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Basic and clinical immunology

Prophylactic and therapeutic intervention in
IgE responses by biolistic DNA vaccination
primarily targeting dendritic cells
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Background: Allergen gene transfer represents an alternative

approach to specific immunotherapy with allergen extracts.

Gene gun–mediated DNA immunization with plasmid vectors

expressing a transgene under control of the promoter of

the fascin gene (pFascin) allows for antigen production

predominantly by dendritic cells and resulted in the generation

of CD81 cytotoxic T lymphocytes as well as in the development

of a type 1 immune response.

Objective: We compared the in vivo efficiency of biolistic

transfection with pFascin and plasmids containing the cytomegal-

ovirus promoter (pCMV) in a mouse model of type I allergy.

Methods: BALB/cmicewere sensitizedwith themodel allergenb-

galactosidase to induce a distinctive type 2 immune response. The

effect of prophylactic as well as therapeutic biolistic transfection

with b-galactosidase–encoding plasmids on the development of

antibody titers was followed, and anaphylactic potential of sera

was determined. Spleen cells were stimulated in vitro to analyze

cytokine production and induction of CD81 effector T cells.

Results: Protective allergen gene transfer with pFascin

efficiently prevented specific IgE production accompanied by

immune deviation toward a TH1-polarized immune response as

well as by the induction of IFN-g–producing CD81 effector

T cells, being comparable to vaccination with pCMV. In a

therapeutical setting, biolistic DNAvaccination with pFascin or

pCMV transiently protected allergen-sensitized mice against

the strong increase in specific IgE production caused by

subsequent allergen challenge.

Conclusion: We demonstrate for the first time that restricting

transgene expression primarily to dendritic cells after DNA

vaccination suffices to cause inhibition of IgE production

prophylactically and therapeutically. (J Allergy Clin Immunol

2006;117:196-203.)
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Allergen gene transfer represents a promising alterna-
tive to the current protein-based desensitization protocols
used in specific immunotherapy, to date the only curative
treatment of allergy. Since the first description that vac-
cination with antigen-encoding DNA is effective in the
inhibition of specific IgE antibody synthesis,1 several clin-
ically relevant allergens2-14 or their antigenic epitopes15-17

have been analyzed in animal models of DNA immuniza-
tion with regard to their expression and immunogenicity.
Allergen genes have been applicated as naked plasmid
DNA on various routes, mainly by intramuscular or intra-
dermal injection,2-7,9-17 but also by biolistic transfection
via the gene gun5,8 or as plasmidDNA-polymer complexes
by oral delivery.18,19 However, the efficiency of allergen
gene transfer for the purpose of the treatment of allergic
sensitization was variable. Prophylactic DNA immuniza-
tion by injection has frequently been reported to be effec-
tive in inhibiting specific IgE production.1,2,5-7,9,15-17

In contrast, curative DNA vaccination with allergen-
encoding vectors for the suppression of already established
IgE immune responses has been rarely documented to be
successful1,10,17 or was reported to be inefficient.6,20

Dendritic cells (DCs) as professional antigen-presenting
cells (APCs) are of crucial importance for the initiation
of transgene-specific immune responses by all methods
of DNA delivery because of their primary stimulatory
capacity.21 Maturing and mature DCs are the only hema-
topoietic cells that express the actin-bundling protein
fascin.22-24 Expression of fascin in nontransformed cell
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types other thanDCs is restricted to neuronal tissues, endo-
thelial cells, and, possibly, follicular DCs.25,26We demon-
strated that the activity of the promoter of the human fascin
gene reflects the endogenous fascin production, being
high inCD831matureDCs andmoderate in neuronal cells,
but negligible in CD832 immature DCs, monocytes,
and HaCaT keratinocytes.27 Furthermore, we have shown
that cutaneous biolistic transfection of mice with reporter
gene constructs containing the promoter of the murine
fascin gene as regulatory element (pFascin) allowed for
transgene expression and antigen synthesis focused to
skin-derived DCs, but not to keratinocytes or fibroblasts
in epidermis/dermis.28 Gene gun–mediatedDNA immuni-
zation of mice with pFascin resulted in the induction of
substantial numbers of CD81 cytotoxic T lymphocytes
(CTLs) as well as in the development of a type 1 immune
response, which was characterized by high frequencies
of IFN-g–producing TH cells both in spleen and draining
lymph nodes (LNs) and a predominance of specific
IgG2a in the humoral response.29 In contrast, administra-
tion of plasmid constructs with the ubiquitously active cy-
tomegalovirus immediate early promoter (pCMV) resulted
in a strongly enhanced formation of antibodies, yielding
higher levels of IgG1 than IgG2a.29 Furthermore, we
observed a dominance of IFN-g–producing TH cells in
the spleen, but large numbers of IL-4–producing TH cells
in the draining LN.29

We recently reported that in a mouse model of type I
allergy, specific IgE production induced by repeated
intraperitoneal immunization with low doses of the model
antigen b-galactosidase (bGal) adsorbed to the adjuvant
aluminium hydroxide (alum) was considerably reduced
by prophylactic biolistic transfection with pCMV.30 Given
the differences in immune responses elicited by par-
ticle bombardment with pCMV and pFascin, respectively,
we examined the efficiency of gene gun–mediated DNA
vaccination with pFascin to modulate IgE responses in
comparison with DNA vaccination with pCMV. In ad-
vancement of our previous work, we show that gene gun–
mediated DNA vaccination with pFascin, resulting in
transgene expression focussed primarily to DCs by means
of transcriptional control, is sufficient to exert effective
suppression of IgE responses in a prophylactic setting,
comparable to vaccination with pCMV. Furthermore, we
show for the first time that therapeutic biolistic application
of both the conventional vector and the DC-targeting plas-
mid to antigen-sensitizedmice inhibits the boost in specific
IgE production triggered by subsequent provocation with
antigen.

METHODS

Mice and immunization protocol for
induction of IgE production

BALB/c mice were bred and maintained in the Central Animal

Facilities of the University of Mainz in specific pathogen-free

conditions on a standard diet. The ‘‘Principles of Laboratory

Animal Care’’ (National Institutes of Health publication number

85-23, revised 1985) were followed. The experiments were approved
by the Ethics Commission according to the German Law on the

Protection of Animals. Female BALB/c mice, 6 to 8 weeks of age

at the beginning of the experiments, were sensitized by intraperitoneal

injection of 1 mg recombinant bGal (Sigma-Aldrich, Deisenhofen,

Germany), dissolved in 100mLPBS and adsorbed to an equal volume

of Imject Alum (Pierce, Rockford, Ill) as adjuvant according to the

manufacturer’s instructions. Immunizations were repeated several

times as indicated in intervals of 2 weeks.20

Plasmid vectors and DNA vaccination
protocols

The construction of plasmid vectors encoding the transgenes

bGal or enhanced green fluorescent protein (EGFP) under control

of the fascin promoter (pFascin-bGal) and the CMV promoter

(pCMV-bGal, pCMV-EGFP), respectively, has been described in

detail previously.27 Purification of the plasmids was conducted by

using the GenElute endotoxin-free plasmid purification kit (Sigma-

Aldrich) according to the manufacturer’s instructions. Plasmid

DNA was precipitated in ethanol, resuspended in pyrogen-free

water, quantified by using a spectrophotometer, and stored at220�C.
Endotoxin levels in plasmid preparations were <20 EU/mg DNA as

determined by Limulus amoebocyte lysate assay (BioWhittaker,

Walkersville, Md).

Genetic immunization was performed by biolistic transfection of

4 mg plasmid DNA using the helium-driven Helios gene gun system

(Bio-Rad, Munich, Germany) or by intradermal injection of 100 mg

plasmid DNA intrapinna as described.30

Determination of serum antibody titers

At various times of the immunization period, mice were bled by

puncture of the retro-orbital plexus. Sera were collected and frozen at

220�C until thawed for determination of bGal-specific IgG1, IgG2a,

and IgE by antigen capture ELISA as reported.20 The antibody titer

was defined as the reciprocal serum dilution yielding an absorbance

reading of OD 5 0.2 after linear regression analysis. Contents of

IgG1, IgG2a, and IgE in serum samples were standardized by using

high titer reference sera.

ELISPOT assay for enumeration of IFN-g
producing CD81 effector T cells

At the end of the experiments, mice were killed by cervical

dislocation, and single cell suspensions of spleen and draining

mesenterial LN were prepared as described.30 The frequency of

CD81 effector T cells among spleen cells recognizing the H-2Ld-

binding bGal-derived nonamer peptide TPHPARIGL (bGal876-884;

Sigma-Aldrich) was determined by an ELISPOT assay as de-

scribed.20 Spots were counted and evaluated by using the EliSpot

Reader System (AID, Straßberg, Germany).

Determination of cytokines in
culture supernatants

Splenocytes or LN cells (5 3 106/well) were incubated for 72

hours on 24-well tissue culture plates (Corning Costar, Bodenheim,

Germany) in a volume of 1 mL culture medium with or without

recombinant bGal (25 mg/mL). Cytokines were quantified in culture

supernatants by using a sandwich ELISA performed after a standard

procedure as described previously.29

Statistical analysis of data

Statistical evaluation of the experimental data was performed

by Student t test using SigmaStat software (Systat Software Inc,

Richmond, Calif). Statistically significant differences (P < .05)
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FIG 1. Immunoglobulin production following prophylactic vaccination. A, Mice (n 5 4) were vaccinated by 5

biolistic transfections (closed arrows) with the indicated plasmids or left untreated (control) before sen-

sitization with bGal/alum (open arrows). Data represent mean bGal-specific immunoglobulin levels in sera.

B,Mice (n5 3) were vaccinated biolistically (g.g.) or intradermally (i.d.) 3 times with plasmids or left untreated

(control) before sensitization with bGal/alum (day 0). Data represent mean bGal-specific IgE levels 6 SDs

on day 61. C, Mice (n 5 3-4) were vaccinated at the indicated time points by a single biolistic transfection

with pFascin-bGal or left untreated (control) before sensitization with bGal/alum (day 0). Data represent

bGal-specific IgE levels of individual mice on day 63; mean levels are depicted as bars. *P < .05; **P < .01;

***P < .001.
between control groups and experimental groups are designated by

asterisks.

RESULTS

Analysis of reporter gene expression in vivo 14 to 18
hours after biolistic transfection of abdominal skin of
BALB/c mice with pFascin-bGal revealed no production
of bGal in the epidermis, in contrast with bombardment
with pCMV-bGal yielding extensive transgene expres-
sion.30 Only very few bGal-positive cells were observed
in serial skin sections, mainly located in deeper layers of
the dermis not penetrated by gold particles (see this article’s
Fig E1, A, in the Online Repository at www.jacionline.
org). Also, single bGal-producing cells were identified
in the draining inguinal and axillary LNs (see this article’s
Fig E1, B, in the Online Repository at www.jacionline.
org). We have previously shown by using the EGFP
reporter gene that these cells represent Langerhans cells
having emigrated from the skin to the regional LN.27

In contrast with intraperitoneal immunization with
bGal/alum, inducing a characteristic TH2 response and
high bGal-specific IgE titers,20,30 gene gun–mediated
DNA immunization with pFascin-bGal elicited only little
production of IgE, being tendentiously lower than in mice
immunized with pCMV-bGal (see this article’s Fig E2, A,
in the Online Repository at www.jacionline.org). Consis-
tent with these data, sera recovered from mice injected
with bGal/alum showed high anaphylactic potential in a
rat basophil leukemia (RBL)–2H3 basophil degranulation
assay in vitro, whereas sera from mice treated with pFas-
cin-bGal or pCMV-bGal exhibited only weak capacity to
trigger b-hexosaminidase release from RBL-2H3 cells
(see this article’s Fig E2, B, in the Online Repository at
www.jacionline.org).

To compare the effect of prophylactic genetic vaccina-
tion with pFascin-bGal and pCMV-bGal, respectively,
on the development of a subsequent antigen-specific IgE
response, BALB/c mice were pretreated with plasmid
DNA for various times and on different routes before
immunization with bGal/alum. Fig 1, A, shows the kinet-
ics of antibody production in mice vaccinated 5 times at
weekly intervals with pFascin-bGal, pCMV-bGal, or
the control vector pCMV-EGFP, coding for an irrelevant
antigen, and subsequently sensitized with bGal/alum.
Whereas nonvaccinated control mice established substan-
tial IgE production, animals vaccinated with pFascin-bGal
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FIG 2. Cytokine production. Mice were vaccinated biolistically (g.g.) or intradermally (i.d.) and sensitized as

described in Fig 1, A or B. Splenocytes and mesenterial LN cells, prepared after the fifth to sixth sensitization,

were cultured with bGal-protein. Cytokines were quantified in duplicates in pooled culture supernatants.

Data represent means 6 SDs of relative cytokine content in cultures of experimental groups (compared

with control) obtained in 2 to 4 independent experiments. *P < .05; **P < .01; ***P < .001.
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like pCMV-bGal exhibited considerably suppressed
IgE titers at the end of the immunization period. The inhib-
itory effect of DNA vaccination was antigen-specific,
because bGal-specific IgE titers in mice vaccinated with
pCMV-EGFP and thus displaying EGFP-specific IgG pro-
duction (data not shown) were not significantly different
from those of nonvaccinated mice. Animals vaccinated
with the 2 bGal-encoding plasmids showed an extensive
induction of bGal-specific IgG1 and IgG2a immediately
after boosting with bGal-protein (Fig 1, A), which was
probably a result of the activation of memory B cells
originating from the primary response after biolistic trans-
fection. This assumption is supported by the fact that
the isotype pattern after the first immunization with
bGal/alum reflected the isotype pattern initially induced
by DNA vaccination: IgG2a titers were higher in mice
primedwith pFascin-bGal,whereas vaccinationwith pCMV-
bGal provoked stronger IgG1 secretion after protein
challenge. During the further course of sensitization with
bGal/alum, gene gun–mediated DNA vaccination modu-
lated the IgG response by promoting IgG2a production
but inhibiting IgG1 formation in comparison with control
mice.

In another experimental setting, we compared the effect
of different routes of DNA vaccination on the develop-
ment of the IgE response, namely biolistic transfection via
the gene gun and intradermal injection into the ear pinna
(Fig 1, B). Prophylactic vaccination with pFascin-bGal
resulted in strong reduction of bGal-specific IgE synthesis
for both modes of application, being slightly but not
significantly more pronounced than after DNA vaccina-
tion with pCMV-bGal. The mean inhibition of IgE pro-
duction determined in several independent experiments
after biolistic transfection with pFascin-bGal (n 5 11
experiments) and pCMV-bGal (n 5 8 experiments) was
87.8% 6 11.0% (ranging from 65.0% to 96.2%) and
80.0% 6 12.9% (ranging from 57.5% to 95.8%),
respectively. Furthermore, sera from control mice solely
immunized with bGal/alum as well as sera frommice vac-
cinated with the irrelevant vector pCMV-EGFP induced
considerable antigen-specific basophil activation (see
this article’s Fig E3 in the Online Repository at www.
jacionline.org). In contrast, concurrent with the ELISA
data sera from mice that had been vaccinated with the
2 bGal-encoding plasmids triggered significantly lower
degranulation by RBL-2H3 cells.

In addition, we investigated whether a single prophy-
lactic vaccination with pFascin-bGal is sufficient in the
prevention of IgE production. In fact, bGal-specific IgE
titers were significantly reduced in the majority of the
vaccinated animals provided that the vaccination took
place at least 2 weeks before the immunization with bGal/
alum (Fig 1, C). However, individual mice were not or
only partially protected against the development of the
IgE response, suggesting that a single application was
not completely reliable to protect from an IgE response.

To elucidate the reasons for the inhibitory effect ofDNA
vaccination with pFascin-bGal on IgE production, we
compared controlmice and vaccinatedmicewith respect to
the typeof theTH immune response aswell as themagnitude
of CTL induction. Analysis of cytokine production of
spleen and mesenterial LN cells, stimulated in vitro with
bGal, revealed a general reduction in the production of the
TH2-associatedcytokines IL-4, IL-5, and IL-13 after prophy-
lactic vaccination with bGal-encoding plasmids, but not
with pCMV-EGFP (Fig 2). At the same time, we observed
an enhancement in IFN-g synthesis by activated T cells
from mice vaccinated with pFascin-bGal and pCMV-
bGal, respectively, suggesting an induction of TH1 cells.

Furthermore, we analyzed MHC class I–rectricted
induction of CD81 effector T cells by using a modified
ELISPOT assay. The frequency of activated bGal-specific
CD81 T cells among splenocytes from mice solely immu-
nized with bGal/alum was low (Fig 3). In contrast, by
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prophylactic vaccination with pFascin-bGal, large num-
bers of CD81 effector T cells were recruited in immunized
mice. Furthermore, spleen cells from gene gun–vaccinated
mice but not control mice showed high MHC class I–
restricted cytolytic activity against bGal-expressing target
cells in a cytotoxicity assay (see this article’s Fig E4 in
the Online Repository at www.jacionline.org). The fre-
quency of CD81 effector T cells as well as the activity
of CTLs after biolistic transfection with pFascin-bGal was
in a comparable range to that of pCMV-bGal. Intradermal
vaccination with pFascin-bGal or pCMV-bGal induced
similar numbers of CD81 effector T cells as particle bom-
bardment with the respective plasmids (Fig 3).

To analyze whether therapeutic genetic vaccination
with pFascin-bGal has the potential to modulate an
established IgE response, we first sensitized BALB/c
mice by 2 or 3 repeated immunizations with bGal/alum,
which induced elevated bGal-specific IgE titers (Fig 4).
Afterward, mice were vaccinated by 2 periods of treatment
consisting of 5 and 3 weekly applications of pFascin-bGal
or pCMV-bGal via gene gun and intradermal injection,
respectively, intervened by a single immunization with
bGal/alum. During the course of vaccination, IgE titers
were not significantly different from titers of control
mice, which received no DNA immunization, suggesting
that genetic vaccination was not effective in the control
of ongoing IgE production. Challenge of the animals after
the second round of DNA vaccination by subsequent
injections of bGal/alum boosted IgE titers in untreated
mice as well as in mice vaccinated with the control vector
pCMV-EGFP (Fig 4, experiments 2 and 3). In contrast, in
mice vaccinated with pFascin-bGal and pCMV-bGal, the
strong increase in IgE titers was reduced. In the first exper-
iment, IgE titers were suppressed during the entire immu-
nization period with bGal protein, whereas in 2 out of 3
experiments, the inhibitory effect of biolistic transfection
with pFascin-bGal or pCMV-bGal was temporary, and

FIG 3. CD81 effector T cells. Mice were vaccinated and sensitized as

described in Fig 1, A and B. Frequencies of IFN-g producing CD81

effector T cells among pooled splenocytes, prepared after the fifth

to sixth sensitization, were determined in quadruplicates following

incubation with (closed bars) or without (open bars) a H-2Ld-

specific peptide. Data represent means 6 SDs of cell counts

obtained in 2 to 6 independent experiments. *P < .001.
IgE titers started to increase during the provocation phase
between the fourth to sixth immunization with bGal/alum.
The differential suppressive capacity of gene gun–medi-
ated vaccination on long-term IgE production observed
in the 3 experiments might be a result of the different
protocols applied for primary sensitization, being stronger
in experiments 2 and 3. As control for effective DNA vac-
cination, we performed intradermal injections of pCMV-
bGal, which in fact resulted in continuously decreased
IgE production in 2 experiments, but gave rise to increas-
ing IgE titers after the fourth provocation with bGal/alum
in experiment 3a. Moreover, we investigated whether the
inhibition of IgE production in the provocation phase
could be prolonged by intermediate vaccinations and
performed exemplarily 2 additional biolistic transfections
with pFascin-bGal (Fig 4, experiment 3b). On day 310 of
the immunization period, the IgE titers in these mice were
significantly different from IgE titers of animals without
additional vaccination (P < .05) and significantly reduced
in comparison with IgE levels of unvaccinated control
mice (P < .01).

DISCUSSION

In this study, we used a well characterized mousemodel
of type I allergy20 to evaluate the prophylactic and thera-
peutic capacity of DNA vaccination with a plasmid vector
that controls transgene expression by the fascin promoter
and thus transcriptionally targets antigen production pri-
marily to DCs for downregulation of antigen-specific IgE
production. As a novel finding, we demonstrate that gene
gun–mediated DNA vaccination with pFascin-bGal
inhibits bGal-specific IgE production as effectively as
the conventionally used pCMV vector.

It has been shown previously that prophylactic DNA
immunization is capable of attenuating specific IgE pro-
duction. This effect, however, could only be achieved after
intramuscular2,5,6,9,15,16 and intradermal1,7,17 inoculation,
respectively, of the DNA. Gene gun–mediated vaccina-
tion has been tested in a single publication by Toda
et al.5 The authors concluded that particle bombardment
with allergen-encoding DNA harboring the CMV pro-
moter did not suppress specific IgE synthesis, but even
enhanced the production of IgE and IgG1 after challenge
with the allergen. However, we recently reported long-
term suppressive activity of prophylactic gene gun–medi-
ated vaccination with pCMV-bGal on the outcome of the
specific IgE response after challenge with bGal-protein,30

which is in accordance with the finding by some investiga-
tors that biolistic DNA immunization elicits a mixed TH1/
TH2 response rather than a distinct TH2 response.

31 In the
current communication, we show that a single prophylac-
tic vaccination with pFascin-bGal sufficed to protect
the majority of mice from excessive bGal-specific IgE
production, initiated by subsequent immunization with
bGal-protein. The induction of the inhibitory mechanism
required a latent period from 7 to 14 days. This is in agree-
ment with data obtained by Adel-Patient et al9 showing a
significant decrease of IgE production by intramuscular
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FIG 4. IgE production following therapeutic vaccination. Mice (experiment 1: n 5 4-6; experiments 2 and 3:

n 5 4-8) were sensitized/challenged with bGal/alum (open arrows) and vaccinated biolistically (g.g.) or intra-

dermally (i.d.) with the indicated plasmids (closed arrows) as depicted. Control mice were left unvaccinated.

In experiment 3b, a group of mice (pFascin-bGal[1]) was vaccinated by 2 additional biolistic transfections

on day 250 and day 257. Data represent means of bGal-specific IgE levels. *P < .05; **P < .01.
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injection of pCMV only after a minimum interval of 14
days between genetic and protein immunization. By per-
forming 3 to 5 consecutive biolistic transfections with
pFascin-bGal, we achieved extensive and persistent inhi-
bition of IgE production, comparable to or even slightly
higher than the suppression observed after gene gun–
mediated vaccination with pCMV-bGal. The reduction was
similar to that determined after intradermal inoculation
of pCMV-bGal, a vaccination mode, which in the bGal
model system has been previously shown to be effective
in the downregulation of IgE production1 and thus repre-
sents the gold standard for our experiments. A reason for
the discrepancy between the conclusions drawn by Toda
et al5 and our data might be the use of different experi-
mental settings. Toda et al5 determined immunoglobulin
production solely at an early time point after treatment
of mice with the alum-precipitated allergen. On day 7 after
the second immunization with allergen/alum, specific IgE
production was augmented by a preceding DNA vaccina-
tion. In our experiments, there was also a slight increase in
bGal-specific IgE production after the first contact with
bGal/alum, but IgE levels were low after the fourth immu-
nization. Thus, it appears that the inhibitory effect of gene
gun–mediated DNA vaccination can be observed only at a
later time point in allergen immunization, suggesting that
prolongedmodulation of the immune response is required.

Simultaneous with the inhibition of IgE synthesis IgG1
production decreased on a long-term basis, whereas IgG2a
production was strongly enhanced. These findings suggest
that in animals vaccinated with pFascin-bGal, antigen-
specific immune deviation from a TH2-oriented to a TH1-
oriented immune response had occured. This conclusion
was supported by in vitro analysis of cytokine production
by CD41 T cells recovered from spleens and draining
LNs. This result is in line with data obtained by other
groups demonstrating successful prophylactic genetic
vaccination with pCMV1,6,7,9,15-17 when administered
intradermally or intramuscularly. Hence, the strong TH1-
promoting activity after gene gun–mediated vaccination
transcriptionally targeting DCs might account for the sup-
pressive capacity as well as the profound counterregula-
tory effects on the development of a TH2-polarized
immune response.

A further explanation that might account for the
efficient prevention of IgE production in mice vaccinated
with pFascin-bGal is the potent recruitment of IFN-g
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secreting CD81 effector T cells. It has been previously
shown that CD81 T cells, induced by DNA vaccination,
might possess inhibitory capacity for IgE produc-
tion.6,32,33 So far, it is not known whether these CD81

T cells mediate their suppressive function on IgE synthesis
only by the secretion of IFN-g or whether other mecha-
nisms play an important role, such as the induction of
IL-12 release fromDCs by an IFN-g–independent process
that consequently leads to TH1 polarization.

34 In addition,
the induction of regulatory T cells by DNA vaccination
and their relevance in the control of the IgE immune
response in the mouse model of type I allergy needs to
be investigated and is topic of ongoing experiments.

Contrary to successful preventive intervention before
the induction of allergic responses, ongoing and excessive
antigen-specific IgE production seems to be largely
refractory to therapeutical manipulation. Inhibition of an
established IgE response by injection of DNA was
reported only by a few groups.1,6,10,17 However, achieve-
ment of the suppressive effect was apparently dependent
on the strength of the immunization protocol used for prim-
ing. In our model of type I allergy, we chose an immuniza-
tion protocol withmultiple injections ofbGal/alum, which
induced strong and sustained specific IgE secretion and
thus resembled closely the clinical situation in patients
with allergy. In this therapeutic setting, we show for the
first time a distinct inhibitory effect of gene gun–mediated
vaccination with pFascin-bGal and pCMV-bGal after re-
challenging a pre-existing IgE response, but only marginal
impairment of ongoing IgE production. However, long-
term maintenance of the suppressed status by gene gun–
mediated DNA vaccination appears to be critical, because
perpetual challenge with bGal/alum led to increased IgE
titers in 2 out of 3 experiments, in which 3 immunizations
withbGal/alum instead of 2were used to increase the start-
ing level of IgE. In support of this notion, we exemplarily
demonstrated for biolistic transfection with pFascin-bGal
that additional intervening vaccinations during the provo-
cation phase with the intention to activate TH1 memory
cells prolonged the inhibition of IgE production.

In the current study, we have shown for the first time
that direct transfection of and thus selective allergen syn-
thesis primarily by DCs is sufficient to induce an immune
response, which provides inhibitory capacity in the mouse
model of type I allergy comparable to that induced by
pCMV. The use of pFascin has several general advantages
over the use of pCMV: (1) a nonviral promoter reduces
the risk of interference of viral elements; (2) limitation of
transgene expression mainly to DCs reduces the risk of
unfavourable and/or unforeseen immune reactions; toler-
izing effects that may result from transfection of other
cell types by constructs with ubiquitously active viral
promoters are excluded; and (3) restriction of transgene
expression predominantly to matured DCs as achieved by
the fascin promoter prevents tolerance induction known to
be associated with antigen presentation by immature DCs.
In conclusion, the approach of transcriptionally targeting
DCs using the fascin promoter to focus endogenous
antigen production preferentially to primary stimulatory
APCs represents an alternative strategy for immunomo-
dulation and might provide new opportunities for allergen
immunotherapy.
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