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Abstract

:

Endometriosis is a disorder characterized by the presence of endometrial tissue outside the uterine cavity, primarily into the peritoneal cavity. It is known as a complex, chronic inflammatory disease and it is strongly associated with immune dysregulation. Various soluble mediators of the immune and inflammatory responses, including chemokines, play an important role in these processes. The aim of the study was to understand the role of the chemokines MCP-1, MCP-2, MCP-3, MCP-4, MIP-1 α, MIP-1β, eotaxin 2, eotaxin 3, ENA-78, and fractalkine in the development of endometriosis through their assessment in the peritoneal fluid of women with endometriosis. The study group included 58 women with endometriosis who were diagnosed during laparoscopy and then confirmed by histopathology. In 15 women from the reference group, laparoscopic examination demonstrated a normal status of the pelvic organs without any evidence of endometriosis nor inflammation in the peritoneal cavity. The peritoneal fluid of women with endometriosis and of women from the reference group were examined. To determine the concentration of the studied chemokines, enzyme immunoassays for Luminex® platforms were used. In the peritoneal fluid of women with endometriosis, a statistically significant increase in the concentration of MIP-1β, eotaxin 2, eotaxin 3, ENA-78, and fractalkine and a decrease in the concentration of MCP-1, MCP-2, MCP-3, MCP-4, and MIP-1α were observed compared to the reference group. The concentration of these cytokines depended on the severity of the disease. Changes in the concentration of the studied chemokines in the peritoneal fluid of women with endometriosis suggest their participation in the pathogenesis of the disease. The differences in chemokines concentration observed in different stages of endometriosis may be associated with the presence of inflammation in the peritoneal cavity at each step of disease development.
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1. Introduction


Endometriosis is a non-malignant gynecological disorder that affects at least 10% of women. It is characterized by the implantation and growth of endometrial-like tissue, including glands and stroma, outside the uterine cavity, most commonly in the ovaries and peritoneum in the peritoneal cavity [1]. Although endometriosis is not a newly discovered disease, it still remains enigmatic. Understanding the pathophysiology of this disease is one of the challenges of gynecology and reproductive medicine. The exact mechanism of survival and proliferation of ectopic endometrial foci is unknown; however, numerous hypotheses and theories are trying to explain the pathogenesis of endometriosis [2]. These include the implantation, metastatic, or induction theories, the lympho-vascular embolii or genetic hypothesis, and most recently, the stem cell theory [3,4,5,6,7]. In recent years, many researchers have confirmed that one of the main conditions for the maintenance and development of the endometriotic implants is the presence of disorders in the immune system [8,9]. Ectopic endometrial lesion development is associated with complex interactions between endometrial tissue, the peritoneum, and immune cells [10]. These processes depend not only on the specific tissue characters and its ability to auto-transplant at an ectopic localization, but also on the features of the innate and adaptive immune responses [11]. All together, the persistence of ectopic endometriotic tissue is associated with uncontrolled growth, invasion of adjacent tissues, defective apoptosis, neoangiogenesis, and sustained local inflammatory responses [11,12]. Over time, this immune dysregulation can progress into a chronic state of inflammation, creating an environment conducive to increased adhesion and angiogenesis, which may drive the vicious cycle of endometriosis onset and progression [13]. As a consequence, immune system modulation and the inflammatory response promote not only the initial ectopic endometrium implantation, but also the subsequent implant maintenance and progression [13,14]. For these reasons, endometriosis is considered a chronic inflammatory disorder. All changes in the activation of immune cells and altered secretion of cytokines and growth factors lead to the creation of an inflammatory microenvironment.



Peritoneal fluid, through a direct contact with the endometrial foci of ectopic tissue, links the reproductive and the immune systems. It mostly comprises mononuclear cells, mainly macrophages, but also T and B lymphocytes and Natural Killer (NK) cells. These cells come from the blood and from the endometrium, where they are called endometriosis-associated immune cell infiltrates [15,16]. The constant recruiting of immune cells into the peritoneal cavity of women with endometriosis is ensured by chemokines.



Chemokines are small proteins secreted by cells which influence the immune system, with a crucial role in inflammation and immunity [17]. Representing the largest class of cytokines, chemokines play a crucial role in both physiological and pathological activities by stimulating the migration of immune cells, especially macrophages and granulocytes, through concentration gradients [18]. The main sources of chemokines are activated monocytes, macrophages, and granulocytes; however, they can also be produced by many other cells of the immune system. Chemokines are proteins with a low molecular weight of 8–12 kDa, composed of 70–130 amino acids. About 50 chemokines are currently known, but the number continues to grow [19]. Chemokines are further subdivided into four main classes: the CC chemokines, the CXC chemokines, C chemokines, and CX3C chemokines. This classification is based on the location of the first two cysteine (C) residues and disulphide bonds in their protein sequence [20]. In order to exert a biological effect, chemokines will bind to receptors of the G protein-coupled receptor (GPCR) superfamily, which possess seven conserved transmembrane domains with which chemokines can interact [21]. The primary function of chemokines is chemotaxis, i.e., directing the migration of leukocytes to the site of an ongoing inflammatory process [17]. Moreover, they regulate leukocyte maturation and participation in the inflammatory response, metastasis, and autoimmune diseases. Additionally, they influence the activation of adhesion molecules and cell death. They also participate in angiogenesis, embryogenesis, organogenesis and are involved in wound healing, allergies, and viral and bacterial infections [22]. Despite many years of research on the participation of chemokines in the pathogenesis of endometriosis, the obtained results do not allow for an unequivocal explanation of the function of these factors in the development of the disease. The observations indicate that the formation and development of endometriosis could be mediated by monocyte chemoattractant protein (MCP)-1 and MCP-3. However, other chemokines may be involved in this process and form together a chemokine network involved in the maintenance of inflammation within the peritoneal cavity. For this reason, we decided to evaluate the concentration of selected chemokines, such as MCP-1, MCP-2, MCP-3, MCP-4, macrophage inflammatory protein (MIP)-1α, MIP-1β, eotaxin-2, eotaxin-3, epithelial-derived neutrophil activating factor (ENA)-78, and fractalkine in the peritoneal fluid of women with endometriosis.




2. Materials and Methods


The study included 78 women admitted to the Clinic of Gynecology and Obstetrics of the Medical University of Silesia in Katowice for diagnostic or therapeutic laparoscopy for unexplained infertility. All women in the study had a normal menstrual cycle (28 ± 4 days) and no other pelvic disorders, chronic, autoimmune, or neoplastic diseases. Additionally, none of them had been taking any anti-inflammatory or immunomodulatory medication in the preceding 3 months. The laparoscopy was performed during the early proliferative phase of the menstrual cycle, directly after menstruation.



Endometriosis was confirmed histologically in 58 women, aged 23 to 43 years (mean age ± SD: 33.7 ± 6.3), whose disease was scored according to the American Fertility Society (rAFS) classification [23]. Among them, 20 women were on stage I, 15 on stage II, 15 on stage III, and 8 on stage IV. Women with stage I and II endometriosis were classified as with minimal/mild endometriosis, and women stage III and IV endometriosis were classified as with moderate/severe endometriosis. In 20 women, 21 to 37 years old (mean age: 30.2 ± 5.4 years), used as reference group, laparoscopic examination demonstrated a normal status of the pelvic organs without any evidence of endometriosis or inflammation in the peritoneal cavity. The Ethics Committee of the Medical University of Silesia approved this study according to the criteria of the Declaration of Helsinki.



Peritoneal fluid samples were collected under direct vision from the pelvis before any operative manipulation to minimize blood contamination. Patients with blood-contaminated material were excluded from the study. The peritoneal fluid was centrifuged immediately at 400× g for 10 min, and supernatants were stored in aliquots at −80 °C, until assayed. Based on a literature review, we selected a panel of 10 chemokines and customized a Multiplex Immunoassay commercial kit in the Luminex platform (Milliplex® Map Human Cytokine/Chemokine Magnetic Bead Panel I and II, Merck KGaA Darmstadt, Germany) following the manufacturer’s instructions. A Luminex MAGPIX® reader was used to retrieve the results.



All results are presented as mean ± standard deviation or median and interquartile range and were examined for normality of distribution by the Shapiro–Wilk test. Parametric data were analyzed using Student’s t-test. For nonparametric data, Fisher’s exact test (analysis of variance) was applied to indicate statistical significance because it analyzes the variance relationship both within and among groups. Correlations were tested by Spearman’s rank correlation test and are presented as correlation coefficient (r). A p < 0.05 was considered statistically significant.




3. Results


The study analyzed the concentrations of the following chemokines: MCP-1, MCP-2, MCP-3, MCP-4, MIP-1α, MIP-1β, eotaxin-2, eotaxin-3, ENA-78, and fractalkine in the peritoneal fluid of women with endometriosis and women from the reference group. The results are presented in Table 1 and Figure 1.



3.1. MCP-1, MCP-2, MCP-3, and MCP-4


The analysis showed a statistically significant decreased concentration of MCP-1, MCP-2, MCP-3, and MCP-4 in the peritoneal fluid of women with endometriosis compared to that of the reference group (p < 0.001). The levels of the chemokines in the peritoneal fluid were assessed depending on the severity of endometriosis. The highest concentration of MCP-1 was observed in women with minimal endometriosis compared to those with mild (p < 0.001), moderate. and advanced disease, whereas the highest MCP-2 concentration was found in the PF of women with III stage disease. Statistically important differences were found in MCP-2 levels between women with stage I and II endometriosis (p < 0.0001), as well as between women with stage II and III endometriosis (p < 0.01) and between those with stage III and IV endometriosis (p < 0.0001). The highest MCP-3 level was observed in the PF of women with minimal endometriosis, but there was no statistical differences depending on the endometriosis stage. For MCP-4, a statistical significant difference was found only between women with stages III and IV of the disease (p < 0.01).



Due to the fact that both MCP-1 and MCP-2 exert their biological effect via the same receptors, a correlation test was performed to determine the relationship between the concentration of these two chemokines in the peritoneal fluid of women with endometriosis. The analysis showed a negative statistically significant correlation between the concentration of MCP-1 and MCP-2 (r = −0.454; p < 0.0001). Additionally, there were positive, statistically significant correlations between MCP-1 and MCP-3 (r = 0.841; p < 0.0001) and between MCP-1 and MCP-4 (r = 0.706; p < 0.0001).




3.2. MIP-1α and MIP-1β


There was a statistically significant reduction of the peritoneal level of MIP-1α in the endometriosis group compared to the reference group (p < 0.0001). No statistically significant differences depending on the stage of endometriosis were observed. The analysis of the results showed no statistically significant difference in the concentration of MIP-1β between the group of women with endometriosis and the reference group. There were significant differences in the level of MIP-1β between women with stage I and II endometriosis (p < 0.001) and between those with stage III and IV (p < 0.01) endometriosis.




3.3. Eotaxin 2 and Eotaxin 3


A statistically significant increase in the peritoneal levels of eotaxin 2 and eotaxin 3 in women with endometriosis compared to the reference group (p < 0.0001 and p < 0.001, respectively) was observed. The lowest level of eotaxin 2 was found in the peritoneal fluid of women with minimal disease, which statistically was significantly different from that in women with mild disease (p < 0.0001). For eotaxin 3, a statistically significant increase in the concentration was found when comparing women with mild and severe endometriosis (p < 0.0001).




3.4. ENA-78


The analysis showed a statistically significant higher level of ENA-78 in women with endometriosis compared to the reference group (p < 0.001). The lowest level of ENA-78 was observed in the peritoneal fluid of women with stage I endometriosis compared to those with II stage endometriosis (p < 0.01).




3.5. Fractalkine


A lower concentration of fractalkine was observed in the group of women with endometriosis compared to the reference group (p < 0.0001). The highest level of fractalkine was observed in the peritoneal fluid of women with stage I endometriosis, and the concentration increase was statistically significant with respect to the levels in women with stage II endometriosis (p < 0.01). In turn, the fractalkine level in women with stage II endometriosis was higher compared to that in women with stage III endometriosis (p < 0.01).





4. Discussion


Disorders of the immune system and chronic inflammation play an important role in the pathogenesis of endometriosis [24]. This is indicated by an increased number of hyperactive macrophages in the peritoneal fluid of affected women, as well as altered number and activity of T lymphocytes, including Tc, Th, Treg, NK cells, and granulocytes [25,26].



The underlying reasons for the development of a chronic inflammation in women with endometriosis are not completely clear. Retrograde menstrual blood flow, as the most accepted origin of this disease, seems to have a prominent role. The presence of endometrial cells in an ectopic location causes a natural response of innate and adaptive immune system components, which try to eliminate menstrual debris and initiate tissue repair. However, the inability to deal with the persistent presence of menstrual debris over time may lead to immune system overload and subsequent immune alterations [27]. This can aggravate the inflammatory process and transform it into a chronic state.



The constant influx of immune system cells into the peritoneal cavity is regulated by chemokines. Their primary function is chemotaxis, i.e., directing the migration of leukocytes to the site of an ongoing inflammatory process, but they also stimulate their activity [21]. The role of chemokines in the pathogenesis of endometriosis has been the subject of numerous studies for many years, and it has been confirmed that chemokines are involved in the development of endometriosis [28,29]. In addition, it is believed that chemokines may be influence the incidence of endometriosis in women in the menopausal and postmenopausal periods [30,31]. Therefore, in our work, we decided to investigate the concentration of selected chemokines in the peritoneal fluid of patients with endometriosis. We found lower peritoneal levels of MCP-1, MCP-2, MCP3, MCP-4, MIP-1α, and fractalkine and higher level of eotaxin-2, eotaxin-3, and ENA-78 in women with endometriosis compared to reference group. The degree of the changes in the concentration of the studied chemokines was different depending on the progressive stages of endometriosis. Most concentration changes were severe in women at late stages of the disease.



The role of MCPs in the pathogenesis of endometriosis is still poorly understood, and the results concerning their concentration, especially for MCP-1, in the peritoneal fluid and serum of women with endometriosis, are divergent. Some researchers observed an increase in the concentration of this chemokine compared to that in a reference group, which in their opinion indicates MCP-1 participation in the development of inflammation in the peritoneal cavity [32,33,34,35]. On the other hand, Margari et al. [36], similarly to our research, observed a lower concentration of MCP-1 in the PF of women with endometriosis. In their opinion, lowering the concentration of MCP-1 in patients reduces the chemotactic activity of the peritoneal fluid. This, combined with the hypothesis that the function of peritoneal macrophages in women with endometriosis is impaired, may explain the easier implantation of endometrial cells in the peritoneal cavity. However, Kim et al. [37] and Laudański et al. [38] did not show any statistically significant differences between the concentration of MCP-1 in the peritoneal fluid and in the serum of women with and without endometriosis.



The discrepancy observed by various researchers regarding the MCP-1 level in the peritoneal fluid of women with endometriosis compared to that in a reference group could be caused by many different factors. Among other things, it may be related to a different activity of the disease, the type and origin of endometrial changes, or other poorly understood factors. It should be emphasized that the measurement of the concentration of chemokines is difficult due to the short half-life of these molecules. Additionally, the differences in the results may also be related to the testing techniques, their sensitivity and the detection method used [39]. A very important factor that can influence the results is related to the hormonal changes that occur during the menstrual cycle. In our research, patients’ peritoneal fluid was collected immediately after the end of menstruation, at the beginning of the follicular phase, in order to avoid the endogenous influence of sex hormones. During this period, healthy women may develop weak local menstrual inflammation, which then disappears [40].



On the other hand, in women with endometriosis, local inflammation is present all the time, and the cyclically exfoliating mucosa of the endometrium may intensify this process. Perhaps, during this period, there is an increased binding of chemokines to their receptors on target cells, which is related to the lower availability of free factors in the peritoneal fluid. However, this thesis requires confirmation and additional research. The different results regarding MCP-1 show the importance of the phase of the menstrual cycle in which the peritoneal fluid is collected for later verification and of the ability to compare test results from multiple centers. Although in 2014 an international team of experts developed guidelines for the collection of biological material for the study of endometriosis [41], comparisons are difficult to carry out due to the different procedures and health care systems in different countries. We could also consider as a limitation the detection sensitivity of multiplex immunoassays. It has been shown that, although multiplex immunoassays have a sensitivity comparable to that of a conventional ELISA, it is possible that they may differ in matrix beads multiplexing [42].



MCP-1, along with IL-8, is considered one of the most important cytokines involved in the pathogenesis of endometriosis. It can influence the migration of monocytes from the peritoneal blood to the peritoneal cavity, where these cells transform into macrophages and contribute to the local inflammatory process that is observed in endometriosis [34,43]. Additionally, MCP-1, may be responsible for other processes in the peritoneal cavity of affected women [44]. According to Younis et al. [32], MCP-1 stimulates the adherence of endometrial cells to the extracellular matrix and is involved in angiogenesis. It also plays an important role in the growth of ectopic endometrial tissue by stimulating macrophages, as well as by directly stimulating the proliferation of endometrial cells. Moreover, MCP-1 activates monocytes, macrophages, T lymphocytes, NK cells, basophils, and mast cells [33,36]. This suggests that all changes in the cytokine profile, especially the participation of cytokines with a pro-inflammatory profile such as IL-8, MCP-1, and IFN-γ, indicate impaired immune activity in endometriosis, which may be responsible for the occurrence and development of the disease [33,36]. On the other hand, factors that may play a role in the treatment of endometriosis were studied by Cakmak et al. [45]. According to their results, substances that reduce the inflammatory process in the peritoneum may slow down the formation and development of endometriosis by inhibiting the production and secretion of MCP-1.



MCP-3 has many features similar to those of MCP-1. Both stimulate Th2 lymphocyte polarization, and their concentration is elevated in many chronic inflammatory diseases. Margari et al. [36] showed there were no statistically significant differences in the peritoneal level of MCP-3 between women with endometriosis and women in a reference group. Other results were obtained by Rakhila et al. [46] who studied the influence of various chemokines, including MCP-3, on the development of endometriosis. Increased concentration of this molecule was observed in the peritoneal fluid compared to a reference group. Additionally, a higher concentration of MCP-3 was observed in patients with endometriosis at advanced stages than in those at early stages of the disease. A higher level of MCP-3 was observed in the proliferative phase of the menstrual cycle. Changes in the concentration of this and other tested chemokines in the peritoneal fluid of women with endometriosis suggest that they may contribute to the development of angiogenesis and cell proliferation [46].



MCP-2 and MCP-4 are other chemokines investigated in this study. In the available literature, there is little information on their role in the formation and development of endometriosis. However, MCP-2 is involved in activating the effector mechanisms of anti-infective immunity, for example, by activating monocytes. Chmaj-Wierzchowska et al. [47] assessed the relationship of this chemokine with the occurrence of pain in the pelvic area in women with endometrial cysts. The obtained results confirmed the participation of this molecule in the occurrence of pain in the group of examined women. So far, the role of MCP-2 in diseases other than endometriosis has been assessed. MCP-2 was found in the amniotic fluid of women with preterm labor before 34 weeks of gestation, infection, and inflammation in the amniotic cavity [48]. In addition, MCP-4 acts as an effective chemoattractant for monocytes and T lymphocytes and is capable of interacting with three different receptors: CCR3, CCR24, and CCR55. On the other hand, it was investigated how MCP-4 influences the movement and migration of lymphocytes during their maturation and differentiation in peripheral lymphoid organs [49].



In addition to proteins from the MCP group, chemokines from the CC subfamily were also studied [36,50,51]. The results indicate that these chemokines may be associated with the pathogenesis of the disease. Both MIP-1α and MIP-1β were originally identified as soluble factors secreted by activated macrophages [52]. Similar to the results regarding MCP, those on the concentration of MIP in the peritoneal fluid in women with endometriosis from multiple centers are inconsistent. Mao et al. [53] observed a decreased concentration of MIP-1α in the fluid collected from oocytes of women with endometriosis compared to those from a reference group. On the other hand, Malutan et al. [34] noted a very low detection rate of MIP-1α and MIP-1β. Many studies assessed MIP-3 concentration in both the peritoneal fluid and the serum of women with endometriosis [38]. These studies showed that the detection of increased concentrations of MIP-3β as well as of MCP-1 and IL-8 in the peritoneal fluid of these women may be helpful in the diagnosis of endometriosis [54]. Many authors pointed out that the determination of the concentration of this chemokine panel in the peripheral blood of women with endometriosis may allow an early non-invasive diagnosis, facilitating the diagnosis of this disease [28]. However, this thesis requires confirmation.



Eosinophils and basophils are also involved in the pathogenesis of endometriosis, especially in the early stages of its development [55,56,57,58]. These cells play a role in the immune response that is specifically directed against ectopic endometrial cells. In addition, eosinophils are involved in a more general type of inflammatory response associated with wound healing and tissue remodeling, induced by endometrial changes. There is increasing evidence that eosinophils regulate the multiplication and activity of fibroblasts and stimulate collagen synthesis, which may be of great importance in the formation of adhesions and scarring within the peritoneal cavity in women with endometriosis [56]. For this reason, we evaluated the concentrations of eotaxin-2 and eotaxin-3 in endometriosis patients. However, there is only limited information of the role of these chemokines in the formation and development of endometriosis in the literature. Meanwhile, the results of our research showed an increase in their concentration in the peritoneal fluid of affected women, which may indicate their participation in the pathogenesis of this disease. The studies conducted so far have allowed to assess the occurrence of the family of this chemokines as a whole, without distinguishing between its individual members. Hornung et al. [59] confirmed the presence of eotaxin in the tissue of the ectopic endometrium, and its distribution was similar to that observed in the eutopic endometrium. Additionally, the concentration of eotaxin in the peritoneal fluid was significantly higher in women with moderate or severe endometriosis than in women with minimal or mild endometriosis and in women in the control group. In addition, in vitro studies have shown that ectopic endometrial cells stimulated with estradiol, medroxyprogesterone acetate, TNF-α, IFN-γ, and IL-4 secrete eotaxin. Its secretion was increased in women with endometriosis and depended on the phase of the menstrual cycle [59,60]. Similar to the results of our work, Bersinger et al. [61] showed the increased concentration of eotaxin in the peritoneal fluid of endometriosis patients, which was associated with its increased production by endometrial cells. Santonastaso et al. [62] showed that the concentration of eotaxin-1 (CCL11) was significantly increased in the follicular fluid of women with endometriosis compared to a control group, which may affect the development of infertility accompanying endometriosis. On the other hand, Rocha et al. [63] and Măluțan [34] showed a decreased concentration of eotaxin-1 in the serum and plasma of women with endometriosis. According to these researchers, this chemokine cannot be used as a marker for the diagnosis of this disease.



Another molecules of the group of CXC (α) chemokines that was assessed is ENA-78. There are few studies in the available literature on the occurrence of this chemokine in women with endometriosis. Bersinger et al. [61] observed that in women with endometriosis, the concentration of ENA-78 in the peritoneal fluid was increased compared to the concentration in healthy women. In turn, Nishida et al. [64] showed that endometrial cells produce and secrete various chemokines, including ENA-78, IL-8, MCP-1, MIP-1α, and eotaxins. Since ENA-78 plays an important role in the neovascularization surrounding endometriotic lesions by increasing other angiogenic factors, its increased secretion might participate in the pathogenesis of endometriosis [64]. The last chemokine of the CX3C subfamily whose concentration was tested is fractalkine. It is known that this chemokine has not only important functions in the immune system but also participates in the wound healing process, among other processes. It is known from the literature that fractalkine has a chemotactic effect on monocytes and mast cells and also mediates the adhesion and migration of lymphocytes [65]. Pain is the most serious and common symptom of endometriosis. Its basic pathogenetic mechanism is poorly understood. Fractalkine is known to play an important role in various forms of neuropathic pain, while its role in endometriotic pain is unknown [66]. Hou et al. [67] found that eutopic endometrium from patients with endometriosis had a significantly higher expression of fractalkine compared to normal endometrium, and ectopic tissues showed the highest expression. Additionally, the concentration of fractalkine in the peritoneal fluid of patients with endometriosis was higher than in the control group and positively correlated with the severity of the disease (67). Other results were obtained by Shimoya et al. [68] who assessed the relationship between the concentration of fractalkine in the peritoneal fluid and the occurrence of endometriosis. They suggested that the reduced concentration of this chemokine in women with endometriosis compared to a reference group may be associated with the development of endometriosis, which was also confirmed by the results obtained in this study. In addition, Western blot and immunohistochemical analyses using anti-fractalkine antibodies as well as molecular studies have shown that peritoneal fluid cells as well as the peritoneal membrane itself may be important sources of fractalkine in the peritoneal fluid. Fractalkine protects the peritoneal cavity against infection and is involved in the maintenance of homeostasis of the immune system in the peritoneal cavity in case of peritonitis and during the elimination of pathogens. On the other hand, a reduced concentration of this chemokine in the peritoneal fluid may contribute to the development of chronic inflammation and disease [68].



In conclusion, changes in the concentration of all studied chemokines in the peritoneal fluid of women with endometriosis indicate the participation of these molecules in the pathogenesis of the disease. Changes in the secretion of chemokines in the peritoneal fluid of women with endometriosis can lead to an abnormal immune response to ectopic endometrial cells, which facilitates their movement to unusual places in the body and the formation of foci. Explaining these mechanisms is important for a better understanding of the pathogenesis of this disease and may be helpful in the search for new diagnostic and therapeutic options for endometriosis. The different involvement of the studied chemokines in subsequent stages of the disease, indicates their variable distribution and the participation of various immune cells in an ongoing inflammatory process. This indicates a significant role of an impaired immune response in the development of this disease and the presence of local inflammation in the peritoneal cavity of women with endometriosis.
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Figure 1. The concentration of the studied chemokines (a–j) in the peritoneal fluid of women with endometriosis at progressive stages. 
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Table 1. Peritoneal level of the studied chemokines in women with endometriosis and women from the reference group.
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Cytokines

	
Patients

	
p Value




	
Endometriosis (n = 58)

	
Control (n = 20)






	
CC (β) chemokines

	

	

	

	

	




	
MCP-1

	
46.90

	
(38.96–66.21)

	
161.77

	
(143.49–243.96)

	
<0.001




	
MCP-2

	
456.38

	
(298. 70–679. 12)

	
1058.70

	
(995.08–1146. 50)

	
<0.0001




	
MCP-3

	
34.96

	
(27.17–54.14)

	
182.22

	
(157.13–242.19)

	
<0.001




	
MCP-4

	
20.01

	
(17.42–21.85)

	
37.01

	
(36.02–38.21)

	
<0.0001




	
MIP-1

	
32.89

	
(27.07–48.53)

	
189. 62

	
(151.17–241.96)

	
<0.0001




	
MIP-1β

	
25.11

	
(22.06–28.10)

	
22.63

	
(18.02–24.19)

	
NS




	
Eotaxin 2

	
902.60

	
(445.60–1036.42)

	
252.31

	
(179.51–298.82)

	
<0.0001




	
Eotaxin 3

	
28.45

	
(22.12–35.95)

	
16.68

	
(16.13–18.00)

	
<0.001




	
CXC (α) chemokines

	

	

	

	

	




	
ENA-78

	
41.75

	
(29.91–46.02)

	
20.35

	
(18.31–22.69)

	
<0.001




	
CX3C (δ) chemokines

	

	

	

	

	




	
Fractalkine

	
5823.75

	
(6025.47–11112.94)

	
19826.46

	
(15222.78–27813.28)

	
<0.0001








Data are presented as median concentrations and interquartile range.
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