
The number of patients with food allergies has been in-
creasing for various reasons (e.g., changes in diet, increased
stress, etc.), but the mechanisms of the development and reg-
ulation of food allergy have not yet been fully elucidated.
Thus, oral sensitization models in animals are important for
better understanding the induction and regulation mecha-
nisms of food allergy.1—3)

When the allergenicity of dietary proteins is evaluated in
animal, it is desirable to perform the sensitization orally,
preferably without using adjuvants. However, since orally ad-
ministered food antigens induce tolerance by various mecha-
nisms,4—6) it is important to optimize the dosage of the aller-
gen and the duration of immunization in order to achieve oral
sensitization without inducing tolerance.

In previous studies, we compared animal food allergy
models using various strains of mice and rat,7) and found that
significant antigen-specific antibody production was success-
fully induced without any adjuvant by orally administering
OVA for 9 weeks in B10A mice and BALB/c mice. More re-
cently, W/Wv mice have been proven to be a good responder
to food allergens, because their antigen-specific antibody
titer was much higher than in the other murine strains used.8)

It is important to clarify the cause of the high susceptibil-
ity of the W/Wv mice to oral sensitization in order to eluci-
date the mechanism of development of food allergy.

W/Wv mice have mutations in the c-kit gene and exhibit
defects or a deficiency of mast cells, red blood cells, and in-
terstitial cells of Cajal, which ordinarily express c-kit
protein.9,10) The c-kit protein is a member of the type III re-
ceptor tyrosine kinase family, and its dimer is a ligand for the
stem cell factor (SCF).11) We have reported low susceptibility
of the congenic wild-type (�/�) mice to oral sensitization.
The lack of high sensitivity in c-kit-positive wild-type (�/�)
mice suggested that the susceptibility of W/Wv mice to oral
sensitization is related to the mutations in the c-kit gene.12)

The population of gd-IELs is much smaller in W/Wv mice
than in wild-type mice.12) Moreover, it has been demon-
strated that the ratio of the gd-IELs to total T cells in mouse
intestinal mucosa is much higher than in other peripheral
lymphoid tissues,13) and that gd-IELs have been found to de-
velop thymus independently in cryptopatches (CPs), which
are located in the lamina propria. CPs are the small clusters
of immature lymphocytes (c-kit�, IL-7R�, Thy-1�, LFA-
1�).14,15) Thus, gd-IELs are thought to play an important
role in immune responses in the mucosa, although their func-
tion in oral sensitization is not fully understood.16)

The objective of this study was to identify the cause of the
high susceptibility of W/Wv mice to oral sensitization, and
we performed two experiments to achieve this objective. In
the first experiment, congenic wild-type (�/�) mice were
treated with the anti-TCRgd antibody before oral sensitiza-
tion to OVA. In the second experiment, bone marrow cell-re-
constituted W/Wv mice with increased gd-IELs were orally
sensitized with OVA.

MATERIALS AND METHODS

Mice Female C57BL/6J (Jms) (5 weeks), WBB6F1-
�/�(6 weeks) and WBB6F1-W/Wv (3 weeks) mice were
purchased from Japan SLC (Shizuoka, Japan) and kept under
pathogen-free conditions in our animal facility for 1 week
before use. Mice were handled in accordance with NIHS An-
imal Care and Use Guidelines.

Treatment with Anti-mouse TCRggdd Antibody and
Oral Immunization of Wild-Type Mice WBB6F1-(�/�)
(wild-type) mice (7 weeks) were treated with 0.2 mg of puri-
fied hamster anti-mouse TCRgd antibody (GL-3; CEDAR-
LANE) or purified hamster IgG (ICN Pharmaceuticals, Inc,
Ohio, U.S.A.) on the day 0, 7, 14 and 35 by intraperitoneal
(i.p.) injections.17) From the day 7 to the day 70, the mice
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We have already reported that WBB6F1-W/Wv (W/Wv) mice, which have mutations in the c-kit gene, are
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tion, active systemic anaphylaxis (ASA), and Th2-dominant cytokine production. Next, W/Wv mice whose bone
marrow cells were reconstituted from C57BL/6J mice for 5 months were sensitized by oral administration of
OVA. The OVA-specific IgG1 antibody titer in the bone marrow-reconstituted W/Wv mice was neither signifi-
cantly enhanced, nor ASA was induced. The proportion of ggdd-IELs in the reconstituted mice was much higher
than that in the untreated W/Wv mice. The above findings suggest that the decrease or increase in number of ggdd-
IELs enhances or decreases oral sensitization respectively. These results show that ggdd-IELs have an important
role in the oral tolerance to food antigens.
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were sensitized by administration of 1.0 mg OVA (grade V,
Sigma Chemical Co, St Louis, MO, U.S.A.) by gavage daily
for 9 weeks.

Reconstitution of Bone Marrow Cells in W/Wv Mice
Bone marrow cells were obtained from C57BL/6J (Jms) (6
weeks) mice,18,19) and 1�107 of them were injected i.v. into
4-week-old W/Wv mice according to the method of Harrison
and Astle.20) Five months later the W/Wv mice were sensi-
tized by oral administration of 1.0 mg OVA by gavage every
day for 9 weeks.

Hematological Examination Red blood cell (RBC)
counts, white blood cell (WBC) counts, platelet (PLT)
counts, hemoglobin (HGB) volumes, and hematocrits (HCT)
were determined with an automatic hematology analyzer (M-
2000, Sysmex corp., Japan).

Antibody (IgE, IgG1 and IgG2a) Titer Determination
The serum titers (reciprocal of serum dilution with fluores-
cence intensity at 50% of the maximum level) of OVA-spe-
cific IgE, IgG1 and IgG2a were determined by a previously
reported method.8) A 50 m l volume of OVA (40 mg/ml) in
50 mM sodium carbonate buffer, pH 9.6, was added to each
well of a 96-well microtiter plate, and the plate was incu-
bated overnight at 4 °C. The solutions were discarded, and
each well was washed 4 times with 200 m l PBS containing
0.05% Tween 20 (PBS/Tween). To minimize the nonspecific
binding of serum proteins to unoccupied solid-phase sites,
200 m l of 0.1% casein in PBS was added, and the plates were
incubated for 1 h at room temperature. The casein solution
was removed, and each well was washed in the same manner
as above. A 50 m l volume of the diluted serum containing
OVA-specific antibodies was then added to each well, and the
plates were incubated for 20 h at 4 °C. The solutions were
then removed, and each well was washed. A 50 m l volume of
rabbit anti-mouse IgE, IgG1, and IgG2a (10�3 dilution in
PBS containing 0.1% casein [Nordic Immunology, Tilburg,
the Netherlands]) was added to each well, and the plates were
incubated for 1 h at room temperature. The solution in each
well was then removed and washed. A 50 m l volume of b-
galactosidase-linked goat anti-rabbit Ig conjugate (10�3 dilu-
tion in PBS containing 0.1% casein [Amersham Pharmacia
Biotech, Uppsala, Sweden]) was added to each well, and the
plates were incubated for 1 h at room temperature. The anti-
body–enzyme conjugate solution in each well was then re-
moved and washed. The wells were incubated for 1 h at 37 °C
with 100 m l PBS containing 0.1 mM 4-methylumbelliferyl-b-
galactoside (Sigma). Finally, 25 m l of 1 M sodium carbonate
was added to each well. The fluorescence intensity of the lib-
erated 4-methylumbelliferone was monitored at 365 nm and
460 nm for excitation and emission, respectively, with a
Titertek Fluoroscan reader (Flow Laboratories Inc., Costa
Mesa, CA, U.S.A.).

Cytokine Assays of Splenocytes Spleen cells were col-
lected from the OVA-immunized mice (4—7 mice per
group), and the cells (5�106 cells/ml) were re-stimulated
with OVA in vitro at a final concentration of 100 mg/ml in a
24-well culture plate at 37 °C for 3 d.21) The levels of IL-4,
IL-5, IL-12 (p70), and IFN-g in the culture medium (RPMI
1640) after 3 d of co-culture with OVA were measured with
an OptEIA mouse cytokine ELISA set (PharMingen, San
Diego, CA, U.S.A.). Absorbance was measured at 450 nm
with a microplate reader (EL 340, Bio-Tek Instruments,

Winooski, VT, U.S.A.).
Induction of Active Systemic Anaphylaxis (ASA) and

Measurement of Body Temperature ASA challenge was
performed by i.p. injection of 1.0 mg of OVA after oral ad-
ministration. The body temperature changes associated with
ASA were monitored with a rectal thermometer for mice
(Shibaura Electronics Co. Ltd., Japan) without general anes-
thesia.

Determination of Serum Histamine during the ASA
Reaction Blood was collected from the eye 10 min after
i.p. challenge with 1.0 mg OVA and allowed to stand for
30 min at room temperature before centrifugation to obtain
the serum. Serum histamine levels were measured by the
post-column HPLC method, as described previously.22)

Isolation of Mouse IELs IELs were isolated as previ-
ously described by Nagafuchi.23) In brief, the small intestine
(duodenum, jejunum, and ileum) was removed from the
mice, and small intestine was turned inside-out with the help
of polyethylene tubing. Each reversed intestine was cut into
four segments, and the segments were placed in a conical 50-
ml polypropylene tube containing 45 ml of Hanks’ balanced
salt solution (HBSS) (GIBCO) containing 5% FBS (Sigma
chemical Co). The tube was shaken at 37 °C for 45 min (hori-
zontal position on an orbital shaker at 135 rpm), and the cell
suspension was passed through a glass-wool column to re-
move adherent cells. The cells were then suspended in 30%
(wt/vol) Percoll (Amersham Pharmacia Biotech) and cen-
trifuged for 20 min at 1800 rpm. The cell pellet was col-
lected; IELs were purified by density gradient centrifugation
using Percoll as the separation medium (1800 rpm, 20 min);
and IELs were recovered at the 44% and 70% Percoll inter-
phase. More than 90% of the IELs were recovered.

Flow Cytometry (FCM) Two-color or three-color
analysis of spleen and IEL subsets was performed. The anti-
bodies used for FCM were phycoerythrin (PE)-labeled anti-
mouse CD8a (53-6.7; PharMingen), fluorescein isothio-
cyanate (FITC)-labeled anti-mouse CD4 (H129.19; PharMin-
gen), peridinin chlorophyll protein (PerCP)-labeled anti-
mouse CD3e (145-2C11; PharMingen), FITC-labeled anti-
mouse Integrin b7 chain (M293; PharMingen), PE-labeled
anti-mouse TCRgd (UC7-13D5; Santa Cruz Biotechnology,
Delaware, CA), PE-labeled anti-mouse TCRgd (GL3; Im-
munotech, Marseille, France), FITC-labeled anti-mouse
TCRab (H57-597; Immunotech), PerCP-labeled anti-mouse
CD4 (H129.19; PharMingen), and FITC-labeled anti-mouse
CD8b (53-5.8; PharMingen) antibodies. All incubations
were performed in the dark. A single cell suspension of lym-
phocytes in PharMingen Stain Buffer containing 2% FBS
was incubated with 50 m l of properly diluted mAb at 4 °C for
30 min. The cells were washed in HBSS by centrifugation,
and after staining, a total of at least 10000 cells was analyzed
with a FACS Calibur (Becton Dickinson, Sunnyvale, CA,
U.S.A.). The data were analyzed with Cellquest® software.

Statistical Analysis All values are expressed as
means�standard deviation of the mean. Statistical compar-
isons were performed with Student’s t-test for hematological
and flow cytometric analysis, or Mann Whitney’s U-test for
the analysis of serum antibody titer.
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RESULTS

Effect of Anti-TCRggdd Antibody Treatment on Oral
Sensitization of Wild-Type Mice The congenic wild-type
(�/�) mice were sensitized by oral administration of 1.0 mg
OVA by gavage every day for 9 weeks after the hamster anti-
TCRgd antibody or purified hamster IgG (control) treatment.

First, the lymphocyte subset composition of spleen and
IELs after oral sensitization was analyzed by FCM. In the
anti-TCRgd-antibody-treated mice, there was a decreasing
trend in the number of TCRgd-T cells of the spleen com-
pared with the control mice (data not shown). No changes in
the composition of other splenic subsets were found. As
shown in Fig. 1, the proportion of gd-IELs in the anti-
TCRgd-antibody-treated mice (0.54%) was much lower than
that in the control-antibody-treated mice (9.9%). In addition,
the proportion of CD8aa� T cells, including TCRgd-T
cells, which were thought to be a thymus-independent T cell
subset of IELs, showed a decreasing tendency in the anti-
TCRgd-antibody-treated mice (data not shown).

Second, antigen-specific antibody production in OVA-sen-
sitized wild-type (�/�) mice was examined as described in
the Materials and Methods section. As shown in Table 1,
there was a significant increase in specific IgG1 antibody
titer in the anti-TCRgd-antibody-treated mice as compared
with the control-antibody-treated mice. The OVA-specific
IgE antibody titer also increased slightly in the anti-TCRgd-
antibody-treated group. By contrast, no increase in OVA-spe-
cific IgG2a antibody titer was observed in any of the groups.

Third, ASA induction in the orally sensitized mice was as-
sessed as described in the Materials and Methods section. As

shown in Fig. 2, a decrease in body temperature (hypother-
mia) was observed in the anti-TCRgd-antibody-treated mice,
but hypothermia did not occur in the control antibody-treated
mice. The serum histamine concentration after ASA induc-
tion slightly increased in the anti-TCRgd-antibody-treated
group, but that there was no significant change in the control-
antibody-treated groups (data not shown).

Fourth, in vitro production of cytokines by re-stimulated
splenocytes from the orally sensitized �/� mice was exam-
ined. As shown in Fig. 3, there were significant increases in
the production of IL-4 and IL-5 by splenocytes in the anti-
TCRgd-antibody-treated mice as compared with the OVA-
non-sensitized mice. On the other hand, the Th1-type cy-
tokine (IL-12 (p70) and IFN-g) levels in the splenocyte cul-
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Fig. 1. Expression of TCRab and TCRgd on IELs from Anti-TCRgd-Antibody-Treated WBB6F1-(�/�) Mice

IELs were isolated from (a) anti-TCRgd-antibody-treated and (b) control WBB6F1-(�/�) mice orally sensitized with 1.0 mg of OVA. Cells were stained with the antibodies as
described in Materials and Methods. The histograms presented are representative of five independent experiments.

Fig. 2. Changes in Body Temperature of Anti-TCRgd Antibody-Treated
WBB6F1-(�/�) Mice after Systemic Immunization

Body temperature was monitored at 1-min intervals after OVA challenge. Each value
represents the mean for 10 mice. ∗ Significant difference from normal at p�0.05. † Sig-
nificant difference from the control at p�0.05.

Table 1. Serum OVA-Specific Antibody of WBB6F1-(�/�) Mice Orally Sensitized with OVA

WBB6F1-(�/�) mice
OVA-specific antibody

Normal Control aTCRgd-Ab-treated

IgG1 �50 628�731a) 2394�1147∗†

IgE �50 �50 61�21
IgG2a �50 �50 �50

OVA-specific antibody titers of the sera from normal (non-sensitized) mice, control (control hamster-IgG-treated and OVA-sensitized) mice, and aTCRgd-Ab-treated 
(aTCRgd-Ab-treated and OVA-sensitized) mice were examined. a) Mean�S.D., n�4. ∗ Significant difference from normal at p�0.05. † Significant difference from the control
(hamster-IgG-treated) at p�0.05.



ture medium were decreased. These finding suggested that
oral sensitization of WBB6F1-(�/�) mice after the anti-
TCRgd antibody results in a state of Th2-dominant helper T
cell activation. By contrast, there was no significant change
in the control-antibody-treated group as compared with
OVA-non-sensitized group, although the production of IL-5
increased slightly.

The above findings suggested that the decrease in the num-
ber of TCRgd-T cells caused by anti-TCRgd antibody treat-
ment has increased oral sensitization of wild-type WBB6F1-
(�/�) mice.

Effect of Reconstitution with Bone Marrow Cells on
Oral Sensitization of W/Wv Mice to OVA Bone marrow
cells from C57BL/6J mice were injected i.v. into 4-week-old
W/Wv mice, and the mice were allowed to reconstitute for 5
months as described in Materials and Methods.

According to the Harrison’s paper,20) lymphocyte and ery-
throid repopulation in W/Wv mice was relatively low in unir-
radiated recipient.

Therefore, we first carried out hematologic analysis to
confirm reconstitution of the bone marrow after 5 month in-
oculation. As shown in Table 2, the RBC count of the W/Wv

mice was about half that of the wild-type mice. However, it
recovered to about 80% of the wild-type in the reconstituted
W/Wv mice. Significant rises in HCT were observed in the

reconstituted W/Wv mice compared to the control W/Wv

mice. The PLT and WBC counts were within the normal
range in both groups (data not shown).

Next, the lymphocyte subset composition of splenocytes
and IELs was analyzed by FCM. The splenocytes showed an
increasing trend in the CD4� T cell subset in the antigen-
sensitized control mice as compared with the sensitized re-
constituted mice (data not shown). As shown in Table 3, the
population of TCRgd-T cells in the IELs was much higher in
the reconstituted W/Wv mice than in the control W/Wv mice.

The above results indicated that bone marrow cells from
C57BL/6J mice were successfully grafted in the W/Wv mice.

After oral administration of OVA for 9 weeks in the re-
constituted W/Wv mice, we examined the following three pa-
rameters to know the oral sensitization of the mice. First,
antigen-specific antibody production was examined. As
shown in Table 4, there were marked increases in the OVA-
specific IgG1 and IgE antibody titers in the OVA-oral-sensi-
tized W/Wv mice. By contrast, the rise in OVA-specific IgG1
titer was not significant, and no rise in OVA-specific IgE and
IgG2a titers was observed in the reconstituted mice.

Second, ASA induction in orally sensitized mice was ex-
amined. As shown in Fig. 4, a significant decrease in body
temperature was observed in the OVA-sensitized and OVA-
challenged W/Wv mice. However, no significant decrease in
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Fig. 3. Cytokine Production by Splenocytes from Anti-TCRgd-Antibody-Treated WBB6F1-(�/�) Mice

Splenocytes were isolated from WBB6F1-(�/�) mice orally sensitized with 1 mg of OVA or saline alone (white) after i.p. sensitization with 1 mg of OVA. (a) IL-4, (b) IL-5, (c)
IL-12(p70), and (d) IFN-g cytokine production by splenocytes was measured as described in Materials and Methods. Each value represents the mean�S.D. for 4 mice.

Table 2. Hematological Changes in W/Wv and Wild Type Mice

W/Wv WBB6F1-(+/+)

Control Reconstitution

Saline 1.0 mg OVA Saline 1.0 mg OVA
Saline 1.0 mg OVA

RBC (�104/m l) 563.9�40.1a) 549.6�36.0 722.2�170.7* 748.3�135.5** 986.3�50.7 976.9�49.9
HGB (g/dl) 12.03�0.91 11.77�1.09 11.54�1.19 11.43�1.19 15.13�0.73 14.79�0.95
HCT (%) 38.23�2.41 37.35�2.32 41.20�4.84* 40.60�5.72 50.84�2.46 50.34�2.64

a) Mean�S.D. ∗,∗∗ Significantly different from control WBB6F1-W/Wv saline at p�0.05 and 0.01, respectively.



body temperature was observed in the OVA-sensitized and
OVA-challenged bone marrow-reconstituted W/Wv mice.
Measurement of the serum histamine concentration after the
ASA reaction revealed that the histamine levels of the con-
trol W/Wv mice were below the detection limit and that the

histamine level was lower in the reconstituted groups (about
1/10 the level in the wild-type mice; data not shown).

Third, the in vitro production of cytokines by splenocytes
re-stimulated with antigen was measured. As shown in Fig.
5, there were significant rises in the production of Th2-type
cytokine (IL-4, IL-5) in the OVA-sensitized W/Wv mice,
which showed Th2-dominant helper T cell activation. How-
ever, there was no significant increase in the production of
Th2-type cytokines in the OVA-sensitized and bone marrow-
reconstituted W/Wv mice. Th1-type (IL-12 (p70) and IFN-g)
cytokine levels were also measured in the splenocyte culture
medium but no changes in concentration were observed in
either the W/Wv mice or the reconstituted W/Wv mice.

The proportion of gd-IELs in the reconstituted W/Wv

mice was much higher than in the control W/Wv mice. Thus,
the increase in gd-IELs seemed to cause the decreased oral
sensitization in the reconstituted W/Wv mice.

DISCUSSION

The W/Wv mice are a good model for studying induction
of food allergy, since antigen-specific antibody responses are
easily induced by oral antigen administration.8,12) In this
paper, we have attempted to clarify the cause of high suscep-
tibility of the W/Wv mice to oral sensitization in order to elu-
cidate the mechanism of food allergy induction.

Most TCRgd-T cells in IELs (gd-IELs) are CD8a� and
c-kit� cells, and they develop thymus-independently from
CPs, which are small clusters of c-kit� immature lympho-
cytes located in the lamina propria.14,24) Impaired develop-
ment of gd-IELs in W/Wv mice has been considered to be
caused by the mutation in the c-kit gene. We speculated that
the decrease in gd-IELs and impairment of the function of
gd-IELs was involved in the oral sensitization of W/Wv mice
in a previous paper,12) and in this study, we have performed
two different experiments to claify the direct role of gd-IELs
in oral sensitization.
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Table 3. Flow Cytometric Analysis of the IELs of W/Wv and Wild Type Mice

W/Wv mice WBB6F1-(�/�)

Control Reconstituted

Saline 1.0 mg OVA Saline 1.0 mg OVA
Saline 1.0 mg OVA

TCRgd
3.802�1.177a) 2.102�1.235* 9.920�4.932* 8.850�6.071 14.62�4.360 17.26�7.650

(TCRab�gd�)

a) Mean�S.D. (%(gated)), n�7. ∗ Significant difference from the W/Wv control saline group at p�0.05.

Table 4. Serum OVA-Specific Antibody of W/Wv Mice Orally Sensitized with OVA

W/Wv mice

OVA-specific Control Reconstituted

antibody
Saline 1.0 mg OVA Saline 1.0 mg OVA

IgG1 �50 39407�18199** �50 2251�5662
IgE �50 274�319 �50 �50
IgG2a �50 100�109 �50 �50

a) Mean�S.D., n�7. ∗ Significant difference from the control saline group at p�0.001.

Fig. 4. Changes in Body Temperature of the Bone-Marrow-Cell-Reconsti-
tuted W/Wv Mice after Systemic Immunization

The body temperature of (a) control and (b) the reconstituted W/Wv mice was moni-
tored at 1-min intervals after OVA challenge. Each value represents the mean for 10
mice. ∗ Significant difference from the control saline group at p�0.05.



Firstly, congenic wild-type (�/�) mice were treated with
anti-TCRgd antibody before oral administration of OVA.
The efficacy of treatment was sustained for 5 weeks after the
final anti-TCRgd antibody treatment, because FCM showed
a striking reduction in the population of TCRgd-T cells in
the antibody-treated mice even though OVA was adminis-
tered daily throughout the period (Fig. 1). The mechanism
for the decrease of TCRgd-T cells by the antibody treatment
seems to be down regulation of TCR expression on TCRgd-
T cells or the depletion of those cells by complement-depen-
dent cytolysis.17)

Oral sensitization of WBB6F1-(�/�) mice after the anti-
TCRgd antibody treatment yielded the following findings: (i)
increases in antigen-specific antibody titers in the anti-
TCRgd antibody-treated mice (Table 1), (ii) hypothermia
after i.p. antigen challenge, demonstrating ASA induction
(Fig. 2), and (iii) Th2-dominant T cell cytokine production
(Fig. 3). These results demonstrate that the decrease in num-
ber of TCRgd-T cells caused by anti-TCRgd antibody treat-
ment increased oral sensitization.

Secondly, bone marrow cells from C57BL/6J mice, which
are one of the parents of WBB6F1 mice, were grafted into

W/Wv mice.18,19)

Oral sensitization of the reconstituted W/Wv mice gave the
following results: (i) reduced antigen-specific antibody titers
in the reconstituted mice (Table 3), (ii) no hypothermia after
i.p. antigen challenge (Fig. 4), and (iii) no Th2-dominant cy-
tokine production (Fig. 5). These results suggest that the in-
crease in gd-IELs causes the decrease in oral sensitization in
the reconstituted W/Wv mice.

TCRgd-T cells are known to be committed to protection
against enteral infection by parasites and viruses, and also re-
cently shown to be involved in the regulation of allergy de-
velopment.25—27) Interestingly, a recent report has shown that
TCRgd-T cells regulate the induction and maintenance of
systemic unresponsiveness induced by oral immunization.28)

Moreover, Fujihashi et al. reported on a role of TCRgd-T
cell in the induction of oral tolerance at a low- or high-dose
antigen using TCRd-deficient mice.26) Notably, a lack of tol-
erance was found when TCRd-deficient mice were orally
sensitized with low-dose antigen, which is consistent with
our present results.

The site of induction of oral tolerance is still a matter of
controversy. Since the oral antigen is taken up through the in-
testine, the gut-associated lymphoid tissue (GALT) seems to
be involved with the induction of oral tolerance.29)

It has been reported that TCRgd-T cells produce the regu-
latory cytokine transforming growth factor-b1 (TGF-b1) in
vitro and induce oral tolerance in vivo,30) suggesting that the
TCRgd-T cells among the IELs produce the regulatory cy-
tokines (TGF-b1 and/or IL-10) upon stimulation and func-
tion as regulatory T cells which inhibit antigen-specific T
cells.31)

In conclusion, the decrease in the number of gd-IELs
caused by anti-TCRgd antibody treatment increased oral
sensitization of wild-type (�/�) mice. The increase in the
number of gd-IELs seems to be involved in the production of
oral tolerance. Thus, the susceptibility of W/Wv mice to oral
sensitization seems to be associated with the decreased num-
bers of gd-IELs. Moreover, our findings indicate that W/Wv

mice are a good model for studying the mechanism of induc-
tion of food allergy, including the role of TCRgd-T cells in
food-antigen-induced hypersensitivity.
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