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Abstract

Damri Darawiroj*  Kongkiat Srisuwatanasagul  Sinchai Pianchop  Sayamon Sukjumlong

IMMUNOHISTOCHEMICAL STUDIES OF THE ESTROGEN RECEPTOR
ALPHA IN THE OVARIES AND UTERI OF THE DOMESTIC CAT AT
DIFFERENT STAGES OF THE OESTROUS CYCLE

The expression of the estrogen receptor alpha (ERααααα) was investigated in domestic cat ovaries and uteri

by mean of immunohistochemistry, using monoclonal antibody against ERααααα. The stages of the oestrous cycle were

determined by vaginal cytology and serum steroid levels which were taken before operation. In the uterus, positive

staining was found in the nuclei of all uterine cell types in different proportions and staining intensity. During

oestrous, the staining intensity and the proportion of positive cells were highest in the epithelium (both the

surface epithelium and the glandular epithelium) as well as in the myometrium. At dioestrous, ERα α α α α expression was

clearly low in the surface epithelium and myometrium but not in the germinal epithelium. During anoestrous, weak

staining as well as low proportion of positive cells was observed in most of the compartments of the uterus, apart

from the stroma, the proportion and the intensity of positive cells was not markedly different during all stages of

the oestrous cycle. In the ovary, positive staining was only found in some ovarian cells. During oestrous, strong

staining was seen in the germinal epithelium and in the stroma of the ovaries. Additionally, faint staining was also

observed in some luteal cells. However, no positive staining of Era was detected in other ovarian samples collected

at the other stages.

In conclusion, the study showed that estrogen elicits its function mainly via ERααααα in all uterine cell types. In

the ovary, the observation that not all ovarian cell types express ERααααα could suggest that the estrogen receptor,

subtype alpha, is neither the major nor the only protein that causes estrogen to elicit its effect the role of the

estrogen receptor, subtype beta (ERβββββ), should be further clarified in this respect.
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Introduction
Following the decrease of wild felidae populations

such as the lion, tiger and cheetah, new technologies have

been applied to solve such problems (Pope, 2000) but

even with these the populations and birth rates of wild

felidaes are still low compared with the other animals. This

may be due to insufficient knowledge of the reproductive

biology and physiology in these felidaes species. The

domestic cat (Felis catus), as a member of the felidae

family, could be a useful model of the endangered species,

in this family, for the study of reproductive biology and

physiology.

The structure as well as the functions of female

reproductive organs are under the influence of ovarian

steroid hormone, oestrogen and progesterone. Oestrogen

acts through its specific receptor protein which is termed

an oestrogen receptor (Katzenellenbogen, 1996). There

are several studies indicating that the oestrogen receptor,

subtype alpha, is the main subtype for regulating

reproductive functions in the female. Therefore, a study of

the oestrogen receptor, subtype alpha, was thought to be

necessary to evaluate the mechanisms of oestrogen action

in felidae reproductive organs. The objective of the present

study was to investigate the localisation and distribution

of oestrogen receptors in the reproductive organs, mainly
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the uterus and the ovary of domestic cats, which could lead

to a better understanding of reproductive physiology

and pathology in the endangered species, using domestic

cats as the model.

Materials and Methods

Experimental animals

All the queens used in the present study were

spayed at the Obstetric and Gynecology unit,

Chulalongkorn University Small Animal Hospital.

Before ovariohysterectomy, blood samples were taken

and vaginal cytology was performed to determine the

stage of the oestrous cycle.

Tissue collection

Uteri and ovaries were collected from twelve

queens at different stages of the oestrous cycle. The samples

were at oestrus (n=3), anoestrus (n=3) and dioestrus (n=3).

Immediately after surgery, the samples were fixed in

4% paraformaldehyde for 24-36 hrs. They were then

embedded in paraffin wax and stored until immunohis-

tochemistry was performed.

Immunohistochemistry procedure

An indirect method (avidin-biotin-peroxidase) of

immunohistochemical staining was used to evaluate the

oestrogen receptors, alpha, in the uteri and ovaries.

Each sample from the same queen was cut 4 µm thick

sections and placed on the same glass slide. Before

immunohistochemistry was performed, an antigen

retrieval technique was used to enhance the reaction

between antigen and antibody, by heating the tissue

sections in a citrate buffer (0.01M, pH 6.0) using a

microwave oven at 800 watt, for 5 min. The following

procedures were done at room temperature (RT) with the

tissue sections being washed with PBS (phosphate buffer

saline 0.01M, pH 7.4) at each step in between, except

before applying the primary antibody. Non-specific

endogeous peroxidase was blocked by treating the

section with 3% hydrogen peroxide in methanol, for 10

mins. After treatment with normal horse serum for 30

mins, primary antibody which was mouse monoclonal

antibody to ERα (NCL-ER-6F11, Novocastra Labora-

tories Ltd., United Kingdom), in a dilution of 1:25, was

applied to the sections for 1 hr. Thereafter, the tissue

sections were incubated with biotinylated horse anti-

mouse IgG (Vectastain, Vector), in a dilution of 1:200,

for 30 mins. The sections were then incubated with a

horseradish peroxidse-avidin-biotin complex (Vectastains

Elite, Vector) for 30 mins. Finally, the reaction was

visualized by using 3,3'-diaminobenzidine as a chromogen

(DAB kit;Vector) which stained brown when positive.

All tissue sections were counterstained with hematoxylin

and mounted with glycerine-gelatin for investigation

under a light microscope.

Evaluation of the results

The results of immunohistochemical staining were

evaluated by semiquantitative methods. For the uterus,

each of the uterine compartments, which consisted of the

surface epithelium, the connective tissue stroma (STR),

the glandular epithelium (GE) and the  myometrium (M)

were analysed separately and the results were shown

according to the range of positive staining intensity. For

the ovary, the results were described for each separate

compartment which were the germinal epithelium, the

follicular cells, the luteal cells and the interstitial cells.

In each compartment, the staining intensity was evaluated

at three different levels: +/ weak intensity, ++/ moderate

intensity and +++/ strong intensity. In some compartments,

when the staining intensity was not uniform, the result

was shown as a range: +/++ = weak to moderate and ++/

+++ = moderate to strong intensity.

Results
Positive cells were stained brown in their nuclei

by the DAB chromogen whereas the nuclei of negative

cells were stained blue by Mayer's hematoxylin

counterstaining. The result was reported as an average



Thai J. Vet. Med. Vol. 33 No. 4, 31 December 200392

staining intensity of positive cells in the uterus (table 1)

and in the ovary (table 2). Among all the uterine

compartments, the proportion of positive stained cells

was different in the stroma, where only half of all the

connective tissue stromal cells were stained positive.

Immunohistochemistry of ERα in the uterus

Positive staining was detected in all cell types in

the uterus. During oestrus, stronger staining intensity was

found in stromal cells and glandular epithelium than in the

surface epithelium and the myometrial cells. During

anoestrus and dioestrus, weak nuclear staining was found

in the surface epithelium and the myometrial cells, whereas

the staining intensity was moderate to strong in the

glandular epithelium and the stromal cells. However, when

comparing the different oestrous stages, the staining

intensity was strongest during oestrus than at other

stages of the oestrous cycle, in all compartments.

Immunohistochemistry of ERα in the ovary

During anoestrus, positive immunostaining was

found only in the germinal epithelium of the ovary.

Weak nuclear staining was only found in the germinal

epithelium during dioestrus as well. However, during

oestrus, positive results were demonstrated in follicular

cells and interstitial cells. In addition, the intensity of

immunoreactivity of ERα  in the germinal epithelium

was remarkably increased during oestrus.

               Stages                Germinal epithelium       Follicular cells                  Luteal cells             Interstitial cells

Oestrus ++/+++ + Not observed +

Dioestrus + -- -- --

Anoestrus + -- -- --

Staining intensity: + = weak, ++ = moderate, +++ =  strong

+/++ = weak to moderate, ++/+++ = moderate to strong

Table 2 Average staining intensity of ERα in the ovary collected at different stages of the oestrous cycle

Table 1 Average staining intensity of ERα in the uterus at different stages of the oestrous cycle.

               Stages                  Surface epithelium   Glandular epithelium              Stroma                    Myometrium

Oestrus ++ +++ ++/+++ +/++

Dioestrus +/++ ++/+++ ++ +

Anoestrus + ++ ++ +

Staining intensity: + = weak, ++ = moderate, +++ =  strong

+/++ = weak to moderate, ++/+++ = moderate to strong
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Fig 1 Immunostaining of ERα in the uterus of the domestic cat, positive cells (arrow head) was shown with brown

staining in the nuclei. SE = Surface epithelium, GE = glandular epithelium and STR =  connective tissue stroma

Fig 2 Immunostaining of ERα in the ovary of domestic cat. Positive cell was shown by arrow head, GE = Germinal

epithelium of the ovary
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Discussion
Positive staining was seen in the nuclei of all cell

types of the uterus which was in agreement with most

oestrogen receptor studies (Cherny et al., 1991; De Cock

et al., 1997; Vermeirsch et al., 2002). When comparision

is made between the ovaries and the uteri, more staining

was observed in the uteri. This reason for this could be that

ERα was not the main subtype for regulating reproductive

physiology in the ovary. Instead, another subtype, oestrogen

receptor beta (ERβ) which has been discovered later, should

be considered (Drummond et al., 1999; Chiang et al., 2000;

Mowa and Iwanaga, 2000; Pelletier and El-Alfy, 2000;

Wang et al., 2000; Jansen et al., 2001; Slomczynska and

Wozniak, 2001).

In the uterus, ERα protein was prominent during

oestrus in all compartments, in agreement with earlier

studies that found that ER was high during oestrus

when the level of oestrogen was also high (Dhaliwal et al.,

1997; Vermeirsch et al., 1998). There was one study

showed that oestrogen can up-regulate oestrogen receptor

protein in the uterus but this effect depended upon specific

uterine cell types (Ing and Tornesi, 1997). This finding

was supported by the present study which showed that

different compartments had different intensities of ERα

staining, even during the same oestrous stage. In addition,

the ERα  level in the uterus during oestrus was not

apparently different from that during dioestrus. This

result implied that a high progesterone level during

dioestrus had a weak impact on the presence of ERα in

the cat uteri.

In the ovary, the strong staining found in the

germinal epithelium during oestrus supported the concept

that epithelial ingrowth of the ovary was mediated

by oestrogen via ERα (De Cock et al., 1997). In other

compartments of the ovary, such as the follicular

granulosa cells, the luteal cells and the ovarian stromal

cells, positive stained cells were rarely observed. This

suggested that these compartments of the ovary were

not the main target organs for oestrogen, in mediating its

effect through the ERα protein. However, ERα may exist

in the ovary even at dioestrus and anoestrus but in

lower concentrations than could be detected by

immunohistochemistry.

There is a study that showed oestrogen-induced,

uterine epithelial proliferation is mediated indirectly by

ER alpha-positive stroma (Cooke et al., 1997; Buchanan

et al., 1999; Sukjumlong et al., 2003). The present study

supported this finding for at oestrus, ER staining was high

in the connective tissue stroma and could be that epithelial

proliferation in the cat uterus during oestrus is also

regulated by oestrogen acting through ERα in the stroma

in a paracrine manner.

In conclusion, the study showed that the

differences between the uterus and ovary during the

oestrous cycle could be due to different mechanisms

for regulating steroid receptor expression in these two

tissues. In the uterus, estrogen elicits its function mainly

via Eα  whereas in the ovary, the finding that not all

ovarian cell types express ERα may postulate that the

estrogen receptor, subtype alpha, is neither the major

nor the only receptor protein for estrogen and ERβ

should also be investigated in the cat ovary.
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