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Lactobacilli are able to induce upregulation of co-stimulatory molecules in DCs with Th1 cytokines production and

increase in Treg activity. This could explain the observed effectiveness of the prolonged administration of lactobacilli in
the prevention of allergic disorders in infants and envisage the possible use of bacteria expressing the allergen for the
specific immunotherapy of allergic diseases. Hence, we evaluated Streptococcus thermophilus (ST) expressing rBet v 1 as
allergen delivery tool and adjuvant factor forimmunotherapy in Betv1-sensitized mice. rBet v 1 gene was introduced and
expressed in ST (ST[rBet v 1]). BALB/c mice were sensitized with rBet v 1 and then treated with either ST alone, ST[rBet
v 1], or the combination of ST and rBet v 1, for 20 days. After 2 aerosol challenges, Treg frequency, in vitro allergen-
induced cytokines, rBet v 1-specific IgE and 1gG2a, and bronchial histology were made in harvested spleen, sera, and
lung. Results were compared with those obtained from not-treated/sensitized mice. ST[rBet v 1] induced immunological
and histological changes typical of successful SIT: increased frequency of Tregs and expression of Foxp3; decreased
allergen-specific IgE/IgG2a ratio; decrease of in vitro rBet v 1-induced IL-4 from spleen cells; increased allergen-induced
IL-10 and IFN-+y; drop of bronchial eosinophilia. ST and ST+rBet v 1 combination, even though induced a slight increase in
the frequency of Tregs and moderate allergen-induced IL-10, were ineffective in reducing bronchial eosinophilia, allergen
induced IL-4 and rBet v 1-specific IgE/IgG2a ratio. ST[rBet v 1] has tolerogenic and Th-1 skewing properties and efficiently
delivers the allergen to the gut immune-system restraining and readdressing the established specific Th2 response

toward the allergen in mice.

Introduction

Scientific efforts to ameliorate the effectiveness of allergen
specificimmunotherapy (SIT) are focused on use of hypoallergenic

Y2 new adjuvants,® or vehicles for an optimal antigen

antigens,
presentation to the immune system.? Notably, few studies reported
the development of SIT strategies based on the construction
of live recombinant bacteria expressing the allergen, to be used
as mucosal vaccines.”” Mucosal allergy vaccines based on live
bacterial cells, in fact, have several advantages, such as a non-
invasive route of administration, the use of defined recombinant
allergens instead of extract-derived vaccines, an easier production,
and the effective delivery to mucosal sites by microbial carriers
with intrinsic immunomodulatory properties.’”

In this context, the gram+ lactic acid bacteria (LABs) have
been demonstrated to act as adjuvant factors in allergen-SIT,
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since they have been reported to prevent or suppress the harmful
Th2 response’®® and to potentiate allergoid-SIT in mouse
models.” Moreover, human studies gave promising outcomes
in allergy prevention.” According to the above mentioned
considerations, in our study, we developed a novel SIT strategy
based on a food-grade bacterium, which (1) possesses the ability
to induce a Th1 skewing of the immune response, (2) produces
intracellularly the allergen, and (3) can release the allergen
at intestinal level. The airborne allergen Bet v 1, the major
pollen antigen from white birch (Betula verrucosa), was used as
allergy model.

The LAB Streptococcus thermophilus stimulates IL-12, IFN-y,
and TGEF-B expression by PBMC,'""'? induces the suppressor of
cytokine signaling 3 (SOCS3) in macrophages and suppresses
Th17 cells." Moreover, oligodeoxynucleotide sequences of ST
could augment the Treg response via TLR-9" and their cell wall
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Figure 1. Production and characterization of recombinant Bet v 1 by
Streptococcus thermophilus DSM 20617. (A) Map of vector pGh-Betv1;
ery?, erythromycin resistance gene from Enterococcus faecalis; repA, plas-
mid replication protein; P, phage T5 promoter. (B) Western blot analysis
of total cells extracts (30 pg of protein content) from rBet v 1-producing
E. coli (lane 1) and Streptococcus thermophilus DSM 20617 (lane 2), and
from wild type DSM 20617 (lane 3) detecting the 15 kDa rBet v 1 protein
band.

components stimulate Th1 cells and induce IL-10 production via
a TRL-2 dependent mechanism.

In earlier unpublished experiments (Supplementary data on
the Online Repository), we selected, among 14 probiotic strains,
the Streptococcus thermophilus DSM 20617T (ST), the principal
thermophilic dairy starter for the production of yogurt and
cheese, as the most effective in inducing Thl responses in vitro
(Table S1). ST induced a strong release of IL-2, TNF-a (Fig. S1),
and IL-10, IL-12 by huDCs, and the upregulation of CD40 and
B7.2 by BMDC:s (Fig. S2). Interestingly, ST is strongly autolytic
for the presence of a lysogenic phage encoding the peptidoglycan
(PGN) lyase enzyme in the cell wall (Fig. S3). The autolytic
phenotype of strain DSM 20617 can be of particular benefit in
the context of SIT, because bacterial cells can get to autolysis
once the intestine is reached, releasing intracellular molecules
and enzymes, including the recombinant allergen that has been
synthetized by the same strain. Therefore, ST can be considered
a suitable expression system in which stably expressing foreign
genes” to be used for antigen delivery to the gut-associated
immune system (GALT).

Hence, we generated a ST strain stably expressing Bet v 1.
The final purpose of the study was to verify (1) the effectiveness
of this ST strain as delivery system of the native allergen and
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(2) its adjuvant properties in improving the efficacy of specific
immunotherapy of Bet v 1-sensitized BALB/c mice.

Results

Expression and characterization of recombinant Bet v 1

Effective transformation and translation of vector carrying the
Bet v 1 gene (Fig. 1A) was confirmed by detection of a protein
band of the expected molecular size of 15kDa by polyclonal mouse
antibody anti-Betvl (Fig. 1B). The recognition of rBet v 1 by
specific human IgE antibodies raised against natural Betvl was
confirmed by titration ELISA with serial dilution of the sera
pool (Fig. 2A) and ELISA inhibition with increasing rBet v 1
concentration (Fig. 2B). As expected by specific Ab-Ag binding,
the reactivity of human IgE with rBet v 1 was proportional to the
dilution factor (Fig. 2A); accordingly, the pre-incubation of the
undiluted sera pool with 100 ng of purified rBet v 1 lead to 100%
inhibition of the binding (Fig. 2B).

Allergen-specific serum IgE and IgG2a

As expected, the sensitization treatment induced a significant
increase of the rBet v I-specific IgE levels, compared with
the naive group (P < 0.001) (Fig. 3A), which did not change
significantly following the therapeutic administration of either
ST or ST+rBet v 1. On the contrary, the ST[rBet v 1] treatment
was associated with significantly lower levels of specific IgE,
compared with the other sensitized and sensitized/treated groups
(P < 0.001) (Fig. 3A). Moreover, similar levels of antigen-specific
IgG2a were found in the 3 groups of mice submitted to therapy,
but only the ST[rBet v 1] group showed a significant reduction
of the IgE/IgG2a ratio, compared with the sensitized/not treated
group (P < 0.001) (Fig. 3B).

In vitro allergen-induced cytokines

The levels of spontaneous cytokine release by unstimulated
spleen cells were of similar value among the various groups
with no statistically significant differences. Cytokine levels
of the naive group were: IL-4 = 15.32 + 4.29 pg-mL™; IL-10
= 261.23 + 2758 pg-mL™"; IFN-y = 473.38 + 71.05 pg-mL~,
without changes upon in vitro allergen-stimulation. Spleen cells
from the sensitized/not treated group and the groups receiving
ST and ST+rBet v 1 produced similar levels of rBet v 1-driven
IL-4, significantly higher than the naive group (P < 0.001); on
the contrary, the spleen cells from the group treated with the
recombinant ST[rBet v 1] released significantly lower levels of
IL-4, compared with the other 2 treated groups (P < 0.001, vs
both), although significantly higher respect to the naive group
(P <0.001) (Fig. 4A).

The in vitro stimulation of spleen cells with rBet v 1 was
associated with an increment of IL-10 release in all 3 groups of
mice undergone to therapy, compared with the sensitized (and
naive) group. ST[rBet v 1] was the treatment inducing the highest
amount of this cytokine (P < 0.001 vs all groups) (Fig. 4B).

tBet v 1 stimulation of spleen cells was associated with similar
level of INF-y in the ST[tBet v 1] and ST+rBet v 1, higher in
both cases than the sensitized, naive, and ST groups (< 0. 001)
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Figure 2. Immunoreactivity of recombinant Bet v 1 (rBet v 1) expressed in Streptococcus thermophilus DSM 20617. (A) Recognition of rBet v 1 expressed
in Streptococcus thermophilus with pooled sera from 5 birch pollen-allergic patients (ELISA assay). IgE reactivity was tested as a function of different dilu-
tions of sera. (B) Different concentrations of rBet v 1 were pre-incubated with sera in order to assess inhibition activity.

(Fig. 4C). Finally, the 3 treated groups also produced similar
high levels of IL-12 (data not shown).

T regulatory cells

The frequency of the CD4* T cells population did not
significantly differ among the different groups (data not shown).
Whereas, the proportion of CD25*Foxp3* cells within the
CD4* T cell subset (T reg cells) was significantly higher for the
ST[tBet v 1] group, in comparison to all other groups (2 < 0.001)
(Fig. 5A). As an example, typical dot plots from a single mouse of
each experimental group are shown in Figure 5B.

Lung histology

Sensitized mice showed a clear peribronchial and perivascular
eosinophilic infiltration of the lungs (Fig. 6A). The group of
mice who received the ST treatment exhibited mild eosinophilic
inflammation surrounding the blood vessels and bronchi; the
group treated with the co-administration ST+rBet v 1 presented
moderate/severe degree of perivascular and peribronchial
eosinophilia. The group that had been treated with ST[rBet v 1]
showed restricted distribution and limited number of eosinophils
(Fig. 6B). All data are summarized in Table 1.

Discussion

The study shows that orally administered Streprococcus
thermophilus expressing rBet v 1 induces a significant reduction
of the Th2 allergic inflammation in sensitized mice with a shift
to Thl and Treg immune responses. These immune modulations
appear to be more intense compared with ST plus Bet v 1
and ST alone. This might be due to the combination of its
immunomodulatory properties with an effective allergen delivery
to the GALT.

Immunomodulatory potential of probiotics, including
lactobacilli, are well known as they are able to induce the
production of Thl cytokines in vitro,”! with reduction of
Th2-responses by means of the components of the cell wall.'®

1230 Human Vaccines & Immunotherapeutics

They also favor DCs maturation with production of IL-12 and
IL-10." It has been shown that various strains are also able to
stimulate the differentiation of T regulatory cells" increasing the
production of their regulatory cytokines IL-10 and TGF-f in
murine models of allergy.?>*! The immunomodulatory activities
of lactobacilli justifies their use as adjuvant for allergen-SIT.
Furthermore, gut microbiota has a major role in favoring the
natural development of tolerance toward innocuous antigens
through the induction of regulatory immune responses.*
Hence, the microbiota represents a possible target for treatment
of allergic diseases since it provides the stimuli for tolerance
acquisition:' probiotics might be suitable for this purpose.'®
However, the clinical application of lactobacilli in allergic
diseases is controversial. In fact, some clinical trials showed that
lactobacilli prevent the development of allergic diseases in early
childhood,?** whereas they report short-term or no effect.”?*
In adules affected by atopic dermatitis and allergic rhinitis,
lactobacilli induced modulation of the immune responses**** and,
in one study, also reduction of nasal symptoms.?® However, there
were no observations of effects on allergic asthma.?” Notably, a
recent study evidenced a clear Th2-Thl shift and Treg induction
in allergic patients treated with lactobacilli without improvement
in allergic symptoms.*® One possible explanation for the lack
of clinical remission might be that lactobacilli evoke immune
cellular responses that are allergen-independent and, therefore,
not allergen-specific. This may hamper the clinical efficacy of the
treatment. On the contrary, in our study treatment with ST[rBet
v 1] produces specific systemic and local effects with reduction of
allergen-induced IL-4 and increment of allergen-induced IFN-vy
produced by spleen cells. The treatment also causes a reduction
of allergen-dependent bronchial eosinophilia that characterizes
the inflammatory response of allergic asthma in mice.?! In
comparison with ST and ST+rBet v 1, the treatment ST[rBet v 1]
elicited the strongest allergen-induced IL-10 response. Actually,
even ST alone induced a certain degree of regulatory activity
and IFN-y production, but only the recombinant ST[rBet v 1]
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Figure 3. Serum Bet v 1-specific IgE levels and IgE/IgG2a ratios. (A) Significantly higher rBet v 1-specific IgE level are found in sensitized/not treated
or treated mice compared with naive (P < 0.001). Among treated, ST[rBet v 1] group is associated with significantly lower levels of allergen-specific IgE
(P < 0.001 vs ST and ST+rBet v 1). (B) Only the group treated with ST[rBet v 1] showed a significant reduction of the IgE/IgG2a ratio, compared with the
sensitized/not treated group (P < 0.001). Data are the mean * standard deviation. ANOVA: § = P < 0.001 naive vs all other groups; **P < 0.01; ***P < 0.001.
naive: not sensitized, not treated mice; sensitized: sensitized, not treated mice; ST: wild type Streptococcus thermophilus-treated mice; ST[rBet v 1]: mice
treated with recombinant Streptococcus thermophilus expressing rBet v 1; ST+rBet v 1: mice treated with recombinant wild type Streptococcus thermophi-

was able to significantly increase the allergen-induced cytokines
compared with sensitized/not treated mice.

In the protocol applied in the present study a bias could be
represented by the shorter sensitization/challenge protocol
used for sensitized/not treated mice compared with sensitized/
treated groups. Usually, such type of protocol leads to an acute
experimental disease and for this reason it might not represent an
appropriate control group. However, in our study, the sensitized
group shows an allergic response (tBet v 1-specific IgE, allergen-
driven IL-4, and lung eosinophilia) similar to that observed
in ST and ST+rBet v 1 treated groups receiving the prolonged
protocol. Therefore, the possible bias could be considered of low
importance. In any way, the most important result is that the
recombinant ST[rBet v 1] shows significantly greater effects on
the immune status compared with the other 2 treated groups
of mice, the latter and recombinant all treated according to the
same sensitization/challenge schedule.

The partial failure of the treatment with the combination
of ST and rBet v 1 compared with ST[rBet v 1] can be also
explained by the fact that, in the stomach and duodenum, the
tBet v 1 protein can be degraded by acid and enzymatic milieu,
thus losing its immunogenic potential. Actually, it has been
proposed that such occurrence might explain the failure of orally
administered allergen-SIT observed in clinical settings.’* As to
demonstrating the importance of preserving immunogenicity of
the allergen for the success of the oral allergen-SIT, we previously
showed that chemically modified allergens (carbamylated
ovalbumin, Parj 1, and ragweed allergoids), resistant to acid and

3 were effective in restoring allergen-

enzymatic degradation,?
specific tolerance and in inducing an immunoglobulin isotype
switch in sensitized BALB/c mice.** Similarly, we hypnotize
that our autolytic recombinant probiotic ST[rBet v 1] protects

the allergen from gastric and pancreatic digestion. It releases
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an immunologically active allergen directly in the intestine
where it stimulates resident immune cells, thus determining
the observed Th2-Thl deviation of cytokines pattern, and
differentiation and proliferation of specific regulatory T cells.
Therefore, recombinant ST expressing rBet v 1 acts as a vehicle,
a dispenser, and an adjuvant for the allergen. The latter, in
turn, provides specificity to the evoked effector and regulatory
immune responses that are essential for achieving therapeutic
effect.

The results of the present study are promising but should
be considered preliminary. They need to be completed with a
better characterization of the effects of ST[rBet v 1] on lung local
immunity (cell and cytokine analysis in bronchoalveolar lavage
and cytokine expression in tissue) and a demonstration of the
improvement of allergic symptoms as measured by airway hyper-
reactivity. Such characterizations will be the object of a further
study.

In conclusion, data of the present study reinforce the
concept that lactobacilli expressing allergens may be candidates
for the treatment of allergic disorders in humans. Probiotic-
based SIT would probably ensure higher rates of adherence to
therapy because of lower production costs and ease of therapy
administration.

Materials and Methods

Production of rBet v 1 in Escherichia coli used for
sensitization and in vitro tests

Bet v l-encoding ¢cDNA flanked by a sequence coding
for 6 histidines was cloned in a prokaryotic vector (pEt 3c,
Stratagene) and expressed in Escherichia coli cells (BL21[DE3]
pLysS, Stratagene) according to manufacturer’s protocols. Clones
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Figure 4. In vitro cytokine release by spleen cells after after 48 h stim-
ulation with rBet v 1. (A) Higher levels of IL-4 were found in sensitized
(both treated and not treated) groups respect to naive mice. ST[rBet v
1] released lower IL-4, compared with ST and ST+rBet v 1 (P < 0.001 vs
both). (B) IL-10 increased in all the 3 therapy groups respect to sensitized
(P < 0.05). Among treated groups, the highest levels were found in the
ST[rBet v 1] group (P < 0.001). (C) ST[rBet v 1] and ST+rBet v 1 groups
produced similar amount of INF-v, significantly higher than sensitized
(P < 0.001), naive and ST groups. Data are mean + standard deviation.
Statistical significance (ANOVA): § = P < 0.001 naive vs all other groups; *P
< 0.05 ST vs sensitized; ***P < 0.001 vs all other groups, except for [FN-y,
where (#) ST+Bet v 1 has values similar to ST[rBetv1]. naive: not sensitized,
not treated mice; sensitized: sensitized, not treated mice; ST: wild type
Streptococcus thermophilus-treated mice; ST[rBet v 1]: mice treated with
recombinant Streptococcus thermophilus expressing rBet v 1; ST+rBet v
1: mice treated with recombinant wild type Streptococcus thermophilus
and rBetv 1.

obtained from single bacterial colonies were sequenced according
to Sanger to verify the correct cDNA sequence.

The cells were harvested by centrifugation, resuspended in
a 50 mM NaH,PO,, 300 mM NaCl buffer, pH 8, and lysed
by sonication. The recombinant proteins were separated by
centrifugation. The pellet containing an insoluble protein aggregate
was resuspended in denaturing buffer (100 mM NaH, PO,
10 mM TRIS-HCI, 8 M urea, pH 8) and stirred for 60 min. The
solubilized recombinant proteins were separated from insoluble
debris by centrifugation and purified by affinity chromatography
under denaturing conditions using nickel-nitrilotriacetic acid
(Ni-NTA) agarose columns (Qiagen SpA). The purified proteins
were refolded by dialysis for 16 h at 4 °C in 0.68% NaCl, 0.275%
NaHCO, solution, and stored at —20 °C. Determination of protein
concentration of purified rBet v 1 was performed according to
Bradford® using the commercial BioRad Protein Assay Dye
Reagent (Bio Rad).

Endotoxin removal was obtained by processing the purified
proteins in the Amicon Ultra-15 100K centrifugal filter
device (Merck Millipore Ltd, Co. Cork, IRL). The content of
lipopolysaccharide in the ultrafiltrated rBet v 1 preparations was
determined by the Limulus amebocyte lysate test according to the
instructions of the manufacturer.

After purification, rBet vl was electrophoresed on a denaturing
4-12% polyacrilamide precast Nupage Bis-Tris gel according to
manufacturer’s instructions (Novex, Life Technologies), migrating
as a single band and displaying more than 98% purity.

Recombinant Bet v 1 was recognized in ELISA assays by IgE
antibodies from allergic patients’ sera and by monoclonal and
polyclonal antibody raised against natural Bet v 1 as described in
the following paragraphs.

The rBet v 1 protein produced in E. coli was used as sensitizing
antigen, recall antigen (to evaluate the secondary responses of
spleen cells in vitro), and as competing antigen (in ELISA) and for
airways challenge in vivo.

Construction of recombinantvectorand electrotransformation
of ST

A DNA fragment containing the Betvl gene was amplified
by PCR and cloned in a pUCI8 vector under the constitutively
active phage T5 promoter (PT5).>® The PT5-Betvl fragment was
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then ligated between the Pstl and Kpnl restriction sites of the
vector pG+host (pGh-Betvl) and introduced by electroporation
in Streptococcus salivarius subsp. thermophilus DSM 20617T (ST),
according to Buckley et al.”” All reagents were from Fermentas.

Streptococcus thermophilus growth and preparation for
therapy

The ST DSM 20617 strain was chosen on the basis of its
capacity to induce Thl responses in vitro (1), induce upregulation
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Figure 5. (A) Statistical analysis results from FACS data showing the Frequency of CD25*Foxp3* (T reg cells) within the CD4+ subpopulation in each experi-
mental group (mean + standard deviation). ANOVA: ***P < 0.001(ANOVA) vs. all other groups; (B) Original FACS dot plots are shown for one representative
mouse in each group. naive: not sensitized, not treated mice; sensitized: sensitized, not treated mice; ST: wild type Streptococcus thermophilus-treated
mice; ST[rBet v 1]: mice treated with recombinant Streptococcus thermophilus expressing rBet v 1; ST+rBet v 1: mice treated with recombinant wild type

of CD40 and B7.2 by BMDCs and release of IL-2, IL-10 and
IL-12, and TNF-a by huDCs (2), and its autolytic behavior
(see Supplemental Materials for details). ST was grown in M17
medium (Difco) supplemented with 2% lactose (LM17). In order
to maintain plasmid-containing ST strains, LM17 medium was
supplemented with 4 pug-mL™" erythromycin.

Quantification of Betvl by two-site sandwich ELISA

Quantification of Bet v 1 was performed using Bet v 1
ELISA kit according to manufacturer’s instructions (INDOOR
Biotechnologies Ltd). In the same assay, the whole cell lysate of

www.landesbioscience.com
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the rBet v 1-expressing ST strain and rBet v 1 mixed with whole
cell lysate from wild type ST strain were measured.

Authentication of rBet v 1 protein

Cell extracts (30 pg) of recombinant or control strain were
analyzed in western blotting according to Towbin et al?®
using a rabbit polyclonal serum raised against rBet v 1 protein
(10 pgx mL™) followed by peroxidase-conjugated goat anti-
rabbit IgG (1:2000) (Sigma-Aldrich).

The immunoreactivity of tBet v 1 produced by ST to human
specific IgE was analyzed by ELISA and inhibition experiments
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using a pool of sera from birch pollen-allergic patients and goat
anti-human IgE (1:4000; Biospacific) as detection antibody.

For inhibition experiments, the birch pollen specific serum
pool was diluted 1:3 in saturating buffer and preincubated for
4 h at room temperature with serial dilutions of rBet v 1 produced
by E. coli.

The inhibition percentage was calculated as follows:
100 x [(A-B)/A], wherein A is the adsorbance at 450 nm in the
absence of inhibitor while B is the adsorbance in the presence of
inhibitor.

Preparation and administration of recombinant and wild
type ST cells

Wild-type and recombinant ST, grown in LM17 broth for
18 h a 42 °C, were collected, resuspended in 200 pL of 10%
Skim Milk (Difco), freeze-dried, and stored at 5 °C. Just before
administration, one aliquot was dissolved in 150 pl sterile
pyrogen-free water and gavaged to a mouse.

Sensitization and treatment protocols

Thirty pathogen-free BALB/c mice (Charles River), aged
8 wk, were cared in accordance with the European Convention
No. 123. Experiments were approved by the local Ethical
(Prot. 18/2011/CEISA/COM). Groups of 6

mice were treated as summarized in Figure 7 . Briefly, 6 mice

Committee

remained naive (not sensitized/not treated) and the others were
immunized by 3 subcutaneous (s.c.) injections, 14 d apart, of
1 pg purified rBet v 1 pre-adsorbed onto 2 mg AI(OH), in 50 wL
saline (sensitized). One group was sensitized and not treated. The
other 3 sensitized groups were administered by oral gavage (after
7 days from the last s.c., 5 consecutive days a week for 4 weeks)
alternatively with: 2 x 10° cfu ST; 2 x 10° cfu ST expressing 2 pg
rBet v 1 (ST[rBet v 1]); or 2 x 10 cfu ST in association with
2 pg rBet v 1 (ST+rBet v 1). The day after the last treatment (for
the sensitized/not treated group the day after the last sensitizing
injection), all sensitized/treated groups of mice were challenged
twice, one day apart, with aerosolized WBP extract (4 mL at 10
mgxmL™). The day after, blood, lung, and spleens were rapidly
harvested for analysis.

Allergen-specific serum immunoglobulins

Mouse serum was obtained as described elsewhere.” Allergen-
specific IgE and IgG2a levels in mouse sera were determined
by ELISA. In brief, microtiter plates were coated with rBet v 1
(0.1 pg x mL™). Serum samples diluted 1/500 for IgG2a and
1/100 for IgE antibodies were applied in 100 pL volumes. After
washing, anti-mouse IgG2a and IgE antibodies (1 wgxmL™,
Pierce antibodies) were applied overnight at 4 °C. Detection of
bound antibodies was performed with peroxidase-conjugated
mouse anti-rat IgG antibodies (1/1000, Betyl Laboratories).
TMB (Sigma-Aldrich) was used for color development and the
absorbance was measured at 405 nm with a microplate reader.
The antibody levels were expressed in optical density units.
Experiments were performed in duplicate.

Cell cultures and cytokine assays

Single cell suspensions of spleen were prepared by squeezing
through 70-pm strainers (BD Labware) and, after erythrocytes
osmotic lysis with Hybri-Max™ (Sigma-Aldrich), 5 x 10° cells
were incubated in 48-well plates in 500 pL complete medium.

1234 Human Vaccines & Immunotherapeutics

Figure 6. Representative hematoxylin and eosin stained lung sections of
WBP challenged mice only sensitized toward Bet v 1 protein (A) or sensi-
tized and then treated with ST[rBet v 1]. (B) Mature eosinophils are visible
as small cells with donut-shaped blue nucleus of compact chromatin sur-
rounding the pink cytoplasm (original magnification 40x). WBP: White
Birch Pollen extract.

They were either not stimulated or stimulated with 10 pgxmL™
rBet v 1 endotoxin-free purified protein for 48 h. Levels of IL-4,
IL-10, IL-12, and IFN-y were determined using the multiplex
assay Searchlight (Thermoscientific).
performed in triplicate.

Evaluation of T regulatory cells frequency

Regulatory T cells in single cell suspensions of spleens,
prepared as described above, were stained for flow cytometry
analysis using the Mouse Treg detection kit (CD4/CD25/FoxP3)
(Miltenyi Biotec), according to manufacturer instruction, as
previously described.** A FACSCanto II flow cytometer with

Experiments ~ were
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Table 1. Eosinophilic infiltration in lung tissue after the second respiratory challenge

Distribution of infiltrated eosinophils in lung tissue
Mice (No.) Peribronchial Perivascular Intraparenchimal

Naive (6) 0 0 0

Sensitized (2) +++ + +/rare
(2) ++ + 0
(2) + + 0
ST (1) ++/+++ ++ +
(1) ++/+++ rare +
(1) +/++ 0 0
(1) + rare 0
(1) + 0 0
(1M + ++ 0
ST[rBetv 1] (M + ++ 0
M + 0 0
(2) rare rare 0

(1) rare rare rare

m 0 0 0
ST+rBetv 1 (m +/++ ++ +
(M +/++ rare +
(m +/++ 0 0
(1) + ++ 0
(W] +/— rare 0
(M + 0 0

Data represent the mean eosinophil’s counts in 4 high power fields of lung tissue sections. 0, none; rare, 1-4; +, 5-15; ++, 16-27; +++, >28. ST, wild type
Streptococcus thermophilus-treated mice; ST[rBet v 1], mice treated with recombinant Streptococcus thermophilus expressing rBet v 1; ST+rBet v 1, mice

treated with recombinant wild type Streptococcus thermophilus and rBet v 1.

0 14 28 31
Sensitized | : : R !
Sensitization
challenge

L 1 | 3:?****)0(*****Xx*****xx****eg64656'6
Sensitized /treated| T T LY. Y
Therapy |
challenge
Not sensitized/not '
treated AA r

Figure 7. Experimental design. The study involved 5 groups of 6 mice, in particular (1) the naive group that did not receive any treatment, (2) the sensi-
tized group that was immunized with purified rBet v 1, and (3) 3 groups of “Sensitized/treated” that after the sensitization received one of 3 alternative
treatments by oral gavage. In particular, ST group received 2 x 10° cfu of Streptococcus thermophilus the ST[rBet v 1] that received 2 x 10° cfu Streptococcus
thermophilus expressing 2 ug rBet v 1, and the ST+rBet v 1 that received 2 x 10° cfu ST in association with 2 pg rBet v 1. Symbols indicate the treatment
modality: vertical line, s.c. injection; triangle, aerosol; asterisk, intragastric gavage; cross, sacrifice; times sign, no treatment.

FACSDiva Software 6.0 (BD Biosciences) was used for data
acquisition and analysis. Single-stained and FMO samples were
used as compensation and gating controls. The following gating
hierarchy was applied: autofluorescent cell debris were excluded
by setting a first gate in a FL-2 vs. FL-3 (mock channel) dot
plot; second, a forward light scatter/side light scatter (ESC/

www.landesbioscience.com

SSC) gate was applied on lympho-monocytes; third, a gate
on CD4* T cells was set and the percentage of CD25*Foxp3*
T cells within the CD4* population was determined. For
each sample, twenty-thousand events were acquired within
the lymphocyte gate. Experiments were performed in
duplicate.
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Lung histology
Lungs were dissected, fixed in formalin, embedded in

Disclosure of Potential Conflicts of Interest

paraffin, cut, and stained with hematoxylin and eosin, according
to standard methods.*

Statistical analysis
GraphPad Prism Software 6.0 (GraphPad) was used for

statistical analysis. Single pairs of groups (stimulated vs
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