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DNA vaccination is discussed as having the potential of improving therapy of type I allergies. A mouse model was used to in
he effect of DNA vaccination against sensitisation with the clinically relevant Phl p 5b major allergen from timothy grass poll
mmunoprophylactic experimental setup. Pre-treating the mice with Phl p 5b-DNA-construct significantly inhibited the production o
gE and IgG1 antibodies and prevented the development of a lung pathology associated with inflammation. Thus, immunoprophy
n expression vector containing the Phl p 5b sequence totally prevented the emergence of characteristics associated with type
hronic bronchitis.
2005 Elsevier Ltd. All rights reserved.
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. Introduction

Grass pollen is one of the most frequent and potent elic-
tors of type I allergy worldwide and it has been reported
hat at least 40% of type I allergic patients are sensitised
gainst grass pollen allergens[1]. Since hypersensitivity
gainst these aeroallergens is an accepted major risk factor

or asthma the development of therapeutic strategies against
llergic diseases resulting from exposure to the major aller-
ens of grass at an early stage is a goal to aim for. Dur-

ng specific immunotherapy (SIT) small but increasing doses
f allergen extracts are subcutaneously injected in order to
chieve a state of tolerance to subsequent allergen exposure.
lthough SIT is the only known curative treatment for pa-

∗ Corresponding author. Tel.: +49 4537 188413; fax: +49 4537 188627.
E-mail address:useitzer@fz-borstel.de (U. Seitzer).

tients suffering from type I allergy to airborne allergens[2] the
application of allergen extracts bear the risk of inducing
lergic reactions and anaphylactic shock[3,4]. Thus, researc
is focused on new approaches to provide a safer and
efficient form of specific immunotherapy. DNA vaccinati
first described in 1990 by Wolff et al.[5], induces a stron
Th1-mediated immune response against the encoded
and is thus discussed as a means to protect against
disorders[6–13]. Immunostimulatory DNA sequences (e
CpG) in the vectors used are involved in evoking a pred
inant Th1-mediated immune response and thus in inhib
a subsequent sensitisation with an allergen by weaken
Th2-mediated immune response[7,8]. These motifs can b
administered in different ways, encoded with either an
lergen complementary DNA sequence for production o
allergen protein in the host[6], given alone[14,15]or togethe
with the allergen[16].
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The major allergenic components of grass pollen belong to
the grass groups I and V allergens. The timothy grass (Phleum
pratense) pollen major allergen Phl p 5b is responsible for
90% of the allergenic activity found in grass pollen sensitised
patients[17] and is an aeroallergen which has no posttrans-
lational modifications[18,19]. In this study a mouse model
was used to investigate whether allergen-encoding DNA ap-
plied in a prophylactic approach could influence the immune
response to subsequent sensitisation using Phl p 5b as a clin-
ically relevant allergen. Previous investigations had demon-
strated that mice develop hypersensitivity reactions highly
analogous to the situation in human patients with respect
to IgE reactivity against the major allergens ofP. pratense
pollen extract[20], whereby Phl p 5b proved to be the most
dominant allergen as assessed by kinetics of specific IgE pro-
duction[21]. To mimic the human corollary sensitisation pro-
cess more closely, treatment of the animals with allergen was
performed without aluminium hydroxide (AlOH3; alum) as
adjuvant for a Th2-mediated immune response. The study
documents that immunoprophylaxis could inhibit the pro-
duction of Th2-associated immunoglobulins and the appear-
ance of pathologic alterations in the lung resembling chronic
bronchitis.
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p 5b plasmid DNA was determined with the Chromogenix
Coatest Endotoxin Limulus Assay Kit (Haemochrom Diag-
nostika GmbH, Essen, Germany) and was found to be below
22.4 pg/ml resulting in less than 2.7 pg in the volume injected
per mouse. This is below the level that affects cytokine acti-
vation in cell culture[22].

2.2. Expression control of pCI/phl p 5b in 3T3 mouse
fibroblast cells

Isolated plasmid DNA was added to 100�l Dulbecco’s
Modified Eagle Medium (DMEM, Gibco BRL, Eggenstein,
Germany), mixed with 10�l Metafectene (Biontex, Munich,
Germany) in 90�l DMEM and incubated at room tempera-
ture for 20 min. The mixture was then added to 5× 105 3T3
fibroblast cells growing on microscope slides and incubated
at 37◦C/5% CO2 for 24 h before immunohistologic analysis
(see below). Treatment of animals was performed only after
the expression of Phl p 5b by pCI/phl p 5b transfected 3T3
fibroblast cells could be confirmed (data not shown).

2.3. Animals

Female 8–10-week-old BALB/c mice were purchased
from Charles River Laboratories (Sulzfeld, Germany). The
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. Materials and methods

.1. Construction of DNA immunisation vectors

An 891 bp fragment was amplified fromP. pratensecDNA
y PCR. The sequences of the 5′ and the 3′ primers were
′-GCGCGCACGCGTATGGCCGATGCCGGCTACGCC
′ (MluI restriction site underlined) and 5′-GCGCGCTC
AGAACACATACCGTACAGTAGTATG-3′ (XbaI restric-
ion site underlined) respectively, encompassing the e
hl p 5b sequence. The PCR product was digested withMluI
ndXbaI and cloned into the mammalian expression ve
CI (Promega, Mannheim, Germany) at the correspon
ites. The sequences of the construct were verified usi
biPrismTM Genetic Analyser (Perkin-Elmer, Norwa
SA). Plasmid propagation was performed inEscherichia
oli XL1-Blue strain (Stratagene, La Jolla, USA).

Endotoxin-free plasmid purification was done using
ndoFree Plasmid Mega Kit (Qiagen, Hilden, Germa
ccording to the manufacturer’s instructions. The q

ty and quantity of DNA were analysed by absorption
60 and 280 nm and by agarose gel electrophoresis
PS/endotoxin content of every batch of pCI and pCI

ig. 1. Experimental set up of the immunisation and sensitisation str
era for the analysis of specific antibodies were taken at days marke
nimals were certified as pathogen and virus-free acco
o the supplier, were kept in a standard environment an
ith a maintenance diet and water ad libitum. Experim
ere performed according to the national animal protec
uidelines and were approved by the governmental auth
Animal Protection Authority of the Ministry of Environ
ent, Kiel, Germany).

.4. DNA vaccination and allergen sensitisation

Six groups of five BALB/c mice each were immunis
y six intradermal (i.d.) injections of 20�l each amountin

o a total of 5�g rPhl p 5b (Allergopharma, Reinbek, G
any), 50�g pCI, 100�g pCI, 50�g pCI/phl p 5b, or 100�g
CI/phl p 5b. These injections were performed at three d
nt time points (seeFig. 1), and the control group was trea
ith 6× 20�l of saline each time. The groups of mice w

ermed according to these stated types of pre-treatmen
ad received. A subsequent intraperitoneal (i.p.) sensitis
ith 200�l of saline or 5�g rPhl p 5b was performed at t

ime points indicated. All mice were challenged intranas
ith 5�g rPhl p 5b in 20�l saline. Mice were sacrificed
ay 139 to collect the lung for histological analysis.

rrow marks indicate the days on which mice were treated with DNAn.
oints.
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Tail vein blood samples were taken at seven different time
points according toFig. 1and aliquots of sera were frozen at
−20◦C until use.

2.5. Determination of antigen-specific IgE production
by Western blot

Recombinant Phl p 5b was separated by SDS-PAGE
(T= 15%,C= 4%) and blotted onto nitrocellulose (NC) mem-
branes with pore sizes of 0.2�m (Schleicher & Schuell,
Dassel, Germany). NC membranes were blocked with TBS-
Tween (TBS-T: 1 M Tris, 1 M NaCl, 25 mM MgCl2, pH 7.4,
0.05% Tween 20), cut into strips and incubated overnight at
room temperature with the respective 1:1000 diluted murine
sera. After washing with TBS-T antigen bound serum IgE
was detected with a horseradish peroxidase labelled rat
anti-mouse IgE monoclonal antibody (LO-ME-2, 1:1000,
Serotec, D̈usseldorf, Germany). Before adding the Lumi-
LightPlus Western Blotting Substrate (Roche, Mannheim,
Germany) blots were washed twice with TBS-T and TBS,
respectively. To determine the luminescence blots were ex-
posed for 120 s in a Chemi DocTM Documentation Sys-
tem (BioRad, Munich, Germany). Densitometric analy-
sis was performed using Quantity One Software (BioRad,
Munich Germany).
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added. After 30 min absorbance at 405 nm was read with Ex-
pert 96 (Asys Hitech GmbH, Eugendorf, Austria).

2.7. Lung histology

Lungs were fixed overnight in 4% formalin at room tem-
perature. After embedding in paraffin, 2�m tissue sections
were stained with periodic acid-Schiff (PAS) using standard
protocol[23,24] or Giemsa using Accustain (Giemsa Stain,
modified from Sigma, Deisenhofen, Germany) following in-
structions provided by the manufacturer.

The stained sections of each mouse were analysed by light
microscopy by two independent observers and pathologic al-
terations were graded semi-quantitatively on a scale of 0–3.

To determine the severity of goblet cell hyperplasia, bron-
chioles in each PAS stained section were counted. The ap-
pearance of no goblet cell per bronchiole scored ‘0’, less than
25% ‘1’, between 25 and 50% ‘2’ and more than 50% ‘3’.
The number of bronchioles exhibiting peribronchial infiltra-
tion were rated ‘0’ for less than 15%, ‘1’ for 16–30%, ‘2’ for
31–45% and ‘3’ for more than 45%. Based on severity and
extent of mucus production and of eosinophils in infiltrates
stained sections were scored ‘0’ representing none, ‘1’ mild,
‘2’ moderate and ‘3’ severe, respectively.

2.8. Immunohistology
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.6. Determination of antigen-specific IgG1, IgG2a and
gG2b production by ELISA

Mouse sera were analysed for IgG1, IgG2aand IgG2b anti-
hl p 5b antibodies by using an ELISA. The values of

est sera were calculated from two different standard
ools that were previously titrated. The standard serum

he IgG1 ELISA was taken from mice sensitised with rPh
b. The standard serum for the IgG2a and IgG2b ELISA was

aken from mice immunised with the pCI/phl p 5b-DN
onstruct. Both standard serum pools were assigned a
f 1× 106 U.

For ELISA, 96-well microtitre plates (MaxiSorp, Nun
iesbaden, Germany) were coated with rPhl p 5b

.5�g/ml in Tris buffered saline (TBS: 1 M Tris, 1 M NaC
0 mM MgCl2) overnight at 4◦C and then washed wi
BS-T using the Elx405 washer (Bio-Tek Instruments I
irooski, USA). Non-specific binding sites were block
ith 1% bovine serum albumin (BSA, fraction V, IC
iomedicals, Eschwege, Germany) in TBS-T at room t
erature for 7 h. Test sera were serially diluted in TB
ontaining 0.5% BSA to determine the inflexion point. T
espective standard serum was titrated on each plate.
vernight incubation at 4◦C the plates were washed and
ubated with alkaline phosphatase labelled goat anti-m
gG1, IgG2a or IgG2b (Pharmingen, San Diego, USA)
:1000 dilution in TBS-T containing 0.5% BSA at roo

emperature for 1.5 h. After washing 1 mg/mlp-nitropheny
hosphate (pNPP, Sigma, Deisenhofen, Germany) in
thanolamine buffer (1 M, 0.5 mM MgCl2, pH 9.8) was
Immunohistologic detection of the proliferation asso
ted Ki-67 protein and the expression of Phl p 5b in tr

ected 3T3 cells were performed using the indirect peroxi
ethod.
For detection of the Ki-67 protein in paraffin sections

ungs with the MIB-5 antibody (Dako, Glostrup, Denma
25], antigen retrieval is necessary. Therefore, after de
ng, sections were immersed in 10 mM citric acid, pH
nd boiled at 95◦C for 60 min in a water bath. Subsequen
lides were rinsed with TBS (10 mM Tris, 150 mM NaCl,
.2–7.4), and endogenous peroxidase was blocked by
ating the slides in 3% H2O2 TBS for 20 min. Sections we

hen incubated with the primary MIB-5 antibody (40�g/ml)
n 2% BSA/0.05% NaN3/PBS for 30 min.

For the detection of Phl p 5b in 3T3 cells slides w
ashed twice with phosphate buffered saline (PBS: 154
aCl, 8 mM Na2HPO4, 2 mM KH2PO4, pH 7.5) and onc
ith 10% foetal calf serum (FCS) in PBS. Afterwards
lides were dried at room temperature for 4 h before
tion in acetone and chloroform 15 min each. Slides w
laced into wet chambers and incubated with anti-P
b monoclonal antibody Bo9[17] in 10% FCS/TBS fo
0 min.

In both cases, the secondary reagent (horser
eroxidase-conjugated goat anti-mouse IgG (H + L, Dian
amburg, Germany)), diluted 1:75 in 10% FCS/TBS,
pplied for 30 min after rinsing with TBS. After a wash
tep samples were incubated with horseradish peroxi
onjugated rabbit anti-goat IgG (H + L, Dianova, Hamb
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Germany), diluted 1:75 10% FCS/TBS for 30 min. Slides
were developed with diaminobenzidine peroxidase substrate
(D-4168, Sigma, Deisenhofen, Germany) in TBS for 10 min,
counterstained with haematoxylin and mounted in Kaiser’s
glycerol gelatine.

The stained sections of each mouse were analysed by light
microscopy. Based on the extent of proliferation observed
in the bronchiolar epithelium stained sections were semi-
quantitatively scored as ‘0’ representing none, ‘1’ mild, ‘2’
moderate and ‘3’ severe.

2.9. Statistical analysis

All data are expressed as means± S.E. using SSPS®

11.0 software. One-way analysis of variance (ANOVA) was
used to determine statistically significant differences between
groups. Comparisons for all pairs were performed by Tukey-
Kramer HSD and Bonferroni test.p-values <0.05 were con-
sidered statistically significant.

3. Results

3.1. Specific antibody titres after intradermal
immunisation

To investigate the immune response after three intradermal
injections with saline, rPhl p 5b, pCI or pCI/phl p 5b the
quantity of allergen specific IgE, IgG1, IgG2a and IgG2b was
determined and is shown inFig. 2. The control group injected
with saline showed no production of any immunoglobulin
subclass.

The mice treated intradermally with rPhl p 5b showed a
marked increase of specific IgE 6 weeks after the third immu-
nisation in comparison to all other groups, which did not no-
tably produce specific IgE above background levels (Fig. 2A).
Furthermore, these mice produced significant amounts of
specific IgG1 from day 6 after the third injection onward
(*p< 0.05,Fig. 2B). In contrast, no specific IgG2a (Fig. 2C)
was detectable and the levels of specific IgG2b increased

F
(
l
p
l

ig. 2. Specific IgE, IgG1, IgG2a and IgG2b responses of BALB/c mice to intrad
♦), 50�g pCI/phl p 5b (�) or 100�g pCI/phl p 5b (�). Each data point repres
evels of mice immunised with rPhl p 5b (�) in comparison to all other groups we

5b treated mouse groups (�; �) than in the other groups (* p< 0.05). Only the 1
evels than rPhl p 5b treated mice (�) at one time point (* p< 0.05).
ermal injection of saline (©), 5�g rPhl p 5b (�), 50�g pCI (�), 100�g pCI
ents the mean± S.E. of five mice per group. Significant differences in IgG1

re observed (* p< 0.05). IgG2a levels were significantly higher in both pCI/phl
00�g pCI/phl p 5b immunised mice (�) showed significantly higher IgG2b
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marginally. These data infer that treatment with the recombi-
nant allergen elicited a Th2-mediated response in this group
of mice.

The mice treated with pCI vector control showed no spe-
cific immune response as detected by the production of Phl p
5b-specific IgE, IgG1 or IgG2a (Fig. 2A–C). For unexplained
reasons a minor amount of specific IgG2b production was de-
tected in two out of five mice in the 50�g pCI vector control
group (Fig. 2D).

The two groups of mice treated intradermally with the
pCI/phl p 5b showed a significant production of specific
IgG2a compared to the group injected with rPhl p 5b
(*p< 0.05). The amounts of Phl p 5b-specific IgG2a cor-
related with the dose of DNA-construct applied, since the
100�g pCI/phl p 5b treated mice showed markedly higher
antibody titres than the 50�g pCI/phl p 5b group (Fig. 2C).
An analogous kinetic was observed for specific IgG2b lev-
els in these two groups, although significant differences to
the group injected with rPhl p 5b could be observed only
in the mice treated with 100�g pCI/phl p 5b at day 27
(*p< 0.05,Fig. 2D). The 100�g pCI/phl p 5b but not the
50�g pCI/phl p 5b treated mice showed a very slight pro-
duction of specific IgG1 antibodies (Fig. 2B). As measured
by these different subclasses of antibody titres the intra-
dermal application of the DNA-construct resulted in a pre-

dominant Th1-mediated response in these two groups of
animals.

3.2. Specific antibody titres after i.d. immunisation and
subsequent i.p. sensitisation

To analyse the protective effect of DNA vaccination all
groups of the pre-treated mice except the saline control group
were sensitised by five intraperitoneal injections with rPhl p
5b. Serum samples were collected at the time points indicated
and levels of specific IgE, IgG1, IgG2a and IgG2b were anal-
ysed (Fig. 3). There was no production of specific antibody
of any immunoglobulin subclass in the control group injected
with saline.

The rPhl p 5b pre-treated mice which exhibited a Th2-
mediated response after the immunisation phase showed a
highly significant increased production of rPhl p 5b specific
IgE and IgG1 (** p< 0.0001,Fig. 3A and B) during and after
the sensitisation phase. These animals also showed no de-
tectable amounts of specific IgG2a (Fig. 3C) and only low
levels of specific IgG2b (Fig. 3D).

Compared to the group treated with allergen throughout
the experiment the mice pre-treated with vector alone showed
an 87% suppressed production of specific IgE and a 79%
suppressed production of IgG1 after sensitisation (Fig. 3A

F
p
m
t
g

ig. 3. Specific IgE, IgG1, IgG2a and IgG2b responses of BALB/c mice pre-treat
CI/phl p 5b (�) or 100�g pCI/phl p 5b (�) and then sensitised with five intra
ean± S.E. of five mice per group. Mice treated with rPhl p 5b throughout th

o all groups (** p< 0.0001). Mice pre-treated with 100�g pCI/phl p 5b (�) before
roup (�) (* p< 0.05).
ed with saline (©), 5�g rPhl p 5b (�), 50�g pCI (�), 100�g pCI (♦), 50�g
peritoneal injections of 5�g rPhl p 5b each. Each data point represents the
e experiment (�) showed significantly higher levels of IgE and IgG1 compared
sensitisation developed significantly higher IgG2a titres than the rPhl p 5b
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and B). In contrast to the group pre-treated with 100�g pCI,
which exhibited no production of IgG2a or IgG2b antibodies,
the group which had received 50�g pCI showed a marked in-
crease of specific IgG2aand IgG2b production levels (Fig. 3C
and D).

Mice, which had been pre-treated with the allergen DNA-
construct pCI/phl p 5b before sensitisation produced no de-
tectable specific IgE and only minor amounts of IgG1 an-
tibodies (Fig. 3A and B). Both the 50 and 100�g pCI/phl
p 5b groups showed a very high increase of specific IgG2a
(Fig. 3C). Only the 100�g pCI/phl p 5b group had signifi-
cantly elevated levels compared to the rPhl p 5b and 100�g
pCI pre-treated mice (*p< 0.05) after three and five intraperi-
toneal inoculations with rPhl p 5b. A comparable immune
response with albeit lower levels was observed for the pro-
duction of specific IgG2b (Fig. 3D). For both the IgG2a and
IgG2b subclasses the levels of antibody production correlated

with the concentration of DNA-construct used. Animals pre-
treated with 100�g of the DNA-construct consistently pro-
duced more specific IgG2aand IgG2b than animals pre-treated
with 50�g.

3.3. Pathologic alterations of the lung

Lung sections of each mouse were analysed after in-
tranasal challenge with the allergen with regard to patho-
logic alterations resembling the histopathology of chronic
bronchitis such as goblet cell hyperplasia, mucus produc-
tion, peribronchial inflammation, eosinophilia and prolifer-
ating cells in bronchiolar epithelium. Representative results
obtained from these analyses are depicted inFig. 4.

In comparison to the control mice treated only with saline,
where no obstruction of the alveolar system was present and
the ciliated epithelium was normal (Fig. 4A–C), the group

F
g
w
(
e
a
a

ig. 4. Histology and immunohistology of murine lung sections after intranas
raphs of alveoli (a) and surrounding tissue are shown for PAS (A, D and G
ith saline (A–C), for mice treated with rPhl p 5b throughout the experiment

G–I). In comparison to the control mice, rPhl p 5b-treated mice show massi
osinophilia (E, open arrowheads), and activated bronchoalveolar epithelial
rrows). Mice pre-treated with 100�g pCI/phl p 5b before sensitisation with rP
similar histology and morphology to the control mice. Size bars: A, D, G, C
al challenge with the recombinant Phl p 5b allergen. Representative photomicro-
), Giemsa (B, E and H) and MIB-5 staining (C, F and I) for control mice treated
(D–F) and for the 100�g pCI/phl p 5b pre-treated and rPhl p 5b sensitised mice
ve mucus production as assessed by PAS staining (D), massive infiltration (i) and
cells as determined by staining for the proliferation-associated Ki-67 antigen (F,

hl p 5b (G–I) demonstrated none of these pathologic alterations and displayed
, F and I: 100�m; B, E and H: 10�m.
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Fig. 5. Scores obtained for the histological analysis of pathologic alterations
in the lung. Each data point represents the mean± S.E. of five mice per group.
Mice which were treated solely with rPhl p 5b showed significant increases of
goblet cell hyperplasia, mucus production and peribronchial inflammation
compared to control mice and mice pre-treated with the DNA-construct
pCI/phl p 5b (* p< 0.05). Eosinophilia and proliferating bronchial epithelial
cells were significantly increased compared to all other groups (** p< 0.01).
Mice pre-treated with the vector alone also showed considerable pathological
alterations correlating in severity with the amount of vector applied, however
less pronounced than in the rPhl p 5b group.

treated with rPhl p 5b throughout the experiment exhibited a
large number of goblet cells, peribronchial infiltrates and sub-
stantial mucus production (Fig. 4D). The lungs of these mice
also had significant eosinophilia (Fig. 4E), and proliferative
activity in the bronchiolar epithelium as assessed through
detection of the proliferation associated Ki-67 protein was
markedly present in these mice (Fig. 4F).

In contrary to the allergen-sensitised mice the 100�g
pCI/phl p 5b pre-treated mice demonstrated none of the men-
tioned alterations (Fig. 4G–I) and the lung histology was com-
parable to the control group (Fig. 4A–C).

The evaluation of the scores obtained for the different
histological criteria used to assess pathologic alterations in
the lung clearly demonstrated the differences found in the
various pre-treated groups (Fig. 5). Mice that were treated
with rPhl p 5b throughout the experiment showed a signif-
icant increase of goblet cell hyperplasia, mucus production
and peribronchial inflammation compared to mice pre-treated
with both doses of the DNA-construct pCI/phl p 5b and
to the controls (*p< 0.05). Eosinophilia and proliferation of
bronchial epithelium were significantly increased compared
to all other groups (** p< 0.01). Mice pre-treated with 50�g
pCI vector still showed considerable goblet cell hyperpla-
sia, peribronchial infiltrates, moderate mucus production and
detectable infiltration of eosinophils. The 100�g pCI vector
pre-treated group exhibited noticeably reduced pathologic al-
t not
c rent
d ions
i eing
c e.

4. Discussion

This study evaluated the immunoprophylactic effect of
plasmid DNA encoding the clinically relevant major timothy
grass pollen allergen Phl p 5b to investigate whether DNA
vaccination can inhibit a subsequent sensitisation with the
allergen and protect against the development of pathologic
alterations in the lung.

During the pre-treatment phase, the strategy applied re-
sulted in the initiation of a Th2-biased immune response
in the allergen treated animals versus a Th1-biased immune
response in the DNA-construct treated animals. In contrast
vector treated animals as expected did not mount a specific
immune response. Interestingly, these respective polarised
immune responses were significantly augmented during the
course of the sensitisation phase with the allergen. This is
a strong indication that on the one hand the application of
the Phl p 5b allergen per se (without the Th2-adjuvant alum)
initiates a Th2-mediated immune response which is signifi-
cantly amplified upon repeated exposure to the allergen in the
presented experimental setup. On the other hand, the specific
Th1-polarised immune response elicited by the application
of the allergen DNA-construct remained and was also signif-
icantly boosted by application of the allergen, pointing out
that the initiation of a Th2-mediated response during sensiti-
sation was repressed in these animals. In addition, the vector
p e re-
s ongly
s cted
a une
r a Th2-
m r,
t ntly
e vec-
t t the
h regi-
m t and
i d re-
s oduc-
t

or-
r NA
v r-
e ed in
t ated
a o un-
t une
r -
l pect,
a con-
t pG-
m egy in
a

spe-
c the
a ller-
erations in the lung, most conspicuously the infiltrates did
ontain eosinophils. The mice pre-treated with the diffe
oses of pCI/phl p 5b DNA-construct showed no alterat

n the lung with respect to the parameters investigated b
omparable to the lung morphology found in control mic
re-treated group also mounted a Th1-polarised immun
ponse during the treatment phase with the allergen, str
uggesting that the CpG motifs contained in the vector a
s an adjuvant to promote the production of a Th1-imm
esponse upon allergen exposure and thus suppressed
ediated immune response[26,27]. In comparison, howeve

he experiments with the DNA-construct dose depende
licited a much higher Th1-immune response than the

or alone, which only induced a notable Th1-response a
igher dose applied. Nonetheless, both pre-treatment
ens, regardless of the doses applied, led to a significan

n magnitude comparable repression of the Th2-mediate
ponse as assessed by quantitative immunoglobulin pr
ion.

The findings on the specific immunoglobulin levels c
elate well with findings by other groups investigating D
accination in allergy[6–13], however they show an inte
sting divergence namely concerning the effects observ

he vector control animals. In most reports the vector tre
nimals displayed no significant differences compared t

reated BALB/C mice, thus also no effect on the Th2 imm
esponse after receiving a protein boost[6–9,11,13], regard
ess of the vector system used. This is an intriguing as
s these vectors as well as the vector used in this study

ain CpG-motifs and considering that the application of C
otifs themselves are discussed as a therapeutic strat
llergy[28,29].

Besides these striking effects on the production of
ific immunoglobulin subclasses the lung histology of
nimals was also analysed after provocation with the a
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gen to determine the functional consequences of the vari-
ous treatment regimens. The animals treated with allergen
throughout the experiment displayed a fulminant pathologi-
cal alteration in the lungs resembling the histopathology of
chronic bronchitis, namely manifest goblet cell hyperplasia,
production of large amounts of mucus, peribronchial infiltra-
tion and eosinophilia in these infiltrates. Since epithelial cells
have been found to undergo proliferation in remodelling air-
ways and since lesions of the epithelial barrier are frequently
observed in asthma[30,31] we also investigated the prolif-
eration of the bronchial epithelial barrier. As analysed by
immunohistology the expression of the proliferation associ-
ated Ki-67 nuclear antigen was significantly increased in the
bronchial epithelia of these highly sensitised animals indi-
cating that epithelial damage followed by reparation through
proliferation, migration and differentiation may have been
taking place.

In strong contrast to the findings observed in allergen
sensitised animals, mice pre-treated with Phl p 5b-DNA-
construct showed absolutely no pathologic alterations in
the lungs, being equivalent to the morphology observed in
untreated animals. Thus, the pre-treatment with the aller-
gen DNA-construct completely inhibited the development of
these morphological correlates of chronic bronchitis. On the
other hand, animals pre-treated with the vector alone showed
a partial protection against developing these pathological al-
t cific
i h1-
m ed the
B en-
s tion
w son-
a isms
o h1-
r ecific
i even
m plete
p del.
O NA-
v ays
[ ody
r ntrol
a
w ana-
p t
t sig-
n truct
t idate
t con-
f isms
i

oten-
t ent
o log-
i ng a
c 5b.
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