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AHHOTAIIUA

BBeaeHnue. JIIOMUHAJIbHBINA pak MoOJOYHOU kene3bl (PMJ?K) 3aHumMaeT HaubOOJBIIYIO JIOJIO B CTPYKType
BCEro MOJIEKYJIApHOTO JyaHamadTa JaHHOrO 3a6oseBanus. Ha ¢doHe mpoBoAMMOro, yaie BCEro rOpMOHAaJIBHOTO,
JledeHUs y YacTH IallMeHTOB pa3BUBaeTcs Iporpeccus 3ab0JjieBaHUA, YTO AUKTYeT IIOUCK HOBBIX MOJIEKYISAPHBIX
NIPeAUKTOPOB.

Ilenp muccaenpoBaHusda. V3ydnTs KINHUKO-MOpdOIOrHIecKre 0COOEHHOCTH 3200I€BAHIS B 3aBUCUMOCTH
ot skcnpeccud BMI-1 u ROR1 B mepBUYHOU OITyX0JiH Y OOJIBHBIX € JIIOMUHAJIBHBIM PAKOM MOJIOYHOH >KeJie3bl Ha GOoHe
Tepanuy HHTHOUTOPAMY apOMAaTa3Bbl.

MaTepuanab WU MeTO/JB5bl . Bucciegoanue ObIN BKIIOUYEHBI 80 manueHToK ¢ T1-2N0-1MO cragusiMu
nepBUYHO-onepabessHoro PMJXK B Bo3pacre 62.1 + 8.1 roma. M3ydanach TKaHb MEPBUYHON OIYXOJIH METOIOM
uMMmyHorucroxumun. [Ipumensanu antutena k ROR1 u BMI-1. OueHuBanoch HaJu4ue U CTEIIEHb BHIPAXKEHHOCTHU
UMMYHHOT'O OKpAIIUBaHUSA, IPOIEHT MO3UTUBHO OKPAIIIEHHBIX OIIYX0JIEBBIX KJIETOK. KCIIPECCUOHHBIE ITapaMeTPhI
HccelyeMbIX MapKepOB OIEHUBAJIUCh B CBSA3H C PA3JIMYHBIMU KJINHUKO-TIATOJIOTUUECKUMHU ITapaMeTpaMu 3ab0Jte-
BaHUA.

PesdynbTarThl . 70 HAUEHTOK MMEIU JIIOMUHAJIBHBIA A TMOATHI, 10 MANMEHTOK — JIIOMUHaIbHBIM B/HER2-
oTpuriaTesbHbIN cy6oTut. IlosutnBHas skcnpeccust BMI-1 Habmomanack B 64 % ciydaes, skcrpeccuss ROR1 Berpeyasnach
peske u coctaBuiIa 24 %. IIpyu HapacTaHUU CTENEHH 3JI0KAYeCTBEHHOCTH OIIyXouiu (grade) YBeSIMIHMBAETCS YUCIIO CIIyIaeB
¢ MO3UTHUBHOU dKcpeccuer pakropa ROR1 (p < 0.05). YpoBeHb mposudepatuBHON akTuBHOCTH omyxoiu (Ki67) xoppe-
JIIPOBAJI € TO3UTUBHOU 3Kcnpeccruelr ROR1 (p = 0.312, p = 0.03) u BMI-1 (p = 0.310, p < 0.031). IIpu HaITUINHK MeTacTa-
TUYECKOTO MOPAYKEHUsI PETHOHAPHBIX JTUM(MATUYECKUX Y3JI0B DKCIIPECCUS 000X MoKa3aresiel ObLIa JOCTOBEPHO BBIIIIE.
Bo3HUKHOBEHHE OT/IAJIEHHBIX METACTA30B COIPSKEHO C BBICOKMMH YPOBHEM 3Kcrnpeccuu BMI-1 kieTkaMu mepBUYHOMN
omyxosu (p < 0.05).

3akJinwoueHHue . [IpoBegeHHoe UCccIe0OBaHNE OTUETINBO IeMOHCTPUPYET B3aUMOcBA3b TpoTenHoB ROR1 u BMI-1
€ KJIMHUKO-IIATOJIOTHYEeCKUMH IIapaMeTpaMy [IePBUYHON OIyXOJIU U TedeHHeM 3a00sIeBaHusA NIPU JIOMUHAJIBHBIX MOJe-
KyJIAPHBIX IOATHUIIAX PaKa MOJIOUHOH KeJsIe3bl.
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Correlation of BMI-1 and ROR1 expression with clinical and
morphological parameters and the course of luminal breast cancer
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ABSTRACT

Introduction. Luminal breast cancer (BC) occupies the largest proportion in the structure of the entire molec-
ular landscape of this disease. During the ongoing treatment, most often hormone therapy, in part of patients, the disease
progression develops, which makes necessary the search for new molecular predictors.

Aim of the research. Tostudytheclinical and morphological features of the disease depending on BMI-1
and ROR1 expression in the primary tumor in luminal breast cancer patients during aromatase inhibitors therapy.
Materials and methods. Thestudy included 80 patients with T1-2N0-1Mo operable primary breast
cancer at the age of 62.1 + 8.1 years. The primary tumor tissue was studied using immunohistochemistry. Antibodies to
ROR1 and BMI-1 were used. The presence and degree of immunostaining, and the percentage of positively stained tumor
cells were assessed. The expression parameters of the studied markers were assessed in relation to various clinical and
pathological data of the disease.

Results. 70 patients had the luminal A subtype, 10 patients had the luminal B/HER2-negative subtype. Positive
BMI-1 expression was observed in 64% of cases, ROR1 expression was less common and amounted to 24%. As tumor grade
increases, the number of cases with positive ROR1 expression increases (p < 0.05). The level of proliferative activity (Ki67)
correlated with positive ROR1 expression (p = 0.312, p = 0.03) and BMI-1 (p = 0.310, p < 0.031). In presence of metastases
to regional lymph nodes, the expression of both markers was significantly higher. The occurrence of distant metastases is

associated with high levels of BMI-1 expression by primary tumor cells (p < 0.05).

Conclusion.

The study clearly demonstrates the correlation of ROR1 and BMI-1 proteins with the clinical and

morphological parameters of the primary tumor and the course of the disease in luminal subtypes of breast cancer.
Keywords: breast cancer, BMI-1, ROR1, immunohistochemistry.
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BBE/JIEHUE

Pak mosounoii xxese3nl (PM2K) 3aHuMaer JIuau-
pymooIIye TMO3UIHU B CTPYKTYpE OHKOJIOTHYECKHX
3a00J1eBaHUH cpenu sKeHITuH. HecMOTps1 Ha TOCTUT-
HyTBIE YCIIEXH B JIEUEHUU JAHHOTO 3ab0sieBaHUs,
OCTaeTcsl aKTyaJIbHBIM ITOHUCK U U3yYeHHEe pa3Iny-
HBIX OMOJIOTMYECKUX MAapKEPOB, BBICTYIAIOUIUX B
KauecTBe TMOTEHITHATbHBIX KaHAUZATOB (HaKTOPOB
IPOTHO3a W TPEIUKIUH OTBETa Ha IIPOBOJIIMOE
JIeueHue.

Peuenroprasa tuposunkuHaza ROR1 aBisgercsa
peuentopom i cyopenquHUIBL Wntsa Wnt-
CUTHAJIPHOTO IyTH. YacToTa ee SKCIIpecCHH B HOP-
MaJbHBIX KJETKaX OYeHb BBICOKA B IMpoIlecce
SMOpHOreHe3a, HO TAKKe MOBBIIIAETCS ITPU MHOTHX
3JI0KaYeCTBEHHBIX HOBOOOpazoBaHusax [1—3]. Omu-
CaHbBI TPU OCHOBHBIX cILtalic-BapuanTa ROR1: Bapu-
a"T 1 (vi; UniProt IDQ01973-1) KojmupyeT TpaHC-
MeMOpaHHBIH 6€JIOK, COCTOSANUNA U3 934 aMUHOKHC-

INTRODUCTION

Breast cancer (BC) occupies a leading position in
the structure of oncological diseases among women.
Despite the advances in the treatment of this disease,
the search for various biological markers that act as
potential candidates for factors of prognosis and pre-
diction of response to treatment and their studying
remains relevant.

The receptor tyrosine kinase ROR1 is the Wntsa
protein receptor of the Wnt signaling pathway. The
level of its expression in normal cells is very high
during embryogenesis, but also increases in many
malignant neoplasms [1—3]. Three major splice vari-
ants of ROR1 have been described: variant 1 (v1; Uni-
Prot IDQ01973-1) encodes a transmembrane protein
consisting of 934 amino acids expressed on the cell
surface; variant 2 (v2; UniProt IDQo01973-2) lacks
the amino terminus of 549 amino acids; intracellu-
lar/secreted variant 3 (v3; UniProt IDQ01973-3),
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JIOT, DKCIIPECCUPYEMBIX HAa KJIETOUHON ITOBEPXHO-
ctu; BapuaHTt 2 (v2; UniProt IDQ01973-2) auiieH
aMUHO-KOHIIA U3 549 aMUHOKUCJIOT; BHYTPUKJIETOYU-
HbBIN/cekpeTupyemMbiii Bapuadnt 3 (v3; UniProt
IDQ01973-3), KOTOPHIH MPEAIOJI0KUTETBHO KOIH-
pyeT aMHUHO-KOHEIT U3 393 aMUHOKHUCIIOT [4].

Briepssle sxcnpeccuto ROR1 Bo MHOTHX 3J10Kaue-
CTBEHHBIX HOBOOOPA30BaHUsAX, TAKUX KaK B-kieTou-
HBI XPOHUYECKUH JIEUKO3, paKk ASUudHUKOB, PMIK,
JIETKUX, OOHAPYKUJIU IPHU [TOMOIIU TPAHCKPUIIIIH-
OHHOTO aHanu3a [5, 6]. UMMyHOTHCTOXUMUYECKUH
metoy, ucciaenopanus (MI'X) Kak 3aMOpPOKEHHBIX
00pasIoB OITyXOJIEBOU TKaHW, TaK W (PUKCUPOBAH-
HBIX (OPMAJIMHOM U 3UIUTHIX TapapuHOM GJIOKOB ¢
IIpUMEeHEHNEeM aHTHUTeJ, TPOIHBIX K N-KOHIIeBOU
obsractrt ROR1, Takke TOMOT 0OHAPYKUTH SKCITPEC-
CHIO0 JJAHHOW THUPO3MHKWHA3BI B COJIUAHBIX OIyXO-
asix. Ho B OGOJBIIMHCTBE WCCIENOBAHUU YAATIOCH
BBISIBUTH YKCIPECCUIO ITUTOILIA3MATHUYECKU PACIIO-
snoxeHHoN ROR1, a He Ha MOBEPXHOCTU KJIETKH, KaK
5TO OXKUJIAJIOCH B HAUaJsIe MccaeaoBaHus [1].

Akcupeccusi ROR1 u3yyanach B oOpasmax 3710-
POBOM TKaHM HPHU MOMOIIM Pa3JINYHBIX METOO0B,
BKJIIOYAs TPAHCKPUIITOMHBIE TEXHUKH, UMMYHO-
onorTuHT 1 UT'X. [Ipu moMonu muToMeTpuu ObLI0
mokasaHo, uTo ROR1 mpucyTcTByeT Ha KJIETOUYHOU
IIOBEPXHOCTU aJUIOLUTOB, Aud@epeHnpoBan-
HBIX INn VIilro U3 KJIETOK-IIPEAIIECTBEHHUKOB, U Ha
IIOBEPXHOCTH HOPMAJIBHBIX B-KJI€TOK KOCTHOTrO
mosra [7]. Paznuunblie crenuduunbie kK ROR1
aHTHUTEJIA UCII0JIH30BAJINCH JIJIs1 OOHAPYKEeHU JIaH-
HOTO Oeska B KJIETKaX HOPMAJIbHBIX TKaHEW MPHU
nomotmu MI'X u ummyHoOsoTTHHTa [8—10]. Jlan-
Hble HUCCJIeZIOBAaHUA MPUILIN K Pa3HBIM pe3yJbTa-
TaM, HO ObLIM eauHbl B omHOM: ROR1-v1 usbupa-
TEJIPHO JKCIIpeCCUPYETCA B OIYXOJIEBBIX KJIETKAX,
HO HE B 3/]J0POBBIX.

I'pynna ucememosareneit (A. Balakrishnan et al.)
usydyanu 3GQPEeKTUBHOCTb H300PETEHHOTO HMH
antutesia 6D4 mAb, TPOITHOTO K KapOOKCH-KOHILY
ROR1, npu nposesnenun MI'X. OHU nokasanu, 4To
ROR1 romoreHHO 3KcHpeccupyeTcs B TKaHAX TPOU-
HOTO HETAaTUBHOTO paKa MOJIOUYHOH »KeJie3bl, paka
SUYIHUKOB U JIETKOTO. Takke BBIABUIJIN HEKOTOPYIO
DKCIIPECCHIO JIAHHOTO 0eJika B 370POBBIX TKAHSX,
TaKUX KaK IapalluTOBUIHBIE JKeJIEe3bl, OCTPOBKU
TIO/PKEJTYIOYHON JKeJie3bl, CJIM3UCTas MHIINEBO/A,
JKeJIy/IKa, BEHAAIaTUIIEPCTHOW KUK [9].

Pax uccnenmoBaHMil moKasany, YTO IIPU pake
MOJIOYHOH 2kesie3bl skcpeccuss ROR1 6b11a cBsA3aHa
C BBICOKMM YPOBHEM Hpoyidepanui OIyXOJIeBBIX
KJIETOK, YCKOJIB3aHUEM OT aIlOIT03a U CKJIOHHOCTHIO
K SIUTENATbHO-ME3eHXUMAJIIbHOMY  IIE€PEXOMY
(OMII) [12].

which is proposed to encode the amino terminus of
393 amino acids [4].

For the first time, ROR1 expression in many
malignant neoplasms, such as B-cell chronic leuke-
mia, ovarian cancer, BC, lung cancer, was discovered
using transcriptional analysis [5, 6]. Immunohisto-
chemistry (IHC) of both frozen tumor tissue samples
and formalin-fixed, paraffin-embedded blocks using
antibodies to the N-terminal region of ROR1 also
helped detect the expression of this tyrosine kinase
in solid tumors. But most studies were able to detect
the expression of ROR1 located in the cytoplasm, and
not on the cell surface, as expected at the beginning
of studying [1].

ROR1 expression has been studied in healthy tis-
sue samples using a variety of methods, including
transcriptomic techniques, immunoblotting, and
IHC. Using cytometry, ROR1 has been shown to be
present on the cell surface of adipocytes differenti-
ated from progenitor cells in vitro and on the surface
of normal bone marrow B cells [7]. Various ROR1-
specific antibodies have been used to detect this pro-
tein in normal tissue cells using IHC and immunob-
lotting [4, 8—10]. These studies came to different
results, but were unanimous in one thing: ROR1-v1 is
selectively expressed in tumor cells, but not in
healthy ones.

A group of researchers (Balakrishnan et al.) stu-
died the effectiveness of their developed 6D4 mono-
clonal antibody which is tropic to the carboxy termi-
nus of ROR1, by THC. They showed that ROR1 is
homogeneously expressed in the tissues of triple
negative breast cancer, ovarian cancer, and lung ade-
nocarcinomas. Some expression of this protein was
also detected in normal tissues, including parathy-
roid, pancreatic islets, esophageal, gastric and duo-
denal mucosa [9].

A number of studies have shown that in breast
cancer, ROR1 expression was associated with high
levels of tumor cell proliferation, escape from apop-
tosis, and susceptibility to epithelial-mesenchymal
transition (EMT) [10].

Pandey et al. showed that ROR1 expression was
most often found in the triple negative subtype of
breast cancer, the luminal A subtype was in second
place, less often in HER2-positive breast cancer
and the luminal B subtype. The researchers also
showed that the high levels of expression of this
protein were associated with worse survival with-
out distant metastasis. An association has also
been shown between ROR1 expression and the
level of fibroblast growth factor receptor 1 (FGFR1)
expression. The possibility has been noted that
ROR1 maintains FGFR1 expression, which, in turn,
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G. Pandey et al. mokasasu, uto skcipeccuss ROR1
Yarie BCero Bcrpevassach Py TPOMHOM HETaTUBHOM
MIOITUIIE PAKA MOJIOYHOH KejIe3bl, HA BTOPOM MeCTe
OKazaJicAd JIIOMHUHQIBHBIA A TOATUII, peXe — IpU
HER2-ntonoxurtespHoM PMX U JjI10MUHAJIIBHOM
B moarune. Takske mccaeqoBaTesd IMOKa3asid, 4TO
BBICOKUE IIOKA3aTeJU DKCIPECCUU JTAHHOTO Oeska
OBLTM CBSI3aHBI C XYZIIEHd BBIKHBAEMOCTHIO 0e3
OTJTAJIEHHOTO MeTacTa3upoBaHusA. Takike ObLIa
IOKa3aHa cBA3b Mexay skcnpeccueir ROR1 u ypos-
HEM DKCIIpeCCHH periernTopa dpakTopa pocra ¢pubpo-
6macroB 1 (FGFR1). Bruia orMeueHa BEPOATHOCTH
toro, yto ROR1 nmogep:xuBaet skcrpeccruio FGFR1,
4TO, B CBOIO O4YEpE/b, OIpe/essseT MaKCUMaJbHO
3JI0KQYECTBEHHOE Te€UEeHHEe TPOUHOTO HETATUBHOTO
PMXK [11].

M.K. Hasan et al. mpeacraBuin JaHHBIE O TOM,
uyro Wntsa ungymupyer ROR1, uTo npuBoauT K
PEKpPYTUPOBAHUIO KOpTakTHHA. KopTakTuH urpaer
Ba)KHYIO POJIb B IIPOIIECCE MEKKIJIETOYHOU a/IT€3UH —
CJIeIOBATEILHO, €T0 PEKPYTUPOBAHUE CIIOCOOCTBYET
KJIETOUHOU MUTpAIMU U TOABJIEHUIO OTAAJIeHHBIX
Metacrta3oB npu PMJK. 13 3TOro Mo:KHO cpesaTh
BBIBOJI, uTO 3KcIipeccus ROR1 B kinetkax PMK Oyzet
CBA3aHA C BBICOKMM DHCKOM OTJIaJIEHHOTO MeTacTa-
3UPOBAHUS U XYAIIUM IIPOTHO30M [12].

ITpu ceaseiBanuu ROR1 ¢ 6esikom Wntsa Wnt-
CUTHAJIBHOTO IIyTH 3allycKaeTcs KacKaJ, peakIui,
CIIOCOOHBIX NIPUBECTH K aKTuUBanuu Oeiaxa BMI-1.
Besnok BMI-1 oTtHOcuTCsT K ceMelcTBYy polycomb,
UTpapIleMy HEMaJOBLXKHYIO pOJIb B IIpoIeccax
3aIporpaMMHPOBAHHON KJIETOYHOH THOEIH, cTape-
HHUH KJIETOK, cIIocoOHOcTH BoccraHapiauBath JJHEK,
MOZAEP>KUBATh POCT U IPOJIKdePaIUio OIIyX0JIeBBIX
k1eTok. B HopMe BMI-1 moTeHIMpyeT HEUPOHATb-
HbBIE CTBOJIOBBIE KJIETKU U T€MOIIOITUYECKHE KIETKHU
JUisa ydactusa B mporeccax AuddepeHIIupOBKU U
obHoBeHuA [13].

B psanme wucciemoBaHuii ObBUIO TOKAa3aHO, YTO
BMI-1 3amyckaercsi mpu axrtuBaruu PISK/AKT-
curHanpHoro nmytu. 1 BMI-1, u AKT koaktusupy-
I0TCA B 3HAYUTEJIbHON YacCTU OIyXOJel ¢ BBICOKUM
3JI0KaueCcTBeHHBIM noTeHImasioM. AKT omocpenyet
docdopunupoBanue O6enxka BMI-1, ycunuBas tem
caMbIM €ro OHKOTE€HHBIM MMOTEHIHAI. TOT IPOIlece
MoAyJ/IupyeT OoTBeT Ha noBpexenue JIHK u Bauser
Ha cTaOMJIBHOCTh T€HOMA, HapyIlas ee.

Jlpyroe He3aBHCHMOE HCCIEAOBAaHHE IOKA3aJIo,
uto ¢ochopunmposanue BMI-1 npu momomu AKT
TaKk)Ke MOKET MOJYJIMPOBATh €ro (PyHKIIUIO depe3
Zpyro#l curHajbHBIA 1myTh — Ink/Arf. ®ochopuin-
poBanme BMI-1 yesoBeka mo Ser316 ¢ IIOMOIIBIO
AKT Hnapymiano ero GyHKINIO, BBI3bIBAs JIUCCOIIMA-
nuio ot jiokyca Ink4a/Arf, uro mpuBOAMIIO K CHUMKE-

determines the great malignancy of triple negative
BC [11].

Hasan et al. presented evidence that Wntsa
induces ROR1, which leads to the recruitment of cor-
tactin. Cortactin plays an important role in the pro-
cess of intercellular adhesion; therefore, its recruit-
ment promotes cell migration and the appearance of
distant metastases in breast cancer. From this we
can conclude that ROR1 expression in breast cancer
cells will be associated with a high risk of distant
metastasis and a worse prognosis [12].

When ROR1 binds to the Wntsa protein of the
Wnt signaling pathway, a cascade of reactions is trig-
gered that can lead to the activation of the BMI-1
protein. The BMI-1 protein belongs to the Polycomb
group proteins, which plays a not unimportant part
in programmed cell death, cell aging, DNA repair
capacity, and maintaining the growth and prolifera-
tion of tumor cells. Normally, BMI-1 activates neural
stem cells and hematopoietic cells to participate in
differentiation and renewal [13].

A number of studies have shown that BMI-1 is
triggered by activation of the PI3K/AKT signaling
pathway. Both BMI-1 and AKT are co-activated in
the majority of high-grade tumors. AKT mediates
phosphorylation of the BMI-1 protein, thereby
enhancing its malignant potential. This process
modulates DNA damage response and affects
genomic stability by disordering it.

Another independent study showed that phos-
phorylation of BMI-1 by AKT may also modulate its
function via another signaling pathway, Ink/Arf.
Phosphorylation of human BMI-1 via Ser316 by AKT
impaired its function, causing dissociation from the
Inkga/Arf locus, resulting in decreased ubiquity-
lation of histone H2A and the inability of BMI-1 to
promote cell proliferation and tumor growth [14].
Moreover, AKT-mediated phosphorylation of BMI-1
also inhibits its ability to promote self-renewal of
hematopoietic stem and progenitor cells. These stud-
ies reveal the mechanism of increased p16Ink4a and
p14Arf subunits observed in cancer cells with acti-
vated phosphoinositide 3-kinase (PI3K/AKT) signal-
ing pathway and identify the crosstalk between phos-
phorylation events and the chromatin structure.
Together, these data indicate context-dependent
variability in the functional outcome of phosphory-
lated BMI-1.

A number of studies have shown that high levels
of BMI-1 expression are observed in breast cancer,
which, in turn, correlated with dramatic progression
and poor prognosis. It was noted that this protein
plays quite an important role in tumor invasion and
metastasis by modulating the expression of EMT
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HUIO YOMKBUTUHHUPOBaHUsA TucToHAa H2A m Hecro-
cobHocTn BMI-1 cTMy/IMpOBaTh KJIETOUHYIO IPO-
gudepanuio U pocT omyxonau [14]. Bosee Toro,
AKT-onocpenioBanHoe docdopunupoanue BMI-1
TaK}Ke WHTHOWPYET €ro BO3MOKHOCTb CIIOCOOCTBO-
BaTh CaMOOOHOBJIEHUIO T'€MOITO3THUYECKUX CTBOJIO-
BBIX KJIETOK M KJIETOK-IIPEJIIEeCTBEHHUKOB. JTU
HCC/IeJIOBAHUS PACKPBIBAIOT MEXaHHU3M IIOBBIIIEH-
HOTO coziep:kaHusA p16Inkqa u p14Arf cy6pequnuI,
HAa0JII0IA€MOTO0 B PAKOBBIX KJIETKAX C aKTUBHUPOBAH-
HBIM CUTHAJIBHBIM IyTeM (ocHOUHO3UTU-3-
kuHasbl (PI3K/AKT), u onpe/iesaioT nepekpecTHbIe
IIOMeXU MEeXAY COOBITUAMU (HOChHOPUIUPOBAHUS U
CTPYKTYpOU XpoMaTuHa. BMecre 5TH JaHHBIE YKa3bI-
BAaIOT HAa 3aBHUCAIILYI0 OT KOHTEKCTa U3MEHUYHBOCTH
dyHKIIMOHAIBFHOTO pe3yJsbTaTta ¢GochopuImpoBaH-
Horo BMI-1.

Psap wccnepoBaHMi TIOKa3ajiud, YTO IPU pake
MOJIOYHBIU JKeJIe3bl HAOJTI0IAI0TCS BHICOKHE YPOBHH
skcnpeccuu BMI-1, 4yTo, B CBOIO 04Yepesib, KOppeJIu-
pOBAJIO C aTPECCUBHBIM TEUEHUEM OITYXOJIH U HebJ1a-
TONPUATHBIM IPOTHO30M. BBLIO OTMeuUeHo, UTo J1aH-
HBIA O€JIOK UTPaeT HEMAJIOBAKHYIO POJIb B MHBA3UH
U METacTa3UPOBAHUU OITyXOJIeH, MOIYJIUPYSA BDKC-
npeccuro 6enkoB OMII. In vitro u in vivo 6enox
BMI-1 mokasas BaXKHYIO pojb B (OPMUPOBAHUU
BBICOKOII OHKOT€HHOCTH KJIETOUHBIX JimHui PMIK.
Taxxe kosutabopanus BMI-1 u HRAS npuBogur K
KpalHe 3JI0KauecTBeHHOMY deHoTHrIry PMIK, moBbI-
[aeT MPOILEHT OTAAJIEHHOTO MeTacTa3MpPOBAaHUA B
IeYeHb, ceJIe3eHKY, TOJIOBHOK MO3T [15].

J.Y. Liu et al. B cBoeM ucciieoBaHUH IPUBOJIAT
WHTEPECHBIE JJAHHBIE O TOM, YTO CTUMYJIMPYIOIIHE
poct omyxosin 3(pdeKTh, 00yCIOBIEHHbIE AKTUBA-
nueit BMI-1, oT/imyaroTes B KJIETOYHBIX JIMHUAX Pa3-
JIMYHBIX MOJIEKYJIAPHBbIX noaTrunos PMXK. AsTopsl
IMOKa3aJIu, YTO OpU JIIOMUHAIBHOM A noaTuiie PM7K
BMI-1 cnocobcerByer mposirdepanui OIMyX0JIeBBIX
KJIETOK IIOCPEJCTBOM WHTUOUPOBAHUS TPAHCKPUII-
nuu CDKN2D, npu TpoHHOM HeraTHBHOM IIOJITUIIE
STO TIPOUCXOAUT 32 CUET HMHTHOUPOBAHUA TPAaHC-
kpuniun BRCA1 [16]. B JlOMUHAIBHBIX KJIETKAaX
paka MOJIOUHOMU 2KeJie3bl IOJATUIIA A aBTOPHI cocpe-
moroumnuck Ha CDKN2D (p19INK4d), xoTopbiit
MIPUHAIJIEXKUT K ceMelcTBy OenkoB INK4, uHrubu-
TopoB CDK4. CemetiictBo INK4 cocrout n3 CDKN2A,
CDKN2B, CDKN2C u CDKN2D, koTopble cBA3bIBa-
torca ¢ CDK4 u CDK6 u cnenuduyveckun WHrubOu-
PYIOT aKTUBHOCTH KHHA3bI PRb KOMILIEKCOB ITUKITHH
D-CDK4 u nukinud D-CDK6, 9ToObI perysupoBath
dazoserii nepexon G1-S. I'ensl cemeiicrBa INK4 nieii-
CTBYIOT KaK OILyXOJIEBbIE CYIIPECCOPBI B IIaTOTeHe3e
MHOTHX  3JIOKQUeCTBEHHBIX  HOBOOOpPa30BaHUM,
BKJIIOUAsI JIEUKEMUIO [17], 1 00eCTIeUnBaIOT IPSMYIO

proteins. In vitro and in vivo, the BMI-1 protein
showed a substantial role in the formation of high
carcinogenicity of BC cell lines. Also, BMI-1 and
HRAS co-expression leads to an extremely malig-
nant phenotype of BC and increases distant metasta-
sis to the liver, spleen, and brain [15].

Liu et al. provide data of interest that effects pro-
moting tumor and caused by BMI-1 activation differ
in cell lines of different molecular subtypes of BC.
The authors showed that in the luminal A subtype
of breast cancer, BMI-1 promotes tumor cells prolif-
eration by inhibiting the transcription of CDKN2D;
in the triple negative subtype, this occurs by inhibit-
ing the transcription of BRCA1 [16]. In luminal A
subtype breast cancer cells, the authors focused on
CDKN2D (p19INK4d), which belongs to the INK4
family, CDK4 inhibitors. The INK4 family consists
of CDKN2A, CDKN2B, CDKN2C, and CDKN2D,
which bind to CDK4 and CDK6 and specifically
inhibit the pRb kinase activity of the cyclin D-CDK4
and cyclin D-CDK6 complexes to regulate the G1-S
phase transition. INK4 family genes act as tumor
suppressors in the pathogenesis of many malignan-
cies, including leukemia [17], and provide a direct
correlation between tumorigenesis and loss of
damping mechanisms. Wang et al. found that PML/
RARa can impair both proliferation and differentia-
tion by suppressing the expression of CDKN2D,
thereby promoting the development of acute pro-
myelocytic leukemia [18]. However, the role of
CDKNZ2D in breast cancer has not been widely stud-
ied. Liu et al. showed that BMI-1 may function by
inhibiting CDKN2D, thereby suggesting that
CDKN2D may serve as a target gene for BMI-1 in
luminal A breast cancer. The researchers also deter-
mined mRNA levels of BMI-1 in normal tissue cells
and tumor cells of the mammary gland. It was
shown that BMI-1 levels were significantly higher in
breast carcinomas [16]. Using immunofluorescence
analysis, the expression of this protein in triple-
negative BC and luminal A subtypes was studied.
Both molecular subtypes of BC showed increased
levels of BMI-1 expression, even though luminal A
subtype tumors generally have more favorable
prognosis [19]. These results confirmed the data of
previous studies indicating significantly high levels
of BMI1 expression in breast malignancies [15].
This study showed that BMI-1 expression was sig-
nificantly upregulated in breast cancer tissues com-
pared to normal tissues at both mRNA and protein
levels. Loss-of-function experiments confirmed that
BMI-1 expression downregulation could inhibit
proliferation and migration of breast cancer cells
in vitro and in vivo. These findings indicate that
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CBA3Db MEXK/y OHKOT'€He30M U IOoTepell HeraTUBHOTO
KOHTPOJISI IIPOTPECCUPOBAHUA KJIETOUYHOIO LUKJIA.
Y. Wang et al. o6napyxunu, uro PML/RARa mosxer
HapymaTh Kak nposmdepanuio, Tak u auddepen-
IIUPOBKY IIyTeM IojiaByieHus skcnpeccuu CDKN2D,
TEM CaMbIM CIIOCOOCTBYsI IIATOTEHE3Y OCTPOTO IIPO-
MUEJIOIUTApHOTO Jieiiko3a [18]. OxHako posb
CDKN2D B pasBuUTHH paka MOJIOYHOH IKeJe3bl
IIUPOKO He ndyvanack. J.Y. Liu et al. mokaszanu, uro
BMI-1 wMoxeT GYHKIHMOHUPOBATh, WHTUOUPYA
CDKN2D, tem cambiM mpeznosaras, utro CDKN2D
MOKET CJIY?>KUTh FfeHOM-MuIlieHbio BMI-1 mpu siromu-
HaJIBHOM IIOATHIIA A pakKe MOJIOUHOM :KeJe3bl.
Taxoke ucesenoBarenu onpeenuan yposau MPHK
BMI-1 B 3710pOBBIX KJIETKaX MOJIOUHOM Kejle3bl U B
KJIeTKaX omyxosiell. Bpulo IMMOKa3aHO, YTO YPOBHU
BMI-1 ObLTH 3HAYUTEBHO BBIIE P KapIIHHOMAX
MOJIOYHOH 2Kejie3bl [16]. C mOMOIIbI0 UMMYHOMJIIO-
OPECIIEHTHOTO MeTo/Aa ObLIa M3ydeHa 3KCIPECCHUs
JIAHHOTO OeJiKa MpH TPYKAbl HeraTuBHoM PMIK u
JIIOMHUHQIBHOM A mozaTHIe. B 0601X MOJIEKY/IAPHBIX
noaTunax PMM ObLIM BBISIBJIEHBI ITOBBIIIEHHBIE
ypoBHHU 3Kcripeccun BMI-1 nake HecMOTps Ha TO,
YTO OIYXOJIU JIIOMHHAJIBHOTO A TMOATUNA OOBIYHO
XapaKTepu3yloTcs Oosiee GJIarONMPUSATHBIM ITPOTHO-
30M [19]. AT pe3ysbTaThl MOATBEPAUIU JAHHBIE
MPEJIBIAYIIUX UCCIENOBAHUN, TOBOPAIINX O CTaTH-
CTUYECKU 3HAUYMMO BBICOKHUX YPOBHAX HKCIIPECCUU
Oeska MpPU 3JIOKAYECTBEHHBIX HOBOOOPa30BAHUAX
MOJIOUHOH skene3bl [15]. JlaHHOe wucCcaenoBaHue
IoKa3ajio, 4To 3Kcmpeccuss BMI-1 Obuta 3HAUM-
TeJIbHO ITOBBIIIIEHA B TKAHAX PAKa MOJIOUHOH JKeJIe3bl
[0 CPaBHEHHWIO CO 3J0POBBIMH TKAaHAMHU KaK Ha
ypoBHe MPHK, Tak u Ha ypoBHe omnpezesieHUA
caMoro 6eJyika. AHAJIU3BI TOTEPU GYHKITUU ITOATBEP-
WU, YTO CHU)KeHHe sKciipeccun BMI-1 mosker
WHTUOUPOBATh MPOIUQEPAIUI0 U MUTPALNIO KJIe-
TOK paka MOJIOYHOH 2KeJIe3bl in vitro u in vivo. ATU
JlaHHbIE TIOKa3bIBaIOT, uTO0 BMI-1 feiicTByeT Kak
OHKOT€H B Pa3BUTHHU PaKa MOJIOYHOMU KeJIe3bl.

Hcexona u3 cymiecTByromux (yHAaMeHTalbHBIX
JlaHHBIX 0 posin 6estkoB BMI-1 1 ROR1 pu 3y10Kaue-
CTBEHHBIX HOBOOOPA30BaHUSIX, IIPEJICTABIIAET HECO-
MHEHHBIN HHTEPeC KOMILIEKCHOE U3YUeHNe TaHHbIX
(akTOpOB B OTHOIIEHUU KJIMHUYECKUX U MOPDOII0-
THYECKHUX IIapaMeTpoB 3aboJieBaHUsA y OOJIbHBIX
PaKOM MOJIOYHOH KeJIe3Bbl.

IIEJIb NCCJIEAJOBAHUA

N3yunTh KINHUKO-MOP(QOJIOTHYECKHE OCOOEeH-
HOCTH 3a00JI€EBaHUSA B 3aBUCUMOCTH OT SKCIIPECCHH
BMI-1 u ROR1 B IepBUYHOM OIyX0JH Y GOJIBHBIX C
JIIOMUHAJIBHBIM PaKOM MOJIOUHOU ’Kejie3bl Ha (oHe
Tepanuy HHTHOUTOpaMH apOMaTasbl.

BMI-1 acts as an oncogene in the breast cancer
development.

Based on the current essential data on the role of
BMI-1 and ROR1 proteins in malignant neoplasms, a
comprehensive study of these factors in relation to
the clinical and morphological parameters of the dis-
ease in patients with breast cancer is of undoubted
interest.

AIM OF THE RESEARCH

To study the clinical and morphological features
of the disease depending on BMI-1 and ROR1 expres-
sion in the primary tumor in patients with luminal
breast cancer during aromatase inhibitor therapy.

MATERIALS AND METHODS

A study included 80 patients with T1-2No-1Mo
primary operable BC who were treated in the Depart-
ment of Oncology of the Cancer Research Institute of
the Tomsk National Research Medical Center
(TNRMC). The mean age of the patients was
62.1 + 8.1 years. Inclusion criteria for the study were:
histologically confirmed luminal HER2-negative BC,
adjuvant treatment with aromatase inhibitors, and
postmenopause. Exclusion criteria were: preopera-
tive treatment, adjuvant chemotherapy, multiple pri-
mary malignant tumors. The study was approved by
the local Ethics Committee of the Cancer Research
Institute of the TNRMC. All patients underwent sur-
gical treatment including mastectomy or lumpec-
tomy, radiation therapy and adjuvant hormone ther-
apy with aromatase inhibitors. Staging of BC was
performed according to the TNM classification (7th
edition). The follow-up was at least 3 years. A mor-
phological study of the samples was carried out. The
primary tumor tissue and resected axillary lymph
nodes were examined. We used a Nikon ECLIPSE Ni
light microscope. The diagnosis was made according
to the WHO Classification of Tumors of the Breast,
5th Revision (2019). Analysis of ROR1 and BMI-1
expression in the primary tumor was performed on
paraffin sections with IHC method using a Bond-
MAX (Leica Biosystem) automated staining system.
Antibodies to ROR1 (ROR1 antibody, polyclonal,
1:100, ThermoFisher) and BMI-1 (BMI-1 antibody,
polyclonal, 1:100, ThermoFisher) were used. Prolif-
erative activity of tumor species was assessed by Ki67
staining (clone SP6, Cell Marque). In each case, the
presence and intensity of staining and the percent-
age of positive staining for ROR1 and BMI1 were
assessed.

Statistical analysis of the data was carried out
using Statistica 10.0 software. Normally distributed
data were checked using the Kolmogorov-Smirnov
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MATEPUAJIBI 1 METO/bI

B uccnenoBanue 6bUTH BKJIFOUEHBI 80 MTAITUEHTOK
¢ T1-2No-1Mo cragusamMu mepBUYHO-0IIepabeTbHOTO
PMK, mpoXOIMBIIINX JIEUEeHUE B OT/IEJIEHUH OOIIeH
oHnkosiorun HUU onkosioruu ToMCKOT0O HalfuOHAaIb-
HOTO WCCJIEZIOBATEIHCKOTO MEIUIIMHCKOTO I[eHTpa
(THUMLI). Cpennuii BO3pacT OOJBHBIX COCTABHUJI
62.1 + 8.1 roga. Kputepusamu BKJIIOUEHUS B UCCJIe-
JIOBaHUEe OBLIM THUCTOJIOTHYECKU ITOATBEPIKAEHHBIH
moMmuHanbHbii HER2-HeratuBubii PMJK, agbio-
BAHTHOE JIeueHHe UHTHOUTOpaMHu apoMaTasbl, IIOCT-
MeHomay3a. Kputepuu UCKIIUEHH: TpeoTIepaliy-
OHHOE JIeueHWe, aJbIOBAaHTHAs XUMHOTEpAIus,
IIEpBUYHO-MHOKECTBEHHbIE 3JI0KAUECTBEHHBIE OITy-
xosu. HcceemoBanue ObUIO OI00PEHO JIOKAJTBHBIM
sTudeckum komuterom HUU onkosorun THUMII.
Bce manueHTKH MOJIydan ONEpaTUBHOE JIeYEHHE B
o0beMe MaCTAKTOMHHU WU CEKTOPAJIbHOH pe3ek-
1Y, JIyIeBOU TEPAINU U a/TIOBAHTHOU TOPMOHOTE-
panuu nHrubUTOpaMu apoMarasbl. PacmpocrpaHeH-
HOCTb OHKOJIOTHYECKOTO 3a00JieBaHUs OIpeesis-
Jlach COIVIACHO MEKAYHAPOHOU KjaccuuKamuu
TNM (7-e uzmanue). Cpoku HaGIIOAEHUA 32 OOJIb-
HBIMU COCTABUJIN He MeHee 3 jieT. [[poBoIiIn Mop-
(osiornueckoe  MCCIEOBAaHUE — OIEPAIIHOHHOTO
MaTepuaia. Msydanach TKaHb IEPBUYHOU OITyXOJIH
U yaJeHHbIe aKCUIAPHBIE TUMMATHIECKHE Y3JTbI.
HceseoBaHme TPOBOJTHIIOCH C TIOMOIIBIO CBETOBOTO
mukpockomna Nikon ECLIPSE Ni. /[uaruos ycranas-
guBasicsi coryacHo «Kiaccudukanuu —omyxosiei
MOJIOUHOH 3Keje3bl, 5-i nepecmorp» (BO3, 2019).
Ananmus skcmpeccun 6e1koB ROR1 u BMI-1 B mep-
BUYHOH OITyXO0JIW MPOBOJIMIN HA MapadHUHOBBIX Cpe-
3aX UMMYHOTHCTOXUMHYECKHUM criocobom. Hceieso-
BaHUE BBIMOJIHAJIOCH HA aBTOMAaTUYECKOM UMMYHO-
rucrocreiiniepe Bond-MAX (Leica Biosystem). ITpu-
mensutn  aHTuTes1a kK ROR1 (ROR1 antibody,
polyclonal, 1:100, ThermoFisher) u BMI-1 (BMI-1
antibody, polyclonal, 1:100, ThermoFisher). ITposu-
(epaTUBHYI0 aKTUBHOCTH OITyXOJIM OIIEHUBAJIM IO
yposHio skcrpeccuu Ki67 (clone SP6, Cell Marque).
B xaxk/1oM ciiydae OIleHHBaIOoCh HAJTMYNE U CTETIEHD
BBIDQKEHHOCTH HMMYHHOTO OKpAIIMBaHUs, IPO-
[IEHT MO3UTUBHO OKPAIIEHHBIX OIyX0JIEBBIX KJIETOK.

CTaTHCTUYECKUN aHAINU3 IOJYYEHHBIX JAHHBIX
MIPOBOJIUJICS C WCIIOJIb30BAHUEM IIaKETa MPOrpaMM
Statistica 10.0. HopmaysibHOCTb pacpe/iesieHus pu-
3HAKOB B BBIOOPKE IIPOBEPSIIA C KCIIOJIb30BaHHUEM
Tecra Kosmmoroposa — CMupHoBa. /1714 nepeMeHHbIX
¢ HEHOPMAaJIbHBIM paCIIpeJieJIEHUEM HCIIOJIb30BaH
TecT MaHHA — YWTHHU, TPEACTaBJIE€Hbl 3HAUYEHUS
menuanbl (Me), 25-ro u 75-ro kBapTuis (Q1; Q3).
J1714 BBISIBJIEHU S B3AUMOCBA3€H MEK/Ty ABYMS KOJIU-
YeCTBEHHBIMH ITOKA3aTEISIMU OIIEHUBAJIA PAHTOBBIH

test. For non-normally distributed data, the Mann-
Whitney test was used. The values are presented as a
median (Me), 25th and 75th quartiles (Q1; Q3). To
identify relationships between two quantitative vari-
ables, the Spearman’s rank correlation coefficient
was used. Differences between the variables were
considered statistically significant at p < 0.05.

RESULTS

In the study group, 70 patients had the luminal A
subtype, 10 patients — the luminal B/HER2-negative
subtype. In 67 patients, the primary tumor was pre-
sented by nonspecific invasive carcinoma; in 13 cases,
invasive lobular cancer was diagnosed. Based on the
results of immunohistochemical tests for the studied
proteins, a retrospective comparison of the expres-
sion level of ROR1 and BMI-1 with the clinical and
morphological parameters of the primary tumor was
carried out: size, stage, grade, regional lymph node
involvement and distant metastases. According to
the results of immunohistochemistry, positive stain-
ing for BMI-1 was observed in 64% of cases, positive
staining for ROR1 was less common and amounted
to 24% of cases.

It was shown that in the group of patients with
positive staining for BMI-1 in carcinoma cells, the
size of the primary site was significantly larger com-
pared to the group of patients with negative staining
for BMI-1 (Fig. 1) (p <0.05).

The stage of cancer did not differ significantly
depending on the level of expression of the proteins
in carcinoma cells. However, it was shown that with
increasing the tumor grade, the number of cases with
ROR1 expression increases (Fig. 2) (p < 0.05). The
level of tumor proliferative activity, evaluated by
Ki67, correlated with the expression of ROR1 (p =
0.312, p = 0.03) and BMI-1 (p = 0.310, p < 0.031).

Regional lymph node metastases in breast cancer
are an important factor that both determines the
prognosis of the disease and influences the treatment
tactics of patients. In the study group of patients,
regional lymph node involvement was found in 16
patients. According to the results of our study, in the
group of patients with regional lymph node metasta-
ses, the expression of both markers was significantly
higher (Table 1).

During the follow-up (60 months), in 68 cases
there were no signs of disease progression; in 12
cases, distant hematogenous metastases were regis-
tered. In 10 cases, patients had axial skeletal metas-
tases, in 2 cases — visceral metastases. According to
the data obtained, the occurrence of distant metasta-
ses revealed during the follow-up in patients with
luminal A and luminal B/Her2-negative subtypes
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koa(dPuruent koppesnsuuu CnupmeHa. Paznuums
MEK/Iy UCC/IeAyEMBIMU MTPU3HAKAMH CIYUTAJINCH CTa-
TUCTUYECKU 3HAYMMBIM IIPH YPOBHE P < 0.05.

PE3YJ/IBTATDBI

B nccneoBaHHOH TpyIille 70 MAIUEeHTOK UMesH
JIIOMUHAJIBHBIN A HOJTUI, 10 MAIJUEHTOK — JIIOMU-
HanbHBIH B/HER2-oTpHIaTeIbHBIA  MOJIEKYJISIP-
HBIH cyOTHII. Y 67 MallMeHTOK IepBUYHAsA OILyXOJIb
ObLTa TIpe/iCTaB/ieHA WHBA3WUBHOU KapIUHOMOMU
HecrenuUUIeCcKOro TUIA, B 13 HAOJIIOAEHUAX Aua-
THOCTUPOBAH WHBA3UBHBIM JOJBKOBBIM pak. Ha
OCHOBe pe3ysbTaToB nposegeHHoro UI'X umccmeno-
BAaHUSA N3YIAEMBIX OETKOB IPOBOIMIJIOCH PETPOCIIEK-
TUBHOE COIIOCTaBJIeHUe YPOBHA sKcnpeccrin ROR1 u
BMI-1 ¢ xJIuHUKO-MOPGOJIOTUYECKHMHU HapaMe-
TpaMU NEPBUYHON OITyXOJIM: Pa3MEPOM MEPBUYHOMN
OIIyXOJIU, CTazuell 3ab0JIeBaHMUsA, CTENIEHBIO 3JI0KA-
vecTBeHHOCTH (grade), CTaTycOM pernoOHaPHBIX JIUM-
(atrmueckux y30B U HaKTOM IMOSBIEHUSA OTAAJIEH-
HBIX MeTacTasoB. Ilo pesysbpraTaM NpPOBeZIEHHOTO
UTI'X uccnenoBanusa MO3UTHUBHAA dKcripeccusa BMI-1
Habmozanace B 64 % ciaydaes, sxcupeccuss ROR1
BCTpedyasiach perke M COCTaBWIA B HCCJIETOBAHHOM
BBIOOpKE 24 %.

BpL10 OKa3aHO, UTO B TPYIIIE NAIUEHTOK C IIO3HU-
TUBHOMU sKcIpeccueii 6eka BMI-1 B KJIeTKax KapIiiu-
HOMBI pa3Mep IEPBUYHOTO OITyX0JIEBOTO Ovara ObLI
JIOCTOBEPHO OOJIBIIIE B CPABHEHUH C TPYIIIIONA 6OJIb-
HBIX, B OIIyXOJI KOTOPBIX HE OIIPe/esIsAIoch UMMYH-
HOTO OKpaIllUBaHUs ¢ aHTUTeaIoM K BMI-1 (puc. 1)
(p < 0.05).

Craziusi OHKOJIOTHUECKOro 3abosieBaHUA CyIlle-
CTBEHHO HE OTJIMYa/Iach B 3aBUCUMOCTU OT YPOBHA

was associated with high levels of BMI-1 expression
in primary tumor cells (p < 0.05).

DISCUSSION

Luminal breast cancer which accounts for approx-
imately 70% of all breast cancers is characterized by
the expression of estrogen and/or progesterone
receptors. Two proteins that have been shown to play
an important role in the pathogenesis of luminal
breast cancer are BMI-1 and ROR1.

In breast cancer, ROR1 is specifically expressed in
luminal subtypes, but not in normal breast tissue or
triple-negative breast cancer tissue [11, 16]. Our
study showed that positive staining for BMI-1 was
more common, while ROR1 expression was less fre-
quently recorded. However, a dependence on the size
of the primary tumor was found only for the BMI-1
protein. At the same time, both markers showed a
correlation with the level of proliferative activity of
tumor cells. This is most likely due to the fact that
two oncogenic proteins can interact through both
independent and overlapping mechanisms to pro-
mote proliferation, survival, invasion and therapy
resistance in tumor [10, 12].

The correlation we discovered between the
expression of the studied markers and the frequency
of regional and distant metastasis in patients with
luminal BC is most likely explained by the functional
properties of these proteins, which are of importance
in relation to both lymphogenous and hematogenous
dissemination. ROR1, in particular, has been shown
to activate invasion, EMT, and metastasis in luminal
breast cancer models [12]. It should be emphasized
that all patients included in the study had fairly simi-

Puc. 1. BeipaxkenHasi sxcrpeccrsi BMI-1 B KyIleTKax paka MOJIOYHOH KeJie3bl.
M HBa3uBHAs KapIMHOMA HeCTen(pUIecKoro Tuna. MMyHOTHCTOXUMUYECKOE OKpallluBaHue. YBeaudeHue (yB.) X200
Fig. 1. High level expression of BMI-1 in breast cancer cells. Nonspecific invasive carcinoma.
Immunohistochemical staining. Magnification (magn.) x200
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Puc. 2. Ymepennas skcnpeccuss ROR1 B kjieTKax paka MOJIOYHOU JKesie3bl. VIHBa3UBHAA /I0JIBKOBASA KapIITHOMA,
1w1eoMOPQHBIH MOATUI. IMMYHOTHCTOXUMHYECKOE OKPAIIUBAHUE. YB. X200
Fig. 2. Moderate level expression of ROR1 in breast cancer cells. Invasive pleomorphic lobular carcinoma.
Immunohistochemical staining. Magn. x200

DKCIIPECCHH M3ydaeMbIX OEJIKOB B KJIETKaX KapIiu-
HOMBI. OffHaKO OBLIO ITOKA3aHO, YTO IIPH HapacTa-
HUM CTENEeHU 3JI0KAYEeCTBEHHOCTU OITyXOJIH YBEJIH-
YMBAETCS YUCJIO CAYYaeB C IMO3UTHUBHOM SKCIIPEC-
cueii paxkropa ROR1 (puc. 2) (p < 0.05). YpoBeHb
nposiridepaTUBHON aKTUBHOCTH OIIYXOJIM, OIleHEH-
HBIH 10 Mapkepy Ki67, KoppeaupoBas ¢ IO3UTHB-
Hou skcrpeccuerr ROR1 (p = 0.312, p = 0.03) u
BMI-1 (p = 0.310, p < 0.031).

Meracratuueckoe IOpakKeHHe PpPerdOHapHBIX
JUM@aTHYECKUX Y3JI0B IIPU PaKe MOJIOYHOM! KeJIE3bI
SIBJISIETCSI BAYKHBIM (DaKTOPOM, OTIPEIEIAIONINM KaK
[IPOTHO3 3a00JIeBaHUsA, TaK W BJIMAION[UM Ha TaK-
TUKY JIeYeHUs MTalleHTOB. B mceaemyeMoi rpyiie
OOJIbHBIX MOpa’KeHHWE PErHOHAPHBIX JuUMdaTHye-
CKHX Y3JI0B OITyXOJIbIO OBLIO BBHIABJIEHO y 16 0O0JIb-
HbIX. 10 pesysibTaTaM HAIIEro UCC/IeOBAHUS OBLIO
YCTAHOBJIEHO, YTO B IpyIie OOJbHBIX C HATUYHEM
MEeTaCcTaTHYECKOTO MOPaKeHUsI PErHOHAPHBIX JIMM-
(aTmuecKux y3JI0B SKCIpecCHs 000UX MOKa3aTeIei
ObL1a JIOCTOBEPHO BHIIIE (TA0JI. 1).

3a nepuoa HabmoneHus (60 mec) B 68 cayuasx
[IPU3HAKOB IPOTPECCHPOBAaHUA 3a00JIEBaHUSA HE

lar clinical characteristics and underwent the same
treatment with aromatase inhibitors. It is possible
that the disease progression during therapy with aro-
matase inhibitors is associated with the activation of
mechanisms of tumor resistance to hormonal treat-
ment, due to activation of the Wnt signaling pathway
by ROR1 and BMI-1 proteins, and, possibly, tran-
scriptional repression of CDKN2D [1, 3, 18].

The grade of breast carcinomas is an integral
morphological indicator that reflects the degree of
morphological and structural anaplasia of tumor
during light microscopy. The correlation we have
discovered between ROR-1 expression and the
growth of carcinoma grade is consistent with the
results of other studies [9].

Further studies are needed to fully elucidate the
BMI-1/ROR-1 signaling axis and its potential as a
therapeutic target in luminal breast cancer.

CONCLUSION

The study clearly demonstrates the correlation of
ROR1 and BMI-1 proteins with clinical and patho-
logical parameters of the primary tumor and the

Ta6smmua 1. BeipaxxeHHoCTb 3Kkcnpeccu (%, Me (Q1-Q3)) 6esikoB BMI-1 1 ROR1 B k/1eTKax nepBUYHON OMYyX0JIH
B 3aBHCHMOCTH OT CTaTyca JUMPpATHUECKUX Y3JI0B Y GOJIbHBIX JIIOMHUHAIbHBIM PAKOM MOJIOUHOH JKeJie3bl
Table 1. Expression level (%, Me (Q1-Q3)) of BMI-1 and ROR1 proteins in primary tumor cells depending on the status

of lymph nodes in patients with luminal breast cancer

Cratyc iMM¢paTUIECKUX Y3/I0B

Lymph node status LS RUE

NO (n = 64) 14.0 (10-21) 0 (0-16)
N+ (n = 16) 27.0 (10-67) 18.0 (0-49)
p 0.024 0.033
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OTMEYEHO, B 12 CITydasX 3aPEerUCTPUPOBAHO MOSIBJIE-
HUe OTJaJIEHHBIX reMaTOTreHHBIX MeTacTa3oB. B 10
cIIydasx y mareHTOK OTMeUaIoCh MeTacTaTHIeCKoe
TopaskeHue CKeJleTa, B 2 HaOTI0eHUAX ObLIA BEpU-
¢urupoBaHbl BUCllepasibHble MeTacTa3bl. CorjiacHO
MOJIYYEHHBIM JJAaHHBIM, BO3HUKHOBEHUE OT/aJIeH-
HBIX METACTa30B, JIMarHOCTUPOBAHHBIX HaA STarax
JIMTHAMUYECKOTO HAaOJ0/IeHUus y OOJIbHBIX JIFOMU-
HaJIBHBIM A ¥ JIIOMUHATBHBIM B/Her2-neraruBHbIM
MTOATUIIAMHU, OBLJIO CONPSKEHO C BBICOKUMH YPOB-
HeM 3Kcrpeccud BMI-1 kieTkaMu IEpBUYHOU OIIy-
xomu (p < 0.05).

OBCYXJIEHUNE

JIroMUHaAJIBHBIN PaK MOJIOUHOM JKeJIE3BI, Ha JI0JTIO
KOTOPOTO IIPUXOUTCA OKOJIO 70 % BCEX AUATHOCTH-
PYEMBIX CJIy4aeB paka MOJIOYHOU KeJe3bl, XapaKTe-
PpHBYETCS SKCIIPECCHEN 3CTPOTEHOBBIX U/ HJIU IIpOTe-
CTEPOHOBBIX PerenTopoB. /IBa 6esika, KOTOPhIE, KaKk
BBISICHUJIOCh, UTPAIOT BAXKHYIO POJIb B IIaTOTEHE3e
JIIOMHHAJIPHOTO paKa MOJIOUHOH JKeJIe3bl, — 3TO
BMI-1 u ROR1.

ITpu pake mosiouHOH kesie3pl ROR1 cnenuduyso
SKCIIPECCUPYETCS B JTIOMHUHAIBHBIX TOATHIIAX, HO HE
B HOPMAaJIbHOM TKAaHU MOJIOYHOU >Keje3bl WU B
TKaHH, MOPAYKEHHOU TPOMHBIM HETaTUBHBIM PAKOM
MOJIOYHOM »eJie3bl [11, 16]. B HaIem ucciemoBannu
OBLIO TIOKA3aHO, YTO Yallle HabJII0/IaeTCs TO3UTHB-
Hoe okpamuBa"nue BMI-1, B To Bpems Kak 3KcIpec-
cua ROR1 perucrpuposasnacs pexe. [Ipu aTom 3aBu-
CUMOCTb OT pa3Mepa MEePBUYHOU OIyXOJIH O0OHApy-
JKeHa TOJIbKO B OTHolleHuu Oenka BMI-1. B To xe
BpeMs 06a MapKepa II0Ka3aJIv CBs3b ¢ YDOBHEM IIPO-
sndepaTUBHON aKTUBHOCTU OITYXOJIEBBIX KIIETOK.
BeposiTHee Bcero, 5T0 0OYCJIOBJIEHO TEM, YUTO JBa
OHKOTE€HHBIX 0OeJIka MOTYT B3auMOJIEHCTBOBATH
IIOCPEICTBOM KaK HEe3aBUCHMBbIX, TaK U IIEPEKPhIBa-
IOIMXCS MEXaHU3MOB, UTOOBI CTUMYJIUPOBATH MIPO-
sudepanuio, BbDKUBAHUE, WHBA3WI W YCTOHYU-
BOCTb K Tepanu# [10, 12].

O6Hapy:keHHast HAMH CBSI3b SKCITPECCUU U3YUEH-
HBIX MapKeEPOB € YAaCTOTOH PErHMOHApHOTO M OTAa-
JIEHHOTO ME€TACTa3UPOBAHUA Y OOJIbHBIX JTIOMUHAb-
HbeIM PMJK, BeposiTHee Bcero, 00bsicHsAeTCS (PYyHKITU-
OHAJIbHBIMHM CBOMCTBAMH JIaHHBIX OEJIKOB, MMeEIO-
[UX BAYKHOE 3HAUEHHE KaK B OTHOIIEHUH JTUMOGO-
TeHHOH, TaK ¥ TeMaTOTeHHOH JUCCeMUHAINU. BhLIO
II0Ka3aHo, 4To, B yacTHOcTH, ROR1 crumysnupyer
uHBasuio, OMII u MeTacTazsupoBaHHE B MOJEJAX
JTIOMHHAJIPHOTO paKa MOJIOUHOH skese3sl [12]. ITpu
9TOM CJIEyeT IMOAYEPKHYTb, YTO BCE MAIHMEHTHI,
BKJIIOUEHHBIE B HCCJIEJIOBAHUE, UMEJH JIOCTATOYHO
CXOXKHe KJIIMHUYECKUe XapaKTEPUCTUKU U OJUHAKO-
BOE JIeueHre MHTHOUTOpaMu apoMarasbl. He uckitio-

course of the disease in luminal molecular subtypes
of breast cancer. Further study of BMI-1 expression
in luminal subtypes of breast cancer in conjunction
with other molecular and biological characteristics
will help to understand the mechanisms of aroma-
tase inhibitor therapy failure in postmenopausal
luminal breast cancer patients and personalize the
prognosis for this group of patients.
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YeHO, YTO IIporpeccupoBaHue 06ose3HH Ha GoHe
Tepanuy WHTUOUTOPAMH apoMaTrasbl CBS3aHO CO
CTUMYJISITIAEN MeEXaHW3MOB TOPMOHAJIBHOW pe3u-
CTEHTHOCTH OIIYXOJIH, 3a CUYET aKTHBAIIUU OeTKaMu
ROR1 u BMI-1 Wnt-curHajibHOTO TyTH U, BO3-
MOKHO, TPaHCKPUIIIMOHHON penpeccun CDKN2D
[1, 3, 18].

CTerneHb TUCTOJIOTUYECKOU 3JI0KAUYECTBEHHOCTH
KapIUHOM MOJIOYHOM JKeJie3bl ABJIAeTCA HHTe-
TpaJIbHBIM MOP(MOJOTUUECKUM IPU3HAKOM, OTpa-
JKAIOIUM Ha CBETOONTHUYECKOM YPOBHE CTeIleHb
MOpdOJIOTUUeCKO U CTPYKTYpHON aHaIlIa3uu
omyxosti. OOHapy>KeHHasi HAMHU CBA3b SKCIIPECCUU
6enrka ROR1 ¢ HapacTaHHeM CTENEHH 3JI0Kade-
CTBEHHOCTU KapUIMHOMBI cOIJIacyeTcs ¢ pe3yJibTa-
TaMH JIpDYTHX UCCIIe/IOBaHUH [9].

JasnpHele WCCaeJOBAaHUA ONPAaBJAHBI  JJIA
IIOJTHOTO BBISACHEHUs OcH curHaymusanuu BMI-1/
ROR1 u ee moTeHI[Uasa B KauecTBe TepaleBTUYe-
CKOU MUIIIEHH MIPH JIIOMUHAJIIBHOM paKe MOJIOUHOU
JKeJsIe3Bl.

SAK/IIOUEHWE

IIpoBenieHHOE HCCIEOBAaHUE OTYETIUBO IeMOH-
cTpupyeT B3auMocBa3b npotenHoB ROR1 u BMI-1 ¢
KJIMHUKO-TIATOJIOTNYeCKUMU IlapaMeTpaMu IlepBruY-
HOH OIyXOJIU ¥ TeYeHHeM 00JIE3HU ITPU JIIOMUHAIb-
HBIX MOJIEKYJIADHBIX IIOATHIIAX pakKa MOJIOUHOU
skesie3nl. JlanbHelIee ndydenue skcrpeccun BMI-1
IIpY JIIOMUHIBHBIX nogrunax PMXK B coBokynHO-
CTH C JPYTUMU MOJIEKYJISIPHO-OMOJIOTHYECKIMU
XapaKTEePUCTUKAMHU IIOMOXKET IOHATh MeXaHU3MBbI
pa3BuTHA Hed(PEKTUBHOCTU Teparuyd WHTHOUTO-
paMu apomMaTasbl, BOSHUKAIOIIEH y GOJIBbHBIX JIIOMU-
HQJIBHBIM PAKOM MOJIOYHOU KeJIe3bI B IOCTMEHOIIa-
y3e, U HHIUBUAYAJIU3UPOBATH IIPOTHO3 I JAHHOMN
TPYIIIBI AIIUEeHTOK.

KoH@IUKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUHU KOH(JIMKTA UHTEPECOB.
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