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Abstract—The allergen-unchallenged enteric lesions in late allergic asthma are largely unknown.
To clarify this point, BALB/c mice were sensitized by ovalbumin (OVA)/aluminum adjuvant
intraperitoneally two times (on days 0 and 10) and then challenged with OVA intranasally on
day 14 (asthma group). Four days after the challenge, small intestinal lesions were examined.
By this treatment, diarrhea was not observed in the asthma group. Compared to the controls
with or without OVA sensitization and/or OVA challenge, the asthma group developed eosinophilic
venulitis without an increase in mucosal mast cells in small intestines, whereas intestinal epithelial cells
were relatively intact. A few numbers of interleukin (IL)-4+ and IL-5+ lymphoid cells were recognized in
intestines in the asthma group, but not in the controls. Expression of vascular cell adhesion molecule-1
on venular endothelium and eotaxin-2+ eosinophils, but not epithelial cells, in intestines were detected in
the asthma group, but not in the controls. Total IgE, OVA-specific IgE and eotaxin, and IL-5, but not
interferon-γ, were produced systemically in the asthma group compared to the controls. The present
study suggests that eosinophilic venulitis without mast cells in the intestine may be induced by the
systemic, but not by local, helper T 2-type responses. In addition, eosinophilic venulitis in small
intestines may be subclinical enteric lesions.
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INTRODUCTION

Allergic asthma is characterized by immediate type,
which is mediated by IgE and mast cell, and/or by late
inflammation, which is mediated by eosinophils and
helper T 2 (Th2) cells in the bronchi-bronchiole [1–5].
These are believed to be driven by an immune response
with critical role of Th2 cytokines such as interleukin
(IL)-4, IL-5, and IL-13 in immediate and delayed types
[6–9]. Moreover, Eotaxin together with IL-5 was
important for regulating eosinophil recruitment at the
site of inflammation [10]. Eotaxin production is

increased in diseased tissues that are characterized by
eosinophilic inflammation, including lesions in patients
with asthma [11, 12]. It is also increased in response to
respiratory allergen challenge in animals [13, 14].

Allergic respiratory inflammation might even
spread systemically to involve nonrespiratory organs.
Eosinophilic enteritis and eosinophilic esophagitis are
reported during pollen seasons in patients with seasonal
allergic rhinitis in human [15]. Also, eosinophil-associated
gastrointestinal disorders in allergic diseases including
allergic asthma and rhinitis have been reported [16].
On the other hand, the macroscopically normal
duodenal mucosa of patients with allergic asthma
and allergic rhinitis has been reported, despite the
presence of major cellular components of allergic
inflammation in small intestines [17]. Although the
systemic inflammatory events in local allergic diseases
may lead to pathologic response in other parts of body
[15], the underlying pathogenesis of subclinical enteric
lesions, which are allergen-unexposed sites, in allergic
airway disorders is largely unknown.
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The present study examined the enteric lesions in a
mouse model of late asthma without the requirement for
an early IgE/mast cell-dependent responses [1, 2].

MATERIALS AND METHODS

Animals

Specific pathogen-free, 8-week-old female BALB/c
mice (Japan Charles River Co., Kanagawa, Japan) were
used (total number of mice in experimental groups, n=
29). They were kept at 25±2°C room temperature, 55±
10% humidity, and at 12-h light–dark cycle (lightening
time, 08:00–20:00 hours) in metal cages sterilized by dry
heating (180°C, 30 min), and animals were given
autoclaved (120°C, 30 min) pellets (CA-1, Clea Japan
INC., Tokyo, Japan) and water freely. The number of
mice used in each experimental group is given in
parenthesis of experimental protocol unless otherwise
stated. The animal experiments were approved by the
Research Ethics Board of the Faculty of the Agriculture,
Yamaguchi University.

Experimental Protocols and Sampling

The sensitization and challenge procedures were
performed by the method described previously [18, 19].
As shown in Fig. 1, mice (group 1) were sensitized
intraperitoneally (i.p.) by the injection of 10 μg of
ovalbumin (OVA, grade V; Sigma-Aldrich, St. Louis,
MO, USA) in 1.2 mg of aluminum hydroxide gel (Alum;
SERVA, Heidelberg, Germany) adjuvant (OVA/Alum),
which was suspended in phosphate-buffered saline
(PBS, pH 7.4), on day 0 and boosted on day 10 i.p..
Four days after the second sensitization, the mice were

challenged intranasally (i.n.) with 200 μg of OVA in
50 μl of PBS (both right and left nasal cavities by a
micropipette alternately) under anesthesia by injection
with 0.5 ml mixture of ketamine and xylazine (group 1,
n=12) i.p.. The control mice were divided into the
following three groups: group 2 (n=6), mice were
sensitized with OVA/Alum two times and challenged
with PBS; group 3 (n=5), mice were sensitized with
PBS two times and challenged with OVA; and group 4
(n=6), mice were sensitized with PBS two times and
challenged with PBS. After the challenge, clinical signs
especially diarrhea were examined every day (two times
a day). Four days after the challenge, blood, left lung,
small intestines (duodenum, jejunum, and ileum), and
spleen were obtained from all groups.

Plasma

Plasma was obtained from angular vein of eye on
days 0 and 18 by a heparinized micropipette (Terumo,
Tokyo, Japan) to count the number of blood leukocytes.
Also, IgE values in the plasma were measured.

Leukocyte Number in Blood

The absolute number of leukocytes per microliter
was counted on day 18. Percentage of eosinophils,
neutrophils, lymphocytes, and monocytes was calculated
after blood smear stained with Giemsa. Then, the total
number of each leukocyte was determined.

Histologic Evaluation of Lung and Small Intestine

Samples (groups 1–4) from intestines (duodenum,
jejunum, and ileum) and left lung were fixed in 10%
of neutral buffered formalin (pH 7.0) and embedded
in paraffin wax. Sections of 4 μm in thickness were
stained with hematoxylin and eosin (HE), alcian blue
for goblet cells, methylene blue for mucosal mast cells
[20], congo red for eosinophils, and methyl green-
pyronin for plasma cells. The severity of lesions in
each transversely sectioned bronchi–bronchiole was
evaluated by light microscopy and scored as described
previously [18] as follows: no lesions, 0; mucus or
desquamated epithelial cells in the lumen, 1; a few
goblet cells in the epithelial layer, 1; many such cells,
2; thickened basement membrane, 1; mild infiltration
of eosinophils and lymphocytes in mucosa, 1; severe
infiltration of those cells in the mucosa, 2; and
hypertrophy of smooth muscle cells in mucosa, 1. In
each mouse the score index (S.I.) was calculated by

Fig. 1. Experimental protocol in the induction of late asthma. Positive
sign 0VA exposure, negative sign placebo exposure. See details in
“Materials and methods.”
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dividing the total score by the number of bronchi–
bronchiole examined. The S.I. average was then
determined for each group. The number of eosino-
phils, lymphocytes, mast cells, and goblet cells in
intestines was determined by ten well-orientated
villous-crypt units (VCU) [21] at random (×400
magnification). The number of plasma cells in the
intestine was determined on three VCU. The mean
number of other inflammatory cells and goblet cells
was expressed per ten VCU. S.I. and the number of
leukocytes and goblet cells were examined blindly by
two different observers. In addition, each leukocyte
count in and around Peyer’s patches was excluded.

Immunohistochemistry

Deparaffinized sections of lung and jejunum from
all groups (n=3) were treated with microwave oven
(700 W for 3 min) in 10 mM citrate buffer (pH=6.0).
Sections were treated with 5% bovine serum albumin
(Sigma-Aldrich Co., St Louis, MO, USA) in PBS for
5 min at room temperature to block non-specific
biding of antibody. Sections were then incubated with
3% hydrogen peroxide in methanol for 10 min to
eliminate endogenous peroxidase activity. The sec-
tions were treated with avidin/biotin blocking kit
(Vector Laboratories, Inc., Burlingame, USA). Then,
sections were reacted with rat anti-mouse VCAM-1
monoclonal antibody (mAb) (Antigenix America Inc.,
Huntington Station, NY, USA), rat anti-mouse IL-4
mAb (Pharmingen, San Diego, CA, USA), rat anti-
mouse IL-5 mAb (Southern Biotechnology Associates,
Birmingham, AL, USA), or goat anti-eotaxin-2 poly-
clonal antibody (Santa Cruz Biotech., http://www.scbt.
com), which is reported to stain eotaxin-2 of murine
eosinophil [22]. Thereafter, sections were treated with
biotin-labeled rabbit anti-rat antibody (Vector Labo-
ratories, Burlingame, CA, USA) for IL-4, IL-5, and
VCAM-1 or biotin-labeled rabbit anti-goat polyclonal
antibody (DakoCytomation, Carpinteria, CA, USA)
for eotaxin-2. Then, sections were treated with
peroxidase-labeled streptavidin (Invitrogen Corpora-
tion, Camarillo, CA, USA). After that, sections were
incubated with 3,3-diaminobenzidine substrate (Roch
Diagnostics, Gmbh, Penzberg, Germany) for 10 min.
The reaction without primary antibody served as
negative control. As positive controls, lung sections
of group 1 were used. All sections were counter-
stained with methyl green for 1 min. Incubation was

done at room temperature for 30 min, unless other-
wise stated.

Isolation of Splenocytes

Spleens were aseptically removed and placed in
phosphate-buffered balanced salt solution (pH 7.4).
Splenic cells were obtained by the method described
previously [19]. In brief, single-cell suspensions were
collected in sterile conical tubes (Assist Trading Co.,
Tokyo, Japan) after red blood cells were hemolyzed by
Tris-buffered NH4Cl solution and washed in PBBS
containing 0.1% heat-inactivated fetal calf serum (FCS;
Gibco, Grand Island, NY, USA) followed by centrifu-
gation at 800×g for 10 min at 4°C. Total number of cells
was counted using a hemocytometer and diluted in
minimum essential medium (MEM; Nissui Pharmaceut-
ical Co., Tokyo, Japan) with kanamycin (100 μg/ml) to a
density of 1×106 cells per milliliter. Viability of cells
was more than 81% by trypan blue dye exclusion test.
Splenocytes (2×105/200 μl MEM with 5% FCS) were
cultured for 48 h at 37°C in 5% CO2 in the presence of
5.5 μg/ml of concanavalin A (Con A; ICN Biomedical
Inc., Aurora, OH, USA) in 96-well plates (Coster,
Cambridge, MA, USA) and supernatants were obtained.

Values of IFN-γ and IL-5 in Supernatants
of Cultured Cells and Values of Total
and OVA-specific IgE and Eotaxin in Blood

Concentrations of interferon (IFN)-γ (eBioscience,
San Diego, CA, USA) and IL-5 (R&D System, Inc.,
Minneapolis, MN, USA) in supernatants from cultured
splenocytes and values for total IgE (Morinaga, Yoko-
hama, Kanagawa, Japan), OVA-specific IgE (DS Phar-
macia Biomedical Co., Ltd, Suita, Osaka, Japan), and
mouse CCL11/eotaxin (R&D System, Inc., Minneapolis,
MN, USA) were measured by mouse ELISA kits
according to the manufacturer’s instructions. Detectable
amounts of IFN-γ, IL-5, total IgE, OVA-specific IgE,
and eotaxin are 6, 5, 500, 50, and 3 pg/ml, respectively.
In case cytokines could not be detected, their concen-
tration was estimated as 0.

Statistical Analysis

Data were analyzed using SPSS 12.0 for windows
(SPSS Inc., Chicago, IL, USA). One-way ANOVA test
was employed for the statistical analyses, and then a
multi-group comparison test with P<0.05 were consid-
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ered to be significant. The data are expressed as the
mean of sample examined±standard error (SE).

RESULTS

Number of Leukocytes in Blood

The number of each leukocyte is shown in Fig. 2.
In the asthma group (group 1), there was a significant
increase in numbers of eosinophils (P<0.01) and
lymphocytes (P<0.001, compared to all of the controls).
The number of neutrophils in group 1 was slightly
increased compared to all of the controls (P<0.01).
There was no difference in numbers of monocytes
among the four groups.

Pulmonary and Small Intestinal Lesions

Macroscopically, slight congestive changes of lungs
were observed in the asthma group (group 1), whereas
there are no macroscopic changes in all the controls. As
shown in Fig. 3a in group 1, there were prominent goblet
cell metaplasia and hyperplasia of the hypertrophic
bronchial–bronchiolar epithelial cells with mucous secre-
tion in bronchi–bronchial lumens in general. Edema and
hyperemia, hypertrophic smooth muscle cells, and thick-
ening of basement membranes were observed in bronchi–
bronchiole walls. Severe infiltration of lymphocytes and
eosinophils with some neutrophils was seen in bronchi–
bronchiole walls (Fig. 3b) and alveolar walls. In addition,
hyperemia and eosinophil infiltration were seen in and
around capillaries and venules with destruction of them in
pulmonary interstitium. Moreover, there was infiltration of
eosinophils and lymphocytes in and around small arteries

in pulmonary interstitial tissues. On the other hand, those
changes were not observed in all the controls (Fig. 3c, d).

There were no diarrhea and prominent macroscopic
changes in intestines in all of the four groups. In group 1,
intestinal epithelial cells (duodenum, jejunum, or ileum)
are relatively intact in general. Basically, infiltration of
eosinophils was restricted in and around capillaries and
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Fig. 2. Number of each leukocyte in blood in each group. Each value represents the mean±SE. *P<0.01; **P<0.001.

Fig. 3. Late allergic bronchitis (late allergic reaction) in bronchial walls is
shown in group 1 (a). Densely infiltrated eosinophils and lymphocytes (b
enlargement of rectangle of a) are visible. There is no bronchitis in the
controls (c group 2,d group 4). In group 1, venular lesions (j,k, l enlargement
of rectangles of e, f, and g, respectively) are shown. Arrows (j and k) indicate
eosinophils within venular lumens and insert of j (enlargement of rectangle in
j) shows attachment of eosinophil with degranulation, and degeneration of
venular endothelial cells is recognizable. Degenerating eosinophil (arrows)
and fragmented nuclei of eosinophils (arrowheads) in the venular lumenwith
destruction of vascular wall are also seen (k enlargement of rectangle of f).
Densely packed eosinophils (two rectangles) in l (enlargement of rectangle of
g) with destruction of intestinal epithelium (an arrow in g) are seen. On the
other hand, a few eosinophils (an arrow inm enlargement of rectangle of h)
without vascular changes in group 2 and intact lamina propria without
infiltration of eosinophils (i, n enlargement of i) in group 4 are shown. Goblet
cells in group 1 (o and p) and in group 4 (q) are shown. Connective tissue
(insert enlargement of rectangle in p) and mucosal (insert enlargement of
rectangle in r) mast cells in group 1 and connective mast cells in group 4
(insert enlargement of rectangle in q) are shown. There are a number of IL-
5+(s, brown staining) lymphoid cells (arrows) in bronchial walls, whereas a
few IL-5+ lymphoid cells (t, brown staining) in jejunum (arrows) are
recognized in group 1. There is intense VCAM-1 expression on venular
endothelial cells in lung (u, arrowheads), whereas there is a weak expression
of VCAM-1 on those in jejunum (v, arrowheads) in group 1. No expression
of VCAM-1(w) in group 2. In addition, there are many eotaxin-2 expressed
eosinophils in bronchial walls (x, arrowheads) and a few those cells in
jejunum in group 1 (arrowheads in insert enlargement of rectangle in y) are
seen. On the other hand, there is no eotaxin-2 expression in jejunum in group
2 (z). All sections were obtained from different mouse. HE (a–n), alcian blue
(o–q), methylene blue (r), and immunoperoxidase (s–z). Original
magnification: ×200 (a, c–i, and o–z), ×550 (b, j–n, and inserts in p–r, s, t,
and y), and ×750(insert in j).

b
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venules (eosinophilic venulitis) (Fig. 3e–g, j–l) accompa-
nied with edema and hyperemia in lamina propria of
intestines. In affected vessels, there were swelling, degen-
eration, and desquamation of endothelial cells. At these
sites, nuclear fragmentation of eosinophils with destructed
endothelium and vascular walls (leukocyte clastic vascu-

litis) was observed (Fig. 3f, k). Some such vessels were
accompanied with hemorrhage. Also leukocyte-occulusive
vasculopathy by eosinophils was observed (Fig. 3g, l). In
group 1, hyperplasia of epithelial cells (Fig. 3e) was
sometimes observed, and degeneration and necrosis with
sloughing of intestinal epithelial cells were rarely observed
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(Fig. 3g). On the other hand, a few eosinophils were
observed in lamina propria of small intestines in group 2
(Fig. 3h, m), but there were no destructive changes of
venules. There was no increase in eosinophil infiltration in
the groups 3 and 4. (Fig. 3i, n). There were a few
eosinophils at the base of villi in all four groups.

In general, there was no increase or decrease in
number of goblet cells in group 1 (Fig. 3o) compared to
the controls (Fig. 3q). Decrease in number of goblet cells
was observed at the sites with infiltration of relatively
large numbers of eosinophil (Fig. 3p) in group 1. In
addition, there was no increase in connective tissue
(Fig. 3p) and mucosal (Fig. 3r) mast cells in group 1
compared to those in all of the control groups (Fig. 3q).

Immunohistochemistry of Bronchi–Bronchiole
and Jejunum

In group 1, but not in all of the controls, a number
of IL-4+ and IL-5+ cells (Fig. 3s) were observed not only
in bronchi–bronchiole mucosa but also in alveolar septa.
On the other hand, in jejunum, a small number of IL-4+

and IL-5+ (Fig. 3t) cells were found in group 1, whereas
none of these cells were found in all the controls. An
intense VCAM-1 expression on venular endothelial cells
in lungs (Fig. 3u) was recognized, whereas its
expression on those cells was weak in jejunum
(Fig. 3v) in group 1. There was no VCAM-1
expression on vascular endothelium of lungs and
jejunum (Fig. 3w) in all the controls. Some bronchial
mucosal epithelium and alveolar epithelium and many
polymorphonuclear leukocyte probably eosinophils
(morphologically) expressed eotaxin-2 in bronchi–
bronchiole walls (Fig. 3x), whereas ecotaxin-2+

eosinophils, but not intestinal epithelial cells, were
observed in jejunum (Fig. 3y). No detectable amounts
of eotaxin-2 expression on infiltrated leukocytes and
epithelium in lungs and jejunum were observed in all the
controls (Fig. 3z).

Score of Bronchial Lesions and Inflammatory Cell
Reaction in Small Intestine

The development of bronchi–bronchiole lesions in
group 1 was observed (S.I.; 4.8±0.4), whereas there
were no bronchi–bronchiole lesions in all the controls
(Fig. 4a). The number of eosinophils (Fig. 4b) and
plasma cells (Fig. 4c) increased significantly in duode-
num, jejunum, or ileum in group 1 compared to all the
controls (P<0.001). There were no significant difference
and increase in the number of lymphocytes (Fig. 4d) and

mast cells (Fig. 4e) including neutrophils (data not
shown) in group 1 compared to all of the controls (P<
0.001). Although the number of goblet cells varied in
each individual, there was no difference of those cell
numbers among four groups (Fig. 4f) in various parts of
the intestinal tract.

Total IgE, OVA-Specific IgE, and Eotaxin Values
in Blood and Production of IL-5 and IFN-γ
in Supernatants from Cultured Splenocytes

Total IgE values increased on day 18 compared to
the values on day 0 (P<0.001) in group 1, but not in the
control groups (Fig. 5a). In addition, compared to all the
control groups, there was a significant increase in total
IgE values on day 18 (P<0.01) (Fig. 5a). Moreover,
compared to group 2, there was an increase in OVA-
specific IgE values in group 1 (P<0.01) (Fig. 5b).OVA-
specific IgE was not produced in the groups 3 and 4
(Fig. 5b). A significant increase in eotaxin values
(Fig. 5c) in group 1 compared to all the control groups
statistically (P<0.001) was observed. IL-5 values
(Fig. 5d) in group 1 increased compared to those in the
control groups (P<0.01). IFN-γ values increased
slightly in group 1, but the difference was not significant
among the four groups (Fig. 5e).

DISCUSSION

Late allergic bronchial lesions characterized by severe
infiltration of lymphocytes and eosinophils with goblet cell
hyperplasia developed [23], whereas there was eosinophil
dominant reaction in venules of the intestine without goblet
cell hyperplasia in the asthma group. Also, a number of IL-
4+ and IL-5+ lymphoid cells in bronchi–bronchiole were
recognized, whereas those cells were few in the intestine.
The interaction of allergen (OVA)-sensitized CD4+ Th2
cells reacted with OVAmay lead to severe inflammation in
the bronchial mucosa, whereas those events may be minor
in the intestine. A slight to mild eosinophilic enteritis with
destruction of epithelial cells at a certain degree developed,
but it may be secondary events following venulitis, since in
general, infiltration of eosinophils was restricted in
venules. In addition, accumulated eosinophils in/and
around venules may lead to the damage to the venular
wall by the release of granule proteins such as eosinophilic
cationic protein, eosinophil-derived neurotoxin, and
myelin basic protein [24]. It seems likely, since
degranulation from eosinophils was observed. Although
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eosinophil clastic vasculitis was observed (Fig. 3k), the
mechanisms are unknown. Further study is needed to
clarify this point. Alternatively, it has been reported that
mice challenged with repeated intranasal inoculations of
Aspergillus fumigatus antigens induced a significant
increase in the level of eosinophils in the peripheral blood
and broncho-alveolar lavage fluid, but no change in the
level of gastrointestinal eosinophils was observed [25].
Taken together, different types of gastroenteric lesions may
develop in airway allergic diseases in each individual
depending on the sorts of allergens and exposure doses
including allergic types such immediate type and/or late
type.

IgE and OVA in the circulation might reach
systemic circulation not only at the site of allergen
exposure but also at the site of allergen unexposure [26].
We have reported previously in late allergic rhinitis
model that IgE and OVA leaked from damaged venules
in dermis might interact IgE receptor(FCεRI) on mast
cells and eosinophils [27] in dermis [19], resulting in the
development of immediate reaction in dermis which is
allergen-unexposed sites [19]. If that is the case, the leak
of IgE and OVA may occur in the intestine. However,
the lack of immediate reaction in intestinal lamina
propria may be due to the fact that there was no
significant increase in mucosal and connective mast

Fig. 4. S.I. (severity of bronchi–bronchiole lesions) (a) and number of eosinophils (b), plasma cells (c), lymphocytes (d), mast cells (e), and goblet
cells (f) in duodenum, jejunum, or ileum, respectively, are shown. Group 1 (n=12), group 2 (n=6), group 3 (n=5), and group 4 (n=6). Each bar
represents the mean±SE. **P<0.001.
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cells. Increased values of IgE, which is induced by Th2
cytokines in this model [18], may not play a role in the
development of eosinophilic venulitis in intestines.
Taken together, different types of reaction may occur in
allergen-unexposed sites in sensitized individuals.

We previously reported that very late activation
antigen-4 (VLA-4), a ligand for VCAM-1, on eosinophils
and vascular cell adhesion molecule-1 (VCAM-1) on

capillary endothelium as demonstrated here may be
induced by circulating Th2 cytokines (e.g., IL-4), but not
Th1 cytokines (e.g., IFN-γ), at the allergen-unexposed
dermis in a delayed allergic rhinitis model [19]. Then, firm
attachment of eosinophils to venular endothelium via those
adhesion molecules, which also causes activation of
eosinophils, may occur. However, VCAM-1 expression
on vascular endothelium in intestines was weak compared

Fig. 5. Total blood IgE (a), OVA-specific IgE (b), and eotaxin (c) values, and productions of IL-5 (d) and IFN-γ (e) in each group are shown. Total IgE
values were compared not only on days 0 and 18 in the same group but also between group 1 and all of the control groups. Other cytokine values on day 18
were compared between group 1 and the control groups. Groups 1–4 (n=4, respectively). Each bar represents the mean±SE. *P<0.01; **P<0.001.
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to that in lungs. Thus, weak VCAM-1 expression cannot
accumulate efficiently eosinophils and lymphocytes, both
of which have VLA-4, in blood vessels of intestines. In
addition, eosinophil reaction was restricted at blood
vessels. No detectable amounts of eotaxin-2 expression
on intestinal epithelial cells may be due to a few IL-4+ T
cells [28] in the intestine. It has been reported that Th2
cytokines such as IL-4 and IL-13 stimulate intestinal
epithelial cells and alveolar epithelium, resulting in the
expression of eotaxin-2, which acts as chemoattractant for
eosinophils [22]. Although increased eosinophils in the
circulation were observed, a few number of IL-5+

lymphoid cells in the intestines could not promote local
eosinophil accumulation [29]. Moreover, eosinophils
cannot migrate from venular lumen to lamina propria by
lacking of eotaxin-2 expression by epithelial cells together
with less in number of IL-4+ and IL-5+ lymphoid cells in
lamina propria in the intestines. In contrast, eosinophil
infiltration in bronchial and septal walls may be induced by
infiltrated eotaxin-2+ eosinophils being responsible for the
further accumulation of eosinophils at the site of bronchial
and alveolar lesions other than eotaxin released from
bronchial and alveolar epithelium [30]. Furthermore,
cooperation of IL-5 produced from OVA-sensitized Th2
cells interacting OVA together with eotaxin-2 [30, 31] may
stimulate the release of eosinophils from the bone marrow
into the peripheral circulation [31], leading to high
eosinophilia in blood. It seems likely, since those may
contribute to bone marrow eosinopoiesis and migration of
eosinophils from the bone marrow to the sites of
inflammation [10] and may stimulate the effector capacity
of mature eosinophils [11]. Taken together, lack of enough
kind of these mediators in the intestine may attribute to
restriction of eosinophil accumulation at venules.

Increased plasma cell infiltration was observed in the
intestine, but not in the lung, of the asthma group. At
present, the reasons are unclear. Intestinal microenviron-
mental changes in terms of venular lesions may permit the
several bacterial components (e.g., lipopolysaccharide)
from intestinal lumens, since impairment of the mucosal
barrier system increases gut-derived endotoxin in the portal
blood [32]. Thus, venular changes may be responsible for
increased plasma cell infiltration in intestines.

One might suppose that there may be a possibility
of gastrointestinal absorption of OVA protein after
intranasal application and that antigen administration in
the lung is gradually removed from the lung by the
muco-ciliary escalator and passes through the intestine.
However, that possibility may be minor or negligible,
since the main lesions were limited at the site of venules.

In addition, a large number of OVA localized in
bronchi–bronchiole walls were observed, whereas it
was not detected in intestinal lamina propria by
immunohistochemistry (our unpublished data).

The present study demonstrated the development of
eosinophilic venulitis in intestines, which are allergen-
unexposed sites in late allergic asthma model. There
may be, at least, two separate steps such as, primarily,
microvessel-oriented inflammation as discussed above
and, secondary, the development of intestinal inflamma-
tion with changes of mucosal epithelium at certain
degree, although the later changes were minor. The
absence of clinical symptoms such as diarrhea suggests
subclinical enteric lesions. There supposed to be hetero-
geneity in the development of enteric lesions in allergen-
unexposed site in allergen-sensitized individuals, for
example, allergic status (e.g., severity) and duration and
exposure of allergen doses may determine the direction
of the development of enteritis in allergen-unexposed
sites.

In conclusion, intestinal venular lesions may be
induced by systemic Th2 reaction rather than local Th2
reaction. The present experimental system may be useful
to understand the pathogenesis of subclinical enteric
lesions in patients with late allergic asthma.
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