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Abstract: Background. Genital endometriosis (GE) remains a significantly common disease, occurring in 0.5-5% of fertile 

women and in 25-40% of women with infertility. In patients with GE, there is a decrease in apoptosis in endometrial cells 

compared to healthy women, even more pronounced in ectopic foci, as a result of which their proliferative activity increases and 

the ability to abnormal implantation increases. Objective. Our task was to study the patterns of interaction of immune cells with 

ectopic endometrial cells, as well as to determine the molecular biological levers of influence on immune surveillance in 

endometriosis. Given the ability of ectopic cells to change the microenvironment in their favor, we aimed to find an effective tool 

to restore immune surveillance of endometrioma and thus offer a promising treatment for the disease. Method. For the purpose of 

writing this review article, we used the method of selection and analysis of scientific publications with open access. Results. The 

use of immune peptides in endometriosis, which are capable of activating regulatory macrophages and stimulating the 

recruitment of T-lymphocytes, opens up new possibilities for controlling the disease. Arecur, which contains immune peptides, 

including defensins and RJP-1, tunes immune cells to maximize their productivity against ectopic tissue, potentially creating 

conditions for the prevention of endometriosis-associated ovarian cancer. Conclusion. The use of immune peptides in 

endometriosis quite predictably contributes to more efficient work of local immunity. Immune cells potentiated with peptides not 

only independently attack and separate the intercellular connections in the endometrioma, but also provoke apoptosis of ectopic 

cells. The use of immune peptides in endometriosis opens up new prospects for increasing the effectiveness of treatment and 

prevention of this disease. 
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1. Introduction 

Endometriosis is a benign proliferation of tissue, 

morphological and functional properties similar to the 

endometrium, but outside the normally located endometrium 

[1]. Genital endometriosis (GE) remains a significantly 

common disease, occurring in 0.5-5% of fertile women and in 

25-40% of women with infertility [2, 3]. 

In the structure of gynecological morbidity GE firmly holds 

the third place after inflammatory diseases and uterine fibroids, 

leading to significant reproductive disorders, persistent pain 

syndrome, infertility, dysfunction of adjacent organs and 

disability in severe cases [3, 4]. 

For healthy women, endometrial cells should not normally 

survive in the event of their ectopic localization, firstly, as a 

result of programmed death (apoptosis), and secondly, due to 

the influence of the microenvironment of the peritoneum - 

components contained in the peritoneal fluid. However, in 

patients with GE, there is a decrease in apoptosis in 
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endometrial cells compared to healthy women, even more 

pronounced in ectopic foci, as a result of which their 

proliferative activity increases and the ability to abnormal 

implantation increases. A decrease in the inhibitory potential 

of the microenvironment of the peritoneum (in particular, the 

inability of cells with cytotoxic properties to eliminate the 

ectopic endometrium) may also be of great importance [5, 6, 

8]. 

2. Methods 

For the purpose of writing this review article, we used the 

method of selection and analysis of scientific publications 

with open access. All factual material, research results and 

illustrations given in this article are referenced to the original 

source corresponding to the number of the original publication 

in the list of references. 

3. Results 

As a result of the review, we analyzed and presented data 

from 35 scientific publications, and also focused on the most 

modern and promising direction in the treatment of 

endometriosis - the use of immune peptides. Understanding 

the molecular and biochemical mechanisms of the emergence 

of ectopic foci of the endometrium outside the normally 

located endometrium gives us grounds for a reasonable choice 

in favor of peptide therapy for endometriosis. The 

evolutionarily determined properties of immune peptides to 

increase the productivity of the interaction of lymphocytes and 

macrophages with the ectopic endometrial cell create 

conditions for more effective treatment and prevention of 

disease recurrence. 

External GE is a convenient model for studying immunity 

disorders in pathological proliferation of ectopic located 

tissues. The important role of the immune system in the 

control of cell proliferation and differentiation is one of the 

main postulates of fundamental immunology, which considers 

neoplastic processes as a result of a breakdown in the 

supervisory functions of the immune system. 

These ideas provide additional opportunities not only for 

improving diagnostics, but also for the development of 

therapy methods associated with changes in the functions of 

various components of the immune system, which determine 

antitumor immunity. This is especially important in 

connection with oncological vigilance in the practice of a 

gynecologist, because endometriosis-associated ovarian 

cancer is recognized as diseases of the gynecological sphere 

with high mortality [7]. 

It is known that the main role in the implementation of the 

surveillance functions of the immune system is played by 

three components - regulatory macrophages, interferons and 

cytotoxic lymphocytes (Figure 1) [8]. Despite the undoubted 

importance of determining markers of systemic changes in 

immunity, it is believed that the main role in the pathogenesis 

of external forms of GE is still the local interaction of the 

components of the immune system and pathologically altered 

cells, therefore, the activity of local factors, in particular 

macrophages of the peritoneal fluid, is of particular 

importance. Regression or progression of foci of external GE 

is caused by the interaction of macrophages with stromal 

endometrial cells with subsequent synthesis of cytokines 

(interleukins, growth factors, interferons), which cause death 

or, conversely, increased proliferation of these cells [9-13]. 

 

Figure 1. Immunolocalization of CD26 in the eutopic (a–c) and ectopic (d–f) endometrial tissue. CD26 was detected in epithelial cells (arrows) of the cyclic 

endometria of women without (a) or with (b, c) endometriosis. CD26 was also expressed by the endometrial epithelial cells (arrows) of peritoneal (d), ovarian (e), 

and deep infiltrating lesions (F, vesical nodule). Inset in (e) shows a detail of the CD26 labelling at the apical membrane of epithelial non-ciliated cells of an 

ovarian lesion [8]. 

So, it is in the focus of localization of endometrioid 

heterotopies that those key biochemical processes take place 

that determine the pathways of the disease development: - 

either towards its progression, or vice versa - towards 

remission due to lysis of implants. Regulatory macrophages 

that synthesize TNF-α and involve T-lymphocytes and natural 
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killer cells in interaction with the ectopic cell, which can 

initiate its apoptosis, play a significant role in the development 

of a particular scenario [1, 14, 15, 20]. 

But the most interesting, in our opinion, is the focus of 

researchers and clinicians on the ability of ectopic foci to 

actively resist immune surveillance, causing changes in the 

behavior of control cells: T-lymphocytes and natural killer cells. 

Lymphocytes, using ICAM-1 (intercellular adhesion 

molecule-1), bind to ectopic cells using LFA-1 (lymphocyte 

function-associated antigen-1) and present them as targets for 

natural killer cells. However, ectopias are able to independently 

synthesize ICAM-1 and thus competitively bind LFA-1 

lymphocytes, which leads to the prevention of recognition of 

endometrioid cells by these lymphocytes and to the evasion of 

natural killer cell attacks. Also, interleukins (IL-6, IL-8) 

secreted by ectopic cells increase sICAM-1 production. This 

protects them from immune interactions, promotes their 

survival and implantation [16, 17]. In addition, studies have 

shown that the main mechanism of apoptosis, namely the 

Fas-Fas-ligand (FasL) system, can change in women with 

endometriosis. Endometrial cells synthesizing FasL are able to 

induce apoptosis of T-lymphocytes through binding to Fas, 

which allows endometrial fragments to avoid cell death, 

implant and develop into endometrioid foci [1, 18, 19]. 

According to the ESHRE and SOGC recommendations, 

monotherapy with one of the traditional progestins, such as 

medroxyprogesterone acetate, cyproterone acetate, 

norethisterone, or newer progestins such as dienogest, should 

be considered as starting treatment for endometriosis [4]. 

Dienogest is a 4th generation progestogen (a combination of 

19-nortestosterone and progesterone derivatives) at a dose of 2 

mg / day was specially developed for the treatment of 

endometriosis. Dienogest is the only progestin that, at a lower 

dose, has shown similar efficacy with gonadotropin-releasing 

hormone (GNRH) agonists. The drug eliminates pain caused 

by endometriosis: dysmenorrhea, dyspareunia, chronic pelvic 

pain due to atrophy of endometrioid foci. The method of 

administration is discussed, but many prefer to prescribe the 

drug in a continuous mode, which ensures the absence of 

menstrual reactions. 

The previously widespread use of oral contraceptives is 

considered controversial today. For example, according to P. 

Vercellini et al., combined oral contraceptives (COC) after 

removal of the endometrioma reduce the risk of recurrence or 

lengthen the post-relapse period [21]. However, the problem 

of the possible influence of the estrogen component in the 

composition of COC`s on the course of the disease is 

insufficiently studied, since there is an assumption about the 

potential stimulation of the development and progression of 

endometriomas under the influence of exogenous estrogens. 

The drugs of choice for the treatment and rehabilitation of 

patients with endometriosis are also GNRH agonists, having 

antiestrogenic, antigestagenic, antigonadotropic and 

antiandrogenic action. Another group of drugs used for 

endometriosis is progestogens [22-24]. 

In connection with the key role of the immune system in the 

pathogenesis of GE, reports on the pathogenetic significance 

of immunotropic drugs in the complex treatment of external 

GE are of great interest. An important condition for the 

successful use of immunocorrectors is their influence not only 

on the systemic components of the immune system, but also 

on local factors that determine the formation and development 

of endometrioid foci. In recent years, the attention of 

clinicians has been drawn to innovative methods of 

immunocorrection, including the use of peptide therapy 

[25-30]. 

It should be noted that in the era of multiple drug resistance, 

according to the results of many clinical studies, including 

2020, peptide drugs are recognized as the most promising for 

the effective treatment of infectious and non-infectious 

diseases [31, 32]. After all, it is already reliably known that 

immune proteins play a key role in the implementation of 

immune responses of all living organisms and are an 

evolutionarily ancient mechanism of immune defense. The 

International Biotherapy Institute has developed and 

introduced into clinical practice an innovative method of 

anti-relapse immunocorrection, which is based on the use of 

immune proteins. The first drug in Ukraine, which contains 

immune peptides, was named «Arecur» - from the English 

anti-recurrent (anti-relapse). The immune proteins in the 

Arecur preparation - peptides of the defensin group and RJP-1 

- have antibacterial, antiviral and antifungal properties. It is 

also noteworthy that due to evolutionarily formed properties, 

immune peptides under conditions of hyperproduction 

pro-inflammatory cytokines are able to reduce inflammation. 

Conversely, when it is required to enhance the immune 

response, the effects of activation of immunocompetent cells 

are manifested. This is how the unique essence of 

immunocrection is manifested - the harmonization of immune 

homeostasis. 

In this regard, the most interesting is the nonspecific 

mechanism of activation by immune proteins of 

immunocompetent cells. Due to the effect of tissue 

accumulation, immune peptides attach to cell membranes in 

the target organ and thus provoke their more productive 

interactions with T-lymphocytes, NK-cells and macrophages 

[33, 34, 37]. On the one hand, interacting with the ectopically 

located endometrial tissue, RJP-1 reduces perifocal 

inflammation, on the other hand, defensins stimulate the 

synthesis of TNF-α by macrophages. Involved macrophages 

enhance immune surveillance of the pathological focus. 

The effect of tissue accumulation of exogenous immune 

peptides creates an active competitive environment in the 

microenvironment of ectopia and predictably disrupts the 

ability of ectopic cells to resist immune surveillance, that is, to 

synthesize the required amount of ICAM-1, IL-6, IL-8, as well 

as FasL to provoke apoptosis of T-lymphocytes. This restores 

immune homeostasis and restarts the productive work of the 

immune system against endometriotic foci (Figure 2) [1, 14, 

15, 37]. 
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Figure 2. The mechanism of reactivation of immune surveillance over ectopic endometrial cells as a result of the action of immune peptides. Exogenous immune 

peptides integrate into the membrane of an ectopically located endometrial cell and attract a regulatory macrophage to interaction (a); the macrophage is 

activated and synthesizes TNF-α (b), which promotes the recruitment of inactive T-lymphocytes and starts the process of programmed death (apoptosis) of an 

ectopic cell (c); in turn, the ectopic cell synthesizes cytokines and regulators of apoptosis (d) in order to avoid recognition by lymphocytes and subsequent attacks 

of natural killer cells, as well as to provoke apoptosis of T cells; the effect of tissue accumulation of exogenous immune peptides blocks the defense mechanisms 

of an ectopic cell (e), and creates conditions for the productive work of immunity against endometrioma. 

Clinical experience confirms that the achievement of a 

significant effect of immunocorrection in endometriosis 

requires the use of Arecur suppositories 2 times a day for 20 

days, the course can be repeated up to 4 times a year. Arecur 

does not drain the immune system, is compatible with 

antibiotics, hormone therapy and chemotherapy drugs [37]. 

4. Discussion 

Accumulated results of researches of factors and 

mechanisms development of endometriosis allow us to 

conclude that this disease is polyetiological, and in its 

pathogenesis are not involved not only different body systems, 

but also intercellular processes interactions and metabolic 

processes at the level of one cell. One of the first theories of 

endometriosis was immunological. Back in 1975, M. Jonesco 

and C. Popesco suggested that endometriosis is a violation of 

immune homeostasis. Later it turned out that the development 

of both external and internal endometriosis is indeed 

accompanied by a number of immunological disorders. 

Accordingly, several hypotheses of the immune origin of 

endometriosis have been put forward, in which the main 

factors featured natural killers, autoantibodies, macrophages, 

immunodeficiency and autoimmune pathology. 

Almost the first hypothesis about the immune nature of 

endometriosis was that endometrial cells become antigens 

when they enter the bloodstream. Proliferation of 

endometrioid cells in other tissues is possible due to elevated 

levels of estrogen, which stimulates the secretion of 

corticosteroids. The latter suppress the local immune response, 

providing favorable conditions for the invasion and 

development of viable endometrial cells in an atypical 

location [1]. 

Regardless of how adequately the immune cells respond to 

the evolution of the endometrioma, the development of an 

inflammatory process is observed in the focus, which can 

proceed with different intensities. The microenvironment of 

endometrioid cells, saturated with pro-inflammatory 

cytokines, provokes a change in the behavior of 

immunocompetent cells. Inflammation can go along the path 

of escalation and along the path of slow decay, and the 

scenario of the development of the disease can have a different 

continuation. 

Clinical observations confirm that even after surgical 

removal of endometriomas in women, chronic pelvic pain 

may persist, which may be considered as a prognostic factor 

possible relapses [2]. The question remains debatable, what 

the doctor should pay attention to first of all: to priority 

removal of ectopic foci or to reduce the intensity of 

endometriosis symptoms in the context of improving the 

quality of life. [35, 36] 

But in any case, clinicians need an effective tool for 
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working with the endometrioid focus, which would not only 

restrain and localize the endometrioma, but also enhance the 

effect of macrophages, including using their potential to 

initiate apoptosis of ectopic cells. In this sense, it seems 

promising to use natural immune peptides, which enhance the 

immune surveillance over the endometrioma and prevent 

relapses. [37] 

5. Conclusion 

The complex mechanisms of initiation and development of 

endometrioid foci outside the normally located endometrial 

tissue considered in the article allow one to take another step 

towards solving the problem of endometriosis. The ectopic 

endometrial cell, creating a new microenvironment around 

itself and triggering defense mechanisms against attacks by 

lymphocytes and macrophages, demonstrates to us how the 

living microstructure is able to adapt and survive. The use of 

immune peptides in endometriosis quite predictably 

overpowers the immune balance in the direction of disrupting 

the metabolism and vital activity of the endometrioma, and 

also contributes to more efficient work of local immunity. 

Lymphocytes, macrophages and natural killer cells potentiated 

with peptides not only independently attack and separate the 

intercellular connections in the endometrioma, but also 

provoke apoptosis of ectopic cells. The use of immune 

peptides in endometriosis opens up new prospects for 

increasing the effectiveness of treatment and prevention of 

this disease. 
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