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Review

1996). This gave rise to several other studies on these two 
isoforms of estrogen receptors, which have high affinity and 
specificity in humans. This phenomenon enables selective 
action by the hormone on different tissues (KUIPER, 
ENMARK, PELTO-HUIKKI et al., 1996; MOSSELMAN, 
POLMAN, DIJKEMA et al., 1996; PAECH, WEBB, 
KUIPER et al., 1997). Estrogen receptors alpha and beta 
present different binding affinities with the hormone and the 
respective co-repressor and co-activator factors (GRUBER, 
JC., GRUBER, DM., GRUBER, IML. et al., 2004). The 
alpha receptor generally has greater transcriptional activity 
than shown by the beta receptor (KLINGE, 2001). 

The importance of investigating estrogen receptors in non-
target organs relates to achieving better understanding of the 
action of this hormone on tissues that until recently were 
neglected regarding the action of this hormone. Estrogen 
acts both in men and in women, and it is known that it can 
cause cell modifications when it reacts with its respective 
receptors (KUIPER, ENMARK, PELTO-HUIKKI et al., 
1996).

Thus, the effects of estrogen have been analyzed in 
relation to a significant number of tissue types that are 
not associated with reproduction, for example bones and 
the cardiovascular, gastrointestinal, immunological and 
central nervous systems. A large number of diseases are 
associated with changes in estrogen production and/or the 
hormonal cell response, such as osteoporosis, breast cancer, 
endometrial cancer, prostate cancer and atherosclerosis 
(ENMARK and GUSTAFSSON, 1999). In 2000, using 
the immunohistochemical method, Taylor and Al-Azzawi 
(2000) found that estrogen receptor beta was present in cells 
in the esophagus, lungs, small intestine, heart, brain, thyroid, 

Introduction1 

Estrogens are known to influence genetic expression 
by interfering in cell growth and differentiation through 
different mechanisms, both in organs associated with 
reproduction and in other areas (GRUBER, JC., GRUBER, 
DM., GRUBER, IML. et al., 2004).

Recently, with the advent of monoclonal antibodies 
against specific estrogen receptors, the number of studies 
investigating these receptors in different tissues by means 
of the immunohistochemical method has been increasing. 
Another method that has also been used recently is 
investigation of the expression of RNA-m at the specific 
receptors by means of polymerase chain reaction (PCR), 
through which it can be assessed whether the receptor is 
functional, i.e. whether there is genetic control and cell 
function control (CIOCCA and ROIG, 1995).

Estrogen receptors belong to the superfamily of nuclear 
receptors for transcription factors. The binding of estrogen 
to its receptor depends on co-activator factors that help the 
action of the receptors towards cell DNA and on co-repressor 
factors that cause difficulty. Following this interaction, 
estrogen receptors change from monomers to dimers and 
couple in specific regions of the cell DNA where there may 
or may not be transcription of genes involved in cell division, 
differentiation, homeostasis and metabolism (PAVAO and 
TRAISH, 2001). Certain routes in which estrogen receptors 
may be activated independent of a hormonal ligand have also 
been described (GRUBER, JC., GRUBER, DM., GRUBER, 
IML. et al., 2004).

Jensen (1958) discovered the first estrogen receptor, 
which was named estrogen receptor alpha. In 1996, using 
the technique of cloning the DNAc of estrogen receptors, a 
second estrogen receptor named estrogen receptor beta was 
discovered (KUIPER, ENMARK, PELTO-HUIKKI et al., 
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for expression of pro and anti-apoptotic proteins, stimulate 
the synthesis of growth factors and their receptors, and can 
also interact with signal transduction routes, thereby leading 
to neuroprotection.

According to Tiwari-Woodruff, Morales, Lee et al. (2007), 
estrogen receptors alpha and beta act synergically on some 
tissues and antagonistically on others. In the nervous system, 
it can be seen that the alpha receptor has anti-inflammatory 
activity, while the beta receptor has a neuroprotective effect 
through reducing demyelinization and preserving axons.

Cardiovascular system3.2 

Simoncini, Fornari, Mannella et al. (2002) described non-
genomic effects caused by estrogen receptor alpha on the 
vascular system, which gave rise to vasodilation and favored 
the release of nitric oxide.

With regard to vascular contractility, estrogen has been 
shown to have rapid vasodilatory effects on small arteries in 
experimental studies. Thus, Montgomery, Shaw, Pantelides 
et al. (2003) observed that selective agonists for estrogen 
receptors alpha and beta caused acute relaxation of the 
mesenteric arteries of rats, especially the agonist for estrogen 
receptor beta.

Pelzer, Loza, Hu et al. (2005) reported that because of 
the difference in the development of cardiovascular diseases 
between men and women, several studies were being 
conducted to investigate estrogen receptors in that system. 
In the heart, both receptors are expressed in cardiac muscle 
cells, fibroblasts and endothelial cells, where they may 
have redundant, non-redundant or occasionally opposite 
biological effects. In the vascular system, the alpha receptor 
(and not the beta receptor) inhibits the formation of the 
neointima. On the other hand, the beta receptor is associated 
with regulation of arterial pressure, given that guinea pigs 
without this receptor develop hypertension. Thus, through 
an experimental study, these authors observed that absence 
of the beta receptor in rats increased mortality and clinically 
and biochemically worsened the markers for heart failure. 

Christian, Liu, Harrington et al. (2006) observed that 
the beta receptor predominated in the coronary arteries and 
correlated with coronary calcification. Thus, this indicated 
that increased expression of the beta receptor might favor 
the process of atherosclerosis.

Using the immunohistochemical, Reverse transcriptase-
PCR (RT-PCR) and Western blot methods, Foresta, 
Zuccarello, Biagioli et al. (2007) found estrogen receptor 
alpha (and not beta receptors) in progenitor endothelial cells. 
This suggested that estrogen might stimulate proliferation of 
these cells in vitro.

Gastrointestinal tract3.3 

Because of several studies that had reported that the 
colon was one of the organs influenced by estrogen through 
the beta receptor, Wada-Hiraike, Imamov, Hiraike et al. 
(2006) carried out an experimental study in 2006, on the 
role of estrogen in relation to the colon epithelium. They 
observed that the beta receptor had an important role in 
organizing and maintaining the cell architecture of the colon 
epithelium, through increasing the numbers of cell adhesion 
molecules.

stomach, rectum, endothelium and smooth musculature of 
blood vessels.

Hence, the aim of the present study was to review the 
literature on estrogen receptors in non-target organs for the 
action of this hormone, i.e. in organs that are not associated 
with reproduction.

Material and method2 

This study consisted of a review of the literature over the last 
ten years, indexed in Pubmed, Medline and Scielo, covering 
papers relating to estrogen receptors, immunohistochemistry 
and steroid hormones. 

Results3 

Central nervous system3.1 

Watanabe, Inoue, Hiroi et al. (1999) detected estrogen 
receptors alpha and beta in various regions of the brains of 
rats through an experimental study.

Ishunina, Kruijver, Balesar et al. (2000) used the 
immunohistochemical method in 2000 to evaluate the 
expression of estrogen receptors alpha and beta in cells of 
the human supraoptic nucleus, in order to assess the possible 
inhibitory effect of estrogen on the production of arginine 
vasopressin, mediated by its receptors. Estrogen receptors 
alpha and beta were found to be present in the nucleus and 
cytoplasm of neurons of the supraoptic nucleus in individuals 
of both sexes, with differences in predominance between 
the receptor types that depended on age and sex. Young 
women showed greater numbers of neurons with nuclear 
and cytoplasmic staining for the beta receptor. 

Milner, McEwen, Hayashi et al. (2001) carried out an 
experimental study using immunohistochemistry in 2001, to 
investigate estrogen receptor alpha in the hippocampus of 
rats. Estrogen seems to change the neuroprotective effects 
relating to Alzheimer’s disease. The effect of estrogen on the 
hippocampus is given through the alpha receptors. Studies 
have suggested that estrogen, through estrogen receptor 
alpha, diminishes GABAergic inhibition and thereby increases 
the formation of new dendrites. Estrogen receptor alpha 
has been found both in nuclei and in extra-nuclear regions, 
thus suggesting that estrogen can have rapid non-genomic 
effects on cell membranes, mediated by the receptor, thereby 
activating G proteins and consequently, second messenger 
activity. Another possibility is stimulation of the second 
messenger system by means of increased intracellular calcium 
levels, through these receptors.

Ostlund, Keller and Hurd (2003) published a study 
that correlated the expression of estrogen receptors and 
neuropsychiatric disorders. The alpha receptor is present in 
the amygdale and hypothalamus, thus suggesting that there 
is estrogen modulation in autonomic, neuroendocrine and 
emotional functions. On the other hand, the beta receptor is 
predominant in areas such as the hippocampus and thalamus, 
thus suggesting the presence of action relating to cognition, 
non-emotional memory and motor functions.

Nassif, Cimarosti, Zamin et al. (2005) studied the 
neuroprotective mechanisms of estrogen in relation to 
cerebral ischemia. Through the estrogen receptors, this 
hormone can change the balance of the genes responsible 
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inflammatory cells in the cases studied, which may suggest 
that estrogen has an inflammatory effect on the airways.

Also in 2001, Bowser and Riederer (2001) carried out an 
immunohistochemical study to investigate estrogen receptors 
(nonspecific) and progesterone receptors in the mucosa of the 
inferior nasal turbinates of 40 women. They found positive 
staining for estrogen receptors in the cytoplasm of serous 
cells of the glandular epithelium and in cells of the secretory 
ducts. This study was conducted on both users and nonusers 
of hormonal contraceptives, and no statistically significant 
difference was found between these two groups.

Nappi, Sardo, Guerra et al. (2003) used the 
immunohistochemical method to investigate estrogen 
receptor alpha in samples from the inferior nasal turbinates 
of 24 postmenopausal women, of whom 12 were using 
hormone replacement therapy and 12 were not (control 
group). A positive immunohistochemical reaction for 
estrogen receptor alpha was detected in the cells of the 
seromucous glands of the lamina propria and around the 
venules. The expression of these receptors was significantly 
lower in the postmenopausal women who were not receiving 
hormone replacement therapy than in the other group.

Shirasaki, Watanabe, Kanaizumi et al. (2004) carried 
out a study using immunohistochemistry and RT-PCR to 
investigate estrogen receptors (alpha and beta), androgen, 
progesterone and glucocorticoids in the mucosa of the 
inferior nasal turbinates of seven patients with chronic 
rhinopathy who underwent turbinectomy. Four were male 
and three were female, and their ages ranged from 16 to 
55 years. Through RT-PCR, mRNA of estrogen receptor 
alpha was detected in all the cases and estrogen receptor 
beta in five of the cases. Through immunohistochemistry, 
estrogen receptor alpha was observed in the nuclei of 
interstitial cells, particularly mast cells, and in the cytoplasm 
of epithelial cells. On the other hand, estrogen receptor beta 
was found in the nuclei of cells of the glandular epithelium 
of the lamina propria.

Philpott, Wild, Wolstensholme et al. (2008) used the 
immunohistochemical method on paraffin-embedded 
material to investigate estrogen receptors alpha and beta and 
progesterone receptors in biopsy samples from the mucosa 
of the inferior nasal turbinates of 25 patients with rhinitis 
who underwent otorhinolaryngological surgical procedures. 
Among these patients, 16 were male. The age range was 
from 18 to 68 years. None of the biopsies showed positive 
reactions for estrogen receptor alpha or for progesterone 
receptors. Estrogen receptor beta was present in 24 out of 
the 25 samples, in the cells of the glandular epithelium of 
the lamina propria and in cells of the lamina propria and 
venules. There were no statistically significant differences 
between the groups of men and women, atopic and non-
atopic individuals or smokers and nonsmokers.

The differences between men and women regarding 
pulmonary diseases led Ivanova, Mazhawidza, Dougherty  
et al. (2009) to examine normal epithelial cells from the 
human bronchial mucosa. Alpha and beta receptors were 
found in the cytoplasm, nuclei and mitochondria. These 
authors also compared the estrogen response in normal 
and cancerous cells and observed that the response of the 
epithelial cells of the bronchial mucosa to estrogen did not 
depend on sex. However, they found that estrogen sensitivity 
could be acquired during carcinogenesis, thereby explaining 

Oral mucosa and salivary glands3.4 

Leimola-Virtanen, Salo, Toikkanen et al. (2000) evaluated 
10 postmenopausal women and 20 healthy young women. 
They found that nonspecific estrogen receptors were present, 
by means of RT-PCR and immunohistochemistry on biopsies 
from the oral mucosa and salivary glands. The presence 
of estrogen receptors was detected by means of  RT-PCR 
in all samples, but none of the cases presented a positive 
immunohistochemical reaction. The expression of RNA-m 
by the estrogen receptors was lower in the postmenopausal 
women than in the young women. 

In the same year, Yih, Richardson, Kratochvil et al. (2000) 
performed the immunohistochemical method to investigate 
nonspecific estrogen receptors in gingival biopsy samples 
from 24 women and one man with chronic nonspecific 
gingivitis. A positive immunohistochemical reaction for 
estrogen receptors was detected in epithelial cells (including 
in the cytoplasm) and in connective tissue cells such as 
fibroblasts and endothelial cells.

Desquamative gingivitis is more common in women and 
the severity of the gingival inflammation increases during 
pregnancy, including with the risk that gingival pyogenic 
granuloma might appear. On the other hand, after the 
menopause, the gingival epithelium becomes hypotrophic. 
Thus, Välimaa, Savolainen, Soukka et al. (2004) used 
immunohistochemistry to investigate estrogen receptors 
alpha and beta in gingival tissue and the smaller salivary 
glands of men and women who underwent oral surgery. 
Beta receptors were found in the nuclei of epithelial cells 
in the gingiva and in the nuclei and cytoplasm of glandular 
epithelial cells of the salivary glands. On the other hand, alpha 
receptors were not found in any of the samples analyzed.

Estrogen also regulates the expression of phenotypes 
of osteoblasts in the cells of the periodontal ligament and 
may help in regenerating this tissue through its receptors. 
Thus, Tang et al. (2008) found both receptors in the nuclei 
of cells of the periodontal ligament, with predominance of 
beta receptors. This study suggests that this receptor may 
participate actively in the process of osteogenic differentiation 
in the cells of the human periodontal ligament, in men and 
women.

Genitourinary tract3.5 

Because cystitis is more common in women, Bjorling and 
Wang (2001) used the immunohistochemical method in 
2001, to investigate the mucosa of the urinary bladder in 
rats. They found that estrogen receptors alpha and beta were 
present, with predominance of beta receptors. They put 
forward the theory that estrogen might influence the course 
of neurogenic inflammation through interaction with pain 
mediators such as the neural growth factor, thereby making 
the bladder more sensitive to nociceptive stimuli.

Respiratory system3.6 

Zhao, McKerr, Dong et al. (2001) carried out an 
immunohistochemical study on estrogen receptors 
(nonspecific) in nasal polyps. The literature suggested that 
age and oscillations in sex hormones might exacerbate the 
symptoms of asthma. Thus, these authors observed that these 
receptors were only present in mast cells and not in other 



Millas, I. and Liquidato, BM.

Braz. J. Morphol. Sci., 2009, vol. 26, no. 3-4, p. 193-197196

Through experimental studies in 1997, Kuiper, Carlsson, 
Grandien et al. (1997) observed that alpha receptors were 
found in the epididymis, prostate, testicles, hypophysis, 
ovaries, uterus, kidneys and adrenal gland. On the other 
hand, beta receptors were found also in organs such as 
the bladder, lungs, thymus gland, olfactory tract, central 
nervous system and heart. Likewise, in a similar study in 
1997, Brandenberger et al also observed that both receptors 
were expressed abundantly in the reproductive system and 
that beta receptors were also present in high concentrations 
in tissues that did not produce and were not dependent on 
estrogen.

Beta receptors were also found in an experimental study 
using RT-PCR, in many tissue types including the central 
nervous system, cardiovascular system, immunological 
system, urogenital tract, gastrointestinal tract, kidneys and 
lungs. Alpha receptors predominated in tissue types that 
were associated with reproduction, such as the breasts, 
uterus and vagina. The different biological activities of 
these two isoforms can be explained by differences in their 
distribution and structure, which indicates that variations in 
the recruitment of their respective transcriptional factors, co-
activators or co-repressors may occur (PAVAO and TRAISH, 
2001).

Beta receptors have been shown to have greater 
predominance in organs not associated with reproduction. 
However, what seems to characterize the expression of 
estrogen in the different organs is the balance between the 
concentrations of their receptor subtypes and the recruitment 
(or lack of recruitment) of the co-activator and co-repressor 
factors for each subtype, for genetic expression. This 
recruitment varies according to the tissue type. For example, 
as cited earlier, one receptor type or another predominates in 
certain regions of the brain and the same receptor may or may 
not trigger genetic transcription, depending on its location. 
Furthermore, the location within the cell may also influence 
the type of response, as in the case of cytoplasmic receptors 
that are responsible for rapid non-genomic effects.

It can therefore be seen that estrogen has important 
functions in a variety of organs, mostly mediated through 
its receptors, and that the response depends on each tissue 
type. The effects of this hormone go well beyond the limits 
of reproductive activity, and they have been the subject 
of studies aimed at achieving better histophysiological 
understanding and therapeutic intervention. Thus, new and 
promising paths for research have been shown.
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