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Abstract

Background and Aim Mucosal immune activity may
participate in irritable bowel syndrome (IBS) pathogenesis.
Mast- and T cell numbers from patients with IBS or

ulcerative colitis (UC) and healthy controls were
determined.
Methods Between November 2007 and May 2012,

patients with diarrhea-predominant IBS (D-IBS, n = 83),
49 patients with UC, and 25 healthy controls were recrui-
ted. Of the UC group, 28 were in remission and 21 had
mildly active UC. Biopsies from each colon segment were
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subjected to immunohistochemical analysis. The mast
cells, intraepithelial lymphocytes (IELs), and lamina
proprial lymphocytes (LPLs) were counted.

Results Compared to the healthy controls, the patients
with D-IBS, UC in remission, and mildly active UC had
significantly higher mean colorectal mucosal mast-cell,
IEL, and LPL counts. Comparison with the colon segments
(ascending, transverse, descending, and sigmoid segments)
that had once been involved in UC (in the patients with
remission) revealed that the D-IBS colons had similar
immune-cell counts. However, they had significantly fewer
immune cells than the colon segments that presently
showed involvement in the patients with mildly-activated
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UC. The mast-cell and IEL counts were similar in the
D-IBS rectums and once-involved UC rectums but signif-
icantly higher in the presently-involved UC rectums.
However, both the once-involved and presently-involved
UC rectums had significantly higher LPL counts than the
D-IBS rectums.

Conclusions Patients with D-IBS had significantly higher
colonic mucosal immune-cell counts than healthy controls
but had similar counts to patients with UC in remission.
The symptoms in both conditions may originate from low-
grade inflammation in the colonic mucosa.

Keywords Irritable bowel syndrome - Mast cell -
T cell - Ulcerative colitis

Introduction

Irritable bowel syndrome (IBS) is one of the most common
gastrointestinal disorders. It is characterized by abdominal
discomfort or pain that is associated with changes in bowel
habits and disordered defecation features [1]. Two studies
have shown that the intestinal mucosa of patients with IBS
is infiltrated by immune cells (i.e., T cells and mast cells),
which are activated, as indicated by their production of
cytokine, histamine, and proteases [2, 3]. Several other
studies have shown that such infiltration is particularly
marked in the colonic epithelium and lamina propria,
especially in post-infectious IBS (PI-IBS) [4-8]. Thus, the
altered bowel physiology and sensory perception of
patients with IBS may relate to immune mechanisms [9].
Supporting this notion is that mast-cell histamine and
proteases derived from the colonic mucosa of patients with
IBS excite rat sensory afferent pathways in vitro and evoke
visceral hyperalgesia in mice when administered into the
colon [10, 11]. In addition, the severity and frequency of
abdominal pain in patients with IBS correlates positively
with mast-cell infiltration in close proximity to mucosal
nerve fibers [3]. Together, these observations support the
hypothesis that immune activity plays a pathogenic role in
IBS [12]. However, it should be noted that the findings of
gut inflammation in patients with IBS are still being
debated and that IBS is still considered to be a disorder of
unknown etiology.

Patients frequently report IBS-like symptoms (such as
abdominal pain, diarrhea/loose stool, bloating, mucus in
stool, and urgency) before they are diagnosed with
inflammatory bowel disease (IBD) and microscopic colitis
[13, 14]. Moreover, patients with IBD that is in long-
standing remission have a two- to threefold higher preva-
lence of IBS-like symptoms than the normal population
[15]. These observations suggest that inflammation may be
a common pathophysiological factor that leads to the
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abdominal symptoms in IBS and IBD. Indeed, it may be
that the two diseases represent the opposite ends of a wide
spectrum of chronic intestinal inflammatory conditions.

To date, however, the mucosal immune activation of all
colonic segments in IBS has been poorly researched. To
address this, the mast cell, intraepithelial lymphocyte
(IEL), and lamina propria lymphocyte (LPL) counts in
colon biopsies from healthy controls and patients with IBS
or ulcerative colitis (UC) were determined in the present
study. The relationship between the symptoms of the
patients with IBS and their colorectal cell counts was also
evaluated.

Patients and Methods
Patients

Between November 2007 and May 2012, 83 patients who
visited Chung-Ang University Hospital with symptoms that
met the Rome III criteria [1] for the diagnosis of diarrhea-
predominant IBS (D-IBS) were recruited into the study.
During the same period, 49 patients with UC who were
undergoing colonoscopy at the same hospital to assess their
UC disease activity were recruited. Of these, 28 were in
remission and 21 had mild endoscopic activity. In addition,
25 healthy controls who visited the same hospital for a
routine health checkup that involved a colonoscopy were
recruited during the study period; none had any gastroin-
testinal complaints.

UC was diagnosed on the basis of clinical, radiological,
endoscopic, and histological criteria [16—18]. UC activity
was based on the endoscopic subscore in the Mayo score
[19]. Patients with UC were judged to be in remission when
endoscopy showed near-normal macroscopic findings
without erythema, decreased vascularity, and friability. In
all patients with UC, the colorectal segments were divided
according to the present and past endoscopic findings of the
colorectal mucosa into three colon-segment groups: seg-
ments whose mucosae were presently involved in the UC
(in the patients with mildly active UC), had never been
involved, or had once been involved but was now not
involved (in the patients with remission).

None of the enrolled patients or healthy subjects had
undergone major abdominal surgery or had any organic
syndrome, asthma, lactose intolerance, food allergy, or
other allergic disorders. None of the healthy subjects
were taking nonsteroidal anti-inflammatory drugs, or any
other anti-inflammatory drugs (including steroids, anti-
histamines, and mast cell stabilizers). The patients with
UC were only given oral and/or topical 5-aminosalicylic
acids to treat their mildly active disease or maintain
remission.
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All study participants provided written informed consent
and the study was approved by the Institutional Review
Board of the Chung-Ang University Hospital
(12007021(79)).

Colonoscopy and Biopsy Sampling

After bowel preparation with 4 L of polyethylene glycol,
all participants underwent colonoscopy. All procedures
were performed by the same expert endoscopist. During
the colonoscopy of each patient, two mucosal biopsies
were obtained from each of the following colon segments:
the ascending colon, transverse colon, descending colon,
sigmoid colon, and rectum. Given that the colonic mucosa
of the healthy controls, patients with D-IBS, and patients
with UC in remission were endoscopically normal-look-
ing, the biopsies were taken randomly from each colon
segment in these subjects. However, in the patients with
mild UC, the biopsies were taken from inflamed areas of
the colon unless inflamed areas could not be found; in that
case, the biopsies were taken randomly from the endo-
scopically normal-looking mucosa. All biopsy samples
were assessed by the pathologist for the presence of
microscopic colitis, including lymphocytic colitis. How-
ever, none of the biopsy samples showed evidence of
microscopic colitis.

Immunohistochemistry and Quantification of Immune
Cells

Biopsy specimens were fixed in buffered 10 % formalin
and processed for either H&E histology or immunohisto-
chemistry. Thus, paraffin-embedded specimens were
sliced with a microtome into 4-um-thick sections, which
were mounted onto precoated slides (Dako, Glostrup,
Denmark). Following dewaxing, the tissue sections were
incubated with 0.5 % hydrogen peroxide in methanol at
22 °C for 10 min and washed under running tap water for
15 min. The sections were then incubated with 0.1 %
trypsin (Sigma, Pool, UK) and 0.1 % calcium chloride
(pH 7.8) for 10 min at 37 °C. Nonspecific binding was
blocked by incubation for 15 min in normal rabbit serum
that was diluted 1:5 with Tris-buffered saline (TBS; pH
7.6). The slides were then incubated for 18 h at 4 °C with
rabbit polyclonal antibodies specific for the T-cell marker
CD3 (SP7, 1:150, Thermo Scientific, CA, USA) and with
a mouse monoclonal antibody specific for human mast-
cell tryptase (CloneAAl, 1:4,000, Thermo Scientific). The
slides were immunostained with an automated immuno-
stainer, Techmate 500 Plus, and Techmate reagents (Dako,
Carpinteria, CA, USA). For each biopsy, the positively-
stained mast cells in three consecutive non-overlapping

microscopic fields (i.e., three sections) were counted. Each
field was 0.024 mm? in area. Counting was performed at
400x magnification (Fig. 1). Thus, for each segment
(from which two biopsies were taken), the mast cells were
counted in a total of six consecutive non-overlapping
microscopic fields. Similarly, the IEL and LPL T-cell
counts per 100 cells in the epithelium and lamina propria,
respectively, were determined in three non-overlapping
areas at 400x magnification in each of the two biopsy
samples per segment. The counts of the three areas per
biopsy were then added together to yield the total counts
per 300 cells (Fig. 1). If the two biopsies per segment
were too small to yield six consecutive non-overlapping
fields, the cells in the maximal number of non-overlapping
fields were counted. This occurred in two D-IBS cases
(ascending colon), one D-IBS case (transverse colon), and
one remission-UC case (ascending colon). However, when
the analysis was performed without these slides, similar
results were observed. All histological sections were
evaluated and cells were counted by an expert pathologist
who was unaware of the patient diagnosis and clinical
details.

Symptom Questionnaire

The self-administered questionnaires included the Rome III
criteria for IBS and the assessment of the severity of seven
symptoms, namely, abdominal pain/discomfort, loose
stools, urgency, sense of incomplete evacuation, mucus in
stool, bloating, and flatulence. All symptoms were assessed
by using a seven-point Likert scale (0-6) [20, 21].

Short Form 36 (SF-36) Questionnaire for Health-
Related Quality of Life (HRQOL)

All participants completed the Korean version of the gen-
eric SF-36 questionnaire (version 2). This 36-item ques-
tionnaire scores eight domains of patient functioning:
physical functioning, physical role, bodily pain, general
health, vitality, social functioning, emotional role, and
mental health [22]. Each subscale was scored from O to
100, with higher scores indicating a better health status.

IBS-Quality of Life (QOL) Questionnaire

The patients with D-IBS completed the IBS-QOL ques-
tionnaire [23], which has been translated into Korean and
validated cross-culturally [24]. This questionnaire consists
of 34 IBS-specific QOL items. Patients are asked to choose
between descriptive statements using a recall period of the
previous 30 days [23]. A five-point Likert response scale
was used to assess the degree to which each statement
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Fig. 1 Representative photomicrographs showing tryptase-positive
mast cells in the colonic mucosa of a healthy control subject (a), a
patient with diarrhea-predominant irritable bowel syndrome (b),
CD3+ T cells in the colonic mucosa of a healthy control subject (c),
and a patient with mildly active ulcerative colitis (d). x400 for all
images. a, b The black arrows indicate tryptase-stained mast cells.

described the feelings of the respondent (not at all, slightly,
moderately, quite a bit, and extremely or a great deal). The
questionnaire includes eight subscales: dysphoria, inter-
ference with activities, body image, health concerns, food
avoidance, social reaction, sexual function, and relation-
ships. Each subscale is transformed to a 0—100 scale, where
0 indicates a poor QOL and 100 indicates excellent QOL.
All items are summed to calculate the overall score, which
is transformed to a 0-100 scale.

Outcome Measures

The primary outcome measure was the number of colonic
mucosal immune cells. We hypothesized that patients with
D-IBS would have significantly higher colonic mucosal
immune-cell counts (namely, mast cells, IELs, and LPLs)
than the healthy controls. The secondary outcome measures
were (1) comparison of the mucosal immune activity in
D-IBS and UC, and (2) the correlation between immune
activity and symptoms in D-IBS.
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The mast-cell counts were higher in diarrhea-predominant irritable
bowel syndrome than in the healthy control group. ¢, d The black
arrows indicate CD3-positive T cells in the lamina propria and the red
arrows indicate CD3-positive T cells in the epithelium. The mildly
active ulcerative colitis group had significantly higher T-cell counts in
both the lamina propria and epithelium than the healthy control group

Statistical Analysis

Continuous variables are reported as median with range
and/or as mean + standard deviation (SD). Categorical
variables are expressed as relative frequencies. Depending
on the distribution, Student’s ¢ test or the Mann—Whitney
U test was used to compare the continuous variables and
the y? or Fisher’s exact test was used (if the numbers were
inadequate) to compare the categorical variables.
Depending on the distribution, differences between the
healthy controls, patients with D-IBS, and patients with UC
were evaluated by analysis of variance (ANOVA) or the
Kruskal-Wallis test. Correlations between immune activity
and other factors, such as scores on the symptom ques-
tionnaire, SF-36, and IBS-QOL, were analyzed by Spear-
man’s rank test and linear regression. All p values were
two-sided and p values of <0.05 were considered to indi-
cate statistical significance. All statistical analyses were
performed by using the SPSS program, version 18.0 (SPSS
Inc, Chicago, IL, USA).
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Table 1 Demographic and clinical characteristics of the study groups

Characteristic HCs D-IBS ucC
Number 25 83 49
Sex (M/F) 13/12 46/37 35/14
Median age, years (IQR, 40.0 32.0 42
years) (32.0-49.5)  (25.5-45.0) (29-54)
Maximal extent of
disease in UC?*
Ascending colon 15
Transverse colon 8
Descending colon 4
Sigmoid colon 11
Rectum 11

HCs healthy controls, D-IBS diarrhea-predominant irritable bowel
syndrome, UC ulcerative colitis, M male, F female, IQR interquartile
range

4 This extent includes the segments that were previously involved in
the patients with ulcerative colitis in remission and the segments that
were presently involved in the patients with mildly active ulcerative
colitis

Results

Demographic and Clinical Characteristics
of the Patients

As shown in Table 1, 52.0 % (13/25), 55.4 % (46/83), and
71.4 % (35/49) of the control, D-IBS, and UC groups were
male, respectively, and their median ages were 40.0
(interquartile range [IQR] 32.0-49.5), 32.0 (IQR
25.5-45.0), and 42 (IQR 29-54) years, respectively. Of the
patients with UC in remission and mildly active UC,
75.0 % (21/28) and 66.7 % (14/21) were male, respec-
tively, and their median ages were 41.0 (IQR 25.5-55.3)
and 43.0 (IQR 30.3-54.0) years, respectively. Of the 21
patients with mildly active UC, five had extensive colitis,
11 had left-sided colitis, and five had proctitis. Eight of the
83 patients with D-IBS had PI-IBS.

Total Colonic Mast Cell, IEL, and LPL Counts
in the D-IBS, Healthy Control, and PI-IBS Groups

As shown in Fig. 2a, the total (all five colorectal segments
together) mean (£SD) mast cell, IEL, and LPL counts of
the D-IBS group were 33.3 (£15.1), 19.4 (£7.1), and 32.6
(£14.7), respectively. For the healthy controls, these val-
ues were 14.8 (£3.6), 10.2 (£3.5), and 19.9 (£4.9),
respectively. When these mean control counts were used as
cut-offs, 97.6 % (81/83), 92.8 % (77/83), and 81.9 % (68/
83) of the patients with D-IBS had higher mast cell, IEL,
and LPL counts, respectively. The differences between the
D-IBS and healthy control groups in terms of their mean
mast cell, IEL, and LPL counts were statistically significant

(p < 0.001 for all three cell types). Regarding the eight
patients with PI-IBS, their mean (+SD) mast cell, IEL, and
LPL counts were 38.4 (x11.4), 22.2 (£6.6), and 35.8
(£14.9), respectively. While these counts were higher than
the respective counts for the remaining patients with
D-IBS, these differences did not achieve statistical signif-
icance (p = 0.105, 0.268, and 0.384, respectively).

Mucosal Mast- and T-Cell Counts in the Different
Colorectal Segments of the Healthy Control, D-IBS,
and UC Groups

In the healthy controls, the rectum had significantly higher
mean mast cell and IEL counts than the other segments of
the colon (p < 0.001) but none of the segments differed in
terms of mean LPL counts (Fig. 2b). In the D-IBS group,
none of the segments differed in terms of mast cell, IEL,
and LPL counts (Fig. 2¢). Analysis of the patients with UC
in remission and mildly active UC revealed that in both
subgroups, the rectum also had significantly higher LPL
counts than the other segments (p < 0.001 for both sub-
groups; Fig. 2d, e).

Mucosal Mast-and T-Cell Counts in the Rectum Versus
Other Colorectal Segments

Since none of the colon segments apart from the rectum
differed in terms of mast cell, IEL, and LPL counts for any
of the patient groups, the average immune-cell counts of
the ascending, transverse, descending, and sigmoid colon
segments together in each patient group were calculated.
The D-IBS and healthy control groups were then compared
in terms of their colonic (i.e., containing four segments)
and rectal mast cell (Table 2), IEL (Table 3), and LPL
(Table 4) counts. The D-IBS group had significantly higher
mast cell, IEL, and LPL counts in the colon than the
healthy controls (p < 0.001 for all three comparisons).
However, while the D-IBS group also had significantly
higher LPL counts in the rectum than the healthy controls
(p = 0.004), the two groups did not differ in terms of mast
cells (p = 0.087) or IELs (p = 0.394) in the rectum.

The patients with UC were also compared to the healthy
controls and patients with D-IBS in terms of colonic and
rectal immune-cell counts (Tables 2, 3, 4). However, in the
patients with UC in remission or mildly active UC, not all
of the colon segments had once been involved with the UC
or were presently involved, respectively.

Compared to the healthy control colons, the uninvolved,
once-involved, and presently-involved UC colons had
significantly higher mast cell and IEL counts (p < 0.001
for all comparisons). The LPL counts were also higher in
the uninvolved and presently-involved (both p < 0.001)
colons but not the once-involved colons (p = 0.106).

@ Springer



1006

Dig Dis Sci (2014) 59:1001-1011

Fig. 2 Average mast cell, IEL, A
and LPL counts of the HC,
D-IBS, UCR, and UCMA 0

groups. Total cell counts (a).
Average cell counts in various

50
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Table 2 Mast-cell counts in the colorectal segment of each group
Location HCs D-IBS UM-UC IM-UCR IM-UCMA
Colon 129 + 54 33.2 £ 14.5° 27.8 £ 15.7° 30.3 + 15.8 40.5 £ 15.6
Rectum 224 + 5.6° 30.3 + 16.8¢ N/A 30.4 + 18.3% 379 £ 153

The data are expressed as mean + standard deviation

HCs healthy controls, D-IBS diarrhea-predominant irritable bowel syndrome, UM-UC uninvolved mucosa in patients with ulcerative colitis, /M-
UCR previously-involved mucosa in patients with ulcerative colitis in remission, /IM-UCMA currently-involved mucosa in patients with mildly

active ulcerative colitis, N/A not available

% p < 0.001 versus D-IBS group, p < 0.001 versus UM-UC group, p < 0.001 versus IM-UCR group, and p < 0.001 versus IM-UCMA group
® p < 0.001 versus D-IBS group, p = 0.087 versus IM-UCR group, and p < 0.001 versus IM-UCMA group

¢ p = 0.010 versus UM-UC group, p = 0.301 versus IM-UCR group, and p = 0.002 versus IM-UCMA group

4 p = 0.981 versus IM-UCR group and p = 0.038 versus IM-UCMA group

¢ p = 0471 versus IM-UCR group and p < 0.001 versus IM-UCMA group

f p = 0.006 versus IM-UCMA group
& p = 0.141 versus IM-UCMA group
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Table 3 Intraepithelial lymphocyte counts in the colorectal segment of each group

Location HCs D-IBS UM-UC IM-UCR IM-UCMA
Colon 7.46 £ 5.5% 19.4 £ 9.4° 249 £ 12.9° 20.0 £ 9.9° 31,5+ 96
Rectum 212 £ 7.1° 22.1 + 8.8¢ N/A 23.5 £ 10.18 343+ 75

The data are expressed as mean =+ standard deviation (SD)

HCs healthy controls, D-IBS diarrhea-predominant irritable bowel syndrome, UM-UC uninvolved mucosa in patients with ulcerative colitis, /M-
UCR previously-involved mucosa in patients with ulcerative colitis in remission, IM-UCMA currently-involved mucosa in patients with mildly
active ulcerative colitis, N/A not available

? p < 0.001 versus D-IBS group, p < 0.001 versus UM-UC group, p < 0.001 versus IM-UCR group, and p < 0.001 versus IM-UCMA group
b p = 0.672 versus D-IBS group, p = 0.394 versus IM-UCR group, and p < 0.001 versus IM-UCMA group

¢ p = 0.001 versus UM-UC group, p = 0.731 versus IM-UCR group, and p < 0.001 versus IM-UCMA

4 p = 0.554 versus IM-UCR group and p < 0.001 versus IM-UCMA group

¢ p = 0.050 versus IM-UCR group and p = 0.003 versus IM-UCMA group

T p <0.001 versus IM-UCMA group

€ p < 0.001 versus IM-UCMA group

Table 4 Lamina propria lymphocyte counts in the colorectal segment of each group

Location HCs D-IBS UM-UC IM-UCR IM-UCMA
Colon 19.7 + 9.12 32.1 £ 17.3¢ 33.2 + 18.9° 24.6 + 15.8 476 + 264
Rectum 213 +£7.2° 29.5 + 13.3¢ N/A 37.7 + 19.98 63.5 £275

The data were expressed as mean =+ standard deviation (SD)

HCs healthy controls, D-IBS diarrhea-predominant irritable bowel syndrome, UM-UC uninvolved mucosa in patients with ulcerative colitis, /M-
UCR previously-involved mucosa in patients with ulcerative colitis in remission, /IM-UCMA currently-involved mucosa in patients with mildly
active ulcerative colitis, N/A not available

* p < 0.001 versus D-IBS group, p < 0.001 versus UM-UC group, p = 0.106 versus IM-UCR group, and p < 0.001 versus IM-UCMA group
® p = 0.004 versus D-IBS group, p = 0.003 versus IM-UCR group, and p < 0.001 versus IM-UCMA group
¢ p = 0.669 versus UM-UC group, p = 0.023 versus IM-UCR group, and p < 0.001 versus IM-UCMA group

d p = 0.033 versus IM-UCR group and p < 0.001 versus IM-UCMA group
¢ p = 0.033 versus IM-UCR group and p = 0.002 versus IM-UCMA group

f'p <0.001 versus IM-UCMA group
€ p = 0.001 versus IM-UCMA group

Compared to the healthy control rectums, the presently-
involved UC rectums had higher mast cell, IEL, and LPL
counts (p < 0.001 for all comparisons) and the once-
involved rectums had higher LPL (p = 0.003) but similar
mast cell (p = 0.087) and IEL (p = 0.394) counts.

Comparison of the D-IBS colons to the colon UC sub-
groups revealed that the uninvolved UC colons had fewer
mast cells (p = 0.010) and more IELs (p = 0.001) than the
D-IBS colons but similar LPL counts (p = 0.669). The
once-involved colons had significantly lower LPLs than the
D-IBS colons (p = 0.023) but similar mast cell
(p = 0.301) and IEL (p = 0.731) counts. The presently-
involved colons had more mast cells (p = 0.002), IELs
(p < 0.001), and LPLs (p < 0.001) than the D-IBS colons.

The once-involved UC rectums had similar mast cell
(p = 0.981) and IEL (p = 0.554) counts but significantly

more LPLs (p = 0.033) than the D-IBS rectums. The
presently-involved UC rectums had more mast cells
(p = 0.038), IELs (p < 0.001), and LPLs (p < 0.001) than
the D-IBS rectums.

Comparisons between the UC colon subgroups revealed
that the never-involved colons had similar mast cell
(p = 0471) and IEL (p = 0.050) numbers but more LPLs
(p = 0.033) than the once-involved colons. The never-
involved colons also had fewer mast cells (p < 0.001), IELs
(p =0.003), and LPLs (p = 0.002) than the presently-
involved colons. The once-involved colons had fewer masts
cells (p = 0.006), LPLs (p < 0.001), and LPLs (p < 0.001)
than the presently-involved colons. Comparison of the UC
rectum subgroups revealed that the once-involved rectums had
similar mast cell (p = 0.141) but higher IEL (p < 0.001) and
LPL (p = 0.001) counts than the presently-involved rectums.
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Fig. 3 Symptom scale scores in the D-IBS, UC, and HC groups
(a) and Short Form-36 scale scores (b) in the D-IBS, UC, and HC
groups. a *p < 0.05 HC versus D-IBS and UC, p < 0.05 UC versus
D-IBS; Tp < 0.05 HC versus D-IBS; 1p < 0.05 HC versus D-IBS and
UC; %p < 0.05 HC versus D-IBS and UC; p < 0.05 HC versus D-IBS
and UC; ﬂp < 0.05 HC versus D-IBS and UC; *p < 0.05 HC versus

Symptoms and HRQOL in the Groups

The D-IBS and total UC groups had significantly higher
mean £ SD overall symptom questionnaire scores
(20.0 £ 6.9 and 16.8 £ 8.8, respectively) than the healthy
controls (6.7 £ 2.9; both p < 0.001). The D-IBS and UC
groups did not differ in terms of overall symptom scores.
Figure 3a shows the scores of the seven symptoms for each
group. Apart from one exception, the two patient groups
differed significantly from the healthy controls in all seven
scores; the exception was that the UC and healthy control
groups did not differ in loose stool scores. The two patient
groups did not differ significantly in any of the symptoms
except for abdominal pain/discomfort, which was higher in
the D-IBS group (3.3 &£ 1.2) than in the UC group
(2.6 = 1.4; p = 0.043).

Figure 3b shows the SF-36 results of the three groups.
The D-IBS and UC groups had significantly lower scores
than the healthy controls in all domains (all p < 0.05)
except physical functioning. The two patient groups did not
differ in terms of any of the SF-36 domains.

Correlation Between Mucosal Immune Infiltration in D-
IBS and Symptoms and QOL (SF-36 and IBS-QOL)

The IBS symptoms and SF-36 scores of the patients with
D-IBS did not correlate with their mean mast cell, IEL, and
LPL counts of the entire colon. While their LPL counts in
the entire colon correlated positively with interference with
activity (r; = 0470, p = 0.010) and food avoidance
(rs = 0.333, p = 0.040) on the IBS-QOL, there were no
other relationships between mucosal immune-cell counts
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D-IBS and UC. b *p < 0.05 HC versus D-IBS and UC; 'p < 0.05 HC
versus D-IBS and UC; j:p < 0.05 HC versus D-IBS and UC;
¥p < 0.05 HC versus D-IBS and UC; Hp < 0.05 HC versus D-IBS
and UC; ﬂp < 0.05 HC versus D-IBS and UC; *p < 0.05 HC versus
D-IBS and UC. HCs healthy controls, D-IBS diarrhea-predominant
irritable bowel syndrome, UC ulcerative colitis

and IBS-QOL domain scores, including the mean overall
score (data not shown).

Discussion

Several studies have found associations between IBS and
immune activity in the colon, as reflected by increased
numbers and/or frequencies of mast cells and T cells in the
colonic mucosa [2, 25-28]. Patients with UC also fre-
quently exhibit IBS-like symptoms before being diagnosed
with UC [13]. To date, however, the role immune cells play
in IBS and UC pathogenesis is poorly understood. More-
over, studies comparing the colonic immune-cell infiltra-
tion in patients with IBS to that in healthy controls and
patients with UC have not been performed. To address this
lack, the present study was performed. We showed that
patients with D-IBS, UC in remission, and mildly active
UC had significantly more mucosal mast cells, IELs, and
LPLs in their colorectal mucosa than healthy controls.
Moreover, the patients with UC in remission had compa-
rable colorectal immune-cell counts to the patients with
D-IBS. However, the patients with mildly active UC had
higher colorectal immune-cell infiltration than either the
patients with UC in remission or D-IBS. Thus, although the
endoscopic findings of the patients with D-IBS and UC in
remission were negative, our immunohistochemical anal-
yses showed that there was microscopic inflammation in
the colorectal tissues of these patients. This suggests that
immune activity, such as that generated by colorectal
mucosal mast cells and T cells, may contribute to D-IBS-
related symptoms. Supporting this notion indirectly is that



Dig Dis Sci (2014) 59:1001-1011

1009

it is already known that UC associates with chronic
inflammation, even when the disease improves. Thus, the
fact that D-IBS and UC in remission are similar in terms of
colorectal immune-cell numbers supports the idea that
chronic low-grade inflammation also participates in the
pathophysiology of IBS.

Mucosal mast cells are widely distributed throughout the
body and several studies have shown that higher mast cell
numbers and activation are associated with inflammatory
diseases in the colon [29-31]. While two studies have
failed to detect immune-cell count changes in different
intestinal segments of patients with IBS [2, 32], several
other studies have shown that there is increased infiltration
of mast cells in the terminal ileum [33], cecum [34], and
proximal descending colon [3] of these patients. This
increase in mast cells is believed to contribute to the
symptoms and changes in bowel physiology seen in IBS [2,
3, 9]. Similarly, patients with UC have higher numbers of
mast cells in the colonic mucosa than normal controls;
moreover, this increase associates with greater bowel
sensitivity and IBS-like symptoms [35, 36]. However, to
our knowledge, the colorectal mast-cell counts of patients
with IBS and UC and healthy controls have not been
compared directly. We found that compared to healthy
controls, the UC and D-IBS groups had higher numbers of
colonic mast cells in all segments of the colon. A closer
analysis of the colon segments of the UC group revealed
that compared to the healthy control colons, the never-
involved, once-involved, and presently-involved colonic
segments of the patients with UC also had higher mast-cell
numbers. Moreover, the mean mast-cell counts of the
D-IBS colons were higher than those in the never-involved
UC colonic segments, similar to those in the once-involved
UC colonic segments, and lower than those in the pres-
ently-involved UC colonic segments. Thus, immune-sys-
tem activation by mast cells associates with symptoms in
D-IBS and IBS-like symptoms in UC, even when the
mucosa appears normal and lacks gross inflammation, such
as erythema, decreased vascularity, and friability.

Several studies have shown that in patients with IBS,
innate immune-system cells secrete higher levels of pro-
inflammatory cytokines, including interleukin (IL)-1,
tumor necrosis factor (TNF)-a, IL-8, and IL-6, than the
controls [37, 38]. Such changes in the innate immune-
system can alter the response of the adaptive immune-
system, namely, T cells and B cells. Numerous studies have
found that the colons of patients with IBS, including
patients with PI-IBS, have higher mucosal T-cell counts
than healthy controls [2, 3, 5, 6, 39, 40]. In particular, it
was shown that patients with IBS have higher numbers of
lamina propria CD3+ and CD8+ T cells [2] and intraep-
ithelial lymphocytes than healthy controls [41]. Two
studies also showed that patients with UC in remission

have higher colonic mucosal T-cell counts than normal
controls [42, 43]. However, the T-cell counts in the epi-
thelium and lamina propria of the entire colon of patients
with UC have not yet been reported. Moreover, only one
study compared the colonic T-cell counts of patients with
UC and patients with IBS [2]. We found that the patients
with D-IBS, UC in remission, and mildly active UC gen-
erally had higher T-cell counts in the epithelium and
lamina propria than the healthy controls in nearly all colon
segments. Moreover, D-IBS colons (the ascending, trans-
verse, descending, and sigmoid segments) had similar or
higher LPL counts than the never-involved and the once-
involved UC colons but significantly lower LPL counts
than the mildly-activated UC colons. Moreover, in the
rectal mucosa, the D-IBS group had a lower LPL count
than both the once-involved and presently-involved UC
subgroups. The presently-involved UC colons also had
higher LPL counts than the once-involved UC colons. The
rectal LPL-based inflammation seen in the patients with
D-IBS and UC, even those with UC in remission, was
usually severe. Thus, although the etiology of the inflam-
matory changes in D-IBS is unclear, it may involve T cells.
IELs are intraepithelial inflammatory cells, while mast
cells and lamina propria lymphocytes are subepithelial
inflammatory cells linked by cytokine. In our study, we
investigated the immune activation of both the intraepi-
thelial and subepithelial layers of the colon.

IBS is a functional gastrointestinal disorder that is char-
acterized by abdominal pain or discomfort and is associated
with alterations in stool form or frequency. UC is a chronic
inflammatory organic disorder of the gastrointestinal tract of
unknown etiology that causes bowel-related symptoms,
including abdominal pain and diarrhea. IBS and UC are
chronic diseases that present with similar symptoms and
significantly reduced QOL compared to healthy controls
[44-47]. Both share a symptom complex involving
abdominal pain and altered bowel habits. Indeed, IBS-like
symptoms are frequently reported in UC [46-48]. The
present study showed that the D-IBS and UC abdominal
symptom and HRQOL scores were generally similar and
differed significantly from the scores of healthy patients.
However, patients with D-IBS did have higher abdominal
pain/discomfort scores than the patients with UC (3.1 £ 1.5
vs. 1.9 £ 1.6, p = 0.005). These observations support pre-
vious findings by other investigators [44—46] that showed (1)
patients with D-IBS have severe symptoms and a lower
QOL than healthy controls and that (2) the symptoms of
patients with UC, whether they have mildly active UC or
UC in remission, are similar to those of patients with D-IBS,
except that they have less abdominal pain/discomfort, which
is a predominant symptom in IBS.

In the present study, the correlations between mucosal
immune-cell activity and the symptoms and QOL (SF-36
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and IBS-QOL) in D-IBS were also assessed. Contrary to
our expectations, the average mast cell, IEL, and LPL
immune-cell counts throughout the entire colon did not
correlate with the IBS symptoms. This suggests that
symptom severity may be independent of mast- and T-cell
counts. Instead, symptom severity may be affected by other
factors, such as proinflammatory mediators that are
involved in the disease.

This study had several limitations. The sample size was
relatively small and the evaluation was limited to two
immune cells, namely, mast cells and T cells. There are
many other immune cells, such as neutrophils and macro-
phages, which are involved in the innate immune-system
and that could be associated with IBS. Further studies that
analyze the association between D-IBS pathophysiology
and other immune cells are warranted.

Notwithstanding these limitations, this prospective study
involved an exhaustive assessment of the two cell types
throughout the colon in not only D-IBS but also UC (both
in remission and mildly active disease) and healthy con-
trols. This is the first time such comparisons have been
performed. The study showed that while patients with
D-IBS had significantly higher mucosal mast cell, IEL, and
LPL counts than healthy controls, they were comparable to
patients with UC in remission. Thus, even though the
endoscopic findings of D-IBS were negative, there was
ample evidence of immune-cell activity in the colon. This
was also true for UC in remission. This supports the notion
that the symptoms in patients with IBS and UC in endo-
scopic remission associate with low-grade mucosal and
submucosal inflammation.
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