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Innate immunity mechanisms of the equine endometrium –
benefit or harm?
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Summary: The reason for the increased susceptibility of some mares towards persistent post-breeding endometritis („susceptible mares“)
is still undetermined. The equine endometrium is equipped with innate immunity mechanisms and the immunomodulatory enzyme indole-
amine 2,3-dioxygenase (IDO). Endometrial epithelial cells represent the main resident cell population with afferent and efferent innate
immune functions. They express Toll-like receptors (TLRs) 2, 4 and 6, the antimicrobial peptide beta-defensin and IDO. TLRs and beta-
defensins are involved in bacterial defences, whereas IDO restricts bacterial growth and prevents exaggerated immune responses. The
orderly expression of these components is beneficial for uterine health. Their dysregulation can evoke cellular injury, reduced bacterial
defence and ongoing inflammation. Thus, it appears likely that a dysfunctional expression of one or several of these factors can predispose
mares to persistent endometritis. Glands with endometrosis have an aberrant beta-defensin and IDO expression, i.e. in comparison to heal-
thy glands immunostaining for beta-defensin is increased and IDO immunolabelling is diminished. Regarding their endometrial IDO
expression, mares can be divided into 2 groups. The majority shows a strong IDO immunoreactivity in glandular epithelia (defined as group
1 mares), whereas glandular epithelia of some mares are mostly immunonegative (defined as group 2 mares). These data suggest that the
clinical manifestation „susceptible mare“ may be caused by different types of immunological dysfunctions including an overstimulation of
TLRs, aberrant immune mechanisms associated with higher degrees of endometrosis or a reduced glandular IDO production. For future
comparative studies on susceptible and resistant mares, the endometrial biopsy is a necessary tool, since it allows the direct correlation
between histopathological findings and the expression of immunological components. 
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Introduction

Endometrial diseases are the most important cause of redu-
ced fertility in mares and can have a major economic impact
on the horse breeding industry. These include different forms
of endometritis, endometrosis (periglandular fibrosis), angios-
clerosis and glandular maldifferentiation during the breeding
season (Schoon et al. 1997). Suppurative and non-suppura-
tive endometritis represent the most frequent forms of end-
ometrial inflammation (Schoon et al. 1997), whereas endo-
metritis eosinophilica (Grimm et al. 2017) and histiocytic or
granulomatous forms are seldom diagnosed (Ellenberger et
al. 2006). With the exception of suppurative endometritis, the
other endometrial diseases are usually subclinical and can
only be diagnosed by the microscopic examination of an 
endometrial biopsy (Schoon et al. 1997). This method is also
used for prognostication of fertility (Kenney and Doig 1986,
Schoon et al. 1997). 

Whereas suppurative endometritis is most commonly caused
by an ascending bacterial infection, the cause and pathoge-
nesis of non-suppurative endometritis is still undetermined
(Schoon et al. 1997). The reason for the increased suscepti-
bility of some mares („susceptible mares“) to develop persi-
stent post-breeding endometritis is also unsolved so far
(Troedsson and Woodward 2016). For these two inflammato-
ry conditions, a contribution of immune mediated pathome-
chanisms is suspected (Schoon et al. 1997, Fedorka et al.
2016, Troedsson and Woodward 2016). 

The initial cause and the pathogenesis of endometrosis is also
unclear (Buczkowska et al. 2014). Research data suggest that
factors of the innate and adaptive immunity may be involved
in the development of endometrosis; possibly contributing
factors include periglandular accentuated mononuclear
inflammatory cell infiltrates (Klose et al. 2016), neutrophilic
extracellular traps (Rebordão et al. 2014) and the release of
profibrotic cytokines (Rebordão et al. 2014).

The innate immunity provides the immediate defence against
pathogens, activates the adaptive immunity and regulates tis-
sue homeostasis (Turvey and Broide 2010). It consists of pha-
gocytic cells (macrophages, neutrophils), Toll-like receptors
(TLRs) and nucleotide-binding oligomerisation domain-like
receptors (NLRs) that recognize conserved pathogen associated
molecular patterns (PAMPs), proinflammatory cytokines as well
as antimicrobial peptides (Turvey and Broide 2010). TLRs are
associated with cellular membranes and can be activated by
different extra- and intracellular infectious agents (Turvey and
Broide 2010). Since NLRs are located in the cytoplasm, their
main ligands are intracelluar pathogens (Turvey and Broide
2010). The activation of these receptors results in signal trans-
duction pathways that initiate the production of proinflammato-
ry mediators as well as antimicrobial peptides such as lysozyme
and defensins (Kannaki et al. 2011, Philpott et al. 2014). The
latter can directly lyse pathogens (Bruhn et al. 2011).

In addition, tissues are equipped with immunomodulatory
mechanisms, e.g. the production of indoleamine 2,3-dioxy-
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genase (IDO). This tryptophan degrading enzyme is particu-
larly expressed in mucous membranes and immune privileged
sites such as testis, placenta and lymphoid organs (Mellor
and Munn 2004). It has also been detected in epithelial cells
and macrophages of the non-pregnant endometrium of
women (Sedlmayr et al. 2002) and mice (Jeddi-Tehrani et al.
2009). Tryptophan is required for bacterial growth and the
activation of effector T cells (Mellor and Munn 2004). Its
depletion is associated with retardation of bacterial prolifera-
tion, inhibition of T cell mediated immune responses and sti-
mulation of regulatory T cells (Mellor and Munn 2004). 

Study results on innate immunity mechanisms of the
equine endometrium with the spotlight on TLRs, NLRs,
beta-defensin and IDO     

It has been shown that the equine endometrium is equipped
with various components of the afferent and efferent arms of
the innate immunity. Afferent receptors include different TLRs
(Cuervo-Arango et al. 2009, Atli et al. 2010a and b, Eaton
et al. 2010, Nash et al. 2010, Marth et al. 2015, Siemieni-
uch et al. 2016, Schöniger et al. 2017a and b) and NLRs
(Marth et al. 2015, Schöniger et al. 2017c). Identified effec-
tor mechanisms encompass the production of proinflamma-
tory cytokines (Marth et al. 2015, Siemieniuch et al. 2016) as
well as antibacterial peptides, e.g. beta-defensin (Schöniger
et al. 2013 and 2016, Marth et al. 2015), lactoferrin (Kolm
et al. 2006) and lysozyme (Marth et al. 2015). In addition,
the immunomodulatory factor IDO is expressed as well.  

Toll-like receptors

In equine endometrial tissue samples, transcripts of TLRs 1-10
as well as MD 2, the cofactor of TLR 4, are identified (Cuer-
vo-Arango et al. 2009, Atli et al. 2010a and b, Eaton et al.
2010, Nash et al. 2010, Marth et al. 2015, Siemieniuch et
al. 2016, Schöniger et al. 2017a and b). An influence of the
stage of the endometrial cycle and an established pregnancy
on transcript levels of TLRs 1-10 is described (Atli et al.
2010a,b). Insemination induces changes in TLR 4 transcript
levels that are different in resistant and susceptible mares
(Cuervo-Arango et al. 2009, Eaton et al. 2010). Gene
expression analysis on endometrial biopsies of mares reveals
that an experimental intrauterine inoculation with E. coli
increases the expression of TLRs 2 and 4, MD 2 and CD14
as well as associated signal transduction molecules (Marth et
al. 2015). Similar effects are observed regardless if the treat-
ment with E coli is performed during oestrus or dioestrus
(Marth et al. 2015). Transcript levels of TLRs 2 and 4 are
increased in equine endometrial biopsies with subacute sup-
purative endometritis in comparison to those with chronic
endometritis and biopsies without inflammation (Siemieniuch
et al. 2016).

Studies on TLRs 2, 4 and 6 confirm their expression as pro-
teins as well (Siemieniuch et al. 2016, Schöniger et al. 2017a
and b). Immunohistochemistry on tissue sections of the heal-
thy and diseased endometrium reveals that TLRs 2, 4 and 6
are present in different cell populations, i.e. mainly in epithe-
lial cells and mast cells (Fig. 1) and less frequently in stromal
cells, mononuclear inflammatory cells and vascular endothe-

Fig. 1 and 2 – A positive immunostaining for TLRs 2, 4 and 6 is
detected mainly in epithelial cells and mast cells. Endometrial tissue
samples do not show a uniform epithelial staining pattern; instead
marked differences exist between individual mares. Fig.1:  Exemplary
depicted is an endometrial tissue sample with TLR 6 immunostaining
of all epithelial subpopulations, i.e. those lining the luminal surface
(thick arrow), glandular ducts (arrowhead) and mid and basal glands
(asterisk). Upper inset: The epithelial immunostaining is most com-
monly located in the cytoplasm (arrowheads), a solely or concurrent
nuclear labelling (thin arrow) is less frequently observed. Lower inset:
In addition to glandular epithelial cells (asterisks), mast cells (thin
arrow) are immunopositive. Fig. 2: In most cases with endometrosis,
healthy (asterisks) and endometrotic glands (arrowheads) show a
similar TLR immunostaining, as illustrated in a case with TLR 2 immu-
nolabelling. 
Abb. 1 und 2 – TLRs 2, 4 und 6 werden überwiegend von Epithel-
zellen und Mastzellen exprimiert. Ein einheitliches epitheliales Expres-
sionsmuster kann nicht detektiert werden, statt dessen finden sich
individuelle Unterschiede zwischen den einzelnen Stuten. Abb. 1:
Gezeigt wird ein Endometriumbioptat mit einer Expression von TLR 6
in allen epithelialen Subpopulationen, d.h. im Oberflächenepithel
(dicker Pfeil), im Epithel der Drüsenausführungsgänge (Pfeilspitze)
und in den mittleren und tiefen Drüsenabschnitten (Sternchen). Obe-
res Inset: Die Immunreaktion der Epithelzellen befindet sich am häu-
figsten im Zytoplasma (Pfeilspitze) und seltener ausschließlich oder
zusätzlich im Zellkern (dünner Pfeil). Unteres Inset: Zusätzlich zu
glandulären Epithelzellen (Sternchen) sind Mastzellen (dünner Pfeil)
immunpositiv. Abb. 2: In den meisten Endometrien mit Endometrose
zeigen endometrotische (Pfeilspitzen) und gesunde Drüsen (Stern-
chen) eine vergleichbare Expression der untersuchten TLRs; dies wird
am Beispiel von TLR 2 gezeigt.
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lia and smooth muscle cells (Schöniger et al. 2017a). Alt-
hough TLRs 2 and 4 are more frequently observed in epithe-
lial cells lining the luminal surface and glandular ducts than
in epithelia of mid and basal glands, no uniform epithelial
expression pattern of TLRs 2, 4 and 6 can be detected (Schö-
niger et al. 2017b). Instead, individual mares show marked
differences regarding the receptor distribution amongst the
epithelial subtypes and the numbers of immunopositive cells
(Schöniger et al. 2017b). In epithelial cells, the immunosignal
is most frequently located in the cytoplasm and seldom in the
nucleus or simultaneously in the nucleus and cytoplasm
(Schöniger et al. 2017a and b; Fig. 1). The other immunopo-
sitive cell populations show solely a cytoplasmic immunola-
belling (Schöniger et al. 2017a; Fig. 1). The functional mor-
phology of endometrial glands or the presence of endometri-
al diseases has no obvious influence on the expression of
TLRs 2, 4 and 6 (Siemieniuch et al. 2016, Schöniger et al.
2017a and b). In the examined tissue samples, endometrotic
glands commonly show a similar protein expression for TLRs
2, 4 and 6 than the adjacent healthy mid and basal glands
(Schöniger et al. 2017b; Fig. 2).     

Nucleotide-binding oligomerisation domain-like receptors

By PCR, transcripts of NOD1 and NOD2 are detected in tis-
sue samples of the healthy and diseased equine endometrium
indicative of a constitutive expression (Schöniger et al.
2017c). Gene expression analysis of mares prior and after
experimental intrauterine inoculation with E. coli reveals an
increased gene expression of certain NLRs including NLRC4,
NLRC5, NLRP3, NLRP12 after bacterial inoculation in oestrus
and dioestrus (Marth et al. 2015).  
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Beta-defensin

Transcripts and proteins of beta-defensin are detected in the
healthy and diseased equine endometrium (Schöniger et al.
2013 and 2016). Experimental intrauterine inoculation with
E. coli increases the endometrial expression of the beta-
defensin 1 gene (Marth et al. 2015).

By immunostaining for beta-defensin, all examined tissue sam-
ples show a positive labelling of epithelial cells and some con-
tain scattered positive stromal cells and/or vascular smooth
muscle cells as well (Schöniger et al. 2013 and 2016; Fig. 3).
Numbers of immunopositive cells vary considerably between
endometrial tissue samples of different mares (Schöniger et al.
2013 and 2016). In most cases, epithelial cells show a cyto-
plasmic immunostaining and only in very few cases a solely or
concurrent nuclear immunoreaction (Fig. 3). The immunostai-
ning of stromal cells is solely nuclear and the immunoreaction
of vascular smooth muscle cells is nearly exclusively located in
the cytoplasm (Schöniger et al. 2013 and 2016; Fig. 3). There
is a distinct polarization of the beta-defensin immunostaining
towards the luminal surface, i.e. the immunosignal is mostly
observed in epithelial cells lining the luminal surface and glan-
dular ducts and only rarely in healthy mid and basal glands
(Schöniger et al. 2013, 2016; Fig. 3). Endometrotic glands,
however, frequently show a positive beta-defensin expression
(Schöniger et al. 2016; Fig. 4). 

Indoleamine 2,3-dioxygenase

The healthy and diseased non-pregnant equine endometrium
contains IDO transcripts and proteins. This enzyme is detec-

Fig. 3 and 4 – Beta-defensin immunostaining is observed in epithelial cells and in a few cases also in stromal cells. Fig. 3: The epithelial immu-
nolabelling shows a polarization towards the uterine lumen, i.e. the immunosignal is mostly detected in epithelial cells of the luminal surface
(thick arrows) and glandular ducts (arrowhead) and rarely in those of healthy mid and basal glands (asterisks). Inset: Superficial epithelial cells
have mainly a cytoplasmic immunolabelling (thick arrows), whereas a nuclear immunosignal (arrowhead) is seldom observed. The immunostai-
ning of stromal cells is always nuclear (thin arrow). Fig. 4: In contrast to healthy mid and basal glands (asterisks), endometrotic glands are fre-
quently beta-defensin immunopositive. The arrowheads depict a markedly dilated endometrotic gland.  
Abb. 3 und 4 – Eine Expression von beta-Defensin findet sich überwiegend in Epithelzellen und in einigen Fällen auch in wenigen Stromazellen.
Abb. 3: Die untersuchten Endometrien zeigen ein charakteristisches lumennahes epitheliales beta-Defensin-Expressionsmuster. Die Immunreak-
tion liegt überwiegend im Oberflächenepithel (dicke Pfeile) und den Epithelzellen der Drüsenausführungsgänge (Pfeilspitze) vor, während die
Epithelien gesunder mittlerer und basaler Drüsenanteile (Sternchen) nur selten immunpositiv sind. Inset: Die lumennahen Epithelzellen (dicke
Pfeile) weisen meistens ausschließlich eine zytoplasmatische Immunreaktion auf. Eine alleinige oder gleichzeitige nukleäre Expression von beta-
Defensin (Pfeilspitze) findet sich selten. In den Stromazellen liegt immer eine nukleäre Reaktion vor (dünner Pfeil). Abb. 4: Im Vergleich zu gesun-
den Drüsenanteilen (Sternchen), sind endometrotische Drüsen häufig beta-Defensin immunpositiv. Die Pfeilspitzen markieren eine dilatierte end-
ometrotische Drüse.   



ted in the cytoplasm of epithelial cells and mononuclear cells
of the stroma consistent with macrophages (Figs. 5 and 6).
Based on immunohistochemical findings, two groups of
mares can be identified. Most mares (group 1) display a mar-
ked expression of IDO in epithelial cells, whereas the immu-
nosignal is mostly located in mid and basal glands (Fig. 5).
The remaining mares (group 2) lack an epithelial immuno-
staining or contain only small numbers of immunopositive
epithelial cells (Fig. 6). In group 1 mares with endometrosis,
endometrotic glands mostly lack IDO expression (Fig. 5).      

Discussion 

Equine endometrial epithelial cells: watchdog and warrior of
the innate immunity 

The presented data indicate an important role of epithelial
cells for the innate immune defences of the equine endome-
trium and show that these cells do not merely represent a
mechanical barrier. Due to their expression of TLRs (Siemieni-
uch et al. 2016, Schöniger et al. 2017a), they likely function
as „watchdog“ for PAMPs. Their concurrent production of
defensins (Schöniger et al. 2013 and 2016) implicates that
the activation of TLRs may directly stimulates the antibacterial
fight („warrior function“). 

Intrauterine bacterial entry mostly occurs through an ascen-
ding infection and during breeding or insemination (Troeds-
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son 2011). In this case, the activation of TLRs or NLRs will be
beneficial for uterine health, since it helps to clear a bacterial
infection and restores tissue homeostasis (Girling and Hedger
2007, Kannaki et al. 2011, Philpott et al. 2014, van Gorp et
al. 2014). 

Equine endometrial epithelial cells show a polarized expres-
sion pattern for beta-defensin and IDO, but not TLRs 2, 4 and
6 (Schöniger et al. 2013, 2016 and 2017a,b,c), whereby the
production of beta-defensin and IDO can be induced by TLR
stimulation (Palazzo et al. 2007, Kannaki et al. 2011, Wang
et al. 2011). Notably, the observed expression pattern of beta-
defensin and IDO is opposite, i.e. the beta-defensin immuno-
reaction is mainly restricted to the surface and glandular duct
epithelium (Schöniger et al. 2013 and 2016), whereas IDO
protein is predominantly detected in glandular epithelia. This
implicates functional differences between superficial epithelia
and epithelia of mid and basal glands. The beta-defensin
secretion by superficial epithelia probably directly destroys
bacterial pathogens, whereas IDO production in glandular
epithelia may restrict bacterial growth. The latter could predi-
spose to bacterial dormancy (Petersen et al. 2015). The mar-
kedly diminished production of IDO in glandular epithelia of
group 2 mares may alter the physiological immune defense
mechanisms of the equine endometrium and could predispose
to infection and/or chronic inflammation. 

Bacterial infection, breeding or insemination may result in tis-
sue damage and the release of „danger associated molecular

Fig. 5 and 6 – An IDO immunoreaction is observed in epithelial cells and in mononuclear cells of the stroma consistent with macrophages.
The immunosignal is always located within the cytoplasm. Fig. 5: In most mares, IDO immunopositive cells are predominantly observed in heal-
thy mid and basal glands (asterisks) and unfrequently in the epithelium lining the luminal surface (thick arrow) and the glandular ducts (arrow-
head). Inset: In comparison to healthy glands (asterisks), endometrotic glands (thick arrows) are mostly immunonegative. Fig. 6: In a few mares,
epithelial cells of the luminal surface (thick arrow) and glandular ducts as well as healthy and endometrotic mid and basal glands (asterisks) are
immunonegative or contain only a few weakly positive cells, whereas the immunostaining of mononuclear cells is preserved. Depicted is a focal
periglandular infiltration with lymphocytes and IDO immunopositive macrophages (circle). Inset: An IDO immunonegative gland (asterisk) and
IDO positive macrophages (arrowheads) are shown in higher magnification.  
Abb. 5 und 6 – Eine Expression von IDO findet sich in Epithelzellen und im Stroma gelegenen mononukleären Zellen passend zu Makropha-
gen. Beide Zellpopulationen haben eine zytoplasmatische Immunreaktion. Abb. 5: Endometriumbioptate der meisten Stuten zeigen eine pola-
risierte Expression von IDO, d.h. die Immunreaktion liegt überwiegend in den mittleren und tiefen Abschnitten gesunder Drüsen (Sternchen) vor,
während das Oberflächenepithel (dicker Pfeil) und die Drüsenausführungsgänge (Pfeilspitze) nur selten einige schwach positive Zellen enthalten.
Inset: Im Gegensatz zu der starken Immunreaktvität gesunder Drüsen (Sternchen), sind endometrotische Drüsen immunnegativ oder nur gering-
gradig positiv (Pfeilspitzen). Abb. 6: In wenigen Endometriumbioptaten findet sich eine fehlende oder nur sehr schwache Immunreaktivität nicht
nur des Oberflächenepithels (dicker Pfeil) und des Epithels der Drüsenausführungsgänge, sondern auch der mittleren und tiefen gesunden und
endometrotischen Drüsenanteile (Sternchen). Die Immunreaktivität der Makrophagen ist jedoch erhalten. Das Oval markiert eine fokale peri-
glanduläre Infiltration mit Lymphozyten und IDO-immunpositiven Makrophagen. Inset: In höherer Vergrößerung gezeigt sind eine IDO-immun-
negative Drüse (Sternchen) sowie mehrere IDO-exprimierende Makrophagen (Pfeilspitzen).  



patterns“ (DAMPs). The additional activation of TLRs or NLRs
by DAMPs could evoke a vicious cycle of inflammation and
antimicrobial defences with secondary tissue damage and
fibrosis and the further stimulation of these receptors (Lafyatis
and Farina 2012, Tang et al. 2012).

The observed nuclear immunostaining for beta-defensin
(Schöniger et al. 2013 and 2016) and TLRs 2, 4 and 6 (Schö-
niger et al. 2017b) suggests their possible influence on gene
transcription.   

Endometrotic glands: localized areas of an aberrant immune
defence 

In comparison to healthy glands, endometrotic glands show
an altered expression of beta-defensin (Schöniger et al. 2016)
and IDO. This suggests the presence of an aberrant immune
defence in the endometrium of mares with endometrosis. It
appears plausible that the amount of immune deviation incre-
ases with the presence of higher degrees of this disease. So
far, it is uncertain if the altered expression of beta-defensin and
IDO in endometrotic glands represents a sequel to this disease
or an early pathogenetic event. The stimulation of TLRs and
NLRs as well as high beta-defensin levels may promote proli-
feration of stromal cells and fibrosis (Wang et al. 2011, Lafy-
atis and Farina 2012). IDO depletion and the associated hig-
her availability of tryptophan could stimulate T cell associated
immune responses (Mellor and Munn 2004). There is eviden-
ce for a T cell driven pathogenesis of non-suppurative endo-
metritis, since the inflammatory cells of non-suppurative endo-
metritis mainly represent CD4+ and/or CD8+ T lymphocytes
(Rudolph et al. 2017). Based on these findings, it cannot be
ruled out, that higher degrees of endometrosis predispose to
the development of non-suppurative endometritis.  

The susceptible mare: a clinical manifestation of different
types of immunological dysfunctions?

Under consideration of the presented research data, it appe-
ars likely that immunological alterations cause or at least
contribute to the increased susceptibility of a mare to develop
persistent endometritis. Due to the involvement of TLRs, NLRs,
defensins and/or IDO in antimicrobial defenses and immune
mediated diseases (Mellor and Munn 2004, Prendergast et
al. 2011, Gersemann et al. 2012, Philpott et al. 2014), it
appears plausible that the clinical manifestation „susceptible
mare“ could be caused by different types of immunological
dysfunctions.

In human beings, it is known that genetic polymorphisms or
mutations of TLRs, NLRs or defensins may be associated with
either an increased susceptibility or a higher resistance
towards infectious or inflammatory diseases (Hollox et al.
2008, Medvedev 2013, Philpott et al. 2014, Ran et al.
2016). The phenotypic manifestations, however, are com-
monly also influenced by environmental factors (Hollox et al.
2008, Medvedev 2013). Study results on the equine end-
ometrium reveal marked individual differences in the protein
expression levels of beta-defensins and TLRs (Schöniger et al.
2013, 2016 and 2017a,b) as well as IDO that may be gene-
tically determined and/or acquired.

Innate immunity mechanisms of the equine endometrium S. Schöniger et al.

Pferdeheilkunde–Equine Medicine 34 (2018) 9

Based on the own investigations, it appears possible that the
reduced IDO production in group 2 mares as well as the
aberrant IDO and defensin expression in endometrotic
glands may contribute to an increased susceptibility of a mare
towards persisting endometritis. Regarding the latter, it has
been shown that endometrial biopsies of susceptible mares
are mainly category IIb or III (categorization of Kenney und
Doig 1986), whereas those of resistant mares are mostly clas-
sified as category I or IIa (Christoffersen et al. 2012). 

Future implications

The presented data indicate the presence of a complex and
likely interconnected regulation of immunity factors in the equi-
ne endometrium. They further implicate that the susceptibility
or resistance of a mare towards persistent endometritis may
possibly represent the clinical manifestation of different immu-
nological phenotypes. In a next step, it will be important to bet-
ter characterize the immunological alterations of TLRs, NLRs,
beta-defensin and IDO that could possibly result in the clinical
manifestation “susceptible mare”. For this, the endometrial
biopsy is an important diagnostic tool, since it allows to directly
correlate pathomorphological endometrial findings with the
protein expression pattern of these factors. Results of these stu-
dies will improve the genital health of individual mares and will
reduce financial losses for the horse breeding industry.
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