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MAST CELLS AS A FACTOR IN REGULATION  
OF STROMAL COMPONENT ASSOCIATED  
WITH BREAST CANCER AGGRESSIVENESS  

Background. It has been proven that changes in the morphology, representation, and organization of collagen fibers con-
tribute to the formation of a unique microenvironment, which is associated with the metastatic potential of malignant 
neoplasms due to the initiation of cell migration and changes in polarization. Among the modulators of the collagen 
stroma, fibroblasts remain the most widely studied today. At the same time, much less attention is focused on the study 
of immune cells in the tumor microenvironment, in particular, mast cells (MCs). Aim. To investigate the relationship be-
tween the MCs status and the features of the collagen matrix of breast cancer (BCa). Materials and Methods. The study 
was conducted on the postoperative material of 78 patients with BCa stage I—II. MCs were assessed by a histochemical 
method using toluidine blue. For estimation of the functional activity of MCs, a degranulation index was calculated.  
COL1A1, COL3A1, and MMP-9 expression in tumor tissue was assessed immunohistochemically. A visualization of col-
lagen fibers was performed using the staining by Malory. Microphotographs were pre-processed in Adobe Photoshop SS 
2019 and analyzed using the software packages CurveAlign v. 4.0 and ImageJ. Results. Tumor tissue with a high density 
and functional activity of MCs was characterized by an increased expression of COL1A1 (p < 0.05), COL3A1 (p < 0.05), 
and MMP-9 (p < 0.05). In BCa tissue with the lower MCs degranulation index, collagen fibers become thicker (p < 0.05), 
shorter (p < 0.05), and denser (p < 0.05). At the same time, the existence of a relationship between the levels of miR-155-5p  
and the expression of COL1A1 (r = 0.703, p = 0.009), COL3A1 (r = 0.603, p = 0.043),   and MMP-9 in tumor cells 
(r = 0.562, p = 0.039) and in the stroma (r = 0.546, p = 0.038), as well as the associations of the levels of this miRNA 
with the fiber length (r = –0.632, p = 0.013), width (r = –0.522, p = 0.048), and density (r = 0.699, p = 0.014) were found. 
Significantly higher rates of miR-155-5p expression (p < 0.05) were recorded in BCa tissue with a high index of MCs de-
granulation. Conclusion. During the BCa progression, the role of MCs in the manifestation of the tumor development 
increases. A growing number of infiltrated MCs contributes to the activation of MMP and fibrillar collagen expression. 
These changes lead to increased remodeling of the tumor stroma, which is directly reflected in the spatial organization 
of the collagen matrix. The increased activity of proteases causes a decrease in the length and width of fibrils, which is ex-
plained by a decrease in the number of mature fibers and their disorganization in three-dimensional space. The obtained 
data allow us to assert that MCs play a key role not only in the formation of a specific immune microenvironment of BCa 
but also in determining the direction of changes in the tumor stroma, which promotes cancer aggressiveness.
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Over the past two decades, there has been an in-
creasing trend in the number of studies devoted to 
identifying features of the tumor microenviron-
ment (TME) associated with the aggressiveness of 
solid neoplasms of various histogenesis, including 
breast cancer (BCa). It has been proven that a dy-
namic interaction between malignantly trans-
formed TME cells and its stromal components 
plays a key role in cancer progression, as well as the 
development of resistance to drug therapy [1]. The 
main fibrillar component of the stroma is collagen, 
which makes up 30% of the total protein mass in 
the human body. It has been established that the 
changes in the morphology, representation, and or-
ganization of collagen fibers contribute to the for-
mation of a unique microenvironment, which is as-
sociated with the metastatic potential of malignant 
neoplasms due to the initiation of cell migration 
and changes in polarization. This is confirmed by 
the data of our research, according to which the 
straightening, shortening, and thinning of collagen 
fibers along with the increase in density, are associ-
ated with the tumor stage and the differentiation 
grade of malignant neoplasms of the mammary 
and prostate glands. At the same time, we showed 
that the growth of the stromal-tumor ratio is cha
racteristic of an aggressive basal molecular subtype 
of BCa [2—5]. Also, it has been shown that both 
monomeric [6, 7] and polymeric [8] matricellular 
proteins play a key role in the formation of a three-
dimensional matrix that serves as a scaffold for tu-
mor cells modulating their migratory activity, pro-
liferation, and apoptosis [9].

Among the modulators of collagen stroma, fi-
broblasts remain the most widely studied today. 
Under the influence of growth factors and signals 
from BCa cells, they are transformed into activated 
cancer-associated fibroblasts (CAFs), which simul-
taneously synthesize and reorganize matrix com-
ponents such as collagen, fibronectin, and proteo-
glycans [10]. These changes lead to the formation 
of a rigid framework of the tumor, which promotes 
the migration and invasion of malignantly trans-
formed cells and the maintenance of an inflamma-
tory microenvironment, which promotes cancer 
progression [11].

At the same time, much less attention is focused 
by researchers on the study of immune cells in 
TME, in particular, mast cells (MCs), which, ac-
cording to the literature data and the results of own 

research [12], are capable of systemically influenc-
ing the tumor development and participating in the 
formation of the BCa malignancy degree.

It was shown that MCs can control the state of 
the extracellular matrix and participate in its re-
modeling by secreting proteoglycans, specific pro-
teases, and TGF-β. In particular, tryptase, which is 
synthesized by MCs, can destroy the connective tis-
sue matrix [13, 14]. MCs also secrete professional 
extracellular matrix digesters, such as MMP-2, 
which convert pro-MMP-9 (inactive form) into 
MMP-9 (active form) [15]. The established rela-
tionship between the level of MCs infiltration and 
the intensity of fibrous changes in the tissue indi-
cates their involvement in the regulation of the ac-
tivity of collagen-producing cells as well as in the 
extracellular stages of fibrillogenesis under physio
logical conditions [16]. At the same time, the 
mechanisms of the effect of MCs on the main stro-
mal components of the microenvironment of BCa 
remain unclear. The mechanisms of epigenetic 
regulation of collagen stroma rearrangements, me-
diated by MCs action, also remain unexplored. 
Given this, the aim of our work was to investigate 
the relationship between the MCs status and the 
features of the collagen matrix of BCa.

Materials and Methods

The study was conducted on the postoperative ma-
terial of 78 patients with stage I—II BCa, whose 
detailed clinical characteristics are shown in Table 
1. The patients were treated at the Municipal Non-
Profit Enterprise "Kyiv City Oncology Center" dur-
ing 2019—2022. All patients were examined using 
generally accepted clinical and laboratory methods 
in accordance with the Standards of diagnosis and 
treatment of oncological patients, approved by Or-
der of the Ministry of Health of Ukraine No. 396 
of 06.30.2015 (registration number GS 2015-396). 
No patient received neoadjuvant treatment. All do-
nors of tumor material provided consent of agree-
ment to conduct scientific research.

Histochemical method. Determination of MCs 
in the tissue of malignant neoplasms of the mam-
mary gland was carried out by the histochemical 
method using toluidine blue (Sigma-Aldrich, 
USA). The preparations were examined using an 
AxioScope A1 light microscope (Carl Zeiss, Ger-
many). The number of MCs was evaluated in 
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Table 2. Monoclonal antibodies used for immunohistochemical study 

Antigen Clone Dilution Manufacturer

СOL1A1 1B2 1/300 MyBioSource, USA

COL3A1 5G2 1/400 Abcam, UK
MMP-9 MA5-15886 1/150 Thermo Scientific, USA

Table 1. Clinical characteristics of patients with BCa 

Characteristics
Number of patients

n %

Total number of patients 78 100
Average age, years 53.7 ± 8.2
Age fluctuation, years 24—84
Reproductive status

Menstrual cycle preserved 18 23.0
Menopause 60 77.0

Clinical stage
І 21 26.9
ІІ 57 73.1

Lymph node involvement 
(category N)

N0 44 56.4
N1 34 43.6

Histological type
Infiltrative ductal  
adenocarcinoma 55 70.5

Infiltrative lobular  
adenocarcinoma 23 29.5

Tumor differentiation grade
G1 (high) 5 6.4
G2 (moderate) 66 84.6
G3 (low) 7 9.0

Molecular subtype
Luminal А 33 42.3
Luminal B 24 30.8
Triple-negative (Basal-like) 11 14.1
HЕR2/neu-positive 10 12.8

20 fields of view at ×200 magnification. The degree 
of MCs degranulation was determined at ×1000 
magnification. MCs degranulation index (DI) was 
calculated using the Lindner formula [17]:

DI = (A×0 + B×1 + C×2 + D×3)/n, 

where A is inactive MCs (granules are densely lo-
cated in the cytoplasm, and the nucleus is not vi
sualized), B is weakly degranulated MCs (the nu-

cleus is well visualized, granules are located inside 
the cell and do not extend beyond the cytoplasmic 
membrane), C is moderately degranulated MCs 
(granules partially extend beyond borders of intact 
cytoplasm), D is highly degranulated MCs (com-
pletely degranulated cells with a ruptured cytoplas-
mic membrane), and  n is the total number of ana-
lyzed cells. The ID values were presented in con-
ventional units.

Immunohistochemical study. The study of the 
COL1A1, COL3A1, and MMP-9 expression in BCa 
tissue was performed on paraffin sections with 
a thickness of 5 µm using appropriate monoclonal 
antibodies (Table 2).

The Master Polymer Plus Detection System (Per-
oxidase) reagent kit (Incl. DAB Chromogen) (Mas-
ter diagnostica, Spain) was used to visualize the 
reaction results following the manufacturer's re
commendations; the sections were stained with 
Meyer's hematoxylin (Thermo Scientific Richard-
Allan, USA).

Parenchymal BCa cells MMP-9 expression was 
evaluated using the method of counting immu-
nopositive cells on an AxioScope A1 light micro-
scope (Carl Zeiss, Germany), with a magnification 
of ×400. The level of expression was calculated 
using the H-Score method by the formula:

S = N0 (%) + 1×N1 (%) + 2×N2 (%) + 3×N3 (%),

where S is the H-Score indicator; N0 — the number 
of cells with no expression; N1, N2, and N3 — with 
low, medium, and high expression, respectively. 
The final result of the calculation was expressed 
in points: from 1 to 100 points — low, from 101 to 
200 — medium, and from 201 to 300 — high level 
of expression [18, 19].

To evaluate the expression of COL1A1, COL3A1, 
and MMP-9 in the stromal component of breast 
neoplasms, 10 photomicrographs were made at 
×400 magnification. Microphoto analysis was per-
formed using the ImageJ software package (LOCI, 
University of Wisconsin, USA) and the IHC pro-
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filer plug-in [20]. Quantitative stromal expression 
of the studied proteins was calculated using the op-
tical density score formula: 

ODS = P0 × 1 + P1×2 + P2×3 + P3×4,

where ODS is the optical density score; P0 is the 
number of pixels with missing expression; P1, P2, 
and P3 — with low, medium, and high expression, 
respectively. The value of the optical density score 
varied from 1 to 4 units.

Real-time reverse transcription polymerase 
chain reaction method. The study of hsa-miR-155-5p 
expression in BCa tissue was performed according 
to the protocol described in a previous study [21]. 
RT-PCR was performed on the hardware detection 
system Quant Studio DX5 Real-Time PCR System 
using a commercial kit for RT-PCR TaqMan 
MicroRNA Assay (ThermoScientific, USA) accord-
ing to the manufacturer's protocol. Sequences of 
primers for the reverse transcription PCR were de-
termined using the resource http://genomics.dote.
hu:8080/mirnadesigntool/ and synthesized 
by Metabion (Germany). The primer sequence to 
hsa-miR-155-5p:

5'-GTGGGTTAATGCTAATCGTGAT-3’.

MicroRNA RNU48 was used as an endogenous 
control for objectifying expression indicators. Fold 
change (fold difference) between the expression of 
the investigated microRNA was calculated accord-
ing to the formula 2–ΔCt (hereinafter — a.u.). Errors 
for fold difference calculations show the range of 
ΔCt values based on including the standard 
deviation in these values [22].

Bioinformatics analysis. Possible targets of hsa-
miR-155-5p were determined using the miRNet 
v. 2.0 resource (https://www.mirnet.ca/) and such 
databases as Tarbase v. 9.0, and miRTarBase v. 9.0. 
KEGG analysis of the miR-155-5p effects in path-
ways was investigated in DIANA miRPath v. 3.0 
[23]. The functional enrichment analysis of the tar-
get genes was enforced using the DAVID tool [24]. 
Correlation analysis of the relationship between 
mRNA expression of collagen and MMP9 genes 
and miRNA-155-5p levels was performed using the 
open information resource ENCORI project(https://
rnasysu.com/encori/index.php).

Statistical analysis. Processing of the obtained 
results was performed using the software package 
GraphPad Prism v. 10.00 (GraphPad Software Inc., 

USA) Quantitative comparison of two independent 
groups was performed using the Mann — Whitney 
U-test. The data are presented as M ± m, where M 
is the arithmetic mean, and m is the standard error 
of the mean. Quartile diagrams ("boxplot") graphi
cally presented the results of the study, in which the 
central line marked the median and the lower and 
upper limits of the "box" — the first and third quar-
tiles, respectively. The whiskers emerging from the 
rectangles indicate the minimum and maximum 
values of the indicators in the studied groups. The 
violin plots were used to demonstrate the distribu-
tion of the morphometric parameters of the BCa 
collagen matrix, in which the central line marked 
the median, and the upper and lower dashed 
lines — the first and third quartiles, respectively. 
Correlation 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. The critical 
level of statistical significance was taken as equal 
to 0.05.

Results

The relationship of the levels of MCs infiltration 
and the functional activity with the expression 
of  indicators of the TME stromal component 
markers and the collagen matrix spatial organiza-
tion of the BCa tissue. Depending on the indicators 
of infiltration (Me = 7.899) and the degree of 
degranulation (DI (Me = 1.484)), MCs in the BCa 
tissue of all patients were divided into 2 groups 
(Table 3). Either of the groups contained 39 pa-
tients [12]. When analyzing the results of an im-
munohistochemical study of the TME stromal 

Table 3. Number of mast cells and DI values  
in experimental groups of patients with BCa 

MCs infiltration level, cells/mm2

n = 39 n = 39
MCs low level MCs high level
3.336 ± 0.4255 18.62 ± 1.927

DI, a.u.

n = 39 n = 39
DI low DI high

0.7681 ± 0.09366 1.929 ± 0.07627
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component expression (Fig .1) depending on the 
status of MCs, it was found that BCа with high in-
filtration of MCs was characterized by a 15.1% 
(p = 0.048) lower level of COL3A1 expression 
(Fig. 2). The high functional activity of MCs was 

associated with an increase in expression indica
tors of COL1A1 (by 15.5%, p  = 0.011), COL3A1 
(by 10.1%, p  = 0.028), as well as MMP-9 in the pa-
renchymal (by 63.4%, p = 0.045) and stromal 
(by 14.0%, p = 0.036) components of BCa.

Fig. 1. Representative photomicrographs of COL1A1 (a), COL3A1 (b), and MMP-9 (c) expression in BCa tissue. Im-
munohistochemistry with chromogen 3-diaminobenzidine tetrachloride. Counterstaining with Meyer's hematoxylin
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To find out the significance of the functional sta-
tus of MCs in the processes of TME collagen matrix 
reconstruction, at the next stage, we studied the 
peculiarities of the organization of collagen fibers 
in the BCa tissue. As seen from the data shown in 

Fig. 3, the high MCs density is associated with a de-
crease in the width of collagen fibers by 13.7% 
(p  =  0.017), while the low functional activity 
of MCs is associated with increasing their width 
(by  13.2%, p  = 0.015) and length (by 9.2%, 

Fig. 2. The relationship of the levels of infiltration (a—d) and the DI (e—h) of MCs with the expression of indicators 
of fibrillar collagens (a—b and e—f), as well as MMP-9 in tumor cells (c and j) and stroma (d and h) of BCa. * p < 0.05, 
the difference is significant

Fig. 3. The relationship between the functional status 
of  MCs and the morphometric parameters of collagen 
in BCa tissue. * p < 0.05, the difference is significant
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p = 0.016), as well as decreasing fiber density per 
unit area (by 14.5%, p = 0.017).

We identified the relationship between the MCs 
status and the morphometric parameters of the col-
lagen matrix, probably indicating their participa-
tion in the regulation of the processes of breast 
neoplasm stroma remodeling. Tumor tissue with 
a high density and functional activity of MCs is 
characterized by the increased expression of both 
fibrillar collagens and MMP-9, involved in remod-
eling the extracellular matrix. This is confirmed by 
the dynamics of changes in the morphometric pa-
rameters of the collagen matrix depending on the 
MCs degranulation index.

The relationship of miR-155-5p levels with in-
dicators of the TME stromal component marker 
expression and the collagen matrix spatial organi-
zation of the BCa tissue. Using open-source data 
Tarbase v. 9.0, miRNet v. 2.0, DIANA miRPath 
v. 3.0, and DAVID allowed us to establish that hsa-
miR-155-5p is involved in the regulation of the for-
mation of intercellular contacts, cell migration, 
proliferation, cytokine secretion by several immune 
cells, steroid biosynthesis, and in the modulation 
of signaling cascades of TGF-β and insulin.

Under physiological conditions, miR-155-5p is 
involved in the T-cell functional activity regulation 
and maintenance of cytokine balance in MCs [25]. 

Fig. 4. Correlation between miR-155-5p and COL1A1 
(a), COL3A1 (b), as well as MMP9 (c) mRNA expression 
levels in BCa tissue samples: RPM — reads per million; 
FPKM — fragments per kilobase million (according to the 
open information resource ENCORI project (https://rna-
sysu.com/encori/index.php)



318 ISSN 1812-9269. Experimental Oncology 46 (4). 2024

O. Mushii, A. Pavlova, V. Bazas, T. Borikun, N. Lukianova

Fig. 5. Correlation between miR-155-5p expression level and features of the stromal component of BCa. The curves 
on the left and above the graphs characterize the group's values distribution

Fig. 6. Relationship between miR-155-5p expression level 
and infiltration (a) and degranulation (b) indices of MCs 
in BCa tissue. * p < 0.05, the difference is significant

Dysregulation of this microRNA is associated with 
a change in the expression of MMP-9, which con-
tributes to the emergence of inflammatory proces
ses and tissue remodeling, especially in the pres-
ence of fibrosis [26]. In addition, this miRNA is 
involved in the epigenetic regulation of fibrous 
components of the stroma, in particular, collagen 
structures in fibrosis and angiogenesis [27, 28].

According to data from the ENCORI project re-
source, the existence of a positive correlation be-
tween the expression levels of MMP9 mRNA and 
miR-155-5p in breast tumor tissue has been proven 
(r = 0.329, p = 9.23e–29). At the same time, the cor-
relation between this miRNA and mRNA levels of 
the COL1A1 (r = –0.067, p = 0.275e–02) and  
COL3A1 (r = –0.060, p = 4.76e–02) genes in the BCa 
tissue samples is weakly negative but statistically 
significant (Fig. 4).

Taking into account the above, at the next stage, 
we analyzed the correlations between miR-155-5p 
expression indicators and the features of the stro-
mal component of BCa (Fig. 5). A direct correla-
tion of the miR-155-5p levels with the expression 
of COL1A1 (r = 0.703, p = 0.009), COL3A1 
(r = 0.603, p = 0.043), and MMP-9 in tumor cells 
(r = 0.562, p = 0.039) and in stroma (r = 0.546, 
p = 0.038) of neoplasms, as well as with the density 
of the fibrous component of the BCa tissue 
(r = 0.699, p = 0.014) was identified. Along with 
this, an inverse relationship between the expression 
of this miR and the width (r = –0.522, p = 0.048) 
and length (r = –0.632, p = 0.013) of collagen fibers 
in BCa tissue was demonstrated.

To understand the peculiarities of MCs regula-
tion and their role in the formation of TME, at the 
next stage, we investigated the relationship between 

miR-155-5p expression indicators (Fig. 6) and the 
status of MCs. Significantly higher rates of this 
miRNA expression were recorded in BCa tissue 
with a high index of MCs degranulation. No cor-
relation of miR-155-5p expression indicators was 
found depending on the MCs infiltration into BCa 
tissue.

In summary, we can assert the existence of a re-
lationship between the levels of miR-155-5p and 
the expression of COL1A1, COL3A1, and MMP-9 
in BCa tissue. In addition, associations of the levels 
of this miRNA with the morphometric parameters 
of the spatial organization of the collagen matrix 
in samples of malignant breast tumors were found, 
which indicates its involvement in the regulation 
of tumor stroma remodeling processes.

Discussion

It is known that the development and progression 
of breast neoplasms are accompanied by inflamma-
tory processes, the modulation of which is achieved 
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with the participation of immune cells infiltrated 
into the tumor tissue [29]. Inflammation is a key 
driver of remodeling of the microenvironment, 
which promotes the activation of tumor growth 
due to the migration and invasion of malignantly 
transformed cells [30, 31]. In recent years, there 
have been reports that prove that proteolytic cleava
ge of the extracellular matrix goes far beyond its 
rearrangements and significantly affects the im-
mune component of the microenvironment [32]. 

MCs, which can modulate the composition of 
cellular and acellular components of neoplasms, are 
an integral part of the immune component of the 
BCa microenvironment. The peculiarities of the in-
teraction of MCs with the components of the BCa 
microenvironment have not been finally clarified. 
The contact interaction of MCs with the elements 
of the extracellular matrix causes the release of not 
only a number of pro-inflammatory agents but also 
matrixins, which are involved in the rearrange-
ments of the tumor stroma. Among them, MMP-9 
is the most studied in the context of MCs action, 
because when activated by contact with T-cells, 
MCs can secrete MMP-9 [15, 33]. As known, 
MMP-9, in addition to its classic functions of re-
modeling the extracellular matrix, exhibits proin-
flammatory properties [34]. This suggests that MCs 
infiltration in the TME leads to the manifestation 

of inflammatory processes both intratumorally and 
systemically. At the same time, the increase in the 
number of MCs in the BCa tissue causes the activa-
tion of tumor stroma remodeling processes, which 
is confirmed by our data. Due to the destruction of 
the extracellular matrix fibers by MCs, the bound 
forms of VEGF and FGF-2 are released, which 
leads to increased neoangiogenesis and activation 
of tumors' metastatic activity [35].

It has been reported that tryptase from MCs 
granules can cause activation of myofibroblasts 
[36], enhance collagen expression [37], and con-
tribute to the restructuring of the stroma of breast 
tumors. It was established that the decisive role in 
the regulation of the activity of the fibroblasts is 
determined precisely by their contact interaction 
with MCs, which leads to the contraction of the 
collagen matrix [38]. This is confirmed by the re-
sults of studies by Behzad et al. [39] regarding the 
effect of MCs on the synthetic 3D matrix of colla-
gen. Feng et al. [40] showed that the amount of 
MСs in the peritumoral area of BCa is directly re-
lated to the amount of collagen there.  Blocking the 
MCs degranulation also decreases the expression 
levels of COL1A1 and COL3A1 during wound 
healing [41]. Tissue enriched with MCs is also 
characterized by stabilization of COL1A1 mRNA 
and increased concentration of hydroxyproline 

Fig. 7. The role of mast cells in the formation of TME of BCa
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expression of COL1A1 and COL3A1 and also 
explain the thinning and shortening of fibers 
destroyed by stromal MMP-9.

In addition to cytokines and proteins of the tu-
mor stroma [6, 45, 46], miRNAs capable of regulat-
ing gene expression by RNA interference are also 
involved in MCs regulation. In particular, miRNA-
155-5p is among the promising miRNAs that can 
modulate both the functions of cells of the im
mune system and elements of the stroma of se
veral organs [47—49]. It has been reported that 
it is involved in the pathogenesis of oncological di
seases [50, 51].

It should also be noted that miRNA-155-5p, 
among the several other short non-coding nucleo-
tide sequences, is singled out as a key modulator of 
the formation of the inflammatory immune respon
se [52]. Its participation in regulating the func
tional activity of MCs has also been proven [25, 
53]. Along with this, a direct relationship between 
miRNA-155-5p and MMP-9 expression indicators 
was found [54, 55], as well as elements of the fib
rous component of the stroma [27, 28, 56].

Summarizing the above discussed and taking 
into account our results, we can conclude that dur-
ing the progression of BCa, the role of MCs in the 
manifestation of the tumor process increases. 

In addition, it can be confidently asserted that the 
growing number of infiltrated MCs contributes 
to the activation of the expression of MMP and fi-
brillar collagens in a monomeric form. These 
changes lead to increased remodeling of the tumor 
stroma, which is directly reflected in the spatial 
organization of the collagen matrix. The increased 
activity of proteases causes a decrease in the length 
and width of fibrils, which is explained by a de-
crease in the number of mature fibers and their 
disorganization in three-dimensional space. Some 
matricellular proteins, including osteopontin, 
as well as miRNA (Fig. 6), act as regulators of MCs’ 
effects on the TME. The obtained data allow us to 
assert that MCs play a key role not only in the for-
mation of a specific immune microenvironment of 
BCa but also in determining the direction of chang-
es in the tumor stroma, which determines the high 
aggressiveness degree of the disease course.
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ОПАСИСТІ КЛІТИНИ ЯК ФАКТОР РЕГУЛЯЦІЇ СТРОМАЛЬНОГО  
КОМПОНЕНТУ РАКУ МОЛОЧНОЇ ЗАЛОЗИ, ПОВ’ЯЗАНИЙ  
З АГРЕСИВНІСТЮ ПЕРЕБІГУ ПУХЛИННОГО ПРОЦЕСУ

Вступ. Доведено, що зміни морфології, репрезентації та організації колагенових волокон сприяють форму-
ванню унікального пухлинного мікрооточення (ТМЕ), яке пов’язане з метастатичним потенціалом злоякіс-
них новоутворень внаслідок ініціації клітинної міграції та зміни поляризації. Серед модуляторів колагенової 
строми на сьогодні найбільш вивченими залишаються фібробласти. Водночас значно менше уваги дослідни-
ки приділяють вивченню імунних клітин ТМЕ, зокрема опасистих клітин (ОК). Мета: дослідити зв’язок між 
функціональним станом ОК та особливостями колагенового матриксу раку молочної залози (РМЗ). Матеріали 
і методи. Дослідження проведено на післяопераційному матеріалі 78 хворих на РМЗ І—ІІ стадії. Визначен-
ня ОК проводили гістохімічним методом з використанням толуїдинового синього. Для оцінки функціональ-
ної активності ОК використовували розрахунок індексу дегрануляції. Експресію COL1A1, COL3A1 та MMP-9 
у пухлинній тканині визначали імуногістохімічним методом. Візуалізацію колагенових волокон проводили гіс-
тохімічним методом фарбування тканин за Малорі. Попередню обробку мікрофотографій проводили в про-
грамі Adobe Photoshop SS 2019. Аналіз оброблених зображень виконували за допомогою програмних пакетів 
CurveAlign v. 4.0 та ImageJ. Результати. Пухлинна тканина з високою щільністю та функціональною активніс-
тю ОК характеризується підвищеною експресією COL1A1 (p < 0,05), COL3A1 (p < 0,05) та MMP-9 (p < 0,05).  
У тканині РМЗ з нижчим індексом дегрануляції ОК колагенові волокна стають товщими (p < 0,05), коротши-
ми (p < 0,05), а колагенова матриця щільнішою (p < 0,05). Водночас виявлено зв’язок між рівнями miR-155-5p  
та  експресією COL1A1 (r = 0,703, p  =  0,009), COL3A1 (r = 0,603, p = 0,043), MMP-9 в пухлинних клітинах 
(r = 0,562, p = 0,039) та в стромі (r = 0,546, p = 0,038), а також показано асоціацію рівнів цієї мікроРНК з довжи-
ною (r = –0,632, p = 0,013), шириною (r = –0,522, p = 0,048) колагенових волокон та щільністю колагенової мат
риці (r = 0,699, p = 0,014). Достовірно вищі показники експресії miR-155-5p (p < 0,05) зареєстровано в тканині 
РМЗ з високим індексом дегрануляції ОК. Висновки. При прогресуванні РМЗ зростає роль ОК у пухлинному 
процесі. Зростаюча кількість інфільтрованих ОК сприяє активації експресії матриксних металопротеїназ і фі-
брилярного колагену. Ці зміни призводять до посиленого ремоделювання строми пухлини, що безпосередньо 
відображається на просторовій організації колагенового матриксу. Підвищена активність протеаз викликає 
зменшення довжини і ширини фібрил, що пояснюється зменшенням кількості зрілих волокон і їх дезоргані-
зацією в тривимірному просторі. Отримані дані дозволяють стверджувати, що ОК відіграють ключову роль 
не лише у формуванні специфічного імунного мікрооточення РМЗ, а й у визначенні напрямку змін у стромі 
пухлини, що зумовлює високий ступінь агресивності перебігу захворювання.
Ключові слова: рак молочної залози, опасисті клітини, колагеновий матрикс, матриксні металопротеїнази, 
ремоделювання позаклітинного матриксу.




