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Introduction

Functional dyspepsia

Functional dyspepsia (FD) is a common disorder seen in daily clinical prac-
tice, characterized by the presence of pain or discomfort in the upper ab-
domen in the absence of organic, systemic, or metabolic disease."? Func-
tional dyspeptic patients complain about a variety of symptoms, which are
frequently intermittent, and mostly related to food intake.? FD is associated
with age, female gender, H Pylori infection, the use of NSAID’s, heavy smok-
ing, unemployment, and psychological disturbances.*® Since reliable mark-
ers are not available (anatomic or biochemical abnormalities), the diagnosis
is based upon symptoms, described in the Rome criteria.'?

Functional dyspepsia and gastroduodenal motor and sensory
abnormalities

Delayed gastric emptying is present in approximately 30% of FD patients.’
The rate of gastric emptying is dependent on multiple factors, including
storage of the ingested meal in the fundus of the stomach, grinding of the
food particles in the antrum, pulsatile emptying of the stomach after relax-
ation of the pylorus, and duodenal motility.® The function of the proximal
stomach is to temporarily store food and to regulate intragastric transport
and antral filling. Adaptive proximal gastric relaxation is a vagally mediated
reflex enabling a proximal gastric volume increase without a change in in-
tragastric pressure and symptom induction.® Altered proximal gastric re-
laxation has been described in patients with FD, gastroesophageal reflux
disease (GERD) (pre- and post-fundoplication), and diabetes mellitus.”"
Approximately 40% of FD patients have an impaired proximal gastric re-
laxation.'

Although visceral hypersensitivity is difficult to measure, and a gold stan-
dard is lacking, most agree that this is an important etiologic factor in the
pathophysiology of FD. By inflating a bag in the proximal stomach (gastric
barostat), the first perception or discomfort to gastric distention can act as
a marker for visceral perception. FD patients reported upper abdominal
sensations when the pressure in the balloon was raised above the minimal
distending pressure, in contrast with healthy controls, who reported hardly
any symptoms.'>'® Hypersensitivity to fundic distension occurs in 34-48% of
FD patients.”"® It has been demonstrated that FD patients are also hyper-
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sensitive to antral distension.' The relative importance of proximal, as op-
posed to distal, gastric hypersensitivity in the induction of dyspeptic symp-
toms is not known.

In Addition stimulation of duodenal vagal afferents upon stimulation of
small intestinal mechano- or specific chemoreceptors may be involved in
gastric motor and sensory dysfunction and in the generation of upper ab-
dominal symptoms in FD. Relaxation of the proximal stomach can be in-
duced by distension of the duodenum and by infusion of nutrients into the
duodenum.?®?' It was shown that FD patients exhibit a less pronounced
fundic relaxation in response to duodenal nutrients.' In addition, first per-
ception of duodenal balloon distension occurs at significantly lower pres-
sures in FD patients compared to healthy controls.??

Furthermore, it has been shown that intraduodenal infusion of acid induced
a different response in patients compared to healthy controls. FD patients
experienced nausea after the infusion and the duodenal motor activity was
significantly altered.”®* Finally, an abnormal response to lipids in the duo-
denum has been suggested to play a role in the generation of dyspeptic
symptoms.?'?

Aetiology of upper abdominal symptoms

It is well established that motoric and sensory abnormalities are highly
prevalent in FD patients. However, while some investigators have reported
statistically significant associations between dyspeptic symptoms and gas-
tric motor and sensory abnormalities, these have in most cases been rela-
tively weak, and there are at least as many studies that failed to do so. Im-
paired proximal gastric relaxation has been associated with early satiety
and weight loss.'”® However, others were not able to confirm these find-
ings.'® Furthermore, a delayed gastric emptying has been associated with
postprandial fullness and vomiting,?”” whereas others found no relationship
between emptying rate and any upper abdominal symptoms.?®

The key issue here is, whether gastric (dys)function is related to specific up-
per abdominal symptoms, and can be regarded as an etiologic factor of FD.
This has been studied by various group, however no consensus has been
reached so far. The clinical importance of this is evident, since gastric sen-
sory or motor dysfunctions may serve as important therapeutic targets. To
be considered an important therapeutic target there should be a clear caus-
al relationship between (specific) symptoms and the pathophysiological
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mechanism and correction should lead to symptom improvement.

The poor understanding of the relationships between dyspeptic symptoms
and gastric motor and sensory abnormalities has hampered efforts to de-
velop effective treatment modalities for functional dyspepsia.”®> Another
major obstacle to the effective treatment of FD is that the molecular factors
underlying the pathophysiological mechanisms and/or symptom genera-
tion are unknown. Identification of these molecular factors potentially pro-
vides a basis for the development of more targeted therapy and will ulti-
mately improve the efficacy of treatment. Molecular factors may be related
to a disordered function of receptors involved in the regulation of gastro-
duodenal motor and sensory function. An altered response may be due to
specific receptor variants or abnormalities that are linked to the availability
of the neurotransmitter or humoral factor at the receptor. In addition, an
underlying second messenger abnormality may cause disordered receptor
function. Genetic variants may also affect the response to the release of
neurotransmitters or humoral factors. Considering its key role in regulating
gastrointestinal motor and sensory function, we focused our attention on
serotonin, in search of altered molecular factors or genetic variants in the
pathogenesis of FD.

Serotonergic signalling

Within the bowel, serotonin (5-HT) is synthesized by the enterochromaffin
(EC) cells in the mucosa and by myenteric neurons. EC cells are a subpopula-
tion of the mucosal neuroendocrine cells, and they store serotonin in secre-
tion granules at the base of the cell. Serotonin is excreted primarily into the
lamina propria in response to intraluminal pressure or chemo specific prop-
erties of nutrients.>* Tryptophan hydroxylase (TPH) catalyses the reaction of
tryptophan to 5-hydroxy-L-tryptophan, which subsequently is converted to
5-HT. The expression level of TPH can be considered as a marker for sero-
tonin synthesis, since TPH catalyses the rate-limiting step of the biosyn-
thetic pathway. Two genes encoding TPH have been identified; TPH-1 and
TPH-2.>" TPH-1 is responsible for serotonin synthesis in non-neuronal cells
such as neuroendocrine cells, whereas TPH-2 is expressed in neurons of the
raphe nuclei and of the myenteric plexus.*

5-HT released from EC cells acts on 5-HT receptors situated on the mucosal
projections of primary afferent neurons. These include extrinsic nerves,
which transmit sensations of nausea and discomfort to the central nervous

10
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Actions of serotonin released from enterochromaffin cells

Serotonin (5-HT) is synthesized by the enterochromaffin (EC) cells in the mucosa. Serotonin is
excreted primarily into the lamina propria in response to intraluminal pressure or chemo spe-
cific properties of nutrients. 5-HT released from EC cells acts on 5-HT receptors situated on the
mucosal projections of primary afferent neurons. These include extrinsic afferents, which trans-
mit sensations of nausea and discomfort to the central nervous system (CNS) and the mucosal
projections of intrinsic primary afferent neurons (IPANs). Submucosal IPANs initiate peristaltic
and secretory reflexes, while myenteric IPANs initiate giant migrating contractions. 5-HT recep-
tors are also situated on EC cells, modulating 5-HT release by autoregulatory mechanisms. 5-HT
has to be removed rapidly from the neuroendocrine cell-sensory nerve junction to terminate
responses and to prevent desensitisation of the receptors. A specific 5-HT transport protein
(SERT), expressed by enterocytes, is responsible for this uptake.

system and the mucosal projections of intrinsic primary afferent neurons
(IPANs).>?* Submucosal IPANs initiate peristaltic and secretory reflexes,
while myenteric IPANs initiate giant migrating contractions.®® 5-HT recep-
tors are also situated on EC cells, modulating 5-HT release by autoregula-
tory mechanisms.?*?® It has been shown that these mucosal non-neuronal

11
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5-HT receptors modulate 5-HT induced fluid secretion.?**'

To date, seven 5-HT receptors have been identified, of which the 5-HT, and
the 5-HT, receptor play an important role in gastrointestinal sensory and
motor functions.”** The 5-HT, receptor is a G protein-coupled receptor,
linked to stimulation of adenylyl cyclase.’® The 5-HT, receptor is a ligand-
gated ion channel structured as a pentameric complex composed of 5 dif-
ferent subunits, termed A — E.***°

5-HT has to be removed rapidly from the neuroendocrine cell-sensory nerve
junction to terminate responses and to prevent desensitisation of the re-
ceptors. A specific 5-HT transport protein (SERT), expressed by enterocytes,
is responsible for this uptake.”

Role of 5-HT in the pathophysiology of FD

Studies using agents intervening in serotonergic signalling indicate that se-
rotonin is involved in upper GI motor functions, and upper abdominal
symptom generation. Serotonin receptor agonists like the 5-HT.P agonist
sumatriptan, which reportedly enhanced relaxation of the gastric fundus,*
and 5-HT, agonists, like cisapride, acting as a prokinetic drug enhancing
gastric emptying rate,”® are probably the best known examples. Further-
more, the 5-HT, receptor antagonist alosetron displayed a significant ben-
eficial effect in relieving dyspeptic symptoms.* Selective serotonin reuptake
inhibitors (SSRIs) were shown to increase meal induced relaxation of the
gastric fundus.>"* Finally, tryptophan depletion is known to influence the
rate of gastric emptying.”® These findings point towards a possible role of
serotonergic signalling in the pathogenesis of upper GI motoric and sen-
sory abnormalities and the aetiology of dyspeptic symptoms. Serotonergic
signalling abnormalities have been implicated in the pathophysiology of
IBS, another functional GI disorder.>**® Altered expression of genes encod-
ing components of serotonergic signalling at the mucosal level may result
in abnormalities that are linked to synthesis (TPH-1) or the availability (SERT)
of serotonin. An altered response may also be due to specific receptor vari-
ants. Seven 5-HT, receptor variants that differ in their C-termini due to al-
ternative splicing have been identified.>*® Functional diversity, including
level of constitutive activity, exists among the 5-HT, splice variants.>®®%’
Thus, the distribution and expression levels of 5-HT, receptor splice variants
affects 5-HT, mediated response. Furthermore, the subunit composition of
the 5-HT, receptor influences the pharmacological and biophysical proper-

12
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ties of the receptor, thereby determining excitability and receptor-mediated
current.%%

Genetic variants may also affect the response to the release of serotonin. A
functional polymorphism has been identified in HTR3A, the gene coding for
the 5-HT, receptor A subunit. An in vitro study has shown that this polymor-
phism is responsible for variations in HTR3A protein levels.®* Changes in the
subunit composition of the 5-HT, receptors lead to altered 5-HT receptor
affinity and desensitization and hence in the response to 5-HT.®

A 44 bp insertion/deletion polymorphism is present in the 5’ flanking pro-
moter region of the SERT gene, creating a long (L) and short (S) allelic vari-
ant.®® The presence of the short allele results in reduced SERT expression
and 5-HT uptake capacity.®’ An association was found between the S/S gen-
otype of the SERT promoter polymorphism and diarrhea predominant IBS.>
Moreover, the genetic polymorphism in the SERT promoter region influ-
ences the response to serotonergic intervention in diarrhea predominant
IBS.%®

Putative second messenger candidates include the heterotrimeric G-pro-
teins. A functional polymorphism is located in exon 10 (C825T) of the gene
encoding the G protein 3 subunit (GNB3). The G protein affects the re-
sponse to the release of serotonin and several other neurotransmitters
modulating gastroduodenal sensory and motor function. The 825T allele is
associated with alternative splicing of the gene, and an increased intracel-
lular signal transduction.® In recent publications, an association with func-
tional gastrointestinal disorders has been suggested.”®”’

Aims and outline of this thesis

This thesis focuses on several topics: (1) upper abdominal symptoms and
meal ingestion in patients with functional dyspepsia, all fulfilling the Rome
Il criteria for functional dyspepsia, (2) the relationship between gastrointes-
tinal motility, and especially gastric emptying and proximal gastric relax-
ation, and upper abdominal symptoms, and (3) the role of serotonergic
signalling in patients with functional dyspepsia.

We investigated the (patho)physiology of upper gastrointestinal motility
and the generation of upper abdominal sensations in functional dyspeptic
patients using several techniques. Three-dimensional ultrasonography (3D-
US) is used to study meal-induced upper abdominal symptoms and total
and partial gastric volume changes. 3D-US is a non-invasive tool for gastric

13
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volume measurement, and allows us to differentiate between normal or
impaired relaxation of the proximal and distal stomach. This technique has
shown excellent in vitro and in vivo accuracy in volume estimation and a
low inter observer variation.'"*”? The association between gastric function
and chronic upper abdominal symptoms is assessed using the '3C-octanoic
breathtest for the measurement of gastric emptying.”® Finally, the maxi-
mum drinking capacity of FD patients is determined by performing a nutri-
ent drinktest. The nutrient drinktest has been suggested suitable for the
measurement of meal-induced satiety, and as a non-invasive alternative for
the detection of normal- or impaired accommodation of the stomach.'®’*
Many clinicians advice their FD patients to eat small size meals, in order to
reduce upper abdominal symptoms. However, the rational of this advice is
not fully understood. Therefore, we investigated the effect of the caloric
content of a meal on total and partial gastric volumes and the generation
of upper abdominal symptoms. In contrast with 5-HT, agonists, the effect
of a 5-HT, antagonist on upper Gl sensory-motoric function is unknown. In
vitro studies have demonstrated an inhibitory effect of a 5-HT, receptor
antagonist on SSRI induced contraction of the fundus, suggesting a benefi-
cial effect on impaired accommodation of the proximal stomach, as seen in
a subgroup of FD patients.”” To investigate the effects of 5-HT, receptor
antagonist we used R216073, a selective 5-HT, receptor antagonist and
studied its mode of action on proximal gastric relaxation and maximum
drinking capacity in patients with functional dyspepsia.

In our attempt to identify molecular factors underlying the gastroduodenal
motor and sensory abnormalities and/or symptoms observed in patients
with functional dyspepsia we focused on serotonergic signalling. The con-
tribution of serotonergic signalling to normal gastroduodenal function is
studied in several regions of the stomach and duodenum. Firstly, mRNA
expression levels of genes encoding proteins responsible for 5-HT synthesis
and inactivation, or affecting release are quantified by real-time PCR in mu-
cosal biopsy specimens. In addition, by using immunohistochemistry, neu-
roendocrine cells and the subpopulation of 5-HT positive cells are counted
in the three regions (fundus, antrum, and duodenum). Examination of these
serotonergic signalling components in mucosal biopsy specimens from pa-
tients with idiopathic gastroparesis is performed to elucidate the role of
abnormal serotonergic signalling in delayed gastric emptying and upper
abdominal symptom generation. Serotonergic signalling may also be al-

14
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tered as a consequence of genetic variants. Therefore, the genotype distri-
bution of functional polymorphisms in the genes encoding the specific 5-HT
transporter and one of the subunits of the 5-HT, receptor will be compared
between healthy controls and tertiary referral FD patients. In addition, the
association of a functional polymorphism in a gene involved in G-protein
mediated signal transduction was tested.

In summary, the aim of the current thesis is to improve the understanding

of the aetiology of dyspeptic symptoms. For that purpose, we have investi-

gated:

(1) The relationship between dyspeptic symptoms and gastric motor and
sensory function.

(2) Molecular factors potentially underlying the gastroduodenal motor and
sensory abnormalities and/or the generation of upper abdominal symp-
toms.

15
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Abstract

Background and aim

The aim of the study was to evaluate the change in proximal and distal
gastric volumes after ingestion of a nutrient drink and its relationship to
upper abdominal sensations using three-dimensional ultrasonography.

Methods

Fifty functional dyspeptic (FD) patients, 20 gastroesophageal reflux disease
patients (GERD) patients and 35 healthy controls participated. Partial gas-
tric volumes and sensations were assessed while fasting and after ingestion
of a nutrient drink (500 ml, 300 kCal). Division of partial gastric volumes by
total gastric volume calculated proximal and distal gastric volume ratios.

Results

The proximal gastric volume ratio was smaller in FD patients and larger in
GERD patients compared to controls (P < 0.001 and P = 0.008 respective-
ly). FD patients with impaired proximal relaxation (46%) had a larger in-
crease in distal gastric volume (P = 0.008) and higher fullness sensations
(P = 0.027) compared to FD patients with normal proximal relaxation. Full-
ness was related to distal gastric volume in both GERD patients and healthy
controls (r = 0.761, P < 0.001 and r = 0.674, P = 0.001 respectively). In FD
patients this relationship was not observed.

Conclusions

Impaired proximal gastric volume change after ingestion of a nutrient drink
is associated with a larger distal gastric volume and increased fullness. In
health and in GERD patients, the distal stomach is important in the regula-
tion of fullness. However, in FD patients with normal or altered gastric vol-
ume distribution, this relationship is disturbed, implying that other causes
are involved in the excessive generation of fullness.
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Introduction

The function of the proximal stomach is to temporarily store food and to
regulate intragastric transport and antral filling. Impaired proximal gastric
relaxation has been described in patients with functional dyspepsia (FD),
gastroesophageal reflux disease (GERD) (pre- and post-fundoplication) and
diabetes mellitus."” Adaptive proximal gastric relaxation is a vagally medi-
ated reflex enabling a proximal gastric volume increase without a change in
intragastric pressure and symptom induction.®

Functional dyspepsia is a clinical entity commonly encountered by physi-
cians. A decreased gastric emptying rate,” impaired proximal gastric relax-
ation'® and hypersensitivity to gastric distension® have been described as
pathophysiologic mechanisms in functional dyspepsia. Impaired proximal
gastric relaxation has been associated with early satiety and weight loss.""
However, a relationship between proximal gastric accommodation and oth-
er gastrointestinal sensations has not been reported.™

Despite many studies, the effect of impaired proximal gastric relaxation on
symptom generation or on maximum tolerated volume is still controversial
and the importance is matter of debate.'”"® Many pharmaceutical agents,
including sumatriptan (a 5-HT, receptor agonist)', cisapride (a 5-HT, ago-
nists)'> and glyceryl trinitrate'®, have been tested, in order to influence prox-
imal gastric relaxation and upper Gl symptoms. Although a fundus relaxing
effect has been reported in several of these studies, most of these agents
are not acting solely on the gastric fundus, but also influence gastric empty-
ing."”'® Most importantly, the effect of these agents on upper abdominal
symptoms remains to be elucidated.' Therefore, the question remains what
the importance of impaired gastric accommodation is, and what is to be
expected from therapeutic intervention in terms of relieve of upper abdom-
inal symptoms.

Since impaired proximal relaxation is present in a large subset of patients
with upper abdominal symptoms, we hypothesized a relationship between
proximal or distal gastric relaxation and meal related symptoms. The aim of
the study was to assess the change in proximal and distal gastric volumes
in response to a nutrient drink using three-dimensional ultrasonography
(3D-US), and to investigate the relationship between these volume changes
and upper abdominal sensations in functional dyspeptic patients, GERD pa-
tients and healthy controls.
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Materials and methods

Subjects

Three groups of subjects were studied: 50 FD patients (18 male; mean age
41 (19-64) years), 20 GERD patients (12 male; mean age 49 (29-69) and 35
healthy controls (16 male; mean age 31 (18-53) years.

All FD patients fulfilled the Rome Il criteria, i.e. the presence of dyspeptic
symptoms for at least 12 weeks in the last 12 months, in the absence of
organic, systemic, or metabolic disease.” Before inclusion, each patient
completed a symptom questionnaire. They were asked to score six different
symptoms (pain or discomfort centered in the upper abdomen, early sati-
ety, bloating in the upper abdomen, fullness, nausea and vomiting) from
0-5 (0=none, 1=very mild; awareness of symptoms but easily tolerated,
2=mild; tolerated without interference with usual activity, 3=moderate;
enough to cause some interference with usual activity, 4=severe; enough
to cause significant interference with usual activity, 5=very severe; inca-
pacitating with inability to work or do usual activity). For inclusion, two of
these symptoms had to be scored as moderate, severe or very severe and
these symptoms needed to be present for at least 12 weeks, not necessary
consecutive, in the preceding 12 months. Upper Gl endoscopy was per-
formed within 1 year prior to inclusion to rule out any upper gastrointesti-
nal abnormalities.

The presence of GERD was established by symptom evaluation, upper Gl
endoscopy and 24-hour pH monitoring and defined by the presence of
> Los Angeles A oesophagitis on recent endoscopy (18 out of 20 patients)
and/or abnormal 24-hour ambulatory pH monitoring using a cut-off value
of 6.0% total time with pH < 4 and a proven association between reflux
and symptoms (symptom association probability index (SAP) > 95%) (20
out of 20 patients).?

All FD and GERD patients were asked to discontinue any medication known
to influence gastrointestinal motility (including PPI therapy) for at least 7
days prior to the study. None of the participants had a history of gastro-
intestinal surgery (other then appendectomy, inguinal hernia repair or
haemorrhoidectomy). All patients were symptomatic at the time of the
study. Healthy controls were recruited through advertisement and a medi-
cal history was obtained to rule out any history of gastrointestinal disease.
The study was approved by the medical ethics committee of the University
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Medical Center Utrecht and written informed consent was obtained from
all participants.

Study Design

After an overnight fast of at least 10 hours, 3D-US was performed to assess
total and partial gastric volumes. Subjects were comfortably seated in a
wooden chair leaning slightly backward. The nutrient drink was ingested
within three minutes. Ultrasonographic data were acquired while fasting
and at 5, 15, 30, 45 and 60 minutes after ingestion of the nutrient drink. At
all consecutive time points, upper abdominal sensations (hunger, nausea,
fullness and upper abdominal pain) were scored using a visual analogue
scale (VAS, 0-100 mm) varying from no sensations to unbearable sensa-
tions.?"?? The sum of nausea, fullness and pain was calculated at every time
point and referred to as the total score of upper abdominal sensations.

Nutrient drink

The nutrient drink (500 ml) consisted of a 200 ml lactose- and fibre-free
milk drink, containing 12.0 gram proteins, 11.6 gram fat and 36.8 gram
carbohydrate, 300 kcal (Nutridrink, Nutricia, Zoetermeer, The Netherlands)
mixed with 300 ml water.

3D Ultrasonography Imaging System

The 3D imaging system consisted of an ultrasound scanner with a 3.5 MHz
curved probe and a tracking system (Esaote-Pie Medical, Maastricht, The
Netherlands). The tracking system consisted of a transmitter generating a
spatially varying magnetic field and a small receiver, firmly attached to the
ultrasound probe, containing three orthogonal coils to sense the magnetic
field strength.?

The ultrasound probe with attached sensor was used to localize the left
lateral and superior margins of the stomach and the pylorus. The depth of
scanning was adjusted enabling an ultrasound scan of the stomach, supe-
rior mesenteric vein, aorta, left liver lobe and diaphragm on top of the
gastric fundus. A standardized ultrasound scanning pattern was used, start-
ing at the left lateral subcostal margin and then moving distally towards
the pylorus having the probe in a vertical position. During the scan all par-
ticipants suspended their breathing in inspiration. For each ultrasound scan
approximately 300-400 2D ultrasound images were stored with a scan typ-
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ically lasting 15-20 seconds. The 2D sagittal images were digitised and
stored in the computer workstation.*

Total and Partial Gastric Volume

The gastric volume was measured using software with rendering and vol-
ume estimation capability (In Vivo ScanNT, Medcom GmbH, Darmstadt,
Germany). The 2D sagittal frames were processed to construct 3D images,
containing 60-70 sagittal planes. The sagittal planes were used to draw the
region of interest. The inner layer of the stomach wall, corresponding to the
interface between the outer profile of the gastric wall mucosa and the lig-
uid nutrient, was outlined in an average of 10-20 planes. The computer
using a triangulation technique generates gastric contours in the intermedi-
ate frames. Then a 3D reconstructed image of the stomach and volume was
obtained.

In addition, partial gastric volumes were calculated. The proximal part was
separated by a dividing plane 10 cm bellow the point where the fundic top
reaches the diaphragm, perpendicular to the longitudinal axis of the stom-
ach. A margin of 10 cm was chosen since this matches the diameter of a
barostat balloon containing 500 ml of fluid. Similarly, a distal part was sep-
arated, defined as the gastric region between the antral area (the sagittal
ultrasound plane in which the antrum, the left liver lobe, the superior mes-
enteric vein and the abdominal aorta are seen simultaneously) and the gas-
tro duodenal junction. The antral area is a known anatomical landmark and
therefore chosen as the margin of the distal gastric volume.”

3D-US Data Analysis

At every time point, we subtracted fasting total or partial gastric volume
leaving the change in total or partial gastric volume. The gastric volume
change was used for the comparison between groups.

In order to correct for differences in total gastric volume, partial gastric
volumes were divided by total gastric volume: proximal/total gastric volume
and distal/total gastric volume. The average proximal/total gastric volume
of 5 and 15 minutes postprandially is referred to as the proximal gastric
volume ratio. Impaired proximal relaxation was defined as a proximal gas-
tric volume ratio smaller than the lower limit of the 95% confidence interval
of healthy controls. In addition, we calculated a distal gastric volume ratio,
by averaging the distal/total gastric volume of 5 and 15 minutes.
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Statistical analysis

Data were summarized as mean = SEM. Normality was tested using Kol-
mogorov-Smirnov test. Averaged 3D volumes and symptom scores were
compared between FD and GERD patients and healthy controls using re-
peated measures of variance (ANOVA). Average fasting volumes and sensa-
tions were compared using One-way ANOVA. For comparison between
separate groups, Dunnett’s t-test was used post-hoc. The pearson correla-
tion test was used to calculate correlation coefficients between upper Gl
sensations and partial gastric volumes. A P < 0.05 was considered signifi-
cant. All statistical analysis was performed using commercially available
software (SPSS 11.0 for Microsoft windows).

Results

Characteristics of the Patients

GERD patients were significantly older compared to FD patients and controls
(both P < 0.001). FD patients were significantly older than controls (P =
0.001). Secondly, a significant difference in BMI between GERD patients
(26.4 = 0.8) and FD patients (22.9 = 0.6) (P < 0.001), and between GERD
patients and healthy controls (22.5 = 0.5) (P = 0.002) was present. The BMI
between FD patients and healthy controls was comparable. No significant
differences in sex distribution were found between the three groups (P >
0.05). FD patients reported the following upper abdominal sensations as
moderate or higher; upper abdominal pain (67%), early satiety (54%), full-
ness (77%), bloating (82%), and nausea (51%). Vomiting was present in
16% of patients.

Total Gastric Volume

Fasting total gastric volume was comparable between groups (all P > 0.05)
(FD; 40 = 3 ml, GERD; 34 = 2 ml and controls; 34 = 2 ml). However, after
ingestion of the nutrient drink, total gastric volume was larger in GERD
patients compared to controls (P = 0.002), and smaller in FD patients com-
pared to controls (P = 0.023) (5 min postprandially: FD = 496 + 5 ml, GERD
= 515 + 10 ml and controls = 497 = 5 ml) (figure 1).
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Figure 1
Total gastric volume measurements using 3D-US, before and after ingestion of a nutrient drink
(arrow) in FD patients (M), GERD patients (A) and healthy controls (0); * P = 0.023, FD patients
vs controls, T P = 0.002, GERD patients vs controls.

Partial Gastric Volumes

The proximal gastric volume change after ingestion of a nutrient drink was
significantly smaller in FD patients compared to controls (P < 0.001). In con-
trast, GERD patients exhibited larger proximal gastric volume change than
controls (P < 0.001) (figure 2). The distal gastric volume change after inges-
tion of a nutrient drink was significantly larger in both FD and GERD patients
compared to controls (P < 0.001 and P = 0.024 respectively) (figure 2).

Partial Gastric Volume Ratios

The proximal gastric volume ratio was smaller in FD patients and larger in
GERD patients compared to healthy controls (P < 0.001 and P = 0.008 re-
spectively) (figure 3). Twenty-three FD patients (46%) had a proximal gastric
volume ratio smaller than the 95% confidence interval of healthy controls
(0.32 — 0.57). These FD patients had a larger increase in distal gastric vol-
ume compared to FD patients with normal proximal relaxation (P = 0.008).
None of the GERD patients exhibited impaired proximal gastric relaxation.
The distal gastric volume ratio was larger in FD patients compared to healthy
controls (P < 0.001), and comparable between GERD patients and healthy
controls (P > 0.05).
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Figure 2

Proximal and distal gastric volume change after ingestion of a nutrient drink in FD patients (m),
GERD patients (A) and healthy controls (0); Proximal gastric volume change: * P < 0.001, FD
patients vs controls, T P < 0.001, GERD patients vs controls. Distal gastric volume change:
* P < 0.001, FD patients vs controls, $ P = 0.024, GERD patients vs controls.

Upper Gl Sensations

Preprandially, FD patients and GERD patients have a higher total score of
upper abdominal sensations than controls (P < 0.001 and P = 0.013
respectively). After ingestion of the nutrient drink, FD patients showed
higher fullness, nausea and pain sensation scores when compared to con-
trols (P = 0.041, P < 0.001 and P < 0.001 respectively). In addition, FD
patients had significantly higher fullness and nausea scores compared to
GERD patients (P = 0.01 and P = 0.025 respectively). The pain scores in
GERD and FD patients were not significantly different. Consequently, FD
patients have a higher total score of upper abdominal sensations compared
to controls and to GERD patients (P < 0.001 and P = 0.007 respectively).
Postprandial fullness, nausea and pain sensations were comparable between
GERD patients and controls (Fig 4). In a fasting state, fullness scores in FD
patients with impaired relaxation of the proximal stomach and FD patients
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Proximal gastric volume ratio in FD patients, GERD patients and healthy controls; * P < 0.001,
FD patients vs controls, # P = 0.008, GERD patients vs controls.
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Figure 4

Effect of ingestion of a nutrient drink on upper abdominal sensations in FD patients (m), GERD
patients (M) and healthy controls (QO). After ingestion of a nutrient drink, FD patients showed a
higher total score of upper abdominal sensations compared to healthy controls and GERD
patients (* P < 0.001 and # P = 0.007 respectively). Fullness, pain and nausea sensation scores
were higher in FD patients compared to controls (* P = 0.041, P < 0.001 and P < 0.001 respec-
tively). In addition, fullness and nausea scores were higher in FD patients compared to GERD
patients (# P = 0.01 and P = 0.025 respectively). Pain scores were comparable between GERD
and FD patients.
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with normal proximal relaxation were comparable (P = ns). After the nutri-
ent drink, FD patients with impaired relaxation of the proximal stomach
had significantly higher fullness sensations compared to FD patients with
normal proximal relaxation (P = 0.027) (figure 5). No differences for upper
abdominal pain, nausea, or hunger were found between the two groups.

Relationship between Partial Gastric Volumes and Sensations

In healthy controls, a significant relationship between the increase in distal
gastric volume and the increase in fullness was observed (5 min postprandi-
allyr =0.761, P < 0.001; 15 minr = 0.783, P < 0.001). For GERD patients
a similar relationship was found (5 min r = 0.674, P = 0.001; 15 min
r < 0.759, P < 0.001). In contrast, in FD patients this relationship was not
seen at any of the time points (5 min r = 0.215, P = 0.133; 15 min
r=0.181, P = 0.208) (figure 6). Neither was this relationship present in FD
patients with a normal change in proximal gastric volume (5 min r =0.02,
P = 0.72). Healthy controls also show a positive relationship between the
increase in the total score of upper abdominal sensations and the increase
in distal gastric volume (5 minr = 0.413, P = 0.014; 15 minr = 0.510, P =
0.002). Again this relationship was not seen in FD patients. We did not find
a relationship between distal gastric volume and hunger, nausea or pain in
any of the subject groups. No relationship between an increase in proximal
gastric volume and upper abdominal sensations was found in any subject
group.
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Figure 5

FD patients with impaired proximal gastric relaxation (n=23) (m) have a higher fullness sensa-
tion score compared to FD patients with normal proximal gastric relaxation (n=27) (Q) (P =
0.027).
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Figure 6

Relationship between the increase in distal gastric volume and the increase in fullness, 5 min-
utes postprandially. Healthy controls; (r = 0.761, P < 0.001), GERD patients; (r = 0.674, P =
0.001) and FD patients; (r = 0.215, P > 0.05).

Discussion

FD patients and GERD patients show remarkable differences in partial gas-
tric volumes compared to healthy controls. After ingestion of the nutrient
drink, FD patients exhibit a smaller proximal gastric volume, whereas GERD
patients have a larger proximal gastric volume compared to controls. These
findings are confirmatory with other studies using either barostat, SPECT
imaging, or 3D-US."??*?” FD patients with impaired proximal relaxation
show a larger distal gastric volume and score higher fullness sensations
compared to FD patients with normal proximal gastric relaxation. A strong
positive relationship between the increase in distal gastric volume and full-
ness was found in healthy controls and in GERD patients, whereas no such
relationship was found between proximal gastric volume and fullness. In-
terestingly, in FD patients, the relationship between distal gastric volume
and fullness was lacking.

Although the volume of the ingested nutrient drink was similar in all par-
ticipants, we did find differences in total gastric volume between the three
groups. The differences in total gastric volume were most pronounced be-
tween 5 and 60 minutes postprandially. The total gastric volume was larger
in GERD patients, and smaller in FD patients compared to healthy controls.
Since we have not determined the rate of gastric emptying, we can only
speculate that the change in total gastric volume is explained by differences
in gastric emptying rate.?®
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In the present study, forty six percent of the FD patients have been identi-
fied as having impaired relaxation of the proximal stomach. This number is
in concordance with studies using either barostat technique or SPECT imag-
ing."®” We choose to define impaired relaxation of the proximal stomach
as the average proximal/total gastric volume of 5 and 15 minutes after in-
gestion of the nutrient drink smaller than 0.32 (lower limit 95% Cl healthy
volunteers). From literature is known that the maximal accommodation re-
sponse occurs between 10-20 minutes postprandially.'?°3°

An increase in distal gastric volume or antral area after ingestion of a nutri-
ent drink was observed in all three groups.’’ However, we observed a larger
increase in distal gastric volume ratio after ingestion of the nutrient drink in
FD patients compared to healthy controls and GERD patients. In addition,
FD patients show a higher increase of upper abdominal sensations, includ-
ing fullness, after a meal. FD patients with impaired relaxation of the proxi-
mal stomach have a larger distal gastric volume compared to FD patients
with normal proximal relaxation.***?> Under physiological conditions, antral
filling and nutrients in the proximal gut leads to an increase in relaxation of
the gastric fundus contributing to the accommodation response. In a sub-
group of FD patients however, antral distension fails to induce this response,
which is likely to be due to disturbed antro-fundic and/or entero-gastric
reflexes.”

In healthy controls and GERD patients, a strong positive correlation be-
tween fullness and distal gastric volume was found, whereas no such rela-
tion was found between the proximal gastric volume and fullness. This find-
ing indicates that the distal stomach is important in the regulation of the
sensation fullness during physiological conditions, and is supported by
studies reporting a positive relationship between fullness and the increase
in antral area or scintigraphic content of the distal stomach in healthy con-
trols.>*

However, a dramatic change occurs in patients with functional dyspepsia,
in whom no relationship could be observed between antral, or fundal vol-
ume changes and fullness sensation. One could speculate that this is caused
by impaired relaxation of the proximal stomach. FD patients with impaired
relaxation have an enlarged antrum after meal ingestion, which may under-
lie the change in sensitivity in this region. At best this is partially true, since
the relationship between the change in distal gastric volume and fullness is
not restored when leaving out the FD patients with impaired relaxation of
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the proximal stomach from the analysis. This indicates that other mecha-
nisms must be involved. In addition, we observed no relationship between
any of the other upper abdominal sensations and changes in partial gastric
volumes. In our opinion, these observations somewhat downplay the role
of impaired proximal gastric relaxation (and an increased gastric antrum) in
the symptom generation in functional dyspepsia, or at least indicate the
very complex interaction between gastric motor and sensory function. Oth-
er mechanisms, such as an increased visceral sensitivity, most likely play an
important role in symptom generation.*®

We found significant differences in age and BMI between the three groups.
When categorizing all participants according to age (younger then 30 years,
between 30 and 50 years or older than 50 years) or according to their BMI
(BMI < 20, BMI 20 — 25, and BMI > 25), no effects of age or BMI were
found on any of the end points of the study (total gastric volume, partial
gastric volumes and upper abdominal sensations). This is in line with a re-
cent publication, in which no effect of age, and merely any effect of BMI on
gastric volumes was found.*®* We therefore believe it is unlikely that the dif-
ferences of age or BMI between the groups had any effect on the outcome
of this study.

The technique used in the current study, 3D-US, can be used to measure
total and partial gastric volumes in a non-invasive way.?” 3D-US has shown
excellent in vitro and in vivo accuracy in volume estimation and a low inter
observer variation.***” A head to head comparison between barostat and
3D-US has shown a large overlap in the evaluation of proximal gastric func-
tion.?®

In summary, 3D-US is a non-invasive tool for gastric volume measurement
and allows us to differentiate between normal or impaired relaxation of the
proximal and distal stomach. GERD patients have an increased proximal
gastric volume, whereas forty six percent of FD patients have an impaired
proximal relaxation. FD patients with impaired proximal relaxation exhibit a
larger distal gastric volume and an increased fullness sensation. In health
and GERD patients, an increase in fullness sensation is strongly related to an
increase in distal gastric volume. This relationship was not observed in FD
patients with normal or altered volume distribution, implying that other
causes than altered meal distribution are involved in the excessive genera-
tion of fullness, such as increased visceral sensitivity.
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Abstract

Background and aim
To determine the relationship between gastric function and upper abdomi-
nal sensations.

Methods

Sixty FD patients (43 female) were studied. All patients underwent three
gastric function tests: *C octanoic gastric emptying test, three-dimensional
ultrasonography (proximal and distal gastric volume), and the nutrient
drinktest. Upper abdominal sensations experienced in daily life were scored
using questionnaires.

Results

Impaired proximal gastric relaxation (23%) and a delayed gastric emptying
(33%) are highly prevalent in FD patients, however only a small overlap ex-
ists between the two pathophysiologic disorders (5%). No relationship was
found between chronic upper abdominal symptoms and gastric function
(proximal gastric relaxation, gastric emptying rate, or drinking capacity) (all
P > 0.01). Proximal gastric relaxation or gastric emptying rate had no effect
on maximum drinking capacity (P > 0.01).

Conclusions

The lack of relationship between chronic upper abdominal sensations and
gastric function questions the role of these pathophysiologic mechanisms
in the generation of symptomes.
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Introduction

Functional dyspepsia (FD) is a common disorder seen in daily clinical prac-
tice, characterized by the presence of pain or discomfort in the upper abdo-
men in the absence of organic, systemic, or metabolic disease." Functional
dyspeptic patients complain about a variety of symptoms, which are fre-
quently intermittent, and mostly related to food intake.” Fore that reason,
a subdivision of patients has been proposed, in order to clarify the hetero-
geneity of this disorder and to direct treatment options.> Attempts have
been made to subdivide patients according to their symptoms, however a
large overlap of symptoms exists and many patients do not fit into one of
the subgroups.’

Currently, many efforts are being made to subdivide patients according to
gastric (dys)function, and to find new ways of treating these proposed
pathophysiologic disorders.* Three pathophysiologic mechanisms have
been described as possible etiologic factors; (1) a delayed gastric emptying,
(2) impaired proximal gastric accommodation, and (3) visceral hypersensi-
tivity. Delayed gastric emptying is present in approximately 30% of FD pa-
tients, and may be one of the underlying mechanisms for symptoms.®> Im-
paired proximal gastric relaxation may be an important etiologic factor in
the pathophysiology of functional dyspepsia, considering the high preva-
lence of approximately 40% in FD patients, and a possible association with
specific upper abdominal symptoms.®’ Finally, an increased visceral sensitiv-
ity is highly frequent in FD patients, and even though difficult to measure,
an important etiologic factor in the pathophysiology of FD.® However, when
targeting specific pathophysiologic mechanisms by the use of pharmaco-
logic agents, the effect on symptoms is questionable.®*' In other words,
the relationship between specific upper abdominal sensations and the
above described mechanisms remains to be matter of debate.

We conducted a study to assess the relationship between gastric function
and upper abdominal sensations. Gastric emptying rate, proximal gastric
relaxation, and maximum drinking capacity were assessed in FD patients.
The symptoms experienced in daily life (chronic upper abdominal symp-
toms) were assessed and related to the primary outcome parameters of the
gastric function tests. We hypothesised that chronic upper abdominal
symptoms and specific pathophysiologic mechanisms have no correlation
in functional dyspepsia.
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Materials and Methods

Patients

All patients visiting the outpatient clinics at our hospital, fulfilling the Rome
Il criteria for functional dyspepsia,’ were subjected to three non-invasive
functional tests of the stomach. A total of sixty functional dyspeptic pa-
tients were prospectively evaluated; 43 female (median age 40 years; range
18 - 65) and 17 male (median age 37 years; range 21 - 64).

The inclusion criteria were (a) the presence of dyspeptic symptoms, assessed
using the questionnaire described below; (b) no evidence of macroscopic
inflammation of the esophageal mucosa or focal lesions of the esophago-
gastroduodenal mucosa at upper gastrointestinal endoscopy (performed
within1 year prior to inclusion); (c) no abnormalities seen during upper ab-
dominal ultrasonography (performed within 1 year prior to inclusion); (d)
absence of serious concomitant illness; and (e) the absence of major gastro-
intestinal surgery (excluding appendectomy).

The protocol was approved by the ethics committee of the University
Medical Center Utrecht. All patients gave written informed consent for in-
clusion in the trial.

Chronic dyspeptic symptoms questionnaire

Each patient completed a reproducible dyspepsia questionnaire.>®'" Patients
were asked to score six different symptoms (pain or discomfort centered in
the upper abdomen, early satiety, bloating in the upper abdomen, fullness,
nausea, and vomiting) from 0-5 (0=none, 1=very mild; awareness of symp-
toms but easily tolerated, 2=mild; tolerated without interference with usu-
al activity, 3=moderate; enough to cause some interference with usual ac-
tivity, 4=severe; enough to cause significant interference with usual activity,
5=very severe; incapacitating with inability to work or do usual activity).
For inclusion, two of these symptoms had to be scored as moderate, severe
or very severe and these symptoms needed to be present for at least 12
weeks, not necessary consecutive, in the preceding 12 months.

Study protocol

All patients underwent three functional tests of the stomach on three sepa-
rate days; the 3C-octanoic breathtest, three-dimensional ultrasonography
of the stomach, and a nutrient drinktest. The order of the three study days
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was arbitrary. Each of the study days started at 08:00 h after an overnight
fast of at least 10 hours. Patients were asked to discontinue any medication
known to influence gastrointestinal motility or sensitivity for at least 7 days
prior to the study, including PPI therapy.

13C-octanoic breathtest

The rate of gastric emptying was assessed using the ">C-octanoic breath-
test. The test meal consisted of two fried eggs, one slice of bread, 5 g mar-
garine and 150 ml water (total caloric value of 294 kcal and a nutrient
composition of 16 g protein, 16 g carbohydrate, 18 g fat).'” The egg yolk of
one egg was labelled with 100 mg "*C-sodium-octanoic acid (598 umol;
Campro Scientific, Veenendaal, The Netherlands), dissolved in 1 ml distilled
water. Breath samples were taken at baseline, before the meal and from
start of ingestion of the meal every 2 min the first 30 min, every 5 min for
the next 30 min and every 15 min thereafter up to 4 h.

Three-dimensional ultrasonography

Total -, proximal -, and distal gastric volumes were assessed before and af-
ter ingestion of a nutrient drink using 3D-US.""® Ultrasonographic data
was acquired in a sitting position, while fasting and at 5, 15, 30, 45, and 60
minutes after ingestion of a nutrient drink. The nutrient drink (500 ml) con-
sisted of 200 ml lactose- and fiber-free milk drink, containing 12.0 gram
proteins, 11.6 gram fat and 36.8 gram carbohydrate (300 kcal) (Nutridrink,
Nutricia, Zoetermeer, The Netherlands) mixed with 300 ml of water, and
was ingested within 3 minutes.

The 3D imaging system consisted of an ultrasound scanner with a 3.5 MHz
curved probe and a tracking system (Esaote-Pie Medical, Maastricht, The
Netherlands). The tracking system consisted of a transmitter generating a
spatially varying magnetic field and a small receiver, firmly attached to the
ultrasound probe, containing three orthogonal coils to sense the magnetic
field strength.” A standardized ultrasound-scanning pattern was used,
starting at the left lateral subcostal margin and then moving distally to-
wards the pylorus having the probe in a vertical position." The 2D sagittal
planes were used to draw the region of interest, corresponding to the inner
layer of the stomach wall (the interface between the outer profile of the
gastric wall mucosa and the liquid nutrition). A 3D reconstructed image of
the stomach and the gastric volume was obtained using software with ren-
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dering and volume estimation capability (In Vivo ScanNT, Medcom GmbH,
Darmstadt, Germany).

The proximal gastric volume was defined as the gastric volume between the
diaphragm and a dividing plane 10 cm below the point where the fundic
top reaches the diaphragm. Similarly, a distal part was separated, defined
as the gastric region between the antral area and the gastro duodenal junc-
tion.”™ At every time point, we subtracted fasting total or partial gastric
volume leaving the change in total or partial gastric volume. Proximal and
distal gastric volume ratios were calculated by dividing proximal or distal
gastric volume by total gastric volume. Recently, we defined impaired prox-
imal relaxation as the average of the proximal gastric volume ratios of 5 and
15 minutes smaller than the lower limit of the 95% confidence interval of
healthy controls (0.32 — 0.57).” All measurements were made by a single
investigator (N.v.L.) who was blinded for the results of the gastric emptying
test and the drinktest.

Nutrient drinktest

The nutrient drinktest was used to measure the drinking capacity and the
symptoms evoked by a nutrient drink."®?° Patients were asked to ingest a
nutrient drink (Nutridrink; 1.5 Kcal/mL) at a constant rate of 15 mL/min. At
5-minute intervals, they scored satiety using a graphic rating scale that
combines verbal descriptors on a scale graded 0-5 (0 = no satiety, 5 =
maximum satiety). The test ends when the subject reaches maximum sati-
ety. Upper abdominal sensations were scored in a fasting state and 30 min-
utes after reaching maximum satiety using a VAS scale.

In healthy controls, maximum satiety occurs after ingestion of 1005 ml
(1508 kcal). The lower limit of normal w as 653 ml (979 kcal)." In the same
study, FD patients ingested 361 ml (542 kcal) before reaching maximum
satiety.

Statistical analysis

The main focus of our analysis was; (a) to analyse a possible relationship
between the rate of gastric emptying, total or partial gastric volumes after
meal ingestion, and drinking capacity, and (b) to compare the outcome of
the C-octanoic breathtest, the 3D-US test, and the drinktest with the
symptoms of patients experienced during daily life (chronic symptoms).
The primary end points of the gastric function tests are dichotomous and
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continuous. The relationship between the outcomes of the three gastric
function tests was studied using a Pearson’s correlation between continu-
ous variables (half-emptying time, retentions after 120 minutes, fasting
gastric volume, proximal gastric volume ratio, distal gastric volume ratio,
and maximum drinking capacity). Secondly, patients were subdivided in
two groups, according to postprandial proximal gastric relaxation (normal
or impaired), and according to the rate of gastric emptying (normal or de-
layed), in order to compare multiple variables between the sub-groups us-
ing the Students’ T-test.

Chronic upper abdominal symptoms (ordinal variables) were compared be-
tween FD patients with normal- or delayed gastric emptying or a normal or
impaired proximal gastric relaxation (dichotomous variable), using the Chi-
Square test. Secondly, the relationship between chronic upper abdominal
symptoms and half-emptying time, retention after 120 minutes, fasting
gastric volume, proximal gastric volume ratio, distal gastric volume ratio,
and maximum tolerated volume (continuous variable) was analysed using
one-way analysis of variance (Anova).

We have analysed the effect of age, height, weight, BMI, and sex on the
outcome of the gastric function tests and the chronic symptoms using a
regression analysis. All variables were tested in single models and using
multivariable analysis.

Due to the high number of comparisons made, we considered a P value of
< 0.01 as statistically significant. All statistical analysis was performed us-
ing commercially available software (SPSS 11.0 for Microsoft windows). For
the Chi-square test and the Students’ T-test, on the basis of a Cohen’s effect
size of 0.8, a power of 0.80 was obtained with 60 subjects (considering a =
0.01).%" With the same number of subjects, there was good power (0.80) to
detect an R value of 0.40 with an a = 0.01.
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Results

Combined assessment of the *C-octanoic breathtest, 3D-US, and the nutri-
ent drinktest was performed in 60 FD patients. The frequency of upper ab-
dominal sensations scored as moderate or higher was; upper abdominal
pain (80%), early satiety (59%), bloating (77%), fullness (71%), and nausea
(51%). Vomiting was present in 13% of patients (table 1).

Gastric emptying and proximal gastric relaxation

Figure 1 shows the frequency of a delayed gastric emptying rate, defined as
a half emptying time = 120 minutes and/or a retention after 120 minutes =
40%, and impaired proximal gastric relaxation, defined as an average proxi-
mal gastric volume ratio of 5 and 15 minutes postprandially < 0.32 (95% Cl
healthy controls) in the patient group.” A delayed gastric emptying with a
normal proximal gastric relaxation was found in 33% of patients. Impaired
proximal gastric relaxation with a normal gastric emptying rate was observed
in 23% of patients. In 38% of all patients, none both pathophysiologic

Table 1
Frequency of severity grading for each of six dyspeptic symptoms in 60 dyspeptic
patients (chronic symptoms).

0 1-2 3 4-5
(None) (Very mild — mild) (Moderate) (Severe — very severe)
Upper abdominal 1 (2) 11 (18) 18 (30) 30 (50)
pain
Early satiety 7(12) 18 (30) 19 (32) 16 (27)
Bloating 4(7) 10 (17) 27 (45) 19 (32)
Fullness 2 (3) 15 (25) 26 (43) 17 (28)
Nausea 10 (17) 19 (32) 14 (23) 17 (28)
Vomiting 46 (77) 6 (10) 2 (3) 6 (10)

Numbers in parentheses represent row percentages.
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38% 33%

5%

Figure 1

Gastric emptying and proximal gastric relaxation in 60 FD patients. 33% of patients have a
delayed gastric emptying and normal proximal gastric relaxation (black), 23% of patients have
impaired proximal gastric relaxation and a normal gastric emptying rate (striped), 38% of
patients have none of the pathophysiologic disorders (white), and 5% of patients have both
disorders (grey).

disorders were found. Finally, only a small overlap exists between the two
pathophysiologic disorders (5% of patients). These numbers are in concor-
dance with literature.>®

Nutrient drinktest

The average amount of nutridrink ingested before reaching maximum sati-
ety was 399.8 (344 — 447) ml (600 kcal). Table 2 summarizes the results of
the nutrient drinktest. No effect of age or BMI on MTV and upper abdomi-
nal sensations was observed (all P > 0.01). Male patients had a maximum
tolerated volume (MTV) of 500 (381 - 618), and female patients of 359
(301 -417) (P = 0.017).

Relationship between gastric emptying, total and partial gastric
volume, and drinking capacity

Table 3 displays some of the patient characteristics in FD patients with nor-
mal or impaired proximal gastric relaxation and with normal or delayed
gastric emptying. Age or BMI did not influence proximal gastric relaxation
or the rate of gastric emptying. Patients with a normal gastric emptying
rate had a MTV of 439 ml (359 — 519) whereas patients with a delayed gas-
tric emptying had a MTV of 334 ml (279 — 389) (P = 0.032). MTV in patients
with normal or impaired proximal relaxation was very similar (404 and 384
ml respectively). In patients with normal proximal gastric relaxation, an av-
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Table 2
The effect of age, BMI, and sex on maximum tolerated volume (MTV) and the
change in upper abdominal sensations after the nutrient drinktest.

Age BMI Sex
B, B B, B Female Male
MTV 329 1.7 363 1.6 359 500

(160-499) (-2.2-5.6) (3-725) (—.1 4-18) (301-417)  (381-618)

Delta
symptoms
Pain 11 0.02 24 -0.5 10 14
(0-35) (-0.5-0.6) (0-74) (-3-2) (0-20) (0-28)
Fullness 49 -0.1 49 -0.1 48 42
(23 -76) (-0.7-0.5) (0-100) (-2-2) (37 -59) (29 - 55)
Nausea 46 -0.5 28 -0.2 21 31
(20-72) (-1-0.1) (0-85) (-3-2) (11-31) (12-50)
Hunger -28 0.09 -7 -0.8 -24 -25
(-50-0) (-0.4-0.6) (-52-40) (-3-1.2) (-33--15)  (-37--14)

B,: intercept of the model. B,: slope of the corresponding variable. Numbers in parenthesis rep-
resent the 95% confidence interval of 8. MTV and delta symptoms in female and male patients
are presented as mean (95% confidence interval for mean). No effect of age, BMI, or sex on
MTV or the change in upper abdominal sensations after the nutrient drinktest was observed (all
P > 0.01).

erage fasting gastric volume of 50 ml (41 — 59) was determined, opposed
to 34 ml (24 - 44) in patients with impaired proximal relaxation (P = 0.029).
The fasting gastric volume in patients with normal or delayed gastric emp-
tying was 44 and 47 ml respectively.

Twenty out of 43 female patients had a delayed gastric emptying (47%) and
18% of all male patients had a delayed gastric emptying (P = 0.038). The
prevalence of impaired proximal gastric relaxation in male and female pa-
tients was 21% and 35% respectively (not shown in the table).

A positive correlation was observed between the proximal gastric volume
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Table 3
Characteristics of FD patients, subdivided according to the extent of proximal
gastric relaxation or the rate of gastric emptying (n = 60).

Proximal gastric relaxation Gastric emptying

Normal Impaired Normal Delayed

(n =43) (n=17) (n =37) (n = 23)
Age 41 42 40.9 41

(36 - 45) (35-49) (36 - 45) (35-148)
BMI 22 23 22 22

(21 -23) (21 -25) (21 -23) (21 -23)
MTV (ml) 404 384 439 334

(346 - 461) (237 - 530) (359 -519) (279 - 389)
Fasting gastric 50 34 44 47
volume (ml) (41 -59) (24 - 44) (33-55) (37 -56)

Data are presented as mean (95% confidence interval for mean). No effect of age and BMI on
proximal gastric relaxation or gastric emptying was observed.

ratio (3D-US) and half emptying time (r = 0.32, P = 0.015) and the reten-
tion after 120 minutes (r = 0.30, P = 0.024) (13C breathtest). No correla-
tion was found between the distal gastric volume ratio and the main out-
come parameters of the gastric emptying test.

Relationship between chronic symptoms and gastric function

No effect of age, sex, or BMI on any of the chronic upper abdominal sensa-
tions was observed, except that patients with a higher BMI or a higher
weight scored lower on symptoms of early satiety (both P = 0.007). Figure
2 shows the chronic upper abdominal symptoms in FD patients with normal
or delayed gastric emptying and normal or impaired proximal gastric relax-
ation. No differences were observed in the percentage of patients who
scored any of the upper abdominal symptoms as moderate or higher be-
tween these groups (all P > 0.01). We did not find any correlation between
half emptying time, retention after 120 minutes, proximal gastric volume
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Chronic upper abdominal symptoms scored from 0 (non existent) to 5 (very severe; incapacitat-
ing with inability to work or do usual activity). The figure shows the number of the patients who
scored three (moderate) or higher on the questionnaire (expressed as a percentage of the total)
in subgroups with; (figure 1A) normal- (Q) or delayed (m) gastric emptying, and (figure 1B)
normal- () or impaired (W) proximal relaxation.

ratio, distal gastric volume ratio, fasting gastric volume, and any of the
chronic upper abdominal symptoms (all P > 0.01).

Figure two depicts all FD patients categorized according to their chronic
complaints; mild (1 — 2), moderate (3), and severe (4 — 5). No difference in
maximum drinking capacity was observed between the three groups (all P
> 0.01) (figure 3). Interestingly, patients who reported early satiety as mod-
erate or higher, have a comparable drinking capacity with patients who do
not experience this symptom in daily life.
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Nutrient drinktest: maximum tolerated volume in FD patients, categorized according to the
chronic symptoms. No difference in drinking capacity was observed between patients experi-
encing mild (1-2), moderate (3), or severe (4-5) pain, early satiety, fullness, or nausea in daily life
(all P > 0.01).
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Discussion

The most important findings of this study were: (1) no relationship was
found between chronic upper abdominal symptoms and gastric function
(proximal gastric relaxation, gastric emptying rate, or drinking capacity), (2)
a third of all FD patients have a normal gastric emptying rate and a normal
proximal gastric relaxation, and only a small overlap exists between the two
pathophysiologic disorders (7%), and (3) the absence of any relationship
between maximum drinking capacity and proximal gastric relaxation or
gastric emptying rate.

The observation that approximately 40% of FD patients had a delayed gas-
tric emptying, and approximately 30% of FD patients had impaired proxi-
mal gastric relaxation, is confirmatory of previous studies.”® The relative
small overlap between the two pathophysiologic mechanisms may suggest
that one abnormality excludes the other. However, no significant positive
correlation between the proximal gastric volume ratio and half emptying
time or retention after 120 minutes was found. The rate of gastric emptying
is most likely dependent on many factors, including fundal, antral, pyloric,
and duodenal motility.” For that reason, gastric emptying and postprandial
gastric relaxation should be considered as two separate mechanisms.”?
The nutrient drinktest has been suggested as a tool to measure meal-in-
duced satiety, and as a non-invasive alternative for the detection of normal-
or impaired accommodation of the stomach.®'® Furthermore, a positive re-
lationship between the rate of gastric emptying and the amount of Kcal
ingested during the nutrient drinktest has been described, thereby suggest-
ing that the maximum tolerated volume is not only influenced by gastric
accommodation.?* However, many studies have shown conflicting results,
displaying no relationship between drinking capacity and barostat or SPECT
findings,”” and a negative relationship between gastric emptying rate and
maximum tolerated volume.”’

Since the results from different studies do not correspond, it remains a
mystery what it is we are testing with the nutrient drinktest. The suggestion
that the nutrient drinktest can be used to discriminate between FD patients
with normal or impaired visceral sensitivity, is disputable.’ In the current
study, we did not observe any relationship between MTV and chronic upper
abdominal symptoms or between MTV and proximal gastric relaxation or
gastric emptying rate. Most studies do agree that the drinktest differenti-
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ates between FD patients and healthy controls, as we have found in the
present study. Notably, the average amount of nutridrink ingested until
maximum satiety, was very similar to what others have found (approxi-
mately 360 ml),” which is below the 95% confidence interval of healthy
controls. No effect of age or BMI on MTV was observed in the current study,
however we did observe a modest effect of gender, although this did not
reach statistical significance (P = 0.017).%°

The nutrient drinktest is also being used in pharmacological trials, and a
resemblance between symptoms evoked by the meal challenge and symp-
toms experienced in daily life has been observed.” Recently, we have per-
formed a double blind, placebo controlled, crossover trial, in which the ac-
tivity of a new drug was tested, using the outcome of the nutrient drink test
as one of the end points in the study.”® FD patients who participated in the
pharmacological trial drank significantly more compared to the FD patients
in the current study; 569 + 90 ml and 360 + 30 ml respectively, (P < 0.001).
A strong placebo effect, and cognitive influences like motivation, should
therefore be considered as confounding factors. No differences in age, sex,
BMI, chronic symptoms, or upper abdominal sensations experienced during
the drinktest were observed between the patients who participated in the
pharmacological trial and those who did not.

In summary, the maximum drinking capacity of FD patients, seen at a ter-
tiary referral practice, is not influenced by gastric emptying rate or proximal
gastric relaxation. The question is raised what usefulness this test has, in
terms of diagnosis or treatment options in FD patients and as a tool to ana-
lyze gastric function or upper abdominal sensations. In our opinion, many
subjective factors, like motivation, probably play an important disturbing
factor in the outcome of the test.

In conclusion, in spite of a high prevalence of impaired proximal accommo-
dation and delayed gastric emptying in FD patients, the lack of correlation
between chronic upper abdominal sensations and gastric function ques-
tions the role of these pathophysiologic mechanisms in the generation of
symptoms. Consequently, gastric function does not serve as a clear marker
for the symptoms experienced by FD patients in daily life, and limited effect
on symptoms may be expected when targeting these specific mechanisms.
Finally, despite many efforts, no (measurable) motoric disorder can be ap-
pointed as a possible pathophysiologic mechanism underlying the presence
of upper abdominal symptoms. Most likely, other factors like visceral per-
ception play a vital role in functional dyspepsia.
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Abstract

Background and aim

In order to reduce postprandial symptoms, many functional dyspeptic (FD)
patients reduce the energy content of a meal. The aim of this study was to
evaluate the influence of the energy content of a nutrient drink on upper
abdominal sensations and total and partial gastric volumes.

Methods

Fourteen FD patients participated. Three-dimensional ultrasonography of
the stomach was performed twice, after a high-energy (500 ml, 300kcal)
and a low-energy (500ml, 20kcal) nutrient drink. Total, proximal, and distal
gastric volumes were assessed while fasting and at 5, 15, 30, 45, and 60
minutes postprandially. At all consecutive time points, upper abdominal
sensations were scored using a visual analogue scale (VAS).

Results

Total, proximal, and distal gastric volumes were significantly larger after the
high-energy nutrient drink. After the high-energy nutrient drink, satiation
scores were higher compared to the low-energy nutrient drink (P = 0-030).
However, no differences in fullness, nausea, and upper abdominal pain
were observed (all P > 0.05).

Conclusion

The energy content of a liquid nutrient drink influences gastric motility, but
this effect seems independent from the effect on visceral perception. In this
study, the energy content of a nutrient drink could not be regarded as a
specific trigger for symptom generation in FD.
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Introduction

Functional dyspepsia (FD) is a functional disorder, characterized by pain or
discomfort localized in the upper abdomen in the absence of organic dis-
ease."” Symptoms often include upper abdominal pain, early satiety, post-
prandial fullness, nausea, and vomiting. The aetiology of FD is unclear, but
delayed gastric emptying,? impaired gastric accommodation,® and visceral
hypersensitivity*> have been suggested as possible mechanisms for post-
prandial symptoms.

In health, the energy intake is influenced by a number of different factors,
including gastric distension, and exposure of small-intestinal receptors to
nutrients and hormones.®® Distension of the proximal stomach by the infla-
tion of a barostat bag increases the perception of fullness.® However, there
is accumulating evidence that the distal stomach plays a key role in the
generation of fullness. Jones et al. showed that in health, the antral area is
positively correlated with postprandial fullness sensation.' In addition, full-
ness was found to be related to distal gastric volume rather than proximal
gastric volume, studied by three dimensional ultrasonography."

In FD patients the relationship between distal gastric volume and postpran-
dial sensations is less clear. A larger distal gastric volume in FD patients has
been reported in previous studies.'>'* Furthermore, most FD patients have a
higher postprandial sensation of fullness. The presence of profound changes
in gastric volume and upper abdominal symptoms suggest a relationship.
Previously, the relationship between the increase in distal gastric volume and
fullness was studied in GERD patients, FD patients, and healthy controls.
After ingestion of a liquid nutrient drink (500ml, 300kcal) a significant rela-
tionship between distal gastric volume and fullness was found in GERD pa-
tients and in healthy controls. In FD patients however, this relationship was
lacking.”> Apparently, the physiological regulation of fullness sensation, in
part regulated by the distal stomach, is disturbed in FD patients.

In order to reduce postprandial symptoms, many FD patients reduce the
energy content of a single meal; however the rational of this is not fully
understood. Since the energy content of a meal is a large contributor to the
generation of postprandial symptoms in FD patients, we hypothesized an
equivalent effect on total and partial gastric volumes. In the current study,
we aimed to evaluate the effect of the energy content of a liquid nutrient
drink on upper abdominal sensations and total and partial gastric volumes,
by simultaneous measurement.
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Materials and methods

Patients

Fourteen patients (10 women, 4 men, mean age of 46 years; range 20-62)
were included in the study. Functional dyspeptic patients, entering the gas-
trointestinal motility outpatient clinic, were asked to participate in the
study. Functional dyspepsia was defined according to the Rome Il criteria;
upper abdominal symptoms (pain or discomfort) for at least 3 months in
the last 12 months, which did not need to be consecutive. Upper Gl endos-
copy was performed within 1 year prior to inclusion, to rule out any upper
gastrointestinal abnormalities. Additional investigations, including abdom-
inal ultrasonography and laboratory testing, all showed negative results.
Patients were asked to discontinue the use of any medication known to in-
fluence gastrointestinal motility for at least 3 days prior to the study days.
None of the patients had concomitant illness or a history of abdominal sur-
gery.

All patients completed a questionnaire concerning upper abdominal symp-
toms experienced in daily life; upper abdominal pain, fullness, bloating,
early satiety, nausea, and vomiting. The severity of symptoms was scored
from 0-5 (0 = none, 1 = very mild, 2 = mild, 3 = moderate, 4 = severe, 5
= very severe). For inclusion, two symptoms had to be scored as 3 or high-
er.’® In addition, the relationship between ingestion of food and the gen-
eration of symptoms was assessed by clinical interview. All patients experi-
enced postprandial upper abdominal sensations.

The study was approved by the medical ethics committee of the University
Medical Center Utrecht and written informed consent was obtained from
all participants.

Study design

Patients were asked to visit our outpatient clinic on two separate occasions.
The maximum interval between two measurements was 3 weeks. After a
ten hour fasting period, patients randomly received either the high-energy,
or the low-energy drink. Patients who received the high-energy drink at the
first visit, received a low-energy drink at the second visit and vice versa. The
nutrient drink was presented in three covered mugs with a straw and both
patients and investigators were blinded for the content of the liquid nutri-
ent drink.
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Three-dimensional ultrasound (3D-US) of the stomach was performed while
fasting, and at 5, 15, 30, 45, and 60 minutes after ingestion of the nutrient
drink. At all consecutive time points patients were asked to score satiation,
hunger, upper abdominal pain, fullness, and nausea using a visual analogue
scale (VAS) varying from no symptoms to unbearable symptoms (0 — 100
mm).

Nutrient drink

The high-energy drink (500ml) consisted of 200 ml nutrient drink (300kcal)
(Nutridrink, Nutricia, Zoetermeer, the Netherlands), mixed with 300 ml
water. The low-energy drink had a energy load of 20 kcal, similar to other
studies.”” The drink (500ml) consisted of 13 ml nutrient drink mixed with
water to a volume of 500ml.

3D ultrasonography imaging system

The 3D imaging system consisted of an ultrasound scanner with a 3.5 MHz
curved probe and a tracking system (Esaote-Pie Medical, Maastricht, The
Netherlands). The tracking system consisted of a transmitter generating a
spatially varying magnetic field and a small receiver, firmly attached to the
ultrasound probe, containing three orthogonal coils to sense the magnetic
field strength. The ultrasound probe with attached sensor was used to lo-
calize the left lateral and superior margins of the stomach and the pylorus.
The depth of scanning was adjusted enabling an ultrasound scan of the
stomach, superior mesenteric vein, aorta, left liver lobe and diaphragm on
top of the gastric fundus. A standardized ultrasound-scanning pattern was
used, starting at the left lateral subcostal margin and then moving distally
towards the pylorus having the probe in a vertical position. During the scan,
all patients suspended their breathing in inspiration.®"

Partial gastric volumes

The two-dimensional (2D) frames were processed to construct 3D images.
The 2D sagittal planes were used to draw the region of interest, corre-
sponding to the inner layer of the stomach wall (the interface between the
outer profile of the gastric wall mucosa and the liquid nutrition). A 3D re-
constructed image of the stomach and the gastric volume was obtained
using software with rendering and volume estimation capability (In Vivo
ScanNT, Medcom GmbH, Darmstadt, Germany).
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In addition, partial gastric volumes were calculated. Proximal gastric vol-
ume was defined as the gastric volume between the diaphragm and a divid-
ing plane 10cm below the point where the fundic top reaches the dia-
phragm. Similarly, distal gastric volume was defined as the gastric region
between the antral area (the sagittal ultrasound plane in which the antrum,
the left liver lobe, the superior mesenteric vein and the gastroduodenal
junction) and the gastroduodenal junction. The proximal to distal gastric
volume ratios were calculated at all time points.

Analysis of total and partial gastric volumes was performed by a single in-
vestigator (N.B.) who was blinded for the energy content of the liquid nutri-
ent drink.

Statistical analysis

Data were shown as mean + standard error of the mean (SEM). Normality
was tested using Kolmogorov-Smirnov-test. Gastric volumes and upper ab-
dominal sensations were compared between the high-energy and the low-
energy drink using the paired sample t-test. At consecutive time points av-
eraged 3D volumes and averaged symptom scores were compared between
the high-energy and the low-energy drink using repeated measures analysis
of variance (ANOVA). Pearson’s correlation test was used to calculate cor-
relation coefficients between upper gastrointestinal sensations and partial
gastric volumes. P < 0.05 was considered significant. All statistical analysis
was performed using commercially available software (SPSS 11.0 for Micro-
soft windows).

Results

The following symptoms were reported as moderate, severe or very severe;
upper abdominal pain (93%), early satiety (71%), bloating (86%), fullness
(64%), nausea (71%), and vomiting (21%) (table 1). All patients reported to
have increased upper abdominal sensations within 30 minutes after meal
ingestion in daily life.

Total gastric volumes

The 3D-US images of two patients were not suitable for analysis and were
therefore left out of the analysis. Fasting total gastric volume was similar
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Table 1
Frequency of severity grading of each of six upper abdominal symptoms in 14
patients with FD.

0-2 3-5
(none-Mild) (Moderate-very severe)
Upper abdominal pain 1 (7%) 13 (93%)
Early satiety 4 (29%) 10 (71%)
Bloating 2 (14%) 12 (86%)
Fullness 5 (36%) 9 (64%)
Nausea 4 (29%) 10 (71%)
Vomiting 11 (79%) 3 (21%)

Numbers in parentheses represent row percentages.

before ingestion of the high-energy (45 ml + 6) and the low-energy drink
(47 ml £ 6), P > 0.05. Total gastric volume was significantly larger at all
consecutive time points after ingestion of the high-energy drink compared
to the low-energy drink, P < 0.001. Five minutes after ingestion, total gas-
tric volume was 505 ml £ 12 after the high-energy drink compared to 425
ml + 27 after the low-energy drink, P = 0.017 (figure 1).

Partial gastric volumes

At 45 and 60 minutes after ingestion of the low-energy drink, proximal
gastric volume was very low, and could not be reliably quantified. Until 30
minutes postprandially, proximal gastric volume was larger after the high-
energy nutrient drink compared to the low-energy nutrient drink (P =
0.029). Distal gastric volume was larger at all consecutive time points after
the high-energy nutrient drink (P = 0.039) (figure 1).
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Figure 1

Total gastric volume was larger after ingestion of a high-energy (m) nutrient drink compared to
a low-energy (Q) nutrient drink. * P < 0.001. Similarly, proximal and distal gastric volumes were
larger after ingestion of a high-energy nutrient drink compared to a low-energy nutrient drink.
1P = 0.029; $P = 0.039. There is no significant difference in proximal to distal gastric volume
ratio between the high-energy and low-energy drink.

Proximal to distal gastric volume ratio

Proximal to distal gastric volume ratios were calculated at 5, 15, and 30 min-
utes postprandially. Proximal to distal gastric volume ratios were comparable
between the low-energy and the high-energy drink (P = 0.268) (Figure 1).

Upper abdominal sensations

Five minutes after ingestion of the high-energy nutrient drink, a significant
increase in satiation (P < 0.01), fullness (P < 0.01), nausea (P = 0.02), and
upper abdominal pain (P < 0-01) was observed. Five minutes after inges-
tion of the low-energy nutrient drink, scores for satiation (P < 0.01), full-
ness (P < 0.01) and nausea (P = 0.02) increased significantly, except for
upper abdominal pain (P = 0.38).
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Figure 2

Symptom scores for satiation were higher after a high-energy () nutrient drink compared to a
low-energy (O) nutrient drink. *P = 0.03. For fullness, nausea and upper abdominal pain there
was no significant difference.

At all time points postprandially, higher satiation scores were shown after
the high-energy nutrient drink compared to the low-energy nutrient drink
(P = 0.030) whereas fullness (P = 0.076), nausea (P = 0.866), and upper
abdominal pain (P = 0.688) were not significantly different (figure 2).

Relationship between partial gastric volumes and upper abdom-
inal sensations

After the high-energy drink, no significant correlation was found between
distal gastric volume and fullness (5 min r = 0.467, P = 0.147; 15 min
r = 0.028, P = 0.932). In addition, fullness did not correlate with distal
gastric volume after the low-energy drink (5 min r = -0.440, P = 0.152;
15 min r = -0.220, P = 0.542) nor with any of the other sensations.
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Discussion

The most important finding of this study is that despite large differences in
total and partial gastric volumes after ingestion of a high energy drink com-
pared to a low energy drink, no change in upper abdominal sensations full-
ness, nausea, and upper abdominal pain was observed. Symptom scores for
satiation, which is a physiological upper abdominal sensation, were differ-
ent between the high-energy and the low-energy drink. However, nausea,
fullness, and upper abdominal pain were comparable. Thus, there is a dis-
crepancy between the change in gastric volume and the change in symp-
tom scores.

The intragastric distribution, as evaluated by the proximal to distal gastric
volume ratios, was not different for the two drinks. Intragastric distribution
is thus independent from the energy content of a nutrient drink. This is in
concordance with results from a study where intragastric distribution was
compared between functional dyspepsia patients and healthy controls.?® In
this study, patients and controls were given a solid meal (413 kcal) and a
liquid meal, consisting of 170 ml of water. Proximal to distal gastric volume
ratios of the solid phase initially showed a more proximal distribution, but
comparison of distribution ratios at different time points was not signifi-
cant.

Both after the low-energy and the high-energy drink, we did not find a re-
lationship between distal gastric volume and fullness. We showed that this
relationship could not be restored when a low-energy drink is given, sug-
gesting that the disturbance between the perception of abdominal sensa-
tions and distal gastric volume in FD patients persists, irrespective of the
energy content of a meal. It has been suggested that altered meal distribu-
tion is partially responsible for the excessive generation of fullness, how-
ever other causes such as visceral hypersensitivity most likely play a major
role.?®

The selection of patients was based purely on the Rome Il criteria for func-
tional dyspepsia. We did not select patients based on proximal gastric re-
laxation or gastric emptying rate. We believe it is unlikely that the presence
of impaired proximal relaxation influences the outcome of our study since
the relationship between proximal stomach function and postprandial full-
ness, nausea and upper abdominal pain is unclear, and remains to be mat-
ter of debate.??' As well, no convincing evidence was found for the
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relationship between gastric emptying and upper abdominal symptoms.'
To control the intake of the nutrient drink, we chose for the physiological
way of administration rather than using an intraduodenal catheter. Patients
were blinded for the energy content of the nutrient drink, but could still
taste the difference in density between the two nutrient drinks. Although
the blinding is arguably less accurate, we chose to stay close to daily prac-
tise.

The proximal gastric volume at 45 and 60 minutes after ingestion of the
low-energy drink were too small to be measured accurately. The relation-
ship between proximal gastric volume and postprandial symptoms was only
assessed until 30 minutes postprandially. Nevertheless, all patients reported
to have postprandial symptoms in daily life within 30 minutes after meal
ingestion. Therefore, an indication of a relationship would most likely be
present within 30 minutes.

The absence of any influence of the energy content of a nutrient drink on
upper abdominal sensations is probably the most surprising finding of this
study. In daily practise, FD patients are advised to decrease the energy con-
tent of a meal and the proportion of a meal, as this may reduce postpran-
dial symptoms. In this study, we could not substantiate this with evidence.
A possible explanation for the lack of relation between the energy content
and upper abdominal sensations is the sudden volume load during the test.
This may trigger the generation of dyspeptic symptoms, and thereby reduc-
ing the influence of the energy content.

In summary, the energy content of a liquid nutrient drink influences gastric
motility, but this effect seems independent from the effect on visceral per-
ception. In this study, the energy content of a nutrient drink could not be
regarded as a specific trigger for symptom generation in functional dyspep-
tics.
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Abstract

Background

Serotonin (5-HT) and the 5-HT, receptor play an important role in gastroin-
testinal motor and sensory functions. While 5-HT, agonists are known for
their prokinetics properties, the effect of 5-HT, antagonists on upper gas-
trointestinal functions is largely unknown.

Aim

To assess the effect of a 5-HT, receptor antagonist (R216073) on gastric
relaxation and visceral sensitivity in patients with functional dyspepsia (FD).
Secondly, the influence of a functional polymorphism in the gene encoding
the serotonin transport protein (SERT) on drug response was determined.

Methods

A double blind, randomised, placebo controlled, 2-period crossover study
was performed in 20 FD patients. The effect of a single dose of 2000 mg
R216073 on gastric relaxation and sensitivity was tested using three-
dimensional ultrasonography and a nutrient drinktest.

Results

R216073 did not affect partial gastric volumes or upper abdominal sensa-
tions scored during 3D-US (P > 0.05). The maximum tolerated volume or
upper abdominal sensations induced by the drinktest were not affected by
R216073 (P > 0.05). The SERT promoter polymorphism was not associated
with any of the end-points of the studly.

Conclusion

A single dose of R216073 had no effect on fundic relaxation, drinking
capacity, or upper abdominal symptoms in patients with functional dyspep-
sia.
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Introduction

Several pathophysiologic mechanisms associated with functional dyspepsia
have been described including: delayed gastric emptying, impaired gastric
accommodation, and visceral hypersensitivity." Serotonin (5-HT) plays a
key role in regulating gastrointestinal sensory motor function.* Mucosal en-
terochromaffin cells (EC cells) release 5-HT in response to intraluminal stim-
ulation after which 5-HT acts on 5-HT receptors, situated on afferent nerve
endings in the lamina propria.> Subsequently, the afferent nerve endings
generate a peristaltic or sensory reflex.®®

There are 7 classes of 5-HT receptors.® Of these, the 5-HT, receptor plays an
important role in the gastrointestinal sensory and motor functions.®’ In vi-
tro studies suggest that 5-HT, receptor agonists potentiate fast excitatory
postsynaptic potentials and also trigger the peristaltic reflex.5'0
Serotonergic agents are widely used to modulate gastrointestinal sensory
motor function in patients with functional gastrointestinal disorders.?
These include serotonin reuptake inhibitors (SSRI), which were shown to
increase meal induced relaxation of the gastric fundus', the 5-HT P ago-
nist sumatriptan, which reportedly enhanced relaxation of the gastric fun-
dus™, and 5-HT, agonists, like cisapride, acting as a prokinetic.'

In contrast with human studies, fluoxetine (SSRI) induced a concentration
dependent contractile response in guinea pig muscle strips, which was
greatest in the fundus."”” The contractile response was reduced by GR113808,
a 5-HT, antagonist." R216073, the 5-HT, antagonist used in the current
study, also prevented the inhibitory effects of an SSRI on canine fundus re-
laxation.’® These studies suggest that a 5-HT, antagonist may affect gastric
fundic relaxation. While 5-HT, receptor antagonists have very minor effects
on gastrointestinal transit in healthy subjects,’ the effect of a 5-HT, an-
tagonist on gastric fundic relaxation is unknown.

5-HT has to be removed rapidly from the EC cell afferent nerve junction to
terminate responses and to prevent desensitisation of the receptors. The
5-HT transport protein (SERT) is responsible for this uptake.?’ A 44-bp pro-
moter polymorphism in the SERT gene displays two allelic forms, a long and
a short variant.?"?? The short variant is associated with reduced transcrip-
tion of the gene and a lower 5-HT reuptake activity leading to increased
availability of 5-HT for receptor stimulation. These variations in the gene
encoding for SERT have been shown to affect treatment outcome after

75



Chapter
P o5

alosetron (a 5-HT, receptor antagonist) dosage in IBS patients.?

The present study was undertaken to test the effect of R216073, a 5-HT,
receptor antagonist, on proximal gastric relaxation and visceral sensitivity in
patients with functional dyspepsia. Furthermore, the influence of the geno-
type of the SERT promoter on response to R216073 was evaluated. Three-
dimensional ultrasonography (3D-US) was used for measuring fasting and
postprandial gastric volumes after active or placebo dosage.?*?> A nutrient
drinktest was used for measuring maximum tolerated volume and meal in-
duced sensations.?*

Materials and Methods

Study subjects

Twenty patients (13 female) with a mean age of 42 (23-64) years and a
mean weight of 70 (49-86) kg participated in the study. All patients fulfilled
the Rome Il criteria i.e. the presence of dyspeptic symptoms for at least 12
weeks in the last 12 months, in the absence of organic, systemic, or meta-
bolic disease.?”

Before inclusion, each patient completed a symptom questionnaire. They
were asked to score six different symptoms (pain or discomfort centered in
the upper abdomen, early satiety, bloating in the upper abdomen, fullness,
nausea and vomiting) from 0-5 (O=none, 1=very mild; awareness of symp-
toms but easily tolerated, 2=mild; tolerated without interference with usu-
al activity, 3=moderate; enough to cause some interference with usual ac-
tivity, 4=severe; enough to cause significant interference with usual activity,
5=very severe; incapacitating with inability to work or do usual activity).
For inclusion, two of these symptoms had to be scored as moderate, severe
or very severe and these symptoms needed to be present for at least 12
weeks, not necessary consecutive, in the preceding 12 months.

Upper Gl endoscopy was performed within 1 year prior to inclusion, to rule
out any upper gastrointestinal abnormalities. A clinical interview, physical
examination and laboratory testing were performed during the screening
visit and two weeks after the study was completed. None of the patients
had a history of gastrointestinal surgery. Female patients with childbearing
potential without adequate use of contraception were excluded. Delayed
gastric emptying, assessed within 6 months prior to inclusion using the '3C-
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Period 1 Period 2
Day 1 Day 4 Day 1 Day 4
3D-US Drinktest 3D-US Drinktest
Figure 1

A randomised, double blind, placebo-controlled, 2-period crossover study in 20 functional dys-
peptic patients. Subjects received the same treatment in one period, either R216073 or placebo.

octanoic breathtest, was considered an exclusion criterion.282°

Patients were asked to discontinue any medication known to influence gas-
trointestinal motility or sensitivity for at least 7 days prior to the study. The
protocol was approved by the ethics committee of the University Medical
Centre Utrecht. All patients gave written informed consent for participation
in the trial.

Study design

Drug efficacy was tested in a randomised, double blind, placebo-controlled,
2-period crossover study (figure 1). Each period of the crossover design
consisted of 2 single dose administrations on two different study days. Ran-
domisation was done at the level of the study periods, meaning that all
patients received the same treatment in one period.

Previously, the pharmacokinetics of R216073 have been studied in 49
healthy subjects after a single dose of 100 — 2000 mg.3° Plasma concentra-
tions increased in proportion with the dose. The plasma concentration-time
profiles displayed a biphasic decline, with a rapid decrease over the first
12 hours and a slower decline from 12 hours onwards. The median termi-
nal half-life was about 16 hours. Peak plasma concentrations and systemic
exposure increased fairly proportional throughout the investigated dose
range.

On each treatment day a single dose of either 2000 mg of R216073 or pla-
cebo was administered. The mean peak plasma concentration reached in
the current study (1008 ng/ml), was in the same range as the mean peak
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plasma measured in the canine study (678 ng/ml), in which an effect on
fundic accommodation was detected. The study medication was taken oral-
ly with 100 mL of water. Before- and 4 hours after dosage, ECG testing was
performed to detect any abnormalities. Treatment periods were separated
by an interval of at least 2 weeks and at the most 4 weeks. Within each
period, treatment days were separated by an interval of at least 3 days and
at the most 7 days. Each study day started at 8.00 am after an overnight
fast of at least 10 hours.

Treatment day 1: three-dimensional ultrasonography

One hour after dosage, 3D-US was performed to assess total and partial
gastric volumes. Subjects were comfortably seated in a wooden chair lean-
ing slightly backward. A liquid nutrient test meal (500 ml) consisted of 200
ml lactose- and fiber-free milk drink, containing 12.0 gram proteins, 11.6
gram fat and 36.8 gram carbohydrate (300 kcal) (Nutridrink, Nutricia, Zoe-
termeer, The Netherlands) mixed with 300 ml of water. The liquid nutrient
was ingested within 3 minutes. Ultrasonographic data were acquired while
fasting and at 5, 15, 30, 45 and 60 minutes after meal ingestion. At all con-
secutive time points, upper abdominal sensations (upper abdominal pain,
nausea, fullness and hunger) were scored using a visual analogue scale
(VAS, 0-100 mm) varying from no sensation to unbearable sensations. The
sum of nausea, fullness and pain was calculated at every time point and
referred to as the total of upper abdominal sensations.

Treatment day 2: nutrient drinktest

The nutrient drinktest was performed one hour after dosage.?®3' Subjects
were asked to ingest a liquid nutrient (1.5 Kcal/mL, Nutridrink, Nutricia,
Zoetermeer, The Netherlands) at a constant rate of 15 mL/min. At 5-minute
intervals, they scored satiety using a graphic rating scale that combines
verbal descriptors on a scale graded 0-5 (0 = no satiety, 5 = maximum sa-
tiety). The test ends when the subject reaches maximum satiety?. Upper
abdominal sensations (upper abdominal pain, nausea, fullness and hunger)
were scored using a VAS before the start and 30 minutes after reaching
maximal satiety.

On each study day, peripheral blood samples, urine samples, ECG and vital
signs were collected to evaluate drug safety before- and 2.5 hours after
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dosage. Extra peripheral blood samples were taken for pharmacokinetic
analysis of the drug before dosage and at 1, 1.5 and 2 hours after dosage.
In addition, 10 ml peripheral blood was withdrawn for genetic analysis.

3D Ultrasonography Imaging System

The 3D imaging system consisted of an ultrasound scanner with a 3.5 MHz
curved probe and a tracking system (Esaote-Pie Medical, Maastricht, The
Netherlands). The tracking system consisted of a transmitter generating a
spatially varying magnetic field and a small receiver, firmly attached to the
ultrasound probe, containing three orthogonal coils to sense the magnetic
field strength.3?

The ultrasound probe with attached sensor was used to localize the left
lateral and superior margins of the stomach and the pylorus. The depth of
scanning was adjusted enabling an ultrasound scan of the stomach, supe-
rior mesenteric vein, aorta, left liver lobe and diaphragm on top of the
gastric fundus. A standardized ultrasound scanning pattern was used, start-
ing at the left lateral subcostal margin and then moving distally towards
the pylorus having the probe in a vertical position. During the scan all par-
ticipants suspended their breathing in inspiration. For each ultrasound scan
approximately 300-400 2D ultrasound images were stored with a scan typ-
ically lasting 15-20 seconds. The 2D sagittal images were digitised and
stored in the computer workstation.33

Total and Partial Gastric Volumes

The gastric volume was measured using software with rendering and vol-
ume estimation capability (In Vivo ScanNT, Medcom GmbH, Darmstadt,
Germany). The 2D sagittal frames were processed to construct 3D images,
containing 60-70 sagittal planes. The sagittal planes were used to draw the
region of interest. The inner layer of the stomach wall, corresponding to the
interface between the outer profile of the gastric wall mucosa and the lig-
uid nutrition, was outlined in an average of 10-20 planes. The computer
generates gastric contours in the intermediate frames using a triangulation
technique. Then a reconstructed 3D image of the stomach and the gastric
volume was obtained.

In addition, partial gastric volumes were calculated. The proximal part was
separated by a dividing plane 10 cm below the point where the fundic top
reaches the diaphragm, perpendicular to the longitudinal axis of the stom-
ach. The 10 cm margin matches the diameter of a barostat balloon contain-
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ing 500 ml of fluid. Similarly, a distal part was separated, defined as the
gastric region between the antral area (the sagittal ultrasound plane in
which the antrum, the left liver lobe, the superior mesenteric vein and the
abdominal aorta are seen simultaneously) and the gastro duodenal junc-
tion. The antral area is a known anatomical landmark and therefore chosen
as the margin of the distal gastric volume.3*

At every time point, we subtracted fasting total or partial gastric volume leav-
ing the change in total or partial gastric volume. The change in gastric volume
was used for comparison between the two treatment periods. A proximal
gastric volume ratio was calculated by dividing proximal gastric volume by
total gastric volume. Recently, we defined impaired proximal relaxation as the
average of the proximal gastric volume ratios of 5 and 15 minutes smaller
than the lower limit of the 95% confidence interval of healthy controls (0.32
—0.57).3> Proximal relaxation was assessed after placebo dosage.

SERT promoter polymorphism

Genomic DNA was isolated from whole blood from all participants using
the QlAamp DNA blood minikit (Qiagen Inc., Valencia, California, USA). PCR
across the SERT promoter insertion/deletion polymorphism was performed
using the primers and reaction conditions described by Camilleri et al.%
However, we performed PCR amplification in a total volume of 25 uL, con-
taining 100 ng genomic DNA. The size of the amplified fragments was de-
termined by electrophoresis on a 2.5% low range ultra agarose gel (Biorad
Inc, USA) stained with ethidium bromide; 572 bp and 528 bp products were
typed as long (L) and short (S) alleles respectively.

Statistical analysis

The focus of the analysis was to determine differences in response between
R216073 and placebo dosage on the primary end points of the study; prox-
imal gastric volume, distal gastric volume, maximum tolerated volume and
upper abdominal sensations scored during the 3D-US or nutrient drinktest.
Possible differences in pharmacological response in relation to the geno-
type of the SERT promoter polymorphism were analysed by comparing gas-
tric volume data, upper abdominal sensations and maximum tolerated vol-
ume for the three genotypes.

Data was summarized as mean + SEM. Normality was tested using the Kol-
mogorov-Smirnov test. At consecutive time points, average 3D volume data
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and upper abdominal sensation scores were compared between periods
(R216073 or placebo dosage) using repeated measures analysis of variance
(ANOVA). Fasting gastric volumes and sensations were compared using in-
dependent samples T-test. A p < 0.05 was considered significant. All statis-
tical analysis was performed using commercially available software (SPSS
11.0 for Microsoft windows).

Results

On both study days, high plasma concentrations of R216073 were achieved
at the time of the start of the assessments, at one hour post dose. The mean
peak plasma concentrations of 1008 = 781 ng/mL in the first period and 937
+ 464 ng/mL in the second period were comparable with previous findings
following a 2000 mg dosage in healthy volunteers (1008 + 573 ng/mL).3°
There was a substantial inter-subject variability in the peak plasma concen-
tration. However, no correlation between the pharmacodynamic effect and
plasma concentrations of the drug was observed. FD patients reported the
following upper abdominal sensations as moderate or higher; upper ab-
dominal pain (77%), early satiety (72%), bloating (83%), fullness (78%), and
nausea (67%). Vomiting was present in 22% of patients (table 1). R216073

Table 1
Frequency of severity grading for each of six dyspeptic symptoms in 18 patients
with functional dyspepsia.

0 (Absent) 1-2 (Mild) 3 (Moderate) 4-5 (Severe)
UA Pain 1(6) 3(17) 8 (44) 6 (33)
Early sat 2(11) 3(17) 8 (44) 5 (28)
Bloating 0 (0) 3(17) 11 (61) 4 (22)
Fullness 1(6) 3(17) 11 (61) 3(17)
Nausea 3(17) 3(17) 5(28) 7 (39)
Vomiting 14 (78) 0(0) 0 (0) 4(22)

Numbers in parentheses represent row percentages.
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Figure 2

Proximal gastric volume change after a liquid nutrient, measured by 3D-US. No differences were
observed between R216073 (m) or placebo dosage (1) (P > 0.05).
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Figure 3
Distal gastric volume change after a liquid nutrient, measured by 3D-US. No differences were
observed between R216073 (m) or placebo dosage (1) (P > 0.05).

was well tolerated by all subjects. One female subject was diagnosed to suf-
fer from diabetes during the study and was excluded. A total of 19 subjects
completed the study. Due to technical problems, the 3D-US data of one
male subject was unsuitable for analysis. Therefore, combined assessment of
3D-US and the nutrient drinktest was completed in a total of 18 subjects.
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Figure 4
Effect of a liquid nutrient on upper abdominal sensations. R216073 (black bars) had no effect
on preprandial or postprandial upper abdominal sensations compared to placebo (P > 0.05).

Three-dimensional ultrasonography

R216073 did not affect fasting total gastric volume (R216073; 46.2 + 4.8
and placebo; 36.2 + 3.9, P > 0.05). Directly after ingestion of the liquid
nutrient, the change in total gastric volume was comparable between
R216073 and placebo (5 minutes: R216073; 430.0 = 10.7 ml, placebo;
441.5 = 8.8 ml, P > 0.05).

The change in proximal gastric volume after meal ingestion was compara-
ble after R216073 or placebo dosage (P > 0.05) (figure 2). Likewise, admin-
istration of R216073 did not significantly affect the change in distal gastric
volume after meal ingestion (P = 0.073) (figure 3).

A total of 6 out of 18 patients had a proximal gastric volume ratio smaller
then 0.32 after placebo dosage (33%). These patients were classified as
having impaired proximal gastric relaxation. No differences in pharmaco-
logical response were observed between patients with normal or impaired
proximal relaxation. R216073 did not affect upper Gl sensations scored
during 3D-US. Upper abdominal pain, fullness, nausea and hunger sensa-
tion scores were comparable at all time points (P > 0.05). Consequently, no
change in the sum of upper abdominal sensations was observed (figure 4).
In addition, no change in hunger score was seen after R216073 or placebo
dosage.
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Figure 5

Nutrient drinktest; each bar represents the difference in maximum drinking capacity between
the two periods, after either R216073 or placebo dosage. Eight patients drank less after
R216073 dosage and 10 patients drank more. Overall, R216073 had no effect on maximum
drinking capacity (P > 0.05).
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Figure 6

The effect of R216073 on proximal gastric volume, upper abdominal sensations and maximum
tolerated volume, plotted in three groups of patients with a different genotype of the SERT
promoter; (1) S/S homozygous and (2) L/L homozygous and (3) L/S heterozygous (P > 0.05). The
horizontal bars indicate the mean.
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Nutrient drinktest

R216073 did not affect maximum tolerated volume (R216073; 561.7 =+
52.4 ml, placebo; 573.9 = 56.7 ml, P > 0.05). Ten patients drank less while
eight patients drank more after R216073 dosage (figure 5).

The sensations of upper abdominal pain, fullness and nausea before and
after the drinktest were comparable after R216073 or placebo dosage
(all P > 0.05). The increase in the total of upper abdominal sensations was
also comparable between R216073 or placebo administration (P > 0.05).

SERT promoter polymorphism

Five patients were heterozygous (28%), five patients had the S/S genotype
(28%), and eight patients carried the L/L genotype (44%). We observed no dif-
ferences when comparing 3D-US data, upper abdominal sensations or maxi-
mum tolerated volume between the three genotypes (P > 0.05) (figure 6).

Discussion

This is the first study to assess the effect of a 5-HT, receptor antagonist on
gastric relaxation and visceral sensitivity in patients with functional dyspep-
sia. A single dose of 2000 mg of R216073 had no effect on proximal or
distal gastric volume change after a liquid nutrient nor did it effect upper
abdominal sensations scored during 3D-US in FD patients. In addition,
R216073 did not influence maximum tolerated volume or upper abdominal
sensations induced by the intake of the liquid nutrient during the drinktest.
Finally, the SERT promoter polymorphism was not associated with any of
the end-points of the study.

R216073 is a selective, competitive and reversible 5-HT, antagonist, as dem-
onstrated in various in vitro and in vivo animal studies.'®3¢ The exposure
level of R216073 was 10 times higher then the exposure needed to have
90% occupancy of the receptor.’® In a canine model, R216073 has been
shown to be able to restore abnormal fundus relaxation induced by a sero-
tonin reuptake inhibitor (SSRI), with a comparable peak plasma concentra-
tion reached in the current study.' This led to the hypothesis that an
increased stimulation of 5-HT, receptors induces fundic contraction where-
as antagonising the 5-HT, receptor would result in enhanced relaxation of
the gastric fundus.
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In the present study, impaired proximal gastric relaxation was found in 6
out of 18 patients. The highest effect of R216073 was to be expected in this
group of patients in terms of restoring fundus relaxation. We choose to
study various end points, including the effect on drinking capacity and up-
per abdominal sensations. Considering the lack of agreement between var-
ious publications describing the relationship between impaired proximal
relaxation, upper abdominal sensations and maximum tolerated volume,
normal proximal relaxation was not an exclusion criterion.26:37-3

We have considered several potential factors that might explain the lack of
efficacy of R216073 on gastric relaxation and visceral sensitivity in FD pa-
tients. Firstly, the canine study does not necessarily serve as a model for
dyspeptic patients. In the canine study, the level of SERT was diminished
leading to higher availability of serotonin. However, in our studied popula-
tion, we do not know if the activity of SERT or the availability of serotonin
is altered.

Secondly, there are at least 21 different variants of the 5-HT receptor. Sev-
eral of which are likely to be involved in the regulation of gastric accom-
modation or visceral sensitivity. By administrating sumatriptan, a 5-HT, re-
ceptor agonist, the gastric fundus relaxes immediately.’ However,
sumatriptan failed to relieve postprandial symptoms in FD patients with
impaired proximal accommodation.*® A 5-HT, receptor agonist has been
shown to delay gastric emptying in combination with a relaxation of the
gastric fundus.*" An improvement of global symptoms, pain and discomfort
was observed after administration of alosetron, a 5-HT, receptor antago-
nist, in non-constipated female IBS patients, suggesting an important role
of the 5-HT, receptor in visceral sensitivity.*? In FD patients, a modest relief
of symptoms was found after alosetron dosage compared to placebo.*® 5-
HT, receptor agonists, like cisapride or tegaserod, are known to accelerate
gastric emptying and gastrointestinal transit, however also enhanced both
the perception of gastric distension and the gastric accommodation to a
meal.444°

Another possible explanation for the absence of effect of R216073 is the
design of the trial in terms of the duration of dosing. Although high plasma
concentrations were reached and high receptor occupancy is expected, a
single dose might not be sufficient for regulating gastric motor and sensory
properties. Finally, the techniques being used might not be sensitive enough
for detecting a drug effect.
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3D-US is a non-invasive technique, which can be used for the assessment of
total and partial gastric volumes.?> 3D-US has shown excellent in vitro and
in vivo accuracy in volume estimation and a low inter observer varia-
tion.?>3233 \We have recently shown that 3D-US can be used for the identifi-
cation of impaired proximal relaxation and the assessment of distal gastric
function.® A large overlap in the detection of impaired proximal relaxation
was shown in a head to head comparison between the barostat technique
and 3D-US.%¢ All together, 3D-US has proven to be a reliable and sensitive
technique for the evaluation of proximal and distal gastric volumes.

The nutrient drinktest was developed as a non-invasive alternative of the
barostat technique for the evaluation of gastric motor function and sensi-
tivity.263" The drinktest does not differentiate between hypersensitivity and
impaired proximal relaxation. Moreover, a relationship between the increase
in total or partial gastric volume and maximum tolerated volume is lack-
ing3-3°. However, it has recently been shown that symptoms scored after a
nutrient drinktest mimic those reported by patients as chronic symptoms.3®
Secondly, the nutrient drinktest has been established as a valid tool for
measuring meal induced satiation?’. Therefore, we believe that the nutrient
drinktest is a suitable instrument for the comparison before and after treat-
ment, as has been done in the current study.

The S and L variants differentially modulate transcriptional activity of the
SERT promoter and thereby determine 5-HT uptake capacity. The S variant
is associated with lower expression and activity of SERT compared to the L
variant.21,22 Therefore, we choose to categorize patients in three groups
for the comparison of various end points: (1) S/S homozygous (2) L/S het-
erozygous and (3) L/L homozygous. We found the different genotypes to be
present in 28%, 28%, and 44% respectively in the studied population. The
absence of any differences in the primary end points between the three
groups indicates that the lack of effect of R216073 cannot be attributed to
the genotype of the SERT promoter polymorphism.

In conclusion, R216073 has no effect on proximal or distal gastric relax-
ation, upper abdominal sensations or maximum tolerated volume. Although
high plasma concentrations of R216073 were reached, the current study
suggests that R216073 has no therapeutic potential in FD patients. Further
studies, in which 3D-US can be used to assess gastric relaxation, are re-
quired to facilitate the development of new therapeutic agents on specific
motoric or sensory gastric functions.

87



Chapter

los

References

1

10

11

12

88

Tack J, Piessevaux H, Coulie B, Caenepeel P, Janssens J. Role of impaired gastric
accommodation to a meal in functional dyspepsia. Gastroenterology
1998;115:1346-1352.

Kim DY, Delgado-Aros S, Camilleri M, Samsom M, Murray JA, O’Connor MK et al.
Noninvasive measurement of gastric accommodation in patients with idiopathic
nonulcer dyspepsia. Am J Gastroenterol 2001;96:3099-3105.

Salet GA, Samsom M, Roelofs JM, Berge Henegouwen GP, Smout AJ, Akkermans
LM. Responses to gastric distension in functional dyspepsia. Gut 1998;42:823-
829.

Gershon MD. Review article: serotonin receptors and transporters - roles in nor-
mal and abnormal gastrointestinal motility. Aliment Pharmacol Ther 2004;20
Suppl 7:3-14.

Bulbring E, Crema A. The release of 5-hydroxytryptamine in relation to pressure
exerted on the intestinal mucosa. J Physiol 1959;146:18-28.

Grider JR, Foxx-Orenstein AE, Jin JG. 5-Hydroxytryptamine4 receptor agonists ini-
tiate the peristaltic reflex in human, rat, and guinea pig intestine. Gastroenterol-
ogy 1998;115:370-380.

Foxx-Orenstein AE, Kuemmerle JF, Grider JR. Distinct 5-HT receptors mediate the
peristaltic reflex induced by mucosal stimuli in human and guinea pig intestine.
Gastroenterology 1996;111:1281-1290.

Grider JR, Kuemmerle JF, Jin JG. 5-HT released by mucosal stimuli initiates peristal-
sis by activating 5-HT4/5-HT1p receptors on sensory CGRP neurons. Am J Physiol
1996;270:G778-G782.

Barnes NM, Sharp T. A review of central 5-HT receptors and their function. Neuro-
pharmacology 1999;38:1083-1152.

Pan H, Galligan JJ. 5-HT1A and 5-HT4 receptors mediate inhibition and facilitation
of fast synaptic transmission in enteric neurons. Am J Physiol 1994;266:G230-
G238.

Sanger GJ, Banner SE, Smith MI, Wardle KA. SB-207266: 5-HT4 receptor antago-
nism in human isolated gut and prevention of 5-HT-evoked sensitization of peri-
stalsis and increased defaecation in animal models. Neurogastroenterol Motil
1998;10:271-279.

Cremonini F, Delgado-Aros S, Talley NJ. Functional dyspepsia: drugs for new (and
old) therapeutic targets. Best Pract Res Clin Gastroenterol 2004;18:717-733.



13

14

15

16

17

18

19

20

21

22

23

24

25

a 5-HT, antagonist in dyspeptic patients

Chial HJ, Camilleri M, Burton D, Thomforde G, Olden KW, Stephens D. Selective
effects of serotonergic psychoactive agents on gastrointestinal functions in
health. Am J Physiol Gastrointest Liver Physiol 2003;284:G130-G137.

Tack J, Broekaert D, Coulie B, Fischler B, Janssens J. Influence of the selective sero-
tonin re-uptake inhibitor, paroxetine, on gastric sensorimotor function in humans.
Aliment Pharmacol Ther 2003;17:603-608.

Tack J, Coulie B, Wilmer A, Andrioli A, Janssens J. Influence of sumatriptan on
gastric fundus tone and on the perception of gastric distension in man. Gut
2000;46:468-473.

Veldhuyzen van Zanten SJ, Jones MJ, Verlinden M, Talley NJ. Efficacy of cisapride
and domperidone in functional (nonulcer) dyspepsia: a meta-analysis. Am J Gas-
troenterol 2001;96:689-696.

James AN, Ryan JP, Parkman HP. Effects of the selective serotonin reuptake inhibi-
tor, fluoxetine, on regional gastric contractility. Neurogastroenterol Motil
2005;17:76-82.

Bosmans JP, Meulemans A. Compound monograph R184798, version 2.0. Janssen
Research Foundation 2000.

Bharucha AE, Camilleri M, Haydock S, Ferber I, Burton D, Cooper S et al. Effects of
a serotonin 5-HT(4) receptor antagonist SB-207266 on gastrointestinal motor and
sensory function in humans. Gut 2000;47:667-674.

Wade PR, Chen J, Jaffe B, Kassem IS, Blakely RD, Gershon MD. Localization and
function of a 5-HT transporter in crypt epithelia of the gastrointestinal tract. J
Neurosci 1996;16:2352-2364.

Heils A, Teufel A, Petri S, Stober G, Riederer P, Bengel D et al. Allelic variation of
human serotonin transporter gene expression. J Neurochem 1996;66:2621-
2624.

Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg BD, Petri S et al. Association of
anxiety-related traits with a polymorphism in the serotonin transporter gene reg-
ulatory region. Science 1996;274:1527-1531.

Camilleri M, Atanasova E, Carlson PJ, Ahmad U, Kim HJ, Viramontes BE et al. Se-
rotonin-transporter polymorphism pharmacogenetics in diarrhea-predominant
irritable bowel syndrome. Gastroenterology 2002;123:425-432.

Gilja OH, Hausken T, Wilhelmsen |, Berstad A. Impaired accommodation of proxi-
mal stomach to a meal in functional dyspepsia. Dig Dis Sci 1996;41:689-696.
Gilja OH, Detmer PR, Jong JM, Leotta DF, Li XN, Beach KW et al. Intragastric distri-
bution and gastric emptying assessed by three-dimensional ultrasonography.
Gastroenterology 1997;113:38-49.

89



Chapter

26

27

28)

29

30

31

32

33

34

35

36

90

05

Tack J, Caenepeel P, Piessevaux H, Cuomo R, Janssens J. Assessment of meal in-
duced gastric accommodation by a satiety drinking test in health and in severe
functional dyspepsia. Gut 2003;52:1271-1277.

Talley NJ, Stanghellini V, Heading RC, Koch KL, Malagelada JR, Tytgat GN. Func-
tional gastroduodenal disorders. Gut 1999;45 Suppl 2:1137-1142.

Minderhoud IM, Mundt MW, Roelofs JM, Samsom M. Gastric emptying of a solid
meal starts during meal ingestion: combined study using 13C-octanoic acid
breath test and Doppler ultrasonography. Absence of a lag phase in 13C-octa-
noic acid breath test. Digestion 2004;70:55-60.

Samsom M, Vermeijden JR, Smout AJ, Van Doorn E, Roelofs J, Van Dam PS et al.
Prevalence of delayed gastric emptying in diabetic patients and relationship to
dyspeptic symptoms: a prospective study in unselected diabetic patients. Diabe-
tes Care 2003;26:3116-3122.

Johnson & Johnson Pharmaceutical Research & Development. Key Biometric Re-
sults for 216073-CDE-002. On file at J&) PR&D 2003.

Chial HJ, Camilleri C, Delgado-Aros S, Burton D, Thomforde G, Ferber | et al. A
nutrient drink test to assess maximum tolerated volume and postprandial symp-
toms: effects of gender, body mass index and age in health. Neurogastroenterol
Motil 2002;14:249-253.

Tefera S, Gilja OH, Olafsdottir E, Hausken T, Hatlebakk JG, Berstad A. Intragastric
maldistribution of a liquid meal in patients with reflux oesophagitis assessed by
three dimensional ultrasonography. Gut 2002;50:153-158.

Scheffer RC, Gooszen HG, Wassenaar EB, Samsom M. Relationship Between Par-
tial Gastric Volumes and Dyspeptic Symptoms in Fundoplication Patients: A 3D
Ultrasonographic Study. Am J Gastroenterol 2004;99:1902-1909.

Bolondi L, Bortolotti M, Santi V, Calletti T, Gaiani S, Labo G. Measurement of gas-
tric emptying time by real-time ultrasonography. Gastroenterology 1985;89:752-
759.

van Lelyveld N, Scheffer RCH, Mundt M, Samsom M. Impaired Proximal Gastric
Volume Change in Patients with Functional Dyspepsia is Related to Fullness; A 3D-
Ultrasonography Study (abstr). Gastroenterology 2005;10:A543.

Megens AAHP, Canters LLJ, Vermote PCM. Stereoselective antipropulsive effect of
the 5-HT4 antagonist R184798 in rats: a comparison with other 5-HT4 antago-
nists. Janssen Research Foundation, Non-Clinical Research Report 2001;EDMS-
BEBE-2824824.



37

38

39

40

41

42

43

44

45

46

47

a 5-HT, antagonist in dyspeptic patients

Boeckxstaens GE, Hirsch DP, van den Elzen BD, Heisterkamp SH, Tytgat GN. Im-
paired drinking capacity in patients with functional dyspepsia: relationship with
proximal stomach function. Gastroenterology 2001;121:1054-1063.
Delgado-Aros S, Camilleri M, Cremonini F, Ferber I, Stephens D, Burton DD. Con-
tributions of gastric volumes and gastric emptying to meal size and postmeal
symptoms in functional dyspepsia. Gastroenterology 2004;127:1685-1694.
Gonenne J, Castillo EJ, Camilleri M, Burton D, Thomforde GM, Baxter KL et al.
Does the nutrient drink test accurately predict postprandial gastric volume in
health and community dyspepsia? Neurogastroenterol Motil 2005;17:44-50.
Boeckxstaens GE, Hirsch DP, Kuiken SD, Heisterkamp SH, Tytgat GN. The proximal
stomach and postprandial symptoms in functional dyspeptics. Am J Gastroen-
terol 2002;97:40-48.

Coleman NS, Marciani L, Blackshaw E, Wright J, Parker M, Yano T et al. Effect of a
novel 5-HT3 receptor agonist MKC-733 on upper gastrointestinal motility in hu-
mans. Aliment Pharmacol Ther 2003;18:1039-1048.

Cremonini F, Delgado-Aros S, Camilleri M. Efficacy of alosetron in irritable bowel
syndrome: a meta-analysis of randomized controlled trials. Neurogastroenterol
Motil 2003;15:79-86.

Talley NJ, Van Zanten SV, Saez LR, Dukes G, Perschy T, Heath M et al. A dose-rang-
ing, placebo-controlled, randomized trial of alosetron in patients with functional
dyspepsia. Aliment Pharmacol Ther 2001;15:525-537.

Tack J, Broeckaert D, Coulie B, Janssens J. The influence of cisapride on gastric
tone and the perception of gastric distension. Aliment Pharmacol Ther
1998;12:761-766.

Degen L, Matzinger D, Merz M, Appel-Dingemanse S, Osborne S, Luchinger S et
al. Tegaserod, a 5-HT4 receptor partial agonist, accelerates gastric emptying and
gastrointestinal transit in healthy male subjects. Aliment Pharmacol Ther
2001;15:1745-1751.

Mundt M, Samsom M. Fundal Dysaccommodation in Functional Dyspepsia: Head-
to-head comparison between the Barostat and 3D Ultrasonographic Technique
(abstr). Neurogastroenterol Motil 2004;16:A41.

Cuomo R, Sarnelli G, Grasso R, Bruzzese D, Pumpo R, Salomone M et al. Func-
tional dyspepsia symptoms, gastric emptying and satiety provocative test: analy-
sis of relationships. Scand J Gastroenterol 2001;36:1030-1036.

91



92



Chapter ‘ 06

Regional differences in expression of TPH-1,
SERT, 5-HTs, and 5-HT,; receptors in the human
stomach and duodenum

Niels van Lelyveld®
José Ter Linde’
Marguerite Schipper?
Melvin Samsom’

1 Gastrointestinal research unit, Department of Gastroenterology,
University Medical Centre Utrecht, The Netherlands

2 Department of Pathology, University Medical Centre Utrecht,
The Netherlands

Neurogastroenterol Motil. 2007;19(5):342-8



Chapter | 06

Abstract

Background and aim
To increase the understanding of the role of serotonergic signalling in nor-
mal gastroduodenal function at a molecular level.

Methods

Mucosal biopsy specimens were collected from the fundus, antrum, and
duodenum of 11 healthy subjects. Serotonin (5-HT) positive cells were
counted and the mRNA levels of tryptophan hydroxylase (TPH), serotonin
transporter (SERT), 5-HT, receptor, and 5-HT; receptor subunits were quan-
tified by real time RT-PCR.

Results

The number of serotonin positive cells was larger in the duodenum com-
pared to the stomach (P < 0.001). SERT expression was 19-fold higher in
the duodenum compared to the antrum and 457-fold higher compared to
the fundus (P < 0.001). TPH-1 expression was lower in the duodenum com-
pared to the antrum and fundus (regional differences —2.3 and —3.6 respec-
tively). The 5-HT, receptor and the 5-HT,. and 5-HT;; receptor subunits were
more abundantly expressed in duodenum compared to the stomach (P <
0.001).

Conclusions

The larger number of 5-HT positive cells, the higher expression of 5-HT, and
5-HT, receptors, and in particularly the higher uptake capacity of serotonin
in the duodenum, point out to a more prominent role of serotonergic sig-
nalling at the mucosal level in the duodenum compared to the stomach.
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Introduction

Studies using agents intervening in serotonergic signalling, such as sero-
tonin (5-HT) receptor agonists and antagonists, selective serotonin reup-
take inhibitors (SSRIs), and tryptophan depletion, demonstrate that seroto-
nergic signalling is involved in the process of regulating the orderly and
controlled delivery of nutrients to the small intestine."® Serotonin is most
likely involved in both motoric functions and in visceral sensitivity of the
gastroduodenal region.’

Subpopulations of the mucosal neuroendocrine cells (enterochromaffin
cells) synthesise and store 5-HT in secretion granules at the base of the cell.
5-HT is excreted primarily into the lamina propria in response to intralumi-
nal pressure or chemo specific properties of nutrients.® Tryptophan hydrox-
ylase (TPH) catalyses the reaction of tryptophan to 5-hydroxy-L-tryptophan,
which subsequently is converted to 5-HT. The expression level of TPH can be
considered as a marker for serotonin synthesis, since TPH catalyses the rate-
limiting step of the biosynthetic pathway. Two genes encoding TPH have
been identified; TPH-1 and TPH-2.° TPH-1 is responsible for serotonin syn-
thesis in non-neuronal cells such as neuroendocrine cells, whereas TPH-2 is
expressed in neurons of the raphe nuclei and of the myenteric plexus.'

To date, seven 5-HT receptors have been identified, of which the 5-HT, and
the 5-HT, receptor play an important role in gastrointestinal sensory and
motor functions.'"'> The 5-HT, receptor is a G protein-coupled receptor,
linked to stimulation of adenylyl cyclase.” The 5-HT, receptor is a ligand-
gated ion channel structured as a pentameric complex composed of 5 dif-
ferent subunits, termed A — E.”*" The subunit composition influences the
pharmacological and biophysical properties of the receptor, thereby deter-
mining excitability and receptor-mediated current.'®'” Thus, knowledge of
the expression patterns for 5-HT, subunit genes is fundamental for under-
standing the possible structural composition and functional characteristics
of 5-HT, receptors on different cells or in the various regions of the gastro-
intestinal tract.

5-HT has to be removed rapidly from the neuroendocrine cell-sensory nerve
junction to terminate responses and to prevent desensitisation of the re-
ceptors. The 5-HT transport protein (SERT), expressed by enterocytes, is re-
sponsible for this uptake.'

The key elements of 5-HT signalling have recently been studied in human
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rectal mucosal biopsies showing interesting molecular changes in patients
with ulcerative colitis and irritable bowel syndrome.' We anticipated that
determining the number of neuroendocrine cells, and specifically 5-HT pro-
ducing cells, and the mRNA levels of genes encoding components of the
serotonergic system in the human stomach would increase the understand-
ing of the role of serotonergic signalling in normal gastroduodenal function
at a molecular level. For this purpose, mRNA expression levels of TPH-1,
SERT, the 5-HT, receptor, and 5-HT, receptor subunits were analysed in the
fundus, antrum, and duodenum.

Methods

Participants

Eleven healthy subjects, 9 female (mean age 46.3 years, range 35 — 61),
were included. Healthy subjects were recruited through advertisement. A
series of questions about the medical history served to check the health
status of subjects. None of the participants had a history of gastrointestinal
disease or abdominal surgery. During upper endoscopy, no signs of abnor-
mality or inflammation were seen. None of the participants used medica-
tion known to influence serotonergic signaling.

Study protocol

During upper Gl endoscopy, mucosal biopsy specimens of the duodenum,
antrum, and fundus were obtained. Biopsies were either immediately snap
frozen in liquid nitrogen and subsequently stored at -80°C for mRNA ex-
pression analysis or fixed in 4% formaline for histopathology and immuno-
histochemistry. The study was approved by the medical ethics committee of
the University Medical Centre Utrecht and written informed consent was
obtained from all participants.

MRNA expression analysis

Total RNA isolation from biopsies was performed using the RNeasy micro kit
(Qiagen, Hilden, Germany). Spectrophotometric quantification of total RNA
was performed and A260/A280 ratios were within normal range. Subse-
quently, the integrity of total RNA was checked by denaturing agarose gel
electrophoresis. First strand cDNA was synthesized from 1 ug of total RNA
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Table 1
Oligonucleotides and thermal cycling conditions for mRNA expression analysis.

Gene Forward primer PCR Amplification
Reverse primer product

PBGD Hs00609297 64 bp 15sec 1 min

95°C 60°C

SERT 5'-tggttctatggcatcactcagttc-3’ 148 bp 15sec  30sec 30 sec
5'-gttgtggcgggctcatcag-3’ 95°C 60° C 72°C

TPH-1 5'-tgcaaaggagaagatgagagaatttac-3’ 114 bp 15sec  30sec 30 sec
5'-ctggttatgctcttggtgtctttc-3” 95°C 60° C 72°C

HTR4 5'-caaggctggaataacattggcata-3’ 93 bp 15sec  30sec 30 sec
5'-gttgaccatgaagacacagtacg-3’ 95°C 58°C 72°C

HTR3C 5’-acacttctgctgggctacaac-3’ 115 bp 10sec 30 sec
5’-tgaccaccatcagggacagg-3’ 95°C 60°C

HTR3E 5'-aacgctcctgctgggctac-3° 93 bp 10sec 30 sec
5'-agggcgaagtagacaccgatg-3’ 95°C 60°C

using the iScript cDNA synthesis kit (BioRad, Hercules, CA, USA) in a volume
of 20 ul. Expression analysis was performed by quantitative real time RT-
PCR, using the iCycler iQ system (BioRad, Hercules, CA, USA), and mRNA
levels were monitored using SYBR green based detection.

Prior to real-time PCR analysis, cDNA samples were diluted 1:10 (duode-
num) or 1:2.5 (antrum and fundus) with RNAse free water. The PCR reac-
tions were set up in a volume of 25 ul, containing 5 ul of the diluted cDNA
and 12.5 ul of 2xiQ SYBR Green Supermix (BioRad, Hercules, CA, USA). Spe-
cific primers and reaction conditions for amplification are listed in table 1.
The primers were mRNA/cDNA specific (designed on intron/exon boundar-
ies or flanking an intron) to prevent signal formation from contaminating
genomic DNA. All protocols consisted of a 3 min 95°C initial denaturation
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and enzyme-activating step. The amplification was followed by a melting
curve analysis; performed by increasing the temperature by 0.5°C incre-
ments from 55°C to 95°C and measuring fluorescence at each temperature
for a period of 10 sec. All cDNA samples were analysed in duplicate.

In every run, a relative standard curve was included. The standard curve al-
lows comparison of the expression levels across runs and takes differences
in PCR efficiency for the mRNAs analysed into account. cDNA synthesised
from total RNA extracted from full thickness jejunum resection material was
used to generate the relative standard curve. Because of the low expression
level of HTR3C and HTR3E in this material, we used purified PCR product to
generate the relative standard curve. Expression levels in the various biopsy
specimens were quantified by calculating initial target concentrations using
the obtained threshold cycle values and the relative standard curve.
Expression levels of all genes were normalized against the endogenous ref-
erence gene porphobilinogen deaminase (PBGD). Quantification of PBGD
was carried out using 5 ul of diluted cDNA, 12.5 ul 2x iQ Supermix (BioRad,
Hercules, CA, USA), and 1.25 ul 20x Assays-on-demand gene expression as-
say mix Hs00609297 (Applied Biosystems, Foster City, CA, USA). MgCl, was
added to obtain a final concentration of 4mM in a total volume of 25 pul.
Thermal cycling conditions consisted of a 3 min 95°C initial denaturation
step, followed by 40 cycles of amplification (table 1).

Histopathology and immunohistochemistry

The number of chromogranin-immunoreactive (neuroendocrine) cells and
5-HT immunoreactive cells per gastric pit or crypt/villous complex were eval-
uated in 12 biopsy specimens obtained from four healthy subjects. After
routine fixation and dehydration procedures the biopsy specimens were cut
in serial sections of 5 mu, stained with haematoxylin-eosin (HE) and immu-
nohistochemistry staining with monoclonal antibodies for chromogranin
(DAKO A430, rabbit-anti-human, 1/500) and serotonin (Eurodiagnostica,
rabbit-anti-human, PSE 1/200). By microscopic evaluation of duodenum,
antrum, and fundus mucous membrane the total amount of chromogranin-
and serotonin positive cells were counted in a blinded way.

Statistics
The mRNA expression data was analyzed using univariate analysis of vari-
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ance (one-way Anova) and a post-hoc test (Bonferroni correction). In order
to obtain normally distributed data for evaluation of differences between
the three regions, the normalized mRNA levels were transformed by taking
the natural logarithm. The relative differences between the regions are ex-
pressed as a fold change (95% confidence interval). The correlation between
different genes was analyzed by performing a Spearman’s correlation test,
giving a Spearman’s correlation coefficient (rho). A P < 0.05 was consid-
ered significant. All statistical analysis was performed using commercially
available software (SPSS 11.0 for Microsoft windows).

Results

No abnormalities were seen during upper endoscopy in any of the subjects.
Biopsy specimens were obtained without any complications. For all SYBR
Green assays, the amplification yielded a single product which size was
equivalent to that predicted from the relevant sequence. PCR efficiency was
comparable between runs.

The biopsies examined in the current study consist of the mucosal layer
(epithelium and lamina propria) as shown by HE staining. Most of the biop-
sies just reached the mucosal muscular layer, however none of the biopsies
contained submucosal tissue. Therefore the biopsy specimens do not con-
tain neuronal mRNA.

Neuroendocrine cell count

The number of chromogranin- and serotonin positive cells was larger in the
duodenum compared to the stomach (all P < 0.001), however comparable
between the antrum and the fundus (figure 1).

Regional differences in mRNA expression

The level of expression of PBGD, the reference gene used for normalization
of the mRNA expression, was comparable between the duodenum, the an-
trum, and the fundus (all P > 0.05).

TPH-1: In duodenum, the expression of TPH-1 was lower compared to an-
trum and fundus (P = 0.017 and P < 0.001 respectively). The relative differ-
ences of TPH-1 expression were -2.3 (-1.1 - -4.6) (duodenum versus antrum)
and -3.6 (-1.8 - -7.2) (duodenum versus fundus). No differences were ob-
served between antrum and fundus (figure 2).
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Figure 1

The number of chromogranin-immunoreactive (neuroendocrine) cells (grey) and 5-HT immuno-
reactive cells (black) per gastric pit or crypt/villous complex evaluated in 12 biopsy specimens.
The number of neuroendocrine cells and serotonin positive cells was larger in the duodenum
compared to the stomach (* P < 0.001), however comparable between the antrum and the
fundus.

SERT: The expression of SERT was found to be highest in the duodenum
(P < 0.001 compared to antrum and fundus) and lowest in the fundus (P <
0.001 compared to antrum) (figure 2). The relative differences in SERT ex-
pression were 19 (9.2 — 40) (duodenum versus antrum), 24 (12— 49) (an-
trum versus fundus), and 457 (220 — 947) (duodenum versus fundus).

5-HT, receptor subunits: Since we found very low expression of the 5-HT,,
and 5-HT,, in the stomach and the duodenum at the mucosal level, and 5-
HT,, was reported not to be expressed in the stomach and small intes-
tine,(14) we have focused on the 5-HT,_and 5-HT_, receptor subunits.

The expression of 5-HT,_ was found to be higher in the duodenum com-
pared to the antrum and fundus, with relative differences of 14 (7.7 — 23)
and 6.9 (4.0 — 12) respectively) (all P < 0.001). The expression in the fundus
was higher compared to the antrum, with a relative difference of 2.0 (1.1
—-3.4) (P = 0.024).

The 5-HT,, receptor subunit was expressed at a higher level in duodenum
compared to both regions in the stomach (all P < 0.001). The relative dif-
ferences of 5-HT_ expression were 18 (10 — 31) (duodenum versus antrum)
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Figure 2

Normalized expression of TPH-1 and SERT in the duodenum, antrum, and fundus. Although
TPH-1 expression is significantly higher in antrum and fundus compared to the duodenum, the
relative differences are much smaller compared to those of SERT in the three regions. SERT ex-
pression in the fundus was low but could be reliably quantified.

and 14 (8.2 — 24) (duodenum versus fundus). We found no differences in
expression between the antrum and the fundus (table 2).

5-HT  receptor: The expression of 5-HT, in the duodenum was higher com-
pared to the antrum and the fundus with relative differences of 87 (46 —
165) and 84 (45 — 157) respectively (all P < 0.001). No differences were
observed between antrum and fundus (table 2).

Correlations in mRNA expression

No correlation was found between the mRNA expression of SERT and TPH-
1. Neither did we find any correlation between SERT or TPH-1 and any of
the 5-HT receptors. However, a strong correlation was observed between
the 5-HT,. and 5-HT,, subunits in duodenum (rho = 0.918, P < 0.001),
antrum (rho = 0.806, P = 0.003), and fundus (rho = 0.923, P < 0.001)
(figure 3).
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Table 2

The mRNA expression of the 5-HT, receptor and the 5-HT, receptor subunits,

normalized against PBGD.

Duodenum

Antrum

Fundus

HTR3C 0.36 (0.25-0.75) *
HTR3E 0.11 (0.09-0.26) t
HTR4 1.71(1.53-2.01) %

0.032 (0.020 - 0.050) **

0.010 (0.005 - 0.013)

0.028 (0.010 — 0.043)

0.056 (0.043 - 0.092)

0.010 (0.008 - 0.015)

0.020 (0.016 — 0.029)

All values represent median (25% —75™ percentiles). HTR3C, * duodenum vs antrum/fundus:
P < 0.001, ** antrum vs fundus P = 0.024; HTR3E, t duodenum vs antrum/fundus: P < 0.001;
HTR4, £ duodenum vs antrum/fundus: P < 0.001. The mRNA expression cannot be compared
between the different genes, since different standard curves were used.

Duodenum

0.4 Rho = 0.918,P <0.001
-
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Figure 3

5-HT3c subunit

Correlation between the mRNA expression of the 5-HT,_and the 5-HT,, subunits in duodenum,

antrum, and fundus.
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Discussion

This study shows large regional differences in mRNA expression levels of the
various proteins involved in serotonergic signalling. SERT expression level
was found to be highest in the duodenum, lower in the antrum, and lowest
in the fundus, with relative differences of approximately 20 between duo-
denum and antrum, and antrum and fundus, up to 450 between duode-
num and fundus. The 5-HT, receptor subunits have a higher expression in
duodenum compared to both regions in the stomach, with relative differ-
ences ranging from seven up to eighteen. In addition, the expression of the
5-HT, receptor was higher in the duodenum compared to both regions of
the stomach, with relative differences of approximately 85. In spite of a
larger number of 5-HT positive cells in the duodenum, TPH-1 expression in
the duodenum was lower compared to the antrum and fundus, and com-
parable between the antrum and fundus. However, relative differences for
TPH-1 (approximately three between the duodenum and the stomach) were
low compared to the relative differences of SERT expression. Clearly, the
expression of SERT does not correlate with the expression of TPH-1.

Serotonin is involved in the regulation of both motoric and sensory func-
tions of the upper gastrointestinal tract. Gastric emptying follows a pulsa-
tile pattern, requiring coordination of the antral wall and pyloric-duodenal
resistive forces.?® The proximal stomach has the capacity to relax in anticipa-
tion of food without a rise of intragastric pressure, the so-called accommo-
dation reflex, which is initiated by a feedback mechanism from the duode-
num after the arrival of nutrients.”’ In addition to the markedly different
function of the regions, the actions of the 5-HT receptors in fundus and
antrum differ upon stimulation.?? Interestingly, we found many similarities
in expression profiles of the genes involved in serotonergic signalling in the
antrum and fundus, with the exception of SERT. Recently it was shown that
THP-1 expression level, and 5-HT content in the neuroendocrine cells, are
not very good markers for 5-HT release.” We postulate that the high ex-
pression of SERT, and not so much TPH-1, is indicative of increased activity
of serotonergic signalling (5-HT activity and/or 5-HT release). The functional
role of SERT, which is to control the extracellular level of 5-HT and to pre-
vent accumulation of 5-HT, fits such a mechanism. Analysis of the distribu-
tion of SERT using immunohistochemistry might shed some light on possi-
ble regional differences in activity. Conceivably, the storage of 5-HT by
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neuroendocrine cells allows an enhanced 5-HT release without concomi-
tantly increasing 5-HT synthesis. Immunolocalization and in situ hybridiza-
tion studies in rat and guinea pig showed that SERT is primarily expressed
by enterocytes.'®*’ However, the recent transcriptome analysis of Mastomys
5-HT positive neuroendocrine cells established the presence of SERT.?* This
suggests that additionally 5-HT recycling may explain a lacking correlation
between 5-HT synthesis and release.

The biopsy specimens used in the current study were taken from the mu-
cosa, implying that our data give insight into 5-HT synthesis by neuroendo-
crine cells, 5-HT uptake capacity by SERT expressed by epithelial cells, and
the 5-HT receptors expressed by neuroendocrine cells. Therefore, 5-HT syn-
thesis and uptake capacity by serotonergic neurons, which are situated
within the myenteric plexus, are not assessed in the current study. It should
be emphasized that 5-HT is situated mainly (>90%) in neuroendocrine
cells.(7) Expression of 5-HT receptors present on afferent nerve endings in
the lamina propria could not be studied either, since mRNA for these recep-
tors is situated in the neuronal cell bodies and is therefore not acquired in
a mucosal biopsy. Progress may be made in this area by using receptor spe-
cific antibodies.

Most studies using agents intervening in serotonergic signalling are per-
formed in whole bodies or tissues, and the effect on gastrointestinal func-
tion is largely attributed to 5-HT receptors situated on afferent nerve end-
ings, submucosal and myenteric neurons. However, 5-HT receptors are also
situated on neuroendocrine mucosal cells, modulating 5-HT release by au-
toregulatory mechanisms.”>?’ In addition, it has been shown that mucosal
non-neuronal 5-HT receptors modulate 5-HT induced fluid secretion.?*?° To
fully elucidate the mechanisms by which 5-HT regulates gastrointestinal
function, the response mediated by neuronal and non-neuronal 5-HT recep-
tors should be studied separately by using muscle-stripped mucosa, mucosa
free preparations, or by applying neuronal blockade. Determination of
functional characteristics of neuronal and non-neuronal 5-HT receptors
would provide further insight into this issue.

This study has shown a higher expression of both 5-HT_ and 5-HT, receptors
in the duodenum compared to the stomach. This finding is in line with the
larger number of 5-HT positive cells in the duodenum. Our results indicate
that the 5-HT, receptors on epithelial cells have a distinct structural compo-
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sition. In contrast with brain tissue and full thickness material from the
gastrointestinal tract, we found very low levels of mRNA encoding the 5-
HT,, and 5-HT,, receptor subunits. Consistent with a distinct subunit
composition, electrophysiological evidence showed that 5-HT, receptors on
epithelial cells are functionally different from those on neurons.”’ The re-
markable correlation between the mRNA expression of the 5-HT,  and
5-HT,, subunits raises the possibility that the prevalent form of 5-HT, recep-
tor synthesized by cells within the gastroduodenal mucosa is a heteromeric
5-HT, . receptor. However, the fact that HTR3C and HTR3E reside in a region
of less than 100 kb on chromosome 327, and consequently tend easily
to be co-expressed, may simply underlie this finding. Cellular analysis of the
distribution pattern of 5-HT,_and 5-HT,, subunits using subunit-specific ri-
boprobes or antibodies for in situ hybridisation may reveal the prevalence
of 5-HT,_or 5-HT,. homomeric versus heteromeric receptors.

In summary, TPH-1 (5-HT synthesis) and SERT (5-HT uptake) expression do
not correlate. Serotonin synthesis varies only marginally between the re-
gions, whereas the uptake capacity of serotonin differs tremendously be-
tween the fundus, antrum, and duodenum. Considering the larger number
of 5-HT positive cells, the higher level of SERT expression, and the much
higher expression of the 5-HT, receptor and the 5-HT, receptor subunits in
the duodenum, serotonergic signalling and activity at the mucosal level is
likely to be highest in the duodenum, followed by the antrum and fundus.
These findings can be of importance when developing specific serotonergic
agents for enhanced fundic relaxation or gastric emptying.
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Abstract

Background and aim

Serotonin (5-HT) is involved in the regulation of motoric and sensory func-
tions of the upper gastrointestinal tract. The aim of the current study was
to determine whether serotonergic signalling is altered in patients with id-
iopathic gastroparesis.

Methods

Mucosal biopsy specimens were collected from the duodenum, antrum,
and fundus of 11 patients with idiopathic gastroparesis and 11 healthy
controls. Neuroendocrine cells, specifically 5-HT producing cells, were
counted after immunohistochemistry, and non-neuronal mRNA expression
levels of TPH-1, SERT, 5-HT; and 5-HT, receptor were quantified by real time
RT-PCR.

Results

The number of 5-HT producing cells was comparable between patients and
controls. No difference in expression of TPH-1 (rate limiting enzyme in 5-HT
biosynthetic pathway) and SERT (responsible for 5-HT uptake) was found
between patients and controls (P > 0.05). In the duodenum, the expression
of the 5-HT3 receptor subunits and the 5-HT, receptor was comparable be-
tween both groups. However, the 5-HT,(c) splice variant was expressed
more abundantly in healthy controls compared to patients (P = 0.015).

Conclusions

This study suggests that the delayed gastric emptying and upper abdominal
symptoms in idiopathic gastroparesis do not result from altered mucosal
5-HT biosynthetic and uptake capacity.

112



Serotonergic signalling in normal gastroduodenal function

Introduction

Idiopathic gastroparesis refers to a symptomatic disorder of gastric empty-
ing without an organic abnormality present. The pathophysiological basis
of idiopathic gastroparesis is poorly understood. Abnormal intragastric
transport and/or impaired coordination of antropyloroduodenal pressure
waves has been shown to play an essential role in delayed gastric empty-
ing." Symptoms are variable and include early satiety, nausea, vomiting,
bloating, and upper abdominal discomfort.? Studies using 5-HT receptor
agonists and antagonists, selective serotonergic reuptake inhibitors (SSRIs),
and tryptophan depletion, have revealed that serotonergic signalling is in-
volved in the regulation of gastric emptying and, potentially, in the genera-
tion of upper abdominal symptoms.'?”

5-HT is synthesized in mucosal neuroendocrine (enterochromaffin) cells,
and released in response to intraluminal stimuli.® Tryptophan hydroxylase
(TPH) catalyses the reaction of tryptophan to 5-hydroxy-L-tryptophan, which
is the rate limiting step of the biosynthetic pathway of 5-HT. The expression
level of TPH can therefore be considered as a marker for serotonin synthe-
sis. Two genes encoding TPH have been identified; TPH-1 and TPH-2.° TPH-1
is responsible for serotonin synthesis in non-neuronal cells such as neuroen-
docrine cells, whereas TPH-2 is expressed in neurons of the raphe nuclei and
of the myenteric plexus.'

The 5-HT receptors, which are situated on afferent nerve endings in the
lamina propria, carry information to submucosal or myenteric neurons of
the enteric nervous system or to the CNS upon stimulation by 5-HT."" Sec-
ondly, 5-HT receptors are situated on the neuroendocrine mucosal cells,
modulating 5-HT release by autoregulatory mechanisms.'>"* 5-HT has to be
removed rapidly from the neuroendocrine cell-sensory nerve junction to
terminate responses and to prevent desensitisation of the receptors. The
5-HT transport protein (SERT), localized to enterocytes, is responsible for
this uptake, thereby controlling 5-HT availability."

There are seven classes of 5-HT receptors. Of these, the 5-HT, and 5-HT, recep-
tors play an important role in gastrointestinal sensory and motor functions."
The 5-HT, receptor is a pentameric complex. Five different subunits have
been identified (termed A — E)."®"” The subunit composition influences the
pharmacological and biophysical properties of the receptor, thereby deter-
mining excitability and receptor-mediated current.’®'®2°
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Seven 5-HT, receptor variants that differ in their C-termini due to alternative
splicing have been identified.??* Functional diversity, including level of
constitutive activity, exists among the 5-HT, splice variants.?***** Thus, the
distribution and expression levels of 5-HT, receptor splice variants affects
5-HT, mediated response.

We hypothesized that an altered expression of genes encoding components
of serotonergic signalling at the mucosal level may be involved in delayed
gastric emptying and the generation of symptoms. Therefore, we conduct-
ed a study, comparing the number of neuroendocrine cells, and particularly
5-HT producing neuroendocrine cells, and the mRNA expression levels of
TPH-1, SERT, the 5-HT, receptor, 5-HT, receptor splice-variants and 5-HT,
receptor subunits in mucosal biopsy specimens of the duodenum, antrum,
and fundus from patients with gastroparesis and healthy controls.

Methods

Participants

At the outpatients clinic in Utrecht, the standard workup for patients with
upper abdominal symptoms includes a gastric emptying test. Patients ful-
filling the ROME Il criteria for dyspepsia and with a delayed gastric empty-
ing seen were asked to participate in the study.’® A total of 18 patients were
screened, of which eleven patients fulfilled the inclusion criteria and agreed
to participate in the study (2 male, mean age 46.5 + 4.0). All patients un-
derwent clinical evaluation, laboratory testing, upper abdominal ultra-
sound, and an upper Gl endoscopy (see section study protocol) in order to
rule out a structural cause for gastroparesis. None of the patients had dia-
betes. The rate of gastric emptying was established within 6 months prior
to inclusion by the 3C-octanoic breathtest.”’” The mean (range) half empty-
ing time of the solid meal (294 kcal) in the patient group was 138 (124 -
168) minutes (cut of point: 120 minutes), and the mean (range) retention
120 minutes after meal ingestion was 55 (45 — 76)% (cut of point: 40%).*®
Prior to inclusion, patients were asked to fill out a validated questionnaire,
scoring six different symptoms (pain or discomfort centered in the upper
abdomen, early satiety, bloating in the upper abdomen, fullness, nausea,
and vomiting). For inclusion, two symptoms had to be scored three or high-
er on a scale of 0 — 5: mild (1-2); tolerated without interference with usual
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Table 1
Frequency of severity grading of each of six upper abdominal symptoms in
11 patients with gastroparesis

0 1-2 3 4-5

(absent) (mild) (moderate) (severe)
UA Pain 0 (0) 1(9) 4 (36) 6 (55)
Early sat 0 (0) 3(27) 6 (55) 2(18)
Bloating 0(0) 3(27) 5 (45) 3(27)
Fullness 0 (0) 2 (18) 5 (45) 4 (36)
Nausea 2 (18) 5 (45) 3(27) 1(9)
Vomiting 8 (73) 1(9) 0 (0) 2(18)

NOTE. Numbers in parentheses represent row percentages.

activity), moderate (3); enough to cause some interference with usual activ-
ity), and severe (4-5); incapacitating with inability to work or do usual activ-
ity).*3' Symptoms needed to be present for at least 12 weeks, not neces-
sary consecutive, in the preceding 12 months. Table 1 summarizes the
grading of upper gastrointestinal symptoms of the patients. Upper abdom-
inal pain, early satiety, bloating, fullness, and nausea were scored three or
higher in 91%, 73%, 72%, 81%, and 36% of patients respectively. Two pa-
tients reported severe vomiting (18%).

Eleven healthy controls (1 male, mean age 46.3 + 2.5) were recruited
through advertisement. The presence of gastrointestinal symptoms or a his-
tory of gastrointestinal disease was ruled out by clinical interview. None of
the participants had a history of gastrointestinal surgery. Serious co-morbid-
ity (including neurologic or psychiatric illness) was considered an exclusion
criterion. The use of narcotics, anticholinergic medication, serotonergic
medication (including selective serotonin reuptake inhibitors), and antide-
pressants was considered an exclusion criterion. None of the participants
were on NSAID therapy.
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Study protocol

All participants underwent upper Gl endoscopy. All patients were asked to
discontinue any medication known to influence gastrointestinal motility for
at least seven days prior to upper Gl endoscopy. If no abnormalities were
seen during upper Gl endoscopy, mucosal biopsy specimens of the duode-
num, antrum, and fundus were obtained. Biopsies were either immediately
snap frozen in liquid nitrogen and subsequently stored at -80°C for mRNA
expression analysis or fixed in 4% formalin for histopathology and immuno-
histochemistry. The study was approved by the medical ethics committee of
the University Medical Center Utrecht and written informed consent was
obtained from all participants.

Histopathology and immunohistochemistry

The number of chromogranin-immunoreactive (neuroendocrine) cells and
5-HT immunoreactive cells per gastric pit or crypt/villous complex were eval-
uated in 24 biopsy specimens obtained from four patients and four healthy
subjects (duodenum, antrum, and fundus). After routine fixation and dehy-
dration procedures the biopsy specimens were cut in serial sections of 5
mu, stained with haematoxylin-eosin (HE) and immunohistochemistry stain-
ing with monoclonal antibodies for chromogranin (DAKO A430, rabbit-
anti-human, 1/500) and serotonin (Eurodiagnostica, rabbit-anti-human,
PSE 1/200). By microscopic evaluation, the total amount of chromogranin-
and serotonin positive cells in the mucous membrane were counted in a
blinded way in at least three serial sections per biopsy specimen.

MRNA expression analysis

Total RNA isolation from biopsies was performed using the Qiagen RNeasy
micro kit. Spectrophotometric quantification of total RNA was performed
and A260/A280 ratios were within normal range. Subsequently, the integ-
rity and size distribution of total RNA was checked by denaturing agarose
gel electrophoresis. First strand cDNA synthesis from total RNA was per-
formed using the BioRad iScript cDNA synthesis kit.

Expression analysis was performed by quantitative real time RT-PCR, using
the iCycler iQ system (BioRad, Hercules, CA, USA). Prior to real-time PCR
analysis, cDNA samples were diluted 1:10 (duodenum) or 1:2.5 (antrum
and fundus) with RNAse free water. The PCR reactions were set up in a vol-
ume of 25 ul, containing 5 ul of the diluted cDNA and 12.5 ul of 2x iQ SYBR
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Table 2
Oligonucleotides (5’ — 3’) and thermal cycling conditions used for mRNA expression
analysis.
Gene Forward primer PCR Amplification
Reverse primer product
TagMan MGB-probe
SERT tggttctatggcatcactcagttc 148 bp 15 sec 30 sec 30 sec
gttgtggcgggctcatcag 95°C 60° C 72°C
TPH-1 tgcaaaggagaagatgagagaatttac 114 bp 15 sec 30 sec 30 sec
ctggttatgctcttggtgtctttc 95°C 60° C 72°C
HTR4 caaggctggaataacattggcata 93 bp 15 sec 30 sec 30 sec
gttgaccatgaagacacagtacg 95°C 58° C 72°C
HTR4(a) cgctaccgaagaccttccattc 97 bp 15 sec 1 min
tgtgcagaacggtgtaccttag 95°C 60°C
cagactgtcccttgttc
HTR4(b) tggcgggtgacactgactc 100 bp 15 sec 1 min
gactgtcccttgttcaaccaca 95°C 60°C
ccaccacactccactg
HTR4(c) cgctaccgaagaccttccattc 97 bp 15 sec 1 min
cggtttcagttccagaacttagtac 95°C 60°C
cagactgtcccttgttc
HTR3C acacttctgctgggctacaac 115 bp 10 sec 30 sec
tgaccaccatcagggacagg 95°C 60°C
HTR3E aacgctcctgctgggctac 93 bp 10 sec 30 sec
agggcgaagtagacaccgatg 95°C 60°C

Green Supermix (BioRad, Hercules, CA, USA). Specific primers and reaction
conditions for amplification are listed in table 2. The primers were mRNA/
cDNA specific (designed on intron/exon boundaries or flanking an intron) to
prevent signal formation from contaminating genomic DNA. All protocols
consisted of a 3 min 95°C initial denaturation and enzyme-activating step.
All cDNA samples were analysed in duplicate.
The expression of SERT, TPH-1, HTR4, HTR3C, and HTR3E was quantified by
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SYBR green-based detection. The amplification was followed by a melting
curve analysis; performed by increasing the temperature in 0.5°C incre-
ments from 55°C to 95°C and measuring fluorescence at each temperature
for a period of 10 seconds. TagMan MGB-probe based detection was used
for quantification of mRNA levels of the 5-HT, splice variants: HTR4(a),
HTR4(b), and HTR4(c).

In every run, a relative standard curve was included. The standard curve al-
lows comparison of the expression levels across runs and takes differences
in PCR efficiency into account. cDNA synthesised from total RNA extracted
from full thickness jejunum resection material was used to generate the
relative standard curve. Because of the low mRNA expression level of the
HTR4 splice variants, HTR3C, and HTR3E in stomach and duodenum, we
used purified PCR product to generate the relative standard curve. Expres-
sion levels in the various biopsy specimens were quantified by calculating
initial target concentrations using the obtained threshold cycle values and
the relative standard curve.

Expression levels of all genes were normalized against the endogenous ref-
erence gene porphobilinogen deaminase (PBGD). Quantification of PBGD
was carried out using 5 ul of diluted cDNA, 12.5 ul 2x iQ Supermix (BioRad,
Hercules, CA, USA), 1.25 ul 20x Assays-on-demand gene expression assay
mix Hs00609297 (Applied Biosystems, Foster City, CA, USA) in a total vol-
ume of 25 ul. MgCl, was added to obtain a final concentration of 4mM.
Amplification consisted of a 3 min 95°C initial denaturation step, followed
by 40 cycles of 15 sec denaturation at 95°C and 1 min annealing and exten-
sion at 60°C.

Statistics

The averaged expression of a gene was calculated and divided by the ex-
pression of PBGD in each participant, giving the normalized expression
(given as median, and the 25% — 75% percentiles. Normality was tested using
Kolmogorov-Smirnov test. The normalized mRNA expression of the various
genes was compared between patients and healthy controls using the
Mann-Whitney U test.

Furthermore, we have analyzed the differences in mRNA expression be-
tween the three regions using data of all participants (n = 22). In order to
obtain normally distributed data for evaluation of differences between the
three regions, the normalized mRNA levels were transformed by taking the
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natural logarithm. The mRNA expression data of the three regions were
analyzed using univariate analysis of variance (one-way Anova) and a post-
hoc test (Bonferroni correction).The relative differences between the re-
gions are expressed as a fold change (95% confidence interval).

The neuroendocrine cell numbers were compared between patients and
controls in the three regions using ANOVA repeated measures. AP < 0.05
was considered significant. All statistical analysis was performed using com-
mercially available software (SPSS 11.0 for Microsoft windows).

Results

Biopsy specimens were obtained without any complications. Macroscopi-
cally, no evidence of inflammation was observed in any of the subjects. In
the patients and healthy subjects for which histopathology was performed
the absence of inflammation was confirmed at the various biopsy locations.
For all SYBR Green-based assays, amplification yielded a single product
which size was equivalent to that predicted from the relevant sequence.
PCR efficiency was comparable between runs. The biopsies examined in the
current study consist of the mucosal layer (epithelium and lamina propria)
as shown by HE staining. Most of the biopsies just reached the muscularis
mucosae, however none of the biopsies contained submucosal tissue.
Therefore the biopsy specimens do not contain neuronal mRNA.

Neuroendocrine cell count

The number of chromogranin- and serotonin positive cells was comparable
between patients and healthy controls (P > 0.05) (figure 1). In all three re-
gions, approximately 50% of all neuroendocrine cells were positively stained
with the serotonin antibody. The number of chromogranin- and serotonin
positive cells was larger in the duodenum compared to the stomach
(P < 0.001), however comparable between the antrum and the fundus.

Expression analysis

The level of expression of PBGD, the reference gene used for normalization
of the mRNA expression, was comparable between the duodenum, the an-
trum, and the fundus and between patients and controls (all P > 0.05).
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Figure 1

The number of neuroendocrine cells (chromogranin positive) and serotonin positive cells in
duodenum and stomach was comparable between patients (black) and healthy controls (grey)
(P > 0.05). The number of chromogranin- and serotonin positive cells was larger in the duode-
num compared to the stomach (¥ P < 0.001), however comparable between the antrum and
the fundus.

TPH-1

In duodenum, the expression of TPH-1 was lower compared to antrum and
fundus (all P < 0.001). The relative differences of TPH-1 expression were -
3.0 (-1.8 - -4.9) (duodenum versus antrum) and -4.2 (-2.6 - -6.8) (duode-
num versus fundus). No differences in mRNA expression of TPH-1 were ob-
served between antrum and fundus. TPH-1 expression was comparable
between gastroparesis patients and healthy controls in the duodenum, an-
trum or fundus (P > 0.05) (table 3).

SERT

The expression of SERT was found to be highest in the duodenum
(P < 0.001 compared to antrum and fundus) and lowest in the fundus
(P < 0.001 compared to antrum). The relative differences in SERT expres-
sion were 19 (9.6 — 36) (duodenum versus antrum), 23 (12— 45) (antrum
versus fundus), and 433 (224 — 812) (duodenum versus fundus). SERT ex-
pression was comparable between gastroparesis patients and healthy con-
trols in the duodenum, antrum, or fundus (P > 0.05) (table 3).
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Table 3
mMRNA expression of TPH-1, SERT, and the 5-HT, receptor in patients and healthy
controls, normalized to PBGD.

Duodenum Antrum Fundus

Patients 0.19(0.12 - 0.31) 0.85 (0.38 - 1.23) 0.82 (0.52 - 1.85)
TPH-1

Controls  0.24 (0.13 -0.29) 0.47 (0.21 - 0.89) 0.82 (0.48-1.11)

Patients 4.1 (3.6 -5.3) 0.44 (0.09 - 0.56) 0.012 (0.004 - 0.026)
SERT

Controls 4.4 (3.3-5.3) 0.17 (0.12 - 0.39) 0.009 (0.007 - 0.012)

Patients 1.8(1.3-2.3) 0.03 (0.01 - 0.058) 0.017 (0.013 -0.032)
HTR4

Controls 1.7 (1.5-2.0) 0.028 (0.01 - 0.043)  0.020 (0.016 — 0.030)

All values represent median (25" — 75% percentiles). No differences in expression were found
between patients and healthy controls (P > 0.05).

5-HT, receptor

The total expression of the 5-HT, receptor in the duodenum was higher
compared to the antrum and the fundus, with relative differences of 87 (51
— 147) and 85 (50 — 144) respectively (all P < 0.001). No differences were
observed between antrum and fundus. The expression of the 5-HT, receptor
was comparable in the three regions between patients and controls
(P > 0.05) (table 3).

The mRNA expression of the 5-HT, splice variants in the antrum and fundus
was too low for reliable quantification. Furthermore, we have focused on
the three most prevalent forms of the 5-HT, splice variants. In the small
intestine, the 5-HT,,, 5-HT,., and 5-HT,, splice-variants constitute the
largest part of total 5-HT, expression, previously described by Medhurst et
al. and confirmed in our own laboratory.* In the duodenum, the expression
of the 5-HT,, splice variant was lower in patients compared to healthy con-
trols (P = 0.015). No differences were found in the expression of the
5-HT,.) and the 5-HT,, splice variants (P > 0.05) (figure 2).

121



Chapter

07
5-HT4(a) 5-HT4(b) 5-HTa()
P =0.015
3.0 16 1.0 —_—
S 8 0.8
‘a 12
w
220
g 0.6
o}
g 8.0
N 0.4
©
1.0
g 4.0
4 ' 0.2
0.0 0.0 0.0
Controls Patients Controls Patients Controls Patients
Figure 2

The normalized mRNA expression of 5-HT, splice variants in the duodenum of 11 patients with
gastroparesis and 11 healthy controls. The expression of 5-HT, , was lower in patients with
gastroparesis compared to healthy controls (P = 0.015), whereas no differences were found in
5-HT, , and 5-HT ) between both groups (P > 0.05).

4(a) 4(b;

5-HT, receptor

The expression of the 5-HT; subunits in the antrum and fundus was too low
for reliable quantification. Furthermore, we found very low expression of
the 5-HT,, and 5-HT;; receptor subunits in the duodenum at the mucosal
level. Since 5-HT;;, is reportedly not expressed in the stomach and intes-
tine'’, we have focused on the mRNA expression levels of 5-HT;. and the
5-HT.; receptor subunits in the duodenum. The expression of the 5-HT;. and
the 5-HT;; subunits in the duodenum was comparable between patients
and controls (P > 0.05) (table 4).

Table 4
mRNA expression of the 5-HT, receptor subunits in patients and healthy controls,
normalized to PBGD.

Duodenum HTR3C HTR3E
Patients 0.47 (0.20 - 0.69) 0.17 (0.07 - 0.25)
Controls 0.36 (0.25-0.75) 0.11 (0.09 - 0.26)

All values represent median (25" — 75™ percentiles). No differences in expression of the 5-HT,
subunits were found between patients and healthy controls (P > 0.05).
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Discussion

The main findings of the current study are that the total number of neuro-
endocrine cells, specifically the 5-HT producing cells, and the mRNA expres-
sion levels of TPH-1 (the rate-limiting enzyme of 5-HT synthesis) and SERT
(responsible for the high affinity uptake of 5-HT thereby controlling the
level of 5-HT available for receptor stimulation) in mucosal biopsy speci-
mens of fundus, antrum, and duodenum were comparable between pa-
tients with idiopathic gastroparesis and healthy controls. Post-hoc analysis
revealed that a 1.5 - fold relative difference in TPH-1 and SERT mRNA ex-
pression was detectable with at least 80% power given the number of
participants and observed standard deviations (¢ = 0.05).

This study has allowed more insight into the putative role of aberrant sero-
tonergic signalling in idiopathic gastroparesis. Delayed gastric emptying can
be explained by a reduced availability of 5-HT at 5-HT receptors on intrinsic
afferents in stomach and duodenum as a consequence of decreased biosyn-
thesis (reduced TPH-1 expression or a reduced number of 5-HT producing
neuroendocrine cells) and/or increased uptake (enhanced SERT expression).
Besides, an increased availability of 5-HT at 5-HT, receptors on extrinsic af-
ferents in the duodenum is expected to cause delayed gastric emptying and
enhanced genesis of upper gastrointestinal symptoms. This study revealed
that mucosal 5-HT biosynthesis and uptake capacity are not altered in the
stomach and duodenum of patients with idiopathic gastroparesis.
However, it cannot be ruled out that mucosal 5-HT availability is altered in
idiopathic gastroparesis due to abnormal release of 5-HT from neuroendo-
crine cells. It has been shown that 5-HT synthesis does not always correlate
with 5-HT release, presumably due to the large storage facility of 5-HT by
the neuroendocrine cells.*® We have recently postulated that SERT expres-
sion, and not so much TPH-1, is a marker for the activity of serotonergic
signalling (5-HT activity and/or 5-HT release.* In view of equal SERT expres-
sion, we can speculate that 5-HT availability is comparable between patients
and controls.

The release of 5-HT from the neuroendocrine cells in the gastrointestinal
mucosa is modulated by 5-HT, and 5-HT, receptors located in their surface
membrane. We found no differences in the expression levels of the 5-HT,_
and the 5-HT_, receptor subunits, indicating that 5-HT, autoreceptors are

equally expressed in patients and controls. The total expression of the 5-HT,
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receptor was also comparable in all three regions between patients and
controls. However, the expression of the 5-HT, , splice variant in the duode-
num of gastroparesis patients was lower compared to healthy controls. The
expression levels of the 5-HT,  and the 5-HT, splice variants did not differ.
Activation of 5-HT, autoreceptors triggers a negative feedback mechanism
leading to a reduction of 5-HT release.' The 5-HT,  splice variant exhibits a
higher constitutive activity,” suggesting that the inhibitory action on basal
5-HT release is less in the duodenum of patients with idiopathic gastropa-
resis. On the other hand, 5-HT, , has a higher number of putative phos-
phorylation sites.?” Phosphorylation in the C terminus of G protein coupled
receptors has been shown to induce receptor desensitisation *>. Thus, in
patients with idiopathic gastroparesis the negative autoregulatory action
on 5-HT release may be prolonged. Anyhow, altered expression of the
5-HT,, splice variant may exert a modest effect on 5-HT availability.

The biopsy specimens used in the current study were taken from the mu-
cosa, implying that our data give insight into 5-HT synthesis by neuroendo-
crine cells, 5-HT uptake capacity by SERT expressed by epithelial cells, and
5-HT receptors expressed by neuroendocrine cells. The 5-HT synthesis and
uptake capacity by serotonergic neurons, which are situated within the
myenteric plexus were not assessed in the current study. It should be
emphasized that 5-HT is situated mainly (>90%) in neuroendocrine cells."
Expression of 5-HT receptors present on afferent nerve endings in the lami-
na propria could not be studied, since mRNA for these receptors is situated
in the neuronal cell bodies and is therefore not acquired in a mucosal biopsy.
Differential distribution or expression of 5-HT, receptor subtypes and 5-HT,
receptor splice variants on afferent nerve endings may play a role in the
pathophysiology of idiopathic gastroparesis. For instance, expression of
5-HT, receptors with a higher tendency to desensitise or 5-HT, receptors
more sensitive to 5-HT would exert the gastric motor and visceral sensitivity
effects respectively observed in idiopathic gastroparesis. Stimulatory effects
of serotonin on gastrointestinal motility are also mediated by activation of
5-HT receptors on myenteric neurons. These receptors are stimulated by
serotonin originating from myenteric neurons. Therefore, differences in
serotonin biosynthesis, release, or inactivation by serotonergic neurons in
the myenteric plexus may account for the abnormal intragastric transport
and impaired antropyloroduodenal coordination.

In summary, this study suggests that the delayed gastric emptying and
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upper abdominal symptoms in idiopathic gastroparesis do not result from
altered mucosal 5-HT biosynthetic and uptake capacity. To determine the
role of reduced mucosal 5-HT,, splice variant expression in patients with
idiopathic gastroparesis, its effect on 5-HT, receptor function and 5-HT
release needs to be examined in future studies.
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Abstract

Background and aim

There is accumulating evidence of a genetic predisposition for developing a
functional gastrointestinal disorder. Identification of the genetic factors
may improve understanding of underlying pathophysiologic mechanisms.
We aimed to test the association of functional polymorphisms in genes
involved in serotonergic signalling and G-protein mediated signal trans-
duction, both affecting gastroduodenal sensory and motor function, with
functional dyspepsia (FD).

Materials and Methods

FD patients, send to our tertiary referral center, were studied (n = 112).
Healthy controls (n = 336) free of gastrointestinal symptoms were matched
1:3 for age and gender. Polymorphisms in genes encoding the serotonin
receptor type three A subunit (HTR3A), the serotonin transporter (SERT),
and the G protein 83 subunit (GNB3) were analyzed.

Results

The FD patients displayed a higher prevalence of the T allele of the GNB3
C825T polymorphism compared to healthy controls (OR = 1.60, 95% Cl
1.03 - 2.49, P = 0.038). No association between functional dyspepsia and
the genotype of the insertion/deletion polymorphism in the promoter of
SERT (SERT-P) or HTR3A C178T polymorphism was observed.

Conclusion

Tertiary referral functional dyspepsia is associated with the 825T allele of
the GNB3 gene. The increased signal transduction associated with this allele
may contribute to the abnormalities in gastroduodenal sensory and motor
function observed in FD.
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Introduction

Functional dyspepsia (FD) is defined as the presence of symptoms thought
to originate in the gastroduodenal region, in the absence of any organic,
systemic, or metabolic disease that is likely to explain the symptoms.’ Three
pathophysiologic mechanisms have been described as possible etiologic
factors; a delayed gastric emptying,” impaired proximal gastric accommo-
dation,’ and visceral hypersensitivity.* Potential risk factors for FD include
age, gender, H Pylori infection, the use of NSAID's, heavy smoking, unem-
ployment, and psychological disturbances.>” There is increasing evidence
that susceptibility to functional gastrointestinal disorders is also influenced
by hereditary factors.®'® In the current study, we have performed a candi-
date gene approach, to identify genetic factors that may contribute to the
manifestation of abnormalities in gastroduodenal sensory and motor func-
tion as observed in FD.

Since serotonin (5-HT) is a key signalling molecule affecting gastrointestinal
motor and sensory functions, genes of the serotonergic system are critical
candidates in assessing the role of genetic determinants in FD. 5-HT, recep-
tors are present on central and enteric neurons and the mucosal terminals
of extrinsic primary afferents. Gastroduodenal motility and visceral sensitiv-
ity are modulated by 5-HT release and subsequent action on 5-HT, recep-
tors." The 5-HT, receptor is a ligand-gated ion channel, structured as a
pentameric complex containing 1 or more of 5 different subunits, termed A
- E."™ A functional polymorphism has been identified in HTR3A, the gene
coding for the 5-HT, receptor A subunit. The 5’ untranslated region (UTR) of
HTR3A contains two upstream open reading frames (UORFs)."® Peptides en-
coded by uORFs may affect the translation rate of the downstream major
transcript.'®"” A single nucleotide polymorphism, C178T, changing Pro'® to
Ser, resides in the second uORFE."® It has been shown in vitro that the T allele
is related to increased HTR3A protein levels.'® Changes in the subunit com-
position of the 5-HT, receptor affect 5-HT affinity and desensitization rate
and hence lead to altered response to 5-HT."

The action of 5-HT is terminated, peripherally and centrally, by 5-HT trans-
porter (SERT) mediated uptake, thereby determining 5-HT availability at the
receptors.’® A 44 bp insertion/deletion polymorphism is present in the 5
flanking region of the SERT gene, creating a long (L) and short (S) allelic
variant.?’ The presence of the short allele results in reduced SERT expression
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and 5-HT uptake.’” The SS genotype of the SERT promoter polymorphism
has been reported to be associated with diarrhea predominant IBS.”
Moreover, the SERT-P polymorphism influences the response to serotoner-
gic intervention in diarrhea predominant 1BS.*

The third polymorphism studied in our candidate gene approach is located
in exon 10 (C825T) of the gene encoding the G protein 3 subunit (GNB3).
G-proteins mediate the response to the release of serotonin and several
other neurotransmitters modulating gastroduodenal sensory and motor
function. The 825T allele is associated with alternative splicing of the gene,
and an increased intracellular signal transduction.” In recent publications,
an association with functional gastrointestinal disorders has been suggest-
ed.26;27

Methods

Subjects

Patients with dyspeptic symptoms visiting our tertiary referral centre were
asked to participate in the study. Before inclusion, each patient completed
a validated symptom questionnaire.”*?® Patients were asked to score six dif-
ferent symptoms (pain or discomfort centred in the upper abdomen, early
satiety, bloating in the upper abdomen, fullness, nausea and vomiting)
from 0-5 (0=none, 1=very mild; awareness of symptoms but easily toler-
ated, 2=mild; tolerated without interference with usual activity, 3=moder-
ate; enough to cause some interference with usual activity, 4=severe;
enough to cause significant interference with usual activity, 5=very severe;
incapacitating with inability to work or do usual activity). For inclusion, two
of these symptoms had to be scored as moderate, severe or very severe and
these symptoms needed to be present for at least 12 weeks, not necessary
consecutive, in the preceding 12 months.

All FD patients presented at the outpatients clinic of the University Medical
Centre Utrecht undergo an extensive workup, including upper Gl endosco-
py, assessment of gastric emptying rate by '*C octanoic breathtest, assess-
ment of proximal gastric relaxation by three-dimensional ultrasound, labo-
ratory testing, and a clinical evaluation. Patients with abnormalities seen
during upper Gl endoscopy were excluded. One hundred and twelve FD
patients were included. All patients were classified as having idiopathic dys-
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pepsia, with no identifiable explanation for their symptoms.’ None had a
history of gastrointestinal surgery or concomitant illnesses.

Healthy controls were recruited through advertisement. Respondents with
upper or lower gastrointestinal symptoms, or a history of gastrointestinal
disease or surgery were excluded. Patients and healthy controls were
matched 1:3 according to sex and age.

All participants were asked to fill out a questionnaire concerning gastroin-
testinal symptoms based on the ROME Il criteria and part of the Nepean
dyspepsia index).?® For the patients, the outcome of the questionnaire was
used to assess the presence of concomitant symptoms of gastroesophageal
reflux disease (GERD) and irritable bowel syndrome (IBS). Coexistence of
GERD symptoms was defined as having acid regurgitation and/or heartburn
for at least 12 weeks in the past 12 months (not necessarily consecutive).
Patients with predominant heartburn and/or acid regurgitation were
excluded. Concomitant IBS symptoms was defined as pain or discomfort in
the lower intestine for at least 12 weeks in the past 12 months (not neces-
sarily consecutive), relieved by defecation and a change in frequency or
consistency of stool in relation to abdominal pain.

All patients and controls were Caucasian. The study was approved by the
medical ethics committee of the University Medical Centre Utrecht and writ-
ten informed consent was obtained from all participants.

Genotyping

Genomic DNA was isolated from whole blood using the QIAamp DNA blood
minikit (Qiagen Inc., Valencia, California, USA). For the HTR3A C178T
(rs1062613) and GNB3 C825T (rs5443) polymorphisms genotyping was
performed by molecular beacon assay, using the iCycler iQ system (BioRad,
Hercules, CA, USA). The assays were carried out in a volume of 25 pul,
containing 50 ng of genomic DNA, 12.5 ul of 2x iQ Supermix (BioRad,
Hercules, CA, USA), 1000 nM forward primer, and 250 nM reverse primer.
For HTR3A C178T the primers were 5'-GCAGCCTCAGAAGGTGTG-3' (for-
ward) and 5'-CCACAGCAGCATAGCGAG-3' (reverse). MgCl, was added to
obtain a final concentration of 4mM. 400 nM of the following beacons
were used; 5'-FAM-CGGACCAGTGCTCAGGGCGAGGCGGTCCG-DABCYL-3’
(C-allele specific) and 5’-TXR-CGCGACCGAGTGCTCAGGACGAGGCGTCGCG-
DABCYL-3' (T-allele specific). For GNS3 C825T the primers were 5'-TGCC-
GCTTGTTTGACCTG-3' (forward) and 5'-CAGTTGAAGTCGTCGTAGCC-3’
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(reverse) and MgCl, was added to obtain a final concentration of 5mM. 200
nM of the C-allele specific molecular beacon 5'-FAM-CGGCTCGAAGGCCAC-
GGACGTGATGGAGCCG-DABCYL-3" and 400 nM of the molecular beacon
specific for the T-allele 5'-TXR-CGGCTCAGAAGGCCACAGACGTGATG-
GAGCCG-DABCYL-3" were used.

The PCR protocols consisted of a 3 min 95°C initial denaturation and en-
zyme-activating step followed by 40 cycles of 95°C for 30 sec, at annealing
temperature for 1 min and 72°C for 45 sec. The HTR3A C178T and GNB3
C825T assays were run at an annealing temperature of 60°C and 63°C
respectively. In each run, representative samples from each genotype were
inserted.

To validate genotyping of GNB3 C825T by molecular beacon assay, PCR-
based restriction fragment length polymorphism analysis was performed in
a set of randomly chosen patients. For this purpose the PCR fragments were
digested with Bsal1 overnight at 60°C and separated by 2.5% agarose gel
electrophoresis. The C allele yielded DNA fragments of 77 and 57 bp, where-
as the T allele PCR product remained uncut. Concordance was 100%. The
genotyping of HTR3A C178T was validated by sequencing.

The SERT-P polymorphism was genotyped by PCR followed by agarose gel
electrophoresis. PCR was performed using the primers and reaction condi-
tions described by Camilleri et al., generating 528- and/or 572-base-pair
fragments.** However, we performed PCR amplification in a total volume of
25 pl containing 50 ng genomic DNA. The size of the amplified fragments
was determined by electrophoresis on a 2.5% low range ultra agarose gel
(Biorad, Hercules, CA, USA) stained with ethidium bromide; 572 bp and 528
bp products were typed as long (L) and short (S) alleles respectively.

Data Analysis

In vitro studies have revealed that both the heterozygous (LS) and homozy-
gous S genotypes of SERT-P result in reduced SERT protein expression and
uptake of serotonin.”” Moreover, a greater response to alosetron (a 5-HT,
receptor antagonist) in slowing transit time in diarrhea predominant IBS
patients with the LL genotype compared with the heterozygous genotype
indicates that the S allele is dominant.** Therefore, for SERT-P the associa-
tion of the combined LS and SS genotypes versus LL with functional dys-
pepsia was assessed.

Data from in vitro experiments demonstrate that the presence of the
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T allele, whether homozygous or heterozygous, is associated with increased
intracellular signal transduction.?*?°3' Therefore, we analyzed T allele carriers
versus subjects with the CC genotype.

The C178T variant is associated with increased translation of the down-
stream HTR3A transcript.(18) The significant difference in amygdaloidal ac-
tivity in subjects with CC and CT genotypes suggests a dominant effect of
the T allele.’®?* Therefore, we have analysed the CC genotype versus the
combined homozygous and heterozygous T genotype.

Sample size

We considered an OR of 2.0 for assessing the necessary sample size. This
odds ratio holds for the odds of cases with respect to the odds of controls
in an unmatched study. It can be used to estimate the probability of discor-
dance in a case-control study with 1:1 matching,® varying the prevalence
of the putative genotype in the controls between 0.20 and 0.70. In the
present study, we match 3 controls to each case. The sample size based on
1:1 matching can therefore be reduced by a factor of 2/3.>* With a level of
significance of 5% and a power of 80%, this leads to a necessary sample
size of 100 cases and 300 matched controls.

The genotype distribution in patients and controls for the various polymor-
phisms was tested for Hardy-Weinberg equilibrium using the Chi square
test. To take the matching between cases and controls into account, condi-
tional logistic regression analysis was performed to calculate odds ratios.
BMI was included as a covariate in the analysis. A P < 0.05 was considered
significant. All statistical analysis was performed using commercially avail-
able software (SPSS 12.0 for Microsoft windows).
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Results

A total of 448 unrelated subjects consisting of 112 functional dyspeptic
patients and 336 sex- and age-matched controls were included in the study.
The mean age (= SEM) of the FD patients was 42.3 + 1 year versus 41.9 =
1 year of the healthy controls. In both the FD group and the control group,
72% was female. No statistical difference was found in BMI between the
two groups; mean BMI of FD patients 22.9 + 0.4 kg/m? versus 24.2 + 0.2
kg/m? of the healthy controls. Symptoms suggestive of gastroesophageal
reflux disease were present in 45% of patients, and approximately 30% of
patients reported lower abdominal symptoms suggestive for IBS (table 1).
The genotype distributions of SERT-P, HTR3A C178T and GNB3 C825T are
depicted in table 2. There was no statistical deviation from Hardy-Weinberg
equilibrium for any of the three polymorphisms in the control group. Fur-
thermore, the genotype distributions of the polymorphisms in the controls
were similar to those previously reported for Caucasian populations.>*?’ In
the FD group the genotype distribution of each polymorphism was in con-
cordance with Hardy-Weinberg equilibrium. Odds ratios for the associations
between the three polymorphisms and functional dyspepsia are shown in
figure 1. The presence of GNB3 825T was associated with an increased OR
(95% Cl) for FD versus controls. There was no significant association between
SERT-P or HTR3A C178T polymorphisms and functional dyspepsia.

Table 1
Functional characteristics and co-morbidity in tertiary referral FD patients

FD patients (n = 112)

Delayed gastric emptying 26%
Impaired proximal gastric relaxation 29%
IBS symptoms 30%
GERD symptoms 45%
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Table 2
Genotype distributions in controls and FD patients

Polymorphism FD patients (n = 112) Controls (n = 336)
SERT-P

LL 37 (33.0) 108 (32.1)
LS 50 (44.6) 170 (50.6)
SS 25 (22.3) 58 (17.3)
HTR3A C178T

cC 66 (58.9) 218 (64.9)
cT 42 (37.5) 105 (31.3)
T 4 (3.6) 13 (3.9)
GNB3 C825T

cC 48 (42.9) 180 (53.6)
CcT 54 (48.2) 126 (37.5)
T 10 (8.9) 30 (8.9)

The genotype distributions are depicted as number (%).

i OR=1.26
HTR3A C178T —_——
OR=0.95
SERT-P L/S - [ : i
OR=1.60 *
GNB3 C825T - [ o——
T T T T T
0.5 1.0 15 2.0 3.0
OR 95% ClI
Figure 1

Odds ratios with 95% confidence intervals for tertiary referral FD patients versus healthy con-
trols in GNB3 825T carriers, SERT-P S carriers, and HTR3A 178T carriers relative to respective
homozygous wild-type genotypes (* P = 0.038).
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Discussion

The genetic factors contributing to the manifestation of FD are largely
unknown. We have detected an association between the T allele of the
GNB3 C825T polymorphism and tertiary referral functional dyspepsia. No
association was found between SERT-P or HTR3A C178T and functional
dyspepsia.

Recently, it has been reported that homozygous GNB3 825C carrier status is
associated with unexplained upper abdominal symptoms.?® This contrast-
ing observation may be explained by different genotype distributions in the
control sample. The higher frequency of the homozygous C genotype com-
pared to the TC genotype in our control sample is in accordance with the
genotype distribution found in a large population sample of Caucasians.*
The unusual low frequencies of homozygous C carriers in the control groups
of the studies conducted by Holtmann et al. may have led to the significant
odds ratio for the CC genotype. Furthermore, differences in sample selec-
tion may serve as an explanation for the contrasting results. We have in-
cluded subjects with longstanding dyspeptic symptoms, examined by up-
per Gl endoscopy and diagnosed as having functional dyspepsia at a
tertiary referral centre, whereas blood donors reporting upper abdominal
symptoms were part of the case sample in one of the studies described by
Holtmann et al. Moreover, in their second study, the control sample con-
sisted of blood donors for which no data regarding symptoms related to
the gastrointestinal tract are available. The control subjects enrolled in our
study are free of any gastrointestinal symptom:s.

Uninvestigated dyspepsia has also been reported to be associated with
both the homozygous GNB3 825 T and C genotypes.”’ Although it is bio-
logically plausible that either the 825 C or T allele is associated with func-
tional dyspepsia or upper abdominal symptoms in general, it is unlikely that
subjects belonging to the same dyspepsia phenotype group reveal an as-
sociation with both alleles. Furthermore, in the latter study the genotype
distribution in the control group was atypical as well and the relatively small
sample size does not preclude the effect of a type | error.

A polymorphism of a G protein may lead to a wide number of pathophysi-
ologic effects, as many hormones, neurotransmitters, chemokines, local
mediators, and sensory stimuli exert their effects on cells by binding to G
— protein coupled receptors (GPCRs). The cholecystokinin (CCK)-1 receptor
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has been implicated in the generation of dyspeptic symptoms and belongs
to the GPCR family.*® CCK is released postprandially from neuroendocrine
cells in the duodenal mucosa and delays gastric emptying and promotes
sensations of satiety. There is evidence of CCK hyperresponsiveness in FD
patients.* It is conceivable that in carriers of the GNB3 825T allele the re-
sponse via the CCK-1 receptor, situated on vagal afferents in the duode-
num, is enhanced. In this way the higher prevalence of the GNB3 825T may
contribute to the abnormalities in gastroduodenal function and symptoms
encountered in FD patients.

A high percentage of the FD patients in our study have symptoms associ-
ated with GERD and/or IBS. Considering the large overlap between these
gastrointestinal disorders, a common pathophysiology of increased visceral
sensitivity underlying the generation of symptoms is conceivable.****. We
have recently shown that GNB3 825T carriership is more prevalent in GERD
patients relative to healthy controls and that the association was stronger
in the subgroup of patients with physiologic acid exposure and a positive
symptom association score.®” The findings of the current study support the
hypothesis that the presence of the T allele of the GNB3 polymorphism pre-
disposes to visceral hypersensitivity in the gastrointestinal tract.

In summary, we have observed an association between tertiary referral
functional dyspepsia and the 825T allele of the GNB3 gene. The higher
prevalence of the 825T allele, which is related to enhanced signal transduc-
tion upon GPCR activation, may underlie the pathophysiologic mechanisms
or the generation of symptoms in functional dyspepsia. Further research is
required to elucidate the specific signal transduction pathways affected by
this genetic susceptibility factor.
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Summary

In the introduction (chapter 1), the gastric motor and sensory abnormali-
ties identified in patients with functional dyspepsia are described. Next, the
current knowledge about the relationship between these abnormalities and
upper abdominal symptoms is reviewed. Furthermore, the action of the
mucosal serotonergic signalling system is explained, and its proposed role
in disturbed gastroduodenal function and upper abdominal symptom gen-
eration is laid out. Finally, the aims of this thesis are presented, which have
been laid out in the following chapters.

In chapter 2, the change in proximal and distal gastric volumes after in-
gestion of a nutrient drink, analyzed by three-dimensional ultrasonography
(3D-US), and its relationship with postprandial upper abdominal sensations
is described. At present, the barostat technique is the gold standard for
estimation of meal induced relaxation of the proximal stomach. An impor-
tant disadvantage of this technique is the presence of a balloon in the
stomach, which influences the physiologic response of the stomach after
meal ingestion. 3D-US is a non-invasive and patient friendly alternative.
This technique has shown excellent in vitro and in vivo accuracy in volume
estimation of the stomach and a low inter observer variation. We analyzed
patients with functional dyspepsia (FD), patients with gastroesophageal
reflux disease (GERD), and healthy controls. FD patients and GERD patients
show remarkable differences in partial gastric volumes compared to healthy
controls; FD patients exhibit a smaller proximal gastric volume, whereas
GERD patients have a larger proximal gastric volume compared to controls
after ingestion of a nutrient drink. Interestingly, FD patients with impaired
proximal relaxation show a larger distal gastric volume and score higher
fullness sensations compared to FD patients with normal proximal gastric
relaxation. A strong positive relationship between the increase in distal
gastric volume and fullness was found in healthy controls and in GERD
patients, whereas no such relationship was observed between proximal
gastric volume and fullness. This finding indicates that the distal stomach is
important in the regulation of the sensation fullness under physiological
conditions. Interestingly, in FD patients, the relationship between distal
gastric volume and fullness was lacking. In our opinion, these observations
somewhat downplay the role of impaired proximal gastric relaxation (and
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an overextended gastric antrum) in the symptom generation in functional
dyspepsia, implying that other causes than altered meal distribution are
involved in the excessive generation of fullness, such as increased visceral
sensitivity.

In chapter 3, the relationship between gastric function and chronic upper
abdominal sensations is investigated. Secondly, we evaluated the relation-
ship between the main outcome parameters of the gastric function tests.
Gastric function was assessed by the '*C octanoic gastric emptying test,
three-dimensional ultrasonography (proximal and distal gastric volume),
and the nutrient drinktest (maximum drinking capacity). Impaired proximal
gastric relaxation (23%) and a delayed gastric emptying (33%) are highly
prevalent in the studied group of FD patients, however only a small overlap
exists between these two pathophysiologic mechanisms (5%). No relation-
ship was found between chronic upper abdominal symptoms and gastric
function (proximal gastric relaxation, gastric emptying rate, or drinking ca-
pacity). Finally, the maximum drinking capacity of FD patients, seen at a
tertiary referral center is not influenced by gastric emptying rate or proxi-
mal gastric relaxation. The lack of relationship between chronic upper
abdominal sensations and gastric function questions the role of these
pathophysiologic mechanisms in the generation of symptoms, and limited
effect on symptoms may therefore be expected when targeting these
specific mechanisms.

Functional dyspeptic patients complain about a variety of symptoms, which
are mostly related to food intake. In order to reduce postprandial symp-
toms, many patients reduce the energy content of a single meal, however
the rational of this is not fully understood and not evidence based. There-
fore, we evaluated the influence of the energy content of a nutrient drink
on postprandial abdominal sensations and total and partial gastric volumes
in patients with FD (chapter 4). Proximal and distal gastric volumes were
significantly larger after the high-energy nutrient drink compared to the
low energy nutrient drink. However, postprandially, no differences in full-
ness, nausea, and upper abdominal pain were observed between the high-
energy and low-energy nutrient drink. Furthermore, no relationship between
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distal gastric volume and fullness was found, either after the low-energy
and the high-energy drink. Therefore, although the energy content of a
nutrient drink influenced gastric motility, no effect on visceral perception
was present. Complementary to chapter 2, we showed that the relationship
between distal gastric volume and fullness was not restored after ingestion
of a low-energy drink, suggesting that the disturbance between the percep-
tion of abdominal sensations and distal gastric volume in FD patients
persists, irrespective of the energy content of a meal.

5-HT, agonists are known for their prokinetic properties, whereas the effect
of 5-HT, antagonists on upper gastrointestinal functions is largely unknown.
Chapter 5 describes the first study in which the effect of a 5-HT, receptor
antagonist (R216073) on gastric relaxation and visceral sensitivity is
evaluated in patients with functional dyspepsia. A double blind, randomised,
placebo controlled, 2-period crossover study was performed in 20 FD
patients. The effect of a single dose of 2000 mg R216073 was tested using
three-dimensional ultrasonography and a nutrient drinktest. We observed
that the 5-HT, receptor antagonist had no effect on proximal or distal
gastric relaxation, maximum drinking capacity, or postprandial upper ab-
dominal symptoms in patients with functional dyspepsia. Although high
plasma concentrations of R216073 were reached, the current study suggests
that R216073 has no therapeutic potential in FD patients.

Studies using agents intervening in serotonergic signalling, such as sero-
tonin receptor agonists and antagonists, selective serotonin reuptake in-
hibitors (SSRIs), and tryptophan depletion, demonstrate that serotonergic
signalling is involved in the process of regulating the orderly and controlled
delivery of nutrients to the small intestine. In chapter 6, we aimed to
increase the understanding of the role of serotonergic signalling in normal
gastroduodenal function at a molecular level. For this purpose, mucosal
biopsy specimens were collected from the fundus, antrum, and duodenum
of 11 healthy subjects. Serotonin positive cells were counted and the mRNA
levels of tryptophan hydroxylase (TPH)-1, serotonin transporter (SERT),
5-HT, receptor, and 5-HT, receptor subunits were quantified by real time
RT-PCR. This study shows large regional differences in mRNA expression
levels of the various proteins involved in serotonergic signalling. SERT mRNA
expression level was found to be highest in the duodenum, lower in the
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antrum, and lowest in the fundus. The expression of the 5-HT, receptor
subunits and the 5-HT, receptor was higher in the duodenum compared to
both regions of the stomach. TPH-1 (5-HT synthesis) and SERT (5-HT uptake)
MRNA expression do not correlate. Considering the larger number of 5-HT
positive cells, the higher level of SERT expression, and the much higher
expression of the 5-HT, receptor and the 5-HT, receptor subunits in the
duodenum, serotonergic signalling and activity at the mucosal level is likely
to be highest in the duodenum, followed by the antrum and fundus. These
findings can be of importance when developing specific serotonergic agents
for enhanced fundic relaxation or gastric emptying.

In chapter 7 we aimed to determine whether serotonergic signalling is
altered in patients with a delayed gastric emptying. In order to study this,
we collected mucosal biopsy specimens from the duodenum, antrum, and
fundus of patients with idiopathic gastroparesis and healthy controls. Neu-
roendocrine cells, specifically 5-HT producing cells, were counted after us-
ing immunohistochemistry, and mRNA expression levels of TPH-1, SERT,
5-HT, and 5-HT, receptor were quantified by real time RT-PCR. The main
findings of the current study are that the total number of neuroendocrine
cells, specifically the 5-HT producing cells, and the mRNA expression levels
of TPH-1 (the rate-limiting enzyme of 5-HT synthesis) and SERT (responsible
for the high affinity uptake of 5-HT, thereby controlling the level of 5-HT
available for receptor stimulation) in mucosal biopsy specimens of fundus,
antrum, and duodenum were comparable between patients with idiopathic
gastroparesis and healthy controls. In addition we found that the 5-HT,
splice variant was expressed more abundantly in healthy controls compared
to patients. This study indicates that the delayed gastric emptying and
upper abdominal symptoms in idiopathic gastroparesis do not result from
altered mucosal 5-HT biosynthetic and uptake capacity. To value the patho-
genic role of reduced 5-HT, , splice variant expression in patients with idio-
pathic gastroparesis, its effect on 5-HT, receptor function and 5-HT release
needs to be examined in future studies.

Genetic variants may affect the response to the release of neurotransmit-
ters, such as serotonin. Therefore, we evaluated the association of func-
tional polymorphisms in several genes involved in serotonergic signalling
and G-protein mediated signal transduction with FD (chapter 8). 112 FD
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patients, send to our tertiary referral center, were studied. Healthy controls
(n = 336) were matched 1:3 for age and gender. Polymorphisms in genes
encoding the serotonin receptor type three A subunit (HTR3A), the sero-
tonin transporter (SERT), and the G protein B3 subunit (GNB3) were
analyzed. Tertiary referral FD patients have a higher prevalence of the T
allele of the GNB3 C825T polymorphism compared to healthy controls. No
association between functional dyspepsia and the genotype of the inser-
tion/deletion polymorphism in the promoter of SERT (SERT-P) or HTR3A
C178T polymorphism was observed. The increased signal transduction,
associated with the T allele of the GNB3 C825T polymorphism might
contribute to the manifestation of FD.
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The aims of this thesis, formulated in chapter 1, should be
addressed as follows:

1 Although impaired proximal gastric relaxation and delayed gastric empty-
ing are highly prevalent in this patient group, we were not able to estab-
lish a relationship between gastric (dys)function and upper abdominal
sensations experienced in daily life. The results of this thesis question the
role of these pathophysiologic mechanisms in the generation of dyspeptic
symptoms. Therefore, we have concluded that gastric function does not
serve as a clear marker for the symptoms experienced by FD patients in
daily life, and limited effect on symptoms may be expected when targeting
these specific mechanisms.

2 Several components of mucosal serotonergic signalling are higher in the
duodenum compared to the stomach. Therefore we conclude that
serotonin, released by EC cells, predominantly contributes to gastroduo-
denal function at the level of the duodenum. Examination of serotonergic
signalling components in patients with idiopathic gastroparesis revealed
that delayed gastric emptying and upper abdominal symptoms do not
result from altered mucosal 5-HT biosynthetic and uptake capacity.
Decreased expression of the 5-HT, , splice variant in the duodenum of FD
patients may exert a modest effect on 5-HT availability, and be of impor-
tance in the pathogenesis of gastroparesis. No association between
functional dyspepsia and the genotype of the insertion/deletion
polymorphism in the promoter of SERT (SERT-P) or HTR3A C178T poly-
morphism was observed. Interestingly, tertiary referral FD patients have a
higher prevalence of the T allele of the GNB3 C825T polymorphism com-
pared to healthy controls. Therefore, a second messenger abnormality
may be one of the molecular factors underlying the gastric motor and
sensory dysfunction and upper abdominal symptoms observed in FD.
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In de introductie (hoofdstuk 1) worden de gestoorde motorische en senso-
rische mechanismen van de maag in patiénten met functionele dyspepsie
beschreven. Er wordt een overzicht gegeven van de laatste inzichten over
de relatie tussen deze pathofysiologische mechanismen en bovenbuik klach-
ten. De signaal transductie van serotonine in het enterische zenuwstelsel
wordt beschreven, samen met de veronderstelde rol van serotonine in een
gestoorde gastroduodenale functie en de generatie van bovenbuik klach-
ten. Tenslotte worden de doelstellingen van dit proefschrift gepresenteerd.

In hoofdstuk 2 worden de veranderingen van het proximale en het distale
maagvolume en de relatie met het ontstaan van bovenbuik klachten na in-
name van een vloeibare maaltijd beschreven. Het maagvolume wordt
bepaald met 3D echografie. Momenteel is de barostat techniek de gouden
standaard voor het bepalen van de relaxatie van de maag na inname van
een maaltijd. De aanwezigheid van een ballon in de proximale maag kan
echter de fysiologie van de maag na inname van de maaltijd beinvlioeden,
wat een belangrijk nadeel is van deze techniek. 3D echografie is een non-
invasief en patiént vriendelijk alternatief. In vitro en in vivo studies hebben
een goede nauwkeurigheid van de metingen van het maagvolume aan-
getoond met een lage inter-observer variatie. In deze studie zijn drie groepen
geanalyseerd: patiénten met functionele dyspepsie (FD), patiénten met
gastro-oesofageale reflux (GERD), en gezonde vrijwilligers. FD patiénten en
GERD patiénten hebben opmerkelijk verschillen in partiele volumina
vergeleken met gezonde vrijwilligers; na inname van de vloeibare maaltijd
hebben FD patiénten een kleiner proximaal maagvolume, terwijl GERD
patiénten juist een groter proximaal maagvolume hebben vergeleken met
gezonde vrijwilligers. FD patiénten met een afgenomen proximale relaxatie
hebben een groter distaal maagvolume en geven meer klachten van een vol
gevoel aan vergeleken met FD patiénten met een normale proximale relaxa-
tie. Er bestaat een sterke positieve relatie tussen het distale maagvolume en
de sensatie van een vol gevoel in gezonde vrijwilligers en GERD patiénten.
Deze relatie wordt niet aangetoond tussen het proximale maagvolume en
een vol gevoel. Dit geeft aan dat de distale maag voor een belangrijk deel
verantwoordelijk is voor de sensatie van een vol gevoel in een fysiologische
situatie. Opmerkelijk is dat deze relatie tussen het distale volume en een vol
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gevoel niet aangetoond wordt bij patiénten met functionele dyspepsie. Deze
gegevens geven aan dat de rol van een gestoorde proximale relaxatie (en
een uitgerekt antrum) als oorzaak van het ontstaan van bovenbuik klachten
in FD wellicht overschat is. Waarschijnlijk zijn er andere factoren die een
belangrijke rol spelen zoals een verhoogde viscerale sensibiliteit.

In hoofdstuk 3 wordt de relatie tussen de functie van de maag en de aan-
wezigheid van chronische bovenbuik klachten onderzocht. Vervolgens is de
mogelijke relatie tussen de uitkomsten van de maagfunctie testen bestu-
deerd. De functie van de maag werd geanalyseerd met gebruik van de *C
octaanzuur ademtest (maagledigingstest), 3D echografie (proximaal en dis-
taal maagvolume), en een drinktest (maximale drink capaciteit). Een af-
genomen proximale relaxatie (23%) en een vertraagde maaglediging (33%)
komen frequent voor in de bestudeerde groep FD patiénten, echter er
bestaat slechts een kleine overlap tussen deze twee pathofysiologische
mechanismen (5%). Er werd geen relatie aangetoond tussen chronische
bovenbuik klachten en de functie van de maag (proximale relaxatie van de
maag, snelheid van de maaglediging, of de maximale drinkcapaciteit). Ten
slotte werd de maximale drink capaciteit van deze groep FD patiénten
(tertiair centrum) niet beinvloed door de snelheid van de maaglediging of
de proximale relaxatie van de maag. Aangezien er geen duidelijke relatie
bestaat tussen chronische bovenbuik klachten en de functie van de maag,
is de rol van deze pathofysiologische mechanismen van de maag in het
ontstaan van klachten twijfelachtig. Om deze reden valt slechts een beperkt
effect te verwachten van een behandeling gericht op deze pathofysio-
logische mechanismen in het onderdrukken van klachten

Patiénten met functionele dyspepsie ervaren een verscheidenheid aan
symptomen, welke in de meeste gevallen gerelateerd zijn aan de maaltijd.
Om de postprandiale klachten te reduceren, gebruiken veel patiénten calorie
arme maaltijden. Echter de reden waarom het eten van (kleine) calorie arme
maaltijden de postprandiale klachten verlicht is niet duidelijk en is niet
wetenschappelijke onderzocht. In deze studie hebben we het effect van de
calorische inhoud van een maaltijd op postprandiale symptomen en totale
en partiele maagvolumina geanalyseerd in patiénten met FD (hoofdstuk 4).
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Het proximale en het distale maagvolume waren groter na inname van de
calorie rijke drank vergeleken met de calorie arme drank. Echter, er werd
geen verschil gemeten in de klachten die patiénten aangaven na inname
van een calorie rijke of een calorie arme drank (vol gevoel, misselijkheid, of
pijn in de bovenbuik). Zowel na de calorierijke als de caloriearme drank
werd geen relatie tussen het distale maagvolume en een vol gevoel aan-
getoond. Ondanks dat de calorische samenstelling van invloed is op de
motiliteit, werd er geen verschil in viscerale perceptie aangetoond.
Als aanvulling op hoofdstuk 2 hebben wij laten zien dat de relatie tussen
het distale maagvolume en een vol gevoel niet hersteld wordt bij inname
van een laag calorische maaltijd. De gestoorde relatie die is aangetoond
tussen de perceptie van sensaties na inname van de maaltijd en het distale
maagvolume blijft bestaan, onafhankelijk van de calorische inhoud van de
maaltijd.

In tegenstelling tot het prokinetische effect van 5-HT, receptor agonisten, is
het effect van een 5-HT, receptor antagonist onbekend. In hoofdstuk 5
wordt de eerste studie beschreven waarbij het effect van een 5-HT, antago-
nist (R216073) op maagrelaxatie en viscerale sensitiviteit wordt bestudeerd
in patiénten met functionele dyspepsie. Een dubbel blind, gerandomiseer-
de, placebo gecontroleerde, cross-over studie werd uitgevoerd in 20 FD
patiénten. Het effect van een enkele dosis van 2000 mg R216073 werd
getest met behulp van 3D echografie en een drinktest. De 5-HT, receptor
antagonist had geen effect op het proximale of het distale maagvolume, de
maximale drinkcapaciteit, of de postprandiale klachten in patiénten met
functionele dyspepsie. Ondanks dat er hoge plasma spiegels bereikt werden,
geven de resultaten van deze studie aan dat R216073 geen therapeutische
waarde heeft in FD patiénten.

Uit interventie studies waarbij serotonerge medicatie zoals serotonine
receptor agonisten en antagonisten, serotonine heropname remmers (SS-
RI's), en tryptophan depletie is gebruikt, blijkt dat de signaal transductie
van serotonine een rol speelt bij het voedsel transport van de maag naar de
dunne darm. Het doel van de studie die wordt beschreven in hoofdstuk 6
is om de rol van serotonine in de normale gastroduodenale functie te ver-
duidelijken op een moleculair niveau. Hiervoor werden mucosale biopten
genomen van het duodenum, het antrum, en de fundus van 11 gezonde
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vrijwilligers. Cellen die positief aankleurde na serotonine kleuring werden
geteld. De mRNA expressie van tryptophan hydroxylase (TPH)-1, het seroto-
nine transport eiwit (SERT), de 5-HT, receptor, en de 5-HT, receptor subunits
werden gekwantificeerd met behulp van real time RT-PCR. Uit deze studie
blijken grote verschillen te bestaan in de mRNA expressie van de verscheidene
eiwitten die betrokken zijn bij signaal transductie van serotonine tussen de
regio’s. De mRNA expressie van SERT was het hoogste in het duodenum,
gevolgd door het antrum en de fundus. De expressie van de 5-HT, receptor
subunits en de 5-HT, receptor was hoger in het duodenum vergeleken met
beide regio’s van de maag. De mRNA expressie van TPH-1 (5-HT synthese)
and SERT (5-HT opname) correleren niet. Gezien het grote aantal 5-HT posi-
tieve cellen, het hogere niveau van mRNA expressie van SERT, de hogere
expressie van de 5-HT, receptor en de 5-HT, receptor subunits in het duode-
num, kunnen we stellen dat de signaal transductie en de activiteit van sero-
tonine op mucosaal niveau het hoogste is in het duodenum, gevolgd door
het antrum en de fundus. Deze bevindingen kunnen van belang zijn bij het
ontwikkelen van specifieke serotonerge medicatie om relaxatie van de
fundus van de maag of de snelheid van de maaglediging te beinvloeden.

Het doel van hoofdstuk 7 was om te bepalen of de signaal transductie van
serotonine verstoord is in patiénten met een vertraagde maaglediging.
Hiervoor werden mucosale biopten genomen van het duodenum, het
antrum, en de fundus van patiénten met idiopathische gastroparese en
gezonde vrijwilligers. De neuroendocriene cellen, en in het bijzonder de
5-HT producerende cellen werden gekwantificeerd na immunohistochemie.
Vervolgens werd het mRNA expressie niveau van TPH-1, SERT, de 5-HT,
receptor en de 5-HT, receptor bepaald met RT-PCR. De belangrijkste bevin-
dingen van deze studie waren dat het totaal aan neuroendocriene cellen,
met in het bijzonder 5-HT producerende cellen, en het mRNA expressie
niveau van TPH-1 (het enzym van de snelheidsbepalende stap in de synthese
van serotonine) en SERT (verantwoordelijk voor de opname van serotonine
en de beschikbaarheid van serotonine voor stimulatie van serotonine recep-
toren) in mucosale biopten van het duodenum, het antrum, en de fundus
vergelijkbaar was tussen patiénten met idiopathische gastroparese en
gezonde controles. De mRNA expressie van de 5-HT, , splice variant was hoger
in gezonde controles vergeleken met patiénten. Uit deze studie blijkt dat een
vertraagde maaglediging en de aanwezigheid van bovenbuik klachten, zoals
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gezien wordt in patiénten met idiopathische gastroparese niet het gevolg is
van een veranderde mucosale synthese of opname capaciteit van 5-HT.
Om de betekenis van een afgenomen mRNA expressie van de 5-HT, , splice
variant in patiénten met idiopathische gastroparese te bepalen, zal er meer
onderzoek gedaan moeten worden naar het effect hiervan op 5-HT receptor
functie en 5-HT secretie.

Genetische variaties kunnen van invloed zijn op het effect van het vrijkomen
van neurotransmitters zoals serotonine. Om die reden hebben wij de relatie
bepaald tussen functionele polymorfismen in verscheidene genen betrok-
ken bij de serotonerge signaal transductie en bij de G-protein gemedieerde
signaal transductie en functionele dyspepsie (hoofdstuk 8). 112 FD patién-
ten, allen doorgestuurd naar ons tertiaire centrum, werden bestudeerd.
Gezonde controles (n = 336) werden in de verhouding 1:3 gematched op
leeftijd en geslacht. De polymorfismen in de genen die coderen voor het
serotonine receptor type drie A subunit (HTR3A), het serotonine transport
eiwit (SERT), en het G-protein 33 subunit (GNB3) werden bestudeerd. Tertiair
doorverwezen FD patiénten hebben een hogere prevalentie van het T allel
van het GNB3 C825T polymorfisme vergeleken met gezonde controles.
Er werd geen relatie gevonden tussen functionele dyspepsie en het geno-
type van het insertie/deletie polymorfisme in de promotor regio van SERT
(SERT-P) of het HTR3A C178T polymorfisme. De toegenomen signaal trans-
ductie, geassocieerd met het T allel van het GNB3 C825T polymorfisme,
zou mogelijk kunnen bijdragen aan de manifestatie van FD.
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De doelstellingen van dit proefschrift, welke geformuleerd
werden in hoofdstuk 1, kunnen als volgt beantwoord worden:

1 Ondanks dat een afgenomen proximale relaxatie van de maag en een
vertraagde maaglediging veel voorkomen in deze patiénten groep,
hebben we geen relatie kunnen aantonen tussen de (abnormale) functie
van de maag en het ontstaan van de bovenbuik klachten welke in het
dagelijkse leven worden ervaren. De resultaten van dit proefschrift zetten
vraagtekens bij de veronderstelde rol van deze pathofysiologische mecha-
nismen als veroorzaker van dyspeptische symptomen. Om die reden
hebben wij geconcludeerd dat de functie van de maag geen duidelijke
indicator is voor de klachten die FD patiénten in het dagelijkse leven
ervaren, en dat het effect van medicamenteuze therapieén gericht op
deze mechanismen teleurstellend zal zijn.

2 Verscheidene componenten van mucosale serotonerge signaal transductie
zijn in grotere mate aanwezig in het duodenum vergeleken met de maag.
Om die reden concluderen wij dat serotonine welke wordt uitgescheiden
door enterochromaffine cellen (EC cellen) voornamelijk bijdraagt aan
gastroduodenale functie op het niveau van het duodenum. Uit onderzoek
naar onderdelen van serotonerge signaal transductie in patiénten met
idiopathische gastroparese blijkt dat een vertraagde maaglediging en
bovenbuik klachten niet het resultaat zijn van een veranderde mucosale
5-HT synthese of opname capaciteit. Een afgenomen expressie van de
5-HT,, splice variant in het duodenum van FD patiénten zou de beschik-
baarheid van 5-HT kunnen beinvloeden, en van belang kunnen zijn in de
pathogenese van gastroparese. Er werd geen associatie tussen functio-
nele dyspepsie en het genotype van het insertie/deletie polymorfisme in
the promotor van SERT (SERT-P) of het HTR3A C178T polymorfisme
aangetoond. Tertiair doorverwezen FD patiénten hebben een hogere pre-
valentie van het T allel van het GNB3 C825T polymorfisme vergeleken met
gezonde vrijwilligers. Dit zou kunnen betekenen dat een abnormaliteit in
het “second messaging” systeem een van de onderliggende moleculaire
factoren is die bijdraagt aan de gestoorde motorische en sensibele functie
en aan het ontstaan van bovenbuik klachten in functionele dyspepsie.
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Veel mensen hebben een bijdrage geleverd aan de totstandkoming van dit
proefschrift. Ik wil graag iedereen hartelijk danken voor de plezierige tijd en
de goede ervaringen van de afgelopen jaren. Er zijn een aantal mensen die
ik in het bijzonder wil bedanken:

Prof. dr. M. Samsom, beste Melvin

Dankzij jouw enthousiasme en expertise is dit proefschrift een succes
geworden. Dit proefschrift is dan ook gebaseerd op veel van jou ideeén.
Jouw optimisme (“als dit protocol eenmaal loopt, heb je er eigenlijk geen
werk meer aan”), en plezier in het onderzoek heeft enorm stimulerend
gewerkt. Hartelijk dank voor je begeleiding. Ik betreur het dat je het UMC
en het vakgebied hebt verlaten, maar ik kijk in ieder geval terug op een zeer
leerzame periode waarin ik met veel plezier met je heb samengewerkt.

Dr. J. ter Linde, beste José

Bij aanvang van dit onderzoek was de moleculaire biologie nog een groot
grijs gebied. Mede door jouw enthousiaste en kundige begeleiding heb ik
me hierin kunnen interesseren en verdiepen. Ik prijs mezelf enorm gelukkig
dat ik met jou heb kunnen samenwerken. Hiernaast hebben we natuurlijk
ook veel plezier gehad als kamergenoten. Hartelijk dank voor je begelei-
ding.

Collega’s UMC

Hartelijk dank voor de gezellige tijd die we samengewerkt hebben. Ik kijk er
erg naar uit om weer terug te keren naar mijn oude stek. Astrid en Ernestien,
zonder jullie had ik nooit al die “queries” van Wieb op kunnen lossen.
Hartelijk dank voor de gezellige tijd in onze “gangkast”. Jac, dank voor je
hulp als het 3D apparaat weer eens niet mee wilde werken. Endoscopie
verpleegkundigen; dank voor jullie hulp en geduld tijdens het nemen van
biopten bij gastroscopie.
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Mede onderzoekers en kamergenoten UMC; Ik kijk terug op drie zeer mooie
jaren van soms rennen, en toch ook wel weer stilstaan. Met name dit laatste
bood de gelegenheid voor vele gezellige gesprekken, kopjes koffie,
tea-time, of gewoon borrelen in cafe-dancing de Primus. Ik hoop nog jaren
met jullie samen te werken.

Maria Schipper, vele gesprekken hebben we gevoerd over statistiek, maar
ook over de zin en onzin van het leven. Hartelijk dank voor jouw bijdrage.

Nicole, het was erg leuk om met je samen te werken. Veel succes met je
eigen promotie.

Marguerite Schipper, hartelijk dank voor je bijdrage aan dit proefschrift.

Collega’s Meander MC

Internisten, MDL-artsen, assistenten, dank voor jullie steun, en de mogelijk-
heid om af en toe een dag “schrijf vrij” te krijgen tijdens de afronding van
mijn proefschrift.

Mijn paranymfen
Jan Willem en Arjan, fantastisch dat jullie op deze dag aan mijn zijde
staan.

Mijn ouders

Beste pap, het voelt toch een beetje alsof ik in jouw voetsporen treed. Jullie
interesse en betrokkenheid tijdens dit promotieonderzoek waardeer ik zeer.
Hartelijk dank voor de steun en het vertouwen dat jullie zo vaak gegeven
hebben.

Lieve Willemijn, jouw steun en liefde is fantastisch. Hartelijk dank voor je
geduld en begrip, met name tijdens het afronden van dit proefschrift. Ik
heb alle vertrouwen in een fantastische toekomst samen met jou en met
Reinout, en nu voorlopig even zonder onderzoek.

161



Chapter | 09

Curriculum vitae

Niels van Lelyveld werd geboren op 20 juli 1976 in Groningen. Na het be-
halen van het VWO diploma heeft hij een jaar door Australié gereisd,
alvorens hij begon met de studie geneeskunde aan de Universiteit van
Utrecht. Tijdens de studie heeft hij voor een periode van drie maanden
meegewerkt aan een ontwikkelingsproject in de sloppenwijken van Brazilié.
Na het behalen van het doctoraal geneeskunde deed hij voor een periode
van vier maanden onderzoek naar groeifactoren bij patiénten met het Sotos
syndroom aan de universiteit van Portland (Oregon Health Science University)
onder leiding van Prof. dr. Wit (LUMC) en Prof. dr. Rosenveld (OHSU). In
maart 2003 deed hij als laatste co-schap onderzoek op de afdeling
gastroenterologie. Na het afronden van de studie in juli 2003 werd hij aan-
gesteld als arts onderzoeker in het UMC Utrecht onder begeleiding van Prof.
dr. M. Samsom en Dr. J. ter linde. Op 1 juli 2006 is hij gestart met de
vooropleiding interne geneeskunde in het Meander Medisch Centrum
(opleider: Dr. C.A.J.M. Gaillard). Vanaf 2010 zal hij zijn opleiding tot gastro-
enteroloog voortzetten in het UMC Utrecht (opleider Prof. Dr. M.
Samsom).

162



Curriculum vitae

163






Chapter | 09

Curriculum vitae

Niels van Lelyveld werd geboren op 20 juli 1976 in Groningen. Na het be-
halen van het VWO diploma heeft hij een jaar door Australié gereisd,
alvorens hij begon met de studie geneeskunde aan de Universiteit van
Utrecht. Tijdens de studie heeft hij voor een periode van drie maanden
meegewerkt aan een ontwikkelingsproject in de sloppenwijken van Brazilié.
Na het behalen van het doctoraal geneeskunde deed hij voor een periode
van vier maanden onderzoek naar groeifactoren bij patiénten met het Sotos
syndroom aan de universiteit van Portland (Oregon Health Science University)
onder leiding van Prof. dr. Wit (LUMC) en Prof. dr. Rosenveld (OHSU). In
maart 2003 deed hij als laatste co-schap onderzoek op de afdeling
gastroenterologie. Na het afronden van de studie in juli 2003 werd hij aan-
gesteld als arts onderzoeker in het UMC Utrecht onder begeleiding van Prof.
dr. M. Samsom en Dr. J. ter linde. Op 1 juli 2006 is hij gestart met de
vooropleiding interne geneeskunde in het Meander Medisch Centrum
(opleider: Dr. C.A.J.M. Gaillard). Vanaf 2010 zal hij zijn opleiding tot gastro-
enteroloog voortzetten in het UMC Utrecht (opleider Prof. Dr. M.
Samsom).

162





