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Efficacy of local nasal immunotherapy
for Dp2-induced airway inflammation in
mice: Using Dp2 peptide and fungal
immunomodulatory peptide 

Yi-Hsia Liu, MSc,a Mei-Chen Kao, BS,b Yih-Loong Lai, PhD,b and

Jaw-Ji Tsai, MD, PhDa Taipei, Taiwan

Background: Local nasal immunotherapy (LNIT) is an effec-
tive immunotherapy. Peptides derived from the group 2 aller-
gen of Dermatophagoides pteronyssinus, Dp2 28-40 and Dp2
28-40A, and fungal immunomodulatory peptide (FIP) have
been shown to act as TH1 potential and response-inducing
adjuvant. LNIT by the use of Dp2 peptides in conjunction with
FIP were investigated.
Objective: We sought to determine whether Dp2-induced air-
way inflammation in mice could be downregulated by Dp2
peptides or a mixture of Dp2 peptides with FIP.
Method: Mice were sensitized with rDp2 followed by LNIT
with Dp2 peptides, FIP, or FIP and a mixture of Dp2 peptides.
After intratracheal challenge with rDp2, the airway inflamma-
tion and hyperresponsiveness were determined by bronchoalve-
olar lavage fluid (BALF) analysis and methacholine challenge.
Results: Both Dp2 peptides and FIP were able to inhibit rDp2-
induced airway inflammation and airway hyperresponsiveness.
An increase in IFN-γ and a decrease in IL-5 in BALF and sera
were found after LNIT with Dp2 peptides, FIP, and mixtures of
both. Serum levels of TGF-β were reduced after LNIT with FIP
and Dp2 28-40. Penh values were significantly decreased after
methacholine challenge in both the early and late phase. 
Conclusions: LNIT with allergen-derived peptides and FIP
can produce an anti-inflammatory effect on allergen-induced
airway inflammation. LNIT with selected peptides and FIP
might be a good alternative therapy for allergic airway dis-
ease. (J Allergy Clin Immunol 2003;112:301-10.)

Key words: Local nasal immunotherapy, group 2 allergen of Der-
matophagoides pteronyssinus, Dp2 epitope peptides, fungal
immunomodulatory peptide 

Epidemiologic studies suggest that between 10% and
20% of the world’s population exhibits some form of
IgE-mediated hypersensitivity, which is manifested as
asthma, atopic dermatitis, or allergic rhinitis.1 House
dust mite is the most important risk factor for asthma,
and more than 10 mite allergens have been defined. The
14-kd group 2 allergens (Dp2 and Df2) are considered
major allergens, because 80% to 90% of patients have

specific IgE antibodies to these allergens.2,3 Therapy for
allergic disease includes allergen avoidance, pharma-
cotherapy, and allergen-specific immunotherapy.4

Allergen-specific immunotherapy is an established
form of treatment for atopic allergic diseases.5 However,
there are problems such as unpredictable anaphylactic
reactions and the dose difficulties associated with the
standardization of protein levels in complex allergic
extracts.6-8 It has been previously shown that peripheral
T-cell tolerance could be induced in naive and primed
mice by the subcutaneous injection of peptides from the
major cat allergen, Fel d1, without the requirement of an
early IgE/mast cell–dependent response among patients
who have cat-allergic asthma.9,10 It has been reported that
the human peripheral T-cell response to Dp2 is primarily
caused by 2 immunodominant regions, residues 28-40
and 101-109. The immunologic activity of an altered T-
cell receptor ligand from the immunodominant T-cell epi-
tope of Dp2, in which residues at positions 34 and 36
were substituted by alanine, Dp2 28-40A was demon-
strated to induce elevated INF-γ synthesis at equimolar
concentrations compared with native peptide (Dp2 28-
40.11-13 Recently, it has been demonstrated that intrader-
mal administration of short allergen-derived T-cell pep-
tide epitopes produces a reduction in the size of cutaneous
late-phase reactions after whole allergen challenge.14

A fungal immunomodulatory peptide (FIP) isolated
from the edible golden needle mushroom (Flammalina
velutipes) has been reported to possess immunomodula-
tory activity. According to this study, this FIP not only
suppresses a systemic anaphylactic reaction and the local
swelling of mouse footpads, but it might also enhance the
transcriptional expression of IL-2 and IFN-γ.15
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It has long been recognized that local nasal
immunotherapy (LNIT) is capable of controlling the
symptoms of seasonal allergic rhinitis in a dose-depen-
dent manner.16,17 At higher dosages, LNIT can some-
times cause local adverse reactions.18-21 On the other
hand, the studies that used a low-dose administration
schedule did not show clinical effectiveness, although
tolerance was found to be good.17,22,23

We hypothesized that through a mechanism of co-
immunization with a mixture of Dp2 peptide and FIP, we
would be able to bias an immune response toward a TH1
response. To test this hypothesis, allergen was delivered
by LNIT and evaluated for its effect in pre-existing TH2
response mice.

METHODS

Animals

Male Balb/c mice between 6 and 8 weeks of age were obtained
from the National Laboratory Breeding Research Center in Taiwan
and were raised in a specific pathogen-free environment. 

Reagents 

Recombinant Dermatophagoides pteronyssinus group 2 (rDp2)
was prepared as previously described.24 Endotoxin-free Dp2 28-40
and Dp2 28-40A were obtained from Dr Jonathan Lamb (Respira-
tory Medicine Unit, Edinburgh University, Medical School, Edin-
burgh, UK).13 FIP was obtained from Dr Ko Jiunn-Liang (Institute
of Toxicology, Chung Shan Medical University, Taichung, ROC),15

with endotoxin less than 30 endotoxin units (EU)/mL (1 EU = 0.1
ng, Limulus Amebocyte Lysate, Cape Cod, Mass). 

Induction of allergic airway inflammation

Mice were immunized by intraperitoneal injection of 1 µg/0.1
mL rDp2 emulsified in 4.0 mg/0.062 mL aluminum hydroxide
(Al[OH]3) (Whitehall Lab Ltd, Punchbowl, Australia) on day 0 and
day 7. After immunization, LNIT was carried out daily from day 14
to day 35 with Dp2 28-40 or Dp2 28-40A at a concentration of 2
µg/20 µL. FIP alone or FIP mixed with either Dp2 28-40 or Dp2 28-
40A (FIP, 50 µg/mouse/day; Dp2 peptide, 2 µg/mouse/day). Nor-
mal saline (NS) was used as a negative control. The other control

group of mice was fed with dexamethasone (DEX) 1 µg/100
µL/mouse. On day 28, the mice were lightly anesthetized with an IP
injection of 60 mg/kg sodium pentobarbital (Sigma Chemical Co, St
Louis, Mo) and intratracheally (IT) inoculated with 1 µg/50 µL of
rDp2 on day 28 and on day 35. Two days after the second IT inoc-
ulation, the mice were killed after pulmonary function measurement
(Fig 1). 

Bronchoalveolar lavage fluid collection and

preparation

After pulmonary function measurement, bronchoalveolar lavage
was performed with the following procedure. BAL fluids (BALF)
were collected using 1 mL of sterile endotoxin-free saline wash of
the lung through the trachea of each mouse. BAL cells were washed
once with PBS after centrifugation at 200g at 4°C. After washing,
the cells were resuspended in RPMI-1640 (Sigma). Total leukocytes
in the BALF were determined with a hemocytometer. The BALF
was aspirated and stored at –70°C until assay. After total leukocyte
counting, a cytospin preparation of 100 µL of BALF (2 × 105

cells/mL) was carried out by cytocentrifuging onto glass slides at
350 rpm for 5 minutes using the Cytospin 3 cytocentrifuge (Shan-
don Scientific Limited, Astmoor, Runcorn, UK), followed by stain-
ing with Liu stain (Tonyar Diagnostic Inc, Taipei & Hien, Taiwan).
Differential counts were performed on a total of 200 cells. 

Determination of Dp2-specific

immunoglobulins and cytokines 

Blood was obtained from the retro-orbital venous plexus at the
beginning and end of the experiments. The serum IgG1 and IgG2a
titers of anti-Dp2 antibodies were determined by using an ELISA,
during which plates (Nunc Lab, Copenhagen, Denmark) were coat-
ed with 100 µL rDp2 overnight at a concentration of 0.5 µg/mL in
4°C in a refrigerator. Detection antibodies (horseradish peroxi-
dase–conjugated goat anti-mouse IgG2a Ab used at 1:800 and IgG1
antibody used 1:2000; Southern Biotech Assoc, Inc, Birmingham,
Ala) were added separately for each assay, and the bound enzyme
substrate was detected with TMB (Kirkegaard & Perry Laboratories
Inc, Gaithersburg, Md). The reaction was stopped with 50 µL 4N
H2SO4 after 15 minutes, and the optical density was measured at
450 nm in a multiscan spectrophotometer (model A-5682; SLT Lab
Instruments, Salzburg, Austria). Results were expressed as EU. To
ensure reproducibility, a known serum was run with each test as a
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FIG 1. Experimental schedule for intraperitoneal sensitization with rDp2 and local nasal immunotherapy
with Dp2-derived peptides after immunization and subsequent intratracheal challenge with rDp2. Normal
saline and dexamethasone were used as controls.



A
st

hm
a,

 r
hi

ni
tis

, o
th

er
re

sp
ir
at

or
y 

di
se

as
es

J ALLERGY CLIN IMMUNOL

VOLUME 112, NUMBER 2

Liu et al 303

standard. IFN-γ and IL-5 were measured using commercially avail-
able ELISA kits (R&D Minneapolis, Minn) containing mouse
mAbs recognizing different epitopes of the cytokine molecules. The
lowest range detectable was 10 pg/mL. Because of its low concen-
tration in the BALF, IL-4 was not measured in this part of the study.
TGF-β was measured using an ELISA method as described previ-
ously. Microtiter plates (Costar Lab, Cambridge, Mass) were coat-
ed with 50 µL chicken IgY anti TGF-β (R&D) and detected with
anti-TGF-β (50 µL, 1:500, mouse IgG1 Moab, Genzyme, Cam-
bridge, Mass). The lowest range detectable was 31.2 pg/mL. Results
were expressed as pg/mL in sera. 

Pulmonary function determination

Airway hyperresponsiveness was measured by means of metha-
choline-induced airflow obstruction. Each mouse was placed inside
a barometric plethysmograph (Buxco Electronics, Troy, NY).
Aerosol was generated by placing 5 mL of saline or methacholine
(Sigma, 1.56-25.00 mg/mL) solution in the cup of an ultrasonic
nebulizer (DeVilbiss, Somerset, Pa).25 The percentage changes of
Penh obtained from each dose of methacholine were accumulated
by the area under the curve, and the values were calculated as means
± SEM. Differences in parameters among groups were analyzed by
analysis of variance. 

Cell culture, immunofluorescence staining,

and flow cytometry analysis

Flow cytometric determination of the cytokine in activated
murine T helper cells was assayed according to the method of
Assenmacher et al.26 Leukocytes from peripheral blood were stim-
ulated with phorbol 12-myristate 13-acetate (50 ng/mL), ionomycin
(2 µmol/L), and GolgiStop (Cytofix/Cytoperm Plus PharMingen,
San Diego, Calif) for 5 hours and then washed twice with PBS. The
cells were stained with CD4-PerCP, CD8-FITC, or IgG1-FITC
(PharMingen) at room temperature for 30 minutes and then washed.
Cells were fixed with cytofix/cytoperm at room temperature for 30
minutes and stained with anti-cytokine antibody and IgG2a-PE
(PharMingen) at room temperature for 30 minutes and then washed.
Both IgG1-FITC and IgG2a-PE were purchased from the same
manufacturer as the anticytokine antibodies used as a negative con-
trol. Cells were resuspended in 0.5 mL PBS. Mean fluorescence
was measured by Becton Dickinson flow cytometry (Becton Dick-
inson, San Jose, Calif). A total of 2000 cells was analyzed for each
sample.

Pathology of lung and trachea tissue

The lung and trachea tissue from the experimental and control
groups of mice were removed and rinsed with PBS. Tissue sections
were fixed with 10% formalin and stained with hematoxylin–eosin,
and the slides with these sections were mounted with a coverslip.

Statistical analysis

Results were expressed as an arithmetic mean ± SEM. Differ-
ences between values before and after saline or methacholine expo-
sure were analyzed by the paired t test. Differences between the
saline control and the naive groups were analyzed by the unpaired t
test. Differences were considered significant if P was < .05.

RESULTS

Effects of Dp2 peptide and FIP on airway

inflammation

The airway inflammation was compared in all experi-
mental groups by analyzing the leukocyte subpopulation
in the BALF. Free radicals in the BALF were decreased
after Dp2 28-40 and FIP LNIT (data not shown). The
results showed that Dp2 28-40 had the best anti-inflam-
matory effect on airway inflammation (53.3 ± 4.1 × 104

cells/mL), although FIP was also able to diminish the
total leukocyte counts in the BALF (65.0 ± 10.5 × 104

cells/mL). Not only did the total leukocyte count
decrease, but the same was also the case for the level of
eosinophils, neutrophils, and lymphocytes subsequent to
LNIT compared with the NS groups (Table I). Dp2 28-
40A also had an anti-inflammatory effect, but it was
weaker than Dp2 28-40. Similar findings were detected
for the groups made up of a mixture of FIP with Dp2 28-
40 and a mixture of FIP with Dp2 28-40A. The DEX
group was decreased in total cell counts and all leuko-
cytes of the subpopulation compared with the NS group.

Effects of Dp2 peptide and FIP on cytokine-

producing cells in peripheral blood

The effects of Dp2 28-40 and FIP on cytokine-pro-
ducing cells in peripheral blood were compared after
LNIT. Both cytokine-producing CD4 and CD8 were
assessed after phorbol 12-myristate 13-acetate and iono-
mycin stimulation. The results revealed that Dp2 28-40
can upregulate IFN-γ–producing CD4 and CD8 cells and
downregulate IL-5–producing CD4 cells. FIP can upreg-
ulate IFN-γ–producing and downregulate IL-5–produc-
ing CD4 and CD8 cells. When the IL-5/IFN-γ ratio was
analyzed, it was noted that the ratio was decreased in
both CD4 and CD8 cells subsequent to Dp2 28-40 LNIT.
However, it was decreased only in CD4 cells subsequent
to FIP LNIT. When Dp2-immunized mice were treated

TABLE I. Leukocyte subpopulation in the bronchoalveolar lavage fluid derived from all groups of mice

Total cell Macrophage Lymphocyte Neutrophil Eosinophil

Naive 14.3 ± 4.3* 13.3 ± 4.3* 1.0 ± 0.0* 0* 0*
NS 160.0 ± 23.5 56.4 ± 12.7 41.4 ± 6.5 36.8 ± 2.8 25.2 ± 4.5
Dp2 28-40 53.3 ± 4.1* 31.0 ± 2.5* 11.8 ± 0.8* 7.2 ± 1.5* 3.5 ± 0.5*
Dp2 28-40A 65.0 ± 3.2* 38.4 ± 7.2* 14.6 ± 3.3* 8.2 ± 1.1* 3.0 ± 1.0*
FIP 65.0 ± 10.5* 37.0 ± 7.4* 13.0 ± 1.8* 9.0 ± 2.4* 6.3 ± 1.3*
FIP + Dp2 28-40 61.0 ± 1.5* 27.7 ± 2.1* 20.6 ± 0.6* 9.3 ± 2.0* 4.0 ± 0.6*
FIP + Dp2 28-40A 61.0 ± 1.5* 23.3 ± 1.8* 16.7 ± 0.9* 13.7 ± 0.9* 7.3 ± 0.3*
DEX 46.4 ± 2.2* 29.2 ± 4.4* 9.4 ± 1.5* 6.6 ± 1.0* 3.2 ± 0.4* 

104 cells/mL, data represented as mean ± SEM of 6 animals.
NS, Normal saline; FIP, fungal immunomodulatory peptide; DEX, dexamethasone.
*P < .05 compared with normal saline treatment.
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with a mixture of FIP with either Dp2 28-40 or Dp2 28-
40A, the percentage of IL-5–producing CD4 and CD8
cells was noted to have decreased, but IFN-γ–producing
cell levels increased. The IL-5/IFN-γ ratio was also noted
to have decreased for both CD4 and CD8 cells (Table II).

Effects of Dp2 peptide and FIP on Dp2-

specific immunoglobulins in the sera 

In the NS-treated mice, IgG1 was significantly higher
in the sera compared with naive controls (Fig 2). How-
ever, there were no significant changes in IgG2a level. In
LNIT with Dp2 28-40 and Dp2 28-40A, the IgG1 levels
were significantly reduced, and the IgG2a increased in
both groups compared with that of the NS group. IgG2a
levels were significantly increased for both FIP mixed
with Dp2 28-40 and FIP mixed with Dp2 28-40A. The
decreased IgG1 and increased IgG2a were also found in
the DEX group.

Effects of Dp2 peptide and FIP on cytokine

levels in sera and BALF

In the NS-treated mice, significantly increased IL-5
and decreased IFN-γ were observed in both sera and
BALF compared with the naive controls. When mice
were treated with LNIT with Dp2 28-40 and FIP, signifi-
cantly increased IFN-γ and decreased IL-5 were observed
in both sera and BALF compared with the NS-treated
mice. When the effects of Dp2 28-40 and Dp2 28-40A
were compared, the reduction in IL-5 and increase in
IFN-γ were similar in the 2 groups, both in the sera (Fig
3) and in the BALF (Fig 4). FIP was also able to elicit a
decrease in IL-5 and an increase in IFN-γ in both sera and
BALF. When Dp2 28-40 or Dp2 28-40A was combined
with FIP, the modulatory effect was altered. However, the
reduction in IL-5 was decreased when mice were treated
with LNIT with Dp2 28-40 mixed with FIP. The reduction
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FIG 2. Effects of fungal immunomodulatory peptide, Dp2 28-40, and Dp2 28-40A on Dp2-specific IgG1 and
IgG2a production in the sera. In IgG1, the serum was diluted 1:100 and IgG2a was diluted 1:5 at 4°C
overnight. Detection antibodies were added separately for each assay, and the bound enzyme substrate was
detected with TMB. The reaction was stopped with 50 µL 4N H2SO4 and measured at 450 nm. *P < .05 com-
pared with normal saline. +P < .05 compared with naive.
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of IL-5 and increase of IFN-γ were also found not only in
serum but also in BALF in the DEX group.

When TGF-β concentrations in sera were measured,
significantly increased TGF-β was observed in the NS-
treated mice (NS, 342.3 ± 21.5 pg/mL; naive, 128.3 ±
21.5 pg/mL; P < .05 ). However, when mice were treat-
ed with LNIT, significantly decreased TGF-β was
observed in the sera for all the therapy groups compared
with the NS-treated mice (FIP, 242.4 ± 57.2 pg/mL; FIP
mixed with Dp2 28-40, 135.4 ± 50.0 pg/mL; FIP mixed
with Dp2 28-40A, 213.9 ± 14.4 pg/mL; DEX, 57.0 ±
32.3 pg/mL; P < .05 compared with NS). When the
effects of Dp2 28-40 and Dp2 28-40A were compared,
there were more TGF-β reductions in the mice treated
with FIP mixed with Dp2 28-40. 

Effects of Dp2 peptide and FIP on the

pulmonary function 

The airway hypersensitivity to methacholine was mea-
sured both 30 minutes and 24 hours after rDp2 challenge.
In the NS-treated mice, the Penh values were significant-
ly increased after methacholine challenge at both 30 min-
utes and 24 hours after rDp2 IT challenge compared with
those of naive mice. For all of the experiment groups,
except FIP, when mice were treated with LNIT, the Penh
values were significantly decreased after methacholine
challenge in both early phases and late phases compared
with the NS-treated mice. When mice were treated with
LNIT with FIP, the Penh significantly decreased after
methacholine challenge 30 minutes after rDp2 IT chal-
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FIG 3. Effects of fungal immunomodulatory peptide, Dp2 28-40, and Dp2 28-40A on the serial concentration
of cytokines in sera. IFN-γ and IL-5 were measured using commercially available ELISA kits. The lowest
range detectable was 10 pg/mL. For the protocols see “Methods.” *P < .05 compared with normal saline.
+P < .05 compared with naive.
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FIG 4. Effects of fungal immunomodulatory peptide, Dp2 28-40, and Dp2 28-40A on the serial concentration
of cytokines in bronchoalveolar lavage fluid. *P < .05 compared with normal saline. +P < .05 compared with
naive.

TABLE II. Effect of Dp2 28-40, fungal immunomodulatory peptide, and fungal immunomodulatory peptide mixture
with Dp2 28-40A on cytokine-producing cells in peripheral blood*

Fungal immuno- Fungal immunomodulatory

Naive Normal saline Dp2 28-40 modulatory peptide peptide+ Dp2 28-40A Dexamethasone

CD4 47.1 ± 3.7 52.9 ± 2.6 56.0 ± 0.2 32.4 ± 3.3 48.9 ± 10.9 48.4 ± 2.8
IL-5/CD4 16.2 ± 0.8 31.1 ± 4.8 17.7 ± 9.7 12.2 ± 0.4 11.7 ± 4.1 12.5 ± 3.3
IFN-γ/CD4 20.0 ± 2.1 12.9 ± 3.7 27.8 ± 13.7 14.6 ± 0.9 21.8 ± 0.9 12.8 ± 4.9
IL-5/ IFN-γ CD4 0.8 2.4 0.6 0.8 0.5 1.0
CD8 7.0 ± 0.6 7.3 ± 2.4 9.8 ± 0.5 7.1 ± 0.1 5.6 ± 2.6 7.5 ± 0.5
IL-5/CD8 10.0 ± 0.5 8.6 ± 3.1 9.5 ± 7.2 4.6 ± 3.9 3.3 ± 2.5 11.2 ± 3.0
IFN-γ/CD8 16.0 ± 0.3 6.1 ± 1.2 16.8 ± 11.2 2.8 ± 2.2 6.8 ± 6.2 11.0 ± 3.1
IL-5/ IFN-γ CD8 0.6 1.4 0.6 1.6 0.5 1.0

These data did not reach statistical levels.
*Data represented as percentage of positive stained cells in the PBMC of 6 mice; mean ± SEM.
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lenge. There were no differences in Penh observed 24
hours after rDp2 IT challenge (Fig 5).

The pathology of different groups of mice

after LNIT

The inflammatory cell infiltration and epithelium
damage in the airway were compared among all experi-
ment groups after LNIT. The results showed that there
was a reduction of airway inflammatory cell infiltration
and a decrease of epithelium damage in all experimental
groups compared with that of NS-treated mice (Fig 6). 

DISCUSSION 

In this study we demonstrated that a dominance of the
TH2 response by rDp2-immunized mice can be modulat-
ed by LNIT with the Dp2 peptide epitope and FIP. LNIT
using not only FIP but also the dominant peptide Dp2 28-

40 or the altered peptide Dp2 28-40A were noted to be
able to suppress ongoing airway inflammation induced
by rDp2. This LNIT-induced suppression of airway
inflammation was associated with an increase in IFN-γ
and a decrease in IL-5 and TGF-β production. The reduc-
tion of TGF-β indicated that suppression regulatory T
cells might be involved.

It has been previously reported that co-immunization
with a mixture of antigens and the immunostimulatory
DNA sequences ISS elicits a TH1 response,8,27,28 and this
has also been shown to be effective in animal models
considered to be relevant to human allergic disease
states.29-33 Amb A1, a major ragweed allergen that had
been conjugated to ISS, has been recently reported to
reflect an enhanced TH1-biased immunogenicity and a
reduced antigenicity.34 On the basis of the aforemen-
tioned system, the delivery of an allergen peptide with a
TH1 response–inducing adjuvant might amplify the ther-
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FIG 5. The effects of fungal immunomodulatory peptide, Dp2 28-40, and Dp2 28-40A on pulmonary func-
tion. The airway hypersensitivity to methacholine was measured both early and late after rDp2 IT challenge.
The Penh values were accumulated after each dose of methacholine challenge and were expressed as the
area under the curve.*P < .05 compared with normal saline. +P < .05 compared with naive.
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apeutic effect of allergen immunotherapy. We prepared
the mixture of FIP with or without Dp2 peptides to com-
pare their effects by way of LNIT on mice primed with
rDp2 in aluminium hydroxide to induce a pre-existing
TH2 response. Similar results were found in our study:
LNIT using FIP mixed with the dominant peptide of Dp2
28-40 was able to enhance TH1-biased immunogenicity
and reduce TH2-biased allergenicity. These results indi-
cated that FIP is a TH1 response–inducing adjuvant.

The relatively high level of IFN-γ and the correspond-
ing relatively low level of IL-5 in both BALF and sera sug-
gest that LNIT could modulate allergen-specific T cells,
activating TH1 and suppressing TH2; this process is possi-
bly similar to subcutaneous immunotherapy. The previous
clinical observations of immunotherapy-treated patients
during the ragweed pollen season have revealed that

immunotherapy can decrease IL-5 and IL-5–secretory TH2
cell levels and increase IFN-γ–secretory TH1 cells for an
allergen-stimulated T-cell culture.35-37 Although LNIT
with FIP also indicated a shift in the TH1 and TH2 response
for test mice on the basis of the results of cytokine, it was
weaker than that induced as a result of subjecting test mice
to a mixture of FIP and Dp2 epitope peptides that resulted
in a decrease of the IL-5/IFN-γ ratio for both CD4 and
CD8 cells. The value of the ratio of IL-5/IFN-γ for CD8
cells was observed to be greater for the test group FIP
mixed with Dp2 28-40 than that for FIP mixed with Dp2
28-40A. An alteration of allergic epitopes, Dp2 28-40A,
has previously been reported to be able to modulate the T-
cell response.13 Our results have revealed that there were
fewer IL-5–secretory CD4 and CD8 cells for those mice
treated with a mixture of FIP with Dp2 28-40A than was
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FIG 6. The pathology of different groups of mice after local nasal immunotherapy. The lung tissues were
obtained 2 days after intrathecal rDp2. A, Naive mice. B, Mice treated with normal saline. C, Mice treated
with dexamethasone. D, Mice treated with fungal immunomodulatory peptide (FIP). E, Mice treated with
Dp2 28-40. F, Mice treated with Dp2 28-40A. G, Mice treated with FIP mixed with Dp2 28-40. H, Mice treated
with FIP mixed with Dp2 28-40A (hematoxylin–eosin stain, original magnification ×400).
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the case for test mice exposed to a combination of FIP and
Dp2 28-40; these results also suggest that Dp2 28-40A is
more effective at downregulating TH2 cells. Whether a
mixture of FIP with Dp2 28-40A is more efficient than a
mixture of FIP and Dp2 28-40 for rDp2-sensitized mice,
however, remains to be investigated.

LNIT with FIP caused an increase in production of
IgG2a and a decrease in production of IgE (data not
shown). However, the modulatory effect on IgG1 pro-
duction did not occur. Similar findings were found when
LNIT with FIP was mixed with Dp2 allergic epitope pep-
tides. Antigen-specific variation in the effect of LNIT
was noted by Wiedermmann et al,38 who showed that a
regimen that inhibited responses to Bet v1 did not affect
responses to ovalbumin. This variation might occur
because the outcome of LNIT is balanced between acti-
vation and inhibition events. Our results revealed that
LNIT with FIP was effective for the prevention of an
early phase reaction. Similar results have been reported
that FIP can abolish immediate anaphylaxis reaction.15

LNIT with FIP was not effective for the prevention of
late-phase airway hyperreactivity despite the fact that the
inflammatory cells and IL-5 in the BALF were
decreased. These results suggested that late-phase airway
hyperreactivity is only partially correlated with airway
inflammatory cell infiltration. Although it is now widely
accepted that airway inflammation is the basis of airway
hyperreactivity, there are at least 3 independent studies of
airway hyperreactivity in mice.39 The first pathway is
dependent on IL-4 and mast cells, the second is depen-
dent on IL-5 and eosinophils, and the third is mediated
by IL-13. Whether IL-4 and IL-13 can be downregulated
by FIP LNIT remains to be clarified.

Recently, endotoxins have been reported to possibly
induce airway hypersensitivity.40-43 In Kerstin et al, endo-
toxins (12.5 µg LPS/25 g mouse/100 µL) can prevent
murine IgE production and TH2 immune responses. In our
materials, which have been tested for the endotoxin conta-
minations, there were less than 30 EU/mL (3 ng/mL) in
FIP, and they were undetectable in Dp2 peptides. The
effects of FIP and Dp2 peptides were unlikely caused by
endotoxin. The slight inflammation in these groups of mice
treated with DEX might be because the concentration we
used was not enough to suppress the inflammation.

In summary, these studies have demonstrated that FIP
in combination with Dp2 28-40 or 28-40A makes a good
alternative candidate for LNIT. 
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