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Annomayusn. Pazsumue nepsuyHol onyxonu conpogoicoaemcst GopMuposaHuem onyxoneeol Huu, Komopas
coz0aem 6nazonpusmuule YCi08us 05l bIICUBAHUS U Npoaudepayuu pakogelx Kiemox. OOHUM U3 KII0YeBbIX
9NEMEHMO8  DGONIOYUU  ONYXONeB0U  HUWU  SAGISAEMCS  PEKPYMUPOSAHUe  KOCMHOMO3206blX — KIEMOK-
NPeOUeCmEenHUKO8, GKIIOUAST KIEMKU-NPEOUECEEHHUKY MAKPO(DA208, ME3CHXUMANbHbIE CINOA08blE KIEHKU,
9HOOMENUATIbHBLE U 2eMONOIMUYECKUe KIemKU-npeouecmeeHHuxu. Muepayus ynomMsHymulx Kiemox 6 onyxo.ib
peayaupyemcs psaoom xemokunos, 8 mom yucie CCL2, CXCLI2, MSP (macrophage stimulating protein) u MIF
(macrophage inhibitory factor). ILlenvto nacmoawezo ucciedo8anus AGIAIOCL U3YUEHUEe NaApamMempos
ONYX0Negou HUWU Npu pake MOAOHHOU dicenesvl. Hccnedosanue 6xknouano 24 0O0MbHbIX ¢ UHBASUBHOU
KapyuHOMOU Hecneyughpuueckozo muna MOIOYHOU Jicenesvl. B cycnemsuu onyxonegvix Kiemox memooom
NPOMOUHOU  YUMODIIOOPUMEMPUYU  ONPEOENANU  COOepICAnUe  KIeMOK-npeduecmeeniukos. Konyenmpayuio
xemokurnoe CCL2, CXCL12, MSP u MIF ¢ 6eHo3HOU KpOSU OOIbHBIX OYEHUBANU C NOMOUbIO MEEPOOPA3HO20
UMMYHOEpMENmH020  ananusd. JJoCmoGepHbIX pa3iuyuti 6 COOePICAHUU UCCIeO08AHHBIX — KIeMOUHbIX
RONYIAYULL, 4 MAKIHCe KOHYEHMPAYUY U3VYEHHBIX XEMOKUHO8 MeNCOY NAYUSHMAMY, PA30ENeHHbIMU HA 2PYRNbL 8
3a6UCUMOCIU OM HAIUYUSL UIU OMCYMCMBUS JTUMPOSEHHbIX MEMmMACmazo8 U HeoaoblO8AHMHO20 JleUeHuUs,
0bHapysceHo He 6bl10. B mo dice epemsa, ycmanosnena npamas KOppersyuoOHHAas C873b MedHCOy COOeplcanuem

2eMONOIMUYECKUX KIIeMOK-NPeOueCmseHHuKo8 6 onyxoau u konyeumpayueti CXCL12 u MIF ¢ kposu.

Introduction. It is becoming more and more recognized that the progression of malignancies is largely
determined by the dynamic interaction between tumor cells and cancer niche [1]. Similar to pre-metastatic niche
that arises in the site of future metastasis, cancer niche is formed in the location of the primary tumor and
provides hospitable environment for tumor growth and progression [2]. Evolution of the cancer niche
accompanies the development of the primary tumor and implicates, along with activation of the stromal elements
and secretion of chemokines and cytokines, the recruitment of bone marrow-derived progenitor cells including
macrophage progenitor cells, mesenchymal stem cells (MSC), endothelial and hematopoietic progenitor cells
(EPC, HPC) [1]. The signals that potentially control the recruitment of progenitor cells into the tumor include
chemokines CCL2, CXCL12, MSP, and MIF [3-5]. Presumably, the development of the cancer niche not only



potentiates cancer cells survival and proliferation, but also enables some populations of malignant cells to
acquire invasive and metastatic capabilities, therefore enhancing the malignant potential of the tumor [6]. In
accordance with aforementioned data, the current study was aimed to investigate the parameters of the cancer
niche in patients with invasive non-specific breast carcinoma, including the subpopulations of intratumoral
progenitor cells and the concentrations of chemokines participating in the cancer niche formation, as well as to
determine the connection of investigated parameters with the presence or absence of lymphogenic metastases
and neoadjuvant treatment.

Materials and methods. The study included 24 patients with invasive breast carcinoma of no special
type (T1-4N0-3MO0) aged 36 to 68 years. Eight out of twenty-four patients received neoadjuvant treatment.
Eleven patients were diagnosed with lymphogenic metastases, thirteen were free of any metastases. Cell
suspensions were prepared from the breast tumor tissue through disaggregation using BD Medimachine System.
The percentage of progenitor cells (CD34, CD133, CD90, VEGFR1, CD11b, CD45, CD202) in the acquired cell
suspensions was measured with flow cytometry. Cells with CD34+ CD202+CD45-CD133+ phenotype were
identified as endothelial progenitor cells, CD34-CD90+CD45— cells — as mesenchymal stem cells, CD34+
CD45+CD11b+ cells — as macrophage progenitor cells, and CD34+CD45+CD133—VEGFRI1+ cells — as
hematopoietic progenitor cells. The concentrations of CCL2, CXCL12, MSP, and MIF in the venous blood of
patients were evaluated by solid-phase enzyme-linked immunosorbent assay (ELISA). The presence of
lymphogenic metastases was verified morphologically. The acquired results were statistically processed using
Statistica 8.0 (Statsoft, 2007).

Results. Using the flow cytometry, the quantitative data on the subpopulation structure of progenitor cells
in tumor tissue of patients with invasive breast carcinoma of no special type was obtained. In order to determine
the connection between the investigated subpopulation structure and the presence or absence of lymphogenic
metastases and neoadjuvant treatment, all patients were divided into groups accordingly. However, no

statistically significant difference in the percentage of precursor cells between given groups was found (Table 1).

Table 1.

The subpopulations of progenitor cells in tumor in patients with invasive non-specific breast carcinoma, %.

LM- LM+ NAT- NAT+
Hematopoietic progenitor 1,78 (0,92-4,56) 1,98 (1,66-3,21) 2,38 (0,98-4,21) 1,8 (1,33-2,78)
cells p1>0,05 p2>0,05
Endothelial progenitor cells | 2,6 (1,84-4,16) 1,71 (0,29-1,87) 2,56 (1,72-3,84) 1,78 (0,86-2,91)
pi>0,05 p2>0,05
Macrophage progenitor cells 1,1 (0,71-2,19) 0,73 (0,73-1,85) 0,96 (0,70-2,13) 1,29 (0,73-1,92)
pi>0,05 p2>0,05
Mesenchymal stem cells 6,48 (3,04- 2,56 (0,01-7,14) | 6,33 (2,91-14,18) | 4,85(1,28-13,03)
17,09) p1>0,05 p2>0,05

“LM- “— absence of lymphogenic metastases; “LM+ " - presence of lymphogenic metastases. “NAT - “—
absence of neoadjuvant chemotherapy; “NAT+ " — presence of neoadjuvant chemotherapy. p;— significance of
statistical difference in comparison to patients without lymphogenic metastases; p:— significance of statistical

difference in comparison to patients without neoadjuvant chemotherapy.



The concentrations of chemokines participating in the formation of the cancer niche in patients with
invasive breast carcinoma including CCL2, CXCL12, MSP, and MIF were determined. All four chemokines
were expressed in the peripheral blood of 100% patients. There was no statistically significant difference in the
concentrations of studied cytokines in patients depending on the presence or absence of lymphogenic metastases
and neoadjuvant treatment. Nevertheless, a positive correlation between the percentage of hematopoietic
progenitor cells in the tumor and the concentrations of chemokines CXCL12 and MIF in the peripheral blood
was determined (R=0,79 and 0,8, respectively; p<0,05 in both cases).

Conclusion. Taken together, it was shown that the cancer niche is represented by a set of hematopoietic,
endothelial, and macrophage progenitor cells as well as mesenchymal stem cells, with varying ratios among
patients. Concurrently, the chemokines CCL2, CXCL12, MSP, and MIF that are involved in the recruitment of
all the investigated progenitor cells populations into the tumor, were registered in the blood samples of patients
in 100% cases. Moreover, the positive correlation between the percentage of hematopoietic progenitor cells in
tumor and the concentrations of CXCL12 and MIF in the peripheral blood was determined. Acquired results
strongly support the existence of chemokine-mediated recruitment of progenitor cells into the primary tumor site.
At the same time, no effect of the neoadjuvant chemotherapy on the process of cancer niche formation was

identified.
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