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ABSTRACT

Objectives: The aim was to investigate the effect of fecal microbiota transplantation (FMT) on colonic
enteroendocrine cells densities in patients with irritable bowel syndrome (IBS).

Materials and methods: This study is connected to the REFIT study, a double-blinded placebo-con-
trolled trial to investigate using FMT for IBS treatment. Eighty-three subjects received either donor-
FMT or placebo FMT (own feces) by colonoscope to cecum. Biopsies were obtained from sigmoid
colon. Ten responders and ten non-responders consented to new biopsy one-year after FMT. Sixteen
patients received donor-FMT and four received placebo FMT. Biopsies were immunostained for all of
the colonic enteroendocrine cells and were quantified using computerized image analysis.

Materials and methods: Allocation sequence was revealed after obtaining re-biopsies and cells
quantification.

Results: Scores for IBS-SSS (mean + SEM) of responders (eight of 10 patients who received donor FMT)
and non-responders changed from baseline to one year after FMT (297 +11 and 81+16, p <.0001,
and 270+ 17 and 291+ 16, p=.15, respectively). Using paired t-test to compare enteroendocrine cells
densities one-year after FMT to baseline showed significant increase only in somatostatin immunoreac-
tive cells density in the total IBS responders group (p=.023) and who received donor-FMT (p =.038).
The densities of peptide YY and enteroglucagon immunoreactive cells increased significantly (p = .04
and .035, respectively) in donor-FMT recipients. No significant changes were noted in placebo FMT or
nonresponders subgroups.

Conclusion: This study shows that colonic enteroendocrine cells densities significantly change in res-
ponders group that received donor-FMT. The mechanisms for the cross talks between gut microbiota
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and colonic enteroendocrine cells remain to be investigated.

Introduction

There are at least 15 different types of enteroendocrine cells
that are scattered among the epithelial cells lining the lumen
of the gastrointestinal (GI) tract [1,2]. The enteroendocrine
cells have microvilli that sense the intestinal luminal contents
and stimulate the release of their neuroendocrine peptides/
amines to regulate the functions of the GI tract [3-6]. The
colon contains five different types of enteroendocrine cells,
namely serotonin-containing (enterochromaffin) cells, peptide
YY (PYY), enteroglucagon (oxyntomodulin), pancreatic poly-
peptide (PP) and somatostatin cells [7]. PYY and enterogluca-
gon (oxyntomodulin) are expressed by the same
enteroendocrine cells (L-cells) [8,9].

Patients with irritable bowel syndrome (IBS) have abnor-
mal densities of enteroendocrine cells in the colon [10] that
tend to normalize following dietary change with low ferment-
able oligosaccharides, disaccharides, monosaccharides, and pol-
yols (FODMAPs) [7,11]. Alterations in the gut microbiota,

known as dysbiosis occur in IBS [12-14] for example, the
abundance of Lactobacillus and Bifidobacterium spp.
decreased and that of Clostridium spp. increased [15]. Gut
microbiota interacts with the enteroendocrine cells [16].
Therefore, changes in certain bacterial species can alter
luminal host nutrient-sensing and gut peptide signaling [6].
Prebiotics affect the differentiation of enteroendocrine cells
[17] such as glucagon-like peptide-1 and PYY [18] cell types.

In a recent study by our group, fecal microbiota trans-
plantation (FMT) through a gastroscope into the descending
part of the duodenum in IBS patients improved their symp-
toms, quality of life and changed the gut microbiota [19] as
well as the enteroendocrine cells densities of the duodenum
after the transplantation [20,21]. The aim of the present
study was to investigate the effect of FMT on the enteroen-
docrine cells densities of the colon in IBS patients. The cur-
rent data set was generated from Fecal Microbial
Transplantation in Treatment of Irritable Bowel Syndrome; a
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Double Blinded Placebo Controlled Trial - the REFIT project,
where the treatment of IBS with FMT, introduced via a col-
onoscope in the cecum of the colon, was investigated in a
double-blinded, placebo-controlled trial [22].

Material and methods
Study design

The participants’ selection, screening and transplantation
process are detailed in a previous publication [22]. Briefly, 83
patients with diarrhea-predominant and mixed type IBS
according to Rome Il criteria who were referred to the
University Hospital of North Norway at Harstad, were
included. They were allocated to receive donor-FMT (either
fresh or frozen feces) or placebo FMT (own feces), in a ratio
2:1, by colonoscope to cecum in a double-blinded, random-
ized, placebo-controlled study after a serial of medical and
physical tests to establish eligibility. To standardize the trans-
plantation procedure, feces were collected from only two
donors who fulfilled predetermined inclusion criteria. The
randomization sequence was sealed in non-transparent enve-
lopes and reveled to researchers when all participants com-
pleted a 12-month follow-up. Biopsy samples were obtained
from sigmoid colon at baseline as part of the FMT procedure.
Using the same cohort of IBS patients in the REFIT study
[22], 10 recipients among of the best responders (6 females
and 4 males, age range 19-66, mean 44years old), defined
by >100 points improvement in IBS-symptom severity score
(IBS-SSS) after FMT compared to baseline, and 10 non-res-
ponders (5 females and 5 males, age range 32-69, mean
53years old) without any changes in IBS-SSS (<100 point
change), consented to a new biopsy one year after FMT.
They had diarrhea-predominant IBS (n=10) and mixed-IBS
(h=10) subtypes. Out of these participants (n=20), 16
received donor-FMT and four received placebo FMT.

The study was approved by the regional committee of
medical ethics (REK-NORD: 2013/971) and registered in
ClinicalTrials.gov Identifier NCT02154867) [22]. All authors
had access to the study data and had reviewed and
approved the final manuscript.

Colonoscopy, biopsies and immunohistochemistry

The participants underwent a standard bowel preparation
with sodium picosulfate and magnesium citrate (Picoprep,
Ferring Pharmaceuticals AS, Switzerland) prior to colonos-
copy. Tissue biopsy samples were obtained from the sigmoid
colon at baseline before FMT and one year after FMT. The
biopsy samples were fixed in 4% buffered paraformaldehyde,
paraffin-embedded and cut into 5-um-thick sections. The
samples were then stained with hematoxylin-eosin and
immunostained with an ultraView Universal DAB Detection
Kit (cat. no. 760-500, Ventana Medical Systems, Basal,
Switzerland) and the BenchMark Ultra IHC/ISH staining mod-
ule (Ventana Medical Systems). The sections were then incu-
bated for 32min at 37°C with the following primary
antibodies,  diluted according to the suppliers’
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recommendations as described previously (7, 11): monoclonal
mouse anti-N-terminal of purified chromogranin A (CgA) pri-
mary antibody (code no. M869; Dako, Glostrup, Denmark),
monoclonal mouse anti-serotonin (code no. 5HT-209, Dako,
Glostrup, Denmark), polyclonal anti-mouse peptide YY (PYY;
code no. PYY 11A, Alpha Diagnostic, San Antonio, TX, USA),
polyclonal rabbit against synthetic human pancreatic poly-
peptide (code no. 114, Diagnostic Biosystems, Pleasanton,
CA, USA), polyclonal rabbit anti-porcine oxyntomodulin (code
no. BP508, Acris Antibodies, Herford, Germany) and poly-
clonal rabbit against synthetic human somatostatin (code no.
A566, Dako). Labeled secondary antibodies were used to
locate the specific antibody. The complex is then visualized
with hydrogen peroxide substrate and 3, 3’-diaminobenzi-
dine tetrahydrochloride (DAB) chromogen and counter-
stained with hematoxylin.

Computerized image analysis

The densities of the enteroendocrine cells were quantified
under a light microscope with a x40 objective using the
CellAB imaging program (Olympus, Tokyo, Japan). The num-
ber of the enteroendocrine cells was quantified in 10 ran-
domly chosen fields, where each frame (field) of epithelial
cells measured 0.09 mm?®. This method was validated earlier
[23]. The density of each enteroendocrine cells type was
expressed as the number of cells per square millimeter of
epithelium. The identity of the slides was concealed during
the quantification of the enteroendocrine cells that was per-
formed by T.M.

Statistical analysis

The paired t-test is used to compare the immunoreactive
cells densities of the patients at baseline to one year after
receiving FMT. The data are presented as mean +standard
error of mean (SEM) values. We considered p < .05 to be stat-
istically significant.

Results

The scores of IBS-SSS (mean+SEM) for responders before
and one year after receiving FMT were (297 +11 and 81+ 16,
p <.0001) and for nonresponders were (270+17 and
291+ 16, p=.15), Figure 1. In the total group of IBS patients,
the densities of almost all of the enteroendocrine cells in the
sigmoid colon significantly increased after FMT compared to
before FMT except for densities of serotonin immunoreactive
cells (p=.11), and CgA and somatostatin immunoreactive
cells that did not reach the cut-off level of significance
(p=.06 and .051, respectively), Table 1. When comparing the
densities of the enteroendocrine cells in the total group of
responders after FMT to before FMT, both the densities of
somatostatin (Supplementary figure 1) and enteroglucagon
(oxyntomodulin) immunoreactive cells increased (p=.023
and .056, respectively) though enteroglucagon (oxyntomodu-
lin) immunoreactive cells densities didn’t reach the cut-off
level of significance, Table 2. No significant changes were
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Figure 1. IBS-SSS scores for (A) responders and (B) nonresponders IBS patients after receiving fecal microbiota transplantation.

Table 1. The densities of the enteroendocrine cells in the sigmoid colon of
the total group of IBS patients before and after transplantation.

Endocrine cells (cells/mm?)

IBS (total) n=20
Hormone Before After p Value
Chromogranin A 167 £12 21118 .06
Serotonin 102+8 132+16 1
Somatostatin 21.8+3 33.67+5 .05
Peptide YY 5235148 77.29+7.6 .02
Enteroglucagon 35.45+3.8 51.67+52 .02
Pancreatic polypeptide 17.55+2.3 24.05+3.5 .04

Data are presented as the mean + SEM. Comparison: Paired t-test. Total group
of IBS patients before and after transplantation. IBS: irritable bowel syndrome.
Bolded p values < .05 are considered significant.

shown in the densities of the enteroendocrine cells in the
total group of non-responders, Table 2. Moreover, the total
group of IBS patients who received donor-FMT (n=16)
showed significant increases after FMT compared to before
FMT only in the immunoreactive cells densities (mean + SEM)
of PYY (77.1+7, 548+5.9, p=.04, respectively) and entero-
glucagon (53.7+6.1, 353+4.5, p=.035, respectively). No
statistically significant change was found in the densities of
the enteroendocrine cells in the total group of IBS patients
who received placebo FMT. Furthermore, the subgroup of
IBS responders who received donor-FMT showed a significant
increase only in the densities of somatostatin immunoreac-
tive cells after FMT compared to before FMT (37+7, 2114,
p =.038, respectively).

Discussion

This study is connected to the REFIT study, where the treat-
ment of IBS with FMT is investigated in a double-blinded pla-
cebo-controlled trial and 10 responders and 10
nonresponders consented to a new biopsy one year after
FMT. The densities of the different enteroendocrine cells
have shown changes in the total IBS group and specifically
in those who have received donor-FMT. Neither the group of
patients that have received placebo FMT nor nonresponders
group has shown any statistically significant changes.
Patients with IBS have altered densities of enteroendo-
crine cells throughout the Gl tract [10,24-27] that tend to
change following manipulations of diet [7,11,28-32] and of

the gut microbiota [20,21]. Previous publication shows that
dietary manipulation also affects the gut microbiota [33]. The
dynamic changes that occur to the enteroendocrine cells fol-
lowing their interactions with the surrounding stimuli stimu-
late their release of the gut hormones to regulate the
different functions of the Gl tract [5,34]. Chromogranin A is a
common marker for the enteroendocrine cells [35-38].
Serotonin modulates the Gl visceral sensitivity [24,39-42]
stimulates large intestinal motility, and accelerates intestinal
transit time [39-47]. Somatostatin inhibits intestinal contrac-
tion [34,48], and stimulates the absorption of water and elec-
trolytes [34]. PYY stimulates the absorption of water and
electrolytes and is a major regulator of the ‘ileal brake’
[24,49]. Enteroglucagon (oxyntomodulin) inhibits gastric and
pancreatic secretions and reduces gastric motility [48].
Pancreatic polypeptide inhibits pancreatic secretion; relaxes
gall bladder; and stimulates motility of stomach and small
intestine [48].

Previous publications have shown that the densities of
several types of enteroendocrine cells in the upper part of
the Gl tract; namely duodenum, have changed after receiving
donor-FMT [20,21]. In the current study, the densities of
almost all of the enteroendocrine cells types in the sigmoid
colon of IBS patients have changed one year after receiving
donor-FMT, namely somatostatin, PYY, enteroglucagon (oxy-
ntomodulin), PP and PYY. Taking into consideration the dif-
ferent roles of these gut hormones; being especially involved
in the motility of the different parts of the Gl tract, one may
speculate that these significant changes may be related to
the improvement in the symptoms of IBS in the majority of
the responders group. The densities of CgA and somatostatin
cells have also changed in IBS patients who received donor-
FMT, but these changes have not reached the cut-off level of
significance. This may be a type-ll error due to the small
sample size of the present study. The changes in the den-
sities of the enteroendocrine cells in the placebo FMT group
may also be a type-ll error. As stated earlier, intestinal
luminal stimuli may affect the enteroendocrine cells such as
changes occurring to the transplants’ microbiota during the
preparation process and dietary changes. In the previous
study [22], dietary changes were monitored for up to
three months after FMT, though changes were insignificant
at that time point, one cannot exclude any dietary changes
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Table 2. The densities of the enteroendocrine cells in the sigmoid colon of the total groups of IBS responder and non-responder patients before

and after transplantation.

Endocrine cells (cells/mm?)

Total responders (n =10)

Total nonresponders (n=10)

Hormone Before After Before After p Value? p Value®
Chromogranin A 160+12 207 £27 175+20 215+24 1 33
Serotonin 96 +7 131+£24 107£13 133+22 a7 41
Somatostatin 20+3 42+9 24+5 25+4 .023 .86
Peptide YY 51+5 81+14 54+8 74+5 N .07
Enteroglucagon 33+4 53+8 38+7 50+6 .056 .22
Pancreatic polypeptide 23+3 306 12+2 18+3 12 23

Data are presented as the mean = SEM. Comparison: Paired t-test.
Total group of responders before and after transplantation

PTotal group of IBS non-responders before and after transplantation. IBS: irritable bowel syndrome.

Bolded p values <. 05 are considered significant.

occurring by the time the second colonoscopy was per-
formed one year after FMT. Nevertheless, it is interesting to
see that mainly the group of IBS patients that received donor
FMT has shown significant changes in the densities of several
types of enteroendocrine cells that persisted for one year
after FMT.

The present study has several strengths and limitations.
The strength points of the study are placebo-controlled, hav-
ing repeated measures before and after FMT, IBS-SSS scores
change parallel to changes in the densities of the enteroen-
docrine cells and the blinding of the investigator to the iden-
tity of the slides while performing the quantification of the
enteroendocrine cells using a validated method [23] that can
detect differences even in small sample size. The limitations
of the study were the small sample size, the explorative
nature of this study, and probably a low statistical power.
Although the sample size was small a significant change in
the densities of the colonic enteroendocrine cells could
be detected.

Conclusion

This study shows that the densities of enteroendocrine cells
in the colon change following donor FMT. This observation
emphasizes the interaction between gut microbiota and
enterendocrine cells following manipulation of the gut
microbiota. The mechanisms behind these interactions
remain to be investigated. Further studies with larger cohorts
are recommended to confirm our present results.
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