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AnHotanus. M3y4enne Gpakropos, CiocOOCTBYIOLIMX (POPMUPOBAHHIO PE3UCTECHT-
HOCTH K a/IbIOBAHTHOW FOPMOHOTEPANUH IIPU 3CTPOreH-IIO3UTHBHOM PaKe MOJIOYHOM
xene3sl (PMIK) sBrsiercst BayKHBIM aCIEKTOM HAy4HBIX UccleoBaHUd. B maHHo# pa-
60Te ¢ UCIOIb30BAaHUEM METO/Ia NPOTOYHOH LUTO(IYOPUMETPHU M3Y4EHO COolepiKa-
Hue OenkoBbIX MPoAyKToB KitoueBbix reHoB TGF-B1 u PI3K/Akt — curHanbHbIX Kac-
kazoB. Pabora mpoBezeHa cpean 65 NalMEHTOK C ePBUYHO BepUDUIIMPOBAHHBIM JIU-
arHo3oM scrporeH-no3utuBHeld PMIK (T1-4N0-3MO). [TokazaHo, 4TO Hanu4ue Kie-
TOoK, aKkcrpeccupyromux TGF-BR1 u TGF-BR2, a taroke BRICOKOE COACPIKAHUE KIIETOY-
ubix nomyssiiuid pAkt1-/TGF-BR2+ u uuknun D1+/TGFBR2+, accouunposano ¢ 6ia-
TONPUSTHBIM IPOrHO30M 3a00s1eBanus. [1allMeHTKY, B OITyX 0JI€BOH TKAHU KOTOPBIX OT-
MEueHO BbICOKOe copaepxanue Oenka pAktl, pAktl+/TGF-fR2+ wu wuxinux
D1+/TGFBR2- knerok, He OTBeYany Ha TEPAMIO0 TAMOKCU(ESHOM B aJbIOBAHTHOM pe-
xume. IlonydeHHbIe pe3ybTaThl OTKPHIBAIOT MEPCIEKTHBY IOUCKA HOBBIX MOJEKY-
JISIPHO-T€HETHYECKUX MapPKEPOB, BOBJICUCHHBIX B MEXaHU3MbI Pa3BUTHUS PE3UCTEHTHOIO
K TOPMOHOTEPAIMU (HPEHOTHIIA OITYXOJIH.
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Summary. The study of factors contributing to the adjuvant hormone therapy re-
sistance in estrogen-positive breast cancer (BC) is an important aspect of scientific re-
search. Tamoxifen resistance can be determined by the regulation of the estrogen re-
ceptor signaling pathway via membrane tyrosine kinases. Among the various mem-
brane kinases, the activation of the transforming growth factor 1 (TGF-B1) and the
triggering of alternative PI3K/Akt signaling can be critical in the hormonal resistance.
The aim of the study was to analyze the protein expression of TGF-B1, TGF-pR1, TGF-
BR2, pAktl, cyclin D1 as well as the cell populations of TGF-f1/TGF-pR2, TGF-
BR1/TGF-BR2, pAkt1/TGF-BR2 and cyclin D1/TGF-BR2 in tumor tissue depending on
the response to tamoxifen treatment. This study included 65 BC patients (T14No-3Mo)
who received breast-conserving surgery or radical mastectomy, radiation and/or chem-
otherapy (if indications) and adjuvant hormonal therapy with tamoxifen (5 years, 20
mg/day). Patients without any recurrence or metastasis the adjuvant tamoxifen therapy
were classified as a tamoxifen-sensitive subgroup ((TS), N =55 (84.6%)); patients with
distant metastasis or recurrence were classified as resistant to tamoxifen ((TR), N = 10
(15.4%)). Proteins expression as well as cell population expression was assessed using
a CytoFLEX flow cytometer (Beckman Coulter, USA). Progression-free survival (PFS)
was estimated according to the Kaplan—-Meier method, and survival differences be-
tween groups were determined using the log-rank test. P-value of less than 0.05 was
considered statistically significant. Tumors with high of TGF-R1 and TGF-BR2 pro-
tein expression were more prevalent among TS patients (p = 0.036 and p = 0.006; re-
spectively. See Fig, I). Increased risk of breast cancer progression was associated with
a high pAkt1 expression in tumor cells (p = 0.024, See Fig, I). Patients with the high
pAkt1+/TGF-BR2+ and cyclin D1+/TGFBR2- expression in tumor tissue were less sen-
sitive to tamoxifen treatment (p = 0.006 and p = 0.000; respectively). However, a high
percentage of pAktl-/TGF-BR2+ and cyclin D1+/TGFBR2+ cells was detected in the
tumor tissue of patients with the response to treatment (p = 0.001 and p = 0.003, re-
spectively). High TGF-BR2 and pAktl-/TGF-BR2+ expression was associated with
longer progression-free survival (log-rank p = 0.006 and log-rank p = 0.008). Moreo-
ver, we demonstrated a significant relationship of both high pAktl and pAkt1+/TGF-
BR2+, pAkt1+/TGF-BR2- expression with poor survival of breast cancer patients (log-
rank p = 0.002 and log-rank p = 0.001, respectively). Our data indicate the possible use
of the identified parameters as markers associated with the efficacy of adjuvant tamox-
ifen therapy.

The article contains 1 Figure, 10 References.

Keywords: estrogen-positive breast cancer, transforming growth factor B-1
(TGF-B1), PI3K/Akt - signaling, tamoxifen, resistance, flow cytometry
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BBenenne

Cornacuo mpaktuyeckuM pekomeHmanusm RUSSCO 2023 u NCCN 2023,
BCceM OOJIBHBIM TOPMOH3aBHUCHMBIM pPakoM MoJouHOH xene3bl (PMOK) He3zaBu-
CHMO OT BO3pacTa, GYHKINHU SHIHUKOB, a TAKXKE CTaIUH 3a00JICBaHUS ITOKAa3aHO
MPOBE/ICHE TOPMOHOTEPATUU B aIbIOBaHTHOM pexkume [1, 2]. Omnako Ha naH-
HOE JICUCHHWE OTBEYACT JIMIIb YacTh mamueHTOK (60-70%), y ocrampHBIX (30—
40%) BO3HUKAET IMPOTPECCHPOBAHIE B BUE OTAAJICHHBIX METACTA30B JINOO0 peIi-
nuBa 3a0oieBanus [3]. PasBUTHIO pe3MCTEHTHOCTH K TOPMOHOTEPAIHH CIIOCO0-
CTBYIOT pa3lUYHBIC (PAKTOPHI, CPEeON KOTOPHIX HAPyHICHHE BHYTPHUKICTOYHBIX
CUTHAJIOB TpaHchopmupyromero hakropa pocra Bl (TGF-B1) u nanpHelias ak-
THBAllUs aJbTCPHATHBHBIX CHUTHAJBHBIX KackaloB, Takux kak PI3K/Akt [4, 5].
Lenpro wccnenoBanus ABWICS aHau3 cogepkanus oenkoB TGF-B1, TGF-BRI1,
TGF-BR2, pAktl, mukiaud D1 u cyOmomyIisimuid onmyXoJIeBBIX KIETOK, KOAKCITPEC-
cupytommx TGF-B1/TGF-BR2, TGF-BR1/TGF-pR2, pAktl/TGF-BR2 u nmkmun
D1/TGF-BR2 B 3aBUCHMOCTH OT OTBETa Ha MPOBOIUMOE JICUCHUE TaMOKCHe-
HOM.

MarepuaJibl U METOABI

HccrenoBanne mpoBeneHo cpenr 65 MalMeHTOK ¢ TEPBUYHO BEpH(HUIIHPO-
BaHHBIM [IaTHO30M D3CTPOTCH-TIO3UTHBHEIA PaK MOJOYHON JKENe3bl CTaIiH
Ti-4No3Mp. Cxema nedeHus: BKIIOUaia ONMEPATUBHOE XUPYPruUecKOe BMEIIIa-
TENIECTBO, JTYUEBYIO W/MIIN XUMHOTEPAIIHNIO 110 MOKA3aHMIM, a Takke Kypc alb-
FOBaHTHOM FOPMOHOTEpanuu TaMokcuderoMm (5 net, 20 mr/cyt). Ha cramuu ore-
PaLOHHOT'O BMEIIATENHCTBA (PaJUKaIbHAsS MACTIKTOMIS/ OTPaHOCOX PAHSIOIIAs
orepariys) y Ka)JI0i U3 MalMeHTOK B3AT 00pa3el] ONyXoIeBOl TKaHU MOJIOYHOM
xene3bl. Vicxost n3 OTHANICHHBIX pe3yNIbTATOB JICUCHHS, BCE MMAITUEHTKH pa3Jie-
JICHBI Ha 2 TPYIIITEI — TYYBCTBUTENbHAS U PE3UCTEHTHAS K TAMOKCH(eHy. B rpymrre,
qyBCTBUTENBHOM K TAMOKCH(EHY, HE OTMEIECHO IIPOTPECCUPOBAHUS 3a00JICBaHHSI
(N =55 (84,6%)); B rpymie, pe3NCTCHTHON K IMPOBEICHHON TEPAIHH, OTMEIECHO
HaIM4Me pernuanBa JMO0 oTHajeHHoro meracrazupoBanus (N = 10 (15,4%)).
Cpennee Bpemst 1o miporpeccupoBanus PMOK Ha doHe mprema TamoKkcudpeHa —
29,2 + 3,26 mecsma. Conepxanue 0€IKOB H (EHOTHITUPOBAHHUE CYOTOMYISITHI
OITyXOJIEBBIX KIETOK HM3y9YEHO C HCIOIB30BAHHEM HPOTOYHOTO ITHTO(IyOpH-
Metpa CytoFLEX (Beckman Coulter, CIIIA). Busyanuzanus u KoTu4ecTBeHHAs
OIlIEHKa HCCIEAYEeMBIX KIECTOK IPOBEACHBI C IOMOIIBI0 IAKeTa IIPOrpaMMm
CytExpert 2.0.0.152 (Becton Dickinson, CIIIA). CtaTucTHYECKHI aHATH3 IOy~
YEHHBIX  pE3yJAbTaTOB  ITPOBEIEH C  HCIOJIB30BAaHUEM  IIPOrpamMMm
«STATISTICA 9.0» m SPSS 21.0. [IpoBepka COOTBETCTBHUSI aHATH3UPYEMBIX
MPU3HAKOB HOPMAaJHHOMY 3aKOHY paclpeesIeHHs OCYIIeCTBICHA TP TOMOIIN
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kputepus corytacus Komvoropopa—CmupHoBa. T-kputepuit CThro/ieHTa (IS BBI-
OOPOK C HOPMAITEHEIM pactipeneneHreM) u U-kputepuid ManHa—YUTHH (17151 BBI-
OOpOK, HE COOTBETCTBYIOIINX HOPMAIEHOMY 3aKOHY) HCITOIB30BaHBI VIS aHAIN3a
KOJIMYECTBEHHBIX JaHHBIX. BEDKHBaeMOCTh 0€3 IpOorpecCHpoBaHMs aHATH3HPO-
BaJlM C MCITONIb30BaHMeM KpuBbIX Kammana—Meliepa u log-rank-tecra. Paznmnaus
CYUTAIIA CTATUCTHYECKH 3HAUMMBIMHE 1ipH p < 0,05.

Pe3yabTarhl cciiefoBaHus U 00Cy:KIeHUE

B xome mpoBeneHHOr0 NCCIeJOBaHUS IIPOBEICH aHAIH3 COACPIKaHUs OCIIKOB
U CyOnomyJsImui OIMyXOJIEBBIX KIETOK, KOIKCIIPECCUPYIOMINX aHaJIM3UPyEeMBbIe
MapKepbl B 3aBUCHMOCTH OT OTBETa Ha MPOBOXUMOE JICUCHUE IPErapaToM Ta-
MOKCH(]EH.

Amnanu3 comepkaHust OEIIKOB ITOKA3all, YTO OITYXOJHU C BEBICOKHM COICp KaHUEM
TGF-BR1 u TGF-BR2 npeobnananu cpeny ManueHTOK, YyBCTBUTEILHBIX K TOP-
MoHoTtepanuu (p = 0,036 u p = 0,006; cOOTBETCTBEHHO, pHUC. 1). BbicOKH prck
nporpeccupoBanns PMXK Ha ¢oHe TaMokcudeHa cBs3aH C BBICOKMM ConepiKa-
HHEM B OMyXOJIeBBIX KileTkaxX pAktl (p = 0,024, puc. 1).

Bropoii aTan paboThl BKITFOYAIT UCCIISTOBAHHUE IO OIyXOJIEBBIX KIETOK,
KOIKCITPECCHPYIOIINX U3y4aeMble Mapkepbl, a uMeHHo: TGF-B1+/TGF-BR2+, TGF-
B1—/TGF-pR2+, TGF-p1-/TGF-fR2—-, TGF-B1+/TGF-pR2—-, TGF-pR1+/TGF-
BR2+, TGF-pR1-/TGF-pR2+, TGF-BR1-/TGF-pR2—, TGF-BR1+/TGF-fR2—,
pAktl+/TGF-pR2+, pAktl-/TGF-BR2+, pAktl-/TGF-pR2-, pAktl+/TGF-BR2-,
mukmH D1+/TGF-pR2+, muximaa D1-/TGF-BR2+, muknua D1-/TGF-BR2— u 1uk-
muH D1+/TGF-BR2—. Hamwuwe cyonomymsimuii pAktl+/TGF-PR2+ u muximmH
D1+/TGFBR2- 66110 CBSI3aHO C OTCYTCTBHEM OTBETA HA TOPMOHOTEPAITHIO TAMOKCH-
¢deroMm (p = 0,006 1 p = 0,000 cooTBeTCTBEHHO). HanpoTHB, BBICOKOE TIPOIICHTHOES
conepxanue kietok pAktl—/TGF-BR2+ u ke D14+/TGFBR2+ BeIsIBICHO B OIy-
XOJICBOM TKaHH TMAIMEHTOK C OJaronpusATHBIM OTBeTOM Ha JiedeHue (p = 0,001 u
» =10,003 cOOTBETCTBEHHO).
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Puc. 1. Conepxanne TGF-B1, TGF-pR1, TGF-BR2, pAktl u uuxmmza D1
B OITyXOJIEBOH TKaHH B 3aBUCUMOCTH OT 3()(EKTUBHOCTH TaMOKCHU(EHa.

TUY — TamokcudeH-ayBcTBUTENBHAS TpyMina, TP — TaMokcudeH-pe3rcTeHTHasI Tpyna
[Fig. 1. On the X-axis - Proteins, on the Y-axis - Protein expression levels (percent). TGF-B1, TGF-BRI,
TGF-BR2, pAktl and cyclin DI expression in tumor tissue depending on the efficacy of tamoxifen.
TR - tamoxifen resistant, TS - tamoxifen sensitive groups]
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Ha nocnemaem stamne paboThI TPOBENCH aHAIH3 BEDKUBAEMOCTH O€3 TIPOTrPECcCH-
poBaHus. BrIcokoe MpoIeHTHOE CoepKaHue KIIETOK, dKkcipecchpyromux TGF-PR2
n pAktl-/TGF-BR2+, ormeueHo cpemyt OONBHBIX ¢ Ooiee NIMTENEHBIM TIEPHOIOM
BBDKHBaeMocTH 0e3 mporpeccupoanus (log-rank, p = 0,006 u log-rank, p = 0,008).
Hwuzkue mokaszatenu BEDKHBAEMOCTH HAOIOJAIICh CPEAN TAMEHTOK, HMEIOIIHX
BBICOKHIA ypoBeHb Oenka pAktl n momymsiuit pAktl+/TGF-BR2+, pAktl+/TGF-
BR2— xnerok B onyxomnu (log-rank, p = 0,002 u log-rank, p = 0,001 cooTBet-
CTBeHHO). TakuM 00pa3om, MoKa3aHo, 4TO OOHAPYKEHHBIC MapKepbl 00JIaat0T
HE TOJBKO IPeICKa3aTeNbHBIM, HO U IPOTHOCTHYECKIM MOTCHITHAIOM.

CormacHo NMUTEpaTypHBIM NaHHBIM, WCCIICIOBAHMS, TOCBSIICHHBIC aHAN3Y
cBs3u OenkoBbix mpoaykTroB TGF-BR1, TGF-BR2, pAktl ¢ oTBeToM Ha amb-
IOBaHTHYIO TOPMOHOTEpPAIINIO TaMOKCH(EHOM, HEMHOTOYHCIEHHBI. OTMEUYeHO
Hu3koe conepxkanue TGF-BR2 cpemu mamueHTOK, Pe3MCTEHTHBIX K TEpallu,
HaxOoISIIMXCs B MpeMenonayse [6]. Hampotus, BRICOKMI MPOLEHT IKCIPECCHU
TGF-BR1 accoumuupoBaH ¢ 3PPEKTUBHOCTHIO TOPMOHOTEPAITMH CPEIH TalHeH-
TOK C JUArHo30M 3cTporeH-no3uTuBHbI PMIK [7]. Bonpmas gacts uccnenoBa-
HUH, MPEACTaBICHHBIX B MHPOBOH JINTEpaType, MOCBSAMICHA M3yYCHUIO Oenka
pAktl, KoTOpBIE MOATBEP)KAAIOT €T0 3HAYMMOCTh KaK IPECKa3aTeIbHOTO, TaK 1
MPOTHOCTHYIECKOro Mapkepa. Tak, HeOMarompusTHEIA OTBET HAa TOPMOHOTEPAIIHIO
OTMEUCH Cpely MAlNEHTOK, IMEIONNX B OITYXOJIEBOH TKaHW MOJOYHOM KeJIe3bl
BBICOKOE cozeprkanne pAktl, 9To IIOIHOCTBIO COOTBETCTBYET PE3yIbTaTaM HAIIICH
pabortsr [8]. Kpome Toro, B paboTax APYrux aBTOPOB MOATBEPIKICHA aCCOLUAIINS
MeX Iy aktuBanmeil pAktl u cHbkeHHEM 00IIel BEDKHBAEMOCTH Ha (POHE TepaITuu
tamokcuderom [9, 10]. Hauboree meHHBIM W3 MMOTyYEHHBIX HAMH PE3yJIbTATOB SIB-
JSeTCs TpeIcKasaTellbHas 3HAYMMOCTD IIPOLEHTHOTO CONCp)KAaHWS IHKINH
D1/TGFBR2 u pAkt1/TGF-BR2 kierok B omyxoneBoi Tkaun PMK. Ctout oTtme-
TUTb, YTO UCCIEIOBAHINA 00 M3ydIeHHN CYOIOMYIISAINN KIETOK, KOOKCIIPECCUPYIO-
WX JaHHBIE MAPKEPBL, B JINTEPATYPHBIX HCTOUYHUKAX HE IIPEACTABIICHO.

3akirouenne

[Mony4yeHHbIe Pe3yNbTAThl YKAa3bIBAIOT HA BO3MOXKHOE HCIIOIb30BAHUE BBISB-
JICHHBIX MAPAaMETPOB B KaUeCTBE MapKEpOB, ACCOIMUPOBAHHEIX C (P PEKTUBHO-
CTBIO aIBIOBAaHTHOU Tepanuu TaMOKcH(eHOM. [laHHBIMI TOTCHIINATFHBIMA Map-
KepaMH SBIIAIOTCA: coiepxkanue OenkoBbIx mpomaykroB TGF-BR1, TGF-BR2,
pAktl, a Taxxke CyOnONyJISAIUHN KIIETOK, Kodkcnpeccupyrorue pAktl/TGF-BR2 u
nukinH D1/TGF-BR2.
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