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Summary

In the equine endometrium, the subclassification of lymphocytes may provide further insights into the immune defense and the pathogenesis
of a non-suppurative endometritis. In routine formalin-fixed paraffin embedded tissue, there is no preservation of CD4 and CD8 antigens
of T-helper cells and cytotoxic T cells, respectively. So far, the immunohistochemical detection of CD4- and CD8-immunopositive lympho-
cytes in the equine endometrium was only achieved by the use of frozen cryostat sectioned tissue samples. The aim of the present study on
the equine endometrium was 1) to explore alternative fixation methods for the immunohistochemical detection of CD4 and CD8 antigens,
2) to reveal the method most suitable for the routine diagnostic work-up in conjunction with an immunohistochemical characterization of
lymphocyte subpopulations and 3) to examine the distribution of CD4- and CD8-immunopositive lymphocytes in the equine endometrium
without and with a non-suppurative endometritis. Using the zinc-salt and the Hope®-fixative as alternative fixatives, the immunohisto-
chemical detection of CD4- and CD8-immunopositive lymphocytes was possible. In haemalaun eosin stained tissue sections, however, only
zinc-salt fixed tissue had an optimal tissue morphology comparable to the tissue preservation in formalin-fixed tissue. The immunohisto-
chemical examination of endometrial tissue samples of 2 mares without endometritis and 7 mares with a mild superficial non-suppurative
endometritis showed the presence of CD4- and CD8-immunopositive subpopulations within the stratum compactum and stratum spongio-
sum. The mild non-suppurative endometritis was associated with increased numbers of CD4- and CD8-immunopositive lymphocytes within
the stratum compactum. This study on the equine endometrium shows that 1) CD4- and CD8-immunopositive T cell subpopulations can
also be detected in fixed tissue samples (IHC Zinc Fixative and Hope®-fixation), 2) the IHC Zinc Fixative is an excellent method to combine
the routine histopathological evaluation with the analysis of T cell subpopulations, 3) the equine endometrium is equipped with an adaptive
immune defense acting against intracellular and extracellular pathogens, 4) a non-suppurative endometritis is associated with an increase
in both cell populations indicative of an immune mediated pathogenesis. Further studies are necessary to characterise the lymphocyte
populations in the equine endometrium and the described method will provide a powerful diagnostic tool.
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Introduction

In the equine endometrium, the subclassification of mononu-
clear cells may provide answers for the immune defense of
the healthy endometrium and the pathogenesis of subclinical
endometrial inflammatory lesions, in particular those asso-
ciated with a non-suppurative inflammation. The latter is
mediated by mononuclear inflammatory cells (macrophages,
lymphocytes and/or plasma cells).

In equine reproductive medicine, the diagnosis and treatment
of a non-suppurative endometritis is often problematic. Affec-
ted mares usually do not show other clinical signs than bar-
renness (LeBlanc and Causey 2009) consistent with a sub-
clinical endometritis. The only diagnostic test that will de-
finitively reveal a subclinical endometritis, is the histopatholo-
gical examination of an endometrial biopsy (LeBlanc and
Causey 2009) using the criteria defined by Kenney and Doig
(1986) and Schoon et al. (1992) and (1997). This type of
endometritis is commonly not associated with a positive bac-
terial culture (Schoon et al. 1997). Besides an infectious etio-
logy, endometrial inflammation may be sterile, associated
with an allergic-hyperergic reaction or the persistence of anti-
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gens (Schoon et al. 1992). Since the cause of a non-suppur-
ative endometritis is offen uncerfain, specific therapeutic
options are not available.

T lymphocytes defend intra- and extracellular pathogens and
also recognize ‘foreign material’ and ‘foreign cells’ (Kidd
2003, Murphy et al. 2009). Two main subclasses exist, i. e.
either CD4- or CD8-immunopositive (+) T cells. Cytotoxic
(CD8+) T cells are activated by antigens of intracellular
cytosolic pathogens (for example viruses, bacteria); they will
kill their target cells by apoptosis. Effector CD4+ cells inclu-
de T-helper cells (TH1 and TH2 cells), regulatory T cells
(Tregs) and TH17 cells (Kidd 2003, Murphy et al. 2009). A
simplified point of view shows that TH1 cells are mainly acti-
vated by macrophages presenting peptides of phagocytized
intracellular pathogens and subsequently stimulate the cellu-
lar immune response. In contrast, B cells presenting peptides
of extracellular antigens stimulate TH2 cells; this is followed
by the initiation of a humoral immune response (Kidd 2003,
Murphy et al. 2009). Treg cells downregulate exuberant T
cell responses (Burzyn et al. 2013). TH17 cells appear to
modulate immune responses, and increased numbers of
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TH17 cells have been associated with autoimmunity (Sun-
drud and Trivigno 2013).

So far, the immunohistochemical detection of subpopulations
of lymphocytes in the equine endometrium was only perform-
ed on cryostat sections of native fissue that were briefly (5-10
min) fixed in acetone prior to the immunohistochemical pro-
cedure (Watson and Thomson 1996, Tunén et al. 2000). The
use of cryostat sections, however, is impractical for the routine
histopathological examination of endometrial biopsies, since
it requires freezing and specific transport conditions. To com-
bine the routine diagnostic work-up with a concise analysis of
the endometrial immune cell populations, there is a demand
for an alternative fixative. In particular in human medicine,
Hope® (Olert et al. 2001) and zinc-salt fixatives (Beckstead
1994) have been used for the investigation of lymphocyte
subpopulations.

The aim of the present study was 1) to test the immuno-
histochemical reactivity of antibodies for the subclassifica-
tion of T lymphocytes in fixed and paraffin embedded tissue
samples using the alternative fixation methods Hope® and
zinc-salt fixative, 2) to reveal the method most suitable for a
routine diagnostic work up in conjunction with an immuno-
histochemical subclassification of T lymphocytes and 3) to
characterize the T lymphocyte subpopulations in the equine
endometrium with and without a non-suppurative endome-
tritis.

Material and Methods

Animals and endometrial tissue samples

To investigate the immunoreactivity of the primary antibodies
for the detection of T cells including their subpopulations in
tissue samples treated by different methods, endometrial ftis-
sue were obtained from 5 adult mares. These mares were
euthanized due to other reasons than genital tract disease.
Macroscopically, the genital tract of these mares did not show
any significant findings. From each of these mares, endome-
trial tissue samples (up to 0.8 X 0.8 x 0.8 cm) were collected
immediately after their euthanasia. These tissue samples were
either fixed in 10% neutral buffered formalin, Hope® fixative
(DCS, Innovative Diagnostik-Systeme, Hamburg, Germany)
or IHC Zinc Fixative (BD Biosciences Pharmingen, Heidel-
berg, Germany), or they were native snap frozen in liquid
nitrogen, stored at - 80°Celsius (C) and subsequently cryostat
sectioned.

The characterization of T cell populations was performed in
endometrial biopsies from 9 adult Thoroughbred mares and
endometrial tissue samples from one 21-year-old German
riding pony. These tfissue samples were also examined by
histopathology. After their collection, endometrial biopsies
were cut in halve, one portion was fixed in 10% buffered
formalin, the other was placed in IHC Zinc Fixative. Endo-
metrial tissue samples of the pony were fixed using either
formalin or IHC Zinc Fixative. On microscopic examination,
2 Thoroughbred mares had no evidence of endometritis,
and 7 showed a mild non-suppurative superficial endome-
tritis. The pony was euthanized due to other reasons than
genital disease, did not show any gross evidence of a geni-
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tal tract disease, and had microscopically a non-suppura-
tive endometritis. The endometrial tissue samples of the
euthanized mare were collected and processed immediately
after euthanasia.

Cryostat sectioning

Frozen tissue specimens were embedded in O.C.T. com-
pound (Engelbrecht Medizin- und Labortechnik GmbH, Eder-
minde, Germany) and sectioned (7 um) using the 2800 Fri-
gocut E cryostat (Reichert-Jung, Cambridge Instruments
GmbH, Nussloch, Germany). Slices were mounted on Super-
Frost/Plus slides (Menzel, Engelbrecht Medizin- und Labor-
technik GmbH, Ederminde, Germany), air-dried for
10 minutes (min) at room temperature (RT), 10 min fixed in
pure acetone at -20°C and again air-dried for 10 min at RT.
Subsequently, sections were stained with haemalaun and
eosin (H.E., Merck KGaA, Darmstadt, Germany) or used for
immunohistochemistry.

Fixation, paraffin-embedding of tissue samples and sec-
tioning

Formalin fixation

Tissue samples were fixed in 10% buffered formalin for up fo
48 hours (hrs), routinely processed by an automated tissue pro-
cessor (Hypercenter XP. Shandon, Frankfurt/Main, Germany)
that uses an ascending alcohol series for dehydration and paraf-
fin immersion. The subsequent tissue embedding into paraffin
wax (melting at 56 —58°C, Engelbrecht Medizin- und Labortech-
nik GmbH, Ederminde, Germany) was performed manually
using a tissue embedding station (TES 99, Medite Medizintech-
nik, Burgdorf, Germany). Paraffin blocks were stored at RT.

IHC Zinc Fixative

The zinc-salt fixation was performed according to the manufac-
turers’ instructions. Tissue samples were fixed between 24 hrs
and 48 hrs, rinsed in tap water and processed in the automated
tissue processor (Hypercenter XP Shandon, Frankfurt/Main,
Germany) by placing them directly into the ascending alcohol
series. Tissues were finally embedded in paraffin wax (melting
at 56 -58°C, Engelbrecht Medizin- und Labortechnik GmbH).
Storage of paraffin blocks was performed at RT.

Hope® fixation

For the Hope® fixation — applied according to the guidelines
of the manufacturer — tissue samples were placed in ice-cold
Hope® | solution (12 to 72 hrs at 0—4°C) and subsequently
transferred into ice-cold Hope® Il - acetone solution (2 hrs at
2°C). This was followed by tissue incubation in pure ice-cold
acetone performed three times for 2 hrs at 2°C. After 8 hrs of
dehydration, low melting paraffin (DCS, Innovative Diagno-
stik-Systeme) was added to the tissue samples. These were
incubated in paraffin over night at 54 °C and finally paraffin
embedded. Paraffin blocks were stored at 4 C° until sec-
tioning. Tissue sections (2 um) of paraffin-embedded fixed fis-
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sues (10% buffered formalin, IHC Zinc Fixative, Hope®) were
cut using a microtome (Microm HM400, DiaTec Diagnosti-
sche System-Technik, Hallstadt, Germany), stained with HE or
used for immunohistochemistry.

Histopathology

HE stained sections of formalin- and zinc-fixed endometrial
tissue samples that were collected from the 9 Thoroughbred
mares and the 21-year-old German riding pony, were evalu-
ated to determine the functional morphology of endometrial
glands and to examine the presence of endometrial inflam-
matory and degenerative lesions using the diagnostic criteria
provided by Kenney and Doig (1986) and Schoon et al.
(1992) and (1997).

Immunohistochemistry

Tissue sections (2 um) were mounted on SuperFrost/Plus slides
(Menzel, Engelbrecht Medizin- und Labortechnik GmbH) and
air-dried. Primary antibodies were the polyclonal (pAb) pan-T
cell marker CD3 (rabbit anti-human, Dako, Hamburg, Germa-
ny) and the monoclonal antibodies (mAb) detecting CD4 (clo-
ne: HB61A; Washington State University, Pullman, USA; Kydd
et al. 1994) and CD8 (clone: HT14A, Washington State Uni-
versity, Pullman, USA; Kydd et al. 1994). Optimal dilutions of
the primary antibodies varied between cryostat sections and the
applied different fixation methods. Immunohistochemistry was
performed with the Peroxidase anti-peroxidase (PAP) complex
method. For the dilution of the antibodies and the PAP-com-
plex, TBS containing 20% serum of a swine (pAb) and 1%
bovine serum albumin (mAb) was used. Sections of
paraffin-embedded fixed (formalin, IHC Zinc Fixative, Hope®)
tissues were dewaxed and rehydrated. For blocking the endo-
genous peroxidase, a 0.5% hydrogen peroxide solution in
methanol (cryostat sections, formalin and zinc fixation, 30 min
at RT) or distilled water (Hope®, 10 min at RT) was used. Anti-
gen retrieval was performed only on formalin fixed fissue. Pro-
tease antigen retrieval was used for CD3-immunostaining:
Slides were incubated in sodium phosphate buffer (37°C,
5min) and then treated with a proteinase solution (bacterial
proteinase, Sigma-Aldrich Chemie GmbH, Taufkirchen, Ger-
many, 0.5% in sodium phosphate buffer, 37°C, 5 min); subse-
quently slides were rinsed in ice-cold TBS (3%, 5min). To pre-
vent non-specific binding of primary antibodies, sections were
preincubated in 50 % normal swine serum (anti-CD3 antibody)
or 10% normal horse serum (anti-CD4 and anti-CD8 antibo-
dies) for 10 min at RT. Primary antibodies were added and incu-
bated overnight at 4° C. Subsequently, slides were washed and
incubated with swine anti-rabbit immunoglobulin G (pAb:
1:100; Dianova, Hamburg, Germany) or rat anti-mouse
immunoglobulin G (mAbs: 1:100; Dianova) for 30 min at RT.
After  rinsing  again, slides were treated  with
rabbit-PAP (pAb: 1:100, Dianova) or mouse-PAP (mAb: 1:500,
Dianova) for 30 min at RT. Diaminobenzidine (Sigma-Aldrich
Chemie GmbH) was used as chromogen. Nuclei were counter-
stained with Papanicolaou solution (Merck KGaA, Darmstadt,
Germany). Equine lymph node was used as a positive control
for all primary antibodies and all applied immunoreactions. For
each immunostained slide, a negative control was performed,
i.e. the antibody detecting CD3 antigen was replaced by rabbit
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immune serum and the anti-CD4 and anti-CD8 antibodies
were substituted by a nonrelated monoclonal mouse immuno-
globulin G antibody (Hirschberger 1987). In the negative con-
trols, the same dilution as for the primary antibodies was used.

Comparative analysis of routinely stained fissue sections

The HE stained sections of formalin- and zinc-fixed endome-
trial fissue samples that were collected from the 9 Thorough-
bred mares and the 21-year-old German riding pony were
analyzed in regard to their morphologic tissue preservation,
the quality of the HE staining using the routine protocol and
the presence of significant tissue artefacts.

Comparative analysis of immunostained tissue sections

The immunoreactivity of the different primary antibodies in
cryostat sectioned and fixed (formalin, IHC Zinc Fixative,
Hope®) and paraffin embedded tissue samples was compa-
red. In the case of a positive immunostaining, the optimal
concentration of the primary antibody for the immunoreac-
tions in cryostat sectioned or fixed paraffin embedded fissue
samples was determined. The objective of this comparative
analysis was to reveal the fixation method that would be most
suitable for combining a routine microscopic evaluation of
equine endometrial biopsies with the immunohistochemical
analysis of T cell subpopulations.

Semiquantitative evaluation of the immunoreactions

The numbers of CD3+ T cells as well as their CD4+ and
CD8+ subpopulations were evaluated semiquantitatively in
serial sections of IHC Zinc fixed endometrial tissue samples of
2 mares without and 8 mares with endometritis. Within 5 ran-
domly selected high dry magnification fields (400x, HPFs),
CD3+, CD4+ and CD8+ T cells were counted separately
within the surface and glandular epithelium, the stratum com-
pactum and the stratum spongiosum.

Results

Animals

In regard to the adult Thoroughbred broodmares, 7 (Nos.
1-4,8,9) were healthy on gynecological examination, T (No.
5) showed not further described clinical signs of genital tract
disease, 1 (No. 6) had an urovagina, and in 1 mare (No. 7)
bacteriological culture of an endometrial swab revealed a
positive growth of beta-hemolytic Streptococci. Six of these
mares (Nos. 1-4,8,9) were covered in 2012 and five (Nos.

1-3,8,9) had foaled in 2013.

Histopathological examination of endometrial biopsies
according to Kenney and Doig (1986) and Schoon et al.
(1992) and (1997)

The results of the histopathological evaluation of the rou-
tinely stained (HE) endometrial tissue samples are summa-
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Fig. T Endometrial biopsies,
mare No. 6, with a mild superfici-
al non-suppurative endometritis,
formalin-fixed (A) and IHC Zinc
fixed (B), stained with haemalaun
- eosin. A comparable very good
tissue preservation is observed
with the formalin and zinc-fixation.
! IHC Zinc fixed endometrial fissue
(B) has a slightly more eosinophil-
| lic tissue staining than the formalin
fixed tissue (A) using an identical
staining procedure. The superfici-
" al (asterisk: A, B) mild non-suppu-
. rative endometritis is characteri-
" zed by a subepithelial infiltration
with lymphocytes (arrows: A, B, insets) and plasma cells (arrowhead: A, inset). Scatftered intraepithelial lymphocytes are noted (arrow: A, inset).
Bar=100um.
Endometriumbioptate, Stute Nr. 6, mit einer geringgradigen oberfléchlichen nicht-eitrigen Endometritis, Formalin fixiert (A) und IHC Zink fixiert
(B), mittels Haemalaun und Eosin gefdrbt. In der Formalin- und der Zink-Fixierung ist eine sehr gute Gewebserhaltung erkennbar. Unter Anwen-
dung identischer Anfdrbeverfahren zeigt IHC Zink fixiertes endometriales Gewebe (B) eine geringgradig eosinophilere Anférbung als Formalin
fixiertes Gewebe (A). Kennzeichnend fir eine oberfléchliche (Sternchen: A, B) geringgradige nicht-eitrige Endometritis ist eine subepitheliale Infil-
tration mit Lymphozyten (Pfeile: A, B, Insets) und Plasmazellen (Pfeilspitze: A, Inset). Vereinzelt konnten intraepitheliale Lymphozyten nachgewie-
sen werden (Pfeil: A, Inset). Messbalken = 100um.

Table 1 Histological evaluation of equine endometrial tissue samples according to Kenney and Doig (1986) and Schoon et al. (1992) and
(1997) / Histologische Befunderhebung am equinen Endometrium nach Kenney und Doig (1986) und Schoon et al. (1992) und (1997)

Mares Non-suppurative endometritis Endometrosis Angiosclerosis Glandular functional morphology ~ Maldifferentiation
1 - - + proliferative -
2 - - - secretory -
3 + + ++ secretory irregular
4 + + ++ proliferative -
5 + + + proliferative -
6 + + ++ proliferative -
7 + + - secretory -
8 + - ++ secretory -
9 + ++ ++ secrefory irregular
10 + ++ ++ secretory -

+, mild; ++, moderate, -, absent

Table 2 Analysis of the preservation of the equine endometrium in Haemalaun Eosin stained cryostat* sectioned or fixed (different three
methods) paraffin embedded tissue samples / Untersuchungen beziglich der Gewebsmorphologie am equinen Endometrium in HE geférbten
Gefrierschnitten* bzw. in fixiertem (drei verschiedene Methoden) Paraffin eingebetteten Material

Criteria analysed Frozen tissue Hope® Fixation IHC Zinc Fixative Formalin-Fixation
Tissue preservation suboptimal suboptimal very good excellent

HE staining excellent excellent excellent excellent
Artefacts moderate™* mild*** not significant not significante
Use for routine diagnostics  suboptimal sufficient very good excellent

*k

* = native frozen tissue was used for cryostat sections, these were fixed in acetone (10 min) prior to immunostaining = moderate tissue artefacts, i.e. clear clefts (ice

sHokok

crystal formation), multiple cell lavers = mild cleft formation  HE = Haemalaun Eosin

Table 3 Immunohistochemical reactivity of antibodies for the detection of T lymphocytes in cryostat sectioned* and fixed (three different
methods) paraffin embedded equine endometrial tissue samples / Immunhistochemische Reaktivitét der AntikSrper beziglich des Nachweises von
T-Lymphozyten in Gefrierschnitten® und in fixiertem (drei verschiedene Methoden) Paraffin eingebetteten Material des equinen Endometriums

Tissues Treatment CD3 - Reactivity CD4 - Reactivity CD8 - Reactivity
Unfixed +++ +++ +++
HOPE® Fixative +++ +4++ +++

IHC Zinc Fixative +++ +++ +++
Formalin-Fixation +++ - -

* = native frozen tissue was used for cryostat sections, these were fixed in acetone (10 min) prior fo immunostaining

- = non-reactive; +++ strong immunohistochemical staining
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rized in table 1. Two mares (Nos. 1,2) did not show any
microscopic evidence of endometritis or endometrosis. In
the remaining 8 mares (Nos. 3-10) a superficial mild
non-suppurative endometritis was diagnosed. The cellular
infiltrate was restricted to the stratum compactum consistent
with a superficial endometritis; it was composed of lympho-
cytes and fewer plasma cells (Fig. 1 A, B). Endometrosis was
noted in 7 mares, it was mild in 5 mares (Nos. 3—7) and
moderate in 2 mares (Nos. 2,10). Angiosclerosis was obser-
ved in 8 mares, it was mild (Nos. 1,5) or moderate (Nos.
3,4,6,8-10). Two mares (Nos. 3,9) showed an irregular
glandular differentiation; in the remaining mares uterine
glands were regular proliferative (Nos. 1,4,5,6) or secretory
(Nos. 2,7,8,10) differentiated.

Tissue preservation in routinely stained tissue sections

Table 2 summarizes the results of the comparative analysis
of cryostat sectioned and fixed paraffin embedded (three
different methods), endometrial tissue samples stained for
the routine light microscopic examination. Formalin-fixed
tissue samples showed excellent tissue preservation com-
bined with excellent staining characteristics; no significant
artefacts were observed (Fig. 1A). The tissue preservation in
IHC Zinc fixed endometria was only slightly reduced as
compared to the formalin-fixation, it was still evaluated as
very good. Using an identical HE staining protocol, the HE
stained sections of the IHC Zinc-fixed tissue appeared
more eosinophilic than those of formalin-fixed tissue (Fig.
1A,B). Thus, for comparative staining results with both fixa-
tion methods, the staining protocol would have to be modi-
fied slightly. Although tissues treated with the Hope® fixa-
tion had similar staining characteristics as formalin-fixed
tissues, the tissue preservation was mildly to moderately
reduced and therefore less optimal. In comparison, cryo-
stat sections showed even moderately impaired tissue pre-
servation, while their staining characteristics were very
good. In addition, unfixed cryostat sections were slightly
thicker than sections of fixed paraffin-embedded ftissues
and therefore less optimal for a routine microscopic exami-
nation due to the possible presence of overlapping cell lay-
ers. In summary, these findings show that — in addition to
the formalin-fixation — only the IHC Zinc Fixative will result
in an optimal tissue quality.

Comparative analysis of immunostained tissue sections

A comparison of the immunohistochemistry for the detection
of T lymphocytes and their CD4+ and CD8+ subpopula-
tions in cryostat sectioned and fixed (three different
methods) paraffin embedded tissue is depicted in table 3.
The immunhistochemistry for the detection of the pan-T cell
marker CD3 can be performed on cryostat sectioned tissue
samples and on endometrial tissues treated with each of the
three different fixation methods followed by paraffin embed-
ding. Antigen retrieval, however, is required for the CD3
immunostaining in formalin-fixed tissue. Using the Hope®
and IHC Zinc fixed tissues (Fig. 2A) the anti-CD3 antibody
can be applied in a higher dilution as on cryostat sectioned
or formalin-fixed tissues. This study revealed that not only
cryostat tissue sections, but also Hope® or IHC Zinc fixed,
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Fig. 2  Endometrial biopsies, mare No. 5, with a mild superficial
non-suppurative endometritis, immunohistochemical detection of
CD 3 antigen (A), CD4 antigen (B) and CD8 antigen (C) on zinc-salt
fixed tissue samples. The mild superficial non-suppurative endome-
tritis is associated with an increase of CD3-, CD4- and CD8-immu-
nopositive cells within the stratum compactum (A-C). CD3- and
CD8-immunopositive intraepithelial lymphocytes are observed (A,
C). Mild numbers of CD3-, CD4- and CD8-immunopositive cells are
also observed within the stratum spongiosum. In the insets, the
immunolabelled cells within the stratum compactum and the luminal
epithelium (arrow: A, C) are depicted at a higher magnification.
Bar=100um.
Endometriumbioptate, Stute Nr. 5, mit einer geringgradigen ober-
fléichlichen nicht-eitrigen Endometritis, immunhistochemischer Nach-
weis von CD3 Antigen (A), CD4 Antigen (B) und CD8 Antigen (C) am
Zinksalz fixierten Gewebe. In den Endometrien von Stuten mit einer
geringgradigen oberfléchlichen nicht-eitrigen Endometritis findet sich
eine Zunahme von CD3-, CD4- und CD8-immunpositiven Zellen im
Stratum compactum (A-C). CD3- und CD8-immunpositive Zellen
sind intraepithelial nachweisbar (A, C). Eine geringe Anzahl an CD3-,
CD4- und CD8-immunpositiven Zellen ist innerhalb des Stratum
spongiosums nachweisbar. In den Insets sind die immunpositiven
Zellen, die innerhalb des Stratum compactum sowie in dem lumina-
len Epithel (Pfeil: A, C) vorliegen, in einer héheren VergréBerung dar-
gestellt. Messbalken = 100m.
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Fig. 3  Results of the semiquantitative analysis of CD3-, CD4- and
CD8-immunopositive cells within the endometrium of 2 mares without
(Nos. 1,2) and 7 mares with a mild superficial non-suppurative end-
ometritis (Nos. 3-10). Average numbers of the immunolabelled cell
populations were higher in mares with endometritis than in mares
without endometritis. A. In the luminal epithelium of mares with and
without endometritis, low numbers of CD3- and CD8-immunopositive
cells and only very few CD4-immunopositive cells were observed; this
indicates that the majority of intraepithelial lymphocytes are cytotoxic
T cells. B. In the stratum compactum, mares with endometritis have
higher numbers of CD3 positive cells, increased numbers of CD4 and
CD8 positive cells (Nos. 4—10) or an increased numbers of only CD4
positive cells (No. 3). C. In the stratum spongiosum of mares with and
without endometritis, low numbers of CD3-, CD4- and CD8-immuno-
positive cells were observed. Average numbers of the immunolabelled
cell populations were higher in mares with endometritis than in mares
without endometritis.

Ergebnisse der semiquantitaven Analyse von CD3-, CD4- und
CD8-immunpositiven Zellen innerhalb des Endometriums von 2 Stu-
ten ohne (Nr. 1, 2) und 7 Stuten mit einer geringgradigen oberfléch-
lichen nicht-eitrigen Endometritis (Nr. 3—10). In Endometrien von Stu-
ten mit Endometritis liegt eine héhere durchschnittliche Anzahl
immunpositiver Zellen vor als in Endometrien von Stuten ohne End-
ometritis. A. Innerhalb des luminalen Epithels von Stuten ohne und mit
Endometritis konnten wenige CD3- und CD8-immunpositive Zellen
und nur sehr vereinzelt CD4-immunpositive Zellen nachgewiesen wer-
den, dies deutet darauf hin, dass die Mehrheit intraepithelialer Zellen
zytotoxische T-Zellen sind. B. Bei Stuten mit einer Endometritis, liegt
innerhalb des Stratum compactums eine héhere Anzahl von CD3-
sowie eine héhere Anzahl von CD4- und CD8- (Nr. 4—10) oder nur
CD4-immunpositiven Zellen (Nr. 3) vor. C. Innerhalb des Stratum
spongiosum von Stuten mit und ohne Endometritis liegen CD3-,
CD4- und CD8-immunpositive Zellen in einer geringen Anzahl vor.
Jedoch ist die durchschnittliche Anzahl dieser immunpositiven Zellen
héher bei Stuten mit Endometritis als bei Stuten ohne Endometritis.
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paraffin embedded tissue can be used for the immunohisto-
chemical detection of CD4+ and CD8+ T cell subpopula-
tions. Therefore, the IHC Zinc fixation provides not only
good quality HE stained fissue sections, but also allows the

immunohistochemical detection of CD4 and CD8 antigens
(Fig. 2B,C).

Semiquantitative evaluation of the immunoreactions

The results of this analysis are provided in Figure 3. In regard
to the evaluated endometrial locations, even in the 2 mares
without endometritis (Nos. 1,2), higher numbers of lympho-
cytes were observed within the stratum compactum than wit-
hin the stratum spongiosum. In all evaluated endometrial
compartments (epithelium, stratum compactum, stratum
spongiosum), higher numbers of CD3+ cells than CD4+ or
CD8+ cells were detected indicating that most of the obser-
ved CD4+ and CD8+ cells were also CD3+.

Luminal and glandular epithelium

Mares without endometritis (Nos. 1,2) had lower average
numbers of intraepithelial lymphocytes in the luminal epithe-
lium (9 cells per 5 HPFs) as well as in the glandular epithe-
lium (8 cells per 5 HPFs) than mares with endometritis (16
and 14 cells per 5 HPFs, respectively). The total counts of
CD4+ and CD8+ cells were less than the total numbers of
CD3+ T cells; only in the luminal epithelium of 1 mare (No.
5) total counts of CD4+ and CD8+ cells were equal to the
total numbers of CD3+ T cells. In regard to the analyzed lym-
phocytic subpopulations, CD8+ cells predominated; CD4+
cells were scant and not observed in 1 mare (No. 2).

Stratum compactum

In mares without endometritis (Nos. 1,2) and a secretory (No.
2) or proliferative (No.1) morphology of uterine glands, simi-
lar cell numbers of CD3+, and CD4+ T cells were counted,
whereas differences in the numbers of CD8+ cells were
noted. In comparison, increased numbers of CD3+ T cells
were observed within the stratum compactum of mares with a
mild superficial non-suppurative endometritis. Six of these
mares showed an increase in the numbers of CD4+ and
CD8+ cells, in 1 mare (No. 3) only CD4+ cells were incre-
ased. The relative numbers of CD4+4+ and CD8+ T cells
varied between individual mares ranging from 35% to 74 %
of CD4+ cells and from 26 % to 65% of CD8+ cells; thus
affected mares did neither show a predominance of an iden-
tical cell population (either CD4+ or CD8+ cells) nor an
extremely high count of one of these two cell populations.
Average total counts of CD4+ cells (103 cells per 5 HPFs)
und CD8+ cells (86 cells per 5 HPFs) were slightly lower than
the average of counted CD3+ cells (227 cells per 5 HPFs ).

Stratum spongiosum
Mean numbers of CD3+, CD4+ and CD8+ T cells were

slightly higher in mares with a superficial mild non-suppura-
tive endometritis (CD3+: 51 per 5HPFs; CD4+: 15 per 5
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HPFs, CD8+: 18 per 5HPFs) than in mares without endome-
tritis (CD3+: 33 per 5HPFs; CD4+: 8 per 5 HPFs, CD8+:
10 per 5HPFs), although differences between individual
mares were observed. Within the same mare, only mild differ-
ences in the numbers CD4+ and CD8+ positive cells were
noted (ranging from 2 -9 cells); cell counts differing in more
than 10 cells were observed in only 2 mares (Nos. 7, 10). In
mares with endometritis, the stratum spongiosum contained
lower numbers of CD3+, CD4+ and CD8+ lymphocytes
than the sfratum compactum consistent with a superficial
non-suppurative endometritis.

Discussion

This study showed that in equine tissue, CD4+ and CD8+ T
cell subpopulations can also be detected in fixed tissue sam-
ples (IHC Zinc and Hope®-fixation). Furthermore, it revealed
that the IHC Zinc Fixative is an excellent method to combine
the routine histopathological evaluation of equine endometri-
al biopsies with the analysis of T cell supopulations in equine
endometrial tissue. The investigation of endometrial fissue
samples of mares with a mild superficial non-suppurative
endometritis showed that CD4+ and CD8+ T cells contribu-
te to the inflammatory cell infilirate of this disease.

Immunohistochemistry for the detection of CD4+ and CD8+
cells

To the best of the authors’ knowledge, this is the first descrip-
tion of the successful immunohistochemical labelling of
CD4+ and CD8+ T lymphocytes in fixed paraffin embedded
equine endometrial fissue samples. Previous studies on the
immunohistochemical detection of CD4+ and CD8+ lym-
phocytes in equine tissue including the corpus luteum (Lawler
et al. 1999) and the equine endometrium (Watson and
Thomson 1996, Tunén et al. 1999, Tundn et al. 2000) solely
used cryostat sections of frozen native tissue that were briefly
fixed in acetone prior to immunohistochemistry.

The routinely used formalin-fixation will impair the detection of
CD4 and CD8 antigens, since the epitopes will be masked by
methylol groups (French and Edsall 1945). That means that
methylene bridges cross-link with amino groups and prevent
the reaction of the epitope with the antibody (French and Edsall
1945). It is reported that a specific pretreatment (pressure coo-
king in an antigen retrieval solution containing 1mM EDTA,
TmM NaCL and borate at pH 8) will result in the retrieval of
CD4 and CD8 antigen in human lymphoid tissue (Kim et al.
2004). To the authors’ knowledge, the use of this method has
not been published in veterinary medicine. In regard to the
Zinc salt fixative, Beckstead (1994) demonstrated that zinc-salt
fixation of lymphoid tissue not only retained antigenicity for the
detection of CD4+ and CD8+ as well as additional lympho-
cyte markers, but also showed good morphologic tissue pre-
servation. In addition, zinc fixation was used on ovine lymph
node (Gonzdlez et al. 2001) and murine lymphatic organs and
additional tissues (Hicks et al. 2006) for the detection of diffe-
rent immune cell epitopes including CD4 and CD8.

The method of Hope®-fixation (Hepes-Glutamic acid buffer
mediated Organic solvent Protection Effect) was first pub-
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lished by Olert et al. (2001) for the use on human soft tissue.
In contrast to the formalin-fixation, this method lacks protein
crosslinking of epitopes and significant degradation of
nucleic acids (Olert et al. 2001). The Hope® fixation has
been applied in human (Droemann et al. 2003) and veteri-
nary medicine (Hornickel et al. 2011) for the immunohisto-
chemical detection of different antigens. It was also used for
molecular studies (Witchell et al. 2008).

Comparison of the investigated methods for the detection of
lymphocytes in equine endometrial biopsies

The present investigation showed that the zinc-salt fixation is
superior to the Hope® fixation and the use of cryostat sectio-
ned tissue samples (frozen tissue, briefly fixed in acetone prior
to HE staining and immunohistochemistry), since it allows not
only the immunohistochemical defection of CD4 and CD8
antigens, but is also associated with a good morphologic tis-
sue preservation. Further advantages of the zinc-salt fixation
are 1) the relatively low costs, 2) the possibility to place the
endometrial biopsy immediately after its collection in a ready
to use fixative, 3) the lack of specific requirements for the
transport of the fixed endometrial biopsy to the diagnostic
laboratory as well as 4) the possibility to store paraffin-blocks
of zinc-fixed tissue at RT. As per manufacturers’ instructions,
the fixation time should not exceed 48 hrs. Endometrial biop-
sies, however, are usually submitted within 24 hrs to the diag-
nostic laboratory, since commonly a fast diagnosis is required
to allow specific treatment.

In comparison, the use of frozen tissue for cryostat sections or
the Hope®-fixation is less practical to perform, in particular if
a spatial distance between the biopsy collection site (stud
farm, stable) and the diagnostic laboratory exist. Unfixed tis-
sue samples have to be shock-frozen immediately after their
collection and stored frozen until their use. The Hope®-fixa-
tion is relatively work intensive, since it requires different fixa-
tion steps with specific temperature requirements.

The use of frozen tissue samples or Hope® fixed tissues has
disadvantages for a routine diagnostic laboratory. Both types
of samples cannot be stored at room temperature. For the
handling of unfixed tissues and paraffin-blocks of
Hope®-fixed tissues, special precautions are recommended,
since pathogens may not be inactivated.

Thus, the zinc-salt fixation is an excellent alternative fixation
method, that has even some advantages compared to the for-
malin-fixation, i.e. antigen retrieval is not required, a higher
dilution of the primary antibody may be sufficient saving
costs, and it will allow the immunohistochemical detection of
antigens that are masked by formalin.

Histopathological examination of endometrial biopsies

In all examined endometrial samples, lymphocytes were
observed within the luminal and glandular epithelium and the
stratum spongiosum, whereas lymphocytes and fewer plasma
cells were present within the stratum compactum. Inflamma-
tion of the equine endometrium is defined as the presence of
a higher numbers of inflammatory cells than those commonly
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observed during the oestrus cycle (Brunckhorst et al. 1991,
Schoon et al. 1992). The present study focused selectively on
the further characterisation of the observed T cells.

Immunohistochemical analysis of T cells including their sub-
populations

The CD3 molecule forms a complex with the T cell receptor
(Groh et al. 1989); therefore it represents a pan-T cell mar-
ker labelling  mature  non-neoplastic T  cells
(Blanchard-Channell et al. 1994). It has been shown that in
equine lymphocytes the presence of CD4 and CD8 antigens
is mutually exclusive (Kydd et al. 1994). In the present case,
the morphologic features of the CD4 and CD8 immunola-
belled cells were consistent with lymphocytes. The numbers
of CD3+ cells, however, were often slightly higher than the
total counts of CD4+ and CD8+ cells. This may be explai-
ned by differences in cell numbers in the counted areas,
since serial sections were analysed. The presence of CD3+
CD4- and CD8-double negative lymphocytes, however,
cannot be ruled out (Watson et al. 1997, Patton et al.
2004, D’Acquisto and Crompton 2011). It is reported that
in human and mouse genital tissue CD3+ CD4- and CD8-
double negative lymphocytes can even approach 70-90%
of the lymphocytic population (D’Acquisto and Crompton
2011). There is evidence that this lymphocyte subclass can
either acquire an immunomodulatory function or can pro-
mote inflammation, also in the context of autoimmune
mediated disease; factors that promote one or the other
phenotype have to be still characterized (D’Acquisto and
Crompton 2011). The detected CD8 cells likely represent
cytotoxic T cells of the adaptive immunity. The applied
anti-equine CD8 antibody recognizes a peptide chain of
CD8 (B-chain) that is not present in CD8+ T cells of the
immediate immune defence (y& T cells, Kydd et al. 1994).
This cell population is linked to immediate cellular immune
defence (Murphy et al. 2009) and has been identified in the
bovine endometrium (Oliveira et al. 2013). In addition to
the presence of CD4+ TH1 and/or TH2 cells; Tregs and
TH17 may contribute to the observed CD4+ cell popula-
tion. Tregs have been identified in the human endometrium
(Berbic et al. 2010) and in the equine pregnant endome-
trium (de Mestre et al. 2010).

To definitively characterize the CD3 and/or CD4 or CD8 anti-
gen expressing T cell populations of the healthy and diseased
equine endomerium, double labelling for these antigens in
addition to the identification of further T cell lineage specific
antigens would be required.

T cell subpopulations in the equine endometrium with and
without inflammation

Interestingly, the present study revealed that the vast majority
of intraepithelial T lymphocytes in mares with and without
endometritis were CD8+. A predominance of CD8+lympho-
cytes was also observed in the human endometrium (Pace et
al. 1991) and excurrent ducts of the human testis (Yakirevich
et al. 2002). In the latfter investigation, the authors speculate
that intraepithelial leucocytes may hinder the development of
immune reactions against sperm antigen (Yakirevich et al.
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2002). Interestingly, in horses sperm is deposited directly into
the uterine lumen (Sendel 2010).

In an investigation on 32 gynecologically healthy oestrous
mares without cytologic or microscopic evidence of endome-
tritis, Tundn et al. (1999) did not observe an influence of age
or parity on the numbers of CD4+ and CD8+ T cells within
the stratum compactum. Similar to the results of previous stu-
dies (Watson and Dixon 1993, Watson and Thomson 1996)
on genitally healthy mares, this investigation showed the pre-
sence of higher numbers of T cells, including their CD4+ and
CD8+ subpopulations, within the stratum compactum than
within the stratum spongiosum. Nearly equal numbers of
CD4+ and CD8+ cells were detected within the human
endometrial stroma of women with regular cycle (Bonatz et
al. 1992). In contrast, in the bovine endometrium higher
numbers of CD4+ than CD8+ lymphocytes were observed
(Cobb and Watson 1995, Oliveira et al. 2013).

To the best of the authors’ knowledge, there are no publica-
tions regarding the subpopulations of T lymphocytes obser-
ved in horses with endometritis including those with the
non-suppurative form. In this study, the relative numbers of
CD4+ and CD8+ T cells between individual mares with
endometritis varied slightly, an excessively high count of one
of these two cell populations, however, was not detected.
These findings might be explained by an unequal distribution
of these cell populations within the evaluated areas, indivi-
dual variations of the immune response to particular anti-
gens, differences in regard to the pathogenesis of the endo-
metritis (differences in regard to the initiating cause or the
time duration since tissue exposure) and/or an influence of
the immune cell population by the presence of concurrent
endometrial disease such as endometrosis and/or angio-
sclerosis. Notably, Tundn et al. (2000) observed a selective
increase of CD4+ lymphocytes in the uterine body of mares
after insemination that occurred within 6 hrs. In the literature,
however, the presence of an endometrial inflammation with
mononuclear cells is commonly considered as a chronic
condition (Kenney and Doig 1986). Further investigations
appear necessary to analyze the recruitment time for mono-
nuclear cell populations in the equine endometrium. Inter-
estingly, studies on human chronic endometritis as well as
unexplained infertility results showed also an increased num-
ber of only CD4+ cells (Klentzeris et al. 1994, Matteo et al.
2009).

Conclusion

Results of this study suggest that a complex interaction of
immune cells contributes to the maintenance of endometrial
health and the development of a non-suppurative endometri-
tis, an endometrial disease with economic significance. To
detect the aetiology/aetiologies of this inflammatory condi-
tion and to develop specific treatment strategies, further com-
parative investigations info immune defences of the healthy
and diseased equine endometrium are necessary. For this
purpose, the described zinc-salt fixation method appears to
be a powerful diagnostic tool, since it allows to combine the
routine microscopic evaluation of endometrial biopsies with
the immunobhistological characterisation of antigens that may
be masked by the routinely used formalin-fixation.
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erhaltung an Haemalaun-Eosin geférbten Paraffinschnitten; die-
se war vergleichbar mit der von Formalin-fixiertem Material. Die
immunhistochemische Untersuchung von endometrialem
Gewebe zweier Stuten ohne Endometritis und von sieben Stuten
mit einer geringgradigen oberflachlichen nicht-eitrigen End-

Reprod. 17, 275-283

Zusammenfassung

Die Klassifizierung von Lymphozytensubpopulationen im equi-
nen Endometrium kénnte Antworten auf Fragen nach den
endometrialen Immunabwehrmechanismen und die Pathogene-
se von nicht-eitrigen Endometritiden geben. In routinemafBig
Formalin-fixietem Material konnten bislang CD4- und CD8-
Antigene von T-Helferzellen bzw. zytotoxischen T-Zellen nicht
nachgewiesen werden. Fir den immunhistochemischen Nach-
weis CD4- und CD8-immunpositiver Zellen im equinen Endo-
metrium wurden deshalb Gefrierschnitte verwendet. Das Ziel
dieser Studie war 1) alternative Fixierungsméglichkeiten for den
immunhistochemischen Nachweis von CD4- und CD8-immun-
positiven Zellen zu finden, 2) eine optimale Methode sowohl fir
die mikroskopische Befunderhebung als auch fir die immunhi-
stochemische Charakterisierung von Lymphozyten zu etablieren,
und 3) die Verteilung CD4- und CD8-immunpositiver Lympho-
zyten im Endometrium mit und ohne nicht-eitriger Endometritis
zu untersuchen. Mittels Zinksalz- und Hope®-Fixierung, als alter-
native Fixierungsmethoden, war es méglich, CD4- und
CD8-immunpositive Llymphozyten im equinen Endometrium
durch immunhistochemische Verfahren nachzuweisen. Die Zink-
salzfixierung zeigte die besten Ergebnisse beziglich der Struktur-
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ometritis zeigte das Vorliegen von CD4- und CD8-immunposi-
tiven Lymphozyten im Stratum compactum sowie im Stratum
spongiosum. Im geringgradig nicht-eitrig entzindeten Endome-
trium lag eine erhdhte Anzahl von CD4- und CD8-immunposi-
tiven Lymphozyten im Stratum compactum vor. Es wurde nach-
gewiesen, dass 1) Subpopulationen von T-lymphozyten (CD4
und CD8) auch in fixietem Material (IHC Zinc Fixative und
Hope®-Fixierung) identifiziert werden kénnen, 2) die Zinksalzfi-
xierung die Methode der Wahl ist, wenn an fixiertem Material
sowohl eine histopathologische Auswertung als auch eine Cha-
rakterisierung von T-Zellen durchgefihrt werden soll, 3) das
equine Endometrium mit einer adaptiven Immunabwehr ausge-
stattet ist, die die Bekémpfung extra- sowie intrazellulérer Erre-
ger erméglicht und 4) eine nicht-eitrige Endometritis mit einer
Zunahme beider T-Zellsubpopulationen einhergeht, welche auf
eine immunvermittelte Pathogenese hinweist. Weitere Untersu-
chungen beziglich der Charakterisierung der Lymphozytenpo-
pulationen im equinen Endometrium unter physiologischen und
pathologischen Bedingungen sind nétig. Die hier beschriebene
Methode eignet sich hervorragend fir diagnostische und wis-
senschaftliche Zwecke.

Schlusselwérter: CD4-Antigen / CD8-Antigen / Endometritis /
Stute / T-Lymphozytensubpopulationen / Zinksalzfixierung /
Reproduktion
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