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Abstract

Background: Recent publications indicate that immu-
nization with plasmid DNA encoding allergens might
represent a potential approach in allergen-specific im-
munotherapy. Objective: In the present study we have
compared the immune responses induced by plasmid
DNA encoding for two isoforms of Bet v 1, the major al-
lergen of birch pollen. Methods: BALB/c mice were in-
jected intradermally with plasmid DNA encoding for the
genes of Bet v 1a (pCMV-Beta) and Bet v 1d (pCMV-
Betd). In addition, the effect of immunostimulatory DNA
sequences was investigated by appending and/or coin-
jecting CpG motifs. Antibody responses and IFN-y and
IL-4 levels were measured by ELISA. Allergen-specific
proliferation was determined by incorporation of [3H]-
thymidine. Results: The two isoforms induced a similar
humoral response. The lack of any IgE production and
the ratio of IgG1 to IgG2a clearly indicated a Th-1-type
response. The antisera against both isoforms were
highly cross-reactive, which was supported by the ener-

gy plot indicating similar folding of the two protein iso-
forms. However, determination of IFN-y and IL-4 in the
serum elicited a strikingly different cytokine profile dur-
ing the course of the immune response. In contrast to
pCMV-Beta, pCMV-Betd caused no significant allergen-
specific proliferation and induced only marginal levels
of the key cytokines. Conclusions: Based on the as-
sumption that the induction of a strong Th-1 type re-
sponse is a prerequisite for successful treatment of al-
lergy, our results favor the use of isoform Bet v 1a in
combination with CpG motifs for a novel type of aller-
gen immunotherapy based on plasmid DNA immuniza-
tion. Additionally, the data also confirm the assumption
that the antigen itself can have a marked influence on
the immune response after genetic immunization.

Introduction

Allergic symptoms caused by type | allergies, like rhini-
tis, bronchial asthma and conjunctivitis, are widespread
among the human population of industrialized countries. A
sustained production of IgE molecules against common en-
vironmental antigens is one of the characteristic events in
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allergic disease [1]. Cytokines, like IL-4 and IfN\are as- sponse after intradermal injection of plasmid DNA encod-
sumed to determine the course and severity of the allergig the allergen and a supporting effect of CpG motifs.
phenomenon [2-5]. Additional regulatory influences mapMowever, recent data concerning DNA immunization and
also be exerted not only by CD4+ T cells but also by CD8he effect of CpG motifs also point to an important influ-
T cells [6-8]. ence depending on the nature of the protein itself [30].

With genetic immunization, a new and powerful method Therefore, in the present paper we evaluated two iso-
for vaccine research and development arose in the last ydarms of the allergen Bet v 1 with respect to their immuno-
[9]. Recent publications also have demonstrated a potengiehicity after DNA immunization in an animal system. Ac-
role of this immunization technique for allergy treatmentording to their ability to bind IgE from allergic patients,
[10-12]. Meanwhile, there is a broad consensus with et v 1 isoforms can be grouped into high-IgE-binding
spect to the mechanisms of genetic immunization and tm®lecules and molecules with low/no IgE-binding activity.
basic events after injection of plasmid DNA [9, 13]. BotiBet v 1a belongs to the high-allergenicity group inducing
the delivery of DNA to tissue with a gene gun and intrawheal and flare reactions in the skin of birch-pollen-allergic
muscular or intradermal injection of a saline-DNA solutiomdividuals, whereas Bet v 1d revealed no such potency. On
proved to induce antigen-specific humoral and cellular réhe other hand, the low-allergenic Bet v 1d isoform dis-
sponses [14-17]. In contrast to immunization with proteinglayed significant higher T cell activation potency when
which are taken up by antigen-presenting cells (APCs) acdmpared to isoform a [31-33].
consequently are presented via MHC-II molecules, plasmid
DNA must first transfect cells to be translated into proteins.
The predominant pathway therefore goes via MHC-I Materials and Methods
molecules, thus leading to the activation of a cellular im- _ o
mune response. However, the separation of both aspects O'I‘f':r?gsfgﬁg\t/i/?:gc’fpg:nﬁi:jnsqn\:vuer:ga(ﬂjonnst\:ﬁggzjsfor DNA vaccination
the: Immune system in genetlp Immunization Is not th%& eriments: for pPCMV-Bet a 489-bp fragment was amplified by
strict because translated proteins also seem to be avail from the vector pMW175/Bet v 1a and pMW175/Bet v 1d [34].
for APCs to induce humoral responses [18—20]. The sequences of thedhd 3 primers were 5GGTTGGAGAATTC-

A special feature of this method, and the major diffeATGGGTGTTTTCAATTA-3 (EcoRl site underlined) and-&GTT-
ence between conventional immunization with protein anffCATCTAGATTAGTTGTAGGCATCGGAGTG-3 (Xbd site un-

. . . . . derlined) respectively, encompassing the entire Bet v la sequence.
gens and plasmid DNA, is the induction of an IjFedi The PCR product was digested wiiboRI andXba and cloned into

ated Th-1 type response. Qertain DNA motifs, consisting @fe eukaryotic expression vector pCl (Promega) and designated
an unmethylated CpG dinucleotide flanked by two HCMV-Beta and pCMV-Betd, respectively. The expression cassette in
purines and two '3pyrimidines, offer an explanation for pCl contains the CMV immediate-early promoter, a synthetic

these results. These immunostimulatory CpG motifs are giymeric intron, a multiple cloning site, and the sv40 late poly(A) sig-
times as common in bacterial DNA than in mammaliarﬁal Sequence.
Asecond type of expression vector was constructed by amplifying

DNA, a_nd may serve as a ‘danger signal’ for _the Mare Bet v 1a and d sequence from pCMV-Bet with tiEe&RI-con-
malian immune system. They were shown to stimulate tkgning primer mentioned above and 'apmer 3-CCCTCTAGA-
innate immune system to produce a number of Th-1-indUEFAGACGTCAACGTCGACGTTAACGTTGTTGTAGGCATCG-

ing cytokines (including IL-12, IL-18, IFNk, and TNFer GAGTG-3. This primer includes aiXba restriction site (under-
[2(‘;]__%/5] ( 9 p ) lined), a stop codon (italic, bold) and 24 additional nucleotides. The

. . attached nucleotides represent 4 different immunostimulatory CpG
CpG motifs may also be an explanation for the fact thaftifs (central CpG underlined, italics) which encode eight addition-
intradermal or intramuscular injection of DNA induces al amino acids (NVNVDVDV) at the carboxyl terminal of Bet v 1a.
more reliable Th-1 response than the gene gun [26] becatige PCR product was cloned irwaR1/Xba-digested pCl vector.
the amount of DNA applied in the injection mode is abodt'® resulting plasmids were denominated pCMV-Beta/app and
100 times higher compared to that of gene gun immuniﬂoaC-MV'Betd/app'
) 9 P oo g 9 The sequences of the constructs were verified using an Abi
tion. Therefore, Th-1 promotion is assumed to be the respfismm™ Genetic Analyzer (Perkin Elmer, Norwalk, Conn., USA).
of the high amount of plasmid DNA itself [27]. Plasmid propagation was performed Escherichia coliXI-IBlue
We have recently characterized the immune respordBF’ strain (Stratagene, La Jolla, Calif, USA). Purification of the
against Bet v 1a after DNA immunization and the influenog‘f"smids was then performed using the Nucleobond AX-2000 Plas-

. . . . mid Prep (Macherey-Nagel, Bad Soden, Germany), according to the
of CpG motifs [28]. In agreement with data dealing with thﬁ]anufacturer's instructions. The quality and quantity of the DNA

allergens Der p 5 [29], Hev b 5 [10] and the model molecul@yre analyzed by absorption at 260 and 280 nm and by agarose gel
p-galactosidase [12], we found a predominant Th-1 type r&ectrophoresis. The endotoxin content of the plasmids<ugsng
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LPS/mg DNA, as measured by Limulus amebocyte assay (Pyroquaxistria). The obtained values were used to calculate the mean and

Walldorf, Germany). standard error for each group of 6 mice.
Oligodeoxynucleotides Cytokine Detection in Sera and Supernatants of Stimulated
ODN were purchased from MWG-Biotech GmbH (Ebersberg, Spleen Cells

Germany). The sequence of the CpG-ODN wWa&GTAGACGT- IL-4 and IFN« were both measured by ELISA employing the

TAGCGT-3 (CpG motifs are underlined), the inverted CpG sequeneaultiple-antibody sandwich principle according to the protocol sup-
was 3-GCTAGAGCTTAGGCT-3. The synthetic ODN were dis- plied by the manufacturer (Genzyme, Cambridge, Mass., USA).
solved in LPS-free bD; the LPS content was1 ng LPS/mg DNA.  Briefly, 96-well microtiter plates (precoated with anti-mIfNr an-
ti-mIL-4 antibody) were incubated with standard and test samples.
Immunization and experimental groups Supernatants of cultured spleen cells were used undiluted whereas
Female BALB/c mice, aged between 5 and 6 weeks, were aerum samples were diluted 1:10 in PBS. To determine the absolute
tained from the animal breeding facilities in Himberg, Austria, angrotein concentrations, standard calibration curves were obtained for
maintained at the central animal care facility at the University efich cytokine. After incubation with samples, a biotinylated anti-
Salzburg according to the local guidelines for animal care. In all exdFN-y or anti-mIL-4 antibody, which binds to the captured HNF
periments, mice were bled before DNA injection to collect preinikt-4 respectively, was added. Thereafter, the unbound antibody was
mune sera for antibody and cytokine assays. Sera were collected fremoved by aspiration, plates were washed, and horseradish-peroxi-
mice by tail bleed. Sodium azide was added to a final volume of 0.2f4se-conjugated streptavidin was added. After incubation, unbound
and the sera were stored at 4°C. Prior to injection, the DNA vaccimaaterial was removed by washing and the BM chemiluminescence
were incubated at 95°C for 10 min and subsequently cooled at 4substrate was added to the plates. The signals were luminometrically
for 5 min. Mice were immunized intradermally into the shaved ba@valuated according to the procedure described above. The photon
(4 spots each) with 100g of plasmid DNA in 10Qul sterile PBS or counts measured were proportional to the concentration of &t
with 100ug plasmid DNA plus 50g of CpG-ODN in 10@u PBS, re- IL-4 present in the standards or samples. A standard curve was ob-
spectively. tained by plotting the concentrations of cytokine-standard versus the
Groups of 6 mice were immunized with pCMV-Beta, pCMV-Berespective photon counts (the sensitivity was below 20 pg/ml). The
ta/app, pCMV-Beta plus CpG-ODN (pCMV-Beta/coinj) and pCMV-<¢ytokine concentrations were then determined using the standard
beta/app plus CpG-ODN (pCMV-Beta/app/coinj) and with the resurves.
spective vectors containing the Bet v 1d gene on days 1, 26, 55 and
90. Blood samples were taken on days O (preimmune serum), 25, 54 Proliferation Assay of Isolated Spleen Cells
75 and 120. Proliferation assays were done 4 weeks after the lasSpleens were minced in PBS, pH 7.2, and aggregated cells sedi-
booster injection. mented for 10 min. The supernatants containing a monodisperse cell
Nonimmunized animals and animals immunized with the vectsuspension were washed 3 times in PBS and then resuspended in cul-
lacking the insert served as control groups. Additionally, mice wetgre medium (DMEM) supplemented with streptomycin (f@0ml),
injected with Bet v 1a or Bet v 1d plasmid DNA together with apenicillin (100 U/ml) and 1% heat-inactivated FCS. Cellx 10¢/
oligodeoxynucleotide with inverted CpG motifs-GCTAGAGCT-  well) were cultured with rBet v 1a and rBet v 1d, (2fJml), respec-
TAGGCT-3) and with CpG and GpC ODN alone. tively, in 96-well, flat-bottom, tissue culture plates for 52 h at 37°C,
95% RH, 7.5% C@ Cells were pulsed with 25Ci/ml [3H]-thymi-
Determination of Antigen-Specific Antibody Production by ELIS&ine (Amersham, UK) for an additional 20 h and then harvested with
For ELISA, black 96-well high-bind immunoplates (FluoroNunca cell harvester (Skatron, Lier, NorwaydH]-thymidine incorpora-
Nunc, Roskilde, Denmark) were coated by overnight incubation t&n was measured in a liquid scintillation counter (Beckman Coulter,
4°C with purified recombinant Bet v 1a or Bet v 1d protein (rBeEullerton, Calif., USA).
Biomay, Linz, Austria) at ug/ml in PBS. Plates were washed with
PBST using the AW1 automatic ELISA plate washing device (Anthos Computer-Based Screening for T-Cell Epitopes
Labtec, Salzburg, Austria) and blocked with PBS containing 3% BSA Immunodominant helper T lymphocyte antigenic sites were pre-
for 2 h at 37°C. Sera were added 1:100 in PBS (1:20 for IgE detdested from primary sequence data, using the AMPHI model of Mar-
tion) to the left column of each plate and serial 1:3 dilutions in PBf&lit and Berzofsky [35]. The underlying assumption of the AMPHI
were then made in subsequent columns. Preimmune sera serveshetiod is that T cell antigenic sites are composed of amphipathic he-
negative controls. The plates were incubated for 1 h at 37°C and thees. The majority of known T cell epitopes contain amphipathic he-
washed. Horseradish-peroxidase-conjugated detection antibody Viess, however, it must be stated that this method will miss those that
added in PBS and incubated for 1 h at 37°C. For IgG1 and lgG2a de-ot fit this premiss.
tection, goat antimouse IgG1l or 1gG2a (Pharmingen, San Diego, The calculation was done within the Protean module of the molec-
Calif., USA) was used at 1:2,000 dilution in PBS. Readings were refar biology Software-suite DNAStar. Amphipathic helices were pre-
erenced to commercial isotype standards, which were mouse Ig@dted by first converting the primary amino acid sequence into hy-
and IgG2a (Pharmingen). drophobicity values, using the values of Fauchere and Pliska [35].
For total IgG detection, goat-antimouse IgG(H+L) (BioRad, GeSecond, the hydrophobicity sequence was divided into overlapping
many) was used in the same way as for the subclass antibodies. lbeks of 7 residues (the parameter for proteins with low amphipath-
luminometric assay was developed with Luminol (BM chemilumiic content). Third, each hydrophobic block was searched for periodic-
nescence substrate, Boehringer-Mannheim, Germany) diluted 1:lItynconsistent with amphipathic helices. Finally, the program identi-
H,O. Chemiluminescence (photon counts/second) was determiriedi stable and unstable amphipathic helices. The results were
using a Lucyl Elisa-plate Luminometer (Anthos Labtec, Salzburdisplayed as an AMPHI region graph (fig. 1c).
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Computational Analysis Statistical Analysis

A model for Bet v 1d was generated by aligning the sequence of Data are expressed as mearSEM. Statistical significance was
Bet v 1d with 1bvl.pdb (Bet v 1a) [36, 37]. According to the alignassessed using an unpaired Student’s t test. All groups exhibited a nor-
ment, the residues of Bet v 1d were mapped onto 1bv1 [38]. The emal distribution of the antibody, cytokine and stimulation values.
ergy plot of the Bet v 1d model was calculated (ProSA Il plot) and
compared with the energy plot of 1bv1 [39]. Differences in the shape
of the energy curve indicate alterations of the folding which may be
responsible for antigenic and/or immunogenic differences between
the two isoforms (fig. 1a).

Fragmentation of folds and analysis/comparison of individual Antibody Responses
fragments were performed by cutting both folds (Bet v 1d model and Figure 2 shows the ELISA data of total IgG, IgG1 and
1bv1l) in overlapping fragments. A length of 15 residues was chos 2a of animals immunized 3 times with allergen plasmid

for the individual fragments because it represents the average siz .. . . .
peptides presented by MHC-II molecules. All possible fragments Aand the cross-reactivity of antibodies with the heterol-

this size were extracted and the Z scores calculated. The offset ®@g0us allergen isoform.
tween the fragments was chosen to be one residue so that there are IBigure 2a: compared to pCMV-Beta, the pCMV-Betd

overlapping residues between two consecutive fragments. The s@8Igsmid induced a sligthly lower antibody titer on homolo-
was calculated for each fragment and the data used to generate a@&}s and heterologous antigen. Both antibodies against Bet
of Bet vl d versus 1bv1 in order to detect differences between the (1 L .
sequences (fig. 1b). v la and Bet v 1 d cross-reacted with the heterologous anti-
gens, pointing to a similar three-dimensional structure of
both proteins. The levels of IgG2a were similar to those of

Results
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Fig. 2. ELISA of IgG, IgG1 and IgG2a im-
mune responses after the third intradermal in-
jection of plasmid DNA on plates coated with| ¢
100 ng/well recombinant Bet v 1a or Bet v 19
antigen. The dark columns represent ELISA
data derived from homologous antigen (antit
Bet v 1la on Bet v 1a antigen; anti-Bet v 1d on
Bet v 1d antigen), the light columns stand fo
ELISA data gained on heterologous antigen §
(anti Bet v 1a on Bet v 1d antigen; anti Bety 8
1d on Bet v 1a antigen). Injections of pCMV-| £
Bet(a,d) &), pCMV-Bet(a,d)/coinj with 50 &
ug CpG-ODN b), pCMV-Bet(a,d)/app )
and pCMV-Bet(a,d)/app/coinj with 5Qg
CpG-ODN d) were given at days 1, 26 and
55. Blood was taken at day 75 and the sefa 4
for this experiment were diluted 1:100. Datg
are expressed as mearSEM.
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IgG1. Because typical Th-2 responses after allergen-proteineasure for the complete fold [38] were calculated for both
immunization are characterized by a ratid0 for IgG1, folds, model and native Bet v 1a (1bvl). The values were
these data in principle indicated a predominant Th-1 tyjpéghly similar and in a range as expected for correctly fold-
response against both isoforms. A more stringent indicatied proteins (data not shown).
for a Th-1 response came from the fact, that no IgE could beAppending of CpG motifs, encoding for 8 additional
detected at any time of the immunization schedule (data @obino acids to the carboxyl terminal elicited no significant
shown). alteration of the structure concerning the energy plot and Z-
Figure 2b: to study the influence of CpG-motifs on antscores compared to their protein ancestors (data not shown).
body responses, coinjection of CpG-ODN together with In principle, the structural analysis pointing to a very
plasmids encoding Bet v 1a or Bet v 1d (designated pCMsimilar folding of the investigated proteins is in agreement
Beta/coinj and pCMV-Betd/coinj) were performed. Coinwith the experimental data obtained in antibody cross-reac-
jection of CpG-ODN resulted in an approximately threefoltdon ELISAs.
titer of 1IgG1 and IgG2a in the group immunized with
pCMV-Beta/coinj on homologous Bet v la antigen. Fur- Serum Cytokine Profiles
thermore, this group revealed a statistically significant dif- In order to characterize the response type against both
ference (p<0.05) between the homologous (on Bet v l1allergens concerning a predominant Th-1 or Th-2 reaction
and heterologous reaction (on Bet v 1d), which may reflectore precisely, the key cytokines IFNand IL-4 were
subtle antigenic differences between the two isoforms or areasured in the serum of immunized animals during the
antigen-depending CpG effect [30]. The humoral responseurse of the whole immunization schedule.
against Bet v 1d was not influenced by coinjection of CpG Surprisingly, Bet v 1a and Bet v 1d induced a strikingly
motifs. different production of both cytokines (fig. 3). Immuniza-
Figure 2c, d: two additional approaches testing the rdien with pCMV-Beta and its modifications clearly stimu-
of immunostimulatory CpG motifs were performed: (1) inlated a strong and typical Th-1 response including elevated
clusion of CpG maotifs into the gene of both Bet v 1a ar@&N-y and reduced IL-4 production. Despite a negligible
Bet v 1d by appending 4 CpG motifs to the coding sequenwe@moral response after the first injection (data not shown),
(termed pCMV-Beta/app and pCMV-Betd/app, respectivéhe cytokine profiles pointed to an effective cellular prima-
ly); (2) coinjection of CpG-ODN together with eitherry response, even resulting in a systemic alteration of the
pCMV Beta/app or pCMV Betd/app plasmid DNA (desigkey cytokines, with the most pronounced response follow-
nated pCMV-Beta/app/coinj and pCMV-Betd/app/coinj)ing upon immunization with pCMV-Beta/coin;.
CpG motifs, both appended and appended plus coinjected,The highest ratio of IFN-to IL-4 was measured for the
reduced the antibody titers against Bet v 1a. The humopfZMV-Beta/coinj group in the primary response, and for all
response against Bet v 1d was not influenced by any appliher groups after the second injection.
cation of CpG motifs. After a third injection of plasmid DNA, the cytokine
Immunization with plasmid DNA together with invertedELISA yielded values similar to the presera for all groups.
CpG-ODN (BGCTAGAGCTTAGGCT-3) did not result in  This normalization of serum cytokines had no effect on the
any significant changes of the immune response compasgadibody titers, which still increased after the third injec-
to immunization with pCMV-Beta or pCMV-Betd. Injec-tion.
tion of CpG- and GpC-ODN alone exhibited no antigen- Both Bet v 1a groups coinjected with CpG motifs elicit-

specific responses (data not shown). ed a slightly stronger IL-4 suppression; however, these dif-
ferences proved not to be statistically significant.
Structural Analysis of Bet v 1a and Bet v 1d The cytokine profiles of all groups injected with plasmid

Since the homology of both proteins is more than 95%DPNA encoding for Bet v 1d revealed no statistically signif-
similar folding was expected. In general, this assumptiocant alteration of IFN¢ and IL-4 after the first injection (a
was confirmed by computing an energy plot of both strutendency of IL-4 decrease can be seen after immunization
tures using ProSA 1l [39] (fig. 1a). However, the plot alswith pCMV-Betd and pCMV-Betd/coinj). In contrast to the
showed a remarkable difference in the region of residuBst v 1a groups, a drastic increase of IL-4 was induced af-
100-120. In this region, two residues differ between Better the second injection of plasmid DNA in all groups. A
1d and Bet v 1a (namely SerCys 112 and lle- Val 113). third injection led again to normalization of the IL-4 values.
It seems obvious that the discrimination in the energy curve Also in contrast to all Bet v 1a groups, no increase of
was caused by these exchanges. Z-scores used as a qualMyy was detectable in any group at any time during the
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Fig. 3. Cytokine ELISA of IFNy and IL-4

in serum of animals (n = 6) immunized with
pCMV-Bet(a,d) &, b), pPCMV-Bet(a,d)/coinj
coinjected with 50ug CpG-ODN ¢, d),
pCMV-Bet(a,d)/app &, f) and pCMV-
Bet(a,d)/app/coinj coinjected with 5Qg
CpG-ODN @, h). Injections were given at
days 1, 26, 55 and blood samples were taken
on days 0 (preimmune serum), 25, 54 and 75.
Preserum values were subtracted from exper-
imental measures to generate delta values
(absolute increase/decrease of cytokine lev-
els). Preserum values for IFN-and IL-4
were between 3 and 8 pg/ml. Data are ex-
pressed as meanSEM.
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Fig. 4. Cytokine ELISA of IFNy (a, b) and IL-4 g, d) in undiluted supernatants of proliferation cultures 30 days af-
ter four monthly injecions. Spleen cells were stimulated with either homologous or heterologous protein-antigen. Da-
ta are expressed as meaBSEM. IL-4 suppression was highly significant in all groups (o001).

course of the experiment. Furthermore, additional CpG maory established? These questions arose because after three
tifs did not alter the cytokine levels in any group. injections both IFNy and IL-4 levels normalized, and one
These results seem to indicate the induction of a mareuld argue that the observed response types had been only
pronounced Th-2 type response by Bet v 1d plasmid DN#emporary.
However, on the other hand this seems to be in contradic-lmmunization with all Bet v 1a plasmids revealed a sig-
tion to the fact that no increase of IgG1 could be measuneificant IFN-y to IL-4 ratio in culture supernatants of spleen
in any group and, moreover, no IgE production was deells stimulated with rBet v 1a (an approximately 2.5- to
tectable at any time. 50-fold excess of IFN-in the different groups), indicating
a very strong Th-1 response (with the highest ratio for the
Cytokine Profiles in Supernatants of Allergen-Stimulatedyroup immunized with pCMV-Beta/app/coinj). Heterolo-
Spleen Cells gous stimulation with an equivalent amount of rBet v 1d
Antigen-specific proliferation was performed and thsignificantly decreased cytokine expression, however, still
culture supernatants analyzed for IFNend IL-4 (fig. 4). inaTh-1 typical mode (an approximately 3- to 150-fold ex-
As a time point, 4 weeks after the third injection of DNAess of IFNy in the different groups).
was chosen, which should enable us to answer some imporThe evaluation of both key cytokines from animals im-
tant questions: Was the response type stable over a prmumnized with plasmid DNA encoding for Bet v 1d and
longed period and after repeated boosting, and was a metimulated with rBet v 1d (homologous stimulation) elicited
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an approximately 5-fold reduction in cytokine expression jn
all groups. Nevertheless, the ratio of IfFNe IL-4 clearly
pointed to a Th-1 response. IL-4 was slightly suppressed in 100001 e
all animals treated with CpG motifs.

In contrast to the Bet v 1a groups, heterologous stimula- 8000 ﬁ
tion of spleen cells from animals immunized with Bet v 1d
with rBet v la resulted in higher expression of both {FN
and IL-4 than in the homologous approach. As in the ho-
mologous situation, the ratio of IFiNand IL-4 indicates a
Th-1-type response with the exception of the group pCMV-
Betd. Only in this group does IL-4 production (150 pg/m
versus 79 pg/ml) seem not be strikingly suppressed, which
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ficity of the response.

Proliferative Responses in Allergen-Stimulated Spleen Fig. 5. Allergen-specific proliferation of isolated spleen cells. Spleen

Cells_ ] ] ) ] cells of controls and immunized animals were cultured for 52 h with
In principle, the results obtained by determination of thiecombinant Bet v 1a or recombinant Bet v 1d and pulsed with 25

cytokines from proliferation cultures were confirmed by theCi/ml [*H]-thymidine for 20 h. Values are expressedgpm (medi-
antigen-specific stimulation of spleen cells as measured ). mean: SEM.

3H-thymidin incorporation (fig. 5). Animals immunized

with pCMV-Beta/coinj and pCMV-Beta/app/coinj elicited

the highest stimulation values<.005) pointing to a sup-

porting role of CpG motifs for cellular reactions. No signifscores and in the energy plot. The amphipathic helix at po-
icant stimulation could be detected in the groups immsition 31-34 in Bet v 1a exceeds the corresponding helix in
nized with pCMV-Betd and its modifications. This was alsBet v 1d by one residue (fig. 1c¢). This second T cell epitope
true for the heterologous approach (animals immunized adteration is also reflected in Z score differences around this
ing Bet v 1d plasmid DNA stimulated with rBet v 1a). Irposition (fig. 1b).

this case, it must be considered that the stimulation of non-

immunized controls with rBeta was nearly tenfold com-

pared to rBetd. Therefore, these values must be related tdiscussion

the rBeta control.

In contrast, the reverse heterologous approach demonNumerous controlled clinical studies have demonstrated
strated that spleen cells of animals immunized with Bet v ttee efficacy of specific immunotherapy (SIT) of type | al-
plasmid DNA proliferated after stimulation with rBetdlergy as a treatment for patients suffering from pollinosis
(again with a significant increase in the pCMV-Beta/coirj#l0, 41]. However, at present, there is only a general agree-

and pCMV-Beta/app/coinj groups<0.005). ment for SIT in the treatment of venom hypersensitivity and
Stimulation with the nonrelated proteins myoglobin anallergic rhinitis. Its usefulness and safety for treating food
ovalbumin induced no proliferation in any group. allergy and asthma are still discussed [42, 43] and the oc-

currence of typical allergic symptoms after injection of al-
T Cell Epitopes and Z Scores of Fragmented Folds lergens into sensitized organisms is frequent. Due to these
Utilizing the AMPHI-algorithm Bet v 1a exhibits one ad-unwanted side effects, therapeutic doses can sometimes not
ditional helper T Lymphocyte antigenic site compared tme reached, and SIT has to be considered a potentially dan-
Bet v1 d at position 114-117. Interestingly, the fragmenggrous therapy, which, moreover, is not successful in some
surrounding this position also show differences in their @ases. Recently, evidence has accumulated that SIT influ-
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enced allergen-specific T helper cell responses [44—4dliences leads to additional translation of amino acids at the
From these studies, it can be concluded that a modulatiorcafboxyl terminal of the allergen. This slight modification
the allergen-specific immune reactivity from a Th-2 orienseems to have no drastic influence on the three-dimension-
ed to a Th-1-biased response is the operating mechanamtructure in molecular modeling. However, it may be suf-
leading to clinical success. Based on these findings, sevdi@ént to introduce subtle antigenic alterations.
strategies of inducing Th-1-like immune responses to aller- No major variations were observed in the distribution of
gens have been established [12, 48, 49]. IgG1 and IgG2a subclasses during the whole immunization
Immunization with plasmid DNA, a novel approach irschedule. Both subclasses were detectable with a maximum
vaccine research and development, offers several advaatio of 3:1 for IgG1. Considering a ratio of IgG1 to IgG2a
tages for a new type of allergen-specific immunotherapy.10 as an indicator for a typical Th-2-type response after
Because of the minimal concentration of antigen (onbenetic immunization [26], the subclass distribution also in-
nanograms of proteins are translated at the injection site)dasated a Th-1-type response. However, it should be point-
compared to the doses used for conventional immunothegd-out that the expression of subclasses (without measuring
py [9], no side effects like inflammatory responses or ante key cytokines) cannot be taken as a reliable indication of
phylactic reactions are caused by plasmid DNA. Furthezither a Th-1- or a Th-2-type reaction [50].
more, DNA can be highly purified, thus containing no Additional strong evidence for a Th-1 response against
contamination such as recombinant proteins may frequertilyth isoforms stems from the fact that no IgE antibodies
exhibit. could be detected after genetic immunization in any of the
DNA immunization with clinically relevant Bet v 1 pro-animals at any time during the experiments. This is in agree-
teins not only opens new prospects for an alternative iment with data reported after DNA immunization of mice
munotherapy, but also can address the question as to whitti a plasmid construct containing the latex allergen Hev b
extent the nature of the molecule specifically influences tbe and with plasmid DNA encoding Der p 5, an important
immune reaction. The isoforms Bet v 1a and Bet v 1d areuse dust mite allergen [10, 11].
excellent candidates for such a question. In human studiesThe determination of serum cytokines during the whole
the former exhibited a strong allergenic nature, with higlourse of the immunization schedule, however, elicited
levels of specific IgE antibodies in about 80% of the indstriking differences between the two isoforms. The reaction
viduals allergic to birch pollen, whereas the latter is aagainst Bet v 1a was clearly a Th-1-type response with ele-
sumed to be only weakly allergenic, but with a stronger czated IFNy (especially in the pCMV-Beta+CpG group)
pacity to activate T cells. Therefore, Bet v 1d was proposadd decreased IL-4 values after two injections. In contrast,
for a new form of specific immunotherapy using hypoalleduring the response against Bet v 1d no increase inylFN-
genic recombinant allergen isoforms [31-33]. was observed, but one marked peak of IL-4 after the second
Computer analysis performing energy blots (ProSA ihjection of plasmid DNA was measured. Both values nor-
Plots) and Z scores of Bet v 1a and Bet v 1d and their dealized after a third injection of plasmid DNA, but with no
scendants (Beta/app and Betd/app) revealed a very similarelation with the antibody titers, which increased after
folding, which only differed in the region 100-120. each booster injection. This lack of correlation of serum cy-
In principle, these data were also confirmed by the fackines and antibody titers has been recently demonstrated
that antibodies produced against isoform Bet v 1a cross-i@-the course of the immune reaction against plasmid DNA
acted in a comparable manner with the isoform Bet v 1d agwlcoding Bet v 1a [28].
vice versa. Immunization with plasmid DNA of both iso- An important question arose from these data: does the
forms also induced a similar level and type of humoral ré--4 peak during the response against Bet v 1d reflect a true
sponse (indirectly pointing to a similar expression level dh-2-type reaction? For this purpose the key cytokines were
both isoforms) with respect to the isotypes and subclassasasured in supernatants of proliferation cultures 4 weeks
indicating a predominant Th-1 response type for bottiter the last injection. The results revealed that both iso-
molecules. forms induced a significantly higher IFNthan IL-4 pro-
Minor differences concerning B cell epitopes cannot liiction, thus also pointing to a Th-1 reaction against Bet v
excluded because immunization with plasmid DNA encodd. The difference between both isoforms in these experi-
ing the native protein resulted in a decreased cross-reactioents was restricted to the fact that rBet v 1la induced a
In contrast, this effect could not be detected in the groustsikingly higher amount of both IFN-and IL-4. In princi-
with appended CpG motifs. As described in Materials ampte, the cytokine data correlated well with the results of the
Methods, the mode of appending immunostimulatory sproliferation experiments. Animals immunized with Bet v
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la plasmid DNA elicited the highest reactivity (for the keulated spleen cells pointed to a clear Th-1-type reaction.
cytokines and stimulation values) in all cases, both in th®wever, the isoforms strikingly differed in their immuno-
homologous (immunized with Bet v 1a and stimulated witlpenicity with respect to allergen-specific proliferation and
rBet v 1a) and in the heterologous (immunized with Betim the serum cytokine profile during the immune response.
la and stimulated with rBet v 1d) approach. Further experiments with the isoform Bet v 1d must be per-
Comparing these data from animal experiments with d@rmed to answer the question whether the suppression of
ta from human T cell lines, T cell clones and IgE-bindinthe proliferative response, which also includes the response
experiments [32, 33, 51], the concurrence is restricted to egainst the heterologous isoform, can prevent an allergic re-
fact that both isoforms generally differ in their induction ofiction (possibly by decreasing the allergen-specific T-
cellular immune responses. Furthermore, the differendeslper cell expansion).
between the serum cytokine profiles indicated different sys- Nevertheless, the present data seem to favor DNA-based
temic responses. immunotherapy with the isoform Bet v 1a coinjected with
The molecule Bet v 1d itself proved to have no toxic eEpG motifs because this combination strongly supports the
fects in proliferation cultures (as it could be concluded frodevelopment of a Th-1-type response. It remains to be es-
the homologous proliferation experiment) because it weablished whether an immunization with a Bet v 1 gene can
able to stimulate spleen cells and induce cytokine exprgsevent already established atopic immune responses, and
sion from animals immunized with Bet v 1a plasmid DNAdownregulate an ongoing Th-2 response. Additionally, the
Apart from a slight suppression of the antibody producesults also confirm the assumption that the antigen itself
tion, which has also been demonstrated by recent publif20] can have a marked influence on the immune response
tions [30, 52], CpG motifs do not seem to primarily affeafter genetic immunization.
the humoral response but have more influence at the cellu-
lar level. This is in agreement with the assumption that CpG
motifs exert their function via activation of cells and cy- Acknowledgements
tokines of the innate immune system [21-23]. The results
from antigen-specific stimulation experiments clearly This work was partially supported by grants P10019-MOB (to F.
demonstrate that additional and combined application fegrreira) from the Fonds zur Forderung der wissenschaftlichen

CnG motifs stronalv effects the cellular responses. In tEorsohung,Vienna, the Ludwig Boltzmann Institute for Experimental
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marked increase of the production of IfMnd the highest Salzburg.

degree of IL-4 suppression was detected in the group
pCMV-Beta/app+CpG. This IL-4 suppressive effect could
also be clearly seen in the heterologous approach using
spleen cells from animals with Bet v 1d immunized treated
with rBet v 1a. The animals immunized with pCMV-Bet v
1d plasmid DNA, which received no additional CpG motifs,
showed the highest IL-4 titers.

At present, we have no explanation for the different cel-
lular reaction patterns of Bet v 1a and Bet v 1d. One possi-
bility could be that the minimal sequence alterations of the
isoform d lead to different processing products with a re-
duced T-cell activation potency. This seems to be confirmed
by the computer-based screening for T cell epitopes, calcu-
lation of energy plots and Z scores, which concurrently ex-
hibited differences between the isoforms in the sequence re-
gion 100-120. Proliferation assays with overlapping
peptides should be able to clarify this question.

Summing up the results, we can state that plasmid DNA
of both isoforms of Bet v 1 induced similar humoral re-
sponses. Both the subclass composition, the lack of IgE pro-
duction and the cytokine profiles from supernatans of stim-
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