EUROPEAN JOURNAL OF ALLERGY :%
AND CLINICAL IMMUNOLOGY
—

4

EAACI

ORIGINAL ARTICLE

Allergy

EXPERIMENTAL ALLERGY AND IMMUNOLOGY

A hypoallergenic variant of the major birch pollen allergen
shows distinct characteristics in antigen processing and

T-cell activation

C. Kitzmiiller', M. Wallner?, S. Deifl’, S. Mutschlechner', C. Walterskirchen', G. J. Zlabinger?,

F. Ferreira®? & B. Bohle'

"Department of Pathophysiology and Allergy Research, Christian Doppler Laboratory for Immunomodulation, Medical University of Vienna,
Vienna; ?Department of Molecular Biology, Christian Doppler Laboratory for Allergy Diagnosis and Therapy, University of Salzburg, Salzburg;
3Institute of Immunology, Medical University of Vienna, Vienna, Austria

To cite this article: Kitzmuller C, Wallner M, Deifl S, Mutschlechner S, Walterskirchen C, Zlabinger GJ, Ferreira F, Bohle B. A hypoallergenic variant of the major

birch pollen allergen shows distinct characteristics in antigen processing and T-cell activation. Allergy 2012; DOI: 10.1111/all.12016.

Keywords
allergen-specific immunotherapy; Bet v 1;
hypoallergen; T-cell modulation.

Correspondence

Barbara Bohle, Department of
Pathophysiology and Allergy Research,
Medical University of Vienna, Waehringer
Guertel 18-20, A-1090 Vienna, Austria.
Tel.: +43-1-40400-5114

Fax: +43-1-40400-5130

E-mail: barbara.bohle@meduniwien.ac.at

Accepted for publication 27 July 2012

DOI:10.1111/all.12016

Edited by: Reto Crameri

Abstract

Background: BM4 is a novel genetically engineered variant of the major birch
pollen allergen Bet v 1 that lacks the typical Bet v 1-like fold and displays negligi-
ble IgE-binding but strong T cell-activating capacity. The aim of this study was
to elucidate possible differences between BM4 and Bet v 1 in internalization, anti-
gen processing, and presentation.

Methods: Proliferative responses to BM4 and Bet v 1 of peripheral blood mono-
nuclear cells and Bet v I-specific T-cell clones were compared. Fluorescently
labeled BM4 and Bet v 1 were used to study surface binding, endocytosis, and
intracellular degradation by monocyte-derived DC (mdDC). Both proteins were
digested by endolysosomal extracts of mdDC. BM4- and Bet v 1-pulsed mdDC
were employed to assess the kinetics of activation of Bet v 1-specific T-cell clones
and the polarization of naive T cells.

Results: BM4 displayed a significantly stronger T cell-activating capacity than
Bet v 1. Furthermore, BM4 showed increased surface binding and internalization
as well as faster endolysosomal degradation compared with Bet v 1. BM4-pulsed
mdDC induced enhanced proliferative responses at earlier time-points in
Bet v 1-specific T-cell clones and promoted less IL-5 production in T cells than
Bet v 1-pulsed mdDC.

Conclusion: The loss of the Bet v 1-fold changes the protein’s interaction with the
human immune system at the level of antigen-presenting cells resulting in altered
T-cell responses. By combining low IgE-binding with strong and modulating T
cell-activating capacity, BM4 represents a highly interesting candidate for specific
immunotherapy of birch pollen allergy.

Worldwide, around 100 million people suffer from birch pol-
len allergy, 93% of whom are sensitized to the major allergen
Bet v 1 (1). Due to cross-reactivity, Bet v 1 frequently
induces IgE-mediated allergic symptoms to pollen from other
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trees of the Fagales family and to certain foods (1-3). Among
at least 14 naturally occurring isoforms of Bet v 1, Bet v
1.0101 is the most abundant one (4, 5). Recombinant Bet v
1.0101 is routinely produced for allergy diagnosis and has
been well characterized regarding physicochemical properties
(6), 3D structure (7), IgE epitopes (8-10), and T-cell reactiv-
ity (11).

The only curative measure currently available for IgE-med-
iated allergy is allergen-specific immunotherapy (SIT), which
modulates the allergic immune response at the levels of
antigen-presenting cells (APC), T cells, and B cells (12).
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Recombinant Bet v 1.0101 has been shown to be as effective
as birch pollen extract in SIT, but various local IgE-mediated
side effects have been reported (13). To reduce such unde-
sired side effects, the use of hypoallergenic variants of aller-
gens, which display reduced IgE-binding capacity and
retained T cell-activating ability (14), has been proposed.
BM4 is a novel hypoallergenic variant of Bet v 1.0101, which
due to the exchange of 8 amino acid residues (aa) in the
region Bet v 1.010199.116 is unable to attain the typical Bet v
1-like fold (15-17). Consequently, BM4 shows only residual
IgE-binding and mediator release capacity (17). In mouse
immunization experiments, BM4 induced a mixed Tyl/TH2
immune response while Bet v 1.0101 induced a clear Ty2
response (17). These observations suggested an influence of
the fold on the inherent allergic properties of the major birch
pollen allergen.

We evaluated whether the loss of the Bet v 1-fold leads to
differences in uptake, processing and presentation by human
APC, and in subsequent T-cell responses. We utilized fluores-
cently labeled Bet v 1.0101 and BM4 to study internalization
by different APC and to follow the proteins through the end-
ocytic pathway in mdDC. The effects of presenting protein
to either effector or naive T cells were investigated by
employing peripheral blood mononuclear cells (PBMC), Bet
v l-specific T-cell clones (TCC), and naive T lymphocytes
from birch pollen—allergic patients.

Materials and methods
Patients and proteins

Birch pollen—allergic patients showed typical case histories,
positive skin prick tests to birch pollen extract and birch pol-
len—specific IgE of >3.5 kUA/l (ImmunoCAP; Thermo Fisher
Scientific, Uppsala, Sweden). The study was approved by the
local ethics committee. Patients gave informed consent.
Recombinant Bet v 1.0101 (hereinafter referred to as Bet v
1) and Bet v 2 were purchased from Biomay (Vienna, Austria).
Recombinant BM4 was expressed and purified as published
previously (17). Proteins were quantified by UV spectrometry.
Endotoxin levels in Bet v 1 and BM4 were below 1 EU/mg
(LAL assay; Lonza, Basel, Switzerland). Proteins were conju-
gated to pHrodo-succinimidyl ester, FITC-succinimidyl ester,
and Alexa Fluor 488®-succinimidyl ester (Invitrogen, Carls-
bad, CA, USA) according to the manufacturer’s instructions.

Cell preparation

Monocytes were isolated from PBMC by immunomagnetic
cell sorting (MACS; Miltenyi Biotec, Bergisch-Gladbach,
Germany) resulting in >95% CD14™ cells. mdDC and micro-
somes thereof were generated as described previously (18—
20). Cryopreserved Bet v 1-specific TCC [generated as
described (21)] were thawed, expanded, and re-stimulated
with Bet v 1 or BM4 in duplicate in the presence of irradi-
ated autologous (60 Gy) PBMC. Naive CD4" T cells were
isolated from PBMC using the Naive CD4™ T Cell Isolation
Kit II (Miltenyi Biotec). Isolated populations were >97%
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CD4"CD45RA" and stored in liquid nitrogen until autolo-
gous mdDC had been generated.

Flow cytometry

The following monoclonal antibodies were used: CDla-APC,
CD3-PerCP, CD4-PE, CD8-APC, CD14-PerCP, CD19-APC,
CD56-PE, CD80-PE, CDS83-PE, CD86-PE, HLA-DR-FITC
(BD Biosciences, San Jose, CA, USA), BDCA-2-PE, CDIc-
APC, and CDI141-APC (Miltenyi Biotec). Isotype controls
were used to detect nonspecific binding.

Flow cytometry was performed on a FACS Canto (BD
Biosciences) and analyzed using FACS Diva (BD Biosciences)
and FlowJo software (TreeStar, Inc., Ashland, OR, USA).

Proliferation assays

Freshly isolated PBMC (2 x 10°) were cultured in triplicate
with Bet v 1 or BM4 (3-25 pg/ml) for 6 days. During the last
16 h of culture [*H]thymidine (0.5 pCi/well) was added. Pro-
liferation of TCC was analyzed after 48 h of incubation of T
cells (2-5 x 10% and irradiated autologous PBMC (1 x 10%)
or mdDC (3.5 x 10% pulsed with protein (10 pg/ml) for up
to 72 h (21). Stimulation indices (SI) were calculated as the
ratio of counts per minute (cpm) of stimulated cultures to
cpm of unstimulated cultures.

Surface binding, endocytosis, and degradation of labeled
proteins

To assess protein uptake, Alexa 488-labeled proteins (400 ng/
ml) were preincubated at a ratio of 1 :5 with autologous
serum or medium for 1 h at 37°C. Freshly isolated PBMC
(2 x 10°% were added, incubated for 1 h at 4°C, transferred
to 37°C, incubated for another 20 h, and labeled with cell
type—specific surface markers.

To assess surface binding, mdDC (1 x 10°) were incubated
with Alexa 488-labeled proteins (400 ng/ml) for 3 h at 4°C
and fixed in 2% paraformaldehyde.

To determine endocytosis, mdDC (2 x 10%) were incubated
with pHrodo-labeled proteins (3 pg/ml) for 1 h at 4°C, fur-
ther incubated at 37°C in fresh medium, and analyzed at the
indicated time-points.

To assess intracellular degradation, mdDC (1 x 10°) were
incubated with FITC-labeled proteins (15 pg/ml) and incu-
bated for 1 h at 37°C, washed, and further incubated at 37°C
for the indicated time periods. The percentage of FITC-posi-
tive cells was measured using flow cytometry. The percentage
of degradation of antigen is represented as the ratio of
FITC™" cells at the indicated time to FITC ™" cells at 0 h.

Polarization experiments

mdDC (I x 10%) were pulsed with protein for 24 h, washed,
irradiated, and incubated with thawed naive T cells (1 x 105)
for 6 days (22). Culture supernatants were collected and ana-
lyzed for IL-5 and IFN-y using the Luminex System 100
(detection limit 30 pg/ml) (Luminex, Austin, TX, USA).
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Maturation of mdDC

mdDC were incubated with protein (17.5 pg/ml) or LPS
(0.5 pg/ml) for 48 h. One part of these cells were analyzed
for upregulation of maturation markers (CD83, CD80, CD86
and CD40) using flow cytometry. The other part of these
cells was irradiated, and 2.5, 5, and 10 x 10° cells were co-
cultured with allogeneic PBMC (1 x 10°) for 6 days to deter-
mine mixed leukocyte reactions. LPS was used as a positive
control because it has been shown to stimulate the produc-
tion of cytokines and the expression of co-stimulatory mole-
cules and HLA-DR on DC (23).

Statistical analysis

Data were analyzed using IBM SPSS 16.0 (SPSS, Chicago,
IL, USA). Data from different patients were not normally
distributed (as assessed by the Shapiro-Wilk Test) and are
presented as median and interquartile ranges. Statistical dif-
ferences were determined by the Wilcoxon signed ranks test
and considered statistically significant for P < 0.05. Data
from duplicate experiments are shown as means with stan-
dard deviation (SD).

Results
BM4 elicits stronger T-cell responses than Bet v 1

PBMC from 13 birch pollen—allergic patients were stimulated
with titrated amounts of Bet v 1 or BM4. At all concentra-
tions used, the response to BM4 was significantly stronger
than to equal amounts of Bet v 1 (25 pg/ml, P = 0.007;
12.5 pg/ml, P =0.001; 6.3 pg/ml, P =0.006; 3.1 pg/ml,
P =0.003; Fig. 1). Furthermore, seven Bet v 1-specific TCC
from five different birch pollen—allergic donors recognizing
relevant T cell-activating regions of Bet v 1, that is, Bet v 14
18, Bet v 1g175, Bet v 1ga96, Bet v 1112123, and Bet v 1142153
(11), were stimulated with either variant. TCC specific for
Bet v 1yj2.123 (TCC5, TCC6) were nonreactive to BM4
because this T cell-activating region contains the mutated
sequence of aa 109-116 (TIKSISNKYHTK). All other clones
proliferated substantially better in response to BM4 than to
Bet v 1 even at very low protein concentrations (Table 1).

Uptake of Bet v 1 and BM4 by different types of APC

The stronger T-cell reactivity to BM4 might result from
enhanced endocytosis and/or processing of this protein. To
evaluate possible differences in the uptake of Bet v 1 and
BM4 by different types of APC, we analyzed their internali-
zation by PBMC from birch pollen—allergic patients. Uptake
of BM4 was enhanced compared with Bet v 1 in monocytes
(CD147) and in the two types of myeloid DC (mDCI:
CDIc"CDI14 CDI19; mDC2: CD14 CDI141 "), respectively
(Fig. 2A). The number of plasmacytoid DC (CD14 CD303™")
in PBMC was generally too low to assess protein uptake
(data not shown). B cells (CD19") did not endocytose pro-
tein under the conditions used, neither did NK cells

© 2012 John Wiley & Sons A/S
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Figure 1 Proliferation of PBMC in response to Bet v 1 and BM4.
PBMC of 13 birch pollen-allergic donors were stimulated with dif-
ferent concentrations of Bet v 1 (filled circles) or BM4 (open cir-
cles) for 6 days, and proliferation was measured using thymidine
incorporation. S| values are shown, which represent the ratio
between the cpm of stimulated cultures and the cpm of unstimu-
lated cultures. Black lines indicate median values. **P < 0.01 (Wil-
coxon signed ranks test). Background levels of PBMC left in
medium without stimulant ranged from 2.500 to 35.000 cpm.

(CD37CD56 ") nor T cells (CD3"CD4" and CD3"CDS",
respectively) (data not shown). Preincubation of the proteins
with autologous serum enhanced only the internalization of
Bet v 1 by monocytes (Fig. 2A).

Uptake and intracellular degradation of Bet v 1 and BM4 by
mdDC

Since PBMC contain very limited numbers of DC, we used
immature mdDC from birch pollen-allergic individuals to
study surface binding, endocytosis, and processing of Bet v 1
and BM4 in more detail. Surface binding was assessed by
incubation of mdDC with Alexa 488-labeled protein at 4°C
to abrogate endocytosis. Figure 2B shows that BM4 was sig-
nificantly more efficiently bound to the surface of mdDC
than Bet v 1 at 400 ng/ml of protein (P = 0.028), and a trend
toward more binding was seen at the lower concentrations
used.

To track endocytosis, we used Bet v 1 and BM4 conju-
gated to pHrodo, a pH-dependent dye that is nonfluorescent
at neutral pH and turns bright red in the acidic environment
of endosomes. At all time-points investigated (4, 6, 24 h), the
percentage of BM4-positive cells was significantly higher than
of Bet v 1-positive cells (Fig. 2C; P = 0.043 each).

Intracellular protein degradation was analyzed over a time
period of 24 h after pulsing mdDC with FITC-conjugated
proteins. In contrast to Bet v I-pulsed cells, a substantial
number of cells were negative for BM4 already after 1, 2,
and 4 h (Fig. 2D). After 6 h of incubation, BM4 was fully
degraded while about 60% of cells were still positive for
Bet v 1. Furthermore, BM4 and Bet v 1 were subjected to
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Table 1 Proliferation of TCC in response to Bet v 1 and BM4

Kitzmdller et al.

Specificity Bet v 1 [ug/ml] BM4 [pg/ml]
TCC aa aa sequence 5 2.5 1.3 0.6 5 2.5 1.3 0.6
TCC 1 4-18 NYETTETSVIPAARL 29" 18 13 n.d. 65 64 64 n.d.
TCC 2 61-75 GFPFKYVKDRVDEVD 11 n.d. n.d. n.d. 23 n.d. n.d. n.d.
TCC 3 82-96 YNYSVIEGGPIGDTL 84 66 48 n.d. 269 166 139 n.d.
TCC 4 82-96 YNYSVIEGGPIGDTL n.d. 27 16 7 n.d. 206 156 107
TCC 5 112-123 SILKISNKYHTK 52 n.d. n.d. n.d. 1 n.d. n.d. n.d.
TCC 6 112-123 SILKISNKYHTK 177 n.d. n.d. n.d. 1 n.d. n.d. n.d.
TCC 7 142-153 TLLRAVESYLLA 57 28 15 9 209 221 215 186

aa, amino acid residues; n.d., not determined.

*Stimulation indices (Sl) are shown. Background values of medium control ranged from 99 to 988 cpm.
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Figure 2 Bet v 1 and BM4 in the endocytic pathway. (A) PBMC
from birch pollen-allergic donors were incubated with Bet v 1-
Alexa488 (gray) or BM4-Alexa488 (white) preincubated with
(hatched) or without (plain) autologous serum for 1 h. The percent-
age of Alexa 488-positive cell populations was determined by flow
cytometry (n = 4). Surface binding (B), endocytosis (C), and intra-
cellular degradation (D) by mdDC incubated with equal concentra-
tions of Bet v 1 (gray) or BM4 (white) conjugated to different

degradation assays employing endo/lysosomal proteases iso-
lated from mdDC of birch pollen—allergic donors (19). Deg-
radation of BM4 proceeded rapidly during the first hour of
incubation (Fig. S1). In contrast, Bet v 1 was degraded more
slowly and in a more continuous fashion.

Presentation of BM4 and Bet v 1 to Bet v 1-specific effector
T cells

To investigate whether faster uptake and processing of BM4
by mdDC resulted in an earlier peptide presentation to T
cells, we performed time course experiments employing dif-
ferent Bet v 1-specific TCC. Proliferation was stronger in the
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fluorophores. (B) Alexa 488-positive cells after 3 h at 4°C (n = 6 for
400 ng/ml, n = 3 for the other concentrations). (C) pHrodo-positive
cells after 1 h at 4°C and shift to 37°C for the indicated periods of
time (n=6). (D) Cells were incubated with FITC-labeled proteins
for 3 h at 37°C, positive cells at time-point 0 were set to 100%,
and the relative percentage of positive cells at the subsequent
time-points is shown (n=4). *P < 0.05 (Wilcoxon signed ranks
test).

presence of mdDC pulsed with BM4 for 6, 11, and 24 h as
compared to mdDC pulsed with Bet v 1 (Fig. 3). Compara-
ble proliferation of TCC was observed when mdDC had been
pulsed with either protein for 48 h. After 72 h of pulsing, the
clones responded stronger to Bet v l-pulsed mdDC. No
response to mdDC pulsed with Bet v 2 was observed
(Fig. 3).

Polarization of naive T cells in response to BM4

To finally test whether increased uptake, processing, and
earlier presentation of BM4 affected the differentiation of
naive human T cells, we co-cultured CD4"CD45RA™ T cells

© 2012 John Wiley & Sons A/S
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Figure 3 Activation kinetics of Bet v 1-specific TCC. mdDC were
incubated with Bet v 1 (gray), BM4 (white), or Bet v 2 (black) for
the indicated periods of time, washed, irradiated, and used to stim-

isolated from 7 birch pollen—allergic donors with mdDC that
had been pulsed with Bet v 1 or BM4 for 24 h. After 6 days,
culture supernatants were assessed for levels of IL-5, a Ty2-
associated cytokine, and IFN-y, a Tyl-associated cytokine. T
cells primed by Bet v 1-pulsed mdDC produced significantly
more IL-5 (P =0.028) than those stimulated with BM4-
pulsed mdDC, while the levels of IFN-y were identical (330
and 400 ng/ml, respectively, Fig. 4). IL-4 and IL-10 were not
detectable under the culture conditions used.

BM4 does not induce functional maturation of mdDC

To exclude the possibility that the more pronounced T-cell
reactivity to BM4 was due to functional maturation of
mdDC, immature mdDC from 6 birch pollen—allergic
patients were left untreated or incubated with Bet v 1 or
BM4. The positive control LPS induced significant expression

*
35
30 1 A A
15— X
£
5 10 4
c
54 B X
'Y
0 ——p—T '—-i-—-i-—
N » N ™
@é’d @\Xs Q;é;\ @Q
IL-5 IFN-y

Figure 4 Polarization of naive T cells. Naive CD4" T cells from 7
birch pollen-allergic donors were stimulated for 6 days with autolo-
gous mdDC pulsed with Bet v 1 or BM4 for 24 h. Cytokine levels
in the supernatants were determined. Black lines represent median
values. *P < 0.05 (Wilcoxon signed ranks test).
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ulate autologous Bet v 1-specific TCC. After 48 h, T-cell prolifera-
tion was assessed. Two independent experiments of three are
shown. Graphs represent mean plus SD of duplicates.

of CD80 (P = 0.028), CD83 (P =0.018), CD86 (P = 0.043),
and CD40 (P = 0.028; Fig. 5A). None of these molecules
were upregulated after incubation with Bet v 1 or BM4.
Accordingly, neither BM4- nor Bet v I-treated mdDC-
induced proliferation of allogeneic T cells, whereas LPS-

matured mdDC evoked strong proliferative responses
(Fig. 5B).
Discussion

Genetically engineered variants of naturally occurring aller-
gens with reduced IgE-binding capacity and retained T cell-
activating capacity have been developed with the aim of
increasing the doses that can be administered in SIT while
at the same time reducing therapy-associated side effects
(24). Different approaches to generate hypoallergenic vari-
ants of the major birch pollen allergen have been introduced
previously (25-28). Two hypoallergenic halves of the mole-
cule and a Bet v 1 trimer have already been tested in clinical
studies and diminished the pathological IgE response com-
bined with a trend toward an improvement in well-being
and reduced reactivity to specific allergen provocation (29,
30). BM4 is a genetically engineered variant of the most
abundant isoform of Bet v 1 with an almost identical aa
sequence but lacking the Bet v 1-fold, displaying dramati-
cally reduced IgE-binding and retained T cell-activating
capacity (17). Mice immunized with BM4 developed high
levels of Bet v I-reactive antibodies, demonstrating the pro-
tein’s immunogenicity (17). Beyond that, immunization with
BM4 induced IFN-y-producing T cells whereas immuniza-
tions with Bet v 1 or Bet v 1 A 1-6, a hypoallergenic variant
with a Bet v 1-fold (26), did not. These results suggest that
reshaping the Bet v 1-fold does not only reduce IgE-binding
but also the capacity to promote strong Th2-like responses
(17).

In the present study, the cellular response of human cells
to BM4 was investigated in great detail. We observed that
PBMC and Bet v I-specific TCC from birch pollen—allergic
patients proliferated significantly stronger upon stimulation
with BM4 than with Bet v 1 (Fig. 1, Table 1). This divergent
T-cell stimulatory capacity might originate at the level
of APC, either from differences in uptake, processing, or
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Figure 5 Functional maturation of mdDC. mdDC were left
untreated (hatched) or incubated with Bet v 1 (gray), BM4 (white),
or LPS (light gray) for 48 h and used for (A) surface marker expres-
sion analysis (n = 6) *P < 0.05 (Wilcoxon signed ranks test) or (B)

presentation of BM4. By being less compact than Bet v 1,
BM4 represents a bulkier structure with a presumably higher
potential to interact with the surface of APC. Indeed, we
found that BM4 bound more efficiently to mdDC and was
endocytosed more rapidly than Bet v 1 (Fig. 2). Moreover,
BM4 was processed faster by mdDC than Bet v 1 (Fig. 2D).
Employing microsomal proteases from human mdDC in deg-
radation assays confirmed that BM4 was more rapidly
degraded than Bet v 1 during the first hour of incubation
(Fig. S1). We conclude that the less compact structure of
BM4 is responsible for its differential behavior in the anti-
gen-processing pathway, causing more efficient surface bind-
ing and uptake as well as improved access to endolysosomal
proteases.

When comparing the kinetics of T-cell proliferation in
response to BM4- and Bet v 1-pulsed mdDC, we found, in
agreement with the faster endolysosomal degradation of
BM4, that BM4-pulsed mdDC induced significantly stronger
proliferative responses than Bet v 1-pulsed mdDC during the
first 24 h of incubation (Fig. 3). This observation could not
be referred to functional maturation of mdDC, as stimula-
tion with BM4 induced neither an upregulation of co-stimu-
latory molecules nor a T-cell stimulatory potential in mixed
leukocyte reactions (Fig. 5). We speculate that the more
rapid uptake and processing of BM4 leads to the presenta-
tion of a larger numbers of peptide-loaded MHC class II
complexes on the surface of APC at earlier time-points. The
extent of T-cell receptor ligation by peptide MHC class 11
complexes is known to influence the differentiation fate of
naive T cells (31). High doses of antigen promote the induc-
tion of Thl-like responses whereas low doses support Th2-
like responses. In accordance with this concept, naive CD4 ™"

CD86 CD40
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to stimulate allogeneic PBMC (2.5, 5 or 10 x 10° mdDC to 10°
PBMC). Sl values are calculated in relation to cells grown in the
presence of unstimulated mdDC (mean values with SD of tripli-
cates of one representative experiment of four are shown).

T cells from birch pollen—allergic patients differentiated into
cells producing significantly less IL-5 when primed with
BM4-pulsed mdDC than with Bet v 1-pulsed mdDC (Fig. 3).
Similarly, BM4 induced a less-pronounced Th2 response in
mice than Bet v 1 (17). As expected, the differences in the
polarization of naive T cells from already Bet v 1-sensitized
individuals were less clear-cut than those observed in naive
mice (17).

Our finding that the loss of the Bet v 1-fold changes the
protein’s interaction with the immune system at the level of
APC and results in altered T-cell responses accords with the
former work demonstrating that unfolded variants of bee
venom phospholipase A, induce more pronounced Thl-like
responses in bee venom-—allergic patients in vitro than the cor-
rectly folded allergen (32). Together, these observations hint
at the relevance of allergen conformation for the establish-
ment of Th2-like responses.

Subcutaneous administration of recombinant Bet v 1.0101
has already been demonstrated to be effective for the treat-
ment of birch pollinosis (13). As BM4 combines significantly
reduced IgE-binding, strong T-cell reactivity with less Th2-
promoting capacity and excellent production characteristics,
namely stable unfolding, no tendency to aggregate, high
expression yield, and low batch-to-batch variability (17), this
hypoallergenic variant of Bet v 1.0101 represents a highly
promising vaccine candidate for SIT of birch pollen allergy.
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Supplementary figure 1. Endolysosomal degradation of proteins
Bet v 1 (left) and BM4 (right) were incubated with endo/lysosomal microsomes
derived from mdDC of birch pollen allergic patients for the indicated periods of time.

Lysates were loaded onto SDS-PAGE gels and stained by Coomassie Blue.
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