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TUMOR MICROENVIRONMENT-ASSOCIATED
miR-7-5p, miR-19a-3p, AND miR-23b-3p
EXPRESSION IN PROSTATE CANCER WITH
DIFFERENT PROGRESSION RISK

Background. The tumor microenvironment (TME) plays an important role in the occurrence and progression
of prostate cancer (PCa). At the same time, the mechanisms and features of the interaction between tumor cells
and individual components of the TME in PCa remain not fully elucidated. The aim was to study the expression le-
vels of tumor-associated miR-7-5p, miR-19a-3p, and miR-23b-3p in the PCa tissue and to analyze their relationship
with the features of TME. Materials and Methods. The work is based on the analysis of the results of the examina-
tion and treatment of 50 patients with PCa of stages II—IV. The expression of miRNA in the PCa tissue was ana-
lyzed by the real-time polymerase chain reaction. The expression of alpha-smooth muscle actin (a-SMA), vimentin
(VIM), and CD68 in PCa tissue was determined by the immunohistochemical method. The identification of mast
cells in the PCa tissue was assessed by the histochemical method. Results. The analysis of the expression levels
of tumor-associated miRNAs demonstrated that the tumor tissue of patients with a high risk of PCa progression was
characterized by 4.93 (p < 0.01) and 8.97 (p < 0.05) times higher levels of miR-19a-3p and miR-23b-3p, respectively,
compared to similar indicators in the group of patients with a low risk of PCa progression. The levels of miR-7-5p
and miR-19a-3p expression in the PCa tissue correlated with the expression level of a-SMA (r = 0.49 and r = 0.45,
respectively; p < 0.05) and VIM (r = 0.45 and r = 0.46; respectively, p < 0.05). A direct relationship (r = 0.44; p <
0.05) was established between the level of miR-7-5p expression and the degree of infiltration of the prostate gland
tissue by tumor-associated macrophages. Conclusions. The features of the expression of tumor-associated miR-7-5p,
miR-19a-3p, and miR-23b-3p indicated the prospect of their use as markers of the aggressiveness of the PCa course.
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Research over the past decades has demonstrated
the significant role of the tumor microenviron-
ment (TME) in the initiation and progression
of neoplasia. The TME is a network of normal
untransformed cells, stromal cells, including fi-
broblasts and immune cells, blood vessels, and
extracellular matrix. A complex system of com-
munication between all these components is en-
sured by the synthesis and release of cytokines,
chemokines, growth factors, and other molecu-
lar messengers, in particular miRNA [1].

MiRNAs are small non-coding RNAs that
regulate gene expression by inducing mRNA
degradation and thereby inhibiting protein
translation. As pleiotropic modulators of gene
expression, miRNAs are involved in various
physiological and pathological processes and
also play a role in the development of many di-
seases, including prostate cancer (PCa) [2, 3].
To date, it has been established that more than
50 miRNAs are involved in the initiation, pro-
gression, and metastasis of PCa. An important
role of miRNAs in the regulation of several key
signaling pathways involved in the PCa progres-
sion has been shown for the androgen receptor
signaling pathway, the PTEN/PI3K/AKT signa-
ling cascade, the p53 signaling pathway, and
the Wnt/B-catenin signaling pathway [4]. The
importance of miRNA in the processes of apop-
tosis, tumor growth, metastasis, and sensitivity
to drug therapy has been studied and characteri-
zed in [5].

Increasing evidence suggests that miRNAs
play a key role in TME biology. Providing com-
munication between the TME and the malig-
nantly transformed cells, miRNAs regulate the
recruitment of immune cells to the tumor site
and their activation, as well as stimulate the
secretion of immunosuppressing or immuno-
stimulating factors, as well as participate in the
modulation of the antitumor immune response.
The expression profile of miRNAs in tumor cells
is changed, and these miRNAs are transferred
via microvesicles and exosomes to the cells of
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immune system. As a result, B cells, T cells, na-
tural killers, and M1 macrophages are inhibited
while immunosuppressing T-regs, myeloid-de-
rived suppressor cells, and M2 macrophages are
stimulated [6—8]. At the same time, the impor-
tance of miRNAs in the formation of TME and
modulation of the antitumor immune response
has only recently become the focus of intensive
research and remains to be fully characterized.
Since modern diagnostic and prognostic tools
have certain limitations, there is a need to find
new markers for therapy stratification taking
into account potential genetic and epigenetic
differences in neoplasms [9—11]. In this context,
high hopes are currently placed on miRNAs, cha-
racterized by tissue specificity and high stability
both in tumor tissue and in biological fluids. In
a previous study, based on bioinformatic analy-
sis, we have identified a panel of miRNAs in-
volved in the formation of reactive TME of PCa
and associated with an unfavorable course of
the disease [12]. Taking into account the above,
the aim of the present work was to study the ex-
pression levels of miR-7-5p, miR-19a-3p, and
miR-23b-3p in the PCa tissue and to analyze
their relationship with the features of TME.

Materials and Methods

The work is based on a retrospective analysis of
the results of the examination and treatment of
50 patients with PCa of stages II—IV who were
treated in the National Cancer Institute of the
Ministry of Health of Ukraine during 2015—
2021. The design of the current study was ap-
proved by the Institutional Review Board and
Research Ethics Committee of R.E. Kavetsky
Institute of Experimental Pathology, Oncology
and Radiobiology of the National Academy
of Sciences of Ukraine in accordance with the
1964 Helsinki Declaration and its later amend-
ments. All patients gave informed consent to
the use of their clinical data for scientific pur-
poses.
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A criterion for inclusion in the study was the
absence of special treatment and surgical inter-
vention at the time of diagnosis and low or high
PCa progression risk. The diagnosis of PCa was
verified by examining histological specimens af-
ter transrectal multifocal biopsy of the prostate
gland under ultrasound control. The stage of the
tumor process was determined according to the
international classification (TNM, 8th edition
2017) [13] by the consensus of the International
Society of Urological Pathology (ISUP) in 2014
and current standards of diagnosis and treat-
ment of the European Association of Urology,
National Comprehensive Cancer Network, and
the European Society for Medical Oncology.
The risk of PCa progression was determined by
the recommendations of the European Asso-

Table 1. Clinicopathological characteristics
of patients with PCa

Number of patients
Index
n %
Total number of patients 50 100
Age (years)
Average 62.9+5.8
Range 48—380
T category by TNM
T2 28 56.0
T3 20 40.0
T4 2 4.0
N category by TNM
NO 49 98.0
N1 1 2.0
Gleason’s score / Grade group
6/ GG1 17 34.0
7 | GG2 and GG3 16 32.0
8—10/ GG4 and GG5 17 34.0
Preoperative PSA level (ng/ml)
<10 15 30.0
> 10 35 70.0
Risk of PCa progression by the EAU classification
Low 13 26.0
High 37 74.0
434

ciation of Urology [15]. The clinicopathologi-
cal characteristics of PCa patients are shown
in Table 1.

The real-time reverse transcription poly-
merase chain reaction (RT-PCR) was used to
study the expression of miRNA in the PCa tis-
sue. Total RNA from paraffin blocks with tissue
was isolated using the commercial RNeasy FFPE
Kit (QIAGEN, Germany) by the manufacturer’s
protocol. The amount of isolated RNA was de-
termined using a NanoDrop 2000c¢ Spectropho-
tometer (Thermo Scientific, USA). The purity
of the isolated RNA was assessed by the ratio of
optical absorbance values at wavelengths of 260
and 280 nm. RNA was dissolved in Tris-EDTA
buffer and stored at -20 °C.

The RT-PCR was performed using the detec-
tion system QuantStudio 5 Dx Real-Time PCR
System (Thermo Scientific, USA) with a com-
mercial kit for RT-PCR TagMan MicroRNA As-
say (Thermo Scientific, USA) according to the
manufacturer's protocol. Primer sequences for
RT-PCR were determined using the resource
http://genomics.dote.hu:8080/mirnadesign-
tool/ and synthesized by Metabion (Germany).
MiRNA RNU48 was used as an endogenous
control. The fold difference between the expres-
sions of the studied microRNAs was calculated
by the formula 22t and expressed as a fold
change [17].

Histochemical methods. Mast cells (MCs)
were identified by staining tumor tissue sec-
tions with toluidine blue (Sigma-Aldrich, USA).
Before staining, sections were deparaffinized in
xylene and washed in ethanol. The preparations
were examined using a Primo Star light micro-
scope (Carl Zeiss, Germany) [18]. The number
of MCs was evaluated in 10 fields of view at
a magnification of x400 and the level of their in-
filtration per mm? was determined.

Immunohistochemical method. The immu-
nohistochemical study of the expression of the
markers of tumor-associated fibroblasts such
as alpha-smooth muscle actin (a-SMA) and vi-
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mentin (VIM), or tumor-associated macropha-
ges (CD68) in the PCa tissue was carried out on
paraffin sections with a thickness of 5 pm. Un-
masking of antigens was carried out in EDTA
buffer, pH 8.0 (Diagnostic BioSystems, USA)
in a water bath WB-4MS (Biosan, Latvia) for
20 min at 96 °C. Monoclonal antibodies specific
for a-SMA (clone 3F11-C2-G6; MyBioSource,
Inc., USA), VIM (clone V9; Merck Millipore,
Burlington, MA, USA), and CD68 (clone KP-1;
Vitro Master Diagnostica, Spain) were used as
primary antibodies. To visualize the results of
the reaction, a kit of Mouse/Rabbit PolyVue Plus
HRP/DAB Detection System reagents (Diagnos-
tic BioSystems, USA) was used by the manufac-
turer's recommendations. Sections were stained
with Mayer's hematoxylin (Thermo Scientific
Richard-Allan, USA).

The analysis of a-SMA and VIM expression
was performed as described in [18], using the
program Image]J v. 1.42. on 10 arbitrarily selected
fields of view at x400 magnification. The final re-
sult of the measurement of the immunopositive
PCa tissue area was expressed in relative units
(hereafter r.u.).

Statistical analysis of the data was performed
using the GraphPad Prism v.8.0 program (Graph-
Pad Software Inc., USA), taking into account the
nature of the obtained data distribution. A com-
parison of the reliability of differences in mean
values was carried out using the Mann — Whit-
ney U-test. The difference in the expression le-
vels of the investigated miRNAs depending on
the Gleason score was evaluated using the cal-
culation of the Kruskal — Wallis test. Correla-
tion analysis was performed using the Jamovi
v.2.4.11.0 program (Computer Software, https://
www. jamovi.org) with the calculation of the
Spearman correlation coefficient. Multiple linear
regression analysis was performed using the
STATISTICA 12.0 program (StatSoft, USA). The
difference between the indicators of the groups
at p < 0.05 was considered statistically signifi-
cant.
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Results

The analysis of the obtained results demonstra-
ted a heterogeneous expression of the studied
miRNAs in the PCa tissue samples. The highest
expression levels in the PCa tissue were found
for miR-23b-3p — 22.68 + 8.10 (Me = 5.41) with
individual fluctuations from 1.05 to 132.40 fold
change, while the expression levels of miR-7-5p
and miR-19a-3p were slightly lower and amoun-
ted to 14.53 + 5.36 (Me = 4.99) with individual
fluctuations from 0.03 to 84.44 fold change and
14.05 + 3.51 (Me = 24.57) with individual fluc-
tuations from 0.23 to 50.87 fold change respec-
tively.

We established a dependence between the
relative levels of the investigated tumor-associa-
ted miRNAs and the category T by the TNM
classification. As shown in Table 2, the levels
of miR-7-5p and miR-23b-3p in the PCa tis-
sues of patients with category T3-T4 were 32.2
(p <0.01) and 10.9 (p < 0.05) times higher com-
pared to similar indicators of patients with cat-
egory T2, respectively. No association between
miR-19a-3p expression and category T was
found. Further analysis established the depen-
dence of the expression of miR-7-5p and miR-
19a-3p on Gleason grading. The highest levels of
these miRNAs were characteristic of PCa cases
with Gleason’s score 7 (Table 2). No correlation
between miR-23b-3p expression and Gleason
grading was found. Also, expression levels of the
studied miRNAs in the tumor tissue were not
dependent on the preoperative blood PSA level
in the PCa patients (Table 2).

Then we performed an analysis of the rela-
tionship between the relative expression level of
the studied miRNAs in the tumor tissue and the
risk of PCa progression (Fig. 1). We established
that the tumor tissue of patients with a high risk
of PCa progression was characterized by 4.93
(p <0.01) and 8.97 (p < 0.05) times higher le-
vels of miR-19a-3p and miR-23b-3p, respective-
ly, compared to similar values in the group of
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Fig. 1. The relationship between the expression of tumor-associated microRNAs (a — miR-7-5p, b — miR-19a-3p,
¢ —miR-23b-3p) and the risk of PCa progression. The median is indicated by the central line, the first and third quar-
tiles are indicated by the lower and upper limits of the "box", respectively. The whiskers emerging from the rectangles
indicate the minimum and maximum values of the indicators

Table 2. The relationship between the expression of tumor-associated miRNAs
and the clinicopathological characteristics of PCa

miR-7-5p miR-19a-3p miR-23b-3p
Clinicopathological
characteristics Me Me Me
(Q1—Q3) b (Q1—Q3) ’ (Q1—Q3) b
T category T2 1.37 0.0068 2.25 0.0700 4.22 0.0473
by TNM (0.38—6.96) (0.40—17.53) (3.05—5.71)
T3—T4 44.13 24.57 46.04
(23.69—78.70) (10.50—40.53) (1.34—87.11)
Gleason’s score 6 1.16 0.0197 1.13 0.0163 4.23 0.1268
(0.24—3.32) (0.42—13.18) (2.83—5.68)
7 44.13 38.98 46.04
(19.55—63.23) (22.81—47.46) (16.29—101.7)
8—10 9.67 15.03 12.66
(0.60—54.15) (0.41—27.38) (3.05—70.68)
PSA level <10 0.72 0.2958 0.62 0.4118 5.37 0.5531
(ng/ml) (0.19—33.33) (0.27—38.37) (1.18—38.63)
> 10 7.05 16.54 5.63
(0.97—49.55) (0.92—27.38) (3.34—79.55)
Table 3. The data of a predictive model patients with a low risk of PCa progression.
for predicting the risk of PCa progression No relationship between the expression of
(multiple linear regression method) miR-7-5p and the risk of PCa progression was
R? = 0.6643 . . . found.
p=0.0013 miR-7-5p | miR-19a-3p | miR-23b-3p To find out the prognostic value of miR-7-5p,
5 0.4974 0.5377 10,0490 miR-19a-3p, and miR-‘23.b-3p expression indica-
tors, a model for predicting the risk of PCa pro-
0.0221 0.0071 0.8098 gression was built (Table 3). It should be noted
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that the risk of PCa progression was determined
as a dependent variable, and the expression levels
of the studied miRNAs were determined as inde-
pendent variables. The model obtained using the
multiple linear regression method had a coefhi-
cient of determination R? = 0.6643 (p = 0.0013).
The risk of PCa progression was found to be
significantly affected by the levels of miR-7-5p
(p = 0.0221) and miR-19a-3p (p = 0.0071) in tu-
mor tissue, while the effect of miR-23b-3p was
insignificant (p = 0.8098).

Finally, we determined associative relation-
ships between the relative expression levels of
miR-7-5p, miR-19a-3p, and miR-23b-3p and
certain elements of the stromal microenviron-
ment of PCa. As shown in Fig. 2, the levels of
miR-7-5p and miR-19a-3p expression in the
PCa tissue directly correlate with the expres-
sion levels of a-SMA (r = 0.49, p = 0.0221 and
r = 0.45, p = 0.0450, respectively) and VIM
(r = 0.45, p = 0.0446 and r = 0.46, p = 0.0382,
respectively), which indicates their participation
in the activation of tumor-associated fibroblasts.
A direct correlation (r = 0.44, p = 0.0446) was
found between the level of miR-7-5p expression
and the degree of infiltration of the PCa tissue
by tumor-associated macrophages. The depen-
dence between the miR-23b-3p and miR-7-5p,
or miR-19a-3p expression levels was revealed,
while there was no association of this miRNA
with the components of the stromal microen-
vironment. No relationship between expression
indicators of any of the expression levels of the
studied miRNAs and the degree of infiltration of
the PCa tissue by MCs was revealed.

Discussion

Recently, the attention of researchers has been
focused on the study of the features of the TME
of malignant neoplasms of various localizations,
including PCa [19—21]. In this context, a large
array of data has been accumulated on the sig-
nificance of the infiltration of the PCa tissue
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by T-cells [22], macrophages [23], MCs [24],
as well as on the influence of fibroblasts on the
spatial organization of the neoplasm stroma
[25, 26]. However, the mechanisms and features
of the interaction between tumor cells and in-
dividual components of the TME remain not
tully elucidated. Given this, the identification
of modulators of the interaction of malignantly
transformed cells and cells of the TME with the
prospect of their use as prognostic and or pre-
dictive markers of PCa is highly relevant.

Our data on the features of the expression
of tumor-associated miR-7-5p, miR-19a-3p,
and miR-23b-3p indicate the prospects of their
use as markers of the PCa course. The highest
expression rates of miR-7-5p and miR-23b-3p
were recorded when tumors extended beyond
the organ capsule. The relationship between the
expression levels of miR-7-5p and miR-19a-3p
and the Gleason grading, as well as the associa-
tion of the expression levels of miR-19a-3p and
miR-23b-3p with a high risk of PCa progression
were established. We have confirmed the pros-
pect of using the studied miRNAs as prognostic
markers of PCa using a predictive multiple linear
regression model.

Our data are consistent with the results of
the study [27] demonstrated that high levels of
miR-7-5p in the blood plasma of patients with
the Gleason score > 8 were associated with
a short period of development of the castration-
resistant form of PCa. High levels of miR-19a-3p
expression have been shown to stimulate the
proliferation, invasion, and migration of PCa
cells by inhibiting PMEPA1 and BTG1 [28, 29].
Fu et al. [30] established a direct relationship
between the expression of miR-19a-3p and the
Gleason score in the PCa tissue and experimen-
tally demonstrated the association of its level
with the proliferative and migratory activity of
LNCaP and PC3 cells. There are also reports
that high levels of miR-19a-3p correlate with
low rates of relapse-free survival in patients with
PCa, regardless of the Gleason score.
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Fig. 2. The relationship between the level of expression of miR-7-5p, miR-19a-3p, and miR-23b-3p in PCa tissue
and the features of the TME. The expression levels of the microRNAs under study were determined as fold change,

the degree of infiltration of the PCa tissue by macrophages and MCs is expressed in the number of cells per mm?,

2

and the result of measuring the area of immunopositive PCa tissue by a-SMA and VIM is presented in r.u

According to the report [31], the tumor tis-
sue of patients with locally advanced PCa was
characterized by a significantly higher level of
miR-23b-3p compared to patients with meta-
static PCa. The lowest levels of expression of
this miRNA were identified in the PCa tissue of
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patients with metastases in the regional lymph
nodes.

When analyzing the relationship between the
expression of the studied miRNAs and the fea-
tures of the stromal microenvironment of PCa,
we established a direct correlation between the
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Essential interactions between prostate cancer cells and cellular components of TME
(Created with Biorender.com)
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Fig. 3. During PCa progression, tumor cells express several signaling molecules and protein factors that affect TME
and cause significant changes in it. In particular, tumor-derived microRNAs simultaneously with growth factors
and cytokines promote M2 macrophage polarization. At the same time, M2 macrophages drive tumor invasiveness,
activate neoangiogenesis, and play a key role in cancer cells' immune escape. In the same way, microRNA alters
the expression of transcription factors in fibroblasts, which leads to their differentiation and increases the number
of cancer-associated fibroblasts (CAFs). CAFs are responsible for essential extracellular matrix remodeling through
the production of fibrillar proteins and proteinases. MCs in TME are orchestrators of macrophages and CAFs func-
tions, while the main components of their granules regulate PCa cell proliferation and motility: MMP — matrix me-
talloproteinase, IL — interleukin, VEGF — vascular endothelium growth factor, PDGF — platelet-derived growth
factor, TNF — tumor necrosis factor, TGF — transforming growth factor, COX2 — cyclooxygenase 2, EGF — epi-
dermal growth factor, SAMD — sterile alpha motif domain, LOX — lysyl oxidase, HIF — hypoxia-induced factor,
HGF — hepatocytes growth factor, FGF — fibroblasts growth factors, COL1A1 — collagen type I alpha 1 chain

expression of miR-7-5p and miR-19a-3p and | filtration of the PCa tissue by tumor-associated
the expression levels of a-SMA and VIM in the | macrophages. These facts are consistent with the
PCa tissue. We found that the level of miR-7-5p | literature data [32, 33] and allow us to assert the
expression also correlates with the degree of in- | participation of these miRNAs in the formation
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of the TME of PCa. Along with this, the study
[34] has demonstrated that miR-7-5p partici-
pates in the processes of hyaluronan-dependent
differentiation of fibroblasts by inhibiting EGFR
signaling. In another study [35], it was found
that upregulation of FasL with the participation
of miR-7-5p led to a shift in the balance toward
protumoral M2-macrophages and stimulation
of cancer progression. Also, miR-19a-3p was re-
vealed to participate in the suppression of the
TGF-f signaling cascade by inhibiting the expres-
sion of SMAD2 and SMAD3, as well as in the ac-
tivation of the proliferation of fibroblasts [36, 37].
Essential relationships between PCa cells, cellular
components of TME, and the features of these in-
teractions’ regulation are depicted in Fig. 3.

To sum up, the obtained data on the rela-
tionship between the expression of miR-7-5p,
miR-19a-3p, and miR-23b-3p and the risk of
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progression and the features of the TME of PCa
indicate the prospects of their use for predicting
the aggressiveness of the PCa course.
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[HCTUTYT eKCIlepyMeHTa/IbHOI ATO/IOTil, OHKOJIOTII 1 pafio6iosorii
im. P.€. KaBennbkoro HAH VYkpainn, Knis, Ykpaina

EKCITPECIA ACOIIMOBAHMX 3 TYXJIMHHUM MIKPOOTOYEHHAM
miR-7-5p, miR-19a-3p ta miR-23b-3p B IIYXJIMHHIN TKAHMHI XBOPUX
HA PAK IEPEIMIXYPOBOI 3AJTO3U 3 PI3HVM PU3VIKOM IMPOTPECIT

Beryn. Baxusa porb y BUHMKHEHHI Ta mporpecii paky nepenmixyposoi 3anosu (PI13) HameXuTp IyXInHHOMY
mikpoorodenH:o (ITM). ¥ Toi ke 4ac, MexaHi3MM Ta 0CO6IMBOCTI B3a€EMOJIil MDK My X/IMHHMMMY KITITHHAMY Ta OKpe-
mumu KkomrnoneHTamu [IM PII3 3anuimaroTbcsi OCTaTOYHO He 3’sCoBaHMMU. MeTa poOOTH: TOCTIUTI TTOKa3HNU-
KU eKcIpecii myxnnHo-acouiioBaunx MikpoPHK-7-5p, -19a-3p ta -23b-3p y Tkanusni PII3, a Takoxx aHanisyBaru
ix 3B’130K 3 ocobmmBocTsamu [IM. Marepianu Ta metopgu: Po6ota 6a3yeTscst Ha aHasIisl pe3ynibrartiB 06CTeXXeHHs
ta mikyBaHHA 50 xBopux Ha PII3 II—IV crapin. Jocnimxennsa excrpecii mikpoPHK y Tkammni PII3 nmposeneno
MEeTOJ[OM IT0/IiMepasHoi IAHIIOrOBOI peakIiil y peanbpHoMy vaci. Ekcrpecito anbda-aktiny roagkux M'ssis (a-SMA),
BimenTuHy (VIM) ta CD68 y TkauuHi PI13 BusHavanm iMyHoricToxiMiyanm MeTonoM. Inentudikarito omacuctux
KaiTuH y TKaHuHi PII3 spiiicHroBanu ricroxiMivaum MeTofoM. CTaTUCTUYHUI aHa/i3 TPOBOAMIN 33 JOIOMOTO0
GraphPad Prism v. 8.00, Jamovi v.2.4.11.0 Ta STATISTICA 12.0. Pe3ynpraTtu. AHaji3 piBHIB eKcIpecii IyX/IuHoO-
aconiriosanux MikpoPHK npopemoncTpysas, mo TkannHa PII3 xBopux i3 BMCOKMM PU3MKOM IpoTrpecii XapakTe-
pusyBanach y 4,93 (p < 0,01) Ta 8,97 (p < 0,05) pasis Bumumu piBusamu mikpoPHK-19a-3p ta mikpoPHK-23b-3p,
BiJIIIOBiTHO, MMOPiBHAHO 3 aHAJOTiYHMMM ITOKa3HMKAMM B IPYIIi Ialli€EHTiB HM3bKOTO PU3MKY Iporpecii. Busasneno,
mo nokasHuky MikpoPHK-7-5p ta mMikpoPHK-19a-3p y tkanuni PII3 xopemoBannu 3 piBHeM ekcmpecii a-SMA
(r=0,49 tar = 0,45, BigmosinHO; p < 0,05) Ta VIM (r = 0,45 Ta r = 0,46, BignosigHo; p < 0,05). BctanoBIeHO icHYBaH-
HS IpsAMOro 3B’s13Ky (r = 0.44; p < 0,05) Mix piBHeM ekcipecii MikpoPHK-7-5p ta crynenem inginprpanii TKaHUHY
PII3 myxnmHo-acouiioBannmu Makpodaramn. BucHoBkn. Onep>xaHi Hamu faHi 10K0 0cO6MMBOCTEN eKcrpecil
nyxnnHo-acouioBanux MikpoPHK-7-5p, mikpoPHK-19a-3p ta MikpoPHK-23b-3p BKasyoTh Ha HepCIEKTUBHICTD
3aCTOCYBaHHA IX sIK MapKepiB arpecuBHOCTI nepebiry PII3.

KimrouoBi cnoBa: pak mepenmixyposoi 3anosn, mikpoPHK-7-5p, mikpoPHK-19a-3p, mikpoPHK-23b-3p, pusnk
IIPOrpecii, MyX/IMHHE MiKPOOTOYEHHA.
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