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IMMUNOHISTOCHEMICAL STUDY OF M1 AND M2
MACROPHAGES IN BREAST CANCER WITH
MICROCALCIFICATIONS

Introduction. Breast cancer (BC) is a significant medical and
social problem, as it is the leading cause of cancer-related mortality
in women worldwide. Microcalcifications in the breast tissue are
essential in developing the pathological process and affect the
prognosis and metastasis. The tumor microenvironment consists of
cancer cells and stromal cells such as fibroblasts, endothelial cells,
pericytes, and immune cells, including M1 and M2 macrophages.

The work aims to study the influence of microcalcifications on the
polarization of macrophages in the tumor microenvironment of BC.

Materials and methods. The study was conducted on 60 samples
of BC, divided into 30 samples of BC with microcalcifications
(group I) and a control group of 30 samples of BC without
calcifications (group II). All microcalcifications met the criterion of
size up to <1 mm. To study the pathohistological changes, BC's
tissue was analyzed using macroscopic description, histology, and
immunohistochemical study with antibodies against CD68 and
CD163.

Results. According to the results of an immunohistochemical
study, it was found that the expression of CDG68-positive
macrophages of the M1 type is significantly higher in the tissue of
samples of BC with microcalcifications, compared to samples of the
control group (60.85 £ 2.71 cells in the field of view vs. 51.14 +2.89,
p < 0.05). On the other hand, it was established that the average value
of CD163 expression in group I was 53.21 + 3.05 against 65.57 +
3.75 (p < 0.05) cells in the group of BC without calcification.
Nevertheless, the localization of M1 and M2 macrophages in the
tumor had standard features and did not differ.

A possible mechanism of the effect of microcalcifications on the
polarization of macrophages is their support of chronic inflammation
in cancer tissues and, thus, the development of pro-inflammatory M1
phenotype in macrophages. Further studies are needed to obtain more
unambiguous conclusions.
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IMYHOTI'ICTOXIMIYHE JOCJILIXKEHHS MAKPO®AI'IB
M1 TA M2 IIPU PAKY TIPYJHOI 3AJIO3U
3 MIKPOKAJIBIIU®IKATAMHU

Beryn. Pak rpyasoi 3ain03u (PI'3) € BaxJMBOI0O MEIUYHOI 1 co-
LiaJIbHOIO MPOOJIEMOI0, OCKUTBKH SIBJISIETHCS OCHOBHOIO ITPUYHHOIO
CMEPTHOCTI JKIHOK Bifl paKy y BCbOMY CBiTi. MikpokanbIudikaTi y
TKaHUHI rpynHoi 3am03u (I'3) BimirpatoTh BasKIMBY POJb y PO3BHTKY
MIATOJIOTIYHOTO MPOIECY Ta BIUIMBAIOTH HA MPOTHO3 Ta METACTa3y-
BaHH:. [lyXITMHHE MIKpPOOTOYEHHS CKIANAETHCA 3 PAKOBUX KIITHH 1
CTpPOMAJBHUX KJITHH, TaKUX K (iOpoOracT, eHmoTemiadbHi Kili-
TUHU, TIEPUITITH Ta IMyHHI KIITHHU, B TOMY YHCII Makpo(haru THITY
M1 ta M2.

MeTo10 po60TH € TOCTIPKEHHS BIUIMBY HPUCYTHOCTI MiKpOKa-
npIM(IKaTIB Ha MOJSIPU3aLilo MakpogariB MyXJIMHHOTO MIKpPOOTO-
yeHHs PI'3.

Martepianu Ta meromu. Jlocmimkerns Oyio mposeaeHe Ha 60
3paskax PI'3, ski moginmsumcs va rpymy 30 3paskiB PI'3 3 mikpokaib-
nudikatamu (rpyna ) Ta korTpomsHy rpymy 30 3paski PI'3 Oe3 ka-
merudikatis (rpyna II). Bei mikpokanpungikaTi BigmoBigamu Kpu-
Tepiro po3Mip 10 < 1 Mm. [t TOCTiIKeHHS TaTOTiCTONOTITHHX 3MiH
TkaHMHA PI'3 BHBYanacs 3a JOMOMOTOIO METO/IB MaKpOCKOIIIYHOTO
OIUCAHHS, TICTOJIOT], IMyHOTiCTOXIMIYHOTO JOCIIKCHHS 3 aHTUTI-
namu npotu CD68 Ta CD163.

Pe3yabraTn. 3a pe3ynbTaraMH IMYHOTiCTOXIMIYHOTO JOCIIi-
JDKeHHs1 0yJ10 BHSIBJIEHO, 110 ekcrpecis CD68-mo3uTHBHUX Makpo-
¢ariB Tuny M1 nocroBipHoO BuIa y TKaHHHI 3pa3kiB PI'3 3 mikpoka-
nmeIrdikaTaMu, y MOPIBHAHHI 31 3pa3kaMu rpynu KoHTpodro (60,85 +
2,71 xnituH y momi 3opy npotu 51,14 + 2,89, p < 0,05). 3 ixmoro
00Ky, OyJI0 BCTAaHOBJICHO, III0 CepeaHe 3HaYeHHs ekcrpecii CD163 y
rpymi I cknanano 53,21 £ 3,05 npotu 65,57 + 3,75 (p < 0,05) kinitun
y rpymi PI'3 6e3 kanmprmdikamii. TuM He MeHIIe, JOKai3alis MaK-
podaris Tunie M1 Ta M2 y myximHI Maja CIUTBHI pUCH 1 (PaKTHIHO
He BiApi3HsIacs.

MOJIMBUM MEXaHi3MOM BIUIMBY MiKPOKaJIbIM(DiKaTIB HA MMOJIS-
pu3auiro MakpodariB € miITPUMKa HUIMU XPOHIYHOTO 3allajeHHs y
paKoBUX TKaHUHAX i CIIPUSHHS PO3BUTKY TAaKUM YHMHOM y Makpoda-
rax nposanansHoro M1 denorumy. [l oTpuManHs OlIbII OHO3-
HAYHUX BUCHOBKIB HEOOXIIHI HOJAIBIII JOCIIIKEHHS.

KoarouoBi ciioBa: pak rpyaHoi 3a1031, MIKpOKaJIbIIU(DiKaTH, ITy-
XJIMHHE MIKPOOTOYEHHS.
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INTRODUCTION / BCTYII

Breast cancer (BC) is a significant medical and
social problem, as it is the leading cause of cancer-
related mortality in women worldwide. According to
the WHO, in 2018, 2.1 million new cases of BC and
627,000 deaths were recorded worldwide [1, 2].

Microcalcifications in the breast tissue play an
essential role in developing the pathological process
and affect the prognosis and metastasis. Their
presence in the tissue of BC is a criterion for
determining the stage of the disease and early and
differential diagnosis of BC [3, 4, 5].

The tumor microenvironment (TME) is an
essential part of research in oncology, as its role in
the development of the pathological process,
metastasis, worse prognosis, and recurrence of
tumors has been studied for many years and is of
urgent importance in today's conditions. It consists
of cancer cells and stromal cells, such as fibroblasts,
endothelial cells, pericytes, and immune cells [6, 7,
8]. The primary role in developing neoplastic cell
proliferation, angiogenesis, and invasion into
surrounding tissues is played by M1 and M2
macrophages. Macrophages type M1 (CD68) has
anti-inflammatory and antitumor effects, and M2
(CD163) is immunosuppressive and exhibits pro-
tumor activity [9, 10, 11].

Objective: Our work aims to investigate the
influence of microcalcifications on the polarization
of macrophages in the tumor microenvironment of
breast cancer.

Materials and methods

The study was conducted on material obtained
during surgical operations at the Sumy Regional
Clinical Oncology Center (RCOC). After a
histological examination, 30 samples of BC tissue
(group 1) with microcalcifications were selected. As
a control, 30 samples of BC tissue without signs of
biomineralization were used (group I1).

The Ethics Committee

The study was approved by the ethics committee
of the Medical Institute of Sumy State University
(proceedings 3/03, 09.02.21).

Histology. Breast tissue samples were fixed in a
10% neutral formalin solution for 24 hours for
histological examination. The preparation of the
material and the production of paraffin blocks were
carried out according to the generally accepted
method. Histological examination of breast cancer
samples was the main criterion for forming research
groups | and Il. All detected microcalcifications in
group I did not exceed the size of 1 mm (1000 pm).

Immunochistochemistry of breast cancer tissue

In general, the procedure of
immunohistochemical staining of the tissue was
carried out according to the method previously
described in our works [5]. We used primary
antibodies against CD163 (clone EP 324, Master
Diagnostica, ready to use), and CD68 (clone Ab-3,
Thermo Fisher Scientific, at a dilution of 1:200). At
least six different fields of view (FOV) with a
diameter of 1 mm were analyzed for each sample.
The IHC results were presented as a mean number of
OPN-positive cells per FOV.

Statistical analysis

The normality of all data sets was assessed by the
Shapiro-Wilk test. Student’s t-test was applied for
data analysis with a normal distribution. Mann-
Whitney’s U-test was applied for nonparametric data
sets. The results were considered statistically
significant, with a probability of more than 95 % (p <
0.05). Statistical analysis was performed in
Microsoft Office Excel 2016 with the addon AtteStat
(version 12.0.5). All graphs were made with
GraphPad Prism 9.0.

Results

Macroscopic description

Macroscopically, the tissue of BC of both groups
was presented in the form of a well-defined nodule,
dense in consistency and tightly connected to the
surrounding tissue, and had jagged edges. The size
of the tumor varied from 0.5 to 5.0 cm in diameter.
On the section, the node was gray with yellowish
necrosis and isolated hemorrhages. In some cases,
rigid inclusions were found in the samples of the 1st
group, which, when cut, showed a typical crunch.

Histology

The samples of both groups were represented by
polymorphic glands formed by atypical cells and
surrounded by a connective tissue stromal
component. Cells formed nests, trabeculae, and
clusters. Tumor cells contained polymorphic and
hyperchromic rounded nuclei with chromatic and
mitotic figures, nucleoli, and eosinophilic cytoplasm
(Fig. 1 A, B). The cells had increased mitotic activity
and pathological mitoses. The microscopic picture of
most samples was consistent with invasive ductal
breast cancer. In some samples, intraductal
inclusions in the form of small polymorphic cells,
which formed papillary, cribriform structures, and
phenomena of inflammatory infiltration, were noted.

In samples of the | group, biomineral deposits
were present in all tumor tissue components: in the
parenchyma, stroma, and inside the ducts (Fig. 1 C,
D).
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Figure 1 — Breast cancer tissue with microcalcifications. Staining with hematoxylin and eosin.
Magnification is indicated in the lower right corner of each image

Immunohistochemistry

Immunohistochemical examination of ductal
invasive breast cancer tissue with antibodies against
CD68 showed an intense positive cytoplasmic
reaction in  macrophages of the tumor
microenvironment. Macrophages were mainly

localized in the stroma around the tumor tissue. Part
of the cells penetrated between the solid layers of the
tumor epithelium. In addition to macrophages, a
positive reaction was observed in some
endotheliocytes and fibroblasts (Fig. 2 A, B).

Figure 2 — Immunohistochemical study of the tissue of BC (group I) with antibodies against CD68. Staining of
nuclei with Mayer's hematoxylin. Magnification is indicated in the lower right corner of each image
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Immunohistochemical study of samples of group
Il (control group) shows the coincidence of
localization of CDG68-positive cells in tissue
compartments. Yes, we note the presence of stained
cells, mainly in stromal connective tissue and

necrotized tumor tissue. A small number of CD68-
positive cells is located among the tumor layers (Fig.
3 A, B). In the control group, the false staining of
some other tumor microenvironment cells is also
noted: endotheliocytes, fibroblasts, and pericytes.

Figure 3 — Immunohistochemical study of the tissue of BC (group Il) with antibodies against CD68. Staining
of nuclei with Mayer's hematoxylin. Magnification is indicated in the lower right corner of each image

We performed an immunohistochemical study
with anti-CD163 antibodies to establish the presence
of M2-phenotype macrophages in breast cancer tissue
with microcalcifications. We found many CD163-
positive cells in the tumor microenvironment (Fig. 3
A, B). The cytoplasm and partially the membrane

were intensely stained in positively stained cells. The
vast majority of cells corresponded to the phenotype
of macrophages. But, simultaneously, a noticeable
number of spindle-shaped cells, similar to fibroblasts,
was detected, and a positive cytoplasmic reaction was
noted in parts of the endothelium.

Figure 4 — Immunohistochemical study of BC tissue (group 1) with antibodies against CD163. Staining of
nuclei with Mayer's hematoxylin. Magnification is indicated in the lower right corner of each image

Immunohistological study of the polarization of
tissue macrophages of samples of group Il with
antibodies against CD163 showed the similarity of the
compartmentalization of positively stained cells to the
results of group 1. We found CD163-positive cells in
the stroma and part of them in the thickness of tumor

tissues (Fig. 5 A, B). Nevertheless, M2 macrophages
were much less frequently found in necrotic tissues
and inflammatory infiltrates. We also noted the
overlapping of endothelium and fibroblasts during
immunohistochemical staining of the tissue of group
I samples with antibodies against CD163.
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Figure 5 — Immunohistochemical study of BC tissue (group I1) with antibodies against CD163. Staining of
nuclei with Mayer's hematoxylin. Magnification is indicated in the lower right corner of each image

Statistical analysis

When examining samples of the 1st group of
RGZ tissue with calcifications, it was established
that the average value of CD68 expression was
60.85 + 2.71. In the control group of RGZ tissue
without calcification, the expression of CD68 was
51.14 +2.89 (p < 0.05).

100
80
60
40

20+

CD68-positive cells/[FOV

0

1 I
Group | Group I
CD68

Figure 6 — IHC study of the expression of the
CD68 marker in the breast cancer tissue of the
studied groups. The column represents the mean
value. The bar represents the 95% confidence
interval, p < 0.05

Discussion

The tumor microenvironment occupies a leading
place in the oncological process. It affects the
proliferation of neoplastic cells, cancer progression,
and invasion of adjacent tissues. The tumor
microenvironment includes tumor and stromal cells,
such as fibroblasts, endothelial cells, pericytes, and
immune cells [12, 13]. Important importance is
attached to the study of the role of macrophages in
the development of the tumor microenvironment and

When examining a group of breast cancer tissue
samples with calcifications, it was found that the
average value of CD163 expression was 53.21 +
3.05. In the control group of RGZ tissue without
calcification, CD163 expression was 65.57 + 3.75
(p <0.05).
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Figure 7 — IHC study of the expression of the
CD163 marker in the breast cancer tissue of the
studied groups. The column represents the mean
value. The bar represents the 95% confidence
interval, p < 0.05

the progression of the tumor process. Macrophages
that are associated with the tumor are distinguished
among immune cells. According to the mechanism
of action, they are divided into two types:
macrophages M1 and M2. M1 (CD68) has anti-
inflammatory and antitumor effects, and M2
(CD163) are immunosuppressive cells and affect the
spread of the tumor process [14, 15].

Studies by Zhang et al. indicate that tumor-
associated macrophages are essential in the
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prognosis of tumors. Their study showed that CD68
expression was associated with higher expression of
vimentin and lower expression of E-cadherin, which
are important markers of epithelial-to-mesenchymal
transition. It may indicate that macrophages affect
inducing epithelial-mesenchymal transition, rapid
tumor process spread, and a worse prognosis [16]. In
the experiments of Gwak et al., it was shown that it
is essential to evaluate the polarization of
macrophages and the areas of the tumor where they
are located. According to their study, CDG68
infiltration of macrophages in the intratumoral
compartment or CD163 macrophages in the tumor
stroma was associated with poor prognoses in BC
samples. This review also showed that high
expression of CD68 and CD163 macrophages in the
epithelial part or increased density of CD68 or
CD163 macrophages in the tumor stroma was also
associated with a worse prognosis [17, 18].

Our study showed that the expression of CD68
level is higher in the tissue of BC with calcifications
compared to the control group. Type 1 macrophages
were found mainly in the stroma around the tumor,
and some of these were found in cancer between
layers of atypical cells.

According to the results of the Werhrhan study,
it was found that suppressing the number of M2
macrophages in the tissue of triple-negative BC
leads to a decrease in infiltration by macrophages in
the tumor and a decrease in metastasis [19]. An
immunohistochemical study of CD163 expression
revealed that a significantly greater number of type
2 macrophages is found in the tissues of BC samples

CONCLUSIONS / BACHOBKH

According to the results of the immuno-
histochemical study, it was found that the
expression of CD68-positive macrophages of the
M1 type is significantly higher in the tissue of the
samples of RGZ with microcalcifications,
compared to the samples of the control group (p <
0.05). On the other hand, it was established that the
number of CD163-positive cells is significantly
higher in the tissue of RGZ without calcifications.

without  microcalcifications (p <0.05). The
localization of most CD163-positive cells
corresponded to the stroma of the tumor, and some
of them were located between the tumor cells.

Based on our results, we can assume the
predominance of M1 macrophages in the group of
BC samples with microcalcifications. On the other
hand, BC tissue without calcifications has more M2-
type macrophages. In our opinion, this may indicate
a specific effect of microcalcifications. Pathological
biomineralization processes take place in the
presence of an inflammatory process, which is
supported, among other things, by M1 macrophages.
The obtained data can be used to revise the
assessment of the role of microcalcifications in the
course of BC.

In general, these results contradict some of the
studies that show the negative role of
microcalcification in the prognosis of BC [3, 4, 19].
In other words, microcalcifications can indirectly
reduce the negative impact of tumor-associated
macrophages of type M2 due to a relative decrease
in their number. The mechanism of this phenomenon
remains unclear.

The immunohistochemical study of CD68- and
CD163-positive cell expression has limitations and
caveats. The main problem is the positive
overlapping by these markers of some cell
populations, such as fibroblasts, endotheliocytes,
and pericytes, which are also residents of the tumor
microenvironment. Further studies are needed to
obtain more unambiguous conclusions.

Nevertheless, the tumor's M1 and M2 macrophage
localization had standard features and did not
differ.

A possible mechanism of the effect of
microcalcifications on the polarization of
macrophages is their support of chronic
inflammation in tissues, thus promoting the
development of the pro-inflammatory M1
phenotype in macrophages. Further studies are
needed to obtain more unambiguous conclusions.

PROSPECTS FOR FUTURE RESEARCH / HEPCHHEKTUBHU MOAAJBIINX JOCJILI)KEHb

We plan to investigate the immunohistochemical expression of osteoblastic markers in breast cancer tissue
with microcalcifications and compare the results with a control group of breast cancer samples without

pathological biomineralization.
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