ORIGINAL ARTICLES

VJIK 618.19-006-091.8:576.5:576.385 _
https://doi.org/10.20538/1682-0363-2023-4-6-14 (cc) BY 4.0

Epithelial-mesenchymal transition markers, proliferation markers,
and cytokine secretion in breast tissue in malignant and benign breast
diseases

Autenshlyus A.L.""2, Arkhipov S.A."?, Mikhaylova E.S."?, Arkhipova V.V.', Proskura A.V.2,
Varaksin N.A.2, Lyahovich V.V.?

! Novosibirsk State Medical University
52, Krasny Av., Novosibirsk, 630091, Russian Federation

? Institute of Molecular Biology and Biophysics, Federal Research Center of Fundamental and Translational Medicine
2, Timakova Str., 630117, Novosibirsk, Russian Federation

3 Vector-Best JSC
Koltsovo, Novosibirsk, 630559, Russian Federation

ABSTRACT

Aim. To develop methodological grounds for assessing the probability of breast malignancy in patients with non-
cancerous breast diseases (NCBD) by the following parameters: expression of markers of epithelial — mesenchymal
transition (EMT) and proliferation and production of cytokines by samples of the breast tissue.

Materials and methods. In breast samples (BS) of patients with invasive carcinoma of no special type (ICNT) and
patients with NCBD, immunohistochemistry was used to determine the expression of E-cadherin (CDH1), integrin
B1 (CD29), type II collagen (CII), and proliferation of Ki-67. Using the enzyme-linked immunosorbent assay,
concentrations of interleukin (IL)-2, IL-6, IL-8, IL-10, IL-17, IL-18, IL-1p, IL-1Ra, tumor necrosis factor (TNF)a,
interferon (IFN)y, granulocyte colony-stimulating factor (G-CSF), granulocyte — macrophage colony-stimulating
factor (GM-CSF), vascular endothelial growth factor (VEGF)-A, and monocyte chemoattractant protein (MCP)-1
were determined in the supernatant of the cultured breast tissue samples.

Results. It was shown that ICNT and NCBD differ in the expression of E-cadherin, CD29, Ki-67, and the production
of IL-2, IL-4, IL-6, IL-17, IL-18, IL-1Ra, TNFa, I[FNy, and MCP-1.

The ROC analysis found that the models characterizing the differences between the ICNT and NCBD samples
were formed by the parameters of CD29 and Ki-67 expression and IL-17, IL-18, TNFa, VEGF-A, and MCP-
1 production. The neural network analysis revealed that CD29, IL-1Ra, TNFa, and VEGF-A had the greatest
normalized importance for assessing the differences between the ICNT and NCBD samples. Clustering of the
combined database of patients with NCBD and ICNT by the expression of E-cadherin, CD29, Ki-67 and by the
production of IL-17, IL-18, TNFo, MCP-1, and VEGF-A resulted in a cluster which includes the parameters of
94.1% of patients with NCBD. The parameters of less than 10% of patients with NCBD who fell into other clusters
practically coincided with the studied parameters of the ICNT group, which suggests that these patients may form
a risk group with the malignancy probability of more than 90%.

Conclusion. The data obtained made it possible to develop methodological grounds for assessing the likelihood of
breast malignancy in patients with NCBD.

Keywords: non-cancerous breast diseases, invasive carcinoma of no special type, proliferation marker, markers of
epithelial — mesenchymal transition, cytokines
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PE3IOME

Hens. Ha ocHOBe M3ydeHNs SKCIPECCHH MapKepoB IPONU(epaIi, SIHTSIHATEHO-Me3eHXUMAIBEHOTO ITepexoa
(OMII) 1 TUTOKMHOBOTO MPOQWIS CyNEepTaTaHTOB 00pa3IOB TKAHU MOJIOYHOM kene3sl (MXK) npu pake MK n
He3loKauecTBeHHBIX 3a0oneBanusax (H3MIXK) pazpaboTaTh MeTOI0JIOTHIECKHE OCHOBEI OIIEHKH BEPOSTHOCTH Ma-
surauzanuy MK npu H3MOXK.

Marepuajbl u MeToAbI. B 06pasnax MK G0IbHBIX ¢ HHBa3UBHO KapimHOMOM Hectierduyeckoro tumna (MKHT)
1 marueHToB ¢ H3MJK IMMYHOTHCTOXMMHYECKUM METOIOM OTpeaessuin skcnpeccuto E-kaarepuna (CDH1), un-
terpuHa 1 (CD29), xonnarena 11 tuma (CII) u mapkepa npomudepanuu Ki-67. C moMomniso nMMyHO(GEPMEHTHO-
TO aHaJi3a B CyllepHATAHTE KYJIbTUBHPYEMBIX 00pa3moB MK onpexersiiin KOHIEHTpauio nHTepieiikuHa (IL) 2,
IL-6, IL-8, IL-10, IL-17, IL-18, IL-1pB, IL-1Ra, dbakTopa Hekposa omyxonu-anbpa (TNFa), ramma-uaTepdepona
(IFNY), TpaHyIOIUTapHOTO KOJIOHHECTUMYIIHUPYIOIIETO (pakTopa, TpaHyIONUTaPHO-MAKpO(aralbHOro KOJOHHE-
cTuMynupyromniero gakropa, hakropa pocta sunoTenus cocy1oB (VEGF-A) 1 MOHOIIUTapHOTO XEMOTaKCHYECKOTO
oenka 1 (MCP-1).

Pesyabrarsl. [Tokazano, yro UKHT u A3MX otnuuarores mo skcnpeccun E-kanrepuna, CD29, Ki-67 u mpo-
nykuuu 1L-2, 1L-4, IL-6, IL-17, IL-18, IL-1Ra, TNFa, IFNy, MCP-1. Ilpu nomomu ROC-ananu3a ycTaHOBIIEHO,
YTO MOJISIH, XapaKkTepu3yroliue pazinuns mexay oopasuamu UKHT u JI3MIK, ¢popmupyroTes mo mapamerpam
akcnpeccun CD29, Ki-67 u npoxyxunu 1L-17, IL-18, TNFo, VEGF-A u MCP-1. [Ipu nomoriy HeipoceTeBoro
aHaJIn3a BBISBJICHO, YTO HAUOOJIBLIYIO «HOPMAIM30BaHHYIO B)KHOCTBY JUISL OLEHKH paszianuuii oopasnos UKHT u
JI3MXK umeror napamerpst CD29, IL-1Ra, TNFa u VEGF-A. Tlpu kinacrepusaunu 00beAMHEHHON 0a3bl JaHHBIX
nauuenToB ¢ JI3MXK u UKHT no skenpeccun E-kaarepuna, CD29, Ki-67 u no nokasatensm npoaykuuu [L-17,
IL-18, TNFa, MCP-1 u VEGF-A ¢dopmupyercs Kinactep, B KOTOPbIil BXOAAT mokasarenu 94,1% nanueHToB ¢
JIBMXK. ITapametpsr meHee 10% nanuenTtos ¢ JI3MIK, monaBimmx B Apyrue KiIacTepbl, MPaKTUYECKH COBIAIAH
¢ uccnegoBanHbiMu mapamerpamu MKHT. Oto naet ocHoBaHMe NPEANONOKNTb, YTO 3TH MAIMEHTHI MOTYT COCTa-
BUTH IPYIIIY PUCKA C BEPOATHOCTHOW Manurauzauueii 6oiee 90%.
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3ak0uenne. [TorydenHble JaHHBIC TO3BOIMIN C(HOPMHUPOBATH METOIOIOTHUYECKYIO OCHOBY IS OIIEHKH BEPOSIT-
HocTH Manmrau3anmuu MK y marmmenTos ¢ JI3MXK.

KiioueBble cj10Ba: He3JI0KaUeCTBEHHBIE 3a00JIEBAHUS MOJIOYHOM JKCJIC3bl, MHBAa3WBHAas KapuHOMa Hecneumbn-
YECKOr'o Tvuma, Mapkep nponnd)epam/m, MapKEPhI SNUTEITNAIIBHO-ME3CHXUMAJIbHOI'O NEPEX0Ja, HTUTOKNHLI

Konpaukt nnTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MMOTCHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKAIMEH HACTOSIIICH CTAThH.

Hcrounuk ¢unancupoBanmsi. lVccrnenoBanne npoduHAHCHPOBAaHO B paMKaxX TIOCYJapCTBEHHOTO 3aIaHHS
(Ne AAAA-A18-118030790008-7) MunucTepcTBa 3apaBooxpaneHns Poccuiickoit Geneparmn.

CooTBeTCTBHE NPHHIMIAM ITHKH. Bce manyeHTs! noanucani MHGOPMUPOBAHHOE COTJIACHE Ha y4acTHE B HC-
cienoBannu. MccnenoBanne ogoOpeHO dTHYECKHM KOMUTETOM WHCTUTYTa MOJEKYIApHOH Ononoruu u ouodu-
3ukn PeepaabHOTO UCCIIeJOBATENBCKOTO HEHTpa (QyHAAMEHTAIbHOH U TPAHCIALMOHHON MEIUIHHBI (TIPOTOKOI
Ne2016-3 ot 15.03.2016).

Ja nuruposanus: Ayrennunoc AWM., Apxunos C.A., Muxaiinosa E.C., Apxunosa B.B., IIpockypa A.B., Ba-
paxcun H.A., JIsxosnu B.B. Mapkeps! snuTeniansHO-Me3eHXUMAIBHOT 0 TIepexo/a, Mpoudepanuy ¥ POy KU
IIUTOKWHOB B TKAaHW MOJIOYHOM JKeJe3bl IIPH 3JI0KAYEeCTBEHHBIX M HE3JIOKAYeCTBEHHBIX 3a00JIEBaHUSIX MOJIOYHOM
xKene3bl. broanemens cubupcrou meouyunel. 2023;22(4):6-14. https://doi.org/10.20538/1682-0363-2023-4-6-14.
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INTRODUCTION

It is known that the pathogenetic background for
the development of cancer may be non-cancerous
breast diseases (NCBD) [1, 2]. According to the
classification of the International Agency for Research
on Cancer, ductal carcinoma in situ is included in the
group of precancerous breast lesions [3]. However,
according to the literature, precancerous breast lesions
encompass sclerosing adenosis [4, 5], radial scar [6],
and intraductal proliferative lesions that increase the
risk of developing breast cancer from 1.27 to 10.35
times, depending on the form of pathology [7-10].
These data determine the relevance of research aimed
at searching for new markers to detect precancerous
changes in the breast tissue, which may reflect the
mechanisms of breast tissue malignancy in NCBD.

One of the processes characterizing the onset of
malignant transformation is epithelial — mesenchymal
transition (EMT) [11, 12]. It is known that EMT is
characterized by activation of the expression of
mesenchymal markers, such as integrin 1 (CD29)
and type II collagen (CII), as well as by a decrease
in the expression of E-cadherin (CDH1) [13-17]. The
most widely used marker of cell proliferation in breast
cancer is Ki-67 due to its reliable correlation with the
proliferative activity of cancer cells [18].

Detection of EMT in the breast tissue can be
considered as the first sign of developing cellular
atypia, and the expression of a number of molecules
associated with EMT can be seen as a marker

indicating the onset of malignant transformation
in NCBD, induced by a number of inflammatory
mediators, including cytokines [12, 13]. In turn,
production of cytokines that stimulate EMT can be
caused by activation of certain signaling pathways
in cells. Thus, induction of EMT under the effect of
interleukin (IL)- B1 and TNFa is due to activation
of the NF-kB signaling pathway [14]. These data
indicate that malignancy of the breast tissue may
depend not only on EMT, but also on specific changes
in the cytokine profile of the tumor that determine a
tumor microenvironment, which includes various
immunocompetent cells, fibroblasts, fibrocytes,
epithelial cells, and other cells that produce various
cytokines. Some of the cytokines, which are produced
by cells of the tumor microenvironment, facilitate
progression of breast cancer [19, 20]. However, the
role of cytokines in the formation of cellular atypia
and breast malignancies has not yet been sufficiently
studied for them to be considered as markers indicating
a high risk of malignancy.

Aim of the study: to develop methodological
grounds for assessing the probability of breast
malignancy in patients with NCBD by studying the
expression of EMT and proliferation markers and
cytokine profile in the supernatants of breast tissue
samples in breast cancer (BC) and NCBD.

MATERIALS AND METHODS

The material of the study was samples of breast
tumors obtained from 79 women who were treated at
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the oncology department No. 1 of Novosibirsk City
Hospital No. 1. Of them, 62 people had stage II invasive
carcinoma of no special type (ICNT) and 17 people
had NCBD, including 8 people with fibroadenoma,
6 people with fibrocystic breast disease, including
fibroadenomatosis, 2 people with ductal hyperplasia
with areas of sclerosing adenosis, and 1 person with
focal fibrosis with microcalcifications. The average
age of patients with ICNT was 53.9 + 1.8 (23—
76 years), with NCBD —45.4 £ 5.1 (19-67 years). The
exclusion criteria were signs of distant metastasis and
concomitant hormonal, chronic, inflammatory, and
infectious diseases.

The study and all research protocols were
approved by the Ethics Committee at the Institute
of Molecular Biology and Biophysics (Protocol
No. 2016-3) of the Federal Research Center
for Fundamental and Translational Medicine
(Novosibirsk, Russia). All procedures performed in
this study were carried out in accordance with the
Declaration of Helsinki of 1964 and its subsequent
amendments (Brazil, Fortaleza, 2013). Each patient
was informed about the study, its aim, and methods.
An informed consent to participate in the study and
to use tumor samples was signed by each patient and
verified by the attending physician.

Tumor samples (8 mm?) obtained by trepanobiopsy
were washed with the DMEM-F12 culture medium
three times, then placed in a glass vial with 1 ml of the
DMEM-F12 medium, and incubated for 72 hours at 37
°C. After incubation, the test samples were removed
from the medium and fixed in a 10% neutral buffered
formalin solution for further immunohistochemical
and histopathological studies. Concentrations of IL-2,
IL-6, IL-8, IL-10, IL-17, IL-18, IL-1B, IL-1Ra, tumor
necrosis factor (TNF) a, interferon (IFN) v, granulocyte
colony-stimulating factor (G-CSF), granulocyte —
macrophage colony-stimulating factor (GM-CSF),
vascular endothelial growth factor (VEGF)-A, and
monocyte chemoattractant protein (MCP)-1 were
determined in the supernatant of the cultured breast
tissue samples by enzyme-linked immunosorbent
assay (ELISA) using reagent kits manufactured by
Vector-Best JSC (Russia).

The tissue samples fixed in 10% neutral buffered
formalin were dehydrated and embedded in paraffin.
Dewaxing and rehydration of paraffin sections were
carried out according to the standard xylene / ethanol
protocol.

The expression levels of Ki-67, E-cadherin
(CDH1), integrin f1 (CD29), and CII in the ICNT and

NCBD samples were determined using monoclonal
antibodies, such as anti-Ki-67 (Leica Biosystems,
Inc.), anti-E-cadherin (BD Biosciences, USA),
anti-CD29 (BD Transduction Laboratories, USA),
and anti-CII (Santa Cruz Biotechnology, Inc.), and
VECTASTAIN ABC detection systems (Vector
Laboratories, PK-7200, USA) in accordance with
the manufacturers’ instructions. The sections were
additionally stained with hematoxylin and eosin
and mounted with Canada balsam. The expression
of the studied markers was analyzed using the
MICROMED-6 microscope, the DSM 510 digital
camera, and the ImageJ 1.42g software (NIH, USA).
For each patient, 10 microphotographs (taken at x40)
were evaluated. The expression data for Ki-67, CDHI1,
CD29, and CII were presented as percentage (% of
cells expressing the marker).

The level of statistical significance of differences
between the groups was determined using the
nonparametric Wilcoxon — Mann — Whitney test. The
data were presented as the median and the interquartile
range Me (Q,; O,,). The calculations were performed
using the Statistica v. 7 software.

The neural network analysis and ROC analysis
of the obtained data were performed using the IBM
SPSS software, v. 22. Normalized importance of
various tumor sample characteristics for assessing the
differences between the ICNT and NCBD samples
was evaluated by the neural network analysis of
the entire database, including parameters of ICNT
and breast tissue in NCBD. The study used a neural
network model generated on the basis of the Multilayer
Perceptron model, with one hidden layer consisting of
three hidden neurons.

The hidden layer activation function was hyperbolic
tangent activation function, the output layer activation
function was identity function. To verify the accuracy
of the neural network analysis, the normalized
importance of all model parameters was determined
using two training methods — batch gradient descent
method and interactive gradient descent method. The
cluster analysis was performed using the Statistica v.
7 software.

RESULTS

Table 1 assesses the differences between the I[CNT
and NCBD samples by the expression of proliferation
markers, EMT markers, and cytokine concentrations
in the supernatant. Fig. 1 shows the ICNT and NCBD
samples stained for Ki-67, E-cadherin, CII, and
CD29.

Bulletin of Siberian Medicine. 2023; 22 (4): 6-14 9
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Ki-67 expression was 2.7 times higher in the ICNT
samples compared to the NCBD samples. It was
shown that the ICNT samples and the NMDB samples
significantly differed in the expression of E-cadherin
and CD29: the expression of E-cadherin was higher in
the NCBD group than in the ICNT samples, while the
expression of CD29 was higher in the ICNT samples
than in the NCBD samples. There were no significant
differences in the CII expression between the groups.

It was found that the ICNT and NCBD samples
significantly differed in the production of IL-2, 11-6, I1-
17, IL-18, IL-1Ra, TNFa, IFNy, VEGF-A, and MCP-
1. The concentration of IL-6 and MCP-1 in the breast
tissue supernatant was higher in the NCBD samples
than in the ICNT samples, and the concentration of
IL-2,11-17, IL-18, IL-1Ra, TNFa, IFNy, and VEGF-A
was higher in the ICNT samples compared to the
NCBD samples.

Table 2 presents the results of the ROC analysis
and the neural network analysis used to identify the
differences between the ICNT and NCBD samples
in the expression of proliferation and EMT markers
and cytokine concentrations in the tumor tissue
supernatant. The ROC analysis showing the quality
of the models found that the best quality models
characterizing the differences between the ICNT

Fig. 1. Results of the immunohistochemical analysis of the
tumor tissue: NCBD — non-cancerous breast disease (a, ¢, e, g —
fibroadenoma); ICNT — invasive carcinoma of no special type (b,
d, , h). The brown — yellow coloration indicates the expression of
EMT markers (CDH1 — E-cadherin; CD29 —integrin 1; CII —type
II collagen) and the proliferation marker Ki-67. Counterstaining

with hematoxylin and eosin, x400

and NCBD samples were formed when CD29 and
Ki-67 expression, as well as production of IL-17,
IL-18, TNFa, VEGF-A, and MCP-1 were used as
comparison parameters. According to the ROC
analysis based on these parameters, the quality of
models for detecting the differences between the
ICNT and NCBD samples was good (AUC > 0.7)
or very good (AUC > 0.8). The AUC values for
CD29 and Ki-67, IL-17, 1L-18, TNFa, VEGF-A,
and MCP-1 were 0.750, 0.863, 0.732, 0.784, 0.722,
0.873, and 0.742, respectively (Table 2).

According to the data obtained using the
neural network analysis, the highest normalized
importance (more than 80%) in the neural network
model used to detect the differences between the
ICNT and NCBD samples was found for CD29
expression (100%), IL-1Ra production (> 90%),
TNFa (> 90%), and VEGF-A (> 80 %). Relatively
high normalized importance (more than 70%)
in the neural network model used to identify the
differences between the ICNT and NCBD samples
was detected for E-cadherin and Ki-67 (Table 2).
Table 2 shows that the neural network model
training method (batch or interactive gradient
descent method) did not have a significant impact
on the results of the analysis for all variables.
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Table 1
Expression of EMT-associated markers, Ki-67, and cytokine concentrations
in the supernatant of ICNT and NCBD samples, Me (Q .; 0..)
Parameter Breast tissue samples »
ICNT NCBD

E-cadherin 64.2 (60.9; 91.7) 82.7(79.7; 97.6) 0.020
CD29 19.6 (8.4; 19.7) 8.9 (1.3;15.3) 0.001
CIL 12.1(6.5; 15.7) 10.5 (5.3; 14.9) 0.542
Ki-67 21.0 (12.0; 43.0) 8.3(3.2;19.8) 0.001
IL-2 2.8(2.1;5.4) 2.2(2.1;2.5) 0.005
IL-4 2.7(1.7;4.1) 3.2(2.6;4.4) 0.286
1L-6 297.8 (87.2;482.7) 502.4 (279.6; 654.5) 0.027
IL-8 366.6 (203.1; 672.8) 378.7 (295.5; 1,360.0) 0.467
IL-10 6.1(1.3;11.8) 9.5(1.7;19.5) 0.404
IL-17 2.3 (1.0;5.1) 6.0(2.2;7.4) 0.003
IL-18 42.4 (15.2; 180. 6) 5.0 (3.3; 26.5) 0.001
IL-1b 32.3(14.7;70.2) 17.0 (11.2; 38.8) 0.148
IL-1Ra 3,273.5 (2,172.6; 4,195.0) 2,070.6 (689.6; 3,003.2) 0.034
TNFa 2.9(1.5;5.2) 2.0(1.1;3.2) 0.046
IFN y 11.5 (5.2; 26.0) 5.9 (2.0; 17.4) 0.027
G-CSF 61.1(8.7;424.6) 80.3 (41.1; 468.1) 0.745
GM-CSF 8.6 (3.1;22.2) 3.2(2.0;13.4) 0.099
VEGF-A 1,359.2 (161.0; 2,144.0) 55.8 (18.4;377.2) 0.001
MCP-1 560.9 (196.9; 1,556.0) 660.8 (259.6; 1,133.2) 0.046

Note: the expression of E-cadherin, CD29, and CII is presented as a percentage (% of expressing cells);

cytokine values — in pg / ml.

Table 2

Evaluation of the differences between the ICNT and NCBD samples by the expression of the EMT and proliferation markers
and cytokine concentrations in the breast tissue supernatant using the ROC analysis and the neural network analysis

.Normalized importance of a parameter Normalized impon.ance of.a pararn.eter Area under the curve (AUC)
Parameter in the NN-model; batch gradient descent in the NN-model; interactive gradient . .
method descent method in the ROC analysis
E-cadherin 79.4% 78.6% 0.549
CD29 100.0% 100.0% 0.750
CII 36.3% 38.0% 0.162
Ki-67 78.0% 77.7% 0.863
1L-2 53.9% 53.5% 0.642
1L-4 22.5% 34.4% 0.415
IL-6 47.5% 49.7% 0.280
IL-8 45.5% 50.4% 0.441
IL-10 33.6% 40.4% 0.433
1L-17 68.3% 68.5% 0.732
IL-18 34.3% 23.1% 0.784
IL-1B 53.8% 40.6% 0.616
IL-1Ra 90.7% 95.7% 0.668
TNFo 91.3% 95.2% 0.722
IFNy 12.3% 12.0% 0.676
G-CSF 9.7% 9.7% 0.473
GM-CSF 76.7% 71.7% 0.459
VEGF-A 81.6% 82.8% 0.873
MCP-1 72.1% 69.0% 0.742

Note: the NN-model — the neural network model. The results of the NN analysis are presented in terms of normalized importance of

each parameter (%). The results of the ROC analysis are presented in AUC values.
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Using the cluster analysis, we assessed the
probability of cluster formation from the parameters
of patients with NCBD with account of only the
parameters with the highest normalized importance
in the neural network analysis and the greatest AUC
in the ROC analysis: CD29, Ki-67, 1L-17, IL-18,
TNFa, MCP-1, and VEGF-A. It was shown that

when clustering combined data of patients with ICNT
(sample No. 1-62) and NCBD (sample No. 63—79) by
the specified parameters of breast tissue samples, 4
clusters were formed at the Euclidean distance of 15.
One of the clusters — cluster III — included parameters
of more than 90% (94.12%) of patients with NCBD

(Fig. 2).
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Fig. 2. Graphical representation of the results of the multidimensional cluster analysis of combined data from patients with ICNT (sample No.
1-62) and NCBD (sample No. 63-79). The dendrogram is constructed using the Ward’s method. The horizontal axis represents encrypted
numbers of samples obtained from different patients with ICNT (from 1 to 62) and NCBD (from 63 to 79), and the vertical axis represents
the clustering distance (Euclidean distances). Clustering was performed on the basis of the simultaneous analysis of E-cadherin, CD29, and

Ki-67 expression in the tumor samples and IL-17, [L-18,

The subcluster within cluster III, located at the
Euclidean distance of 2.0, contained the parameters
of three NCBD samples (sample No. 64, 67, 72) and
two ICNT samples (sample No. 5, 6). The specified
subcluster included samples from patients with
NMDB with proliferative fibrocystic changes and
atypical ductal hyperplasia (sample No. 64 and 72),
as well as with fibroadenoma with severe ductal
hyperplasia (sample No. 67) in the medical history.
The parameters of one NCBD sample (assigned to
other clusters) almost coincided with the parameters
of ICNT. This sample was obtained from the patient
diagnosed with fibroadenomatosis with pronounced
proliferation (cluster I, sample No. 63).

DISCUSSION

The parameters of ICNT and NCBD samples
obtained from different patients varied in terms of the
expression of immunohistochemical markers of EMT
and proliferation, as well as in cytokine production.
In this regard, one of the main tasks was to develop
a neural network model that would make it possible

[NFa, MCP-1, and VEGF-A secretion by the tumor samples

to predict and evaluate the probability of malignancy
in non-cancerous diseases based on the assessment
of EMT and proliferation markers and cytokine
profile produced by tumor samples. It is known that if
output parameters of a neural network model change,
the importance of a particular tumor parameter also
changes. The output of a neural network model may
also depend on the way the model is trained. Therefore,
when conducting the neural network analysis, we used
two options for training the model.

With the help of the ROC analysis and neural
network analysis, we found that some parameters of
cytokine production by BS may have an even greater
prognostic value for assessing the differences between
malignant tumors and non-cancerous diseases than
E-cadherin, CII, CD29, and Ki-67. Such cytokines
include IL-17, IL-18, TNFa, MCP-1, and VEGF-A,
as well as a number of others with a lower prognostic
value. It was shown that when clustering the combined
database of patients with NCBD and ICNT by a wide
range of BS parameters, the expression of E-cadherin,
CD?29, and Ki-67 and the production of IL.-17, IL-18,
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TNFa, MCP-1, and VEGF-A allow to form a cluster
which includes parameters of more than 90% of
patients with NCBD. At the same time, the parameters
of less than 10% of the NCBD samples that fell into
other clusters practically coincided with the studied
parameters of ICNT.

On the one hand, these data indicate that IL-
17, IL-18, TNFa, MCP-1, and VEGF-A may
play an important role in the formation of the
microenvironment contributing to the onset of breast
tissue malignancy in NCBD. On the other hand, at a
certain level of their production, they can be considered
as markers indicating the probability of malignancy in
NCBD. According to the results of the study, patients
with the following diagnoses were attributed to a
group with a probable risk of malignancy in NCBD:
fibroadenomatosis with pronounced proliferation,
proliferative fibrocystic breast disease with atypical
ductal hyperplasia, and fibroadenoma with pronounced
ductal hyperplasia and with the presence of interductal
proliferative lesions.

CONCLUSION

The data obtained make it possible to form a risk
group of patients with NCBD with a probability of
breast tissue malignancy of more than 90%. Thus,
a more accurate prediction of probable malignancy
in NCBD can be made taking into account not only
the expression of E-cadherin, CII, CD29, and the
proliferation marker Ki-67, but also the production of
IL-17, IL-18, TNFa, MCP-1, and VEGF-A.

The data obtained can serve as methodological
grounds for further study of cytokines that form
the microenvironment in the breast tissue in non-
cancerous diseases, which may contribute to breast
tissue malignancy, and the level of cytokine production
can serve as a marker for assessing the likelihood of
this process.

REFERENCES

1. Roman M., LouroJ., Posso M., Vidal C., Bargallo X., VazquezI.
et al. Castells XLong-term risk of breast cancer after diagnosis
of benign breast disease by screening mammography. Int. J.
Environ. Res. Publ. Health. 2022;19(5):2625. DOI: 10.3390/
jerph19052625.

2. Kim S., Mai Tran T.X., Song H., Ryu S., Chang Y., Park B.
Mammographic breast density, benign breast disease, and sub-
sequent breast cancer risk in 3.9 million Korean women. Ra-
diology. 2022;304(3):534-541. DOI: 10.1148/radiol.212727.

3. Zeinomar N., Phillips K.A., Daly M.B., Milne N., Dite J., Ma-
clnnis R. et al. Benign breast disease increases breast cancer
risk independent of underlying Familial risk profile: Find-

ings from a Prospective Family Study Cohort. Int. J. Cancer.
2019;145(2):370-379. DOI: 10.1002/ijc.32112.

4. Degnim A.C., Nassar A., Stallings-Mann M., Keith Ander-
son S., Oberg A.L., Vierkant R.A. et al. Gene signature model
for breast cancer risk prediction for women with sclerosing ad-
enosis. Breast Cancer Res. Treat. 2015;152(3):687-694. DOI:
10.1007/s10549-015-3513-1.

5. Visscher D.W., Nassar A., Degnim A.C., Frost M.H., Vier-
kant R.A., Frank R.D. et al. Sclerosing adenosis and risk of
breast cancer. Breast Cancer Res. Treat. 2014;144(1):205—
212. DOTI: 10.1007/s10549-014-2862-5.

6. Aroner S.A., Collins L.C., Connolly J.L., Colditz G.A.,
Schnitt S.J., Rosner B.A. et al. Radial scars and subsequent
breast cancer risk: results from the Nurses’ Health Stud-
ies. Breast Cancer Res. Treat. 2013;139(1):277-285. DOI:
10.1007/s10549-013-2535-9.

7. Arthur R., Wang Y., Ye K., Glass A., Ginsberg M.,
Loudig O. et al. Association between lifestyle, menstrual/re-
productive history, and histological factors and risk of breast
cancer in women biopsied for benign breast disease. Breast
Cancer Res. Treat. 2017;165(3):623-631. DOI: 10.1007/
$10549-017-4347-9.

8. Salamat F., Niakan B., Keshtkar A., Rafiei E., Zendehdel M.
Subtypes of benign breast disease as a risk factor of breast can-
cer: a systematic review and meta analyses. [ran. J. Med. Sci.
2018;43(4):355-364.

9. Degnim A.C., Visscher D.W., Berman H.K., Frost M.H., Sell-
ers T.A., Vierkant R.A. et al. Stratification of breast cancer risk
in women with atypia: a Mayo cohort study. J. Clin. Oncol.
2007;25(19):2671-2677. DOI: 10.1200/JC0O.2006.09.0217.

10. Hartmann L.C., Sellers T.A., Frost M.H., Lingle W.L., Deg-
nim A.C., Ghosh K. et al. Benign breast disease and the risk

of breast cancer. N. Engl. J. Med. 2005;353(3):229-237. DOLI:
10.1056/NEJMo0a044383.

11. Kalluri R., Weinberg R. The basics of epithelial-mesenchy-
mal transition. J. Clin. Invest. 2009;119(6):1420-1428. DOI:
10.1172/JCI39104.

12. Lambert A.W., Pattabiraman D.R., Weinberg R.A. Emerging
biological principles of metastasis. Cell. 2017;168(4):670—
691. DOI: 10.1016/j.cell.2016.11.037.

13. Long X., Ye Y., Zhang L., Liu P., Yu W., Wei F. et al.
IL-8, a novel messenger to cross-link inflammation and tu-
mor EMT via autocrine and paracrine pathways. /nt. J. Oncol.
2016;48(1):5-12. DOI: 10.3892/ij0.2015.3234.

14. Markopoulos G.S., Roupakia E., Marcu K.B., Kolettas E. Epi-
genetic regulation of inflammatory cytokine-induced epitheli-
al-to-mesenchymal cell transition and cancer stem cell gener-
ation. Cells. 2019;8(10):1143. DOI: 10.3390/cells8101143.

15. Mendez M.J., Hoffman M.J., Cherry E.M., Lemmon C.A.,
Weinberg S.H. Cell fate forecasting: a data-assimilation ap-
proach to predict epithelial-mesenchymal transition. Biophys.
J.2020;118(7):1749-1768. DOI: 10.1016/j.bpj.2020.02.011.

16. Prieto-Garcia E., Diaz-Garcia C.V., Garcia-Ruiz 1., Agul-
lo-Ortuno M.T. Epithelial-to-mesenchymal transition in tu-
mor progression. Med. Oncol. 2017;34(7):122. DOI: 10.1007/
$12032-017-0980-8.

17. Sung J.Y., Cheong J.H. Pan-cancer analysis reveals distinct
metabolic reprogramming in different epithelial-mesenchymal

Bulletin of Siberian Medicine. 2023; 22 (4): 6-14 13



Autenshlyus A.l., Arkhipov S.A., Mikhaylova E.S. et al. Epithelial - mesenchymal transition markers, proliferation markers

transition activity states. Cancers (Basel). 2021;13(8):1778. Chemotherapeutic drugs and human tumor cells cytokine Net-

DOI: 10.3390/CANCERS13081778. work. Int. J. Cancer. 2008;123(9):2031-2040. DOT: 10.1002/
18. Miller I., Min M., Yang C., Tian C., Gookin S., Carter D. et 1jc.23732.

al. Ki67 is a graded rather than a binary marker of prolifer- 20. Velazquez M.E., Ostoa-Saloma P., Palacios-Arreola M.I., Na-

ation versus quiescence. Cell Rep. 2018;24(5):1105-1112. va-Castro K.E., Ivonne Castro J., Morales-Montor J. The role of

DOI: 10.1016/j.celrep.2018.06.110. cytokines in brea cancer development and progression. Interferon
19. Levina V., Su Y., Nolen B., Liu X., Gordin Y., Lee M. et al. Cytokine Res. 2015; 35(1):1-16. DOI: 10.1089/5ir.2014.0026.

Authors’ contribution

Autenshlyus A.I., Arkhipov S.A., Lyahovich V.V. — conception and design, analysis and interpretation of the data; justification of
the manuscript and critical revision of the manuscript for important intellectual content; final approval of the manuscript for publication.
Mikhaylova E.S., Arkhipova V.V, Proskura A.V., Varaksin N.A. — analysis and interpretation of the data; final approval of the manuscript
for publication.

Authors’ information

Autenshlyus Alexander I. — Dr. Sci. (Biology), Professor, Head of the Central Research Laboratory, Novosibirsk State Medical
University, Novosibirsk; Principal Researcher, Institute of Molecular Biology and Biophysics, Federal Research Center of Fundamental
and Translational Medicine, Novosibirsk, Ipciip@211.ru, http://orcid.org/0000-0001-7180-010X

Arkhipov Sergey A. — Dr. Sci. (Biology), Leading Researcher, Central Research Laboratory, Novosibirsk State Medical University,
Novosibirsk; Senior Researcher, Institute of Molecular Biology and Biophysics, Federal Research Center of Fundamental and Translational
Medicine, Novosibirsk, arhipowsergei@yandex.ru, http://orcid.org/0000-0002-1390-4426

Mikhaylova Elena S. — Researcher, Central Research Laboratory, Novosibirsk State Medical University, Novosibirsk, elena.
michajlova.58@mail.ru, http://orcid.org/ 0000-0002-8364-819X

Arkhipova Valentina V. — Junior Researcher, Central Research Laboratory, Novosibirsk State Medical University, Novosibirsk,
valia.arkhipova@yandex.ru, http://orcid.org/0009-0000-0172-0905

Proskura Andrey V. — Cand. Sci. (Med.), Researcher, Institute of Molecular Biology and Biophysics, Federal Research Center of
Fundamental and Translational Medicine, Novosibirsk, avpdok@ngs.ru, http://orcid.org/0000-0003-2313-1591

Varaksin Nikolay A. — Head of the Cytokine Laboratory, Vector-Best JSC, Koltsovo, Novosibirsk, varaksin@vector-best.ru, http://
orcid.org/0000-0002-0733-7787

Lyahovich Vyacheslav V. — Dr. Sci. (Biology), Professor, Academician of the Russian Academy of Sciences, Research Supervisor,
Institute of Molecular Biology and Biophysics, Federal Research Center of Fundamental and Translational Medicine, Novosibirsk, lyakh@
niimbb.ru, http://orcid.org/0000-0001-9619-3422

(B<4) Arkhipov Sergey A., arhipowsergei@yandex.ru
Received 13.04.2023;

approved after peer review 11.05.2023;
accepted 25.05.2023

14 BlonneteHb cMbupckoi MeguuuHbl, 2023; 22 (4): 6-14



