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Abstract 

Putative changes in E-cadherin and β-catenin during implantation in dogs are of interest to 

study, as they are both relevant for epithelial integrity. E-cadherin and β-catenin were 

immunolocalised in the canine cyclic and early pregnant endometrium, using monoclonal 

antibodies. Both molecules were detected in all types of endometrial epithelia (surface, 

superficial glandular and deep glandular epithelia) at all stages of the estrous cycle and in 

early placental structures. E-cadherin depicted a gradient of immunoreaction, intensity 

apparently being lowest in the surface epithelium to progressively increase towards the 

deepness of the endometrial glands, regardless of the stage of estrous cycle. The overall 

immunostaining was, however, weaker at diestrus. In pregnant samples trophoblast 

immunolabeling was stronger than in the endometrial surface epithelium; in the latter, the 

cytoplasmic pattern predominated over the membranous, as was also seen in the giant 

decidual cells in the labyrinth. In the early placenta, only trophoblast cells and lacunae 

retained membrane signals. β-catenin membrane labeling appeared relatively constant 

through the cycle, although a tendency towards a decrease in intensity was detected at the 

secretory stages. In addition, a dislocation of the immunoreaction to the cytoplasm was 

observed in both the surface and the glandular epithelia in particular stages of the cycle. In 

early pregnancy, a loss of the membranous pattern was observed in the surface epithelium 

and labyrinth, but neither on trophoblast nor in lacunae. The results showed the existence of 

a softening of adherens junctional complex in progestagen-dominated stages favoring 

embryo-maternal interactions and endometrial invasion during implantation. 

 

 

 

Key words: E-cadherin; β-catenin; canine endometrium; estrous cycle; 

immunohistochemistry; dog. 
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1. Introduction 

 

In the bitch, like in other mammals, the endometrium consists of a mesenchymal stroma, 

composed of individual fusiform cells surrounded by extracellular matrix, and two epithelial 

cell populations: the glandular epithelium and the surface or luminal epithelium (SE). The 

glandular epithelium is usually further classified into superficial glandular epithelium (SGE), 

located at the crypt zone, and deep glandular epithelium (DGE), located at the basal zone of 

the endometrium [1]. Both epithelial types are secretory and of utmost relevance for the 

integrity of the organ, for the interactions with the spermatozoa and with the embryo, and for 

the establishment and maintenance of pregnancy. A complex sequence of signaling events, 

encompassed by the crosstalk between endometrial epithelium and stroma, is crucial to the 

establishment of pregnancy [2, 3]. 

 

In response to cyclic variations in sex hormones, the mammalian endometrium evidences 

recurrent structural and morphological modifications in what is frequently named the 

endometrial cycle [4]. Several molecules have been shown to display cyclic patterns of 

expression, responding differently to the dominance by estrogen or progesterone 

concentrations on target tissues, contributing to normal functioning of the endometrium and 

the endometrial receptivity to the embryo [4-7]. The endometrial remodeling processes, 

controlled by sex steroids, entail complex changes in epithelial cell-cell interactions, which 

are required to maintain the continuity and integrity of the endometrium [8]. 

 

In the endometrium, the epithelial lining creates a protective barrier against bacterial or viral 

pathogens as well as against different antigens while in particular periods, such as at the 

window of implantation, it displays a permissive status that allows embryo-maternal 

interactions, culminating with the establishment of placenta. Adhesive interactions between 

neighboring epithelial cells are also crucial for tissue morphogenesis and renewal [9]. 
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Endometrial modifications in the expression of different adhesion molecules during the cycle 

or early pregnancy have been reported in humans [8, 10-12], sheep [13] and pigs [12, 14]. 

Adherent junctions play important functions in the maintenance of intercellular connections, 

which defines the characteristic architecture of the epithelial lining. Through cadherin–

mediated epithelial cell–cell connections, the integrity and strength of the epithelial layer [15, 

16], as well as the polarity of the epithelia [17] are maintained. Consequently it can be 

presumed that the plasticity of cell-to-cell adhesion of endometrial epithelial cells is crucial to 

female fertility. 

 

E-cadherin, a member of the cadherin family of calcium-dependent adhesion molecules, is a 

cell surface glycoprotein and an important determinant of tissue processes related to 

selective cell adhesion or detachment [15, 16], which in the uterus involves changes 

designed to support the implantation and growth of an embryo [8, 18, 19].  

 

The cyclic tissue remodeling that occurs in the endometrium during the cycle requires 

complex changes in cell-cell and cell-matrix interactions. Spatiotemporal changes in the E-

cadherin adhesion system may be associated with the morphologic changes observed in the 

mammals’ endometrial cycle, a dynamic process that comprises epithelial cell 

rearrangements, proliferation, renewal and movement that involves the permanent breaking 

and reforming of cell–cell adhesions [10, 20]. Furthermore, down-regulation of E-cadherin 

has been associated to invasive processes, which in the uterus includes the disruption of the 

epithelial barrier and the progression through a permissive extracellular mesenchymal 

matrix, as occurs at implantation in species with decidual placenta [21]. Supporting this 

concept, Dawood et al. [22] showed that E-cadherin and its gene transcripts were expressed 

in peri-implantation phase endometrium in women and Liu et al. [23] found a relationship 

between E-cadherin and metalloproteinase-2 and -9 during the mouse embryo implantation 

process. As endometrial invasion is a tightly controlled process, E-cadherin expression at 
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the window of implantation could be associated to the regulation of the migrating and 

invasive potential of the trophoblast. It was demonstrated that E-cadherin expression is 

significantly reduced close to the maternal recognition period in sheep [13] and pigs [14], 

species where it may also play a favorable role in embryo elongation. In dogs, Guo and 

collaborators [24], using in situ hybridization, described a reduction in E-cadherin mRNA 

expression until day 20 of pregnancy compared with the expression levels recorded in 

estrus, thereafter showing a strong signal in the glandular epithelium. Based on these 

findings the authors suggest a role for this molecule in the canine implantation process.  

 

The E-cadherin junctional complex also includes several other molecules, such as β-catenin, 

by which the cadherin molecule is anchored to the cytoskeleton. In the cytoplasm, β-catenin 

pairs bind strongly to the E-cadherin domain, binding the complex to the actin skeleton 

through the α-actin molecule [25-27]. In addition to its role in cell-to-cell adhesion, β-catenin 

also plays an important role in the Wnt/Wg growth factor signaling pathway [28, 29], which 

has been implicated in the regulation of the endometrial cycle [30] and in implantation [31]. 

β-catenin participation in either cell adhesion or the Wnt pathway depends on the existence 

of a competitive binding of this molecule to E-cadherin and Wnt-signaling molecules, which 

is determined by the activity of different kinases [28, 29, 31]. 

 

Epithelial functional or physical integrity is a major issue regarding embryo invasion in early 

pregnancy. In dogs, the process of embryo implantation involves embryonic adhesion to the 

maternal epithelium, quickly followed by trophoblast invasion and the concurrent erosion and 

transformation of the upper half of the endometrium to establish an endotheliochorial 

placenta [2, 32]. Thereby, changes in the E-cadherin/β-catenin adhesive complex are 

expected to occur at the initial moments of implantation in dogs. Disgregation of components 

of this complex will result in lateral cell-cell dissociation [2, 33], which would facilitate embryo 

invasion, as it occurs during tumour progression [34, 35]. A reduced endometrial epithelial 
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barrier, as indicated by a reduction in E-cadherin expression or the compromised polarity of 

epithelia during the luteal or secretory stage might also favor the development of pyometra 

during progesterone dominance, facilitating the colonization of the endometrium by 

pathogen bacteria ascending from the vagina [36]. This risk is likely higher in species with a 

physiologically long dioestrus, like dogs.  

 

Despite extensive research reported on cadherin and β-catenin activity in the uterus of 

different species [8, 13, 18, 37], information about the immunolocalization of E-cadherin and 

β-catenin in the canine endometrium is sparse. Canine reproductive physiology depicts 

several characteristics distinguishing this species from other domestic animals, particularly 

non-carnivorous. Of particular interest is the relatively long estrous phase and a remarkable 

long luteal phase which is of similar length in pregnant and non-pregnant cycles [38]. The 

dog presents an endotheliochorial placenta type, where the invasive trophoblast destroys 

the luminal epithelium and the underlying lamina propria in the process of implantation and 

placentation [39, 40]. Consequently, the spatiotemporal pattern in E-cadherin and β-catenin 

molecules in the canine endometrium may differ from those established in other species with 

a shallower non-invasive placentation. Considering these concepts, the aim of this work 

was: 1/ to analyze E-cadherin and β-catenin protein immunolocalization throughout the 

stages of the canine estrous cycle and to determine whether temporal changes exist during 

the uterine cycle and to; 2/ ascertain possible modifications of cadherin/β-catenin adhesion 

pathways in the canine embryo apposition and adhesion to the endometrial lining epithelium.  

 

2. Material and methods 

Animals 

A total of 50 mature, healthy bitches, submitted to elective ovariohysterectomy were used. 

Additionally nine pregnancy samples were obtained from females with unwanted 3 week-

long pregnancies, submitted to elective ovariohysterectomy. Before surgery, a vaginal 
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cytological specimen was obtained. A blood sample was collected by venipuncture from a 

jugular vein to a controlled vacuum tube (Serum-gel, S-Monovette®, Sarstedt, Germany), 

and promptly centrifuged at 2,500g for 15 minutes. The serum was stored at -20 ºC until 

analysis. Serum progesterone levels were determined by a chemiluminescent immunoassay 

system (Immulite®, DPC-Diagnostic Products Corp., Los Angeles, CA, USA).  

 

Endometrial samples were collected after the expressed consent of the animals’ owners, 

and in respect to the International Ethical standards. Excised genital tracts were fixed in 10% 

buffered formalin solution immediately after surgery, for no more than 3 days. A section from 

each uterine horn was collected at its caudal ending, at approximately 1 cm above the 

uterine body, and thereafter embedded in paraffin wax, sectioned at 3 μm thickness and 

routinely stained with haematoxylin and eosin for histological staging of the estrous cycle 

and for excluding uterine pathologies. In this study, only one of the uterine samples was 

used. 

 

Staging of the estrous cycle and early pregnancy 

The staging of the estrous cycle was performed after the genital tract collection, at the 

laboratory, based on the cumulative information provided by vaginal cytology, inspection of 

the ovaries at OVH, and circulating levels of progesterone. Vaginal cytology allowed a 

preliminary staging of the cycle and was particularly useful to distinguish proestrus and 

estrus. The ovary and uterine morphology and the serum progesterone were used for further 

staging, as previously described [41, 42]. Uterine samples for the proestrus (n=8), estrus 

(n=10), early diestrus (n=12), full diestrus (n=10) and anestrus (n=10) were used in this 

study.  
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Nine samples representing pregnancy days 17 to 20 after the LH-surge were selected. The 

pregnancy samples were staged on the basis of cumulative information gathered from a 

diestrus-compatible cytology, the date of documented coitus plus the histological changes 

observed in the endometrium, according to the histological descriptions of canine early 

pregnancy events [39, 43], and aligned to the day from pre-ovulatory LH surge. Up to day 17 

the embryo was not yet adhered to the endometrium, although some changes are found in 

the superficial layers of the endometrium, including increased interstitial edema and 

deepening of the endometrial crypts. On day 17, the trophoblast grew and wedged the 

maternal surface epithelium (SE). Only small lacunae were visible. Between days 18 and 20, 

the embryo adherence prompted endometrial invasion; the trophoblast continued to spread 

down, and the syncytial cells to penetrate deeper in the endometrium forming the labyrinth 

that appeared as strong, linear, closely packed cords, often presenting mitotic figures. Until 

this moment, a limited development of the basal glands was observed. 

 

Immunohistochemistry (IHC) 

IHC-analysis was performed on tissue sections 3 μm thick on silane-coated slides and a 

streptavidin-biotin-peroxidase technique (UltraVision, Lab Vision, Fremont, CA, USA).  

The primary antibodies used were mouse monoclonal antibodies raised against E-cadherin 

(Clone 4A2C7, Invitrogen) and β-catenin (Clone CAT-5H10, Invitrogen), at 1:100 dilution in 

PBS, as previously established for canine tissues [44].  

The slides were submitted to routine de-paraffinization and rehydration in graded alcohol, 

and pre-treated to enhance antigen retrieval (microwave irradiation; 750W, three cycles of 5 

min, with slides immersed in a 0.05% Extran solution); thereafter, the endogenous 

peroxidases were blocked by 30 minutes immersion in 3% hydrogen peroxide/PBS, followed 

by inhibition of non-specific binding by incubation with Large Volume Ultra V-Block 

(UltraVision, Lab Vision, Fremont, CA, USA) for 5 min. Incubation with primary antibodies 

was performed in a humid chamber, overnight at 4ºC. Afterwards, the labeled slides were 
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incubated with a biotin conjugated secondary antibody, followed by incubation with enzyme-

labeled streptavidin, for 10 minutes each (Biotinylated Goat Polyvalent Plus® antibody and 

Streptavidin-peroxidase Plus® - UltraVision, Lab Vision, Fremont, CA, USA - respectively), 

at room temperature. The reactions were visualized using DAB (3,3’-diaminobenzidine) as a 

chromogen, and the slides were counterstained with haematoxylin, dehydrated and mounted 

for light microscopy evaluation. 

For negative controls, primary antibodies were replaced by either the normal mouse IgG (sc-

2025; Santa Cruz Biotechnology, Inc., Europe, Heidelberg, Germany) or PBS. In neither 

negative control, immunoreaction against the two molecules was detected. Samples from a 

canine mammary carcinoma were used as positive controls. 

Immunohistochemical scoring 

Two independent observers blindly assessed the immunoreaction for E-cadherin and β-

catenin, in a NIKON Eclipse 80i (Nikon Instruments Europe, BV) photomicroscope. The 

distribution of E-cadherin and β-catenin immunoreaction was studied for each of the 

endometrial epithelial types: the surface epithelium (SE), the superficial glandular epithelium 

(SGE) and the deep glandular epithelium (DGE). Positivity was indicated by the presence of 

a distinct brown membrane labeling. For both molecules, the evidence of a membrane 

staining was semi-quantitatively scored using a 4-point scale: weak (1), moderate (2), strong 

(3) or very strong (4).  

Cytoplasmic staining was frequently seen in addition to membranous staining for both 

molecules. For E-cadherin, membrane labeling extending to the cytoplasm was frequently 

found; it has been considered to correspond to its cytoplasmic domain and it was not scored 

independently whenever it followed membrane labeling. When cells failed to show 

membrane immunoreaction, and immunoreaction was located exclusively in the cytoplasm, 

the pattern was scored as cytoplasmic. 

For β-catenin, the membrane dislocation of the immunoreaction was assessed due to its role 

at the cell-to-cell junctions and at the Wnt/Wg signaling pathways. The subcellular pattern 
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and the differences in the membrane and cytoplasmic staining were scored independently 

for intensity and pattern, the latter being further scored as diffuse, scattered (or dot-like), 

apical or supra-nuclear. 

The immunoreaction in pregnancy samples was graded using the same semi-quantitative 

scoring system, which was applied individually for the trophoblast, the surface epithelium 

and the epithelium of the labyrinth (or syncytium cords) and the lacunae, as well as for the 

deep endometrial glands. 

 

Statistical analysis 

Statistical comparisons were performed by using the statistical software IBM SPSS Statistics 

version 22.0 for Mac OS X 10.8. Associations between the intensity and patterns of 

immunoreaction for E-cadherin and β-catenin and the categorical variables (stage of the 

estrous cycle and epithelial type) were performed using the chi-square and Fisher exact 

tests. The Z-test was performed for group comparisons, the P-values adjusted by the 

Bonferroni method. Comparisons between early diestrus and pregnancy samples were only 

established for the surface and the deep glandular epithelia. A P value ≤ 0.05 was regarded 

as statistically significant.  

 

3. Results 

The non-pregnant canine endometrium 

The scoring results for the IHC-distribution of E-cadherin and β-catenin in the non-pregnant 

endometrium are shown in Figures 1 to 3 as well as in Tables 1 and 2. For both molecules, a 

typical membranous labeling was evident in all samples and in all the epithelial types. 

Changes of the intensity of the immunolabeling were detected during the estrous cycle 

(Figure 1). In addition to the membrane immunolabeling, different cytoplasmic patterns of 

immunolabeling were observed for β-catenin, and scored accordingly (Table 2). 
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In general, the E-cadherin immunolabeling showed a gradient of intensity between the 

different epithelial types (P<0.001; Fisher= 115.376); it was lower in the superficial 

epithelium and progressively increasing towards the deep endometrial glands (Figure 2).  

 

When studied individually, the different endometrial epithelial types tended to show 

differences in E-cadherin membrane intensity of immunolabeling during the different stages 

of the estrous cycle. The SE showed similar immunostaining scores in anestrus, proestrus 

and estrus, evidencing a moderate immunopositivity (Figure 2; Table 1). In contrast, during 

early diestrus and diestrus (Figures 1.E and 2), a clear reduction of the intensity of 

immunolabeling was noticed (P<0.001; Fisher = 50.681). For the SGE, a stronger 

immunoreaction was detected in anestrus and proestrus (Figures 1.A and 2), which tended 

to decrease in estrus (Figure 1.C). A reduction of the intensity of the immunolabeling 

(P<0.001; Fisher = 42.224) was recorded in early diestrus and diestrus (Figures 1.F and 2). 

The intensity of the DGE immunostaining was found to be similar between anestrus and 

proestrus (Figure 2), with epithelial cells evidencing a very strong labeling for E-cadherin. In 

estrus, a tendency for a decrease in the intensity of labeling was found (Figure 1), with a 

clear decrease in early diestrus and diestrus (Figures 1.G and 2) (P<0.001; Fisher = 

61.143), most obvious in early diestrus. Overall, stronger immunolabeling for E-cadherin was 

observed during anestrus, proestrus and estrus compared with early diestrus and diestrus 

(P<0.001; Fisher = 154.265) (Table 1; Figure 2). When the variations in the intensity score 

for all the three epithelial types were evaluated together, a significant difference was found 

between the different stages of the canine estrous cycle (P<0.001; Fisher = 154.265) with a 

decrease of the E-cadherin immunoreaction in the progesterone-mediated stages (early 

diestrus and diestrus).  

 

The membrane intensity scores for β-catenin varied between low to moderate for all the 

endometrial epithelia (Figure 1.B and Figure 3; Table 1). In general, the type of epithelium 
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influenced the intensity of β-catenin immunolabeling (P < 0.001; Fisher = 63.989): a 

tendency for lower intensity scores in SE and SGE was observed, as for E-cadherin, whilst 

the DGE tended to present stronger intensity scores. However, no significant changes in the 

membrane staining intensity during the cycle stages were found within epithelial types (P = 

0.901; Fisher = 12.676). 

  

Diverse cytoplasmic immunoreactivity was observed for β-catenin (Figure 4; Table 2). 

Overall, cytoplasmic immunoreaction had lower intensity scores in early diestrus and in 

diestrus, compared to anestrus, proestrus or estrus (P < 0.001; Fisher =44.311). In addition, 

the cytoplasmic pattern was diffuse in all cycle stages with exception for estrus, when the 

supra-nuclear pattern predominated in all the three epithelial types (P < 0.001; Fisher = 

108.770). The supra-nuclear and apical patterns (Figures 1.D and 1.F) usually co-existed 

with higher cytoplasmic intensity scores (P = 0.006; Fisher = 19.309).  

β-catenin cytoplasmic immunolabeling during the canine estrous cycle presented a 

significant association between immunostaining and epithelial type (P < 0.001; Fisher = 

67.749) as well as between the cytoplasmic intensity and pattern (P < 0.001; Fisher = 

108.770). The SE had a low intensity cytoplasmic immunostaining in early and mid diestrus, 

and a moderate intensity in all other stages (Figure 4). In both diestrus stages the diffuse 

pattern dominated over the apical or the supra-nuclear areas (Figure 5). The SGE showed 

high membrane and cytoplasmic intensity scores in all cycle stages except during dioestrus. 

A diffuse cytoplasmic pattern was found in anestrus and proestrus, while in diestrus the 

diffuse and apical patterns were equally common; a scattered cytoplasmic pattern (Figure 

1.H) was the most prevalent pattern in early diestrus samples, while in estrus the supra-

nuclear staining (Figure 5) was the most frequently observed. In DGE, the intensity of the 

cytoplasmic immunostaining did not vary between cycle stages with exception of estrus, 

when higher intensity scores were observed. A diffuse cytoplasmic pattern of labeling was 

found predominantly during anestrus and proestrus (Figure 5); the supra-nuclear pattern 
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predominating during estrus while in early diestrus (Figure 1.H) the scattered cytoplasmic 

pattern prevailed over the apical location pattern (50% Vs. 25% of the samples). In diestrus 

the apical (Figure 1.B) and diffuse patterns prevailed. 

Intensity of β-catenin membrane and cytoplasmic staining was significantly lower in 

progesterone associated-stages of the estrous cycle (P < 0.001, Fisher = 16.112 and P < 

0.001, Fisher = 60.245, respectively). Furthermore, the supranuclear pattern of strong 

intensity was consistently found in the cycle stage where estrogens peak (P = 0.003; Fisher 

= 25.661). A significant association between the intensity of the membrane immunolabeling 

for E-cadherin and for β-catenin was found (P < 0.001; Fisher = 274.471). 

 

The early pregnant canine endometrium 

Table 3 summarizes the information concerning the E-cadherin and β-catenin 

immunolabeling in the canine pregnant endometrium (days 17 to 20). 

The trophoblast showed a strong or very-strong E-cadherin immunolabeling (Figure 6.A; 

Table 3), in contrast to the maternal SE that predominantly showed a weak immunostaining 

and often failed to evidence a membrane pattern for this molecule (Figure 6.A; Table 3). No 

differences were observed in the immunoreaction for E-cadherin in the SE in early pregnant 

and early diestrus stage.  

The E-cadherin membranous pattern was also heterogeneously presented in the labyrinth: 

the trophoblast population displayed a moderate to strong membrane pattern (Figure 6.A), 

whereas in the giant decidual cells the membrane pattern was absent and a weak 

cytoplasmic pattern was noticed (Figure 6.A and 6.C). When lacunae were formed, closer to 

pregnancy day 20, the membrane immunolabeling for E-cadherin was strong (Figure 6.E). 

No differences were found for DGE intensity scores between early pregnant and early 

diestrus stage (Tables 1 and 3); in both the stages a moderate intensity of immunolabeling 

was observed. 
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Considering the immunostaining for β-catenin, in the epithelial types represented in the early 

pregnant canine endometrium the moderate intensity score prevailed (Table 3). The 

trophoblast showed a moderate membrane intensity (Figure 6.B), which is also represented 

in the trophoblast populations located in the labyrinth cords. Contrasting, the giant decidual 

cells were negative for β-catenin or displayed a weak, cytoplasmic labeling (Figure 6.D). The 

intensity of the immunolabeling for this molecule in DGE was not different from the described 

for the early diestrus stage (Tables 1 and 3); the most represented intensity score was the 

moderate. 

 

4. Discussion 

Previous work in human and rodents showed that adhesion signaling molecules change in 

the endometrium during the estrous cycle in response to the sex steroid dynamics [10, 19, 

37]. Moreover, it has been proposed that E-cadherin/catenin complexes may play a role in 

initial attachment of the embryo during implantation [45], besides the maintenance of the 

endometrial histoarchitecture [37]. 

 

Results from the present study clearly show the existence of differences in the intensity or 

pattern for E-cadherin and β-catenin immunolabeling according to changes in the sex steroid 

milieu. The immunostaining was evidenced for both molecules in all canine endometrial 

samples and on all the epithelial elements (SE, SGE and DGE). E-cadherin was abundantly 

expressed in anestrus and in the proliferative stages of the bitch estrous cycle (proestrus 

and estrus), but its immunolabeling decreased during progesterone dominance, in particular 

in full diestrus, when progesterone levels are high. A similar down-regulation of E-cadherin 

expression during the progesterone phase of the cycle was reported in ewes [13] and in 

humans [37, 45]. However, a small increase in E-cadherin mRNA was observed following 

exogenous progesterone administration to ovariectomized bitches [24]. This slight up-

regulation of E-cadherin mRNA, which seems to contradict the immunohistochemical results 
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presented in the present study, might be associated to the acute administration of 

progesterone upon a non sex steroid-primed endometrium, while in the present report, 

uterine samples from normally cycling bitches were used. The acute progesterone 

administration could induce a down-regulation of the endometrial progesterone receptors, 

mimicking a late diestrus phase. On the other hand, that study focused on the activation of 

the E-cadherin synthesis pathway, whereas the protein was evidenced in the experiment 

presented herein. Differences could also be explained by a transcription regulatory 

mechanism.  

The present study revealed that β-catenin membrane immunolabeling changes during the 

canine estrous cycle, with a tendency to decrease to a lower expression during the secretory 

stages of the cycle (diestrus stages). Such changes significantly correlated with decreased 

immunohistochemical expression of E-cadherin in the membrane. This may suggest a 

reduction of the E-cadherin/ β-catenin complexes, which could be associated with a 

modification of the adherens junction properties, in order to facilitate embryo interaction with 

the endometrium. An apparent decrease in the intercellular junctional strength, that was 

more pronounced in the canine SE and the SGE, would allow trophoblast cells to migrate 

between the epithelial cells during implantation. Evidence collected from early pregnancy 

samples representing the adhesion and initial invasion steps of the implantation process 

supports that hypothesis.  Loss of the membrane pattern and a rather weak intensity of E-

cadherin immunoreaction in the SE was seen during trophoblast invasion. Concomitantly, an 

exclusive diffuse cytoplasmic pattern for β-catenin immunolabeling was seen. Adhesive 

intercellular interactions are crucial for endometrial epithelial differentiation [46]. Taken 

together, these findings support the loss of lateral cell-to-cell adherence, preceding the 

apposition and endometrial invasion of the canine embryo. The loss of E-cadherin/β-catenin 

adherence at early pregnancy, as observed herein in the SE and in the giant decidual cells 

in the labyrinth, is suggestive of the existence of a transitional process in these cells, 

occurring during invasion and establishment of placenta in dogs. This is similar to changes 
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proposed by Bartley and colleagues [47] to occur in human endometriosis, allowing 

endometrial cells to detach from their primary site and adhesion and invade the implantation 

sites to form endometriotic lesions. 

  

For most mammalian species with invading trophoblast, embryo strategies towards 

implantation mimic those of tumour tissues [34, 35]. Involvement of E-cadherin/β-catenin 

complexes in invasion suppression has been widely proven, in particular concerning tumour 

progression and invasiveness. It has been demonstrated that a decrease in E-cadherin 

membrane expression and of E-cadherin/βcatenin complexes, along with the existence of 

aberrant β-catenin expression, result in loss of the epithelial phenotype accompanying 

increased invasiveness and hence a higher metastatic ability [34, 35, 37, 48]. A decrease in 

E-cadherin membrane expression usually accompanies a weakened attachment to the 

cellular skeleton and destabilization of the cell-to-cell adhesion to each other [25, 27, 28]. In 

parallel with a decrease in its expression, an increase in the E-cadherin instability and 

degradation associated with a decrease in the active cadherin complex has been described 

[26, 28, 49]. Based on the findings reported in the current study, a comparable situation 

could be hypothesized to occur in the endometrial epithelia at embryo implantation, as in the 

present study a decrease in E-cadherin junctional complexes during progesterone-

associated stages and at early pregnancy was shown.  

Another interesting concept that recently issued from oncology research is that loss of 

functional E-cadherin contributes to tumour cells resistance to apoptosis. This concept 

associates the loss of cadherin mediated adhesion complexes with a cellular mechanism 

that allows the cells to escape induced programed death mediated either by TRAIL [50, 51] 

or Bcl-2 [52], respectively associated to the extrinsic/TNF-mediated and the intrinsic 

apoptosis pathways. Such hypothesis cannot be ignored, as it also could be a plausible 

explanation for the atypical pattern immunostaining observed herein in cells that participate 

in the canine placental labyrinth. The regulation of apoptosis in the placental labyrinth could 
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contribute to its remodelling by maintaining the syncytiotrophoblast:cytotrophoblast ratio or in 

more general terms the balance between foetal and maternal tissues. 

 

 

As seen in the present study, a reduction in cadherin/catenin membrane expression during 

early and full diestrus may, by interfering with the strength of the epithelial endometrial 

barrier, also modulate the local susceptibility to invading pathogens and inflammation. 

Associated to a decrease in MUC1 expression occurring during canine diestrus [53], the 

reduction in the epithelial E-cadherin active complex might contribute to the onset of canine 

pyometra in diestrus. 

 

Concerning the cytoplasmic immunostaining for β-catenin in the present study, a nuclear 

immunostaining for this molecule was not found, contradicting sporadic nuclear 

immunolabeling reported in humans [37, 54]. In the uterus, cytoplasmic β-catenin expression 

should not be considered abnormal, even when nuclear expression is detected, as this 

molecule is involved in cellular pathways other than the E-cadherin junctional complexes [8]. 

The Wnt/Wg signaling pathway has been demonstrated to be present in the endometrium 

[30, 54], and β-catenin is involved in such mechanisms [29].  

 

In the present study, cytoplasmic β-catenin was found to vary in intensity and pattern. These 

temporal variations seemed associated to sex steroid peripheral levels. Decreased 

cytoplasmic intensity was detected in early diestrus and in diestrus, when compared to the 

other cycle stages. The most frequent cytoplasmic pattern found was the diffuse type that 

has been observed in all stages except of estrus, where a supra-nuclear immunolabeling 

pattern predominated. This pattern could correspond to the cytosolic pool of inactive β-

catenin that does not interact with either cadherin or the Wnt pathway [29]. Among all other 

stages, estrus displayed the strongest immunolabeling, associated with supra-nuclear 
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location. Such a strong supra-nuclear immunolabeling might be associated with a transitory 

stimulation of the Wnt signaling pathway, in non-pregnant endometrium, as it clearly 

contrasts to the usual β-catenin cytoplasmic immunostaining. As a consequence, the Wnt-

associated pathways, demonstrated in humans to be dependent on high levels of estrogens 

and on cell proliferation [30], might also be activated in the canine endometrium during 

estrus.  

 

In conclusion, this study showed a gradient of the E-cadherin immunolabeling in the canine 

endometrium, with a weaker immunolabeling observed in the surface epithelium and a 

stronger labeling in the deep glandular epithelium. Furthermore, a marked decrease in the 

immunolabeling was observed in secretory stages, associated with high progesterone levels. 

A decrease in the membrane and cytoplasmic intensity of immunolabeling for β-catenin 

during the secretory stages, accompanying the reduction in E-cadherin immunostaining, was 

also found. We speculate that a weakening of the lateral intercellular connections during 

diestrus would favor embryo implantation. The cyclic changes in the cytoplasmic 

immunopattern for β-catenin may suggest a possible activation of the Wnt signaling pathway 

during the proliferative stages of the canine estrous cycle. 
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Tables 

Table 1 – E-cadherin and β-catenin membrane immunoreactivity scores in the canine 

endometrium throughout the stages of the estrous cycle. Numbers in the table represent to 

the number of samples. 

 

Stages 

SE SGE DGE 

1 2 3 4 1 2 3 4 1 2 3 4 

E-Cadherin 

Anestrus 0 10 0 0 0 0 10 0 0 0 0 10 

Proestrus 0 8 0 0 0 1 7 0 0 0 0 8 

Estrus 1 9 0 0 0 5 5 0 0 0 5 5 

Early diestrus 12 0 0 0 0 12 0 0 0 11 1 0 

Diestrus 10 0 0 0 2 8 0 0 0 1 9 0 

β-catenin 

Anestrus 8 2 0 0 3 7 0 0 0 10 0 0 

Proestrus 7 1 0 0 3 5 0 0 1 7 0 0 

Estrus 10 0 0 0 6 4 0 0 3 7 0 0 

Early diestrus 11 1 0 0 8 4 0 0 3 9 0 0 

Diestrus 9 1 0 0 4 6 0 0 0 10 0 0 

SE – surface endometrium; SGE – superficial glandular endometrium; DGE – deep glandular 
endometrium 
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Table 2 – Cytoplasmic intensity and pattern of immunoreaction against β-catenin in the 

cyclic canine endometrium. Numbers in the table represent to the number of samples. 

  
Score Anestrus Proestrus Estrus Early Diestrus Diestrus 

Intensity 

score 

SE 

1 2 1 2 11 10 

2 8 7 8 1 0 

3 0 0 0 0 0 

4 0 0 0 0 0 

SGE 

1 1 2 1 5 8 

2 9 6 9 7 2 

3 0 0 0 0 0 

4 0 0 0 0 0 

DGE 

1 0 0 0 0 1 

2 8 8 2 9 9 

3 2 0 8 3 0 

4 0 0 0 0 0 

Pattern 

SE 

diffuse 9 4 2 8 6 

apical 1 4 2 3 4 

scattered 0 0 0 0 0 

supranuclear 0 0 6 1 0 

SGE 

diffuse 10 5 0 1 4 

apical 0 3 0 3 4 

scattered 0 0 2 6 1 

supranuclear 0 0 8 2 1 

DGE 

diffuse 10 8 2 8 6 

apical 0 0 0 1 4 

scattered 0 0 0 1 0 

supranuclear 0 0 8 2 0 

SE – surface endometrium; SGE – superficial glandular endometrium; DGE – deep glandular 
endometrium 
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Table 3 – E-Cadherin and β-Catenin membrane immunoreactivity scores in early pregnant 

canine endometrium (pregnancy days 17 to 20; n=9). Numbers in the table represent to the 

number of samples.  

Marker  Scores Trophoblast SE Labyrinth epithelium Lac E DGE 
Trophoblast Decidual cells 

E-
Cadherin 

1 0 5 0 9 0 2 

2 0 1 3 0 0 6 

3 5 0 6 0 4 1 

4 4 0 0 0 0 0 

β-Catenin 

1 6 1 6 0 1 3 

2 3 5 3 0 3 5 

3 0 0 0 0 0 1 

4 0 0 0 0 0 0 

SE – surface endometrium; DGE – deep glandular endometrium; Lac E – Lacunar epithelium. 
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Figures 

 

 
Figure 1 – Graphic representation of the endometrial membrane intensity scoring for E-

cadherin during the canine estrous cycle: proestrus (n=8), estrus (n=10), early diestrus 

(n=12), full diestrus (n=10) and anestrus (n=10) 

 

 
Figure 2 – Graphic representation of the endometrial membrane intensity scoring for β-

catenin throughout the canine estrous cycle: proestrus (n=8), estrus (n=10), early diestrus 

(n=12), full diestrus (n=10) and anestrus (n=10) 
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Figure 3 – Immunohistochemical expression of E-cadherin and β-catenin in the normal 
canine endometrium throughout the estrous cycle (bar: 100µm). In the plansch, the left 
column of images corresponds to the membranar immunoreaction against E-cadherin in the 
superficial endometrial layers in proestrus (A), estrus (C) and early diestrus (E) or to DGE 
immunolabeling in full diestrus (G), while the column in the right depicts the diverse patterns 
associated with β-catenin immunolabeling: the membranar pattern (B), here observed in the 
SE and SGE in full diestrus samples; the apical cytoplasmic pattern in the SE of a proestrus 
sample (D); the supranuclear cytoplasmic pattern prevailing in estrus samples (F); and the 
scattered cytoplasmic pattern evidenced in some early diestrus samples (H). 
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Figure 4 – Graphic representation of the endometrial cytoplasmic intensity scoring for β-

catenin during the canine estrous cycle: proestrus (n=8), estrus (n=10), early diestrus 

(n=12), full diestrus (n=10) and anestrus (n=10) 

 

 
Figure 5 – Graphic representation of the cytoplasmic pattern of immunoreaction for β-

catenin throughout the canine estrous cycle: proestrus (n=8), estrus (n=10), early diestrus 

(n=12), full diestrus (n=10) and anestrus (n=10) 
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Figure 6 – Immunohistochemical expression of E-cadherin and β-catenin in endometrium 
from early pregnancy (days 17 to 20) (bar: 50µm). In the plansch, images in the left column 
correspond to the immunoreaction against E-cadherin during the early steps of endometrial 
invasion: At the endometrial surface (A), the trophoblast, showing a strong intensity score, 
lined the SE that does not show a membrane reaction for E-Cadherin. In the labyrinth (C), 
trophoblast cells showed a strong membrane pattern contrasting to the absent E-cadherin 
membrane immunolabeling shown by decidual cells. In lacunae (E), the epithelial cells showed 
strong membrane immunoscoring. The right column represents the β-catenin immunolabeling. 
(B) Weak to moderate membranous intensity score was evidenced in the trophoblast, while 
the SE displayed a moderate cytoplasmic pattern, no membrane pattern being discernible. In 
the labyrinth (B and D) a moderate intensity of immunostaining, either membrane or 
cytoplasmic, was observed in the trophoblast, in contrast to the negative decidual cells. The 
images on the right bottom represent the negative controls for E-cadherin and β-catenin, 
respectively. T – Trophoblast; Decidual cells (D). 
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