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Abstract

DNA vaccination is discussed as having the potential of improving therapy of type | allergies. A mouse model was used to investigate
the effect of DNA vaccination against sensitisation with the clinically relevant Phl p 5b major allergen from timothy grass pollen in an
immunoprophylactic experimental setup. Pre-treating the mice with Phl p 5b-DNA-construct significantly inhibited the production of specific
IgE and IgG antibodies and prevented the development of a lung pathology associated with inflammation. Thus, immunoprophylaxis with
an expression vector containing the Phl p 5b sequence totally prevented the emergence of characteristics associated with type | allergy and
chronic bronchitis.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction tients suffering fromtype | allergy to airborne allerg¢2ighe
application of allergen extracts bear the risk of inducing al-
Grass pollen is one of the most frequent and potent elic- lergic reactions and anaphylactic sh¢8ld]. Thus, research
itors of type | allergy worldwide and it has been reported is focused on new approaches to provide a safer and more
that at least 40% of type | allergic patients are sensitised efficient form of specific immunotherapy. DNA vaccination,
against grass pollen allergeffit]. Since hypersensitivity  first described in 1990 by Wolff et aJ5], induces a strong
against these aeroallergens is an accepted major risk factoirhl-mediated immune response against the encoded genes
for asthma the development of therapeutic strategies againseind is thus discussed as a means to protect against atopic
allergic diseases resulting from exposure to the major aller- disorderg6—13]. Immunostimulatory DNA sequences (e.g.
gens of grass at an early stage is a goal to aim for. Dur- CpG) in the vectors used are involved in evoking a predom-
ing specific immunotherapy (SIT) small but increasing doses inant Th1l-mediated immune response and thus in inhibiting
of allergen extracts are subcutaneously injected in order toa subsequent sensitisation with an allergen by weakening a
achieve a state of tolerance to subsequent allergen exposurelh2-mediated immune respongg8]. These motifs can be
Although SIT is the only known curative treatment for pa- administered in different ways, encoded with either an al-
lergen complementary DNA sequence for production of the

* Corresponding author. Tel.: +49 4537 188413; fax: +49 4537 188627. allergen proteininthe hoff], given along14,15]or together
E-mail addressuseitzer@fz-borstel.de (U. Seitzer). with the allerger{16].
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The major allergenic components of grass pollen belongto p 5b plasmid DNA was determined with the Chromogenix
the grass groups | and V allergens. The timothy griaksum Coatest Endotoxin Limulus Assay Kit (Haemochrom Diag-
pratensé pollen major allergen Phl p 5b is responsible for nostika GmbH, Essen, Germany) and was found to be below
90% of the allergenic activity found in grass pollen sensitised 22.4 pg/ml resulting in less than 2.7 pg in the volume injected
patients[17] and is an aeroallergen which has no posttrans- per mouse. This is below the level that affects cytokine acti-
lational modification§18,19] In this study a mouse model vation in cell culturg22].
was used to investigate whether allergen-encoding DNA ap-
plied in a prophylactic approach could influence the immune 2.2, Expression control of pCl/phl p 5b in 3T3 mouse
response to subsequent sensitisation using Phl p 5b as a clinfibroblast cells
ically relevant allergen. Previous investigations had demon-
strated that mice develop hypersensitivity reactions highly  |solated plasmid DNA was added to 1@DDulbecco’s
analogous to the situation in human patients with respect Modified Eagle Medium (DMEM, Gibco BRL, Eggenstein,
to IgE reactivity against the major allergensRfpratense Germany), mixed with 1.1 Metafectene (Biontex, Munich,
pollen extrac{20], whereby Phl p 5b proved to be the most Germany) in 9q.I DMEM and incubated at room tempera-
dominant allergen as assessed by kinetics of specific IgE pro-ture for 20 min. The mixture was then added te 50° 3T3
duction[21]. To mimic the human corollary sensitisation pro-  fibroblast cells growing on microscope slides and incubated
cess more closely, treatment of the animals with allergen wasat 37°C/5% CQ for 24 h before immunohistologic analysis
performed without aluminium hydroxide (AlQflalum) as  (see below). Treatment of animals was performed only after
adjuvant for a Th2-mediated immune response. The studythe expression of Phl p 5b by pCl/phl p 5b transfected 3T3
documents that immunoprophylaxis could inhibit the pro- fibroblast cells could be confirmed (data not shown).
duction of Th2-associated immunoglobulins and the appear-
ance of pathologic alterations in the lung resembling chronic 2 3 Animals

bronchitis.

Female 8-10-week-old BALB/c mice were purchased

from Charles River Laboratories (Sulzfeld, Germany). The
2. Materials and methods animals were certified as pathogen and virus-free according
to the supplier, were kept in a standard environment and fed

2.1. Construction of DNA immunisation vectors with a maintenance diet and water ad libitum. Experiments
were performed according to the national animal protection
An 891 bp fragment was amplified frofapratens&€DNA guidelines and were approved by the governmental authority

by PCR. The sequences of thedhd the 3 primers were (Animal Protection Authority of the Ministry of Environ-
5-GCGCGCACGCGRTGGCCGATGCCGGCTACGCC-  ment, Kiel, Germany).
3 (Mlul restriction site underlined) and-&CGCGCTC-
TAGAACACATACCGTACAGTAGTATG-3 (Xba restric- 2.4. DNA vaccination and allergen sensitisation
tion site underlined) respectively, encompassing the entire
phl p 5b sequence. The PCR product was digestedMilitih Six groups of five BALB/c mice each were immunised
andXba and cloned into the mammalian expression vector by six intradermal (i.d.) injections of 20l each amounting
pCl (Promega, Mannheim, Germany) at the correspondingto a total of 5ug rPhl p 5b (Allergopharma, Reinbek, Ger-
sites. The sequences of the construct were verified using ammany), 50.g pCl, 100ug pCl, 50ug pCl/phl p 5b, or 10¢.g
AbiPrismTM Genetic Analyser (Perkin-Elmer, Norwalk, pCl/phlp 5b. These injections were performed at three differ-
USA). Plasmid propagation was performedEscherichia enttime points (sekig. 1), and the control group was treated
coli XL1-Blue strain (Stratagene, La Jolla, USA). with 6 x 20l of saline each time. The groups of mice were
Endotoxin-free plasmid purification was done using the termed according to these stated types of pre-treatment they
EndoFree Plasmid Mega Kit (Qiagen, Hilden, Germany) had received. A subsequentintraperitoneal (i.p.) sensitisation
according to the manufacturer’'s instructions. The qual- with 200l of saline or 5u.g rPhl p 5b was performed at the
ity and quantity of DNA were analysed by absorption at time points indicated. All mice were challenged intranasally
260 and 280nm and by agarose gel electrophoresis. Thewith 5u.g rPhl p 5b in 2Qul saline. Mice were sacrificed at
LPS/endotoxin content of every batch of pCl and pCl/phl day 139 to collect the lung for histological analysis.

i.d. Immunisation i.p. Sensitisation
é ‘L I 1 i.n. Challenge Sacrifice
bbb :
day 111—7—14—z1—217—3ls+sl4uos—73—79—1?-86—93—')19# 119—12(,_1{)

blood samples

Fig. 1. Experimental set up of the immunisation and sensitisation strategy. Arrow marks indicate the days on which mice were treated with DNA or protei
Sera for the analysis of specific antibodies were taken at days marked with points.
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Tail vein blood samples were taken at seven different time added. After 30 min absorbance at 405 nm was read with Ex-
points according t&ig. 1and aliquots of sera were frozen at pert 96 (Asys Hitech GmbH, Eugendorf, Austria).
—20°C until use.
2.7. Lung histology
2.5. Determination of antigen-specific IgE production
by Western blot Lungs were fixed overnight in 4% formalin at room tem-
perature. After embedding in paraffinu®n tissue sections
Recombinant Phl p 5b was separated by SDS-PAGE were stained with periodic acid-Schiff (PAS) using standard
(T=15%,C =4%) and blotted onto nitrocellulose (NC) mem- protocol[23,24] or Giemsa using Accustain (Giemsa Stain,

branes with pore sizes of Ouan (Schleicher & Schuell,  modified from Sigma, Deisenhofen, Germany) following in-
Dassel, Germany). NC membranes were blocked with TBS- structions provided by the manufacturer.
Tween (TBS-T: 1 M Tris, 1M NacCl, 25 mM Mg@G) pH 7.4, The stained sections of each mouse were analysed by light

0.05% Tween 20), cut into strips and incubated overnight at microscopy by two independent observers and pathologic al-
room temperature with the respective 1:1000 diluted murine terations were graded semi-quantitatively on a scale of 0-3.
sera. After washing with TBS-T antigen bound serum IgE  To determine the severity of goblet cell hyperplasia, bron-
was detected with a horseradish peroxidase labelled ratchioles in each PAS stained section were counted. The ap-
anti-mouse IgE monoclonal antibody (LO-ME-2, 1:1000, pearance of no goblet cell per bronchiole scored ‘0’, less than
Serotec, Msseldorf, Germany). Before adding the Lumi- 25% ‘1’, between 25 and 50% ‘2’ and more than 50% ‘3’.
Light™!us Western Blotting Substrate (Roche, Mannheim, The number of bronchioles exhibiting peribronchial infiltra-
Germany) blots were washed twice with TBS-T and TBS, tion were rated ‘0’ for less than 15%, ‘1’ for 16—30%, ‘2’ for
respectively. To determine the luminescence blots were ex-31-45% and ‘3’ for more than 45%. Based on severity and
posed for 120s in a Chemi DB¥ Documentation Sys-  extent of mucus production and of eosinophils in infiltrates
tem (BioRad, Munich, Germany). Densitometric analy- stained sections were scored ‘0’ representing none, ‘1’ mild,
sis was performed using Quantity One Software (BioRad, ‘2’ moderate and ‘3’ severe, respectively.
Munich Germany).

2.8. Immunohistology
2.6. Determination of antigen-specific 1g3gG,5 and

19Goyp, production by ELISA Immunohistologic detection of the proliferation associ-
ated Ki-67 protein and the expression of Phl p 5b in trans-
Mouse sera were analysed for Ig@yGya and IgGy anti- fected 3T3 cells were performed using the indirect peroxidase

Phl p 5b antibodies by using an ELISA. The values of the method.
test sera were calculated from two different standard sera For detection of the Ki-67 protein in paraffin sections of
pools that were previously titrated. The standard serum for lungs with the MIB-5 antibody (Dako, Glostrup, Denmark)
the IgG. ELISA was taken from mice sensitised with rPhl p  [25], antigen retrieval is necessary. Therefore, after dewax-
5h. The standard serum for the Iggand IgGp, ELISA was ing, sections were immersed in 10 mM citric acid, pH 6.0,
taken from mice immunised with the pCl/phl p 5b-DNA- and boiled at 95C for 60 min in a water bath. Subsequently,
construct. Both standard serum pools were assigned a valueslides were rinsed with TBS (10 mM Tris, 150 mM NacCl, pH
of 1x 10° U. 7.2—7.4), and endogenous peroxidase was blocked by incu-
For ELISA, 96-well microtitre plates (MaxiSorp, Nunc, bating the slides in 3% $0O, TBS for 20 min. Sections were
Wiesbaden, Germany) were coated with rPhl p 5b at thenincubated with the primary MIB-5 antibody (46/ml)
0.5pg/ml in Tris buffered saline (TBS: 1 M Tris, 1M NaCl, in 2% BSA/0.05% NaM/PBS for 30 min.
20mM MgChk) overnight at £#C and then washed with For the detection of Phl p 5b in 3T3 cells slides were
TBS-T using the EIx405 washer (Bio-Tek Instruments Inc., washed twice with phosphate buffered saline (PBS: 154 mM
Wirooski, USA). Non-specific binding sites were blocked NaCl, 8mM NgaHPQOy, 2mM KH>POy, pH 7.5) and once
with 1% bovine serum albumin (BSA, fraction V, ICN with 10% foetal calf serum (FCS) in PBS. Afterwards the
Biomedicals, Eschwege, Germany) in TBS-T at room tem- slides were dried at room temperature for 4h before fix-
perature for 7 h. Test sera were serially diluted in TBS-T ation in acetone and chloroform 15min each. Slides were
containing 0.5% BSA to determine the inflexion point. The placed into wet chambers and incubated with anti-Phl p
respective standard serum was titrated on each plate. After5b monoclonal antibody Bo$17] in 10% FCS/TBS for
overnight incubation at 4C the plates were washed and in- 30 min.
cubated with alkaline phosphatase labelled goat anti-mouse In both cases, the secondary reagent (horseradish
1gG1, 1gGga or 1gGy, (Pharmingen, San Diego, USA) at peroxidase-conjugated goat anti-mouse IgG (H + L, Dianova,
1:1000 dilution in TBS-T containing 0.5% BSA at room Hamburg, Germany)), diluted 1:75 in 10% FCS/TBS, was
temperature for 1.5 h. After washing 1 mg/mhitrophenyl applied for 30 min after rinsing with TBS. After a washing
phosphate (pNPP, Sigma, Deisenhofen, Germany) in di- step samples were incubated with horseradish peroxidase-
ethanolamine buffer (1M, 0.5mM Mgg&l pH 9.8) was conjugated rabbit anti-goat IgG (H + L, Dianova, Hamburg,
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Germany), diluted 1:75 10% FCS/TBS for 30 min. Slides 3. Results

were developed with diaminobenzidine peroxidase substrate

(D-4168, Sigma, Deisenhofen, Germany) in TBS for 10 min, 3.1. Specific antibody titres after intradermal
counterstained with haematoxylin and mounted in Kaiser's immunisation

glycerol gelatine.

The stained sections of each mouse were analysed by light Toinvestigate the immune response after three intradermal
microscopy. Based on the extent of proliferation observed injections with saline, rPhl p 5b, pCI or pCl/phl p 5b the
in the bronchiolar epithelium stained sections were semi- quantity of allergen specific IgE, 1gGlgGo, and IgGp was
quantitatively scored as ‘0’ representing none, ‘1’ mild, ‘2’ determined and is shownkg. 2 The control group injected

moderate and ‘3’ severe. with saline showed no production of any immunoglobulin
subclass.
2.9. Statistical analysis The mice treated intradermally with rPhl p 5b showed a

marked increase of specific IgE 6 weeks after the third immu-
All data are expressed as meanS.E. using SSP% nisation in comparison to all other groups, which did not no-
11.0 software. One-way analysis of variance (ANOVA) was tably produce specific IgE above background leVEig.(2A).
used to determine statistically significant differences between Furthermore, these mice produced significant amounts of
groups. Comparisons for all pairs were performed by Tukey- specific IgG from day 6 after the third injection onward
Kramer HSD and Bonferroni tegt-values <0.05 were con-  ("p<0.05,Fig. 2B). In contrast, no specific gz (Fig. 2C)
sidered statistically significant. was detectable and the levels of specific g@creased
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Fig. 2. Specific IgE, 1g@, 1gG,a and 1IgGyp, responses of BALB/c mice to intradermal injection of saliag)(5wg rPhl p 5b @), 50.g pCl (A), 1009 pCl
(©), 50g pCl/phl p 5b @) or 100pn.g pCl/phl p 5b ¢). Each data point represents the me#aB.E. of five mice per group. Significant differences in 1gG
levels of mice immunised with rPhl p 58 in comparison to all other groups were observgrk(0.05). IgG2 levels were significantly higher in both pCl/phl
p 5b treated mouse groups;(4) than in the other group$§<0.05). Only the 10Q.g pCl/phl p 5b immunised mice#) showed significantly higher 1gG2
levels than rPhl p 5b treated mio®) at one time point’(p < 0.05).
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marginally. These data infer that treatment with the recombi- dominant Thl-mediated response in these two groups of
nant allergen elicited a Th2-mediated response in this groupanimals.
of mice.

The mice treated with pCl vector control showed no spe- 3.2. Specific antibody titres after i.d. immunisation and
cific immune response as detected by the production of Phl psubsequent i.p. sensitisation
5b-specific IgE, 1gG or 1G4 (Fig. 2A—C). For unexplained

reasons a minor amount of specific lggproduction was de- To analyse the protective effect of DNA vaccination all
tected in two out of five mice in the §0g pCl vector control  groups of the pre-treated mice except the saline control group
group Fig. 2D). were sensitised by five intraperitoneal injections with rPhl p

The two groups of mice treated intradermally with the 5p. Serum samples were collected at the time points indicated
pCl/phl p 5b showed a significant production of specific and levels of specific IgE, 19G 1gGy5 and 1IgGy, were anal-
IgG24 compared to the group injected with rPhl p 5b ysed Fig. 3). There was no production of specific antibody
("p<0.05). The amounts of Phl p 5b-specific lg&or- of any immunoglobulin subclass in the control group injected
related with the dose of DNA-construct applied, since the with saline.
100u.g pCl/phl p 5b treated mice showed markedly higher  The rPhl p 5b pre-treated mice which exhibited a Th2-
antibody titres than the 50g pCl/phl p 5b groupkig. 2C). mediated response after the immunisation phase showed a
An analogous kinetic was observed for specific Jg@&v- highly significant increased production of rPhl p 5b specific
els in these two groups, although significant differences to IgE and IgG (™ p<0.0001Fig. 3A and B) during and after
the group injected with rPhl p 5b could be observed only the sensitisation phase. These animals also showed no de-
in the mice treated with 100g pCl/phl p 5b at day 27 tectable amounts of specific Ig&(Fig. 3C) and only low
("p<0.05,Fig. 2D). The 10Qwg pCl/phl p 5b but not the  levels of specific IgGy, (Fig. 3D).
50ug pCl/phl p 5b treated mice showed a very slight pro-  Compared to the group treated with allergen throughout
duction of specific Ig@ antibodies Fig. 2B). As measured  the experiment the mice pre-treated with vector alone showed
by these different subclasses of antibody titres the intra- an 87% suppressed production of specific IgE and a 79%
dermal application of the DNA-construct resulted in a pre- suppressed production of Ig@fter sensitisationRig. 3A
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Fig. 3. Specific IgE, 1g@, 19G24 and IgGy, responses of BALB/c mice pre-treated with saligg)(5w.g rPhl p 5b @), 50.g pClI (&), 100p.g pClI (), 509
pCl/phl p 5b @) or 100ng pCl/phl p 5b @) and then sensitised with five intraperitoneal injections pg5Phl p 5b each. Each data point represents the
meant S.E. of five mice per group. Mice treated with rPhl p 5b throughout the experif@grahiowed significantly higher levels of IgE and Ig€ompared

to all groups { p<0.0001). Mice pre-treated with 1@ pCl/phl p 5b #) before sensitisation developed significantly higherJigtares than the rPhl p 5b
group @) ("p<0.05).
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and B). In contrast to the group pre-treated with L@GoCl, with the concentration of DNA-construct used. Animals pre-
which exhibited no production of Ig&z or IgGyp, antibodies, treated with 10Gg of the DNA-construct consistently pro-
the group which had received p@ pCl showed a marked in-  duced more specific Igigand IgGp than animals pre-treated
crease of specific Iggz and 1IgGy, production levelsKig. 3C with 50.g.
and D).

Mice, which had been pre-treated with the allergen DNA- 3.3. Pathologic alterations of the lung
construct pCl/phl p 5b before sensitisation produced no de-
tectable specific IgE and only minor amounts of géh- Lung sections of each mouse were analysed after in-
tibodies Fig. 3A and B). Both the 50 and 1Q0g pCl/phl tranasal challenge with the allergen with regard to patho-
p 5b groups showed a very high increase of specifilgG logic alterations resembling the histopathology of chronic
(Fig. 3C). Only the 10Q.g pCl/phl p 5b group had signifi-  bronchitis such as goblet cell hyperplasia, mucus produc-
cantly elevated levels compared to the rPhl p 5b andud0  tion, peribronchial inflammation, eosinophilia and prolifer-
pCl pre-treated micé p< 0.05) after three and five intraperi- ~ ating cells in bronchiolar epithelium. Representative results
toneal inoculations with rPhl p 5b. A comparable immune obtained from these analyses are depictefign 4.
response with albeit lower levels was observed for the pro-  In comparison to the control mice treated only with saline,
duction of specific 1gG, (Fig. 3D). For both the 1gG; and where no obstruction of the alveolar system was present and
1gGop subclasses the levels of antibody production correlated the ciliated epithelium was normaFig. 4A—C), the group

PAS Giemsa MIB-5

Control

rPhl p 5b

pCl/phl p 5b

Fig. 4. Histology and immunohistology of murine lung sections after intranasal challenge with the recombinant Phl p 5b allergen. Represeatatorepho

graphs of alveoli (a) and surrounding tissue are shown for PAS (A, D and G), Giemsa (B, E and H) and MIB-5 staining (C, F and I) for control mice treated

with saline (A—C), for mice treated with rPhl p 5b throughout the experiment (D—F) and for thegl@Cl/phl p 5b pre-treated and rPhl p 5b sensitised mice
(G-I). In comparison to the control mice, rPhl p 5b-treated mice show massive mucus production as assessed by PAS staining (D), massive)iafiltration (i
eosinophilia (E, open arrowheads), and activated bronchoalveolar epithelial cells as determined by staining for the proliferation-assxcaéadds (F,
arrows). Mice pre-treated with 1Q@y pCl/phl p 5b before sensitisation with rPhl p 5b (G—I) demonstrated none of these pathologic alterations and displayed
a similar histology and morphology to the control mice. Size bars: A, D, G, C, F and Lih0®, E and H: 1Qum.
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B4 T Eusinophilia 4. Discussion

Gablet cell hyperplasia

| Iﬂ.n.u.s pnx._lud.iun ) . . .

:’:;:m;'::‘ gﬂ;:tm i Th|_s study evalugted the .|mmunoprophylact.|c 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 Thl-biased immune
response in the DNA-construct treated animals. In contrast

S0pg 100 ng vector treated animals as expected did not mount a specific
pClphip Sb pCliphtp Sb immune response. Interestingly, these respective polarised
Fig. 5. Scores obtained for the histological analysis of pathologic alterations immune responses were significantly augmented during the
in the lung. Each data point represents the me&E. of five mice per group. course of the sensitisation phase with the allergen. This is
Mice which were treated solely with rPhl p 5b showed significantincreases of a strong indication that on the one hand the application of
goblet cell hyperplasia, mucus production and peribronchial inflammation the Ph| p 5b allergen per se (without the Th2-adjuvant alum)

compared to control mice and mice pre-treated with the DNA-construct : ... _ . . C e cimifi
pCl/phl p 5b { p<0.05). Eosinophilia and proliferating bronchial epithelial initiates a Th2-mediated immune response which is Slgmfl

cells were significantly increased compared to all other grotips<(0.01). cantly amplified upon repeated exposure to the allergenin the
Mice pre-treated with the vector alone also showed considerable pathologicalpresented experimental setup. On the other hand, the specific
alterations correlating in severity with the amount of vector applied, however Thl-polarised immune response elicited by the application
less pronounced than in the rPhl p 5b group. 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-
treated with rPhl p 5b throughout the experiment exhibited a sation was repressed in these animals. In addition, the vector
large number of goblet cells, peribronchial infiltrates and sub- pre-treated group also mounted a Thl-polarised immune re-
stantial mucus productiofr{g. 4D). The lungs of these mice  sponse during the treatment phase with the allergen, strongly
also had significant eosinophili&ify. 4E), and proliferative suggesting that the CpG maotifs contained in the vector acted
activity in the bronchiolar epithelium as assessed through as an adjuvant to promote the production of a Th1l-immune
detection of the proliferation associated Ki-67 protein was response upon allergen exposure and thus suppressed a Th2-
markedly present in these mideig. 4F). mediated immune responf&6,27] In comparison, however,

In contrary to the allergen-sensitised mice the 180  the experiments with the DNA-construct dose dependently
pCl/phl p 5b pre-treated mice demonstrated none of the men-elicited a much higher Th1l-immune response than the vec-
tioned alterationsKig. 4G—I) and the lung histology was com-  tor alone, which only induced a notable Thl-response at the
parable to the control groufrig. 4A—C). higher dose applied. Nonetheless, both pre-treatment regi-

The evaluation of the scores obtained for the different mens, regardless of the doses applied, led to a significant and
histological criteria used to assess pathologic alterations inin magnitude comparable repression of the Th2-mediated re-
the lung clearly demonstrated the differences found in the sponse as assessed by quantitative immunoglobulin produc-
various pre-treated groupfi¢. 5. Mice that were treated  tion.
with rPhl p 5b throughout the experiment showed a signif-  The findings on the specific immunoglobulin levels cor-
icant increase of goblet cell hyperplasia, mucus production relate well with findings by other groups investigating DNA
and peribronchial inflammation compared to mice pre-treated vaccination in allergy6—13], however they show an inter-
with both doses of the DNA-construct pCl/phl p 5b and esting divergence namely concerning the effects observed in
to the controls (p<0.05). Eosinophilia and proliferation of  the vector control animals. In most reports the vector treated
bronchial epithelium were significantly increased compared animals displayed no significant differences compared to un-
to all other groups{p<0.01). Mice pre-treated with 50g treated BALB/C mice, thus also no effect on the Th2 immune
pCl vector still showed considerable goblet cell hyperpla- response after receiving a protein bof@st9,11,13] regard-
sia, peribronchial infiltrates, moderate mucus production and less of the vector system used. This is an intriguing aspect,
detectable infiltration of eosinophils. The 1,08 pCl vector as these vectors as well as the vector used in this study con-
pre-treated group exhibited noticeably reduced pathologic al- tain CpG-motifs and considering that the application of CpG-
terationsin the lung, most conspicuously the infiltrates did not motifs themselves are discussed as a therapeutic strategy in
contain eosinophils. The mice pre-treated with the different allergy[28,29]
doses of pCl/phl p 5b DNA-construct showed no alterations  Besides these striking effects on the production of spe-
in the lung with respect to the parameters investigated beingcific immunoglobulin subclasses the lung histology of the
comparable to the lung morphology found in control mice. animals was also analysed after provocation with the aller-
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gen to determine the functional consequences of the vari- Acknowledgements

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 asthmgs0,31] 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-
terations. Taking into consideration the results of the specific
immunoglobulin levels it appears that the induction of a Th1-

mediated immune response against the allergen protected the

BALB/c mice from developing chronic bronchitis after sen-
sitisation and challenge with the allergen. Since protection
was only partial in the vector pre-treated animals it is reason-
able to speculate that although CpG motifs and mechanisms
of innate immunity appear to be involved in inducing a Thl-
response and thus protection, the involvement of a specific
immune response as induced by the DNA-construct is even

We thank Dr. Andreas Frey and Dr. Verena Olivier for

passing on their experience with ELISA techniques, Werner
Mohr, Birgit Kullmann, Imke Stemmann and Melanie Haase
for excellent technical assistance. We also thank Dr. Arnulf
Hartl, University of Salzburg, Austria, for helpful discussion.

References

[1] Freidhoff LR, Ehrlich-Kautzky E, Grant JH, Meyers DA, Marsh DG.
A study of the human immune response to Lolium perenne (rye)
pollen and its components, Lp | and Lol p Il (rye | and rye Il). I.
Prevalence of reactivity to the allergens and correlations among skin
test, IgE antibody, and IgG antibody data. J Allergy Clin Immunol
1986;78(6):1190-201.

[2] Bousquet J, Lockey R, Malling HJ. Allergen immunotherapy: ther-
apeutic vaccines for allergic diseases. A WHO position paper. J
Allergy Clin Immunol 1998;102(4 Pt 1):558-62.

[3] Frankland AW. Anaphylactic reaction to desensitisation. Br Med J
1980;281(6252):1429.

[4] Creticos PS. The consideration of immunotherapy in the treatment
of allergic asthma. J Allergy Clin Immunol 2000;105(2 Pt 2):S559—
74.

[5] Wolff JA, Malone RW, Williams P, et al. Direct gene transfer into
mouse muscle in vivo. Science 1990;247(4949 Pt 1):1465-8.

[6] Hsu CH, Chua KY, Tao MH, et al. Immunoprophylaxis of allergen-
induced immunoglobulin E synthesis and airway hyperresponsive-
ness in vivo by genetic immunization. Nat Med 1996;2(5):540—4.

[7] Raz E, Tighe H, Sato Y, et al. Preferential induction of a Thl
immune response and inhibition of specific IgE antibody forma-
tion by plasmid DNA immunization. Proc Natl Acad Sci USA
1996;93(10):5141-5.

[8] Slater JE, Paupore E, Zhang YT, Colberg-Poley AM. The latex al-
lergen Hev b 5 transcript is widely distributed after subcutaneous
injection in BALB/c mice of its DNA vaccine. J Allergy Clin Im-
munol 1998;102(3):469-75.

[9] Hartl A, Kiesslich J, Weiss R, et al. Immune responses after immu-
nization with plasmid DNA encoding Bet v 1, the major allergen of
birch pollen. J Allergy Clin Immunol 1999;103(1 Pt 1):107-13.

more efficient and perhaps necessary to convey Comp|etd10] Hartl A, Kiesslich J, Weiss R, et al. Isoforms of the major aller-

protection against hypersensitivity reactions in this model.
Other studies have also shown a protective effect of DNA-
vaccination on inflammatory airway reactions in the airways

[32,33], however, in analogy to the findings on the antibody

response, most do not report on effects in the vector control
animals. An exception to this is the study by Jilek e{24}],

who could show a protective effect of vector against ana-
phylactic shock to bee venom phospholipase |A contrast

to the findings presented here, however, there was no sig{13]

nificant difference observed compared to the DNA-construct
treated animals. Future experiments are aimed to elucidate

the separate roles of innate and adaptive immunity in con-, ,

ferring protection in the Phl p 5b-model and the mechanisms
involved.

In conclusion, this study emphasises the possible poten-[15]

tial of DNA vaccination in protection against development
of type | allergy, in particular against developing patholog-

[12

gen of birch pollen induce different immune responses after genetic
immunization. Int Arch Allergy Immunol 1999;120(1):17-29.

[11] Adel-Patient K, Creminon C, Boquet D, Wal JM, Chatel JM. Genetic

immunisation with bovine beta-lactoglobulin cDNA induces a pre-
ventive and persistent inhibition of specific anti-BLG IgE response
in mice. Int Arch Allergy Immunol 2001;126(1):59-67.

Peng HJ, Su SN, Chang ZN, Chao PL, Kuo SW, Tsai LC. Induction
of specific Thl responses and suppression of IgE antibody forma-
tion by vaccination with plasmid DNA encoding Der f 11. Vaccine
2002;20(13-14):1761-8.

Hartl A, Hochreiter R, Stepanoska T, Ferreira F, Thalhamer J. Char-
acterization of the protective and therapeutic efficiency of a DNA
vaccine encoding the major birch pollen allergen Bet v 1a. Allergy
2004;59(1):65-73.

] Broide D, Schwarze J, Tighe H, et al. Immunostimulatory DNA
sequences inhibit IL-5, eosinophilic inflammation, and airway hy-
perresponsiveness in mice. J Immunol 1998;161(12):7054—-62.
Bohle B, Jahn-Schmid B, Maurer D, Kraft D, Ebner C.
Oligodeoxynucleotides containing CpG motifs induce IL-12, IL-18
and IFN-gamma production in cells from allergic individuals and
inhibit IgE synthesis in vitro. Eur J Immunol 1999;29(7):2344-53.

ical alterations in the lung after allergen exposure using a 1] Jahn-Schmid B, Wiedermann U, Bohle B, Repa A, Kraft D, Ebner C.

clinically relevant aeroallergen as represented by Phl p 5b.

Oligodeoxynucleotides containing CpG motifs modulate the allergic



DTD 5

Y. Darcan et al. / Vaccine xxx (2005) XXX—XXX 9

TH2 response of BALB/c mice to Bet v 1, the major birch pollen
allergen. J Allergy Clin Immunol 1999;104(5):1015-23.

[17] Petersen A, Becker WM, Schlaak M. Epitope analysis of isoforms of
the major allergen Rtp V by fingerprinting and microsequencing.
Clin Exp Allergy 1994;24(3):250-6.

[18] Matthiesen F, Lowenstein H. Group V allergens in grass pol-
lens. |. Purification and characterization of the group V aller-
gen from Phleum pratensepollen, Phl p V. Clin Exp Allergy
1991;21(3):297-307.

[19] Andersson K, Lidholm J.
ogy of grass pollen allergens.
2003;130(2):87-107.

[20] Seitzer U, Bussler H, Kullmann B, Petersen A, Becker WM, Ahmed

immunobiol-
Immunol

Characteristics and
Int Arch Allergy

[26] Roman M, Martin-Orozco E, Goodman JS, et al. Immunostimulatory
DNA sequences function as T helper-1-promoting adjuvants. Nat
Med 1997;3(8):849-54.

[27] Klinman DM. Immunotherapeutic uses of CpG oligodeoxynu-
cleotides. Nat Rev Immunol 2004;4(4):249-59.

[28] Sur S, Wild JS, Choudhury BK, Sur N, Alam R, Klinman
DM. Long term prevention of allergic lung inflammation in a
mouse model of asthma by CpG oligodeoxynucleotides. J Immunol
1999;162(10):6284-93.

[29] Simons FE, Shikishima Y, Van Nest G, Eiden JJ, HayGlass KT.
Selective immune redirection in humans with ragweed allergy by
injecting Amb a 1 linked to immunostimulatory DNA. J Allergy
Clin Immunol 2004;113(6):1144-51.

J. Quantitative assessment of immediate cutaneous hypersensitivity[30] Laoukili J, Perret E, Willems T, et al. IL-13 alters mucociliary dif-

in a mouse model exhibiting an IgE response to Timothy grass al-

lergens. Med Sci Monit 2003;9(12):BR407-12.
[21] Seitzer U, Bussler H, Kullmann B, Petersen A, Becker WM, Ahmed

J. Characterization of immunoglobulin E responses in Balb/c mice

against the major allergens of timothy gra®®hleum pratenge
pollen. Clin Exp Allergy 2003;33(5):669—75.

[22] Nau GJ, Richmond JF, Schlesinger A, Jennings EG, Lander ES,
Young RA. Human macrophage activation programs induced by bac-

terial pathogens. Proc Natl Acad Sci USA 2002;99(3):1503-8.
[23] Hotchkiss RD. A microchemical reaction resulting in the staining of

polysaccharide structure in fixed tissue preparations. Arch Biochem

1948;16:131-41.
[24] McManus JFA. Histological and histochemical uses of periodic acid.
Stain Technol 1948;23:99-108.

[25] Gerlach C, Sakkab DY, Scholzen T, Dassler R, Alison MR, Gerdes
J. Ki-67 expression during rat liver regeneration after partial hepa-

tectomy. Hepatology 1997;26(3):573-8.

ferentiation and ciliary beating of human respiratory epithelial cells.
J Clin Invest 2001;108(12):1817-24.

[31] Druilhe A, Wallaert B, Tsicopoulos A, et al. Apoptosis, prolifera-
tion, and expression of Bcl-2, Fas, and Fas ligand in bronchial biop-
sies from asthmatics. Am J Respir Cell Mol Biol 1998;19(5):747—
57.

[32] Kwon SS, Kim N, Yoo TJ. The effect of vaccination with DNA
encoding murine T-cell epitopes on therQe 1 and 2 induced im-
munoglobulin E synthesis. Allergy 2001;56(8):741-8.

[33] Jacquet A, Magi M, Haumont M, Jurado M, Garcia L, Bollen A.
Absence of immunoglobulin E synthesis and airway eosinophilia
by vaccination with plasmid DNA encoding ProDer p 1. Clin Exp
Allergy 2003;33(2):218-25.

[34] Jilek S, Barbey C, Spertini F, Corthesy B. Antigen-independent
suppression of the allergic immune response to bee venom phos-
pholipase A(2) by DNA vaccination in CBA/J mice. J Immunol
2001;166(5):3612-21.



	Immunoprophylaxis with DNA vaccination inhibits Th2-mediated responses and airway inflammation in mice sensitised with the major timothy grass pollen allergen Phl p 5b
	Introduction
	Materials and methods
	Construction of DNA immunisation vectors
	Expression control of pCI/phl p 5b in 3T3 mouse fibroblast cells
	Animals
	DNA vaccination and allergen sensitisation
	Determination of antigen-specific IgE production by Western blot
	Determination of antigen-specific IgG1, IgG2a and IgG2b production by ELISA
	Lung histology
	Immunohistology
	Statistical analysis

	Results
	Specific antibody titres after intradermal immunisation
	Specific antibody titres after i.d. immunisation and subsequent i.p. sensitisation
	Pathologic alterations of the lung

	Discussion
	Acknowledgements
	References


