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ABSTRACT

The gut is traditionally recognized as the central organ for the digestion and absorption of nutrients, however, it also
functions as a significant endocrine organ, secreting a variety of hormones such as glucagon-like peptide 1, serotonin,
somatostatin, and glucocorticoids. These gut hormones, produced by specialized intestinal epithelial cells, are crucial not
only for digestive processes but also for the regulation of a wide range of physiological functions, including appetite,
metabolism, and immune responses. While gut hormones can exert systemic effects, they also play a pivotal role in
maintaining local homeostasis within the gut. This review discusses the role of the gut as an endocrine organ, emphasizing
the stimuli, the newly discovered functions, and the clinical significance of gut-secreted hormones. Deciphering the
emerging role of gut hormones will lead to a better understanding of gut homeostasis, innovative treatments for disorders

in the gut, as well as systemic diseases.

© 2024 The Author(s). Published by Elsevier Inc. on behalf of Korean Society for Molecular and Cellular Biology. This is an
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INTRODUCTION

The discovery of secretin by Bayliss and Starling in 1902
marked a pivotal moment in endocrinology, introducing the
concept of hormones and establishing the gastrointestinal tract
as an endocrine organ (Bayliss and Starling, 1902). This
seminal finding paved the way for the identification and char-
acterization of numerous gut hormones. Since then, more than
30 hormones have been reported to be produced from the gut,
each playing crucial roles in digestion, absorption, metabolism,
and homeostasis (Rehfeld, 2014).

The gastrointestinal epithelium, long recognized for its roles in
digestion, absorption, and barrier function, has also emerged as a
source of gut hormones (Gribble and Reimann, 2019). This dy-
namic cellular interface comprises various specialized enteroendo-
crine cells (EECs) dispersed among the intestinal epithelial cells
(IECs), secreting a diverse array of hormones in response to lu-
minal and neuronal stimuli (Bany Bakar et al, 2023). En-
terochromaffin cells (ECs), the most abundant EECs, primarily
secrete serotonin (5-HT), which not only regulates motility, secre-
tion, and visceral sensation, but also influences central nervous
system (CNS) functions (Bayrer et al., 2023). I-cells, predominantly
found in the ileum and colon, produce glucagon-liike peptide 1
(GLP-1) and peptide YY (PYY), which are key players in glucose-
dependent insulin secretion, satiety, gastric emptying, and gastric
motility and secretion, respectively (Ahren, 2011; Habib et al., 2012).
K-cells, located in the duodenum and jejunum, secrete glucose-

dependent insulinotropic polypeptide (GIP), which enhances insulin
secretion and regulates lipid metabolism (Holst et al., 2021). I-cells
in the duodenum and jejunum release cholecystokinin (CCK), sti-
mulating pancreatic enzyme secretion, gallbladder contraction, and
inducing satiety (Barakat et al., 2024). S-cells, scattered throughout
the small intestine, produce secretin, which regulates pancreatic
bicarbonate secretion (Modvig et al., 2020). Additionally, d-cells
secrete somatostatin, a universal inhibitor of other endocrine and
exocrine secretions throughout the gastrointestinal tract (Shamsi
et al., 2021). More recently, IECs themselves have been shown to
synthesize and produce glucocorticoids that regulate local immune
responses, adding another layer of complexity to the endocrine
function of the gut (Ahmed et al., 2019a). This diverse array of
EECs and their hormone products forms an intricate network that
fine-tunes digestive processes, modulates appetite, and influences
systemic metabolism, underscoring the gut as a major endocrine
organ.

Recent advances in molecular biology and high-throughput
sequencing technologies have significantly expanded our un-
derstanding of gut hormones and their functions. These devel-
opments have revealed the remarkable complexity of IECs and
their interactions with the enteric nervous system (ENS), im-
mune cells, and the gut microbiome (Haber et al., 2017). This
review aims to summarize the latest updates on the biogenesis,
physiological functions, regulatory networks, and potential
therapeutic implications of 6 key intestinal hormones: GLP-1,
PYY, CCK, serotonin, somatostatin, and glucocorticoids.
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MAIN TEXT

GLP-1: A Master Regulator of Metabolism With Significant
Drug Potential
GLP-1 is synthesized and secreted from enteroendocrine |-cells,
primarily located in the distal ileum and colon (Arora et al., 2021)
(Fig. 1). The ingestion of nutrients, especially carbohydrates and
fats, serves as the primary trigger for GLP-1 release (Gribble and
Reimann, 2016) (Table 1). Glucose via the sodium-dependent
glucose transporter 1, as well as long-chain fatty acids (LCFAs) via
free fatty acid receptor 1 (FFAR1) and FFARA4, short-chain fatty
acids (SCFAs) via FFAR3 and FFAR2 are responsible for the sti-
mulation of |-cells (Bodnaruc et al., 2016). This process can be
further enhanced by other hormones, bile acids, and neural signals
from the vagus nerve (Rocca and Brubaker, 1999). For example,
feedback mechanisms involving the autonomic nervous system and
other gut hormones, such as CCK, GIP, and serotonin, regulate the
GLP-1 secretion to align with the metabolic demand (Hansen and
Holst, 2002).

Of note, GLP-1 levels are elevated in germ-free mice, sug-
gesting that microbiota generally suppress basal GLP-1 to maintain
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intestinal transit (Wichmann et al., 2013). However, a recent study
demonstrated that P9, a specific protein derived from Akkermansia
muciniphila, can significantly induce GLP-1 secretion in a manner
distinct from SCFAs (Yoon et al., 2021). Moreover, luminal lipopo-
lysaccharides or interleukin-6 (IL-6) can enhance GLP-1 secretion
following gut barrier injury (Ellingsgaard et al., 2011; Lebrun et al.,
2017), suggesting a critical role for GLP-1 in maintaining gut
homeostasis. As I-cells act as pathogen sensors, proinflammatory
and microbial signals may also trigger GLP-1 secretion (Lebrun
et al., 2017). Therefore, the secretion of GLP-1 is coordinated in
response to food intake and disruption of microbial homeostasis.
The production of GLP-1 is tightly regulated at the molecular
level. Key transcription factors, including pancreatic and duodenal
homeobox 1 (PDX1) and neurogenic differentiation 1 (NEUROD1),
play crucial roles in the expression of the proglucagon gene, which
encodes GLP-1 (MacDonald et al., 2002). Once the proglucagon
precursor is produced, it is processed by the enzyme prohormone
convertase 1/3 to generate GLP-1 (Holst, 2022; Mojsov et al.,
1986). Notably, GLP-2 is also derived from the same proglucagon
but primarily regulates IEC growth and repair, which are crucial for
proper digestion and nutrient absorption (Drucker and Yusta, 2014).
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Fig. 1. Summary of stimuli and functions of gut hormones. lllustration of representative stimuli and functions (local and systemic) of 6 gut
hormones. The position of each cell type is arbitrary and does not reflect anatomical location. LCFA, long-chain fatty acid; MCFA, medium-
chain fatty acid; FFA, free fatty acid; EC, enterochromaffin cell; IEC, intestinal epithelial cell; GLP-1, glucagon-like peptide 1; PYY, peptide
YY; CCK, cholecystokinin; TNF, tumor necrosis factor, GH, growth hormone; TSH, thyroid-stimulating hormone. For more detailed in-

formation, refer to Table 1. Created with BioRender.com.
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GLP-1 has multiple functions. It enhances insulin secretion
from pancreatic beta cells in a glucose-dependent manner,
thereby playing a crucial role in glucose homeostasis (Muller
et al.,, 2019). Additionally, GLP-1 slows gastric emptying, pro-
motes satiety (Kim et al., 2024), and reduces food intake by
acting on the CNS, particularly the hypothalamus (Zhang et al.,
2022). This multifaceted role makes GLP-1 an essential hor-
mone for regulating glucose metabolism and energy balance.
Of note, a recent study suggests that GLP-1 receptors (GLP-
1Rs) on gut intraepithelial lymphocytes can inhibit proximal T-
cell receptor signaling through a protein kinase A—-dependent
mechanism (Wong et al., 2022). This highlights a broader role
for GLP-1 beyond glucose regulation, demonstrating its capa-
city to regulate both systemic and local inflammation by reg-
ulating the function of T cells within the gut.

Given the impact of GLP-1 on metabolism, GLP-1 analogs
(also known as GLP-1 receptor agonists, GLP-1RAs) have
been used as potent treatments for type 2 diabetes and obesity
(Gallwitz, 2022; Knudsen and Lau, 2019; Nachawi et al., 2022).
GLP-1RAs reduce blood sugar and food intake by mimicking
GLP-1 activation through G-protein-coupled receptor (GPR)
signaling (Gao et al., 2024). One of the successful drugs is
Wegovy (semaglutide), which mimics GLP-1, promoting weight
loss by reducing appetite and increasing satiety (Senior, 2023).
Beyond the direct use of GLP-1 analogs, there is potential for
targeting the enzymes or cytokines that regulate GLP-1 as
therapeutic strategies. For example, the rapid degradation of
GLP-1 by the enzyme dipeptidyl peptidase-4 in the bloodstream
limits its action, providing a mechanism to finely tune its phy-
siological effects (Deacon, 2019).

PYY: The Link Between Food Intake, Digestion, and
Perception

Similar to GLP-1, PYY is synthesized and secreted by en-
teroendocrine I-cells located in the ileum and colon (Ekblad and
Sundler, 2002) (Fig. 1). The synthesis of PYY begins with the
production of the precursor protein prepro-PYY, which is then
processed by the enzyme prohormone convertase 1/3 into the
active forms PYY1-36 and PYY3-36 (Medeiros and Turner,
1994) (Table 1). Among these, PYY3-36 is the most biologically
active and plays a crucial role in regulating appetite and energy
balance (Batterham et al., 2002).

The secretion of PYY is closely linked to food intake, parti-
cularly the ingestion of fats and proteins (Adrian et al., 1985;
Batterham et al., 2006). The presence of LCFAs in the lumen is
especially potent in triggering PYY release via GPR40 and
GPR120 (Dirksen et al., 2019). In addition to being stimulated
by nutrients, PYY levels are also influenced by the autonomic
nervous system and other gut hormones like GLP-1 and CCK,
which often act synergistically to promote satiety (Williams
et al., 2016; Wu et al., 2013). Furthermore, microbial metabo-
lites such as butyrate, propionate, and acetate increase the
expression of PYY via histone deacetylase (Larraufie et al.,
2018), while fermentation products drive the expansion of the
PYY-producing I-cells (Brooks et al., 2017).

Functionally, PYY helps slow gastric emptying and enhances
intestinal motility, which allows for better nutrient absorption and
prolongs the sensation of satiety (Duca et al., 2021; McCauley
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et al., 2020). In addition, PYY, which is released in response to
fats, is crucial for the ileal brake. This mechanism slows in-
testinal transit when undigested fats are present in the distal
small intestine (Lin et al., 1996). Systemically, PYY acts on the
hypothalamus in the brain to reduce appetite, contributing to the
regulation of food intake and energy homeostasis (Batterham
et al., 2006). This action on the brain is particularly important, as
PYY3-36 binds to the Y2 receptors in the hypothalamus, in-
hibiting the release of neuropeptide Y, a potent stimulator of
appetite, thus reducing food intake (Batterham et al., 2002;
Ghamari-Langroudi et al., 2005).

CCK: Regulation of Digestion and Appetite

CCK is primarily synthesized and secreted by enteroendocrine
I-cells, which are located in the duodenum and jejunum (Bany
Bakar et al., 2023) (Fig. 1). The secretion of CCK is stimulated
by the presence of partially digested fats and proteins in the
small intestine. For example, LCFAs induce the secretion of
CCK via GPR40, whereas medium-chain fatty acids (MCFAs)
inhibit the secretion of CCK via GPR120 (Liou et al., 2011;
Murata et al., 2021) (Table 1). Aromatic amino acids, including
phenylalanine and tryptophan, stimulate the release of CCK via
the calcium-sensing receptor (Wang et al., 2011). In addition to
nutrients, succinic acid can induce CCK release from EEC cells
in a dose-dependent manner (Egberts et al., 2020). Also, mi-
crobial-derived products, lipopolysaccharides through TLRO,
can regulate the secretion of CCK (Barakat et al., 2024; Daly
et al., 2020).

CCK exerts a variety of effects that are essential for diges-
tion and the regulation of food intake. One of its primary roles is
to stimulate the gallbladder to contract and release bile into the
small intestine, which is crucial for the emulsification and ab-
sorption of dietary fats (Gribble and Reimann, 2019). CCK also
acts on the pancreas, promoting the secretion of digestive en-
zymes that further break down proteins, fats, and carbohydrates
in the small intestine (Moran and Kinzig, 2004). These actions
facilitate the efficient digestion and absorption of nutrients.
Besides its local bowel functions, CCK also plays an important
systemic role in regulating satiety. It acts on the vagus nerve,
sending signals to the brain to induce feelings of fullness and
reduce food intake (Gibbs et al., 1973). Moreover, CCK can
regulate CD4 T-cell functions and inhibit inflammatory re-
sponses (Zhang et al., 2014).

Serotonin: A Multifaceted Hormone Produced Mainly in
the Gut

Serotonin, a monoamine neurotransmitter, is predominantly
synthesized and secreted in the gut, where more than 90% of
the serotonin found in the entire organism is produced (Martin
et al.,, 2018). This process begins with the conversion of the
amino acid tryptophan into serotonin, primarily within EC cells,
which are specialized EECs dispersed throughout the small
intestine and colon (Bellono et al., 2017) (Fig. 1). The synthesis
of serotonin in EC cells involves 2 key enzymes. First, trypto-
phan hydroxylase 1 (TPH1) converts tryptophan into 5-hydro-
xytryptophan (Walther and Bader, 2003) (Table 1). TPH1 is the
rate-limiting enzyme in this pathway and is crucial for the reg-
ulation of serotonin production in the gut (Walther and Bader,
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2003). Then, aromatic l-amino acid decarboxylase (AADC)
further converts 5-hydroxytryptophan into serotonin (Del Colle
et al., 2020). Interestingly, AADC can also be derived from
Firmicutes species from the microbiota, resulting in the stimu-
lation of colonic serotonin production (Sugiyama et al., 2022).

The secretion of serotonin is primarily triggered by me-
chanical (Treichel et al., 2022) and chemical (Kaelberer et al.,
2018) stimuli within the gut. For example, the stretching of the
gut wall due to food intake or the presence of specific nutrients
like glucose and fatty acids can stimulate EC cells to release
serotonin into the gut lumen and the surrounding tissue
(Nozawa et al., 2009). Specifically, mechanotransduction by
Piezo2 can increase intracellular calcium in EC cells, thereby
inducing the secretion of serotonin and epithelial fluid (Alcaino
et al., 2018). Additionally, neuronal inputs and cytokines can
control serotonin release. For instance, a recent study showed
that IL-33 induces serotonin secretion in EC cells, facilitating
intestinal helminth clearance (Chen et al., 2021). Apart from the
secretion, serotonin can also be reabsorbed by the serotonin
transporter (SERT), which is present on enterocytes and helps
limit its action by removing it from the gut lumen (Bertrand and
Bertrand, 2010). Dysregulation of serotonin production, secre-
tion, or reuptake can lead to various gastrointestinal disorders,
such as irritable bowel syndrome, where altered serotonin sig-
naling is often implicated (Tao et al., 2022).

Serotonin acts on both local and systemic levels. Locally, it
binds to serotonin receptors on enteric neurons, smooth muscle
cells, and epithelial cells, influencing gut motility, secretion, and
sensation (Gershon, 2013). It acts locally to promote epithelial
growth, enteric neurogenesis, and activity (Bellono et al., 2017).
Moreover, serotonin is a key regulator of peristalsis, the co-
ordinated contraction and relaxation of gut muscles that propel
food through the digestive tract (Terry and Margolis, 2017).
Recent studies have revealed that the microbiota can indirectly
activate colonic motility by providing SCFAs to EC cells, which
leads to enhanced expression of TPH1 and serotonin synthesis
(Kwon et al., 2019; Singhal et al., 2019; Spohn and Mawe,
2017). It also stimulates the secretion of digestive fluids and
influences the sensation of nausea and pain (Bayrer et al.,
2023). In contrast, when serotonin enters the bloodstream, it
systemically acts on distant organs, including the heart, liver,
and blood vessels (Berger et al., 2009). Inhibition of serotonin
synthesis in Tph1-deficient mice was linked to an increased
metabolic rate and enhanced brown adipose tissue activity,
highlighting its systemic effect (Crane et al., 2015).

Clinically, increased serotonin levels have been associated with
the severity of symptoms and clinical outcomes in patients with
colitis and visceral pain (Kim et al., 2013; Koopman et al., 2021;
Shajib et al., 2013). Thus, targeted therapies against serotonin
might be used to treat intestinal inflammation, chronic nausea, and
visceral pain disorders (Mawe and Hoffman, 2013).

Somatostatin: A Unique Inhibitory Regulator

Somatostatin is a key regulatory hormone in the gastrointestinal
system, synthesized and secreted by d-cells, which are spe-
cialized EECs found particularly in the stomach, small intestine,
as well as delta cells in pancreas (Posovszky and Wabitsch,
2015) (Fig. 1). Somatostatin is specialized in inhibiting the
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secretion of various other hormones and enzymes, thereby
acting as a suppressor of digestive processes (Lloyd, 1994).

The secretion of somatostatin is stimulated by several fac-
tors, including increased acidity in the stomach, the presence of
nutrients in the gut, and neurotransmitters (Goo et al., 2010;
Lucey, 1986) (Table 1). For instance, after a meal, the rise in
gastric acidity and the presence of partially digested food in the
stomach and small intestine prompt d-cells to release soma-
tostatin (Bany Bakar et al., 2023). d-cells are able to sense
various nutrients via a range of receptors, specifically GPR84,
which is able to sense MCFAs. Then, the activation of 5 G-
protein-coupled somatostatin receptor subtypes (SSTR1-5)
enhances somatostatin secretion (Li et al., 2021).

The somatostatin secretion is tightly regulated to ensure that
digestive processes are neither overly stimulated nor excessively
inhibited. As the pH levels in the stomach return to normal and
nutrient absorption in the intestine progresses, the stimulus for so-
matostatin release decreases, allowing other digestive hormones to
resume their activity. This negative feedback loop is essential for
maintaining a balanced and efficient digestion (Rorsman and
Huising, 2018). Moreover, somatostatin release from the intestine is
controlled by the vagus nerve and various local ENS neuro-
transmitters (Lewin et al., 2016).

Somatostatin acts locally in a paracrine manner as well as
systemically through the bloodstream. In the intestines, soma-
tostatin reduces the secretion of digestive enzymes and slows
down intestinal motility (Shamsi et al., 2021). In the stomach, it
inhibits the release of gastrin from G-cells, thereby reducing
gastric acid secretion and slowing down gastric emptying
(Egerod et al., 2015). This helps protect the stomach lining from
excessive acidity and regulates the digestive process. In the
pancreas, somatostatin inhibits the release of insulin and glu-
cagon through SSTR2 and SSTRS5, respectively, playing a role
in glucose homeostasis (Jepsen et al., 2019; Orgaard and
Holst, 2017). In addition to gut hormones, somatostatin can
inhibit the secretion of growth hormone and thyroid-stimulating
hormone from the pituitary gland, as well as regulate neuro-
transmitter release in the CNS (Marciniak and Brasun, 2017).

Glucocorticoids: Inhibition of Intestinal Inflammation by
Local Stress Hormones

Glucocorticoids, commonly known as stress hormones, are
primarily synthesized in the adrenal cortex (Nicolaides et al.,
2017). However, recent studies increasingly suggest that the
gut can also produce these hormones locally (Ahmed et al.,
2019a; Cima et al., 2004; Noti et al., 2010b). Interestingly, IECs
are capable of expressing a critical transcription factor, NR5A2
(also known as liver receptor homolog-1, LRH-1), which in turn
drives the expression of key enzymes necessary for gluco-
corticoid synthesis, including cytochrome P450 family (CYP)
11A1 and CYP11B1 (Mueller et al., 2006) (Fig. 1). It was de-
monstrated that IECs exhibit confined expression of key ster-
oidogenic enzymes, specifically CYP11A1 and CYP11B1, as
well as NR5A2 (Cima et al., 2004). In line with this, the level of
intestinal glucocorticoids can be regulated by the small het-
erodimer partner (SHP) that acts as a transcriptional repressor
of NR5A2 and downregulates the expression of steroidogenic
enzymes (Benod et al., 2013).
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While systemic glucocorticoids are produced in response to
various stressors or adrenocorticotropic hormone via the hypotha-
lamic-pituitary-adrenal axis, the stimuli for locally secreted stress
hormones in the intestine remain poorly characterized. So far, co-
litis-induced tumor necrosis factor-o. and antibiotic-induced micro-
biome depletion have been shown to upregulate the steroidogenic
enzymes, implying that perturbations of gut homeostasis due to
inflammation or dysbiosis might be responsible for the local pro-
duction of glucocorticoids in the gut (Mukherji et al., 2013; Noti et al.,
2010a). Thus, current understanding suggests that local synthesis
in the gut is triggered by inflammation or stress, though the precise
mechanisms are yet to be determined (Slominski et al., 2020). In
additon to be directly synthesized, 11B-hydroxysteroid dehy-
drogenase type 1 can convert inactive cortisone or 11-dehy-
drocorticosterone into active cortisol or corticosterone, increasing
local glucocorticoid levels, while 11B-hydroxysteroid dehydrogenase
type 2 reverses this process, reducing glucocorticoid levels
(Chapman et al., 2013; Taves et al., 2023) (Table 1).

Local glucocorticoids play a crucial role in maintaining gut
homeostasis by mitigating inflammation, protecting epithelial cells,
and ensuring the integrity of the gut barrier. It is achieved by
modulating immune responses, facilitating epithelial cell survival,
and promoting cellular regeneration (Atanasov et al., 2008). Unlike
other gut hormones, the systemic effects of local glucocorticoids
remain unknown and require further investigation.

Given the importance of LRH-1 as a regulator of local glu-
cocorticoid synthesis, targeting LRH-1 could be a promising
therapeutic strategy for alleviating intestinal inflammation
(Ahmed et al., 2019b; Ghosh et al., 2024; Landskron et al.,
2022). By modulating its transcriptional activity, it may be pos-
sible to enhance local glucocorticoid synthesis, thereby im-
proving outcomes of colitis or inflammatory bowel disease.

DISCUSSION

The gut is unique among organs due to its complex interactions
with the microbiome and its extensive network of neurons,
known as the ENS. Its nickname, “the second brain,” indicates
that the gut can perform various tasks autonomously (Schneider
et al., 2019). The gut independently manages digestion, ab-
sorption, defense, and even influences mood and systemic
metabolism in a well-coordinated fashion. This feature may, in
part, be attributed to its ability to communicate with diverse cell
types within the tissue, including epithelial cells, immune cells,
and neurons. In this regard, gut hormones can act as key
mediators between those intestinal cells, playing indispensable
roles in maintaining both local and systemic homeostasis.
Traditionally, endocrine hormones are released from glands,
such as the thyroid, pancreas, and adrenal glands, into the blood-
stream to systemically act on distant organs without directly af-
fecting their organ of origin. For instance, insulin from the pancreas
regulates blood glucose levels, while thyroid hormones control
overall metabolic rate. In contrast, gut hormones can act both locally
and systemically. The local effects are typically mediated through
paracrine and neurocrine mechanisms, allowing for rapid and pre-
cise responses to alterations in the luminal environment. To rapidly
respond to changing conditions in the gut, many gut hormo-
nes—such as CCK, which has a half-life of 1 to 2 minutes, and
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somatostatin, which has a half-life of 2 to 3 minutes—have very
short half-lives, allowing for tight regulation of their effects and en-
suring reversibility (Blake et al., 2004; Shechter et al., 2005; Wren
and Bloom, 2007). When diffused into the bloodstream, these same
hormones can also have systemic effects on other organs through
sustained secretion or by acting on high-affinity receptors although
they may also be produced in situ (Steinert et al., 2017). For sys-
temic glucose metabolism, not only the intestine, but organs such
as the liver and pancreas are stimulated by gut hormones. For
appetite, satiety, and food intake, the systemic effects are primarily
mediated through the CNS which receives and relays signals from
gut hormones. This mechanistic connection forms one of the fun-
damental bases for the gut-brain axis.

More recently, gut hormones, including serotonin, CCK, and
glucocorticoids, have been shown to play pivotal roles in
shaping the immune system, especially immune cell differ-
entiation and function (Cima et al., 2004; Wan et al., 2020;
Zhang et al., 2014). These findings underscore the intimate link
between the gut hormones and immune system, further de-
monstrating the emerging role of gut hormones in regulating
local and systemic homeostasis through the immune system.
Collectively, the gut may serve as a central organ and hub for
interorgan crosstalk between different organs via gut hormones
as well as cytokines and exosomes. Further detailed in-
vestigations are necessary to elucidate the precise mechanisms
by which the gut orchestrates interorgan communication
through various signaling factors.

In addition to their effects on local and systemic variables,
the gut hormones themselves can affect each other, demon-
strating even more complex interactions. For instance, soma-
tostatin inhibits the secretion of GLP-1 (Hansen et al., 2000),
and CCK stimulates PYY through hydrolysis of fat (Degen et al.,
2007). Also, PYY regulates the intestinal motility, secretion, and
absorption, as well as visceral sensitivity via serotonin release
from colonic EC cells (Kojima et al., 2015; Spohn and Mawe,
2017). Elucidating these interconnected processes can lead to
a deeper understanding of disease pathogenesis and poten-
tially enable more effective therapeutic interventions.

Since hormones generally serve as excellent soluble factors
for drug development due to their high target specificity, gut
hormones also hold promise in developing targeted ther-
apeutics for various gastrointestinal and metabolic disorders. By
leveraging the unique characteristics of gut hormones, one can
design more precise and effective treatments, potentially im-
proving patient outcomes and advancing the management of
diseases such as obesity, diabetes, and inflammatory bowel
disease. In fact, recent investigations into GLP-1 have yielded
significant advancements, leading to the development and
clinical implementation of GLP-1RAs for obesity and beyond
(Drucker, 2024). Likewise, efforts to unravel the enteroendo-
crine system will open new avenues for innovative therapeutic
strategies in the future (Gribble and Reimann, 2019).
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