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Summary. This paper describes an approach to study the
cells present in the subinvolution of placental sites
(SIPS), a pathological post partum condition of the bitch
that causes persistent hemorrhage of the genital tract.
The expression of intermediate filament proteins was
examined to determine the fetal or maternal origin of the
cytotrophoblastic-like cells found in this entity. Lectin
binding on tissue sections were also studied to
characterise cellular glycoconjugates. Image processing
and morphometrical analysis of the histological images
were done. The results revealed that the cells observed in
bitches with SIPS expressed pancytokeratins but neither
vimentin nor desmin, in coincidence with normal
cytotrophoblasts. The lectin binding pattern of both
types of cells was similar, with the only exception of
Arachis hypogaea agglutinin (PNA) and Triticum
vulgaris agglutinin (WGA). These observations, in
addition to the non statistically significant differences
between morphometrical characteristics of cytotropho-
blastic and cytotrophoblastic-like cells in SIPS, might
suggest the fetal origin of the latter cells which could
play a role in the pathogenesis of this entity.
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Introduction

The subinvolution of placental sites (SIPS) is one of
the unusual pathological post partum conditions of the
bitch (Burke, 1977; Al Bassam et al., 1981). This entity
might represent a delay in the normal process of
placental degeneration and endometrial regeneration
(Schall et al., 1971). This alteration is associated with a
persistent vulvar serohemorrhagic discharge of variable
intensity beyond 6 to 12 weeks postpartum (Al Bassam
et al., 1981; Castellano et al., 1982). It occurs mostly in
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up to 3-year-old bitches and has been reported in many
breeds of dogs.

The histological appearance of SIPS is characterised
by the presence of dilated endometrial glands and
variable areas of hemorrhage, with necrosis and collagen
masses. Typical big and round cells, approximately 50-
55 pm, appeared in the connective tissue between the
glands of the endometrium. Its trophoblastic or decidual
origin has been a matter of controversy. Similar cells
have been described trespassing blood vessels, except in
the endothelium, forming syncytial masses and reaching
the miometrium and its blood vessels. Due to the fact
that some authors consider these cells as trophoblastic,
rejecting the possible decidual origin (Al Bassam et al.,
1981; Castellano et al., 1982), it is still necessary to
clarify the lineage of the cells.

In normal placentation, cytotrophoblastic cells are
responsible for the invasion of the endometrium for a
successful implantation with the help of proteolytic
enzymes (Strickland and Richards, 1992). The presence
of cyto-trophoblastic-like cells, which for unknown
reasons did not regress or degenerate but continued to
invade the deep glandular layer or even the
myometrium, could account for the characteristic
hemorrhage present in SIPS. This hemorrhage is
considered to be a conse-quence of an occlusion failure
in the vessels in the exposed placental bed, damaged by
the cytotropho-blastic-like cells (Al Bassam et al., 1981;
Castellano et al., 1982).

Intermediate filaments (IF) are a group of cyto-
skeletal differentiation-related proteins detected in
virtually all eukaryotic cells. Most mesenchymal cells
contain vimentin as the main IF-forming protein. On the
contrary, epithelial cells have a complicated IF system
consisting of cytokeratins (Anderton, 1981; Ramaekers
et al., 1986; Alberts et al., 1994).

Lectins, plant-derived proteins which bind
specifically but non-immunologically to saccharides,
have been used to define the types and distribution of
glycoconjugates on normal embryonic and adult cells
(Laitinen et al., 1987). They have also been applied to
study alterations in cell growth and differentiation in
metaplastic and neoplastic conditions (Hsu and Ree,
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1983).

The purpose of the present study was to characterise
cytotrophoblastic-like cells present in SIPS, examining
the expression of intermediate filament proteins for a
better understanding of the pathogenesis of this entity.
Through the demonstration of lectin binding on tissue
sections, we aimed to study the carbohydrate moieties on
the cell surfaces and cytoplasms of cytotrophoblastic-
like cells in SIPS.

Materials and methods
Tissue samples

Six abnormal involutioned uterine horns were
examined 6 weeks postpartum. Normal uterine horns,
obtained by histerectomy after 55 days of pregnancy,
were used as control samples.

Tissues were fixed in neutral 10% formaldehyde,
dehydrated in graded alcohols, and embedded in
paraffin. Representative 5 um sections were stained with
haematoxylin and eosin for histopathological diagnosis.
The PAS technique was used to detect deposition of
glycogen and the Van Giesson's technique to detect
collagen tissue.

Paraffin-embedded sections mounted on slides
coated with Poly-L-lysine (Sigma Diagnostics, St.Louis,
MO, USA) were deparaffinized with xylene, incubated
with 0.03% methanolic hydrogen peroxide for 30
minutes at room temperature to inhibit endogenous
peroxidase activity, passed through graded alcohols, and
rinsed three times in deionized water and phosphate-
buffered saline.

Immunohistochemical staining

The following commercial antibodies were used:
polyclonal rabbit anti-cow pancytokeratins (1:300),
monoclonal anti-swine desmin clone DE-R-11 (1:100)
and monoclonal anti swine vimentin clone V9 (pre-
diluted) (Dako Lab, Inc, Ca, USA). The ABC method
was applied according to the manufacturer's instructions
(Vector Laboratories Inc, Ca, USA). The horseradish
peroxidase was activated by incubation during 4-10
minutes with a buffered Tris-HCI solution (0.05M,

pH 7.6) containing 0.02% 3,3'-diamino-benzidine
tetrahydrochloride (DAB) and 0.05% H,0,.

Positively-stained cells were demonstrated by the
dark golden brown DAB-H,0, reaction product.

Lectinhistochemical analysis

Lectinhistochemistry was conducted as previously
described (Gimeno et al., 1995). Paraffin sections were
deparaffinized with xylene and endogenous peroxidase
was quenched. They were then hydrated, washed in
phosphate-buffered saline, and incubated with
biotinylated lectins for 1 hour, followed by incubation
using the avidin-biotin-complex (ABC) technique
(Vector Laboratories Inc, CA, USA). The horseradish
peroxidase was activated as described in the previous
section. All the preparations were counterstained with
Meyer's haematoxylin.

Table 1 lists the seven lectins (Vector Laboratories
Inc, USA) used in this study as well as their acronyms,
their concentration and their major sugar specificities
(Goldstein and Hayes, 1978).

Image processing and analysis

Histological images were captured from a micro-
scope (Olympus BX50 system microscope, Tokyo,
Japan) with an objective magnification of x40, through a
video camera (Sony DXC 151A CCD color video
camera, Tokyo, Japan) attached and digitized in a 24-bits
true color TIFF format (PC Pentium 120 MHz, 32Mb
RAM, SNAPplus desktop video adapter [Cardinal
Technologies, Inc., Lancaster, PA, USA], software:
Image-Pro Plus for Windows v3.0 [Media Cybernetics,
Silver Spring, MA, USA]). The grid matrix of each
image had a yield of 0.32 um/pixel. The background
correction operation was performed on each image in
order to meaningfully compare the optical density (OD)
of the different slides. To separate the immunostain
(brown stain) from the hematoxylin stain (blue stain) the
cube based method of the Color Segmentation operation
was applied. The brownish stain was selected with a
sensitivity of 4 (maximum 5). A mask was then applied
in order to make the separation of colours permanent.
The images were then transformed to an 8 bit gray scale

Table 1. Lectins used for identifying carbohydrate residues in paraffin-embedded tissue sections.

LECTIN ACRONYM CONCENTRATION (ul/ml) SPECIFICITY ab

Ulex europaeus agglutinin-| UEA-I 30 a-L-Fuc

Arachis hypogaea agglutinin PNA 10 B-D-Gal (B1->3) D-GalNAc
Ricinus communis agglutinin-| RCA-I 30 B-Gal

Glycine maxi agglutinin SBA 30 a -D-GalNAc; B-D-GalNAc
Dolichos biflorus agglutinin DBA 30 a -D-GalNAc

Triticum vulgaris agglutinin WGA 30 3-D-GlcNAc; NeuNAc
Canavalia ensiformis agglutinin Con A 30 a -D-Man; a -D-Glc

a: Goldstein and Hayes (1978). b: Fuc, fucose; Gal, galactose; GalNAc, N-acetylgalactosamine; Glc, glucose; GIcNAc, N-acetylglucosamine;

Man, mannose; NeuNAc, acetyl neuraminic acid (sialic acid).
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TIFF format. After spatial and intensity of light
calibration of the images, the immunohistochemically
stained area and the optical density (OD) of the labelled
reaction defined by the antigen-antibody complex (Wells
et al., 1993) was obtained. Values registered from the
histograms obtained from at least 25 images of each
slide were exported to a spreadsheet in order to perform
the statistical analysis.

Table 2. Nuclear and total surface of normal cytotrophoblastic and
cytotrophoblastic-like cells.

NUCLEAR SURFACE  TOTAL SURFACE

Cytotrophoblastic-like cells 56.9+13.2 298.2+30.8
Cytotrophoblastic cells 51.7+7.0 276.9+27.1
Significance N/S N/S

N/S: non significant. Numbers are expressed in um?2,

Statistical analysis

The analysis of variance was used to evaluate
differences between experimental groups. Tuckey's
method (Zar, 1984) was used as a post hoc test.
Significant differences between the selected retrieval
methods were defined as those with an error probability
<0.05. Highly significant differences were defined as
those with a P value <0.01.

Results

Figure 1 shows the immunohistochemical and
lectinhistochemical staining of cytotrophoblastic and
cytotrophoblastic-like cells.

Morphometric analysis showed that there had been
non-statistically significant differences between the
mean nuclear surface and between total surface of the

Table 3. Percentage of immunohistochemically-stained area of cytotrophoblastic cells in control cases and cytotrophoblastic-like cells in SIPS.

CYTOTROPHOBLASTIC CELLS CYTOTROPHOBLASTIC-LIKE CELLS SIGNIFICANCE®2
Pancytokeratin 59.43+13.00 42.86x8.19 N/S
Vimentin 1.80+0.30 2.30+0.40 N/S
Desmin 2.80+0.50 3.10+0.90 N/S

a: Significance between cytotrophoblastic and cytotrophoblastic-like cells. Numbers express the percentage of immunohistochemical stained area of the

whole cell + SD.

Fig. 1. Immunohistochemical and lectinhistochemical staining of cytotrophoblastic and cytotrophoblastic-like cells. a. Normal placental labyrinth.
Cytotrophoblastic cells positive to antipancytokeratin antibodies (arrows). b. Cytotrophoblastic-like cells positive to antipancytokeratin antibodies in
SIPS (arrows). c. Binding of PNA lectin to cytotrophoblastic celis in normal placenta (arrows). d. PNA lectin binding to cytotrophoblastic-like cells in
SIPS (arrows). x 100
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cytotrophoblastic cells in normal placenta and cyto-
trophoblastic-like cells in SIPS (Table 2).

Table 3 shows the pancytokeratin, vimentin and
desmin immunohistochemical staining percentage of
normal cytotrophoblastic cells and cytotrophoblastic-like
cells. Non-significant differences were observed
between the three types of IF of both cells. On the
contrary, highly significant differences were observed
between the anti-cytokeratin staining and the other two
IF in both types of cells.

Table 4 expresses the percentage of lectinimmuno-
stained area in cytotrophoblastic and cytotrophoblastic-
like cells of the seven different lectins used in this study,
as well as its statistical significance. PNA and WGA
lectins evidence significant differences between both
cells, the stronger staining corresponding to the cyto-
trophoblastic-like cells. The differences between the
other lectins were not significant.

Discussion

Placenta in carnivores is zonal, belt-like, and endo-
theliocorial, from the point of view of Strahl's
classification, and Grosser's histological classification,
respectively (Michel, 1968; Bjorkman, 1970).

According to the morphology of its chorionic villi,
the placenta of the bitch is considered labyrinthic, where
the following areas can be defined: a) the chorioalantoic
membrane; b) the labyrinth, with chorionic villi
contacting maternal blood vessels; ¢) the spongy zone,
which represents the fetal-maternal separation area
during partum (this region corresponds to the endo-
metrial glands, maternal blood vessels and terminal
segments of the chorionic villi); d) the supraglandular
layer, formed by connective tissue; and e) the deep
glandular layer.

The placental labyrinth is built of three kind of cells:
cytotrophoblastic cells and syncytiotrophoblastic cells of
fetal origin, and decidual cells of maternal origin
(Anderson, 1969). Syncytiotrophoblastic cells are multi-
nucleated cells with dense nuclei, and have dense rough
endoplasmic reticulum and Golgi vesicles and sacs. The
differences between the other two cell types are mild
when observed with light microscopy. The nucleus of
the cytotrophoblastic cell is prominent, round or oval
and the chromatin is quite homogeneously distributed,
the cytoplasm contains few profiles of endoplasmic
reticulum while Golgi is rarely found .

Decidual cells have extensive rough endoplasmic

reticulum. The remaining features are similar to those of
the cytotrophoblastic cells when observed with light
microscopy.

Although the existence of decidual cells in the bitch
is under discussion, they were recognized with the help
of the electron microscope (Anderson, 1969; Barrau et
al., 1976). It is thought that decidual cells may prevent
trophoblastic invasion (Barrau et al., 1976; Al Bassam et
al., 1981) through the secretion of transforming growth
factor B (TGFB) (Strickland and Richards, 1992). This
peptide demonstrated the capacity of inhibiting
proliferation of trophoblasts, in vitro (Graham and Lala,
1992; Vicévac and Aplin, 1996).

In the last decades immunohistochemical and lectin-
histochemical techniques have been used to characterise
cells in the placenta of different species. The use of some
specific trophoblastic markers such as chorionic gonado-
trophin and placental lactogen, were not suitable for
detecting trophoblastic cells in the bitch (EI Etreby,
1975). Apparently, other cell markers like intermediate
filaments have not been tested in the bitch, although
there is abundant information in human, primate and
mouse placentas (Khong et al., 1986, Blankenship et al.,
1993; Blankenship and King, 1993).

Regarding cytotrophoblastic-like cells, our present
data indicate the expression of cytokeratins and lack of
expression of vimentin and desmin. Not only is the
expression of cytokeratins in these cells coincident with
the results in the normal control samples, but also in
different types of trophoblastic cells present in baboon
(Pijnenborg et al., 1996), macaque (Blankenship et al.,
1992; Blankenship and King, 1993), and human
placentas (Khong et al., 1986). The previous
observations would confirm the fetal origin of the cyto-
trophoblastic-like cells in SIPS.

Some cells observed in our work, which have similar
morphological and immunohistochemical characteristics
to cytotrophoblastic cells, invade the endometrium blood
vessel walls. Therefore, it is also possible to suggest a
trophoblastic origin of these cells. This is in accordance
with the observations of the endovascular trophoblastic
cells present in higher primates. Nevertheless, the
trophoblastic-like cells do not reach the lumen of the
blood vessels in the bitch as occurs in primates (King
and Blankenship, 1993, 1994a,b; Enders et al., 1996).

Syncytial trophoblastic-like cell groups in the
miometrium of SIPS showed a slight immunoreactivity
for cytokeratins, making it impossible to assert their
trophoblastic origin.

Table 4. Comparison between lectinhistochemical binding of cytotrophoblastic and cytotrophoblastic-like cells.

Con A DBA RCA SBA UEA WGA
Cytotrophoblastic-like cells. 36.3+3.0 28.2+1.8 59.1+5.2 25.0+3.6 29.4+2.3 34.6+2.6 42.1+4.2
Cytotrophoblastic cells. 38.8+2.5 22.4+3.0 30.2+3.1 38.1£1.5 48.8+4.7 27.7+1.7 31.4£2.3
Significance N/S N/S N/S N/S N/S *

N/S: non significant; *: significant. Numbers express the percentage of lectinhistochemical-stained area of the whole cell + SD.
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The assumption of the trophoblastic origin of the
cells present in SIPS is also confirmed by the
quantitative data obtained from the morphometrical
analysis of the nuclear and total surface of the cells,
which resembled those found in the cytotrophoblastic
cells in the normal pregnant bitch.

The establishment and sustained contact between
trophoblastic cells and endometrial cells are essential for
pregnancy in species with endotheliocorial placentation.
These processes are likely to involve glycosylated
membrane proteins, since most cell-cell adhesion occurs
through carbohydrate molecules (Brandley and Schnaar,
1986). Cell adhesion molecules play a major role
in embryogenesis (Edelman, 1986) including the
attachment of the trophoblast to the endometrium (Richa
et al., 1985). The rich carbohydrate content of cell
adhesion molecules permits their general localisation
within tissues by lectin binding. The demonstration of
lectin binding on tissue sections involves techniques
which are currently attracting the attention of many
pathologists. The avidity for lectin binding is determined
by the density and conformational arrangement of
glycoconjugates (Spicer and Schulte, 1982).

The lectin binding profile of SIPS shown in this
work coincides with that of normal cytotrophoblastic
cells in the pregnant bitch except for the significant
differences in the WGA and PNA staining. Sometimes,
pathological conditions show alterations in the
membrane carbohydrate features and consequently in
their lectin binding patterns (Gabius and Gabius, 1991).

In summary, based on the results obtained so far, we
suggest the trophoblastic origin of the cells found in
bitches with SIPS. This is supported by the morpho-
metrical analysis and the IF expression.
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