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Background/Aims: Irritable bowel syndrome (IBS) is a common disease often considered as a functional intestinal disorder.
Inflammation in IBS is a quite intriguing theory. The aim of this study was to investigate tumor necrosis factor (TNF)-a, inter-
leukin (IL)-1p and IL-6 expression in inflammatory bowel disease (IBD) patients, IBS patients and normal controls. Methods:
IBS and IBD patients along with normal controls were recruited in the study. In all groups, 2 pinch biopsies were taken at each
of 3 anatomical sites (terminal ileum, cecum, and rectum). IBS patients were also subcategorized according to the syndrome
clinical manifestations. Two monoclonal antibodies (mAb), TNF-o. mAb and IL-6 mAb, and one polyclonal antibody IL-13
mAb were applied for immunohistochemical analysis. Results: In IBD patients intensity of TNF-a and IL-1f were lower than in
IBS patients or controls, while IL-6 was significantly increased comparing to the aforementioned groups. In IBS patients TNF-o
was increased comparing to IBD patients or controls, while IL-6 and IL-1p were similar to controls. In IBS subgroups, TNF-a
was lower in diarrhea predominant IBS patients and higher constipation predominant IBS patients. Differences among IBS
subgroups regarding IL-6 and IL-1p were nonsignificant. Conclusions: IL-6 seems to be the most important proinflammatory
cytokine in IBD patients, while TNF-o could play a more significant role in IBS pathogenesis. (Intest Res 2020;18:115-120)
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INTRODUCTION

Irritable bowel syndrome (IBS) is a chronic, fluctuating disor-
der with frequent relapses that affects approximately 20% of
adults, accounts for 40% of referrals to gastroenterology clin-
ics, and comprises 12% of general-practitioner consultations.'
IBS is a disorder without a clear and uniform biochemical, an-
atomical or pathophysiological substrate. The most prominent

Received October 1, 2019. Revised November 12, 2019.

Accepted December 3, 2019.

Correspondence to Vasiliki Galani, Department of Anatomy, Histology,
and Embryology, Medical School University of loannina, Dourouti, loannina
45110, Greece. Tel: +30-2651007587, Fax: +30-2651007860,

E-mail: vgalani@uoi.gr

symptoms are abdominal pain or abdominal discomfort and
an altered defecation pattern. As there are, by definition, no
biological parameters for diagnostic discretion in IBS, symp-
toms constitute a reliable basis for classification and diagnosis.
Several acknowledged criteria such as “Manning criteria” fol-
lowed by the “Kruis criteria” and the “Rome criteria (I-III),” have
been used in order to establish diagnosis.

IBS has been considered a common functional disorder im-
plying a disorder without a discernible pathophysiological
mechanism, thus a nonorganic disorder.”’ Traditionally, IBS
has been viewed upon as a disorder where altered GI motility,
visceral hypersensitivity, dysregulation of brain-gut axis, al-
tered bowel motility, neurotransmitter imbalances and psy-
chosocial factors are the most important pathophysiological
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factors."”

The lack of an orchestrator of the IBS mystery is probably
the more significant quest regarding the disease. The last few
years an emerging theory of inflammation as the key patho-
physiological factor in IBS has become quite intruiging."*”

The aim of this study was to investigate mucosal levels of
TNF-q, interleukin (IL)-6 and IL-1p in inflamed mucosa (IBD
patients), in non-inflamed mucosa (normal controls) as well

as in assumed non-inflamed mucosa of patients with IBS.
METHODS

1. Patients

IBS and IBD patients along with normal controls were recruit-
ed in the study. Characteristics of IBS and IBD patients and
normal controls are described at Table 1. Data regarding IBD
patients were mostly retrospective, while IBS patients and con-
trols were recruited prospectively. All subjects underwent colo-
noscopy after cleansing of their whole colon with polyethylene
glycol-electrolyte lavage solution. In all cases, 2 pinch biopsies
were taken at each of the 3 anatomical sites (terminal ileum,
cecum and rectum). IBD was diagnosed upon clinical end en-
doscopical criteria as well as by biopsy findings. The endoscop-
ic classification for the IBD group was established using Mayo
clinic index and UC endoscopic index for severity.” Biopsies
obtained from IBD patients with colitis were used as inflam-
matory disease controls. IBD specimens include patients with
CD (CD-terminal ileum), with UC (UC-rectum) and both CD
and UC patients (cecum).

IBS patients fulfilled the Rome III criteria and none of them
had a clear history of IBD. IBS patients were further subcate-
gorized according to their bowel habits (IBS-D, diarrhea pre-
dominant IBS; IBS-C, constipation-predominant IBS; IBS-A,
patients with alternating symptoms) in order to detect varia-
tions in the expression of TNF-a, IL-6, IL-1p in those subgroups.
As normal controls were used patients that underwent colo-
noscopy for polypectomy or investigation of anemia or hema-

Table 1. Characteristics of IBD Patients, Controls and IBS Subgroups
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tochezia or even patients with colon cancer that had a part of
their colon surgically removed (bowel parts remote to cancer
margins were used). Controls had: (1) macroscopically and
histologically normal colonic mucosa; (2) no persistent bowel
symptoms; (3) no organic or functional bowel disease; and (4)
no history of chronic medical disease. None of IBD, IBS patients
or normal control cases received any anti-inflammatory regi-
men prior to the time of biopsy.

2. Methods

Tissue specimens were formalin-fixed, embedded in paraffin
cubes and 4-um thick sections were obtained for immunohis-
tochemical study. Inmunohistochemical staining was performed
on an automated immunostainer (Ventana Benchmark, Stras-
bourg, France), according to the manufacturer’s protocols.

Antibodies directed against TNF-o. (dilution 1:100, clone P/
T2; Abcam Inc, Cambridge, UK), IL-6 (dilution 1:100, clone
10C12; Leica Biosystems, Wetzlar, Germany) and IL-1§ (Ther-
mo Fisher Scientific Inc, Waltham, MA, USA) were applied. Fi-
nally, slides were washed in tap water, dehydrated, and mount-
ed with glass coverslips. Positive controls were used to con-
firm the adequacy of the staining and negative controls were
included and consisted in the same immunohistochemical
method with omission of the primary antibody.

For the counting of immunopositive TNF-q, IL-6 and IL-1§
cells a semiquantitative score system that considered staining
intensity on epithelium and crypts was adopted by using the
x40 objective lens and counting at least 5 nonoverlapping
fields selected on the basis they contained immunopositive
cells. Intensity of TNF-o, IL-6 and IL-1f staining was evaluated
as weak (+1), moderate (+2), intense (+3) or severe (+4) on a
subjective basis. Allimmunohistochemical sections were eval-
uated by 2 independent experienced pathologists. The grade
of inflammation was assessed under the same light microscope
at x40 magnification by the same pathologists.

Statistical analysis was performed with SPSS software. Krus-
kal-Wallis one-way ANOVA test was used to assess the statisti-

o IBS IBD
Characteristic — Controls
IBS-D IBS-C IBS-A Terminal ileum Cecum Rectum
Mean age (yr) 44 54 43 35 38 46 46
Range (yr) 19-61 23-66 40-52 17-61 24-48 21-60 18-72
Number 5 9 3 18 18 14 19

IBS subtypes: IBS-D, predominant symptom diarrhea; IBS-C, predominant symptom constipation; IBS-A, patients with alternating symptoms.

116

www.irjournal.org



INTESTINAL RESEARCH

cal differences between the aforementioned groups. P<0.05
indicated a statistically significant difference.

3. Ethical Considerations

This study was conducted according to the Ethical Guidelines
for Medical and Health Research Involving Human Subjects.
The present study was approved by the Ethics Review Com-
mittee of University of loannina (approval No. 515a/11-11-
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2003). No additional permissions were required to review the
patient records, including the hospitals from which the re-
cords were obtained.

RESULTS

1. TNF-a
Intensity of TNF-a was lower in IBD patients through terminal

Table 2. TNF-o, IL-6 and IL-1B in Terminal lleum, Cecum and Rectum of IBS patients, IBD Patients and Controls

IBD IBS Controls
Bowel parts, cytokines Epithelium Crypts Epithelium Crypts Epithelium Crypts
intensity intensity intensity intensity intensity intensity
Terminal ileum
TNF-a 1.00° 0.68 2.38° 2.00 1.94° 1.61
IL-6 217° 1.89° 1.65° 1.22° 1.95° 1.70°
IL-1B 237° 237 2.70°° 2.95™ 2.84° 2.85°
Cecum
TNF-a. 0.80° 0.80 290° 235 2.38¢ 2.00
IL-6 231° 2.16° 1.72° 141° 1.76° 1.40°
IL-1B 2.65° 2.56° 3.05° 3.10° 3.25° 2.65°
Rectum
TNF-a 1.17° 1.17 2.55° 2.30 263" 2.15°
IL-6 1.87° 2.08° 1.73° 1.46° 1.55° 147°
IL-1B 2.54° 2.46° 291 2.95° 3.10° 2.89°

Statistically significant; >P<0.05., °P<0.01, and ‘P<0.001.
IL, interleukin.

Table 3. TNF-a, IL-6, IL-1B in Terminal lleum, Cecum, and Rectum of IBS Subgroups

Terminal ileum Cecum Rectum
IBS subtypes Epithelium Crypts Epithelium Crypts Epithelium Crypts
intensity intensity intensity intensity intensity intensity
TNF-a
IBS-D 2.00° 2.00° 2.67° 2.00° 2.60° 2.20°
IBS-C 233° 1.77 3.22 2.77 2.55 2.44
IBS-A 233° 2.67 3.00 3.00 3.00 2.67
IL-6
IBS-D 1.60° 1.00° 1.50° 1.50° 3.20° 2.00°
IBS-C 1.55° 1.14° 1.44° 1.00° 2.90° 1.00°
IBS-A 1.77° 1.50° 1.67° 1.33° 3.00° 1.00°
IL-1B
IBS-D 3.00° 2.60° 275 3.00° 3.20° 3.00°
IBS-C 2.89° 3.10° 3.00° 3.00° 2.90° 3.10°
IBS-A 2.67° 3.30° 3.00° 3.00° 3.00° 3.00°

Statistically significant; °P<0.05., "P<0.001.

IL, interleukin; IBS subtypes: IBS-D, predominant symptom diarrhea; IBS-C, predominant symptom constipation; IBS-A, patients with alternating symptoms.
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ileum, cecum and rectum, compared to IBS patients and con-
trols (P<0.05) (Table 2). A nonsignificant increase of TNF-a
intensity in IBS patients compared to controls was showed,
except at cecum epithelium (P=0.03).

2.1L-6

Intensity of IL-6 appeared higher in IBD patients compared to
IBS patients and controls (IBD vs. IBS, P<0.05) throughout the
bowel (Table 2). When comparing expression of IL-6 in IBS
patients and controls, no definite pattern was revealed.

3.1L-1B

Intensity of IL-1p was lower in IBD patients compared to IBS
patients and controls (IBD vs. controls, P<0.05; IBD vs. IBS,
P<0,05 at cecum, rectum) (Table 2). Intensity of IL-1f3 was
rather similar in IBS patients and controls.

4. IBS Subgroups

Intensity of TNF-a was lower in IBS-D patients throughout the
epithelium and crypts of terminal ileum, cecum and rectum
in comparison with IBS-C or IBS-A patients (Table 3). Intensi-
ty of TNF-a in IBS-A patients was higher at the rectum and ter-
minal ileum crypts as well as at rectum epithelium (P> 0.05).
No statistically significant differences were found in intensity
of IL-6 at terminal ileum, cecum and rectum of IBS subgroups,
except a significant raise in rectum crypts of IBS-D patients
(IBS-D vs. IBS-C/IBS-A, P=0.001) (Table 3). Finally, intensity
of IL-1B was rather similar in all IBS subgroups without signifi-
cant differences at the terminal ileum, cecum and rectum.

DISCUSSION

Investigation of pathogenesis in IBDs by analyzing the inflamed
mucosa from patients with UC and CD has revealed the incre-
ased expression of certain proinflammatory cytokines such as
IL-1, IL-6, IL-8, and TNF-0.” IL-6 is a pleiotropic cytokine that
exerts certain proinflammatory effects and is associated with

' Stimulation of IL-6 re-

neoplasia and autoimmune disorders.
sults in a maximal induction of nuclear factor kB (NF-kB) acti-
vation and NF-kB nuclear translocation and induces expres-
sion of intercellular adhesion molecule 1, an adhesion mole-
cule shown to be important in the neutrophil-epithelial inter-
actions in IBD." IL-6 plays a central role in several immuno-
logic responses during the development of IBD, and circulat-
ing levels of IL-6 are associated with many clinical features of
CDand UC."”
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IL-6 is expressed in a significantly higher amount in both
serum and tissue of patients with active IBD and its levels have
been correlated with the severity of the disease and are associ-
ated with the prediction of disease activity. T-cell accumula-
tion, mediated by apoptosis resistance, eventually leads to chro-
nic inflammation and can be inhibited by anti-IL-6 receptor
antibodies.""" Overall, several studies have highlighted the
role of IL-6 in innate and adaptive immune responses and
suggest that deregulation of these pathways can contribute to
the progression of chronic disease."

TNF-o and IL-1f play important roles in the regulation of
the immunity, the inflammatory response and the cell growth

181 ,-1 seems to be

and death of normal and cancerous cells.
substantive in the pathogenesis of IBD because of its immu-
nological up-regulatory and proinflammatory activities. IL-1,
primarily secreted by monocytes and macrophages, activates
intestinal macrophages, neutrophils, fibroblasts, and smooth-
muscle cells, inducing them to secrete prostaglandins, prote-
ases, and other soluble mediators of inflammation, and che-
motactic cytokines."

TNF-a expression in human macrophages was discovered
in the colonic tissue and macrophages in both patients with
CD and UC and serum levels of TNF-a correlate with clinical
and laboratory indices of intestinal disease activity.”” TNF-a. is
considered to play an essential role in the pathogenesis of mu-
cosal inflammation in IBD as supported by human and ani-
mal studies: (1) in a clinical trial approximately two-thirds of
CD patients responded to treatment with a single infusion of
anti-TNF-a chimeric monoclonal antibody; (2) amelioration
of inflammation following anti-TNF-a treatment in several an-
imal models of intestinal inflammation is presented; (3) the
development of a “Crohn’s-like” phenotype in mice that over-
express TNF-a has been shown.” TNF-a antibodies have a
documented initial effect in 60% to 70% of patients with mod-
erate to severe luminal and/or fistulizing IBD and approximate-
ly 30% of patients achieve remission after a relatively short treat-
ment period.” Nevertheless, the effect seems to decrease dur-
inglong-term treatment.

In our study intensity of TNF-a was shown decreased in IBD
patients in comparison with IBS patients or controls. Several
studies have demonstrated increased mucosal levels of TNF-o.

1?2 whereas others were unable to detect in-

23,24

in IBD patients,
creased levels of TNF-0.™" Likewise, the mucosal levels of IL-
1B were decreased in IBD patients comparing to IBS patients
or controls. On the contrary IL-6 mucosal levels were augment-

ed in IBD patients comparing to the aforementioned groups,

www.irjournal.org
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which corresponds with several studies that place IL-6 as a
key factor in IBD.""*

Furthermore, it is beguiling that TNF-a mucosal levels were
increased in IBS patients in comparison to IBD patients or con-
trols, showing that TNF-a could participate in IBS pathogene-
sis. Probably, additional research of TNF-a serum levels in IBs
patients would provide further data, considering the confirmed
elevation in IBD patients, demonstrated in several studies.”
Levels of IL-6 and IL-1p were similar with those detected in
controls revealing possibly a nonsignificant role in IBS. Ana-
lyzing IBS subgroups based on symptomatology revealed sub-
tle differences only regarding TNF-a, showing a decrease in
IBS-D patients and an increase in IBS-C patients, and no dif-
ferences in IL-6 and IL-1 in IBS subgroups.

Unprotected elevated levels of TNF-o, IL-6 and IL-1f in con-
trols could be attributable to normal intestinal inflammation.”
Normal bowel inflammation is a normal response that prevents
bowel injury by its ability to fit perfectly into multiple proin-
flammatory challenges and is therefore essential to homeo-
stasis. The intestine develops and functions within a complex
and large microbial load and a steady stream of dietary anti-
gens leading to a ‘normal inflammation” condition. Anti-in-
flammatory cytokines such as IL-10 could contribute to dimin-
ishing inflammatory procedures in normal controls.

In conclusion, our study demonstrated that IL-6 is probably
the most important proinflammatory cytokine in IBD patients,
whereas in IBS patients, TNF-o seems a more challenging fac-
tor in the disease pathogenesis. Further studies investigating
anti-inflammatory or other proinflammatory cytokines in IBS,
would provide additional information in the ambiguous patho-
physiology mechanisms of IBS as well as the IL-17/Th17 (T-
helper 17) axis which is assumed to play an important role in
regulating intestinal tissue inflammation,” and thus, contrib-
ute to more effective management.
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