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ABSTRACT

Background: Endometrosis is a multifactorial disease and one of the main causes of infertility in mares, its etiology
and pathogenesis are not completely understood. It is defined as peri glandular and/or stromal endometrial fibrosis with
glandular alterations. Due to the few clinical symptoms, besides anamnesis and fertility data, endometrosis requires his-
tological confirmation. The histo-morphology and immune histochemical characteristics of the endometrium vary among
individuals according to the disease progression. The aim of this research was to combine histology with new immune and
histochemical tools for a more precise detection of fibrotic changes of mares with endometrosis.

Materials, Methods & Results: The endometrium of forty thoroughbred mares aged 5-18 years, that did not become preg-
nant during the last two breeding seasons in a Chilean commercial equine breeding center were biopsied. Samples were
subjected to conventional histopathology with hematoxylin-eosin as well as to specific histological staining using specific
techniques such as Alcian blue and Masson Fontana, aimed to ascertain what types of mucopolysaccharides were present
in those samples. In order to have a deeper picture of the progression of the pathology, immune histochemical methods for
the detection of vimentin, cytokeratin, progesterone receptor and lymphocyte marker CD3 were used. Finally in order to
detect fibrillar collagen we used second harmonic generation (SHG) technique with detects fibrillar collagen without stain-
ing, due to intrinsic hyperpolarization ability of this type of collagen, which can be detected by atomic force microscopy. As
a result of our research samples were categorized according to the scale of Keeney and Doig into categories I, IIa, IIb and
III (45, 42, 7.5 and 5% respectively). These samples also were characterized by the methods listed earlier and a result we
found specific staining in 15 samples coming from higher endometrial damage using Masson-Fontana, while acid staining
indicative of acid mucopolysaccharides were detected in 97% of the samples. At immunostaining, we found cytokeratin
and vimentin differentially expressed as a function of the degree of the lesions. Cytokeratin was detected in glands from
healthy mares, but it was almost absent as the injury was increased. Vimentin in turn, was detected in 26 samples with
different degree of intensity. In nine animals, vimentin expression was anomalous, and the marker was detected in fibrotic
foci concentrically surrounding glands in biopsies of grade I and ITA only. Although progesterone receptor was detected,
there was no correlation with endometrosis. Finally, the lymphocyte T specific CD3 marker was positive in 100% of cases
analyzed in which moderate lymphocytic infiltration was found by hematoxylin-eosin; however no staining could be
detected in mares with more advanced endometrosis. By combining immunofluorescence with the detection of second
harmonic it was possible to detect in the same sample two proteins and collagen deposition at the same time, this had not
been reported earlier for endometrosis and mares.

Discussion: Our results suggest that the combination of the different methods mentioned is useful for validation and further
characterization of the routine hematoxylin-eosin, and can be used as a complementary tool for the diagnosis. Of value, it
was possible to combine immunofluorescence with SHG in a single sample in sifu.
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INTRODUCTION

Endometrosis is a uterine fibrosis with glan-
dular alterations [21,25,40] and infiltration of im-
mune cells [7] seriously compromising endometrial
glands [15,19,23] and causing infertility in mares
[43]. In endometrosis, fibroblasts are converted to
myofibroblast by smooth muscle actin [24,27]. Of
importance to endometrosis is deposition of collagen
1[4,13]. If myofibroblasts are not degraded, fibrosis
progresses, collagen is not eliminated, resulting in
endometrosis [29]. Biopsy score is the gold standard
for evaluating endometrial tissue health [8,18,20].
There are 4 categories of endometrosis: being I the
normal and III the severe damaged endometrium. Ila
and b stand for intermediate damages [20,38]. Im-
mune detection of steroid receptors, [23] cytokeratin,
vimentin [1,10,26] and fibrillar collagen (FC) may
be of help in diagnostic. FC is able of hyperpolariza-
tion leading to second harmonic generation proper-
ties (SGH) [11] a laser-dependent process based on
nonlinear excitation measurable with multiphoton
microscopy [41]. This provides a great tool for
imaging tissue structure with submicron resolution
of thick specimens [6,41,44]. It has been used to
document collagen fibers in different fibrosis and
connective tissue disorders [4]. The aim of this re-
search was to combine histology with new immune
and histochemical tools for a more precise detection
of fibrotic changes of mares with endometrosis. Of
particular interest was the use of vimentin and estro-
gen receptor as markers of progression of the disease
and the use of SGH properties of fibrillar collagen
to a more robust classification of endometrosis in
barred mares by analyzing a single biopsy sample.

MATERIALS AND METHODS

Animals and biopsies

Forty Thoroughbred English blood race
mares, 8 to 15 years old, in different stages of the
estrous cycle, belonging to a Chilean commercial
equine breeding center in the city of Los Angeles,
VIII region Bio-Bio, Chile were biopsied. All mares
had a record of at least two years in a raw of non-
pregnancy in spite of scheduled mating with proven
stallions. Endometrial biopsy samples were collected
from all 40 mares. A punch of approximately 1 cm
x 0.5 cm, was taken from the uterus of mares, using

biopsy forceps from binding site between the body
and the right horn. All mares were examined by
vaginoscopy and ultrasonography to detect the state
of the estrus cycle and the absence of concomitant
cysts or infections.

Histology

The biopsies were fixed in 10% buffered
formalin, embedded in paraffin (FFPE), sectioned at
4 um and stained with hematoxylin-eosin (H-E) and
analyzed by light microscopy. The pathological altera-
tions of the endometrium were graded according to the
system of Kenney and Doig [20,35].

Histochemistry

Alcian blue staining at pH 2.5 was used for
the detection of acid mucopolysaccharides. Masson’s
trichrome stain (MTS) was used to characterize and
identify collagen deposits in the glands and the stromal
tissue. (MTS was performed according to Army Forces
Institute Pathology, AFIP).

Immunohistochemistry

Tissue sections were mounted on Epic plus
slides'. The paraffin wax sections were rehydrated
and endogenous peroxidase activity was inhibited by
3% H,0, in methanol for 30 min. The antibodies used
were diluted in Diamond antibody diluent?. Antibodies
and dilutions used were: vimentin, monoclonal mouse
clone V9 (cat No. M0725)* 1:200, cytokeratin mono-
clonal mouse clones AE1/AE3 (cat No. M3515)31:200,
CD3; polyclonal rabbit (cat No. A04523), progesterone
receptor; monoclonal rabbit clone Y85 (cat No. 323R-
17)? ready to use, estrogen receptor; monoclonal rab-
bit clone SP1(cat No. 249R-18)* ready to use. When
appropriate, pretreatments for antigen retrieval were
applied with EDTA pH 8.0 at 95°-100°C for 10 min.
The antibodies were incubated at 4°C overnight. The
Labelled Streptavidin-Biotin Horseradish Peroxidase
System 2, (LSAB2 System, HRP)? was used for imu-
nohistochemestry. After each step, sections were rinsed
thoroughly with PBS. The slides were developed in
diaminobenzinetetrahydrochloride (DAB ImmPact)*.
The sections were counterstained with hematoxylin,
then cleared and mounted.

Immunofluorescence
Second Harmonic Generation was used to

visualize the collagen fibers, for this the samples were
analyzed with a pulsed laser in a confocal microscope
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LSM700°. Images were acquired and treated with the
built-in processing software. Briefly, the 4 um samples
from FFPE were dewaxed, hydrated and incubated in
1% PBS-Tween-202 for 20 min at room temperature.
Then, protein blocking was performed with 3% normal
horse serum, by incubating overnight at 4°C, with the
following mixtures of antibodies: anti-Cytokeratin®
(1:200 rabbit) and anti-Vimentin® (1:200 mouse). On
the second day samples were washed thoroughly and
then incubated with secondary Alexa Fluor 4881 anti
rabbit (1:200) and Alexa Fluor 5941 anti mouse (1:200)
in the same reaction, for one h at room temperature
in the dark. Then the samples were washed in PBS,
and mounted with prolong gold antifade reagent with
DAPI® aqueous mounting medium. Immunofluores-
cence with the antibodies listed above was performed
on the same samples at the same time.

Statistical analysis

All associations analyses were performed
with Spearman correlation test using Infostat’ Cor-
relations analyzed were: H&E, Masson Fontana and
vimentin expression and P4R expression and degree
of endometrosis.

RESULTS

Histology

Processed samples from FFPE were catego-
rized according to literature [20,35]. Representative
microphotographs (H&E) are shown in Figure 1 a, f,
k and p. The distribution of the grading was: 45, 42,
7.5 and 5% for grades I, ITA, IIB and III respectively
(Table 1).

Histochemistry

In the Masson-Fontana trichrome assay (Fig-
ure 1 b, g, | and q) positive staining was detected in
15 samples, which had higher endometrial damage.
In the samples stained with Alcian Blue, acid muco-
polysaccharides were detected in 97% of the cases
analyzed, located mainly in luminal epithelium and
superficial glands. In eight samples (20%) acid mucin
was detected in deep areas what is considered abnormal
(Figure 1 ¢, h, m and r).

Immunohistochemistry

Vimentin: The expression of vimentin was de-
tected in 26 samples with different degree of intensity.

In nine animals, vimentin expression was anomalous,
and the marker was detected in fibrotic foci concentri-
cally surrounding glands in biopsies of grade [ and ITA
only (Figure 1 d, i, n and s).

Cytokeratin: this epithelial marker was ex-
pressed differently according to the grade of endome-
trosis, being stronger in glands from healthy mares,
and almost absent as the injury was increased (Figure
le,j,oandt).

Progesterone receptor (P4r): the expression
of the P4r marker, was found with greater intensity
and frequency in the nucleus of glands and in some
stromal cells of the endometrium of mares in luteal
phase compared to those from the follicular phase
(Figure 2). No correlation with endometrosis was
detected.

CD3: The lymphocyte T specific CD3 marker
was positive in 100% of cases analyzed in which
moderate lymphocytic infiltration was found by
hematoxylin-eosin. This infiltrate however was not
found in mares with advanced endometrosis (Figure 3).

Inmunofluorescence and SHG

By combining immunofluorescence with the
detection of second harmonic it was possible to detect
in the same sample two proteins and collagen deposi-
tion at the same time (Figure 4).

Statistical analysis

We studied if there were associations between
the three tests used for the detection of endometrial
fibrosis using Spearman correlation test. No correla-
tion was found between vimentin expression and the
degree of endometrosis according to the Keneey and
Doig’s scale. Vimentin expression was detected also
in biopsies with absent or mild fibrosis as detected by
the hematoxylin and eosin test. There was a correlation
between the Masson Fontana stain and H&E scoring
(P=0.02).

Vimentin expression and detection did not
correlate with the degree of endometrosis, since it
was detected mainly in biopsies from grade I and Ila
individuals. Expression of progesterone receptor
did not have a statistically significant correlation in
relation to the endometrial grade in any area of the
sample (glandular epithelium, luminal epithelium and
stroma). Also expression of P4R, did not correlate
with the expression of vimentin, age of the mares or
number of fowling.
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Table 1. Grading of endometrial biopsies™* and its relation with age and number of pregnancies of mares and the respective histological techniques used.

N° o . Degenerative . . . Masson .
Category mares Age (years) N° pregnancies changes Vimentin Cytokeratin fontana Alcian blue
1 18 11.1 £3.9 4.6+2.7 Absent - +++ +/- Absent
IV 18 11+£3.7 44+27 Medium +/- +++ + Absent
1B 3 10.3+39 4127 Moderate +/++ ++ ++ Present
I 1 14 0 Severe +++ +/- +++ Present
* According to Keneey and Doig [20].
Hematoxylin eosin Alcian blue Masson fontana Vimentin Cytokeratin
T
Grade [
» Grade [TA
Grade 11B
y Grade III

Figure 1. Representative histological sections of biopsies of mares, processed with different histological techniques. H&E; well-distributed and orga-
nized glands in grade I (a; arrow) and IIA (f), a slight formation of cysts in the glands is pointed by an arrow in (f). In IIB formation of glandular nests
encysting of the glands (arrows in k) with an evident loss of the endometrial architecture. Total loss of the normal architecture of the endometrium can
be appreciated in the degree III (p), with evident formation of glandular nests and glandular cysts. In the Alcian Blue stain, a normal architecture can be
seen in b (grade I), without the presence of mucopolysaccharides, in the degree ITA (g) the architecture is maintained but mucopolysaccharide deposit
is present (arrow). In grade IIB, such deposits are more abundant (1) and are spread all over the sample in grade III (q). In the Masson Fontana stain
(c, h, m, r), the accumulation of collagen, is detected in the samples with grade ITA (h), and its increased in the more damaged endometria of m and r.
Immunohistochemistry for vimentin (d, i, n, s), and cytokeratin (e, j, o, t). A gradual accumulation of collagen from grade IIA to grade III is appreci-
ated together with the increase in the degree of endometrosis, while cytokeratin expression decreases (arrows). [Magnification of 100x for all images].
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Figure 2. Imnmunostaining of progesterone receptor expression. a) Intense immunostaining in nucleus of glands, as well in stroma of grade I mare sample.
b) Immunostaining is observed in some glands of grade III mare samples. [Magnification of 200x for all images].

Figure 3. Immunohistochemical staining for detection of CD3 antigen. Distribution of T lymphocyte cells in biopsies with different grade pathological
(aIIb ,b I). [Magnification of 400x for all images].

Figure 4. Spectral microscopy images of second harmonic generation; a) Mare biopsy grade I, b) mare biopsy Grade IIB, ¢) and mare biopsy grade
III. Green: cytokeratin; red: vimentin; white: excited collagen fibers with polarized light and blue: nuclear staining with DAPI. [Magnification of 250x
for all images].
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DISCUSSION

As of today, histopathological analysis is the
most specific test to detect endometrosis and other dis-
orders responsible for huge losses in reproduction and
equine breeding. Subclinical endometrosis represents
a great diagnostic challenge and is one of the most im-
portant reasons for subfertility in mares. This disease,
together with endometritis of infectious origin and the
associated inflammatory and degenerative changes, are
the most important triggering factors that generate a
marked impact on the fertility of mares [1,5,30,31].

In this study, endometrial biopsies were
obtained from 40 Thoroughbred English blood race
mares, with a history of subfertility of at least two years
and which did not become pregnant in the previous
season. In addition to traditional laboratory diagnosis
based on routine histology, biopsies were also subject-
ed to immunohistochemical tests and special staining
as a possible diagnostic complement of subfertility.
The histopathological evaluation by hematoxylin and
eosin staining is considered the reference standard for
the diagnosis of endometritis, degenerative changes
and other endometrial alterations [30].

In the routine H&E staining the distribution of
the grading was: 45, 42, 7.5 and 5% respectively for
grades I, I1a, IIb and III respectively. This denotes that
most of the sampled animals did not present severe
histological alterations. Others reported in previous
studies [33,43] a significant association between the
degree of endometrosis and the age of the mare. This
was not the case in the current study.

Acid mucopolysaccharides were detected in
97% of the cases analyzed, located mainly in luminal
epithelium and superficial glands, which according to
Walter [39] is considered normal. However, this study
corroborates the findings of Hoffmann [16] since ac-
cumulations of acid mucin were also associated with
deep glandular nests with the presence of glandular
dilation. In contrast to reported in the literature [16] in
the present study this phenomenon could not be related
to fibrosis and endometrosis.

In women, the presence of acid mucin is
indicative of adenocarcinomatosis and other severe
pathologies. The analysis of acidic mucopolysaccha-
rides is still very scarce in the equine endometrium,
but it is logical to think that it could affect the uterine
microenvironment and with that a future pregnancy [7].
Therefore future investigations are needed to elucidate

their true implications in fertility. Alterations in the pH
must receive an adequate treatment, and as a diagnostic
method Alcian blue pH 2.5 staining could be imple-
mented in practice in conjunction with hematoxylin
and eosin staining.

Masson-Fontana trichrome staining allowed
for the detection of fibrosis in the samples tested,
this is in agreement with others [2] who detected an
increase in fibrosis in stromal tissue using the same
technique. In our case, this increase can be attributed to
the specificity of Masson’s stain to collagen, which can
give false positives in the detection of fibrosis. From
the results discussed it is proposed that the use of said
staining in endometrial biopsies is not of significant
benefit, being the staining of hematoxylin and eosin
more accurate in the diagnosis of incidence and severity
of endometrial fibrosis.

While widely used in human clinic, immuno-
histochemistry is not a common tool in the diagnostic
of endometrial diseases in horses. Here we detected that
the intermediate filament marker vimentin correlated
with hematoxylin and eosin staining in the samples of
animals with endometrosis (grades IIb and III), thus it
can be of value for fibrosis detection; however expres-
sion was found also in samples graded as I and IIA.
The expression of vimentin is indicative of the presence
of fibroblasts, which may or may not be producing
collagen, so finding a marked presence of fibroblasts
in a histologically healthy endometrium could mean
a potential early marker of fibrosis, which would be
a tool for much importance in the equine industry. In
recent years vimentin has gained much importance as
a marker of the “epithelial-mesenchymal transition”
(EMT), which is associated with a series of tumorigenic
events [12,22,34].

As for the receptors to steroidal hormones,
their absence or decrease can cause alterations in the
function of the endometrial glands. In human gynecol-
ogy these disturbances are a proven cause of infertility
[24,35]. In the present study it was not possible to
establish correlations between the expression of the
progesterone receptor and the endometrial pathologies,
nor with the age of the mares or number of previous
fowling. One possible reason is that in all, only five
animals had severe endometrosis (grades IIb and III).
Here we did not analyze the expression of the estrogen
receptor. Our results do not coincide with what was
reported by Hoffmann et al. [14] who showed a con-
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siderable decrease in the expression of estrogen and
progesterone receptors in endometrium affected by
fibrosis. Again the limited amount of severe damaged
samples might impinge upon the comparison.

On the other hand, the association between
lymphocytic infiltrations and the presence of fibro-
sis has been described by different authors [8,9,20].
We used immunohistochemistry for the labeling of
lymphocytes, by the cytoplasmic protein CD3 in the
endometrial biopsies, this is not commonly found in
literature dealing with mare endometrosis. These find-
ings are indicative of chronic inflammation. There was
a complete coincidence between the finding of CD3+
samples with detection of lymphocyte infiltration in the
same biopsies as judged by H&E staining. The latter
technique is much more available and affordable, but
definitively more subjective than that of an immuno-
marker. We suggest that CD3 staining might be used
as a confirmatory method.

Vimentin staining could be used as a predictive
marker or as a predisposition of the mare to develop
a fibrosis, since its presence was detected in healthier
endometria, but not in endometria with more intense
(grade IIb) or severe (grade III) endometrosis. Con-
versely, cytokeratin can be of help for the demonstra-
tion of functionality of the glands.

In an effort to make the best use of a biopsy
sample, we set out to obtain the largest amount of in-
formation in a single sample using histological tools.
Is known that the amount of collagen deposited of
fibroblast contribute to the formation of a permanent
fibrotic scar [42], therefore a technique that allows
to evaluate collagen deposits, and that can also be
combined with other techniques to identify different
associated markers, is necessary.

The collagen molecules organize naturally in
fibers on the scale of the wavelength of light and lack
inversion symmetry, thus allowing for the process of
second harmonic generation (SHG) when exposed to
incident light [32].

CONCLUSIONS

We combined immunohistochemistry staining
for vimentin and cytokeratin with second harmonic
generation for detection of collagen and with nuclear
staining. The overall result allowed for a more detailed
detection of collagen fibers and said proteins as a func-
tion of the degree of endometrosis. To our knowledge
this had not been reported previously for endometrosis
of mares.
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