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Summary: The mare endometrium is a highly regenerative tissue that undergoes remodelling events during physiological events like end-
ometrial regeneration, uterine involution, and parturition. In addition, the equine endometrium presents the particularity of developing
fibrosis (collagen deposition) in the stroma, leading to endometrosis, responsible for early embryo loss. Endometrosis pathogenesis is not
fully understood. Since reservoirs of somatic stem cells (SSC) are present in adult tissues capable of constant mature cell production or post
injury regeneration, we evaluated the presence of cells positive for undifferentiated markers (Oct-4, Sox-2) in mare endometria. Both mar-
kers were expressed in differentiated glandular epithelial cells and stroma cells, in the presence or absence of endometrosis, in the different
phases of the estrous cycle. The ability of equine neutrophils (PMN) to form neutrophils extracellular traps (NETs) might be a mechanism
to kill some bacteria responsible for mare endometritis. Nevertheless, NETs proteins myeloperoxidase, elastase, and cathepsin G might also
contribute for fibrosis establishment in the mare endometrium. Besides, NETs components and cytokine CTGF are involved in TGFb1 and
TIMP-1 production and up regulate the transcription of genes related with pathological collagen proteins deposition characteristic of fibrosis
and likely related with TGFb1 fibrogenic action. Understanding the complexity of cytokines, NETs and SSC driven mechanisms of fibrosis
in mare endometrium is important to unravel endometrosis pathogenesis.
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Introduction

Throughout the estrous cycle and post-partum uterine involu-
tion, a coordinated vascular and non-vascular growth and
regression of the mare endometrium take place (Roberto da
Costa et al. 2007a,b, Agrícola et al. 2010). Some of the
remodeling events that occur naturally during endometrial
regeneration and post-partum uterine involution, are mostly
under steroid hormones influence (Agrícola et al. 2010, Fer-
reira-Dias et al. 2001). The well developed regenerative
capacities of the equine endometrium, can be related to cell
proliferation, caspase-3 mediated apoptosis, and cytokines
actions that happen differently throughout the estrous cycle
(Roberto da Costa et al. 2007b, Galvão et al., 2012). In fact,
the coordinated action of ovarian hormones and cytokines,
such as tumour necrosis factor (TNF)-a, Fas Ligand (FasL)
and interferon b (IFN)-b� may regulate secretory, proliferative
and angiogenic functions in mare endometrium (Galvão et
al. 2012). These processes of endometrium regeneration are
similar to the ones that happen during tissue damage and
repair in other organs after injury or associated to numerous
pathologies (Salamonsen 2003). In fact, the mare endome-
trium, in response to bacteria or to non-infectious stimuli,
such as semen that reaches the uterus at breeding, has the
particularity of developing fibrosis (collagen deposition) in the
stroma, leading to endometrosis (Kenney 1992, Hoffmann et
al. 2009). This degenerative chronic condition is defined as
an active or inactive fibrosis process that develops around the
endometrial glands and/or in the stroma, often associated
with pathological alterations in the endometrial glands within

fibrotic foci (Hoffmann et al. 2009). Also, within the fibrotic
areas, an estrous cycle asynchronous uterine protein (utero-
globin, uterocalin, calbindin, uteroferrin) expression pattern,
with signs of endometrial maldifferentiation, has been descri-
bed (Lehmann et al. 2011). Besides, fibrotic stromal cells
depict a reduced expression of estradiol and progesterone
receptors in comparison to healthy endometrium (Hoffmann
et al. 2009). We have shown that in the course of endome-
trosis, significant changes in mRNA transcription of prosta-
glandin (PG) synthases and PG production in mare endome-
trium could lead to estrous cycle disorders and early embryo
loss (Szóstek et al. 2012). Besides, alterations in the expres-
sion of interleukins (IL)-a, IL-b, IL-6 and their receptors, and
in endometrial secretory function may be responsible for a
deleterious effect on uterine microenvironment and subse-
quent sub-fertility or infertility in endometrosis (Szóstek et al.
2013). Thus, it appears that affected areas of endometrosis
become independent of control mechanisms acquiring speci-
fic differentiation dynamics (Lehmann et al. 2011). As a
result, endometrosis renders the endometrium incapable of
adequate function, crucial for survival of the young embryo,
leading ultimately to early pregnancy loss. In fact, this patho-
logic condition has been considered as the main cause of
infertility in the mare. 

Somatic Stem Cells

Many facets of the pathophysiology of fibrosis formation are
largely unknown. It is not understood why some mares deve-
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lop endometrial fibrosis with aging, parity and recurrent
microbial challenge, while others do not. In human endome-
trium, a putative role of somatic stem cells (SSC) has been
ascribed to the pathophysiology of endometriosis, endometri-
al hyperplasia, cancer and adenomyosis (Cervelló et al.
2011). Reservoirs of SSC are only present in adult tissues
capable of constant mature cell production or post injury
regeneration (Lemischka 2001). Since in women, endometri-
al glands are the residence of epithelial progenitor cells con-
tributing to monthly reepithelialization of the uterine surface
(Kaitu u-Lino et al. 2010), this can also hold true for the
mare. Therefore, we hypothesize that endometrial SSC might
act in dissimilar ways in different mare endometria, different
phases of the estrous cycle. Since reservoirs of somatic stem
cells (SSC) are present in adult tissues capable of constant
mature cell production or post injury regeneration, we evalu-
ated by immunohistochemistry in mare endometria the pre-
sence of cells positive for the markers Oct-4 or POU5F1 and
Sox-2. These are transcription factors involved in self-renewal
or pluripotency of undifferentiated embryonic stem cells. The-
se preliminary data show that Oct-4 was expressed more
strongly in the cytoplasm of differentiated glandular epithelial
cells and more weakly in stroma cells, in contrast to nuclear
staining reported for biological active embryonic undifferenti-
ated cells (Cauffman et al. 2005). Thus, in the mare endome-
trium, as in humans, the presence of Oct-4 protein may not
be sufficient for identifying undifferentiated cell lines (Cauff-
man et al. 2005). In the present experiment, Sox-2 expression
was present not only in the cytoplasm but also in the nucleus
of differentiated glandular epithelial cells, and in a strong
manner in the nucleus of stroma cells. These positive staining
of both markers occurred in the presence or absence of
endometrosis, in the follicular and luteal phases of the estrous
cycle (Fig. 1). Recently, it was shown that mare endometrium
with endometrosis was able to incorporate and widely distri-
bute equine adipose tissue derived mesenchymal stem cells
after uterine inoculation (Mambelli et al., 2013). Homing of
these SSC occurred in the area of fibrosis tissue, uterine glan-
dular epithelium, basal membrane of uterine glands in uteri-
ne horns and body (Mambelli et al. 2013). These findings
may suggest the importance of SSC on the mare endome-
trium and for future treatments of infertility.

Equine Neutrophils extracellular traps and endometro-
sis

Regardless of the cause of endometritis in the mare, the pre-
sence of fluid in the uterine lumen and neutrophils (PMN) in
the endometrium are common findings (Woodward et al.
2012). Soon after mating, the physiologic uterine inflamma-
tion induced by semen and bacteria drives PMN towards the
mare uterus to resolve this condition. Currently, besides the
well known classical role of PMN on bacteria phagocytosis, a
novel paradigm in innate immunity is the ability of PMN to
form neutrophil extracellular traps called NETs (Lögters et al.
2009). This is accomplished by PMN releasing their DNA and
DNA-associated molecule complexes carrying nucleic and
cytoplasmic proteins that trap and kill bacteria at the infection
site (Lögters et al., 2009). This is an active process called
NETosis, and unlike necrosis or apoptosis, it involves antimi-
crobial and proinflammatory responses. Even though NETs
may function as a first line of defense, preventing bacterial
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infection to be spread, they also release molecules that may
contribute to damage within inflamed tissues (Lögters et al.,
2009). Among those, myeloperoxidase, elastase and cathep-
sin G, are proteins with antimicrobial properties (Lögters et al.,
2009). Therefore, we have put forth the hypothesis that NETs
persistence in the course of endometritis might be one of the
causes for collagen fibrosis pathogenesis in the endo-
metrium. In fact, we have shown that in vitro stimulated equine
PMN are able to release NETs (Rebordão et al. 2012) (Fig. 2).
When bacteria causing endometritis in the mare, such as
Streptococcus zooepidemicus, Escherichia coli or Staphylo-
coccus capitis were in contact with horse PMN, all were able

to stimulate NETs release (9). Bacteria Streptococcus zooepi-
demicus and Escherichia coli, which are the main microorga-
nisms responsible for mare endometritis (Wittenbrink et al.
2008), were the ones that induced less NETs in contrast to Sta-
phylococcus capitis that is not a so common endometritis cau-
sing pathogen. Thus, this in vitro study shows that NETs forma-
tion ability by horse PMN might be a mechanism to fight some
microorganisms responsible for mare endometritis.

As a follow up, to better understand NETs role on modulation
of the inflammatory response in the uterus and endometrial
fibrosis pathogenesis, mare endometrium explants were
exposed in vitro to NETs protein components cathepsin G,

Fig. 1 – Representative images of equine endometrium immuno-
stained for the presence of Sox-2 (above; Mag=40x) on the
nucleus and cytoplasm of epithelial glandular cells and stroma; and
Oct-4 (below; Mag=40x) on the cytoplasm of epithelial glandular
cells and stroma. / Repräsentative immunhistologische Bilder aus
dem Stutenendometrium: Oben: Sox-2 nachweisbar im Kern und
Zytoplasma der Uterindrüsenepithelien (Gerätevergrößerung 40x)
Unten: Oct-4 nachweisbar im Zytoplasma der Uterindrüsenepithe-
lien (Gerätevergrößerung 40x)
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elastase and myeloperoxidase (Rebordão et al. 2013a,b).
Due to the capacity of tissue inhibitor of metalloproteinase
(TIMP-1) and transforming growth factor a (TGFa) to modu-
late genes involved in fibrosis formation (Gressner et al.
2007, Zhu et al. 2012), they were used as fibrosis markers
in mare endometrium (Rebordão et al. 2013a,b). As a result,
we have shown that estrous cycle might influence endometrial
fibrosis establishment in the mare. Specifically, in the follicular
phase, when a physiologic influx of PMN occurs in the uterus,
a long term exposure of the endometrium to myeloperoxidase
and elastase raised TIMP-1 (Rebordão et al. 2013a). Howe-
ver, TGFa production was stimulated over time by myeloper-

oxidase (Rebordão et al. 2013a). In the luteal phase, cathep-
sin G up-regulated TIMP and TGFa production between 24
and 72 h (Rebordão et al. 2013a). Prolonged exposure of
mare endometrium to cathepsin G, elastase and myelopero-
xidase up regulated type I collagen mRNA transcription, indi-
cating fibrosis establishment (Rebordão et al. 2013c). In the
luteal phase, a chronic exposure to some NETs components
increased prostaglandin F2a (PGF2a), which might explain
premature luteolysis associated to endometritis in the mare
(Rebordão et al. 2013b). In conclusion, contradictory roles
may be ascribed to NETs, since even though they fight bacte-
ria at the infection site, they may also induce deleterious
effects by establishing endometrosis in the mare.

Pro-fibrotic Cytokines

The pathogenesis of tissue fibrosis is regulated by interactions
with an intricate network of profibrotic cytokines, extracellular
matrix components, inflammatory cells, and hormones (Ata-
mas 2002). In inflamed tissues, fibroblasts interact with extra-
cellular matrix and other cells through soluble factors, such as
cytokines, to produce fibrosis (Atamas 2002). It is well esta-
blished that cytokines regulate fibrosis through a dual effect,
by stimulating fibroblast proliferation and collagen produc-
tion (Atamas 2002). In fact, connective tissue growth factor
(CTGF) and transforming growth factor (TGFa) are among
the most potent profibrotic cytokines (Atamas 2002). Since
they are powerful activators of collagen production and fibro-
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sis establishment, we investigated their action on mare endo-
metrium fibrosis development. Luteal phase endometrium
explants exposed to CTGF increased in vitro TGFa and
TIMP-1 production (Rebordão et al. 2013a,b). In addition, up
regulation of gene transcription of TGFb1 receptor 1 and
type I and III collagen, related with pathological collagen
proteins deposition characteristic of fibrosis and likely related
with TGFb1 fibrogenic action, was also observed (Rebordão
et al. 2013c). In the follicular phase, while in vitro TIMP-1
production by the endometrium was increased with CTGF
over time (Rebordão et al. 2013a,b), no effect was observed
on TGFa. These data suggest a putative involvement of
CTGF in mare endometrosis establishment (Rebordão et al.
2013a,b,c).

Understanding the complexity of cytokines, NETs and SSC dri-
ven mechanisms of fibrosis in mare endometrium is important
to unravel endometrosis pathogenesis. Besides, identification
of potential molecular targets for future pharmacological and
regenerative medicine approaches for prophylaxis and treat-
ment of endometrosis in the mare should be sought.
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Zusammenfassung

Das Stutenendometrium ist ein hoch regeneratives Gewebe, das
physiologischen Umbauprozessen im Zuge von Regeneration,
Uterusinvolution und Geburt unterliegt. Darüber hinaus besteht
beim Pferd die Besonderheit, dass sich im endometrialen Stroma
Fibrosen (Kollagenablagerungen) entwickeln, die zur Endo-
metrose führen, welche verantwortlich für den frühen embryona-
len Verlust ist. Die Pathogenese der Endometrose ist nicht voll-
ständig geklärt. Da es Reserven von somatischen Stammzellen
(SSC) in adulten Geweben gibt, die in der Lage sind, konstant
reife Zellen zu produzieren oder nach Verletzungen zu regenerie-
ren, haben wir die Anwesenheit von Zellen im Stutenendome-
trium ausgewertet, die positiv für undifferenzierte Marker (Oct-4,
Sox-2) sind. Beide Marker wurden in differenzierten Drüsenepi-
thelzellen und Stromazellen exprimiert, in Gegenwart oder
Abwesenheit einer Endometrose und in den verschiedenen Pha-
sen des Zyklus. Die Fähigkeit der equinen neutrophilen Granu-
lozyten (PMN) “neutrophils extracellular traps“ (NETs) zu formie-
ren, könnte ein Mechanismus sein, um einige Bakterien abzutö-
ten, die für die equine Endometritis verantwortlich sind. Dennoch
könnten die NETs Proteine Myeloperoxidase, Elastase und
Kathepsin G auch zur Entstehung der Fibrosen im Stutenendo-
metrium beitragen. Zudem sind die NETs-Komponenten und
Zytokin CTGF an der TGFb1 und TIMP-1-Produktion beteiligt
und regulieren die Transkription von Genen auf, die mit patho-
logischen Ablagerungen von Kollagenproteinen, welche charak-
teristisch für Fibrosen sind, und wahrscheinlich mit der TGFb1
fibrogenen Aktion in Zusammenhang stehen. Das Verständnis
der Komplexität der von Zytokinen, NETs und SSC angetriebenen
Mechanismen der equinen endometrialen Fibrose ist wichtig, um
die Pathogenese der Endometrose zu entwirren

Schlüsselwörter: Neutrophil extracellular traps / Zytokine /
Pferdestute / Endometrium / Endometrose / somatische Stamm-
zellen / Reproduktion
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