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A B S T R A C T

The ezrin/radixin/moesin proteins play a central role in cross-linking plasma membrane proteins with the actin 
cytoskeleton. Despite intensive ERM protein research in many tissues and pathologies, little is known about these 
proteins in healthy tissues of reproductive organs. Therefore, we examined ezrin, phosphorylated ezrin/radixin/ 
moesin (pan-pERM), radixin, and moesin distribution at the cellular level by means of immunohistochemistry in 
ovaries of the following animal species: mouse, dog, cat, sheep, pig, horse, and cynomolgus monkey. Ezrin was 
expressed in oocytes, ovarian surface, granulosa cells and corpus luteum. A characteristic, predominantly 
membranous pan-pERM staining pattern was observed in ovarian surface epithelium, oocyte, granulosa cells and 
corpus luteum. Moesin immunoreactivity was present in all ovarian structures with a prominent signal in 
endothelial cells of blood vessels. Oocytes, granulosa cells and corpus luteum revealed mainly nuclear radixin 
staining. Staining pattern and subcellular localization (membranous, cytoplasmic, nuclear) varied between 
different animal species and between particular ERM proteins as well. This data may help gain new insights into 
the physiological function of ERM proteins in biological events in the female reproductive system.

1. Introduction

Ezrin/radixin/moesin (ERM) is a family of proteins that have been 
widely studied in the context of neoplasms, in particular their role in cell 
proliferation, migration, invasion, and the metastatic process has been 
observed (Horwitz et al., 2016; Demacopulo et al., 2016; Hlavatý et al., 
2017; Barik et al., 2022). ERM family members ezrin, radixin, and 
moesin possess common structural characteristics. They consist of three 
major domains: the amino-terminal FERM domain, a central α-helical 
domain, and a carboxy-terminal ERM association domain (reviewed in 
Barik et al., 2022; Ponuwei, 2016). These three paralog proteins display 
high sequence homology, especially at their FERM domains (Tsukita and 
Yonemura, 1999; Michie et al., 2019). However, whereas ezrin and 
moesin exist as a single isoform, radixin is expressed in various isoforms 
(Michie et al., 2019).

In the cytoplasm, inactive ERM proteins build a loop (head to tail, 
closed conformation). Once activated by phosphorylation, they undergo 
a conformational change (open conformation), and the molecule con
nects to a transmembrane receptor with its amino-terminal domain, and 

with the actin cytoskeleton with its carboxy-terminal domain. In this 
conformation ezrin acts as a signal transmitter and can now regulate 
several signal transduction pathways (reviewed in Barik et al., 2022). 
ERM proteins are also essential during mitotic cell division (shape, 
cortical structure, spindle orientation) (Fehon et al., 2010).

Members of the ERM protein family have been described in context 
of ovarian cancer (Demacopulo et al., 2016) and granulosa cell tumours 
in humans (Wan et al., 2021). Ezrin has been verified to be a prognostic 
marker in human ovarian cancer (Horwitz et al., 2016; Köbel et al., 
2006a), endometrial cancer (Köbel et al., 2006b), breast carcinoma 
(Storr et al., 2023), osteosarcoma (Li et al., 2013), prostate cancer (Chen 
et al., 2022) and various other cancers (reviewed in Barik et al., 2022), 
while moesin was found to be a possible prognostic marker in human 
breast cancer (Yu et al., 2019) and gastric adenocarcinoma (Jung et al., 
2013). For radixin, a possible prognostic role was found in association 
with microRNA-31 downregulation in glioma (Wang et al., 2014). 
Ovarian tumours do occur in domestic animal species as well, although 
in a different matter concerning malignancy (reviewed in MacLachlan, 
1987). Dolin et al (Dolin et al., 2023). showed a high expression of ezrin 
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in a horse granulosa cell tumor, while the proliferation rate in the 
respective region was low.

Even though widely observed in cancer research, there is less data 
concerning these proteins in healthy tissues and organs, in particular for 
the ovary and other reproductive organs. Scattered information about 
ezrin protein in the healthy ovary (Chen et al., 2001), ovarian surface 
epithelium (Fadiel et al., 2012) or oocytes in mice (Cohen et al., 2022) is 
available. The ovary is an organ with a high grade of remodelling events. 
The series of follicle stage development starts with the primordial fol
licles which are characterised by an oocyte surrounded by a single layer 
of flat epithelial cells. Primordial follicles with a cuboidal epithelium are 
the next stages, followed by secondary (pre-antral) follicles with a 
growing oocyte that develops a zona pellucida and a squamous follicular 
epithelium. During the secondary follicle stage, the theca emerges from 
the surrounding connective tissue. Finally, a tertiary follicle with an 
antrum lined by granulosa cells and a fully developed theca is present. 
However, no systematic investigation exists about the presence of ERM 
proteins in the ovary and its specific structures such as praeantral and 
antral follicles, corpus luteum, stroma/theca cells, ovarian surface 
epithelium, and blood vessels. This data is needed to clarify the physi
ologic functions of ERM proteins in healthy tissue and serve as an 
important basis for the judgement of alterations during neoplastic or 
other pathologic processes.

A major aspect that should be addressed regarding ERM proteins in 
the ovary, is the structure of the corpus luteum. In most species, the 
corpus luteum develops from theca interna cells (stromal cells involved 
in steroid hormone production) and granulosa cells. These cells 
“luteinize”, meaning hypertrophy of cells, storage of lipids, and angio
genesis take place simultaneously. During its development, the corpus 
luteum shares several similarities with neoplastic processes such as cell 
proliferation, migration, angiogenesis, and remodeling (Smith et al., 
1994). We hypothesise that ERM proteins have a distinct role in follicle 
growth and corpus luteum development in the ovary. The aim of this 
investigation was to elucidate the distribution of ERM proteins in 
various structures of a healthy ovary at the cellular level. To support and 
strengthen the biological significance of our findings, we investigated 
ovaries of different species. We examined ezrin, p-ezrin, radixin, and 
moesin in histological sections of ovaries of mouse, dog, cat, sheep, pig, 
horse, and monkey (cynomolgus, Macaca fascicularis) by means of 
immunohistochemistry.

2. Material and methods

2.1. Tissue samples

Formalin-fixed, paraffin embedded (FFPE) ovaries and fresh frozen 
control tissue (kidneys, ovaries) were obtained from archive material of 
the VetBiobank (Walter et al., 2020) or collected during necropsy or 
therapeutical medical intervention according to the ethical standards 
and rules at the Vetmeduni Vienna. Ovarian sections from three in
dividuals of each species (cat, dog, pig, sheep, mouse, horse, monkey), 
free of signs of pathohistological alterations, were examined for the 
presence of follicular stages and/or corpus luteum. Hemalum Eosin 
(H&E)-stained sections (Romeis, 1989) were used for general assess
ment of ovarian structures.

For immunohistochemistry, samples were fixed in 4 % neutral 
buffered formaldehyde (Liquid Production GmbH, Flintsbach am Inn, 
Germany) and paraffin embedded. For western blot analyses, samples 
were lysed in RIPA buffer (50 mM Tris–HCl pH 7.4, 500 mM NaCl, 0.5 % 
sodium deoxycholate (all Carl Roth GmbH, Karlsruhe, Germany), 1 % 
Nonidet P-40 (Igepal, Sigma Aldrich, St. Louis, MO, USA), 0.1 % sodium 
dodecyl sulphate (Serva, Mannheim, Germany) supplemented with 1 % 
protease and phosphatase inhibitors (Protease Inhibitor Cocktail and 
Phosphatase Inhibitor Cocktail 3; both Sigma Aldrich) and supernatant 
fraction was stored at −80◦C until further processing.

2.2. Immunohistochemistry

Paraffin embedded (FFPE) specimens were cut at 3 µm and rehy
drated. In order to block endogenous peroxidases, samples were incu
bated 15 min at room temperature in 0.6 % H2O2 in methanol (Carl 
Roth). All antigen retrievals were done at 85◦C for 30 min in 0.01 M 
citrate buffer at pH6.0, except for the protocol from moesin were Tris- 
EDTA at pH9 was used under the same conditions, followed by 
washing steps (2x5min) at pH7.4 in PBS. Incubation with the respective 
primary antibody (dilutions and antibodies see Table 1) was performed 
over night at 4◦C after protein block with normal goat serum (Sigma 
Aldrich, St. Louis, MO, USA) for 30 min at room temperature. After 
another washing step in PBS (2x5min), the slices were incubated with 
anti-rabbit secondary antibody labelled to horse-radish-peroxidase for 
30 min (BrightVision Poly-HRP-anti-rabbit, ImmunoLogic, Duiven, The 
Netherlands) and after a washing step in PBS with DAB-Solution for 
development of staining (3′3’diaminobenzidine, Richard Allen Scienti
fic, San Diego, CA, USA). Next, samples were washed in distilled water 
and nuclei counterstained for 3 min in Mayer’s hemalum (Romeis, 
1989), followed by dehydration and mounting with DPX (Sigma 
Aldrich). Evaluation was performed using an Olympus BX53 microscope 
(Olympus, Vienna, Austria).

2.3. Western blot

To support immunohistochemistry results, a species-specificity test 
with positive control tissue (kidney/ovary) was made by western blot. 
Fresh frozen monkey tissue was not available; therefore, western blot
ting experiments were not performed for this species.

Protein concentrations of the lysed samples were calculated using 
DC™ Protein Assay (BioRad, Hercules, CA, USA) according to the 
manufacturer’s protocol. Per lane and sample twenty microgram of 
protein extracts were loaded on a 10 % polyacrylamide gel for electro
phoresis (SDS-PAGE, reducing conditions) with BioRad Mini Protean 
Tetra System (BioRad), transferred to a PVDF membrane (GE Health
care, Chicago, IL, USA) and blocked for 2 h with Western Blocking Re
agent (Roche, Basel, Switzerland) diluted 1:10 in TBST to inhibit 
unspecific binding of the antibody. Afterward membranes were incu
bated over night at 4◦C with the respective primary antibody diluted in 
Western Blocking Reagent/TBST (dilutions and antibodies see Table 1). 
Thereafter, membranes were washed 5x8min in TBST and incubated for 
30 min with the secondary antibody (ECL™ Anti-rabbit IgG, HRP-linked 
whole antibody; GE Healthcare; dilution 1:5 000 in Western Blocking 
Reagent/TBST) at room temperature. This procedure was followed by 
further washing steps (4x8min TBST and finally 1x8min TBS) and signal 
detection using BioRad ChemiDoc Image System with Image Lab Soft
ware (BioRad) and ECL Western Blot Detection Reagents (GE Health
care, Chicago, IL, USA).

3. Results

Immunohistochemistry revealed positive signals in all species 
assessed. Several attempts were made to control specificity of applied 
antibodies for the range of species examined (cat, dog, pig, sheep, 
mouse, horse, monkey). Positive control tissue sections (kidney, Sup
plementary Figure 1) of respective species revealed expected staining 
patterns assuming its comparability to human tissue (The Human Pro
tein Atlas, https://www.proteinatlas.org/). Negative controls, where the 
primary antibody was substituted by PBS, were blank; no unspecific 
binding of the secondary antibody system was observed in any species 
(data not shown). Western blotting experiments with respective control 
tissues (kidney) verified that applied antibodies were reactive with 
respective proteins of the analysed species (Supplementary Figure 2). 
The only exception was the absence of a positive signal for radixin in the 
sheep tissue lysate. Fresh tissue from cynomolgus monkey was not 
available, therefore, we cannot provide western blotting results for this 
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species. As the antibodies were declared to work on human tissue, a 
specific reactivity for monkey tissue is most likely. Blast analysis using 
scoring matrix BLOSUM 62 (Clone Manager 9, SciEd Software LLC, 
Westminster Colorado USA) revealed high protein similarity between 
human and cynomolgus ERM proteins (99 % in ezrin and radixin, 100 % 
in moesin). Not all structures (follicle stages, oocytes) were present in 
sections of horse ovaries, therefore, it was not possible to assess all 
immunohistochemical staining patterns in this species.

Ezrin immunohistochemistry revealed a similar staining pattern of 
most ovarian structures across analysed species (Fig. 1). The ovarian 
surface epithelium was positive in all species, in some specimens (cat, 
mouse) a signal was evident at the apical membrane. Oocytes were 
(cytoplasmic) stained in primordial, primary follicles of monkey, dog, 
cat, pig, sheep and mouse ovaries(Fig. 1a, d, g, j). The follicular 
epithelium was immunoreactive in all primordial, primary and sec
ondary follicle stages and species, this was also true for granulosa cells in 
tertiary follicles (Fig. 1b, e, h, k). The staining pattern was partly cyto
plasmic, partly membranous. Solely in mouse tissue, a nuclear staining 
pattern of the follicular epithelium/granulosa cells was observed 
(Fig. 1j, k). The immunostaining patterns for ezrin in the corpus luteum 
were quite different across the species: in the monkey, sheep, horse, and 
mouse tissue, a mosaic-like pattern of pronounced and moderately 
cytoplasmic stained lutein cells were observed (Fig. 1c, i, l). In monkey 
tissue, remarkably positive cells were distributed in a sparse pattern in 
the corpus luteum (Fig. 1c). Porcine specimens in addition revealed a 
membranous staining within the corpus luteum (Fig. 1i). Endothelia of 
blood vessels in the corpus luteum were marked by ezrin immuno
staining, except in the mouse tissue (Fig. 1c, f, i, l). The stroma (area of 
theca) was positive after staining with anti-ezrin in all species (Fig. 1b, e, 
h, k).

Pan-phosphorylated ERM (pan-pERM) antibody cannot distinguish 
between p-ezrin Thr567, p-radixin Thr564 and p-moesin Thr558 by 
immunohistochemical analysis. The activated forms of these proteins, 
connecting the actin cytoskeleton to a transmembrane receptor, pre
dominantly marked the membranes in follicular epithelium of primor
dial and primary follicles except in the mouse specimen (Fig. 2). In 
secondary and tertiary follicles, when the zona pellucida has already 
developed, pan-pERM staining was present on the oocyte surface 
(Fig. 2a, b, d, e, h, j, k). In the feline ovary, the immunoreactivity also 
included the area of the zona pellucida (Fig. 2e). The follicular epithe
lium in secondary and tertiary follicles (granulosa cells) showed a 
membranous staining, except in the mouse specimen (Fig. 2a, b, e, g, h, j, 
k). Other structures that were positive in all species (except mouse) 
included the surface epithelium, stroma, and corpus luteum. In the 
corpus luteum, all species (except mouse) showed membranous staining 
of lutein cells (Fig. 2c, f, i, l). Endothelial cells were marked by pan- 
pERM immunohistochemistry within and outside of the corpus 
luteum. The mouse tissue behaved quite distinctly after pan-pERM im
munostaining, as beside the oocyte surface and endothelia of blood 
vessels, no other structures were stained (Fig. 2j, k, l).

Moesin immunoreactivity was observed in the follicle epithelium of 

primary and primordial follicles, surface epithelium and stroma in 
monkey tissue (Fig. 3a, b). In tertiary follicles in monkey ovary the 
surface area of the oocyte was marked; however, granulosa cells were 
not stained (Fig. 3b). In the feline ovary, moesin immunostaining was 
pronounced at the outside of the zona pellucida, the contact area of 
granulosa cells with the zona in secondary and tertiary follicles (Fig. 3d, 
e). In the other species (mouse, pig, sheep, and dog) no moesin immu
noreactivity was detected in the oocyte and no staining of the granulosa 
cells was observed (Fig. 3g, h, j, k). Moesin staining in monkey ovary was 
present in the corpus luteum in the lutein cell membrane and endothelia 
of blood vessels (Fig. 3c). Membranous immunoreaction of lutein cells 
and endothelial cells was also observed in horse, pig and dog species 
(Fig. 3f, i); a predominant cytoplasmic staining was seen in the mouse 
lutein cells (Fig. 3l). Sheep and cat lutein cells showed no immuno
staining for moesin. Blood vessel endothelia of all species except mouse 
were marked by moesin, in particular in the theca folliculi and the 
corpus luteum.

Radixin staining in ovarian tissue sections was present in follicle 
epithelium in primordial and primary follicles, surface epithelium and 
stroma in all species (Fig. 4). Signals for radixin were detected in sec
ondary and tertiary follicle epithelium/granulosa cells as well as in the 
oocytes with cytoplasmic and nuclear localization (Fig. 4). The surface 
of the oocyte was marked in cat, dog and mouse specimens (Fig. 4d, e, j, 
k). Lutein cells showed cytoplasmic immunoreactivity in all species 
(Fig. 4c, f, i, l). In porcine blood vessels, endothelia were stained 
(Fig. 4i).

4. Discussion

Ezrin/radixin/moesin (ERM) proteins were identified as key players 
in cell signalling, morphogenesis, motility, and metastasis (Muriel et al., 
2016; Schön et al., 2019), often they have been studied in association 
with tumours and tumour progression (Storr et al., 2023). Ezrin is 
probably the most studied protein of the ERM family and was originally 
described as an essential component of the microvilli of the kidney, 
placenta and intestine (Berryman et al., 1993). Proteins of the ERM 
family share a high homology of sequences, however individual ERM 
proteins may have specific and unique physiological functions in tissues 
as they were described to be differentially expressed. Astonishingly, data 
about ERM protein expression and functions in their physiological 
context in the ovary are rare. Knock-out mice would be a good model to 
study the roles of ERM proteins in various organs. However, conflicting 
effects of ERM knock-out on phenotypes in mice were reported. While 
Doi et al. (Doi et al., 1999) found only mild effects of moesin knock-outs, 
as it seemed to be compensated by other members of the ERM family 
such as ezrin or radixin, other authors described that ezrin knock-out 
mice did not survive past weaning due to intestinal epithelial defects 
meaning that specific protein expression is essential (Saotome et al., 
2004). Nishimura et al. found no marked structural differences in the 
placenta between ezrin knock-out and wild type ezrin mice, however, 
ezrin knock-out mice exhibited significant fetal growth retardation 

Table 1 
List of primary antibodies used for immunohistochemistry and western blot detection.

Antibody name Antibody types Source Catalogue nr. Application Dilution

Anti-EZR rabbit polyclonal Sigma Prestige, St. Louis, MO, USA HPA021616 IHC 
WB

1:500 
1:2 000

Phospho-ezrin (Thr567)/Radixin (Thr564)/Moesin (Thr558) 
(48G2)

rabbit monoclonal Cell Signaling, Danvers, MA, USA 3726 IHC 1:800

Phospho-ezrin (Thr567)/Radixin (Thr564)/Moesin (Thr558) 
(41A3)

rabbit monoclonal Cell Signaling, Danvers, MA, USA 5 3149 WB 1:500

Anti-radixin rabbit polyclonal Sigma Aldrich, St. Louis, MO, USA R3653 IHC 
WB

1:1 000 
1:1 600

Anti-moesin [EP1863Y] rabbit monoclonal Abcam, Cambridge, UK Ab52490 IHC 
WB

1:800 
1:500

IHC – Immunohistochemistry; WB – western blot
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Fig. 1. Immunohistochemical detection of ezrin in different ovarian structures of monkey (a-c), dog (d), cat (e-f), pig (g), sheep (h-i), pig (i) and mouse (j-l). Ovarian 
surface epithelium and stroma with oocytes in preantral stages - primordial, primary, and secondary (a, d, g, j), tertiary follicle (b, e, h, k) and corpus luteum (c, f, i, l) 
are shown. af=antrum folliculi, c=capillary, ge=surface epithelium, gc=granulosa cells, oc=oocyte, pf=primordial follicles, sf=secondary follicle, tf=theca folliculi.

N. Leitner et al.                                                                                                                                                                                                                                  Tissue and Cell 93 (2025) 102644 

4 



Fig. 2. Immunohistochemical detection of pan-pERM in different ovarian structures of monkey (a-c), cat (d-e), dog (f), pig (g), sheep (h), horse (i), and mouse (j-l). 
Ovarian surface epithelium and stroma with oocytes in diverse developmental stages - primordial, primary, and secondary (a, d, g, j), tertiary follicle (b, e, h, k) and 
corpus luteum (c, f, I, l) are shown. af=antrum folliculi, c=capillary, ge=surface epithelium, gc=granulosa cells, oc=oocyte, pf=primordial follicles, sf=secondars 
follicle, tf=theca folliculi, zp=zona pellucida.
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Fig. 3. Immunohistochemical detection of moesin in different ovarian structures of monkey (a-c), cat (d-e), dog (f), pig (g, i), sheep (h), mouse (j-l). Ovarian surface 
epithelium and stroma with oocytes in diverse developmental stages - primordial, primary, and secondary (a, d, g, j), tertiary follicle (b, e, h, k) and corpus luteum (c, 
f, i, l) are shown. af=antrum folliculi, c=capillary, cl=corpus luteum, ge=surface epithelium, gc=granulosa cells, oc=oocyte, pf=primordial follicles, 
tf=theca folliculi.
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Fig. 4. Immunohistochemical detection of radixin in different ovarian structures of monkey (a-c), cat (d) dog (e, f), sheep (g, h), pig (i), and mouse (j-l). Ovarian 
surface epithelium and stroma with oocytes in diverse developmental stages - primordial, primary, and secondary (a, d, g, j), tertiary follicle (b, e, h, k) and corpus 
luteum (c, f, i, l) are shown. af=antrum folliculi, c=capillary, cl=corpus luteum, ge=surface epithelium, gc=granulosa cells, oc=oocyte, pf=primordial follicles, 
sf=secondary follicle, tf=theca folliculi.
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(Nishimura et al., 2024). In functional experiments with human 
trophoblast cells, reduction of ezrin by siRNAs or a phosphorylation 
Thr567 inhibitor resulted in a significant reduction in both cell motility 
and cell invasion (Tabrizi et al., 2023). The exact role and essentiality of 
each ERM protein during the complex events of implantation, placen
tation and pregnancy requires further investigations.

Identification of ERM proteins in specific cell types in healthy organs 
might help elucidate the wide-ranged functions of the members of this 
protein family. In this context, the ovary with its unique physiological 
processes such as angiogenesis, cell proliferation, cell migration, and 
remodeling in the ovarian stroma, developing follicles and corpus 
luteum is an organ of the highest interest and, in some aspects, also 
shares similarities with tumours.

So far, data of healthy organs has mainly been gathered in compar
ison with neoplastic tissues, for example in breast cancer (Ghaffari et al., 
2019). The presence and distribution of ERM proteins in the ovarian 
cells and compartments have not been assessed systematically. Chen 
et al. (Chen et al., 2001) analysed ezrin protein abundance in normal 
human ovaries by western blotting in parallel with ovarian cancer and 
found an overexpression in tumour specimens, however, also a clear 
signal in the normal ovarian tissue. Immunohistochemistry has not been 
done, therefore, ezrin expressing compartments and cell types have not 
been determined. For this purpose, immunohistochemistry is preferable 
over western blot or other methods with tissue lysis steps to identify the 
cell-specific distribution of ERM proteins within the ovary.

The surface epithelium of the ovary is a flat to prismatic, single 
layered epithelium that covers the ovarian surface and is involved in the 
process of follicle rupture and ovulation (Duffy et al., 2019). We 
demonstrated that the ovarian surface epithelium was characterised by a 
remarkable immunoreactivity for ezrin in all examined species. Also, the 
activated forms, phospho-ERM proteins, were found positive in all 
species, except mice. These results are partly in accordance with other 
reports (Gava et al., 2008) and partly in contrast with other findings 
(Fadiel et al., 2012), where the human ovarian surface epithelial cells 
were reported as negative. This discrepancy might be due to differences 
in ovarian surface areas or sexual cycle phases, as the specimens pre
sented in Fadiel et al. (Fadiel et al., 2012) were either pre- or post
menopausal. The ovarian surface cell population is one source of 
neoplastic cells of human ovarian carcinomas (Zhang et al., 2019), 
therefore, the expression pattern and regulation of ERM proteins in this 
region should be a focus of further interest.

Oocytes are the only ovarian structures where ERM proteins have 
been studied, with the focus being mainly the surface of the oocytes. We 
detected ezrin and radixin in the oocyte cytoplasm and phosphorylated 
ERM proteins at the oocyte surface in all species. Several essential 
functions have been reported for ezrin in the oocyte. The formation of 
microvilli at the oocyte surface is fundamental for maintaining its 
structural stability and has been demonstrated to be dependent on ezrin 
and radixin expression (Zachos et al., 2008; Zhang et al., 2021). 
Furthermore, ERM proteins control actin cytoskeleton dynamics at 
various steps of oocyte maturation (Namgoong and Kim, 2016). Moesin 
has been described to be essential for the cortical actin cytoskeleton 
organization which is disrupted in moesin-depleted oocytes (Polesello 
et al., 2002). As moesin was only present on the oocyte surface in cat and 
monkey tissue, we suppose that other proteins of the ERM proteins can 
compensate for this function. ERM proteins are also responsible for the 
correct tension of the oocyte surface, which is a prerequisite for suc
cessful fertilisation (Cohen et al., 2022). After fertilisation, their pres
ence increases, reflecting the dynamic changes that occur during oocyte 
developmental stages (Zhuan et al., 2022). In the present immunohis
tochemical investigation ERM proteins were detected in the cytoplasm 
and the surface of oocytes in all evaluated species. Therefore, it is 
concluded that they have an essential biological role during oocyte 
maturation.

Ezrin, pan-pERM and radixin proteins were present in the follicle 
epithelium/granulosa cells of preantral and antral follicle stages in all 

species, while moesin was only found in the monkey and cat species. 
During follicle development, epithelial cells proliferate to change from 
simple squamous to a simple prismatic and further to a stratified 
epithelium and contribute to the formation of the cumulus oophorus. 
Moreover, granulosa cells that surround the oocyte at the outside of the 
zona pellucida are in close contact with the oocyte surface via transzonal 
projections reaching through the zona pellucida (Roelen, 2020). It is 
likely, that the formation of these protrusions involves ERM proteins as 
cytoskeletal regulators.

After ovulation, a corpus luteum develops from the remaining 
granulosa cells in the Graafian follicle. In most species, stromal cells of 
the theca interna luteinize and contribute to corpus luteum formation. 
Proliferation, migration, angiogenesis, and remodeling are processes 
that take place during development of this endocrine structure. These 
match the processes which were described to involve ERM proteins in 
connection with tumour development (Fadiel et al., 2012). In the corpus 
luteum of the examined species, ERM proteins were differentially 
expressed in the lutein cells. In most species, there was a mosaic-like, 
differential immunostaining, in particular with anti-ezrin within the 
cells of the corpus luteum. We speculate that this pattern represents a 
different immunoreactivity of the larger (from granulosa cells) and 
smaller (from theca cells) lutein cells. However, specific markers for 
both cell types would be necessary to verify this assumption.

Angiogenesis, growth, and remodeling are major events during the 
cyclic alterations in the ovary and the development of the corpus 
luteum. These processes have been described to involve the action of 
ERM proteins, mostly in connection with neoplasms. However, these 
proteins will also be essential and active in comparable physiological 
processes. Ezrin, pan-pERM and moesin were clearly expressed in 
vascular endothelial cells of ovarian blood vessels in all assessed species. 
Ezrin was described to be a regulator of vascularization as knock down 
of ezrin reduced cell migration and angiogenesis capacity in human 
umbilical endothelial cells in vitro (Zhao et al., 2016). There was a strong 
reduction in the number of precapillary cords in human umbilical 
endothelial cells in vitro treated with specific ezrin-targeting siRNA, 
suggesting that ezrin is a key effector for cord formation. Similarly, 
moesin was reported to support angiogenesis in human aortic endo
thelial cells, having a stronger effect on tube formation than on 
sprouting (Degryse et al., 2017). Therefore, we assume that the presence 
of ERM proteins in the theca cells and corpus luteum will have a major 
role during vascular growth and angiogenesis.

5. Conclusion

The focus in ERM research was often at cancer research. According to 
the results of the present study, the wide expression of ERM proteins in 
structures of the normal ovary in various species should be considered 
when ovarian neoplasms are judged. More in-depth studies of ERM 
members in normal organs of different species will provide new insight 
into the broad physiological function of these proteins in biological 
events during reproduction and the understanding and treatment of 
ovarian diseases.
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Köbel, M., Gradhand, E., Zeng, K., Schmitt, W.D., Kriese, K., Lantzsch, T., Wolters, M., 
Dittmer, J., Strauss, H.G., Thomssen, C., Hauptmann, S., 2006a. Ezrin promotes 
ovarian carcinoma cell invasion and its retained expression predicts poor prognosis 
in ovarian carcinoma. Int J. Gynecol. Pathol. 25, 121–130. https://doi.org/10.1097/ 
01.pgp.0000185410.39050.ac.
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