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which impacts on the development of endometrosis?
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Summary: During routine examination of equine endometrial biopsies periglandular accentuated mononuclear inflammatory cell infiltrates
(PAMC) were offen noted. The objective of this study was to characterise PAMC morphologically and immunohistologically with regard to their
role in the mare’s endometrium and their potential impact on the development of endometrosis. For this purpose, haemalaun and eosin (H&E)
stained sections of endometrial biopsies from 754 mares at the Institute of Pathology (Faculty of Veterinary Medicine, University of Leipzig)
during 2009 were evaluated retrospectively for the presence of PAMC. They were diagnosed in 133 biopsies which were subsequently asses-
sed in detail. Of these, 72 randomised samples were examined using special staining and immunohistochemical techniques to analyse the
inflammatory cell populations involved in PAMC (CD3: T-lymphocytes; CD79A: B-lymphocytes; MAC387: macrophages; methyl green-pyro-
nin staining: plasma cells), and characterise the affected gland epithelium and stromal cells by detecting intermediate filaments and microfi-
laments (vimentin, desmin, a-smooth-muscle-actin) and assessing the integrity of the basal lamina of affected glands by detection of the basal
lamina component laminin. PAMC occurred in about 18% of all biopsy samples investigated during 2009 (133/754) and 96 % of these sho-
wed concurrent endometritis and/or endometrosis. The endometritis was composed of inflammatory cells similar to those observed in PAMC
(71%) or it contained varying numbers of neutrophils (28 %). Whereas mild-to-moderate endometrosis could be observed in the endometrium
of 95% of the cases, the majority (71%) of the endometrial glands surrounded by PAMC did not show any fibrotic alterations. In many PAMC-
localisations (48 %) an infiltration of inflammatory cells into the glandular epithelium could also be seen. PAMC consisted mainly of T-lympho-
cytes and plasma cells. In addition, smaller numbers of B-lymphocytes and macrophages could also be detected. Within all PAMC foci, struc-
tural alterations were apparent in the basal lamina. Vimentin (60%), desmin (17%) and a.-smooth-muscle-actin (a-SMA; 28 %) were expressed
by stromal cells surrounding the lesion. PAMC cannot be considered solely as a histopathological feature of lymphoplasmacell endometritis,
but it is reasonable to interpret PAMC as a regular component of mucosa associated lymphoid tissue (MALT) in the equine endometrium. Fur-
thermore the expression patterns of vimentin, desmin and a.-SMA in affected epithelial and stromal cells are comparable to findings in early
stages of equine endometrosis as is the myofibroblast differentiation of perilesional stromal cells. PAMC were closely associated with alterations
of the basal lamina of the endometrial glands involved. In general, the lesions involved in the basal lamina play a central role in the patho-
genesis of equine endometrosis. Therefore, PAMC might be interpreted as one of the triggering factors for the development of endometrosis.
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Introduction

Several degenerative and inflammatory changes in the endo-
metrium can cause infertility in mares. Over the past 20 years
in the Institute of Pathology of the Faculty of Veterinary Medi-
cine (University of Leipzig) some 16000 equine endometrial
biopsies were examined for diagnostic purposes. Inflammato-
ry and degenerative changes as well as maldifferentiation
were the main lesions detected during these examinations
(Ebert et al. 2014). Although the pathogenesis of endometri-
tis, angiopathies and functional disturbances of the endome-
trium are nowadays well characterised, the aetiology of endo-
metrosis remains unknown, although an inflammatory patho-
genesis is suspected. During routine examinations of end-
ometrial biopsies periglandular accentuated mononuclear
inflammatory cells (PAMC) are detected regularly.

Although perivascular inflammatory cell infiltrations in the
endometrium of the mare are well known to be associated
with endometritis (Smith et al. 1993, Grininger et al. 1998),
the histopathological relevance of PAMC and their impact on
the fertility of affected mares has not been clarified.
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Aggregations of lymphocytes in the endometrium of normal,
fertile mares is well described as part of the immune defence
mechanisms (Frayne and Stokes 1994, Watson and Thom-
son 1996). In other studies the periglandular infiltrations are
described as a symptom of endometritis (Kenney 1978, Wat-
son and Thomson 1996). On the other hand periglandular
accumulations of inflammatory cells are considered to be
part of the normal physiological distribution pattern of
inflammatory cells in the endometrium of women in some
quarters (Morris et al. 1985, Marshall and Jones 1988,
Disep et al. 2004) whereas they are found within endometri-
tis and therefore considered to be pathological in others
(Tawfik et al. 1996, Disep et al. 2004). In cattle, accumula-
tions of inflammatory cells are also seen around glands

affected by periglandular fibrosis occur as well (Cupps
1973, Espejel del Moral 2012).

Therefore the aim of the present study was to histomorpholo-
gically and immunohistologically characterise PAMC in the
equine endometrium. In particular, to determine if PAMC are
a physiological finding, an endometritis associated lesion or
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possibly a trigger for the initiation or the progression of peri-
glandular fibrosis (equine endometrosis).

Material and Methods

During 2009 haemalaun and eosin (H&E)-sections of all 754
of the equine endometrial biopsy samples submitted to the
Institute of Veterinary Pathology were evaluated retrospective-
ly for the presence of PAMC. These biopsies had been fixed
in 4% neutral buffered formalin, embedded in paraplast
using an automatic processor (Hypercenter XP; Shandon,
Frankfurt, Germany), sectioned at 3—4 um thickness and stai-
ned with H&E. Biopsies which exhibited one or more foci of
marked accumulation of inflammatory cells around endome-
trial glands that were not associated with similar infilirates
around arteries, veins or lymph vessels were selected
(n=133) for further study. Subsequently, the slides showing
foci of periglandular infiltration were assessed in more detail
by determining both the degree (see Table 1) and cell
makeup of the periglandular lesion. The stage of the mare'’s
oestrous cycle (‘dating’) (Kenney 1978, Kenney and Doig
1986, Brunckhorst et al. 1991, Schoon et al. 1992, Raila
2000) and the degrees and character of any concurrent end-
ometritis (Kenney 1978, Schoon et al. 1997) (see Table 2) or
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endometrosis (Kenney 1978, Hoffmann 2006) were also
assessed and recorded.

Of these 133 biopsies, 72 were chosen randomly for further
assessment by methyl green-pyronin staining (MGP) to detect
plasma cells (Pallaske and Schmiedel 1959) and various
other immunohistochemical techniques. The immunohisto-
chemical markers applied to the sections and the cells or
other structures examined are shown in Table 3. Immunohis-
tochemistry was performed using the peroxidase anti-peroxi-
dase (PAP) technique.

Results

Periglandular accumulations of mononuclear inflammatory
cells (see Fig. 1) occurred in 133 of the 754 biopsies investi-
gated routinely in 2009 (18%). Over the course of the year,
the percentage of samples exhibiting PAMC ranged from 10%
in October to 35% in December. The proportion of biopsies
with PAMC taken during winter anoestrus, i.e. January and
December, was higher than during the physiological breeding
season or the transitional periods between these two.

Histomorphological characterisation

PAMC lesions varied in degree of severity. A mild periglandu-
lar infiltration was seen in 57 % of all the cases while a mod-
erate cell infiltration was detected in 33%. Only 10% of all
the PAMC foci exhibited severe infiltrations. Around half of the
PAMC foci (48%) showed inflammatory cells infiltrating be-
tween the gland epithelial cells (‘invasive’; see Fig. 2); this

Table 1 Classification of PAMC | Graduierung der PAME

Degree of severity Number of inflammatory cell

Mild Focal < 5 or multifocal < 3

Moderate Focal 5-10 or multifocal 3-5

Severe Focal > 10 or multifocal > 5

Table 2 Characterisation of endometritis | Charakterisierung der Endometritis

Cellular character of endometritis Involved inflammatory cells

Suppurative
Mixed-cellular

Lymphoplasma-cellular

Endometritis eosinophilica

Dominance of neutrophile granulocytes, lymphocytes rare
Neutrophilic granulocytes and lymphocytes/plasma cells in identical numbers
Dominance of lymphocytes and plasma cells, neutrophilic granulocytes are very rare

Dominance of eosinophile granulocytes, frequently in combination with lymphocytes, plasma cells and
scattered neutrophile granulocytes

Table 3

Marker und durch sie nachweisbare Zellen und zellulére Strukturelemente

Immunohistochemical markers for the identification of inflammatory cells and cellular components | Angewandte immunhistologische

Immunohistochemical marker Dilution Source Detectable cells/structures

CD 3 (polyclonal antibody, rabbit anti-human) 1:300 A 04452 Dako GmbH, Hamburg T-lymphocytes
CD 79A Clone HM57 (monoclonal antibody, 1:15 M 7051 Dako GmbH, Hamburg B-lymphocytes
mouse anti-human)

loid/histiocytic anti | A
Myeloid/his IOCY,IC anfigen Clone M C 387 1:1000 M 0747 Dako GmbH, Hamburg Macrophages
(monoclonal antibody, mouse anti-human)

. . i . L-9393 Sigma Bioscience, St. Louis, .
Laminin (polyclonal antibody, rabbit anti-human) 1:100 Missouri, USA Basal lamina
Vimentin (monoclonal antibody, mouse anti-pig) 1:200 M 0725 Dako GmbH, Hamburg

Structural filaments in glandular

Desmin (monoclonal antibody, mouse anti-human) 1:200 M 0760 Dako GmbH, Hamburg epithelial and stromal cells

a-smooth muscle actin (mono-clonal antibody,
mouse anti-human)

1:100 M 0851 Dako GmbH, Hamburg
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was associated with disintegration of the epithelial cells lea-
ding up to complete destruction of the glands themselves. The
remaining 52 % of the PAMC foci were characterised as ‘non-
invasive’ as the inflammatory cells around the glands had not
infiltrated the gland epithelium.

The maijority of the glands with associated inflammatory cell
infiltrations (71%) did not show any signs of periglandular fibro-
sis (endometrosis) as assessed by light microsopy. Only 22 % of
the PAMC are arranged around endometrotic glands; in 7% of
the cases it was not possible to assess the presence or degree
of endometrosis around PAMC affected glands due to the se--
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Fig. 1 Endometrial biopsy showing a cross section of an endo-
metrial gland (G) surrounded by mild periglandular accentuated
mononuclear (lymphocytes and plasma cells) inflammatory cell infil-
trations (PAMC) (). No signs of endometritis in the remaining endo-
metrium. Haemalaun and eosin. Bar=50um.

Endometriumbioptat, endometriale Drise im Querschnitt (G) mit
einer geringgradigen periglandulér akzentuierten mononukleéren
(Lymphozyten und Plasmazellen) Entzindungszellinfiltration (PAME)
(*). Keine Endometritis im Gbrigen Endometrium. Haemalaun-
Eosin-Férbung. Balken = 50um.

Fig. 2  Endometrial biopsy showing cross and longitudinal sec-
tions of endometrial glands. Endometrial gland (G) surrounded by
moderate PAMC (%), which is infiltrating (‘invasive’) the gland epi-
thelium and is associated with moderate-to-severe segmental
destruction (corresponding to the infiltrating PAMC) of the glandular
epithelium (arrows). The epithelial structures outside the lesion show
no alterations (arrowheads). Haemalaun and eosin. Bar=50um.
Endometriumbioptat, Quer- und Léngsschnitte endometrialer Drisen.
Endometriale Driise (G), von mittelgradiger PAME (%) umgeben, Infil-
fration (,invasiv®) der periglandulédren Entzindungszellen in das glan-
dulére Epithel, unter mittel- bis hochgradiger segmentaler Destruktion
des betroffenen Epithels (Pfeile). Der extraldsionale Epithelbereich ist
intakt (Pfeilspitzen). Haemalaun-Eosin-Férbung. Balken = 50um.
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verity of the periglandular inflammatory cell infiliration. End-
ometrosis is conveniently subdivided into active, inactive and
mixed conditions (Hoffmann 2006). In 60% of cases in the pre-
sent study the activity of endometrosis around PAMC affected
glands was identical to that in the remainder of the endome-
trium. However, in the remaining of the 40% of cases the
degree of endometrosis around the PAMC associated glands
was greater than in the remaining endometrium (see Fig. 3).

Some 89% of all biopsies with PAMC showed endometrosis
in the residual endometrium. These included mild (48%) to
moderate (47 %) fibrotic alterations and only 5% of the sam-
ples exhibited severe endometrosis.

Endometritis was also a common finding and it was diagnosed
in 63% of all the biopsies. Most of them showed a mild (67 %)
or moderate (30 %) endometritis, and severe inflammation was
seen in only 3%. In 71% of cases the simultaneous endometri-
tis could be characterised as lymphoplasmacellular and, hen-
ce, it composed of the same types of inflammatory cells obser-
ved in PAMC. However, in 29% of the cases, endometrial
inflammation included varying numbers of neutrophils to give
both suppurative and mixed-cell endometritis. An eosinophilic
endometritis was observed in a single case. The percentage of
biopsies showing moderate or severe endometritis increased
with the severity of the PAMC (see Fig. 4, black lines). But inde-
pendent of the severity of PAMC in each group there were
examples which showed no inflammatory alterations.

Immunohistochemical studies

Immunhistochemical methods and methyl green-pyronine
staining (MGP) were applied to characterise the inflammatory
cell populations. In every PAMC-focus examined (100%), T-
lymphocytes were the dominant cell type. Furthermore in 30%
of the PAMC-foci small numbers of B-lymphocytes could be

Fig. 3  Endometrial biopsy showing cross sections of endometrial
glands. Endometrial gland (G) surrounded by moderate PAMC (%),
which is coincidently combined with an active, non-destructive endo-
metrosis (periglandular fibrosis; arrows), characterised by randomly
distributed, active (hypochromatic nuclei) periglandular stromal cells.
Haemalaun and eosin. Bar=50um.

Endometriumbioptat, endometriale Drisen im Querschnitt. Endometri-
ale Druse (G), umgeben von mittelgradiger PAME (%) bei gleichzeiti-
gem Vorliegen einer aktiven, nicht-destruierenden Endometrose (peri-
glanduldre Fibrose) (Pfeile), die durch eine ungeordnete Schichtung
von aktiven (hypochromatische Zellkerne) periglanduldren Stromazel-
len gekennzeichnet ist. Himalaun-Fosin-Férbung. Balken = 50um.
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Fig. 4  Severity of endometritis (e.) parallel with the severity of
PAMC. The percentage of samples with concurrent moderate or
severe endometritis increase in parallel with moderate or severe
PAMC (black lines).

Schweregrad der begleitenden Endometritis (e.) in Assoziation mit dem
Ausprdgungsgrad der PAME. Der Anteil an Bioptaten mit einer beglei-
fenden mittelgradigen oder hochgradigen Endometritis nimmt bei Vor-
liegen einer mittel- oder hochgradigen PAME zu (schwarze Linien).

Fig. 5  Endometrial biopsy showing cross sections of endometrial
glands. Immunohistochemical identification of the basal lamina
component, laminin. An endometrial gland (G) surrounded by mild
PAMC (%) and showing discontinuous laminin expression (indicating
destruction/alteration of the basal lamina) in areas affected by PAMC
(arrows). Note the marked/distinctive and continuous expression of
laminin (indicating continuous, intact basal lamina) in areas not
affected by PAMC (arrowheads). Bar=20um.

Endometrivmbioptat, endometriale Drisen im Querschnitt. Immun-
histologischer Nachweis des Basallaminabestandteils Laminin. End-
ometriale Drise (G), umgeben von geringradiger PAME (%), undeut-
licher Nachweis bis hin zum partiellen Verlust der Lamininexpression
(hinweisend fir eine Alteration/Destruktion der Basallamina) in den
von der PAME betroffenen Arealen (Pfeile). In den nicht von einer
PAME betroffenen Arealen wird eine deutliche und kontinuierliche
Expression von Laminin (hinweisend fir eine intakte, kontinuierlich
verlaufende Basallamina) beobachtet (Pfeilspitzen). Balken =20um.
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detected within the periglandular inflammatory cuffs. A few
PAMC-foci (7 %) showed a moderate involvement of B-lym-
phocytes but in the majority of the PAMC-foci (63%) no B-
lymphocytes could be observed. Macrophages were also
found in small (17 %) and moderate (4 %) numbers in PAMC-
foci while 79% of all PAMC comprised no macrophages at
all. Plasma cells occurred in almost half the PAMC-foci: 37 %
of PAMC localisations showed a mild, and 9% a moderate,
infiltration of plasma cells. All-in-all T lymphocytes and plas-
ma cells were the most commonly occurring inflammatory

cells (see Table 4).

Normal endometrial glands in a physiologically healthy endo-
metrium are enclosed in an intact basal lamina, which is pro-
duced by the adjacent epithelial and stromal cells. The basal
lamina represents the underlying foundation for the glandular
epithelial cells and it is involved in their metabolism. Among
others, the glycoprotein laminin is a major component of
basal laminae (Timpl et al. 1979, Schitiny u. Yurchenco
1989, Alberts et al. 2008) and in the present study the basal
lamina was visualised by the immunohistochemical detection
of laminin.

In all PAMC-localisations the basal lamina appeared to be
discontinuous (see Fig. 5). These alterations varied from mild
(24 %) to moderate (40%) to severe (36%). There was an
association between the extent of the PAMC and the severity
of the damage to the basal lamina. The proportion of PAMC-
foci exhibiting severe basal lamina alterations increased with
the degree of PAMC (see Fig. 6, black line).

60%

20% 39%

30%

13%

mild PAMC mod. PAMC sev. PAMC

‘ Omild alteration ©mod. alteration @sev. alteration

Fig. 6  Alteration of the basal lamina in association with varying
degrees of PAMC. Severe alterations of the basal lamina are more
often related to severe PAMC (black line).

Alteration der Basallamina in Assoziation mit unterschiedlichen Aus-
prdagungsgraden der PAME. Hochgradige Alterationen der Basalla-
mina stehen hdufiger im Zusammenhang mit hochgradigen PAME
(schwarze Linie).

Table 4 Inflammatory cell populations involved in PAMC | An der PAME beteiligte Entzindungszellpopulationen

Mononuclear inflammatory cells

T-lymphocytes B-lymphocytes Macrophages Plasma cells
Occurrence in PAMC +++ + + +4
no -- 63% 79% 54%
+ -- 30% 17% 37%
+4 - 7% 4% 9%
+4++ 100% -- -- --
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Within only two of the PAMC-foci, epithelial cells within the
lesion expressed vimentin while 59% of stromal cells within
these PAMC-loci expressed vimentin (see Fig. 7). In parallel

o S b
Fig. 7  Endometrial biopsy showing cross and longitudinal sec-
tions of endometrial glands. Immunohistochemical detection of the
structural filament vimentin. An endometrial gland (G) surrounded by
severe PAMC (%).The stromal cells outside the gland (partly overlain
by inflammatory cells) exhibit a multifocal moderate expression of
Vimentin (arrowheads). A marked expression of vimentin in endome-
trial stromal cells is part of the typical immunhistochemical expres-
sion pattern of endometrial stromal cells in the early stages of end-
ometrosis. Bar=50um.
Endometriumbioptat, endometriale Drisen im Quer- und Léngs-
schnitt. Immunhistologischer Nachweis des Intermedidrfilaments
Vimentin. Endometriale Drise (G), umgeben von hochgradiger PAME
(%), in den perilésionalen Stromazellen (teilweise iberlagert von Ent-
zindungszellen) wird eine multifokale mittelgradige Expression von
Vimentin beobachtet (Pfeilspitzen). Eine ausgeprdgte Expression von
Vimentin ist Teil eines fir frihe Formen einer Endometrose typischen
Expressionsmusters in endometrialen Stromazellen. Balken = 50um.
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Fig. 8  Expression of vimentin (VE) in stromal cells outside the
lesion in association with PAMC. The percentage of PAMC-foci with
vimentin detectable in stromal cells outside the lesion increases with
the degree of PAMC (black line).

Grad der Vimentin-Expression (VE) in den perildsionalen Stromazel-
len in Assoziation mit PAME. Der Anteil von PAME-Lokalisationen mit
Nachweis einer Vimentin-Expression in den perildsionalen Stroma-
zellen nimmt mit dem Schweregrad der PAME zu (schwarze Linie).
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with the increase in severity of PAMC the number of PAMC-
foci with vimentin-expressing stromal cells also increased (see
Fig. 8). The intermediate filament desmin and the microfila-
ment a.-SMA were also detected in 17% and 28% of PAMC-
localisations, respectively (see Figs. 9 and 10).

Discussion

In this study PAMC was detected in 18% of 754 samples ex-
amined. In former studies involving equids (Kenney 1978,
Frayne and Stokes 1994, Watson and Thomson 1996),
bovids (Cupps 1973, Cobb and Watson 1995, Espejel del
Moral 2012) and humans (Morris et al. 1985, Marshall and
Jones 1988, Tawfik et al. 1996, Disep et al. 2004) periglan-
dular cell infilirations were also observed. The percentage of
samples exhibiting PAMC varied from 5% in human endome-
trium (Marschall and Jones 1988) to 33% and 36 % respec-
tively in the cow (Espejel des Moral 2012) and mare (Kilgen-
stein 2014). These differences are possibly due to diversity in
the selection criteria used on the endometrial samples. In the
present study no exclusion criteria were applied and all biop-
sies with PAMC examined during 2009 were included. How-
ever, these endometrial biopsies were frequently taken from

Fig. 9  Endometrial biopsy showing the luminal epithelium and
cross and longitudinal sections of endometrial glands. Immunohisto-
chemical detection of the structural filament, desmin. An endometrial
gland (G) surrounded by moderate PAMC (*). The stromal cells out-
side the gland (partly overlain by inflammatory cells) exhibit multifo-
cal moderate expression of desmin (arrowheads). The expression of
desmin in endometrial stromal cells is part of the typical immunhisto-
chemical expression pattern of endometrial stromal cells in the early
stages of endometrosis. Bar=50um.

Endometriumbioptat, endometriale Drisen im Quer- und Léngs-
schnitt. Immunhistologischer Nachweis des Intermediérfilaments
Desmin. Endometriale Drise (G), umgeben von mittelgradiger PAME
(*), in den perildsionalen Stromazellen (teilweise Gberlagert von Ent-
ziindungszellen) wird eine multifokale mittelgradige Expression von
Desmin beobachtet (Pfeilspitzen). Eine Expression von Desmin ist Teil
eines fUr friihe Formen einer Endometrose typischen Expressionsmu-
sters in endometrialen Stromazellen. Balken = 50um.

Table 5 Endometrial expression of intermediate filaments and microfilaments in the mare | Expression von Intermediérfilamenten im equinen
Endometrium
Vimentin Desmin Alpha-SMA
Physiological Endometrosis Physiological Endometrosis Physiological Endometrosis PAMC
EC - pos. - - - - pos.
SC pos. pos. - pos. - pos. pos.
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mares with fertility problems. Nevertheless, considering the
former and the present studies, and taking account of the dif-
ferent species involved, PAMC seems to be a frequent finding
in the endometrium.

In the equine endometrium, PAMC occurs in varying degrees
of severity and mild, moderate and severe periglandular cell
infiltrations can be observed in the same or multiple localisa-

T Al |

Fig. 10 a Endometrial biopsy showing cross sections of endometrial
glands. Immunohistochemical detection of the microfilament a.-SMA.
Endometrial gland (G) surrounded by mild PAMC (*). In stromal cells
outside the glands moderate circular expression of a-SMA (arrowhe-
ads). The detection of a-SMA in endometrial stromal cells is sympto-
matic of differentiation to myofibroblast-like cells and is part of the
typical immunhistochemical expression pattern of endometrial stromal
cells in the early stages of endometrosis. Bar=20um.
Endometriumbioptat, endometriale Drisen im Querschnitft. Immunhi-
stologischer Nachweis des Mikrofilaments a-Aktin. Endometriale Driise
(G), umgeben von geringgradiger PAME (%), in den perildsionalen
Stromazellen wird eine um die betroffene Drise ringférmig angeordnete
mittelgradige Expression von a.-Aktin beobachtet (Pfeilspitzen). Eine
Expression von a-Aktin in den endometrialen Stromazellen ist kenn-
zeichnend fir eine Differenzierung zu Myofibroblasten-éhnlichen Zellen
und ist Teil eines fir frihe Formen einer Endometrose typischen Expres-
sionsmusters in endometrialen Stromazellen. Balken =20um.

Fig. 10 b Endometrial biopsy showing cross sections of endometri-
al glands. Immunohistochemical detection of the microfilament
a-SMA. An endometrial gland (G) surrounded by moderate PAMC
(*). More intensive expression a-SMA (arrowheads) is seen in stro-
mal cells facing the PAMC compared to those outside the lesion
(arrows). Bar=50um.

Endometriumbioptat, endometriale Drisen im Quer- und Léngs-
schnitt. Immunhistologischer Nachweis des Mikrofilaments a-Aktin.
Endometriale Drise (G), umgeben von mittelgradiger PAME (%),
intensivere Expression von a-Aktin (Pfeilspitzen) in den Stromazellen
des der PAME zugewandfen Segmentes als auBBerhalb der PAME
(Pfeile). Balken =20um.
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tions. In women (Greenwood and Moran 1981, Tawfik et al.
1996), and in mares as revealed in the present study, a posi-
tive association exists between the occurrence of endometritis
and PAMC. The latter consist predominantly of T-lymphocytes
and plasma cells such that the periglandular infiltrates could
be interpreted as a morphological appearance or residue of
an endometritis caused by some persisting antigen stimula-
tion. On the other hand, in the present study PAMC could
also be detected in endometrial samples not exhibiting endo-
metritis and, overall, the character of the endometritis does
not match the lymphoplasmacellular character of the PAMC.
Accordingly, an independent occurrence of PAMC has to be
considered. In this regard, PAMC could be thought of as part
of the mucosa- associated lymphoid tissue (MALT) in the uter-
us, comparable to other organ systems, such as the intestines
or bronchi of the lungs. In studies of human endometrium it
has been shown that periglandular inflammatory cell infiltrates
meet the criteria of MALT (i.e. lymphoid aggregates and infil-
tration of T-lymphocytes into the epithelium) (Morris et al.
1985, Yeaman et al. 2001). These characteristics were also
exhibited by the PAMC in the equine endometrium samples
examined.

In the present study, the connection between periglandular
inflammatory cells and endometrosis was investigated for the
first time. Equine endometrosis is characterised by periglan-
dular fibrosis and consecutive functional disturbances on fer-
tility (Gordon and Sartin 1978, Doig et al. 1981, Heilken-
brinker et al. 1997, Schoon et al. 1997, Lehmann 2010).

In bovine endometrium, periglandular inflammatory cells
occur in close relation to some extent endometrial glands
affected by destructive glandular fibrosis. This was also found
in the equine endometrium in the present study. Endometrosis
of PAMC-glands can also be characterised as predominantly
destructive, which offers two interpretations. 1) PAMC could
be a consequence of the destruction of gland epithelium by
endometrosis (‘reactive’) or, 2) (infiltrative) PAMC is the initial
event that causes disintegration of gland epithelium and sub-
sequently leads to periglandular fibrosis (‘initial’).

PAMC occurs in synchrony with alterations of the gland basal
lamina. The damage to the basal lamina is possibly caused
by the frequent infiltration of inflammatory cells (of PAMC)
between the gland epithelial cells and the associated disinte-
gration of these epithelial cells. The destructive process
brought about by enzymes such as glycoproteinases or colla-
genases likely produced by the inflammatory cells involved (T-
lymphocytes and macrophages) (Salamonsen 2003) as well
as by affected stromal cells in the course of modification (Rai-
la 2000). Additionally, the resulting fragments of the basal
lamina attract inflammatory cells. The mechanism could con-
tribute to the maintenance and self-generation of the peri-
glandular inflammation.

Alterations of the basal lamina are known as the initial trigger
within the pathogenesis of endometrosis (Raila 2000, Kiesow
et al. 2011). An intact basal lamina is able to suppress the
synthesis of profibrotic cytokines (Streuli et al. 1993), such as
TGFB, whereas damage to the basal lamina causes activa-
tion of the reparative processes (Penney and Rosenkrans
1984) that, in the endometrium, takes the form of periglan-
dular fibrosis i.e. equine endometrosis.
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In equine endometrosis a change is observed in the expres-
sion pattern of filaments within epithelial and stromal cells
(Aupperle et al. 2004, Raila 2000, Walter et al. 2001, Hoff-
mann 2009, Béttcher 2011). While in the normal equine
endometrium only the intermediate filament vimentin can be
detected in stromal cells, in endometrosis vimentin is also
found in epithelial cells. Furthermore the intermediate fila-
ment, desmin, and the microfilament, a-smooth muscle actin
(a-SMA), occur in stromal cells (Aupperle et al. 2004, Raila
2000, Hoffmann 2006) (see Table 5).

The present immunohistochemical investigations of epithelial
and stromal cells involved in PAMC have revealed an expres-
sion pattern similar to that occurring in endometrosis (see also
Table 5). Especially in equine endometrosis, the occurrence of
cells, which, in ultrastructural and immunohistochemical fea-
tures, are similar to myofibroblasts, has been reported by
Evans et al. (1998) and Raila (2000). Myofibroblasts are a
subpopulation of mesenchymal cells that, beside the expres-
sion of vimentin, show a co-expression of the contractile fila-
ments desmin and/or a.-SMA (Sappino et al. 1988, Skalli et al.
1989, Masur et al. 1996, Mattey et al. 1997, Sandbo and
Dulin 2011). In the present study, the stromal cells in areas of
PAMC regularly showed co-expression of desmin/a-SMA. This
suggests differentiation of the affected stromal cells to form
myofibroblasts or myofibroblast-like cells, which is characteris-
tic for stromal cells in equine endometrosis. Such cell transfor-
mation may be supported by cytokines (e.g. TGF-f) synthesised
by the involved inflammatory cells (Branton and Kopp 1999,
Atamas 2002), and involved mainly T lymphocytes (Schmitt-
Graff et al. 1994, Zhang and Phan 1996, Olman 2009).
Considering the PAMC-related alterations of the basal lamina
and the fact that the immunhistochemical expression patterns
of the stromal cells involved are comparable to those in endo-
metrosis, a contribution of PAMC to the development of equine
endometrosis appears possible. As seen in the present study,
PAMC not only occurs in endometria afflicted with endometri-
tis, but it also can be detected in non-inflammatory and healthy
endometria, respectively. Thus, the endometrial biopsy can be
once more a helpful tool to assess the development of or pro-
gression of endometrosis and, consequently, the fertility of the
mare, since PAMC can be detected only by histopathological
examination of a sample endometrium fissue.
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Erweiterte Zusammenfassung

Periglandulére Entzindungszellen im Endometrium der
Pferdestute — physiologische Abwehrmechanismen mit
Bedeutung fir die Entwicklung der Endometrose?

Als endometriale Ursachen fir Fertilitétsstérungen treten,

neben entzindlichen (Endometritis) und funktionellen (Fehldif-
ferenzierung), auch degenerative Lésionen im Bereich des
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Endometriums (Endometrose, Angiopathien) auf. Wéhrend
sowohl die Endometritiden als auch die Fehldifferenzierungen
dtiologisch und pathogenetisch gut charakterisiert sind, ist die
Ursache der Endometrose weitgehend ungeklért. Unter ande-
rem wird eine entzindliche Genese diskutiert. Im Rahmen der
histopathologische Routinediagnostik von Endometriumbiop-
taten der Stute zur Abklérung von Fertilitétsproblemen unbe-
kannter Genese fielen regelméBig periglandulére mononu-
klegre Entzindungszellinfiltrate (PAME) auf. Die Bedeutung im
histopathologischen und klinisch-gynékologischen Kontext
und damit ihre Relevanz fur die Fertilitét der betroffen Studie
ist bisher nicht geklért. Ziel der vorliegenden Studie war daher
die histomorphologische und immunhistologische Charakte-
risierung der PAME im klinisch-gynékologischen, jahreszeit-
lichen und endometrialen Kontext. Insbesondere sollte geklért
werden, ob das Phénomen der periglanduléren Entzindungs-
zellakkumulation Ausdruck eines physiologischen endometri-
alen Befundes bzw. ein Begleitsymptom einer Endometritis
darstellt oder aber ein potentieller Einfluss der PAME auf die
Entwicklung der Endometrose (Trigger) gegeben ist.

Zu diesem Zweck wurden alle im Jahr 2009 mittels einer
Ubersichtsfarbung (H.-E.-Farbung) im Institut for Veteringr-
Pathologie der Universitét Leipzig untersuchten Endometrium-
bioptate von Stuten (n=754) hinsichtlich des Vorkommens
einer PAME Uberprift. Es konnten 133 Bioptate identifiziert
werden, die ausfihrlich histopathologisch ausgewertet wur-
den. Von den 133 Bioptaten wurden 72 Bioptate zusatzlich
anhand einer Methylgrin-Pyronin-Férbung (MGP) und
immunhistologischer Verfahren beurteilt: Neben der Differen-
zierung der an der PAME beteiligten Zellpopulationen (T-Lym-
phozyten: CD3, B-Lymphozyten: CD79 A, Makrophagen:
MAC 387, Plasmazellen: MGP), wurde das Vorkommen der
Intermedidrfilamente Vimentin und Desmin sowie von
a-Glattmuskel-Aktin (a-GMA) in den beteiligten Epithel- und
Stromazellen untersucht. Die glandulére Basallamina wurde
mittels der Basallaminakomponente Laminin immunhistolo-
gisch dargestellt und charakterisiert. PAME kamen in 18%
aller im Jahr 2009 untersuchten Bioptate vor. Es handelt sich
hauptsdchlich um gering- und mittelgradig ausgeprégte Ent-
zindungszellokkumulationen. In 48% der PAME-Lokalisatio-
nen wurde eine Infiltration der periglanduléren Entzindungs-
zellen zwischen die Driusenepithelzellen beobachtet. Dabei
kann es zu einem Verlust der Integritét bis hin zu einer voll-
stéindigen Destruktion des Drisenpithels kommen. 96% der
Bioptate weisen gleichzeitig eine Endometritis und/oder eine
Endometrose auf. Wéhrend im Ubrigen Endometrium héufig
(95 %) eine gering- bis mittelgradige Endometrose nachweis-
bar war, wiesen die PAME-Drisen mehrheitlich (71%) keine
periglandulére Fibrose auf. Die mit PAME-Drisen assoziierte
Endometrose kann Uberwiegend (67 %) als destruierend und
zu 50% als akfiv/gemischt charakterisiert werden. Ebenso
hé&ufig kann in den untersuchten Biopaten eine Endometritis
festgestellt werden. Der Entzindungszellcharakter der beglei-
tenden Endometritis stimmt in 29% der Félle nicht mit dem
Entzindungszellbild der PAME (mononukleér, lymphoplasma-
zellulér) Uberein. Die PAME bestehen hauptséchlich aus T
Lymphozyten (CD3-positiv). Daneben fanden sich, in geringe-
rer und variierender Anzahl, Plasmazellen (MGP), B-Lympho-
zyten (CD79A-positiv) und Makrophagen (MAC387-positiv).
Anhand der Expression der Basallaminakomponente Laminin
wurden in allen untersuchten PAME-Lokalisationen Alteratio-
nen der Basallamina nachgewiesen. Die L&sionen der Basal-
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lamina waren bei mittel- und hochgradigen PAME graduell
stérker ausgepragt und stehen haufig (43 %) mit einer intra-
epithelialen Infiltration der Entzindungszellen im Zusammen-
hang. Vimentin wurde vereinzelt (4 %) in infraldsionalen Dro-
senepithelzellen nachgewiesen. Perildsionale Stromazellen
exprimieren zu 60% Vimentin, zu 17 % Desmin und zu 28%

a-GMA.

Aufgrund des zum Teil unterschiedlichen Entzindungszellcha-
rakters von PAME und begleitender Endometritis sowie des Vor-
kommens der PAME im nicht-entzindlich alterierten Endome-
trium, handelt es sich bei den periglanduldren Entzindungszel-
linfiltraten wahrscheinlich nicht ausschlieBlich um ein ,histopa-
thologisches Symptom” einer chronischen nicht-eitrigen End-
ometritis. Vielmehr spricht dies dafir, dass, dhnlich wie im
humanen Endometrium, die PAME einen physiologischen
Bestandteil des Schleimhaut-assoziierten lymphatischen Gewe-
bes (MALT) im equinen Endometrium darstellt, was in Folgeun-
tersuchungen der Klérung bedarf. Betrachtet man das immun-
histologische Expressionsmuster der endometrialen Epithel-
und Stromazellen in Bereichen der PAME, sind diese mit dem
Expressionsmuster bei Vorliegen einer Endometrose, besonders
deren lichtmikroskopisch nicht erfassbaren Frihstadien, ver-
gleichbar. In vorangegangenen Studien konnten ultrastruktu-
relle Verénderungen der Stromazellen bei einer beginnenden,
zu diesem Zeitpunkt lediglich elekironenmikrospkopisch erfass-
baren, periglanduldren Fibrose nachgewiesen werden. Die
ultrastrukturellen Verénderungen der Stromazellen resultieren
in einer veréinderten Expression von Intermdiéir- bzw. Mikrofila-
menten, die dem Expressionsmuster bei Vorliegen einer PAME
entspricht. Des Weiteren wird auch eine, fir die Endometrose
typische, myofibroblastenéhnliche Differenzierung der Stroma-
zellen im Bereich der PAME nachgewiesen. PAME sind eng mit
dem Vorliegen von Basallaminaalterationen verknipft. Die
Destruktion der Basallamina ist wahrscheinlich mit der Infiltra-
tion der periglanduléren Entzindungszellen zwischen die Dri-
senepithelzellen und/oder durch die Freisetzung proteolytischer
Faktoren ausgehend von den Entzindungszellen zu erkléren.
Schéden der Basallamina resultieren in einer vermehrten repa-
rationsbedingten periglanduléren Zubildung von Bindegewe-
be. Dabei spielen méglicherweise die beteiligten Zellpopula-
tionen, so z.B. T-Lymphozyten oder Fibroblasten, und die von
ihnen produzierten profibrotischen Zytokine eine Rolle. Diese
Prozesse koénnten, unter Einbeziehung des Endometrose-typi-
schen Expressionsverhaltens der intralésionalen Epithel- und
Stromazellen, als potentieller Ausgangspunkt fir periglandula-
re Fibrosen angesehen werden. Eine Beteiligung der PAME an
der Pathogenese der equinen Endometrose ist daher als wahr-
scheinlich anzunehmen.

Wie die vorliegende Studie zeigt, treten PAME nicht nur im
Zusammenhang mit einer Endometritis auf, sondern kommen
auch im nicht-entzindlich alterierten bzw. gesunden equinen
Endometrium vor. Da PAME nur im Rahmen der histopatho-
logischen Untersuchung der Uterusschleimhaut nachweisbar
sind, stellt die Beurteilung eines Endometriumbioptates der
Stute auch in diesem Zusammenhang ein wichtiges diagno-
stisches Hilfsmittel dar, um eine mégliche Entwicklung oder
die Progression einer Endometrose beurteilen zu kénnen.

Schliusselwérter: Endometrose / Endometritis / Fertilitétssto-

rung / Endometriumbiopsie / Reproduktion / T-Lymphozyten /
Basallamina
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