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Abstract
The adherens junction (AJ) maintains the structural integrity and barrier function of the epithelial cell
layers. AJs also play a key role in a variety of biological and pathological processes, from morphogenesis
to tumor progression. AJs perform these functions through the cadherin-catenin adhesion complex. In
this study, we investigated the presence, cell-speci�c localization, and temporal distribution of AJ
components such as cadherins and beta-catenin in the cow cervix and vagina during the oestrous cycle
using immunohistochemistry. The cow genitalia (n = 30) were collected from an abattoir and the cervix
and vagina were categorized into the follicular and luteal groups based on cyclicity. Results
demonstrated constitutive expression of beta-catenin and placental (P)- and epithelial (E)-cadherins, but
not neural (N)-cadherin, in ciliated and non-ciliated columnar cervical cells, the luminal, parabasal,
intermediate, and basal layers of the strati�ed vaginal epithelium of the bovine cervix and vagina
throughout the oestrous cycle. The honeycomb-like membrane staining pattern for selected junctional
molecules was observed in the epithelial cells. While there were no noticeable variations in the
immunostaining intensity of P- and E-cadherin and beta-catenin proteins in the cervical and vaginal
epithelium between the oestrous phases, the immunolocalization patterns altered by structural changes
that occurred in response to oestrogen and progesterone hormone levels during the oestrous cycle. These
results may indicate that P- and E-cadherin and beta-catenin participate in maintaining the integrity and
barrier function of the cervical and vaginal epithelium throughout the oestrous cycle, thus helping to
maintain the sterility of the uterine cavity.

Introduction
The reproductive tract of cows is equipped with anatomical and physical barriers that prevent the entry
and colonization of many bacteria, and tissue damage. The anatomical barriers include the vulvar
sealing, vestibule-vaginal constriction, the cervix, cervicovaginal mucus secretion (Sheldon et al. 2014;
Dadarwal et al. 2017). The epithelium lining the cow genital tubular organs serves as an effective primary
physical barrier against most microorganisms. The type and thickness of the epithelium are different in
these organs. The vagina serves as the receptacle for the male penis during copulation and it is the site
of semen deposition during natural mating. It is covered with a strati�ed epithelium that secretes �uids
that combine with cervical �uids to inhibit the growth of undesirable bacteria. Therefore, vaginal
epithelium constitutes the �rst line of defence against invading pathogens either faecal or environmental
origin. The cervix is a passageway for sperm during mating and for the fetus during delivery. The main
function of the cervix is to isolate the uterus from the external environment. Extensive foldings of the
cervical mucosa are important physical barriers that prevent microbial entry into the uterus. (Mullins and
Saacke 1989; Dadarwal et al. 2017). In contrast to the vestibule and vagina, the cervical mucosa is lined
a simple columnar epithelium similar to the uterus and oviduct. The cervical epithelium produces mucus,
which lubricates the vagina for copulation and serves as a suitable environment for sperm survival, and
protects the cervical stroma and upper reproductive tract against the invasion of microbes entering
through the vagina (Mullins and Saacke 1989; Tsiligianni et al. 2011).
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Like other parts of the female reproductive tract, the cervix and vagina undergo extensive organ-speci�c
morphological changes in association with the circulating levels of oestrogen (E2) and progesterone (P4)
in cycling animals. In the cow cervix and vagina, cyclical variations in circulating concentrations of E2
and P4 regulate several physiological processes, such as epithelial proliferation, the production and
rheological properties of cervical mucus (Pessina et al. 2006; Larsen and Hwang 2011; Tsiligianni et al.
2011), and vaginal pH and secretion viscosity (Rizvi et al. 2009). Throughout pregnancy, progesterone
promotes the production of highly viscous mucus resulting in the formation of a plug that temporarily
seals the cervix so that pathogens do not harm the fetus. When these epithelial barriers in the cervix and
vagina are broken by microorganisms, the reproductive tract becomes contaminated and in�amed
(Sheldon et al. 2014; De Tomasi et al. 2019). For example, after parturition, the reproductive tract is
opened due to the dilated state of the cervix and also in�amed. The latter allow pathogens to ascend
from the external environment or through blood into the uterine lumen, which if persisting, can cause
clinical diseases that might lead to subfertility and/or infertility (Sheldon et al. 2014). Therefore, epithelial
integrity may be important for maintaining of the vaginal and cervical epithelial barrier function and
protecting of the sterility of the uterine cavity.

The integrity and barrier function of epithelial layers are regulated by specialized cellular structures
consisting of multiprotein complexes known as intercellular junctions. These structures, which are
classi�ed into three main types, namely, tight junctions (zonula occludens, TJs), adherens junctions
(zonula adherens, AJs), and gap junctions (GJs), maintain epithelial organization and integrity
throughout life by regulating molecular and cellular tra�c and providing a physical barrier to pathogen
invasion (Blaskewicz et al. 2011). TJ and AJ provide important adhesive contacts between neighboring
epithelial cells. The disruption of them causes the loosening of cell-cell contacts, leading to
disorganization of tissue architecture. The core components of AJs are clusters of cadherin molecules
and a group of intracellular anchor proteins, referred to as catenins (Gumbiner 2005).

Cadherins, a superfamily of transmembrane glycoproteins, are divided into subfamilies, including
classical, desmosomal, proto-, and atypical cadherins (Harris and Tepass 2010). Classical cadherins were
originally identi�ed as Ca2+-dependent, homophilic adhesion molecules in vertebrates. Based on
phylogenetic relationships, classical cadherins are subdivided into two families, namely, type I [epithelial
(E)-, placental (P)-, neural (N)-, and retinal (R)- cadherins] and type II (vascular endothelial (VE)-, kidney
(K)-, and osteoblast (OB)-cadherins) (Nollet et al. 2000).

Classical and desmosomal cadherins feature an amino-terminal extracellular region (ectodomain)
composed of �ve extracellular cadherin (EC) repeats and a carboxy-terminal intracellular region
(cytoplasmic domain). Interactions between the ectodomains of classical cadherins on opposed cells
mediate speci�c cell–cell contacts, whereas the cadherin cytoplasmic domain functionally links to
cytoskeletal actin �laments through catenins (alpha (α)-, beta (β)-, and gamma (γ)-catenin). The cadherin
cytoplasmic domain establishes a high a�nity, 1:1 complex with beta-catenin, and beta-catenin binds to
α-catenin with a lower a�nity (Huber and Weis 2001). These molecular components of AJ are
responsible primarily for tissue-speci�c cell-cell adhesion (Nelson 2008) and play a key role in a variety of
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biological and pathological processes, from morphogenesis to tumor progression (Hazan et al. 2004;
Gumbiner 2005; Halbleib and Nelson 2006; Jeanes et al. 2008; Harris and Tepass 2010; Jiang et al.
2019). Also, the protein beta-catenin is an important mediator of the canonical Wnt/beta-catenin
signalling pathway (Nelson and Nusse 2004).

Cadherins are one of the adhesion molecules associated with reproduction (Rowlands et al.2000). A
review of available data indicates that, in female reproductive tissues such as uterus and ovary, classical
cadherins (van der Linden et al. 1994; 1995; Fujimoto et al. 1996; Machell et al. 2000; Poncelet et al. 2002;
Shih et al. 2004; Jha et al. 2006; Yue at al. 2009; Guo et al. 2010; Kiewisz et al. 2011; Luan et al. 2011;
Caballero et al. 2014; Payan-Carreira et al. 2016; Tienthai 2018) and beta-catenin (Jeong et al. 2009; Jha
et al. 2006; Li et al. 2005; Luan et al. 2011; Mohamed et al. 2005; Shih et al. 2004) are necessary for
epithelial continuity, folliculogenesis, maintenance of endometrial architecture, endometrial receptivity to
blastocyst implantation, and tissue remodelling processes during the oestrous cycle. Furthermore,
Wnt/beta-catenin signalling is also important for the regulation of endometrial proliferation and
differentiation (Tulac et al. 2003; van der Horst et al. 2012). While many studies have been published on
cadherin and beta-catenin expression in the epithelia of the upper reproductive tract organs of various
mammalian species, including humans (Inoue et al. 1992; Fujimoto et al. 1996, Shih et al. 2004; Tsuchiya
et al. 2006), mice (Maccalman et al. 1994; Potter et al. 1994), monkeys (Allan et al. 2003), pigs (Ryan et
al. 2001; Kiewisz et al. 2011), dogs (Yue et al. 2009; Guo et al. 2010; Payan-Carreira et al. 2016), and
cattle (Caballero et al. 2014; Tienthai 2018) during pregnancy and the oestrus cycle, to date, only very few
studies have addressed cadherin and beta-catenin expression by normal cervical and vaginal epithelial
cells (Inoue et al. 1992; Blaskewicz et al. 2011; Crasta et al. 2016). Previous studies have also shown that
E2 and P4 regulate beta-catenin (Chen et al. 1998; Rider et al. 2006) and cadherin expression (Guo et al.
2010; Ryan et al. 2001; Kiewisz et al. 2011; Yue et al. 2009) in uterine endometrial cells.

Cervical cancer is the fourth most common malignant tumor in women worldwide with high morbidity
and mortality (Arbyn et al. 2020). Because most cervical tumors of humans are of epithelial origin
(Doorbar and Gri�n 2019) and any disturbances in cell-cell and cell-matrix adhesion are related to tumor
progression (Jiang et al. 2019), adhesion molecules at the junctions of epithelial cells are of great
interest. Therefore, most studies on the expression of cadherin and beta-catenin in the cervical tissue
have focused on cervical carcinomas of the human endo- and ectocervix (Inoue et al. 1992; Vessey et al.
1995; de Boer et al. 1999; Han et al. 2000; Carico et al. 2001; Felix et al. 2002; Fadare et al. 2005;
RodríguezSastre et al. 2005; Auvinen et al. 2013; Crasta et al. 2016). To our knowledge, there is currently
no comparative study on the expression of cadherins and beta-catenin by columnar epithelial cells of the
cervix versus strati�ed squamous epithelial cells of the vagina in cycling cows. Furthermore, there is no
data available on the impact of the hormonal status of bovine animals during the oestrus cycle on
cadherin and catenin expression in the cervix and vagina. It is therefore necessary to investigate whether
immunolocalization of E-, P-, and N-cadherins and β-catenin is altered in normal cervix and vagina of the
cycling cows.
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Therefore, this study intends: (1) to con�rm the presence and the immunolocalization of classical E-, P-,
and N-cadherins and beta-catenin in the bovine cervix and vagina; (2) to determine the temporal and
spatial effects of E2 and P4 levels on tissue- and cell-speci�c changes in the distribution of cadherins
and beta-catenin in the cow cervix and vagina during the oestrous cycle.

Materials And Methods
Animals ethics statement and experimental conditions

In our study, tissue samples of animals were taken in accordance with the rules of the Regulation on the
Working Procedures and Principles of Animal Experiments Ethics Committees of the Ministry of Forestry
and Water Affairs (dated 15 February 2014, 28914). This regulation has been prepared on the basis of
Animals Protection Law (dated 24 April 2004, 51999) published by O�cial Gazette dated 1 July 2004 and
in accordance with the Universal Declaration of Animal Rights, the European Convention on the
Protection of Vertebrate Animals for Experimental and Other Scienti�c Purposes (Council of Europe ETS
123), and Guide for the Care and Use of Laboratory Animals. In this regulation, it has been reported that
the permission of Animal Experiments Local Ethics Committee’ is not required in some cases including
the clinical applications for diagnosis and treatment purposes, in procedures with dead animals or their
tissues, slaughterhouse materials, aborted fetuses, milk samples, fecal or litter sample collection, and
swab sampling, etc. Slaughter of animals in slaughterhouses is carried out under the control of
veterinarians following the hygiene rules, at once without frightening, with the least pain. In
slaughterhouses, blood drawing process can be done easily with the open draining method. In this
method, when the butcher cuts the throat of the animal, the �owing blood is taken directly into the tube
with a funnel. For the reasons explained above, no ethics committee approval was obtained before
starting our study.

In this study, a total of 30 healthy Holstein cows aged 2-8 years, which were obtained from local abattoirs
in Diyarbakır Province, Turkey, were used. Before slaughter, cows were checked for evidence of oestrous
behaviors, including mounting or attempting to other cattle, smelling and trailing of other females, vulvar
swelling and reddening, clear vaginal mucus discharge, and mucus smeared on the rump (Peralta et al
2005), before they were killed. After the cows had been killed, the entire reproductive tract was removed
and macroscopically examined for the presence of disease. Animals without any clinical sign such as
purulent uterine discharge, necrotic or hemorrhagic uterine mucosa, cervical or vaginal hyperemia, and
edema, malodorous or non-odorous, purulent or mucopurulent vaginal discharge (Millward et al 2019)
were included in this study.

Collection of blood samples and measurement of hormone concentrations

To measure serum concentrations of E2 and P4 hormones, the bloods of pre-selected cows were taken
into a tube as soon as their throat was cut by the butcher and then, transported to the laboratory
immediately after collection. After arriving at the laboratory, the samples were centrifuged (3969g for 5
min at 4 °C). All serum samples were stored at −20 °C until analysis. Serum concentrations of E2 and P4



Page 6/31

were measured in a clinical laboratory (PRO-LABORATORY Laboratory Technologies, Istanbul) by enzyme
immunoassay (EIA) using commercially available kits (DRG Aurica Elisa Oestradiol Kit (Catalogue no.
EIA-2693) and DRG Aurica Elisa Progesterone Kit (Catalogue no. EIA-1561) respectively; DRG
International) according to the manufacturer’s protocol.

Collection of tissue samples and histological analysis

After the macroscopic examination of the entire genital tract of the killed cows, small pieces about 2 cm
in size depending on the organ were cut out from the ovaries (right and left), uterine horns (right and left),
cervix, and vagina, and were immersed in 10% buffered formalin. In the bovine cervix, the cervical mucosa
forms three to four annular folds or rings that project into the lumen, as well as numerous smaller
longitudinal folds (Breeveld-Dwarkasing 2002). Therefore, the tissue samples used in this study were
harvested from all three rings of the cervix, and from the vaginal area adjacent to the vulva. After �xation
process, all tissue samples washed in tap water, dehydrated through an ethanol series (70%, 80%, 96%,
100%) and embedded in para�n. To evaluate the histological changes that occur in the ovary and uterus
during the oestrous cycle, the para�n-embedded tissue samples of the right and left ovaries and the
uterine horns of each animal were cut on a microtome into 7 µm-thick sections, and these slides were
stained with a modi�ed Mallory’s connective tissue stain (Crossmon 1937). Furthermore, for the
histological evaluation of the cervical and vaginal epithelia, the para�n-embedded cervical and vaginal
tissue samples of each animal were cut at the 5-μm thickness, and slides were prepared and stained for
mucin with Periodic acid-Schiff (PAS), in view of the bovine cervical and vaginal epithelia containing high
levels of carbohydrates, including mucins, during the follicular stage of the oestrous cycle (Wrobel 1971;
Wrobel et al 1986; Mullins and Saacke 1989; Miroud and Noakes 1991).

Determination of oestrous cycle phase

The phase of the cycle in the slaughtered cows was determined postmortem. The phase of the oestrous
cycle of each cow was determined based on the presence/absence of corpora lutea (CL) or preovulatory
follicles in the ovaries, the histological �ndings detected in the ovaries and uterus, and E2 and P4
concentrations measured in the serum samples (Benbia et al. 2017). The presence of a preovulatory
follicle and fully developed CL were assumed as the characteristic features of the follicular and luteal
phases of the oestrous cycle, respectively. The mean (±s.d.) serum E2 concentration was higher during
the follicular phase (28.55±9.36 pg/mL-1) (ranging from 16.20 to 58.30 pg/mL-1 

; Benbia et al. 2017)

compared to the luteal phase (10.73±4.06 pg/mL-1) (range 3.50– 13.20 pg/mL-1 ; Benbia et al. 2017),
whereas the mean (±s.d.) P4 concentration was higher during the luteal phase (6.31±0.98 ng/mL-1)
(range 4.00–8.20 ng/mL-1 ; Benbia et al. 2017) compared to the follicular phase (0.91±0.33 ng/ mL-1)
(ranging from 0.40 to 1.30 ng/mL-1 ; Benbia et al. 2017). Based on these data and literature information
(Benbia et al. 2017; Crowe 2016), the cows were divided into two groups, including a follicular phase
group (n=13) and a luteal phase group (n=17). Similar to other domestic animals the oestrus cycle in the
cow can be divided into four phases: proestrus, oestrus, metoestrus, and dioestrus. Proestrus and oestrus
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comprise the follicular phase of the ovarian cycle with ovulation taking place 10 to 12 hours after the end
of oestrus. Metoestrus and dioestrus constitute the luteal phase of the cycle (Crowe 2016).

Immunohistochemistry

A standard strepavidin-biotin immunoperoxidase technique (Thermo Fisher Scienti�c Lab Vision
Corporation, Fremont) was applied to detect the β-catenin and cadherin proteins. Brie�y, the 5-μm
para�n-embedded cervical and vaginal sections were depara�nised and treated with 3% hydrogen
peroxide (H2O2) in methanol for 15 min to block endogenous peroxidase activity. After rinsing thoroughly
in phosphate buffer saline (PBS) (pH 7.4), the sections were placed in 0.01 M citrate buffer (pH 6.0),
heated in a water bath at 80°C for 30 minutes for antigen retrieval, and cooled for 20 min. Then, the
sections were washed in PBS and treated with a blocking solution (Ultra V Block, Thermo Fisher Scienti�c,
LabVision Corporation, Fremont, CA) for 5 min to prevent nonspeci�c interference of immunoglobulins.
Subsequently, the sections were incubated at 4 °C overnight with the following antibodies: anti-pan-
cadherin (Ab-4) [RB-1524, Thermo Fisher Scienti�c Lab Vision Corporation, Fremont, CA, USA, 1:200
dilution], anti-E-cadherin [ab15148, Abcam, 1:50 dilution], anti-P-cadherin [ab-137729, Abcam, 1:200
dilution], anti-N-cadherin [clone 13A9, sc-59987, Santa Cruz Biotechnology, Santa Cruz, CA, USA, 1:100
dilution], and anti-beta-catenin (E-5) [clone E-5, sc-7963, Santa Cruz Biotechnology, Santa Cruz, CA, USA,
1:100 dilution]. Next, the sections were incubated with the secondary antibody and streptavidin
peroxidase (Thermo Fisher Scienti�c Lab Vision Corporation, Fremont, CA), followed by incubation with
diaminobenzidine (DAB) substrate for 5 min. Subsequently, the sections were counterstained with Gill’s
haematoxylin for 3 min, washed under running tap water, dehydrated through an alcohol series, cleared in
xylene and mounted in Entellan (Merck).

As it is known, beta-catenin and cadherin antibodies speci�c for bovine tissues are not yet commercially
available or their commercial production is limited. In the product datasheets of Pan-cadherin and P-
cadherin antibodies used in this study have been reported to be positive for bovine tissues. Furthermore,
various researchers showed that the N-cadherin antibody used in this study was positive for bovine
ovaries (Lee et al. 2019) and beta-catenin antibody for Madin-Darby bovine kidney (MDBK) cells (Fay et
al. 2020). We could not perform western blot analysis because the tissue samples examined in this study
were prepared in para�n long before and there was no fresh tissue sample in our laboratory. However, we
con�rmed in another study that E, P and N-cadherin proteins are expressed in tissue lysates of bovine
placenta (unpublished data). Therefore, to determine the distribution of beta-catenin and type I classical
cadherins i.e. E-, P-, and N-cadherin, we used polyclonal or monoclonal beta-catenin, E-cadherin, N-
cadherin, and P-cadherin antibodies developed for use in several mammalian tissues.

Negative and positive controls were used to control the speci�city of the immunostaining of the cadherin
and beta-catenin proteins. Archived blocks of the bovine uterus, placenta, and abomasum served as
positive controls for E-, P-, and N-cadherin, and beta-catenin. Archived para�n blocks of the bovine ovary
and liver were also stained for N-cadherin. Normal rabbit IgG (Santa Cruz sc-2027) instead of pan-
cadherin, and E- and P-cadherin and normal mouse IgG (Santa Cruz sc-2025) instead of anti-N-cadherin
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and anti-beta-catenin antibodies were used as negative controls. No speci�c immunostaining was
detected in the negative control sections of the cervix and vagina when a normal rabbit or mouse IgG was
used instead of primary antibodies (Fig. 2A-D). Whereas, the positive control tissues were
immunopositive for cadherins and β-catenin (Fig. 2E-H). These results indicate that the commercial
antibodies employed in the present study were suitable for use in bovine tissues.

The semi-quantitative evaluation of immunostainings

Immunostainings for E-, P-, N-cadherin and beta-catenin were evaluated semi-quantitatively using a four-
point intensity score (IS) (Detre et al 1995). Positive immunostaining for all cadherins and beta-catenin
were determined in high-expression areas by scanning the cervical and vaginal sections at
magni�cations of X40, X100, X200, and X400. The staining was scored as (−) negative, (+) weak, (++)
moderate, or (+++) strong. The subcellular, cellular and tissue localizations of E-, P-, N-cadherin and beta-
catenin were evaluated independently for three tissue layers (epithelium, stroma and smooth muscle
layer) and blood vessels in the cervix and vagina. The serosa was present in only some cervical sections
as it was lost during the �xation and embedding procedures and is, therefore, not included in the results.
Furthermore, in the present study, the terminology described by Mullins and Saacke (1989) was used to
de�ne the location of the epithelial cells in the cervical mucosa. The epithelium was de�ned according to
its location in the central lumen, primary folds, secondary folds, and grooves, Firstly, the epithelium
surrounding the cervical lumen and lining the longitudinal primary folds was described as the central
region epithelium, while the epithelium covering the secondary folds was called as the peripheral region
epithelium. Secondly, the epithelium was de�ned according to its location in the grooves. While the term
“basal area” was used to identify areas, where epithelial cells were within grooves, the term “apical area”
described areas, where epithelial cells were situated between grooves. Accordingly, epithelial
immunostaining was evaluated in the epithelia of the central canal, primary and secondary folds, and the
apical and basal areas of the grooves.

Results
Mucosal morphology of the cervix and vagina during the oestrous cycle

The histological evaluation of the cervix, stained with PAS and modi�ed Mallory’s connective tissue stain
(data not shown), revealed that the mucosa of the cervix was characterized by longitudinal primary folds
and secondary folds, which ran obliquely in the lateral walls of the primary folds, and grooves covered all
surfaces. The number of secondary folds and grooves was highest during the follicular phase and
decreased during the luteal phase.

Histologically, the central and peripheral region epithelia and the epithelium lining grooves contain two
distinct cell types; (1) non-ciliated secretory columnar and (2) ciliated secretory columnar epithelial cells.
The number of non-ciliated cells in the basal areas of the grooves was greater than that in the apical
areas. In the cervix, both epithelial cell height and the number of non-ciliated epithelial cells were greater
during the follicular phase, compared to the luteal phase. The ciliated epithelial cells were constricted
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between two adjacent non-ciliated cells during the follicular phase. The later contained a large amount of
stored PAS-positive mucins in the apical cytoplasm during the follicular phase of the oestrous cycle (Fig.
1A and B). In contrast, during the luteal phase, it was di�cult to distinguish between the ciliated and non-
ciliated cells as the amount of stored PAS-positive mucins had signi�cantly decreased in the non-ciliated
epithelial cells (Fig. 1C and D).

In the bovine vaginal mucosa presented numerous deep folds during the follicular phase of the oestrous
cycle. The vaginal epithelium was composed of strati�ed cells. The luminal surface cells of the vaginal
epithelium exhibited different morphology depending on the phases of the oestrus cycle. During the
follicular phase, the luminal surface of the vaginal epithelium was composed of cuboidal or columnar
epithelial cells which contained a large amount of stored PAS-positive mucins (Fig. 1E and F). In contrast,
during the luteal phase, the luminal surface cells of the vaginal epithelium were squamous or cuboidal in
shape and contained small amounts of stored PAS-positive mucins (Fig. 1G and H).

Immunolocalization of cadherins and beta-catenin in the cervix and vagina during the oestrus cycle

The immunolocalization patterns of cadherins and beta-catenin in the cervical and vaginal cells are
summarized in Table and Figures 3-5. N-cadherin was not expressed in the normal cervical and vaginal
tissues of cycling cows.

Cervical epithelium

The immunolocalization patterns in the cervical epithelia altered with structural changes that occurred in
response to E2 and P4 hormone levels during the oestrous cycle, but did not differ among the central and
peripheral regions of the cervical epithelium. During both phases of the oestrous cycle, P-, and E-cadherin
and beta-catenin exhibited a honeycomb like immunoreaction pattern in the central and peripheral region
epithelium of the cervical mucosa. P-cadherin (Fig. 3A-D) displayed strong membranous and cytoplasmic
expression patterns in the ciliated cells, and moderate membranous immunolocalization in the non-
ciliated cells. However, a fairly strong localization of E-cadherin (Fig. 4A-D) and beta-catenin (Fig. 5A-D)
was observed in the lateral membrane of both ciliated and non-ciliated cells in the epithelium of the
central and peripheral regions. Moreover, weak to moderate immunostaining for E-cadherin and beta-
catenin was observed in the cytoplasm of the ciliated epithelial cells.

Vaginal epithelium

We observed that all normal vaginal samples stained positively for P, and E-cadherin and beta-catenin
throughout the oestrous cycle (Figs. 3-5). The immunolocalization patterns in the vaginal epithelia altered
with structural changes that occurred in response to E2 and P4 hormone levels during the oestrous cycle,
but immunostaining intensities were not signi�cantly different between the follicular and luteal phases.
During both the follicular and luteal phases, the basal and parabasal cell layers of the epithelium showed
moderate cytoplasmic and strong membrane staining for P- and E-cadherin (Figs. 3E-F, and 4E-F,
respectively) and beta-catenin (Fig. 5E-F). During the follicular phase, the super�cially located, tall,



Page 10/31

columnar, highly active and mucus-secreting cells displayed strong membrane and weak cytoplasmic
staining for P- (Fig. 3E) and E-cadherin (Fig. 4E) and beta-catenin (Fig. 5E). During the luteal phase, the
super�cial squamous cells showed moderate cytoplasmic and sometimes membranous expression of P-
cadherin (Fig. 3F). Furthermore, during this phase, strong membrane and moderate cytoplasmic
immunostaining for E-cadherin (Fig. 4F) and beta-catenin (Fig. 5F) was observed in the super�cial
squamous cells. Furthermore, the vaginal epithelial cells also exhibited nuclear immunostaining for P-
cadherin throughout the oestrous cycle (Fig. 3E-F)

Stroma and muscle layer of the cervix and vagina

In the cervical and vaginal stroma, P-cadherin immunoreactivity was detected in the nuclei and cytoplasm
of some connective tissue cells (Fig. 3), whereas there was no immunostaining for both E-cadherin and
beta-catenin throughout the oestrous cycle (Figs. 4, 5). The smooth muscle cells of the cervix and vagina
exhibited moderate to strong cytoplasmic and nuclear immunolabelling for P-cadherin (Fig. 3G). However,
the immunoreaction for both E-cadherin and beta-catenin was absent in the cervical and vaginal smooth
muscle cells (data not shown). In the cervical and vaginal stroma, the endothelial cells of the capillaries
and large blood vessels and the vascular smooth muscle cells showed moderate cytoplasmic and strong
nuclear expression patterns for P-cadherin (Fig. 3H), but not E-cadherin. Beta-catenin immunoreactivity
was only observed in the lateral plasma membrane of endothelial cells of the capillaries and large blood
vessels in both cervix and vagina (Fig. 5G).

Generally, immunostaining intensities for all adhesion molecules remained the same in the cervical and
vaginal components throughout the oestrous cycle.

Discussion
In this study, we compared the presence, cell-speci�c localization and temporal distribution of the
cadherin-mediated pathway in intercellular adherens junction in the cow cervix and vagina during the
follicular and luteal phases of the oestrous cycle. The results obtained in the present study using
immunohistochemistry indicate that while P- and E-cadherin and beta-catenin are constitutively
expressed in a cell type-speci�c manner, N-cadherin is not expressed in the cow cervix and vagina
throughout the oestrous cycle.

The cervix and vagina are composed of complicated, hormone-dependent tissues. These tissues undergo
extensive organ-speci�c structural changes in association with the circulating levels of E2 and P4 in
cycling animals. During the oestrous cycle, an E2 surge promotes and a P4 surge inhibits epithelial cell
proliferation in the cervix and vagina (Pessina et al. 2006; Larsen and Hwang 2011). In the present study,
histological �ndings showed that follicular phase of the oestrous cycle was characterized by the
appearance of the muci�cation of the epithelium of the cow cervix and vagina. The cow cervix has a
highly active secretory epithelium during the follicular phase, in response to rising circulatory titres of E2

(28.55 ± 9.36 pg/ml− 1). The amount of non-ciliated epithelial cells during the follicular phase was greater
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than that during the P4 (6.31 ± 0.98 ng/ ml− 1)-dominant luteal phase of the oestrous cycle. Therefore,
ciliated cells were constricted between two adjacent non-ciliated cells during the follicular phase. In the
vagina, the luminal surface cells of the vaginal epithelium were either cuboidal or columnar in shape and
contained a large amount of stored PAS-positive mucins during the follicular phase, whereas during the
luteal phase, these cells were squamous or cuboidal in shape and contained small amounts of mucins.
These �ndings revealed that the changes in the epithelial morphology of the cow cervix and vagina a
result of hormonal status. However, it is worth emphasizing that that there were no noticeable variations
in the immunostaining patterns of P- and E-cadherin and beta-catenin proteins in the cervical and vaginal
epithelial cells between the follicular and luteal phase groups. Similarly, the previous studies have shown
that the expression of E-cadherin and catenin in the endometrium did not change during the selected
phase of oestrous (Caballero et al. 2014; Tienthai 2018) or menstrual cycle (Tabibzadeh et al. 1995;
Tsuchiya et al. 2006; Carico et al. 2010). However, studies in the uterus of humans (Fujimoto et al. 1996;
Shih et al., 2004) and animals (MacCalman et al. 1994; Payan-Careira et al. 2016) reported that both E2
and P4 were able to induce E-cadherin transcription.

E-cadherin and P-cadherin are major contributors to cell-cell adhesion in epithelial tissues, playing pivotal
roles in maintaining integrity and homeostasis in adult tissues (Paredes et al. 2012). Furthermore,
cadherins participate in the regulation of cellular homeostatic events that encompass proliferation,
differentiation, and apoptosis (reviewed in Yulis et al. 2018). The cytoplasmic domain of E-cadherin and
P-cadherin links to the cytoskeleton through interactions with β-catenin. It is now generally accepted that
alterations in the expression and subcellular localization of these molecules are important in the
development and progression of most cervical carcinomas (Li et al. 2016). In the present study, we
determined that in the cow cervix, P-cadherin exhibited cytoplasmic and membranous expression
patterns in the ciliated cells, and lateral membrane localization in the non-ciliated cells during the
follicular and luteal phases. This �nding is in contrast with previous studies showing that P-cadherin was
absent in the normal columnar epithelium of the human cervix (de Boer et al. 1999; Han et al. 2000). E-
cadherin and beta-catenin showed strong membranous and weak cytoplasmic expression patterns in the
ciliated cells, and moderate membranous localization in the non-ciliated cells of the cow cervix
throughout the oestrous cycle. This basic �nding is consistent with research that have reported E-
cadherin (Vessey et al. 1995; de Boer et al. 1999; Ryan et al. 2001; Fadare et al. 2005; Blaskewicz et al.
2011; Auvinen et al. 2013) and beta-catenin (Fadare et al. 2005) expression in the lateral membrane of
normal columnar epithelial cells lining the cervix, but not on the apical and basal cellular surfaces of
these cells. However, this contradicts previous reports indicating no detectable intracellular E-cadherin
and beta-catenin (de Boer et al. 1999; Fadere et al. 2005). The presence of P- and E-cadherin and beta-
catenin in the cervical epithelium of cycling cows could con�rm the concept that these adhesion proteins
involved in maintaining the epithelial integrity (Paredes et al. 2012) and regulation of cellular
proliferation, differentiation, and apoptosis in the cervical epithelium throughout the oestrous cycle.

Previous studies demonstrated that in the squamous epithelium of the human ectocervix and vagina, E-
cadherin and beta-catenin are predominantly found along the cell-to-cell borders in the basal and
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parabasal cell layers (Inoue et al. 1992; Vessey et al. 1995; Carico et al. 2001; Shinohara et al. 2001;
Fadare et al. 2005; Blaskewicz et al. 2011; Auvinen et al. 2013; Zhang et al. 2014; Jiang et al. 2019;
Donmez 2020) and P-cadherin is con�ned to the basal cell layer (Li et al. 2016). Immunohistochemical
�ndings in the present study indicate, in contrast to what occurs in human ectocervix and vagina (Inoue
et al. 1992; Vessey et al. 1995; Carico et al. 2001; Shinohara et al. 2001; Fadare et al. 2005; Blaskewicz et
al. 2011; Auvinen et al. 2013; Zhang et al. 2014; Crasta et al. 2016; Li et al. 2016; Jiang et al. 2019;
Donmez 2020), that in the cow vagina, P and E-cadherin and beta-catenin were localized to all of the cell
layers of the strati�ed epithelium during the oestrous cycle. The reason for this difference may be that the
vaginal epithelium of the cow is different from the vaginal epithelium of most animals. In human and
most species, the super�cial layers of the vaginal epithelium consist of dead squamous cells that have
undergone a terminal cell differentiation program called corni�cation, which occurs under the in�uence of
estrogen (Anderson et al. 2014). As a consequence, terminally differentiated super�cial cells do not have
robust intercellular junctions (Anderson et al. 2014). In contrast, the luminal surface epithelium of the cow
vagina is composed of mucus-secreting columnar cells during the oestrous cycle (Miroud and Noakes
1991). This �nding is evidence that the epithelial localization patterns of P- and E-cadherin and beta-
catenin are species-speci�c.

The results of current study indicate that the cellular localization patterns of these adhesion proteins
varied with the structural changes that occur in the vaginal epithelium during the oestrous cycle. During
the follicular phase, the luminal surface columnar cells of the vaginal epithelium displayed strong
membranous and weak cytoplasmic staining for P- and E-cadherins and beta-catenin. However, during
the luteal phase, the luminal surface squamous cells of the vaginal epithelium showed moderate
cytoplasmic, sometimes membranous, expression of P-cadherin, and strong membranous and moderate
cytoplasmic immunostaining for E-cadherin and beta-catenin. Furthermore, the vaginal epithelial cells
also exhibited nuclear immunostaining for P-cadherin throughout the oestrous cycle. Fadare et al. (2005)
demonstrated that in the normal human ectocervix, E-cadherin and beta-catenin decorated the epithelium
in a circumferentially membranous fashion, and no cytoplasmic or nuclear staining was present.
However, Zhang et al. (2014) and Donmez (2020) showed that, in the human ectocervix and, normal
epithelial cells displayed membranous and cytoplasmic beta-catenin expression in the basal and
suprabasal layers, similar to the case in the cow vagina.

Beta-catenin is an essential molecule both in cadherin-mediated cell adhesion and in canonical Wnt
signalling, which controls embryonic development and homeostatic self-renewal in a number of adult
tissues (Clevers 2006). β-catenin exhibit three different localization patterns: membranous, cytoplasmic,
and nuclear. Freshly synthesized β-catenin interacts with E-cadherin and serves as a structural protein
localized to the cell membrane (Kumar and Bashyam 2017). Nuclear localized beta catenin is an
indicator of activated Wnt signaling and the development or progression of cancer (Shinohara et al. 2001;
RodríguezSastre et al. 2005; Zhang et al. 2014). Continuous activation of Wnt signaling encourages the
uncontrolled self-renewal of cancer cells and promotes tumour metastasis and invasion (Nelson and
Nusse 2004; Uren et al. 2005). Chen et al. (2014) have shown that Wnt signaling and cadherin-mediated
cell adhesion interact closely with each other. Cadherins can inhibit Wnt signaling by sequestering β-
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catenin at the membrane, thereby preventing it from entering the nucleus to transmit Wnt signals. This
molecular mechanism helps maintain low levels of beta-catenin in the cytoplasm and nucleus in the
absence of Wnt stimulation. In contrast, after Wnt stimulations, the transcription rates of N-cadherin
increase, while the transcription rates of E-cadherin decrease (Chen et al. 2014). The cytoplasmic beta-
catenin expression observed in the cow cervical and vaginal epithelial cells should not be considered
abnormal, as this molecule is involved in the transduction of cytosolic signals to the nucleus in a variety
of cellular pathways, other than maintaining the integrity of cadherin-bearing cell–cell junctions (Du et al.
2014; McCrea et al. 2015). Furthermore, the present study revealed that nuclear beta-catenin expression
was absent in the cervical and vaginal epithelium. In light of the above-mentioned reports (Nelson and
Nusse 2004; Uren et al. 2005; Chen et al. 2014; Zhang et al. 2014) and considering that E-cadherin has the
potent ability to recruit beta-catenin to the cell membrane and to prevent its nuclear localization (Orsulic
et al. 1999), although this study is limited to immunohistochemistry, the �ndings corroborate that E- and
P-cadherin may be cooperated to keep beta-catenin in the cell membrane of the cervical and vaginal
epithelial cells. This may be necessary for maintaining normal epithelial morphology of the cow cervix
and vagina during the oestrous cycle regulated by E2 and P4.

The immunohistochemical �ndings also showed that while the epithelia of the cervix and vagina did not
express N-cadherin, the positive control tissues (bovine ovary and liver) displayed positive
immunostaining for N-cadherin. N-cadherin-positive immunostaining in the bovine ovary is similar to N-
cadherin expression reported in the rat and human ovaries (Machell et al. 2000; Tsuchiya et al. 2006).
Even though these �ndings concur with the results of Li et al. (2016) and Vornhagen et al. (2018), Jiang
et al. (2019) demonstrated that the expression level of N-cadherin was very low in normal human cervical
tissues. These differences indicate that the expression of junctional adhesion molecules is species- and
tissue-speci�c.

Previous studies have demonstrated that the E-cadherin/catenin complex plays an important role in
maintaining the normal phenotype of epithelial cells, and E-cadherin is an important determinant of
tumour progression, serving as a suppressor of invasion and metastasis (reviewed in Jeanes et al. 2008;
Tian et al. 2011, Jiang et al. 2019). N-cadherin and E-cadherin exhibit opposite effects, where E-cadherin
mediates the adhesion between epithelial cells (van Roy and Berx 2008), as indicated above, and N-
cadherin promotes cell movement (Hazan et al. 2004). N-cadherin is a mesenchymal cadherin which is
upregulated by epithelial cells during malignant cell transformation and epithelial-mesenchymal
transition concomitantly with the loss of E-cadherin. Islam et al. (1996) demonstrated that high
expression of N-cadherin and low expression of E-cadherin are typical of squamous cell carcinomas and
suggested that the inappropriate expression of N-cadherin could result in tumorigenesis in squamous
epithelial cells. Similarly, Jiang et al. (2019) have demonstrated that the expression of the epithelial
indicators Ecadherin and βcatenin gradually declined, and the mesenchymal indicators Ncadherin
increased with progression of the cervical lesions, and suggested that downregulation of E-cadherin and
β-catenin serves a role in the occurrence and development of squamous cervical cancer. Based on
previous reports (Islam et al. 1996; Orsulic et al. 1999; Jeanes et al. 2008; Jiang et al. 2019) and the
present results, the absence of N-cadherin expression, and strong membranous E-cadherin and β-catenin
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expression may be suggested to strengthened intercellular adhesion, prevent the formation of abnormal
cells during the morphological changes that occur in the cervical and vaginal epithelium throughout the
cow oestrus cycle, and impede tumorigenesis.

Early studies have reported that cervical stromal cells do not exhibit any staining for E-, P- and N-cadherin
(Ryan et al. 2001; Fadare et al. 2005; Li et al. 2016) and beta-catenin (Fadare et al. 2005). Thus, we are
not surprised to see no immunostaining for E-cadherin and beta-catenin the cervical and vaginal stroma
during the oestrous cycle. However, we observed a nuclear and cytoplasmic immunostaining patterns
with anti-P-cadherin antibody in the cervical and vaginal stroma.

To the best of our knowledge, no detailed information is available on the expression of cadherins and
beta-catenin in the smooth muscle cells of the cervix and vagina of humans and other mammals.
However, Taylor et al. (1996) demonstrated that while the human myometrium expressed numerous
cadherins in a cell-speci�c manner, differing among smooth muscle cells, stromal cells, and endothelial
cells, the expression of cadherins in the myometrium remained constant throughout the menstrual cycle.
While Khan-Dawood et al. (1997) detected E-cadherin and its mRNA in both normal myometrium and
leiomyoma, Tai et al. (2003) reported the absence of E-cadherin in the normal myometrium and in uterine
leiomyomas, similar expression of P‐cadherin in these two tissues, and signi�cantly higher expression of
N‐cadherin and its mRNA in uterine leiomyomas, compared to the normal myometrium. Furthermore,
these researchers (Tai et al. 2003) reported no difference in catenin expression between the normal
myometrium and uterine leiomyomas. Our immunohistochemical �ndings corroborate the strong nuclear
and moderate cytoplasmic P-cadherin expression in the smooth muscle cells of the bovine cervix and
vagina, which remained constant throughout the oestrous cycle. It is known that many functions of
smooth muscle cells such as adhesion, migration, proliferation, contraction, differentiation, and
apoptosis are regulated by a broad spectrum of cell-cell and cell-matrix adhesion molecules
(Frismantiene et al. 2018). Since the results of this study were limited to immunohistochemistry, we could
not determine the function of P-cadherin in the smooth muscle cells in the cervix and vagina. Further
studies are required to clarify this issue.

Limited data are available on the presence and localization of the cadherins and beta-catenin in the blood
vessels of mammalian reproductive organs. As reported in the human endometrium (Tabibzadeh et al.
1995), in the cow cervix and vagina, N-cadherin was not observed in the vascular endothelial and smooth
muscle cells. Unlike results for the endothelial cells of the human endometrium (Tabibzadeh et al. 1995),
P-cadherin staining was localized to the cytoplasm and nuclei of the vascular endothelial and smooth
muscle cells. In addition, similar to what was reported by Tabibzadeh et al. (1995), the
immunohistochemical �ndings in the present study of the cow cervix and vagina indicate that beta-
catenin was located at the junctions between the vascular endothelial cells. This �nding corroborates that
P-cadherin and beta-catenin are essential to endothelial cells in terms of normal vascular patterning in
the bovine cervix and vagina as reported by previous studies (George and Beeching 2006; Clifford et al.
2008).
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In conclusion, this study shows that, classical E- and P-cadherins and beta-catenin exhibit the cell-,
tissue-, and organ-speci�c expression patterns in the cervix and vagina of cycling cows, but N-cadherin is
not expressed. These results suggest that E- and P-cadherins and beta-catenin participate in maintaining
the normal architecture, epithelial integrity and barrier function in the cow cervix and vagina during the
oestrous cycle as reported in the other mammalian reproductive organs (for a review, see Rowlands et al.
2000; Poncelet et al. 2002; Shih et al. 2004; van der Bijl and van Eyk 2004; Blaskewicz et al. 2011;
Tienthai 2018). In the present study, we could not determine whether the changes in the mRNA and
protein expression of cadherins and beta-catenin were due to E2 and P4 hormone levels during the
oestrous cycle. However, the immunohistochemical results of the study showed that while the
immunostaining intensities of P- and E-cadherin and beta-catenin in the cervical and vaginal components
did not change during the oestrous cycle, the immunolocalization patterns in the cervical and vaginal
epithelia altered with structural changes that occurred in response to E2 and P4 levels during the oestrous
cycle. Given the importance of cadherins and beta catenin in cell-cell and cell-matrix adhesion, and any
impairment in the expression of these molecules, is related to tumor progression, our descriptive and
interpretative study demonstrating the normal expression of these basic molecular regulators of cervical
and vaginal tissues may be establish baseline data for future studies of reproductive biology.
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Table 1. Localization and immunostaining intensity of P-, E-, and N- cadherins and β-catenin in the layers
of the bovine cervix and vagina during the estrous cycle. Immunostainings in the cervical and vaginal
tissues were semi-quantitatively evaluated using an intensity score that re�ected the intensity of positive
staining in the cell membrane, cytoplasm and nucleus. Intensity score was recorded as (-) or negative (no
staining even at high magni�cation, X40), (+) or weak (only visible at high magni�cation, X40), (++) or
moderate (readily visible at low magni�cation, X10), and (+++) or strong (strikingly positive at low power
magni�cation, X10). Subcellular localization of staining: c, cytoplasmic staining; m, membrane staining;
n, nuclear staining; ve, staining of endothelial cells; vsmc, staining of smooth muscle cells in blood
vessels.
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AJ
proteins

Lower
genital tract
organs

The estrous
cycle phase

Tissue layers

Epithelium Stromal
cells

Smooth
muscle
cells

Blood
vessels

P-
cadherin

Cervix Follicular Ciliated cells: c,
m/+++

Non-ciliated cells:
m/+++

c, n/++ c/++,
n/+++

ve:
c/++,
n/+++

vsmc: 
c/++,
n/+++

Luteal Ciliated cells: c,
m/+++

Non-ciliated cells:
m/+++

c, n/++ c/++,
n/+++

ve:
c/++,
n/+++

vsmc: 
c/++,
n/+++

Vagina Follicular Basal cells: c, m/++

Parabasal cells: c,
m/++

Columnar super�cial
cells: m/+++, c/++

c, n/++ c/++,
n/++

ve:
c/++,
n/+++

vsmc: 
c/++,
n/+++

Luteal Basal cells: c, m /++

Parabasal cells: c, m
/++

Squamous
super�cial cells: c
/++

c, n/++ c/++,
n/++

ve:
c/++,
n/+++

vsmc: 
c/++,
n/+++

E-
cadherin

Cervix Follicular Ciliated cells: m/+++

Non-ciliated cells:
m/+++

- - ve: -

vsm:  -

Luteal Ciliated cells: m/+++

Non-ciliated cells:
m/+++

- - ve: -

vsmc:  -

Vagina Follicular Basal cells: m/+++,
c/++

Parabasal cells:
m/+++, c/++

Columnar super�cial
cells: m/+++, c/++

- - ve: -

vsmc:  -

Luteal Basal cells: m/+++, - - ve: -
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c/++

Parabasal cells:
m/+++, c/++

Squamous
super�cial cells:
m/+++, c/++

vsmc:  -

N-
cadherin

Cervix Follicular - - - -

Luteal - - - -

Vagina Follicular - - - -

Luteal - - - -

β-
catenin

Cervix Follicular Ciliated cells: m/+++,
c/++

Non-ciliated cells:
m/+++

- - ve:
m/+++

vsmc:  -

Luteal Ciliated cells: m/+++,
c/++

Non-ciliated cells:
m/+++

- - ve:
m/+++

vsmc:  -

Vagina Follicular Basal cells: m/+++,
c/+

Parabasal cells:
 m/+++, c/+

Columnar super�cial
cells:  m/+++, c/+

- - ve:
m/+++

vsmc:  -

Luteal Basal cells: m/+++,
c/+

Parabasal cells:
m/+++, c/+

Squamous
super�cial cells:
m/+++, c/+

- - ve:
m/+++

vsmc:  -

Figures
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Figure 1

The mucosa of the cow cervix and vagina during the follicular and luteal phases of the oestrous cycle. In
the cervix, during the follicular phase, non-ciliated columnar cells contained a large amount of stored
PAS-positive mucins in the apical cytoplasm (A and B), whereas, during the luteal phase, the amount of
PAS-positive mucins stored in the non-ciliated epithelial cells was greatly reduced (C and D). In the
vagina, during the follicular phase, the most super�cial cells of the epithelium were columnar cells
containing a large amount of stored PAS-positive mucins (E and F), whereas during the luteal phase, the
super�cial cells of the epithelium were squamous or cuboidal cells containing small amounts of stored
PAS-positive mucins (G and H). a, apical area of the peripheral region; b, basal area of the peripheral
region; ce, central epithelium of the cervix, e, vaginal epithelium; g, grooves in the central and peripheral
regions of the cervix; L, lumen; s, stroma; v, blood vessel; arrows, PAS-positive mucins in the vaginal
epithelium. Periodic acid-Schiff (PAS) stain. Scale bars: 20 µm (A–E, G), 10 µm (F, H).
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Figure 2

The immunostainings in the negative and positive control tissues. Negative controls, produced using
rabbit or mouse IgG, resulted in no immunostaining for all antibodies in the bovine cervix (A, C) and
vagina (B, D). P-cadherin (E), E-cadherin (F), and beta-catenin (H) immunostaining localized to the
epithelium lining the lumen (ue) and endometrial glands (ug) of the bovine uterus. N-cadherin-positive
immunostaining was localized to the granulosa cells (gc) within the Graaf follicles in the bovine ovary
(G); b, basal area of the epithelium lining the grooves; ce, central epithelium of the cervix, e, vaginal
epithelium; g, grooves; L, lumen; s, stroma; v, blood vessel. Scale bars: A-D, 20 µm; E-H, 10 µm
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Figure 3

P-cadherin immunoreactivity in the cow cervix and vagina during the follicular and luteal phases of the
oestrous cycle; immunohistochemical stain, diaminobenzidine as the chromogen. In the cervix, P-
cadherin (A-D) displayed membrane staining (arrow heads) in the ciliated (Cc) and non-ciliated cells (Nc)
of the central and peripheral region epithelium. Throughout the oestrous cycle, the basal and intermediate
cell layers of the vaginal epithelium (e) showed nuclear, cytoplasmic, and membranous (arrow heads)
staining for P-cadherin (E, F). During the follicular phase, the mucus-secreting super�cial cells displayed
membranous and cytoplasmic staining for P- (E), while during the luteal phase, the super�cial squamous
cells showed membranous, cytoplasmic and nuclear immunostaining patterns for P-cadherin (F). P-
cadherin immunoreactivity was observed in the nuclei and cytoplasm of many stromal cells (sc), smooth
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muscle cells (smc) (G), and vascular endothelial (ve) and smooth muscle cells (vsmc) (H). bc, basal cells;
g, grooves in the central and peripheral regions of the cervix; L, lumen; S, stroma. Scale bars: 10 µm.

Figure 4

E-cadherin immunoreactivity in the cow cervix and vagina during the follicular and luteal phases of the
oestrous cycle; immunohistochemical stain, diaminobenzidine as the chromogen. In the central and
peripheral region epithelium of the cervix, E-cadherin (A-D) exhibited membrane staining (arrow heads) in
the ciliated (cc) and non-ciliated cells (Nc). Throughout the oestrous cycle, the basal and intermediate cell
layers of the vaginal epithelium (e) showed cytoplasmic and membranous staining (arrow heads) for E-
cadherin (E, F). During the follicular phase, the mucus-secreting super�cial cells displayed membranous
and cytoplasmic staining for E-cadherin (E), while during the luteal phase, the super�cial squamous cells
showed membranous and cytoplasmic immunostaining for E-cadherin (F). g, grooves in the central and
peripheral regions of the cervix; S, stroma. Scale bars: 10 µm.
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Figure 5

Beta-catenin immunoreactivity in the cow cervix and vagina during the follicular and luteal phases of the
oestrous cycle; immunohistochemical stain, diaminobenzidine as the chromogen. In the cervix, beta-
catenin (A-D) exhibited membrane staining (arrowheads) in the ciliated (cc) and non-ciliated cells (Nc) of
the central and peripheral region epithelium of the cervix. Throughout the oestrous cycle, in the vagina,
the basal (bc) and intermediate cell layers of the vaginal epithelium showed cytoplasmic and
membranous staining (arrow heads) for beta-catenin (E, F). The membranous (arrowheads) and
cytoplasmic staining for beta-catenin was observed in both the mucus-secreting super�cial cells (E) and
the squamous super�cial cells (F) of the vaginal epithelium, which were found during the follicular and
luteal phase, respectively. Beta-catenin immunoreactivity was also detected in the lateral plasma
membrane (arrowheads) of the endothelial cells (ve) of both the cervical and vaginal blood vessels (C, D,
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F, and G). g, grooves in the central and peripheral regions of the cervix; L, lumen; S, stroma. Scale bars: 10
µm


