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Abstract

AIM: To determine whether the decreased density of
duodenal endocrine cells in irritable bowel syndrome
(IBS) is associated with abnormalities in stem cell
differentiation.

METHODS: The study sample comprised 203 patients
with IBS (180 females and 23 males with a mean age
of 36 years) and a control group of 86 healthy subjects
without gastrointestinal complaints (77 females and
9 males with a mean age of 38 years). The patients
included 80 with mostly diarrhoea (IBS-D), 47 with
both diarrhoea and constipation (IBS-M), and 76
with mostly constipation (IBS-C). Both the patients
and controls underwent gastroscopy and four biopsy
samples were taken from the descending part of
the duodenum, proximal to the papilla of Vater. The
biopsy samples were sectioned and immunostained for
Musashi 1 (Msi-1), neurogenin 3 (NEUROG3), secretin,
cholecystokinin (CCK), gastric inhibitory peptide
(GIP), somatostatin and serotonin. Immunostaining
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was performed with an ultraView Universal DAB
Detection Kit (v1.02.0018, Venata Medical Systems,
Basal, Switzerland) using the BenchMark Ultra
immunohistochemistry/in situ hybridization staining
module (Venata Medical Systems). Endocrine cell
densities were quantified by computerized image
analysis using the Olympus cellSens imaging program.

RESULTS: The densities of Msi-1 and NEUROG3 cells
were significantly lower in IBS patients, regardless of
the subtype, than in the controls (77 = 17 vs 8 £+ 2;
P = 0.0001, and 351 £ 33 vs 103 £ 22; P = 0.00002,
respectively). Furthermore, the densities of secretin,
and CCK cells were significantly lower in patients
with diarrhoea as the predominant IBS symptom
(IBS-D) than in the controls (161 + 11 vs 88 + 8; P
= 0.00007, and 325 + 41 vs 118 £ 10; £ = 0.00006,
respectively), but not in patients with constipation as
the predominant IBS symptom (IBS-C) or those with
both diarrhoea and constipation (IBS-M). The GIP cell
density was significantly reduced in both IBS-D (152
+ 12 vs 82 £ 7; P = 0.00003), and IBS-C (152 + 12
vs 107 £+ 8; P = 0.01), but not in IBS-M. The densities
of somatostatin cells in the controls and the IBS-total,
IBS-D, IBS-M and IBS-C patients were 81 + 8, 28 =
3,20 £ 4, 37 £ 5 and 28 £ 4 cells/mm?’ epithelium,
respectively. The density of somatostatin cells was
lower in IBS-total, IBS-D, IBS-M and IBS-C patients
than in the controls (2 = 0.00009, 0.00006, 0.009 and
0.00008, respectively). The density of serotonin cells
did not differ between IBS patients and controls.

CONCLUSION: The reduction in duodenal endocrine
cells in IBS patients found in this study is probably
attributable to the reduction in cells expressing Msi-1
and NEUROG3.

Key words: Cholecystokinin; Irritable bowel syndrome;
Musashi-1; Neurogenin 3; Secretin; Somatostatin

© The Author(s) 2015. Published by Baishideng Publishing
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Core tip: Musashi 1 (Msi-1) is a marker for both
intestinal stem cells and their early progeny, and
neurogenin 3 (NEUROG3) is a marker for early
intestinal endocrine cell progenitors. The densities
of Msi-1 and NEUROG3 cells were reduced in the
duodenum of patients with irritable bowel syn-
drome (IBS), regardless of the subtype, indicating
disturbances in both the clonogenic renewal of small
intestine stem cells and their proliferation toward
endocrine cells. It is most likely that the reduction in
the duodenal endocrine cells in patients with IBS is
caused by an abnormality in the stem cell clonogenic
and proliferation activities.

El-Salhy M, Hatlebakk JG, Hausken T. Reduction in duodenal
endocrine cells in irritable bowel syndrome is associated
with stem cell abnormalities. World J Gastroenterol 2015;
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INTRODUCTION

Irritable bowel syndrome (IBS) is considered to
be a functional disorder of the colon™?!. There is
no test or examination for the diagnosis of IBS,
which is therefore a diagnosis of exclusion, whereby
examinations and tests are conducted to exclude
organic diseases that could explain the patient’s
symptoms®~!. Although attempts have been made
to achieve a positive diagnosis based on symptom
assessments®*?, this system is not widely used in
everyday clinical practice****?., IBS does not develop
into a serious disease or cause death, but it does
significantly decrease the quality of life in patients..

Several abnormalities have been described in
the endocrine cells of the stomach, duodenum,
ileum and large intestine of IBS patients'***), These
abnormalities are believed to play a major role in the
pathophysiology of the disorder and could represent a
potential tool for its treatment®****!, The duodenum
contains five endocrine cell types secreting secretin,
cholecystokinin (CCK), gastric inhibitory polypeptide
(GIP), somatostatin, and serotonin®*. The functions
and mode of actions of these hormones are described
in detail elsewhere>%, Briefly, secretin, CCK, GIP and
serotonin inhibit gastric emptying. Whereas CCK and
serotonin stimulate intestinal motility, and secretin,
GIP and somatostatin inhibit its motility. Secretin
stimulates pancreatic bicarbonate and fluid secretion
and CCK stimulates pancreatic exocrine secretion. CCK
also stimulates gallbladder contraction and regulates
food intake. Somatostatin inhibits gut exocrine and
neuroendocrine secretion and serotonin conveys
sensation from the gut by activating submucosal
SEensory neurons.

In congenital malabsorptive diarrhoea, a paucity
of intestinal endocrine cells is caused by a loss-of-
function mutation in the gene encoding the protein
neurogenin 3 (NEUROG3), which is expressed in
the endocrine progenitor cells required for intestinal
endocrine development™. Furthermore, a decrease
in the number of intestinal endocrine cells following
small intestine allograft rejection is associated with a
reduction in the progenitors of intestinal endocrine cells
that express NEUROG3 and NeuroD™®., It is therefore
logical to assume that the abnormalities encountered in
the small intestine of IBS patients are associated with
disturbance(s) in the small intestine stem cells and/or
their progenitors. In order to test this assumption,
cells expressing Musashi 1 (Msi-1, expressed in both
stem cells and in their early progeny) and NEUROG3
(expressed in early endocrine cell progenitors)®”
were investigated in the duodenum of IBS patients
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and were compared with those in healthy volunteers.
Furthermore, the endocrine cell types known to occur
in the duodenum were investigated.

MATERIALS AND METHODS

Patients

Patients with IBS according to Rome 1I criteria were
recruited from those referred to Stord Hospital®*®,
Thus, 203 patients with IBS were included in the
study. They were 180 females and 23 males with a
mean age of 36 years (range: 18-66 years). These
patients included 80 with mostly diarrhoea (IBS-D),
47 with diarrhoea and constipation (IBS-M), and 76
with mostly constipation (IBS-C). All of the patients
had a long duration of IBS symptoms and a symptom
onset that was not associated with any gastrointestinal
infections. The patients were examined physically,
and blood tests were taken to exclude inflammation,
and liver, kidney and thyroid diseases. Microscopic
colitis was excluded by examining tissue obtained by
colonoscopy with segmental biopsy sampling.

Eighty sex-matched healthy subjects were included
as controls. They were 77 females and 9 males (mean
age, 38 years; age range: 18-67 years). Of these
subjects, 59 were healthy volunteers recruited at
Stord Hospital, Haukeland University Hospital, and
the University of Bergen. Fifteen were recruited from
the population of Stord city and 44 were university
students or hospital employees. A further 27 were
healthy subjects who underwent gastroscopy because
of health worries due to a relative being diagnosed
with cancer.

The local Committee for Medical and Health
Research Ethics West, Norway approved the study.
Both patients and healthy volunteers gave oral and
written consent.

Gastroscopy, histopathology and
immunohistochemistry

Both the patients and controls underwent standard
gastroscopy after an overnight fast, during which four
biopsy samples were taken from the descending part
of the duodenum, proximal to the papilla of Vater.
Biopsy samples were also taken from the antral part
of the stomach and used to identify the presence of
Helicobacter pylori (H. pylori) (HelicotecUT Plus, Strong
Biotech, Taipei, Taiwan).

After fixation in 4% buffered paraformaldehyde,
paraffin-embedded biopsies were cut into sections 5
pum thick. The sections were stained with hematoxylin-
eosin and immunostained with an ultraView Universal
DAB Detection Kit (v1.02.0018, Venata Medical
Systems, Basal, Switzerland) using the BenchMark
Ultra immunohistochemistry/in situ hybridization
staining module (Venata Medical Systems). The
sections were incubated with primary antibodies for
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32 min at 37 'C. The primary antibodies, which were
diluted as per the specific suppliers’ instructions, were
polyclonal rabbit anti-synthetic peptide conjugated
to keyhole limpet haemocyanin derived from within
residues 1-100 of human Msi-1 (code ab21628, Abcam,
Cambridge, United Kingdom), monoclonal mouse-anti-
protein expressed in 293T cells transfected with human
NEUROG3 expression vector (code ab87108, Abcam),
polyclonal rabbit anti-human secretin (code sc-20938,
Santa Cruz Biotechnology, Santa Cruz, CA, United
States), rabbit antibodies against human synthetic
gastrin-17, which cross reacts with CCK (code A0568,
Dako, Glostrup, Denmark), mouse antibodies against
human synthetic GIP (code Sc-57162, Santa Cruz
Biotechnology), rabbit antibodies against synthetic
cyclic somatostatin (code A0566, Dako) and mouse
antibodies against serotonin (code R87104, Dako).

Quantification

Cell densities were quantified using the Olympus
cellSens imaging program (version 1.7). A microscope
(BX 43, Olympus, Tokyo, Japan) equipped with a
digital camera (DP 26, Olympus) was used. The
number of immunoreactive cells, the number of
crypts and the area containing epithelial cells were
measured. A x 40 objective was used, and each
frame (field) represented a tissue area of 0.035 mm?Z.
Immunoreactive cells were measured in ten fields,
which were chosen randomly. Immunostained sections
from the IBS patients and controls were coded, and
measurements were made by the same person (M.E.),
who was not aware of the identity of the sections. Cell
density is expressed as the number of cells per 100
crypts (for Msi-1 and NEUROG3) or the number of
cells per square millimetre of epithelium (for endocrine
cells).

Statistical analysis

Differences in gender between the patients and
controls were determined using the »° test, and the
incidence of H. pylori infection with Fisher’s exact test.
The Mann-Whitney non-parametric test was used to
establish the difference in age between the patients
and controls. The Kruskal-Wallis non-parametric
test with Dunn’s post-test was used to identify the
differences between controls, all IBS patients (IBS-
total), and IBS-D, IBS-M, and IBS-C patients. The data
are given as mean * SE values, and P < 0.05 was
considered statistically significant.

RESULTS

Patients

Neither gender nor age distribution differed sign-
ificantly between the patients and the controls (P =
1.0 and 0.6, respectively). H. pylori was found in 12
patients and in 8 healthy subjects, which was not
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Figure 1 Densities of musashi 1 and neurogenin 3 cells in controls and irritable bowel syndrome-total, irritable bowel syndrome-C, irritable bowel
syndrome-D and irritable bowel syndrome-M patients. P < 0.05, "P < 0.001 vs the control group.
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Figure 2 Musashi-1-immunoreactive cells (arrows) in representative subjects from the (A) control, (B) irritable bowel syndrome-D, (C) irritable bowel

syndrome-M and (D) irritable bowel syndrome-C patients.

statistically significant (P = 0.6).

Gastroscopy, histopathology and
immunohistochemistry

The duodenum of both the patients and controls was
normal both endoscopically and microscopically. Msi-1
immunoreactivity was observed in both the cytoplasm
and nucleus, and immunoreactive cells were found in
the crypts of the duodenum of both the patients and
the controls. NEUROG3 immunoreactivity was found
exclusively in the nuclei of cells, which were observed
in both the crypts and alongside the villi; secretin,
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CCK, GIP, somatostatin and serotonin cells were
localized mostly in the crypts.

Quantification

Msi-1: The numbers of Msi-1 cells were 77 + 17, 8 +
2,4 +0.7,8 £ 3 and 15 £ 5 cells/100 crypts in the
controls, IBS-total, IBS-D, IBS-M, and IBS-C patients,
respectively (Figures 1 and 2). The Kruskal-Wallis test
showed that these results were significant (P = 0.002).
Dunn’s post-test revealed that the density of Msi-1
cells was lower in IBS-total, IBS-D, IBS-M, and IBS-C
than in the controls (P = 0.0001, 0.0005, 0.002, and
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Figure 3 Neurogenin 3-immunoreactive cell nuclei (arrows) in (A) a control subject, (B) irritable bowel syndrome-D, (C) irritable bowel syndrome-M and (D)

irritable bowel syndrome-C patients.

0.04, respectively).

NEUROG3: The densities of NEUROG3 cells in the
controls and IBS-total, IBS-D, IBS-M and IBS-C
patients were 351 + 33, 103 £+ 22, 83 £ 24, 87 %
34,142 £ 58 and 149 £ 17 cells/100 crypts, res-
pectively (Figure 1 and 3). The Kruskal-Wallis test
showed that these results were significant (P =
0.00004). The density of NEUROG3 cells was lower
in IBS-total, IBS-D, IBS-M and IBS-C than in the
controls (P = 0.00002, 0.00003, 0.001 and 0.0009,
respectively).

Secretin: The densities of secretin cells were 161 =
11,121 + 7,88 £ 8, 56 + 13 and 133 * 10 cells/mm’
epithelium in the controls and the IBS-total, IBS-D,
IBS-M and IBS-C patients, respectively (Figures 4 and
5). A comparison between the controls, IBS-total and
IBS subgroups using the Kruskal-Wallis test revealed
significant differences (P = 0.00003). The density
of secretin cells was lower in both the IBS-total and
IBS-D patients than in the controls (P = 0.001 and
0.00007, respectively).

CCK: The densities of CCK cells were 325 + 41, 186
+ 14, 118 £+ 10, 242 + 37 and 224 + 20 cells/mm?
epithelium in the controls and the IBS-total, IBS-D,
IBS-M and IBS-C patients, respectively (Figures 4 and
6). The Kruskal-Wallis test showed that these results
were significant (P < 0.00008). Post-testing revealed
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that the density of CCK cells was significantly lower in
IBS-total and IBS-D patients than in the controls (P =
0.00007 and 0.00006).

GIP: The densities of GIP cells in the controls and
IBS-total, IBS-D, IBS-M and IBS-C patients were
152 £ 12, 103 £ 5,82 £ 7, 116 £ 6, and 107 £ 8
cells/mm? epithelium, respectively (Figures 4 and
7). The Kruskal-Wallis test showed that these results
were significant (P = 0.00008). The GIP cell density
was significantly lower in IBS-total, IBS-D and IBS-C
patients than in the controls (P = 0.0006, 0.00003 and
0.01, respectively).

Somatostatin: The densities of somatostatin cells in
the controls and the IBS-total, IBS-D, IBS-M and IBS-C
patients were 81 £ 8, 28 £ 3, 20 £ 4, 37 £ 5 and 28
* 4 cells/mm? epithelium, respectively (Figure 4). The
Kruskal-Wallis test showed that these results were
significant (P = 0.00004). The density of somatostatin
cells was lower in IBS-total, IBS-D, IBS-M and IBS-C
patients than in the controls (P = 0.00009, 0.00006,
0.009 and 0.00008, respectively).

Serotonin: The densities of serotonin cells were 117
+ 15, 160 + 10, 169 + 18, 167 = 16 and 149 + 17
cells/mm? epithelium in the controls and the IBS-total,
IBS-D, IBS-M and IBS-C patients, respectively (P =
0.06, Kruskal-Wallis test). There were no significant
differences in the densities of serotonin cells between
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Figure 4 Densities of secretin, cholecystokinin, gastric inhibitory peptide, somatostatin and serotonin cells in controls and irritable bowel syndrome-total,
irritable bowel syndrome-D, irritable bowel syndrome-M and irritable bowel syndrome-C patients.*P < 0.05, °P < 0.001 vs the control group.

the controls and the IBS-total and IBS subtypes (Figure
4).

DISCUSSION

Msi-1 is a marker for both intestinal stem cells and
their early progeny'”*%, The present study found that
the Msi-1 cell density was reduced in the duodenum
of all IBS patients, regardless of the subtype. This
finding indicates that the clonogenic renewal of small
intestine stem cells is reduced in patients with IBS.
Furthermore, cells expressing NEUROG3, which is
a marker for early intestinal cell progenitors**#2,
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was reduced in the duodenum of all patients with
IBS, again regardless of the subtype. A reduction
in NEUROG3-expressing cells has been found in
congenital malabsorptive diarrhoea™, and a reduction
in intestinal endocrine cells has been noted in small
intestine allograft rejection®. Moreover, NEUROG3-
knockout mice failed to develop any intestinal endocrine
cells™®, It is therefore logical to assume that the
reduction in duodenal endocrine cells in IBS patients
observed herein is attributable to the reduction in cells
expressing Msi-1 and NEUROGS3.

The abnormalities in duodenal endocrine cells
observed in this study are in line with those reported
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Figure 5 Secretin cells (arrows) in (A) a control subject (B) irritable bowel syndrome-D, (C) irritable bowel syndrome-M and (D) irritable bowel syndrome-C
patients.

Figure 6 Cholecystokinin-immunoreactive cells (arrows) in (A) a control subject (B) irritable bowel syndrome-D, (C) irritable bowel syndrome-M and (D)
irritable bowel syndrome-C patients.
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'-
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Figure 7 Gastric inhibitory peptide cells (arrows) in (A) a control subject (B) irritable bowel syndrome-D, (C) irritable bowel syndrome-M and (D) irritable

bowel syndrome-C patients.

elsewhere®, Thus, the densities of secretin and CCK
cells were reduced in IBS-D, and those of GIP and
somatostatin cells were reduced in IBS-D and IBS-C.
The present study also showed that the only cell type
in which the density was reduced in IBS-M, an IBS
subtype that has not been investigated previously in
this regard, was somatostatin cells. The present finding
of unaffected serotonin cells in the small intestine of
IBS patients is in agreement with previously reported
observations?®>?"*,

It is interesting that changes in the density of
duodenal endocrine cells differ with IBS subtype, being
highest in IBS-D and lowest in IBS-M. The impact
of the reduction in endocrine cell types in each IBS
subtype on symptom development has been discussed
previously™, It is believed that the reduction in
secretin- and CCK-cell densities in IBS-D may lead
to low levels of secretion of bicarbonate, pancreatic
enzymes and bile salts, resulting in diarrhoea.
Furthermore, as secretin inhibits intestinal motility
and both secretin and CCK inhibit gastric emptying®*,
any reduction in the population of these cells would
contribute to the development of diarrhoea. Secretin,
GIP and somatostatin inhibit gastric acid secretion®*,
and as all of the IBS subtypes are associated with a
reduction in the density of one or more of the cells
secreting these hormones, they may also exhibit
a high level of gastric acid secretion. It has been
demonstrated that the antral gastrin cell density is
increased and somatostatin cell density decreased
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in the stomach of IBS patients'”). Given that gastric
acid secretion is stimulated by gastrin and inhibited by
somatostatin, it has been suggested that gastric acid
secretion is increased in IBS. The present findings,
together with those reported previously™”?, may
explain the high incidence of dyspepsia and gastro-
oesophageal reflux found in IBS patientst***4,

Intestinal stem cell self-renewal (clonogeny)
and proliferation are regulated by several signalling
pathways®”). Several factors, such as hereditary, diet,
intestinal bacterial flora and low-grade inflammation,
have been demonstrated to play an important role
in the pathophysiology of IBS. Changes in diet,
intestinal bacterial flora and low-grade inflammation
have been reported to affect the density of gut
endocrine cells®***¥, It is tempting to speculate that
the factors that have been demonstrated to play a
major role in the pathophysiology of IBS can affect
the signalling pathways for stem cell clonogenic
renewal and proliferation, resulting in abnormalities in
gastrointestinal endocrine cells with the development
of IBS symptoms.

COMMENTS

Background

Irritable bowel syndrome (IBS) is a common gastrointestinal disorder in which
a reduced density of small intestinal endocrine cells has been reported. In
some pathological conditions such as congenital malabsorptive diarrhoea,
a decreased number of stem cell endocrine progenitors and a decreased
number of intestinal endocrine cells have been reported. The present study was
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conducted in order to determine whether the decreased density of duodenal
endocrine cells in IBS patients is associated with abnormalities in stem cell
differentiation.

Research frontiers

This study showed, for the first time, abnormal intestinal stem cell clonogenic
and proliferation activities in IBS. These abnormalities in duodenal stem cells
appear to account for the reduction in duodenal endocrine cell density reported
in IBS patients.

Innovations and breakthroughs

The pathogenesis of IBS is not completely understood, but abnormalities in
the gastrointestinal endocrine cells are believed to play a major role in the
pathophysiology of IBS. The cause of the reduction in intestinal endocrine
cells in patients with IBS is unknown. In the present study, Musashi 1 (Msi 1),
which is a marker for both intestinal stem cells and their early progeny, and
neurogenin 3 (NEUROG3), which is a marker for early intestinal endocrine cell
progenitors were investigated in the duodenum of IBS patients. The densities of
Msi-1 and NEUROGS cells were reduced in the duodenum of patients with IBS,
regardless of the subtype, indicating disturbances in both clonogenic renewal
and proliferation activities of stem cells. These disturbances in duodenal
stem cells were accompanied by a reduction in endocrine cells indicating
an association between the abnormalities in stem cells and the reduction in
duodenal endocrine cells in IBS patients.

Applications

The identification of abnormalities in intestinal stem cells offers a new approach
in the research of IBS pathogenesis and may provide an effective tool for the
treatment of IBS. Thus, research concerning the cause of the abnormalities in
stem cells in IBS should be carried out, and stem cell stimulation/transplantation
may be an option for the treatment of IBS in the near future.

Terminology

Intestinal stem cells: each intestinal crypt contains 4 to 6 stem cells; stem
cell clonogeny: represents self-renewal, in which stem cells divide into a new
identical cells; stem cell differentiation progeny activity: stem cells differentiate
into two lineages: the secretory lineage and absorptive lineage. The secretory
lineage gives rise to goblet, endocrine and Paneth cells and the absorptive
lineage to absorptive enterocytes.

Peer-review

In this article, the authors found that the reduction in the duodenal endocrine
cells in patients with IBS is caused by an abnormality in the stem-cell
clonogenic and proliferation activities. This is a well-written paper containing
interesting results.
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