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Cows' milk allergy, common in young infants, is often solved by the age of five; however, it can persist in
some adults. The in vivo immunomodulatory potential of B-lactoglobulin (BLG) hydrolysates obtained
with Lactobacillus delbrueckii subsp. bulgaricus CRL656 (H656) was studied. Sera from mice gavaged with
H656 showed lower specific BLG-IgE values than those of allergic mice. Secretion of IL-10, INF-y and IL-6
was increased and that of IL-4 decreased when allergic spleen cells were stimulated with H656. IL-4
secretion was significantly reduced and concentrations of IL-10, IL-17A and IL-6 were increased when
H656 was orally administrated. Highest expression of IL-4 and IL-12 was observed for allergic mice and
H656 gavaged mice, respectively. H656 immunisation had a positive effect on intestinal mucosa. Overall,
H656 displayed an immunomodulating effect, balancing the allergic Th2 response by stimulating Th1

type cytokine secretion. The hydrolysate might promote oral tolerance towards BLG in infant foods.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Food allergy is an immune system reaction that occurs when
eating certain foods. Even a low amount of the allergen can trigger
signs and symptoms such as hives or swollen airways; moreover,
food allergy can cause anaphylaxis in some people (Hochwallner,
Schulmeister, Swoboda, Spitzauer, & Valenta, 2014). Food allergy
affects 6—8 percent of children under three years of age and up to 3
percent of adults. On the other hand, food intolerance produces
digestive problems by multiple pathways that can be attributed
to enzyme defects and to irritant and toxic reactions (Osborn &
Sinn, 2003).

Cows’ milk is consumed worldwide especially by children; the
use of milk formulae is commonly recommended for children
who cannot be breast-fed (Hochwallner et al., 2017). One of the
differences between human and cow milk is the presence of
B-lactoglobulin (BLG) in the latter. This protein is relatively resistant
to digestive enzymes; as a consequence different alternatives have
been trialled to digest this protein and decrease its immune reaction.
Although there are multiple infant formulae with different degrees
of protein hydrolysis, not all of them can prevent allergy symptoms
or induce tolerance to milk proteins (Hochwallner et al., 2017).

* Corresponding author. Tel.: +543814311720.
E-mail address: pescuma@cerela.org.ar (M. Pescuma).

https://doi.org/10.1016/j.idairy;j.2018.08.006
0958-6946/© 2018 Elsevier Ltd. All rights reserved.

One of the alternatives to the known methods of producing
hydrolysed milk formulae could be the use of the lactic acid bacteria
(LAB) proteolytic system to hydrolyse BLG. Some genera of LAB and
bifidobacteria have been investigated for their ability to alleviate
asthma and food allergy symptoms (Liu et al., 2017). These bacteria
are commonly used in the food industry and are generally accepted
as safe. Previous results of our group showed that some LAB strains
were able to degrade BLG, albeit to different extents (Pescuma,
Hébert, Mozzi, & Font de Valdez, 2007, 2008, 2010; Pescuma et al.,
2009, 2011, 2015). Furthermore, we demonstrated that Lactoba-
cillus delbrueckii subsp. bulgaricus CRL 656 degrades BLG into middle
size and small peptides with molecular mass ranging between
544.07 and 2895.67 as determined by liquid chromatography-
tandem mass spectrometry (LC-MS/MS; Pescuma et al., 2009). The
peptides identified corresponded mainly to the carboxy-terminal
part of BLG, although some peptides were detected for the middle
and amino terminal side. Interestingly, this strain could hydrolyse
BLG in its main epitopes (V41—K60; Y102—R124; L149-1162).
Moreover, in vitro assays showed that L. delbrueckii subsp. bulgaricus
CRL 656 BLG hydrolysates (H656) displayed lower (32%) human IgE
binding capacity than those observed for native and denatured BLG
(Pescuma et al., 2009). These results demonstrated that H656 could
reduce BLG allergenicity by partial hydrolysis probably due to a
combined effect of protein degradation and modifications by the
bacterial proteinase (Bernasconi, Fritsché, & Corthésy, 2006).
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On the other hand, it has been claimed that partially hydrolysed
infant formulae retain the IgE antibody epitopes and promote
tolerogenic potential. This kind of formula has been recommended
in infants with risk of allergy (Adel-Patient et al., 2012). Oral toler-
ance to food is an immune process that depends on several factors
such as genetic background, age, environmental conditions and
composition of the intestinal microbiota, as well as the route and
frequency of antigen administration (Adel-Patient et al., 2011). In
this work, we aimed to evaluate the immunomodulatory potential of
BLG hydrolysate obtained with L. delbrueckii subsp. bulgaricus CRL
656 using allergic mice, and also to determine its tolerogenic effect.

2. Materials and methods
2.1. Preparation of BLG and BLG-hydrolysates

In this work the following were used: (i) heat treated BLG (80 °C,
30 min, ICN, Biolabs, Eschwege, Germany), (ii) the commercial BLG
hydrolysate BioZate® (Davisco International Inc., Eden Prairie, MN,
USA), and (iii) BLG hydrolysate obtained by L. delbrueckii subsp.
bulgaricus CRL 656 (H656) as described previously (Pescuma et al.,
2011) and subsequently lyophilised.

H656 was obtained by hydrolysis of BLG with non-proliferating
cells of L. delbrueckii subsp. bulgaricus CRL 656. Briefly, L. delbrueckii
subsp. bulgaricus CRL 656 was grown in a chemically defined
medium (Hebert, Raya, & De Giori, 2000), containing (in grams per
litre): glucose 10; KH3PO4, 3; K;HPO4, 3; sodium acetate, 5; MgS0O4
7H,0, ammonium citrate dibasic 1.0; 0.2; L-alanine, 0.1; L-arginine,
0.1; r-asparagine, 0.2; r-aspartic acid, 0.2; L-cysteine, 0.2; L-gluta-
mine, 0.2; t-glutamic acid, 0.2; glycine, 0.1; i-histidine, 0.1;
L-isoleucine,0.1; L-leucine, 0.1; i-lysine, 0.1; L-methionine, 0.1;
L-phenylalanine, 0.1; -proline, 0.1; L-serine, 0.1; L-threonine, 0.1;
L-tryptophan, 0.1; L-tyrosine, 0.1; L-valine, 0.1; uracil, 0.01; guanine,
0.01; adenine, 0.01; xanthine, 0.01; nicotinic acid, 0.001; calcium
pantothenate, 0.001; pyridoxal, 0.002; riboflavin, 0.001; orotic acid,
0.05; folic acid, 0.001; vitamin B12, 0.001; thiamine, 0.001; biotin,
0.01; p-aminobenzoic acid, 0,01; Tween 80, 1.0. Cells were har-
vested by centrifugation (10,000 x g, 4 °C) at the exponential
growth phase (ODsgp = 0.65), washed three times with saline so-
lution to eliminate the culture medium, concentrated in 100 mm
sodium phosphate (pH 7.0) to a final ODsgp of 10 and kept at 37 °C
for 30 min for depletion of remaining medium components. BLG
was dissolved in the same buffer at a concentration of 3 mg mL™"
and heat treated (80 °C, 30 min). Non-proliferating cells were
incubated in a cell: protein ratio of 2:1 (v/v) for 24 h at 37 °C. After
the incubation period samples were centrifuged (10,000 x g, 4 °C)
and filtered (0.22 pm paper filters) to eliminate L. delbrueckii subsp.
bulgaricus CRL 656 cells.

BLG and BioZate® were dissolved in the same buffer used to
obtain H656 (sodium phosphate buffer, 100 mm, pH 7.0) while
lyophilised H656 was dissolved in distilled water. Then, these pro-
teins were sterilised by filtration with 0.22 um paper filters (Sarto-
rius, Stedim Biotech, Gottingen, Germany) to avoid contamination.

2.2. Mice

BALB/c mice (3—4 week-old females) coming from the second
generation of mice fed with the milk protein-free diet AIN93-G
(Dyets, Inc 2508 Easton Avenue Bethlehem, PA, USA) were housed
in cages under autoclaved bedding and provided with sterile water.

All animal protocols were approved by the Animal Protection
Committee of CERELA and followed the latest recommendations of
the Federation of European Laboratory Animal Science Associa-
tions. All experiments comply with the current animal laws of
Argentina.

2.3. Protein administration protocols

Three protein administration protocols modified from that of
Adel-Patient et al. (2011) were applied (Fig. 1); in all cases, groups of
seven female BALB/c mice were used. Protocol 1 was as follows:
mice were administrated with sodium phosphate buffer (0.15 mL) or
2.4 mg of BLG, separately, on days 1, 2, 3, and 8, 9 and 10 by gavage
(0.15 mL) using an animal feeding needle. All animals were further
sensitised on day 14 by intraperitoneal injection of 5 pug of BLG using
Alhydrogel (2%, w/v, InvivoGen, San Diego, CA, USA) as adjuvant, and
sacrificed on day 31. Control mice were injected intraperitoneally
with the adjuvant only. To test for a tolerogenic response to H656
and Biozate®, these protein hydrolysates instead of BLG were
administrated orally using the same protocol as described before
(Protocol 2, Fig. 1). A third protocol was used to study the effect of
oral administration of BLG on elicitation of allergic reaction (Pro-
tocol 3, Fig. 1). In this last protocol, animals were submitted to the
same treatment as described previously but received a second
intraperitoneal BLG injection on day 28, were orally challenged with
10 mg of BLG in 0.25 mL phosphate buffer on day 35 and then
immediately sacrificed (within 35 min). A group receiving only
phosphate buffer by gavage, which was not sensitised with BLG, was
used as control (naive mice). Sacrificed mice were previously
anaesthetised with an intraperitoneal injection of 3.0 mL (per kg
body weight) of ketamine (10%, v/v): xylacin (2%, v/v) and bled by
cardiac puncture. Blood was transferred into tubes without antico-
agulant incubated at 37 °C for 1 h and centrifuged (1000 x g for
5 min); serum was removed and stored at —70 °C until use. Spleens
and small intestines were removed under sterile conditions and
pooled within groups.

2.4. Measurement of specific IgE-BLG binding capacity

Specific IgE-BLG binding activity was measured using an IgE
mouse kit (Mouse IgE Ready-Set-Go, AffymetriX, eBioscience,
Campus Vienna Biocenter 2, Vienna, Austria) with the following
modifications: plates were coated with BLG (5 pg mL~!) in coating
buffer in the wells where sera were to be tested or coated with
capture antibody for calibration curve and blanks. Plates were
sealed and overnight incubated at 4 °C. Then, plates were washed,
blocked with blocking buffer, and washed again as specified in the
kit. One hundred microlitres of the assay buffer A and 100 pL of
diluted (1/50) mice sera from each mice group were pooled and
placed in the wells coated with BLG; for the calibration curve 100 puL
of serial dilutions of the standard were placed in the corresponding
wells, and 200 pL of the assay buffer A was placed in the blank
wells. Plates were sealed and incubated overnight at 30 °C; then,
they were washed and the procedure was continued as specified by
the manufacturer. Three measurements of two independent assays
for each mice group were done; mean values and standard
deviations are shown (Table 1).

2.5. Cytokine determination using spleen cell culture

Spleens from Protocols 1 or 2 animals were pooled together
within the same group, cut into small pieces using a scalpel, and
passed through cellular sieves (BD Falcon, Bedford, MA, USA). The
obtained cells were suspended in 7 mL RPMI-1640 medium (Sigma)
supplemented with 10% (w/v) foetal calf serum, 2 mm L-glutamine,
100 U penicillin 100 mg~! streptomycin, and 0.02 mm B-mercap-
toethanol. Cells were centrifuged (1000 x g, 5 min) and erythro-
cytes were removed by adding 2 mL 0.87% (w/v) NH4Cl at 37 °C for
10 min. Cells were washed and counted in Malassez chamber using
0.4% (v/v) Trypan blue. Flat-bottomed 24-well plates were loaded
with 2 mL of a 10° cells mL~! suspension. After the cells being fixed
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overnight, the culture medium was replaced by fresh RPMI
containing BLG, H656 or BioZate® (500 pg mL~') for cell re-
stimulation; the same amount of phosphate buffer present in the
samples was added in the control. To induce cell proliferation,
1 pg mL™! concavalin A (Sigma) was added to all wells. Plates were
incubated at 37 °C under 5% CO, for 72 h. Cell proliferation was
measured using a MTT kit (Promega, Madison, USA) following the
manufactures instructions. Cytokines (IL-4, IL-10, IL-6, IL-17A and
INFy) in cell supernatants were measured using a Becton Dickinson
(BD) Cytometric Bead Array (CBA) Mouse Th1/Th2/Th17 Cytokine
Kit (BD, San Jose, CA, USA) using a (BD Accuri Flow Cytometer), and
data were analysed using the software FCAP Array V1.0.1 (BD).
Three measurements of two independent assays for each mice
group and ex vivo stimulating condition were done; mean values
and standard deviations are shown (Figs. 2 and 3).

2.6. Spleen cytokine expression by Real Time-PCR

Spleens from Protocol 3 mice groups were removed, separately,
placed in RNAlater stabilisation solution according to manufac-
turer's instructions (Thermo Fisher Scientific, Argentina) and stored
at —80 °C until use. Spleen tissues were homogenised in TRIzol LS
reagent (Ambion, Life Technologies, Argentina) in a Mini-Bead
Beater-8 cell disrupter (BioSpec Products Inc., Bartlsville, OK, USA)
at maximum speed with 5 cycles of 40 s each, with intervals of
1 min on ice among cycles, and total RNA was extracted according
to manufacturer's instructions. RNA concentration was measured
using a Qubit® 2.0 fluorometer (Invitrogen™, Life Technologies Co.,
Carlsbad, CA, USA) using Qubit® HS RNA Assay Kit (Molecular
Probes™, Life Technologies Co.). cDNA synthesis was performed
using Superscript I kit (Invitrogen). Real Time-PCR was performed
in an iQ™5 Multicolour Real-Time PCR Detection System iCycler
(Bio-Rad Laboratories Inc., Hercules, CA, USA); gene expression of
mouse IL-10, IL-4, IL-12, TNF-a, INF-y, and actin were examined
using iQ™ SYBR® Green Supermix (Bio-Rad Laboratories Inc.). PCR
amplification was performed in duplicate and water was used to
replace cDNA in each run as negative control. The amplification
program consisted in 3 amplification steps plus a melting curve as
follows: 95 °C for 4 min, amplification of 40 cycles at 95 °C for 15 s,
50 °C for 30 s and 72 °C 30 s, followed by 1 cycle of 95 °C for 1 min,
55 °C for 1 min and 55 °C- 95 °C with 0.5 °C change in temperature.

The primers used for each cytokine were the following: IL-10
(forward 5’-CGG GAA GAC AAT AAC TG-3’; reverse 5'CAT TTC CGA
TAA GGCTTG G-3'), IL-4 (forward 5'-TCG GCATTT TGA ACG AGG TC-
3’; reverse 5'-GAA AAG CCC GAA AGA GTC TC-3'), IL-12 (forward 5’-
CGT GCT CAT GGC TGG TGC AAA G-3'; reverse 5'-CTT CAT CTG CAA
GTT CTT GGG C-3'), TNF-a (forward 5-ATG AGC ACA GAA AGC ATG
ATC-'3; reverse 5'-TAC AGG CTT GTC ACT CGA ATT-3') and INF-y
(forward 5'-AAC GCT ACA CAC TGC ATC TTG G-3’; reverse 5-GAC
TTC AAA GAG TCT GAG G-3'). The primers for the normalising gene
B-actin were: forward 5’-CGTGAAAAGATGACCCAGATCA-3’; reverse
5'-CACAGCCTGGATGGCTACGTA-3’). Two independent qPCR assays
were performed for each condition. The relative expression of the
cytokine genes in different conditions were estimated according to
the 2724CT method (Schmittgen & Livak, 2008). Mice not exposed
to BLG were used as control. Values reported are the fold changes
between each condition and the control and were normalised
against the f—actin gene expression.

2.7. Intestine histology

The small intestine of mice belonging to all groups was removed
and washed with saline solution (0.15 m NaCl) and placed in
formaldehyde 10% (v/v). Tissues were prepared for histological

evaluation; serial paraffin sections of 4 mm were made and stained
with haematoxylin—eosin for microscopy examination.

2.8. Statistics

All data are expressed as mean values and standard deviations
and they were analysed by one-way analysis of variance (ANOVA)
and Tukey's post comparison test using MINITAB 16 Statistical
Software (Minitab, State College, PA, USA). The experiment was
repeated twice with 7 animals per sample in each trial. Differences
were accepted as significant when p < 0.05.

3. Results
3.1. Specific IgE-BLG binding capacity

The specific IgE-BLG-values for the allergic group (those
receiving only buffer by gavage; Protocol 1, Fig. 1) after one
intraperitoneal BLG injection (day 14) were 17.4 and 7.4 times
higher than those of mice immunised with H656 and BioZate®
(Protocol 2), respectively; as expected, no specific IgE-BLG bind-
ing activity was detected in non-sensitised mice and low
binding values were obtained for the tolerant mice (3.24 and
15.98 ng mL~! for Protocols 1 and 3, respectively) (Table 1). After
the second BLG intraperitoneal injection on day 28 and oral
challenge (Protocol 3), the IgE-BLG values increased in all tested
groups although to different extents, suggesting an increase in
the allergenic response after the second challenge with BLG.
Interestingly, a lower value of IgE-BLG (90.21 + 0.15 ng mL~!) was
detected when administering H656 orally as compared with
BioZate® (158.83 + 3.47 ng mL™").

3.2. Cytokine production by splenocyte cells in vitro

3.2.1. Effect of re-stimulation of allergic mice with BLG, H656 and
BioZate®

Production of cytokines by mice splenocytes was analysed for
control mice (receiving buffer by gavage and one intraperitoneal
injection of adjuvant) and those receiving buffer or BLG orally and
one intraperitoneal injection of BLG (allergic and tolerant groups,
respectively; Fig. 1, Protocol 1). The spleen cells collected were
further re-stimulated in vitro with BLG, H656, and BioZate®. Cyto-
kyne production by spleens belonging to different groups is shown
in Fig. 2. BLG re-stimulated cells of the allergic group displayed a
Th2 profile showing increased IL-4 and IL-10 concentrations values
(3713 and 248.12 pg mL™}, respectively) and lower concentrations
of INF-y (1391.91 pg mL™!) respect to the tolerant group (18.36,
50.37 and 1950.97 pg mL~!, respectively; for BLG ex vivo reac-
tivation; Fig. 2). The IL-17A secretion was higher for the allergic
group independently of the type of reactivation applied, while IL-6
secretion by splenocyte cells from all assayed groups was higher
when cells were reactivated using H656 (Fig. 2).

When stimulating mice spleen cells with H656, higher concen-
trations of IL-4 were observed for the control and allergic groups
(13.07 and 15.15 pg mL~!, respectively) with respect to tolerant mice
(3.54 pg mL™!) (Fig. 2a), although these values were much lower
than those when BLG was used (35.33, 37.13 and 18.36 pg mL~! for
the control, allergic and tolerant groups, respectively; Fig. 2a). On
the contrary, IL-4 values of the allergic group incubated with Bio-
Zate® were similar to those when BLG was used for re-stimulation
(Fig. 2a). When cells were re-stimulated with H656, INF-y secre-
tion was much higher in the allergic and control groups (5275.58
and 4413.54 pg mL~!, respectively) than in the tolerant group
(2595.38 pg mL~") (Fig. 2c). Furthermore, in the presence of H656,
an increase in the secretion of IL-6, was observed with respect
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Protocol 1
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Fig. 1. Mice protein administration protocols.

to incubation with BLG (IL-6, 81.30—91.92%) or BioZate® (IL-6,
86.35—95.50%) for all groups (Fig. 2e).

3.2.2. Tolerogenic effect of hydrolysates by oral administration

The ability of hydrolysates H656 and BioZate® to induce oral
tolerance to BLG was analysed by administrating the hydrolysates to
mice by gavage (Protocol 2, Fig. 1). When H656 was administrated
orally, IL-4 secretion significantly diminished (98.0—97.7%) when
incubating with BLG or BioZate® (Fig. 3a) while increased concen-
trations values of IL-10 and IL-17A (Fig. 3b,d) were observed when
compared with those obtained when BioZate®™ was orally adminis-
trated instead (80.02 and 80.85, respectively; Fig. 3). Re-stimulation
of the H656 and BioZate® groups with H656 resulted in an increased
concentration of IL-6 compared with re-stimulation with BLG
or BioZate®. Moreover, IL-10, IL-17A, IL-6 values were higher
(p=0.004, p=0.017, p = 0.001, respectively) than those obtained for
the allergic group (62.6, 76.9 and 58.1%, respectively; Fig. 2) with

Table 1
Specific IgE-BLG values in treated and non-treated mice sera.”

Groups IgE (ng mL~1)

Intraperitoneal injection Oral challenge
Control ND ND
Adjuvant ND ND
Allergic 447.17 + 6.04¢ 724.39 + 63.85°
Tolerant 3.24 +0.2° 15.48 + 1.74°
H656 2581+ 1.67° 9021 + 0.15*"
BioZate® 60.62 + 0.94° 158.83 + 3.47°

2 Mice in the control, adjuvant and allergic groups were gavaged with buffer
(0.15 mL), mice in the tolerant group were gavaged with 2.4 mg BLG in 0.15 mL
buffer, those in the H656 group were gavaged with 2.4 mg of BLG hydrolysates
obtained with L. delbrueckii subsp. bulgaricus CRL 656 in 0.15 mL buffer and those in
the BioZate® group were gavaged with 2.4 mg of BioZate in 0.15 mL buffer. All mice
were intraperitoneally injected with 5 pg of BLG except for the adjuvant (2% alhy-
drogel) and control groups. Oral challenge was done by administration of 10 mg of
BLG (Fig. 1). Different superscript letters represent significant differences between
groups (p < 0.05).

BLG re-stimulation. Although, when stimulating cells with BLG, no
significant differences were detected for INF-y secretion between
BioZate® (2653.35 pg mL~!) and H656 (3004.23 pg mL~!) groups
(Fig. 3c), concentrations of this cytokine were higher than for the
allergic group (1391.91 pg mL~!; p = 0.005) (Figs. 2 and 3). When
BioZate® was given by gavage and cells were re-stimulated with
BLG; IL-4, IL-10, IL-17A and IL-6 secretion was similar to the allergic

group.

3.3. Cytokine gene expression in treated spleen mice determined
by RT-PCR

After the second BLG intraperitoneal injection and oral chal-
lenge (Protocol 3, Fig. 1), the cytokine gene expression of spleen
cells was determined (Fig. 4). Consistent with the results obtained
for cytokine production in cell cultures, RT-PCR also showed the
highest expression of IL-4 (2.5—3.7 times) in the allergic group
(significant differences among cytokines between mice groups are
shown in Fig. 4) as compared with the other groups; no differences
on this interleukin expression was observed among the remaining
groups. When BioZate® was administrated orally, the highest
expression (1.8—2.0x) of the modulating cytokine IL-10 was
detected. However, when H656 was used, an increase in IL-12
(1.6—2.7 times) was observed compared with the allergic, tolerant
and BioZate® groups. Values of mRNA expression correspond to
fold-changes between each group and those obtained for naive
mice.

3.4. Intestine histology

The small intestine of allergic mice showed severe alterations in
the gut mucosa and leukocyte infiltration (Fig. 5), being these
alterations diminished in tolerant (BLG orally administrated) mice
for which intestinal sections showed almost the same morphology
to the ones of naive mice. H656 treated (gavaged) mice showed no
leukocyte infiltration while alterations in gut mucosa were detected
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for the BioZate® group although leukocyte infiltration was lower
than in the allergic group.

4. Discussion

Cows' milk allergy mainly affects children younger than 3 years
old and although a natural tolerance develops until the age of 5,
approximately 1% of adults remain cows’ milk allergic usually
associated with severe reactions (Schocker, Recke, Kull, Worm, &
Jappe, 2017). Some studies suggest an association with respiratory
allergy and asthma in adulthood (Schouten et al., 2008). To date,
different strategies to solve or alleviate milk allergy have been
applied by using probiotics, prebiotics, symbiotics, and protein hy-
drolysates (Jacquot, Gauthier, Drouin, & Boutin, 2010; Kostadinova
et al,, 2017; Schouten et al., 2009).

Probiotic bacteria can influence the immune reaction towards
allergens; prevention of allergy symptoms may be due to different
factors. It has been claimed that probiotics may modulate the host
immune response by balancing the Th1/Th2/Th17 profile (Maiga
et al., 2017), while commercial milk protein hydrolysates alone or
with the addition of probiotics (Lactobacillus rhamnosus GG)
reduced intestinal permeability and induced oral tolerance pre-
venting allergic symptoms by immunomodulation (Aitoro et al.,
2016). In addition, the proteolytic activity of lactobacilli can have
a positive effect on milk protein digestibility as some Lactobacillus
strains can produce bioactive peptides with immune-modulating,
antimicrobial, and antihypertensive effects by hydrolysis of food
proteins (Bu, Luo, Chen, Liu, & Zhu, 2013). Thus, the production of
Th1 and Th2 at systemic level can be enhanced by the consumption
of lactic fermented food products. Previously, we found that
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Fig. 3. Cytokine secretion by pooled splenocytes reactivated with BLG, H656 or BioZate®. Mice were previously gavaged with H656 or BioZate® and sensitized with BLG. Different

letters in graphs represent significant differences among mice groups (I, control;

, allergic;

, tolerant); numbers represent significant differences among in vivo reactivation

treatments (BLG, H656 and BioZate). Finally, asterisks indicate significant differences between in vivo reactivations within the same group.

L. delbrueckii subsp. bulgaricus CRL 656 could cleave allergenic
peptides of BLG and the resulting hydrolysate (H656) was less
immuno-reactive than native BLG as revealed by in vitro assays
(Pescuma et al., 2009, 2011).

In this work, the potential immunomodulatory and tolerogenic
effects of H656 using an allergic mice model was evaluated. The
results show that when H656 was administrated orally, the BLG-IgE
binding values were considerably lower than those obtained for the
allergic group. Similar results were noted by Adele-Patient et al.
(2012) for BLG-IgE production when administrating orally cyan-
ogen bromide BLG hydrolysates using a similar murine model.
While Prioult, Pecquet, and Fliss (2004, 2005) observed that only
the acidic peptide fractions obtained by hydrolysis of BLG by trypsin

and the protease of Bifidobacterium lactis NCC362 had a reduced IgE
binding capacity compared with native BLG, no differences on the
IgE binding capacity of commercial fermented milk products
compared with native BLG were noted by Ehn, Allmere, Telemo,
Bengtsson, and Ekstrand (2005).

It has been reported that for IgE expression and Th2 lymphocyte
profile establishment, the production of IL-4 by T cells is required
(Chapoval, Dasgupta, Dorsey, & Keegan, 2010). Indeed, the potential
allergenicity of a peptide can be indirectly measured through its
ability to stimulate IL-4 production by B-cells. Likewise, the high
concentration of BLG-IE in the allergic (buffer gavage) group was
in agreement with the expression of the IL-4 gene as determined by
RT-PCR and the obtained IL-4 values when BLG re-stimulation of
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spleen cells occurred. In contrast, when the spleen cells of the
allergic group were incubated with H656, a significantly lower IL-4
and higher IL-10 and INF-y secretion respect to BLG incubation was
observed. Consistently, the acidic peptides obtained by BLG hy-
drolysate by trypsin and a protease of a Bifidobacterium animalis or
Lactobacillus paracasei NCC2461 stimulated IL-10 and INF-y pro-
duction by spleen cells from BLG-primed mice (Prioult et al., 2004,
2005). However, we observed that when re-stimulating allergic
mice spleen cells with H656 an increase in IL-6 release together
with a decrease in IL-4 production was observed with respect
to stimulation with BLG or BioZate®. In this respect, it has

Allergic

BioZate

been claimed that IL-6 release can restore Th17 homeostasis in
food allergic patients (Johnston, Chien, & Bryce, 2014). Interest-
ingly, in the current study IL-4, IL-10 and IL-6 secretion was
different depending on the hydrolysate used (H656 or BioZate®).
Hochwallner et al. (2017) reported that different hydrolysed milk
formulae differed in their capacity to prevent allergy symptoms
and induce pro-inflammatory responses due to diverse peptide
composition.

Furthermore, the sensitising capacity of BLG could be reduced by
co-administrating this protein with its digests, while no effect on
oral tolerance was observed for complete BLG digests (Bogh,
Barkholt, & Madsen, 2013). Adel-Patient et al. (2012) reported that
synthetic peptides had different abilities to induce oral tolerance
towards BLG; peptides containing intact S-S bridges showed the
highest immune modulating potential. In our work, we observed
that H656 displayed higher capacity to induce oral tolerance than
the commercial BioZate® when administrating both by gavage and
stimulating the cells with BLG as a decrease in IL-4 and an increase in
IL-10 and IL-17A concentrations were observed (Fig. 3). In support,
Frossard, Zimmerli, Rincon Garriz, and Eigenmann (2016) reported
that IL-17A secretion is lower in antigen-activated cells from tolerant
patients than from allergic ones.

Finally, an oral challenge to BLG was applied to all mice after a
second BLG peritoneal injection to analyse cytokine expression and
intestine alterations. Results showed an over-expression of IL-4 in
the allergic group. Interestingly, when BioZate® was used to
immunise the mice, a higher expression of the modulating cytokine
IL-10 was observed, while when H656 was orally administrated,
higher expression of the IL-12 gene was detected. This latter cyto-
kine regulates Th1 cell differentiation and suppresses Th2 cell
proliferation (Berin & Sampson, 2013; Chung, 2001). On the whole,
our results suggest that the BLG hydrolysate obtained by
L. delbrueckii subsp. bulgaricus CRL 656 possesses lower immune
reactivity than the native protein and that oral administration of
H656 may induce oral tolerance to BLG. Due to the fact that BLG is
not completely digested, the peptides released by this strain may be

Tolerant

Adjuvant

Fig. 5. Histological study of small intestine slices stained with haematoxylin-eosin.



78 M. Pescuma et al. / International Dairy Journal 88 (2019) 71-78

responsible for the immune modulation observed. In support, Bu,
Luo, Zhang, and Chen (2010) reported that milk fermentation by
LAB could reduce the antigenicity of BLG in skim milk in vitro
although proteolysis of BLG was limited.

5. Conclusions

The BLG hydrolysate obtained with L. delbrueckii subsp. bulgar-
icus CRL 656 may immunomodulate the allergenic symptoms
towards BLG balancing the Th1/Th2/Th17 response by increasing
mainly IL-6, IL-10 and INFy secretion.

Acknowledgements

We thank Dr. Marta Médici and Dr. Verénica Molina for their
assistance during animal trials and Dr. Alejandra de Moreno for her
help with flow cytometry assays. We thank Davisco International Inc,
for generously providing BioZate® used in this study. We acknowl-
edge the financial support of PIP 003-CONICET and FONCyT
(PICT2538-2012).

References

Adel-Patient, K., Nutten, S., Bernard, H., Fritsche, R., Ah-Leung, S., Meziti, N., et al.
(2012). Immunomodulatory potential of partially hydrolyzed B-lactoglobulin
and large synthetic peptides. Journal of Agricultural and Food Chemistry, 60,
10858—10866.

Adel-Patient, K., Wavrin, S., Bernard, H., Meziti, N., Ah-Leung, S., & Wal, J. M. (2011).
Oral tolerance and Treg cells are induced in BALB/c mice after gavage with
bovine B-lactoglobulin. Allergy, 66, 1312—1321.

Aitoro, R, Simeoli, R., Amoroso, A., Paparo, L., Nocerino, R., Pirozzi, C,, et al. (2016).
Extensively hydrolyzed casein formula alone or with L. rhamnosus GG reduces f-
lactoglobulin sensitization in mice. Pediatrics and Allergy Immunology, 28, 230—237.

Berin, M. C.,, & Sampson, H. A. (2013). Mucosal immunology of food allergy. Current
Biology, 23, 389—400.

Bernasconi, E., Fritsché, R., & Corthésy, B. (2006). Specific effects of denaturation,
hydrolysis and exposure to Lactococcus lactis on bovine B-lactoglobulin trans
epithelial transport, antigenicity and allergenicity. Clinical and Experimental
Allergy, 36, 803—814.

Bogh, K. L., Barkholt, V., & Madsen, C. B. (2013). The sensitizing capacity of intact f3-
lactoglobulin is reduced by co-administration with digested p-lactoglobulin.
International Archives of Allergy and Immunology, 161, 21-36.

Bu, G., Luo, Y., Chen, E, Liu, K., & Zhu, T. (2013). Milk processing as a tool to reduce cow's
milk allergenicity: A mini-review. Dairy Science and Technology, 93, 211—-223.

Bu, G., Luo, Y., Zhang, Y., & Chen, F. (2010). Effects of fermentation by lactic acid
bacteria on the antigenicity of bovine whey proteins. Journal of Science and Food
Agriculture, 90, 2015—2020.

Chapoval, S., Dasgupta, P, Dorsey, N. ]., & Keegan, A. D. (2010). Regulation of the T
helper cell type 2 (Th2)/T regulatory cell (Treg) balance by IL-4 and STAT6.
Journal of Leukocyte Biology, 87, 1011—1018.

Chung, F. (2001). Anti-inflammatory cytokines in asthma and allergy: interleukin-
10, interleukin-12, interferon-gamma. Mediators of Inflammation, 10, 51-59.
Ehn, B. M., Allmere, T., Telemo, E., Bengtsson, U., & Ekstrand, B. (2005). Modification
of IgE binding to $-lactoglobulin by fermentation and proteolysis of cow's milk.

Journal of Agricultural and Food Chemistry, 53, 3743—3748.

Frossard, C. P,, Zimmerli, S. C., Rincon Garriz, ]. M., & Eigenmann, P. A. (2016). Food
allergy in mice is modulated through the thymic stromal lymphopoietin
pathway. Clinical and Translational Allergy, 6, 2—8.

Hebert, E. M., Raya, R. R,, & De Giori, G. S. (2000). Nutritional requirements and
nitrogen-dependent regulation of proteinase activity of Lactobacillus helveticus
CRL 1062. Applied and Environmental Microbiology, 66, 5316—5321.

Hochwallner, H., Schulmeister, U., Swoboda, I., Focke-Tejkl, M., Reininger, R.,
Civaj, V., et al. (2017). Infant milk formulas differ regarding their allergenic
activity and induction of T-cell and cytokine responses. Allergy, 72, 416—424.

Hochwallner, H., Schulmeister, U., Swoboda, 1., Spitzauer, S., & Valenta, R. (2014).
Cow's milk allergy: From allergens to new forms of diagnosis, therapy and
prevention. Methods, 66, 22—33.

Jacquot, A., Gauthier, S. F, Drouin, R., & Boutin, Y. (2010). Proliferative effects of
synthetic peptides from B-lactoglobulin and «-lactalbumin on murine spleno-
cytes. International Dairy Journal, 20, 514—521.

Johnston, L. K., Chien, K. B., & Bryce, P. ]. (2014). The immunology of food allergy.
Journal of Immunology, 15, 2529—2534.

Kostadinova, A. L., Pablos-Tanarro, A., Diks, M. A. P., van Esch, B. C. A. M., Garssen, ].,
Knippels, L. M. ], et al. (2017). Dietary intervention with p-lactoglobulin-derived
peptides and a specific mixture of fructo-oligosaccharides and Bifidobacterium
breve M-16V facilitates the prevention of whey-induced allergy in mice by
supporting a tolerance-prone immune environment. Frontiers in Immunology, 8.
Article 1303.

Liu, M.-Y,, Yang, Z.-Y., Dai, W.-K,, Huang, ].-Q., Li, Y.-H., Zhang, ]., et al. (2017). Pro-
tective effect of Bifidobacterium infantis CGMCC313-2 on ovalbumin-induced
airway asthma and B-lactoglobulin-induced intestinal food allergy mouse
models. World Journal of Gastroenterology, 23, 2149—2158.

Maiga, M. A., Morin, S., Bernard, H., Rabot, S., Adel-Patient, K., & Hazebrouck, S.
(2017). Neonatal mono-colonization of germ-free mice with Lactobacillus casei
enhances casein immunogenicity after oral sensitization to cow's milk. Molec-
ular Nutrition and Food Research, 61, 1600862.

Osborn, D. A., & Sinn, ]. (2003). Formulas containing hydrolysed protein for pre-
vention of allergy and food intolerance in infants. Cochrane Database of Sys-
tematic Reviews, 2003, CD003664.

Pescuma, M., Hébert, E. M., Dalgalarrondo, M., Haertlé, T., Mozzi, F, Chobert, ].-M.,
et al. (2009). Effect of exopolysaccharides on hydrolysis of B-lactoglobulin by
Lactobacillus acidophilus CRL 636 in an in vitro gastric/pancreatic system.
Journal of Agricultural and Food Chemistry, 57, 5571-5577.

Pescuma, M., Hébert, E. M., Haertlé, T., Chobert, J.-M., Mozzi, F., & Font de Valdez, G.
(2015). Digestion of B-lactoglobulin by Lactobacillus delbrueckii subsp. bulgaricus
CRL 454: Hydrolysis of allergenic peptides. Food Chemistry, 170, 407—414.

Pescuma, M., Hébert, E. M., Mozzi, F.,, & Font de Valdez, G. (2007). Hydrolysis of
whey proteins by Lactobacillus acidophilus, Streptococcus thermophilus and
Lactobacillus delbrueckii subsp. bulgaricus grown in a chemically defined
medium. Journal of Applied Microbiology, 103, 1738—1743.

Pescuma, M., Hébert, E. M., Mozzi, F., & Font de Valdez, G. (2008). Whey fermen-
tation by thermophilic lactic acid bacteria: Evolution of carbohydrates and
protein content. Food Microbiology, 25, 442—451.

Pescuma, M., Hébert, E. M., Mozzi, F, & Font de Valdez, G. (2010). Functional
fermented whey-based beverage using lactic acid bacteria. International Journal
of Food Microbiology, 141, 73—81.

Pescuma, M., Hébert, E. M., Rabesona, H., Drouet, M., Choiset, Y., Haertlé, T., et al.
(2011). Proteolytic action of Lactobacillus delbrueckii subsp. bulgaricus CRL 656
reduces antigenic response to bovine B-lactoglobulin. Food Chemistry, 127,
487—492.

Prioult, G., Pecquet, S., & Fliss, 1. (2004). Stimulation of interleukin-10 production by
acidic B-lactoglobulin-derived peptides hydrolyzed with Lactobacillus paracasei
NCC2461 peptidases. Clinical Diagnosis and Laboratory Immunology, 11, 266—271.

Prioult, G., Pecquet, S., & Fliss, I. (2005). Allergenicity of acidic peptides from bovine
B-lactoglobulin is reduced by hydrolysis with Bifidobacterium lactis NCC362
enzymes. International Dairy Journal, 15, 439—448.

Schmittgen, T. D., & Livak, K. J. (2008). Analyzing real-time PCR data by the
comparative CT method. Nature Protocols, 3, 1101—-1108.

Schocker, F., Recke, A., Kull, S., Worm, M., & Jappe, U. (2017). Persistent cow's milk
anaphylaxis from early childhood monitored by IgE and BAT to cow's and
human milk under therapy. Pediatric Allergy and Immunology, 29, 210—214.

Schouten, B., van Esch, B. C. A. M., Hofman, G. A., van Doorn, S. A. C. M., Knol, J.,
Nauta, A. J., et al. (2009). Cow milk allergy symptoms are reduced in mice fed
dietary symbiotics during oral sensitization with whey. Journal of Nutrition, 139,
1398—1403.

Schouten, B., van Esch, B. C. A. M., Hofman, G. A, van den Elsen, L. W. ],
Willemsen, L. E. M., & Garssen, ]. (2008). Acute allergic skin reactions and in-
testinal Contractility changes in mice orally sensitized against casein or whey.
International Archives of Allergy and Immunology, 147, 125—134.


http://refhub.elsevier.com/S0958-6946(18)30205-X/sref1
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref1
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref1
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref1
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref1
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref2
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref2
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref2
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref2
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref3
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref3
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref3
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref3
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref4
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref4
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref4
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref5
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref5
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref5
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref5
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref5
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref5
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref5
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref6
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref6
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref6
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref6
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref6
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref7
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref7
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref7
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref8
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref8
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref8
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref8
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref9
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref9
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref9
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref9
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref10
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref10
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref10
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref11
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref11
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref11
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref11
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref12
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref12
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref12
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref12
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref13
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref13
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref13
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref13
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref14
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref14
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref14
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref14
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref15
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref15
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref15
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref15
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref16
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref16
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref16
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref16
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref17
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref17
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref17
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref18
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref18
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref18
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref18
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref18
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref18
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref19
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref19
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref19
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref19
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref19
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref20
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref20
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref20
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref20
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref21
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref21
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref21
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref22
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref22
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref22
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref22
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref22
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref22
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref22
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref23
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref23
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref23
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref23
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref23
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref23
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref24
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref24
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref24
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref24
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref24
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref24
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref25
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref25
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref25
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref25
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref25
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref26
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref26
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref26
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref26
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref26
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref27
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref27
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref27
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref27
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref27
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref27
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref27
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref28
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref28
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref28
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref28
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref29
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref29
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref29
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref29
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref30
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref30
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref30
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref31
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref31
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref31
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref31
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref32
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref32
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref32
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref32
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref32
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref33
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref33
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref33
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref33
http://refhub.elsevier.com/S0958-6946(18)30205-X/sref33

	Hydrolysate of β-lactoglobulin by Lactobacillus delbrueckii subsp. bulgaricus CRL 656 suppresses the immunoreactivity of β- ...
	1. Introduction
	2. Materials and methods
	2.1. Preparation of BLG and BLG-hydrolysates
	2.2. Mice
	2.3. Protein administration protocols
	2.4. Measurement of specific IgE-BLG binding capacity
	2.5. Cytokine determination using spleen cell culture
	2.6. Spleen cytokine expression by Real Time-PCR
	2.7. Intestine histology
	2.8. Statistics

	3. Results
	3.1. Specific IgE-BLG binding capacity
	3.2. Cytokine production by splenocyte cells in vitro
	3.2.1. Effect of re-stimulation of allergic mice with BLG, H656 and BioZate®
	3.2.2. Tolerogenic effect of hydrolysates by oral administration

	3.3. Cytokine gene expression in treated spleen mice determined by RT-PCR
	3.4. Intestine histology

	4. Discussion
	5. Conclusions
	Acknowledgements
	References


