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Abstract. FoxP3 is a member of the forkhead/winged helix
family of transcription factors and plays a critical role in the
development and function of CD4*CD25* regulatory T cells
(Tregs). In this study, we performed an immunohistochemical
evaluation of FoxP3-expressing cells in inflammatory bowel
disease (IBD) mucosa. Mucosal FoxP3 expression was
evaluated by immunohistochemistry in samples from normal
(n=30), ulcerative colitis (UC) (n=53) and Crohn's disecase
(CD) (n=24) mucosa. There were no FoxP3-immunopositive
cells in the normal colonic mucosa. In contrast, FoxP3-
immunopositive cells were significantly increased in the
inflamed regions of patients with active UC and CD. FoxP3-
immunopositive cells completely coincided with some of the
CD4-positive T cells. In conclusion, FoxP3-immunopositive
Tregs were expanded in the inflamed mucosa of IBD patients.
This suggests that these cells have impaired regulatory func-
tions in the IBD mucosa.

Introduction

Inflammatory bowel disease (IBD), ulcerative colitis (UC)
and Crohn's disease (CD) are chronic intestinal disorders of
unknown etiology. The precise pathogenesis of IBD has not
yet been elucidated, but the infiltration of leukocytes such as
neutrophils, monocytes and lymphocytes into the intestinal
mucosa plays an important role in the formation of mucosal
lesions via the increased production of proinflammatory
cytokines and inflammatory mediators (1,2).

Three different CD4* regulatory T cell populations have
been described as being capable of inhibiting T cell response
(34), i.e., inducible interleukin-10-producing T cells type 1
(Trl), transforming growth factor-B-producing Th3 cells aris-
ing in the periphery, and naturally occurring thymus-derived
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regulatory T cells (Tregs) (5-10). The mechanisms by which
Tregs mediate their suppressive effects are not fully under-
stood. Their regulatory functions are mediated by the secretion
of suppressive cytokines, as well as by cell contact-dependent
signaling involving cytotoxic T lymphocyte-associated
antigen 4, glucocorticoid-induced TNF receptor and, presum-
ably, lymphocyte activation gene 3 (11-13).

FoxP3 is a member of the forkhead/winged helix family
of transcription factors, and plays a critical role in the devel-
opment and function of CD4+*CD25* Tregs (14). CD4+*CD25*
Tregs are mainly produced in the thymus, but can also be
induced in the periphery under various stimulatory conditions.
For example, in humans FoxP3 expression can be induced in
CD4+CD25- T cells, whereby the cells acquire regulatory
properties (15). The rationale for propagating gut-derived
Tregs is that they have a high expression of gut-homing
integrin 47, and may show a higher tendency to home to
the inflamed gut mucosa than do Tregs from the peripheral
blood with a skin-specific integrin expression (16). These
gut-derived Tregs may be able to restore immune balance in
IBD. A recent study has shown that the adoptive transfer of
CD4+CD25* Tregs can cure established experimental colitis,
suggesting their potential utility as ex vivo-generated Tregs
for the treatment of IBD (17).

Another recent study showed that, in UC patients, Tregs are
increased in the lamina propria of the inflamed mucosa and
in the mesenteric lymph nodes (18). However, changes in the
number of Treg cells and their distribution in the intestinal
mucosa of CD patients remain unknown. In this study, we
performed an immunohistochemical study of FoxP3-expres-
sing cells in the IBD mucosa.

Materials and methods

Antibodies and tissue samples. The following primary
antibodies were used in this study: monoclonal mouse anti-
human CD4 (Nichirei, Tokyo, Japan) and monoclonal rat-anti-
human FoxP3 (eBioscience, San Diego, CA). The diagnosis for
UC and CD was based on conventional clinical, endoscopic
and histopathologic criteria. Surgically obtained specimens
from 53 patients with UC and 24 patients with CD were used
with informed consent. The ethics committee of the Shiga
University of Medical Science approved this study. Normal
colorectal tissues were obtained by surgical resection for
colon cancer at distal tumor sites (n=30).
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Figure 1. FoxP3-positive cells in normal colonic mucosa and in the inflamed mucosa of UC and CD patients (x200). UC, ulcerative colitis; CD, Crohn's disease.
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Figure 2. Double staining with anti-CD4 (red fluorescence) and FoxP3-positive cells (green fluorescence) in inflamed mucosa of a patient with Crohn's

disease. CD4/FoxP3 double-positive cells were detected as yellow (far right).

Immunohistochemistry. After incubation with the primary
antibodies, sections were treated with a biotin-conjugated goat
anti-mouse IgG (Vector, Burlingame, CA) and avidin-biotin-
peroxidase complexes (ABC, Vector).

According to the method described by Middel et al (19),
an evaluation of FoxP3 immunoreactivity was carried out by
evaluators in a blinded manner. Corresponding areas of the
tissue sections were marked, and high power fields were

counted at x400 magnification. The mean count from a total
of five high power fields per slide was used.

For double staining procedures, FITC-labeled anti-human
FoxP3 antibodies were applied and incubated overnight at
4°C in a humidified chamber. Subsequently, monoclonal
mouse anti-human CD4 antibodies (Nichirei) were applied
and incubated overnight at 4°C. Cy3-labeled anti-mouse IgG
antibodies were applied for 60 min at room temperature. The
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Figure 3. The number of FoxP3-positive cells in normal, active ulcerative
colitis (UC) and active Crohn's disease (CD) mucosa. Results were expressed
as the number of positive cells per field (x400). Data were expressed as the
mean + SD.

images were captured using the digital confocal laser scanning
system MRC-600 (Bio Rad, Hercules, CA).

Statistical analysis. The statistical significance of the differ-
ences was determined by the Mann-Whitney U test (Statview
Version 4.5). Differences resulting in P-values <0.05 were
considered to be statistically significant.

Results

To evaluate FoxP3-immunopositive cells in the mucosa, the
samples were immunostained with anti-FoxP3 antibodies. As
shown in Fig. 1, there were no FoxP3-immunopositive cells
in the normal colonic mucosa. In contrast, FoxP3-immunopos-
itive cells were increased in the inflamed regions of patients
with active UC and CD (Fig. 1).

To confirm the cellular origin of the FoxP3-immunopos-
itive cells in the IBD mucosa, samples from patients with
active CD were double-immunostained with fluorescence-
labeled anti-CD4 (specific for T cells) and anti-human FoxP3
antibodies (Fig. 2). There were numerous CD4-immunopos-
itive T cells (red fluorescence; Fig. 2) and FoxP3-immunopos-
itive cells (green fluorescence; Fig. 2). CD4/FoxP3 double-
immunopositive cells were detected as yellow, and the FoxP3-
immunopositive cells completely coincided with some of the
CD4-positive T cells.

As shown in Fig. 3, the number of FoxP3-immunopositive
cells increased significantly in the active lesions from IBD
patients.

Discussion

Tregs control immune responses to self- and foreign antigens,
and are likely candidates in the search for inadequate counter
regulation in IBD. They are also involved in oral tolerance
(20), the inhibition of Thl cell activation against enteric
bacterial antigens (21), and the prevention of colitis in animal
models of IBD (22). Recent reports have demonstrated that
the transcription factor FoxP3 is a specific marker for Tregs
(14). In contrast to most phenotypic markers such as CD25,
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the expression of FoxP3 seems to be crucial to their functional
characteristics. This was demonstrated by the introduction of
the FoxP3 gene into naive CD4*CD25* T cells, which subse-
quently displayed suppressive functions (14,23).

In this study, we showed that FoxP3-immunopositive cells
increased in number in the inflamed mucosa of IBD patients.
Previously, Yu et al reported an increased number of FoxP3-
immunopositive cells in the mucosa and mesenteric lymph
nodes of CD patients (18). Our observations are compatible
with their findings, and extend them to similar phenomena in
UC patients. Previous studies have demonstrated that Tregs
inhibit the stimulatory functions of dendritic cells, accounting
for their major regulatory functions in the differentiation and
proliferation of effector T cells (14). An increased number of
FoxP3-immunopositive cells in the lamina propria of IBD
patients suggests an interaction between these cells and
antigen-presenting dendritic cells and, consequently, a sup-
pression of immune responses in the mucosa. However, the
reasons for the failure of FoxP3-immunopositive cells to
suppress the recurrence of colitis remain unclear. Investigators
suggest that the suppressive activity of FoxP-immunopositive
cells is down-regulated by other signals, such as toll-like
receptors (24,25). This suggests the possibility of a functional
down-regulation of FoxP3-immunopositive cells in the IBD
mucosa.

In conclusion, FoxP3-immunopositive Tregs were expand-
ed in the inflamed mucosa of IBD patients. Functional analysis
of FoxP3-immunopositive cells isolated from the IBD mucosa
may be helpful in clarifying the significance of the increased
number of cells in IBD mucosa.
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