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Rapid non-genomic control by membrane estradiol receptor, GPR30, for luteinizing hormone
secretion from bovine anterior pituitary
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Estradiol secreted from the ovaries is the most important feedback regulator for both the
hypothalamus and anterior pituitary (AP) in controlling the secretion of
gonadotropin-releasing hormone (GnRH) and luteinizing hormone (LH) in animals. Therefore,
abnormalities of estradiol feedback induce various reproductive diseases. However, details of
feedback mechanisms are remained to be clarified. G protein-coupled receptor 30 (GPR30) is
an estradiol receptor located on the plasma membrane, and it initiates several rapid,
non-genomic signaling events. GPR30 has recently been identified in rat AP; however, little is
known about the role of GPR30 in controlling LH secretion from gonadotropes in animals. To
fill this research gap, we hypothesized that GPR30 is expressed in bovine AP and mediates
estradiol inhibition of GnRH-induced LH release.

We confirmed the expressions of GPR30 mRNA and protein by RT-PCR, western blotting,
and immunohistochemistry. In next, we cultured bovine AP cells (n=8) for 3 days in
steroid-free conditions and then treated them with increasing concentrations (0.001nM,
0.01nM, 0.1nM, 1nM, and 10nM) of estradiol or a GPR30-specific agonist, G1, for 5min before
GnRH stimulation. As expected, estradiol at 0.001-0.1nM inhibited the GnRH-stimulated LH
secretion. However, we found also that G1 at 0.001lnM was able to inhibit this secretion
(P<0.05). In contrast, both estradiol and G1 at higher doses were less efficient in suppressing
the GnRH-stimulated LH secretion. Neither estradiol nor G1 suppressed GnRH-stimulated
follicle-stimulating hormone secretion.

In separate experiments, fluorescent immunohistochemistry and immunocytochemistry
revealed that approximately 50% of GPR30-positive cells express LH, and about 30% of
LH-positive cells express GPR30. Therefore, GPR30 is expressed in bovine gonadotropes and
may contribute to rapid negative estradiol feedback of GnRH-induced LH secretion.

However, bovine gonadotropes may have another undefined plasma membrane receptor
that mediates. STX is an agonist for a recently characterized membrane estrogen receptor

whose structure has not been identified. We evaluated whether STX suppresses
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GnRH-induced LH release from bovine AP cells. We cultured AP cells (n=12) for 3 days in
steroid-free conditions, followed by increasing concentrations (0.001, 0.01, 0.1, 1 and 10 nM) of
estradiol or STX for 5 min before GnRH stimulation until the end of the experiment. Estradiol
(0.001 to 0.1 nM) significantly suppressed GnRH-stimulated LH secretion, whereas STX did
not affect GnRH-stimulated LH secretion at any of the tested concentrations. Therefore, STX,
unlike estradiol and G1, possesses no suppressive effect on GnRH-induced LH release from
bovine AP cells.

The GPR30 is the only clearly identified membrane estradiol receptor in bovine AP cells.
In order to verify whether GPR30 is the receptor mediating such effect, we conducted to
evaluate effect of GPR30-specific antagonist, G36, on the estradiol rapid suppression of
GnRH-induced LH secretion. Pre-treatment for 5min with G36 inhibited the estradiol
suppression of LH secretion from cultured AP cells. Therefore, GPR30 is the main important
receptor for rapid estradiol suppression.

In order to verify the effect of short time treatment with estradiol is mediated by
non-genomic mechanism, we evaluated the effect of estradiol on the gene expressions of LHa,
LHB, or FSHB subunits. The AP cells (n = 5) were cultured for 3 days in steroid-free conditions
and then treated them with 0.01 nM estradiol for 5 min before GnRH stimulation. Realtime
realtime PCR analyses revealed that pre-treatment with estradiol (P<0.05) did not decrease
the gene expressions of the LHa, LHB, or FSHB subunits in the AP cells. Therefore, the
estradiol suppression is non-genomic manner.

Further studies were conducted to clarify the cytoplasmic pathway in the downstream of
GPR30 in bovine AP cells using inhibitors. Pre-treatment with ERK1/2/5 inhibitor and PKA
inhibitor inhibited the estradiol or G1 suppression of LH secretion from cultured AP cells.
Therefore, both ERK1/2/5 pathway and PKA pathway are important pathways in the
downstream of GPR30 to suppress LH secretion in the non-genomic mechanism.

Cyclic AMP is the key molecule in the cytoplasmic pathway to increase LH secretion from
ovine gonadotrope cells. In order to clarify whether cAMP pathway is the cytoplasmic
pathway in the downstream of GPR30 in bovine AP cells, another study was conducted
utilizing cAMP measurement. cAMP measurements analyses revealed that pre-treatment
with small amounts of estradiol (P<0.05) decreased cAMP in the AP cells rapidly. Therefore,
cAMP is the central molecule in the cytoplasmic mechanism in the downstream of GPR30 to
inhibit LH secretion non-genomically.

In the dissertation studies, we found that AP of heifers with quiescent ovary and or cystic
follicle show abnormal responses to the rapid effect of estradiol. Thus, the GPR30 on the cell
surface and the cytoplasmic pathways may be the reason to induce the ovarian diseases.

In conclusion, estradiol binds to GPR30 on the surface of gonadotrope, decreased cAMP,
activates PKA and ERK1/2/5 pathways to decrease LH secretion in a rapid, non-genomic

mechanism.
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