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a b s t r a c t

A gene vaccine based on a mammalian expression vector containing the sequence of a peptide mimotope
of Phl p 5 was constructed. To test whether mimotope gene vaccines can induce allergen-specific antibody
responses via molecular mimicry, BALB/c mice were immunized using the mimotope construct with or
without a tetanus toxin T-helper epitope. Moreover, intradermal injection was compared to epidermal
application via gene gun immunization.

Immunization with both mimotope gene constructs elicited allergen-specific antibody responses. As
expected, gene gun bombardment induced a Th2-biased immune response, typically associated with IgG1
and IgE antibody production. In contrast, intradermal injection of the vaccine triggered IgG2a antibody
expression without any detectable IgE levels, thus biasing the immune response towards Th1. In an RBL
assay, mimotope-specific IgG antibodies were able to prevent cross-linking of allergen-specific IgE by Phl
p 5. A construct coding for the complete Phl p 5 induced T-cell activation, IFN-� and IL-4 production. In

contrast, the mimotope-DNA construct being devoid of allergen-specific T-cell epitopes had no capacity
to activate allergen-specific T cells.

Taken together, our data show that it is feasible to induce blocking IgG antibodies with a mimotope-
DNA construct when applied intradermally. Thus the mimotope-DNA strategy has two advantages: (1) the
avoidance of IgE induction and (2) the avoidance of triggering allergen-specific T-lymphocytes. We there-

pe ge
fore suggest that mimoto
of type I allergy.

. Introduction

Phage display libraries can be screened with allergen-specific
gE antibodies to identify mimics of allergenic B-cell epitopes.
he selected mimics resemble IgE binding epitopes of the aller-
en surface by virtue of their physico-chemical properties [1]. In
eptide form, such epitope-mimics (mimotopes) have repeatedly
een shown to induce epitope-specific, allergen-specific immune

esponses [2–6]. Due to the fact that mimotopes do not contain
llergen-specific T-cell epitopes, the immune responses towards
imotopes depend on the recruitment of bystander Th-cells. In
previous study we could show that mimotopes per se were not
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cross-reactive with the allergen at the T-cell level and that only
phage-displayed mimotopes could activate T-cells to generate a
mimotope-specific antibody response [5]. This unspecific bystander
T-cell help can be provided by the phage coat protein pIII, which
is composed of 406 amino acids [7]. The mimotope-induced IgG
antibodies are then directed not only against the mimotopes, but
co-recognize the 3-dimensional allergen epitope via molecular
mimicry. Therefore, they are able to prevent the high-affinity inter-
action between allergen and specific IgE antibodies [3,8] and thus
can be called blocking antibodies [9,10]. In several studies we and
others have already characterized peptides and anti-idiotypic Fab
fragments being mimotopes of different allergens and antigens
[2,6,11–13].

Besides attempts to improve protein-based allergen

immunotherapy by generation of allergen mutants, hypoallergens
or peptides, immunization experiments with allergen-encoding
DNA have yielded promising results. DNA vaccination does not
only prevent allergic sensitization, but is also capable to modulate
already ongoing Th2 responses [14–17]. Genetic immunization

http://www.sciencedirect.com/science/journal/01652478
http://www.elsevier.com/locate/
mailto:erika.jensen-jarolim@meduniwien.ac.at
dx.doi.org/10.1016/j.imlet.2008.12.002
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Fig. 1. Map of the eukaryotic expression vector pCI. The universal expression vector
J. Wallmann et al. / Immun

pproaches with mimotope genes have hitherto been restricted
o tumor antigens [18]. Therefore, we investigated in the present
tudy whether this strategy could also be useful in the context
f allergy therapy. For this purpose, we designed the construct
pCMV-F1”, a gene vaccine composed of a mimotope of the grass
ollen allergen Phl p 5 and phage coat protein pIII, the latter serving
s (i) a “non-allergenic” carrier protein, (ii) a source of T-helper
pitopes and (iii) a stabilizer of the three-dimensional exposure of
he mimotope. In a complementary strategy to further enhance the
mmunogenicity of the mimotope construct, a promiscuous tetanus
oxin T-helper epitope from Clostridium tetani [19] was additionally
ntroduced into a second construct, designated pCMV-F1/Tet.

As the route of the DNA application might critically affect the
ytokine milieu and thus the outcome of immunizations [20], we
imed to compare head to head two different routes of gene vac-
ine administration. Whereas gene gun immunization using only
inute amounts of DNA has been demonstrated to trigger a pre-

ominant Th2 type immune response, intradermal application is
nown to recruit efficiently Th1 cells, possibly also due to the deliv-
ry of higher amounts of DNA [21,22].

. Materials and methods

.1. Construction of the DNA immunization vectors pCMV-F1 and
CMV-F1/Tet

In a previous study, peptide mimotope F1 was identified as a spe-
ific epitope-mimic (mimotope) of grass pollen major allergen Phl
5 by screening a phage display library with Phl p 5-specific IgE [3].
he peptide library consisted of decameric peptides presented on
inor phage coat protein pIII of filamentous phage M13. Clone F1

SRLGRSSAWV), showing the highest binding capacity to the anti-
odies, was chosen for expression in the high copy number plasmid
CI (Promega, Madison, WS, gb:CVU471199). The expression cas-
ette in pCI contains the CMV immediate-early promotor and can
rovide three independent multiple cloning sites for the individual

n-frame cloning of, e.g. an ER-targeting leader sequence, the gene
f interest and a heterologous helper epitope [23]. For cloning of
CMV-F1, a PCR reaction using the filamentous phage DNA (M13)
lus mimotope insert (F1) as a template was performed. To amplify
he sequence of the pIII phage coat protein together with the mimo-
ope sequence, the following primers were used, with F1-M13
NA serving as a template: upstream primer pIII fwd1 EcoRI 5′-
ACCGAATTCATGGCTGAATGCAGTCGTCT-3′ and reverse primer pIII
v1 XbaI 5′-GGGGTCTAGATTACTCATTTTCAGGGATAG-3′. The result-
ng 272 bp (base pair) fragment was digested with EcoRI–XbaI and
igated into the pCMV vector being digested with the same restric-
ion enzymes.

For the construction of the pCMV-F1/Tet vector (see Fig. 1),
nclusion of a foreign 63 bp long toxin helper epitope (fnnftvs-
wlrvpkvsashle), here named “Tet” from C. tetani was performed
19]. A PCR reaction using the filamentous phage DNA (M13) as

template was performed (upstream primer pIII fwd1 EcoRI 5′-
ACCGAATTCATGGCTGAATGCAGTCGTCT-3′ and the reverse primer
III rv2 MluI 5′-GGGGACGCGTCTCATTTTCAGGGATAGCAA-3′). The
esulting construct was digested with EcoRI–MluI and ligated into
pCMV TPA Tet vector (constructed from pCI, see [23]) digested
ith the same enzymes. For control, pCMV-mock, representing the

ector without phage coat protein pIII and insert, and pCMV-P5
ncoding the recombinant Phl p 5a (rPhl p 5), were used [24]. Suc-

essful cloning was controlled by sequencing all constructs in an
bi PrismTM Genetic Analyzer (MWG Biotech, Germany).

The plasmids were propagated in E. coli strain XL-1 Blue and
arge-scale purified with an Endo Free Plasmid Giga Kit (MWG
iotech, Germany). Plasmid DNA was then analyzed for size by
contains among other features a CMV immediate early promoter-enhancer region,
an optimized chimeric intron, a multiple cloning site (MCS) and the SV40 late
polyadenylation site. The inset shown here comprises the phage coat protein pIII,
the mimotope F1 and an additional tetanus toxin helper epitope (pCMV-F1/Tet).

agarose gel electrophoresis and quantified by spectrophotome-
try (OD260 nm/OD280 nm). Vectors were stored in endotoxin-free
water at −20 ◦C.

2.2. Animals

BALB/c mice (female; 6–10 weeks) were purchased from Charles
River Laboratories (Sulzfeld, Germany GmbH) and treated accord-
ing to European Community rules of animal care [25] with
the permission of the Austrian Ministry of Science (BMBWK-
66.012/0015-BrGT/2005 and BMWF-66.012/0015-CIGT/2007).

2.3. Mice and immunizations

The detailed immunization schemes are depicted in Fig. 2. Mice
(n = 6) were immunized either by particle bombardment using a
Helios gene gun (Bio-Rad, Munich, Germany) or by intradermal
(i.d.) needle injection with pCMV-F1, pCMV-F1/Tet, pCMV-mock or
pCMV-P5 into the shaved abdomen. For gene gun immunizations,
plasmids were coated onto 1.6 �m gold particles and a helium dis-
charge pressure of 400 psi was used to deliver a total of 4 �g per
immunization by two shots at two ventral sites. Particle bombard-
ment was performed on days 2, 16, 30 and finally four weeks later
at day 59 according to Scheiblhofer et al. [20]. Blood samples were
drawn on days 0, 15, 29, 44 and 73.

i.d. immunizations were performed using a slightly different
protocol, according to Hartl et al. [23] with 100 �g plasmid in a
volume of 200 �l PBS on days 2, 10, and 16 into 4–6 sites at the
shaved abdomen. Blood samples were taken on days 0, 9, 15 and 22.
According to an established immunization protocol [16], a control
group of mice was immunized subcutaneously (s.c.) with 5 �g rPhl
p 5 adsorbed to 100 �l Al(OH)3 in a total volume of 150 �l sterile
endotoxin-free PBS.

2.4. Serum immunoglobulin detection in ELISA

For the measurement of Phl p 5-specific IgG, 96-well high-bind,

flat-bottomed immunoplates (FluoroNunc, Roskilde, Denmark)
were coated overnight at 4 ◦C with rPhl p 5 (0.1 �g per well/100 �l
PBS). Plates were washed with PBS/0.1% Tween 20 and blocked for
1 h at room temperature with 200 �l/well PTB (PBS/0.1% Tween-
20/0.5% bovine serum albumin (BSA)).
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ig. 2. Schemes of the immunization protocols. The axis indicates 14 days intervals
CMV-F1/Tet, PCMV-mock and pCMV-P5. Subcutaneous application protocol (c) us

Sera were added at a dilution of 1:100 in 100 �l PTB for total
gG, IgG1 and IgG2a and incubated for 1 h at RT. Plates were washed
nd incubated with horseradish peroxidase (HRP)-conjugated goat
nti-mouse IgG (BioRad, Germany), HRP-conjugated rabbit anti-
ouse IgG1 (Zymed, San Francisco, USA) or HRP-conjugated

abbit anti-mouse IgG2a (Zymed), each diluted 1:1000 in PBT for
h at RT.

The reaction was detected by adding Luminol (Boehringer-
annheim, Germany) 1:2 in aqua bidest. Chemiluminescence was
easured at 405–490 nm by a LucyII ELISA-plate luminometer

Anthos Labtec, Salzburg, Austria) and fluorescence was calculated
n photon counts × 1000 (kilo photon counts, KPC).

.5. ˇ-Hexosaminidase release from rat basophil leukemia cells

RBL-2H3 cells were plated into 96-well, flat-bottomed tissue
ulture plates (Becton-Dickinson, Franklin Lakes, NJ, USA) at a den-
ity of 4 × 104 cells/well in 100 �l of RPMI 1640 supplemented
ith 10% (v/v) heat-inactivated fetal calf serum, 100 U penicillin

nd streptomycin/ml, 4 mM l-glutamine, 2 mM sodium pyruvate,
0 mM HEPES and 100 �M of 2-mercaptoethanol. Plates were incu-
ated o.n. at 37 ◦C, 95% relative humidity, 7.5% CO2.

Subsequently, 50 �l of supernatant was removed. RBL cells were
assively sensitized by adding pooled sera from either DNA-s.c. rPhl
5-immunized mice or preimmune sera in a dilution of 1:100 for
h at 37 ◦C.

RBL cells were washed twice with 200 �l/well Tyrode’s buffer
23]. Cross-linking of Fc�RI-bound IgE was induced by addition of
Phl p 5 (0.3 �g/ml in Tyrode’s buffer). For maximal release, 10 �l
0% Triton X-100 was added. Sera from untreated mice served as
egative control. Cells were incubated for 30 min at conditions

ndicated above. Thereafter, plates were centrifuged for 5 min at
200 rpm at RT, 50 �l of supernatants were transferred to fresh
lates and incubated with 50 �l 4-methyl-umbelliferyl-N-acetyl-
-d-glucosaminide (4-MUG) (Sigma, Deisenhofen, Germany) in
itrate buffer (0.1 M, pH 4.5) for 1 h at indicated conditions. The

eaction was stopped by adding 100 �l glycine buffer (0.2 M glycine
nd 0.2 M NaCl, pH 10.7) and fluorescence was measured at
65–360 nm using a microplate reader (Spectrafluor, Tecan, Aus-
ria). Results were calculated in relation to the percentage of total
-hexosaminidase released after addition of Triton X-100 (100%).
gun (a) and intradermal immunization protocol (b) using the constructs pCMV-F1,
hl p 5 as the immunization substance.

The release value obtained by Triton treatment was set 100% and
the other results compared hereto.

For the inhibition assay, RBL cells were passively sensitized with
sera of s.c. rPhl p 5-immunized mice in a dilution of 1:100 for
2 h. Sera of mice to be tested for presence of blocking IgG anti-
bodies were pooled and heated at 56 ◦C for 1.5 h to destroy the
�-hexosaminidase being present in the serum. Subsequently, these
sera were incubated with 0.005 �g rPhl p 5 in dilutions 0, 1:50 and
1:20 for 2 h prior to incubation with RBL cells.

2.6. Isolation of splenocytes and detection of cytokines

Mice were sacrificed and spleens were aseptically removed.
Spleens were minced in 1 ml minimal essential culture medium
(MEM) and aggregated cells were sedimented for 10 min. Lysis
of erythrocytes was performed with 5 ml ACK (ammonium chlo-
ride lysis buffer): (150 mM NH4Cl, 10 mM KHCO3, 0.1 mM Na2EDTA
dissolved in aqua bidest., pH 7.2–7.4) for 5 min at RT. Cells were
resuspended in 7 ml MEM and centrifuged for 5 min at 300 × g. After
repetition of the last step, cells were plated into 96-well, flat bottom
tissue culture plates (BD-Falcon, NJ, USA) (2 × 105 cells/well). For
stimulation, rPhl p 5 (20 �g/ml), ovalbumin (20 �g/ml) or medium
were added for 48 h at 37 ◦C, 95% relative humidity, and 7% CO2.
IFN-� and IL-4 measurements of supernatants were performed by a
Fluorescent Bead Immunoassay (Bender MedSystems, Vienna, Aus-
tria) of pure spleen supernatants according to the manufacturer’s
instructions.

2.7. Detection of cytokine producing cells by ELISPOT

Anti-IFN-� (4 �g/ml) coated ELISPOT plates (Millipore, Bedford,
MA, USA) were washed with PBS and blocked with PBS/2% dry milk
powder (DMP) for 2 h at RT.

At the day of sacrifice, spleens were harvested and cells were
cultured at a density of 2 × 105 cells/well with rPhl p 5 (20 �g/ml)
at 37 ◦C, 7% CO2 o.n. Plates were washed with PBS/0.1% Tween-20.

Biotinylated anti-IFN-� antibodies (2 �g/ml in PBS/1% BSA) were

added and the plates were incubated at RT for 2.5 h. Plates were
washed again and incubated with streptavidin-PE (1:1000 I PBS/1%
BSA) for 2 h at RT. Cytokine-producing cells per 2 × 105 seeded cells
per well were detected by adding 3-amino-9-ethylcarbazole (AEC)
substrate according to the manufacturer’s instructions.
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Fig. 3. Phl p 5-specific IgG antibody responses after i.d. and gene gun immuniza-
tion. (A) i.d. immunization of DNA mimotope constructs pCMV-F1 and pCMV-F1/Tet
induced significantly higher Phl p 5-specific IgG responses after the third immuniza-
tion (day 22) compared to injection of negative control pCMV-mock. Immunization
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significantly higher IgG1 compared to IgG2a levels indicating a bias
towards a Th2 response (Fig. 4B). Mice immunized via gene gun
with pCMV-F1/Tet rendered significantly higher IgG2a levels com-
pared to pCMV-F1.
ith pCMV-P5 served as positive control. (B) Gene gun immunization with both
NA mimotope constructs after the fourth immunization (day 73) revealed 10-fold
igher IgG levels than i.d. administration.The induction of IgG was highly specific in
omparison to treatment with pCMV-mock. *P < 0.05, **P < 0.01.

.8. Statistical analysis

Statistical comparison between groups was performed by the
ann Whitney-U test, using the software SPSS (version 14.0 for
indows). Differences were considered statistically significant at

-values < 0.05.

. Results

.1. Mimotope-DNA induces allergen-specific immune responses
n i.d. and gene gun immunized BALB/c mice

To prove the mimicry potential of the mimotope constructs
CMV-F1 and pCMV-F1/Tet, mice were immunized—either intra-
ermally (i.d.) or by biolistic gene transfer. Sera of mice immunized
ith the mock vector, i.e. a construct lacking the mimotope as
ell as the Tet gene (pCMV-mock), served as negative control.

ntradermal immunization with the gene of the entire Phl p
-allergen (pCMV-P5) elicited a significant increase of the allergen-

pecific total IgG response already after two injections, as observed
rom sera of day 15 (P < 0.01). Three injections with both mimo-
ope constructs were needed to induce a significant antibody
esponse (P < 0.05), as analyzed in sera from day 22, although
ith 100-fold lower titres than with the allergen-encoding con-
Letters 122 (2009) 68–75 71

struct. Coexpression of the tetanus toxin helper epitope did
not increase the immunogenicity of the mimotope DNA vaccine
(Fig. 3A).

As depicted in Fig. 3B, four gene gun immunizations with the
mimotope constructs rendered a tenfold higher titre of Phl p 5-
specific IgG antibodies than i.d. treatment. However, a single shot
of the Phl p 5 DNA via gene gun (serum from day 15) was already
sufficient to reach a significantly elevated level of allergen-specific
IgG compared to all other groups.

3.2. Intradermal injection or epidermal gene gun application
differently polarize T-helper cell responses against the mimotopes

The induced antibody response was analyzed in more detail with
regard to IgG1 and IgG2a levels (Fig. 4). Intradermal immunization
with the vector encoding the entire gene of Phl p 5, pCMV-P5 was
most effective in inducing Phl p 5-specific IgG1 and IgG2a (Fig. 4A)
as seen in sera taken at day 22. The mimotope-DNA constructs
pCMV-F1 and pCMV-F1/Tet induced comparable levels of anti-Phl
p 5 IgG1 and IgG2a (Fig. 4A) with the IgG1 titre being lower in the
pCMV-F1/Tet treated mice.

Four gene gun immunizations with all three constructs induced
Fig. 4. Phl p 5-specific IgG1 and IgG2a antibody subclass responses after vaccina-
tions. (A) Sera of mice from day 22 after three intradermal immunizations with all
three constructs (pCMV-F1/Tet, pCMV-F1, or pCMV-P5) rendered similar tires of IgG1
and IgG2a antibodies. (B) Mice receiving four times particle bombardment by gene
gun showed higher IgG1 levels in all three DNA immunized groups (B). **P < 0.01.
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Fig. 5. Functional IgE antibodies measured by RBL cell mediator release assay. (A)
rPhl p 5 protein, but none of the mimotope-DNA constructs pCMV-F1 and pCMV-
F1/Tet induced significant Phl p 5-specific IgE synthesis after i.d. immunization. (B)
In contrast, gene gun injection triggered IgE induced �-hexosaminidase release in
all experimental groups. Results are presented as relative percentage of total �-
hexosaminidase released after addition of 10% Triton X-100. Samples showing more
than 3-fold deviation from the end of the box were defined as extremes and marked
with numbers and circles. Numbers represent sample numbers in the order given
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Fig. 6. Number of IFN-� producing cells. Spleen cells of immunized mice were cul-
tured on ELISPOT plates coated with anti-IFN-� antibodies and stimulated with rPhl
p 5. IFN-� secreting cells could not be detected in the mimotope groups pCMV-F1
and pCMV-F1/Tet, neither after i.d. (A) nor after gene gun immunization (B). Only
i.d. immunization with the construct encoding the entire gene pCMV-P5 resulted in
IFN-� production upon rPhl p 5-stimulation. In the gene gun treated group, only a
few IFN-� expressing cells were detected, probably due to the Th2-biased immune
y the statistical program used. *P < 0.05, **P < 0.01.

.3. Gene gun but not i.d. immunization with mimotope genes
riggers production of functional IgE

To investigate whether genetic immunization with mimotopes
nduces IgE antibodies which can be cross-linked by the recom-
inant allergen, a rat basophilic leukemia cell release assay was
erformed. RBL-2H3 cells were passively sensitized with sera
iluted 1:100 from mice immunized either i.d. or by particle bom-
ardment. Subsequent cross-linking was performed with rPhl p 5.

gE-containing sera of mice immunized s.c. with rPhl p 5 served as

ositive control [24], whereas. i.d. injection of both mimotope gene
accines or the entire gene of Phl p 5 did not induce detectable
gE antibody levels (Fig. 5A). In contrast, gene gun immunization
nduced functional, although variable IgE antibody levels in all
roups (Fig. 5B).
response after the immunization. Samples with signals showing more than 1.5-fold
interquartile range deviation from the end of the box were defined as outliers and
marked as circles. Numbers represent sample numbers in the order given by the
statistical program used.

3.4. Allergen mimotope gene vaccines do not stimulate
allergen-specific T-cells

The capacity of the DNA constructs to stimulate allergen-specific
T-cells was tested by measuring the production of IFN-� and IL-4
from splenocytes of immunized mice. To determine the number of
IFN-� producing spleen cells of the animals, an ELISPOT assay was
carried out. Neither i.d. nor gene gun immunization with the mimo-

tope constructs resulted in T-cell stimulation and IFN-� release
upon allergen stimulation. Significantly increased numbers of IFN-
�-producing cells (Fig. 6A and B), and increased levels of IFN-� in the
supernatants of stimulated splenocytes (Fig. 7A and B) were only
detected in mice immunized with the construct encoding the entire
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Fig. 7. IFN-� levels in supernatants of stimulated spleen cells. Spleen cells of immu-
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Fig. 8. IL-4 levels in supernatants of stimulated spleen cells. Spleen cells of immu-
nized mice were stimulated with rPhl p 5 for 48 h. IL-4 secretion was only induced
in the group immunized with the gene vaccine encoding the allergen (pCMV-P5)
after gene gun immunization. No IL-4 production was observed after intradermal
immunization with all of the constructs.

Fig. 9. Allergen-specific blocking antibodies. Antibodies with the potential to bind
rPhl p 5 and thus inhibit the cross-linking of sensitized mast cells were measured by
ized mice were stimulated with rPhl p 5 for 48 h. IFN-� secretion was only observed
n spleen cell supernatants from the group immunized with the gene vaccine encod-
ng the allergen (pCMV-P5) after i.d. (A) and gene gun immunization (B). **P < 0.01,
**P < 0.001.

hl p 5, which contained all relevant T-cell epitopes of the allergen
P < 0.001 to the i.d. group, P = 0.002 to the gene gun group).

IL-4 production could also be detected in mice immunized with
he DNA encoding the recombinant allergen Phl p 5, treated by
ene gun bombardment. Levels of all other groups were below the
etection limit (Fig. 8).

.5. Antibodies induced by allergen mimotope DNA act as
locking antibodies
Due to their ability to bind allergen in a specific manner (as
emonstrated in Fig. 3), the anti-mimotope antibodies should be
ble to block the binding of allergen to allergen-specific IgE on mast
ells or basophils. This was tested in an RBL-inhibition assay using
ooled sera from mice immunized intradermally with mimotope
a �-hexosaminidase release inhibition assay. Cell release was significantly reduced
by preincubation of rPhl p 5 with anti-mimotope (raised i.d. with pCMV-F1) or anti-
Phl p 5 sera (raised i.d. with pCMV-P5) diluted 1:20 before addition to the sensitized
RBL cells. *P < 0.05, **P < 0.01.

gene vaccine pCMV-F1, a gene vaccine encoding the recombinant
allergen Phl p 5 (pCMV-P5), or preimmune sera. The results in Fig. 9
show that preincubation of allergen with pooled sera of mice immu-
nized with Phl p 5 DNA or mimotope-DNA significantly inhibited
(P < 0.01 and P < 0.05, respectively) the IgE cross-linking capability
of the allergen.

4. Discussion

Previously, we were able to define decameric peptides as IgE-
epitope mimics (mimotopes) of grass pollen allergen Phl p 5.
In these studies, the potential of protein-based mimotopes for
allergy immunotherapy was demonstrated by the induction of anti-
mimotope antibodies in BALB/c mice which were co-reactive with
Phl p 5 [3].

The similarity between mimotopes and B-cell epitopes con-

cerns the three-dimensional structure and the distribution of the
electrostatic charges, but mimotopes do rarely share sequential
homologies with the antigen they mimic [26]. In the context of
allergy treatment, this feature might be interesting, as a mimo-
tope vaccine could promote the stimulation and expansion of
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re-existing allergen-specific B-cells, but simultaneously prevent
ctivation of allergen-specific T-cells. This might be advantageous
s it is known that allergen-specific T-cells may act proinflamma-
ory in late phase reactions [27]. Indeed, in the present study the in
itro analysis of Th1 associated IFN-� production and Th2 associ-
ted cytokine IL-4 from murine spleens confirmed this hypothesis,
ecause immunization with mimotope gene vaccines did neither
timulate proliferation nor cytokine production of allergen-specific
-lymphocytes.

The safety concerns with respect to possible anaphylactic risks
or protein-based immunotherapies of allergy are an issue that

ight be addressed by applying mimotopes. Mimotopes induce IgG
ntibodies which are B-cell epitope-specific [5], thereby avoiding
ensitization against neo-epitopes and an amplification of the IgE
esponse during immunization. Moreover, the inhibition of the IgE
llergen interaction by virtue of their blocking capacity has been
hown [8,28]. On the other hand the potency of DNA vaccines to
ounteract the IgE class switch by inducing IFN-� producing CD4+ or
D8+ T-cells has yielded promising results in the field of allergy [15].
onsequently, we attempted here to combine the specific features
f genetic immunization with the beneficial effects of mimotopes.

Gene vaccines have been introduced into animal tissue by
everal different routes, the most abundant being intradermal,
ntramuscular or biolistic gene transfer. The latter has been sug-
ested to induce a Th1 milieu with 100–1000 times less amount of
NA than intramuscular injection [29]. However, gene gun bom-
ardment was questioned for allergen immunotherapy by several
tudies [22,30–33].

The aim of this study was to incorporate the sequence of a pre-
iously identified peptide mimotope of Phl p 5 into a eukaryotic
xpression vector, the whole construct being designated pCMV-
1. The introduced minigene encoding the mimotope peptide was
used to the pIII phage molecule relevant for the display of mimo-
opes during their selection. This strategy intended to stabilize the
hree-dimensional structure of the mimotope exactly in the way
t was selected during the biopanning procedure in context with
hage protein pIII [34]. PIII could further act as a carrier protein sup-
orting T-cell bystander help, which has been postulated already

n the 1980s [35]. As the mimotope per se is composed of only 10
mino acids and has been shown so far only to induce immune
esponses when coupled to a carrier [5], further T-cell help had to
e provided. The results actually demonstrated that the size of the
imotope-pIII construct being 416 amino acids was sufficient to

nduce an immune response, which could not be further enhanced
y the addition of a promiscuous T-cell epitope from tetanus toxin.
ntradermal but not gene gun immunization with mimotope-DNA
nduced blocking IgG antibodies without triggering IgE production,

hich was demonstrated in a functional test, the RBL-assay. Gene
un-mediated transfer delivers DNA more efficiently into cells by
epositing DNA coated beads within the cytoplasm, thereby leading
o a higher transfection rate than does direct needle injection [36].
ow this may impact IgE synthesis, remains to be answered. Our
ata confirm results questioning the applicability of gene gun bom-
ardment for allergen immunotherapy by several studies [20–22].
hus, intradermal injection only eliciting IgG1 and IgG2a, but no
gE antibodies, is the preferred route also for the mimotope gene
accine. The induced IgG antibodies also proved to have block-
ng activity by preventing allergen mediated cross-linking of IgE
ound via Fc�RI to effector cells. The type of the immune response

nduced by different application routes thus gives an important
int for future applications, e.g. administration of mimotope-DNA
n therapeutic settings.
From our data we conclude, that the mimotope gene-vaccine has

imicry potential of a major IgE epitope of the grass pollen allergen
hl p 5. More importantly, the Th1-biased intradermal applica-
ion of the mimotope-DNA induced an efficient immune response

[
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comprising blocking IgG antibodies, simultaneously avoiding IgE
expansion and stimulation of allergen-specific T-cells. Based on
our data we suggest that the mimotope technology in context with
gene vaccination represents a promising novel option for epitope-
specific allergen immunotherapy.
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