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A Em X H Study on the Regulatory Mechanism of Rat Gastric Ghrelin Gene Expression
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Ghrelin, a 28-amino acid peptide isolated as an endogenous ligand for the G protein-coupled growth hormone (GH)
secretagogue receptor, is predominantly produced in the stomach. Although the physiological effects of ghrelin have
been revealed by numerous studies, the regulation of gastric ghrelin expression in various physiological states remains
obscure. It is generally accepted that the most important physiological state for the regulation of stomach ghrelin
is feeding. Results of many studies have shown that levels of both ghrelin expression and secretion are increased
by fasting and decreased after refeeding; however, little is known about the regulatory mechanism underlying the
elevation of ghrelin expression level in a fasting state. In the present study, possible contributions of various regulatory
factors of ghrelin inside and outside the stomach to the elevation of ghrelin expression level in a fasting state were
investigated.

It has been reported that estrogen regulates ghrelin expression and that somatostatin knockout mice showed an
increased expression level of stomach ghrelin, whereas leptin has paradoxical effects on ghrelin expression in vivo.
Recently, several studies have shown that estrogen, somatostatin and leptin are produced in the stomach, but the
direct effects of these gastric hormones on ghrelin expression and contributions of these hormones to the elevation of
ghrelin expression level in a fasting state remain to be elucidated. On the other hand, as an important regulatory factor
of ghrelin outside the stomach, insulin has been shown to inhibit ghrelin secretion in an euglycemic state. However,
little is known about the direct role of insulin in regulation of ghrelin expression. In this study, the direct effects of
estrogen, somatostatin, leptin and insulin on ghrelin mRNA expression were examined by using isolated ghrelin-
rich stomach cells and stomach tissue. In vitro studies revealed that estrogen stimulated ghrelin expression in a dose-
dependent manner and that treatment with formestane, an aromatase (estrogen synthetase) inhibitor, decreased ghrelin
expression level. Leptin inhibited both basal and estrogen-stimulated ghrelin expression, whereas somatostatin had an

insignificant effect and no effect of insulin on ghrelin expression was observed.



Then the mRNA expression levels of gastric ghrelin, aromatase, leptin and somatostatin in fasted male and female
rats were examined, and concentrations of stomach leptin and portal vein 17B-estradiol in fasted male rats was also
examined. After 48 hrs of fasting, although gastric ghrelin mRNA level was significantly increased, both gastric
leptin MRNA level and leptin content were decreased. Further refeeding of fasted rats resulted in a decrease in ghrelin
expression level and an increase in leptin expression level. On the other hand, expression levels of gastric aromatase
and somatostatin mRNA and 17B-estradiol concentration in the portal vein did not change after fasting. Moreover,
both aromatase-mRNA expressing cells and leptin cells were found to be located close to ghrelin cells in the gastric
mucosa. RT-PCR analysis clearly showed that long and short forms of the leptin receptor are expressed in the rat
stomach, and no inhibitory effect of leptin on ghrelin expression was observed in leptin receptor-defective Zucker
Fatty (fa/fa) rats.

The results strongly suggest that estrogen and leptin produced in the stomach directly regulate ghrelin expression
in the rat stomach and support the hypothesis that under a basal condition the expression of stomach ghrelin is
maintained by the control of a balance possibly involving gastric estrogen, somatostatin and leptin and some factors
outside the stomach, whereas decreased gastric leptin level under a fasting condition attenuates the negative regulation
of this balance and finally results in elevated ghrelin expression. The findings of the present study provide new
evidence on how ghrelin expression is regulated in a fasting state and may have implications in the control of high
ghrelin levels in some negative energy balance states, which may directly contribute to increased food intake and

adiposity.
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