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Abstract

Functional gastrointestinal disorders (FGID) are heterogeneous disorders with a
variety of clinical manifestations, primarily defined by signs and symptoms
rather than a definite underlying cause. Their pathophysiology remains obscure
and, although it is expected to differ according to the specific FGID, disruptions
in the brain-gut axis are now thought to be a common denominator in their
pathogenesis. The hormone ghrelin is an important component of this axis,
exerting a wide repertoire of physiological actions, including regulation of
gastrointestinal motility and protection of mucosal tissue. Ghrelin’s gene shows
genetic polymorphism, while its protein product undergoes complex regulation
and metabolism in the human body. Numerous studies have studied ghrelin’s
relation to the emergence of FGIDs, its potential value as an index of disease
severity and as a predictive marker for symptom relief during attempted
treatment. Despite the mixed results currently available in scientific literature, the
plethora of statistically significant findings shows that disruptions in ghrelin
genetics and expression are plausibly related to FGID pathogenesis. The aim of
this paper is to review current literature studying these associations, in an effort
to uncover certain patterns of alterations in both genetics and expression, which
could delineate its true contribution to FGID emergence, either as a causative
agent or as a pathogenetic intermediate.

Key words: Functional gastrointestinal disorders; Functional colonic diseases; Irritable
bowel syndrome; Cyclic vomiting syndrome; Infantile colic; Gastrointestinal disease;
Ghrelin; Genetics; Epigenetic processes
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Core tip: Functional gastrointestinal disorders are diverse clinical entities whose
pathogenesis and phenotype are thought to stem from both genetic and environmental
factors. Many reviews have attempted to summarize general pathogenetic mechanisms
related to functional gastrointestinal disorders (FGIDs), but more specific knowledge is
currently limited. Studies on the brain-gut axis peptide ghrelin have chiefly concentrated
on its association with obesity and eating disorders. This review focuses on the possible
role of ghrelin in FGID pathogenesis, in an attempt to elucidate the contribution of
certain genetic alterations to the emergence of disease.

Citation: Koutouratsas T, Kalli T, Karamanolis G, Gazouli M. Contribution of ghrelin to
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INTRODUCTION

Functional gastrointestinal disorders (FGIDs) comprise a variety of disorders
stemming from disruptions of the brain-gut axis. These disorders are classified by
gastrointestinal symptoms linked to any combination of motility disruption, visceral
hypersensitivity, malformed mucosal and immune function, altered gut microbiota
and altered central nervous system processing!”. Some FGIDs are quite prevalent, for
instance, functional dyspepsia (FD) and irritable bowel syndrome (IBS), which affect
roughly 20% and 10% of the general population”l. It should be noted that the
prevalence of FGIDs varies significantly among different countries worldwide; for
instance, IBS has lowest estimated prevalence of 3% in the United States and 6.1% in
Japan whereas FD has a prevalence of 26% in the United States and 18.4% in Hong
Kong!*“l. Tt is postulated that many differences in genetic background, diet, physical
environment, socioeconomic status, and microbiome may contribute to this observed
variation!"**}; thus, for these mainly symptom-defined disorders, the need for a deeper
understanding of their pathogenesis and potential treatment strategies is clinically
crucial®.

The Rome Committee for the Classification of Functional Gastrointestinal Disorders
has developed diagnostic criteria for FGIDs, and as of 2018, the Rome IV classification
recognizes 33 adult and 20 pediatric FGIDs grouped into 8 categories: esophageal
disorders, gastroduodenal disorders, bowel disorders, centrally mediated disorders of
gastrointestinal pain, gallbladder and sphincter of Oddi disorders, anorectal
disorders, childhood functional gastrointestinal (GI) disorders of neonates/toddlers
and childhood functional GI disorders of children/adolescents!>.

Many pathophysiological mechanisms have been proposed in search of FGID
etiologic factors, including genetics, immune contribution, disorders of the GI
serotoninergic (5-hydroxytryptamine, 5-HT) innervation, infections, inflammation,
increased intestinal permeability, disrupted bile salt metabolism, changes in the
microbiota, the impact of diet, and disturbances in the brain-gut axis.

Ghrelin is a brain-gut axis peptide that was isolated from stomach cells and was
found to be the endogenous ligand for growth hormone (GH) secretagogue
receptor!’”'"l. It is known to have growth hormone inducing and appetite-stimulating
effects, while also being of importance in gut motility regulation!'”.

As noted earlier, brain-gut axis dysfunctions, namely disruptions of enteric nervous
system (ENS) and CNS interconnections, are considered to be critical in FGID
pathogenesis!"”l. This review explores the role of the brain-gut peptide ghrelin in
certain of these disorders, based on current scientific data.

LITERATURE SEARCH

Scientific literature search was conducted using the PubMed and Google Scholar

”oou voou

databases with the keywords “ghrelin”, “obestatin”, “ghrelin opposite strand”,
“GHSR”, “GOAT”, “functional GI disorders”, “IBS”, “irritable bowel syndrome”,

”ou

“esophageal disorders”, “gastroduodenal disorders”, “functional dyspepsia”, “bowel
disorders”, “gastrointestinal pain”, “gallbladder disorders”, “sphincter of Oddi
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disorders”, “anorectal disorders”, “CVS” and combinations of the aforementioned.

GHRELIN BIOCHEMISTRY, PHYSIOLOGY, AND
PATHOPHYSIOLOGY

Ghrelin is a 28 amino acid peptide hormone secreted mainly by the stomach
endocrine cells!'"l. In humans, the ghrelin gene (GHRL) is located on the short arm of
chromosome 3 and comprises five exons coding for the precursor preproghrelin, the
first two coding for the functional 28-amino acid region!"*"". Opposite to the coding
strand is an antisense gene called GHRLOS (ghrelin opposite strand) spanning 44kb,
whose RNA products undergo alternative splicing and are likely to serve as non-
coding regulatory RNAs in the ghrelin axis!"”. The GHRL gene is greatly polymorphic,
having more than 300 coding or non-coding region single nucleotide polymorphisms
(SNPs) currently validated by 1000 genomes on dbSNP, 4 of which are listed as
pathogenic!'”l.

Ghrelin is found in plasma in two major forms: one that has undergone n-
octanoylation at Ser3, called n-octanoyl- or acyl- ghrelin, and one that lacks this
modification, referred to as des-acyl ghrelin!""l. The enzyme ghrelin-O-acyltransferase
acts on des-acyl ghrelin to produce n-octanoyl ghrelin in ghrelin-producing cells!"*'".
Des-acyl ghrelin is the predominant circulating form of ghrelin.

The n-octanoylation at the N-terminal serine is necessary for ghrelin to exert its
whole range of physiological actions, such as GH induction, although des-acyl ghrelin
can also have certain physiologic effects, for instance, anti-apoptotic and hypotensive
actions on the cardiovascular system!"*'**l. Des-acyl ghrelin and acyl-ghrelin can have
both similar and opposing physiological actions (Table 1)

Ghrelin is mainly produced by P/D1 oxyntic cells (similar to mouse X/ A cells)
mainly in the fundus of the stomach!**'*J. Its mRNA is also found in small and large
intestine cells, in pancreatic alpha and beta islet cells, in kidney glomeruli and, to a
certain degree, in most human tissues!"'?'*l. In secretory granules of endocrine cells
in the upper small intestine, ghrelin is colocalized with motilin, a peptide hormone
involved in phase III of the migrating motor complex**!.

Ghrelin’s receptor is known as growth hormone secretagogue receptor (GHSR) and
is a rhodopsin-like G-protein coupled receptor (GPCR) with seven membrane-
spanning segments**?’l. The receptor’s gene is located on the large arm of
chromosome 3, and its mRNA product can be alternatively spliced to two different
transcripts, 1a and 1b; however, it is only the 1a mRNA protein product, GHSR1a,
which can bind ghrelin®!. GHSR1a also displays constitutive activity!*l. Type 1a
mRNA has been found in the arcuate and ventromedial nuclei of the hypothalamus,
in the pituitary, thyroid gland, and adrenals, whereas the type 1b mRNA is
ubiquitously present in human tissuel'>*’. It has been argued that GHSR1b, the 1b
type mRNA protein product, may modulate the constitutive activity displayed by
GHSR1a*!. When bound to ligand, be that ghrelin or the 36% homologous protein
motilin, the GHSR1a receptor has been found to activate many downstream signaling
cascades, including the MAPK, mTOR, AMPK, PI3K/ Akt and PLC pathways, while
displaying functional agonism!"*'%*],

Many factors are thought to regulate ghrelin secretion by the stomach P/D1 like
cells. These include positive regulators such as fasting, muscarinic stimulation by the
vagus nerve, beta-adrenergic stimulation, estrogen, cholecystokinin, glucagon, and
deep sleep as well as inhibitory regulators, including alpha-adrenergic stimulation,
insulin, glucose, leptin, long chain fatty acids and somatostatin!'**1. Total plasma
ghrelin concentration peaks before meals and drops to a minimum within an hour
postprandially!**'l. Protein and fatty meals have been found to reduce total and acyl-
ghrelin plasma levels, whereas carbohydrate meals cause an initial elevation of both
levels followed by suppression, thought to be mediated by insulin®. Women have
been found to have higher levels of total plasma ghrelin.

Ghrelin displays a large repertoire of physiological actions (Figure 1). It directly
acts on pituitary somatotrophs to increase growth hormone (GH) secretion
synergistically with growth hormone-releasing hormone (GHRH), being the more
potent GH secretagogue!'”**'l. Regarding appetite stimulation, ghrelin acts on vagal
afferent neurons in the stomach which project to the nucleus tractus solitarius (NTS)
of the brainstem, a CNS region which participates in visceral reflexes and connects to
hypothalamic feeding centers!**'’l. Acting on arcuate nucleus cells of the
hypothalamus, it upregulates production of the orexigenic peptides neuropeptide Y
(NPY) and agouti-related peptide (AgRP)!""**'I; therefore, it increases appetite. The
same effect could also be explained by ghrelin’s action in the area postrema (AP), a
brainstem region poorly shielded by the blood-brain barrier that is responsible for
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Table 1 Comparison of physiological actions of acyl- and des-acyl ghrelin

Parameter Acyl-ghrelin Des-acyl ghrelin Ref.
Appetite! Increase Decrease 1
Metabolism' Positive energy balance ~ Negative energy balance ]
Adipogenesis Increase Increase 54
Cardiomyocyte and endothelial cell death Inhibition Inhibition B
Papillary muscle contractility Negative inotropy Negative inotropy t
Blood pressure Decrease Decrease Ed
Insulin release’ Decrease Increase A
Insulin soz-nsitivity1 Decrease Increase A
Muscle wasting Decrease Decrease =
Gastric emptying' T EEREE Decrease 1041
Gastric motility' Increase Decrease L

'Opposing actions.

humoral emesis initiation™. Acting on AP neurons, ghrelin could decrease nausea
and increase feeding”. In general metabolism, ghrelin decreases fat utilization"!.

In the gastrointestinal system, ghrelin is considered to be a component of the brain-
gut axis™l. Its effects include gastric acid secretion and generation of nitric oxide and
prostaglandins, vasodilators which protect the gastric mucosa from ischemic stress
and alcoholic damagel'*?"l. Similar to the structurally related protein motilin, it can
induce migrating motor complexes, causing premature phase III activity in the
stomach and duodenum!* and, moreover, accelerates gastric emptying!**~*l. It also
has been found to increase muscle tone in the proximal stomach; furthermore,
ghrelin decreases the small intestine transit time but has no such effect on the colon};
however, ghrelin agonists which, unlike ghrelin, penetrate the blood-spinal cord
barrier have been found to increase colonic contractility and propulsion, activating the
defecation reflex™.. It should be noted that, low ghrelin levels have been detected in
obese individuals or individuals after bariatric surgery, and administration of
physiological doses of exogenous ghrelin to these individuals does not appreciably
affect gastric motility™’.

Pathophysiologically, ghrelin serves as a marker for chronic gastritis and its levels
are indicative of the histopathological severity of H. pylori infection; furthermore, it
has been reported that in gastric adenocarcinoma and advanced grade colorectal
cancer, plasma ghrelin levels are significantly lower, possibly due to inadequate
ghrelin production by the affected tissuel*l. Ghrelin receptor type 1b (GSHR1D),
although formerly considered physiologically inert, has been found to promote
proliferative and invasive activity in colorectal malignancies”**!l. Regarding
inflammatory GI disorders, ulcerative colitis and ileal Crohn disease patients have
significantly elevated plasma ghrelin levels. Ghrelin is also positively correlated with
serum inflammatory markers in active inflammatory bowel disease patients!*’.
Ghrelin could exert antinociceptive effects in GI disease, acting on opioid receptors
and downregulating TRPV1, an ion channel expressed chiefly on nociceptive sensory
neurons, as found in patients with IBS!*.

GHRELIN GENETICS, EXPRESSION, AND FGIDs
FD

FD is a clinical disorder whose symptoms originate in the gastroduodenal region!*.
According to Rome criteria, the symptom complex is often related to ingestion of a
meal and includes epigastric pain, postprandial fullness, bloating, early satiety,
belching, nausea, vomiting and epigastric burning. Attempts have been made to
simplify the intricate heterogeneity of the dyspepsia symptom complex and a
subdivision based on the predominant symptoms of either pain or discomfort has
been proposed; thus, there are two clinically distinct FD syndromes, although these
often overlap clinically: postprandial distress syndrome (PDS; comprising early
satiety or meal-related fullness) and epigastric pain syndromel*l. In a recent meta-
analysis, the overall pooled prevalence of uninvestigated dyspepsia was 20.8%
(95%CI: 17.8% to 23.9%)]; over 75% of those patients will not have a structrural
cause for their symptoms after a thorough work-up and are thought to have FD'l,
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Vagal afferents Vagal efferents

|

Bloodstream ~ <——  Acyl-ghrelin <« ENS

Endocrine pancreas Adipose tissue

Figure 1 Acyl-ghrelin is produced by stomach P/D1 cells. It enters the bloodstream, reaching the pancreas,
where it inhibits insulin release, and adipose tissue, where it inhibits adipogenesis. Through the circulation, it also
acts on the paraventricular and arcuate nuclei of the hypothalamus, increasing growth hormone releasing hormone
release and appetite. It also affects neurons in the area postrema, where it acts to decrease nausea. Ghrelin acts
directly through the GHSR receptor on vagal afferents, which project to the nucleus tractus solitaries of the brainstem.
This region in turn connects to the dorsal motor nucleus of the vagus nerve, which gives rise to vagal efferent that
increase gastric contractions, acid secretion, and Gl motility through the enteric nervous system. Ghrelin does not
affect defecation, as it cannot penetrate and act on the defecation center of the spinal cordt'!+5237:3%1 PyN:
Paraventricular; ARC: Arcuate; AP: Area postrema; NTS: Nucleus tractus solitaries; DNV: Dorsal motor nucleus of the
vagus nerve; ENS: Enteric nervous system.

Although multiple mechanisms of FD pathogenesis (including abnormal gastric
motility, visceral hypersensitivity, low grade mucosal inflammation and cellular
changes in enteric nerves, muscle or interstitial cells of Cajal) have been suggested, its
underlying etiology and pharmacological therapy remain unclear. As we have
already mentioned, ghrelin, a gut-derived peptide found in the stomach, plays a role
in the regulation of gastric motility!*>*"l.

Several papers have been published studying associations between plasma ghrelin
levels and FD (Table 2 includes a summary of the literature on changing serum
ghrelin levels in patients with FD, which remains controversial).

Studies on the relationship between FD and ghrelin reported that circulating levels
of total ghrelin were significantly higher in patients with FD than in controls®**]. The
higher levels of ghrelin occurred at 30 min. after the meal which is the time when
most of the dyspeptic symptoms usually occur, supporting the idea of a putative role
for ghrelin in the etiology of the dyspeptic symptoms in FD patients.

In contrast, Lee et al®™ found that dysmotility-like FD patients had lower total
ghrelin levels in the fasting state than controls and that these patients displayed no
postprandial drop in total ghrelin levels. In addition, in the same group of FD
patients, Takamori et al"'l showed lower fasting total ghrelin levels than in controls
and no difference between fasting and postprandial levels in FD patients.
Interestingly, a study on a rat model for chronic stress showed that stress initially
decreases gastric emptying, due to sympathetic nervous system activation, but
eventually gastric emptying accelerates and plasma ghrelin levels are found elevated.
This was considered an indication that alterations in ghrelin physiology may in part
be responsible for gastric motility disorders which are triggered by stress, such as
FD[52,531'

Keeping in mind that the acylated form of ghrelin exhibits physiologic activity (i.e.
appetite, adipogenesis efc.), many studies have focused on this subtype (Table 1).
Shinomiya et al™! found that although fasting levels of acylated ghrelin were not
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Table 2 Ghrelin genetics and expression in functional dyspepsia patients compared to controls

FD patients compared to

Ref. Participants Parameters P value
Controls
Shindo et all”’! PDS (n=76)/Controls (n= Acyl-ghrelin, plasma levels Lower <0.05
20)
Shinomiya et all**! FD (n = 18)/Controls (n = 18)  Acyl-ghrelin, plasma levels Higher >0.05
Des-acyl ghrelin, plasma Lower >0.05
levels
Nishizawa et all*’] FD (n =47)/Controls (n =17)  Total ghrelin, plasma levels Higher <0.05
Acyl-ghrelin, plasma levels Higher <0.05
Lanzini et al*’] FD (1 = 39)/Controls (1 =53) Total ghrelin, plasma levels Higher <0.01°
Takamori et all”'] FD (n = 16)/Controls (n =19) Des-acyl ghrelin, fasting Lower 0.0019°
state, plasma levels
Acyl-ghrelin, fasting state, Lower 0.4191
plasma levels
Des-acyl ghrelin to acyl- Lower 0.0154"
ghrelin ratio, fasting state,
plasma levels
Lee et al®"! FD (n = 42)/Controls (n =14)  Total ghrelin, fasting state, Lower <0.05"
plasma levels
Choi et al*") FD (n = 39)/Controls (n =38) Male patients, acyl-ghrelin, Lower 0.017°
plasma levels
FD (n = 65)/Controls (n =49) Female patients, acyl-ghrelin, Lower 0.348
plasma levels
Lee et all®’! FD (n =167)/Controls (n = 1542451, A allele More frequent (PDS <0.05
434) subgroup)
rs42451, AA genotype More frequent (PDS <0.05
subgroup)

“Statistical significance. PDS: Postprandial distress syndrome; FD: Functional dyspepsia.

significantly different between healthy controls and FD patients, its plasma levels
correlated with the subjective symptom score in patients with FD, especially females.
In accordance to this study, Takamori et all"! reported that fasting and postprandial
levels of acylated ghrelin were similar in FD patients and healthy controls. Authors
suggested that in those patients with dysmotility-like FD, secretion and metabolism of
ghrelin are the pathologically affected factors and not the step of acylation. A recent
study by Kim et al*”, confirmed the lack of difference in plasma acylated ghrelin levels
between healthy controls and FD patients; however, abnormal plasma acylated
ghrelin levels before or after a meal related to specific symptoms seen in patients with
FD; remarkably, FD patients with higher fasting plasma levels of acylated ghrelin
suffered from less epigastric pain, whereas post prandial decrease of the high fasting
levels of acylated ghrelin were associated with higher early satiety scores. Apparently,
higher fasting plasma levels of acylated ghrelin yield a gastroprotective effect on the
gastric mucosa, while postprandial levels interfere with the gastric accommodation
reflex.

In contrast, other studies measured lower acylated ghrelin levels in samples from
FD patients. Significantly lower plasma acylated ghrelin levels in FD patients
compared to controls were reported by Choi et al"], however only for male patients,
suggesting that FD pathogenesis in females may employ additional mechanisms.
Shindo et all""! also reported that acylated ghrelin levels were significantly lower in
PDS patients than in controls, while des-acyl ghrelin levels did not differ significantly
among EPS, PDS patients, and healthy volunteers. They suggested that lower acylated
ghrelin levels may reflect the gastric atrophy and ghrelin-producing cell loss in PDS
patients; furthermore, they found that in PDS patients, plasma acyl-ghrelin levels are
inversely correlated with the diagnostic marker Tmax, the time of maximal gastric
excretion, to a significant degree. They suggested that the study of gastric emptying
and plasma ghrelin levels could be useful in the diagnosis of PDSF*"; indeed, plasma
acylated ghrelin levels were lower in the PDS group than in controls, EPS, and
combination of PDS and EPS groups™. Interestingly, H. pylori eradication increased
plasma acylated ghrelin levels, in contrast to a systematic review which reported that
H. pylori eradication had no influence in circulating ghrelin levels’. Evidently, it was
not just the presence of H. pylori, but also the histological changes associated with it,
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such as intestinal metaplasia, that affected plasma ghrelin levelst.

Ghrelin’s genetic polymorphisms and FD

There have also been studies linking certain genetic polymorphisms of the GHRL
gene with certain parameters of the FD phenotype (Table 3). Ando et al* found that
the Leu72Met genotype that is a SNP outside the region coding for mature ghrelin
was significantly and independently correlated with low plasma acylated ghrelin
levels; however, this correlation, as well as a correlation with the GIn90Leu genotype,
could not be confirmed in a later study on H. pylori negative FD patients!®l. In
contrast, this study found a significant correlation between the preproghrelin 3056TT
genotype and the plasma levels of acylated ghrelin, although it did not find a
correlation between any of the Arg51Gln, Preproghrelin3056TC, Leu72Met and
GIn90Leu polymorphisms and FD phenotypes!®). Trying to clarify the putative
associations of GIn90Leu and Leu72Met genotypes with ghrelin activity, Yamawaki et
al®l showed that Leu72Met SNP was associated with early phase of gastric emptying
but not with entire gastric emptying in FD patients, while there was no significant
association between this SNP and early phase of gastric emptying in healthy
volunteers; moreover, the GIn90Leu SNP has been associated with depression severity
in FD patientsl®l. The GHRL rs42451 AA genotype, as well as the A allele, have been
reported to be more frequent among PDS patients, compared to controls (Table 2)[1.

Ghrelin modulators as treatment for FD

Regarding treatment outlooks, FD has been considered as a possible indication for
ghrelin and ghrelin agonists, such as the synthetic pentapeptide relamorelin, given
ghrelin’s prokinetic effects on the stomach . Ghrelin’s use is limited due to short
plasma half-life and bioavailability, so mainly ghrelin agonists are currently being
tested in clinical trials for the treatment of diabetic gastroparesis and chronic
constipation*****l_ Akamizu et al*’! postulated the possible usefulness of ghrelin in
the treatment of weight loss in FD patients, after a 2009 trial in which intravenous
ghrelin was administered to patients with FD, causing increased appetite (approx. by
30% before and after treatment) in 4 out of 5. This trial did not, however, yield
statistically significant results*’l.

Recently, rikkunshito, a standardized Japanese herbal medicine with ghrelin signal-
enhancing actions, has been studied as a candidate for the treatment of FDI***’l. A 2014
double-blind randomized control trial showed that treatment with rikkunshito
significantly reduced epigastric pain in patients with the PDS subtype of FD, an effect
which was not accompanied by an elevation in plasma ghrelin levels®). A later study
reported that a low baseline level of plasma des-acyl ghrelin was significantly and
independently associated with stronger symptom relief following treatment with
rikkunshito in H. pylori negative patients, which was also not accompanied by
elevated post-treatment plasma ghrelin levels!®l. These findings suggest that the
clinical value of ghrelin, ghrelin agonists and ghrelin-enhancing drugs in treating FD
is probably greater in patients with certain patterns of alteration in ghrelin

physiology.

IBS

IBS is characterized by the presence of recurrent abdominal pain that is associated
with defecation or a change in bowel habits (i.e. constipation, diarrhea, or an alteration
between constipation and diarrhea). Bloating could often be present, but it is not
mandatory for diagnosis. Symptom onset should occur at least 6 mo before diagnosis
and symptoms should be present during the last 3 mol’’l. Diagnosis focuses on
symptom assessment, as biochemical, histopathological and radiological tests are
currently of little clinical valuel”'l. Based on its clinical features, IBS can be subdivided
into constipation predominant (IBS-C), diarrhea predominant (IBS-D) and alternating
stool pattern (IBS-A) IBS. IBS is the most common gastrointestinal disorder
encountered in primary care with a world-wide prevalence of around 11.2% (95%CI:
9.8%-12.8%) based on a recent meta-analysis!*>".

IBS is a disorder whose pathophysiology has yet to be completely elucidated. Many
pathophysiological mechanisms have been correlated with the emergence of IBS
symptoms, including visceral hypersensitivity, abnormal gut motility, dysregulated
intestinal secretions, autonomous dysfunction, increased intestinal permeability,
neurotransmitters, behavioral changes, immune activation, endocrine dysfunction
and altered gut microbiota, and previous infection”””; moreover, up to 33% patients
with IBS had a positive for IBS family history compared to 2% of the controls, a
finding which suggests the contribution of a strong genetic component!””l.

Focusing on endocrine dysfunction, ghrelin is one of the gut hormones which are
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Table 3GHRL genetic polymorphisms and associations with laboratory/clinical parameters related to functional dyspepsia

Ref. Participants Genotype Phenotype P value
Ando et all®’! Healthy (1 = 264) Leu72Met, AA+CA Higher acyl-ghrelin plasma 0.015°
compared to CC levels
3056T C, CC+TC compared to  Higher acyl-ghrelin plasma 0.021°
TT levels
Futagami et all*’! FD (n=74)/PDS (n = 3056TC, TC+CC compared to  Higher acyl-ghrelin plasma 0.025°
51)/EPS (n = 23)/ Controls TT levels
Leu72Met, CA+AA Higher acyl-ghrelin plasma 0.347
compared to CC levels
Yamawaki ef all*'! FD (n =74) Leu72Met, GG compared to Early phase of gastric 0.038°
GT+TT emptying, 10 minutes after
meal
FD (n =74) Leu72Met, GT+TT compared Higher SRQ-D scores (GT+TT 0.0097°
to GG compared to GG genotype)
Controls (1 = 64) Leu72Met, GG compared to Early phase of gastric >0.05
GT+TT emptying, 10 minutes after
meal

“Statistical significance. FD: Functional dyspepsia; PDS: Postprandial distress syndrome; SRQ-D: Self-rating Questionnaire for Depression Score (an index
of depression severity).

thought to be involved in IBS pathogenesis; therefore, its expression patterns have
been studied in IBS patients compared to controls (Table 4). In a 2008 study, El-Salhy
et al’l reported that the density of ghrelin-immunoreactive cells in stomach oxyntic
mucosa was significantly lower in IBS-C and significantly higher in IBS-D patients
than in healthy controls, with the plasma and tissue extract concentrations of total and
acyl ghrelin showing no significant difference. They argued that the latter finding
may suggest the existence of compensation in ghrelin secretion, and it is the
occasional instability of this mechanism that may result in intermittent IBS
symptoms!”l. Sjlund et al"! were later able to confirm that circulating ghrelin levels
covaried with motilin in IBS patients but not in healthy volunteers. Authors suggested
that the two peptides’ synergy together with low vagal activity may result in typical
IBS dysmotility””. Sahin-Eryilmaz et al"”! later reported higher plasma ghrelin levels
in IBS-D patients and higher ghrelin staining in the antral mucosal glands of IBS-C
patients, compared to controls. No studies have reported different patterns of ghrelin
alterations among IBS patients according to gender, in spite of IBS predominantly
affecting women, which more often complain of abdominal pain, compared to men
who primarily complain of diarrhea, findings which indicate different
pathophysiological basis for the disorder between genders!™.

Regarding ghrelin polymorphisms (Table 4), Lee ef all*”! found that the G allele of
rs3755777 was significantly associated with IBS-D, as the GG and CG genotypes were
significantly less frequent in IBS-D patients than in controls. Russo et alt*! later found
the Leu72Met T allele and GT genotype to be significantly reduced in IBS-D patients
compared to controls.

Considering other alterations in ghrelin expression, a 2017 study found that
GHRLOS, the GHRL opposite strand transcript assumed to have a regulatory function
in the ghrelin expression (see above), was downregulated in sigmoid biopsy samples
from IBS patients compared to controls®l. This finding underlines the contribution of
DNA epigenetics - regulatory RNA, DNA methylation, histone covalent modification-
in the emergence of many pathophysiologically obscure diseases, possibly guiding
future IBS research towards new directions!™.

Unlike FD, ghrelin and ghrelin receptor agonists are not thought to be of as great
therapeutic value in IBS, because ghrelin weakly affects the distal GI tract, which is
more involved in IBS pathophysiology™.

CYCLIC VOMITING SYNDROME

Cyclic vomiting syndrome (CVS) is a functional gastrointestinal disorder
characterized by recurrent episodes of severe nausea and vomiting, separated by
relatively asymptomatic periods. It was previously thought to be a pediatric disorder,
but current knowledge recognizes its incidence in adults. However, it is still
underdiagnosed!®l. CVS pathophysiology includes brain-gut axis dysfunction,
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Table 4 Ghrelin genetics and expression in irritable bowel syndrome patients compared to controls

IBS patients compared to

Ref. Participants Parameters P value
Controls
Salhy et all’’} IBS-C (1 =19)/Controls (n = Ghrelin cell density in gastric Higher <0.0001"
10) mucosa
IBS-D (n = 18)/Controls (n = Ghrelin cell density in gastric Lower < 0.0001"
10) mucosa
Sahin-Eryilmaz et al”’! IBS-C (1 = 30)/ Controls (n = Ghrelin staining, antral Higher 0.038"
30) mucosal glands
IBS-D (n = 30)/Controls (n = Plasma ghrelin levels Higher 0.001°
30)
Sjslund et all”"! IBS (n = 9)/Controls (1 = 9) Acyl-ghrelin and motilin Covariation present in IBS <0.02°
plasma levels covariation patients only
Des-acyl ghrelin and motilin ~ Covariation present in IBS <0.04°
plasma levels covariation patients only
Total ghrelin and motilin Covariation present in IBS <0.004"
plasma levels covariation patients only
Lee et all! IBS (1 = 60)/ Controls (n = rs3755777, G allele Less frequent (IBS-D <0.05
434) subgroup)
183755777, GG+CG genotypes Less frequent (IBS-D <0.05
subgroup)
Russo et alt*! IBS-D (n = 28)/Controls (n = Leu72Met, T allele Less frequent 0.027°
19)
Leu72Met, GT genotype Less frequent 0.041°
Videlock et all*!! IBS (n = 20)/Controls (n =10) ~ GHRLOS IncRNA levels Down-regulated, IBS <0.05"
Down-regulated, IBS-D <0.05"

“Statistical significance. IBS-C: Irritable bowel syndrome, constipation predominant; IBS-D: Irritable bowel syndrome, diarrhea predominant; GHRLOS:
Ghrelin opposite strand transcript; IncRNA: Long non-coding RNA.

mitochondrial mutations, autonomic involvement, cannabinoid, and opioid receptor
mutations and dysregulation of the hypothalamic-pituitary-adrenal axis.

A 2018 study by Hejazi et al*! found that in adult patients with CVS, fasting serum
ghrelin levels were significantly elevated in comparison with controls. It was
speculated that elevated ghrelin levels could be related to the rapid gastric emptying
found during the recovery phase of CVSI*.,

INFANT COLIC

Infant colic is a functional gastrointestinal disorder of early infancy defined as
“paroxysms of irritability, fussing or crying lasting more than 3 h per day and
occurring more than 3 d each week”l”®]. Many organic factors are thought to
participate in its pathogenesis, including diet, gas, intestinal hypermotility and
hormones, although it has been argued that these explain only a few of infant colic
cases!™l.

Savino et al®! reported in a 2006 paper that infants with colic have significantly
higher serum ghrelin levels compared to controls; however, they could not clarify
whether this was a cause or effect of the condition. One proposed hypothesis was that
ghrelin induces hypermotility in the physiologically immature infant intestinel*.

CONCLUSION

It is evident that no clear pattern of ghrelin genetic alterations has been established
which can be integrated into a model for FGID pathogenesis. Even for certain types of
FGIDs, statistically significant results often contradict previously published data or
later studies fail to reproduce previous significant findings. The role of ghrelin in the
emergence, progress, or treatment of FGIDs could be important, depending on certain
disease subtype, patient gender, age, or other related physiological factors. Ghrelin’s
wide range of physiological effects, although, shows that a pathophysiological
involvement is certainly plausible.

The complicated nature of these clinical entities suggests that ghrelin disruptions
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could account for a small percentage of cases or that they only weakly affect the
disease phenotype. This indicates that further studies should employ more specific
strategies in order to elucidate its role in pathogenesis, to control for confounding
factors and to clarify whether ghrelin is an independent causal factor or an
intermediate in disease mechanisms

The plethora of statistically significant data, despite displaying occasional
contradiction, does encourage further research into the genetic or epigenetic
alterations of the GHRL gene, as these may possibly serve as substrate for the
different pathophysiological pathways which give rise to the variety of FGID
phenotypes. Further studies should focus on thoroughly applying official diagnostic
criteria among patient groups, on recognizing FGID subtypes as distinct
pathophysiological entities, on controlling for factors (e.g. BMI and gender) which also
affect ghrelin physiology, on studying specific clinical parameters (e.g. gastric
emptying times) in relation to certain ghrelin alterations, and on exploring other
polymorphisms related to the hormone’s physiology, such as those referring to the
ghrelin receptor gene or regulatory IncRNAs and miRNAs. Comparable results
between studies are also imperative for meta-analysis, and few currently exist as such.
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