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Global gene expression analyses and discovery of new receptors in bovine anterior pituitary
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The anterior pituitary (AP) receives signals from both the hypothalamus and various
peripheral tissues, and secretes the important hormones that control various important
functions in multiple organs. The AP is expected to express a large number of genes for
various purposes, including paracrine, autocrine, and endocrine roles by the heterogeneous
secretory cells (corticotrophs, gonadotrophs, lactotrophs, somatotrophs, and thyrotrophs) and
the non-endocrine cells, e.g. stromal cells, and also the paracrine cells, e.g., folliculostellate
(FS) cells. However, little is known regarding global gene expression in the AP of animals.
Deep sequencing of the transcriptome (RNA-seq) via next-generation sequencing (NGS)
technology is the most recent and high-throughput type of genetic analysis tool that can be
used to determine global gene expression.

I aimed to determine gene expression patterns in the AP of heifers before and after
ovulation via RNA-seq to identify new genes and clarify important pathways. Heifers were
slaughtered on the estrus day (pre-ovulation; n = 5) or 3 days after ovulation (post-ovulation;
n = 5) for AP collection. I randomly selected 4 pre-ovulation and 4 post- ovulation APs, and
the ribosomal RNA-depleted poly (A)+RNA were prepared to assemble NGS libraries. The
bovine APs expressed 12,769 annotated genes at pre- or post-ovulation. The sum of the reads
per kilobase of exon model per million mapped reads (RPKM) values of all transcriptomes
were 599,676 + 38,913 and 668,209 + 23,690, and 32.2 £ 2.6% and 44.0 + 4.4% of these
corresponded to the AP hormones in the APs of pre- and post-ovulation heifers, respectively.
The bovine AP showed differential expression of 396 genes (P <0.05) in the pre- and
post-ovulation APs. The 396 genes included two G-protein-coupled receptor (GPCR) genes
(GPR61, and GPR153) and those encoding 13 binding proteins. The AP also expressed 259
receptors including GPR101 and GPR173, and other 364 binding proteins. Moreover,
ingenuity pathway analysis for the 396 genes revealed (P=2.4x10-3) a canonical pathway
linking GPCR to cytoskeleton reorganization, actin polymerization, microtubule growth, and
gene expression, Thus., the study clarified the novel genes found to be differentially expressed
before and after ovulation and clarified an important pathway in the AP.
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Gonadotropin-releasing hormone receptors (GnRHRSs) colocalize with insulin and
glucocorticoid receptors in lipid rafts of the gonadotroph plasma membrane, where they
facilitate downstream signaling. I found that orphan GPR61 and GPR153 are expressed in the
AP of heifers, leading us to speculate that the GPRs colocalize with GnRHR in the plasma
membrane of gonadotrophs and are expressed at specific times of the reproductive cycle. To
test this hypothesis, I examined the coexpression of GnRHR, GPR61 or GPR153, and either
luteinizing hormone (LH) B subunit or follicle-stimulating hormone (FSH) B subunit in AP
tissue and cultured AP cells by immunofluorescence microscopy. The GPRs were detected in
gonadotrophs, with a majority of them being colocalized with GnRHR and the remainder
preseént at other parts of the cell surface or in the cytoplasm. I obtained a strong positive
overlap coefficient between the GPRs and GnRHR on the cell-surface of cultured
GnRHR-positive AP cells (0.71 £ 0.01 between GPR61 and GnRHR, and 0.75 + 0.02 between
GPR153 and GnRHR). Real-time PCR and western blot analyses found that expression of
GPRs was lower (P < 0.05) in AP tissues during early luteal phase as compared to other
- phases. Additionally, the 5'-flanking region of the GPR genes contained several sites with
response elements similar to those of estrogen or progesterone. These data suggested that both
GPR61 and GPR153 colocalize with GnRHR in the plasma membrane of gonadotrophs, and
their expression changes stage-dependently in the bovine AP.

Gonadotrophs in the AP are important cells; however, the AP has a heterogencous cell
population, and gonadotrophs constitute only 10 to 15% of all cells in the AP and are scattered
among other cell types. No methods are currently available for rapidly isolating gonadotrophs
from the AP in any species. I developed a method for preparing pure bovine gonadotrophs
from a heterogeneous AP cell mixture by magnetic separation and our original antibody
against the N terminus of bovine GnRHR. I evaluated the expression of GPR61 and GPR153
in the purified gonadotirophs by western blotting. The purified gonadotrophs express both
GPR61 and GPR153, and there was no difference in band size when compared to AP tissues.
Non—gonadotrophs cells showed weak or no band.

I evaluated the effect of possible ligand candidate for GPR101 and GPR173 on GnRH
induced LH secretion. However, their reported ligand candidates had no effect on LH
secretion form the cultured AP cells.

In conclusion, these studies clarified the global gene expression in bovine AP before and
after ovulation, and also these studies discovered the new important receptors GPR61 and 153
expressed in gonadotrophs in stage-dependent manner.
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