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AHHOTauus

Llenblo nccnepoBaHua sisunock onpegeneHne akcnpeccun CXCR4 B pa3nuuHbixX NONynsaumsax LUPKynu-
pytowimx (LOK) n oguMHOYHBIX (AMCKPETHBIX) OMYXOMEBbIX KNETOK paka MoroyHoun xenesbl. MaTepuan u
MeToAbl. B nccnegosaHve 6binm BkMtoYeHbl 35 NaUMeHTOK ¢ MHBa3UBHOM KapLUHOMOW Hecneunguyeckoro
Tvna mono4vHon xenesbl (T1-4N0-2MO0) B Bo3dpacTte oT 29 go 69 net. Akcnpeccunto CXCR4 B pasnunyHbIX
nonynauusax LLOK oueHmBanv metogom npoTtodHon uutometpun. [ng oueHku akcnpeccun CXCR4 B aHano-
TMYHBIX MONYNAUUAX OAUHOYHbIX (AMCKPETHBIX) OMyXONeBbIX KNETOK B MEPBUYHON OMyXOnv UCMONb30Banu
MeToq KOHOoKanbHoM Mukpockonuun. PesynbTatbl. Hamu Gbino yctaHoeneHo, 4to CXCR4 akcnpeccupoBarncs
LIOK 6e3 npn3HakoB CTBOMOBOCTY M 3anuTenMansHo-me3eHxumansHoro nepexoaga (3MrM), LOK ¢ npusHakamm
OMI, Ho 6Ge3 mapkepoB cTBONOBOCTH, a Takke LIOK ¢ npusHakamu cTBOrIoBOCTU, HO 6e3 npuaHakos SMI.
Y Bcex nauuneHTok B kposu LIOK ¢ npuaHakamm cteonosocTt n MM He akcnpeccupoarncs CXCR4. B nep-
BMYHOW onyxonu morno4Hol xenesbl CXCR4 obHapyXumBarcs Kak Ha OQUHOYHBIX (OUCKPETHBIX) OMyXONeBbiX
KneTkax 6e3 Npu3HakoB CTBOMOBOCTY C npuaHakamu OMI1, Tak 1 Ha KneTkax ¢ Mapkepamu CTBOIOBOCTU U
OMTI1. Y Bcex naumeHTok B 06pa3uax NnepBUYHOI OMyXOMni OTCYTCTBOBANM CTBOMOBLIE Y HECTBOMOBLIE KIETKU
6e3 npusHakoB QM. 3akntoyeHue. Taknum obpaszom, CXCR4 akcnpeccupyoTcst Ha pasnuyHbIX NOnynsunsax
LIOK. 3kcnpeccua CXCR4 He 3aBMCUT OT Hanuunsi Unm oTCyTCTBUS NMPU3HAKOB CTBONOBOCTM u/unu MM B
OnyXoneBbIX KreTkax. Takke Mbl Noka3anu, YTO HEKOTOpbIe NOMNyNAUMM OAMHOYHbIX (OUCKPETHBIX) OMyxorne-
BbIX KIETOK B NMEPBUYHOW OMyXOrn XapaKTepm3ytoTcs CMOCOBHOCTLI0 MPE3eHTUPOBaTL Ha CBOe MembpaHe
CXCR4 1 MOryT sBNATbCS UCTOYHMKOM COOTBETCTBYoLMX nonynauun LIOK.

KnroueBble cnoBa: CXCR4, LUPKynupyroLiue onyxorneBble KIeTKU, CTBOJIOBbI€ OMnyXoJieBble KIeTKH,

OAWHO4YHbIe (AVICerTHbIe) onyxoneBble KIeTKu, anuTenuanbHO-Me3eHXUManbHbIN nepexopn,
pakK MOJI04YHOM XKene3bl.
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Abstract

The aim of this study was to assess CXCR4 expression in different subsets of CTCs and single (detached)
breast cancer cells. Materials and methods. Thirty five patients with invasive breast carcinoma of no special
type (IC NST) (T1-4N0-2M0), between 29 and 69 years of age were included in this study. Different subsets
of CTCs with CXCR4 expression were evaluated by flow cytometry. A confocal microscopy was used to
assess CXCR4 expression in different subsets of single (detached) cancer cells in breast tissue. Results.
The CXCR4 was expressed in CTCs without stem-like and EMT phenotype, in CTCs with EMT but not stem
markers and in stem-like CTCs without EMT features. In all blood samples, the CXCR4 expression in CTCs
with stem-like and EMT phenotype was absent. In breast tumor the CXCR4 was expressed in the non stem-
like single (detached) breast cancer cells with EMT features, in the single (detached) breast cancer cells with
stem and EMT features. In all tumor samples the stem-like or non stem-like single (detached) breast cancer
cells without EMT features were absent. Conclusions. Different subsets of the CTCs exhibited CXCR4. The
CXCRA4 expression did not depend on the presence or absence of stem or/and EMT features in tumor cells. We
showed that some subsets of single (detached) breast cancer cells in the primary tumor were characterized

by the ability to express CXCR4 and may be a source of the respective CTC subsets.

Keywords: CXCR4, circulating tumor cells, cancer stem-like cells, single (detached) cancer cells,

epithelial-mesenchymal transition, breast cancer.

Introduction

Circulating tumor cells (CTCs) mediate tumor
dissemination and play the key role in the metastatic
cascade [1, 2]. The prognostic value of CTCs in breast
cancer has been previously shown. Thus, presence of
CTCs in the peripheral blood is associated with the
poor prognosis in breast cancer [3, 4]. However, little
is known about exact mechanism of migration and
trafficking of CTCs in the peripheral blood circulation
[2]. Metastasis of cancer cells to distant locations
needs intravasation from the primary tumor sites into
blood vessels, survival in the circulation, migration
to secondary organs, adhesion, and proliferation
of cancer cells in targeting organs and tissues [5].
Chemokines might affect the selection of target organs
for metastases formation. For example, the CXCR4/
CXCLI12 axis makes breast cancer cells move out
of the circulation and traffic into organs with high
amounts of chemokines, and thus forming metastases
[6, 7]. In our previous study, we showed that CTCs
were represented by heterogeneous population.
Some cancer cells had stem-like or/and EMT
(epithelialmesenchymal transition) phenotype, other
cancer cells did not have EMT and stemness features
[8]. We suggested that CTCs did not always precede
metastasis, because they could not have the necessary
features, including their CXCR4 expression. So, in
present study we investigated the CXCR4 expression
in different subsets of CTCs and single (detached)
breast cancer cells in primary tumor.

Material and Methods

Patients (n=35) with invasive breast carcinoma ofno
special type (IC NST) (T1-4N0-2M0) within the range

76

of 29 - 69 years of age (mean age: 49.06 + 9.78) were
treated at the Cancer Research Institute, Tomsk NRMC
(Tomsk, Russia) between 2011 and 2017 included (Table
1). IC NST was defined according to the World Health
Organization’s recommendations [9]. The venous blood
samples were collected in EDTA-treated tubes before
surgical intervention and were used for flow cytometry.
The formalin-fixed, paraffin-embedded (FFPE) primary
tumor samples were used for immunofluorescence
analysis. This study was approved by the institutional
review board, all patients signed an informed consent
for voluntary participation.

Flow Cytometry

Different subsets of CTCs were evaluated by flow
cytometry (BD FACSCanto II (BD, USA)) using anti-
CD4S5 (clone HI30, PE/Cy7) (BD Pharmingen, USA),
anti-CD44 (clone G44-26, APC-H7) (BD Pharmingen,
USA), anti-CD24 (clone ML5, PerCP-Cy5.5) (BD
Pharmingen, USA), anti-CK7 (clone CAMS5.2, AF647)
(BD Pharmingen, USA), anti-N-cadherin (CD325)
(clone 8C11, PE) (BD Pharmingen, USA) and anti-
CXCR4 (clone 44717, AF488) (R&D Systems, USA)
antibodies. Then, erythrocytes were lysed in BD FACS
lysing solution.

Confocal microscopy

The FFPE tumor sections were incubated with the
primary antibody cocktail against CK7 (polyclonal,
1:50, guinea pig, Acris Antibodies, Germany), CD133
(clone 3F10, 1:800, mouse, MyBioSource, USA),
N-cadherin (CD325) (polyclonal, 1:400, rabbit,
Abcam, UK), CXCR4 (polyclonal, 1:50, goat, Thermo,
USA) in 1% BSA. As secondary antibodies were used
anti-guinea pig IgG H&L (CF405) (Biotium, USA),
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Table 1
The clinicopathological parameters of the patients with breast cancer
Clinicopathological parameters N (%)
Age (year) (Me (Q1-Q3))
49 (29-69) 35 (100%)
Molecular type of breast cancer
Luminal A 12/35 (34%)
Luminal B 13/35 (37%)
HER2-positive 3/35 (9%)
Triple-negative 7/35 (20%)
Tumor size
T1 8/35 (22.8%)
T2 25/35 (71.4%)
T3 1/35 (2.9%)
T4 1/35 (2.9%)
Lymph node status
NO 21/35 (60.0%)
N1 9/35 (25.7%)
N2 1/35 (2.9%)
N3 1/35 (2.9%)
Neoadjuvant chemotherapy (NACT)
NO 24/35 (69%)
YES 11/35 (31%)
Table 2
The CXCR4 expression in different subsets of circulating or single (detached) cancer cells
The breast cancer cell subsets Frequency of cell detection Cell count
The circulating tumor cells in patient’s blood
CK7+CD45-CD44-CD24+/-N-cadherin-CXCR4+ 31.8 % (7/22) (©. 0070(.);;()) cell/ml
CK7+CD45-CD44-CD24+/-N-cadherin+CXCR4+ 68.2 % (15/22) (0.13_; 599§ cell/ml
0.00

CK7+CD45-CD44+CD24-N-cadherin-CXCR4+
CK7+CD45-CD44+CD24-N-cadherintCXCR4+

0,
27.3%(6122) (0.00-0.13) cell/ml

0.0 %(0/22) -

The single (detached) cells in tumor

CK7+N-cadherin-CD133-CXCR4+
CK7+N-cadherint+CD133-CXCR4+
CK7+N-cadherin-CD133+CXCR4+
CK7+N-cadherin+CD133+CXCR4+

anti-mouse IgG H&L (AF488) (Abcam, UK), anti-
rabbit IgG H&L (Cy3) (Abcam, UK), anti-goat IgG
H&L (AF647) (Abcam, UK). Nuclei were stained with
DRAQS. The single (detached) breast cancer cells
were visualized using the LSM 780 NLO confocal
microscope (Carl Zeiss, Germany) with a 63 plan
apochromat objective, numerical aperture (z1), and
immersion oil.

Results

As CXCR4 promotes breast cancer metastasis to
distant organs where its ligand, SDF-1, is generated
in large quantity [10, 11], we examined the expression
of these molecules in different subsets of CTCs in
the blood of breast cancer patients (Figure 1). The

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2018; 17(4): 75-80

0.0 % (0/25) -
0.00
(0.00-8.00)%

0.0 % (0/25) -
0.00
(0.00-1.05)%

44.0 % (11/25)

28.0 % (7/25)

CXCR4 expression in CTCs without stem-like and
EMT phenotype (CK7+CD45-CD44-CD24+/-N-
cadherin-CXCR4+) was present in 31.8% (7/22)
patients (0.00(0.00-0.95) cell/ml). In 68.2% (15/22)
patients, CTCs with CXCR4 exhibited EMT but
not stem markers (CK7+CD45-CD44-CD24+/-N-
cadherintCXCR4+) (1.96(0.13-3.59) cell/ml). The
stem-like CTCs expressed CXCR4 in 27.3% (6/22)
patients. All this cells (0.00(0.00-0.13) cell/ml) didn’t
have EMT features (CK7+CD45-CD44+CD24-N-
cadherin-CXCR4+). In all patient blood samples
(22/22) the CXCR4 expression in CTCs with stem-like
and EMT phenotype (CK7+CD45-CD44+CD24-N-
cadherint+CXCR4+) was absent (Table 2).

(a4
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Figure 1. Flow cytometry analysis of the circulating tumor cells with CXCR4 expression

DAPI
Cytokeratin7
CD133
N-cadherin

Figure 2. The single (detached) breast cancer cells with CXCR4
expression. The white cursor points to the non stem single
(detached) breast cancer cell with EMT features and CXCR4
expression

The non stem-like single (detached) breast
cancer cells with EMT features (CK7+CD133-N-
cadherintCXCR4+) expressed CXCR4 in 44.0%
(11/25) tumor samples (Figure 2). Our results
suggested that only 0.00(0.00-8.00)% of single
(detached) CK7+CD133-N-cadherin+ cells exhibited
CXCR4 in primary tumor. The single (detached)
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