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Abstract

Background: Prior exposure to partial whey hydrolysates has been shown to reduce
the allergic response to whey in mice. This effect was more pronounced in combination
with a diet containing non-digestible oligosaccharides (scGOS/IcFOS/pAOS). It is
unknown which fractions/epitopes are responsible for this effect. Therefore, the
prophylactic ability of synthetic peptides of B-lactoglobulin with/without a scGOS/
IcFOS/pAOS-containing diet to reduce the allergic response in a mouse model for
cow’s milk allergy was investigated.

Methods: Of 31 peptides, nine peptides were selected based on human T cell data.
Mice were pre-treated orally with three peptide mixtures or single peptides for six
consecutive days. During this period, they received a control or scGOS/IcFOS/pAOS-
containing diet. Subsequently, mice were orally sensitized to whey and received an
intradermal and oral challenge. After sacrifice, serum and mesenteric lymph nodes
(MLN) were collected for further analysis.

Results: Prior exposure to peptide mixtures 1 and 3 significantly reduced the acute
allergic skin response to whey. Mixture 2 showed no effect. An additive effect of the
scGOS/IcFOS/pAOS-containing diet was only observed for mixture 1. Of the peptides
in mixture 1, one peptide (LLDAQSAPLRVYVEELKP) showed the strongest effect
on the acute allergic skin response. This peptide also tended to decrease whey-specific
antibody levels and to increase the percentages of CD11b+CD103+ dendritic cells and
CD25+Foxp3+ T cells in the MLN.

Conclusions: Prior exposure to specific peptides of B-lactoglobulin reduces the allergic
response to whey, which may involve regulatory dendritic and T cells. Combining
peptides with a sGOS/IcFOS/pAOS-containing diet enhances this effect.

Cow’s milk allergy (CMA) is a general health problem,
affecting 0.3-3.5% of the young children (1, 2). Although
60-75% of the children with an IgE-mediated CMA sponta-
neously develop tolerance before their fifth year of life, the risk
of developing other atopic disorders later in life, such as
asthma and rhinoconjunctivitis, is increased (3-5).

In food-allergic patients, oral tolerance to food proteins is
disrupted. For years, it was thought that decreasing the
exposure to allergens would reduce the development of allergy
(6, 7). Therefore, children at high risk of developing food
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allergy have been advised to eliminate allergens from their diet.
However, recent studies have indicated that exposure to
allergens may be beneficial (8, 9). In Jewish children in Israel,
in which the common practice is to consume peanut snacks at
an early age, a lower risk of developing peanut allergy was
observed compared with Jewish children in the UK who were
not exposed to peanut (8).

Interestingly, not only entire proteins but also protein
fragments may be used to induce oral tolerance. Previous
research in mice has demonstrated that preventive oral
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treatment with peptides obtained by tryptic hydrolysis of -
lactoglobulin (B-LG), the major allergen in the whey fraction of
cow’s milk, reduced the allergic responses to intact B-LG (10).
Recently, we have shown that preventive oral treatment with
partial whey hydrolysates diminished the allergic symptoms in a
mouse model for CMA (11). However, treatment with extensive
whey hydrolysates, which contained only small protein frag-
ments (<5 kDa), had no effect. Similar results were seen in a
study with rats (12). Although tolerance could be induced using
partial whey hydrolysates, it remains to be elucidated which
exact fragments are responsible for the observed effects.

Not only exposure to proteins but also other factors may
influence tolerance induction. Previous studies have indicated
that a specific mixture of non-digestible short-chain galacto-
(scGOS) and long-chain fructo-oligosaccharides (IcFOS, in a
ratio of 9:1) can influence the intestinal microbiota (13, 14).
This diet stimulated the growth of Bifidobacteria in formula-fed
infants to similar counts as in breast-fed infants (14, 15).
Moreover, in vivo studies in both human and mice revealed that
the scGOS/IcFOS diet with/without pectin-derived acidic
oligosaccharides (pAOS, in a ratio of 9:1:2) reduced allergic
manifestations (16-19). Mouse studies indicated that this effect
was mediated through the induction of Thl cells or regulatory
T cells (18, 19). Also, the effect of oligosaccharides on tolerance
induction has been investigated before. The tolerance-inducing
capacity of whey hydrolysates in a mouse model for CMA was
increased by the addition of scGOS/IcFOS/pAOS to the diet
(van Esch BCAM, de Kivit S, Hofman GA, Garssen J,
Willemsen LEM, Knippels LMJ, submitted).
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This study was designed to evaluate whether prior oral
exposure to specific synthetic peptides of B-LG was able to
induce oral tolerance to whey in a mouse model for CMA. The
immunogenicity of 31 peptides spanning B-LG was determined
using cow’s milk—specific human T cell lines. Based on these
data, nine B-LG peptides were selected to study their tolero-
genic properties in a mouse model for CMA and to examine
the effect of a scGOS/IcFOS/pAOS-containing diet on the
treatment.

Methods
Peptides

Twenty-five 18-AA-long sequential synthetic peptides with
12-AA overlap spanning the B variant of B-LG (peptides 1-25,
Fig. 1a) and six additional synthetic peptides with the muta-
tions of the A variant (peptide 26-28 corresponding to
peptides 9-11, and peptides 29-31 corresponding to peptides
18-20, respectively) were obtained from JPT Peptide Technol-
ogies (Berlin, Germany). Peptides were dissolved in 10%
dimethylsulfoxide (DMSO, Sigma Aldrich, St Louis, MO,
USA) in PBS at a concentration of 1 mg/ml. For the animal
studies, nine peptides were dissolved in PBS shortly prior to
the experiment and combined in three mixtures. The final
concentration of each peptide in the mixture was 8 mg/ml. In
addition, single peptides with the same concentration were
tested.

(a)
LIVTQTMKGL DIQKVAGTWY SLAMAASDIS LLDAQSAPLR VYVEELKPTP EGDLEILLQK
Peptide 3
Peptide 4
Peptide 5
Peptide 6
WENGECAQKK IIAEKTKIPA VFKIDALNEN KVLVLDTDYK KYLLFCMENS AEPEQSLACQ
D Peptide 16 4
Peptide 17
Peptide 18
CLVRTPEVDD EALEKFDKAL KALPMHIRLS FNPTQLEEQC HT Figure 1 The amino acid sequence
Peptide 24 _ of the B variant of B-LG (a) and a
Peptide 25 . .
schematic overview of the mouse
(b) model for cow’s milk allergy (b). The
underlined and italicized amino
Treatment with PBS acids (a) are mutated in variant A
or peptides prior to dermal challenge + of B-LG into the amino acids
sensitization acute skin response indicated underneath them. For the
lllill l T cell stimulations, peptides
I —t } } } } —— covering both the A and B variant
-7 -2 0 7 14 21 28 33 3435 of B-LG were used. The nine
T T T f f f T peptides selected for the in vivo
| CT or CT-Whey sensitization oral challenge + experiments  derived from the
sacrifice after sequence of the B variant. The
18h synthetic peptides are 18 AA long
< >< > and have a 12-AA overlap as shown
g('):r}“tré)ile(t)r Control diet for the peptides used for the in vivo

experiments.
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T cell proliferation

T cell proliferation in response to B-LG peptides was tested on
cow’s milk—specific long-term and short-term T cell lines
(TCLs). Long-term TCLs can be generated from small blood
samples as were obtained from children. These long-term TCLs
can be maintained and expanded in culture and can therefore
be tested multiple times, but they may have undergone stronger
selection of immunodominant T cells. Short-term TCLs are
more polyclonal due to a shorter selection protocol, but require
a large blood sample, which was only available in adult
patients.

The lines were generated as described previously (20, 21).
The long-term TCLs were generated from peripheral blood
mononuclear cells (PBMCs) of three non-atopic children, four
atopic children without CMA, and three children with CMA
(Table 1). For the short-term TCLs, PBMCs of three adult
CMA patients were used. TCLs, PBMCs, and/or EBV-trans-
formed B cells were frozen in 10% DMSO/90% fetal calf
serum (FCS) and stored in liquid nitrogen. CMA diagnosis was
based on a suggestive history, positive cow’s milk—specific IgE
levels, or a positive skin-prick test and confirmed by a positive
double-blind placebo-controlled food challenge. The study was
approved by the Ethics Committee of the University Medical
Center Utrecht.

The proliferative response of the long-term TCLs to the
major allergens, that is, cow’s milk protein mixture (CMP, a
mixture of whey [Lactalis, Laval, France] and casein [Fries-
landCampina Domo, Amersfoort, the Netherlands] in a 1:1
ratio), whey, casein, B-LG, and o-lactalbumin (a-LAC, both
from NIZO Food Research BV, Ede, the Netherlands), and to
the B-LG peptides was determined as described previously (22).
The short-term TCLs were tested as described by Flinterman
et al. (21).

Table 1 The characteristics of and the peptide recognition by the
human T cell lines

Long-term/  Atopic  Recognized Recognized
TCL short-term  status  peptide mixtures peptides
TCL1 Short-term CMA 1-3 1
TCL2 Short-term  CMA 13-15, 16-18, 13, 14, 15, 16,
25-27 17, 18 and 25
TCL3 Short-term  CMA 4-6, 16-18 16, 17 and 18
TCL4 Long-term  CMA 16-18 ND
TCL5 Long-term  CMA 1-3, 4-6, 7-9 2,3,4,5 7,
8, and 9
TCL6 Long-term CMA ND 18, 19, 21, 26,
29 and 30
TCL7 Long-term A 1-3, 4-6, 7-9 3,4,5and 9
TCL8 Long-term A 4-6 4 and 5
TCL9 Long-term A ND 3,4and b
TCL10  Long-term A ND 8, 9 and 26
TCL11  Long-term  NA 4-6 5
TCL12  Long-term NA 1-3, 13-15 ND
TCL13 Long-term  NA 25-27 26 and 27

TCL, T cell line; CMA, cow'’s milk allergic; A, atopic; NA, non-atopic;
ND, not determined.
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The peptides were first tested in mixtures of 2 or 3 peptides,
after which the peptides of the positive mixtures were tested
separately. In case multiple mixtures were positive, the peptides
of the three mixtures giving the highest proliferative responses
were tested again. For some TCLs, the response to either the
mixtures or the single peptides was determined due to low cell
numbers.

Animals

Three-week-old pathogen-free female C3H/HeOul mice
(Charles River Laboratories, Wilmington, MA, USA) were
maintained on cow’s milk protein—free standard mouse chow
(AIN-93G soy; Research Diet Services, Wijk bij Duurstede, the
Netherlands) with/without a 1%, w/w, specific mixture of non-
digestible scGOS (Vivinal GOS, FrieslandCampina Domo),
IcFOS (Raftiline HP; Beneo-Orafti, Tienen, Belgium), and
pAOS (Siidzucker AG, Mannheim, Germany) in a 9:1:2 ratio.
Mice were housed in the animal facility at the Utrecht
University and treated according to the guidelines of the
Dutch Committee of Animal Experiments.

Oral tolerance induction with synthetic peptides

To investigate whether preventive treatment with peptides of
B-LG induced oral tolerance to whey, the mouse model as
described by van Esch et al. (11) was used (Fig. 1b). Mice were
treated by oral gavage, that is, intragastrically, with 0.5 ml of
the peptide mixtures, single peptides, or PBS in the week prior
to sensitization (daily, from day -7 until day -2). During this
week, mice were fed either standard AIN-93G (control) diet or
the scGOS/IcFOS/pAOS-containing diet. From day 0, all mice
were maintained on the control diet. Oral tolerance was defined
as a reduced acute allergic skin response.

Whey-specific IgE, IgG1, and IgG2a ELISA

Whey-specific IgE, IgGl, and IgG2a levels in sera were
determined by ELISA as described previously (11).

Flow cytometry analysis of T cell and dendritic cell subsets

Immune cells were isolated from the mesenteric lymph nodes
(MLN) as described by van Esch et al. (11). In short, MLN
were cut into small pieces and treated with DNAse I and
collagenase IV (Sigma Aldrich). The enzyme reaction was
stopped by adding FCS. To determine which immune cells
were present in the MLN, Th1/Th2 cells were stained for the
selection markers CD4, T1ST2, CXCR3, and the activation
marker CD69. For dendritic cells (DCs), the selection markers
CDllc, CDI11b, CD8a, and CD103 and for plasmacytoid DCs,
the selection markers CDI1lc, CDI11b, CD45R (B220), and
CD8a were used. Regulatory T cells were first stained for the
selection markers CD4 and CD25 after which an intracellular
Foxp3 staining was performed according to the manufacturer’s
protocol. All antibodies were obtained from eBioscience (San
Diego, CA, USA) except FITC-conjugated anti-CD4, which
was purchased at BD Pharmingen (San Diego, CA, USA).
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Fluorescence was measured by flow cytometry (FACS Canto™
II; BD Biosciences, Franklin Lakes, NJ, USA).

Statistical analyses

For the T cell proliferation, stimulation indexes (SIs) were
calculated as a ratio between the proliferation of allergen-/
peptide-stimulated cells and non-stimulated T cells. The
proliferation of the long-term TCLs was corrected for the
background proliferation levels of Epstein Barr Virus-trans-
formed B cells (EBV-B cells). An SI of >2 was considered
positive (21, 23). Ear swelling was determined by subtracting
the basal ear thickness from the ear thickness measured one
hour after the intradermal challenge. Differences among
groups were analyzed by one-way anova followed by a
Bonferroni’s multiple comparison post-test for selected
groups. Antibody levels were analyzed using the Kruskal-
Wallis method followed by a Dunn’s post hoc test for selected
groups. The flow cytometry data were analyzed with BD
FACSDiva software version 6.1.3 (BD Biosciences). All
statistical analyses were performed with GraphPad Prism
version 5.0d for Macintosh (GraphPad Software, San Diego,
CA, USA).

Results
Three regions of B-LG selected based on human T cells

To determine which B-LG peptides were recognized by human
T cells, the proliferative response of long-term and short-term
TCLs to these peptides was investigated. An example of this
response is shown in Fig. 2.

Five of the thirteen TCLs responded to a mixture of
peptides 4-6. In addition, peptide mixtures 1-3 and 16-18
activated four and three TCLs, respectively. Other mixtures
that induced a proliferative response are depicted in Table 1.
Of the peptides in mixtures 1-3 and 4-6, mainly peptides 3, 4,
and 5 (AA 13-30, 19-36, and 25-42, respectively) were
recognized. Peptide 18 (AA 103-120) was able to activate all
three TCLs that recognized mixtures 16-18, while peptides 16
and 17 (AA 91-108 and 97-114) induced a proliferative
response in two TCLs.

A previous study showed that a fragment containing AA 30—
47 and a fragment stretching the end of the B-LG molecule
(AA 142-162) were each able to activate a TCL of one of the
four CMA patients tested (24). These fragments correspond to
peptide 6 (AA 31-48) and peptides 24 and 25 (AA 139-156 and
145-162, respectively) used in our study. Peptide 6 was not
recognized by our TCLs. However, peptide 5, which has a 12-
AA overlap with peptide 6 and a 13-AA overlap with the
fragment, was able to activate several TCLs.

Peptide 25 was recognized by one of the TCLs. Further-
more, previous ex vivo mice experiments have shown that
peptides in this region (AA 129-153) were able to activate T
cells of C3H/He(N) mice immunized with B-LG (25, 26).

Based on the TCL data and on the previous literature, nine
peptides, that is, peptides 3-6, 16—18, and 24-25 were selected
and combined in three mixtures to test their tolerance-inducing
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capacity in mice (further referred to as mixtures 1, 2, and 3,
Fig. 1a).

Pre-treatment with mixtures 1 and 3 reduced the acute allergic
skin response in mice

Prior treatment with peptide mixtures 1 and 3 significantly
reduced the acute allergic skin response to whey, while pre-
treatment with mixture 2 showed no effect (Fig. 3a). In mice
that were provided with the scGOS/IcFOS/pAOS-containing
diet in combination with peptide mixture 1, the acute allergic
skin response was significantly lower. The diet had no
additional effects on mixtures 2 and 3. Although the combi-
nation of mixture 1 and the prebiotic diet showed the largest
reduction in the acute allergic skin response, half an hour after
the intradermal challenge, severe shock symptoms, that is, no
physical activity after stimulation, were observed in two mice
of this group. A similar response was seen in two allergic
control mice.
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Figure 2 An example of the proliferation of a TCL in response to the
B-LG peptides. Sls of TCL5 in response to the major allergens,
peptide mixtures (a), and single peptides (b) are depicted. The dotted
line indicates an Sl of 2.
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Figure 3 The acute allergic skin response (a) and whey-specific antibody levels (b—d) in control and whey-sensitized mice pre-treated with PBS
or peptide mixtures with/without the scGOS/IcFOS/pAOS (GFA)-containing diet. Antibody levels are expressed as the optical densities (OD)
measured by ELISA (n =5/6, a=p < 0.05 compared with control mice, b =p < 0.05 compared with PBS-treated whey-sensitized mice,

¢ =p < 0.05 compared with treatment without the GFA-containing diet).

Pre-treatment with mixture 3 tends to reduce the antibody
response to whey

Although pre-treatment with mixture 1 reduced the acute
allergic skin response, its effect on the antibody levels was
highly variable (Fig. 3b—d). Half of the mice showed a reduced
IgE and IgG2a response, while in the other half, the levels were
similar to the allergic control group. No effect on IgG1 levels
was seen. The effect of mixture 2 was similar to mixture 1. In
line with the acute allergic skin response, mixture 3 had the
strongest effect on IgE and IgG2a. This effect was significant
when compared with the untreated allergic mice using a Mann—
Whitney test. However, after correcting for multiple compar-
isons, significance was no longer observed, due to the large
variation in the antibody levels. Peptide treatment in combi-
nation with the scGOS/IcFOS/pAOS-containing diet had no
additional effect on the antibody levels, although the diet alone
tended to reduce the whey-specific IgE and IgG2a response in
allergic mice (significant using a Mann—Whitney test).

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Peptides 5 and 6 responsible for effect mixture 1 on acute
allergic skin response

Next, the single peptides of mixture 1 were tested separately.
The peptides of this mixture were selected based on the
strongest reduction in the acute allergic skin response and the
observation that the peptides in this mixture were mainly
recognized by human TCLs. Peptides 5 and 6 significantly
reduced the acute allergic skin response (Fig. 4a). Pre-treat-
ment with peptides 3 and 4 had no effect on the allergic
response.

Antibody response to whey tends to be reduced by pre-
treatment with peptide 6

Compared with mixture 1, pre-treatment with peptide 6
showed a more predominant reduction in whey-specific IgE
levels (Fig. 4b). These levels tended to be lower than the IgE
levels in untreated allergic mice and in mice pre-treated with
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Figure 4 The acute allergic skin response (a) and whey-specific antibody levels (b—d) in control and whey-sensitized mice pre-treated with PBS,
single peptides or a peptide mixture. Antibody levels are expressed as the optical densities (OD) measured by ELISA (n=6, a=p < 0.05
compared with control mice, b = p < 0.05 compared with PBS-treated whey-sensitized mice).

mixture 1 (both significant using a Mann—Whitney test). No
reduction in whey-specific antibody levels (Fig. 4b—d) was seen
with peptides 3, 4, and 5.

Pre-treatment with peptide 6 altered T cell and DC subsets in
MLN

Prior exposure to peptide 6 significantly increased the percent-
age of CD4+ cells in the MLN (Fig. 5a). Within the CD4+
population, the percentage CD25+ Foxp3+ cells was similar in
the mice treated with peptide 6 compared with the allergic
control mice (data not shown). However, the percentage of Th1
(data not shown) and Th2 cells (Fig. 5b) decreased. A similar
effect but less pronounced was seen on activated CD69+ Thl
and Th2 cells (data not shown). When determining the
percentage of the total MLN cells, a trend toward increased
regulatory T cells and less Thl cells was found in the treated
mice compared with allergic control mice (both significant
using a t-test, Fig. 5d and e, respectively). No differences were
observed for the Th2 cells (data not shown).

In contrast to the percentage CD4+ cells, the percentage
CDllIc+ cells in the MLN decreased after pre-treatment with
peptide 6 (Fig. 5c). However, the percentage of CDIlI
b+CD103+ cells within the DC population increased signifi-
cantly compared with the non-sensitized mice and tended to be
increased compared with the allergic control mice (Fig. 5f).
Peptide 5 showed similar effects as peptide 6 on both T cells
and DCs but less pronounced.

Discussion

This study showed that prior exposure to specific B-LG
peptides induces oral tolerance to whey. Oral tolerance was
defined as a reduced acute allergic skin response. Combining
the treatment with a scGOS/IcFOS/pAOS-containing diet
enhanced the effect of some peptides.

The nine peptides that were tested in the mouse model were
selected based on human T cell data and previous literature.
Whereas previous ex vivo studies showed that the peptides of
mixture 1 were not recognized by T cells of B-LG-immunized

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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cells and CD11b+CD103+ cells within the CD11c population [c,f]) subsets in the mesenteric lymph nodes (MLN) of control and whey-sensitized
mice pre-treated with PBS, single peptides, or a peptide mixture (n = 6, a = p < 0.05 compared with control mice, b = p < 0.05 compared with

PBS-treated whey-sensitized mice).

C3H/He(N) mice, these peptides were able to induce tolerance
in the CMA model with C3H/HeOulJ mice in our study (25,
26). On the other hand, the peptides of mixture 2 induced T cell
activation in previous ex vivo mice experiments but showed no
effects in vivo in our study. Although C3H/He(N) and C3H/
HeOulJ mice have a similar genetic background, differences in
T cell recognition by these mice strains may explain the
conflicting results. The lack of tolerance induction by mixture 2
may also be explained by the fact that not all T cell epitopes are
able to induce tolerance as shown in previous studies (27, 28).
Again, this may depend on the T cell repertoire present in
specific mouse strains, because a fragment (AA 92-99/100) of
B-LG comparable to peptide 16 (AA 91-108), which is present
in mixture 2, has been described as tolerogenic in a study that
used a different mouse strain (10).

Of the peptides in mixture 1, peptides 5 and 6 (AA 25-42
and AA 31-48, respectively) showed the strongest effect on the
acute allergic skin response. This indicates that the tolerogenic
T cell epitope for mice is probably present in the overlapping
region (LLDAQSAPLRVY) of these peptides. In contrast to
the mouse data, peptide 6 was not able to activate human
TCLs. A possible explanation for the difference between the
in vitro human experiments and the in vivo mice experiments
may be that men and mice present and recognize different
epitopes. Interestingly, a previous study has shown that a
fragment (AA 30-47) comparable to peptide 6 induced T cell
proliferation in one of four human TCLs tested. This may
indicate that either, due to the small number of TCLs tested in
both studies, epitopes are missed or that AA 30, which is
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present in the fragment and in peptide 5 but not in peptide 6, is
important for T cell activation in humans.

Interestingly, the effects of peptide 6 were stronger than the
effects of mixture 1, which contained a similar concentration of
the peptide. These data suggest that combining tolerogenic and
non-tolerogenic peptides may lead to reduced oral tolerance
induction. A possible explanation may be a difference in the
solubility or uptake of the peptides. Alternatively, peptides that
have a tolerogenic effect and peptides that do not may compete
for binding to MHC class II. If fewer tolerogenic peptides are
presented by antigen presenting cells, their effects on T cells
may be less pronounced. A previous study investigating
peptide immunotherapy has indicated that there is an optimal
dose for tolerance induction. Both higher and lower doses
showed less effect (29).

As shown in previous studies, single peptides may induce
linked epitope suppression. In linked epitope suppression, the
T cell response not only to the epitope used for treatment but
also to other epitopes within the same molecule is reduced
(30, 31). In this study, treating mice with one epitope of B-LG
reduced the allergic response to the intact protein that
contains multiple T cell epitopes. This suggests that the
response to other T cell epitopes within B-LG is also affected.
However, ex vivo T cell experiments are necessary to confirm
this.

Although pre-treatment with mixture 1 significantly reduced
the acute allergic skin response in mice, the effects on whey-
specific antibody levels were less clear. A similar effect was seen
for peptide 5, whereas peptide 6 tended to reduce IgE and
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IgG2a levels. Reduction in allergic symptoms while IgE levels
remained high has been observed before, both in humans and
in mice (10, 30, 32). Possible explanations may be active
suppression of mast cell and basophil activation by regulatory
T cells, a difference in affinity of the induced antibodies, which
leads to less allergen binding and cross-linking, a decreased
reactivity of mast cells and basophils, or the formation of
blocking antibodies. Because the peptides were administered
before sensitization and they are too small to cross-link IgE, it
seems unlikely that they directly activated the effector cells and
thereby induced unresponsiveness of mast cells and basophils
as is seen with conventional immunotherapy. It is most likely
that allergen-specific regulatory T cells that were induced or
modulated by exposure to the peptides before sensitization
played a role in the reduction in the effector response.

Previous research has indicated that the MLN play an
important role in tolerance induction (33). Prior exposure to
peptide 6 tended to increase the percentage of CD25+Foxp3+
regulatory T cells in the MLN. This is in line with a previous
study that indicates that oral tolerance most likely involves the
induction of regulatory T cells (34). The induction of a
regulatory response by peptide 6 was further supported by the
DC data. Whereas the percentage CD11c+ cells in the MLNs
decreased, the percentage CDI11b+CD103+ cells within this
population increased. These cells are known for their ability to
induce regulatory T cells and thus may play an important role
in oral tolerance induction (35, 36).

The addition of scGOS/IcFOS/pAOS to the diet had a
beneficial effect on the preventive treatment with some
peptides. Previous studies have shown that a prebiotic diet
can skew the immune response to a Thl response (18, 37, 38).
However, in the current study, no effects were seen on this cell
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type in the MLN (data not shown). Other studies indicated a
role for regulatory T cells (CD4+CD25+Foxp3+), although this
effect was only seen after depletion of these cells (19, 38). Also
in the current study, no effect was seen on the percentage of
regulatory T cells in the MLN (data not shown). Further
investigation is necessary to determine whether this cell type is
involved.

In conclusion, preventive treatment with synthetic B-LG
peptides can reduce the acute allergic skin response to whey.
This effect seems to be mediated by regulatory DCs and T cells.
Combining the peptides with a scGOS/IcFOS/pAOS-contain-
ing diet may increase the tolerance-inducing capacity of the
peptides, indicating that not only the exposure to peptides but
also the environment in the intestine during exposure is
important. This knowledge may be used to optimize both
preventive and curative therapies for CMA.
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