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Abstract — The effects of estradiol-B7(E2) on the expression of estrogen recept¢ERa) in

stromal and epithelial cells of endometrium in prepubertal lambs were investigated. Twenty three-
month-old lambs were treated or not treated with one, two or three i.m. injections qiigeRy(H)

in corn oil at intervals of 24 h. Lambs were slaughtered 12 or 24 h after the last injection. An immuno-
histochemical technique was used to visualizel ERmunostaining which was then analyzed quan-
titatively by a computer imaging analysis system. Seven endometrial compartments defined by cell
type and location were analyzed separately. Positive stainingooiMaR seen in the nuclei of stro-

mal and epithelial cells. Glandular epithelium located next to the myometrium was stained more
intensely than that next to the luminal epithelium and this phenomenon was maintained during treat-
ment. Significantly less immunostaining was found in stromal cells 12 and 24 h after the first injec-
tion compared to the control group. A similar pattern was found in the glandular epithelium, although
the decrease was more pronounced and the restorationooivERfaster. This study shows that

E2 treatment down regulates &R the endometrium temporarily in both stromal and epithelial
cells, but the characteristics of this effect seems to be cell type specific.
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Résumé— Etude immuno-cytologique de la régulation du récepteur aux cestrogénes ERar
I'cestradiol dans I'endométre de la brebis impubeére_es effets de I'cestradiol-B{E2) ont été étu-

diés sur I'expression du récepteur aux cestrogenasigfs les cellules du stroma et de I'épithélium

de I'endomeétre chez la brebis impubere. Vingt agnelles agées de 3 mois ont regu ou non une, deux ou
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trois administrations intramusculaires de ERgkg1 en solution huileuse) a intervalle de 24 h. Elles

ont été sacrifiées 12 ou 24 h apres la derniére injectiam a5 mis en évidence par immuno-cyto-

logie et sa quantification a été faite a I'aide d’un systeme d’analyse d’'images. Sept compartiments de
I'endometre, définis par leur type cellulaire et leur localisation, ont été analysés séparément. Un
marquage positif a été constaté dans les noyaux des cellules du stroma et de I'épithélium. L'épithé-
lium glandulaire situé prés du myometre est marqué plus intensément que celui qui borde la lumiére
utérine et ce phénomene est encore observé a la suite des traitements. Un marquage significativement
plus faible est constaté dans les cellules du stroma 12 et 24 h aprés la premiére injection par compa-
raison aux témoins. Une réponse identique est vue dans I'épithélium glandulaire bien que la diminution
de marquage ait été plus prononcée et la restaurationadpl&Rrapide. Cette étude montre que E2
régule négativement les récepteursiie 'endometre dans les cellules du stroma et de I'épithélium

et cet effet semble étre spécifique du type cellulaire.

cestradiol-1B / ERa / utérus / brebis impubére / immuno-cytologie

1. INTRODUCTION During development estrogens may have
direct effects in cells that express ER but

Ovarian steroid hormones coordinate thi'2Y, also indirectly affect cells not express-

function of the female reproductive tract"9 them [2]. Since the uterus is composed

: N : of different cell populations, it is important
acting primarily through intracellular pro .to localize the ER protein in the specific cell

oo o cepLypes. To Ut (OMEGge, 10 Irmunisto
chemical studies of ElRexpression and its

sage. Estrogen receptors (ER) have bee : ;
de?ected durgijng mamrﬁ;alian(emzaryonic an¢cgulation by estradiol-B/(E2) have been
performed in ovine uterus before puberty.

fetal stages, suggesting a role for estrogerFew ERx positive nuclei in cervical cells

in growth and differentiation at this stage

of gevelopment [9, 10]. This has been anof two prepubertal ewes were detected [31],

firmed by studies, in ER knock-out miceWh'Ch does not agree with a recent study
where considerable amounts of ER were

which express abnormalities in the repro. , e
ductive tract [14]. Two subtypes of ER havedetermmed by binding assays (both ER sub-
types measured) in both cervix and oviduct

been described — ERand EMB — and ER .
is predominant in the uterus [29]. The?t this stage of development [18].

expression and regulation of ER has bee During the ontogeny of ERin the gen-
studied in the reproductive tract during develital tract of the mouse, ER was first observed
opment in sheep and other species [8, lin stromal cells, and although immunos-
15, 30]. Ruminant endometrium is especiallytaining of ERx in epithelial cells in all tis-
interesting because it provides a model tsues increased with age, E®mmunos-
study mechanisms by which a single mesctaining in stroma was almost constant with
dermally derived mucosal layer diverges intcaging [30]. Moreover, DNA synthesis was
two different structural and functional areasstimulated in epithelial cells by E2 admin-
aglandular (caruncular) and glandular (interistration in neonatal mouse uteri, butd&R
caruncular) endometrium. Moreover, somewas localized in mesenchymal cells, and not
studies have shown differences in sex steroiin the epithelial cells [2]. It was suggested
receptor expression and ovarian steroid hothat stimulation of the epithelial cells could
mone action along the reproductive tracbe caused by steroid hormones acting
between ruminants and other mammals [2(through a receptor mechanism in the under-
26]. lying stroma, producing factors acting on
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the epithelial cells [25], and this was recenthexperiment. Animals were randomly
confirmed [4, 6]. This type of crosstalk assigned to five groups € 4 each). Lambs
between stroma and epithelial cells was alswvere not treated (Group I, controls) or
reported for adult females; it was proposedreated with one (Groups Il and Ill), two
that stromal cells contribute to epithelial(Group 1V), or three (Group V) i.m. injec-
reparation in human endometrium indirectlytions of E2 (1ug-kg™, Sigma, St.-Louis,
presumably by their positive influence onMO, USA) in a corn oil vehicle at intervals
growth factors and by providing cellular of 24 h. The lambs were slaughtered at the
support to the newly resurfacing surfacedeginning of the experiment (Group ), 12 h
epithelial cells [3]. (Group II) or 24 h (Groups I, IV and V)

It was demonstrated in rodent uterus tha®ter th_e last injection. At slaughter, the_uteri
the response — regarding protein synthest¥€re dissected promptly and upper, middle,
and proliferation — to estrogen stimulationand lower portions .Of the uterus were
differs according to cell type [21, 22]. Ivlore_selected to obtain uniform samples of the
over, the regulation of estrogen recepto}/N10l€ uterine wall. The upper zone was
expression by steroids is cell type specific iffi€fined as the portion of the uterus next to
mature rodents [28], primates [3] and sheef]!€ 0Vviduct, the lower zone as the portion
[12]. Previous studies showed that E2 actio f the uterus next to the_ cervix, and th“:‘ mid-
on uterine ER and PR contents is biphasic /€ Z0N€ as the area in between. Tissues
prepubertal lambs [17]. The early effect Wa(%/ere fixed immediately by immersion in

: : in’s fixative solution for 24 h and there-
dominated by receptor processing or loss ouin's . 0 :
receptor protein, while the late replenish-2te" stored in 70% ethanol until embedded
paraffin. Samples from one animal

ment phase seemed to be the result of E;roup II) were misprocessed and were not

increase in the synthesis of new receptor heasured. Receptor determinations by lig-
However, these data were obtained by bind?! ' P ylg

. . nd binding assays and enzyme immunoas-
ing assays and enzyme immunoassays i 9 y y

whole uterus [17], and could not addresiays of this experiment have been published

potential cellular changes that might hav reviously [17].
occurred. Since stromal-epithelial interac-
tions play important roles in regulating the
growth and differentiation of the endo-
metrium during development and estrogens
modulate these actions through their respec- Paraffin sections (Em) from upper, mid-
tive intracellular receptors, the effects of E2le and lower uterine zones in the five groups
on endometrial ER expression in stromal Were prepared. An immunohistochemical

and epithelial cells of prepubertal lambstechnique (avidin-biotin-peroxidase) was
were investigated in this Study_ used to visualize ElemUnOStalnlng as

described previously [29]. The monoclonal
antibody used to detect ERvas ER C-311
2. MATERIALS AND METHODS raised against a protein corresponding to
amino acids 495-595 at the carboxy terminus
2.1. Animals and hormone treatment  of the human ER (cat# sc-787, Santa Cruz,
California, US). After the tissue sections
Twenty three-month-old, spring-born were dewaxed and rehydrated, an antigen
female Corriedale lambs (body weight,retrieval procedure was performed. Sections
mean + SEM: 17.4 £+ 0.6 kg) were used. Thevere pretreated in a microwave oven at high
lambs were kept under natural environpower (700 W), in 0.01 M sodium citrate
mental conditions (extensive grazing) anduffer (pH 6.0) for 10 min, and then allowed
were allowed to nurse freely during theto cool for a further 20 min. After washing

2.2. Immunohistochemistry
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in buffer (0.01 M PBS, pH 7.5) nonspecific next to the myometrium, and middle glan-
endogenous peroxidase activity was blockedular epithelium (MGE) as the portion in
by treatment with 3% hydrogen peroxidebetween. Stromal cells were classified as
(Merck) in methanol for 10 min at room follows: superficial and deep caruncular
temperature (RT). After a 10-min wash instroma (SCS, DCS) and superficial and deep
buffer, sections were exposed to a 30-mimmtercaruncular stroma (SIS, DIS). The cell
non-immunoblock using diluted normal type to be studied was analyzed separately
horse serum (Vectastain; Vector Laboratoby interactively removing the others. Ten
ries, Burlingame, CA) in PBS in a humidi- fields were analyzed and measured sepa-
fied chamber at RT. The tissue sections wenetely in each section of glandular epithe-
then incubated 60 min at RT with the pri-lia and stromal cells. Luminal epithelium
mary antibody diluted 1:25 in PBS. Negativewas not measured by image analysis since
controls were obtained by replacing the pri-10 fields could not be obtained in each slide.
mary antibody with mouse immunoglobu-With the use of color-discrimination soft-
lin G at equivalent concentration. After pri- ware, the total area of positively stained
mary antibody binding, the sections werecells (brown reaction product) was mea-
incubated for 60 min at RT with a biotiny- sured and expressed as a ratio of the total
lated horse anti-mouse IgG (Vectastainarea of cell nuclei (brown reaction product
Vector) diluted in normal horse serum.+ blue hematoxylin).
Thereafter, the tissue sections were incu-
bated for 60 min at RT with a horseradish
peroxidase-avidin-biotin complex (Vectas- 2.4. Statistical analysis
tain Elite; Vector). The site of the bound
enzyme was visualized by the application The results from image analysis are pre-
of 3,3'-diaminobenzidine in kO, (DAB  sented as box and whisker plots where 50%
kit; Vector) a chromogen that produces af the values are within the box and the
brown, insoluble precipitate when incubatedmedian is marked with a line. The bars rep-
with the enzyme. The sections were counresent the 5th and 95th percentiles. The ratio
terstained with hematoxylin and dehydrateaf positively stained area of the seven com-
before they were mounted with Pertexpartments in each uterine zone was analyzed
(Histolab, Gothenburg, Sweden). by ANOVA on ranks (Kruskal-Wallis test)
and specific comparisons against the con-
trol group were determined by Dunn’s test
2.3. Image analysis (SigmasStat; SPSS Inc, Chicago, IL, USA).

After a general inspection of each slide,
a quantitative image analysis was performed 3. RESULTS
to estimate the expression of &k dif- .
ferent cell types. A Leica microscope con- 3.1. General observations
nected to a computer using Qwin software
(Leica Imaging System Ltd.) was used to Glandular epithelium in the deep glands
assess immunostaining on the digitizedDGE) was stained more intensely than that
images of systematic randomly selectedaloser to the uterine lumen (SGE) (Fig. 1a),
fields. ERx expression was measured inand this feature was maintained in the treated
7 uterine compartments defined by cell typgroups. Caruncular stroma was more
and location. The glandular epithelium wasdensely packed than intercaruncular stroma.
arbitrarily divided in 3 portions: superficial Superficial stroma was more densely packed
glandular epithelium (SGE) next to the uterthan deep stroma in both caruncular and
ine lumen, deep glandular epithelium (DGE)ntercaruncular endometrium. A negative



Figure 1. Immunohisto-
chemical localization of
ERa in endometrium of
control and estradiol-
treated lambs (GE = glan-
dular epithelium, Str =
stroma). &) intercarun-
cular endometrium of a
control lamb; b) negative
control; €) intercaruncu-
lar endometrium of a con-
trol lamb (white arrow =
columnar negative cell,
black arrow = round-
shaped negative cell);
(d) intercaruncular endo-
metrium of a control lamb
(black arrow = endothe-
lial cell); (e) intercarun-
cular endometrium of a
lamb of group II; {) inter-
caruncular endometrium
of a lamb of group V;
(g) caruncular endome-
trium of a control lamb;
(h) caruncular endome-
trium of lamb of group II;
(i) caruncular endometri-
um of a lamb of group V.
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control is shown in Figure 1b. Staining forin upper, middle and lower uterine zones. A
ERa was seen in the nuclei of epithelial andsignificant down regulation (Fig. 1€) occurred
stromal cells. Two types of negative cellsin all types of glandular epithelium of the lower
were seen in the glandular epitheliumuterine zone (Figs. 29, 2h and 2i) and in DGE
(Fig. 1c): columnar cells that reached to th@f the middle zone in lambs of Group Il
lumen (white arrow) and round-shaped cell§Fig. 2d). Receptor expression was restored
located close to the basal membrane (bladk most cell types 24 h after the first injection
arrow). Vascular endothelial cells wereand the levels remained high during the rest
devoid of specific staining (Fig. 1d, black ©f the experimental period (Figs. 1f and 2).
arrow). Positive ER immunoreactivity was N0 subsequent effects of repeated E2 injec-

also observed in smooth muscle cells (ndons could be seen. A tendency to a decrease
shown). in positive staining was also observed 12 h

after the injection (Group II) in the rest of the
glandular cells (Figs. 2a, 2b, 2c, 2e and 2f).
3.2. Epithelial cells

3.3. Stromal cells
Figure 2 shows the image analysis score
of positive ERx immunoreactivity in deep,  The image analysis score of stroma was
middle and superficial glandular epitheliumsimilar to that observed in the glandular
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Figure 2.Image analysis score of positive &Rimunoreactivity in deep, middle and superficial glan-
dular epithelium in upper, middle and lower uterine zones of control lambs (Group 1), and lambs treated
with one (Groups Il and Ill), or two (Group 1V), or three (Group V) estradiol (E2) injections. Animals
were slaughtered 12 h (Group Il) or 24 h (Groups llI, IV and V) after the last injection. The upper zone
is the portion of the uterus next to the oviduct, the lower zone is the portion of the uterus next to the
cervix, and the middle zone the area in between. Values with asterisks are significantly different
from Group | (controls)P < 0.05.
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Figure 3.Image analysis score of positive ERnmunoreactivity in superficial and deep stroma in
caruncular and intercaruncular endometrium in upper, middle and lower uterine zones of control
lambs (Group 1), and lambs treated with one (Groups Il and Ill), or two (Group V), or three (Group V)
estradiol (E2) injections. Animals were slaughtered 12 h (Group II) or 24 h (Groups Ill, IV and V) after
the last injection. The upper zone is the portion of the uterus next to the oviduct, the lower zone is the
portion of the uterus next to the cervix, and the middle zone the area in between. Values with aster-
isks are significantly different from Group | (controlB)< 0.05.

epithelium (Fig. 3). Superficial and deepzone of the uterus) decreased from 87%
caruncular stroma (SCS, DCS) of the lambgcontrol) to 67% (12 h after the injection)
of Group Il and/or 11l had significantly less while for the epithelial cells it was 92% to
staining than control group (Figs. 3a, 3b27% respectively. The down regulation in
3e, 3f and 3i), except for DCS in the lowerstromal cells was maintained for a longer
uterine zone (Fig. 3j). Representative stainperiod (24 h in stromal cells vs. 12 h in
ing of stromal cells in the caruncularepithelial cells) after the first E2 injection.
endometrium of lambs of Groups I, Il and VDown regulation in the stroma was more
are shown in Figures 1g, 1h and 1i respeg@rominent in the upper zone as compared
tively. Staining of stroma in the intercarun-to the middle and lower zones. In glandular
cular region differed significantly among epithelium, down regulation was most sig-

groups only in the DIS of the upper uterinenificant in the lower zone.
zone (Fig. 3d).

The down regulation in stromal cells was 4. DISCUSSION
less pronounced than in epithelial cells; the
average of the positive staining area in all To our knowledge, this is the first immuno-
stromal cells (considered both location andhistochemical quantitative study of E2
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regulation of ERl expression in ovine bition of receptor synthesis or by an increase
endometrium before ovarian cyclicity startsin the action of specific proteases [1, 24].
In control lambs, the ratio of the total area off he first cannot be explained by the ER
cell nuclei positively stained to BRwvas mRNA levels, since MRNA expression was
almost 100%, confirming that the prepubernot decreased 12 h after the first injection
tal ewe has high uterine ER concentrationgl7]. On the other hand, a rapid and tran-
[8, 15, 17]. This is consistent with reportssient decrease (6 h) of ER mRNA after E2
on ER expression in ovariectomized and andreatment was reported in rats [24] and a
strous ewes [5, 27], and shows that also ireduction in the rate of translation can also
noncyclic animals (low levels of ovarian be proposed. Besides, a decline in ER pro-
steroids) the uterus has the receptors requiréein within 1 h after E2 treatment in the

to respond to estrogens. absence of transcription and protein syn-

An interesting and consistent finding inthesis was reported in the pituitary and it

this study is that deep glandular epitheliurj’vas concluded that the negative feedback
i

was stained more intensely than superficidP°P. OflEzTﬁn EEFI{?dexpressioln _wa? nogge-
glandular epithelium, suggesting that thd'°mic [1]. The own regulation found in

former cells are more sensitive to estrogef!® Present experiment is different from the
stimulation in the immature ewe. This is inreported receptor up regulation induced by

; : I .estrogen in cyclic and ovariectomized ewes
agreement with previous studies in the cycli S e !
ewe where the intensity of these cells wer&-: §3]' Thougfi,zlt 'ﬁ mfagrzement W'thl
consistently higher [5], but different from gnot er f‘?pgé.[ ] that 19?1” a t_empoha
another study [12] in the ovariectomizedd€Ccréase in EiRin some of the uterine ce
ewe where ER was absent in deep g|andu|§|ompartments in the ovariectomized adult

epithelium but a moderate staining wawe after E2 injection. Likewise, ovariec-

found in superficial glandular epithelium. oMized ewes treated with subcutaneous

It was demonstrated in the rabbit, that cellémplints of E2 for 1”2 days showed absent or
at the bottom of the glands (deep glandulaf€aX staining in all uterine compartments,

epithelium) proliferate and migrate towardseXCePt in deep stroma [5]. The regulatory

the lumen after E2 treatment [7], but there_s_ptlansg to E2 clm ER may de];pend on the
role of these cells in the ewe and the reasdfj!ia! €éndometria e:'xpresswn 0 Eﬂg.g.,
why deep glandular epithelium eXpresgeproducnve status: prepubertal, cyclic, ane-

higher levels of ER remains to be elucidatecSt'0Us Or ovariectomized ewes) and on the
dose and type of E2 treatment (infusions,

The results show that E2 was able tqmplants or injections). The E2 dose used
down regulate ER eXpreSSion in eplthellal here (lugkg—l) and in others studies on
and stromal cells of most of the uterineg2.regulation of steroid receptor expression
zones studied, but this effect was tranSltOfY]_l, 12] resulted in Supraphysio|ogica| lev-
and receptor expression was restored 124s [16], and the ER down regulation
and/or 24 h after the injeCtion. This is CONppserved may represent a mechanism to
sistent with our previous results where ERcontrol the action of the hormone on the
determinations were done by binding assayge|l. The restoration of ERRimmunostain-
and enzyme immunoassays [17]. Since g found in this study is consistent with the
loss of immunoreactive ERwas described 2_tg 3-fold increase in ERmMRNA as
in our previous report [17] as well as in thegescribed previously [17].
present one, we can now confirm that the
initial decrease in receptor concentration The immunohistochemical technique
after E2 treatment was due to a loss of thallows to determine changes in the recep-
protein itself, instead of a reduction intor presence in specific cell types. In this
the binding capacity for the steroid. Thestudy, E2 regulation of ERshowed a
decrease in ERcould be caused by an inhi- similar pattern in epithelial and stromal cells,
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but there were cell type specific differences REFERENCES

in timing and strength of E2 action. The
down regulation in stromal cells was lesd!l
pronounced than in glandular epithelial cells,
but was maintained for a longer period.
These data suggest that the expression of
ERa in stromal cells is not so tightly regu- [2]
lated by E2 as in epithelial cells. Similarly,
ERa in epithelial cells of the reproductive
tract in the neonatal mouse increased Wit%]
age, but ER immunostaining in stroma was
almost constant with aging [30]. It has been
demonstrated that steroid stimulation of the
epithelial cells is also mediated by a recepH!
tor mechanism in the underlying stroma that
produces factors acting on the epithelial cells
[4, 6]. From our study we cannot address
this problem, and the question if the higher
ERa expression maintained in the stromal®]
cells is responsible for the recovery of R
expression in the epithelial cells still remains
unanswered. Differences were also note
along the uterus; down regulation in the
endometrial stroma was more prominent in
the upper zone as compared to the middle
and lower zones. This trend was opposite
to what occurred in glandular epithelium, 7,
where down regulation was most signifi-
cant in the cells of the lower zone.

In summary, the results of this study
demonstrate that E2 regulation of endome-
trial ERo expression in lambs is biphasic[8]
in both stromal and epithelial cells, but the
characteristics of the down regulation dif-
fer between cell types and endometrial deptfy,
locations.
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