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Abstract: Ghrelin is a 28-amino acid (aa) stomach-derived
peptide discovered in 1999 as the endogenous ligand for
growth hormone secretagogue-receptor (GHS-R). Ghrelin-
producing cells constitute a distinct group of endocrine
cells dispersed throughout the gastric mucosa and to a
lesser extent in the small intestine and the endocrine
pancreas. Ghrelin plasma levels rise during fasting and
chronic caloric restriction to stimulate food intake and
fat storage and to prevent life-threatening falls in blood
glucose. Plasma ghrelin levels decrease after a meal is
consumed and in conditions of energy surplus (such as
obesity). Ghrelin has emerged as a key player in the regula-
tion of appetite and energy homeostasis. Ghrelin achieves
these functions through binding the ghrelin receptor
GHS-R in appetite-regulating neurons and in peripheral
metabolic organs including the endocrine pancreas. Ghre-
lin levels are negatively correlated with body mass index
(BMI) and insulin resistance. In addition, ghrelin secre-
tion is impaired in obesity and insulin resistance. Several
studies highlight an important role for ghrelin in glucose
homeostasis. Genetic, immunological, and pharmaco-
logical blockade of ghrelin signaling resulted in improved
glucose tolerance and insulin sensitivity. Furthermore,
exogenous ghrelin administration was shown to decrease
glucose-induced insulin release and increase glucose
level in both humans and rodents. GHS-R was shown to
be expressed in pancreatic 3-cells and ghrelin suppressed
insulin release via a Ca?-mediated pathway. In this review,

*Corresponding author: Younes Anini, PhD, Department of
Obstetrics and Gynecology, Dalhousie University, Izaak Walton
Killam Health Centre, Women’s Site, Room 7043, P.0. Box 9700,
Halifax, Nova Scotia, Canada B3K 6R8, Phone: (902) 470-1798,

Fax: (902) 470-7192, E-mail: younes.anini@dal.ca; and Department
of Physiology and Biophysics, Dalhousie University, Halifax, Nova
Scotia, Canada

Bader N. Alamri: Department of Obstetrics and Gynecology,
Dalhousie University, Halifax, Nova Scotia, Canada; and Department
of Medicine, Dalhousie University, Halifax, Nova Scotia, Canada
Kyungsoo Shin: Department of Obstetrics and Gynecology,
Dalhousie University, Halifax, Nova Scotia, Canada

Valerie Chappe: Department of Physiology and Biophysics,
Dalhousie University, Halifax, Nova Scotia, Canada

we provide a detailed summary of recent advances in the
field that focuses on the role of insulin and insulin resist-
ance in the regulation of ghrelin secretion and on the role
of ghrelin in glucose-stimulated insulin secretion (GSIS).
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Introduction

Blood glucose is tightly controlled by the pancreatic hor-
mones, insulin, and glucagon. Insulin secreted by pan-
creatic B-cells in response to a nutrient challenge acts on
major target organs, i.e. skeletal muscle, liver, and adipose
tissue, to increase glucose uptake and storage. Glucagon
is secreted by pancreatic o-cells during the fasting state to
increase blood glucose by promoting glycogenolysis in the
liver. The most common glucose disorder, type 2 diabetes, is
often associated with obesity and results from insufficient
insulin production/secretion and insulin resistance [1].

Ghrelin is a peptide hormone that was first discovered
in 1999 as the endogenous ligand to the (then orphan)
growth hormone secretagogue-receptor (GHS-R) [2]. Cen-
trally, the ligand-receptor interaction is important for
increasing hunger and growth hormone secretion [2]. Thus,
ghrelin is a fundamental regulator of energy homeostasis.

Although the highest expression of ghrelin occurs
in the stomach, ghrelin-producing cells are also present
in the pancreatic islets, where ghrelin may play a devel-
opmental role, as well as modulating the release of
insulin and glucagon [3]. Ghrelin and the GHS-R are both
expressed by cells in the pancreatic islets [4-6], raising
the possibility of a novel system involved in islet hormone
secretion through endocrine or paracrine mechanisms.
Acylated ghrelin (AG) inhibits glucose-stimulated insulin
secretion (GSIS) in B-cell lines and in animal models [6-8].
In humans, AG administration suppresses insulin secre-
tion, induces peripheral insulin resistance, and impairs
glucose tolerance [9-12].

Deficiency of the adipocyte hormone leptin results in
hyperphagia, obesity, and insulin resistance. Surprisingly,
ablation of ghrelin in leptin-deficient mice did not reverse
hyperphagia and obesity. However, there was a reduction
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in blood glucose and an increase in insulin secretion and
action when ghrelin was deleted [13]. These findings raise
the possibility that the ghrelin-GHS-R system contributes
to the regulation of B-cell function. Ghrelin antagonism
may be a new approach for treating type 2 diabetes by
increasing insulin secretion and enhancing peripheral
insulin action [14].

Ghrelin levels are negatively correlated with body
mass index (BMI) and insulin resistance [4, 15]. Glucose
and insulin were shown to play an important role in
postprandial ghrelin suppression [5]. Interestingly,
ghrelin secretion was shown to be impaired in obesity
and insulin resistance. Obese people were shown to have
reduced fasting ghrelin levels and blunted postprandial
suppression [6].

In this review, we will briefly summarize factors
affecting ghrelin synthesis and secretion and focus on the
role of ghrelin in controlling insulin secretion and glucose
homeostasis.

Mechanism of proghrelin
processing

Ghrelin is derived from an 114-amino acid (aa) prepro-
hormone precursor, which requires both signal peptide
cleavage and endoproteolytic cleavage by proprotein
convertase-1 (PC1/3) to produce the active 28-aa peptide
[7]. In addition to this processing, ghrelin is also modi-
fied by the addition of an oxygen-linked 8-carbon fatty
acid (octanoic acid) on the third serine residue (AG) [2].
This unique acylation is produced by the ghrelin O-acyl
transferase (GOAT) [8, 9]. Using antibodies specific for
the octanoylated ghrelin and mass spectrometry analy-
sis, Zhu et al. demonstrated that ghrelin can be acylated
prior to being processed by PC1/3 [7]. In addition, GOAT is
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localized in the endoplasmic reticulum (ER) membrane,
which also suggests that proghrelin is likely to be acylated
prior to processing [9]. While only AG is able to bind to the
ghrelin receptor, an unacylated ghrelin (UAG) form exists
in the circulation at a 5-10-fold higher concentration than
its acylated counterpart [10-12]. Some GHS-R independ-
ent actions of AG and UAG have been documented and
such phenomena are reviewed in [16]. In addition to these
two forms of ghrelin, a third peptide can also be produced
from the C-terminal end of proghrelin called obestatin
(Figure 1). Initially, this hormone was believed to have an
opposite effect on appetite to that of ghrelin [17]. However,
there are controversies in the role of obestatin as several
other groups were not able to confirm its effects on appe-
tite [18, 19].

Localizations of ghrelin-producing
cells

Ghrelin is primarily localized in the gastric fundus (upper
region) within the oxyntic gland [20]. Ghrelin is not co-
localized with other gastric cell types (enterochromaffin-
like cells, enterochromaffin cells, and somatostatin cells).
Rather, it is observed in the previously uncharacterized
endocrine X/A cells [21]. Ghrelin-producing cells repre-
sent ~20% of the endocrine cells in the gastric fundus
[20]. In addition to the fundus, ghrelin-positive cells are
also sparsely localized in the upper region of the small
intestine [20]. While the stomach is the major source of
ghrelin in the circulation, ghrelin is also produced in
other tissues where it may have a paracrine effect. Such
production has been observed within the endocrine pan-
creas where it was shown to regulate insulin and gluca-
gon secretion, in part, through a paracrine effect. In the
human fetus (18-22 weeks), and at birth, about 10% of
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Figure 1: Proghrelin structure and derived peptides.

Preproghrelin is first produced as an 117-polypeptide precursor. During its synthesis or post-translationaly, an octanoic acid moiety is added
to the third serine of the ghrelin peptide and the precursor is processed by PCSK1 to release the 28-amino-acid ghrelin peptide. Acylated
ghrelin (active form) can become deacylated (inactive form). A third putative hormone, obestatin, may also be produced from the proghrelin

precursor.
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ghrelin-immunoreactive (IR) cells were detected in pan-
creatic islets [22, 23]. Comparing pancreatic and stomach
ghrelin-IR cells at the same gestational age showed a pre-
dominance of ghrelin-producing cells in the pancreas.
However, in a human adult, the percentage of ghrelin-IR
cells is lower (~1% of pancreatic islets), and more promi-
nent in stomach [22, 23].

A study from a human autopsy revealed that ghrelin-
IR cells were co-localized with glucagon-producing o.-cells
[24]. On the contrary, Volante et al. analyzed non-tumoral
human pancreatic tissue for ghrelin expression and found
co-localization with insulin-producing 3-cells, rather than
a-cells [25]. Ghrelin was also found in rat pancreatic islets
[26, 27]. Unlike human studies, animal studies showed
distinctive ghrelin-producing cells in the pancreas, named
e-cells.

Nutrients regulate ghrelin synthesis
and secretion

Ghrelin levels were shown to be elevated in rodents and
human circulation during the fasting state, and decreased
after nutrients were consumed [28, 29]. By sampling
ghrelin over a 24-h period, Cummings et al. demonstrated
the peaks and troughs of circulating ghrelin that occurred
pre-meal and post-meal, respectively [5]. Initial inves-
tigations of the mechanism and regulation of ghrelin
secretion compared several factors including stomach dis-
tention and meal type. A water meal was unable to cause
the drop in ghrelin secretion that was observed with car-
bohydrate, ruling out the effect of stretch signaling [28].
Furthermore, blocking gastric emptying by occluding the
pyloric sphincter prevented the effect of carbohydrate on
reducing ghrelin levels [30]. This suggested that stomach
luminal sensing may not play an important role compared
to post gastric nutrient sensing. Indeed, gastric ghrelin-
containing X/A cells mostly have no continuity with the
lumen (closed type) and therefore are likely to respond to
stimuli from the basolateral side. Gastric X/A cells were
shown to be closely associated with the capillary network
in the lamina propria. However, ghrelin cells in the small
intestine were found to be “open” type and therefore are
able to sense luminal content [3].

Both the quantity and the type of nutrients consumed
can affect the degree and duration of the postprandial
drop in ghrelin levels. In humans, Callahan et al. exam-
ined the effect of caloric content in liquid meals and iden-
tified that higher calorie meals caused a greater drop in
ghrelin and prolonged satiety [31]. With regards to the
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type of macronutrient, meals comprised mainly of car-
bohydrate caused a greater drop in ghrelin compared to
an isocaloric meal comprised primarily of fat in normal
weight women [32]. A similar finding was later reported
in rodents [33]. As previous reports indicated, the mere
presence of nutrients in the stomach was unable to affect
ghrelin secretion. Overduin et al. perfused nutrients into
the duodenum and jejunum of the small intestine of rats.
They determined that while the macronutrient composi-
tion did not affect the level of ghrelin suppression, the
onset, and duration of ghrelin suppression were highest
in the glucose-infused rats [34]. Interestingly, lipid infu-
sions had the lowest effects on plasma ghrelin [34]. While
these studies have indicated that carbohydrates may
cause a more rapid and longer suppression of ghrelin
levels, there may also be a rebound effect. Comparing
the levels of ghrelin after an isocaloric meal, made prin-
cipally of carbohydrate, protein or lipid, it was shown
that carbohydrates cause a biphasic (drop then rise) in
ghrelin post-prandially [10]. This greater rise in ghrelin
may have implications in rebound hunger after a primar-
ily carbohydrate meal. The exact mechanism by which
glucose induces ghrelin suppression remains unknown
and requires further examination.

Neurotransmitters and hormone-
mediated regulation of ghrelin
secretion

As stated above, many studies in clinical settings and
rodent models have been fundamental in identifying
factors involved in ghrelin secretion. However, the infor-
mation these studies have provided are rather indirect
as it is very difficult to control all aspects and factors in
a living system given its complexity. In addition, even
greater difficulties are met in teasing out which specific
factors are involved in regulation and which molecular
pathways are involved in the control of ghrelin secre-
tion. Therefore, to clearly understand how ghrelin secre-
tion is regulated and by which intracellular pathways, in
vitro cellular models of ghrelin secretion, were required
and have since been developed. Such models include
primary cultures of dispersed rodent stomach cells [35, 36]
and mouse ghrelinoma-derived cell lines [37, 38]. These
models have been instrumental in dissecting the cellular
signaling mechanism involved in regulating ghrelin secre-
tion by various neurotransmitters and hormones, and few
important examples will be summarized in this section.
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Norepinephrine

Ghrelin was shown to be increased during fasting and
during chronic negative energy balance. Norepinephrine
(NE) was found to stimulate ghrelin secretion through
the activation of the Bl-adrenergic receptor expressed in
ghrelin cells via increased cyclic adenosine monophos-
phate (cCAMP) and protein kinase-A activity, whereas ace-
tylcholine had no effect [35].

Insulin

Ghrelin levels were shown to fluctuate in reverse to
insulin throughout the day, which is expected given the
role of insulin in glucose uptake and promoting satiety [5].
Interestingly, obese individuals who are hyperinsulinemic
have lower levels of ghrelin, which suggested potential
regulation of ghrelin by insulin [15]. On this note, the
use of primary rodent stomach cell culture determined
that insulin could act directly on ghrelin cells through
the insulin receptors to inhibit ghrelin secretion [35]. Fur-
thermore, insulin inhibited both basal and NE-stimulated
ghrelin secretion, caused an increase in phosphorylated
serine-threonine kinase (AKT) through the phosphor-
inositol-3 kinase-dependent pathway, and reduced intra-
cellular cAMP, but did not alter proghrelin mRNA levels.
Interestingly, pre-treating ghrelin cells with high con-
centrations (100 nM) of insulin for 24 h caused a reduc-
tion in insulin receptor expression and prevented the
insulin-mediated AKT activation and the suppression of
ghrelin secretion with no impact on NE-stimulated ghrelin
secretion. Therefore, use of in vitro models found direct
evidence that highlight the role of insulin and insulin
resistance in the regulation of ghrelin secretion [35].

Glucagon

Ghrelin cells present in the primary rodent stomach cell
culture were also found to express the glucagon recep-
tor (GluR). Glucagon significantly stimulated proghrelin
mRNA expression and subsequently ghrelin secretion.
Glucagon-induced ghrelin secretion and proghrelin
mRNA expression were mediated through increased
cAMP levels, activation of extracellular signal-related
kinases (ERK)1/2 by exchange protein activated by cAMP
(EPAC) dependent pathway. These findings show a direct
link between glucagon and stomach ghrelin produc-
tion and secretion and highlight the role of mitogen-
activated protein kinases (MAPK), the protein kinase
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A (PKA)-independent EPAC pathway, and the synergy
between NE and glucagon in ghrelin release [36].

Circulating ghrelin levels in
metabolic disease states

Ghrelin secretion is tightly regulated based on energy
availability. This regulation is important as the down-
stream targets of ghrelin receptor activation will alter
energy intake and metabolism. However, ghrelin levels
can be dysregulated in metabolic diseases such as obesity
and insulin resistance [39].

Exogenous ghrelin treatment was shown to cause
obesity in rats [28]. In addition, individuals with Prader-
Willi syndrome who are obese and hyperplasic have
elevated plasma ghrelin [40]. Therefore, it was surpris-
ing that ghrelin levels were negatively correlated with
BMI [4, 15]. In addition to the lower fasting ghrelin levels
found in obesity, more studies are suggesting a blunted
postprandial ghrelin suppression. Le Roux et al. exam-
ined the levels of ghrelin before and after varying calorie
meals between obese and normal weight individuals.
Strikingly, their results found that obese individuals
(while having lower baseline ghrelin levels) had a sig-
nificantly smaller percentage drop in their circulating
ghrelin compared to their lean counterpart [41]. Recently,
a study examining the postprandial drop in ghrelin
in Hispanic adolescents also found the response to be
blunted in obese individuals [6].

As obesity is highly linked with insulin resistance,
efforts have been made to separate the effects of obesity
and insulin resistance when examining ghrelin levels in
humans. McLaughlin et al. examined a group of 40 obese
individuals separated into insulin sensitive and insulin
resistant groups. The insulin resistant group presented
elevated levels of fasting insulin and reduced total ghrelin
levels compared to insulin sensitive patients (with no co-
founding effect from BMI) [42]. It appears that the hyper-
insulinemia associated with insulin resistance, at least in
the context of obesity, is an important factor leading to the
decreased level of ghrelin. However, most of these studies
did not investigate the correlation between insulin resist-
ance and the dynamics of ghrelin secretion, i.e. the post-
prandial suppression of ghrelin secretion. Bacha et al.
investigated the dynamics of ghrelin suppression after
an oral glucose tolerance test (OGTT) in normal weight
vs. overweight children and the relationship of ghrelin
suppression to insulin sensitivity. Fasting ghrelin levels
were significantly lower in overweight vs. normal weight
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youth and were mainly influenced by insulin sensitiv-
ity, independent of adiposity. The suppression of ghrelin
correlated positively with the whole body insulin sensi-
tivity index and negatively with the change in insulin at
30 min [43]. Collectively, these results suggest that altera-
tions in ghrelin suppression in overweight children may
be another manifestation of their insulin resistance.
Strikingly, these results are complementary with find-
ings using the primary culture of ghrelin cells that insulin
resistance can occur at the level of X/A cells. The mecha-
nisms leading the dysregulation of ghrelin secretion in
obesity and insulin resistance require and warrant further
investigations.

Ghrelin and the regulation of
glucose homeostasis

Ghrelin was demonstrated to cause an increase in plasma
glucose and a drop in insulin levels when injected into
humans [44]. This corresponded with the discovery
of the GHS-R in the islets of the pancreas [45]. Subse-
quently, most studies analyzing the effects of ghrelin on
GSIS have shown an inhibition (reviewed [46]). Notewor-
thy, the pancreas is also a site of ghrelin production and
the effect of ghrelin on the endocrine pancreas may be
through a paracrine effect. Blocking endogenous ghrelin
was found to increase insulin secretion, suggesting that
ghrelin acts directly on pancreatic B-cells to inhibit
insulin secretion [46].

Ghrelin was also shown to affect glucose homeo-
stasis through an effect on hepatic glucose production
[47]. In cultured hepatocytes, AG was demonstrated
to stimulate glucose production while, UAG had the
opposite effect [48]. In rats, chronic administration of a
nonappetite-stimulating dose of ghrelin led to reduced
glycogen synthase kinase and increased PGCla (activa-
tor of gluconeogenesis) protein expression in livers [49].
In support of this, studies measuring hepatic glucose
production in mice found a reduced insulin-induced
suppression of gluconeogenesis when ghrelin was
administered [47].

While the effect of ghrelin administration on food
intake and fasting blood glucose was shown to be lost
in GHS-R knockout (KO) mice, ghrelin administration in
a GHS-R KO mouse with selective receptor expression in
the brainstem had restored fasting glucose to wild-type
levels but not the orexigenic effect [50]. These results
suggest that the effect of ghrelin on glucose metabolism is
in part occurring through ghrelin signaling in the central
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nervous system. Interestingly, when submitted to severe
chronic calorie restriction, mice lacking components of
the ghrelin system are unable to maintain euglycemia
[51] suggesting that ghrelin is essential for survival during
severe caloric restriction. Overall, these studies clearly
implicate ghrelin in the regulation of glucose homeostasis
through a direct action on pancreatic B-cells and glucose
disposal by peripheral tissues (Figure 2). These finding
also suggest that strategies interfering with ghrelin signal-
ing may have beneficial effects in the management of type
2 diabetes [14].

Insulinostatic effect of ghrelin

Several human and animal studies showed that ghrelin
exerts an insulinostatic effect. In a study involving 12
healthy non-obese subjects, ghrelin infusion significantly
reduced acute insulin and C-peptide response to intrave-
nous glucose in a dose-dependent manner [52]. Similarly,
exogenous ghrelin reduced insulin secretion adjusted for
insulin sensitivity and decreased the rate of glucose disap-
pearance after the intravenous glucose infusion [52-54].
Comparing AG to UAG, Tong et al. demonstrated the effect
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Figure 2: The effect of ghrelin on insulin secretion and glucose
homeostasis.

Ghrelin is secreted by distinct stomach endocrine cells named X/A
cells to act on the brain to increase food intake and growth hormone
(GH) secretion. Ghrelin directly acts on pancreatic a- and B-cells to
stimulate glucagon secretion and to inhibit glucose-induced insulin
release, respectively. Ghrelin also increases hepatic glucose pro-
duction (HGP) and decreases glucose uptake and insulin sensitivity
in skeletal muscle and adipose tissue, leading to increased blood
glucose.
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of AG but not UAG on raising fasting blood glucose and
decreasing insulin sensitivity [54].

In mice studies in vivo, ghrelin KO mice exhibited
greater glucose-induced insulin secretion compared to
wild-type mice despite normal insulin content per islets
[24, 55]. When submitted to a glucose tolerance test,
ghrelin KO mice showed enhanced insulin secretion and
attenuated glucose responses compared to their wild-type
littermates [55].

Intraperitoneal administration of the GHS-R antago-
nists ([D-Lys3]-GHRP-6) resulted in reducing fasting blood
glucose concentrations by 10-30 mg/mL at 30 min and
60 min [56]. These results suggested the involvement of
endogenous ghrelin in regulating glucose hemostasis and
insulin secretion [56]. Intraperitoneal infusion of ghrelin
(1 and 10 nmol/kg) resulted in elevated blood glucose and
decreased insulin levels, which were reversed by infusion
of a ghrelin antagonist [24, 56].

To test whether the ghrelin effect on insulin secretion
is mediated by ghrelin locally produced in the pancreas or
by circulating ghrelin originating from the stomach, gas-
trectomized rats were used. Interestingly, intraperitoneal
injection of [D-Lys3]-GHRP-6 (10 umol/kg) to gastrecto-
mized rats enhanced plasma insulin concentrations to the
same degree as normal rats, indicating that ghrelin antag-
onist effect is attributed to blockade of locally produced
ghrelin in the pancreas instead of circulating ghrelin
[55]. Similarly, in the perfused rat pancreas model, first
and second phases of glucose-induced insulin secretion
were enhanced by [D-Lys3]-GHRP-6 anti-ghrelin antise-
rum [55]. Administration of exogenous ghrelin suppressed
both phases [55, 57]. Finally, in isolated rat islets, ghrelin
antagonist and anti-ghrelin antiserum enhanced glucose-
induced insulin secretion, while inhibited by exogenous
ghrelin [24, 56, 58]. All the above studies clearly demon-
strate an insulinostatic role of endogenous ghrelin.

GHS-R signaling in the pancreatic
B-cell

Ghrelin receptor is expressed in pancreatic B-cells and
ghrelin was shown to directly inhibit glucose-stimulating
insulin secretion. In isolated rat islets, the effect of ghrelin
antagonist on enhanced insulin secretion was suppressed
in the absence of extracellular Ca* [56]. Using fura-2
microfluorimetry, first-phase of intracellular calcium
[Ca*] response in islets was enhanced by adding [D-Lys3]-
GHRP-6 or anti-ghrelin antiserum and the responses to
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varying glucose concentrations were higher in the pres-
ence of antagonists [56].

In isolated rat B-cells, ghrelin at high concentrations
(10 nM) abolishes the peak of the first- and second-phase
intracellular calcium ([Ca*']) responses to 8.3 mM glucose.
The effect of ghrelin on [Ca*], oscillations was abolished
by GHS-R antagonist [56].

To further investigate GHS-R G-protein coupling in
B-cells, the effect of ghrelin in pertussis toxin (PTX)-
treated rats was evaluated. Interestingly, the effects of
endogenous and exogenous ghrelin were blunted, with
no effect on ghrelin-induced growth hormone secretion.
These results showed distinctive G-protein coupling for
ghrelin on insulin and GH release [24]. In perfused pan-
creas of PTX-treated rats, glucose-induced insulin secre-
tion (both phases) was increased, and ghrelin had no
effect on insulin release [57]. These studies indicate that
endogenous ghrelin suppresses insulin secretion via PTX-
sensitive G-proteins [24]. In primary rat B-cells, treatment
with specific antisense for the Go,,-subunit of G-proteins
resulted in ghrelin failure to decrease [Ca*] response
to glucose and glucose-induced insulin release. Thus,
Go.-mediated signaling is important for ghrelin suppres-
sive effects on glucose-induced insulin release and atten-
uation of [Ca*], response in B-cells [24].

In MIN6 B-cell line transfected with a fluorescent-
translocation biosensor, intracellular cAMP [cAMP], was
induced by raising glucose level from 3 to 11 mM in an
oscillatory manner, and ghrelin suppresses it. The effect
of ghrelin was reversible by its washout, suggesting that
ghrelin inhibition of insulin secretion through reduction
of [cAMP], [57, 59].

Both ghrelin and somatostatin (SST) inhibit GSIS
from pancreatic B-cells. Park et al. hypothesized that the
mechanism by which ghrelin affects insulin secretion
must accommodate noncanonical ghrelin receptor (GHS-
Rla)-G-protein coupling to Gou(i/o) instead of Gou(qll)
through the formation of a heterodimer with the somato-
statin receptor (SST5). The dimerization causes differen-
tial signal mechanism and was elegantly elucidated by the
use of INS-15]J cell line, which presents decreased levels of
GHSR and SST5 in comparison to rat islets. Thus, INS-1S]J
could identify the role of heterodimerization in GSIS by
supplementing the missing GPCRs (GHSR and/or SST5)
through transfection. Through this cell line, Park et al.
showed that in the absence of SST5, the ghrelin-GHSR
complex could not inhibit GSIS. In the presence of SST5;
however, GHSR-SST5 heterodimers were formed, and GSIS
was inhibited in with ghrelin through Go(i/o)-dependent
pathway (Figure 3) [59].
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Figure 3: GHSR signaling in the pancreatic pB-cell.
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In pancreatic B-cells, the ghrelin receptor (GHSR) and the somatostatin receptor (SST5) form a heterodimer when the (ghrelin)/(somatosta-
tin) ratio is high. Ghrelin then activates Go(i/0)-dependent pathway decreasing cAMP accumulation. Decreased cAMP level enhances Kv2.1
channel conductance, which decreases [Ca*], . This pathway results in attenuation of glucose-stimulating insulin secretion.

Conclusion

It is now evident that ghrelin plays an important role in
the regulation of insulin secretion and glucose homeo-
stasis. Exogenous ghrelin administration decreases the
glucose-induced insulin release and increases the blood
glucose level in humans and rodents. Endogenous ghrelin
was shown to suppress insulin release via a Ca**-mediated
pathway. The ratio of the GHS-R to SST receptors in pan-
creatic B-cells determines whether ghrelin will activate the
G-protein o, or a, to modulate insulin release (Figure 3).
These results support a key direct role of ghrelin in the
regulation of insulin secretion.

Studies using pharmacological blockade, immuno-
neutralization, and genetic deletion of ghrelin or GOAT
all resulted in enhanced insulin sensitivity. These results
support a key role of ghrelin in the regulation of insulin
secretion and glucose homeostasis. Overall, these studies
clearly implicate ghrelin in the regulation of glucose
homeostasis and suggest that strategies interfering with
ghrelin signaling may have beneficial effects in the man-
agement of type 2 diabetes.
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