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OBO3HAYEHUSA N COKPALLIEHU A

Ago2 - Argonaute 2 protein - 6eok komiuiekca RISC

CDS - 6enok-koaupytomias o6macte MRNA

E2F - cemeiicTBO TpaHcKkpunimoHHbIX pakTopoB E2F1 - E2F8

GenBank - 0a3a gaHHBIX 10 HYKJICOTHAHBIM IIOCICIOBATEIBHOCTAM OCIIOK-
Koaupyronmx renos 1 PHK

HER2 cyoTun - HER2 nonoxurensHelil cyoTHn

luminal A u B cyOtursr - JlromunaneHenii A u b cyOTumbt

MIRNA - mRNA-inhibiting RNA - muPHK (MPHK-uarubupyromas PHK)
miRBase — 6a3a qaHHBIX 1O MPEIISCTBEHHUKAM 1 3pesibiM miRNA

MRNA - marpuunas PHK (MPHK)

NCBI - National Center for Biotechnology Information - HanmmoHaJIBHBIN LIEHTp
OMOTEXHOJOTUUECKON MH(DOPMALIUH

pre-miRNA - npeamectBeHHnK miRNA

pri-miRNA - npemirectBeHHHK pre-miRNA

PUBMED - Biochemical Literature Citation and Abstracts — 6a3a maHHBIX TIO
abCcTpakTaMm M IIUTUPOBAHUIO OMOXUMHUYECKOU JTUTEPATYPHI

RISC - RNA-induced silencing complex - PHK-uHIymupyemblii KOMILICKC
BBIKJTIOUCHHS T€HOB

triple-negative cyOTHUm - TPHOKIBI-OTPUIATCIBHBIA WM 0a3aJIbHOTIOAO0HBIH
cyoTun

XPO5- exportin 5

baza nannbix - b/]

O3 - oHkoNOrMYECcKOe 3a00J€BaHNE

HPMIX - HacnencTBeHHbBIM paK MOJIOYHOM KEJE3bI

HT - HYKJICOTH]I

PMX - pak MOJIOYHOM Kene3bl

S'UTR - 5'-nerpancnupyemas o6iaact mRNA

3'UTR - 3'-werpancnupyemas o6iaact mRNA

RPKM - reads per kilobase per million of mapped reads - uucino npouteHuii Ha
THICSIYY HYKJICOTHU]IOB HA MUJUIMOH KapTUPOBAHHBIX MPOUYTCHHI

TNM - Tumor - mepBuyHas omyxosib, Node - MeTactassl B peruoHajIbHBIC
muMmpartryeckue y3ibl, Metastases - OTAaIEHHbIE METACTa3bl.



BBEJAEHUE

OO0mas xapakTepucTuKa padoThbl.

PabGora mocsmiena u3ydenuto BzaumojaeicTBus miRNA ¢ mRNA reHos,
YYAaCTBYIOIIMX B Pa3BUTHUU PAKa MOJIOYHOM KEJE3bl, U MOUCKY AUArHOCTUYECKUX
MapkepoB Ha ocHOBe acconuanuii miRNA u reHoB Juisi paHHEW IUArHOCTUKH
ATOTO 3a00JIEBAHMUS.

AKTYaJIbHOCTh T€MbI HCCJIEIOBAHMSL.

Pak monounoit xene3bl (PMIK) 3aHuMaeT 0JJHO U3 MEPBBIX MECT CPEAu BCEX
OHKO3a00JeBaHuil B Mupe. JlaHHbIE CTATUCTUKU MOCJIEAHUX JIET AEMOHCTPUPYIOT
WHTEHCUBHBIM, HEYKIOHHBI pOCT 3a00J€Ba€MOCTH M CMEPTHOCTH OT paka
MOJIOUHOH Jkene3bl B Kazaxcrane u apyrux crpanax [1-2].

B cBa3u ¢ TeM, uTo 6oisiee 50% OOJBHBIX PAKOM MOJIOYHOM eJe3bl BIIEPBHIE
oOpamaroTcsi B MEIMIMHCKUE YUPeXKACHHUS YK€ Ha TMO3IHUX CTaausX
3a00JieBaHusl, B CTPYKTYpe CMEPTHOCTH HacelieHus KazaxcraHa OHKOJIOTHYECKUE
3a00JIeBaHUsl TPOJOJDKAIOT 3aHUMaTh 2 MECTO TOCie CepACUHO-COCYIUCTHIX
3aboneBanuii  [3]. [loaTomMy  akTyalbHOCTH  Pa3pabOOTKH  HOBBIX H
COBEpUICHCTBOBAHUE CYIIECTBYIOIIUX METOJOB JUArHOCTUKU HE BbI3BIBAET
HUKaKNX COMHEHMUII.

Pak MoJI04HOM >kemne3bl SBIAETCS MHOTO(GAKTOPHBIM 3a00JIEBAHHEMH U €r0
BO3HUKHOBEHHUE 3aBUCHUT OT U3MEHEHUS IKCIPECCUU, MyTalluii MHOKECTBA I'€HOB.
Hampumep, 1o 25% HacnencTBeHHbIX ciiydaeB 3aboneBaemoct PMOK cBsizaHbI €
MyTalie B OJHOM W3  HEKOTOPBIX  HACHTU(DUIIMPOBAHHBIX, BBICOKO-
nenenTpanTHBIX TeHOB (BRCAL, BRCA2, PTEN, TP53, CDH1 u STK11), kotopsie
npuBoaT kK 80% pucka 3abonmeBaemoctn PMK. Jlomomuutensubie 2% - 3%
CiIydaeB 0OYyCJIOBJICHBI MyTallU€l B YMEPEHHO-TIEHEHTPAHTHBIX I'eHax (HampuMmep,
CHEK2, BRIP1, ATM u PALB2), kaxnaplii U3 KOTOPBIX CBSI3aH C JBYKPATHBIM
yBEIIMYEHUEM pHUCKa 3a00JI€BAaEMOCTH PAaKOM MOJIOUHOM skene3nl [4]. Pazmuunbie
CyOTHIIBI paka MOJIOYHOW >KE€Je3bl OTIUYAIOTCS HA0OpOM KaHAMJIATHBIX T'EHOB,
YYacTBYIOIIMX B Pa3BUTUU ATOTO 3a00JIeBaHMs. Y CTAaHOBJICHUE B3aUMOJCHCTBUS
MIRNA ¢ mMRNA reHoB, y4acTBYIOIIMX B Pa3BUTHH PaKa MOJIOYHOU JKEJE3bl,
SBJISICTCS OJHUM M3 HauOoJsiee MEPCIEKTUBHBIX METOJ0B HcciaeaoBaHnii. miRNA
MpeACTaBIAIOT coOoi Hebombiue Mosekynsl PHK, Bousitomue Ha skcnpeccuio u
tpancisimuto MPHK (MRNA) u nerko oOHapykuBaroTcs B KpoBu. HekoTopeie u3
HUX MOTYT OBbITh MOTEHLIHUATBHBIMU OMOMapKepaMu paKa MOJIOYHOM kKeje3bl [S].

B Hacrosimee BpemMsi B MUpE HE CYIIECTBYET MOJHOM 0a3bl reHoB 1 MIRNA,
CBSI3aHHBIX C PAKOM MOJIOYHOM xkene3bl. [loaTomMy HE0oOXOAMMO BBISBICHUE
accormarii MIRNA ¢ reHamu, yKa3bIBalOIIMX HAa PaK MOJIOYHOM JKeJe3bl M €ro
CyOTHIIbI, KOTOpPBIE MOTYT ObITh OMOMapKepaMu JJisi TUAarHOCTUKH cyOTunoB PMIK
W UrpaTh KJIIOYEBYIO POJIb B €r0 BOSHUKHOBEHUHU W pa3BuTuu. llon acconmanuei
NOHUMAeETCs CBA3b KOHKpeTHOH(bIX) MIRNA ¢ KOHKPETHBIM(BIMH) TEHOM.
PesynpraTtel uccnemoBanusi  B3ammojedcTBus miRNA ¢ mRNA  renos,
YYaCTBYIOIIHUX B PA3BUTHUU PAKa MOJIOYHOM >KEJIe3bl, MOT'YT MOCITYXUTh B KAUECTBE
OCHOBBI I JaJdbHEHIINX pPa3pabOTOK MOJIEKYJISIPHO-TEHETUYECKHX MapKepOB,



KOTOpbIEe OyAyT HYXXHBI JIJISi BBISIBJICHHUS TPYIIT MOBBIMICHHOTO PHUCKA Pa3BUTHS
paka MOJIOUHOM kene3bl y HaceneHnus Pecnyonuku Kazaxcran.

eab pabdoThl: U3YYUTh XapaKTEPUCTUKHU B3aumoaercTBusS miRNA ¢ mRNA
I€HOB, YUYaCTBYIOLIMX B PA3BUTHUU PaKa MOJIOYHOM KEJE3bI.

3ajgauu uccJaeI10BaHUA:

1. Co3narb 6a3bl ganHbIX 0 MIRNA U reHam, y4acTBYIOIIMM B pPa3BUTHHU

paKa MOJIOYHOM KEJE3bI.

2. YCTaHOBHUTH XapaKTEPUCTUKH calToB cBsi3biBaHusl MiRNA B mRNA renos

cemeiictBa E2F u yuactie miR-1322 B pazButumn paka MOJIOYHOU KeJe3bl.

3. Ompenenuth xapaktepuctuku B3aumojeicTBus miRNA ¢ mRNA reHos,

YYaCTBYIOIIMX B pa3BUTHH cyoTuna HER2 paka MOJIOYHOM kene3sbl.

4. Onpenenuth xapakTepucTuku B3anmojeicTBus MiRNA ¢ mRNA reHos,

y4acTBYIOIIMX B pa3putuu cyoturioB luminal A u B paka MOIOUHO KeTe3bl.

5. Ompenenuth xapaktepuctuku B3aumojeicTBug miRNA ¢ mRNA reHos,

y4aCTBYIOIIMX B pa3BUTUU cyOTHIIa triple-negative paka MOJIOUHOM KeJe3bl.

6. YcraHoBuUTh 0coOeHHOCTH B3aumMoaercTBus map MIRNA-5p u miRNA-3p ¢

MRNA ux reHoB-MUIIICHEH.

7. YcranoButh accomuanui miRNA uw mRNA renoB mnsa pa3paboTku

METOJ0B JUArHOCTUKH paKa MOJIOYHOM KEJE3bI.

OO0beKkThI HCCIEI0OBAHMS. HYKICOTHAHBIC MocienoBareqbHOCTH MiRNA u
mMRNA reHoB 4enoBeka, y4aCTBYIOIINX B PA3BUTHH PaKa MOJIOYHOU JKEJIE3BI.

IIpeamer wucciieOBAHUA: XapaKTEPUCTUKUA B3auMojehdcTBusi mMiRNA ¢
mRNA renos, ygactByromux B passutuu PMOK.

HayuyHnasi HOBU3HA HccJIeJ0BAHUA.

Hayynas HOBHM3HA M OpPUTMHAIBHOCTH HCCIEIOBAHMS 3aKIIOYaeTCs B
yCTaHOBIIEHNH xapakrepuctuk B3aummoneiictus MIRNA ¢ mMRNA reHoB,
CBSI3aHHBIX C Pa3BUTUEM paka MOJOYHOM >kene3bl. CalThl B3aWMOJICHCTBUS
MIRNA ¢ mMRNA 6sum BeisiBiiensl B 5S°’UTR, CDS u 3’UTR mRNA renos-
MHUILIEHEH.

Bnepsbie BbIsIBIIEHO, 4uTO W3 602 KaHIUMJOATHBIX TE€HOB paka MOJIOYHOM
)kenesbl, Tolbko MRNA E2F3 reHa comepKUT MHOXKECTBEHHBIC CAMThl I 22
miRNA B CDS. Bbulo BBIIBIEHO, YTO B3aMMOCBSI3M CAMTOB CBS3BIBAHUS STHX
MIRNA ¢ mMRNA cnoxuimnch AaBHO W Ha MPOTSOKCHHM MUJUIMOHOB JICT
JIMBEPTreHIIMM  W3YYCHHBIX OOBEKTOB JTH B3aUMOCBS3U MPAKTUYECKH HE
W3MEHUJIUCh.

BriepBbie ycTaHOBJICHA KJTacTepHAs OpraHu3anus caiiToB cBs3piBanuss MIRNA
B MRNA kanguagatasix reHoB PMOK.

BriepBble oOmpeneneHbl XapaKTepUCTUKH caiWToB cBsi3biBanus MIRNA B
MRNA kanaumataeix reHoB cyorunoB HER2, luminal A u B, triple-negative
(basal-like) paka MOI0YHOM XKeITE3HI.

Briepsbie BoisiBiieHbl acconuanun MIRNA u MRNA reHoB, y4acTBYONIHX B
pPa3BUTUHU paka MOJOYHOW IKEJIe3bl, KOTOpPhIE MPEMJIOKEHbBl B KaueCTBE
JIMarHOCTUYECKUX MapKEPOB.

Teoperuueckass 3HAYMMOCTHL Pa0OTHI 3aKIIOYACTCSA B CO3JaHUU 0asbl

naHHbIX 0 MiIRNA u renam, yyacTBYIOIIMM B Pa3BUTUHU paka MOJOYHOMN KEJIE3bl.
6



VYcranoBneHbl XxapakTepucTUKU B3aumMoaercTBuss miRNA ¢ mRNA kaHmumaTHBIX
IF€HOB pPaka MOJIOYHOM jKeJie3bl. BBISBIEHBI XapaKTEPUCTUKU B3aUMOJCHCTBUS
miRNA ¢ mRNA renoB, ydactByromux B pa3utuu cyotuna HER2 paka
MOJIOYHOW >KeJie3bl. BBISBIEGHBI XapaKTepUCTHKW B3aummojaercTBus mMiRNA ¢
mRNA reHoB, ydacTByomux B pasputuu cyorunoB luminal A u B paka
MOJIOYHOM >KeJie3bl. BBISBICHBI XapaKTepUCTHKU B3aumopaeucTBus mMiRNA ¢
mRNA reHoB, y4acTBYIOIIMX B pa3BuTUHU cyOTHMa triple-negative paka Mos04HOi
JKeJe3bl. Y CTaHOBJICHA CTPYKTYpHAs OpraHW3amus CalToB cBs3biBaHUS MiRNA B
mMRNA TeHOB paka MOJIOYHOM >Kee3bl. YCTaHOBJIECHBI accorumaruu miRNA u
mRNA TreHOB, y4YacTBYIOIIMX B Pa3BUTHM paka MOJOYHOM IKeje3bl. IJTU
pE3yNbTAaThl CYIIECTBEHHO PACIIUPSIOT TPEACTaBlIeHne O (YHKIMOHMPOBAHUU
miRNA.

IIpakTH4Yeckasi HEHHOCTHh MCCJIe0BAHUSA 3aKIII0OUaeTCs B Pa3paboTKe OCHOB
METO/Ja paHHEH JIMarHOCTHKKM CYOTHUIIOB paka MOJIOYHOM JKeNe3bl C
ucrosib3oBanueM acconuanuii miRNA u reHoB-mumieHel. [lomydyeHHbie
pe3yJbTaThl MCHOJIB3YIOTCS MPU YTEHUH JUCHUILUINHBI «BMOHAHOTEXHOJIOTMU B
JIMarHOCTUKE U TEPATTUN.

OcCHOBHBIE 110JI0’KEHN S, BBIHOCMMbIE HA 3aIIUTY:

N3 602 kaHAMAATHBIX T€HOB paKa MOJOYHOM >kejie3bl 325 KaHAMAATHBIX
ICHOB, BKJIIOYAIOIIMX CHEeNU(PUUHbIE TeHbl CYOTHUIIOB 3a00JI€BaHUsA, SIBISIOTCA
muteHsMu MIRNA u ux skcripeccust MoxeT peryaupoBarbes StumMu MIRNA.

Caiitel cBs3piBanusa MIRNA maxomstes B 5’UTR, CDS u 3’UTR mRNA
KaHJWJIaTHBIX T€HOB PaKa MOJIOYHOM kele3bl. PacripenenieHue canToB CBSI3bIBAaHUS
MIRNA B 5’UTR, CDS wim 3°’UTR crienuduyaHO /IS KaXKI0T0 U3 TEHOB.

BoNbIIMHCTBO KaHAUAATHBIX TEHOB SIBJISIOTCS MUIIEHBIO OJHON WU
HecKoJIbKkX MIRNA caliTel CBSI3bIBaHMS, KOTOPBIX pacnojiokeHbl B mMRNA
oraenbHo Jpyr oT apyra. B MRNA apyrux KaHJIWJZaTHBIX T€HOB CaMTHI
cesa3piBanuss ~ MIRNA  pacmojiokeHbl ¢ HAJOXKCHHEM  HYKJICOTHIHBIX
MOCJIEIOBATEILHOCTEH, 00pa3ys KiacTepbl CAMTOB CBS3bIBaHUA JBYX U Oolee
mMIiRNA.

Hns  cyorunoB HER2, luminal A wu B, triple-negative wumerotcs
cneundpudeckue accorpanud MIRNA u MRNA kaHIMIATHBIX T'€HOB pa3HbIX
CyOTHIIOB.

Heckompko map MIRNA-5p 1 miRNA-3p, npoucxonsmmx W3 OJHOH Ipe-
MIRNA, B3aumojeiicTBylor ¢ MmMRNA HUX TCHOB-MHUIICHEH MOJHOCTHIO
KOMIUIEMEHTApHO.

CB43b C IVIAHOM OCHOBHBIX HAYYHbIX pPa0doT.

HuccepranonHas paboTa BBINOJIHEHA B paMKax mpoekTa «Pa3padoTku TecT-
CUCTEM paHHEH JAUArHOCTUKU CEPJICUHO-COCYAMCTBIX, OHKOJOTHMYECKUX U
HEHpOoJereHepaTUBHEIX 3a00/IeBaHni HA OCHOBE accoruanuii MIRNA u ux reHos
muteHein» Ne AP05132460 MOH PK.

AnpobGanus pa6oTbl. MaTepuaibl AUCCEPTANUOHHON pabOTHI JOJT0KEHBI:

- Ha MEXIYHApPOJHBIX HAYYHBIX KOH(EPEHIUAX CTYJEHTOB U MOJIOABIX
yuénbix «Dapabu anemn», KasHY um. ans-dapadu, Anmatser, 20171, u 2018 1.;



- Ha MEXIYHapOJIHOW HAYYHO-TIPAKTHYECKOW KOH(PEPECHINMH «AKTyaIbHbBIE
npo0iaemMbl OMOTEXHOJIOTHH, OHKOJOTUM U (DU3UKO-XUMHUYECKON OHOJIOTHM»,
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- Ha IX mexnayHaponHoM koHrpecce «Biotechnology: state and development
prospects», Mocksa, Poccust, 20-22 despans, 2017 r.;
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throughput sequencing in genomics», HoBocubupck, Poccus, 18-23 utons, 2017 r.;

- Ha MEXAYHapOJHOU HaydyHO-TpakThuyeckoi koHdepeniuu «The science of
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IMyoaukanuu. OCHOBHOE COAEPKAHUE JUCCEPTAlMA OTPAKEHO B 25
neYyaTHbIX paboTax, B TOM 4Kciie 1 cTaThbe B MEXIYHAPOTHOM KypHAJe ¢ UMIIAKT-
dakTopom, nutupyemom B Web of Science; nepsite ctateld B pecmyOJUKaHCKUX
HAy4YHBIX XKypHajax u3 nepedyds Komurera mo koHTposto B chepe oOpazoBaHus u
HayKu; 15 Te3UCOB B MaTepHaliax MEXIyHAPOIHBIX KOH(PEPEHIIHA.

Crpykrypa auccepramum. [{uccepranms usnokeHa Ha 125 cTpaHunax u
COCTOUT U3 CIEAYIOIINX Pa3IesioB: 0003HAYEHUS U COKpAIICHHs, BBEICHHE, 0030D
JUTEPATYPhl, MATEPHAIIBI U METOJbI, PE3YJIbTAThl U OOCYXKJEHUE, 3aKIIOYCHHE U
BBIBOJIBI, CITUCOK MCIOJIb30BaHHBIX HCTOYHUKOB 13 290 HamMeHOBaHU; COACPIKUT
60 Tabymir 1 ABA PUCYHKA.



1 OB30P JIUTEPATYPbI

1.1 Pak M0J1049HOI1 KeJie3bl

Pak  momounort  xenespl  (PMIK)  saBusercs  pacnpocTpaHEHHBIM
OHKOJIOTMUECKUM 3a00JIeBaHHEM BO BCEM MuUpe, B TOM uucie B LleHTpanbHOI
Asun [6-7]. B Ka3zaxcrane oOHapyXuBaeTcss POCT MOKaszarens 3a00JIeBaeMOCTH,
MUK 3200JIEBAEMOCTH U CMEPTHOCTH OTMEYAINCh Yy JHI] B Bo3pacte 60-74 net u
75-84 [8-10]. Bricokue moka3aTesld CMEPTHOCTH OCOOCHHO 3aMETHBI Y MKCHIIUH C
nuarno3zoM nosaneit ctaaguu PMOK [11]. BeisBieno, uto y 20% - 50% nanueHToB ¢
BIIEpBBIE quarHoctupoBanHeIM PMIK, 3a00neBanne ObLIO yKe Ha MO3IHEH CTaIun
[11, c. 4797-4802]. Tlo3mmsis nuarHoctka PMJK HeraruBHO BIHMsSET Ha
BBDKMBAEMOCTh OOJIBHBIX pakoM. TakuM 00pa3oM, B Pa3BHBAIONIUXCS CTPaHAX
no3jHee oOpalieHue, ciiadas OCHAIIEHHOCTh O0OpYJOBaHHMEM, HEaJCKBATHbIC
nporpammbl ckpuHuHTa PMOK npuBOJSAT K BBISIBICHUIO paka Ha IMO3JIHEW CTaluu
[12-13]. Ces3aHHbIC ¢ MAIUEHTOM (DAKTOPBI, TaKUE KaK MPAKTHKA CAMOKOHTPOJIS,
KOPEJUTUPYIOT C MEHBIIUM KOJUYECTBOM 3aJIEP>KEK HAuajo JICUCHHUS, B TO BpeMs
KaK BOCIIpUSITUE HHU3KOro pucka 3aboneBanuss PMJIK mnpuBomutr mnozgHemy
neuenuro [13, ¢. 761-767]. JIpyrue ncUxoJOrHUECKUE U TIOBEACHYCCKUE (HDaKTOPBI
Pa3BUTHS MO3THUX CTaJAMM 3a00JIeBaHUS CBA3aHbI KaK C 3aJ€PKKAMH, CBI3aHHBIMU
¢ OOJIBHBIMH, TaK M C CUCTEMOM 3/IpaBOOXpaHEHHs, CBSI3aHHBIMU C JieueHneM PMOK
B CTpaHax 1okHOM Adpuku [12, €.2173-2182].

Cy1iecTByeT MHOTO Pa3UYHBIX CIOCOOOB KiacCHU(pUKAIMK paka MOJOYHOU
xene3bl. OMHUM U3 HUX sBIsieTcs, pazpadoTanHas B 1943-1952 rr., cuctema TNM
JUIs KJIaccu(UKaIMU  3J0Ka4YeCTBEHHBIX HOBooOpaszoanuii [14]. C momeHTa
cBoero nossieHus cucrema TNM crtana MeXIyHApOAHBIM CPEICTBOM OMHCAHUS
aHATOMUYECKOW CTEMEHW paka W OMNPENCJICHHS CTaJuu paka, TaKXKE MOXKET
CIIYKUTh JUIsl TOTO, YTOOBI TOMOYB KJIMHUIIMCTY B TUTAHUPOBAHUU JICUYEHUS, MOKET
MOMOYb C MPOTHO3UPOBAHHEM M OILICHKOW pe3ysibTaToB JieueHus. Jljis onmucaHus
aHATOMHUYECKOW OIleHKH Ooje3Hu cuctemMa TNM oOcHOBaHa Ha OIICGHKE Tpex
KOMIIOHEHTOB:

T - pacpocTpaHeHue NEPBUYHON OMYXOJIN

N - creneHb TOpaXeHWS W HaJUYME€ WU OTCYTCTBUE METacTa3oB B
pErMOHAPHBIX JTUM(PATUIECKUX Y3IIax

M - oTCYTCTBHE WUJIM HAJTMYUE OTAAICHHBIX MeTacTa3oB [15].

JlobaBneHrne uucen K ITUM TpPeM KOMIIOHEHTaM YKa3bIBa€T Ha CTEMEHb
3n0kauecTBeHHOro 3adomesanus: 10, T1, T2, T3, T4, NO, N1, N2, N3, M0, M1
[16]. TlpakTrka nejaeHHs paka Ha TPYIIBl B COOTBETCTBHHM C TaK Ha3bIBACMBIMHU
CTaJUsIMH BO3HHUKJIA U3-3a TOTO, YTO MOKA3aTe BBIKUBAEMOCTH OBLIU BBIIIE JIJIS
cllydaeB, Korja 3abojieBaHHE OBLIO JIOKAJIM30BAHO, Y€M I TEX, B KOTOPHIX
00JIE3Hb PACHPOCTPAHMIIACH 33 TPENETbl OpraHa MPOUCXOXKICHUS. DTU TPYIIIHI
4acTO YNOMHUHAJIUCh KaK paHHee 3abojeBaHWe M TO3JHEEe 3a00JIeBaHHE, YTO
MOAPa3yMEBAIO0 HEKOTOPYIO PETYJSIPHYIO Mporpeccuto co BpemeHeM. Ha camom
nene, cragus 3a00jeBaHUS HAa MOMEHT TIOCTAHOBKHM JHArHO3a MOXKET OBITh
OTpaXEHUEM HE TOJIBKO CKOPOCTH POCTa W PACIIUPEHHS HOBOOOpPA30BaHMS, HO

TAKKC TUIIA OITYXOJIM U OTHOIICHUSA OITYXOJIM U XO3s1hHaA.
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B rucromornueckoM ImiaHe CpeA 3J0KAYECTBEHHBIX OMyXOJed MOJIOYHOU

JKeJIe3bl BBIJICIISIIOTCS CeAYyIoIue TUIIbI (pucyHok 1) [17]:

- ITIpoTokoBsIii pak in situ

- JlonbKoBBIH pak in situ

- HBa3uBHBIN IPOTOKOBBINA paK

- HBa3uBHBIN J0JIBKOBBIN PAK

- Pak Mono4HON *ene3bl ¢ MpU3HaAKaMu BOCIIAJICHUS

-  MenymuispHslid pak

- Komnonnnsiit pak

- IlamwuiapHbBIN pak

- MerarmacTuyeckui pak

Histological classification of breast cancers
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Pucynok 1 - I'ucronornueckas kinaccugukarus PMX [17, ¢. 955-960].

Yame Bcero (65-80%) BcTpeuaeTcs MHBa3UBHBINM MPOTOKOBBIN pak, KOTOPBIN
JI€MOHCTPUPYET HAUOONBLIYI0O MOP(HOJIOTHYECKYI0 Te€TepPOreHHOCTh. VI3BECTHBI,
KaK MHHUMYM, 5 THUIIOB MOP(OJIOTHUYECKUX CTPYKTYpP, JAEMOHCTPUPYIOIIUE
IPOCTPAHCTBEHHOE MHOrooOpasue OmyxoJieBbIX KieTok. K HUM oTHOCSTCH
allbBEOJISIpHBIE, TYOynsipHble, TpaOeKyJspHbIE, COJNUIHBIE CTPYKTYpHl H
JVCKPETHBIE TPYIIIHI OIYXOJEBBIX KIETOK [18].

Pak MosouyHOM >kene3bl sBisgeTcs MynbTU(akTOpHBIM 3a0oneBanueM. Cpeau
MHO’KECTBa (PaKTOPOB, KOTOPHIE MOTYT BJIMATH Ha HKCIPECCHIO T€HOB, Hauboiiee
BEPOATHBIMM  NPUYMHAMH  SBJISIIOTCA  MYTalldd C  BBICOKOM  CTENEHBIO
NEHEHTPAHTHOCTH, YHAcCJeIOBaHHble WIM MpHoOpeTeHHble. OAHAKO, MPOLEHT
cllydaeB 3a00JI€EBAEMOCTH PAKOM MOJIOYHOM KEJE3bl, STUOJOTUYECKH CBA3AHHBIX C
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3TUM TUNOM MyTauui, He mnpesbimaer 10% [19-20]. Bricokas BeposSTHOCTH
pa3BUTHSL paka OT 3THUX MYTalMi OOBACHAETCS TEM, YTO MOPaKEHHbIE TI'EHbI
KOJUPYIOT O€JIKM, y4YacTBYIOIIME B KJIETOYHBIX IMpoiieccax, Takux kak: JITHK
penaparusi, peryjsiiys KJI€TOYHOro IUKIJIA W 3allluTa OT CBOOOJTHBIX PaJUKaJOB,
SBJIIONINXCS BaXXHBIMU ~ (DYHKIUSMU Ui TOJJICpXKAHUSL CTAOWIBHOCTH U
nenoctHoctu renoma [20, €. 703-718]. CymiecTBYIOT CHCTEMBbI pemnapaluu,
OTBETCTBEHHBIC 3a HCIMpaBJICHUE NOBpekACHUN Wiau omuoOok [21]. OxHako B
PaKOBBIX KJETKaxX CTPEcC, BbI3BAHHBIM BHEITHUMU (PaKTOPaMU, MOXKET YBEITHYUTH
YacTOTY MYTallMii, IOATOMY CUCTEMBI perapanuy HE CHPAaBIIAIOTCS C UX BBICOKUM
ypoBHeM [22]. Xumudeckue (QpakTopbl, HOHU3UPYIOIINE U3TYYCHHUS U JaKe TI0XO
cOamaHCHpOBAaHHOE NMUTAHHME B HACTOAIIEE BpeMsi CUMTAIOTCA (HaKTOpaMH PHCKa,
KOTOPBIE MOT'YT CIIOCOOCTBOBAaTh Pa3BUTHIO paka [23]. bputo 3aMeueHo, YTO MI0X0
cOQJIaHCHUPOBAaHHOE IMHUTAaHHWE, a HMEHHO YpPE3MEPHOE MOTPEOJICHHE KUPHBIX
MPOJIYKTOB YBEIUUYMBACT KaK TMIEPIUIA3UI0, TaK U TUIIEPTPODUIO KUPOBOK TKAHHU.
OTa TKaHb SBJIIETCSI OCHOBHBIM IIPOM3BOJUTEIEM 3CTPOTCHOB Yy JKEHIIUMH B
IOCTMEHOMNAay3€, TaK YTO WX HEKOHTPOJIMPYEMBIH POCT HNPUBOJUT K OOJBIIEMY
YBEJIIMYEHUIO BBIPAOOTKU 3CTPOTE€HOB, YeM OOBIUHO. BiusHME 3THMX rOPMOHOB Ha
IPOLECCHl KJIETOUYHOM mIponudepanuu yBEIUYUBAET BEPOATHOCTh TOIO, YTO 3THU
KJIETKM, HECYIIME MyTaluud C BBICOKOM II€HETPAHTHOCTBIO, pPa3pacTaroTcs B
MOJIOUHOM xkene3e [24].

Bonbiiyto posib B BOSHUKHOBEHHM pakKa MOJIOYHOM JKelie3bl UTpaeT (hakTop
HacleacTBeHHOCTH. HacnenctBenHbiit pak MosouHou sxkene3bl (HPMIXK) umeer
ayTOCOMHO-JOMUHAHTHBIM THUIT HACJIEIOBAaHUSA, MOXXET BO3HHKAaTh B pPAHHEM
BO3PAacCTe, MOXET IEpPEIaBaThbCsid KaK OT MATEPUHCKOM JIMHHWM, TaK U OTILIOBCKOW,
OTJIMYAETCS BBIPAXKEHHON T€HOTHUINYECKOW M (DEHOTUITMYECKON FeTEPOreHHOCTHIO.
HPMX B 70% cny4aeB accoumupoBan ¢ mytamusimu B reHax BRCA1, BRCA2
[25]. B To Bpemsi kak mMeHee 15% JKEHIIMH ¢ pakoM MOJIOYHOM >Kejle3bl UMEIOT
YJIEHOB CEMbH C 3TUM 3a00JIeBaHUEM, >KEHIIUHBI, Y KOTOPBIX €CTh OJIM3KHUE
POICTBEHHUKA C PAKOM  MOJIOYHOM  JKEJE€3bl, HMEIT BBICOKUM  PHCK
3aboneBaemoct [26-38]. Hampumep, Hanmuuue OJM3KOrO POJICTBEHHHKA (MAaTh,
CecTpa WM J04b) C PAKOM MOJIOYHOM KeJIe3bl OUTH YABAUBAET PUCK JKCHIIMHBI, B
TO BpeMs Kak HallMyue JBYX OJU3KUX POJCTBEHHUKOB C ATHUM 3a00JI€BaHUEM
YBEIMYHMBACT PUCK >KECHILMHBI PUMEpPHO B 3 pa3a. MIHTepecHO, 4TO >KEHILWHBI C
OTIIOM WId OpaToM, Y KOTOPHIX B CEMEHHOM aHaMHE3€ €CTb pPaK MOJIOYHOM
JKeJe3bl, TaKKe MMEIT Oosee BBICOKMI PHUCK 3TOro 3aboneBaHusi. B xoHTekcTe
OJIHOTO MHJMBH]IyyMa >KEHILMHA C pAKOM B OJIHOM MOJIOYHOM JKeJie3e UMeeT OoJiee
BBICOKMM PHUCK Pa3BUTHUS HOBOI'O paka B APYrOMl MOJIOYHOM KEJEe3€ WU B APYroun
4aCcTH TOU K€ MOJIOUYHOM keje3nl [39].

1.1.1 Posib reHOB B pa3BUTHH paKa MOJIOYHOM KeEIE€3bl
3HaHUE O TeHaX BOBJICUCHHBIC B PA3BUTHE pPaka BaXKHBI JJIs pa3pabOTKu Oosiee
3 PEKTUBHBIX TOAXOJOB K CHHXEHHIO 3a00JIeBA€MOCTH U CMEPTHOCTH OT
3aboseBaHus. Pojb reHOB 3aKIIF0YAaEeTCsl B PETYIISIUU MOJHOIEHHOTO POCTa KIETOK
MOJIOYHOM  KeJe3bl, C I1eJbl0 NPEAYNPEIUTh BO3MOXKHOE  TOSIBJICHUE
OHKOJIOTHYECKOro 3abosieBaHusl. Ecnu umeeTcs aHOMaIus WM MYTalus B ATHUX
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re€Hax, PUCK TMOSABJICHUS paka TPyaud 3HAYUTEIBHO YBEJIMYMBACTCS. AHOMAIUU
BRCAL u BRCAZ2 reHoB, IpOBOIMPYIOT JAECATH MPOIIEHTOB BCEX OHKOJIOTHYECKHUX
3a00JIeBaHUN MOJIOYHOM Kene3bl. [IpuunHbI BCeX Pa3HOBHUIIHOCTEH OHKOJIOTHI
MOJIOYHOM jKeJie3bl — MMEHHO M3MEHEHHMsI, MPUCYTCTBYIONINE HA TEHHOM YpPOBHE.
3a nocnegHee ACCATHIETHE KOMIUIEKCHBIE YCUJIUS 10 CEKBEHUPOBAHUIO BBISIBUIU
reHoMHbIe (OpMBI paka yesnoBeka. J[ns OONbIIMHCTBA TUIIOB paka 3TOT T€HOM
COCTOUT U3 HEOOJIBIIIOTO KOJIMYECTBA T€HOB, MyTUPYIOLIUX C OOJBIIUM MPOIEHTOM
NOSIBJIEHUSI ONYyXOJIEM M Tropa3o OoJplIEero yuciaa CcTa0WwIbHBIX reHoB. Ha
CETOMHSIIHUN JI€Hb B JTUX HCCIEIOBAaHUSAX ObUIO OoOHapyxkeHo mpumepHo 140
TE€HOB, KOTOPBIC MPU WU3MEHEHUHN BHYTPUTCHHBIX MyTallUil MOTYT CIIOCOOCTBOBAThH
wim  «ctamynupoBath» oHkoreHe3 [40]. I'emst BRCA1 u BRCA2 komupyroT
AMUHOKHUCJIOTHBIE€ TIOCJIEIOBATENILHOCTH SJIEPHBIX OEIKOB, KOTOPhIE YYaCTBYIOT B
perymsauuu  BocctaHoBieHus JIHK wu penenuss knerok. B uwHTakTHOM (HE
MYTaHTHOM) COCTOSTHUM 00a T€Ha BBICTYIAIOT B KAUE€CTBE CYIIPECCOPOB OMYXOJIH U
00ecIeynBalT 1EeIOCTHOCTh reHoma. Kpome Toro, OeiakoBble MPOAYKTHI T'€HOB
peInpeccupyroT TPAHCKPUIIIIMOHHYIO (DYHKIIMIO TeHa perentopa 3CTPOreHOB,
CIEpXKUBasi, TaKUM 00pa3oM, H3OBITOUHYIO MpoJudepalnio KIETOK MOJIOYHOU
JKeNe3bl U JIPYTUX SCTPOT€H3aBUCUMBIX OpPraHOB, B YAaCTHOCTH MPHU IOJOBOM
co3peBanuu u OepemenHoctd. Myramuu B reHax BRCAL1 u BRCAZ2 npuBogsT k
MOBBIIICHUIO YPOBHS XPOMOCOMHOW HECTAOWUJIBHOCTH B KJIETKaX, YTO MOKET
CIIOCOOCTBOBaTh MX OIMyXoJieBOM TpaHcopmanuu. Ha ceronHamHuii JeHb
u3BecTtHO Oonee 1000 pasnuunbix myTtanuii reHoB BRCAL u BRCAZ2, cBsizaHHBIX ¢
MOBBLIIIIEHUEM  pHUCKAa  pa3BUTHUS  paka  MOJIOYHOM  Keye3bl, SUYHUKOB,
MpeACTaTEeILHON KeJe3bl, KUIICUHUKA, TOpTaHW, KOXKU W ap. Jua peanuzanuu
OHKOT€HHOT0 3(¢eKTa A0CTaTOYHO, YTOObI MyTalusi MPUCYTCTBOBajIa XOTs Obl B
onHom amnene. [Ipu obHapyxenun wmytamuii B renax BRCAl1 u BRCA2 vy
YKEHIIUHBI PUCK PAa3BUTHUSA paka MOJIOYHOW >KeJie3bl W/WJIN SIMYHUKOB COCTABIISET
BbICOKUH mporieHT. Mnentudukarms mytanuii BRCAL/2 mo3Bonser mpoOBOIWTH
MpOPHIAKTHYECKUE MEPBI, KOTOpbIE BKJIIOYAIOT CKPUHUHT HAa MarHUTHO-
PE30HAHCHYIO TOMOTPa(HIO WM ONEpaliy MO CHUKEHHUIO PUCKA, YTO YJIydIlaeT
BBDKHUBAeMOCTh [41-42].

B mocnenHee BpeMs pa3siMdHbIC I'eHbl, Takke Kak reH ATM (reH arakcuu-
teneanrudkrasun), CHEK2 (checkpoint kinase 2), TP53 (omyxosneBsiii 6emmok p53),
CDHL1 (cadherin 1), PTEN (phosphatase and tensin homolog), RAD51C (RAD51
napaimor C), PALB2 (partner and localizer of BRCA2) u BRIP1 (BRCAl
interacting protein C-terminal helicase 1) mpuBiekaroT BHHMaHHE Kak
BOCIIPUUMYMBBIE TEHBI PaKa MOJIOYHOM JKeJIe3bl.

I'en arakcum-teneanrudkrazu (ATM) oOTBeTCTBEHEH 3a MOBBILIEHHYIO
YyBCTBUTEJIBHOCTh K HOHU3MPYIOUIEH paaudaluyd U, CIeJoBaTelbHO, 3a
MOBBIIICHHBI PUCK WHAYIIMPOBAHHBIX €H0 3JI0OKAYECTBEHHBIX HOBOOOPA30BAHUIA.
HelictBue reHa MNOPOSABISIETCS JaXe B TE€TEPO3UTOTHOM COCTOSIHUM, a JAOJs
reTEePO3UTOT CPe/Id HaceJeHHUs B 1eJIoM cocTaBiisaeT 1-2%. Ilpu Hanuuuu gaHHOTO
reHa Jaxe Takas TpoIleaypa, Kak peryiaspHas Mammorpadus, Mo-BUINMOMY,
YBEIMYMBAIOT PUCK paka MoJiouHOM >kenesbl. ['en ATM nedexteH mpu peakom

ayTOCOMHO-PEIMCCUBHOM 3a00seBaHuu aTakcun TeneanrmdkTasun (AT), koTopoe
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CONPOBOXK/JIAETCS TUIEPUYBCTBUTEIBHOCTBIO K HMOHU3HUPYIOIIEMY HW3IYyYEHHIO,
UMMYHHOM  HEIOCTATOYHOCTBIO, PHUCKOM  3JIOKAYECTBEHHBIX  3a00JIEeBaHUH,
MO3KE€UKOBOM aTakcuel BCIIEJCTBUE JEreHepallid HEUPOHOB U JIPYruX (pakTOpOB
[43].

I'en CHEK2 xoaupyet cunTe3 Oenka-hepMeHTa YeKIOWHT-KuHa3bl 2. benok
nanHoro rena CHEK2 konTponupyet nporneccol penapanuu JIHK u kinetounoro
JIeJICHUs, TEM CaMbIM Y4YacTBYS B MOJJIEP>KaHUU CTAOUIIBHOCTH TeHoMa. depMeHT
aKTUBHPYETCS B OTBET Ha MoBpexaeHue Mosekyibl JJHK, Gnokupys kineTouyHslit
muka B (asze Gl wnm 3amyckas mpolecc amonTo3a, BBHICTYNas B KayecTBE
CyImpeccopa 3J0Ka4eCTBEHHOW TpaHcopMamuu kKiaeTok. Myrtamuu reHa CHEK2
IPUBOJSIT K CUHTE3Y HEMOJHOLUEHHOIO YKOPOUEHHOTO O€JIKa U aCCOLIMHPOBAHBI C
BO3HUKHOBEHHEM HaCIEACTBEHHBIX (DOPM paka MOJIOUHOI kese3sl [44].

benok p53 (kogupyemsiit TeHOM TP53) siBnsieTcsl KJIIOYEBBIM YYACTHHUKOM B
OTBETaxX Ha CTPECC, KOTOPhIE COXPaHSAIOT T€HOMHYIO CTaOMJIBHOCTb, pearupys Ha
MHOECTBO  (hakTopoB, Takux kKak mnoBpexnaeHue JIHK, runokcuto,
MeTabOIMYECKU CTpecc M aKThBaluio oHkoreHa [45]. Kpome Toro, p53
B3aMMOJICHCTBYET C MHOTOUYMCJICHHBIMH KIJIETOUYHBIMM O€JIKaMM, BKJIOYas Te,
KOTOpBIE KOHTPOJIMPYIOT 3alpOrpaMMHUPOBAHHYI0 THOENIb KIETOK. OTOT TI'eH
CyIlpeccopa OITyXOJied YacTO BCTPEYAETCSI B MYTAaHTHOM BHJIE B Pa3IUYHBIX
TBEPJAbIX OINYXOJIAX, BKJIKOYAs OIyXOJb MOJOYHOM Keje3bl. OTH MyTaluu
IPUBOJST K OTCYTCTBUIO MM AUCPYHKIIUU COOTBETCTBYIOIIETO OEIKa.

[IpoBeneHrEe TEHETHMYECKOrO0 TECTUPOBAHUS JPYTUX TE€HOB MOBBIIIEHHON
BOCIPUUMYHMBOCTH K PaKy MOJOYHOMU >kene3bl, Takux kak P53, PTEN u CDHI,
TAaK)KE SBIIETCA BaXXHOU MpoQuiakTuyeckoll mepoil. B Hacrosimiee Bpewms,
CEKBEHUPOBAHHE HOBOT'O MOKOJIEHUS MO3BOJWIO OJHOBPEMEHHOE TECTUPOBAHHE
MyTalMil B F€HaX C BBICOKOW MEHETPAHTHOCTHIO U B IeHax ¢ 0oJjiee yMEpPEHHBIM
pUCKOM. MyJIBTUI€HHBIE IMaHEIU TENEpb KOMMEPUYECKH JIOCTYIIHBI M BCE Yallle
UCITOJIB3YIOTCSI IIPU OLIEHKE pUCKa paka. Y T'€HOB C BBICOKOM NEHETPAHTHOCTBHIO
HACJIEJICTBEHHbIE MyTAallUM MPUBOJAST K PUCKY Pa3BUTHSI paka MOJIOYHOM KeJe3bl B
ISTh pa3 BbIIIE, YEM MYTallMU B I'€HaX ¢ YMEPEHHOW MEHETPaHTHOCTHIO, KOTOPhIE
CBSI3aHBI C JIBYKpaTHBbIM YBEJIMYEHHEM pHUCKa. PUCKM pa3BUTHUS paka, CBSI3aHHBIE C
MyTalMsIMA B T€HAX C MEHBIIEH MPEAPACIONIOKEHHOCTBIO, BCE €LIE M3YyYaroTCs.
Hampumep, myranun B PALB2, koTopbie nepBoHAaYaJIbHO CUMTAIMCH TMPUYUHON
YMEPEHHOTO pHUCKA paka MOJOYHOM >KeJe3bl, Tenepb, IOXO0XE, CBSI3aHbl C
MATUKPATHBIM WM OOJIBIIMM yBelnueHueM Bo3HUKHOBeHHs PMIK [46]. Kpome
Toro, mytaruu B reHax penapauuu [IHK, takue xax BRIP1, RAD51C u PALB2,
CBSI3aHbI C MTOBBIIIEHHBIM PUCKOM PAa3BUTHS PaKa MOJOYHOM JKeJe3bl.

beuno nmokazano, yto FOXF2, PLPPR3, KIAA2026, GLYCTK u CCDC42B
UTPAIOT BAXKHYIO POJIb B Pa3BUTHHU paka MOJOYHOM kenesbl [47, 48]. YpoBeHb
skcpeccun reHoB FOXF2, PLPPR3, KIAA2026, GLYCTK u CCDC42B B
MoJiouHo# skenese Bapbupyet ot 0,1 mo 5,5 RPKM. Forkhead box F2 (FOXF2)
(GYHKIIMOHUpPYET KakK (akTop TPAHCKPUIIMM W UIPaeT peularollyl0 pojb B
IPOrpaMMHUPOBAHUN OPTaHOT€HE3a, PEryJSUH SMUTEIHATEHO-ME3eHXUMATbHOTO
nepexona (EMT) u mpomudeparuu kierok. JlaHHbIE HEJAaBHUX HCCIICIOBaHUMN

npoaeMoHcTpupoBanu yuactue FOXF2 B pake mosouHoi# senessl [49]. U3BecTHo,
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yro cHmwkeHne oskcnopeccun MRNA FOXF2 cBs3aHo ¢ paHHHM HadajaoM
METacTa3uPOBaHMS U IJIOXUM IPOTHO30M IPH PaKe MOJIOYHOM xkene3sl [50].

1.1.2 CyOtunsl paka MOJIOYHOM KeJe3bl

bnaromaps ~ pa3BUTHIO  MOJEKYISIPHO  TEHETUYECKHMX  TEXHOJIOTUH
YCTaHOBJICHHSI MPUYUH OHKOJIOTHYecKuX 3abosneBaHuil (O3) B mociegHUE TOfbI
BBISIBJICHBI JIECATKM U COTHH T'€HOB YYaCTBYIOIIUX B PA3BUTHUH KOHKPETHBIX THIIOB
u cyorunoB O3 [51]. Ha ocHOBE HMMMYHOTHCTOXMMHYECKOTO WCCIICIOBAHHUS
HKCIPECCUU KIETKAaMH KapIIMHOMBI MOJIOYHOM JKeJIe3bl PELETITOPOB K SCTPOTeHY U
nporectepony (ER u PR), a Takke penenrropa sanunepmanpHOro dakropa pocra 2-
ro THIA (Her2/neu, ErbB2) B HACTOSAILIEE BpeMs B
MOJIEKYJIIpHO# Kiaccupukarmm PMOXK BBLICISACTCSA YEeThIpE OCHOBHBIX
MOJICKYJIApHBIX cyOTumna [52-55]. Ouu pazmuuatorcs Onmaromaps TOMY, Kakue
UTOKEPATUHBI B HUX AKCIIPECCUPYIOTCS (JIIOMUHAIBHBIEC WM 0a3alibHbIE), a TAKXKe
NPUCYTCTBYET WU OTCYTCTByeT amiuupukanus reHa HER2, Ttak ke
OCHOBBIBAIOTCSI HAa MPOMUIISAX HKCIIPECCUU T€HOB B COOTBETCTBUU CO CIEAYIOIMIUMHU
Mapkepamu: perentop scrporena (ER), peuentop mporecrepona (PR), penentop
annporeHoB (AR), Oenku antmanonrto3a (Bcl-2, p53), Oenku mnponudeparymu
KJIETOK, MaTPUKCHBbIE MeTajuionporenHassl (MMP), unTerpunsl, OeNKku nepeaadu
TPAHCAYKIIUHU, IUKIMHBI, IUKJIUH 3aBUcuMble KuHazbl (CDK), snurenuanbHO-
ME3CHXHMAJIbHBIE (DAKTOPBI, KaATEPUHBI, TPAHCKPUTIIIMOHHBIE (PaKTOPHI, (DaKTOPHI
KOHTPOJIS MeTacTa3, (haKTOphI, ONPEACIIIONINe KPOBEHOCHBIE cocybl [56-59]. Otn
CyOTHIIBI TPEACTABISAIOT COO0OM pa3Hble OOJE3HU C Pa3HON ITUOJIOTHEH,
MOJIEKYJSIPHBIM ~ TIATOT€HE30M M TPOTHO30M, pa3iInyasich MeEXAy co0oi
XapaKTepHbBIMU HaOOpaMu MapKepOB.

Ha ocHOBe HMMYHOTHMCTOXMMHYECKUX MapKepoB peuentopa sctporeHa (ER),
penentopa nporecrepora (PR) u pernentopa smuaepmanbHoro gaxropa pocta
yenoBeka 2 (HER-2), pak MoOJIO4HOW Keje3bl MOApAa3NeNsaeTcss Ha YEThIpe
OCHOBHBIX cyOTHma, BKitouas luminal A (ER+ u / wim PR+ , HER-2-), luminal B
(ER+ u / mmu PR+, HER-2+), HER2 (ER-, PR-, HER-2+) u triple-negative (basal-
like) (ER-, PR-, HER-2-) [60-61]. K /roMHHAIbHBIM OTHOCSTCS OIYXOJIH,
skcrpeccupyromue peuentopel K ER u PR, u B 3aBUCMMOCTH OT 3KCIIpeccHu
Her2/neu ux xmaccudumupyror Ha A (He »skcmpeccupyor Her2/neu) m B
(axcmpeccupytor Her2/neu). HER2+ Ha3bIBalOTCS OMyXOJIM C THUMEPIKCIPECCUEH
Her2/neu u orcyrctBuem ER u PR. Omnyxonu, HeraTMBHbIE MO TPEM BBHIIIE
Ha3BaHHBIM NPHU3HAKaM, OTHOCATCS K triple-negative (6azampHomomooHOMY) PMK.
Kpome Toro, pasHeie cyOTHIIBI paka MOJIOYHOM KeJie3bl UMEIOT pa3Hble (PaKkTopbl
pHUCKa M KJIMHHYEcKoe mposiBiienne. Hanpumep, mis cyorumna triple-negative paka
MOJIOYHOW JKeJNie3bl XapaKTepHa TOBBIIICHHON arpecCMBHOCTb, Ooyiee TUIOXOM
NPOTHO3 110 CPABHEHHMIO ¢ ApyruMu cyoTumamu [61, ¢.806-814].

YCTaHOBIICHO, 4YTO JIIOMHHAJIBHBIC THUIIBI CBSI3aHBI C MEHEE arpeCcCHUBHBIM
TEUECHHEM M XOPOIIMM MPOrHO30M 1o cpaBHeHuto ¢ HER2 wu triple-negative [55, c.
10393-10398; 62]. Triple-negative cyOoTumn cBsi3aH C BBICOKOW 4aCTOTON MyTalluu
BRCAL, arpeccuBHBIM TE€YEHHEM, OTCYTCTBHEM PEAKIIMU HA TOPMOHOTEPANHIO H

npenaparel I gedeHus  PMOK, Huskoi oOmeid u  Oe3penuauBHON
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BBEDKMBaeMOCThIO [55 €. 10393-10398; 62, ¢. 2492-2502; 63-64].

Ha ocHOBe KIMHMYECKUX JaHHBIX 3TH CYOTHUIIBI OTIMYAIOTCS IO YacTOTe
BCTPEYAEMOCTH, CKOPOCTH POCTa, MHBA3UBHOCTH, CIIOCOOHOCTH K MeTacTra3zaM U
T.1. [Ipuunnoi Takux ommmunii cyotunoB PMOK siBisroTcst pa3Hbie HAOOPHI T€HOB,
YYaCTBYIOIIUX B MPOSBICHUHU 3TUX CyOTHIIOB OHKOTeHe3a [65].

1.2 Mapkepsbl 1 MeTOAbI JTUATHOCTHUKH PaKa MOJIOYHOM KeJjle3bl

B nmnocnenHue gecATHNETUS NPOU3OIMIET POCT pa3pabOTOK METO/OB
JMAarHOCTUKHU paka MOJIOYHOM >kene3bl. JlocTikeHus B 00JaCTH T€HETUYECKOTO
TECTUPOBAHUS MO3BOJIWIM CAEIAaTh MHOTHE METOJbI, HAIPUMEP, CEKBEHUPOBAHUE
Oonee OBICTPHIM W MEHEE JIOPOrOCTOSLIUMM, YEM OTO MOXKHO OblUIO cebe
MPEACTABUTh BCETO HECKOJBKO JIET Ha3al. Tak, C MOMOIIbI0 CEKBEHATOPOB HOBOT'O
MOKOJICHHSI MOYKHO TMPOBOJUTH OJHOBPEMEHHBIA aHaIM3 OOJBIIOr0 KOJUYECTBA
I'CHOB, YYaCTBYIOIIUMX B Pa3BUTHHM Paka MOJIOUHOW xkeine3bl [66]. s omeHku
pUCKa paka 3Ta HOBas TEXHOJIOTHS MPOSBUIACh B BHJIE€ TECT IAHEIEH Co
MHO>KECTBOM I'€HOB, KOTOPbIE MMO3BOJIAIOT aHAJIU3UPOBATh OT IiecTu A0 6oixee 100
reHoB. XOTs MOJXOJbl Ha OCHOBE aHajiu3a IeJ0r0 I'eHOMa MPUMEHSIIOTCS IS
JIMarHOCTUKN OHKOJIOTMYECKUX 3a00JieBaHUM, HA CETOJNHSIIHUN JCHb OHU MEHEe
3 PeKTUBHBI, YEM TE€HHbIC TAHEIW MEHBIIEro pa3Mepa, OPUEHTUPOBAHHBIC Ha
JTMAarHOCTUKY paka [67].

[lepBoHauanbHO OBUIM CO3/aHBI OTHOCHUTEJIIBHO OTPAHUYCHHBIC TECTHI ISt
JIMarHOCTUKH PaKa MOJOYHOM KEJIE3bl, COCTOSIIUE U3 IIECTH T€HOB, YYaCTBYIOIINX
B PMJXX BRCA1/2, CDH1, PTEN, STK11, TP53. BnocnenctBuu IaHenu
YBEIUYMINCH, 10 Oonee yeM 100 reHoB, KOTOpbIe 00JIaIal0T MOTEHIMAIbHBIMU
accoIManusIMi C pakoM MOJo4HOM xkenesbl, Hanpumep, ATM, AXIN2, BARD]I,
CDKN2A, CHEK2, CYLD, MEN1, MLH1, MSH2, MSH6, MUTYH, PALB2, SLX4
U Jpyrue reHsl) [68].

B kauecTBe JMArHOCTUKM paka MOJOYHOW >KeNe3bl [Jis SKEHIINUH C
MOBBIIIIEHHBIM PUCKOM JIAaHHOTO 3a0o0JsieBaHUs Ucoyb3dyeTcsa metonq MPT ananu3za
KaK JOTMOJHEHUE K CKPUHUHIOBOM MamMmorpaduu. VMcciaenoBanus mokasaid, 4To
MPT-CKpUHUHT yiydllIaeT AMArHOCTUKY paka, B JIONOJIHEHHE K MamMmorpaduu,
oOHapy>kuBasi OOJIBIIYIO JIOJII0 PAaKOBbIX OOpa3oBaHuil Ha stamax 0-1 cpemu
JKCHIIMH C BBICOKUM pHCcKoM [69-76].

CemelHBII aHaMHE3 paka MOJIOYHOM JKENE3bl SBILSIETCA PELIAOIIAM
(bakTOpoM B MEPCOHATIM3UPOBAHUM METOJIOB €€ IMarHOCTUKHU. B HacTosIee Bpems
MPEANPUHUMAIOTCS YCUIIUS 110 pa3pabOTKe reHETUYECKOTO TAPTeTHOTO CKPUHUHTA
MOJIOYHOM »Kene3bl. sl JKEHIIMH € CEMEMHBIM aHAMHE30M paka MOJIOYHOU
xKene3bl, HO 0e3 oOOHapyXeHHs MyTaluid C T[OMOIIbI0 TI'E€HETHYECKOIro
TECTUPOBAHUS, CEMEWHBI aHaMHE3 SBISICTCS KIIOUYEBBIM (AKTOPOM IS
WCITIOJIb30BAHUSI TAaKUX METOJ0B nuarHocTuku, kak MPT u mammorpadus rpyau
[77].

N3BecTHBI KIIMHUKO-TIATOJNIOTHYECKUE Mapkepbl auarHoctuku PMOK. K Hum
MOXHO  OTHECTH JuM@aTUYeCKMe U  COCYAUCTbIE  HHBA3HHM, CTENECHb
nudepeHnrany OnyXoJieBbIX KJIETOK, pa3Mephl IEPBUYHOM OMyXOJH (KaTeropus
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T), u HanmMUKe MeTacTa30B B PETMOHAPHBIX MOAMBIIICUHBIX TUMPATHUECKUX y3IIax
(xkaTeropus N), HaTMYKME MUKPOMETACTa30B B KOCTHOM Mo3re [78].

OnHUM U3 YyBCTBUTENBHBIX MPOTHOCTUYECKUX KIMHUKO-MOP(HOIOTHIECKUX
MapKepoB SBISIETCS OOHAPYKEHHE OIMyXOJEBBIX KIETOK B KOCTHOM MO3T€ Ha
HaYyaJIbHOM J3Tamne AuarHocTuku 3abosieBanus. Y 30% OonbHBIX omnepadenbHbIM
paHHUM  KIMHUYECKUM PaKOM MOJIOYHOM JKelie3bl MOXKHO OOHapy>KUTb
OITyXOJIEBbIE KJIETKM B KOCTHOM Mo3re. Mapkepom O0ojee BBICOKOTO pHCKa
peluaIMBa M CMEPTH W HE3aBUCHUMBIM MPOTHOCTHYECKUM (DakTOpoM Xyamien
BBDKMBAEMOCTH SIBIISIOTCSL CKPBITHIE PAKOBBIE KJIETKH B acmupaTe KOCTHOTO MO3Ta.
B HbiHemHee Bpemsi KIMHUKO-MOP(OJIOTUYECKHE MapKepbl M (DaKTOphl pHUCKa
pasButua PMOK mbITarOTCS 3aMEHUTH AHAIM30M TE€HHOW CHUTHATYpbl, KOTOPYIO
U3YYal0T C TTIOMOIIBIO Pa3HOOOPA3HBIX MaHeIe MUKpOUHUIIoB [79].

MornekynsapHbie MapKepbl HCIONB3YIOCS s YIydileHus 3(PQGEeKTUBHOCTH
Tepanmuu M OIeHKU TporHo3a 3abosieBanus. [lo nmanneiM HarnumonanbHOTO
uHctutyta 3apaBooxpaneHuss CIIA (NIH) u Koncopmuyma Onomapkepos,
MOJIEKYJIIPHBIM MapKepOM SIBJISIETCS MHJIUKATOP IMATOTCHHBIX WM HOPMaJIbHBIX
OMOJIOrMYECKUX MPOLECCOB UM (hapMaKOJIOTUYECKUI OTBET Ha TEPaIEeBTUUYECKOE
BMemaTenbcTBO [80]. XOTs OONBIIMHCTBO U3 3TUX MapKEpOB SBJISAIOTCSA OENIKaMH,
B IIOCIIEAHEE BpeMs Mojelu skcmpeccun reHoB, m3menennas JJHK u miRNA
TaK)Ke 3aHMMAIOT BAKHOE MECTO B KAYECTBE OIyXO0JICBBIX MapkepoB [81-83].

Jlo HacTosIIero BpeMeHu OblI OOHAPYX EHbI pa3IMYHbIe OMOMapKepbl T€HOB
JUIsl IMAarHOCTUKM paka MOJIOUHOM xene3bl. Hanpumep, Erff MOXET yMEHbBIIUTH
OHKOT€HE3 TMyTeM CHIDKEHHUS pETyISlUd [UKIA OIyXOJEBBIX KIETOK H
tpanckpuniuun B T-47D [84]. Kpome Ttoro, xemoxuHoBbiii pernentop CXCR7Y
MOKET CIIOCOOCTBOBAaTh Npoiudepanuy KIETOK paka MOJOYHON IKEJe3bl,
B3anmozeicTBys ¢ EGFR [85].

Jpyrum mpuMepoM MOJIEKYJISpHBIX MapkepoB sBisgercs reH GATA3 —
TPAHCKPUTIIIMOHHBINA (AKTOp, WIPAIONINK BAXKHYIO pOJb B MpoiudepaTuBHON
AKTUBHOCTH KJIETOK paka MoyiouHoi sxene3bl luminal A u B cyOtumo wu
nuddepeHIUPOBKE, MO CYTH, ABISACH OMyXOJIEBBIM cympeccopoM. [1o HekoTopbhIM
JTaHHBIM, MMo3uTHBHAA dKkcnpeccus GATA3 MmokeT HaOIOAATHCA MPH WHBA3WBHOM
KapIUHOME Hecnenu(puyecKkoro THIA, BKIIOYas Oa3albHBIE OMYXOJIM, a TaKkKe
merariactuaeckuit PMXK [86, 87]. Kpome Toro, uzsectHo, uro ren GATA3 moxer
OBITh WCIONB30BAaH KaK JUArHOCTHYECKUN MapKep, MOKA3bIBAIOIINI BBICOKYIO
cenuUIHOCTH MPU METACTa3ax paka MOJOYHOH >kene3bl [88].

Taxxe m3BecTHO, uTO BBICOKas dKkcrpeccuss GATA3 accomumpoBana ¢ ER-
MOJIOKUTETHHBIMHU OMYXOJISIMU HU3KOW CTETIEHU 3JI0KAYECTBEHHOCTH U COUETACTCsI
¢ OnaronpusTHeIM nporHo3om [89, 90]. Mehra ¢ coTpyaHvKaMu BBISBUJIH, YTO
HU3KUN ypoBeHb skcnpeccun GATA3 nabmomancs mpu OMyXOJsX C BBICOKOM
CTETIECHbIO 3JI0KAY€CTBEHHOCTH, C HAJIMYUEM METAcCTa30B B JIMM(aTHUECKUX y37ax,
OOJBIINX pPa3MEpOB, a TaKXkKe C OTPHUIATEIbHBIM TOPMOHAJIBHBIM CTAaTycOM. Y
TaKMX TAIMEHTOK HaOMIomanach HU3Kas Oe3peruanBHAs BBDKUBAEMOCTH I10

CPAaBHEHHIO C OOJBHBIMH, y KOTOPBIX OIyXOJb HMEJa BBICOKHH YpOBEHb
sxcrpeccun GATA3 [91].
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1.3 Poab TpaHCKPUIUIMOHHBIX ()AKTOPOB B Pa3BUTHH PaKa MOJOYHOI
JKeJie3bl

B denmoBeueckux kieTkax cymectByer Oosiee 1000 paszmuunbix JIHK-
CBS3BIBAIONIMX (PAKTOPOB TPAHCKPUIIUHU, KOTOPhIE MOTYT MOAYJIUPOBATH
OKCIIPECCHIO T'EHOB, BO3ACHCTBYs Ha aktuBHOCTHh PHK-mommmepassr Il [92].
BoapmMHCTBO (DAKTOPOB TPAHCKPUIILIMM UMEIOT JBE Pa3IMYHBIE CTPYKTYpHBIC
00J1aCTH, KOTOpbIE HEOOXOAUMBI JIJISl UX PETYISTOPHON (QYHKIMH: crienuUUHbIMI
st nocnenosarenbHocTd  JIHK-cBsi3bIBatronmii fomeH (HarmpuMmep, LHUHKOBBIN
majger) W JOMEH  aKTUBAallUd  TPAHCKPHUIIIHUH/PETIPECCUU,  KOTOPBII
B3aUMOJIEHCTBYET C pa3IMYHBIMU Ko(akTopamMu (KoaKTHBaTOpaMH,
Kopemnpeccopamu). M3BecTHO, 4TO (PAKTOPBI TPAHCKPUIILIUU SIBISIOTCS OJHUMHU U3
BaXHEHINX (aKTOPOB OHKOJOTHYECKMX 3aboneBanuil dyenoBeka [93]. B
OOJBUIMHCTBE CIIy4aeB pa3BUTUE paka MOJIOYHOM Kele3bl XapaKTepU3yeTcs
U3MeHEeHHeM B peryisaiuu (aktopoB TpaHckpunuuu [94, 95]. Ilpu pasutun
PaKoOBBIX 3a00JIEBaHUI B T'eHAX, KOAMPYIOUIUX TPAHCKPUMIIIMOHHBIE (DAKTOPHI,
4acTO IPOUCXOAAT JEJNEUUH, NEPECTPOMKUA IOCPEICTBOM  XPOMOCOMHBIX
TPaHCJIOKAIMI UM TOYEUHBIE MYTallMH, KOTOPHIE MPUBOJST K YBEIUUYEHUIO, TUOO
K morepe ero ¢Gyukuuii [96]. Takke H3BECTHO, YTO MyTalus KOo()akTOpoB
TPAHCKPUIIIIMOHHBIX  (DAKTOPOB  SABJISETCS  JIOMOJHUTEIBHBIM  MEXaHU3MOM
kaHieporene3a [97]. Kpome Toro, MHOrMe€ OHKOTCHHBIC CHUTHAJIBHBIC ITyTH
NPUBOJAT K U3MEHEHUIO (DYHKIUU TPAHCKPUMIIMOHHBIX (PAKTOPOB KaK CpeACTBa
peanu3aly U3MEHEHHU YKCIIPECCUH T€HOB, KOTOPhIE B KOHEYHOM UTOTE MTPUBOJIST
K BOBHHKHOBEHHIO PaKOBBIX KjeTok [96, C. 740-749].

bbuio moacunMTaHo, 4TO (aAKTOpbl TPAHCKpUMIIMK cocTaBisiloT 20% Beex
OHKOT'CHOB TIPH Pa3BUTHH OHKOyoruH [92, €. 252-263]. Kitaccnyeckum nmpumepom
ABJIIETCSI OHKOCYIpeccop pS3, W3MeHeHue (PYHKIMH, KOTOPOTro MPOUCXOAUT B
Ooyiee YeM B TOJOBHHE BCEX ciydaeB paka dejoBeka [98]. berox TPS53 myurie
Bcero xapakrtepus