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Abstract

Background. Prostate cancer (PCa) is the most common human cancer worldwide. In the progression of 
prostate cancer, the total number of macrophages in the tumor tissue is associated with poor prognosis and 
increased risk of metastasis. However, the heterogeneity of intratumoral macrophages at various stages 
of PCa development, and the role of tumor-associated macrophages (TAMs) have been insufficiently 
investigated. The aim of the study was to analyze the morphological features, size and number of TAMs 
in PCa tissue samples, and to reveal their correlation with clinical data of patients. Material and Methods. 
Immunohistochemical analysis of 36 paraffin blocks of patients with PCa (pT2a–3bN0–1M0) was performed 
using antibodies to the scavenger receptor CD68. Results. Foamy CD68+ macrophages were found in the 
tumor tissue. The indicator “number of macrophages per total number of fields of view with macrophages” 
was the lowest in patients with a Gleason score of 6 (5.8) (11.0 – in patients with a Gleason score ≥ 8). 
Macrophages formed larger clusters in patients with severe PCa. Small but not large macrophages were 
significantly more common in patients with lymph node metastases (48 vs 24 in the N0 group; p=0.14). The 
number of small macrophages (smaller than 100 µm2) increased in a series of patients with Gleason scores 
of 6, 7 and ≥ 8 (24, 47.5, 72, respectively, p=0.052). Conclusion. As the tumor process progressed and the 
risk of biochemical recurrence increased, there was a trend towards an increase in the total area of large, 
foamy TAMs, presumably rich in lipids, as well as wider distribution of small macrophages with a tendency 
to form clusters. We hypothesize that foamy macrophages are involved in the further recruitment of small 
TAMs, subsequently leading to metastasis and tumor progression.

Key words: prostate cancer, tumor-associated macrophages, giant macrophages, tumor progression.
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Introduction 
Prostate cancer (PCa) is the most common cancer 

among men worldwide, with approximately 1,600,000 
cases and 366,000 deaths annually [1]. The incidence 
and mortality of PCa tends to increase due to an ag-
ing population and urbanization, thereby placing a 
significant social and financial burden on the global 
health care system [2]. Despite significant progress in 
therapy, prostate cancer remains a serious problem for 
men, mainly due to unwarranted treatment of initially 
benign disease and inadequate therapy for metastatic 
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Аннотация

Введение. Наиболее распространенным среди мужчин во всем мире является рак предстательной 
железы (РПЖ). В прогрессировании РПЖ общее количество макрофагов в опухолевой ткани ассоции-
ровано с плохим прогнозом и повышенным риском метастазирования. Однако гетерогенность внутрио-
пухолевых макрофагов на различных стадиях развития заболевания и роль опухоль-ассоциированных 
макрофагов (ОАМ) при раке простаты изучены недостаточно. Цель исследования ‒ 
анализ морфологических особенностей, размера и количества макрофагов в образцах тканей РПЖ 
и выявление взаимосвязи их субпопуляций с клиническими данными пациентов. Материал и методы. 
Иммуногистохимический анализ парафиновых блоков опухолевой ткани 36 пациентов с РПЖ стадии 
pT2a–3bN0–1M0 проводили с использованием антител к скавенджер-рецептору CD68. Результаты. В 
опухолевой ткани обнаружены «пенистые» CD68-позитивные макрофаги. Анализ показателя «количество 
макрофагов на общее количество полей зрения с макрофагами» продемонстрировал рост значений по 
мере прогрессирования опухолевого процесса. Он оказался самым низким у пациентов с суммой баллов 
по шкале Глисона 6 – 5,8 и самым высоким – 11,0, у пациентов с баллом по шкале Глисона ≥ 8. Макрофаги 
образовывали более крупные скопления у пациентов с тяжелой формой РПЖ. Мелкие (менее 100 мкм2), 
но не крупные (более 100 мкм2) макрофаги встречались значительно чаще у пациентов с метастазами 
в лимфоузлы – 48 против 24 в группе N0 (р=0,14). Количество мелких макрофагов возрастало в ряду 
пациентов с суммой баллов по шкале Глисона 6, 7 и ≥ 8 – 24; 47,5; 72 соответственно (р=0,052). Заклю-
чение. По мере прогрессирования опухолевого процесса и повышения риска биохимического рецидива 
демонстрировались тенденция к увеличению общей площади крупных, пенистых ОАМ, вероятно, богатых 
липидами, а также большее распространение мелких, секретирующих макрофагов и склонность к об-
разованию кластеров. Вероятно, пенистые макрофаги принимают участие в дальнейшем привлечении 
мелких, что в дальнейшем  ведет к метастазированию и опухолевой прогрессии.

Ключевые слова: рак предстательной железы, опухоль-ассоциированные макрофаги, гигантские 
макрофаги, опухолевая прогрессия.

prostate cancer [3]. The lethality of progressive disease 
is due to the lack of therapeutic regimens capable of 
producing a stable response to therapy, which is due 
to the extreme heterogeneity of the tumor on the ge-
netic and cellular-biological levels. Evidence suggests 
that the inflammatory microenvironment, especially 
tumor-associated macrophages (TAMs), are involved 
in prostate carcinogenesis and act as an important 
modulator of further malignant progression, metastasis 
and overall therapeutic response [4]. In turn, both the 
presence of the tumor itself and anticancer therapy can 
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affect the programming of monocyte TAMs precursors 
[5, 6]. Studies on cohorts of patients of different ethnic 
groups indicate that the total number of macrophages 
in the tumor mass is associated with poor prognosis 
and increased risk of metastasis [7]. However, the 
heterogeneity of intratumoral macrophages in prostate 
cancer at different stages of disease development has 
not been sufficiently studied.

The aim of the investigation is to analyze the 
spectrum of macrophage characteristics (morphologi-
cal features, size and amount) in prostate cancer tissue 
samples and to search their interrelation with clinical 
data of patients.

Material and Methods
A retrospective analysis of tumor tissues of patients 

with prostate cancer, who underwent surgical treatment 
in the Clinic of Bashkir State Medical University in 
the time period from 2014 to 2018, was performed. 
The study included 36 patients with pT2a–3bN0–1M0. 
Tissue samples in paraffin blocks were obtained from 
the Biobank of Bashkir State Medical University. 
The study was conducted in accordance with the 
requirements of the Declaration of Helsinki and was 
approved by the local ethical committee of the Federal 
State Medical University BSMU of the Ministry of 
Healthcare of Russia on 17.01.2017, protocol № 1. 
General characteristics of clinical data of patients are 
presented in Table 1. 

One paraffin block containing at least 50 % of 
tumor tissue was pre-selected for each patient. The 
selection was performed by a pathomorphologist, for 
which hematoxylin and eosin stained sections from 
each block were prepared. 

Subsequent immunohistochemical staining of sec-
tions of paraffin blocks was performed at the Institute 
of Transfusion Medicine and Immunology, Faculty of 
Medicine, Mannheim, Heidelberg University (Man-
nheim, Germany). Slices deparaffinized with xylene 
and ethanol and rehydrated were placed in Tris/EDTA 
buffer (pH 9.0) and heated in a water bath to 95°C 
for antigen recovery. After blocking endogenous 
peroxidase and nonspecific staining, samples were 
incubated for one hour with primary antibodies to 
CD68 (Zytomed systems # MSK005-55, dilution 
1:100). The preparations were then incubated with 
secondary mouse HRP antibodies (Dako # K4001), 
AEC+substrate chromogen (Dako # K3461) and 
stained with hematoxylin solution (Hämalaun) and 
incubated under a coverslip in aqueous medium (Fara-
mount Mounting Medium, Dako # S302580-2). Tumor 
tissue sections incubated with primary antibodies to 
IgG1 served as a control for specific staining.

Stained sections were visualized using a Leica 
DMRE light microscope, ×10 or ×40 objective and ×10 
eyepiece. Staining of granular cytoplasmic structures 
or cell membranes of monocytic/macrophage origin in 
any intensity was considered positive for CD68.

Areas containing tumor tissue were examined 
on each preparation. From each patient, 10 random 

fields of view within the tumor tissue were analyzed 
at ×400 magnification. The following parameters 
were analyzed: presence of macrophages, stained with 
CD68 (yes/no); shape (rounded, irregularly shaped 
with outgrowths), size (large/small). The obtained 
images were analyzed using Image J program and 
Color Deconvolution plugin. The number of CD68-
positive cells, the area of each CD68+ cell, and the 
area of the image occupied by cells for each field of 
view were taken into account, since prostate tissue 
contains lumens. The following characteristics were 
then calculated in MS Excel for each patient:

1. Total number of CD68+ cells per 10 fields of 
view.

2.  Average number of CD68+ cells  per 
preparation.

3. Total area occupied by CD68+ cells per 10 fields 
of view.

4. Average area of CD68+ cells.
5. Proportion of the area covered by CD68+ cells 

from the area of all cells, %.
6. Number of visual fields with CD68+ cells.
7. Number of visual fields with CD68+ cells larger 

than 100 µm2.
8. Number of visual fields with CD68+ cells less 

than 100 µm2 in size.
9. Number of macrophages per total number of 

visual fields with macrophages.
10. Total number of macrophages greater than 100 

μm2 in size.
11. Total number of macrophages less than 100 

μm2 in size.
12. Area of macrophages larger than 100 μm2.
13. Area of macrophages less than 100 μm2 in 

size.
14. Total area of macrophages less than 100 µm2/

total area of macrophages greater than 100 µm2.
Comparisons for all indices were made for the fol-

lowing groups of patients: 1) without lymph node me-
tastases at the time of surgery, N0, or with metastases, 
N1; 2) with a total Gleason score of 6 (3 + 3), 7 (3 + 
4 or 4 + 3), 8–10 (4 + 4, 4 + 5, 5 + 4 or 5 + 5); 3) with 
a biochemical recurrence risk score of “low”, “in-
termediate”, “high”. Data distribution analysis using 
Kolmogorov-Smirnov test for all groups showed de-
viation from normal distribution in some groups. The 
median and interpercentile interval for each indicator 
were calculated using GraphPad Prism (V 6.01). To 
assess the statistical significance of the observed differ-
ences, we further used nonparametric Mann-Whitney 
tests to compare the 2 groups and Kruskal-Wallis tests 
for three groups.

Results
Our first step was to search for clusters of tumor-

associated macrophages and characterized their mor-
phology in the tumor tissue of patients with prostate 
cancer. The analyzed marker CD68 is highly specific 
for macrophages, belongs to scavenger receptor family, 
and is expressed on almost all TAMs [8]. The distri-
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Table 1/Таблица 1

General characteristics of patients clinical data

Общая характеристика клинических данных 

Parameter/Параметр Number of patients (n=36)/
Количество больных (n=36)

Age, years, mean/Возраст, лет, среднее 66
Risk of biochemical recurrence/Риск биохимического рецидива

Low/Низкий 13
Intermediate/Промежуточный 8

High/Высокий 15
Gleason score/Сумма баллов по шкале Глисона

3 + 3 13
3 + 4 6
4 + 3 4
4 + 4 6
4 + 5 4
5 + 4 1
5 + 5 2

Spread outside the capsule/Распространение за пределы капсулы
Yes/Да 19
No/Нет 17

Prostate specific antigen, ng/ml before surgery, mean (range)/
ПСА, нг/мл перед операцией, среднее (размах) 21,120 (0,243–76,100)

Hormone therapy before surgery/Гормональная терапия до операции
Yes/Да 0
No/Нет 36

Hormone therapy after surgery or orchidectomy/Гормональная терапия после операции или орхидэктомия
No/Нет 22
Yes/Да 10

No data/Нет данных 4
Radiation therapy before surgery/Лучевая терапия до операции

Yes/Да 0
No/Нет 36

Radiation therapy after surgery/Лучевая терапия после операции
Yes/Да 8
No/Нет 28

Metastases in lymph nodes at the time of surgery/Метастазы в лимфоузлах на момент операции
N0 23
N1 13

Distant metastases 1–3 years after surgery/Отдаленные метастазы через 1–3 года после операции
Yes/Да 4
No/Нет 28

No data/Нет данных 4
Survival rate for October 2020/Выживаемость на октябрь 2020 г.

Yes/Да 30
No/Нет 6

bution of CD68+ cells in tumor tissue was heteroge-
neous, with no statistically significant correlation of 
macrophage infiltration with clinical and pathological 
parameters. The following TAMs localization in pros-
tate cancer patients’ tissues was observed: intratumoral 
macrophages diffusely located in tumor parenchyma, 
diffuse stromal localization around tumor parenchyma, 
macrophages in gland ducts of tumor and non-tumor 
tissue, single or their accumulations (Fig. 1). 

The morphology and pattern of macrophage dis-
tribution was heterogeneous in each patient: – there 

were both areas with large “foamy” round-shaped mac-
rophages in ducts outside tumor tissue (Fig. 2A1), and 
massive clusters of irregularly shaped macrophages lo-
cated in clusters inside tumor tissue (Figure 2A2). Fig-
ure 2B1 shows a rounded large “foamy” macrophage 
with a coarse-grained cytoplasm structure, a similar 
morphology found when the macrophage is localized 
inside the ductus. When examining a tissue sample of 
the same patient, there is a distribution of medium-
sized macrophages in the parenchyma (Fig. 2B2). 
It is worth noting the presence of spindle-shaped 
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macrophage bands in the examined samples, diffusely 
located in tumor tissue, locally abundantly infiltrating 
tumor area (Fig. 2B2).

The largest “foamy” macrophages were observed in 
tumor parenchyma of patient № 9 (Fig. 3A), here we 
detected macrophages measuring 600–710 µm2, hav-
ing round shape with a pronounced granular structure, 
which formed clusters of more than 15 cells. Patient 17 
also had macrophages larger than 600 μm2 in the tumor 
parenchyma (Fig. 3B), but not forming clusters.

In the next step we assessed the number and size 
of each CD68+ cell on 10 field-of-view images with 
tumor tissue from each patient, followed by calcula-
tion of the spectrum characteristics. The results are 
presented in Table 2.

Although there were no statistically significant dif-
ferences between the clinical groups of patients, a num-
ber of trends are noteworthy. For example, the total 

Fig. 1. Microphoto. IHC study, distribution of CD68+ 
macrophages in the tumor tissue, (A) intratumoral 
macrophages diffusely located in the tissue, (B) 

macrophages with predominant localization in the 
ducts of the tumor gland, (B) macrophages located 
in the stroma around the tumor parenchyma; (D) 
large, “foamy” macrophages in non-neoplastic 

lacunae; ×40
Рис. 1. Микрофото. ИГХ-исследование, распре-

деление CD68+ макрофагов в опухолевой ткани, 
(А) внутриопухолевые макрофаги, диффузно 

расположенные в ткани, (Б) – макрофаги с 
преимущественной локализацией в протоках же-
лезы опухоли, (В) макрофаги, располагающиеся 

в строме вокруг паренхимы опухоли; (Г) круп-
ные, «пенистые» макрофаги в неопухолевых 

лакунах; ×40

Fig. 2. Microphoto. Distribution of CD68+ macrophages in prostate adenocarcinoma tissue according to IHC staining, ×40
Рис. 2. Микрофото. Распределение CD68+ макрофагов в ткани аденокарциномы предстательной железы по данным 

ИГХ-окрашивания; ×40

number of CD68+ cells increase as the tumor process 
progresses. In the group with lymph node metastases 
the total number of macrophages was significantly 
higher, 68 against 42 in the group without lymph node 
metastases. The same index increases in a number of 
patients with a Gleason score of 6.7 and more than 8: 
38, 64.5 and 74, respectively. The risk of biochemical 
recurrence correlates with the sum of Gleason scores 
and the number of macrophages increases in the tis-
sues of patients at intermediate (64.5) and high risk 
(74) compared to the low risk group (38). 

The total area occupied by CD68+ cells was also 
greater in N1 patients (6009 μm2) than in N0 patients 
(2698 μm2). In patients with low-differentiated prostate 
cancer the area (Gleason score ≥ 8) and high biochemical 
risk of recurrence was also the highest (5792 μm2 in both 
groups), while in the group with a Gleason score of 6 and 
low risk of recurrence it was 2219 μm2 in both groups. 
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Fig. 3. Microphoto. “Foamy” CD68+macrophages of patients No. 9 (A), No. 17 (B), Gleason score 4 + 4, ×40
Рис. 3. Микрофото. «Пенистые» CD68+макрофаги пациентов № 9 (А), № 17 (Б), оценка по шкале Глисона 4 + 4; ×40

The average area of CD68+ cells, the proportion of 
the area of all cells occupied by CD68+ macrophages, 
the number of visual fields with CD68+ cells, the 
number of visual fields with CD68+ cells over 100 
μm2, the number of visual fields with CD68+ cells 
under 100 μm2, and the ratio of the total area of less 
than 100 μm2 to the total area of macrophages over 
100 μm2 showed no significant differences between 
the compared groups. 

At the same time, the parameter “number of 
macrophages per total number of visual fields with 
macrophages” demonstrated an increase in values with 
the progression of the tumor process. It was lowest in 
patients with a Gleason score of 6 (4.8) and highest 
(10.0) in patients with a Gleason index ≥ 8. Thus, 
macrophages formed larger clusters in patients with 
advanced BPH.

It is important to note that the total number of mac-
rophages larger than 100 μm2 did not practically differ 
between the groups. Whereas small macrophages were 
significantly more frequent in patients with lymph 
node metastases (48 vs 24 in N0 group; p=0.076). In 
addition, the number of small, apparently secreted 
macrophages increased in the series of patients 
with Gleason scores of 6, 7, and ≥ 8 (24, 47.5, 72, 
respectively, p=0.052), and as the risk of biochemi-
cal recurrence increased (24, 47.5, 72, respectively, 
p=0.079). Noteworthy is the increase in the number of 
macrophages, predominantly at the expense of small 
secreting cells less than 100 μm2 in size. 

Both the areas of macrophages larger than 100 
μm2 and the areas of macrophages smaller than 100 
μm2 increased slightly as the prostate cancer pro-
gressed (Table 2). This observation requires further 
investigation.

Discussion 
Our findings revealed characteristic single large 

“foamy” macrophages and clusters of similar mac-
rophages in prostate cancer tissues, and correlations 
with clinical findings in patients were determined. 
The morphology of “frothy” macrophages is the most 
interesting, they are relatively large, their cytoplasm 
is loose and granular. Probably, such morphological 
features are a consequence of excessive internalization 
of lipids or lipoproteins. According to the published 

data, this is inherent to atherosclerotic macrophages 
and is also found in colorectal cancer [9–11]. Increased 
uptake and oxidation of fatty acids in tumor tissue 
may contribute to the secretion of proinflammatory 
cytokines from these cells, such as CXCL10, IL-1β and 
IL-10, which may subsequently increase the recruit-
ment of effector T cells and natural killer (NK) cells 
or induce tumor cell migration [12–14]. 

Majority literature sources categorize the main 
polarization vectors of macrophages into two phe-
notypes: classically activated, proinflammatory 
macrophages M1 and alternatively activated, anti-
inflammatory, pro-tumor macrophages M2. However, 
it is worth noting that there are many intermediate 
variants [15], and the existing classifications are rel-
evant in characterizing their role in cancer. Currently, 
biomarker systems are being developed to identify 
functional subpopulations of tumor-associated mac-
rophages, which include both scavenger receptors and 
chitinase-like proteins [7, 16, 17]. Tumor-associated 
macrophages (TAMs) resembling M2 phenotype are 
involved in stimulation of angiogenesis, invasion and 
extravasation of tumor cells [18]. The metabolism of 
tumor-associated macrophages is a mixed form of M1 
(glycolysis) and M2 (fatty acid oxidation) metabolism 
[19] It was shown that the number of M2-like TAMs 
positively correlates with increased tumor size, rapid 
proliferation and decreased overall survival in many 
cancer types, including prostate cancer [7]. Due to 
the fact that cancer cells have the ability to activate 
adipocytes, which leads to triglyceride lipolysis, and 
release free fatty acids in the intratumor environment 
[20], TAMs are induced to absorb fatty acids through 
phagocytosis, which in turn leads to lipid-laden TAMs 
[11]. Similar giant macrophages have been found, for 
example, in tumor tissue of ovarian cancer [21] Recent 
studies have begun to evaluate metabolically activated 
resident tissue macrophages, which cope with a high 
lipid load of dying hypertrophic adipocytes in adipose 
tissue in obese patients, which phenotypically differ 
from M1/M2 classifications [22]. It has been found 
that these cells are associated with the progression of 
triple-negative breast cancer [23]. Besides, recent stud-
ies describe macrophage subtypes in the prostate gland 
possessing a combination of M1 and M2 macrophage 
characteristics in various combinations [24, 25]. It is 
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important to note that macrophage subtypes in tumor 
and non-tumor tissue did not differ, which reflects 
the possibility of tumor tissue factors influencing the 
distant non-tumor environment [25].

CD11b+CD68+ macrophages isolated from col-
orectal cancer tissue contained higher amount of lipids 
in comparison with macrophages in normal tissue [11] 
Lipid accumulation in tumor-associated macrophages 
of myeloma patients obtained from bone marrow is 
significantly associated with disease progression [24]. 
Our study has revealed that the size of large phagocytic 
cells continues to increase as the tumor progresses 
that may reflect the process of undigested lipid accu-
mulation. It is known that during tumor progression 
macrophages can change their phenotype, accompa-
nied by the recruitment of new monocytes from the 
bloodstream. Increased number of small macrophages 
relative to large, actively phagocytosing cells, com-
bined with increased number of small macrophages 
may be one of the reasons of immune control failure 
and tumor progression. 

Besides, according to literature data, in a number 
of studies it was shown the correlation of increased 
number of macrophages and their density in tumor tis-
sue with more aggressive behavior of tumor and more 
unfavorable outcomes in prostate cancer [27–29]. Other 
data found an inverse correlation between the number 
of CD68+ OAM infiltrates in total tumor tissue and 
clinical TNM stage, while OAM density in the cancer 

cell area was positively correlated with the Gleason 
score [30]. Analysis of individual OAM cell size in 
PCa is mentioned in a limited number of studies. For 
example, Lissbrant IF et al, 2000 showed that increased 
area of individual CD68+ macrophages was positively 
correlated with a higher Gleason score and was a pre-
dictor of shorter cancer-specific survival [27].

Conclusion
We have demonstrated a tendency for an increase 

in the total area of large, foamy TAMs, probably rich 
in lipids, and a wider distribution of small, secreting 
macrophages and a tendency to form clusters during 
the course of tumor progression and while the risk 
of biochemical recurrence has increased. Our data 
suggest that foamy macrophages take part in further 
recruitment of small macrophages, subsequently 
leading to metastasis and tumor progression. Further 
analysis of such macrophages and determination 
of their phenotype and morphological features will 
help to clarify their biological role in prostate cancer 
progression. Understanding how resident tissue 
immune cells affect lipid exchange between cancer 
cells and the stromal environment is of practical 
interest in the field of cancer immunology. The 
hypothesis of the involvement of foamy cells in 
attracting new macrophages, which subsequently leads 
to metastasis and tumor progression, requires further 
investigation.
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