
Background: Oral immunotherapy with a peptide for allergic
immune responses is theoretically a promising therapy but has
not been established yet.
Objective: To evaluate immune suppressive efficacy of oral
administration of an immunodominant peptide, we investigat-
ed changes in T-cell proliferation, TH1- and TH2-cytokine pro-
duction, and TH1- and TH2-mediated antibody production in
mice after oral administration of a peptide.
Methods: Peptide p246-259, containing a dominant T-cell
determinant of Cry j 2, which is the major allergen in Japan-
ese cedar pollen, was used in this study. Groups of mice
received p246-259 or PBS alone before or after they were
primed intranasally with Cry j 2 and cholera toxin. In another
experiment mice were primed intraperitoneally with Cry j 2
and alum. Proliferative response and cytokine production by
nasal-associated lymph node cells against Cry j 2 were investi-
gated. Amounts of systemic anti-Cry j 2 IgE and IgG antibod-
ies were also measured.
Results: Oral administration of the peptide to mice before, or
even after, the sensitization induced oral tolerance in T-cell
responses against the allergen; the tolerance was associated
with decreased production of TH1 (IFN-γ and IL-2) and TH2
(IL-4) cytokines. Allergen-specific TH1-mediated (IgG2a and
IgG2b) and TH2-mediated (IgG1 and IgE) antibody responses
were also inhibited.
Conclusions: Oral administration of a dominant T-cell determi-
nant peptide induces immunologic tolerance in both TH1 and
TH2 cell responses against the whole protein allergen. Our study
is the first, to our knowledge, to demonstrate the potential for
peptide-based oral immunotherapy in order to treat allergic
immune responses. (J Allergy Clin Immunol 1998;102:961-7.)
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Japanese cedar (Cryptomeria japonica) pollinosis is
one of the most common immediate-type allergic dis-

eases in Japan, with more than 10% of the population
being affected. At present, histamine receptor antagonists
have mainly been used for the treatment of this disease;
however, application of immunotherapy toward cedar
pollinosis has not yet been established. Two major aller-
gens were isolated from Japanese cedar pollen and iden-
tified as Cry j 11,2 and Cry j 2.3-5 Patients with pollinosis
exhibit both high IgE titers6 and T-cell reactivity7 against
Cry j 1, Cry j 2, or both. Immunopathologic studies have
revealed that T cells, especially TH2 cells, are involved in a
wide range of allergic responses, including activation of
inflammatory cells and production of allergen-specific IgE
antibodies. Regulation of these T cells is potentially a fun-
damental therapeutic approach to cure allergic diseases.

Therapeutic administration of soluble allergenic
extracts has been widely applied to allergic diseases,
including pollinosis, for a number of years and is regard-
ed as one of the therapies for modulating immune
responses, although the immunologic mechanisms oper-
ating in this therapy have not been well elucidated.
Recently, several new approaches for allergen
immunotherapy to theoretically regulate T-cell reactivity
have been examined. The principle approach is oral
immunotherapy, which is based on the phenomenon of
oral tolerance.8,9 Oral tolerance is characterized by sys-
temic immunologic unresponsiveness against orally
administered antigens, in which T-cell reactivity is pro-
foundly suppressed by various mechanisms, such as
clonal deletion,10 clonal anergy,11-13 and active suppres-
sion.12-15 Clinical efficacy of oral immunotherapy with
mite extract to asthmatic patients was recently report-
ed.16 In the report the inhibition of TH2 cell–mediated
responses was demonstrated. The second approach is a
peptide-based immunotherapy,17,18in which an immuno-
dominant T-cell determinant from allergens is used. Pep-
tides, which do not contain an IgE-binding region, have
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lower allergenicity compared with whole protein aller-
gens, providing safe and stable tolerogens for the treat-
ment. Tolerogenic behavior of a peptide on both T-cell
and antibody responses against whole protein allergen
was reported in animals19-21; encouraging results on its
efficacy in humans are also being reported.22,23The com-
bined methods of these 2 approaches (ie, oral
immunotherapy with a peptide) is thought to be more
feasible for clinical application. However, the method of
oral immunotherapy with a dominant T-cell determinant
peptide for TH2-mediated allergic immune responses has
not yet been examined.

We previously examined the T-cell determinants of
Cry j 1 and Cry j 2 in several strains of mice and found
that p246-259 of Cry j 2 is an immunodominant T-cell
determinant in BALB/c mice. In this report we investi-
gated whether oral administration of the T-cell determi-
nant peptide would induce immunologic tolerance in
allergic immune responses against native protein allergen
by using pollinosis-model mice that were either
intranasally primed with the allergen mixed with cholera
toxin (CTX), which is known to be a mucosal adjuvant24

to induce TH2 cell responses preferentially,25 or intraperi-
toneally primed with the allergen mixed with alum,
which is known to be an adjuvant to induce strong sys-
temic IgE response. Oral administration of the peptide to
naive and allergen-sensitized mice induced oral tolerance
in T-cell responses against the allergen, which was asso-
ciated with decreased production of TH1- and TH2-type
cytokines. In addition, feeding the peptide also inhibited
allergen-specific TH1- and TH2-type antibody responses.
These results indicate the potential for therapeutic effica-
cy of oral immunotherapy with a T-cell determinant pep-
tide towards allergic immune responses in pollinosis.

METHODS

Mice

Six-week-old female BALB/c mice were purchased from
Charles River Japan (Tokyo, Japan) and housed under conventional
conditions. Experiments were performed according to the Guide-
lines for the Care and Use of Laboratory Animals in Sankyo.

Antigens and reagents

Cry j 1 and Cry j 2 proteins were isolated from Japanese cedar
pollen by affinity chromatography with mAbs specific for either
Cry j 1 (065)26 or Cry j 2 (N26).27 Synthetic peptides p70-83 (HFT-
FKVDGIIAAYQ) and p246-259 (RAEVSYVHVNGAKF), based
on the Cry j 2 sequence, were synthesized by using standard F-moc
chemistry and purified by HPLC. CTX and its B subunit (CTB)
were obtained from Sigma Chemical (St Louis, Mo).

Immunization

To induce a T-cell response in nasally-associated lymph node cells
(LNCs), mice were injected intranasally with 1 µg of Cry j 2 alone or
combined with 1 µg of Cry j 1. The allergen or allergens were mixed
with 1 µg of CTB and 5 ng of CTX as a mucosal adjuvant, and all anti-
gens were dissolved in 6 µL of PBS. Two weeks later, the mice were
boosted intranasally with the same antigens. To develop antibody
responses, mice were injected intranasally with Cry j 2 and the CTX
adjuvant once a week for 6 weeks. One week after the last injection,
the mice were bled from the tail vein. In another experiment, mice
were injected intraperitoneally with 10 µg of Cry j 2 and 2 mg of alum
in 0.2 mL of PBS. Three weeks later, the mice were boosted intraperi-
toneally with 1 µg of Cry j 2 and 2 mg of alum. Two weeks after the
booster, the mice were bled from the tail vein. These sera were pooled
as a group and kept at 4°C until antibody titers were measured.

Induction of oral tolerance

Mice were fed 200 µg of p246-259 or p70-83 dissolved in 0.2
mL PBS by gastric intubation with a plastic animal-feeding needle.
Mice were fed the peptide 4 times at intervals of 3 or 4 days, with
the last feeding 3 days before immunization. To examine the
inhibitory effect of feeding peptide on ongoing T-cell responses, the
mice were immunized intranasally with Cry j 2 and subsequently
fed with p246-259, with the first day of feeding being 7 days after
the immunization. After mice were fed p246-259 4 times as
described above, they were boosted intranasally with Cry j 2.

Culture medium

LNCs were cultured in RPMI 1640 medium (Life Technologies,
Grand Island, NY) supplemented with antibiotics, namely 100
U/mL penicillin and 100 µg/mL streptomycin (Life Technologies)
and also 5 × 10–5 mol/L 2-mercaptoethanol (Life Technologies) and
1% autologous normal mouse serum.

T-cell proliferation assay

Seven days after the intranasal booster, cervical LNCs were
removed, and single-cell suspensions were prepared. An erythro-
cyte-depleted, X-ray irradiated spleen cell suspension was prepared
from normal BALB/c mice and used as antigen-presenting cells.
LNCs and antigen-presenting cells were cultured at 3 × 105 and 6 ×
105 cells/well, respectively, in 96-well flat bottom plates with or
without antigens (1 µg/mL unless otherwise stated) for 2 days at
37°C. Each well was then pulsed with 0.5 µCi of [3H]-thymidine
(Amersham Japan, Tokyo, Japan), and the cells were harvested 18
hours later. The radioactivity was measured by means of the Beta-
plate system (Pharmacia Biotech, Tokyo, Japan), with each sample
being prepared in triplicate. The results are indicated as stimulation
indices, which were calculated as follows: mean cpm in the pres-
ence of antigen divided by the mean cpm in the absence of antigen.

FIG 1. Proliferative responses of nasally-associated lymph node
cells against Cry j 1, Cry j 2, and T-cell determinant peptides of Cry
j 2. Results are indicated as mean ± SD of cpm. I.n., Intranasal.



J ALLERGY CLIN IMMUNOL
VOLUME 102, NUMBER 6, PART 1

Hirahara et al 963

Cytokine assay

LNCs and antigen-presenting cells were cultured at 1.5 × 106

and 3 × 106 cells/well, respectively, in 24-well flat bottom plates
with or without 1 µg/mL of antigens for 24, 48, and 72 hours at
37°C, with 72 hours being optimal for the measurement of any
cytokines. Cell-free supernatants were collected and kept at –20°C
until assayed. Concentrations of IFN-γ, IL-2, and IL-4 in the sam-
ples were measured by specific ELISAs, according to the manufac-
turer’s instructions (Endogen, Boston, Mass).

ELISA

Antigen-specific IgE antibody titers were measured by IgE capture
ELISA as previously described,28 with several modifications.
Microtiter plates, which were coated with anti-mouse IgE (Yamasa,
Chiba, Japan) and blocked with BSA, were incubated overnight with
adequately diluted samples at 4°C. After washing, 0.25 µg/mL of
biotinylated Cry j 2 was added to each well for further incubation for
1 hour at room temperature. The plates were washed and treated with
Europium-labeled streptavidine (Pharmacia) for 1 hour. The fluores-
cence intensity was measured by a microplate fluorescence reader
(Fluorometer, Pharmacia). The passive cutaneous anaphylaxis (PCA)
titer of anti-Cry j 2 IgE was calculated on a standard curve generated
by using a reference serum with a known PCA titer.

Antigen-specific IgG, IgG1, IgG2a, and IgG2b antibody titers were
measured by an indirect ELISA. Microplates, which were coated with
Cry j 2 (1 µg/mL), were blocked with BSA, and each serum sample
was added to wells and incubated for 2 hours at room temperature.
After the plates were washed, alkaline phosphatase–conjugated iso-
type-specific antibody was added to the wells. The bound antibodies
were detected by adding substrate solution, and the resulting color
development was measured by absorbance at 405 nm. The relative unit
of each isotype was determined by a 5-fold serial dilution of the serum.

Statistics

Statistical significance was determined by Student’s t test and
analysis of variance.

RESULTS

Intranasal injection of Cry j 1 and Cry j 2

with CTX induced a proliferative response in

nasally associated lymph node cells

Because of the lack of a good experimental model for
cedar pollinosis, we first tried to establish a murine polli-
nosis model in which mice were primed intranasally with
allergens from cedar pollen to induce allergic immune
responses. To prime mice through their nasal mucosa,
CTB with a trace amount of CTX was used as a mucosal
adjuvant. Mice were injected intranasally with Cry j 1 and
Cry j 2 mixed with CTB twice at an interval of 2 weeks.
One week after the second injection, cervical LNCs were
harvested, and the proliferative response of the cells was
analyzed. LNCs were stimulated in vitro with various
concentrations of Cry j 1, Cry j 2, p246-259, and P70-83,
with the latter being dominant and subdominant T-cell
determinant peptides from Cry j 2, respectively. The
LNCs proliferated similarly against Cry j 2 and p246-259,
with a lower response against Cry j 1 (Fig 1). The cells did
not proliferate well against p70-83, which shows p246-
259 is substantially a unique T-cell determinant in Cry j 2.

FIG 2. Proliferative responses of LNCs from mice fed with p246-
259 (A) or p70-83 (B) before being primed intranasally (I.n.) with
Cry j 1 and Cry j 2. Results are indicated as mean ± SD of cpm. *P
< .01 versus control group of mice.

FIG 3. Inhibited anti-Cry j 2 IgE (A) and IgG (B) antibody respons-
es in mice fed with p246-259 before being primed intranasally
(I.n.) with Cry j 2. Data are presented as mean ± SD. *P < .01 ver-
sus control group of mice.
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Thus intranasal administration of the pollen allergens was
effective in inducing a proliferative response of the nasal-
ly associated LNCs, and a murine pollinosis model suit-
able for analysis of T-cell responses was established.

Oral administration of p246-259 induced

antigen-specific oral tolerance in T-cell

responses against Cry j 2

Next we investigated whether oral administration of
the dominant T-cell determinant peptide would induce
immunologic tolerance in T-cell responses against the
whole protein allergen. Groups of mice received 200 µg
of p246-259 or PBS alone 4 times during a period of 2
weeks and were subsequently primed intranasally with
Cry j 1 and Cry j 2. After boosting the mice with the same
antigens, LNCs from both groups were stimulated in
vitro with Cry j 1, Cry j 2, p246-259, or p70-83. Oral
treatment with p246-259 greatly suppressed the prolifer-
ative response of LNCs (90% suppression,P < .01)
against the peptide, and the response against Cry j 2 was
also significantly inhibited by oral administration of
p246-259 (70% suppression,P < .01) (Fig 2,A). The tol-
erant state was antigen-specific because response against
Cry j 1 was not inhibited (Fig 2,A), which was confirmed
by repeating the test. In comparison, these responses
were not inhibited by feeding p70-83 (Fig 2,B). Thus
oral administration of p246-259 induced the immunolog-
ic tolerance in T-cell responses against Cry j 2.

Oral administration of p246-259 inhibited the

production of both TH1- and TH2-associated

lymphokines

The effects of feeding peptide on cytokine production
by the LNCs were examined next. After mice received

FIG 4. Inhibited serum anti-Cry j 2 IgE antibody response in mice
fed with p246-259 before being primed intraperitoneally (I.p.) with
Cry j 2 and alum. Data are presented as mean ± SD. *P < .01 ver-
sus control group of mice.

p246-259 or PBS and were subsequently primed
intranasally with Cry j 2, LNCs from these mice were
stimulated in vitro with or without Cry j 2, and the
amount of TH1 (IFN-γ and IL-2) and TH2 (IL-4) cell–asso-
ciated cytokines in the culture supernatants was mea-
sured by specific ELISA; results are shown in Table I.
LNCs from control mice produced large amounts of IFN-
γ and IL-2. In contrast, LNCs from p246-259–fed mice
produced significantly lower amounts of IFN-γ and IL-2,
indicating that the TH1-type cytokine response was ren-
dered immunologically tolerant by feeding the peptide.
In addition, the LNCs from PBS-fed mice produced a
low but significant amount of IL-4; however, the cells
from p246-259–fed mice did not produce detectable lev-
els of IL-4, which indicated that TH2-type responses were
also rendered tolerant. Thus oral administration of p246-
259 inhibited both TH1- and TH2-associated responses
against Cry j 2.

Oral administration of p246-259 induced

immunologic tolerance in anti-Cry j 2 IgE and

IgG responses

Next we examined whether oral administration of the
dominant T-cell determinant peptide would induce
immunologic tolerance on allergen-specific IgE and IgG
responses. At the time when T-cell responses were exam-
ined, IgE levels in the serum were undetectable (<0.1
PCA U/mL, data not shown). Repeated intranasal admin-
istration to mice, however, elicited significant allergen-
specific IgE and IgG responses, indicating that a polli-
nosis model suitable for analysis of allergic antibody
responses had been established. After groups of mice
received p246-259 or PBS and were subsequently primed

FIG 5. Inhibited proliferative response of LNCs from mice fed with
p246-259 after being primed intranasally (I.n.) with Cry j 2. Results
are indicated as mean ± SD of cpm. *P < .01 versus control group
of mice.
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intranasally with Cry j 2 several times, the mice were
bled, and anti-Cry j 2 IgE and IgG levels in the sera were
measured by ELISA. Oral administration of p246-259
significantly decreased anti-Cry j 2 IgE antibody
responses elicited by repeated intranasal priming (48%
suppression,P < .01) (Fig 3,A). To confirm the suppres-
sive effect of the peptide on the IgE response, mice were
intraperitoneally injected with Cry j 2 and alum to devel-
op hyper-IgE responses after they were fed with p246-
259 or PBS, which revealed that feeding the peptide also
significantly decreased strong anti-Cry j 2 IgE responses
(74% suppression,P < .01) (Fig 4).

The anti-Cry j 2 IgG antibody response was also
decreased by feeding the peptide (77% suppression,P <
.01) (Fig 3,B). We then determined whether anti-Cry j 2
IgG1, IgG2a, and IgG2b antibody responses were inhib-
ited by the oral administration of p246-259. The concen-
tration of the specific antibody for each isotype was mea-
sured by ELISA, and the geometric mean of each relative
unit is indicated in Table II. The anti-Cry j 2 antibody
responses of IgG2a, IgG2b (TH1-mediated), and IgG1
(TH2-mediated) in p246-259–fed mice were all inhibited
when compared with those in the control mice (71%,
84%, and 68% suppression, respectively; P < .05 in all
isotypes). From these results, oral administration of the
dominant T-cell determinant peptide induced oral toler-
ance in IgE and IgG responses, inhibiting both TH1- and
TH2-mediated antibody responses.

Oral administration of p246-259 to sensitized

mice inhibited ongoing T-cell responses

against Cry j 2

It is quite important that feeding a tolerogenic peptide
has suppressive efficacy on ongoing immune responses in
the case of clinical application. We assessed whether oral
administration of p246-259 to mice after they were sensi-
tized with Cry j 2 would induce oral tolerance. Animals
were primed intranasally with Cry j 2. Seven days later,
when significant proliferative responses of LNCs were
already developed (data not shown), the mice received
p246-259 or PBS by gastric intubation. After they were
boosted intranasally with the antigen, LNCs were stimu-
lated in vitro with p246-259 or Cry j 2. The proliferative
responses of LNCs against Cry j 2 and p246-259 were
inhibited by the oral administration of the peptide (49%
and 62% suppression, respectively; P < .01 in both) (Fig

5). The results indicated the potential benefit of oral
immunotherapy with a T-cell determinant peptide for
allergic immune responses in already sensitized patients
with pollinosis.

DISCUSSION

Oral immunotherapy with a peptide is theoretically a
promising method to cure the fundamental cause of aller-
gic responses by modulating pathogenic T-cell responses
because oral tolerance is well known to induce profound
antigen-specific unresponsiveness in pathogenic T cells
and because the T cell-determinant peptide, which lacks
an IgE-binding region, has lower allergenicity than the
whole protein allergen. In addition, oral administration is
safer and more practical than the standard subcutaneous
administration, which sometimes evokes an adverse reac-
tion and is accompanied by pain. In this study we demon-
strated the efficacy of oral treatment with an immuno-
dominant peptide on allergic immune responses by using
the pollinosis mouse model.

The lack of a suitable animal model for allergic diseases
is one reason for our uncertainty as to the efficacy of
immunotherapy for allergic diseases and for the lack of
information on mechanisms operating in allergen
immunotherapy. We have shown here that intranasal
administration of a pollen allergen with a mucosal adjuvant
induced T-cell activation in nasally associated lymph node
cells and that repeated priming elicited a systemic IgE anti-
body response, which reflects the route of sensitization and,
in some part, the allergic immune responses in humans.
Histologic analysis of the nasal mucosa revealed that weak
acute inflammation was developed after 2 injections of the
allergens and CTX adjuvant (data not shown). However,
the inflammation was not developed by injection of aller-
gen alone, which indicated the inflammation was not an
allergen-specific but rather an adjuvant-mediated reaction.
Thus the histologic analysis was not useful for the detection
of immune suppression in this case.

We investigated the efficacy of peptide-based oral
immunotherapy, focusing on allergen-specific immune
responses. We showed that the oral administration of
p246-259 to mice before they were sensitized with Cry j
1 and Cry j 2 induced diminished proliferative responses
of T cells against Cry j 2 but not against Cry j 1. This anti-
gen-specific T-cell unresponsiveness was not induced by
p70-83, a weak T-cell determinant peptide. These results

TABLE I. Inhibited cytokine responses against Cry j 2 by
oral administration of p246-259

Concentration of cytokines (pg/mL)

Feeding In vitro 

stimulation IL-2 IFN-γ IL-4

PBS Cry j 2 618 ± 71 1520 ± 300 8.7 ± 0.8
p246-259 Cry j 2 237 ± 0.6* <50 <1.0

*P < .01 versus PBS-fed controls.

TABLE II. Inhibited all anti-Cry j 2 antibody isotype pro-
ductions by oral administration of p246-259

Mean concentration of

anti-Cry j 2 antibody (U/mL)

Feeding Intranasal IgG1 IgG2a IgG2b

priming

PBS Cry j 2 7500 1200 330
p246-259 Cry j 2 2200* 190* 105*

*P < .05 versus PBS-fed controls.
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indicate that the pathogenic peptide itself can be a tolero-
genic peptide and support the theory that T-cell domi-
nance is correlated with the ability to induce immunolog-
ic tolerance. Our data suggested that anergy was induced
in p246-259–specific T cells. Although precise mecha-
nisms of oral tolerance have not been elucidated yet, we
showed the effective induction of tolerance by using a sin-
gle dominant T-cell determinant peptide. We also showed
that feeding p246-259 significantly decreased the prolif-
eration of T cells against Cry j 2 even after the mice were
sensitized with the allergen, which is encouraging for the
clinical application of peptide-based oral immunotherapy.

A notable finding of our study is that the mucosal
administration of the antigen inhibited immune respons-
es induced by mucosal challenge with the same antigen.
It has been well documented that oral administration of
antigen induces immunologic unresponsiveness subse-
quent to the parenterally and nonmucosally induced
immune responses, such as responses against the
autoantigens. However, before our study, it was not evi-
dent whether oral tolerance was effective on mucosally
induced immune responses, which were common in
allergy to inhalant allergens. We showed that feeding
peptide inhibited the immune responses developed by the
nasal route. The results support the potential of oral
immunotherapy toward mucosally induced allergic dis-
eases like pollinosis.

To elucidate the mechanism operating in T-cell unre-
sponsiveness, cytokine productions by nasally-associated
LNCs were determined. The data indicated that both TH1
(IFN-γ and IL-2) and TH2 (IL-4) cytokine responses
against Cry j 2 decreased after oral treatment with the
peptide. Marked reduction of proliferative and IL-2
responses of LNCs suggested that clonal anergy was
induced in TH1 cells, which is supported by previous
reports demonstrating that TH1 cells are selectively aner-
gized in states of oral tolerance11 with intact or enhanced
responses of TH2 cells.29 The inhibited IgG2a and IgG2b
antibody responses against Cry j 2 also indicated that TH1
cells are induced into a state of tolerance.

On the other hand, it is of note that the TH2 response
was also decreased by feeding the peptide. Although the
concentration of IL-4 was relatively low when T-cell
responses were examined, the inhibitory effect of the
peptide on both anti-Cry j 2 IgG1 and IgE antibody
responses indicates that TH2 cells were rendered tolerant
by administering the dominant T-cell determinant pep-
tide. It was difficult to tolerize against TH2-type respons-
es systemically, although this was achieved by feeding
large doses of antigen.29,30Melamed et al29 demonstrat-
ed that a large amount of antigen, 4 mg of ovalbumin per
day for at least 20 days, had to be fed to mice to induce
tolerance in TH2 cells. Our results seem to argue against
their finding because in our study feeding mice with 0.2
mg of peptide per day 4 times during a 2-week period
induced tolerance in TH2 cells. Feeding mice with 0.04
mg of peptide for 4 days also induced tolerance, but feed-
ing 0.008 mg of peptide for 4 days did not (data not
shown). The difference in dose required to induce TH2

cell tolerance may be related to the affinity of antigen to
the major histocompatibility complex molecule because
optimal concentration of p246-259 to stimulate T cells in
vitro was 1 µg/mL (Fig 1), whereas that for ovalbumin
was 100 µg/mL.29 We previously reported that an intra-
dermal administration of a dominant T-cell determinant
peptide from milk allergen suppressed both TH1- and
TH2-type antibody responses.19 This, taken together with
the above information, led us to believe that tolerance in
TH2 cells may depend on the experimental system and on
the nature of the tolerogen.

Results obtained from cytokine and antibody isotype
analysis indicated that both TH1- and TH2-type responses
were inhibited in the state of oral tolerance. Further-
more, inhibition of ongoing T-cell response was also
demonstrated. The greatly inhibited immune responses
suggest that some mechanisms actively suppressing the
function of pathogenic T cells are involved in oral toler-
ance. We are now investigating the contribution of
mucosal immunity to the immune suppression because a
number of new types of cells, such as γδT cells31-34and
TH3 cells,9,15 generated in the mucosal immune system
have been found to mediate immune suppression in oral
tolerance. Although precise mechanisms remain to be
elucidated, our results demonstrated the profound anti-
gen-specific immunosuppressive feature of peptides
administered by the oral route.

In conclusion, oral administration of an allergen-
derived dominant T-cell determinant peptide induced
immunologic tolerance in both TH1 and TH2 cell respons-
es against the whole protein allergen and resulted in an
inhibited allergen-specific IgE and IgG antibody
response. These results indicate the potential and notable
efficacy of allergen-derived T-cell determinant peptide
for peptide-based immunotherapy in TH1- and TH2-medi-
ated allergic immune responses. Because T-cell determi-
nants of Cry j 135 and Cry j 236 in patients with polli-
nosis were recently reported, our results open the way
for the clinical application of oral immunotherapy with
those peptides to patients with pollinosis.
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