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SUMMARY 

Equine endometrosis is one of the major causes of equine infertility, often associated with signs 

of periglandular fibrosis occurring in the endometrium. As the oviduct is a key location of early 

embryo development, we hypothesized that disturbances in hormonal action may be associated with 

a loss of contact between mucosal cells in the uterus and oviducts. This study investigates the 

expression of intermediate filament proteins (vimentin and desmin), oestrogen receptor alpha 

(ERα), and progesterone receptor A (PRA) in the stroma and epithelia of the endometria and 

oviducts of healthy mares and mares with endometrosis. Endometrium samples were obtained from 

56 mares, culled in a slaughterhouse, and were designated either healthy endometrium (n = 26) or 

endometrium with signs of moderate to severe endometrosis (n = 20). The phase of the ovarian cycle 

and the expression of vimentin, desmin, ERα, and PRA were compared between these groups. The 

expressions of both vimentin and desmin were higher in the endometrial stroma of the endometrosis 

group than in healthy endometria. The expression of ERα in the healthy endometrial stroma and 

luminal epithelium during the follicular phase was higher than in the luteal phase, but showed no 

differences in the endometrium of mares with endometrosis. PRA expression was significantly 
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higher in the stoma oviduct during the follicular phase than in the luteal phase. It seems possible 

that mucosal cells may support the occurrence of moderate to severe endometrosis through their 

altered intermediate filament and sex steroid receptor interactions. In addition, the oviduct appears 

to be less sensitive to hormonal changes than the uterus. Changes in the expression of intermediate 

filament and steroid hormone proteins may be a leading factor contributing to the functional status 

of the oviduct in endometrosis. 
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INTRODUCTION 

Endometrosis is a pathological alteration in the endometrium of mares characterized by periglandular 

fibrosis and the formation of glandular cysts. These changes may affect individual glands and/or several 

gland branches. No altered glands can exist next to degenerative glands. Depending on the severity of 

periglandular fibrosis, equine endometrial samples were categorized as normal endometrium (I) or 

endometrosis, ranging from mild (IIA), to moderate (IIB), to severe (III) (Kenney and Doig 1986). The 

endometrosis process is classified as non-destructive and destructive, depending on the glandular 

epithelium status, and also as active or inactive, based on the state of metabolic activity of the stroma 

(Hoffmann et al., 2009a, Schöniger and Schoon 2020). 

Both the immune system and endocrine system play a significant role in the development of 

endometrial disease (Witkowski et al., 2015; Jasiński et al., 2021, 2022a). Evans et al. (1998) and 

Hoffmann et al. (2009b) showed that in destructive endometrosis, myofibroblasts destroy the uterine 

glands, which influence the amount and composition of the extracellular matrix via several secreting 

mediators. In addition, the impaired contractile activity of the myofibroblasts may result in cyst formation 

and the retention of secretions in the lumens of the endometrial glands (Evans et al., 1998, Raila et al., 

1999, Walter et al., 2001, Hoffmann et al., 2009b). Several studies have shown that connective tissue cells 

are stimulated to produce and secrete collagen by various endogenous factors, which leads to fibrosis 

(Alpoim-Moreira et al., 2019, Rebordão et al., 2019, Szóstek-Mioduchowska et al., 2019, Jasiński et al., 

2021).   

Multiple studies have shown changes in the expression patterns of two specific oestrogen receptors 

(ERs), ERα and ERβ, and two isoforms of progesterone receptors (PRs), PRA and isoform B (PRB), in 

mare reproductive tissues (Watson et al., 1992, Aupperle et al., 2000, Hartt et al., 2005, Alm et al., 2009, 

Hoffmann et al., 2009a, Jasiński et al., 2022b). ER and PR expression in the mare’s endometrium peaks 

during oestrus and begins to decrease in early dioestrus, with the lowest levels detected in late dioestrus 

(Hartt et al., 2005, Alm et al., 2009). There are limited and contradictory reports on sex steroid receptor 

expression in endometrosis. For example, Watson et al. (1992) did not detect any changes in ER and PR 

expression in the mare endometrium. Aupperle et al. (2000) demonstrated asynchronous changes in 

steroid receptors in the reproductive cycle, which were reflected in reduced ERs and PRs in the glandular 

nests. Hoffmann et al. (2009a) found a decrease in ER and PR expression in the connective tissue cells in 

fibrotic foci and cells of nests of glandular epithelium. However, in what is referred to as non-destructive 
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endometrosis, an increase in ER and PR expression in the epithelial cells of nests has been noted. Jasiński 

et al. (2022b) showed that transcription levels of ER and PR genes decreased with the severity of 

endometrial fibrosis. 

There are several factors affecting the histo-functional status of the endometrium which appear to 

contribute to abnormal interactions of endometrial cells leading to infertility in the course of 

endometrosis. These include abnormal abundance of ERs and PRs in the endometrium (Watson et al., 

1992, Aupperle et al., 2000, Hartt et al., 2005, Alm et al., 2009, Hoffmann et al. 2009a, Jasiński et al., 

2022b), together with disturbances of endometrial immunity, the composition of the extracellular matrix 

(Evans et al., 1998, Hoffmann et al., 2009b), myofibroblast contractility (Evans et al., 1998, Raila et al., 

1999, Walter et al., 2001, Hoffmann et al., 2009b), the cytoskeleton, and the basement membrane of the 

glandular epithelium (Kenney and Doing 1986, Hoffmann et al., 2009a, Lehmann et al., 2011). 

The localization and expression of the two major cytoskeletal proteins, desmin and vimentin, are 

routinely used to analyse the morphology of myometrial cells in order to follow dynamic changes during 

the physiological oestrus cycle and to diagnose its pathology (Can et al., 1995). After fertilization, the 

equine embryo develops in the oviduct for about 5–6 days (Freeman et al., 1991). The oviduct mucosa 

should provide a suitable environment for gamete transport, fertilization, and embryo development. The 

underlying question is whether oviduct inflammation (Losinno et al., 1997) or oviduct fibrosis (Pinto-

Bravo et al., 2018) is linked to the periglandular fibrosis and glandular cyst formation found in equine 

endometria. 

We hypothesize that the expression and/or amount and/or localization of intermediate filament 

proteins or steroid hormone receptor proteins are altered in the uterus and oviduct of mares with 

endometrosis.  

The specific aim of the study was to investigate the expression of the intermediate filaments (vimentin 

and desmin) and steroid hormone receptors (ERα and PRA) in the stroma and epithelium of the 

endometria of mares with endometrosis and in the oviduct during the follicular and luteal phases. 

MATERIALS AND METHODS 

Tissue collection 

The study was performed on tissue samples from 58 mares (aged from 2 to 22 years) in a 

slaughterhouse. Because all samples were collected post mortem, the research did not require the consent 

of the ethics committee. Blood, uteri, oviducts, and ovaries were collected from mares with unknown 

reproductive histories, from horse slaughterhouses. Before culling, blood samples were collected from 

the external jugular vein into ethylenediaminetetraacetic acid-coated tubes. Blood samples were 

centrifuged (2000 x g, 5 min), and then the plasma was separated and frozen. Immediately after culling, 

the uterus, oviducts, and both ovaries were collected from each mare. Representative samples 

(approximately 1 cm3 each) of mucosa from the uterine horn (near the uterine body) and ampulla of both 

oviducts were collected immediately after culling and fixed in 4% neutral phosphate-buffered formalin. 

The ovaries were immersed in cold 0.9% sodium chloride (Polfa S.A., Lublin, Poland) and transported to 

the laboratory at 4°C. The mares were managed and slaughtered following the welfare mandates of 



M. Profaska, A. Gurgul, M. Kotula-Balak, A. Rak, R. Sanchez, S. Zając, M. Witkowski 

                                  ANIMAL SCIENCE AND GENETICS, vol. 19 (2023), no 4 54 

European Council Regulation (EC) No. 1099/2009 and the Polish Regulation of the Minister of 

Agriculture and Rural Development (Journal of Laws 2004 No. 205 item 2102). 

Assignment of mares to specific phases of the ovarian cycle  

Each mare was assigned to the anoestrus or cyclic phase of the reproductive cycle, and cyclic mares 

were further assigned to the follicular or luteal phase, according to the results of blood progesterone (P4) 

analysis, morphometric examination of the ovaries, and histological evaluation of the uterus. 

In the blood samples, the plasma P4 concentration was determined using a commercial 

radioimmunoassay (RIA) with an intra-assay coefficient of variation < 5.6% and inter-assay coefficient 

of variation < 8.8% (Fluorometer 1232 with Progesterone Kit, Wallac Oy, Finland). Morphometric 

evaluation of the ovaries was performed, taking into account the size and number of ovarian follicles, 

haemorrhagic corpora, and corpora lutea to determine the phase of the oestrus cycle. Mares were 

considered to be in the anoestrus phase when small, hard ovaries with no active structures were observed 

(ovarian follicle < 25 mm or corpus luteum), the P4 concentration was < 1 ng/mL, and the luminal 

epithelium was low, with no sign of endometrial oestrogenization. Of 58 examined mares, nine met these 

criteria and were excluded from further investigation.  

Mares were considered to be in the follicular phase when a follicle of diameter > 30 mm was present 

in the ovary, the P4 concentration was < 2 ng/mL, and histological signs of severe to moderate endometrial 

oestrogenization were observed. Of 58 examined mares, 14 mares met these criteria and were assigned to 

the follicular phase group. In these mares, luminal cylindrical epithelia (up to 50 µm) containing 

cytoplasmic vacuoles and endometrial glands arranged in characteristic longitudinal packets were 

revealed (Fig. 1A, C, E).  

Mares were considered to be in the luteal phase when the corpus luteum was present on the ovary, the 

P4 concentration was > 2 ng/mL, and no signs of endometrial oestrogenization were observed. Of 58 

examined mares, 35 met these criteria and were assigned to the luteal phase group. In these mares, a low 

luminal cylindrical epithelium approximately 20 µm high and well-developed, twisted endometrial glands 

were observed (Fig. 1B, D, F). 

Histopathological staining and analysis of mucosa samples 

Tissue samples for histopathological examination were fixed in formalin at 4°C for 24 h and then 

transferred to 70% ethanol (Sigma-Aldrich, Poland) for one week. Next, the tissue samples were 

embedded in a paraffin equivalent (Sigma-Aldrich, Poland) for standard histological staining procedures 

(Witkowski et al., 2021).  

Haematoxylin and eosin (H&E)-stained tissue slides of the mucosa were examined under a light 

microscope (Nikon 104, Nikon, Germany) and classified according to criteria presented by Kenney and 

Doig (1986) as modifed by Schoon et al. (1997).  

Healthy endometria were observed in 26 mares and classified as category I (n = 26), while the 

microscopic hallmarks of endometrosis in 23 mares were classified as categories IIA (n = 3), IIB (n = 14), 

and III (n = 6), corresponding to mild, moderate and severe fibrosis, respectively.  
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Figure 1. Various categories of endometrosis in two phases of the ovarian cycle. Category I – healthy 

endometrium in the follicular phase (A) and luteal phase (B); category IIB – moderate endometrosis in 

the follicular phase (C, E) and luteal phase (D, F); category III – severe endometrosis in the follicular 

phase and luteal phase (not shown). Randomly chosen representative microphotographs: H&E staining, 

magnification 40×. 

In samples classified as category I, no periglandular fibrous capsule and no glandular nests were 

observed. In this category, there were signs of endometrial oestrogenization in six samples (Fig. 1A), 

while no signs were found in 20 samples (Fig.1B). In samples classified as category IIA, two-layer 

periglandular fibrous capsules formed around individual branches of the uterine glands, and no glandular 

nests were observed. In this category, signs of endometrial oestrogenization were observed in only three 

samples. Due to the small size of this group and the lack of representation for both phases of the cycle, 

the samples classified as group IIA were excluded from further analysis. In samples classified as category 

IIB, multilayer layers (> 2–3 layers) of the periglandular fibrous capsule formed around individual 

branches of the uterine glands, and glandular nests (> 1 in the field of view) were observed. In the 

overgrown stroma, more than 35% of the glands had cystic lesions, and the glandular epithelium was 

usually hypertrophic. In this category, there were signs of endometrial oestrogenization in five samples 

(Fig. 1C, E) and no signs in nine samples (Fig. 1D, F). In samples classified as Category III, multilayer 

layers (> 2–8 layers) of the periglandular fibrous capsule with myofibroblasts formed around individual 

branches of the uterine glands, and glandular nests (> 2 in the field of view) were observed. In the 

overgrown stroma, approximately 80% of gland nests were composed of hypertrophic glandular 

epithelium that produced secretions and 20% of atrophic glandular epithelium. In addition, more than 

35% of the glands showed cystic lesions, and the glandular epithelia were usually hypertrophic. In this 
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category, there were signs of endometrial oestrogenization in three samples, while no signs were seen in 

the other three samples (not shown). 

Finally, after the exclusion of samples in the anoestrus phase (n = 9) and those in category IIA (n = 

3), a total of 46 samples were assigned to one of two groups; (i) with healthy endometria (in total n = 26; 

follicular phase n = 6; luteal phase n = 20), and (ii) with moderate or severe endometrosis (in total n = 20; 

follicular phase n = 8; luteal phase n = 12). The detailed distribution of samples between categories of 

endometrosis and specific ovarian cycle phases is presented in Table 1.  

Table 1.  

Distribution of evaluated samples between categories of endometrosis (Kenney and Doig classification 

[1]) and specific ovarian cycle phases 

 I IIB III Total 

Follicular phase 6 5 3 14 

Luteal phase 20 9 3 32 

Total 26 14 6 46 

Kenney and Doig’s classification: category I corresponds to healthy endometrium; category IIA corresponds to mild 

endometrosis; category IIB corresponds to moderate endometrosis; category III corresponds to severe endometrosis; 

differentiated by ovarian cycle phases: follicular phase, luteal phase, and anoestrus phase.  

Immunohistochemical staining and analysis of mucosa samples 

Deparaffinized slides with endometrial and oviduct tissues were stained immunohistochemically 

(IHC) using a previously described protocol (Profaska-Szymik et al., 2020). Briefly, slides were incubated 

with primary antibodies: vimentin (1:100; clone V9.(1); Merck, Darmstad, Germany), desmin (1:100; 

clone D33; Merck, Darmstad, Germany), ERα (1:100; clone 6F11; Dako A⁄S, Glostrup, Denmark) or PRA 

clone 16 (1:100; clone PR4-12; Novocastra Lab, Newcastle, UK). Next, biotinylated antibodies (1: 400; 

Vector, Burlingame CA, USA) and avidin-biotinylated horseradish peroxidase complex (ABC/HRP; 

1:100; Dako, Glostrup, Denmark) were applied. Bound antibodies were visualized with 3,3′-

diaminobenzidine (DAB) (0.05%; v/v; Sigma-Aldrich, Poland). For control sections, primary antibodies 

were omitted and irrelevant IgG was used in their place.  

Two blinded, independent observers performed a light microscopic evaluation (Olympus BX40F4, 

Olympus, Poland) of the IHC–stained slides of mucosa. An immunoreactive score (IRS) was determined 

for 100 cells in four to five random fields of the serial sections (4–5 µm thick) which had been removed 

from each animal. 

The reaction intensity was assessed as 0 – no reaction, 1 – weak reaction, 2 – moderate reaction, or 3 

– strong reaction, and calculated as the percentage of all cells. Therefore, in every specimen, two variables 

were evaluated: the number of stained cells and the intensity of the reaction according to the formula IRS 

= (n1x1) + (n2x2) +(n3x3), where: n - number of cells showing the reaction with intensity of 0, 1, 2 or 3. 
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Statistical analysis 

Data were tested using the Shapiro–Wilks W test for normality. The homogeneity of variance was 

assessed with Levene’s test. The Mann–Whitney test was used to assess the differences in the variables 

between the healthy and endometrosis groups as well as between ovarian cycle phases. Data were 

considered statistically significant at *P < 0.05 and **P < 0.01. Statistical analyses were performed using 

JASP software (v0.11.1; JASP Team 2019).  

RESULTS 

Histological features of oviduct mucosa 

In each mare, specimens from both oviduct sites showed similar histopathological features. Intensive 

folding of the luminal epithelium was present in the follicular phase (Fig. 2A), while there was a low 

degree of folding in the luteal phase (Fig. 2B). No differences in the oviduct structure were found between 

the healthy endometria and the endometrosis groups. 

Figure 2. Various views of the fallopian tube mucosa in two ovarian cycle phases: the follicular phase 

(A) and luteal phase (B). Randomly chosen representative microphotographs: H&E staining, 

magnification 40×. Various patterns of expression of vimentin (C, D), desmin (E, F), oestrogen receptor 

α (ERα) (G, H), and progesterone receptor isoform A (PRA) (I, J) in endometrosis. Distribution of 

vimentin in category IIB – moderate endometrosis in the follicular phase (C) and luteal phase (D). 

Distribution of desmin in category IIB – moderate endometrosis in the follicular phase (E) and luteal 

phase (F). Distribution of ERα in category IIB – moderate endometrosis in the follicular phase (G) and 

luteal phase (H). Distribution of PRA in category IIB – moderate endometrosis in the follicular phase (I) 

and luteal phase (J). IHC staining, magnification 40×. 

Vimentin and desmin expression in the mucosa of the uterus and oviducts 

In both groups of mares, healthy and with endometrosis, vimentin-positive cells and desmin-positive 

cells were observed predominately in endometrial stoma rather than in the epithelia of either group (Fig. 

2C-F). Vimentin-stromal positive cells were present in approximately 85% of glandular nests, while these 

cells were not observed in 15% of the glandular nests. In vimentin-positive nests, hypertrophic glandular 
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epithelial cells and cystic glandular enlargements were usually noted. Few vimentin-positive cells and 

desmin-positive cells were observed in the stroma of the oviduct mucosa and luminal epithelium.  

In the endometrial stroma, vimentin IRS was higher in the endometrosis group than in healthy mucosa, 

in both the follicular (P = 0.011) and luteal (P = 0.044) phase (Fig. 3A). This difference was not observed 

between experimental gropus when samples of oviduct stroma were evaluated (Fig.3D). No difference in 

vimentin IRS between healthy and affected groups was noted in any of the epithelia, in either the uterus 

(Fig. 3B, C) or the oviduct (Fig. 3E). Moreover, no difference was found between ovarian cycle phases 

in any of the tissues (Fig. 3A-E). 

 

    healthy endometrium 

    endometrosis 

*statistically significant difference P < 0.05 

Figure 3. Vimentin IRS in the endometrial stroma (A), luminal epithelium (B), and glandular epithelium 

(C) and in the oviductal stroma (D) and epithelium (E) in two phases of the ovarian cycle. 

Similarly, in the endometrial stroma, desmin IRS was higher in the endometrosis mucosa than in the 

healthy mucosa. Differences were observed in both the follicular (P = 0.036) and luteal (P = 0.028) phase 

(Fig. 4A). Desmin IRS did not differ between healthy and affected groups in mucosa epithelia, in either 

the uterus (Fig. 4B, C) or the oviduct (Fig. 4E), and also did not differ between ovarian cycle phases (Fig. 

4A-E). 
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    healthy endometrium 

    endometrosis 

*statistically significant difference P < 0.05 

Figure 4.  Desmin IRS in the endometrial stroma (A), luminal epithelium (B), and glandular epithelium 

(C) and in the oviductal stroma (D) and epithelium (E) in two phases of the ovarian cycle 

ERα and PRA expression in the mucosa of the uterus and oviducts 

In both groups of mares (healthy and with endometrosis), ERα-positive cells and PRA-positive cells 

were observed predominately in the endometrial stroma around the uterine glands. More ERα-positive 

cells were found in the stroma around nested glands in the luteal phase than in the follicular phase. 

Similarly, more ERα-positive cells were found in unaffected glands in the follicular phase than in the 

luteal phase (Fig. 2G-H). However, the ovarian cycle-related differences in ERα IRS were observed only 

in the stroma and luminal epithelium of healthy endometria. In the endometrial stroma, ERα IRS was 

higher in the follicular phase than in the luteal phase in the healthy group (P = 0.002), but not in the 

affected group (P> 0.05) (Fig. 5A). Similarly, in endometrial luminal epithelia, ERα IRS was higher in 

the follicular phase than in the luteal phase in the healthy group (P = 0.049), but not in the affected group 

(Fig. 5B). No difference was found between ovarian cycle phases in the endometrial glandular epithelium 

(Fig. 5C) or in the stroma (Fig. 5D) or luminal epithelium (Fig. 5E) of the oviducts. 
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    healthy endometrium 

    endometrosis 

*statistically significant difference P<0.05 

**statistically significant difference P < 0.01 

Figure 5. ERα IRS in the endometrial stroma (A), luminal epithelium (B) and glandular epithelium (C) 

and in the oviductal stroma (D) and epithelium (E) in two ovarian cycle phases. 

In the endometrial stroma (Fig. 6A), luminal epithelium (Fig. 6B), and glandular epithelium (Fig. 6C), 

no differences in PRA IRS were found between the healthy and affected groups in either the follicular or 

the luteal phase. In the oviduct stroma, PRA IRS was higher in the follicular phase than in the luteal phase 

in the healthy group (P = 0.046), but not in the affected group (P < 0.05) (Fig. 6D). No similar difference 

was found in the oviduct luminal epithelium (Fig. 6E). Moreover, PRA IRS did not differ between healthy 

and affected groups in either layer of the oviduct (Fig. 6D-E). 

* 



Expression of oestrogen and progesterone receptor and intermediate filament proteins… 

ANIMAL SCIENCE AND GENETICS, vol. 19 (2023), no 4 61 

 

    healthy endometrium 

    endometrosis 

*statistically significant difference P < 0.05 

Figure 6. ERα IRS in the endometrial stroma (A), luminal epithelium (B), and glandular epithelium (C) 

and in the oviductal stroma (D) and epithelium (E) in two ovarian cycle phases. 

DISCUSSION 

In horse breeding, endometrosis is diagnosed in about 30% of problematic mares (Mowry et al., 1958). 

However, just one study has focused on endometrosis and its association with oviduct pathology (Pinto-

Bravo et al. 2018). The authors analysed collagen transcriptase distribution in the uterus and oviduct and 

proposed a possible correlation between oviduct fibrosis and endometrosis. They suggested that the 

changes observed were most likely to be age-related and concluded that there was no clearly defined 

relationship between these processes. Therefore, the current study may partially fill a gap in existing 

research on endometrosis-related oviduct pathologies by studying the expression of the intermediate 

filament (composed of vimentin and desmin) and steroid hormone receptors (ERα and PRA) in the uterine 

and oviduct mucosa and comparing them between healthy and endometrosis-affected mares.  

The analyses conducted in the present study revealed that changes in the distribution and/or 

expression of intermediate filament and sex hormone proteins may be one important factor contributing 

to endometrosis, without affecting the functional status of the oviducts in the disease. We found no 

histopathological signs of any pathology in either the stroma or luminal epithelium in any of the oviduct 

samples. The immunohistochemical comparison revealed expected differences in intermediate filament 
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and sex hormone receptor protein expression between the endometrium and oviduct tissues during 

endometrosis. 

In the endometrial stroma, both vimentin and desmin were expressed in all types of endometrosis, 

with the expression of vimentin always stronger than that of desmin (Hoffmann et al., 2009). According 

to findings by Aupperle et al. (1997), vimentin and desmin have higher expression in moderate and severe 

periglandular fibrosis compared to mildly abnormal fibrotic nests. In the present study, vimentin and 

desmin expression in the endometrial stroma were higher in mares with endometrosis than in healthy 

mares. Nests expressing vimentin were composed of hypertrophic glandular epithelial cells and often had 

cystic glandular enlargements. In contrast, endometrial epithelia did not reveal similar differences. Some 

studies have shown very high expression of vimentin in the fibrous capsule of the nests as well as in the 

cells of the epithelial glands in the nests compared to other endometrial cells (Aupperle et al., (1997). 

Hoffmann et al. (2009a) also observed high expression of vimentin in biopsies from mares with 

endometrosis. On the other hand, desmin expression in the endometrial stroma has been observed in mild 

endometrial alterations (Ellenberger et al., 2002) and in endometrosis (Raila et al., 1998, Aupperle et al., 

2004), but not in healthy endometria during physiological changes in the oestrus cycle (Aupperle et al., 

1997). Our results are consistent with the previous studies, as we found no differences in vimentin and 

desmin expression between phases of the ovarian cycle in the tissues analysed. The authors cited 

(Aupperle et al., 1997, 2004, Raila et al., 1998, Ellenberger et al., 2002, Hoffmann et al. 2009a) suggested 

that vimentin and desmin overexpression in affected endometria may be due to the loss of contact between 

various types of endometrial cells, including basal lamina cells. Thus, it is believed that the increased 

expression of the intermediate cellular filaments observed in the endometrial foci plays an important role 

in the initiation and progression of mare endometrosis. Therefore, Royas et al. (2020) postulated that the 

expression of the intermediate filament could be used as a diagnostic tool for predicting predisposition to 

endometrosis, as expression of this marker is highest in mares in the initial stages of this disease. The lack 

of differences observed in intermediate filament expression in the oviduct indicates that contact between 

mucosal cells may be maintained. Thus, there is no evidence of alteration of intercellular contact 

propagated by the uterus and the oviduct microenvironment, where interactions of several different types 

of signalling molecules take place. Therefore, the two reproductive organs studied here appear to be 

effectively separated (Pinto-Bravo et al., 2018). 

Fibrosis leads to the formation of glandular nests of diverse histological appearance (destructive and 

non-destructive), with varying secretion activity. This is probably due to the varied sensitivity of cells to 

endogenous steroid hormones during phases of the ovarian cycle in the nests (Aupperle et al., 1997, 

Jasiński et al., 2022b, Hoffmann et al., 2009a). The correlation between oestrogens and P4 levels and 

uterine fibrosis was demonstrated by Ricketts and Barrelet (1997) and confirmed by further research 

(Watson et al., 1992, Aupperle et al., 1997, Hoffmann et al., 2009a, Jasiński et al., 2022). Ricketts and 

Barrelet (1997) assumed an association between increases in connective tissue stromal fibrosis in the 

endometrium and symptoms of hyperoestrogenism. However, other researchers have reported quite 

different observations related to ERα and PRA expression in endometrial disorders. Özgen et al. (1997) 

showed that ERα expression in the endometria of mares with hydromucometra was higher than in healthy 
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mares. Hoffmann et al. (2009a) observed a considerable decrease in the expression of ERs and PRs in 

endometria affected by fibrosis, except in mares with destructive endometrosis, in which their 

immunoexpression was higher than in healthy mares. Jasiński et al. (2022b) confirmed a decrease in ER 

and PR expression associated with the severity of endometrial fibrosis at the gene level, noting low 

transcription of steroid hormone genes in both inactive and active types of destructive endometrosis. In 

contrast, Rojas et al. (2020) observed no significant correlation between PRs in the endometrium and 

mare endometrosis. Similarly, the present study also showed no significant endometrosis-related PRA 

differences in any of the examined tissues. The only differences observed in the expression of ERα and 

PRA were associated with the phases of the ovarian cycle and were noted in both the healthy endometrial 

stroma and luminal epithelium as well as in the healthy stroma of the oviduct mucosa.  

Regarding the phases of the ovarian cycle in healthy endometria, our results are in line with previous 

reports (Jasiński et al., 2022b) indicating that transcription of the ERα gene was higher in the follicular 

phase than in the luteal phase. This finding was confirmed in the current research on protein levels in the 

endometrial stroma and luminal epithelium. Jasiński et al. (2022b) also reported changes in ERα 

expression in mild endometrosis (IIA) as well as the absence of ovarian cycle-related differences in 

advanced endometrosis (IIB and III). This was also confirmed by our research on the level of this protein 

(the IIA group was excluded). These ovarian phase-related changes in ERα levels confirm the 

dysregulation of ERα in the course of endometrosis. Neither Jasiński et al. (2022b) nor the present study 

found ovarian phase-related differences in PR expression in either healthy or affected endometria. 

Examination of ERα and PRA expression in the stroma and luminal epithelium of the oviduct in 

successive ovarian cycle phases showed no differences in ERα levels and only a slight increase in PRA 

in the follicular phase in healthy mares. However, the diversity observed in the functional state of the 

glandular epithelial cells in nests suggests a disturbance in differentiation of the glands, probably due to 

impairment of cell sensitivity to hormonal stimuli (Bigsby, 2002). The altered heterogeneous 

differentiation of endometrial gland cells, independent of the phase of the ovarian cycle, is a dominant 

feature of endometrosis, during which damage to the physiological function of the glandular and 

superficial epithelium can affect embryo development and implantation (Woods et al., 1985, Shlafer et 

al., 1987, Ricketts and Barrelet 1997, Katila et al., 2022). 

In line with Pinto-Bravo et al. (2018), we found here that the ovarian-cycle-related changes in ER and 

PR expression are less evident in the oviduct than in the uterus. While we found no oviduct pathologies, 

the pathologies noted in severe endometrosis could be associated with a reduced reaction of the oviducts 

to pathological hormonal stimulation. Thus there is still an open field for further discussion regarding 

whether the oviduct is less sensitive to hormonal changes than the uterus. Protein expressional changes 

and mislocalization can lead to asynchrony in the physiology and diseases of the oviduct and uterus 

[according to Jasiński et al., (2022a, b)]. In addition, a connection between fibrosis in the oviduct and 

endometrosis [according to Pinto-Bravo et al., (2018)] is also possible. These mechanisms require further 

multilevel studies.  

This study is limited by the fact that the samples were obtained post mortem, and the reproductive 

history of the mares was unknown. However, a definitive diagnosis of endometrosis must be based on 
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histopathological examination, irrespective of whether the tissue material is obtained from a living or 

dead animal.  

In the future, it will be interesting to analyse and compare mRNA expression of vimentin and desmin 

as well as ERα and PRA in the endometria and oviducts of healthy mares and those with endometrosis in 

other parts of the uterus and oviduct. Moreover, future research should include an analysis of the 

interactions of oestrogen and P4 with those proteins, to provide more precise answers regarding the role 

which these proteins and hormones constituting the local microenvironment play in mare endometrosis 

induction and progression. 

CONCLUSION 

This manuscript describes, for the first time, the expression of intermediate filament proteins 

(vimentin and desmin) and steroid hormone receptors (ERα and PRA) in the equine oviduct in connection 

with moderate and severe endometrosis. It can be concluded that contact between mucosal cells in the 

oviduct may be maintained even while signs of moderate and severe endometrosis appear in the 

endometrium. Moreover, the oviduct seems to be less sensitive to hormonal changes than the uterus. 

Therefore, a lower reaction to pathological hormonal stimulation may be suspected in the oviduct as 

compared to the uterus. Based on our results, we postulate that changes in intermediate filament and 

steroid hormone receptor protein expression and protein mislocalization in endometrosis are some of the 

leading dysregulating factors, but may contribute to the ‘independence’ of the oviduct in the course of 

this disease.  
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