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Summary

Little is known about the stage of estrus cycle-dependent variations of uterine secretions of the mare and most published results were based
on evaluation of uterine flushings. Hence, the aim of this study was to define patterns of expression of different endometrial proteins throug-
hout the estrus cycle using newly established immunohistochemical methods and endometrial biopsies. Therefore, endometrial biopsies
were collected from three mares on defined days of the estrus cycle with known concentrations of estradiol and progesterone in serum. The
proteins uteroglobin, uteroferrin, calbinding,, and uterocalin were examined using polyclonal antibodies. Furthermore glycogen was iden-
tified using the PAS-reaction prior to and after a-amylase digestion. During the estrus cycle expression of the examined proteins, as well as
glycogen, revealed a typical, progesterone-dependent pattern. In the early- and mid-interestrus there is a simultaneous increase in expres-
sion of uterocalin and glycogen staining intensity associated with increasing concentrations of progesterone in peripheral blood. The maxi-
mal expression of calbinding,, was also in association with high levels of circulating progesterone in mid-interestrus. In contrast, secretion
of both uteroglobin and uteroferrin was simultaneously associated with the decrease in circulating concentrations of progesterone in mid-
to late-interestrus. However, it has to be emphasized that distinct among mare differences were obvious. This new method enables patho-
logists to interpret changes in the uterine secretion pattern associated with fertility reducing diseases by using a single endometrial biopsy.
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Immunbhistologischer und histochemischer Nachweis endometrialer Proteine und Kohlenhydrate im equinen Endometrium im

Verlauf des Zyklus

Zu den zyklusabhéngigen Variationen des uterinen Sekretionsmuster der Stute ist wenig bekannt, die meisten Publikationen basieren zudem
auf Untersuchungen uteriner Spilproben. Ziel dieser Studie ist daher, das Expressionsmuster verschiedener endometrialer Proteine im Ver-
lauf des Zyklus an Endometriumbiopsien mittels neu etablierter immunhistologischer Methoden darzustellen. Es standen, an definerten
Zyklustagen entnommene Endometriumbiopsien dreier Stuten mit bekannten Ostrogen- und Progesteronkonzentrationen im Serum zur Ver-
fugung. Die Proteine Uteroglobin, Uteroferrin, calbinding,, und Uterocalin konnten mittels polyklonaler Antikérper dargestellt werden, zum
Nachweis von Glykogen wurde eine PAS-Reaktion vor und nach Verdauung mit a-Amylase durchgefihrt. Alle untersuchten Proteine wie
auch das Glykogen zeigten wéhrend des Zyklusverlaufs ein typisches progesteronabhéngiges Reaktionsmuster. So erfolgte der Anstieg des
Uterocalin- und Glykogennachweises gleichzeitig mit dem des Progesterons im frihen und mittleren Interéstrus. Das Calbindingg, zeigt eine
enge Assoziation mit dem im mittleren Interéstrus auftretenden Progesteronpeak. Im Gegensatz dazu konnte eine zeitverzégerte, mit dem
im mittleren bis spéaten Interdstrus auftretenden Abfall der Progesteronwerte assoziierte Expression von Uteroglobin und Uteroferrin beob-
achtet werden. Es muss jedoch betont werden, dass zwischen den einzelnen Stuten teils deutliche Unterschiede in der Expression der unter-
suchten Proteine und des Glykogens auftraten. Mit den hier vorgestellten neuen Methoden besteht nun die Méglichkeit, anhand einer End-
ometriumbiopsie eine morphologisch-funktionelle Beurteilung der uterinen Sekretion insbesondere im Rahmen fertilitétsrelevanter Erkran-

kungen durchzufhren.

SchlUsselwérter: Stute, Zyklus, Biopsie, uterines Sekretionsmuster, Immunohistochemie

Introduction

It is well known that in all mammalian species the early con-
ceptus is bathed in uterine secretions, histotroph, prior to
implantation and development of the placenta. A significant
increase in macromolecules, predominantly proteins, cha-
racterize histotroph milieu during the preimplantation stage of
uterine “receptivity”, that facilitates implantation (Beier-Hell-
wig et al. 1995). However, in species like the horse, in which
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the trophoblast is non-invasive, uterine secretions are more
likely to play an important role in development and survival
of the conceptus (Amoroso 1959) and are more abundant
due to accumulation of endometrial secretory proteins during
the luteal phase as compared to other mammalian species
(Beier-Hellwig et al. 1995).

Progesterone-dependent synthesis and secretion is associated
with a time-lag of several days and has been described for
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Uteroglobin (UGL) and Uteroferrin (UF) in different species
including the mare. One of the major proteins, secreted only
by the endometrium of the mare is Uterocalin (UCA) (Beier-
Hellwig et al. 1995). The expression of this protein correlates
well with serum progesterone concentrations and can be sti-
mulated by administering exogenous progesterone to the
anestrous mares (Stewart et al. 1995, Crosset et al. 1998).
Distinct species differences have been reported regarding the
regulation of calbinding,, (CAL) during the estrus cycle. Whi-
le in bovine (Inpanbutret al. 1994) and murine (Tatsumi et al.
1999) endometrium its expression seems to depend on pro-
gesterone, a positive influence of estrogen has been shown in
the rat endometrium (L "Horset et al. 1993). However, there
are no reports on its expression in the equine endometrium.
The endometrial glycogen (GLY) has only been rarely investi-
gated in the mare (Freeman et al. 1990, Gilbert 1992) but a
progesterone dependency was demonstrated for other spe-
cies (Jaffe et al. 1985). The function of the histotroph is dif-
ferent, but a nutritional purpose is assumed for GLY (Freeman
et al. 1990), CAL (Nikitenko et al. 1998), UF (Roberts et al.
1986) and UCA (Crosset et al. 1998). However, the role of
UGL is unknown, antiinflammatory and antichemotactic pro-
perties have been proposed for other tissues (Mukherjee et al.

1999).

Except for UCA, detailed studies of stage of estrus cycle-
dependent variations in expression and secretion of equine
endometrial proteins and GLY have not been reported. The
present study used endometrial biopsies to examine the reac-
tion pattern of GLY and selected endometrial proteins by
using histochemical and newly established immunohistoche-
mical methods. As a result there is now the possibility to inter-
pret and correlate changes in patterns of uterine secretions
with diseases that reduce fertility by using a single endometri-
al biopsy.

Material and Methods

Animals

In total 21 endometrial biopsies obtained from three gyneco-
logically healthy Warmblood mares, aged 7 (n=2) to 11
(n=1) years, were studied. The biopsies were taken at day O
(ovulation), 5, 10, 13, 16 and 19 of the estrus cycle and the
concentrations of estradiol and progesterone in serum were
determined (Table 1) by radioimmunoassay simultaneously.
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Histology

The samples were fixed in 4% buffered formalin, embedded
in paraplast, sectioned at 3-4um and stained with haemato-
xylin and eosin. The histopathological examination of the
biopsies as well as the classification of the morphological cri-
teria of endometrial differentiation were performed as descri-
bed previously (Schoon et al. 1997).

Histochemistry

The PAS-reaction prior to and after a-amylase digestion of
the sections was used to identify glycogen within the uterine
glandular epithelia.

Immunohistochemistry

Immunohistochemistry was performed using the Peroxidase-anti-
peroxidase technique as described elsewhere (Hoffmann et al.
2009). Mouse-anti human estrogen receptor', mouse anti-human
progesterone receptor?, mouse anti-human Ki-67-anfigen’, as
well as the rabbit polyclonal antibodies to uteroglobin3, uterofer-
rin*, uterocalin® and calbindingg,é served as primary antibodies.

Immunohistochemical analysis

For precise assessment of the endometrial protein and glyco-
gen reaction intensities, the method used to evaluate steroid
hormone receptor expression in carcinoma of the human bre-
ast was modified and adjusted to special requirements of the
equine endometrium in order to carry out an objective assess-
ment of the staining reaction. Therefore the proportion of
immunolabelled cells was defined as the ratio of labeled cells
to the total number of cells in ten HBFs and the values were
expressed as a “percentage of positive cells” (PP). In the pro-
cess, the staining intensity (SI) of immunolabelled cells was
assessed and assigned to numerical values (Index n). The so
called Secretion Score (SSc) was calculated using the formu-
la described below:

4

SSc = 1/100 ¥ {PPn x max [¢ x (SIn-1),1]}
n=2
n=Index, PP=Percentage of positive cells PP

Weight = 5, SI= Staining Intensity

Table T Serum concentrations of sex steroids throughout the estrous cycle. Serumkonzentration der Sexualhormone wéhrend des Zyklusverlauf
Mare A Mare B Mare C
day of cycle E (pg/ml) P (ng/ml) E (pg/ml) P (ng/ml) E (pg/ml) P (ng/ml)

Estrus Ovulation 23,3 0,52 3,1 0,02 0,9 0,11
Early interestrus 5 17,3 7,5 4,0 1,6 2,5 3,6
Mid interestrus 10 16,8 0,67 3,0 2,6 46 3,5
13 14,1 0,52 3,6 0,58 10,4 0,24
Late interestrus 16 18,1 0,47 7,0 0,05 9.5 018
19 29,3 0,26 2,4 0,06 0,9 0,33

Proestrus 21 19,5 0,27 1,2 1,5

E= estrogen P= progesterone - = no data available
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Assignment of staining intensity and Sl value

Index n Sl Reaction pattern value
1 none none 0
2 slight very weak, fine granular 1
3 weak clear, fine granular 2
4 moderate globular to confluent 3
5 strong very strong, confluent 4

The SSc can reach a numerical value between O (none
immunhistochemical reaction) and 10 (strongest immunohi-
stochemical reaction).

Results

Although there were among mare differences concerning day
of cycle-dependent changes in steroid hormone concentra-
tions, the collected data are presented to correspond with the
defined values for each mare (Table 1). Moreover, the histo-
morphological and immunohistochemical characteristics of
the endometria analyzed during the estrus cycle for each of
the three mares were in accordance with expectations from
previous reports (Aupperle et al. 2000).

The staining intensity for the selected proteins and GLY deter-
mined with respect to stage of cycle and cell-specificity were
found to display typical reaction patterns throughout the
estrus cycle.

Uteroglobin (Table 2, Fig. 1 and 2)

The maximal reaction pattern for UGL in uterine glands was in
mid- to late-interestrus associated with decreasing concentra-

tions of peripheral progesterone in all three mares. A second
peak of UGL expression was detected during proestrus/estrus
of mare B and at estrus of mare C. Besides these periods of
peak expression a mild to moderate staining intensity was
observed in all mares throughout the estrus cycle.

Uteroferrin (Table 2, Fig. 3)

The maximal glandular staining intensity of UF was in mid-
interestrus (mares A and C) and mid- to late interestrus (mare
B). As for UGL, expression of UF was coupled to cycle depen-
dent decreases in concentrations of serum progesterone. At
other time points of the estrus cycle UF was not or only wea-
kly detectable.

Calbindin,, (Table 3, Fig. 4)

There were clear differences in the expression patterns of CAL
among the mares. While less than 20% of the endometrial
glandular epithelial cells expressed CAL in mare A, a distinct
increase in positively stained cells was detected in early- to
mid-interestrus of mares B (70% of the cells) and C (80% of
the cells). However, the staining intensity was slight (mare C)
to weak (mare B). Associated with increasing serum proge-
sterone concentration, an additional increase in CAL expres-
sing cells (90% of cells) was observed in the proestrus of mare
B. Only single cells expressed calbindingg, at all other time
points investigated.

Uterocalin (Table 3, Fig.4)

Between estrus and early- to mid-interestrus, there was a con-
tinuous increase in UCA expression in uterine gland epithe-

Table 2 Cycle dependent variations of the uteroglobin and uteroferrin secretion-score with respect to concentrations of progesterone in serum
Zyklusabhéngige Verdnderung des Uteroglobins und Uteroferrins (Sekretions-Score) mit Bezug zu den Serumprogesteronwerten

Day of cycle Phase of cycle Mare A Mare B Mare C
SSc P (ng/ml) SSc P (ng/ml) SSc P (ng/ml)
Uteroglobin
Ov. estrus 1,9 0,52 4,3 0,02 2,9 0,11
5 early interestrus 2 7,5 2,5 1,6 1,6 3,6
10 mid interestrus 2,5 0,67 1,3 2,6 1 3,5
13 2 0,52 2,7 0,58 1,4 0,24
16 late interestrus 0,5 0,47 2,7 0,05 1,5 0,18
19 0,9 0,26 1,3 0,06 1 0,33
21 Proestrus 0,9 0,27 3,1 1,5 -- --
Uteroferrin
Ov. estrus 0,4 0,52 0,8 0,02 0,2 0,11
5 early interiestrus 0,2 7,5 0 1,6 0,3 3,6
10 mid interestrus 2,2 0,67 0 2,6 0 3,5
13 0,2 0,52 1,5 0,58 1,7 0,24
16 late interestrus 0,7 0,47 1 0,05 0 0,18
19 0 0,26 0,3 0,06 0,2 0,33
21 proestrus 0 0,27 0,4 1,5 -- --
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SSc=Secretion-Score Ov=0Ovulation

P=serum-progesterone concentration

--= no data available
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lium which was associated with increasing concentrations of
progesterone in serum. A second peak of staining infensity in
uterine glands was detected in late interestrus for mare A with
no correlation to serum hormone levels or steroid hormone
receptor expression. Only weak staining intensities were seen
at all other time points of the cycle.

Fig 1 Cycle dependent glandular expression of the different proteins
examined. Uteroglobin: Mare A, 10th day post-ovulation: epithelium
of the middle uterine glands showed a uniform and predominantly api-
cal intracytoplasmatic reaction pattern for uteroglobin (arrows). Immu-
nohistochemistry, anti-uteroglobin, magnification 62,5x
Zyklusabhédngige Expression der untersuchten Proteine in den Uterin-
drisen. Uteroglobin, Stute A, 10. Tag post-ovulationem, mittlerer
Bereich des Stratum spongiosum, gleichméBiges, vorwiegend apika-
les intrazytoplasmatisches Expressionsmuster (Pfeile) des Uteroglo-
bins im glanduldren Epithel. Immunhistochemie, Anti-Uteroglobin,
VergréBerung 62,5x

Fig. 3 Cycle dependent glandular expression of the different proteins
examined. Uteroferrin: Mare B, 13th day post-ovulation, middle ute-
rine glands, all glandular epithelial cells within one gland showed a
uniform diffuse intracytoplasmatic expression pattern for uteroferrin.
Immunohistochemistry, anti-uteriferrin, magnification 62,5x
Zyklusabhdngige Expression der untersuchten Proteine in den Uterin-
drisen. Uteroferrin, Stute B, 13. Tag post-ovulationem, mittlerer
Bereich des Stratum spongiosum, diffuses intrazytoplasmatisches inner-
halb des Driisenquerschnittes gleichmdfig exprimiertes Uteroferrin.
Immunohistochemie, Anti-Uteroferrin, VergréfBerung 62,5x

Glycogen (Table 4)

Corresponding to increasing serum progesterone concentrations,
an increased accumulation of GLY in the uterine glands was
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observed between estrus and mid-interestrus in mares B and C.
However, the maximal reaction pattern for GLY in mare A was at
mid-inferestrus without any association to changing concentra-
tions of hormones in the blood or steroid hormone receptors.
Apart from this reaction, moderate concentrations of GLY were
defected in the uterine glands throughout the estrus cycle.

Fig. 2 Cycle dependent glandular expression of the different pro-
teins examined. Uteroglobin: Mare B, ovulation (day 0): middle ute-
rine gland, all glandular epithelia showed a uniform diffuse intracy-
toplasmatic reaction pattern of uteroglobin expression. Immunohi-
stochemistry, anti-uteroglobin, magnification 62,5x

Zyklusabhédngige Expression der untersuchten Proteine in den Ute-
rindrisen. B: Uteroglobin, Stute B, Ovulation (Tag 0), mittlerer
Bereich des Stratum spongiosum, diffuses infrazytoplasmatisches
gleichmdBiges Expressionsmuster des Uteroglobins in den glandu-
léren Epithelien. Immunhistochemie, Anti-Ueroglobin, VergréBe-
rung 62,5x

Fig. 4 Cycle dependent glandular expression of the different pro-
teins examined. calbinding,,: Mare B, 5th day post-ovulation,
mosaic reaction pattern for calbinding,, expression. In single cells
(arrows) within one gland, strong staining intensity can be observed
while other cells show relatively weak or no staining (arrowheads),
adjacent glands with no staining reaction. Immunohistochemistry,
anti-calbinding,,, magnification 62,5x

Zyklusabhéngige Expression der untersuchten Proteine in den Ute-
rindrisen. Calbinding,,, Stute B, 5. Tag post-ovulationem, mittlerer
Bereich des Stratum spongiosum, deutlich erkennbares “mosaikar-
tiges” Reaktionsmuster des Ca/bindinsWK, Einzelne Zellen inner-
halb eines Drisenquerschnittes mit hochgradiger Expression des
Proteins (Pfeile), daneben Epithelien mit schwacher Anférbung
(Pfeilspitze), benachbarte Epithelien ohne erkennbare Akkumula-
tion des Proteins. Immunohistochemie, Anti-Calbindin,,, Vergré-
Berung 62,5x
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Table 3 Cycle dependent variations in calbinding,, and Uterocalin secretion-scores with respect to concentrations of progesterone in serum
Zyklusabhangige Verénderung des Calbinding,, und Uterocalins (Sekretions-Score) mit Bezug zu den Serumprogesteronwerten

Day of cycle Phase of cycle Mare A Mare B Mare C
SSc P (ng/ml) SSc P (ng/ml) SSc P (ng/ml)
Calbindinpg
Ov. estrus 0,01 0,52 0,3 0,02 0,06 0,11
5 early interestrus 0,01 7,5 1,2 1,6 0,5 3,6
10 mid interestrus 0,03 0,67 0,5 2,6 0,5 35
13 0,05 0,52 0 0,58 0,4 0,24
16 late interestrus 0,02 0,47 0 0,05 0,02 0,18
19 0 0,26 0,5 0,06 0 0,33
21 proestrus 0,1 0,27 1,4 1,5
Uterocalin
Ov. estrus 0,9 0,52 1,0 0,02 0,9 0,11
5 early interestrus 2,0 7,5 2,3 1,6 1,9 3,6
10 mid interestrus 1,0 0,67 3,0 2,6 2,6 3,5
13 0,0 0,52 3,3 0,58 1,3 0,24
16 |ate interestrus 1,3 0,47 0,9 0,05 0,0 0,18
19 2,4 0,26 0,9 0,06 1,0 0,33
21 prostrus 0,9 0,27 0,9 1,5
SSc="Secretion-Score Ov=Ovulation P=serum-progesterone concentration --= no data available

Localisation of positively stained cells and intracellular reac-
fion pattern

All endometrial proteins were occasionally detected in the
uterine luminal epithelium but not GLY. While UGL, UF and
GLY were predominantly detected in middle to deep uteri-
ne glands, UCA was typically detected in the superficial
glandular epithelium. CAL expression was, on the one
hand multifocal in that it was detected at all levels in the
uterine glands, but on the other hand, there was a charac-
teristic mosaic-like staining reaction (Fig. 4) among cells
within one uterine gland. This pattern of expression was
also occasionally seen with GLY. In contrast, uniform glan-
dular staining reaction was seen with the other proteins
examined (Fig. 1-3). Thereby an apical intracytoplasmatic
staining pattern was obvious at the peak of UGL expression
respectively with the decrease in intracellular concentra-
tions of GLY.

Discussion

To the best of our knowledge these is the first immunohistoche-
mical study describing the expression of UF and CAL in cycling
mares. Thereby, results from healthy mares indicate among
mare variations in stage of cycle-dependent patterns of expres-
sion of different equine endometrial proteins and GLY.

Uteroglobin

While a previous report described a continuous increase of
the UGL expression from the first to the 10th day of the estrus
cycle (Mdller-Schéttle et al. 2003), this was only observed in
mare A in the present study. In contrast, both mares B and C
showed a peak of the immunostaining for UGL during estrus
and interestrus. These differences may reflect individual diffe-
rences in serum hormone profiles, as described for the

Table 4 Cycle dependent variations in glycogen secretion-scores with respect o concentrations of progesterone in serum.
Zyklusabhéngige Verénderung des Glykogens (Sekretions-Score) mit Bezug zu den Serumprogesteronwerten.

Day of cycle Phase of cycle Mare A Mare B Mare C
SSc P (ng/ml) SSc P (ng/ml) SSc P (ng/ml)

Ov. estrus 2,6 0,52 3,7 0,02 2,4 0,11
5 early interestrus 2,5 7,5 5,7 1,6 3,3 3,6
10 mid interestrus 2,0 0,67 5,2 2,6 2,4 3,5
13 4,9 0,52 1,8 0,58 0,9 0,24
16 late interestrus 2,0 0,47 2,1 0,05 0,7 0,18
19 1,5 0,26 2,6 0,06 1,1 0,33
21 proestrus 1,2 0,27 1,2 1,5
SSc=Secretion-Score Ov= Ovulation P=serum-progesterone concentration --= no data available

216

Pferdeheilkunde 25



human endometrium (Kikukawa et al. 1988). In contrast to
uterine secretions which showed highest levels of UGL during
interestrus (Beier-Hellwig et al. 1995), a maximal peak of
intracellular UGL were detectable at estrus by immunohisto-
chemistry. However it remains unclear if this accumulated
UGL is being released into the uterine lumen or if it reflects
an estrogen induced intraepithelial accumulation (Beier
2000). Nevertheless, the apical intracellular distribution and
the positively stained material in the lumina of the glands,
both detectable during interestrus, possibly correspond to a

[

L
Fig. 5 Cycle dependent glandular expression of the different pro-
teins examined. Uterocalin: Mare B, 10th day post-ovulation,
middle uterine gland, all glandular epithelial cells within one
gland exhibited the same diffuse intracytoplasmatic expression
pattern for uterocalin. Immunohistochemistry, anti-uterocalin,
magnification 62,5x.
Zyklusabhéngige Expression der untersuchten Proteine in den Uterin-
drisen. Uterocalin, Stute B, 10. Tag post-ovulationem, mittlerer
Bereich des Stratum spongiosum, diffuses intrazytoplasmatisches,
innerhalb der Drisenquerschnitte gleichmdfBiges Expressionsmuster

des Uterokalins. Immunhistologie, anti-uterocalin, VergréBerung
62,5x.

release of proteins from secretory vesicles of uterine glands.
These results supporting the hypothesis that the synthesis
and/or secretion of UGL is influenced by estrogen (Beier-Hell-
wig et al. 1995).

Detection of expression of UGL requires treatment with pro-
gesterone for several days, maybe due to a time-dependent
epithelial differentiation initiated and maintained by proge-
sterone (Muller-Schétile et al. 2000). Accordingly, the increa-
sed UGL expression infensity was associated with a decrease
in concentrations of serum progesterone. However, the simul-
taneous rise in both UGL and serum progesterone at pro-
estrus in mare B indicates a rapid reaction of the already dif-
ferentiated epithelia to a re-exposure to progesterone.

Uteroferrin

The increase in expression of UF during mid- to late-inter-
estrus as well as the subsequent decrease to low levels is
in accordance with results obtained from studies of uteri-
ne flushings (Zavy et al. 1982). Additionally, the time-lag
of several days before peak staining intensity after con-
centrations of serum progesterone are maximal supports
previous reports for pigs (Schlosnagle et al. 1974). As
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discussed for UGL this phenomenon could be caused by a
time-dependent epithelial differentiation (Simmen et al.
1988). Although there are distinct similarities with the
expression pattern for UGL, no variations in the UF stai-
ning intensity were detected during proestrus for mare B,
indicating clear differences in steroid-dependent regula-
tion of these proteins.

Calbindinpg,

The maximal staining intensity of CAL during early- to mid-
interestrus of mares B and C suggests progesterone-depen-
dent synthesis of protein as reported for other species
(Inpanbutr et al. 1994, Tatsumi et al. 1999). Furthermore,
there was a more rapid increase in CAL expression in
response fo increases in serum progesterone concentra-
tions including a simultaneous increase of both proge-
sterone and CAL at proestrus of mares B and C. The con-
stant low expression of CAL in mare A is probably due to
the limited narrow time window for detection of CAL during
the estrus cycle of mares.

Uterocalin

In accordance with previous reports (Stewart et al. 1995), the-
re was a close association between increasing concentrations
of serum progesterone and endometrial UCA expression
during early- (mare A) to mid-interestrus (mare B and C). Vari-
ations among mares with respect to steroid hormone profiles
possibly explain differences in patterns of expression of UCA.
However, additional control mechanisms must be involved in
induction/inhibition of the protein resulting in the second
UCA-peak in mare A associated with high estrogen levels and
the lack of UCA despite high progesterone levels at proestrus
of mare B.

Glycogen

As for UCA, the increase in GLY levels from estrus to mid-
interestrus in two mares (B and C) is in response to a simul-
taneous increase in serum progesterone concentrations as
previously reported for the mare (Gilbert 1992). While sti-
mulation of gluconeogenesis by progesterone is indisputa-
ble (Jaffe et al. 1985), few data exist on the control mecha-
nism responsible. Therefore, there may be different expla-
nations, for example a defect in the steroid dependent
enzymatic pathway which regulates gluconeogenesis
throughout the estrus cycle, which may explain the aberrant
pattern of expression of GLY in mare A. Similar to UGL, the
apical intracytoplasmatic staining reaction is probably due
to transit release of contents of secretory vesicles by uteri-
ne gland epithelia.

Functional differences between the superficial and deep glan-
dular epithelia have been reported (Gilbert 1992, Gersten-
berg et al. 1999). However the expression pattern of UGL, UF
and UCA suggests more extensive functional differences for
superficial, middle and deep glandular epithelia. Moreover,
the mosaic staining reaction pattern for CAL and GLY indica-
te among cell differences within a single uterine gland. This
hypothesis is supported by the observation that different cells
do not react identically and synchrously in their accumulation
of GLY after exposure to progesterone (Spornitz 1992).
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In conclusion, the investigated proteins and GLY demonstrated
typical patterns of expression throughout the estrus cycle.
However distinct differences in expression among the three
mares indicate further dynamic interactions in the regulation of
the proteins/glycogen which can not be clarified here. A pos-
sible role of, for example, the prolactin receptors (Kleis-San-
Francisco et al. 1993) has to be clarified by future studies. The
high staining infensities of all proteins and GLY during inter-
estrus confirm the necessity of a proper uterine environment
during the pre-implantation and implantation periods of the
mare. Furthermore the new methods established here enable
pathologists to interpret uterine secretion patterns in fertility
reducing diseases by using a single endometrial biopsy.
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