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Abstract

Recent epidemiological studies and clinical trials suggest a possible role of certain lactic acid bacteria (LAB) strains in the prevention
of allergic diseases. In this study, we aimed at evaluating the immunomodulatory potential of two LAB simefosoccus lactis and
Lactobacillus plantarum, for prophylaxis and therapy of allergic immune responses.

Both LAB strains-induced high levels of IL-12 and IFNin naive murine spleen cell cultures. Intranasal co-application with recombinant
Bet v 1, the major birch pollen allergen, prior or after allergic sensitization, led to increased levels of allergen-specific IgG2a antibodies
and in vitro IFN=y production, indicating a shift towards Th1 responses. Successful immunomodulation by the mucosal pre-treatment was
further demonstrated by suppression of allergen-induced basophil degranulation. We conclude that these LAB strains in combination with
an allergen could be promising candidates for mucosal vaccination against type | allergy.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction of allergies[6—9]. In this context recent studies showed that
early childhood exposure to livestock on a farm and inges-
The prevalence of type | allergies has constantly increasedtion of unpasteurized milk are related with a lower incidence
within recent yearg1], leading to the fact that presently of atopic diseaseld 0], and furthermore that children living
up to 30% of children in industrialized countries suffer on a farm lose their allergic sensitization more frequently
from symptoms such as allergic rhinoconjunctivits, allergic than other childrefil1].
asthma or atopic dermatit[8]. The development of type | Lactic acid bacteria (LAB) correspond to a large family
allergy, characterized by a dominance of type 2 cytokines of Gram @) bacteria, of which given genera or species are
(IL-4, IL-5, IL-13) [3], has been linked to several factors, important members of the indigenous gut microflora in both
such as genetic predispositipf] and the nature of the aller- humans and animals. Dietary LAB strains are also broadly
genic protein5]. These factors, however, cannot solely ex- used for preparation of fermented foods and specific strains
plain the increase in prevalence of atopic diseases. Evidenceéhave been attributed probiotic, i.e. health-promoting prop-
is accumulating that “western life style”—which is associ- erties[12-14] In the last few years, the possible role of
ated with reduced microbial exposure due to high hygienic specific LAB strains in the prevention of allergic diseases
standards—significantly contributes to the constant increasehas become more evident. In particular the relation between
the composition of the intestinal flora and the prevalence of
"+ Corresponding author. Tek+43-1-40400-5101/5132: aIIerg_ic diseas_es has been epidemiologically QOcumented,
fax: +43-1-40400-5130. showing that infants from countries with a high preva-
E-mail address: ursula.wiedermann@akh-wien.ac.at (U. Wiedermann). lence of allergy—such as Sweden or England—have a
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lower intestinal colonization with certain LAB strains than applications in the murine model of birch pollen allergy.
children from countries where allergic diseases are lesslactis MG1363[26], carrying a plasmid encoding for ery-
prevalent, such as Estonia or Nigefieb—17] Moreover, thromycin resistance (pTREX [R7]) was grown at 30C
it was recently demonstrated that oral administration of a in M17 broth (Difco, Detroit, USA) containing 0.5% (w/v)
particular LAB strain Lactobacillus rhamnosus GG) led to glucoseL. plantarum NCIMB8826 (National Collection of
reduced atopic dermatitis in children with a positive family Industrial and Marine Bacteria, Terry Research Station, Ab-
history of type | allergy[18], indicating that LAB indeed  erdeen, Scotland), originally isolated from human saliva,
can exert an anti-allergic effect. carrying a plasmid encoding for chloramphenicol resistance
Until now, specific immunotherapy (SIT)9] is the treat- (pTG 2247[28]) was grown at 37C in MRS broth (Difco).
ment of choice against type | allergy, performed by re- Escherichiacoli BL 21 (DE3), carrying a plasmid for ampi-
peated injections of increasing doses of allergen extracts.cillin resistance (pMW 17229]), was used as a control for
Even though the treatment is successful in many cases therén vitro stimulation of naive mouse splenocytes and grown
are certain drawbacks, such as frequent injections and longat 37°C in LB medium (1% tryptone, 1% NaCl and 0.5%
duration, often leading to a low compliance of the patients. yeast extract, pH 7.5). Antibiotics were used at the follow-

Furthermore, aluminium salts which are used as adjuvantsing final concentrations: g erythromycin/ml forL. lac-

in SIT are potent inducers of Th2 respong26], which

tis, 10p.g chloramphenicol/ml fok.. plantarum, and 10Q.g

might reduce the efficacy of this treatment. Thus, there is ampicillin/ml for E. coli.

increasing interest in improving immunotherapy by the use

of Thl promoting adjuvantf21] and the change to a less

For in vitro stimulation of naive murine spleen cells, the
bacteria were inactivated with 1% phosphate-buffered for-

invasive route, such as vaccination via the mucosal route malin for 3 h at room temperature, washed twice with sterile

[22].
Using a mouse model of type | allergy to birch pollen

phosphate-buffered saline, and stored-20°C. Success-
ful inactivation was confirmed by the absence of bacterial

[23], we have previously tested several mucosal adjuvantsgrowth after plating on selective agar.

for their capacity to modulate an allergic immune response.

For in vivo applications in BALB/c mice, 1:20 dilutions of

In this respect, we have demonstrated that immunomodula-overnight cultures ok. lactis andL. plantarum were grown
tion can be achieved by the use of mucosal adjuvants suchto exponential growth phase. After two washings, the bac-

as cholera toxiff23], cholera toxin subunit B24], or cer-
tain bacterial components (CpG-motif&p]. In the present
study, we tested the capacity of two LAB straihscto-
coccus lactis MG1363 (. lactis, a dairy strain) and.ac-
tobacillus plantarum NCIMB8826 (. plantarum, a human

isolate), to prevent or modulate allergic immune responses.

At first, we analyzed the cytokine profile induced by each
LAB strain in murine spleen cell cultures. Subsequent in-

teria were adjusted to 38 colony forming units (CFU)/ml
sterile NaCl 0.9% to be used for intranasal application in
mice.

2.3. Antigens

Recombinant (r)Bev 1 wasobtained from Biomay GmbH
(Vienna, Austria). Birch pollen (Allergon AB, Engelholm,

tranasal application of these bacteria co-applied with the Sweden) was used for preparation of an aqueous extract as

major birch pollen allergen Bet v 1—prior or after sensitiza-
tion with the allergen—indicates that such LAB strains are

previously describefR3].

promising candidates for mucosal vaccination against type 1 2.4. Animal experiments—treatment protocol (Fig. 1)

allergies.

2. Materials and methods
2.1. Animals

Female, 7-week-old BALB/c mice were obtained from
Charles River (Sulzfeld, Germany). Each experimental
group consisted of five mice. All experiments were ap-
proved by the Animal Experimentation Ethics Committee
of the University of Vienna and the Ministry of Education,
Science and Culture.

2.2. Bacterial strains and growth conditions

Two strains of LAB were used for in vitro stimulation of
naive spleen cells of BALB/c mice, as well as for in vivo

Sensitization was performed by three intraperitoneal
(i.p.) injections in 10 day intervals with dg (r)Bet v 1
adsorbed to 2mg Al(OH) (Serva, Heidelberg, Germany)
in a total volume of 15@.l. For intranasal application prior
to sensitization (prophylaxis) mice were sedated with di-
ethylether, and TOCFU of L. lactis or L. plantarum mixed
with or without 10ug of rBet v 1, in a total volume of 3@l
NaCl 0.9%, were intranasally applied eight times (days
0-3 and 7-10) using a finn pipettEig. 1). For intranasal
treatment after sensitization (therapy)210FU of L. lac-
tis or L. plantarum were applied with or without 50g
of rBet v 1 in a total volume of 30l NaCl 0.9% three
times in 4 day intervals. Control animals were sham treated
with sterile NaCl 0.9% before or after sensitization. Mice
were killed 7 days after the third intraperitoneal injection
(prophylaxis) or 7 days after the last intranasal treatment
(therapy).
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from a standard curve obtained with a standard serum
pool.

2.7. Rat basophil leukemia (RBL) cell degranulation
experiments

For determination of the allergenic antibody serum ac-
tivity, RBL-2H3 cells were plated in 96 well tissue culture
plates (4x 10* cells per well) and passively sensitized by
incubation with serum samples of the respective experimen-
tal groups in a final dilution of 1:10, 1:30, and 1:100 for
2 h. Unbound antibodies were removed by washing the cell
layer twice with Tyrode's buffer (137 mM NacCl, 2.7 mM
KCI, 0.5mM MgCh, 1.8 mM CaC4, 0.4mM NaHPQ,

5.6 MM p-glucose, 12mM NaHCg 10 mM HEPES, and
0.1% w/v BSA, pH 7.2) and degranulation was induced
by addition of 10Qul of rBet v 1 (0.3ng/ml Tyrode’s
buffer) for 30 min at 37C. Supernatants were analyzed
for B-hexosaminidase content by incubation with .30
4-methylumbelliferylN-acetyl{3-p-glucosaminide (Sigma)

Fig. 1. Experimental design and sampling. Day O is defined as the start jn citrate buffer (0.1M, pH 4.5). Reaction was stopped

of the experiment. BALB/c mice were intranasally (i.n.) treated with
LAB with or without rBet v 1 prior (prophylaxis) or after (therapy)
sensitization with rBet v 1/Al(OHy) Blood samples (bleeding) were taken

by addition of 10Qul glycine buffer (0.2 M glycine, 0.2M
NaCl, pH 10.7) and fluorescence was measured.sqt

before intraperitoneal (i.p.) sensitization and/or i.n. treatments and before 360 NMAem: 465 nm using a fluroescence microplate reader

the mice were killed (sacrifice). At sacrifice, spleens were removed for
in vitro cytokine assays.

2.5. Sampling

Blood samples were taken by tail bleeding before

each sensitization and/or intranasal treatment, and befor

mice were Kkilled. Sera were prepared for detection of

allergen-specific antibodies and basophil release assays

and stored at-20°C until analysis. Spleens were removed

under sterile conditions and cell suspensions were prepare

as previously describef23]. Briefly, the organs were ho-

mogenized, filtered through sterile nylon cell strainers and
red blood cells were lysed. The cells were washed and re-
suspended in complete RPMI 1640 medium (10% fetal calf

serum, 0.1 mg/ml gentamicin, 2 mM glutamine andu®0
2-mercaptoethanol).

2.6. Determination of allergen-specific antibody
levelsin sera

Allergen-specific antibody levels were determined by
ELISA, as previously described3]. Microtiter plates
(Nunc-Immuno Plate) were coated with tBel (2wg/ml).
Serum samples were diluted 1/1000 for IgG1, 1/500 for
IgG2a and 1/10 for IgE. Rat anti-mouse IgG1l, 1gG2a,
and IgE antibodies (tg/ml, Pharmingen, San Diego, CA)

e

(Spectrafluor, Tecan, Austria). Results are reported as per-
centage of totaB-hexosaminidase release after addition of
1% Triton X-100.

2.8. Spleen cell cultures for cytokine analysis

2.8.1. Simulation of naive splenocytes with LAB

To study the effects of the two LAB strains on the in
vitro cytokine production of naive murine spleen cellsx 5
10° spleen cells were cultured in 48-well flat bottom plates

0(Costar, Cambridge, MA) at 3T and 5% CQ with or

without 5x 10°, 5 x 10%, and 5x 10’ CFU of formalin
inactivatedL. lactis, L. plantarum, or E. coli, which was
used as a control strain. Supernatants were taken after 24,
48, and 72 h and stored a20°C until analysis.

2.8.2. Allergen-specific stimulation of splenocytes from
treated mice

In vitro cytokine production upon allergen re-stimulation
was measured in spleen cell cultures of the different exper-
imental groups. Spleen cells were cultured in 48-well flat
bottom plates at a concentration ofsx510° cells/500ul
with or without birch pollen (2g per well). Super-
natants were taken after 48 h for measurement of IL-5 and
IFN-y.

2.8.3. Cytokine analysis
IFN-y was measured as previously descrijad]. All

were applied and peroxidase-conjugated mouse anti-ratother cytokines were measured with commercially avail-
IgG antibodies (1/1000; Jackson, Immuno Labs Inc., West able ELISA kits; IL-4, IL-5, IL-10 (Endogen, Woburn, MA,

Grove, PA) were used for detection. Antibody levels were

USA), IL-12+4-p40 (Biosource International Inc., CA, USA),

expressed as arbitrary ELISA-units, which were calculated and IL-13 (R&D Systems, MN, USA), with sensitivities
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<5pg/ml for IL-4 and IL-5,<12 pg/ml for IL-10,<2 pg/ml
for IL-12, and <1.5 pg/ml for IL-13.

2.9. Satistics

Allergen-specific antibody levels in mice pre and
post-sensitization (prophylaxis and treatment) were com-
pared across groups by Kruskal-Wallis tests. A posteriori
comparison of all experimental groups against sensitized
controls was done by the rank test analogue to Dunnett's
tests. Comparison of cytokine levels induced by the different
strains of bacteria was done by two-way analysis of vari-
ance after log-transformation of concentrations. The trans-
formation was chosen to reach homogeneity of variances.
Linear contrasts for comparison of LAB strains wighcoli
were performed for each dose. The same analysis was use
for evaluation of the RBL cell degranulation experiments.
Level of significance was set at 5% for all comparisons.

3. Results

3.1. In vitro cytokine production profile of naive murine
spleen cells after LAB stimulation

3.1.1. Type 1 cytokines (Fig. 2)

High amounts of the Th1-promoting cytokine IL-12 were
produced after stimulation with increasing numbers of for-
malin killed L. plantarum andL. lactis bacteria, in compar-
ison to stimulation with the Gram~() E. coli control strain.
IL-12 levels were eight times higher after stimulation with
L. lactis, and 16 times higher after stimulation with plan-
tarum compared to the control strain. Consequently, signifi-
cantly higher levels of IFNy were produced by spleen cells
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Fig. 2. Type 1 cytokine production of naive murine spleen cells stimulated
with bacteria. Splenocytes from naive mice were pooled and cels.(8

per well) were cultured without{), or with 5x 10° (§), 5x 10° (N),

and 5x 10’ () CFU of formalin inactivated_. lactis, L. plantarum or

E. coli, corresponding to 0.1, 1 or 10 CFU per spleen cell in culture.
IL-12 and IFN+<y were measured after 48 h of incubation with the bacteria.
Bars represent the mean of three independent experimte®ts.M. * is

a significant difference between the LAB and the Gram negéa&iveoli
control strain ¢ < 0.05, linear contrasts after ANOVA).

after stimulation with the LAB compared to stimulation with
E. cali. Highest concentrations of IL-12 and IFNwere de-
tected after 48 h incubation.

3.1.2. Type 2 cytokines (Fig. 3)

In contrast to the high levels of IL-12 and IFiN-only low
to undetectable levels of type 2 cytokines were measured in
spleen cell cultures after stimulation with eithHerlactis or
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Fig. 3. Type 2 cytokine production of naive murine spleen cells stimulated with bacteria. Splenocytes were pooled from naive mice and 1@ls (5
per well) were cultured without (), or with 5x 10° (N), 5 x 10 (), and 5x 10’ (ll) CFU of formalin-inactivated.. lactis, L. plantarum or E. cali,

corresponding to 0.1, 1 or 10 CFU per spleen cell in culture. IL-4 was measured in supernatants after 72 h, all other cytokines after 48 h of incubation

with the bacteria. Bars represent the mean of three independent experim®8fsV. * is a significant difference between the LAB and the Gram

negativeE. coli control strain ¢ < 0.05, linear contrasts after ANOVA).
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L. plantarum: IL-4, IL-5 and IL-13 levels were markedly
lower after stimulation with either of the LAB strains as
compared to stimulation with the coli control strain. IL-10
was induced after stimulation with the highest bacterial con-
centration of particularly.. plantarum, though the amounts
were significantly lower than after stimulation wikh coli.

3.2. Animal experiments—prophylaxis

3.2.1. Allergen-specific antibody responses (Fig. 4)

Intranasal pre-treatment of BALB/c mice with lactis
or L. plantarum mixed with rBet v 1, followed by intraperi-
toneal sensitization with rBet v 1/AI(OH) induced high
and significant levels of allergen-specific IgG2a antibodies.
Pre-treatment with the mixture af plantarumand rBet v 1
induced slightly higher IgG2a levels than the mixtureLof
lactis and rBet v 1. Mice pre-treated with the LAB strains
without rBet v 1, or sham pre-treated with NaCl, produced
very low (L. plantarum) to undetectablel( lactis, NaCl)
levels of this isotype. Although slightly higher IgG1 levels
were measured in mice pre-treated with LAB strains mixed
with rBet v 1 ascompared to the control group, only.
lactis reached the level of significance. No significant dif-

91

to the high 19G2a levels, a 98% reduction of the IgE/IgG2a
ratio was calculated for the groups treated with either LAB
co-applied with rBet v 1. No allergen-specific IgG1, IlgG2a
or IgE antibodies were detected subsequent to pre-treatment
with the LAB/allergen mixture, but before intraperitoneal
sensitization (data not shown).

3.2.2. Rat basophil leukemia (RBL) cell degranulation
experiments (Fig. 5)

The allergenic antibody activity of the sera of mice in-
tranasally pre-treated with LAB with or without Bet v 1
was determined in three dilutions (1:10, 1:30 and 1:100) and
compared to the sham pre-treated sensitized control group.
Sera from groups intranasally pre-treated witHactis and
Bet v 1 aswell asL. plantarum and Bet v 1 showed a sig-
nificantly reduced capacity to indug@hexosaminidase re-
lease from rat basophils in comparison to sera from sensi-
tized control mice. In contrast, pre-treatment wlithlactis
or L. plantarum alone did not reduce the allergen-induced
basophil degranulation.

3.2.3. Cytokine production profile
IFN-v levels, induced after in vitro stimulation with

ferences in the allergen-specific IgE antibody levels were birch pollen were markedly increased in spleen cell cul-
measured between the different groups. However, accordingtures of mice pre-treated with the mixture of eithier

2000 laG1 400 | IgE
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LI. Lp. LIL L.p. sens LI. Lp. LL L.p. sens
+Bet +Bet +Bet +Bet
2000 | lgG2a
* *
1000 |
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LI Lp. LIL Lp. sens
+Bet +Bet

Fig. 4. Allergen-specific antibody levels in sera of sensitized and intranasally pre-treated mice (prophylaxis). Mice were intranasallgdpesgineat
times withL. lactis (L.I.) or L. plantarum (L.p.), with or without rBe v 1 (+Bet), or pre-treated with NaCl (sens). Thereafter, mice were intraperitoneally
sensitized with rBet v 1/AI(OH). Antibody levels are reported as mean arbitrary ELISA uhiSE.M. * is significantly different from sham pre-treated

controls (sens)# < 0.05, a posteriori tests after Kruskal-Wallis test).
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low those of the LAB and rBtev 1 treated mice. In terms of
IgG1 and IgE, no changes in the IgG1 antibody levels were
detected by the treatments in either of the groups, whereas
generally lower IgE levels were measured in all groups after
the different treatments.

3.3.2. Rat basophil leukemia (RBL) cell degranulation
experiments

The treatment with_. plantarum and Bet v 1 led to a
31% reduction, the treatment with lactis and Bet v 1 to
a 25% reduction in the allergen-inducehexosaminidase
release from RBL cellsTable 2. In all other groups the
reduction in the allergen-induced basophil degranulation was
less pronounced.

3.3.3. Cytokine production profile
Intranasal treatment with. plantarum administered to-

at sacrifice (post), in dilutions of 1:10, 1:30, and 1:100. Degranulation was gether with rBév 1 after sensitization, led to a three-fold

induced with rBet v 1, ang-hexosaminidase release is reported as mean
percentage of release after degranulation with 1% Triton X-100. Error
bars indicate S.E.M.s. * is significantly different from sham pre-treated
controls (sens)® < 0.05, determined by linear contrasts after ANOVA).

lactis (P < 0.05) or L. plantarum and rBet v 1, compared
to the sham-treated, sensitized control grodpble J.
Pre-treatment with LAB without rBev 1 was notassoci-
ated with increased IFN-production in vitro. A reduction
of IL-5 levels was detected in all groups pre-treated With
lactis or L. plantarum with or without rBet v 1.

3.3. Animal experiments—therapy

3.3.1. Allergen-specific antibody responses
Comparing mice treated with LAB or the mixture of LAB

and rBet v 1 subsequent to sensitization, a specific increas

(3—4-fold) in 1gG2a levels was only seen in the groups
treated with LAB and rBev 1 (Table 2. The IgG2a levels

in the sham-treated mice were very weak and notably be-

Table 1
Allergen-specific cytokine production in spleen cell cultures of mice
intranasally treated prior to sensitization (prophylaxis)

Intranasal treatment IFN-vy (pg/ml) IL-5 (pg/mIp
prior to sensitization

8x L. lactis 5139.6+ 1213.1 52.8

8x L. plantarum 7357.7+ 913.9 55.0

8x L. lactis + rBet v 1 11404.5+ 774.4 62.8

8x L. plantarum + rBet v 1 11144.1+ 1129.0 82.2

8x NaCl (sham treatment) 87358 584.6 101.2

Cytokines were measured from spleen cell culture supernatants stimulated

increase of IFNy production upon allergen re-stimulation in
vitro, as compared to sensitized controls, or animals treated
with L. plantarumalone {Table 3. In the mice treated with.
lactisand rBet v 1, a 32% increase in IFNproduction was
observed which however also occurred in the group treated
with L. lactisalone. IL-5 levels, which were generally rather
low, were highest in the group treated withlactis without
rBetv 1.

4, Discussion

Based on the assumption that a lack of counter-regulatory
immune responses may influence the development of type
| allergy, prophylactic and therapeutic strategies promot-
ing the induction of allergen-specific Thl responses have

éoeen suggested as a promising concept for treatment of

Th2-biased hyperresponsiveness. Studies by Riedler et al.,
showing that early exposure to livestock and farm milk
is associated with reduced atopy development, may favour
the concept of prophylactically triggering Thl immune re-
sponse$10]. Moreover, the curative effects of Thl induced
responses in established allergy have been seen during suc-
cessful specific immunotherapy, which is associated with a
shift from allergen-specific Th2 to Thl respon$g$—33]
Along these lines, a recent clinical trial indicates that the
efficacy of SIT could be enhanced by the use of a Th1l pro-
moting adjuvan{34].

In the present study, we demonstrate that mucosal admin-
istration of the two LAB strains-. lactisor L. plantarum—
applied together with the allergen Bel prior or after sen-
sitization, induced a shift towards Th1l immune responses

with birch pollen for 48 h. Mice were treated eight times intranasally with along with a reduction of Th2 dependent basophil degranula-

L. lactis or L. plantarum, with or without 10ng of rBet v 1, or treated
with NacCl, prior to sensitization with rBet v 1/Al(OH) Data shown are
mean values SE.M.

aMeasured from pooled supernatants.

*P < 0.05 compared to sham treatment, a posteriori test after

Kruskal-Wallis test.

tion. The immunomodulatory capacity of the selected strains
in vivo seems to be due to their strong intrinsic capacity to
induce the Thl-promoting cytokine IL-12 and consequently
the production of IFNy from spleen cells, as seen in the in
vitro studies. Similarly as described for other LAB strains in



Table 2

Allergen-specific antibody levels in sera and RBL cell degranulation of mice intranasally treated after sensitization (therapy)

RBL degranulatior3-hexosaminidase release

Antibody levels in ELISA units

Intranasal treatment after

sensitization

Post-treatment  Reduction (%)

Post-sensitization

IgE

19G2a

IgG1

Post-sensitization

Post-sensitization

Post-sensitization

Post-treatment Post-treatment

Post-treatment

21
20
25
31

245+ 2.6
27.3+ 6.8
23.6+ 1.9
26.6+ 2.8
23.7+ 3.1

31.1+ 3.5
34.2+ 4.8
31.6+ 3.5
38.5+ 3.7
30.6+ 3.4

134.5+ 32.0 17.3+ 5.6

27.9+ 16.2

27.9+ 15.9
123.3+ 71.0

1156.0+ 167.1

1361.74 98.5

1072.5+ 183.0
1332.0+ 103.0

3x L. lactis

74.6+ 26.3

278.6+ 153.8

93.8+ 32.3

3x L. plantarum

87.6+ 48.5 49.7+ 195
36.4+ 6.4
41.9+ 6.3

50.0+ 22.4
120.2+ 83.9

1378.0+ 63.9 121+ 7.5

1444.6+ 58.3
1208.6+ 83.1

995.8+ 133.3
1082.9+ 115.5

3x L. lactis + rBet v 1

90.0+ 35.1

41.3+ 21.3

3x L. plantarum + rBet v 1
Sham treatment with NaCl

23

92.4+ 29.8

155+ 11.6

59+ 4.1

10588 151.4

Antibody levels from sera of sensitized mice before (post-sensitization) and after (post-treatment) intranasal treatments are reportecbdisamegin A unitst+ S.E.M. Allergen-induced rat basophil
leukemia (RBL) cell degranulation is reported as mean percedtgg&.M. of maximum B-hexosaminidase release induced with 1% Triton X-100. Mice were treated three times intranasally with

lactis or L. plantarum, with or without rBet v 1, or sham-treated with NaCl, after sensitization with rBet v 1/Alum.
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mouse models or with human ce[35-38] our data show
that in vitro stimulation of naive murine spleen cells with in-
creasing numbers &f lactisor L. plantarum bacteria results
in the induction of IL-12 and IFNy in a dose—dependent
manner. The highest IL-12 and IFf€oncentrations were
however induced after stimulation with plantarum, indi-
cating that this strain might be more effective in modulating
Th2 responses in vivo than thelactis strain. In contrast to
L. lactisor L. plantarum, in vitro stimulation with the Gram
(=) E. coli control strain also led to a substantial produc-
tion of Th2 cytokines. In addition to the strong induction of
IL-10, which has already been described in human PBMCs
[37,39] this E. coli control strain also induced higher lev-
els of IL-4, IL-5, and IL-13, as compared to both LAB. In
particular IL-13 levels were up to seven times higher after
stimulation with the highest number & coli. The weak
capacity of the two LAB strains to induce Th2 cytokines is
probably due to their strong induction of IL-12 and IR}\-
known to inhibit the production or action of IL-4, IL-5, or
IL-13 [40—-42] The characterization of the cytokine profile
in vitro can therefore give important information for proper
strain selection for creating an “anti-allergic” Th1 milieu.
The importance of such a characterization has been empha-
sized by two recent publications, showing that even within
the genus of lactobacilli marked differences can be found
in the cytokine profile induced by these bactgda,44].

Intranasal pre-treatment with the LAB together with the
recombinant allergen Bet v 1, led to induction of Th1-biased
immune responses, characterized by high allergen-specific
IgG2a levels and enhanced IFNproduction in vitro. Im-
portantly, no increase of allergen-specific IgG2a antibodies
was detected, unless the mice were intraperitoneally sensi-
tized with the allergen. In contrast to other studies, showing
a reduction of IgG1 or IgE when certain LAB strains were
injected or orally applied at the time of sensitizatjd6—47}
we only detected minor changes of these isotypes. However,
the fact that the allergen-induced basophil degranulation was
significantly reduced after pre-treatment withlactis or L.
plantarum mixed with Bet v 1, showed that the shift to-
wards Thl responses was also associated with a reduction of
Th2 dependent reactivities. Thus, besides IgE measurement
by ELISA—which might have limitations at low detection
levels—the basophil degranulation assay represents a very
sensitive method for evaluation of allergen-induced imme-
diate type reactions. At the cellular level, IFNproduction
upon in vitro re-stimulation with birch pollen, was enhanced
in the groups pre-treated with lactisor L. plantarummixed
with rBet v 1. The fact that pre-treatment with the bacte-
ria alone did not result in significant allergen-specific im-
munomodulation (i.e. induction of 1gG2a, enhanced H-N-
levels and reduced basophil degranulation), indicates that
the combined application of allergen and bacteria is needed
for a specific anti-allergic effect.

Similarly as in the prophylactic approach, only the com-
bined treatment with LAB and the recombinant allergen—
subsequent to sensitization—resulted in a substantial
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Table 3
Allergen-specific cytokine production in spleen cell cultures of mice
intranasally treated after sensitization (therapy)

Intranasal treatment IFN-vy (pg/ml) IL-5 (pg/ml)
after sensitization

3x L. lactis 1278.8 19.3

3x L. plantarum 965.7 10.1

3x L. lactis+ rBetv 1 1145.6 7.9

3x L. plantarum + rBet v 1 2372.9 13.9

3x NaCl (sham treatment) 866.2 9.7
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