Estrogen receptors: relevance to infertility and male contraception. 
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In the male reproductive tract, estrogen is mainly synthesized by Sertoli, Leydig and germ cells, which contain the aromatase enzyme that catalyses conversion of testosterone to estradiol (reviewed in Mol Cell Endocrinol 246:65, 2006). Recent studies have also shown the presence of aromatase in human and rat epididymis and in human efferent ductules (J Anat 204:217, 2004; Mol Cell Endocrinol 249:40, 2006). The main evidence for the essential role of estrogen in the control of male reproductive function came from the demonstration that male fertility is impaired in mice with a knockout of the estrogen receptor ESR1 (also known as ER() (Esr1-/-) or the aromatase (Cyp19-/-) genes, although the phenotypes of the two models exhibit considerable differences at physiological, cellular and endocrine levels (Endocrinology 137:4796, 1996; Proc Natl Acad Sci USA 95:6965, 1998). The non overlapping nature of the aromatase null and ESR1 null mice suggests that other estrogen receptors may play an important role in the male reproductive tract (Reprod Biol Endocrinol 3:51, 2005). Recent studies have revealed that a novel estrogen receptor, GPR30, which belongs to the family of seven-transmembrane G protein-coupled receptors (GPCRs), contributes to estrogen action in several cells (reviewed in Annu. Rev. Physiol. 70:165, 2008). The role of this receptor in the male reproductive tract remains to be determined.

Fulvestrant (ICI 182,780), an antiestrogen that impairs estrogen action on both ESR1 and ESR2 (also as known ER(), and does not cross the blood-brain barrier (reviewed in Cancer 89:817, 2000), causes the same abnormalities in the efferent ductules as those seem in the Esr1-/-animals (Endocrinology 143:2399, 2002; Biol Cell 97:385, 2005; Reprod Biol Endocrinol 3:10, 2005). Our laboratory has recently demonstrated that treatment with fulvestrant affects not only genes that encode ion channels and macromolecule transporters but also genes related to extracellular matrix organization in the rat efferent ductules (Biol Reprod, in press, 2008). 
Ligand-activated ERs can also regulate transcription of genes that lack an ERE in their promoter region by binding to other transcription factors, such as protein activator-1 (AP-1), that are directly bound to DNA via their respective response elements (J Steroid Biochem Mol Biol 74:311, 2000). We have previously studied the effects of fulvestrant on the activation of AP-1 complex in the efferent ductules and the epididymis, which present an epithelium that secretes ions and proteins important for composition of luminal fluid and spermatozoa maturation. Our studies revealed that fulvestrant does not change AP-1 binding complex in efferent ductules and cauda epididymis, but increases AP-1 binding complex in caput and corpus epididymis, suggesting that the modulation of AP-1 activity by fulvestrant is tissue specific and may regulate several epididymal genes. The relative importance of this mechanism of gene regulation to the overall epididymis function is still unknown.

Spermatozoa is exposed to estrogen not only in the female reproductive tract after ejaculation, but also in the male reproductive tract. Our laboratory has shown the expression of ESR1 and ESR2 in both immature and mature spermatozoa obtained from caput and cauda of the epididymis, respectively. Interestingly, higher levels of ESR2 are observed in mature than in immature spermatozoa, whereas no change was observed in ESR1 expression. In immature and mature rat spermatozoa, ESR1 is mainly localized in the flagellum. On the other hand, ESR2 staining is restricted to the spermatozoa head and neck region, where the centriole is located, a weak staining for ESR1 is also observed in this region, indicating a possible role in other spermatozoa functions. GPR30 mRNA and the protein are detected in rat spermatozoa obtained from caput and cauda of the epididymis. Estrogen may exert rapid nongenomic actions mediated by these receptors, activating a variety of protein kinases and signaling molecules involved in the regulation of sperm motility, capacitation and acrosome reaction.
In conclusion, identification of new molecular targets for estrogen in the rat efferent ductules, epididymis and spermatozoa will aid the study of the regulatory role of estrogen in male reproductive tract, and the development of new contraceptive tools. 
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