—— [N0BaNBHOE FMNOMETUANPOBAHME
E o AUC=0,95
ﬁ - e [UTIEPMETUNMP-E CPG-OCTPOBKOB
2 AUC =0,97
F ||l |----- CNA
Q - AUC=0,93
Lo TR
1 ¥ ] | I 1
100 80 60 40 20 0

CneuynduunocTb (%)



Cragua MaKcuManbHbli MNokasaTtens CP MpucyTcTeue
Cnyyait no pasmep Obuee Mnepmetnanposatne | CNA |kakoro-ubo
Ne [knaccudumkauum| onyxoau(ei) |runometunuposaHue CpG-ocTpoBKOB TMna

BCLC {cm) U3MEHeHUH
TBR36 Al 16 88585 809 3772| Nonoskurt.
TBR34 Al 13 37573 2217 8650| MonOXKHUT.
HOT198 Al 12 93132 52,5 6803| Monoxmur.
HOT205 Al 6 1146 1,7 175 | Nonoxmur.
HOT 192 Al 55 25914 1195 1668| MoNOKMT.
HOT227 Al 5,5 36333 155.4 5008| [10N10KMT.
HOT238 Al 5,5 12187 1053 1978| [MoaoxuT.
HOT197 B 5,3 1714 85 28 | Monoxur.
HOT156 Al 5 16529 115,9 1947| [oNOKMT.
HOT236 Al 3,7 7993 59 85 | Nonoxur.
HOT 170 Al 3,5 22271 819 1542| NONOXKMUT.
HOT229 Al 3,1 383 54 71 | TMonoxuT.
HOT233 Al 3 189 7,5 322 | Monoxur.
HOT240 Al 2,8 1277 14,0 972 | TonoXuT.
HOT222 Al 2,6 18832 10,5 172 | Monoxur.
HOT162 Al 2,5 26112 41,0 3048| MoNOMKHUT,
HOT172 Al 2,5 12909 98,1 1305 MonoxuT.
HOT164 Al 2,3 12604 4,8 210 | MNoaoxur.
HOT215 Al 2,3 25824 54,8 714 | Nonoxur.
HOT207 Al 2,1 3377 12,0 101 | Nonoxur.

HOT224 Al 2 367 0,0 13 OTpuL.
HOT159 Al 1,5 1367 1,4 26 | Monoxur.
HOT204 Al 1,5 102 45 198 | DonoxuT.
HOT151 Al 1,5 153 2,8 S OTpuL.

HOT208 Al 1,2 5867 47 214 | Monoxur.
HOT167 Al 1 21544 45 54 | Monoxwr.

dwr. 45
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Mpucyrcreue
Cnyyan | Cragu posane{ NokasaTens CP Kaxoro-nubo
Tun pakoBoro Ne: MaKCMMaNbHbINA TMna
3abonesaHun pasmep onyxonu U3MeHeHU/
Obuwee MnepmeTnanposaHune
CNA
TMNOMETUANPOBaHUE CpG-0CTPOBKOB
TBR150 |MetacTaTuyeckuit 14581 146,7 5123 | Nonoxur.
TBR126 | T2N1IMO 4,5 cm 10415 349 1951 | Monoxkur.
Pax
MONOYHOM TBR127 | T2N1IMO 2,5 cm 2598 4,3 54 Monomur.
xenesbl
TBR128 | T2NOMO 2 cm 157 7.7 2250 | NonoMKMHT.
TBR111| TINOMOO,9 cm 298 0,0 128 OTpuu,.
FnapKoMbllLesHan TBRO51 |MeTacTaTuueckmit 4787 79,8 7986 | Monoxur.
capKkoma
HelpoaHAoKpUHHan TBRO52 |MeTacTaTM4eCcKuit 112518 119,8 14681| MoNoOMXMUT.
OnyXonb
TBR164 |MetactaTnueckuit 51818 47,3 4714 | NMonoxur.
TBRO12 |MeTacTaTu4eckui 4351 7.7 2213 | ONOKUT.
Pak nerkoro TBRO14 |MetacTaTuyeckuit 2356 122 825 | Monoxur.
TBR177 | T2NiIM03,9cm 1072 10,6 25 NonoxunT.
TBRO31 |MetacTaTuyeckuit 1028 4,4 1860 | MonoxuT.
TBR125 |MeTacTaTnyeckmii 20949 162,5 6708 | MoNOMKMUT.
TBR124 T4AN1 270 49 37 MoNOXHT.
Pax TBR123|  TIN2MO 6871 11,8 80 | Monoxur.
HOCOTNOTKM
TBRO62 T3N1IMO 111 309 41 MonomuT.
TBR108 T3N1MO 93 7,7 26 Monoxur.
TBR107 T3NOMO 2439 41,2 205 | MNonoxuT.
TBR106 TIN1IMO 2281 59 97 Monoxur,
TBRO 99 TINOMO 6187 10,2 26 Monoxur.

our. 46
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O6paseu: TBR36 0. %
[ons onyxonesoi [IHK: 40% " {

OT 1eHTpa K Kpasam:
1) Z-nokasartenb gna CNA
2) Z-nokasaTenb ANA METMIMPOBAHUA

odur. 48A

O6pasel;: TBR36
[Lona onyxonesoi AHK: 40%

TBR36

© : : -
® ; H !
: - : :
= - 2 :
T o :
0 v :
[«] i .
Q H
z :
s 9 —t
9 :
o :
E o : :
E: $ 8 : :
b : H
o : :
"I'; ?_ . 3
m 3 U
©
s
c 84 °
N M

T

T ¥

odur. 48B Ytpara Hopma Dob6asnexne

O6nactu ¢ pob6asneHuem/yTpartoid
XPOMOCOMHOro maTepuana
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O6pasey: TBR34
Bons onyxonesoii fIHK: 30% B, B 2 .

OT yeHTpa K Kpaam:
1) Z-nokasaTtenb ana CNA
2) Z-noKasaTenb ANA METUANPOBAHUR

our. 49A

0O6pazey: TBR34
Bons onyxonesoi AHK: 30%

PR

Prereranianene

.

0
i
'
)
H
.
+
i
+
.
+
H
‘
3
.

Z-nokasareflb AAA METUANPOBaHNA
~16 =10
i
oo

~ O DO l-..-“.u.-".u......

dwur. 49B ¥ :

Ytpata Hopma Dob6asnerne

O6nactu ¢ pobasneHnem/yTpaToi
XPOMOCOMHOT0 Marepurana



SRt

our. 50A

dur. 50B
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TBR34 TBR36
P-3HaueHus <105 <105 P-3HaueHuA <105 <105
A A
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e 8-
N N
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- e
8 . : 3
$ © $ . ]
<3 Or-3p03 >3 <3 Or-3a03 >3
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dur. 51A dur. 51B
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P-3Hauenun' 0,99 0,68 P-3Hauenus 0,39 0,04
A A
L=
o A
oy
1
-~ .
=
T
£ £ o
a w [J] L
N N
§ T
8
1 @
H l: i

<3 01-3a03
Zena

dur. 51C




nﬂ'ﬁml mﬁﬂm

mmﬁﬂ o

¢¢¢¢¢¢¢




65/68

odur. 53A dur. 53B

A A e i
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m@%ﬁm

our. 54A ' ®ur. 54B
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