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TUMOR-ASSOCIATED MACROPHAGES:
RELATIONSHIP WITH CLINICAL STATUS

OF PATIENTS AND MOLECULAR BIOLOGICAL
FEATURES OF BREAST CANCER

Background. Infiltration of the tumor microenvironment by macrophages plays a key role in the progression of breast cancer
(BC), modulating tumor growth, angiogenesis, immunosuppression, and metastasis. However, the association between mac-
rophage infiltration levels and the clinicopathological characteristics of BC, including the molecular subtype of the neoplasm
and receptor status, remains insufficiently studied. Aim. To investigate the relationship between macrophage infiltration in
BC tissue and the extent of tumor spread as well as the molecular profile of the neoplasms. Materials and Methods. Using
immunohistochemistry, the level of infiltration of tumor tissue by CD68" (total macrophages) and CD163* (M2 phenotype
macrophages) tumor-associated macrophages (TAMs) was assessed in the postoperative samples from 67 patients with BC
stage I—IL. Results. The level of CD68* macrophage infiltration in BC tissue was associated with the disease stage (p = 0.004),
tumor size (T category) (p = 0.026), and the presence of metastases in regional lymph nodes (p = 0.047). The highest num-
ber of CD163* M2-like macrophages was recorded in poorly differentiated BC tissue (p = 0.024) and in neoplasms of the
basal-like molecular subtype (p = 0.023). The lowest numbers of both CD68* and CD163* macrophages were detected in
HER2/neu-positive tumors (p = 0.023). The data indicated that BC tumors classified as T2 and N1—N3 were characterized by
an increased content of M1-polarized macrophages, whereas in basal-like BC and poorly differentiated tumors (G3), the M2
macrophage subpopulation predominated. This contributed to the formation of an immunosuppressive tumor phenotype and
indicated the potential prognostic significance of macrophage infiltration in malignant breast neoplasms. Conclusions. The
topology and quantitative characteristics of macrophage infiltration in tumor tissue are closely associated with the extent of BC
spread and the molecular profile of the neoplasms. The CD68*/CD163* cell ratio may reflect the balance between antitumor
and immunosuppressive mechanisms within the microenvironment and be considered a potential prognostic marker.
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The beginning of the 21st century marked the final | effectiveness of cancer treatment [1, 2]. This ap-
recognition of the necessity for a transition to per- | proach is driven by the desire to move away from
sonalized medicine as a key factor in increasing the | the standardized treatment protocols toward indi-
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vidualized therapeutic strategies based on a deep
understanding of pathophysiology and carcinogen-
esis, pharmacogenomics, and individual genetic
differences of the patients [3]. Today, cancer is
viewed as a complex, heterogeneous disease influ-
enced by a wide range of factors — genetic, mo-
lecular, cellular, tissue-specific, population-level,
environmental, and socio-economic — that also
change over time [4].

While research in the previous decade focused
on identifying molecular and genetic diagnostic
and prognostic cancer biomarkers, primarily driv-
en by the decoding of the human genome and the
availability of relevant technological tools, current
attention has significantly shifted toward the tumor
microenvironment (TME) [5]. The TME compri-
ses a large variety of cell types (infiltrating immune
cells, tumor-associated fibroblasts, endothelial
cells, adipocytes, etc.) as well as non-cellular com-
ponents such as the extracellular matrix (ECM)
and various regulatory molecules. The complex
network of interactions between tumor cells and
TME elements plays a decisive role in tumor
growth and progression [6, 7].

It has been established that the most numerous
groups of cells in the TME of solid tumors of vari-
ous histogenesis are tumor-associated macrophages
(TAMs) [8]. TAMs are a heterogeneous group in
terms of origin and functional activity involved in
both innate and adaptive immunity [9, 10]. Based
on their morphological, phenotypic, and functional
heterogeneity, TAMs are conventionally divided
into two distinct subtypes: M1 and M2 macro-
phages. M1 macrophages play a key role in antitu-
mor immunity and mediate pro-inflammatory pro-
cesses in the TME, whereas M2 macrophages are
characterized by strong pro-tumor properties [11].
It has been shown that M2-type TAMs are involved
in tumor growth, metastasis, and the development
of resistance to drug therapy [9]. Numerous studies
have demonstrated that a high level of TAM infil-
tration is associated with poor clinical outcomes
and low survival rates in patients with tumors of
various histogenesis. Moreover, macrophages
themselves are considered a promising target for
antitumor therapy [12].

Despite the extensive body of research dedicated
to the study of TAMs, there is still no definitive ans-
wer regarding the role of macrophages in the deve-
lopment and progression of breast cancer (BC), nor
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the prospects of using them as prognostic or predic-
tive markers. Taking this into account, the aim of the
study was to investigate the relationship between
macrophage infiltration in BC tissue and both the
extent of tumor progression and the molecular pro-
tile of the neoplasms.

Materials and Methods

The study was conducted on the postoperative ma-
terial of 67 patients with BC stage I—II. The pa-
tients were treated at the Municipal Non-Profit En-
terprise «Kyiv City Oncology Center» during
2019—2022. The Institutional Review Board and
Research Ethics Committee of the R.E. Kavetsky
Institute of Experimental Pathology, Oncology and
Radiobiology of the National Academy of Sciences
of Ukraine approved the work. It was conducted
following the Declaration of Helsinki and Good
Clinical Practice guidelines. All patients were ex-
amined using generally accepted clinical and labo-
ratory methods by the Standards of diagnosis and
treatment of oncological patients, approved by the
Order of the Ministry of Health of Ukraine No.
396, adopted on 30/06/2015 (registration number
GS 2015-396). No patients under study received
neoadjuvant treatment. All donors of tumor mate-
rial provided Informed Consent of Agreement to
conduct scientific research. The stage of the tumor
process was determined according to the Interna-
tional TNM Classification [13]. Clinical character-
istics of the patients are presented in Table 1.
Immunohistochemical study. The samples ob-
tained during surgical treatment were fixed in 10%
neutral formalin and embedded in paraffin accord-
ing to standard histological protocols. Serial 5 um-
thick sections were prepared using a rotary micro-
tome and mounted on adhesive microscope slides.
Immunohistochemical analysis was performed
to detect estrogen receptor (ER), progesterone re-
ceptor (PR), proliferation marker Ki-67, human
epidermal growth factor receptor 2 (HER2/neu), as
well as macrophage markers CD68 and CD163.
The following monoclonal antibodies were used:
ER (clone 1D5, dilution 1:100, Dako Cytomation,
Denmark), PR (clone PgR636, dilution 1:100, Dako
Cytomation, Denmark), HER2/neu (clone e2-4001,
dilution 1:100, Thermo Scientific, USA), Ki-67
(clone MIB-1, dilution 1:100, Dako Cytomation,
Denmark), CD68 (clone KP-1, ready to use, Master
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Diagnostica, Spain), and CD163 (clone OTI2G12,
dilution 1:150, Abcam, USA). The Master Polymer
Plus Detection System (Peroxidase) with DAB
chromogen (Master Diagnostica, Spain) was used
for visualization of the immune reaction. Counter-
staining was performed with Mayer’s hematoxylin
(Thermo Scientific Richard-Allan, USA). Each
staining series included appropriate positive and
negative controls.

The expression of ER, PR, and Ki-67 was as-
sessed by calculating the percentage of tumor cells
with positive nuclear staining in at least five ran-
domly selected high-power fields (x400 magnifica-
tion). HER2/neu status was evaluated semi-quan-
titatively based on membrane staining intensity:
«+++» — strong complete membrane staining in
>10% of cells (positive); «++» — moderate complete
staining (equivocal); «+» — weak or incomplete
staining (negative); «0» — no staining (negative).

Molecular classification of BC was performed
based on the immunohistochemical profile. Lumi-
nal A subtype included tumors with positive ER
and/or PR expression, negative HER2/neu status,
and Ki-67 < 14%. Luminal B subtype was defined
by positive ER and/or PR, regardless of HER2/neu
status, with Ki-67 > 14%. The HER2-positive sub-
type was characterized by the absence of ER and PR
expression with HER2/neu positivity, irrespective
of Ki-67 levels. The basal-like (triple-negative) sub-
type was defined by the simultaneous negativity for
ER, PR, and HER2/neu, with any level of Ki-67 ex-
pression [14]. Receptor status and proliferative ac-
tivity of BC tumors are shown in Table 2.

To assess macrophage infiltration in tumor tis-
sue, CD68* cells (total macrophages) and CD163*
cells (M2-like macrophages) were counted in five
high-power fields with the highest infiltration den-
sity in both intratumoral and peritumoral regions.
Results were expressed as the number of positive
cells per 1 mm?*

Table 2. Receptor status and proliferative activity of BC tumors

Statistical analysis. All statistical analyses were
performed using GraphPad Prism software, version
10.00 (GraphPad Software Inc., USA). Compari-

Table 1. Clinical characteristics of BC patients

Receptor status Positive (1, %)

ER 51 (76.1%)
PR 46 (68.7%)
HER2/neu 22 (32.8%)

Ki-67
11 (16.4%)

<14% of positive cells (1, %)

Number
Characteristics of patients
N %
Total number of patients 67 100
Average age, years 58.36 + 1.66
Age range, years 28—89
Reproductive status
Menstrual cycle preserved 21 31.3
Menopause 46 68.7
Clinical stage
1 22 32.8
1I 45 67.2
Tumor size (category T)
T1 27 40.3
T2 40 59.7
Lymph node involvement (category N)
NO 44 65.7
N1-3 23 343
Histological type
Infiltrative ductal adenocarcinoma 49 73.1
Infiltrative lobular adenocarcinoma 18 26.9
Tumor differentiation grade
Gl (high) 3 4.5
G2 (moderate) 56 83.6
G3 (low) 8 11.9
Molecular subtype
Luminal A 30 44.8
Luminal B 20 29.9
Triple-negative (basal-like) 8 13.4
HER2/neu-positive 9 11.9
Negative (1, %)
16 (23.9%)
21 (31.3%)
45 (67.2%)
>14% of positive cells (1, %)
56 (83.6%)
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Fig. 1. Representative microphotographs of CD68* (a, b) and CD163" (¢, d) cells in BC tissue. Immunohistochemistry
with chromogen 3-diaminobenzidine tetrachloride. Counterstaining with Meyer’s hematoxylin

sons between two independent groups were con-
ducted using the non-parametric Mann — Whit-
ney U-test. Analysis of variance (ANOVA) was
used to compare three or more groups. Quantita-
tive data are presented as mean * standard error of
the mean (M * m). Box-and-whisker plots were
used to visualize the distribution of values across
study groups. In these plots, the central line within
the box represents the median; the lower and upper
edges of the box correspond to the first and third
quartiles, respectively. The whiskers extending
from the box indicate the minimum and maximum
values observed in each group.

Results

In the study of the topology of CD68" macrophage
expression in BC tissue, it was found that these cells
predominantly exhibit a round or oval morphology
with granular cytoplasmic staining, corresponding
to the localization of the lysosomal protein. They
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are diffusely distributed within the tumor stroma,
with moderate to high density in certain areas, par-
ticularly near tumor foci and blood vessels.

CD163* macrophages generally displayed more
elongated or amoeboid morphology and were lo-
calized in the deeper regions of the tumor stroma
or near necrotic areas, as well as in the perivascular
and fibrotic zones of BC tissue, which may indicate
their immunoregulatory or reparative function.
The staining intensity for the CD163 antigen was
variable but typically appeared dark brown (Fig. 1).

The quantitative analysis of CD68 expression re-
vealed a significant increase in the number of total
macrophages in the tumor tissue of BC patients, de-
pending on the stage of the tumor process (Fig. 2).
A 1.9-fold increase in CD68* macrophage infiltra-
tion (p = 0.004) was observed in BC tissue samples
from patients with stage IT compared to stage I.

A direct correlation was established between the
level of CD68* macrophage infiltration and the size
of BC tumors: in T2 category tumors, the level of
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Fig. 3. Dependence of the levels of CD163* macrophage infiltration into BC tissue on the clinical characteristics of the

tumor process. ** p < 0.005

CD68* cells was 2.0 times higher (p = 0.026) com-
pared to T1 category tumors. Additionally, in cases
with regional lymph node metastases, the level of
CD68* infiltration in BC tissue was 1.4 times high-
er (p = 0.047) than in tumors from patients without
metastases. At the same time, no statistically sig-
nificant differences were observed in the level of
CD68* macrophage infiltration in BC tissue across
the tumors of different histological types.

The macrophage infiltration intensity also de-
pended on the tumor differentiation grade. Spe-
cifically, in samples of poorly differentiated BC, the
level of CD163* M2 macrophages was 3.6 times
higher (p = 0.024) compared to well-differentiated
carcinomas (Fig. 3).

In addition, differences in macrophage infiltra-
tion levels were found depending on the molecular
subtype of BC: the density of CD68* and CD163*
cells was significantly higher in tumors of the basal
subtype compared to luminal BC and HER2/neu-
positive neoplasms.

ISSN 1812-9269. Experimental Oncology 47 (2). 2025

The lowest number of CD68* macrophages was
recorded in the tissue of HER2/neu-positive tu-
mors (10.26 + 2.309). In the luminal A subtype, the
level of total macrophage infiltration was 52.52 +
+ 8.315 cells per mm?, which was 5.12 times higher
than in HER2/neu-positive BC. The highest num-
bers of CD68* macrophages were observed in the
basal-like and luminal B subtypes — 73.8 + 18.57
and 71.68 + 11.28 cells per mm?, respectively,
amounting to 7.19 and 6.98 times more than in
HER2/neu-positive tumors.

The lowest levels of CD163" macrophage infiltra-
tion were observed in HER2/neu-positive BC tissue.
Meanwhile, in luminal A, luminal B, and basal-like
subtypes, the levels of M2 macrophage infiltration
were 2.45-, 2.79-, and 5.23-fold higher, respectively,
compared to HER2/neu-positive tumors.

No statistically significant differences were
found in the CD163* macrophage infiltration levels
depending on T or N categories, stage, or histo-
logical type of BC.
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Fig. 4. Dependence of the CD68" to CD163* macrophage ratio levels in the BC tissue on the clinical characteristics of

the tumor process. * p < 0.05, ** p < 0.005

Analysis of the CD68*/CD163* cell ratio in BC tis-
sue revealed its dependence on the disease stage, tu-
mor differentiation grade, and molecular subtype
(Fig. 4). Specifically, in the tissue of T2-category tu-
mors, a significant increase in the CD68*/CD163"* ra-
tio was recorded (2.847 + 0.574; p = 0.026) compared
to T1-category cases, indicating a predominance of
MI1-polarized macrophages with potentially antitu-
mor activity. A similar trend was observed in cases
with metastatic involvement of regional lymph nodes,
where the CD68*/CD163" ratio reached 4.172 + 1.214
(p =0.019) compared to the NO category.

In contrast, in tumors of the basal molecular
subtype, the CD68*/CD163* ratio was significant-
ly lower (1.192 + 0.117; p = 0.027), indicating a pre-
dominance of M2-polarized macrophages associ-
ated with tumor growth support, angiogenesis, and
suppression of antitumor immunity. Similar chang-
es were also observed in poorly differentiated (G3)
BC tissue, which likewise showed a reduced
CD68*/CD163* ratio (1.289 + 0.153; p = 0.045).

The CD68*/CD163* macrophage ratio was the
highest in luminal B subtype tissue, reaching 2.34
a.u. In samples of luminal A and HER2/neu-positive
BC, this value was lower by 11% and 24%, respec-
tively. A statistically significant reduction in the
CD68*/CD163* macrophage ratio was recorded in
tissue of patients with basal-like BC — 2.43 times
lower than in luminal B subtype samples.

Analysis of CD163" macrophage infiltration in
tumor tissue demonstrated a direct correlation be-
tween the expression of this marker and the recep-
tor status of BC (Fig. 5). In particular, the counts of
CD163" cells in ER-positive and PR-positive BC
tissue were 2.9 times (p = 0.033) and 2.4 times
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(p = 0.012) higher, respectively, than in ER™ and
PR tumors. In HER2/neu-negative tumor tissue,
the level of CD163* infiltration was 2.9 times high-
er (p = 0.004) compared to HER2/neu-positive tu-
mors, which may indicate enhanced immunosup-
pressive activity in the tumor microenvironment.

At the same time, the association between
CD163" macrophage infiltration and tumor prolif-
erative activity, assessed by the Ki-67 index, was in-
significant. Similarly, no significant correlation was
found between the level of CD68* macrophage infil-
tration and the expression of ER, PR, HER2/neu
receptors, or the Ki-67 index.

In contrast, samples with a high Ki-67 in-
dex (>14%) showed a 1.9-fold increase in the
CD68/CD163 ratio compared to tumors with low
proliferation levels (p = 0.004), which may indicate
a predominance of M1-phenotype macrophages in
tumors with a more aggressive phenotype. No as-
sociation was found between the CD68/CD163 ra-
tio and receptor status (ER, PR, HER2/neu) in BC.

Thus, the increased CD68" macrophage infiltra-
tion in BC tissue was associated with higher disease
stage and tumor size (T category), as well as the
presence of metastases in regional lymph nodes.
An elevated level of CD163* M2-like macrophages
was observed in poorly differentiated BC tissue and
tumors of the basal molecular subtype. The lowest
numbers of both CD68* and CD163* macrophages
were found in tumors of the luminal and HER2/
neu-positive subtypes.

Therefore, a characteristic feature of T2 and N1—3
category BC is an increased presence of M1-polar-
ized macrophages, while in basal-like BC and poorly
differentiated (G3) tumors, the dominant subpopula-
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Fig. 5. Association between TAMs infiltration levels and receptor status, as well as Ki-67 expression in BC tissue. * p <

0.05, ** p < 0.005

tion consists of M2 macrophages. These cells contrib-
ute to immunosuppression and tumor progression,
indicating the potential role of macrophage infiltra-
tion as a prognostic marker of disease aggressiveness.

Discussion

The correlations we identified between CD68*
and CD163* macrophage infiltration levels and

ISSN 1812-9269. Experimental Oncology 47 (2). 2025

tumor size, regional lymph node involvement,
and BC stage are supported by reports from oth-
er authors [15, 16]. Specifically, it has been shown
that the increased infiltration of CD68" and
CD47* macrophages in malignant breast tumors
is associated with higher proliferative activity, in-
creased migration of tumor-associated lympho-
cytes into the tumor core, and a greater risk of
vascular invasion [17].
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Our findings also indicate a direct association
between BC proliferation (assessed via Ki-67 in-
dex) and the number of both M1- and M2-like
macrophages.

However, the inverse correlation we observed
between CD68" and CD163* macrophage infiltra-
tion and ER/PR expression status does not fully
align with findings from other researchers [18, 19],
reflecting conflicting data in the literature and
highlighting the complexity of interactions be-
tween immune cells in the TME and the hormonal
profile of tumors.

Moreover, Sari et al. [20] reported an increase in
M2 macrophages in luminal B subtype tumors,
which corresponds with our results and supports
the relevance of molecular classification in TAM
research in BC.

An interesting approach in TAM studies involves
distinguishing between cells infiltrating the tumor
core and those in the surrounding stroma. Mwafy
et al. [21] demonstrated that the topology of infil-
tration plays a decisive role in determining the
prognostic significance of TAM levels within the
tumor mass. Furthermore, Hirschmann et al. [22]
showed that infiltration of M2-like macrophages
into conditionally normal stromal tissue at the pe-
riphery of early-stage BC is, conversely, associated
with favorable outcomes and higher patient sur-
vival rates.

The tumor stroma is increasingly being viewed
not only as a passive substrate for transformed cell
growth but also as a key regulator of proliferation,
survival, invasion, and therapeutic response. This
is supported by our data on the association be-
tween spatial organization and histoarchitectural
features of the stromal component and the degree
of malignancy in both breast [23; 24] and pros-
tate [25] cancers, as well as the infiltration pat-
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NYXJIMHO-ACOIIMOBAHI MAKPO®ATY: 3B’ A30K 13 KJITHIYHUM
CTATYCOM ITALIEHTIB TA MOJIEKYJ/IAPHO-BIOJIOTTYHHVIMI
OCOBIMBOCTAMM PAKY MOJIOYHOI 3ATTO31

Cran nutaHHA. [HQINbTpaLlis IyXIMHHOTO MiIKpPOOTOUEHH MaKpodaraMu € ofHUM 3 (paKTopiB, 1110 Bifjirpae K104oBy
ponb y mporpecii paky Moo4Hoi 3a103u (PM3), MO y/TIOI04N Ty XIMHHWIT PICT, aHTiOreHe3, IMyHOCYIIpecito Ta MeTacTa-
syBaHH:A. OHaK 3B 30K MDX piBHAMY MakpodaranbHoi iHpiIbTparLil Ta KIiHIKO-IaTONOTIYHMMY XapaKTepUCTUKAMU
PM3, BK/II09ar09y MONIEKY/IAPHMIA MiITUII HOBOYTBOPEHD Ta PELIeNTOPHUIL CTATyC, 3a/IUIIAETHCA HEJOCTATHLO BMBYE-
HUM. Mera. [JocnifguTy B3aeMO3B 30K MK iH}inbTparieto Makpodaramyu TkaHuHu PM3 Ta cTyneHeM mommpeHoCT
IIyX/INHHOTO IIPOLIeCY 1 MOIeKy/IApHUM IpodieM HOBOYTBOpeHb. Marepiamu Ta MeTogu. JJOCTiIKeHHA IPOBEEHO
Ha micAomnepaniitHoMy Marepiani 67 xsopux Ha PM3 I—II crapil. Metomom imyHoricToximii oriHeHo piBeHb iH}iIb-
tpauii nyxanuHol Tkannuy CD68* (3aramphi Makpogarn) Ta CD163" (Mmakpodaru M2-deHoTuiry) myximHo-acoriino-
BaHuMu Mmakpodaramu (TAM). Pesynsratn. Pisenn indinsrparii CD68* makpodaramu tkannuu PM3 aconiroerses i3
crafiero 3axBoproBanHus (p = 0,004), posmipamu HoBoyTBOpeHb (kateropis T) (p = 0,026), a TakO>X HasIBHICTIO MeTacTa-
3iB y perionapui nimarnysni By (p = 0,047). Hait6inbiuy kinskicts CD163* M2-nogibunux makpodaris 3adikcoBano
y TKaHMHi Hu3bkogudepenuiitoBanoro PM3 (p = 0,024) Ta B HOBOyTBOpeHHAX 6a3a/IbHOTO MOJIEKY/IAPHOTO HiATUIY
(p =0,023). Harimen1uy xinpkictb sik CD68*, Tak i CD163* makpodaris Busasieno B nyximHax HER2/neu-nosurusHoro
nigrumy (p = 0,023). OTpuMaHi faHi cBig4aTh, 0 XapaKTepHOI 03Hako0 PM3 kateropii T2 Ta N1—N3 e nigsumieH-
Hs1 BMicTy MI-nosipusoBanux mMaxkpodaris, Togi sk y TKaHuHi 6azanpHoro PM3 Ta myXamHax HM3bKOTO CTYIIEHS
nudepenuitoBants (G3) gominye cydmonysiis M2-mMakpodaris, 1o crpusie popMyBaHHIO iIMyHOCYIIPeCHBHOTO (de-
HOTUIY HOBOYTBOPEHb Ta BKa3y€e Ha MOTEHIIil{He IPOTHOCTMYHE 3HAYeHHs iHQIIbTpaLil MakpodaraMm 3I0sKiCHUX
HOBOYTBOPEHb MOJIOYHOI 3a710311. BuicHOBKM. Tomosoris Ta KinbKiCHI XapaKTepucTUKM MakpodaranpHoi indinprpanii
HyX/IMHHOI TKAHMHY TiCHO TIOB’sI3aHi 3i cTyIeHeM po3noBciopKeHocTi PM3 Ta MonekynapHuM mpodineM HOBOYTBO-
penb. CriBignomenns CD68*/CD163* kniTiH MoXke Bifo6pakaTn 6anmaHc MK IPOTUNYXIMHHIMHI Ta IMyHOCYIIpe-
CUBHVMM MeXaHi3MaMM B MiKPOOTOYEHHI i po3IiA/jaTCA AK MOTEHLIIHNI IPOTHOCTUYHUI MapKep.

Kirro4oBi cmoBa: pak MOIOYHOI 3271031, IIyX/IMHO-aCOLil0BaHi MaKpodary, mepebir 3aXxBOPIOBAHHSL.
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