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Abstract

Mucosal tolerance induction with vaccines based on peptides representing T-cell epitopes of allergens is a promising way for treating allergic
diseases. Ole e 1 is the main allergen of olive pollen, which is an important cause of allergy in Mediterranean countries. The aim of this study was to
evaluate the ability of the peptide T109-K130 containing a dominant T-cell epitope of Ole e 1, to modulate the allergen-specific immune response
in a prophylactic mouse model. Mice were intranasally treated with the peptide 1 week prior to sensitization with Ole e 1. Blood, lungs and spleens
were collected and analysed for immune response. Intranasal pretreatment of mice with the peptide led to suppress serum specific IgE, IgG1 and
IgG2a antibody levels, and markedly reduced proliferative T-cell response and Th2-cytokine production, but increased IFN-vy secretion in spleen
cell cultures. Increased mRNA IL-10 levels were observed in lungs from pretreated mice. Pathologic alterations of the lung associated with airway
inflammation (peribronchial/perivascular infiltrates, eosinophilia and mucus production) were significantly suppressed after pretreatment. Similar
results were obtained when mice were sensitized 10 weeks after treatment. Our results demonstrate that intranasal administration of a single T-cell
peptide protects mice against subsequent sensitization to the allergen, possibly via IFN-y and IL-10. This study emphasizes the usefulness of nasal

peptide T-based vaccines against allergy.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Nowadays specific immunotherapy (SIT) is the only cura-
tive treatment for allergy. SIT is performed by injection of
increasing doses of the allergen extract to induce immunologic
hyporesponsiveness. Despite of the efficacy of SIT, concerns
exist with the safety of this form of immunotherapy as well
as with the difficulty of standardization of the allergen extract
used as vaccine. Consequently, there is strong interest in the
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development of novel strategies for allergy. One of the princi-
pal approaches is the use of mucosal vaccines which are based
on the mucosal tolerance phenomenon (Wiedermann, 2005).
Other alternatives are based on the use of allergen derivatives
with reduced or no allergenicity as vaccines (Vrtala et al.,
2004). These included chemically modified allergens, mutants
obtained by protein engineering and synthetic peptides repre-
senting immunodominant T-cell epitopes of allergens. Several
studies have demonstrated the feasibility of the combination of
these two approaches for clinical application into humans in
order to reinstate homeostasis toward allergens (review in Larché
and Wraith, 2005; Wiedermann, 2005).

Olive tree (Olea europaea) pollen is one of the most impor-
tant causes of pollinosis in Mediterranean countries and some
areas of America and Australia, where it is widely cultivated
(Liccardi et al., 1996). Ole e 1 has been identified as the most
relevant allergen of olive pollen and affects approximately 80%
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of the patients allergic to this pollen (Wheeler et al., 1990).
Moreover, it also represents the main sensitizing agent within
the protein family of Ole e 1-related allergens (Mothes et al.,
2004) and a diagnostic marker for sensitization to Oleaceae
pollens (Palomares et al., 2006). Therefore, Ole e 1 has been
selected as a model allergen for the development of a novel
strategy for the treatment of allergy. Ole e 1 consists of a sin-
gle polypeptide chain of 145 amino acid residues. This allergen
has been purified and sequenced (Villalba et al., 1993), cloned
(Villalba et al., 1994) and produced as recombinant protein in
the yeast Pichia pastoris with biochemical and immunological
properties equivalent to those of the natural allergen (Huecas
et al., 1999; Quiralte et al., 2000). Previous studies were per-
formed to elucidate the T-cell and B-cell determinants of Ole
e 1 by using overlapping synthetic peptides, and reported that
the segment T109-K130 showed capability to stimulate T cells
from allergic patients (Cardaba et al., 1998), but displays no
IgE-binding capability (Cardaba et al., 1998; Gonzailez et al.,
2006). Moreover, this region was defined as the most impor-
tant T-cell epitope of Ole e 1 in humans (Céardaba et al., 1998).
Based on these data, a peptide of 22 amino acids was designed,
spanning the amino acids 109—-130 of Ole e 1 (OEp9_130). This
peptide would be a good immunotherapeutic agent for allergy,
since it substantially would decrease the risk of IgE-mediated
anaphylactic side effects. The aim of this study was to evaluate
whether the intranasal (i.n.) administration of OEg9_;3¢ could
efficiently induce tolerance in a prophylactic approach, using a
mouse model of allergic sensitization to Ole e 1. For comparison,
natural Ole e 1 was also used as vaccine in this study.

2. Materials and methods
2.1. Mice

Female, 6-8-week-old BALB/c mice were obtained from
Harlan Interfauna Ibérica SA (Barcelona, Spain). Animals were
maintained at the Animal Care Services of the Faculty of Biol-
ogy (Universidad Complutense, Madrid, Spain), according to
the local guidelines for animal care. The studies were approved
by the Animal Experimentation Ethics Committee of the Com-
plutense University.

2.2. Peptide and protein

Ole e 1109-130 peptide (OEjp9-130, TVNGTTRTVNPLGF-
FKKEALPK) was purchased from Thermo Electron GmbH
(Ulm, Germany). Peptide was analysed and purified by reverse-
phase HPLC, and checked by mass spectrometry. The purity of
the peptide was >90%.

Ole e 1 was purified from olive pollen as described (Villalba
et al., 1993).

2.3. Sera, antibodies
Sera from five olive pollen-allergic patients with a positive

reaction to Ole e 1 were taken from a population with a clinical
history of allergy to olive pollen and a positive skin-prick test and

CAP-FEIA System (Pharmacia AB, Uppsala, Sweden) classes
3-6 to olive pollen. A written informed consent was obtained
from all patients. A pool of sera from non-allergic individuals
was used as negative control. The sera from allergic and non-
allergic individuals were kindly donated by Drs. M. Martin-
Esteban and C. Pascual (Hospital La Paz, Madrid, Spain).

F2 y F7 monoclonal antibodies (mAbs) against Ole e 1 were
provided by Dr. D. Barber (ALK-Abell6, Madrid, Spain) and
R. van Ree (CLB, Amsterdam, The Netherlands), respectively.
Polyclonal serum against Ole e 1 was prepared in rabbit as
reported (Huecas et al., 1999).

2.4. Dot-blot

Protein and peptide were directly applied onto nitrocellulose
membranes (Hybond ECL, Amersham, Buckinghamshire, UK).
Membranes were incubated with Ole e 1-specific Abs or sera
from olive-pollen allergic patients as described (Gonzélez et al.,
2002).

2.5. Circular dichroism (CD) analyses

CD spectra were obtained on a Jasco J-715 spectropolarime-
ter (Japan Spectroscopic Co., Tokyo, Japan) fitted with a 150-W
xenon lamp and connected to a Weslab RTE-111 thermosta-
bilizer bath. Far-UV spectra were registered in the range of
190-250 nm using optical-path cell of 0.1 cm. Samples were
analysed in 20 mM sodium phosphate, pH 7.2, at 25 °C. Mean
residue mass ellipticities were calculated based on 110 as the
average molecular mass/residue, obtained from the amino acid
composition, and expressed in terms of 6 (degcm?dmol™!).
Final spectra were corrected by subtracting the correspond-
ing baseline spectrum obtained for the buffer under identical
conditions. Secondary structure estimations were performed by
computer fit according to the method of Perczel et al. (1991).

2.6. Sensitization and airway challenge

Mice (n=5/group) were sensitized by intraperitoneal injec-
tions with 1 g Ole e 1 adsorbed to 2mg AlI(OH); (Sigma
Chemical Co., St. Louis, MO) in 150 w1 of PBS on days 0 and
7. On day 14, mice were challenged by i.n. administration of
10 ug of Ole e 1 in PBS on 3 consecutive days. Twenty-four
hours after the last i.n. challenge, lung histology was examined.
Blood samples were collected from the retro-orbital plexus (ter-
minal bleeding) 7 days after the last immunization. Individual
sera were prepared and stored at —20 °C until analysed.

2.7. Prophylactic protocol

Mice (n=>5/group) were i.n. pretreated three times on con-
secutive days with Ole e 1 or OEg9_1309 (Fig. 2A). In a pilot
experiment, several i.n. pretreatments were performed to find
the optimal dose of antigen administration: 50, 5, 0.5 pg.
Immunomodulation was achieved by i.n. application of 5 g
Ole e 1 or 50 pg OE 09-130, and were, therefore, chosen as the
optimal doses in the present study. One week later, mice were
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sensitized to Ole e 1 as described above (short-term protocol).
Sampling and analyses were performed as mentioned above. The
control mice were sham-pretreated with PBS only, and naive
mice were given no treatment. For long-term experiments, sen-
sitization to Ole e 1 was started 10 weeks after pretreatment
(Fig. 5A).

2.8. Histopathology

Twenty-four hours after the last allergen exposure, lungs
were collected and fixed in 10% paraformaldehyde in PBS.
After embedding in paraffin, the tissues were cut into 5 pm
sections and stained with hematoxylin/eosin (H&E). Lung sec-
tions were observed under light microscopy (Axiophot 2 model,
Zeiss, Jena, Germany) and photographed with a digital cam-
era (Spot Insight Color, Diagnostic Instruments, MI, USA). For
each mouse, 10 airway sections were assessed for severity of the
cellular inflammatory response and mucus occlusion by morpho-
metric analysis, by individuals blinded to the protocol design.

2.9. Determination of allergen-specific IgG1 and IgG2a,
and total IgE in serum of mice

Antigen (Ag)-specific Abs were measured by ELISA
as described (Batanero et al., 2002). Serum samples were
diluted 1:25,000 for IgGl and 1:400 for IgG2a. Bound
mouse immunoglobulins were detected using alternatively
peroxidase-conjugated rabbit anti-mouse IgG1 (diluted 1:5000),
or anti-mouse IgG2a (diluted 1:5000) Abs (Rockland,
Gilbertsville, PA, USA) and o-phenylenediamine chloride
(Merck & Co. Inc., Whitehouse Station, NJ, USA) as substrate
(Gonzalez et al., 2002). Optical density was measured at 492 nm.

Total IgE (diluted 1:40) Abs were measured by sandwich
ELISA using the OptEIA mouse IgE set (PharMingen, San
Diego, CA, USA) according to the manufacturer’s instructions.
In our mouse model, it has been showed that specific IgE can
be estimated by measuring total IgE levels in serum (Batanero
et al., 2002).

2.10. Proliferation and cytokine assays

Seven days after last immunization, spleens were removed
aseptically, minced, filtered through sterile filters, and a cell
suspension was prepared as described (Batanero et al., 2002).

For T-cell proliferation assays, spleen cells (2 x 10° cells/ml,
0.2 ml/well) were stimulated or not with concanavalin A
(2-0.02 pg/ml; Sigma), Ole e 1 (2-0.02 pg/ml) or the pep-
tide (2-0.02 pg/ml) for 96h in a 96-round bottom plates
(Costar, Cambrigde, MA, USA). The cultures were pulsed with
1 pCi/well [PH]-thymidine (Amersham) for 16 h and cells were
harvested on microbeta filter mats using a 96-well harvester, and
proliferative response was measured by beta plate scintillation
counting. The stimulation index was calculated as the ratio of
cpm of the unstimulated control and allergen-stimulated cells.

To measure the cytokine production, spleen cells were cul-
tured in 48-well plates (Costar) at 107 cells/ml (0.5 ml/well)
and stimulated or not with concanavalin A (2 pg/ml) or Ole

e 1 (2 pg/ml). Supernatants were taken after 48 or 72h and
stored at —20°C until analyses. Levels of IL-4, IL-5, IL-10
and IFN-y were measured by ELISA kits (Pharmingen). Values
in pg/ml were calculated according to standard curves obtained
with recombinant mouse cytokines. The sensitivity of the assays
was 5 pg/ml for IL-4, 60 pg/ml for IL-5, 15 pg/ml for IL-10 and
25 pg/ml for IFN-y.

2.11. RNA isolation and RT-PCR assays

Lungs and spleens were homogenized and total RNA was iso-
lated using RNAqueous-4PCR kit (Ambion Europe, Ltd., Cam-
bridgeshire, UK) according to the manufacturer’s instructions.
Afterwards, the samples were treated with DNase and reverse
transcribed into cDNA using Retroscript kit (Ambion). Primers
specific for IL-10 (forward 5'- CCCAGAAATCAAGGAGC-
ATTTG- 3’; reverse 5 -CATGTATGCTTCTATGCAGTTG-
3), TGF-B (forward 5'- ACCGCAACAACGCCATCTAT- 3';
reverse 5'- GTAACGCCAGGAATTGTTGC- 3’) and B-actin
(forward 5'- GTGGGCCGCCCTAGGCACCAGG - 3'; reverse
5'-CTCTTTGATGTCACGCACGATTC -3") were designed and
synthesized by Sigma. PCR amplification was conducted for
35 cycles at 95°C for 60s, 54 °C for 30s, and 72 °C for 60s,
followed by one cycle at 72 °C for 10 min. PCR products were
separated by electrophoresis in 1.5% agarose gels and visualized
with ethidium bromide and UV illumination. The density of the
bands on the gel was measured using an image analyser system
(UVI Tech, Cambridge, UK). After normalization of the data
according to the expression of 3-actin mRNA, relative levels of
cytokine mRNA were calculated.

3. Results

3.1. OEjp9_130 is an important T-cell epitope of Ole e I in
BALB/c mice

Before examining the immunosupressive ability of
OE109-130, the peptide was checked for T-cell reactivity
using spleen cells obtained from mice sensitized with Ole
e 1 (Fig. 1A). Lymphocytes proliferated to either Ole e 1
or OE g9_130. The proliferative response of the peptide was
estimated to be 50% of the whole protein. In view of this result,
OE109-130 peptide clearly appeared to be an important T-cell
epitope of Ole e 1 in mice as it has been reported in humans
(Cardaba et al., 1998).

The presence of an IgG-epitope and the lack IgE-binding
capacity reported for the segment T109-K130 of Ole e 1 was
confirmed for OE¢9_130 (Fig. 1B). The peptide was recognized
by the F2 mAb and a polyclonal antiserum both specific to Ole e
1, but not by IgE from patients allergic to this allergen. OE09-130
was not recognized by the F7 mAb, assuring the specificity of
the assay. The peptide adopted mostly random conformation
in aqueous solution as demonstrated by CD analysis (Fig. 1C).
These results confirmed the feasibility of this peptide to be used
in a prophylactic approach for tolerance induction in a mouse
model of allergy.

Please cite this article in press as: Marazuela, E.G. et al., Intranasal immunization with a dominant T-cell epitope peptide of a major allergen
of olive pollen prevents mice from sensitization to the whole allergen, Mol. Immunol. (2007), doi:10.1016/j.molimm.2007.05.030



dx.doi.org/10.1016/j.molimm.2007.05.030

+Model
MIMM-2424; No.of Pages 8

4 E.G. Marazuela et al. / Molecular Immunology xxx (2007) xxx—xxx

(B)

z

pAbF2 F7IgE

&

®c0e
8

L
L]

w

N

ey
-...m

Stimulation index

0.1 1
Antigen (pg/ml)

(©)

Ole e 1 (0.3 pg)
10.00
5.00
2.50
1.25
0.62
0.31
0.16

OEIUS-130
(n9)

( lowp’ wo'6ep) ol x 0

200 220 240
Wavelength (nm)

Fig. 1. Immunological characterization of OE;g9_139. (A) T-cell reactivity in spleen cell cultures from Ole e 1-sensitized mice after in vitro stimulation with Ole e
1 or OEjg9_130. Proliferative responses were measured by [3HJthymidine—incorporation and indicated as stimulation index. (B) Dot blot of the Ig-binding capacity
of the peptide OEg9_130 in comparison with Ole e 1 using one polyclonal antiserum (pAb) and two mAbs (F2 and F7) against Ole e 1, and serum IgE from allergic

patients (IgE). (C) CD spectra of OE;p9_130 and Ole e 1 in the far-UV region.

3.2. Intranasal pretreatment with OE99_130 suppresses Ole
e 1-specific IgE response as efficiently as the whole protein

Intranasal pretreatment with the whole protein was highly
effective in suppressing Ole e 1-specific IgE production
(Fig. 2B). IgE Ab levels were up to four times lower in Ole
e 1-pretreated mice compared to the sham-pretreated animals.
Allergen-specific IgG1 and IgG2a Ab levels were increased by
54% and 44%, respectively, after i.n. pretreatment (Fig. 2B).

Intranasal administration of OE g9_130 before sensitization to
Ole e 1 reduced the expected specific-IgE response as the whole
protein (Fig. 2B). This inhibition was 45% when compared to
sham-pretreated controls. In contrast to the Ole e 1-pretreatment,
the down-regulation of specific-IgE was accompanied by a par-
allel decrease by 40% and 79% of the specific-IgG1 and IgG2a
responses, respectively, when compared to the sham-pretreated
controls (Fig. 2B). From these results, it can be inferred that i.n.
pretreatment with OE g9_130 induces tolerance in IgE and IgG
responses, as inhibited both Th1 and Th2 Abs specifictoOlee 1.

3.3. Intranasal pretreatment with OE99_130 inhibits the
proliferative response to Ole e 1 and induces IFN-y
production

The lymphoproliferative response to Ole e 1 was mea-
sured in pooled spleen cell cultures. Spleen cell of Ole e

1-pretreated mice proliferated markedly less upon stimulation
with the allergen compared with that of sham-pretreated group
(Fig. 3A). Intranasal pretreatment with the peptide also resulted
in a markedly reduction of the lymphoproliferative response
(Fig. 3A). Thus, i.n. administration of OE g9_130 suppressed T-
cell proliferative response against Ole e 1 in a similar extent than
the whole protein.

To characterize the in vitro cytokine profile, IL-4, IL-5, IL-10
and IFN-vy levels were measured in pooled spleen cell cul-
tures. IL-4, IL-5, IL-10 and IFN-vy production was significantly
reduced in spleen cell cultures of Ole e 1-pretreated mice in
comparison to the sham-pretreated controls (Fig. 3B). Pretreat-
ment with the peptide resulted in a significant inhibition of
IL-4, IL-5 and IL-10 production whereas IFN-vy levels were
markedly increased (Fig. 3B). These results indicate that i.n.
peptide-pretreatment induces a shift from Th2 to Th1-cytokine
profile.

3.4. Intranasal pretreatment with OE99_;30 leads to
increase the expression of IL-10 mRNA in lung, but no
TGF-8 mRNA

The expression of IL-10 mRNA was increased 2.6-fold in
lung tissues of mice that had been i.n. pretreated with OE9_130
compared to sham-pretreated controls (Fig. 3C). In contrast, no
significant changes in IL-10 mRNA expression were detected
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Fig. 2. Allergen-specific Ab responses in sera of OEg9_j30-pretreated mice compared to Ole e 1-pretreated group. (A) Experimental protocol used. BALB/c mice
were treated i.n. for three consecutive days either with OE p9_130 or with Ole e 1 one week prior to sensitization with the allergen. Sham-control mice received only
PBS. (B) Ole e 1-specific IgE, IgG1, and IgG2a Ab levels in sera were determined by means of ELISA. Data are presented as mean =+ S.D. values of individual mice

(n=5). Experiments were repeated twice with similar results. nd, not detected.
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Fig. 3. T-cell reactivity in spleen cell cultures from pretreated mice. (A) Proliferative responses to Ole e 1 (2 pg/ml) were measured by [*H]thymidine-incorporation
and indicated as stimulation index. (B) Cytokine production in spleen cell cultures was determined after in vitro stimulation with Ole e 1 by ELISA. Data are expressed
as percentage of increase or decrease compared with sham-pretreated values. (C) IL-10- and TGF-8 mRNA expression in lung and spleen cells from Ole e 1- and
peptide-pretreated mice compared to sham-pretreated controls. Data are expressed as cytokine/(-actin ratio. Experiments were repeated twice with similar results.

after pretreatment with Ole e 1. TGF-B mRNA was also anal-
ysed, and no significant changes in its expression were detected
in both OEjg9_130 and Ole e 1-pretreated mice compared to
sham-pretreated group (Fig. 3C). The expression of IL-10 and
TGF-B mRNA in spleen remained unchanged in either of the
pretreated groups (Fig. 3C).

3.5. Intranasal pretreatment with OE99_;30 suppressed
airway inflammation

Twenty-four hours following the last i.n. Ole e 1 challenge,
lung tissues were obtained from each experimental group to
assess the effect of OEg9_130 pretreatment on airway inflamma-
tion. Histological examination revealed that Ole e 1-sensitization
of mice promoted epithelial cell damage with goblet hyperpla-
sia and cellular infiltration around blood vessels and airways
(Fig. 4C) in comparison to naive mice (Fig. 4A). Mucus
hypersecretion and occlusion of the airways were prominent
histopathologic feature of the sham-pretreated mice (Fig. 4D).
Eosinophils and lymphocytes were the predominant infiltrat-
ing cells (Fig. 4F). Intranasal pretreatment with the peptide
significantly reduced cellular infiltration in the lung of Ole e 1-

sensitized/challenged mice (Fig. 4G), but to a lesser extent than
for i.n. Ole e 1-pretreatment (Fig. 4E). The cellular infiltrate
was predominantly characterized by mononuclear cells but not
eosinophils (Fig. 4H). Mucus release was completely inhibited
by i.n. pretreatment with either the peptide or Ole e 1 (Fig. 4H).
These data indicate that i.n. administration of OEjg9_130 can
attenuate lung inflammation induced by the allergen challenge
as Ole e 1 does.

3.6. Peptide pretreatment induces a long-term
immunosuppressive effect

After the long-term protocol, both OEjp9_130 and Ole e 1
pretreatments suppressed the serum specific-IgE Ab levels to
the same extent as after the short-term protocol compared to
sham-pretreated mice (Fig. 5B). In contrast with the short-term
approach, specific-IgG1 Ab levels did not significant changes
after a long-term interval (Fig. 5B). Pretreatment with the pep-
tide strongly decreased the specific-IgG2a Ab levels after both
the short-term and the long-term protocols.

After a long interval between treatment and sensitization,
lymphoproliferative response and cytokine production (IL-4, IL-

Fig. 4. Representative photomicrographs of lung sections from each group. Naive mice (A and B): (A) normal airway mucosa and surrounding parenchyma; (B)
airway mucosa showing low cuboidal cells and absence of peribronchiolar inflammatory infiltrates. Sham mice (C, D and F): (C) severe peribronchial and perivascular
infiltration of inflammatory cells and large accumulation of mucus in the airway lumen is observed (x); (D) marked thickening of airway epithelium and goblet cell
hyperplasia, and (F) intensive mixed cellular influx of eosinophils (—) and other inflammatory cells. Mice pretreated with Ole e 1 (E) or OEg9-130 (G): (E and G)
minimal cellular infiltration around the blood vessels and airways are found; (H) eosinophils in the lung interstitial tissue and mucus secretion in the airways are not
observed. Lung sections were stained with H&E. Magnification: (A and G) x 10; (C and E) x5; (B) x20; (D, F and H) x63.
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Fig. 5. Long-term immunosuppression effects after i.n. pretreatment with OEg9_130 or with Ole e 1. (A) Experimental protocol used. Mice (n=5) were i.n. pretreated
with OE09_130, Ole e 1 or sham-pretreated and then sensitized to Ole e 1 10 weeks later. (B) Ole e 1-specific Ab levels were measured by ELISA. Values are expressed
as mean =+ S.D. from five mice per group. Proliferative response (C) and cytokine production (D) in spleen cell cultures stimulated in vitro with Ole e 1 (2 pwg/ml).
Results of proliferation assays are expressed as stimulation index. Cytokine levels were measured by ELISA. Data are expressed as percentage of increase or decrease
compared with sham-pretreated values. (E) IL-10- and TGF-3 mRNA expression in lung and spleen cells from Ole e 1- and peptide-pretreated mice compared to
sham-pretreated controls. Data are expressed as cytokine/B-actin ratio. (F) Representative photomicrographs of lung sections from each group. Lung sections were
stained with H&E. Magnification, x 10. Experiments were repeated twice with similar results.

5 and IL-10 and IFN-vy) were reduced in spleen cell cultures
of pretreated mice compared to the sham-pretreated controls
(Fig. 5C and D).

The expression of IL-10 mRNA in lung tissues increased
in the OEg9_130-pretreated mice, but remained unchanged in
the animals pretreated with Ole e 1 compared to those of
sham-pretreated controls in the long-term protocol as observed
for short-term experiments (Fig. SE). The expression of IL-10
mRNA in spleen cells did not, however, differ among the groups.
No significant differences of TFG-3 mRNA levels were detected
in lung and spleen cells of pretreated mice compared to the
sham-pretreated group in both the long-term and the short-term
protocols.

Finally, histological analysis revealed that after a long-term
interval, i.n. pretreatment with the peptide as well as with Ole e
1 significantly reduced airway inflammation that occurs in the
sham-pretreated mice (Fig. 5SF), according to the blocking of the

peribronchial/perivascular infiltration, influx of eosinophils into
the lungs and mucus release, as it was shown for the short-term
protocol. Thus, i.n. OEg9_13¢ pretreatment induces a long-term
immunosuppressive effect as efficiently as Ole e 1.

4. Discussion

In this study, we analysed the ability of an i.n. OEjg9-130
peptide-based vaccine to modulate the immune response and
to prevent the synthesis of IgE Abs and airway inflammation
in a mouse model of Ole e 1-sensitization. We identified the
peptide OEg9_130 as an important T-cell epitope in BALB/c
mice that was also described as the most important T-cell epi-
tope of Ole e 1 in humans (Cardaba et al., 1998). It was
demonstrated that prophylactic i.n. administration of the peptide
suppressed allergen-specific-IgE Ab levels, T-cell proliferation
and Th2-cytokine production in vitro, and airway inflamma-
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tion as efficiently as the whole protein. The major advantage
of this peptide compared to Ole e 1 is its lack of allergenic-
ity, providing a safe tolerogen for the treatment of allergy. Three
i.n. administrations of OEg9_130 performed on consecutive days
were enough for inhibiting the outcome of specific-IgE response
in mice after sensitization with Ole e 1 allergen, indicating that a
protocol of prolonged exposition to the peptide is not necessary
to inhibit the development of allergic immune response in vivo.
Moreover, peptide efficiently inhibited both specific-IgG1 and
IgG2a Ab productions whereas i.n. pretreatment with Ole e 1
leads to a strong production of specific-IgG2a and IgG1 Abs.
The inhibition of IgE synthesis simultaneous with the increase
on IgG1 production in Ole e 1-pretreated mice pointed out dif-
ferences in the control of Ag-specific IgE and IgG1 class switch
by T-cell in agreement with the findings of other authors (van
Halteren et al., 1997). A similar dissociation between IgE and
IgG4 (the equivalent of mouse IgG1) occurs in humans after
allergen immunotherapy (Frew, 2003).

In this model of i.n. tolerance in naive mice induced by the
peptide, the inhibition of T-cell proliferation was associated with
the reduction of Th2-type cytokine secretion and the increase
of that of Thl-type. By contrast, Ole e 1 suppressed produc-
tion of both Th1- and Th2-cytokines in the prophylactic model.
The differences described for the immune responses induced by
OE|09-130 and Ole e 1 may be related to the nature of the Ag
per se as has been indicated by others authors (Wiedermann et
al., 1999a; Hufnagl et al., 2002).

Lung tissue inflammation was noticeably reduced in both Ole
e 1- and OEg9_130-pretreated mice compared to sham-pretreated
mice, suggesting that both pretreatments influenced not only the
systemic immune response but also the local immune response.
These results support the idea that OE 09_139 may be useful in the
treatment of allergic patients by attenuation of the main allergic
symptoms.

The expression of IL-10 mRNA was up-regulated in lung only
after i.n. pretreatment with OEg9_130, and this was observed
together with the reduction of the airway inflammation. This
indicates that the production of IL-10 could be associated with
the peptide-induced tolerance observed in this model, as it has
been reported in several murine models of allergy (review in
Akdis et al., 1998; Wiedermann, 2005). Furthermore, the ele-
vation of IL-10 following immunotherapy has been reported in
human clinical trials (Akdis et al., 1998; Fellrath et al., 2003;
Jutel et al., 2003; Nouri-Aria et al., 2004; Oldfield et al., 2002).
However, there is not evidence from our results that TGF-f3, akey
cytokine in several models of tolerance induction (Wiedermann
et al., 1999b; Winkler et al., 2003), might be involved in the
immunomodulation observed in our model, since no differences
in TGF-B mRNA levels were detected among groups. The tol-
erance mechanism induced by the peptide pretreatment seemed
to differ from that induced by the whole Ole e 1. Only the pep-
tide led to increase IL-10 mRNA, along with an increase in
IFN-v protein levels, indicating that both IL-10 and IFN-y may
operate in concert to tolerance induced by i.n. peptide pretreat-
ment. Subsequent to this, evidences from several studies indicate
that successful allergen immunotherapy is associated with an
increase either IL-10 alone or both IL-10 and IFN-vy (Akdis et

al., 1998; Fellrath et al., 2003; Oldfield et al., 2002; Till et al.,
2004).

Finally, the i.n. pretreatment with both molecules induces
specific long-lasting protection against the development of aller-
gic immune response in vivo. Similar results have been observed
in human studies (Creticos et al., 2006; Durham et al., 1999).

5. Conclusions

This study showed that prophylactic i.n. administration of
an immunodominant T-cell epitope peptide derived of Ole
e 1 may substitute for the whole protein in order to sup-
press three important immunological parameters occurring after
subsequent sensitization and respiratory challenge with the aller-
gen: specific-IgE Abs, Th2-cytokines and airway inflammation.
Despite the clinical relevance to test, the effects of the i.n. treat-
ment with the peptide in already primed mice, the possibility
of using prophylactic allergy vaccines for early prevention in
atopic individuals or children at risk has been proposed (Holt,
1994; Valenta, 2002; Wiedermann, 2005). These results suggest
that OEg9_130 shows several features which make it an attractive
candidate for the development of safe and effective prophylactic
and therapeutic strategies against olive pollen allergy.
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