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Abstract

The aim of the research: to study pathophysiological mechanisms of adenomyosis development by determining the role
of macrophages in the uterine microenvironment.

Materials and methods: a prospective study has been conducted on 35 women. There were 20 (57.1 %) who had adenomyo-
sis of I degree. The control group consisted of 15 (34.3 %) gynecologically healthy women. The patients underwent general clinical,
instrumental (ultrasound, hysteroscopy) examinations. Fragments of the uterine wall obtained by hysterorectoscopy were used for
morphological study. The method of immunohistochemical determination of CD68+ and CD163+ macrophages was used to analyze
the characteristics of phenotypic equivalents of M1 and M2 macrophages in uterine tissue samples.

Results: The increase in the number of macrophages in the myometrium of patients with adenomyosis revealed in this study,
which is found in large numbers in the areas of infiltration of the stroma of myometrial cells in close association with the perivascu-
lar region, can be regarded as the basis of the mechanism for the formation of endometrioid heterotopia. Furthermore, distortion of
the CD68/CD163 ratio of macrophages is characterized by proinflammatory shift.

Conclusions: The study’s main result is an increase in the quantitative indicators of CD68+ macrophages associated with
adenomyosis, which indicates an immunopathological process in adenomyosis.

Keywords: adenomyosis, menstrual disorder, pathophysiological mechanisms, immune regulation, macrophages, markers
of phagocytic dysfunction, CD68+ and CD163+ cells.
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1. Introduction

Endometriosis is an estrogen-dependent chronic immunoinflammatory disease manifested
by the presence of endometrial-like tissue outside the endometrium [1, 2]. Endometriosis is a com-
mon cause of dysmenorrhea, chronic pelvic pain of varying intensity, often leading to psychoso-
matic and autonomic disorders. In addition, endometriosis of the uterus, adenomyosis, is associated
with a pronounced negative effect on the reproductive function of women [3, 4].

In the structure of gynaecological diseases, endometriosis takes the 3rd place after pelvic
inflammatory diseases and myoma [5, 6]. One of the most frequent localization of genital endo-
metriosis is adenomyosis, in the structure of this pathology reaches 70 %; many sources point
to a steady increase in the incidence of adenomyosis in all age groups, including a trend towards an
increase in the incidence of adenomyosis [7, §].

The retrograde menstruation theory is one of the main theories of the origin of endo-
metriosis. With adenomyosis, heterotopic lesions develop in the muscular membrane of the
uterus, its isthmus and the interstitial part of the fallopian tubes. A retrograde reflux of men-
strual blood and fragments of the endometrium from the uterus into the abdominal cavity and
ectopic places was established. This theory suggests a decrease in local immune surveillance,
resulting in endometrioid-like cells penetrating and taking root. The coelomic metaplasia theo-
ry explains the peritoneal mesothelial cells’ ability to degenerate into glandular and stromal
cells similar to endometrial cells [9—11]. The embryonic theory attributes the leading role to the
cells of Miillerian origin remaining after migration [12]. The influence of genetic, epigenetic,
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immunological and hormonal factors should be considered in the occurrence and development
of endometriosis [13, 14].

Impaired immune regulation of the endometrium may be a pathophysiological mechanism
of adenomyosis development. The endometrium contains many immune cells, the proportion of
which changes during the menstrual cycle [15, 16]. During the proliferative phase, the endomet-
rium is infiltrated by immune cells (macrophages, T cells, NK cells), which promote proliferation
and restoration of the functional layer. The peak of immune cells is reached by the end of the se-
cretory and desquamation phases, suggesting the presence of an inflammatory component of men-
struation [17, 18]. Endometrial macrophages produce vascular endothelial growth factor (VEGF)
during the secretory phase [19, 20]. During menstruation, matrix metalloproteinases are secreted
that remodel the extracellular matrix during desquamation [21, 22].

Despite intensive research over the past 30 years, the aetiology and pathophysiology of en-
dometriosis still need to be sufficiently clarified [2, 23]. Various components of the immune system
are involved in the pathogenesis of endometriosis, which may have a determining or secondary role
in different periods of the disease. According to recent data, the development of endometriosis foci
is largely determined by the microenvironment in which endometrioid cells are isolated. Macro-
phages are an important cellular component of this microenvironment, and their contribution has
been described in many studies [23-26]. Nowadays, it is believed that macrophages contribute to
the proliferation of both epithelial and stromal cells, contributing to the progression of the disease
and evading immune surveillance. Moreover, they also support uncontrolled cell growth and in-
vasiveness, promote local angiogenesis, and produce growth factors, neuroactive peptides, and
matrix metalloproteinases. The described aspects suggest the similarity between endometrioid and
cancer cells [27, 28].

Studies of the pathophysiological role of macrophages associated with endometriosis and
their possible role in the remodelling of uterine tissue structures are important for new therapeu-
tic possibilities.

The aim of the study: to study pathophysiological mechanisms of adenomyosis develop-
ment by determining the role of macrophages in the uterine microenvironment.

2. Materials and methods

All experiments were conducted between 2019-2022 at the clinical bases of the Depart-
ment of Obstetrics and Gynecology No. 1, Kharkiv National Medical University, Kharkiv, Ukraine.

An integrated clinical-morphological study was carried out on 35 patients. Of them,
20 (57.1 %) had adenomyosis of I degree. The control group consisted of 15 (34.3 %) gynecolo-
gically healthy women. The patients underwent general clinical, instrumental (ultrasound, hys-
teroscopy) examinations. In addition, fragments of the uterine wall obtained by hysterorectoscopy
were used for morphological study.

Before the start of the examination, each person under study signed an informed patient
consent for diagnosis and processing of personal data. Studies were conducted in compliance with
basic bioethical norms and requirements of the Declaration of Helsinki adopted by the General
Assembly of the World Medical Association, Council of Europe Convention on Human Rights and
Biomedicine (1977), according to WHO regulation, International Council of Medical Scientific
Societies, International Code of Medical Ethics (1983) and the order of Ministry of Health of
Ukraine No. 690 of 23.09.2009. The Local Moral Committee agreed upon the study protocol.

Ethical approval was obtained from the Bioethics Committee of Kharkiv National Medi-
cal University (protocol No. 2, 01.06.2022). All participants consented to take part in the study.
All experiments involving participants were conducted following the World Medical Association
Declaration of Helsinki.

Immunohistochemical analysis and assessment of CD68+ and CD163+ cells were performed
using the streptavidin-peroxidase method. In addition, the samples were subjected to immunohisto-
chemical (IHC) analysis, which was performed according to the standard protocol of the IHC method
for paraffin blocks. Ready-to-use monoclonal mouse anti-CD68 antibodies (clone PG-M1, REF PD
MO065-S, Diagnostic BioSystems, USA) and anti-CD163 antibodies (clone 10D6, REF Mob460-01)
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were applied to paired paraffin sections, diluted 1:100 in antibody dilution buffer (Antibody Di-
luent, Dako, USA), and incubated at 4° C overnight.

IHC staining was assessed by counting CD68+ and CD163+ under a light microscope (Bio-
lam, LOMO, Russia: objective x40, eyepiece X7) in 5-17 consecutive fields of view of each slice (de-
pending on sample area) within the uterine transition zone. Immunopositive cells with macrophage
morphology were included in the count.

Statistical analysis was performed using GraphPad Prism 5 software.

The non-parametric Mann-Whitney method was used when comparing between groups.
In addition, the paired Wilcoxon method for dependent variables was used to compare the quanti-
tative indicators of macrophages.

T-tests for dependent variables were used, and correlations between quantitative indica-
tors were tested to assess the CD68+/CD163+ ratio. P <0.05 values were considered statistical-
ly significant.

3. Results

The mean age of the patients in the main group was 31.2 £+ 3.0 years. The mean age of
women in the control group was 30.8 + 2.9 years. No statistically significant differences were found
in the comparative analysis of characteristics of the age of menarche in the examined patients.

It was noted that in 7 (35.0 %) patients with adenomyosis, the menstrual cycle was estab-
lished from 6 months to 2 years. Moreover, in every second patient, algodismenorrhea arose from
menarche (p <0.05). Thus, initially unfavourable condition of the reproductive system: menstrual
disorder (long establishment of the menstrual cycle (more than a year), algodismenorrhea) suggests
the existing dysfunction in the regulation of the reproductive system.

In this case, the menstrual cycle duration in the control group of women ranged from 22
to 35 days and was statistically different from that in patients with adenomyosis. The high degree
of burdened reproductive history in patients with adenomyosis is noteworthy. Most patients had
2 to 5 artificial abortions (55 %) complicated by inflammatory processes (25.0 %) and diagnostic
curettage (60.0 %) in their history.

In the gynaecological history, a high frequency of pelvic inflammatory diseases was ob-
served in 15 (75.0 %) patients with adenomyosis. The frequency of infertility was 35 %. The fre-
quency of surgical interventions on the pelvic organs was 30.0 %.

The main symptom was dysmenorrhea in 20 (100 %) patients, followed by spotting before
and after menstruation in 15 (75.0 %) patients, and hyperpolymenorrhea in 4 (20.0 %) patients.
These symptoms occurred in various combinations. The frequency of the combination of two or
more symptoms was revealed in 11 (55.0 %) patients.

Given the presence of lymphohistiocytic infiltrates in the perivascular region in the zone of
myometrium remodelling, it is reasonable to assess quantitative indicators of CD68+ and CD163+
macrophage infiltration associated with endometriosis. In addition, macrophages were significant-
ly detected in the areas of stromal infiltration, especially around the foci of adenomyosis.

Immunopositive cells were counted from all visual fields of view. The mean quantitative in-
dicators of each group are presented as the median and interquartile range (IQR) (Table 1), which is
justified by the asymmetric, bevelled to the right, distribution of variational series (Fig. 1). (IQR shows
the average 50 % of sample values and allows us to describe the variation range in the asymmetric
division without the effect of extreme values). As can be seen from Table 1, the highest IQR for CD68+
cells in the group of patients with adenomyosis reflects the widest variability in quantitative indicators.

Table 1
Average quantitative indicators of CD68+ and CD163+ cells in groups of examinees
Control group Patients with adenomyosis
Indicators
Median IQR Median IQR
CD68+ cells 6 7 8 14
CD163+ cells 5 6 4 8
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frequency distribution of quantitative indicators
of immunopositive cells
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control adenomyosis control adenomyosis
patients patients

Fig. 1. Histogram of the frequency distribution of quantitative indicators
of immunopositive cells

The results of statistical processing of average quantitative indicators of CD68+ cells,

CDI163+ cells, and proportions of CD68+/CD163+ between groups did not reach significant
differences (CD68+/CD68+ — p=0.44; CDI163+/CD163+ — p=0.84; CD68+/CD163+ against
CD68+/CD163+ — p=10.95).

- 73 . s R P

Fig. 2. CD68+ expression in patients with adenomyosis, x400

Fig. 2, 3 show an increase in the number of macrophages in patients with adenomyosis.

Fig. 3. CD163+ expression in patients with adenomyosis, X400
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When comparing the counted data from all fields of view, which were 5—17 for each prepa-
ration, we found significantly more CD68+ cells in the group of patients with adenomyosis (Fig. 4).
CD68+/CD163+ ratio in both groups was characterized by the significant advantage of CD68+
cells, p <0.05 (Fig. 4).

30
25
20
15

10

number of immunopositive cells

Il CD68+ Il CD68+ CD163+ [ CD163+
control  adenomyosis  control adenomyosis
patients patients
Fig. 4. Comparison of quantitative indicators of CD68+ and CD163+ cells
of examined groups. Mann-Whitney and Wilcoxon methods (comparing CD68+
and CD163+ cells within a group)

The non-parametric method detected significant quantitative changes in CD68+ cells
between groups; IQR of 15 for CD68+ cells of a group of patients with adenomyosis showed
a large variation, and the range of quantitative results (from 0 to 43) reflects a high probability of
extreme values.

4. Discussion

Thus, the results of our study confirm the assumptions of various authors about the im-
portant pathogenetic role of macrophages in the development of endometrioid heterotopias due
to the influence of altered immune responses and disorders of the immunological balance on the
formation of pathological endometrioid lesions [1, 2, 4, 9]. Apparently, it is macrophages that acti-
vate the proliferative potential in the ectopic endometrium cells and contribute to the activation of
angiogenesis in the endometriosis lesions. Furthermore, markers of phagocytic dysfunction were
determined experimentally with a decrease in the phagocytic activity of macrophages, which de-
termines the survival of ectopic cells; in addition, macrophages, as producers of vascular endothe-
lial growth factor, contribute to the construction of the vascular system in the ectopic focus and
its progression [28, 29].

The increase in the number of macrophages in the myometrium of patients with adenomyo-
sis revealed in this study, which is found in large numbers in the areas of infiltration of the stroma
of myometrial cells in close association with the perivascular region, can be regarded as the basis
of the mechanism for the formation of endometrioid heterotopia as a result of a change in the im-
mune response to the acting ability of endometrial cells to invasive growth. Further research in this
direction can become the basis for the formation of new principles for the prevention and treatment
of adenomyosis and the prevention of complications associated with it.

Limitations of the study. The study involved a small number of patients. Future studies
will benefit from expanding the number of patients in both study and control groups.

The work presented here did not conduct follow up analysis of women involved in the study.

Prospects for further research. Future studies of the molecular biological features of ade-
nomyosis will make it possible to determine the causes of proliferative, neoangiogenic and invasive
activity in endometrioid heterotopias. In addition, the prospect of further research in the direction
of the study of the immunological balance in endometriosis disorders is the search for reliable
diagnostic markers of trigger mechanisms for the formation of endometrioid heterotopias in order
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to determine the pathogenetic basis for the formation of new principles for the prevention and
treatment of endometriosis, as well as the prevention of complications associated with it, primarily
reproductive dysfunction.

5. Conclusions

1. Disturbances in the immunological balance play an important pathogenetic role in the
formation of endometrioid heterotopias in women with adenomyosis, which determines the study
of the macrophage immunological link as one of the important directions in studying the causes of
this disease.

2. The study’s main result is an increase in the quantitative indicators of CD68+ macrophages
associated with adenomyosis, which indicates an immunopathological process in adenomyosis.
A proinflammatory shift characterizes the distortion of the CD68/CD163 ratio of macrophages.

3. Intensive macrophage infiltration of the myometrium with a predominant accumulation
of cells around the vessels of the ectopic endometrial glands seems to be one of the main me-
chanisms for developing adenomyosis, especially in women with chronic inflammatory diseases
of the endometrium.
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