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The pathomechanism of inflammatory bowel disease (IBD) has not yet been fully demonstrated. However, it is well known that
mast cells are present in the gastrointestinal tract, suggesting that mast cells may take part in it. So, we investigated the number
of mast cells in IBD, such as ulcerative colitis (UC) and eosinophilic colitis, and showed that the number of mast cells was
increased in the inflammatory lesions. We also presented a case of UC which was treated successfully with an antiallergic drug,
tranilast. Furthermore, possible new approaches to treating the diseasewith immunomodulators including suplatast are introduced.
However, our investigations were performedwith a limited number of patients with IBD, and additional further studies are required
to confirm the findings.

1. Introduction

Many reports identified changes in mast cells in inflamma-
tory bowel disease (IBD) including ulcerative colitis (UC).
UC is chronic inflammatory bowel disorder which shows
evidence of activation of the immune system of the col-
orectum, with exacerbations and remissions [1–5]. However,
contradicting data have also been reported regarding the
distribution of mast cells in the intestinal mucosa of patients
with UC; namely, the number was increased in some studies
[6, 7], unchanged [8], and decreased in others [9]. One reason
for the discrepancy inmast cell distribution in colonic lesions
may be due to differences in the methods used for tissue
preparation, such as tissue fixation, staining techniques,
and methods of cell counting as described by Craig et al.
[10]. In fact, conventional staining methods are inferior
to the sensitive immunohistochemical techniques that use
antibodies to specific mast cell proteinase such as tryptase,
and some immunohistochemical studies have noted that one

of the features of UC among IBDs may be a marked increase
of mast cells in the affected mucosa [11, 12].

Eosinophilic colitis (EC), a subtype of eosinophilic gas-
troenteritis, is a disease characterized by peripheral blood
eosinophilia and a prominent eosinophilic infiltration in the
intestinal mucosa. Some reports suggested possible involve-
ment of food allergy as the mechanism of the disease [13, 14].
Bischoff [15] reported that eosinophils and mast cells seemed
to bemutually related in the allergic reaction in digestive tract
mucosa. Althoughmast cells are thought to be critical effector
cells in gastrointestinal allergic reactions [16–18], the role of
mast cells in EC still remains unclear.

In this paper, we investigated the number of mast cells in
UC and EC using immunohistochemical staining for human
mast cell tryptase [19, 20]. We also reconsider the valuable
effect of antiallergic drugs on the treatment of patients with
UC as Melamed et al. [21] reported a beneficial effect of
ketotifen on patients with eosinophilic gastroenteritis. All our
studies in the present paperwere performedwith the approval
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of the Institutional Ethics Committee of Gunma Institute
for Allergy and Asthma, Gunma Hospital for Allergic and
Respiratory Diseases, where the corresponding author has
worked until March 2013, and written informed consent was
obtained from each individual before the study commenced.

2. Quantitative Analysis of Mast Cells
in the Active Stage and in Remission in
the Same Patients with UC

The diagnosis of UC was based on evaluating pathologic
interpretation of biopsy specimens in conjunction with
clinical, laboratory, radiologic, and endoscopic features as
reported [22]. Important features of untreated UC in biopsy
specimens include diffuse involvement of the colorectum
without skip lesions, lack of submucosal involvement, lack
of granulomas, and lack of terminal ileum involvement. In
the active stage, in addition to erosion and ulceration of
the lining epithelium of the mucosa, the mucous membrane
was inflamed and its capillary blood vessels were dilated
and engorged. The epithelium of the crypts was depleted of
goblet cells, and crypt abscess formation was observed.There
was an inflammatory cell infiltration such as lymphocytes
and plasma cells in the lamina propria. On the other hand,
the mucous membrane became atrophic, and the epithelial
glands were found to be irregular and short in the same
patients in remission.

An immunohistochemical method as described in [19,
20] was used for the detection of mast cells. In brief, serial
sections of biopsy specimens were incubated in a humid
chamber overnight at 4∘C with a monoclonal murine anti-
tryptase antibody (Chemicon, Temecula, CA, USA) diluted
1 : 400 in Tris buffer (50mM Tris-HCl buffer, pH 7.6) con-
taining 1% bovine serum albumin. The sections were then
washed extensively in running TTBS buffer (50mM Tris-
HCl, 154mM NaCl, 0.05% Tween-20, pH 7.4) at 4∘C for 10
seconds, followed by washing extensively in TTBS buffer
for 15 minutes at room temperature (with 3 changes of
buffer) and washing in distilled water for 5 minutes. The
sectionswere incubated for 40minutes in a humid chamber at
room temperature with a rabbit anti-mouse immunoglobulin
antibody (Dako, Carpinteria, CA, USA) diluted 1 : 100 with
Tris buffer followed by washing in TTBS buffer for 15minutes
at room temperature (with 3 changes of buffer) and washing
in distilled water for 5 minutes. Sections were then incubated
for 40minutes in a humid chamber at room temperature with
a monoclonal anti-alkaline phosphatase antibody conjugated
to alkaline phosphatase (APAAP complex; Dako) diluted
1 : 50 in Tris buffer. The sections were washed extensively in
running TTBS buffer at 4∘C for 10 seconds, then washed
in TTBS buffer for 15 minutes at room temperature (with
3 changes of buffer), and washed in distilled water for
5 minutes. Isotype control of antibodies was used in the
staining process. Color was developed for 10 minutes at room
temperature with a fast red substrate containing naphthol
AS-MX phosphate (Dako) (100mM Tris-HCl buffer, pH 8.2,
containing naphthol phosphate, fast red, and levamisole).
The sections were washedwith distilled water, counterstained

(a)

(b)

(c)

Figure 1: Immunohistochemical staining for human mast cell
tryptase of serial sections of the lesional tissue from a patient with
UC. (a) Lesional tissue from a patient with UC in active stage;
(b) lesional tissue from the same patient with UC in remission;
(c) adjacent control tissue from a healthy volunteer who visited
our clinic for annual physical examination. Immunohistochemical
staining for mast cell was performed with the protocol as described
precisely in the text. Under 400x magnification.

with Mayer’s hematoxylin for 5 minutes, and then washed
in running water for 10 minutes and mounted in glycerol
gelatin (Sigma, St. Louis, MO, USA). Photomicrographs were
taken with an Olympus PM-10AK and an Olympus BX-50
microscope.

Here we examined the number of mast cells in UC.
Figure 1 shows immunohistochemical staining for mast cell
tryptase in the active stage and in remission of a patient with
UC and the adjacent healthy tissue from a healthy control.
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Figure 2: Number of mast cells in the lesional tissue from eight
patients with UC. The number was compared between active stage
and remission in the same patients. In addition, the number was
compared between the lesions and adjacent healthy tissues in nine
healthy volunteers who visited our clinic for annual routine physical
examination, which comprised the healthy controls. Data were
analyzed with non-parametric Kruskall-Wallis and Mann-Whitney
tests. Collated specimens were analyzed with Wilcoxon test for
non-parametric data, Statistical significance between the groups as
indicated at ∗𝑃 < 0.05.

Accumulation of mast cells in the active stage of the patient
was clearly observed (Figure 1(a)). Then, we investigated the
number of mast cells in the active stage and in remission in
eight patients with UC and compared the number of mast
cells with that in adjacent healthy tissues from nine healthy
volunteers who visited our clinic for annual routine physical
examinations, which comprised the healthy controls [19].
The range of the number of mast cells in our study was in
agreement with others [8, 12, 23]. The median of the number
of mast cells in the active stage and that in remission of
the same patients were 451/mm2 with a range from 280 to
566/mm2 and 206/mm2 with a range from 112 to 241/mm2,
respectively. A significant accumulation of mast cells in the
active stage was present compared with that in remission of
UC (𝑃 < 0.05). Also, our research has brought us to the
realization that the number of mast cells in UC in remission
was significantly greater than that in adjacent healthy controls
(𝑃 < 0.05) (Figure 2).

3. Accumulation of Mast Cells in
the Interstitium of EC

EC colitis is a subtype of eosinophilic gastroenteritis. His-
tologic evidence of a predominant eosinophilic infiltration
in the gastrointestinal mucosa in the absence of parasitic
infection and extraintestinal diseases confirms a diagnosis
of eosinophilic gastroenteritis. In some patients of EC, food
allergy seemed to be associated with the disease [13]. How-
ever, direct evidence of allergy, such as involvement of mast
cells, has not been consistently confirmed in EC.

A 35-year-old man suffering from consistent diarrhea
was introduced to our clinic because of peripheral blood
eosinophilia (17.9%). No remarkable finding was observed
on physical examination, and stool culture was negative for
pathological bacteria and no parasitic infections were noted
too. Diagnosis of EC was made with histological findings
of biopsy specimens from colon, which showed numerous
eosinophil infiltration in the interstitium and edematous
change of the tissue. Then, we examined the number of
mast cells in the interstitium from the patient with EC [20].
The mean number of mast cells in ascending colon and
rectum was 352/mm2 and 405/mm2, respectively. We could
not investigate the number of mast cells in colon when
the patient’s condition became well because the informed
consent of the test was not obtained. So as controls, biopsy
specimens were obtained from the same site in five normal
volunteers, and we examined the number of mast cells for
comparison. The mean number of mast cells in normal
control in ascending colon and rectum was 150 ± 16 (mean ±
SD)/mm2 and 126 ± 63/mm2, respectively. Sasaki et al. [11]
reported in their study that the number of mast cells in
ascending colon and rectum fromnormal controlwas 122±18
cells/mm2 and 110 ± 16 cells/mm2, respectively, and their
findings are consistent with those of our study.

Taken together, our findings suggested that the number
of mast cells in the interstitium of EC might be increased.
However, as far as we have examined literature, there has been
no case report of EC in which the number of mast cells was
examined. Therefore, further studies are required to confirm
our findings.

4. Antiallergic Drug Use in Japan for
the Treatment of Allergic Diseases:
The Rationale and the Clinical Outcome

As noted by European and American clinicians, a distinct
characteristic of Japanese asthma prescribing is the reliance
on prophylactic antiallergic drugs, especially oral ones [24–
26].

As the concept of “prophylaxis” for this category of drugs
was imported from Europe, we expected some difficulties for
its acceptance in Japan. However, judging from the present
status of these drugs in Japan, it is clear that prophylactic
therapy has been well accepted by Japanese clinicians and
patients. There are two major reasons for this phenomenon:
one is the previous experience of Chinese medications for
long-term use by Japanese people, and the other, which is
even more important, is the close relationship between doc-
tors and patients in Japan.Under these unique circumstances,
long-term therapy can be realized within a well-organized
therapeutic program.

Another factor for the success of prophylactic antiasthma
drugs in Japan may be their increasing availability. They are
available for use in infants to aged patients in a variety of
formulations including syrup, dry syrup, capsule, and tablet
form. In addition, these prophylactic agents are being used
for various allergic diseases such as allergic rhinitis and atopic
dermatitis as well as bronchial asthma.
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Figure 3: Clinical course of a patient with UC treated successfully with tranilast and sulfasalazine.

In a study of multiple anthranilic acid derivatives,
Koda et al. [27] found antiallergic properties in a new
compound, N-(3󸀠,4󸀠 dimethoxycinnamoyl) anthranilic acid
(N-5󸀠, tranilast), when given orally. Tranilast is an orally
active antiallergic drug, and first reports describing its antial-
lergic properties appeared in 1976 [27, 28]. Tranilast has been
available in Japan since 1983 for the treatment of allergic
diseases including bronchial asthma, allergic rhinitis, and
allergic skin disorders.

5. Therapeutic Trial of Antiallergic Drugs
in the Treatment of UC

A 23-year-old female was diagnosed as UC (proctitis type)
based on her present history, barium enema, and sigmoi-
doscopy, and the patient was successfully treated with trani-
last as reported in [29].

In the case, serum immunoglobulin (Ig) A and CH
50

levels were slightly lowered from normal levels, and skin tests
to several inhalant and food antigens showed positive reac-
tions. Although her clinical symptoms were not improved
with sulfasalazine and betamethasonum suppository treat-
ment, they were improved by the administration of tranilast.
Thereafter, with tranilast her condition stabilized without
the medication of sulfasalazine, and the ulcer of rectum
disappeared.Therefore, we examined the effect of antiallergic
drugs on the treatment of UC.

The other seven patients with UC (one was proctitis
and six were left-sided colitis) were treated successfully with
antiallergic drugs such as tranilast [30, 31].The clinical course
of one of the patients, who was successfully treated with
tranilast and sulfasalazine, is shown in Figure 3. Before the
therapy, the patient complained a frequent bowel habit with
bloody stool and abdominal pain. The serological examina-
tion showed slight increases of serum IgG, IgE, and CRP
levels. The patient was clinically well treated by tranilast and
sulfasalazine, and the amount of steroid administration was
reduced and bowel habit became normal.

6. Possible Pharmacological Acting Points of
Suplatast on the Pathogenesis of IBD

There is considerable cumulative clinical evidence for mast
cell involvement in IBD as follows. In the colorectal mucosa
from patients with UC, mast cell tryptase level was signifi-
cantly increased in the lamina propria and submucosa [32].
The increased number of mast cells found in the colonic
mucosa of IBD patients was accompanied by dramatically
increased expression of tumor necrosis factor (TNF)𝛼, inter-
leukin (IL)-16, and substance P [33]. Findings of mast cell
degranulation were observed in the intestinal wall of IBD
patients, suggesting that mast cell degranulation may be
involved in the pathogenesis of IBD [33].

Mast cells release a number of proinflammatory medi-
ators, and the cells have the capacity to produce a variety
of cytokines. Dozens of proinflammatory cytokines were
reported to be involved in the pathogenesis of IBD. TNF𝛼
was considered to be secreted mainly from intestinal mast
cells in IBD [33–36], and bacteria and anti-IgE were able
to substantially enhance the release from mast cells [36].
TNF𝛼 and histamine released from mast cells could syner-
gistically stimulate ion secretion from intestinal epithelium
[37]. Intestinal mast cells in IBD produce IL-3 [38]. IL-1 was
excessively released frompatients withUC [39]. Interestingly,
mast cells from healthy controls did not produce IL-5, but
mast cells from patients with IBD released a relatively large
amount of IL-5 [40].

In addition to mast cells, the role of T cells in the patho-
genesis of IBD was widely investigated [41–51]. According
to the current paradigm, IBDs including Crohn’s disease
and UC occur in predisposed individuals to dysregu-
lated immune T cell response. In general, imbalance of
Th1/Th2 response is important pathogenetic value at chronic
inflammatory process. In this decade, tissue injury in IBD is
thought to be primarily mediated by Th1 dominant immune
response in Crohn’s disease and Th2 response in UC. How-
ever, the discoveries of new subsets of T-helper cells, espe-
cially Th17 cells, added a new understanding of the disease.
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Table 1: Basic pharmacological activity of IPD.

(A) Immunomodulating activity
(1) Suppression of IgE antibody production (murine, cultured human cell)
(2) Suppression of Th2 cytokine production (murine, human cell)
(3) Suppression of thymus and activation-regulated chemokine (TARC) production
(4) Modulation of toll-like receptors 2 and 4 on antigen-presenting cells in rats
(5) Augmentation of aging-induced downregulated IgE production in mice

(B) Anti-inflammatory activity
(1) Inhibition of histamine release from rat mast cells
(2) Inhibition of murine eosinophil chemotaxis
(3) Inhibition of EG2 positive eosinophil and CD4 or CD25 positive T-cell accumulation in human airway
(4) Inhibition of human eosinophil degranulation
(5) Inhibition of IL-4 induced vascular cell adhesion molecule 1 (VCAMI) expression on human umbilical vein endothelial cells

(C) Experimental asthma
(1) Inhibition of air-flow limitation (mice, guinea pigs)
(2) Inhibition of airway hyperresponsiveness (mice, guinea pigs)
(3) Inhibition of goblet-cell metaplasia of mice airway epithelium

The imbalance or polarization of Th1, Th2, Th17, and other
T cell subgroups are nominated in the pathogenesis of IBD.
The elucidation of pathophysiology of IBD stimulates the
research on pharmacological studies for therapy. The agents
which adjust the imbalance of T cell subset or potentiate
the regulatory cytokines show a therapeutic potential in
the treatment of experimental IBDs [52–56]. The previous
results suggest the possibility of immunomodulating agents
for clinical application as a remedy for IBD.

During our investigation of antiallergic drugs, vitamin U
derivative, suplatast was found to have potent immunomod-
ulating and anti-inflammatory activity in Th2 polarized
immune processes [57–60]. Table 1 shows a summary of the
basic research on the pharmacological activity of suplatast as
reported [60]. Suplatast shows both the inhibition of mast
cell activation and Th2 polarized immune response. These
pharmacological profiles suggest the possible application of
suplatast for management of IBD. Whereas there is scarcely
any opportunity to see any reference concerning the clinical
trial on the application of suplatast for the management of
IBD, the previous basic data suggest the possible efficacy of
suplatast.

7. Conclusions

The precise pathomechanism of IBD remains unknown.
However, there is growing evidence that mast cells take part
at least in the course of the disease. Current data about
the increased number of mast cells in the inflammatory
lesions of the disease and those about the role of mast cell-
derived mediators and cytokines in IBD should be taken into
consideration when new approaches to treating the diseases
will be introduced. Immunomodulators, such as suplatast,
may become one of the target drugs for the treatment of the
disease. However, our investigations were performed with a
limited number of patients with IBD, and additional further
studies are required to confirm the findings.
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[51] F. Sanchez-Muñoz, A. Dominguez-Lopez, and J. K. Yamamoto-
Furusho, “Role of cytokines in inflammatory bowel disease,”
World Journal of Gastroenterology, vol. 14, no. 27, pp. 4280–4288,
2008.

[52] E. Bailon, J. Roman, I. Ramis et al., “The new salicylate
derivative UR-1505 modulates the Th2/humoral response in
a dextran sodium sulphate model of colitis that resembles
ulcerative colitis,” Journal of Pharmacological Sciences, vol. 109,
no. 2, pp. 315–318, 2009.

[53] H. Nakase, S. Mikami, and T. Chiba, “Alteration of CXCR4
expression and Th1/Th2 balance of peripheral CD4-positive
T cells can be a biomarker for leukocytapheresis therapy for
patients with refractory ulcerative colitis,” Inflammatory Bowel
Diseases, vol. 15, no. 7, pp. 963–964, 2009.

[54] R. Aharoni, O. Brenner, A. Cohen, and R. Arnon, “The
therapeutic effect of TV-5010 in a murine model of inflam-
matory bowel disease: dextran induced colitis,” International
Immunopharmacology, vol. 8, no. 11, pp. 1578–1588, 2008.

[55] C. Daniel, N. A. Sartory, N. Zahn et al., “FTY720 ameliorates
oxazolone colitis in mice by directly affecting T helper type 2
functions,” Molecular Immunology, vol. 44, no. 13, pp. 3305–
3316, 2007.

[56] H. Tilg and A. Kaser, “Type 1 interferons and their therapeutic
role in Th2 regulated inflammatory disorders,” Expert Opinion
on Biological Therapy, vol. 4, no. 4, pp. 469–481, 2004.

[57] Y. Yanagihara, M. Kiniwa, K. Ikizawa et al., “Suppression of IgE
production by IPD-1151T (suplatast tosilate), a new dimethyl-
sulfonium agent: (l) regulation of murine IgE response,”
Japanese Journal of Pharmacology, vol. 61, no. 1, pp. 23–30, 1993.

[58] Y. Yanagihara, M. Kiniwa, K. Ikizawa, T. Shida, N. Matsuura,
and A. Koda, “Suppression of IgE production by IPD-1151T
(suplatast tosilate), a new dimethylsulfonium agent: (2) Regula-
tion of human IgE response,” Japanese Journal of Pharmacology,
vol. 61, no. 1, pp. 31–39, 1993.

[59] M. Shichijo, Y. Shimizu, K. Hiramatsu et al., “IPD-1151T
(suplatast tosilate) inhibits interleukin (IL)-13 release but not
IL-4 release from basophils,” Japanese Journal of Pharmacology,
vol. 79, no. 4, pp. 501–504, 1999.

[60] H. Nagai, “Recent research and developmental strategy of anti-
asthma drugs,” Pharmacology and Therapeutics, vol. 133, no. 1,
pp. 70–78, 2012.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


