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Regulatory B cells and Inflammatory Bowel Disease

contribute to anti-inflammation, in part, through their ability of
IL-10 production. However, various functions of Bregs including
an IL-10—-independent pathway (direct contact with T cells) have
also been reported. Further investigations are necessary to more
fully understand the functions of Bregs in intestinal immune
regulation.

There are several limitations in the present study that must be
considered. First, the colitis model of SCID mice created by transfer
of SAMPICDA4* T cells does not contain other subsets of T cells,
thus limiting a full evaluation of the regulatory roles of B cells
associated with the function of CD8* T cells. Furthermore, we
did not fully investigate IL-10 production and its function in intes-
tinal B cells (without CpG DNA stimulation) in vivo. Although we
found IL-10-dependent anti-inflammatory effect of Bregs in vitro
studies, it remains unknown regarding the specific mechanisms of
Breg in intestinal inflammation. Moreover, we found a higher level
of IL-6 production in CpG DNA-stimulated CD19%CD1d" B cells
and CD19%CD1d%-depleted B cells. However, we could not deter-
mine the role of IL-6 production in the regulatory subset of B cells
from our findings. Yanaba et al** showed that the expression level
of IL-6 in IL-10-secreting B cells was similar to that in nonsecret-
ing B cells and also that IL-6 produced by B cells contributes to
wound healing.*® Although IL-6 has been reported to have an anti-
inflammatory role under certain conditions,***’ its expression and
role in the regulatory subset of B cells remain unknown. Additional
studies are needed to clarify this point.

In this study, we demonstrated the immunoregulatory role
of CD19MCD1dM B cells in experimental colitis mouse models.
Although we also found decreased production of IL-10 in CpG
DNA-stimulated peripheral blood B cells in patients with CD, it
remains unknown whether Bregs dysfunction is directly corre-
lated with the development and pathogenesis of CD. Moreover,
recent reports have shown that total depletion of mature B cells
with rituximab in patients with autoimmune disease induced the
development of UC,***° suggesting that Bregs may also be asso-
ciated with the pathogenesis of UC. To confirm these points, it
will be important to address the various mechanisms related to the
maturation and differentiation, and CpG DNA-dependent cellular
signaling in Bregs, and the roles of intestinal microbial flora in
Bregs functions. Such findings may lead to a novel therapeutic
strategy targeting Bregs for IBD.
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Prevalence of irritable bowel syndrome-like symptoms in ulcerative
colitis patients with clinical and endoscopic evidence of remission:
prospective multicenter study
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Abstract

Objective. Irritable bowel syndrome (IBS)-like symptoms are often found in ulcerative colitis (UC) patients in remission.
However, the prevalence of those symptoms in UC patients with endoscopic evidence of remission shown by mucosal healing
remains unknown. Material and methods. IBS diagnosis was evaluated by questionnaire results according to the Rome III
criteria. Clinical remission was assessed by clinical activity index (CAI), whereas endoscopic remission was evaluated by
endoscopic index (Matts grade). Results. We enrolled 172 patients in clinical remission (CAI < 4), after excluding 36 for
incomplete questionnaire results or nonremission findings, as well as 330 control subjects. Of the 172 UC patients, 46 (26.7%)
met the Rome III criteria, which was a significantly higher rate as compared with the controls (4.8%). The prevalence rate of
IBS-like symptoms in UC patients with endoscopic remission findings (Matts grade <2) was 25.6%, which was similar to that of
those with clinical remission. When endoscopic remission was defined as Matts grade 1, the prevalence rate of IBS-like
symptoms was decreased to 15.4%, although the prevalence rate remained higher than that of the control subjects.
Conclusions. The prevalence of IBS-like symptoms in UC patients with clinical and endoscopic remission findings was
significantly higher than that of control subjects. Furthermore, the prevalence rate in patients with complete endoscopic
remission was decreased. These findings suggest that residual low-grade inflammation may influence the presence of IBS-like
symptoms in UC patients in remission.

Key Words: clinical remission, endoscopic remission, IBS-like symptoms, ulcerative colitis

Introduction

Irritable bowel syndrome (IBS) is a chronic
functional disorder of the intestinal tract in the
absence of organic abnormalities and characterized
by clinical symptoms such as abdominal pain and
discomfort, along with alterations in bowel habits
[1-5]. IBS represents a highly prevalent intestinal
disease that affects around 10-15% of adults in most

countries, and a number of studies have demon-
strated that psychological distress, disturbances of
intestinal motility and visceral hypersensitivity are
closely associated with its pathogenesis [6-8]. In
recent years, the role of gastrointestinal infection
has been investigated as a new aspect in the etiology
of IBS, with low-grade gut mucosal inflammation
and immune activation following an episode of acute
gastroenteritis currently recognized as important
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factors underlying the pathogenesis of the disorder
[6,9-14].

Ulcerative colitis (UC) and Crohn’s disease (CD)
are two major forms of inflammatory bowel disease
(IBD) and characterized by chronic immune-
mediated intestinal disorders of unknown etiology.
Although the disease entity IBD is essentially distin-
guished from IBS based on the presence or absence of
intestinal organic lesions, IBS-like symptoms are
often reported by IBD patients [15]. Recent epide-
miological studies have revealed that an episode of
gastroenteritis and the presence of IBS are risk factors
for development of IBD [16,17]. In addition, etio-
logical factors regarding immune regulation, genetic
polymorphisms and responses to luminal microbial
pathogens partially overlap between IBS and IBD
[18]. Those findings suggest that overlapping etiolog-
ical factors may influence the presence of IBS-like
symptoms in IBD patients.

Numerous studies have investigated the presence of
IBS-like symptoms in UC patients without evidence of
ongoing disease activity [19-23]. Arecentmeta-analysis
indicated that IBS-like symptoms occurred in approx-
imately 30% of UC patients in remission, with remission
in the studies reviewed mainly defined by evaluating
clinical symptoms [15]. However, the prevalence of
IBS-like symptoms in UC patients with endoscopic
evidence of remission shown by mucosal healing
remains unknown. In the present study, we investigated
UC patients with clinical as well as endoscopic remis-
sions, and evaluated the presence of IBS-like symptoms.

Materials and methods

Patients and control subjects

This study was prospectively conducted from May
2011 to February 2012 at one university hospital and
three general hospitals in Japan. Diagnoses of UC
were based on standard clinical, endoscopic and
histological criteria. At each hospital, all UC patients
(=18 years old) defined by their attending physician as
in good condition were assessed, whereas patients
with hematochezia, history of colectomy or C-reactive
protein >0.5 mg/dl were excluded. Thus, 172 patients
were enrolled in this study. In addition, consecutive
individuals who underwent a general medical checkup
at Matsue Seikyo Hospital were enrolled as healthy
control subjects. The study protocol was approved by
the institutional ethics committee of each hospital.

Evaluation of IBS- and FD-like symptoms

After obtaining written consent from each patient and
control subject, the presence of IBS-like symptoms
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was evaluated by questionnaire results according to
the Rome III criteria. The Japanese version of the
questionnaire used in this study was validated in our
previous study [2].

Definition of clinical and endoscopic remissions

Disease activity was assessed using clinical activity
index (CAI) (Rachmilewitz index [24]); and Matts
grading [25]. The Matts grading system is as follows:
1. normal; 2. mild granularity of the mucosa with mild
contact bleeding; 3. marked granularity and edema of
the mucosa, contact bleeding, and spontaneous
bleeding; and 4. severe ulceration of mucosa with
hemorrhage. Clinical remission was defined as a
CAI score of <4 for at least 6 months, whereas
endoscopic remission was defined as Matts grade
<2. Colonoscopy examinations for most patients in
clinical remission were conducted at the same time as
the questionnaire. However, when that coordinated
timing was not possible, colonoscopy findings
obtained from patients in remission within 3 months
before answering the questionnaire were used for
analysis. Questionnaire results and endoscopic find-
ings for the patients were carefully evaluated by two
IBD experts (SI and KK).

Staustical analysis

Differences for prevalence of IBS-like symptoms
between the UC and control groups were evaluated
using a chi-squared test. A p-Value of <0.05 was
considered to be significant. All calculations were
performed with SPSS version 19.0 for Windows.

Results

Study subjects

A total of 172 UC patients with clinical evidence of
remission were enrolled in the present study by their
physicians and then carefully screened by the two IBD
experts prior to the present analysis. Of them,
43 agreed to undergo a colonoscopy examination,
with those results showing that 39 had endoscopic
evidence of remission (Matts grade <2). In addition,
330 healthy subjects were enrolled during the study
period as a control group. A flow chart of the present
study patients is presented in Figure 1, while the
baseline characteristics of the patients and controls
are shown in Tables I and II. Thirty four patients in
clinical remission (including eight in endoscopic
remission) who were undergoing tapering of steroid
administration were also enrolled. There were no
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172 were enrolled for
clinical remission

129 were not referred
colonoscopy
v

{ 43 were referred J

colonoscopy

4 were not endoscopic
remission

39 were enrolied
endoscopic remission

Figure 1. Flow chart of patients in the present study.

differences in regard to gender and average age
between the groups.

Prevalence of IBS-like symproms in UC patients with
chinical evidence of remission

The prevalence rate of IBS-like symptoms in the UC
patients with clinical evidence of remission (CAI < 4)
was 26.7% (46/172, 95% confident interval (CI):
21.0-33.8%) and in the control subjects was 4.8%
(95% CI: 3.0-7.7%) (26.7% vs. 4.8%, OR: 7.17, 95%
CI: 3.94-13.0, p < 0.01) (Figure 2A). IBS can be
subclassified into several categories using the Rome
III criteria based on the predominant bowel symptom
of the patient [1]. The prevalence rate of each IBS
type (IBS-D, diarrhea predominant; IBS-C, consti-
pation predominant; IBS-M, mixed, IBS-U, unspec-
ified) in the patients and controls are shown
in Figure 2B. A high rate of prevalence of IBS-U
(41.3%) was found in the UC patients with IBS-like
symptoms as compared with the control group.

Table 1. Baseline characteristics of each group.

Prevalence of IBS-like symproms in UC patients 3

Table II. Characteristics of UC patients in remission with or
without IBS-like symptoms.

IBS- IBS+ p-Value

Number 126 46 -
Gender (M/F) 69/57 24/22 0.99
Age 52 + 18 46+ 16  0.04"
Disease duration (y) 9.8 8.4 0.22
Classification  Extensive 41 19 0.75
of lesion Left side 34 11

Proctitis 46 14

Others 5 2
5-ASA/SASP 89% (112)  93% (43) 0.91
Steroid 19% (24) 22% (10) 0.99
Immune modulators 13% (16) 26% (12) 0.11
Biologics 0.8% (1) 8.7% (4) 0.02*

#Chi-square test; *Fisher’s exact test.

Prevalence of IBS-like symptoms in UC patients with
endoscopic evidence of remission

Of the 39 UC patients with endoscopic evidence of
remission (Matts grade <2), 10 met the Rome III
criteria (25.6%, 95%CI: 14.6-41.1%), which was
similar to that found in UC patients with clinical
evidence of remission (26.7%). The prevalence rate
of IBS-like symptoms was significantly higher than
that in the control subjects (25.6% vs. 4.8%, OR 6.77,
95% CI: 2.87-16.0, p < 0.01, Figure 3). When endo-
scopic remission was strictly defined as Matts grade 1,
the prevalence rate decreased to 15.4% (95%CI:
4.3-42.2%), and there was no statistical difference
as compared with the control group (15.4% vs. 4.8%,
OR 3.57, 95% CI 0.83-15.8, p = 0. 14, Figure 3). In
addition, we did not find a statistical difference
between Matts grade <2 and grade 1 in regard to
the prevalence rate of IBS-like symptoms (25.6% vs.
15.4%, OR 1.9, 95% CI: 0.39-8.80).

UC with clinical remission UC with endoscopic remission Controls

Number 172 39 330
Gender (M/F) 93/79 25/14 159/171
Age 50.0 + 17 (19-86) 50.2 + 16 (21-76) 47.4 + 13 (21-83)
Disease duration (y) 9.4 + 7.5(0-44) 7.7 £5.1(2-21) -
Classification of lesion Extensive 60 13 -

Left side 45 15 -

Proctitis 60 11 -

Others 7 0 -
5-ASA/SASP 145/172 29/39 -
Steroid 34/172 8/39 -
Immune modulators 28/172 6/39 -
Biologics 5/172 0/39 -
Prokinetic drugs 4/172 0/39 -
Antidepressants 10/172 2/39 -
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A

Clinical remission

UC-CR

Control

Controls

1BS-DE

1BS-C 2

50 60 70 80 90 100 (%)

1BS-M 22 1BS-U

Figure 2. Prevalence (A) and subtypes (B) of IBS-like symptoms in UC patients with clinical remission findings, and healthy control subjects.

*p < 0.01 vs. control.

Discussion

The present results indicate that the prevalence of
IBS-like symptoms in UC patients with clinical and
endoscopic evidence of remission is significantly
higher than that in healthy individuals. In addition,
we precisely analyzed endoscopic findings in UC
patients and found that the prevalence rate in those
with complete endoscopic remission (Matts grade 1)
was lower than that in patients with clinical findings of
remission. Our findings suggest that the endoscopic
finding of Matts grade 2 does not simply define
clinical remission, because a substantial proportion
of our patients with Matts grade 2 still had symptoms
in parallel with lower mucosal inflammation.
Thus, the presence of IBS symptoms may be
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associated with, at least in part, residual low-grade
inflammation.

Previos studies have indicated that IBS symptoms
often occur in UC patients in apparent remission
[19-23]. Although various criteria were used to define
UC remission in those studies, a range of 9.1-46% of
patients in remission met the Manning or Rome II
criteria for IBS. Halpin et al. recently performed a
systematic review and meta-analysis of cross-sectional
and case-control investigations, and finally analyzed
13 studies (1703 cases) to evaluate the prevalence of
IBS-like symptoms in IBD patients [15]. Their find-
ings showed that the prevalence of IBS-like symptoms
was significantly higher in IBD patients in remission
(UC, 31%; CD, 41%) as compared to control cases.
In the present case-control study, 172 UC patients
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Prevalence of IBS-like symptoms in UC patients 5

Clinical remission

Endoscopic remission
(MATTS <2)

Endoscopic remission
(MATTS =1)

Control

40 60 80 100 (%)

Figure 3. Prevalence of IBS-like symptoms in UC patients with clinical and endoscopic evidence of remission, and healthy control subjects.

*p < 0.01 vs. control.

and 330 control subjects were analyzed, and the
prevalence rate of IBS-like symptoms in UC patients
(n = 172) with clinical remission findings was 26.7%,
which was similar to the rate (31%) identified in that
meta-analysis, as compared to 4.8% in the present
control group (n = 330). Thus, IBS-like symptoms
commonly occur in UC patients in remission.

In previous studies, remission in UC patients was
defined by various factors, including clinical activity,
blood or fecal markers and endoscopic or radiological
findings. However, the prevalence of IBS-like symp-
toms in UC patients with endoscopic evidence of
remission shown by mucosal healing has not been
thoroughly investigated [26]. Although Isgar et al. and
Simren et al. included endoscopic findings in their
criteria for UC remission, the definitions used in those
studies were not sufficiently validated [19,20]. In the
present study, Matts grade <2 was incorporated into
the criteria for endoscopic remission, since that is
widely used as a definition of mucosal healing in
UC patients [27]. Our analysis with this definition
indicated that the prevalence rate of IBS-like symp-
toms in UC patients was 25.6%, which was similar to
that when the definition of clinical remission was used
(26.7%). In the present study, 4 of 43 patients with
evidence of clinical remission were excluded from
analysis due to the absence of mucosal healing (Matts
grade 3), of whom all 4 had IBS-like symptoms. This
finding suggests that approximately 10% of patients
showing evidence of clinical remission do not have
colonic mucosal healing. In such cases, a colonoscopy
examination or fecal calprotectin test may be useful
for identifying these patients.

On the other hand, when endoscopic remission was
strictly defined as Matts grade 1 (complete mucosal
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healing), the prevalence of IBS-like symptoms was
decreased to 15.4%, although that rate remained
higher than the rate seen in the control subjects. As
Matts grade 2 is defined as an endoscopic evidence of
residual mild mucosal damage, our findings suggest
that low-grade colonic inflammation may partially
influence the presence of IBS-like symptoms in UC
patients in remission. Similarly, Ansari et al. used
the Mayo scoring system (0 or 1) for definition of
endoscopic remission and found that the prevalence
of IBS-like symptoms was 46% [21], which was
relatively higher than other previous reports. As
Mayo 1 includes endoscopic findings of mild mucosal
damage similar to Matts grade 2; the prevalence rate
might be affected by residual low-grade mucosal
inflammation in UC patients. Recently, Keohane
et al. reported that an increased level of fecal calpro-
tectin, a surrogate marker of subclinical inflamma-
tion, was associated with the frequency of IBS-like
symptoms in IBD patients in remission [28]. The
finding also suggests that the presence of these
symptoms is dependent on low-grade mucosal
inflammation. However, we did not find a statistical
difference in regard to the prevalence rate of IBS-like
symptoms between patients defined as Matts grade
1 and grade <£2. To confirm this finding, a study with a
larger number of subjects who underwent a colonos-
copy examination is required. Furthermore, fecal
calprotectin testing may also be useful for clarifying
the influence of mucosal low-grade inflammation on
development of IBS-like symptoms in UC patients
with remission evidence. In addition, establishment
of consensus among pathologists is needed for
classifying intestinal low-grade inflammation to
distinguish it from normal mucosa.
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IBS is recognized to be a common functional
disorder in the absence of organic abnormalities.
However, recent studies have demonstrated that
low-grade inflammation, as shown by infiltration of
various immune cells, occurs in the colonic mucosa of
some IBS patients [29,30], even though their
endoscopic findings are normal. In the present study,
IBS-like symptoms were noted in 15.4% of UC
patients without active endoscopic findings (Matts
grade 1). In those cases with normal endoscopic
findings, it is unclear whether the IBS symptoms
are affected by residual occult inflammation or mainly
due to other causes, including dysfunction of func-
tional mechanisms and psychological factors. Further
studies are necessary to confirm this point.

The main limitation of this study is that the number
of patients who underwent a colonoscopy was small,
because that examination was only conducted after
receiving consent. As the patients in clinical remission
were in relatively good health as compared with those
in an active stage, it is understandable that they might
not agree to undergo a colonoscopic examination
after achieving remission. However, the low number
of patients analyzed in our study might have affected
the results. To confirm the relationship of endoscopic
findings with the presence of IBS-like symptoms in
UC patients, it is important to analyze a large number
of subjects who underwent a colonoscopy. In addi-
tion, the prevalence rate of IBS found in the control
group was relatively low (4.8%), which was similar to
the result of our recent study regarding the prevalence
of IBS in Japanese subjects (4.4%) [2]. Epidemiolog-
ical studies using a validated symptom-based defini-
tion, such as that by Manning, or Rome criteria have
demonstrated various prevalence rates of IBS ranging
from 2.5% to 25% in general populations [4]. Thus,
prevalence rates might vary depending on the study
population, as well as the methodology (criteria) and
sampling techniques utilized. Furthermore, we did
not investigate the influence of psychological factors
on the presence of IBS-like symptoms. Since those
are etiologically important for understanding such
symptoms, they should be included in a future
analysis.

In summary, we performed a prospective multicen-
ter study to evaluate the presence of IBS-like symp-
toms in UC patients with clinical and endoscopic
remission findings. Although the prevalence of IBS-
like symptoms was significantly higher in the patient
group as compared with the control group, the rate
was decreased after excluding patients with endo-
scopic findings of Matts grade 2. Our findings suggest
that residual low-grade mucosal inflammation has an
influence on the presence of IBS-like symptoms in
UC patients in remission.
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Abstract

Background/Aims: The clinical characteristics of esopha-
geal eosinophilia (EE), which is essential for diagnosis of eo-
sinophilic esophagitis (EoE), have not been fully clarified in a
Japanese population. The aim of this study was to analyze
the reliability of symptoms and endoscopic findings for di-
agnosing EE in Japanese individuals. Methods: We prospec-
tively enrolled subjects who complained of esophageal
symptoms suggesting EoE and/or those with endoscopic
findings of suspected EoE at the outpatient clinics of 12 hos-
pitals. Diagnostic utility was compared between the EE and
non-EE groups using logistic regression analysis. Results: A
total of 349 patients, including 319 with symptoms and 30
with no symptoms but endoscopic findings suggesting EoE
were enrolled. Of those with symptoms, 8 (2.5%) had EE, and

3 were finally diagnosed with EoE. Of those without symp-
toms but endoscopic findings, 4 had EE. Among 8 symptom-
atic patients, 7 had abnormal endoscopic findings suspi-
cious of EoE. Although dysphagia was a major symptom in
EE, none of the presenting symptoms was useful for diagno-
sis of EE. Among the endoscopic findings, linear furrow was
the most reliable (OR = 41.583). Conclusion: EE is uncom-
monamong patientswith esophageal symptomsin Japanese
individuals. The most useful endoscopic finding for diagno-
sis of EE was linear furrow, whereas subjective symptoms
were not supportive. ©20145. Karger AG, Basel

Introduction

Eosinophilic esophagitis (EoE) is a chronic inflamma-
tory immune-mediated disease characterized by esopha-
geal dysfunction and eosinophil-predominant infiltra-
tion in the esophageal epithelium [1, 2]. EoE has become
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increasingly prevalent over the past decade, especially in
Western countries [3, 4]. While the epidemiology of EoE
has not been fully evaluated, it appears that the incidence
and prevalence of EoE and esophageal eosinophilia (EE)
are also increasing in Asian countries, including Japan
[5-8]. Pathologically, the hallmark of EoE is EE, com-
monly defined by more than 15 eosinophils per high pow-
er field (HPF) in at least 1 esophageal biopsy specimen.
EE is predominantly found in patients with the following
clinical conditions: gastroesophageal reflux disease
(GERD), EoE, and proton-pump inhibitor-responsive EE
(PPI-REE). According to the current clinical consensus
and guidelines [9, 10], histological suspicion of EoE
should be confirmed by unresponsiveness to high-dose
PPI therapy. However, the clinical significance of this di-
agnostic requirement, based on the response to PPI ad-
ministration, remains controversial [11-14]. PPIs are re-
ported to have immunosuppressive effects and improve
the inflammatory process in patients with EoE [15, 16].
Therefore, at present, pathological identification of EE is
considered to be the most important and critical step for
diagnosis of EoE.

Multiple studies have found that EoE is 3-4 times
more common in men than women, and affected indi-
viduals are more likely to be Caucasian than other racial
groups [17, 18]. Moreover, race may influence the clinical
presentation and have a role in the phenotypic expression
of EoE. As compared with Caucasian patients, African-
Americans are less likely to have typical symptoms, such
as food impaction and endoscopic findings (concentric
rings, strictures) associated with EoE [19, 20]. Even
though the variety of clinical features distinguished by
racial differences remains controversial [21, 22], it is im-
portant to evaluate such features including symptoms
and endoscopic findings in Asian populations for useful-
ness in diagnosis of EoE. Therefore, we sought to investi-
gate the diagnostic utility of EE, which contains the main
histological features of EoE, based on symptoms and en-
doscopic findings in a Japanese population. A multicenter
prospective study was performed to determine the most
reliable symptom and endoscopic finding for diagnosis of
EE in Japanese individuals.

Materials and Methods

Patients

We prospectively enrolled subjects who complained of chest or
epigastric symptoms suggesting EoE, such as heartburn, dyspha-
gia, epigastric pain, chest pain, acid regurgitation, food impaction,
and vomiting at least once during the last week when esophago-

50 Digestion 2014;90:49-57
DOI: 10.1159/000365209

gastroduodenoscopy (EGD) was scheduled, and/or those with en-
doscopic findings of suspected EoE at the outpatient clinics of 12
hospitals in the western part of Japan between August 2011 and
August 2012. We used a specific questionnaire to evaluate the fre-
quency and severity of esophageal symptoms for the enrollment,
which comprised of the questions including patient demographics
(age, sex), concurrent allergic disease, frequency and severity of
esophageal symptoms (number of days with episodes during the
last 7 days), and information on medications, including PPIs and
steroids, prior to each endoscopic examination. With regard to the
severity of the symptoms, those with moderate symptoms, which
was defined as discomfort sufficient to cause interference with
normal activities, or more severe symptoms were enrolled. Those
less than 15 years of age who received glucocorticoid administra-
tion and had a high risk of bleeding from a biopsy were excluded.
The patients who had organic causes of the symptoms, such as en-
doscopically proven reflux esophagitis, gastroduodenal ulcers, and
upper gastrointestinal malignant tumors, were also excluded. Re-
flux esophagitis was diagnosed when esophageal mucosal breaks
of grade A, B, C, or D (Los Angeles classification) were found [23].
The protocol of this study was evaluated and approved by the eth-
ical committee of Shimane University School of Medicine, and
written informed consent was obtained from all subjects prior to
enrolment.

Endoscopic Assessment and Biopsy Examination

All subjects underwent EGD performed by experienced endos-
copists at each medical center. All examinations were done with
high-resolution endoscope (GIF-H260 or GIF-H260Z; Olympus
Medical Systems Co, Tokyo, Japan). During the endoscopy proce-
dures, findings were recorded in patient charts. Endoscopic find-
ings suspicious of EoE included longitudinal linear furrows, mul-
tiple concentric rings (ringed esophagus, corrugated esophagus),
whitish exudates, and reddening, as well as others (edema, pallor,
decreased vascularity, and mucosal fragility) as previously de-
scribed [24, 25]. Representative endoscopic images with each find-
ing suspicious of EoE were shown in figure 1. At least 2-4 biopsy
samples were taken from the upper and lower esophagus, as well
as the area of EoE shown in endoscopic findings as recommended
by current clinical guideline [9]. In addition, biopsy samples were
taken from the gastric and duodenal mucosa, irrespective of the
mucosal appearance, in all the enrolled cases, to exclude eosino-
philic gastroenteritis, as that exclusion is essential for diagnosis of
EoE [10].

Histological Assessment

Biopsy specimens were fixed in 10% formalin, and samples
were stained with hematoxylin and eosin, and then the numbers
of eosinophils that infiltrated the esophageal epithelial layer were
counted under an Olympus BX50 microscope. Histological diag-
nosis of EE was defined as the presence of more than 15 eosino-
phils per HPF discovered in biopsy samples taken with endos-
copy. In addition, degree of inflammatory cell infiltration (mild,
moderate, or severe), presence or absence of basal layer hyperpla-
sia and dilated intracellular spaces, were also evaluated in cases
with EE, according to the consensus guidelines for the recogni-
tion and assessment of microscopic lesion related to GERD [26,
27]. All biopsies were reviewed by an experienced team of pa-
thologists in the Pathology Department of Shimane University
Hospital.

Shimura et al.
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Fig. 1. Representative endoscopic images
suspicious of EoE. a Linear furrows.
b Rings including ringed esophagus (left)
and corrugated esophagus (right). ¢ Whit-
ish exudate. d Reddening.

Treatment and Definition of PPI Response

Standard dose of PPI was prescribed for 4-8 weeks to symp-
tomatic patients who were able to take them. Their symptoms, en-
doscopic findings, and histological abnormalities were reevaluated
after the treatment with PP1. Positive response to PPI was defined
as a case in which administration of PPI improved symptoms and
intraepithelial eosinophilic infiltration (<5/HPF). PPI-resistant
cases with EE were defined as cases with EoE.

Statistical Analysis

Fisher’s exact probability test was used to compare 2 variables.
The diagnostic utility of subjective symptoms and endoscopic
findings was compared between the EE and non-EE groups using
logistic regression analysis. All tests of significance were two-
tailed, and p values less than 0.05 were considered to be significant.
All analyses were done using SPSS 18.0 (IBM SPSS Japan Inc., To-

kyo, Japan).

Results

Baseline Characteristics of Enrolled Patients

During the study period of 13 months, EGD was per-
formed in 17,324 patients at 12 medical centers, of whom
349 (163 men, 186 women; mean age 60.6 years) were
enrolled in this study (fig. 2). Thirty-nine percent of en-
rolled subjects continued to take PPI when EGD was
scheduled. Of the 349 enrolled patients, 319 complained
of chest and/or epigastric symptoms suggesting EoE
(symptomatic group, group 1), while 30 had no symp-
toms along with endoscopic findings suggesting EoE (as-
ymptomatic group, group 2). We next subdivided group
1 into 2 groups; group la (n = 30), composed of patients
with both symptoms and endoscopic findings suggesting
EoE, and group 1b (n = 289), who had symptoms but no

Diagnosis of Esophageal Eosinophilia

endoscopic findings suggesting EoE (fig. 1). Twelve pa-
tients with EE were identified in this study, and 3 patients
(No. 5, 7, 8) were finally diagnosed with EoE after PPI
trial (table 1). Of 3 patients with EoE, 2 were treated by
fluticasone swallowing and improved their symptoms
and endoscopic findings, while 3 patients (No. 1, 4, 12)
were responsive to PPI and diagnosed with PPI-REE.
Other 6 patients were not treated by PPI because of mild
or no symptom, drug allergy, and lactation. Baseline
characteristics between EE-positive and -negative sub-
jects are shown in table 2. The mean age of these 12 pa-
tients (7 men, 5 women) was 49.3 years, and significant-
ly younger than EE negative patients (mean age; 62.9, p <
0.05). All of 3 patients with EoE had dysphagia, while
none of 3 patients with PPI-REE had that, though the
number was too small to compare statistically. As for his-
tological findings, basal layer hyperplasia, dilated intra-
cellular spaces, and mild to severe inflammatory infiltra-
tion (mainly lymphocyte infiltration) were found in all
EE cases, and no histological findings independently dis-
tinguished EoE from EE patients (table 1). No cases with
eosinophilic gastroenteritis were found in the enrolled
subjects.

Symptoms Not Useful for Predicting EE

In the symptomatic group (group 1), 8 patients (2.5%)
were finally diagnosed with EE. A total of 497 symptoms
were reported in 319 patients, as shown in figure 3. Of
the 8 patients with EE, 5 complained of dysphagia, 4 of
heartburn, and 1 had both symptoms. None of the pa-
tients had a history of food impaction. Among the symp-
toms examined, dysphagia tended to be more common

Digestion 2014;90:49-57 51
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Total cases of EGD
(n = 17,324)

Patients with symptoms suggesting EoE and/or
those with endoscopic findings of suspected EoE

T
1
! « Organic causes of the symptoms
! - endoscopically proven reflux
esophagitis
- gastroduodenal ulcers
- upper gastrointestinal tumors
* Glucocorticoid administration
« High risk of bleeding from a biopsy

! » Less than 15 years of age

v

| —

Total cases enrolled
(n = 349)

Symptomatic group
(Group 1)

Asymptomatic group
(Group 2)

Patients without symptoms
suggesting EoE
(n =30)

Endoscopy

Endoscopy

(Group 1a) (Group 1b)

No endoscopic finding
suggesting EoE
(n = 289)
Biopsy Biopsy
A
Patients with EE Patients with EE Patients with EE
Fig. 2. Flow diagram delineating enrolled =7 =1 (=4

patients for diagnosis of EE.

Table 1. Clinical characteristics of 12 patients with EE

1 3 M - + - + - + - + - - 48 moderate Yes
2 26 F -~ + - - - + - + - - 95 moderate NT
3 78 F - - + - - - - - - + decreased 44 moderate NT
vascularity
4 51 M - + - - - + + - - - 38 moderate Yes
5 78 M - - + - - + - - + + edema 46 moderate No
6 67 M - - + - - + - - + - 41 mild NT
7 32 F + - + - - + - + - - >20 mild No
8 24 F + + + - + - - - - - 18 severe No
9 492 M - - - - - + + + - - 168 moderate NT
10 82 F - - - - - + - - - - 25 mild NT
11 29 M - - - - = + = - - - 25 mild NT
12 49 M+ - - - - + - + - - 86 mild Yes
Patients 5, 7, 8 were finally diagnosed with EoE after PPI trial. NT = Not treated.
52 Digestion 2014;90:49--57 Shimura et al.
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Heartburn |

Dysphagia

Epigastric pain

Symptoms

Chest pain

Others

0 20 40 60 80 100 120 140 160
Number of patients (duplicate counted)

Fig. 3. Summary of symptoms. Symptoms noted in the enrolled
patients (symptomatic group; n = 319) are shown as a bar chart
(497 symptoms, duplicates counted). Others included acid regur-
gitation, nausea, and vomiting. Patients with EE are shown as a
closed bar in each column.

Table 2. Baseline characteristics between EE-positive and EE-neg-
ative subjects

Total subjects 12 337
Men:women 7:5 156:181
Age, years
Mean + SD 49.3+21.8 62.9+14.9
Range 24-82 22-88
Concurrent allergic disease (duplicates counted)
Asthma 2 6
Atopic dermatitis 1 8
Hay fever 1 11
Food allergy 1 5
Others 1 11

Table 3. Diagnostic utility for EE by presenting symptoms

0.566

Dysphagia 0.384 1.469  8.796-983.727

Heartburn -0.317 0.729  0.192-13.509  0.657
Epigastricpain  -0.498 0.608  0.875-289.243  0.641
Chest pain -17.814 0.000  0.851-28.0 0.997

b = Partial regression coefficient; Exp (b) = odds ratio; CI =
confidence interval.

Diagnosis of Esophageal Eosinophilia

in patients with EE, though the difference was not sig-
nificant (62.5 vs. 30.4%, p = 0.054). Indeed, the patients
with EE accounted for only 5% (5/100) of all patients
who complained of dysphagia. Although present in
some of the EE patients, the ratios of those with heart-
burn, epigastric pain, and chest pain were also not sig-
nificantly different from those among non-EE patients
(n=311). Next, we examined 4 major symptoms (heart-
burn, dysphagia, epigastric pain, chest pain) for useful-
ness in diagnosis of EE. The partial regression coeffi-
cient value for all of the items was <1, indicating that
none of the presenting symptoms was useful for EE di-
agnosis (table 3).

Endoscopic Findings More Important Than Symptoms

to Predict EE

Of the patients with symptoms suggesting EoE
(group 1), 30 had abnormal endoscopic findings suspi-
cious of EoE (group la), while 289 had no such endo-
scopic findings (group 1b). Interestingly, 7 patients in
group la (23.3%; 7/30) were diagnosed with EE, while 1
patient was diagnosed as EE in group 1b (0.35%; 1/289).
Therefore, the presence of abnormal endoscopic find-
ings was significantly more important to predict EE in
symptomatic patients. In other words, the frequency of
EE was quite low in patients with symptoms but no en-
doscopic findings. Moreover, 4 patients among asymp-
tomatic patients with abnormal endoscopic findings
(group 2; 13.3%; 4/30) were diagnosed with EE, suggest-
ing the importance of endoscopic findings to predict
EE.

Presence of Linear Furrows Was the Most Reliable for

Diagnosis of EE

Among all 349 patients examined, 60 had typical en-
doscopic findings of EoE including linear furrows (n =
30), whitish exudates (n = 23), multiple concentric rings
(n=13),and reddening (n = 8), with some overlap (fig. 4).
Patients with endoscopic findings suspicious of EoE con-
sisted of both symptomatic (n = 30, group 1a) and asymp-
tomatic (n = 30, group 2) patients. Eleven (18.3%) of 60
patients with endoscopic findings were diagnosed as EE,
and linear furrows were seen in 10 (90.9%), while other
findings were not so frequent (table 1). Overall, 33.3%
(10/30) of the patients with linear furrows were histolog-
ically diagnosed with EE.

Next, we examined 5 major endoscopic findings (lin-
ear furrows, multiple concentric rings, whitish exu-
dates, reddening, others) to examine their diagnostic
utility for EE. Linear furrows were the most reliable, as
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Fig. 4. Summary of endoscopic findings. Endoscopic findings sus-
picious of EoE in enrolled patients are shown as a bar chart. Others
included edema, pallor, and decreased vascularity. Patients with
EE are shown as a closed bar in each column.

Table 4. Diagnostic utility for EE by endoscopic findings

Linear furrows 3,728 41583 2.936-588.879 0.006
Rings 0.076 1.079 0.139-8.360 0.942
Whitish exudates 1.355  3.876 0.704-21.348  0.120
Reddening 1.751 5.763 0.375-88.660  0.209
Others 0.890 2.435 0.224-26.523 0.465

shown by partial regression coefficient analysis (table 4),
with an odds ratio of 41.583, which was the only statis-
tically significant finding (p = 0.006). The probability of
correctly diagnosing EE based on the presence of linear
furrows was 87.3%. However, the sensitivity for linear
furrows was modest at 83%, whereas specificity was
95%. Furthermore, the positive predictive value was
37% and the negative predictive value was 99% (table 5).

Discussion

This is the first reported investigation comparing
the diagnostic utility of symptoms and endoscopic
findings for EE in a Japanese population. We conduct-
ed the present multicenter prospective study of 349 pa-
tients taken from biopsy samples because of suspicious
symptoms and/or endoscopic abnormalities. Symp-
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toms suggesting esophageal dysfunction were noted in
319 cases and abnormal endoscopic findings were
found in 60. Our findings showed that the prevalence
of EE was 2.5% (8/319), and 5% (5/100) for patients
with esophageal symptoms, and dysphagia, respective-
ly. Of 8 patients with EE, 3 were finally diagnosed with
EoE after PPI trial. The recent study conducted in USA
by Dellon et al. [28] has shown that EE was found in
38% (66/173) of patients with dysphagia. In that study,
40 of 66 patients with EE were confirmed to have EoE
and 24 had PPI-REE after PPI trial. Consistent with re-
cent findings [29], no clinical or endoscopic feature in-
dependently distinguished PPI-REE from EoE before
the PPI trial. In addition, there were no differences be-
tween the 2 patient groups for histological findings in-
cluding amount of eosinophil infiltration and degree of
inflammatory cell infiltration in this study. The preva-
lence of EE may be affected by the proportion of GERD
patients in enrolled patients. Although patients with
endoscopically proven reflux esophagitis were exclud-
ed, most of symptomatic GERD patients could be en-
rolled in this study. Indeed, 38.1% (133/349) of the pa-
tients had heartburn and 39.0% continued to take PPI
when EGD was scheduled, while only patients with
dysphagia were enrolled in the study by Dellon et al.
[28]. Nonetheless, our data indicate that both EE and
EoE are uncommon among patients with chest or epi-
gastric symptoms in a Japanese population as com-
pared with Western populations.

As for clinical features, the most common symptom
among Japanese patients with EoE is dysphagia, and
none of the patients in our previous study had a history
of food impaction [7], a common symptom associated
with EoE in Western individuals [18], especially
Caucasians, suggesting racial differences with regard to
EoE-related symptoms. Dysphagia is consistently the
most common symptom reported by patients with EE.
Although the ratio of dysphagia was higher in our pa-
tients with EE (62.5%) than in those without EE (30.4%),
subjective symptoms including dysphagia, heartburn,
and chest pain were not specific enough to make a di-
agnosis of EE, which was shown by logistic regression
analysis. ‘

A strength of this study is that an esophageal biopsy
was performed in all of the enrolled patients with symp-
toms suggesting esophageal dysfunction with or without
endoscopic abnormalities (n = 319). Interestingly, only a
single patient (0.35%) was diagnosed with EE among
those with normal endoscopy findings, as compared with
18.3% (11/60) of the patients with abnormal findings.
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Table 5. Sensitivity, specificity, and predictive value of endoscopic findings

Sensitivity 83 (75-91)
Specificity 95 (93-97)
PPV 37 (28-46)
NPV 99 (98-100)

17 (4-38) 42 (14-70) 17 (4-38)

97 (95-99) 95 (93-97) 98 (97-99)
15 (11-19) 22 (6-38) 25 (~5t0 55)
98 (96-100) 98 (96-100) 97 (95-99)

Figures indicate percentages (95% CI). PPV = Positive predictive value; NPV = negative predictive value.

Consistent with our results, Mackenzie et al. [30] pro-
spectively assessed the risk factors and prevalence of EoE
in an adult population with dysphagia. Of 261 patients
with dysphagia, 31 (12%) met the pathological criteria for
EE, while EE was found only in 5 cases (1.9%) without
suspicious endoscopic findings. These findings contra-
dict the routine esophageal biopsies for the purpose of
detecting EE in patients without abnormal endoscopic
findings suggesting EoE. An esophageal biopsy proce-
dure may not be useful or cost-effective to determine EoE
in symptomatic patients without abnormal endoscopic
findings. However, in patients with abnormal endoscop-
ic findings suspicious of EoE, irrespective of symptoms,
biopsy samples should be taken from the esophagus to
determine the presence of EE.

Endoscopic abnormalities in patients with EoE can
vary within a wide range, including esophageal rings, lin-
ear furrows, strictures, and whitish exudates [24, 31].
There may also be racial differences in EoE-related endo-
scopic findings [19, 20]. In the present study, only 2
(16.7%) of the patients with EE had esophageal rings and
none had esophageal strictures. Consistently, we previ-
ously confirmed that rings and strictures were not fre-
quent in patients with EE or EoE in a Japanese popula-
tion, in contrast to Western populations [25]. In addi-
tion, the present study revealed that linear furrows were
the most frequent endoscopic findings in patients with
EE as they were found in 83.3% (10/12), while only 1
(8.3%) of the patients with EE had no characteristic en-
doscopic finding. In our previous report, approximately
40% of patients with EoE had no specific endoscopic
findings [7]. These differences may be related to not only
study design but also awareness of the disease among
Japanese endoscopists, as it has been widely reported.
According to a recent meta-analysis, prospective studies
showed that at least 1 abnormality was detected by en-
doscopy in 93% of EoE patients [25]. Therefore, endo-
scopic findings suspicious of EE, especially linear fur-

Diagnosis of Esophageal Eosinophilia

rows, can be detected in most patients with EE by an ex-
perienced endoscopist with careful observation using a
high-resolution or narrow-band imaging endoscopy
[32].

Among the various endoscopic findings noted in the
present study, linear furrows were the most useful for di-
agnosis of EE, as shown by logistic regression analysis. A
previous pooled analysis of several studies showed mod-
est sensitivity for EoE, such as 48% for linear furrows,
44% for corrugated rings, and 27% for whitish exudates
[25], whereas sensitivities for EE in the present study
were found to be 83, 17, and 42%, respectively. These
suggest that the endoscopic finding of linear furrows is
the most important for detection of EE in Japanese indi-
viduals. Recently, Hori et al. [33] investigated the diag-
nostic utility of endoscopic features for EE. Although the
numbers of cases of EE (n = 5) were lower as compared
to our study, the diagnostic utility of linear furrows and
corrugated rings for EE was found to be superior to white
exudates. Importantly, the results of interobserver agree-
ment in a study of endoscopic findings of EoE indicated
that gastroenterologists identified rings (x = 0.56) and
furrows (x = 0.48) with fair to good reliability, whereas
they did not reliably identify white exudate (x = 0.29) by
white-light endoscopy and narrow-band imaging endos-
copy [34].

Here, we focused on patients with EE, which is essen-
tial for diagnosis of EoE. If dense eosinophilic infiltration
is found in esophageal epithelium, EoE, GERD, and PPI-
REE are the most common clinical possibilities. Recent
clinical guidelines strongly recommend a PPI trial for
such patients, and patients with persistent eosinophilic
infiltration and symptoms after such a trial can be for-
mally diagnosed with EoE [9, 10]. However, the appropri-
ateness of this strategy for diagnosis of EoE remains to be
elucidated. Gastric acid might play a role in the pathogen-
esis of EoE, and PPIs are effective in some cases via de-
creasing esophageal acid exposure [12, 35, 36]. Moreover,
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a number of potential anti-inflammatory effects of PPIs
have been described [37], suggesting that those drugs
have anti-inflammatory actions independent of their ef-
fects on gastric acid secretion [15, 16]. Thus, EoE patients
might benefit from PPI therapy regardless of whether
they have coexisting GERD. Additional studies are sorely
needed to recognize, define, and mechanistically under-
stand PPI-REE [11, 38]. Nonetheless, long-term clinical
outcome in patients with EE should be clarified in the fu-
ture study.

In summary, EE remains a rare condition among
Japanese patients with chest and epigastric symptoms.
Reported symptoms including dysphagia do not lend
support to a diagnosis of EE in Japanese cases. As for en-
doscopic findings, the presence of linear furrows was the
most frequent and useful for EE diagnosis.
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ORIGINAL ARTICLE

Apoptotic Cells Ameliorate Chronic Intestinal Inflammation by
Enhancing Regulatory B-cell Function

Md. Mesbah Uddin Ansary, MS,* Shunji Ishihara, MD, PhD,* Akihiko Oka, MD, PhD,*
Ryusaku Kusunoki, MD,* Naoki Oshima, MD, PhD,* Takafumi Yuki, MD, PhD,"
Kousaku Kawashima, MD, PhD,* Hidetaka Maegawa, BS,* Nobuhito Kashiwagi, PhD,*
and Yoshikazu Kinoshita, MD, PhD*

Abstract: Apoptosis is a programmed physiological death of unwanted cells, and handling of apoptotic cells (ACs) is thought to have profound effects on
immune-mediated disorders. However, there is scant information regarding the role of ACs in intestinal inflammation, in which immune homeostasis is
a major concern. To investigate this, we injected ACs into a severe combined immunodeficiency adoptive transfer model of chronic colitis in the presence
and absence of cotransferred whole B or regulatory B cell (Breg)-depleted B cells. We also injected syngeneic ACs into AKR/N mice as a control and into
milk fat globule-epidermal growth factor 8 knockout mice deficient of phagocytic function. Chronic colitis severity was significantly reduced in the AC as
opposed to the phosphate-buffered saline group with cotransferred whole B cells. The AC-mediated effect was lost in the absence of B cells or presence of
Breg-depleted B cells. In addition, ACs induced splenic B cells to secrete significantly increased levels of interleukin 10 in AKR/N mice but not milk fat
globule—epidermal growth factor 8 knockout mice. Apoptotic leukocytes were induced by reactive oxygen species during granulocyte/monocyte apheresis
therapy in rabbits and H,0O,-induced apoptotic neutrophils ameliorated mice colitis. Our results indicate that ACs are protective only in the presence of B
cells and phagocytosis of ACs induced interleukin 10 producing Bregs. Thus, the ameliorative effect seen in this study might have been exerted by AC-
induced Bregs through increased production of the immunosuppressive cytokine interleukin 10, whereas an AC-mediated effect may contribute to the anti-

inflammatory effect of granulocyte/monocyte apheresis as a novel therapeutic mechanism for inflammatory bowel disease.

(Inflamm Bowel Dis 2014;20:2308-2320)

Key Words: apoptotic cells, regulatory B cells, IL-10, phagocytosis, inflammatory bowel disease

Apoptotic cell (AC) death is a highly controlled means of
eliminating dangerous, damaged, or unnecessary cells without
causing an inflammatory response or tissue damage.'” In recent
years, a number of studies have demonstrated that ACs are not
inert and can significantly influence the immune system,>* as
exposure to ACs can induce suppression of immunity through
engulfment of dead cells by dendritic cells.”” However,
decreased phagocytosis of ACs contributes significantly to the
development of systemic lupus erythematosus in mice and hu-
mans.® Thus, immune response to ACs is largely dependent on
the capability of handling these cells by the host immune system.
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AC-dependent immunosuppression is generated by several
mechanisms including production of immunosuppressive cyto-
kines by phagocytes,” deletion of T cells,'® induction of regulatory
B cells (Bregs),"' and activation of CD8" regulatory T cells
(Tregs).” ACs were shown to protect mice from autoimmune-
mediated inflammation’*'® and induce B cells to adopt an inter-
leukin (IL)-10-secreting Breg phenotype.'"' Transforming growth
factor beta and IL-10 are the most notable cytokines among the
several soluble effectors reported to be involved in immunosup-
pression by ACs.>'* Despite these findings, the key cellular and
molecular mechanisms that promote tolerance have yet to be
characterized. .

Ulcerative colitis and Crohn’s disease, 2 major forms of
human inflammatory bowel disease (IBD), are characterized by
chronic immune-mediated disorders and affected individuals expe-
rience relapsing episodes of abdominal pain, diarthea, melena, and
weight loss.!> Although there is increasing evidence that genetic,
immunological, and environmental factors may be involved in the
pathogenesis of IBD, their details remain unclear.!**° Current treat-
ment regimens for IBD are based on suppression and control of
inflammation using corticosteroids, immune-modulating drugs, and
antitumor necrosis factor antibodies.”’ Although such drug
therapies targeting inhibition of the inflammatory process may pro-
vide better therapeutic options for IBD, numerous studies have
been conducted to evaluate innovative approaches. Recently, we
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reported anti-inflammatory roles of Breg in a mouse colitis model,”
which might lead to a novel therapeutic strategy for IBD. However,
methodologies regarding the effective activation or induction of
Bregs in vivo remain unknown, Because previous studies revealed
the immunosuppressive effects of ACs associated with the function
of Bregs, we speculated that ACs may ameliorate intestinal inflam-
mation by controlling that function.

In this study, we initially investigated the immunosuppressive
potential of injected apoptotic thymocytes in a colitis model of severe
combined immunodeficiency (SCID) mice by adoptive transfer of
CD4* T cells cotransferred with whole or Breg-depleted B cells.
Next, we performed milk fat globule-epidermal growth factor 8
knockout (MFG-E§ KO) mice with impaired uptake of ACs™ and
examined whether engulfiment of injected ACs regulates the function
of Bregs in the anti-inflammatory process. Evaluation of colitis pa-
rameters indicated that AC-mediated immunosuppressive effects
were generated by induction of an IL-10-producing Breg population,
which was dependent on phagocytosis of ACs in the mouse spleen.
Finally, we found that apoptosis was induced among circulating
leukocytes by granulocyte/monocyte apheresis (GMA) therapy using
Adacolumn and confirmed experimentally that this apoptosis-
inducing feature might contribute to the anti-inflammatory effects
of GMA as a novel therapeutic mechanism for IBD.

MATERIALS AND METHODS

Reagents

We used the following antibodies for flow cytometry: PE-
conjugated anti-mouse CD19 (BD Biosciences Pharmingen, San
Diego, CA), FITC-conjugated anti-mouse CD1d (BD Biosciences
Pharmingen), APC-conjugated anti-mouse CD19 (BD Biosciences
Pharmingen), PE-conjugated anti-mouse IL-10 (BD Biosciences
Pharmingen), and PE-conjugated anti-mouse CD62L (L-selectin)
monoclonal antibody (Beckman Coulter, Brea, CA). We also used
anti-mouse CD4 and CD19 microbeads (Miltenyi Biotec Inc.,
Aubum, CA). For intracellular examinations, GolgiStop (BD
Biosciences Pharmingen) was used. Phorbol 12-myristate 13-
acetate (PMA) and ionomycin were obtained from Sigma—Aldrich
(St Louis, MO). Unmethylated CpG DNA (5-TGACTGT-
GAACGTTCGAGATGA-3') was synthesized by Hokkaido Sys-
tem Science Co. Ltd. Enzyme immunoassays kits for Mouse IL-10
Immunoassays were obtained from R&D Systems.

Flow Cytometry

The above mouse antibodies were used for flow cytometry
analyses as necessary. GolgiStop was added to the medium during
the last 5 hours of the culture period for intracellular cytokine
staining. Flow cytometry analysis was performed using an FAC-
SAria II (BD Biosciences Pharmingen), FACSCalibur (BD Bio-
sciences Pharmingen), or FACSCan (BD Biosciences Pharmingen).

Mice

SAMP1/Yit (SAMP1) mice were kindly provided by
S. Matsumoto (Yakult Central Institute for Microbiological

Research, Tokyo, Japan). AKR/N (AKR) mice were purchased
from Japan SLC Inc. (Hamamatsu, Japan). AKR mice share
a genetic background with SAMPI mice, and their entire major
histocompatibility complex region is identical. SCID mice (CB17/
Ter-Prkdesi/CrlCrlj) were purchased from Charles River Japan, Inc.
(Kanagawa, Japan), C57BL/6N mice were purchased from Japan
SLC Inc. MFG-E8™/~ mice with a C57BL/6 genetic background
were obtained from RIKEN BRC, All experiments with animals in
this study were approved by the Ethics Committees for Animal
Experimentation of Shimane University and JIMRO Co. Ltd., and
they were handled according to institutional guidelines.

Generation of Apoptotic Thymocytes

Thymi were removed from 4-week-old AKR mice and
teased into single-cell suspensions. They were then cultured at
a concentration of 107 cells per milliliter in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal bovine serum, 10
mM HEPES, 100 U/mL penicillin (Invitrogen), 100 pg/mL strep-
tomycin (Invitrogen), and 10 pM dexamethasone (Sigma—Aldrich)
for 8 hours at 37°C with 5% CO,. AC death stage was analyzed
using a PE Annexin V apoptosis detection kit I (BD Biosciences
Pharmingen) with a FACSCalibur (BD Biosciences Pharmingen).
After extensive washing, these apoptotic thymocytes were injected
in an intravenous manner for in vivo experiments.

Induction of Chronic Colitis in SCID Mice and
Apoptotic Cell Coinjection

For this experiment, we used SAMP1 CD4" mesenteric
lymph node (MLN) T cell-mediated chronic colitis model SCID
mice previously reported by our group.”* CD4" T cells were
magnetically isolated from MLNs of SAMP1 mice (30-50 weeks)
by positive selection with CD4 microbeads. Isolated CD4™ T cells
(5 x 10° cells per mouse) were intraperitoneally injected into
SCID mice (8-10 weeks) (day 1) to induce chronic colitis after
6 to 7 weeks. To investigate the protective effects of ACs, dexa-
methasone induced apoptotic thymocytes (1 x 107 cells per
mouse) or phosphate-buffered saline (PBS) (vehicle) were co-
transferred intravenously (tail vein) (week 1) into the SAMP1
CD4* MLN T cell-mediated chronic colitis mouse model.

Sorting of B Cells and Cotransfer Experiments
We recently reported that CD19hiCD1dhi cells, which
secrete high levels of IL-10,>* can be considered as a Breg-rich
population. Total splenic CD19* B cells were magnetically iso-
lated from AKR mice (15-25 weeks) by positive selection with
CD19 microbeads. CD19hiCD1dhi-depleted B cells, excluding
the Breg population, were sorted from whole splenic CD19* B
cells using an FACS sorting system. To investigate the effects of
AC-Bregs interaction in chronic intestinal inflammation, whole or
CD19hiCD1dhi-depleted B cells (2 x 10° cells per mouse) were
cotransferred intravenously (tail vein) (day 0) into the above T
cell-mediated chronic colitis model, followed by intravenous
injection of ACs (at week 1). Body weight (BW) changes were
monitored weekly using a top loading balance. All mice were
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